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Spiny-backed tree frogs of the genus Osteocephalus are conspicuous components of the tropi-
cal wet forests of the Amazon and the Guiana Shield. Here, we revise the phylogenetic rela-
tionships of Osteocephalus and its sister group Tepuihyla, using up to 6134 bp of DNA
sequences of nine mitochondrial and one nuclear gene for 338 specimens from eight coun-
tries and 218 localities, representing 89% of the 28 currently recognized nominal species.
Our phylogenetic analyses reveal (i) the paraphyly of Osteocephalus with respect to Tepuihyla,
(ii) the placement of ‘Hyla’ warreni as sister to Tepuihyla, (iii) the non-monophyly of several
currently recognized species within Osteocephalus and (iv) the presence of low (<1%) and
overlapping genetic distances among phenotypically well-characterized nominal species (e.g.
O. taurinus and O. oophagus) for the 16S gene fragment used in amphibian DNA barcoding.
We propose a new taxonomy, securing the monophyly of Osteocephalus and Tepuihyla by
rearranging and redefining the content of both genera and also erect a new genus for the
sister group of Osteocephalus. The colouration of newly metamorphosed individuals is pro-
posed as a morphological synapomorphy for Osteocephalus. We recognize and define five
monophyletic species groups within Osteocephalus, synonymize three species of Osteocephalus
(O. germani, O. phasmatus and O. vilmae) and three species of Tepuihyla (T. celsae, T. galani
and T. talbergae) and reallocate three species (Hyla helenae to Osteocephalus, O. exophthalmus
to Tepuihyla and O. pearsoni to Dryaderces gen. n.). Furthermore, we flag nine putative new
species (an increase to 138% of the current diversity). We conclude that species numbers
are largely underestimated, with most hidden diversity centred on widespread and polymor-
phic nominal species. The evolutionary origin of breeding strategies within Osteocephalus is
discussed in the light of this new phylogenetic hypothesis, and a novel type of amplexus
(gular amplexus) is described.
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Introduction
Treefrogs of the genus Osteocephalus constitute an impor-
tant component of the amphibian fauna of the Amazonian
and Guianan regions of South America. Their distributions
range from the coastal areas of Venezuela and the Guianas
south to central Brazil (Mato Grosso) and central Bolivia
and from north-eastern Brazil (Piau!ı) west to the eastern
Andean slopes from Colombia to Bolivia. Their altitudinal
distribution ranges from sea level up to about 2000 m a.s.l.,
although most species are restricted to the lowlands (Trueb
& Duellman 1971; Jungfer 2010, 2011; La Marca et al.
2010a,b; Ron et al. 2010). They are inhabitants of primary
or old secondary forests in most of their range (with a few
species also present in human-modified landscapes), enter-
ing some gallery forests in the drier habitats especially at
the edge of their ranges (Trueb & Duellman 1971; Lynch
2006; La Marca et al. 2010b; Valdujo et al. 2012).
Species of Osteocephalus are diverse in their use of differ-

ent kinds of water bodies for reproduction and exhibit a
variety of reproductive modes. There are species that
deposit eggs in lentic water, others in lotic waters, and
some deposit their eggs in water-holding plant leaf axils
and tree holes and exhibit various degrees of parental care
(Jungfer & Weygoldt 1999; Jungfer et al. 2000; Moravec
et al. 2009; KHJ, personal observation). Males of most spe-
cies exhibit tuberculate dorsal skin, with tubercles often
tipped by dark, heavily keratinized spicules in breeding
males (hence, spiny-backed treefrogs), while the females
exhibit a more or less smooth dorsum. Generalized omniv-
orous stream and pond-dwelling tadpoles of Osteocephalus
share similar numbers of tooth rows (Trueb & Duellman
1970; Henle 1981; Hero 1990; Ron et al. 2010; Menin
et al. 2011), while phytotelm adapted larvae, at least in two
cases, are highly specialized feeders of conspecific nutritive
eggs and have reduced numbers of labial tooth rows (Jung-
fer & Schiesari 1995; Schiesari et al. 1996; KHJ, personal
observation).
The genus Osteocephalus was originally coined by Fitzin-

ger (1843) in combination with the specific epithet taurinus,
but he neither designated nor illustrated any specimen, so
both names are nomina nuda. Steindachner (1862) reused
both names, described Osteocephalus taurinus, and defined
Osteocephalus. Cope (1867, 1874), Goin (1961) and Trueb
(1970) included more species. The first and only thorough
revision of the genus performed to date is that of Trueb &
Duellman (1971). Subsequently, numerous species were
described and named, rearranged to or from other genera,
or resurrected (Duellman 1974; Henle 1981, 1992; Martins
& Cardoso 1987; Duellman & Mendelson 1995; Jungfer &
Schiesari 1995; Ron & Pramuk 1999; Jungfer et al. 2000;
Jungfer & Lehr 2001; Smith & Noonan 2001; Jungfer &

H€odl 2002; Lynch 2002, 2006; Faivovich et al. 2005; Mac-
Culloch & Lathrop 2005; Wiens et al. 2006; Moravec et al.
2009; Jungfer 2010, 2011). Six species (O. aecii, O. edelcae,
O. galani, O. luteolabris, O. rimarum and O. rodriguezi) from
the Venezuelan Guiana Shield were transferred to a new
genus, Tepuihyla (Ayarzag€uena et al. 1993). Although a
combination of characters distinguishes Tepuihyla from Os-
teocephalus, no putative phenotypic synapomorphy has yet
been reported. Thus, the generic assignment of several Os-
teocephalus-like species from the Guiana Shield has been
problematic (e.g. O. exophthalmus Smith & Noonan, 2001;
Tepuihyla talbergae Duellman & Yoshpa, 1996). More
recently, Salerno et al. (2012) have shown that Osteocephalus
might not be monophyletic because O. exophthalmus is the
sister taxon of Tepuihyla.
Osteocephalus is plagued with species-level taxonomic

problems. Several reasons make species taxonomy in this
genus particularly difficult. One of them is a drastic onto-
genetic colour change between recently metamorphosed
juveniles and adults, with most juveniles having bright red
eyes and light areas on upper arm, elbow, knee and heel
(Appendix S1), while adults have golden to brown irises
with ornamentation consisting of venation or radiating
lines. As a result of these differences, Osteocephalus mimeti-
cus (Melin, 1941) was named twice as new species of Hyla
on the basis of juveniles (Jungfer 2010). Apart from the
ontogenetic changes in Osteocephalus, sexual dimorphism in
dorsal skin structure makes males and females look dis-
tinctly different in some species. In collections, we have
frequently seen females of different species grouped under
one name and males under a different one. A third source
of misidentification is the considerable morphological vari-
ation within apparently widespread species, for example in
O. taurinus (Trueb & Duellman 1971). On the other
hand, diagnostic morphological characters useful to distin-
guish some species, such as amount of webbing, tubercu-
lation or maximum snout–vent length (SVL), appear to be
insufficient to identify putative closely related species such
as those of the Osteocephalus buckleyi complex (Jungfer
2010). This taxonomic conundrum casts doubts on our
ability to develop an accurate and complete taxonomy of
Osteocephalus on the basis of currently available morpho-
logical data alone and encourages the use of other types
of data. Indeed, the use of different lines of evidence (e.g.
behaviour, bioacoustics, ecology, morphology, molecules)
in alpha taxonomy, although not new (see the works of
Myers & Daly 1976a,b, 1979, 1980), has recently gained
attention because of its potential to solve long-standing
taxonomic problems (e.g. K€ohler et al. 2010; Padial & De
la Riva 2010; Brown et al. 2011; Castroviejo-Fisher et al.
2011).
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The phylogenetic relationships within Osteocephalus
remain poorly understood. Faivovich et al. (2005) pre-
sented a phylogenetic analysis of the hylid subfamily Hyli-
nae. Their results indicated the polyphyly of Osteocephalus,
inasmuch as O. langsdorffii, the only species of the genus
present in the Atlantic Forest of south-eastern Brazil, was
not related to the other four species. On the basis of
these results, Faivovich et al. (2005) erected the new
monotypic genus Itapotihyla for O. langsdorffii and contin-
ued with the recognition of Osteocephalus for the remain-
ing species. Tepuihyla edelcae was found to be sister taxon
to Osteocephalus and that clade in turn was found to be sis-
ter to Osteopilus. Two species in this analysis (O. leprieurii
and O. oophagus) turned out to be misidentified (Moravec
et al. 2009), although this fact was irrelevant for their con-
clusions.
Wiens et al. (2006) combined most sequences generated

by Faivovich et al. (2005) with those of Wiens et al. (2005),
added 12S sequences of a few other hylid species and
obtained a clade composed of Osteocephalus cabrerai,
O. buckleyi, Osteocephalus mutabor and Osteocephalus verruci-
ger, a clade composed of O. oophagus + O. taurinus and a
clade composed of O. leprieurii and Osteocephalus planiceps.
An important point of their results was that ‘Hyla’ albogut-
tata, a species considered incertae sedis by Faivovich et al.
(2005), was embedded within Osteocephalus. The contribu-
tions by Wiens et al. (2006) and Moen & Wiens (2009)
represented increasingly stringent tests of the monophyly
of Osteocephalus.
Phylogenetic analyses presented by Moravec et al.

(2009), Ron et al. (2010) and Wiens et al. (2010) and Py-
ron & Wiens (2011) added more information on the rela-
tionships of Osteocephalus. Salerno et al. (2012) recently
presented a phylogenetic analysis of Tepuihyla and included
several species of Osteocephalus as outgroups. A more in-
depth analysis of genetic diversity among tepui dwelling
vertebrates, including frogs currently referred to Osteoceph-
alus and Tepuihyla, additionally sheds light on their genetic
diversity (Kok et al. 2012). Ron et al. (2012) presented an
analysis of north-western Amazonian stream-breeding spe-
cies called the O. buckleyi species complex by them and
described three new species. In this paper, we present the
first densely sampled phylogenetic analysis of Osteocephalus.
The goals of this study are to (i) test the monophyly of
Osteocephalus and identify its sister group, (ii) explore rela-
tionships among its species, (iii) elucidate the potential
number of unnamed species in the genus on the basis of
molecular data, (iv) develop a monophyletic taxonomy and
(v) study the evolution of the various reproductive modes
observed in the group in the context of our phylogenetic
hypothesis.

Materials and methods
Taxon sampling and terminology
In a combined effort by numerous colleagues, we tried to
obtain as many samples as possible from throughout the
range of the genus. We obtained tissue samples from
Bolivia, Brazil, Colombia, Ecuador, French Guiana, Guy-
ana, Peru and Venezuela; thus covering most of the Gui-
ana Shield, Amazonia and the north-western part of the
Brazilian Cerrado where the genus occurs. Nevertheless,
not all of the countries have been sampled sufficiently
yet. Data are lacking especially for parts of Colombia,
Amazonian Venezuela and Brazil. All in all, we included
sequences of up to 6134 bp of nine mitochondrial and
one nuclear gene from 338 individuals, including 25 of
the 28 presently known species of Osteocephalus, plus a
large number of unidentified specimens. The species for
which tissues are unavailable for this study are Osteocepha-
lus duellmani, Osteocephalus inframaculatus and Osteocephalus
vilarsi which are known only from their type material.
We also included six species of Tepuihyla (T. aecii, T. edel-
cae, T. galani, T. rodriguezi, T. sp. and T. talbergae), and
‘Hyla’ warreni, a species that could not be associated with
any of the genera recognized by Faivovich et al. (2005),
because preliminary analyses and morphological data sug-
gest that it could be related to the Osteocephalus + Tep-
uihyla clade (e.g. Kok et al. 2012). ‘Hyla’ warreni was
recently considered a species of Tepuihyla by Aubrecht
et al. (2012) without mentioning any supporting evidence.
As outgroups, we included exemplars of several genera of
Lophiohylini, and Myersiohyla kanaima, of Cophomantini,
was used to root the trees, following the results of a pre-
vious phylogenetic analysis (Faivovich et al. 2005). Newly
generated sequences are deposited in GenBank under
accession numbers KF001880-KF002004 and KF002006-
KF002249. For a list of species, voucher specimens, locali-
ties and detailed GenBank accession numbers of the data
used in the phylogenetic analyses, see Appendix S2.
Unnamed species are referred to as candidate species fol-
lowing the terminology of Vieites et al. (2009): for
unnamed species for which evidence is conclusive, we use
the term Confirmed Candidate Species (CCS), and when
evidence is inconclusive (i.e. mostly molecular data only),
we use the term Unconfirmed Candidate Species (UCS).
We follow the system of Padial et al. (2010) to refer to
particular candidate species, where the candidate species
name results from the combination of the binomial spe-
cies name of the most similar or closely related nominal
species, followed (in square brackets) by the abbrevia-
tion ‘Ca’ (for candidate) with an attached numerical
code referring to the particular candidate species (e.g.
Ca1, Ca2), and terminating with the GenBank accession
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numbers of one of the sequences that revealed the puta-
tive species.

Character sampling and laboratory protocols
The mitochondrial gene sequences produced for this pro-
ject include portions of cytochrome oxidase I (COI), cyto-
chrome b (cytb), 12S, two non-overlapping fragments of
the 16S, NADH dehydrogenase subunit 1 (ND1) and the
intervenings tRNAVal, tRNALeu and tRNAIle. The primers
employed are the same used by Faivovich et al. (2005), with
the addition of AnF1 (ACHAAYCAYAAAGAYATYGG) -
AnR1 (CCRAARAATCARAADARRTGTTG) for cyto-
chrome oxidase I designed by MLL, and 16S-frog and
tMet-frog for the fragment containing the downstream
fragment of 16S, RNALeu, ND1 and tRNAIle (Wiens et al.
2005). We also included sequences of these genes and of
the mitochondrial control region and the nuclear gene pro-
opiomelanocortin (POMC) recently produced by Kok et al.
(2012), Ron et al. (2012), Salerno et al. (2012), and for out-
groups, Faivovich et al. (2005, 2010), Wiens et al. (2005).
DNA extraction, amplification and sequencing methods

are those described in a recent paper by Blotto et al.
(2013). All samples were sequenced in both directions.
Chromatograms obtained from the automated sequencer
were read and contigs made using the sequence editing
software SEQUENCHER 3.0. (Gene Codes, Ann Arbor, MI,
USA). Complete sequences were edited with BioEdit (Hall
1999).

Phylogenetic analyses
The phylogenetic analyses included treatment of sequences
both as dynamic homologies (simultaneous tree searches
and alignment) and as static homology hypotheses. The
consideration of sequences as dynamic homologies simulta-
neously with tree searches has been discussed and justified
by Wheeler (1996, 2002) and De Laet (2005). Static align-
ments (multiple alignments) independent of tree searches
are the most common procedure in molecular phylogenet-
ics, regardless of the omnipresent and always ignored prob-
lem of the lack of an optimality criterion to choose among
competing alignments. We also performed a multiple
sequence alignment and analysed it using both maximum
parsimony (MP) and likelihood (ML) inference.
The rationale for using parsimony as an optimality cri-

terion was advanced by Farris (1983) and discussed,
among others, by Goloboff (2003), Goloboff & Pol
(2005) and Kluge & Grant (2006), Grant & Kluge
(2009) and Wheeler (2012) for its conceptualization in a
dynamic homology framework. Within this framework,
the phylogenetic analysis under direct optimization was
performed with POY4.1.1 (Varon et al. 2009), using equal
weights for all transformations (substitutions and inser-

tion/deletion events). Sequences of 12S, 16S and inter-
vening tRNAVal were preliminarily delimited in sections
of putative homology (Wheeler et al. 2006), and equal-
length sequences of protein-coding genes were consid-
ered as static alignments to accelerate the searches.
Searches were performed using the command ‘Search’.
This command implements a driven search building
Wagner trees using random addition sequences (RAS),
Tree Bisection and Reconnection (TBR) branch swapping
followed by Ratchet (Nixon 1999), and Tree Fussing
(Goloboff 1999). The command (Search) stores the
shortest trees of each independent run and performs final
tree fusing using the pooled trees as a source of topolog-
ical diversity. Two 144-h runs of Search were imple-
mented in parallel at the American Museum of Natural
History Cluster using 32 processors. The resulting trees
were submitted to a final round of swapping using itera-
tive pass optimization (Wheeler 2003a). Parsimony Jack-
knife (Farris et al. 1996) absolute frequencies were
estimated from the implied alignment (Wheeler 2003b)
with T.N.T., Willi Hennig Society Edition (Goloboff
et al. 2008), generating 50 RAS + TBR per replicate, for
a total of 1000 replicates. Tree edition was performed
with Winclada (Nixon 2002), and character optimizations
and reconstructions with T.N.T.
We performed a multiple sequence alignment with CLU-

STALW (Thompson et al. 1997) under default parameters.
For the phylogenetic analysis using parsimony, we
employed T.N.T. Willi Hennig Society Edition (Goloboff
et al. 2008). Tree searches were performed with a driven
new technology search, using 100 as the initial level. The
strategy included sectorial searches, tree drift and tree fus-
ing (Goloboff 1999). The driven search was requested to
hit the minimum length 500 times. Gaps were considered
as a fifth state. Parsimony Jackknife estimation was per-
formed as performed with the implied alignment. Trees
were edited with Winclada (Nixon 2002).
Maximum likelihood analyses were performed on the

static alignment with 16 partitions (see Appendix S3). All
partitions were analysed simultaneously and unlinked, and
model parameters were optimized during tree search. We
used the program JMODELTEST 1.0 (Posada 2008) under
ML to select the model of nucleotide evolution for each
partition according to the Akaike Information Criterion
(Akaike 1974). Maximum likelihood analyses were per-
formed in GARLI 2.0 (Zwickl 2006; available at http://
www.nescent.org/informatics/download.php?software_id=4).
The following parameter values differ from default
conditions and were modified to improve tree search
intensity following Zwickl (2006): 5 000 000 genera-
tions each replicate (stopgen = 5 000 000), with random
starting addition (streefname = random), 677 attachment
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per taxon (attachmentspertaxon = 677), a threshold of
40 000 generations without topology improvement for
termination (genthreshfortopoterm = 40 000), and a
threshold of 30 for the maximum number of branches
away from its original location for a branch to be reat-
tached during subtree pruning and regrafitting (limspr-
range = 30). We did a total of 100 independent searches
to reduce the probability of inferring a suboptimal likeli-
hood solution. Node support was assessed by 1000 boot-
strap pseudoreplicates under the same search conditions
explained above. Sequence variation of the static align-
ment of 551 characters of 16S gene, corresponding to
the most used DNA barcode in amphibians (e.g. Vieites
et al. 2009; Crawford et al. 2010), was assessed with
uncorrected proportional distances (p-distances) calculated
in PAUP* 4.0b10 (Swofford 2002).

Inferences on species numbers
We consider a species as the single lineage segment of
ancestor-descendant populations or metapopulations delim-
ited by one splitting event. Under this theoretical perspec-
tive, species exist and evolve regardless of our ability to
discover them and are discoverable to the degree that foot-
prints of their evolutionary history allow us to infer their
existence (Ghiselin 1975; Hull 1976; Wiley 1978; Frost &
Kluge 1994). We used two criteria to infer the existence of
distinct species using DNA data and to guide the recogni-
tion of candidate species: monophyly and genetic distances.
Reciprocal monophyly supported by the congruent phylo-
genetic optimization of neutral and unlinked molecular
character states can be considered evidence of species
divergence (e.g. Vences & Wake 2007), because the recov-
ered congruent pattern will reflect the shared history of
gene genealogies among populations (the species history)
rather than the history of particular gene genealogies (gene
trees) (Avise & Ball 1990; reviewed by Sites & Marshall
2004). In addition, fixed diagnostic traits across populations
are indicative of lineage divergence, because character fixa-
tion across populations requires limited or absent gene flow
(see review by Padial et al. 2010). Therefore, reciprocally
monophyletic groups recovered by the total evidence analy-
sis of DNA sequences, and for which distinct phenotypic
characters have been described, are herein considered dis-
tinct species. Paraphyly of species inferred by total evi-
dence analyses of DNA sequences that, yet, include
morphologically distinct groups is considered indicative of
the presence of more than one species. The second crite-
rion, based on genetic divergences, assumes that genetic
divergence among populations within a species tends to be
relatively small because of gene flow, whereas divergence
among species increases with time due to lack of gene flow
(reviewed by Avise 2000). When large gaps in genetic

divergences were detected between populations of the
same nominal species, morphological and behavioural evi-
dence was revised to determine whether genetic diver-
gences were indicative of otherwise overlooked divergence
in phenotypic traits and hence of the presence of
unnamed species. However, for the reasons exposed by
Padial et al. (2009) and Padial & De la Riva (2010), we
refrain from using thresholds of genetic divergences to
avoid creating artificially established species (or candidate
species) numbers.

Results
Phylogenetic relationships
The combined data set included 338 terminals and 6134
aligned characters (CLUSTALW alignment), of which 3509
were constant, 533 were variable but parsimony uninforma-
tive, and 2092 were parsimony informative. No ambigu-
ously aligned regions were detected. (Data deposited in the
Dryad Repository http://dx.doi.org/10.5061/dryad.j04vf).
Models of sequence evolution for each partition used in
the ML analyses are in Appendix S3.
All optimality criteria produced quite similar results and

no strongly supported conflicting topologies were recovered
(Figs 1–4, Appendices S5–S6). Maximum parsimony with
direct optimization recovered four most parsimonious trees
(length = 12 865), see Figs 1–4. For the static alignment,
the MP new technology search hit 500 times the best length.
It recovered 4232 MPT (length = 13 254), see Appendix S6.
Further TBR revealed that there were more MPT
(>10 000), but successive strict consensus converged on the
same topology as that obtained with the initial 4232 MPTs,
and so we considered that further effort to find equally
parsimonious trees was unnecessary (Goloboff 1999).
The ML analysis recovered one tree with ln Likeli-
hood = "54492.326409. Most of the conflict among the
MPT (both from dynamic and static alignments) and the
ML analysis occurs among shallow clades of closely related
terminals of Osteocephalus, and among the poorly supported
relationships between the five major clades that we recognize
in this paper as species groups of Osteocephalus.
Relationships among outgroups (not shown in Fig. 1;

see Appendices S5 and S6) differ from previous analyses
(Faivovich et al. 2005; Wiens et al. 2006, 2010; Moen &
Wiens 2009). However, outgroup relationships in general
are poorly supported. This analysis has not been designed
(in terms of character and taxon sampling) to assess inter-
nal relationships of Lophiohylini, and the results involving
them should not be interpreted as a test of previous
hypotheses.
The strict consensus of the best hypotheses indicates that

Osteocephalus as currently defined is paraphyletic. The most
basal clade in the ingroup (Fig. 1) includes species of
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Tepuihyla, the Guiana Shield species of Osteocephalus
(O. exophthalmus and O. phasmatus), and ‘Hyla’ warreni.
This clade is the sister taxon of a clade composed of Osteo-
cephalus pearsoni and a candidate species from Amazonian
Brazil (see below) plus a clade composed of all remaining
species of Osteocephalus (Figs 1–4). To remediate the para-
phyly of Osteocephalus and Tepuihyla, we transfer O. exoph-
thalmus, and O. phasmatus to Tepuihyla and ‘Hyla warreni’ is
placed in Tepuihyla (see Systematics section).
The bulk of species of Osteocephalus are divided into five

main clades: (i) a clade including O. taurinus, O. oophagus
and five candidate species that we call the O. taurinus Spe-
cies Group (Fig. 2), (ii) a clade composed of O. albogutta-
tus, O. heyeri, and O. subtilis that we call the
O. alboguttatus Species Group (Fig. 3), (iii) a clade com-
posed of O. leprieurii, O. yasuni and two candidate species
that we call the O. leprieurii Species Group (Fig. 3), (iv) a
clade composed of O. castaneicola, O. deridens, O. fuscifacies,
O. leoniae, O. planiceps and a candidate species that we call
the O. planiceps Species Group (Fig. 3) and (v) a clade
composed of O. buckleyi, O. cabrerai, O. cannatellai, O. hele-
nae, O. mimeticus, O. mutabor, O. verruciger and one candi-
date species that we call the O. buckleyi Species Group

(Fig. 4). Each of these five clades is in general well sup-
ported, but the relationships among most of them
received poor support (Figs 1–4, Appendices S5 and S6).
Furthermore, in both the static parsimony and ML analy-
ses, the relationships among these clades differ from that
obtained in the dynamic homology analysis. The O. albo-
guttatus Group is the sister taxon of all other species
groups of Osteocephalus, while in the latter analysis, this is
one of the possible positions, the other being the sister
taxon of the O. planiceps Group. In the three analyses, the
alternative positions of the O. alboguttatus Group are
poorly supported. We also observed that in most cases,
clades received higher node support in the ML analysis.
This should be interpreted with caution because several
recent studies have reported a pathological inflation of
bootstrap values in ML analyses (Simmons & Freuden-
stein 2011; Simmons 2012; Simmons & Norton 2013 and
references therein). See Systematics section for definitions
and diagnoses of these groups.

Species diversity
Non-monophyly of nominal species was inferred for
O. buckleyi, O. leprieurii, O. planiceps, O. taurinus and most
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Fig. 1 Phylogenetic relationships of Osteocephalus and Tepuihyla inferred from maximum parsimony analysis under dynamic homology in the
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likely for O. mutabor (Figs 2–4). Several geographically
restricted and well-supported lineages were inferred within
O. taurinus, O. buckleyi and O. leprieurii, which are the most

widely distributed nominal taxa in the Amazon Basin. Speci-
mens identified as O. planiceps were recovered as a mono-
phyletic group, although without support in the ML analysis
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(Appendix S5), but as a paraphyletic group with respect to
O. castaneicola, O. deridens, O. fuscifacies and O. leoniae in the
maximum parsimony trees (Fig. 3, Appendix S6).
Within species placed in Tepuihyla (Fig. 1), ‘Hyla war-

reni’ samples are monophyletic. Samples of ‘O. phasmatus’
from Mt. Ayanganna and Mt. Wokomung in Guyana clus-
ter together and are sister to ‘O. exophthalmus’ from Kaie-
teur, Guyana. Interspecific genetic divergences ranged
from 0.0% to 0.2% between ‘O. exophthalmus’ and
‘O. phasmatus’, to 6.1–6.2% between ‘Hyla warreni’ and
‘O. phasmatus’. Sequence divergence between T. edelcae and
T. galani was 0.9%. The 16S barcode fragment was missing
for T. talbergae in this study, but Kok et al. (2012) found a
sequence divergence ranging from 0.0% to 0.7% between
different and geographically distant populations (some from
different tepui summits) of T. galani, T. rodriguezi and
T. talbergae, although no taxonomic decision was taken.
The same authors found relatively low sequence divergence
(0.9–1.6%) between populations of the T. galani/rodriguezi/
talbergae clade and T. edelcae from its type locality
(Auyantepui, Bol!ıvar, Venezuela) and found T. edelcae to be
non-monophyletic suggesting that specimens previously

identified as T. edelcae from the Chimant!a Massif (Bol!ıvar,
Venezuela) belong to a distinct, unnamed species (T.
aff. edelcae).
Two samples of O. pearsoni from near the type locality

in northern Bolivia cluster together and are sister to a
highly supported monophyletic lineage from Mato Grosso
and Amazonas (Brazil) (Fig. 2), which is morphologically
distinct, and show large genetic divergences with respect
to O. pearsoni (3.9–4.2%). This lineage is considered a
CCS and is referred here to as O. pearsoni
[Ca1_MTR13158_2768]. Within this lineage, two distinct
geographically restricted clades are recovered (Mato Grosso
and Amazonas), showing genetic divergences of 2.0%.
Within the O. alboguttatus Species Group, the three spe-

cies were all monophyletic (although with low support for
O. subtilis in the MP trees). Genetic divergences are 4.2%
between O. alboguttatus and O. heyeri, 3.1% between O. al-
boguttatus and O. subtilis and 1.8% between O. subtilis and
O. heyeri. No candidate species are proposed for this
group.
Within the O. taurinus Species Group (Fig. 2), O. tauri-

nus is found paraphyletic with respect to O. oophagus.
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Fig. 4 Continuation of the phylogenetic tree of Fig. 1. Phylogenetic relationships of the Osteocephalus buckleyi Species Group. For details,
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Samples from the type locality of O. oophagus from Reserva
Ducke in central Amazonia cluster together and are sister
to a clade containing samples from the eastern Guiana
Shield, with genetic divergences among populations reach-
ing 2.0%. The genetic structuring of O. taurinus and its
paraphyly with respect to O. oophagus – an easily distin-
guishable species with single vocal sac and breeding in bro-
meliads in contrast to the paired lateral sacs and pond
breeding of nominal O. taurinus and allies (Appendices S9
and S10) – suggest the existence of unnamed species within
this species group. Interestingly, despite large morphologi-
cal divergences, genetic distances between these two species
range between 0.9% and 2.2%, overlapping with the range
of their respective intraspecific divergences (Appendix S4a).
These results support bioacoustical data suggesting the
existence of multiple species-level lineages within nominal
O. taurinus (De la Riva et al. 1995). However, analyses of
call data are hampered by misidentifications, for example
by Duellman & Lescure (1973) and Schl€uter (1979) with
O. planiceps. On the basis of phylogenetic position (Fig. 2)
and genetic divergences, we flag five candidate species for
four geographically restricted and supported clades within
the large clade including nominal O. taurinus and O. oopha-
gus.
The type locality of O. taurinus is ‘Barra do Rio Negro’,

an old name for Manaus, in central Amazonia. Therefore,
we consider our sample from Conjunto Pedro, a central-
western urban district of Manaus close to the ancient Barra
do Rio Negro, as nominal O. taurinus, and refer to it as
O. taurinus sensu stricto (s. str. hereafter). Osteocephalus tauri-
nus [Ca1_MHNC6667_3151] from Pasco, Central Peru,
represents a lineage that is basal to all other lineages within
O. taurinus and O. oophagus. Genetic divergences (Appendix
S4a) range between 1.5–2.2% and 2.1–2.6% with respect
to O. taurinus s. str. and O. oophagus, respectively. This
Central Peruvian lineage is considered herein as a CCS for
being basal to all other lineages in the O. taurinus Group.
Osteocephalus taurinus [Ca2_Neblina410] from Cerro de la
Neblina (the southern tip of Venezuela bordering Brazil)
shows genetic divergences of 0.9–1.8 and 2.0–2.2 with
respect to O. taurinus s. str. and O. oophagus, respectively.
This species is recovered in the ML tree as sister to
O. taurinus [Ca3_AJC2959_3181] from the western low-
lands of the Guiana Shield, but as sister to all O. taurinus
and O. oophagus included in the analyses but O. taurinus
[Ca1_MHNC6667_3151] in the MP trees. Due to incom-
plete evidence and uncertain phylogenetic position, we
consider it a UCS. The three other candidate species
within O. taurinus are considered UCSs. Although there is
some morphological evidence suggesting that they may be
different species (KHJ, personal observation), evidence at
hand is still fragmentary and we refrain from proposing

them as CCS at this time (see Discussion for details of an
analysis of available morphological evidence). Osteocephalus
taurinus [Ca3_AJC2959_3181] is endemic to the lowlands
of the western portion of the Guiana Shield in Venezuela.
Genetic divergences range between 0.9–2.2% and 1.8–
2.6% with respect to O. taurinus s. str. and O. oophagus,
respectively. Osteocephalus taurinus [Ca4_PHV2439_2671] is
restricted to eastern Mato Grosso (Brazil). Genetic diver-
gences range between 1.1–2.2% and 2.2–2.8% with respect
to O. taurinus s. str. and O. oophagus, respectively. It is sis-
ter to O. taurinus [Ca5_SMNS12063] from the eastern
Guiana Shield, east of the Sierra de Maigualida. Both lin-
eages are allopatric, showing genetic divergences between
1.3 and 2.2%, and intervening areas are occupied by
O. taurinus s. str. Osteocephalus taurinus [Ca5_SMNS12063]
shows genetic divergences between 1.1–2.6% and 1.3–3.1%
with respect to O. taurinus s. str. and O. oophagus, respec-
tively. Interestingly, this lineage is not sister to O. taurinus
[Ca3_AJC2959_3181], the other Guiana Shield lineage,
inhabiting the area west of the Sierra de Maigualida, but to
O. taurinus [Ca4_PHV2439_2671] from eastern Mato
Grosso.
Osteocephalus taurinus s. str. shows variable interpopula-

tional genetic divergences (0.0–1.7%) partially associated
with particular geographic regions (Fig. 2), although haplo-
types from central Amazonia are intermixed with haplo-
types of other geographic areas. One of the main clades
within O. taurinus s. str. contains haplotypes from eastern
Brazilian Amazonia in the states of Amazonas, Mato
Grosso, Tocantins, Piau!ı and Maranh~ao. Members of this
lineage occur in sympatry or almost so with two other
haplotypes from central Amazonia grouped under other
lineages, both from Amazonas, Brazil. Likewise, members
of a lineage from the central-western Amazon Basin in
Amazonas, Brazil, occur in sympatry with a relatively den-
sely sampled lineage occurring in southern Peru, northern
Bolivia and north-westward to the Rio Purus, Brazil. The
northernmost lineage, represented by a single specimen
from the Cordillera del C!ondor, southern Ecuador (Ron
et al. 2010), occurs at an unusually high elevation (940 m).
Poor resolution of relationships among phylo-groups none-
theless hampers a detailed phylogeographic interpretation.
Nominal species within the O. planiceps Species Group

are inferred as monophyletic except O. planiceps (Fig. 3).
Osteocephalus planiceps is retrieved as non-monophyletic in
MP analyses, but as monophyletic in ML (Fig. 3, Appendi-
ces S5–S6). Neither of those analyses shows high support
values for their respective topologies. Given the relative
homogeneity of the habitat, the clustering of samples of
O. planiceps from near its type locality in Loreto (Peru)
with other samples from nearby areas of Colombia, Ecua-
dor and Peru, the low resolution of the trees, the relatively

ª 2013 The Norwegian Academy of Science and Letters, 42, 4, July 2013, pp 351–380 361

K.-H. Jungfer et al. ! Systematics of spiny-backed treefrogs



low and greatly overlapping genetic distances (0.0–1.3%,
Appendix S4b) between the MP clades of O. planiceps and,
to the best of our knowledge, the absence of phenotypic
data supporting the split of this lineage, we prefer to main-
tain O. planiceps as a single nominal species until more evi-
dence is collected. Samples from the type locality of
O. castaneicola in northern Bolivia cluster with other sam-
ples from the area and with samples from Madre de Dios
in southern Peru. Samples of O. leoniae from near the type
locality in Pasco, northern Peru, cluster with other samples
from San Mart!ın and Amazonas in north-western Peru.
Samples of O. deridens from the lowlands of Ecuador near
the type locality cluster with samples from adjacent Loreto
in Peru. Samples from the type locality of O. fuscifascies
cluster with samples from nearby areas in Ecuador and
adjacent Peru. A divergent lineage from the western Gui-
ana Shield (from the Cerro de la Neblina area) does not
cluster with any of the nominal species. We consider this
lineage as a CCS due to its basal position to three sup-
ported nominal species and refer to it as O. planiceps
[Ca1_Neblina411]. Genetic divergences among this lineage
and other nominal species in the O. planiceps Group range
between 2.6% and 5.9%, while intraspecific genetic diver-
gences within species of the group range between 0.0%
and 4.0% (Appendix S4b).
Within the O. leprieurii Species Group, O. leprieurii is pa-

raphyletic with respect to O. yasuni (Fig. 3). Samples of
O. leprieurii from the eastern Guiana Shield in Guyana clus-
ter together and are considered herein as representative for
the type locality (Cayenne, French Guiana), and as O. leprie-
urii s. str. Samples of O. yasuni from the type locality in
Orellana, Ecuador, cluster together with a sample from adja-
cent Loreto, Peru, and are sister to a clade containing sam-
ples from western Amazonia in Acre, Brazil and Loreto,
Peru. Genetic divergences between O. leprieurii s. str. and
O. yasuni range between 0.7% and 1.8%, while intraspecific
divergences in the O. leprieurii Group range between 0.7%
and 2.0%, taking into account the candidate species pro-
posed below (Appendix S4c). Nonetheless, as O. leprieurii s.
str. and O. yasuni are morphologically distinct (Ron &
Pramuk 1999), we interpret the paraphyly of O. leprieurii as
indicative of the putative existence of multiple unrecovered
species-level lineages. A lineage composed of samples from
Rio Abacaxis in Amazonas, Brazil, is inferred as basal to the
lineage including O. leprieurii s. str. and O. yasuni. Due to its
basal position, allopatry and genetic divergences with respect
to O. leprieurii s. str. and O. yasuni (1.7–1.8% and 0.9–1.3%,
respectively), we consider this lineage as an UCS pending
additional evidence and refer to it as O. leprieurii
[Ca1_MTR12698_2834]. A second well-supported lineage is
sister to O. leprieurii s. str. This lineage contains samples
from eastern Bolivia, northern Bolivia, southern Peru and

adjacent Brazil and is allopatric to O. leprieurii. Both lineages
show genetic divergences between 0.9% and 1.8%. Pub-
lished morphological data are not available, and despite the
large geographic gap between nominal O. leprieurii and this
clade, we prefer to consider it a UCS pending further
research. We refer to this lineage as O. leprieurii
[Ca2_NMP6d41/2009].
Four of the nominal species included in the O. buckleyi

Species Group, O. cabrerai, Osteocephalu festae, O. mimeticus
and O. verruciger, are monophyletic and well supported
(Fig. 4). Interspecific genetic distances within this clade are
the highest recorded within Osteocephalus (Appendix S4d),
up to 6.1% between O. helenae and O. mimeticus. Samples of
O. mimeticus from near the type locality in San Mart!ın,
Peru, group with other samples from the Amazonian foot-
hills of the Andes in San Mart!ın and Hu!anuco, Peru. Three
samples from Cusco, in southern Peru, cluster together and
are sister to topotypic and Hu!anuco samples. A large geo-
graphic distance and large genetic divergences (2.8%) sepa-
rate these two clades. Nonetheless, given the lack of
samples from intervening areas and the morphological simi-
larity of specimens from both areas, we refrain from flag-
ging any candidate species within O. mimeticus. Samples of
O. festae from northern Peru and Ecuador included in this
analysis are those used by Ron et al. (2010). This lineage is
morphologically distinct from other members in the group.
Unfortunately, sequences of the 16S barcode were not avail-
able for representatives of this lineage.
A sample of O. mutabor from the type locality at Volcan

Sumaco, Ecuador, clusters together with samples from
Napo, Orellana and Pastaza in Ecuador. We refer to this
clade as O. mutabor s. str. There are several more lineages
phenotypically referable to O. mutabor distributed from
northern Ecuador to northern Peru along the Andean edge
and adjacent lowlands (Appendix S8.3b). Surprisingly, one
of them is sister to O. carri (Fig. 4), rendering several lin-
eages of ‘O. mutabor’ outside the clade including sequences
of topotypes. Although we clearly identified a picture of
the specimen of O. carri used here from Boyac!a, Colombia,
as belonging to that species, we consider it premature to
postulate several candidate species of O. mutabor, but rather
refer to them as ‘O. mutabor’ in the trees and the map until
additional material is available to us.
Unfortunately, sequences of the 16S barcode were only

available for representatives of O. mutabor s. str. and
O. carri; these show a genetic divergence of 2.6% (Appen-
dix S4d).
The type locality of O. buckleyi is Canelos, Ecuador.

Multiple samples assignable to O. buckleyi from the low-
lands of Ecuador and adjacent Peru group together in a
well-supported clade that we consider here as nominal
O. buckleyi and refer to it as O. buckleyi s. str. This clade
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shows genetic divergences ranging between 0.0% and
1.5% and is subdivided in two well-supported subclades
sharing haplotypes from the same regions. One of these
subclades is considered a distinct species by Ron et al.
(2012). We do not follow their taxonomic arrangement
for reasons given in the Appendix. Recognizing this clade
as nominal O. buckleyi leaves a large and well-supported
clade, which is part of the more inclusive clade containing
O. buckleyi s. str., O. cabrerai, O. cannatellai and O. verruci-
ger. This clade includes samples from the eastern Guiana
Shield (Guyana, Delta Amacuro in Venezuela and Amap!a
in Brazil) across central Amazonia in Brazil and eastern
Colombia, to south-western Amazonia in Acre (Brazil),
Cusco (Peru) and the southern limit of Amazonia at Mat-
arac!u (Santa Cruz, Bolivia). Intra-lineage divergences are
high among geographically restricted lineages (up to
2.6%), but absence of sufficient phenotypic information
from parts of its range and the presence of shared haplo-
types among distant populations prevent us from recog-
nizing more than two species. Two samples from the
Abacaxis River south of the Amazon River in Amazonas,
Brazil, are basal to a larger and well-supported subclade
including samples from all other areas. We consider the
Abacaxis population as a distinct candidate species,
O. buckleyi [Ca1_MTR12779_2748] with morphological
characters sufficient to consider it a CCS. The relation-
ships of geographically restricted lineages within the other
subclade are not resolved. However, some interesting pat-
terns are observable. Samples from Amazonian Colombia
cluster with distant samples from southern Peru and Acre.
Also, samples from the Guiana Shield (Amap!a, Delta
Amacuro) cluster together, although support for this rela-
tionship is low (Fig. 4). For the time being and given the
evidence at hand, we consider this whole subclade as a
single species referred here to O. helenae nov. comb.
A sample of O. cabrerai from south-eastern Colombia,

the one closest to the type locality on the R!ıo Apap!oris,
clusters with samples from adjacent Loreto, Peru, and Su-
cumb!ıos, Ecuador (Fig. 4), and shows no genetic diver-
gences. We consider this well-supported lineage as nominal
O. cabrerai.
The type locality of O. verruciger is ‘Ecuador’. Multiple

samples from Ecuador assigned to this taxon cluster
together in a well-supported clade (Fig. 4) that is subdi-
vided into four main subclades showing large variation in
genetic divergences (0.0–1.7%).

Systematics
On the basis of our results, we provide a new monophyletic
taxonomy where we redefine Osteocephalus and Tepuihyla
and describe a new genus for O. pearsoni and an unnamed
species considered here as CCS. Additionally, we comment

on the species diversity of these genera, propose and define
five species groups within Osteocephalus, and discuss the dis-
tribution and taxonomic situation of species and candidate
species in these groups.

Genus Dryaderces gen. n.
Type species. Hyla pearsoni Gaige, 1929, by original
designation.

Diagnosis. No phenotypic synapomorphies are known for
this genus. A number of molecular synapomorphies are listed
in Appendix S7. Dryaderces species differ from most Osteo-
cephalus in sexual dimorphism of dorsal skin structure. Albeit
being pond breeders (SR, personal observation), males have
only scattered non-spinous tubercles on the dorsum (heavily
tuberculate dorsa and tips of tubercles keratinized in pond
breeding Osteocephalus). Females have smoother backs.
Recently metamorphosed juveniles of Dryaderces pearsoni are
coloured like the adults and lack the juvenile coloration typi-
cal of Osteocephalus (see below and Appendix S1). Frogs in
the genus Dryaderces are medium-sized with males attaining
SVLs of 43–50 mm and females 53–68 mm. Odontophores
are oblique to angular. The distal subarticular tubercle on
Finger IV is single to bifid. Posterior surfaces of thighs are
mottled. The iris of adults is a deep dark reddish brown or
light with fine dark venation and a broad dark horizontal
band.

Content. One described species, Dryaderces pearsoni (Gai-
ge, 1929) new combination. A second species from Brazil-
ian Amazonia is currently being described.

Etymology. A noun of feminine gender derived from
Ancient Greek dryad (tree) and aderces (unseen, invisible) in
the sense of ‘unseen in a tree’.

Distribution. Lowlands of the states of Amazonas and
Mato Grosso, Brazil, south of the Amazon to northern La
Paz, Bolivia (Appendix S8.1).

Remarks. The only described species has its type locality
on the upper R!ıo Beni below the mouth of R!ıo Mapiri,
Beni, Bolivia (Gaige 1929) and was originally placed in
Hyla until Goin (1961) removed it and placed it in Osteo-
cephalus. In their review of the genus, Trueb & Duellman
(1971) used (and illustrated) one specimen of O. mimeticus
among O. pearsoni (Jungfer 2011). Subsequent reports
might therefore include misidentifications as well. A picture
of an adult is found in the study by De la Riva et al. (2000)
and Padial et al. (2000).

Genus Osteocephalus
Osteocephalus Fitzinger, 1843 (nomen nudum)
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Osteocephalus Steindachner, 1862
Type species: Osteocephalus taurinus Steindachner, 1862,
by subsequent designation of Kellog (1932).

Diagnosis. The only known putative phenotypic synapo-
morphy of Osteocephalus is the distinctive juvenile colour-
ation (see discussion below and Appendix S1). A number of
molecular synapomorphies are listed in Appendix S7.

Content. Twenty-four species: Osteocephalus alboguttatus
(Boulenger, 1882), O. buckleyi (Boulenger, 1882), O. cabre-
rai (Cochran & Goin, 1970), O. cannatellai Ron, Venegas,
Toral, Read, Ortiz & Manzano, 2012, O. carri (Cochran &
Goin, 1970), O. castaneicola Moravec, Aparicio, Guerrero-
Reinhard, Calder!on, Jungfer & Gvo"zd!ık, 2009, O. deridens
Jungfer, Ron, Seipp & Almend!ariz, 2000, O. duellmani
Jungfer, 2011, O. festae (Peracca, 1904), O. fuscifacies Jung-
fer, Ron, Seipp & Almend!ariz, 2000, O. helenae (Ruthven,
1919), O. heyeri Lynch, 2002, O. inframaculatus (Boulenger,
1882), O. leoniae Jungfer & Lehr, 2001, O. leprieurii
(Dum!eril & Bibron, 1841), O. mimeticus (Melin, 1941),
O. mutabor (Jungfer & H€odl, 2002), O. oophagus Jungfer &
Schiesari, 1995, O. planiceps Cope, 1874, O. subtilis Martins
& Cardoso, 1987, O. taurinus Steindachner, 1862, O. ver-
ruciger (Werner, 1901), O. vilarsi (Melin, 1941), O. yasuni
Ron & Pramuk, 1999.
Osteocephalus vilmae Ron, Venegas, Toral, Read, Ortiz &

Manzano, 2012 is placed in the synonymy of O. buckleyi
(Boulenger, 1882) (see Appendix) and O. germani Ron,
Venegas, Toral, Read, Ortiz & Manzano, 2012 in the syn-
onymy of O. helenae (Ruthven, 1919) nov. comb., a species
previously not assigned to the genus (see Appendix).

Distribution. From coastal northern South America in
Venezuela and the Guianas to the mouth of the Amazon
and north-eastern Brazil (Piau!ı) in the East, to central Bra-
zil (Mato Grosso) and central Bolivia in the south and to
the eastern Andean slopes from Bolivia to Colombia up to
about 2000 m a.s.l. (Appendix S8.2–8.6).

Remarks. Thirteen species of Osteocephalus for which data
were available show a similar pattern in the colouration of
juveniles that radically differs from adult colouration. Ten
species share a red iris colour, white elbow and distal part
of upper arm, small white knee spot and large white heel
spot in juveniles. Osteocephalus verruciger and O. buckleyi
lack the red iris (iris black and reddish golden, respec-
tively) and O. mutabor lacks white markings on limbs
(Appendix S1), but they all show a similar juvenile colour
pattern that differs from that of adults. The O. alboguttatus
Species Group is the only one of which we have not seen
any recently metamorphosed juveniles. A photograph,

however, of a subadult O. subtilis taken by A. J. Cardoso
and deposited at the Biodiversity Institute, University of
Kansas, has the typical intermediate colouration with
orange iris and black venation (uniform, deep dark brown
in adults) and faded cream elbow, knee and heel spot
(absent in adults) that leaves no doubt that juveniles are
coloured like the other Osteocephalus as described above.
Dryaderces pearsoni differs from Osteocephalus in that it
already exhibits adult colouration immediately after meta-
morphosis. Most other Lophiohylini also lack an ontoge-
netic colour change, for example Aparasphenodon brunoi
(CFBH, personal observation), Argenteohyla siemersi (D.
Baldo, personal communication), Itapotihyla langsdorffii
(Appendix S1), Nyctimantis rugiceps, Osteopilus crucialis,
O. wilderi (KHJ, personal observation), Phyllodytes luteolus
(MTR, personal observation), while in others juvenile pat-
terns remain, but only slightly dissolve, as in Trachycephalus
hadroceps (KHJ, personal observation) and T. resinifictrix
(Jungfer & Proy 1998). Juvenile T. typhonius are as poly-
morphic in colouration and pattern as their adult phases
(KHJ, personal observation). Distinctly deviating juvenile
colourations are only known to us in Trachycephalus jordani
(green with white dorsolateral and supralabial stripes, iris
golden) and Osteopilus ocellatus (green, transversal bands on
limbs, iris coppery red), both of which lack the light limb
spots of Osteocephalus. In general, with respect to colour-
ation, juveniles of most Osteocephalus species resemble one
another more than their interspecific adult stages, so that
we consider the juvenile colouration a synapomorphy of
Osteocephalus sensu this work. With the exception of the
O. buckleyi Group (Ron et al. 2012), species groups in
Osteocephalus so far have not been recognized. According
to the results of phylogenetic analyses and morphological
data, we recognize five species groups within Osteocephalus;
these are defined below.

Osteocephalus alboguttatus Species Group.
Content. Osteocephalus alboguttatus (Boulenger, 1882),

O. heyeri Lynch, 2002, and O. subtilis Martins & Cardoso
1987.

Diagnosis. Males in this clade are small (<40 mm SVL)
and females are medium-sized (<50 mm). The dorsum in
males and females is smooth or, in males of O. heyeri,
nearly so. Hand webbing is reduced or absent. Vocal sacs
are subgular and single or slightly bilobed. Nuptial excres-
cences are present in breeding males. Information on
breeding sites and reproduction is missing. Amplexus is
axillary in O. subtilis and unknown in the other members of
the group. Iris colouration is golden with irregular black
reticulation, dark grey or deep dark brown in adults (Duell-
man 1978; Martins & Cardoso 1987; Lynch 2002).
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Distribution. Osteocephalus alboguttatus is known from
sites along the Andean edge in north-eastern Ecuador
below 600 m in elevation (Almend!ariz et al. 2004a); O. hey-
eri from the upper Amazon in Loreto, Peru, and Amazo-
nas, Colombia (Lynch 2002). Osteocephalus subtilis occurs in
Acre, Brazil and adjacent Ucayali, Peru (Martins & Cardos-
o 1980; this study). See Appendix S8.2 for sampled locali-
ties.

Remarks. No morphological synapomorphies are
known for this group. There is little variation within spe-
cies in this group and the advertisement calls are unknown.

Osteocephalus buckleyi Species Group.
Content. Osteocephalus buckleyi (Boulenger, 1882), O. ca-

brerai (Cochran & Goin, 1970), O. cannatellai Ron, Vene-
gas, Toral, Read, Ortiz & Manzano, 2012, O. carri
(Cochran & Goin, 1970), O. festae (Peracca, 1904), O. hele-
nae (Ruthven, 1919), O. mimeticus (Melin, 1941), O. mut-
abor (Jungfer & H€odl, 2002), O. verruciger (Werner, 1901).
Osteocephalus duellmani Jungfer, 2011 and O. inframaculatus
(Boulenger, 1882) are also included tentatively here on the
basis of their morphological similarity, as no synapomor-
phies involving adult morphology are known for the group,
and no tissues of these two species were available for this
study.

Diagnosis. Stream breeding is a putative synapomorphy of
this group. Reproduction is usually associated with streams
in all species for which data are available, although we
found O. buckleyi (GGU, personal observation) and O. mut-
abor (KHJ, personal observation) exceptionally breeding in
stagnant pools of water. Dorsal skin texture in males varies
from strongly tuberculate with tubercles bearing kerati-
nized tips (e.g. in O. verruciger) to granulate (O. duellmani),
while females are smoother. Vocal sacs are paired, situated
laterally, with a subgular expansion (Appendix S9).
Amplexus is axillary (Appendix S11). Nuptial pads are
brown.

Distribution. As currently defined, O. buckleyi covers a
huge area from the coastal Guianas to southern Venezuela,
most of Amazonian Colombia, Ecuador and Peru and in
the east from the mouth of the Amazon to Santa Cruz,
Bolivia (La Marca et al. 2010a; Appendix S8.3a). However,
O. buckleyi s. str. is restricted to Amazonian Ecuador and
north-western Loreto, Peru (type locality restricted to
Canelos, Provincia Pastaza, Ecuador by Trueb & Duellman
1971). Osteocephalus festae is known from montane sites
from Morona Santiago, Ecuador, to Amazonas and Caja-
marca, Peru (Jungfer 2010 as Osteocephalus sp., Ron et al.
2010). The CCS O. buckleyi [Ca1_MTR12779_2748] is

known from a few sites along the Rio Abacaxis in Amazo-
nas, Brazil, where it might occur in sympatry with O. hele-
nae. The latter is a widely distributed species from the
Delta Amacuro in Venezuela and the eastern Guiana
Shield, through central Amazonia across Amap!a, Amazonas,
Acre, and Mato Grosso, Brazil, reaching the Andean foot-
hills in central and northern Bolivia and southern and
northern Peru.
Osteocephalus cabrerai has been reported from Amazonas,

Colombia (Cochran & Goin 1970; Lynch 2002), Loreto
and Ucayali, Peru (Jungfer 2010; Ron et al. 2012), Su-
cumb!ıos, Ecuador (Ron et al. 2011), and also from the
Delta Amacuro and the Guiana Shield area in Venezuela,
French Guiana and Amazonas, Brazil (Gorzula & Se~naris
‘1998’ [1999]; Lescure & Marty 2000; Lima et al. 2006 as
O. buckleyi; Jungfer 2010; Menin et al. 2011). Frogs in this
study are all from the upper Amazon in Sucumb!ıos, Ecua-
dor, Amazonas, Colombia and Loreto, Peru (Appendix
S8.3a).
Apart from O. festae, several species are known from the

eastern Andean slopes and foothills (Appendix S8.3b):
O. carri in Colombia (Cochran & Goin 1970; Lynch 2006;
Jungfer 2010), O. verruciger in southern Colombia and
northern Ecuador (Angulo et al. 2004), O. duellmani from
the Cordillera del C!ondor in Ecuador (Jungfer 2011),
O. mimeticus from San Mart!ın southward to Cusco, Peru
(Jungfer 2010). Osteocephalus mutabor occurs along the east-
ern Andean foothills of central and northern Ecuador,
while phenetically similar frogs, here referred to as
‘O. mutabor’, are known from lowland Amazonian Ecuador
in Sucumb!ıos, Ecuador, the eastern Andean edge of south-
ern Ecuador and northern Peru and adjacent lowlands as
far east as the Iquitos and Leticia areas in Peru and
Colombia (Jungfer et al. 2000; Ron et al. 2012; this study).
Osteocephalus inframaculatus is known from the type locality,
Santarem, Par!a, Brazil on the Amazon River (Boulenger
1882; Jungfer 2010).

Remarks. As currently defined, O. buckleyi is a widespread
and largely polymorphic taxon. Jungfer (2010) included
only specimens from north-western Amazonia for compari-
sons with related species to avoid confounding morphologi-
cal characters without first assessing the possible existence
of putative new species. Populations vary in degree of tu-
berculation and webbing, SVL, especially in females, and
other characters. Some populations are also difficult to dis-
tinguish from O. cabrerai despite a recent redescription of
the latter (Jungfer 2010). La Marca et al. (2010a) assumed
that O. buckleyi might be a complex of more than one spe-
cies. Ron et al. (2012) attempted to resolve parts of this
complex in Ecuador and Peru and described three new spe-
cies, only one of which we consider valid: Osteocephalus
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cannatellai occurs in eastern Ecuador and north-eastern
Peru. It also occurs in Caquet!a, southern Colombia (this
study). The second one, O. germani, is preoccupied by
O. helenae (Ruthven, 1919). We do not recognize the third
one, O. vilmae, as distinct from O. buckleyi for reasons
given in the Appendix. Morphological characters of O. ca-
brerai are also polymorphic and partially overlap with those
of O. buckleyi. Probably for this reason, specimens listed as
O. buckleyi by Ron et al. (2010) were later used to report
the first record of O. cabrerai for Ecuador by Ron et al.
(2011) on the basis of molecular data. Jungfer (2010) also
refrained from using material from north of the Amazon
for a redescription of this species. The rest of species in
this group, and those with more restricted distributions,
are morphologically more uniform.

Osteocephalus leprieurii Species Group.
Content. Osteocephalus leprieurii (Dum!eril & Bibron,

1841) and O. yasuni Ron & Pramuk, 1999.
Diagnosis. Males and females in this clade are highly

dimorphic in dorsal skin structure with females being
smooth or bearing few low tubercles and males being
heavily tuberculate. During breeding, tubercles bear kera-
tinized tips. Keratinized excrescences, apart from the
large dark brown nuptial pad, are also present on parts
of the limbs, hands, feet and lower jaw in some popula-
tions of O. leprieurii (Jungfer & H€odl 2002). Vocal sacs
are paired, lateral with subgular expansion (Appendix S9).
Amplexus is axillary (Appendix S11). Both species are
explosive breeders congregating at ponds or flooded
areas. During that time, males become yellow dorsally
and light yellow ventrally (Ron & Pramuk 1999; Lescure
& Marty 2000; Jungfer & H€odl 2002; Deichmann &
Williamson 2007; Kok & Kalamandeen 2008). Irises of
adult frogs in the O. leprieurii clade are golden to golden
brown with fine irregular dark venation and a broad dark
brown horizontal midline.

Distribution. As currently defined, O. leprieurii is widely
distributed from the Guianas and northern Venezuela to
eastern Colombia, eastern Peru, northern Bolivia and the
northern and eastern Brazilian Amazon including Amazo-
nas and Amap!a (La Marca et al. 2010c; this study). The
nominal species s. str. occurs in the Guianas and south-
ern Venezuela (Appendix S8.4); its type locality is
‘Cayenne’, French Guiana. The UCS O. leprieurii
[Ca1_MTR12698_2834] occurs allopatrically from O. lep-
rieurii s. str. in Brazilian central Amazonia. Our samples
are from three localities on the Rio Abacaxis (Appendix
S8.4), but there are also specimens from further south-
east in Par!a, Brazil. The UCS O. leprieurii
[Ca2_NMP6d41/2009] has long been considered a dis-

tinct unnamed species occurring in northern Bolivia and
south-western Amazonas, Brazil, apparently in allopatry
from all other lineages within the O. leprieurii Group.
Osteocephalus yasuni is known from lowland sites in north-
eastern Ecuador, northern Peru, Acre, Brazil, and north
of the Amazon in Amazonas, Colombia (Ron & Pramuk
1999; Lynch 2002; this study). Sampled localities are
shown in Appendix S8.4.

Remarks. No morphological synapomorphies are known
for this group. Osteocephalus leprieurii is a polymorphic spe-
cies with considerable variation especially in SVL, colour-
ation and degree of keratinized structures in breeding
males. The advertisement calls of this species are highly
complex and not as stereotyped as in most frogs (Jungfer
& H€odl 2002), making bioacoustic comparisons among
populations difficult. That O. leprieurii might be a compos-
ite of several species has already been hypothesized by
Jungfer & H€odl (2002) and Moravec et al. (2009). The lat-
ter authors also presented some molecular evidence to sup-
port this.

Osteocephalus planiceps Species Group.
Content. Osteocephalus castaneicola Moravec, Aparicio,

Guerrero-Reinhard, Calder!on, Jungfer & Gvo"zd!ık, 2009,
O. deridens Jungfer, Ron, Seipp & Almend!ariz, 2000,
O. fuscifacies Jungfer, Ron, Seipp & Almend!ariz, 2000,
O. leoniae Jungfer & Lehr, 2001, and O. planiceps Cope,
1874.

Diagnosis. Phytotelm breeding (see below) and a single,
subgular vocal sac are putative synapomorphies of this
group. All species in this clade breed in phytotelmata such
as leaf axils, fruit capsules, bamboo and tree holes (Jungfer
et al. 2000; Moravec et al. 2009; KHJ, personal observa-
tion). Except for O. planiceps, dorsal skin is not sexually
dimorphic and more or less smooth in both sexes. Breeding
males identified as O. planiceps vary from tuberculate to
almost smooth. Nuptial excrescences in breeding males are
dark brown (O. planiceps), light brown (O. castaneicola) or
white (O. deridens, O. fuscifacies, O. leoniae). The vocal sac is
white, single and subgular. Amplexus is axillary or gular
(Appendix S11).

Distribution. Sampled localities are in Appendix S8.5. Os-
teocephalus planiceps has a wide distribution in the western
Amazon Basin from Meta in south-western Colombia
through Ecuador to Madre de Dios in south-western Peru
(Lehr 2001; Lynch 2008; this study). There is also a record
from the central Amazon in Amazonas, Brazil (Gordo &
Neckel-Oliveira 2004). The other species have smaller
ranges. Osteocephalus castaneicola occurs in Pando, Bolivia
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and adjacent Madre de Dios, Peru (Moravec et al. 2009);
O. deridens ranges from north-eastern Ecuador, south-east-
ward through northern Loreto, Peru, to the Leticia area,
Amazonas, Colombia, and adjacent Amazonas, Brazil (Mor-
avec et al. 2002; Almend!ariz et al. 2004b; this study). Osteo-
cephalus fuscifacies is known from north-eastern Ecuador in
Orellana, Sucumb!ıos and Napo, and adjacent Loreto, Peru
(Jungfer et al. 2000; this study). Osteocephalus leoniae occurs
from the Rio Mara~non area in Amazonas, Peru southward
to Cusco, Peru (Jungfer & Lehr 2001; Ch!avez et al. 2008;
this study). An allopatric population from the western Gui-
ana Shield is considered herein a CCS (O. planiceps
[Ca1_Neblina411]).

Remarks. There is little morphological variation in those
species with small ranges. Osteocephalus planiceps, however,
exhibits considerable variation in SVL, dorsal skin structure
in breeding males, and call structure (Duellman & Lescure
1973 as O. taurinus; Schl€uter 1979 as O. leprieurii; KHJ,
personal observation). The latter may be due to variation
in types of calls or the presence of cryptic species.

Osteocephalus taurinus Species Group.
Content. Osteocephalus oophagus Jungfer & Schiesari,

1995, O. taurinus Steindachner, 1862, and O. vilarsi (Melin,
1941). The latter is tentatively associated with this group
because of its close external similarity with O. taurinus
(Jungfer 2010).

Diagnosis. Frogs in the group are medium-sized to large
with frontoparietal ridges variably present (extremely pro-
nounced to inconspicuous), iris golden with uniformly radi-
ating dark lines and a broad dark horizontal midline,
sexually dimorphic tuberculate and spiculate dorsum pres-
ent or absent, nuptial excrescences dark, vocal sacs paired,
lateral, with subgular expansion, or single, subgular
(Appendix S9) and oviposition in pools or phytotelmata
(Appendix S10). Amplexus is axillary (Appendix S11).

Distribution. Osteocephalus oophagus is primarily Guianan,
ranging from central Guyana, Suriname and northern
French Guiana southward to the Amazon and Rio Negro
and slightly beyond into Par!a, Brazil. To the west, it reaches
Guain!ıa, Colombia (Hoogmoed & Avila-Pires 1991; Jungfer
& Schiesari 1995; Lescure & Marty 2000; Lynch & Vargas-
Ram!ırez 2000; Ernst et al. 2005; Azevedo-Ramos 2010). As
currently defined, the nominal species O. taurinus occupies a
large range, from Amazonian and Guianan Venezuela
throughout Amazonia to Bolivia and Mato Grosso, Tocan-
tins, Piau!ı and Maranh~ao, Brazil (Trueb & Duellman 1971;
La Marca et al. 2010b). However, as explained above, in
addition to O. taurinus s. str., we recognize five candidate

species (Fig. 2). Our data suggest that these have restricted
non-overlapping ranges. However, we have not included
samples from the western Amazon Basin yet (Appendix
S8.6). The CCS O. taurinus [Ca1_MHNC6667_3151] is a
large species only known from one site in Pasco, Peru, that
does not appear to be in sympatry with any other lineage
within O. taurinus. The UCS O. taurinus [Ca2_Neblina410]
is known from an isolated site in the Pico de Neblina area in
extreme southern Venezuela. The UCS O. taurinus
[Ca3_AJC2959_3181] occurs in lowlands at the western
edge of the Guianan region and is not known to occur
sympatrically with any other lineage within the O. taurinus
group either. The UCS O. taurinus [Ca4_PHV2439_2671]
occurs in eastern Mato Grosso, Brazil, where it might occur
in sympatry with O. taurinus s. str. to the both east and west.
The UCS O. taurinus [Ca5_SMNS12063] occurs in the
Guianan region from eastern Venezuela to the Guianas and
the mouth of the Amazon in Brazil. There is a large collec-
tion gap for samples between Ca5 and O. taurinus s. str.,
although O. ‘taurinus’ is known to occur there (La Marca
et al. 2010b).

Remarks. As currently defined, O. taurinus is an extremely
polymorphic species. SVL of mature females ranges from
56.4 to 109.8 mm and from 50.3 to 91.1 mm in breeding
males, with neighbouring populations sometimes exhibiting
extreme size differences. The presence of frontoparietal
ridges, sexually dimorphic dorsal skin and an iris with radi-
ating dark lines in all populations assigned to this species
apparently led Trueb & Duellman (1971) to consider
O. taurinus a single polymorphic species. The fact that
O. oophagus, a species with single subgular vocal sac and
other distinct characters, is nested within O. ‘taurinus’,
which has paired lateral sacs, suggests the existence of sev-
eral unrecognized species. A detailed morphological and
bioacoustic study of populations within O. ‘taurinus’ is
needed to unravel species diversity within this taxon.

Genus Tepuihyla Ayarzag€uena, Se~naris & Gorzula,
1993
Type species. Hyla rodriguezi Rivero, 1968, by original
designation.

Diagnosis. No phenotypic synapomorphies are known for
Tepuihyla (see discussion below). A number of molecular
synapomorphies are listed in Appendix S7. Recently meta-
morphosed juveniles of T. rodriguezi (population from Gua-
dacapiapu-tepui, Venezuela), T. aff. edelcae (undescribed
species from the Chimant!a Massif, Venezuela) and Tepuihyla
rimarum (Ptari-tepui, Venezuela) lack the juvenile colora-
tion typical of Osteocephalus and usually have granular skin
(PJRK, personal observation, see below and Appendix S1);
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likewise Myers & Donnelly (2008) do not report ontoge-
netic colour change between recently metamorphosed juve-
niles and adults of T. edelcae from Auyantepui, Venezuela.

Content. Seven species: Tepuihyla aecii (Ayarzag€uena,
Se~naris & Gorzula, 1993), T. edelcae (Ayarzag€uena, Se~naris
& Gorzula, 1993), Tepuihyla exophthalma (Smith & Noo-
nan, 2001) new combination, T. luteolabris (Ayarzag€uena,
Se~naris & Gorzula, 1993), T. rimarum (Ayarzag€uena,
Se~naris & Gorzula, 1993), T. rodriguezi (Rivero, 1968) and
T. warreni (Duellman & Hoogmoed, 1992).
Tepuihyla galani (Ayarzag€uena, Se~naris & Gorzula, 1993)

and T. talbergae Duellman & Yoshpa, 1996 are considered
junior synonyms of T. rodriguezi, Tepuihyla celsae Mijares-
Urrutia, Manzanilla-Puppo & La Marca, 1999 a junior syn-
onym of T. luteolabris, and O. phasmatus MacCulloch & La-
throp, 2005 a junior synonym of T. exophthalma; see
Appendix.

Distribution. Eastern and south-eastern Venezuela and
western Guyana (Appendix S8.7).

Remarks. Two alternatives were considered to remediate
the non-monophyly of Osteocephalus; placing Tepuihyla in the
synonymy of Osteocephalus or including O. exophthalmus,
O. phasmatus, and ‘Hyla’ warreni in Tepuihyla. We chose the
latter. Tepuihyla was originally defined by Ayarzag€uena et al.
(‘1992’ [1993]) by a number of character states, whose polar-
ity was uncertain at the time. Of these, the reduction of web-
bing between toes I and II has been suggested as a putative
synapomorphy by Faivovich et al. (2005), who also noticed
instances of homoplasy in the Lophiohylini. The exposition
of the frontoparietal fontanelle noted by Ayarzag€uena et al.
(1992) also is a putative synapomorphy overlooked by Faivo-
vich et al. (2005), with several instances of homoplasy in the
Lophiohylini as well (e.g. some species of Osteocephalus and
Osteopilus; Trueb & Tyler 1974). Our redefinition of Tep-
uihyla dissociates the genus from these putative synapomor-
phies because ‘Hyla’ warreni, ‘O’. exophthalmus and
‘O’. phasmatus have webbing between toes I and II (Duell-
man & Hoogmoed 1992; Smith & Noonan 2001; MacCul-
loch & Lathrop 2005), and at least ‘O.’ exophthalmus has the
frontoparietal fontanelle covered by the frontoparietals
(Smith & Noonan 2001). The modification of content and
concept of Tepuihyla is the less disruptive alternative in terms
of deviation from the current taxonomy. The phylogenetic
relationships of T. luteolabris and T. rimarum remain
unknown, as tissues of these species are still unavailable.
Little is known about the breeding habits of Tepuihyla,

and it is only recently that the tadpole of one species
(T. edelcae) has been described (Myers & Donnelly 2008).
All Tepuihyla species for which reproductive ecology is

known breed in marsh and relatively shallow rocky pools in
upland and highland savannahs (on white sand or sandstone)
where several males congregate and call partially immersed
in the water or from very low vegetation close to the water
(PJRK, personal observation). Amplexus is axillary and eggs
are laid as gelatinous masses (PJRK, personal observation).
Tadpoles can tolerate acidic water (pH values c. 4). They
are opportunistic feeders and have been seen feeding on
dead animals including congeners (PJRK, personal observa-
tion). Virtually nothing is known about the reproductive
ecology of T. exophthalma and T. warreni, which in contrast
to other Tepuihyla species are primarily forest dwellers
(MacCulloch & Lathrop 2005). Kok & Kalamandeen (2008)
hypothesized that T. exophthalma (as O. exophthalmus) could
be a phytotelm breeder, but this remains uncorroborated.

Discussion
Amazonian and Guiana Shield diversity
The Amazonian and Guianan regions (pan-Amazonia) form
a continuous area integrating a mosaic of habitats that har-
bour a significant portion of the global amphibian fauna.
About 1039 (16%) of the approximately 6370 amphibian
species worldwide listed by the IUCN (2012) [Amphibia-
Web (2012) lists 7083 named species, but see Frost (2013)]
are pan-Amazonian, with records of more than 100 species
occurring in a few square kilometres (e.g. Lynch 2005).
This already outstanding species diversity of amphibians,
however, appears to be greatly underestimated because of a
number of factors. First, large areas still remain unexplored
from a taxonomic perspective. Second, most of the histori-
cal species hypotheses are based on brief and cursory phe-
notypic descriptions often lacking vouchered types (either
lost, destroyed or never designated), specific type localities
or both; this implies that new species descriptions are ham-
pered by lack of sufficient information. An example is the
toad Rhinella margaritifera (Laurenti, 1768) with ‘Brasilia’
(= Brazil) as its type locality, but in fact a complex of
numerous species occurs within and outside Brazil (Fou-
quet et al. 2007b). Third, many species can be considered
morphologically cryptic because they lack clear diagnostic
characters; therefore, information on behaviour, reproduc-
tive biology, ecology and genetics is needed to discover
species (e.g. Padial & De la Riva 2009). And fourth,
although our understanding of the biogeography and origin
of the Amazonian fauna is growing rapidly (Fouquet et al.
2012; see also summaries by Antonelli et al. 2010; Lovejoy
et al. 2010; Wesselingh et al. 2010), we are still far from
having a general understanding of the history and mecha-
nisms responsible for species diversity across groups of
organisms and areas (Hoorn et al. 2010), which in turn
suggests that important hotspots of diversity still remain
undetected under the apparently uniform forest cover.
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These factors, combined with the realization that pan-
Amazonia is biogeographically much more complex than
previously thought, led some researchers to wonder if there
are amphibian species in the Amazon region with wide dis-
tributions (i.e. distributions occupying most of the region)
(e.g. Wynn & Heyer 2001). Since then, a few studies have
specifically addressed this question for amphibians using
two different strategies: (i) focussing on the diversity of a
relatively small (compared to the total area of the pan-
Amazon region), but well-sampled location, such as parts
of French Guiana (Fouquet et al. 2007a) and the Chiquita-
nia of Bolivia (Jansen et al. 2011), or (ii) studying the diver-
sity of only a few species in genera such as Adelophryne and
Phyzelaphryne (Fouquet et al. 2012), Amereega (Brown &
Twomey 2009), Engystomops (Ron et al. 2006), Hyalinobat-
rachium (Castroviejo-Fisher et al. 2011), Leptodactylus (e.g.
Heyer 2005; Heyer & de S!a 2011), Oreobates (Padial et al.
2012), Pristimantis (Elmer et al. 2007; Padial & De la Riva,
2009) and Ranitomeya (Brown et al. 2011).
The present contribution, with information from 328

specimens and 218 localities encompassing eight countries,
constitutes one of the most extensive sampling efforts of
pan-Amazonian amphibian groups. Our results reveal an
intriguing pattern where four widespread nominal species
(O. buckleyi, O. leprieurii, O. planiceps and O. taurinus) are
indeed composites of species, with lower than previously
reported genetic variability, but with wide distributions in
some lineages. This pattern is similar to that found in cer-
tain groups of dendrobatids such as species of Ranitomeya
and Amereega with low genetic distances (1–2%) among
species, some of them having very restricted distributions
(e.g. R. summersi), while others occur throughout thousands
of kilometres (e.g. R. amazonica) (Brown et al. 2011).
Our results support an increase in the species diversity of

Osteocephalus from 24 recognized species (taking into
account three species removed from Osteocephalus and two
synonymized here) to 27 (12.5% more species), if we only
include confirmed lineages, or 33 (37.5%) more species, if
we include all candidate species. A high level of overlooked
diversity is not exclusive of Osteocephalus, but has been
found in several amphibian groups in the region (Fouquet
et al. 2007a,b, 2012; Jansen et al. 2011; Funk et al. 2012)
and in other tropical areas such as Madagascar (Vieites
et al. 2009; Vences et al. 2010), Central America (Crawford
et al. 2010) or South-East Asia (Stuart et al. 2006). Recent
studies of other vertebrates confirm this pattern, for exam-
ple, for birds (Mil!a et al. 2012), mammals (Pavan et al.
2012) or reptiles (Bergmann and Russell 2007).
Candidate species within Osteocephalus are not randomly

distributed across the species groups. The O. taurinus
Group alone contributes five candidate species and
accounts for 56% of the previously unrecognized species

diversity within the genus. The O. leprieurii (two candidate
species), O. buckleyi (1) and O. planiceps (1) Groups contrib-
ute more candidate species, while we did not detect any
additional diversity in the O. alboguttatus Group.
To facilitate comparison, we recognize four geographic

areas of unequal size within the pan-Amazon region. Each
of these geographic regions harbours important areas of
endemism that have been previously recognized in other
studies (e.g. da Silva et al. 2005). We divide the pan-Ama-
zon longitudinally into a northern and a southern area,
along the main course of the Amazon River. Most of the
north-eastern region coincides with the Guianan region
(Hoogmoed 1979), divided from the north-western area
by the R!ıo Orinoco, the Casiquiare Canal and the Rio
Negro. The southern area includes the basins of the rivers
Tapajos, Tocantins, Xingu, Madeira and Juru!a and is
divided by the Rio Madeira, which separates the lowlands
of Bolivia and the south-western part of Brazilian Amazo-
nia from the basins of those rivers originating on the Bra-
zilian Shield. The western area has a strong Andean
influence, while the eastern area is more influenced by the
uplands and highlands of the Precambrian shields of Gui-
ana and Brazil.
Most of the diversity of the 33 species (24 nominal and

9 candidate species considered here) of Osteocephalus is con-
centrated in the western parts of the Amazon (24 spp.).
The O. buckleyi Group is much more diverse (10 spp.) in
the west than in other regions (one in the NE and two in
the SE), especially in species that inhabit elevations above
500 m a.s.l. in the Andean foothills (seven spp.). This
diversification is coincidental with the origin of a derived
mode of reproduction (breeding in mountain streams; see
Reproductive diversity). The presence of at least five spe-
cies with mostly allopatric distributions (some overlap at
the species’ contact zones) suggests vicariance as the origin
of speciation. One species in the SW (O. helenae) also
occurs in the NE and spans a huge area in contrast to the
other species in the group.
The O. leprieurii Group has one representative in each

of the four sections, while all three species in the O. albo-
guttatus Group occur in the NW. The O. planiceps Group
(six spp.) has a western distribution (five spp.) with one
apparently isolated species (O. planiceps Ca1) at Pico de
Neblina, an outcrop of the Guiana Shield, in the north-
eastern sector.
The O. taurinus Group (seven spp.) is predominantly

northern (six spp.), with five species associated with the
Guianan region. Two species occur in the SE and SW sec-
tors, among them O. taurinus s. str. that occurs in all four
sectors. It is the most widely distributed species in the
genus. Our results show that the eastern exemplars of
O. taurinus s. str., from the gallery forests of the Cerrado,
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represent those of the most recent divergence in the clade,
indicating a recent occupation of the Amazonian periphery.
Our findings of species richness in Osteocephalus corrobo-

rate the results found in other Amazonian frog groups
(Fouquet et al. 2007a,b; Jansen et al. 2011; Funk et al.
2012) that the frog biodiversity in Amazonia is severely
underestimated. While Funk et al. (2012) locally compared
two species of Engystomops and two species of Hypsiboas
with wide pan-Amazonian distributions and found an
increase of species to 150–250% and 200–350%, respec-
tively, of the current number, our results show a lower
increase of 113–138% for the entire genus, suggesting
either that Osteocephalus was a well-studied (and well-
known) group or that its evolutionary history was different
from that of Engystomops and Hypsiboas. Both assumptions
appear to be incorrect. The difference is simply caused by
our inclusion of species with smaller ranges. Thus, if we
considered only the three widespread nominal species
O. buckleyi, O. leprieurii and O. taurinus and added the can-
didate species, the number of species would increase from
three to six CCS (200%), or to 9 CCS + UCS (300%).
Considering that 1000 + species of amphibians are cur-
rently known to occur in pan-Amazonia, and combining
our results with those of other studies, we consider that the
diversity of Amazonia is highly underestimated. Broad-scale
taxonomic analyses as the one presented here are much
needed for other groups of organisms to understand the
evolution, distribution patterns and biogeography of
Amazonia, as well as to guide effective conservation mea-
sures.

Morphological and genetic data in Osteocephalus
There are few nominal species of Osteocephalus exhibiting
fixed qualitative or quantitative characters to separate them
from all other species in the genus (e.g. iris colouration in
O. subtilis). Usually a set of characters is needed to diagnose
currently accepted nominal species. The issue becomes
more acute with increasing character variability within a
supposed species. Most of the morphological characters
found in 20 of the 24 nominal species of Osteocephalus vary
intraspecifically by 7–21% (KHJ, unpublished data). The
lowest variation is found in species with small ranges that
are also represented in low numbers in collections. The
three species with the largest ranges, and also the highest
numbers of specimens examined, O. buckleyi, O. leprieurii
and O. taurinus sensu lato, respectively, also have the highest
percentages of variation (57–71%). These preliminary data
substantiate our molecular findings with respect to candi-
date species. Similarly, the molecular data support the view
that a great deal of the morphological variation might be
due to the presence of cryptic species. Using morphological
data, several (candidate) species can be further subdivided,

most of them representing clades also recognizable in the
trees (Figs 1–4). Likewise, among populations of O. tauri-
nus s. str., there are clades that are extremely different.
While breeding specimens from near the type locality mea-
sure 82 mm SVL in males and 104 mm in females, breed-
ing specimens from some 250 km SW of that site measure
50 and 57 mm, respectively, only slightly more than half
the size of the former specimens. This indicates that our
molecular view of candidate species is conservative when
compared with one focussed on morphology. Unfortu-
nately, few bioacoustical or other data on isolating mecha-
nisms between populations are available to allow a more
integrative approach to decipher species diversity in the
genus.

Reproductive diversity and evolution of reproductive biology
in Osteocephalus
Exploitation of different breeding sites may be one reason
for the successful colonization and sympatric occurrence of
Osteocephalus species in pan-Amazonia. Our phylogenetic
hypothesis indicates that pond breeding and egg clutches
laid as a surface film is the plesiomorphic reproductive
mode in Osteocephalus (Appendix S10). Both adaptations are
advantageous in facilitating rapid development in warm
water with low oxygen contents (e.g. Wells 2007). This
mode is common in hylids, including many Lophiohylini
(Faivovich et al. 2005). Males call while floating in water
with lateral vocal sacs inflated, but they can also call while
out of water. Jungfer & H€odl (2002) speculated that a tu-
berculate dorsum in large choruses of males, like those of
O. leprieurii (Lescure & Marty 2000) or O. taurinus (Boker-
mann 1964), may facilitate recognizing that the wrong sex
has been clasped. This reproductive mode occurs in all
known (candidate) species of the O. taurinus Group except
O. oophagus. The latter is not only the smallest species in
the group, it also breeds in narrow phytotelmata. An amp-
lecting pair deposits small clutches of about 250 eggs alto-
gether in short intervals of about 5 days, and males lack
dorsal tubercles and have a subgular vocal sac. All these
character states have been proposed to be adaptations to
breeding in phytotelmata (Jungfer & Weygoldt 1999).
Small size allows for using very small bodies of water such
as bromeliad leaf axils. Small sites can only hold few eggs,
but if fewer eggs are laid, they can be produced at shorter
intervals. Phytotelmata are not available ad libitum, so
remembering and re-using them might be an advantage.
Females of O. oophagus avoid sites where tadpoles of other
females are already present. Parents return to phytotelmata
where they have oviposited and provide their larvae with
nutritive eggs. Larvae are dependent on them and will
starve if the female does not return at least five times to
feed them. Like other oophagus tadpoles in several anuran
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families, they have a reduced number of labial tooth rows
(Silverstone 1975; Jungfer 1985; Ueda 1986; Lannoo et al.
1987; Duellman 2001). A small subgular vocal sac may be
advantageous over large paired sacs in the confines of a
narrow phytotelm, which in many cases acts as a resonator
itself (KHJ, personal observation).
The shift from pond breeding sites to phytotelmata could

be advantageous not only for tadpoles avoiding interspecific
competition and numerous predators. The shift in call strat-
egy away from large choruses to spaced individuals scat-
tered in the forest may be seen as an adaptation to avoid
predators of adults, too. The cost of a prolonged breeding
season appears to be lower than that of explosive breeding.
Members of the O. leprieurii Group are pond breeders

depositing eggs in surface films. Males of O. leprieurii have
coloured keratinized nuptial pads, spiny backs and kerati-
nized structures on other parts of the body (Jungfer & H€odl
2002). Explosive breeding in large choruses after heavy rains
is the rule in this group, and male nuptial excrescences are
advantageous not only on the hands. Dorsal spines in male–
male interactions may be analogous to release calls. Further-
more, males become conspicuously yellow during breeding,
possibly to warn other males or to attract females. This phe-
nomenon is also known in other explosive breeders in the
genera Scinax, for example S. elaeochroa (Duellman 2001),
Dendropsophus, for example D. microps (Kwet 2001), D. minu-
tus (Marty & Gaucher 1999), Trachycephalus mesophaeus
(MTR, personal observation) or Triprion petasatus (KHJ, per-
sonal observation). Very often males in the O. leprieurii
Group call while floating in water. Vocal sacs are lateral, as it
occurs in several frog groups that call while floating on the
water surface, such as Pelophylax or Pseudis.
The sister taxon of the O. leprieurii Group is the

O. buckleyi Group, the only clade of stream-breeding Osteo-
cephalus. Stream breeding is a synapomorphy of this group.
Although they breed in moving, oxygen-rich water, most
species have retained the ancestral character of a surface
film of eggs. However, eggs of this group that become sub-
merged develop normally (KHJ, personal observation),
unlike those of lentic breeding O. oophagus (Jungfer &
Weygoldt 1999), O. taurinus (KHJ, personal observation)
or other hylids (e.g. Kluge 1981) in the field. Vocal sacs in
the group do not appear to be different from the lateral
ones of the O. leprieurii Group, although at least half of
the (candidate) species usually call from vegetation along
streams (KHJ, personal observation). The dorsal skin of
breeding males ranges from dense keratinized spicules
(O. mimeticus, O. verruciger) to simple, non-keratinized
tubercles (O. cabrerai). It is not known whether skin texture
is correlated with size of choruses or distribution of cho-
ruses along streams. Breeding period at least in O. buckleyi
s. str. is lengthy (Jungfer & Weygoldt 1999).

Members of the O. planiceps Group breed in phytotelmata
(breeding site unknown in O. fuscifacies) and all of them
have similar smooth backs (except O. planiceps) and single,
subgular vocal sacs in males (barely distensible and lacking
vocal slits in O. castaneicola), similar to O. oophagus of the
O. taurinus Group. Coloured keratinized spines on the nup-
tial excrescences of the thumb are reduced in most species.
Osteocephalus planiceps is exceptional for the group in

being large, having extensive dark brown keratinized nup-
tial pads and tuberculate backs in males (although some
sexually active males are smooth-backed). Tadpoles, at least
of O. castaneicola and O. deridens, eat conspecific eggs and
O. deridens larvae have a reduced number of labial tooth
rows (Jungfer et al. 2000; Moravec et al. 2009). As already
stated by Moravec et al. (2009), our consensus tree suggests
that phytotelm breeding and tadpoles feeding on conspe-
cific eggs have evolved independently in Osteocephalus at
least twice and members of both groups independently
evolved similar character states associated with this repro-
ductive mode (subgular vocal sacs, smooth dorsa in males,
reduction of tooth rows in tadpoles). They also exhibit
nuptial excrescences that are reduced (less keratinization)
or absent in males of three species, suggesting a lack of
male-male competition by clasping. In one of those, O. leo-
niae, we observed females returning without males to tad-
poles and feeding them on unfertilized nutritive eggs
(KHJ, unpublished data). This reproductive mode has so
far only been found in a few groups of frogs breeding in
phytotelmata (reviewed by Lehtinen et al. 2004) or subter-
ranean burrows (Gibson & Buley 2004).
Amplexus is a relatively conservative character in anu-

rans. In most neobatrachians and all hylids, the amplexus is
axillary (Duellman & Trueb 1986). In some Osteocephalus,
there is a previously unknown position, in which the male
clasps the female exclusively around the female’s throat,
here termed gular amplexus (Appendix S11). It was
observed in two closely related species, O. deridens and
O. leoniae, both in the O. planiceps Group, and can be
expected in O. fuscifacies as well. In both species, this type
of amplexus is employed exclusively and we observed it
100 + times, while we have never seen it in other species
of Osteocephalus. These were always found in axillary
amplexus. Gular amplexus may also be considered an adap-
tation to phytotelm breeding, because in both species,
females carry amplecting males around, indicating that it is
they who select the breeding site, although a male calling
from a phytotelm may ‘propose’ one. This latter behaviour
is similar to that of O. oophagus (Jungfer & Weygoldt
1999). Being held in the gular region may allow a female
to climb more freely. Other females in the genus approach
males at or near the breeding site on the ground (except
the large O. planiceps).
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Almost nothing is known about the reproduction of the
members of the O. alboguttatus Group. However, the
smooth backs and subgular vocal sacs of males might indi-
cate that these frogs are phytotelm breeders as well.
Summarizing the evolutionary history of reproduction, it

can be stated that explosive or opportunistic pond breeding
is the ancestral state in Osteocephalus, as exhibited in the
O. taurinus Group and retained in the O. leprieurii Group.
Phytotelm breeding (partly combined with parental care
for tadpoles) evolved in the O. planiceps Group and inde-
pendently in O. oophagus (O. taurinus Group), and stream
breeding in the O. buckleyi Group.
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Appendix 1: Synonyms among species of
Osteocephalus and Tepuihyla
Mainly because of differences in juvenile and adult coloura-
tions, several species of Osteocephalus have been described
more than once and/or placed into different genera (Jung-
fer 2010). We are aware of more such cases. While synon-
ymizing junior taxon names and establishing old neglected
ones is beyond the scope of this work, we nonetheless
deem it unwise to use names that will soon be considered
outdated. On the other hand, it is hard to follow synony-
mizations when no sufficient reasons are given. The follow-
ing account – though still not complete – gives a brief
overview of the changes proposed here and why. In the
case of old taxon names (such as ‘Hyla helenae’), a more
detailed study is in progress.
Likewise, several species of Tepuihyla have been

described from isolated mountain tops using few specimens
for which intraspecific variation was poorly known, but
which were treated as distinct species basically because of
their isolated distributions. More populations and speci-
mens together with molecular data indicate that several of
these taxa have to be treated as junior synonyms.
Osteocephalus helenae (Ruthven, 1919) nov. comb. This

species was considered as incertae sedis by Faivovich et al.
(2005). However, its holotype (UMMZ 52681) from Du-
noon, Guyana, is a recently metamorphosed juvenile with
the typical colouration of most of the members of the
O. buckleyi Species Group (dark spots on light ground and
light colour of distal part of upper arm and elbow, and also
of knee and tarsus, compare Appendix S1). Based on
molecular data of tissue taken from frogs earlier considered
to be O. buckleyi (Kok & Kalamandeen 2008) or O. cabrerai
(Gorzula & Se~naris ‘1998’ [1999]; Lescure & Marty 2000)
from north-eastern South America, we consider it a valid
species of Osteocephalus. This well-supported clade is widely
distributed from north-eastern South America south-west-
ward to southern Peru and Bolivia.
Osteocephalus germani Ron, Venegas, Toral, Read, Ortiz

& Manzano, 2012. The type locality of O. germani is near
Pongo de Mainique, La Convenci!on, Cusco, Peru. Our
specimen MHNC7004 from R!ıo Nusiniscato, Cusco, Peru,
agrees well morphologically with the holotype and geneti-
cally with a paratopotype of O. germani included in our
tree. They form a large, well-supported clade that also
includes specimens from Guyana considered to be O. hele-
nae. For this reason, we consider O. germani a junior syno-
nym of O. helenae. That O. germani and specimens from
north-eastern South America were likely to be conspecific
was also stated by Ron et al. (2012).

Osteocephalus vilmae Ron, Venegas, Toral, Read, Ortiz &
Manzano, 2012. Within O. buckleyi as presented here, there
are two clades with low genetic distances (uncorrected p dis-
tance 1.6%). They were also found by Ron et al. (2012).
One of these is considered a distinct species, O. vilmae, by
them. We have seen specimens of the ‘vilmae’ clade from
Yasun!ı, Ecuador and the Iquitos region in Loreto, Peru,
one of each locality is contained in our tree. For the follow-
ing reasons, we do not follow their arguments, but consider
O. vilmae a junior synonym of O. buckleyi: Morphologically,
we were unable to distinguish ‘O. vilmae’ from other
O. buckleyi. In the original description, ‘O. vilmae’ is distin-
guished from O. buckleyi by having scattered and weakly
keratinized dorsal tubercles (abundant and keratinized in
O. buckleyi). We have seen both character states in both
males of the ‘vilmae’ and the ‘buckleyi’ clade. Especially
keratinization is strongly dependent on reproductive activ-
ity and not a reliable character when breeding and non-
breeding frogs are compared. ‘Osteocephalus vilmae’ is
furthermore characterized by its larger SVL in males
(50.74 mm # 3.17 SD; n = 6; maximum 55.77 mm),
while O. buckleyi are stated to have an SVL of
41.12 mm # 2.49 SD. Five of our males genetically
belonging to the ‘vilmae’ clade or collected with them are
42.2–50.6 mm in SVL (46.0 # 3.80) and six more males,
like the holotype of ‘O. vilmae’ from Loreto, Peru, make
the range 38.2–50.6 mm (43.3 # 3.78) SVL, close to the
mean given for O. buckleyi by Ron et al. (2012). Remarkably,
our only female in the ‘vilmae’ clade, a mature specimen of
54.9 mm, is smaller than the largest male measured by Ron
et al. (2012), which is exceptional in Osteocephalus. In almost
all species, females are considerably larger than males.
Ron et al. (2012) found a more extensive and conspicu-

ous areolate area on the flanks in ‘O. vilmae’, reaching from
the axilla to the groin (to anterior half of flank in O. buck-
leyi). In our specimens, the areolate area covers the first ¼
to ¾ of the flanks in ‘O. vilmae’ and ⅓ to ½ in other
specimens of O. buckleyi from Ecuador, leaving too much
overlap to distinguish between both.
At least in captivity, specimens ascribed morphologi-

cally and genetically to O. buckleyi and ‘O. vilmae’ (sensu
Ron et al. 2012) were able to interbreed. The offspring
was able to reproduce successfully as well. One such
‘cross-breed’ (Trier 028_2742) was included in our tree
and grouped with the ‘vilmae’ clade. Ron et al. (2012)
state that both ‘species’ were sympatric at one site and
assume reproductive barriers between them. These appar-
ently do not exist.
It has been demonstrated only recently that Guianan

upland and highland species, including populations from
different tepui summits, are less divergent genetically than
previously thought, suggesting that they have evolved in

378 ª 2013 The Norwegian Academy of Science and Letters, 42, 4, July 2013, pp 351–380

Systematics of spiny-backed treefrogs ! K.-H. Jungfer et al.



isolation only for a relatively short time (Kok et al. 2012;
Salerno et al. 2012). Although some morphological differ-
ences between T. exophthalma and O. phasmatus (= T. phas-
mata), namely in SVL, tympanum size and amount of
webbing, have been reported (Smith & Noonan 2001;
MacCulloch & Lathrop 2005; Kok & Kalamandeen 2008),
examination of a larger sampling shows that these charac-
ters are variable and are not strongly diagnostic. This, cou-
pled with the low interspecific genetic divergence (ranging
from 0.0% to 0.2%), strongly suggests that a single species
with a wider morphological and geographic range is
involved. Therefore, we consider T. phasmata a junior
synonym of T. exophthalma.
Likewise, Kok et al. (2012) demonstrated the low genetic

divergence between T. rodriguezi, T. galani and T. talbergae
even in the rapidly evolving mitochondrial ND1 gene.
Descriptions of T. galani and T. talbergae were based on
only four and two specimens, respectively. Examination of
additional specimens of these two species, including some
from the type localities, showed that the morphological
characters used to diagnose T. galani and T. talbergae are
more variable than was stated in the original descriptions.
Furthermore, these diagnostic characters exhibit consider-
able overlap among T. galani, T. talbergae and T. rodriguezi
(PJRK, unpublished data). We therefore consider T. galani
and T. talbergae to be junior synonyms of T. rodriguezi.
Salerno et al. (2012), on the basis of personal communi-

cation with C!esar Barrio-Amor!os, argued that T. celsae, a
species purportedly from Falc!on, Venezuela (outside the
Guiana Highlands and pan-Amazonia), most likely is a
junior synonym of T. luteolabris based on a specimen with
incorrect locality data. We follow this argumentation after
inspection of type material of T. celsae by one of us (JCS).

Supporting Information
Additional Supporting Information may be found in the
online version of this article:
Appendix S1. Recently metamorphosed juveniles of

Osteocephalus and of juveniles previously assigned to that
genus. The constant pattern in the colouration of juveniles
of Osteocephalus (sensu this work) is proposed as a morpho-
logical synapomorphy for the genus. Osteocephalus taurinus
Species Group: (a) O. taurinus (Reserva Ducke, Manaus,
Amazonas, Brazil); (b) O. oophagus (Reserva Ducke, Man-
aus, Amazonas, Brazil). Osteocephalus leprieurii Species
Group: (c) O. leprieurii (Arata€ı, French Guiana). Osteocepha-
lus planiceps Species Group: (d) O. castaneicola (San Antonio,
Pando, Bolivia); (e) O. deridens (Iquitos, Loreto, Peru); (f)
O. leoniae (Tarapoto, San Mart!ın, Peru); (g) O. planiceps
(Jatun Sacha, Napo, Ecuador). Osteocephalus buckleyi Species
Group: (h) O. buckleyi (Jatun Sacha, Napo, Ecuador); (i)
O. carri (Picachos, Huila, Colombia); (j) O. mimeticus

(Tarapoto, San Mart!ın, Peru); (k) O. mutabor (Cordillera
Galeras, Napo, Ecuador); (l) O. verruciger (Reventador,
Sucumb!ıos, Ecuador). Dryaderces pearsoni (m) (Rurrenab-
aque, Beni, Bolivia). Itapotihyla langsdorffii (n) (Rio de Janei-
ro, RJ, Brazil). Tepuihyla rimarum (o) (Ptari-tepui, Bol!ıvar,
Venezuela) (not to scale).
Appendix S2. Localities, voucher information and Gen-
Bank accession numbers for DNA sequences used (in bold:
sequences produced for this study). Abbreviations used for
vouchers (unless downloaded from GenBank): AMNH:
American Museum of Natural History, New York, USA.
APL: Albertina P. Lima, Laborat!orio de Vertebrados da
Ecologia - INPA collection, Manaus, Brazil. AJC: Andrew
J. Crawford field numbers. CBF: Colecci!on Boliviana de
Fauna, La Paz, Bolivia. CFBH Collection C!elio F. B. Had-
dad, Departamento de Zoologia, I.B., UNESP, Rio Claro,
SP, Brazil. CPI: Coastal Plains Institute and Land Conser-
vancy (Field numbers of D. Bruce Means), Tallahassee,
FL, USA. EPN: Escuela Politecnica Nacional, Quito,
Ecuador. GGU: Giussepe Gagliardi-Urrutia field numbers
at UNAP (Universidad Nacional de la Amazon!ıa Peruana,
Iquitos, Peru). IRSNB: Royal Belgian Institute of Natural
Sciences, Brussels, Belgium. JMP: Jos!e M. Padial field
numbers. KHJ-F: Karl-Heinz Jungfer field numbers, to be
divided between MUSM and MTD. MACN: Museo Ar-
gentino de Ciencias Naturales “Angel Gallardo”—CONI-
CET, Buenos Aires, Argentina. MAR: Marco Rada field
numbers. MHNC Museo de Historia Natural, Universidad
Nacional de San Antonio Abad del Cusco, Cusco, Peru.
MHNLS: Museo de Historia Natural La Salle, Caracas,
Venezuela. MNCN Museo Nacional de Ciencias Natu-
rales, Madrid, Spain. MUSM: Museo de Historia Natural
de la Universidad de San Marcos, Lima, Peru. MSH: Mari-
nus S. Hoogmoed field numbers. MTD: Senckenberg Na-
turhistorische Sammlungen, Dresden, Germany. MTR:
Miguel T. Rodrigues field numbers. MZUSP: Museu de
Zoologia da Universidade de S~ao Paulo, S~ao Paulo, Brazil.
NMP: National Museum, Zoology, Praha, Czech Republic.
PHV: Paula Hanna Valdujo field numbers (to be acces-
sioned in MZUSP). PK: Philippe Kok field numbers
deposited at IRSNB. ROM: Royal Ontario Museum, Tor-
onto, Canada. SMNS: Staatliches Museum f€ur Naturkunde,
Stuttgart, Germany. SMS: Sergio Marques de Souza field
numbers (to be accessioned in MZUSP). TG: Taran Grant
field numbers. TNHC: Texas Natural History Collections,
Austin, USA. UA: Universidad de los Andes, Bogot!a,
Colombia. Vogt: Richard Vogt field numbers. Locality
coordinates are given for specimens newly accessed to
GenBank.
Appendix S3. Models of nucleotide substitution for the
partitions used in the maximum likelihood phylogenetic
analyses.
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Appendix S4. (a) Inter- and intraspecific uncorrected
genetic distances (diagonal and below the diagonal respec-
tively) within members of the Osteocephalus taurinus species
group (sample size in parentheses) inferred from 551
aligned characters of a fragment of the mitochondrial 16S
gene. ss = sensu stricto. (b) Inter- and intraspecific uncor-
rected genetic distances (diagonal and below the diagonal
respectively) within members of the Osteocephalus planiceps
species group (sample size in parentheses) inferred from
551 aligned characters of a fragment of the mitochondrial
16S gene. (c) Inter- and intraspecific uncorrected genetic
distances (diagonal and below the diagonal respectively)
within members of the Osteocephalus leprieurii species group
(sample size in parentheses) inferred from 551 aligned
characters of a fragment of the mitochondrial 16S gene.
ss = sensu stricto. (d) Inter- and intraspecific uncorrected
genetic distances (diagonal and below the diagonal respec-
tively) within members of the Osteocephalus buckleyi species
group (sample size in parentheses) inferred from 551
aligned characters of a fragment of the mitochondrial 16S
gene. ss = sensu stricto.
Appendix S5. Phylogenetic relationships of Dryaderces,
Osteocephalus, Tepuihyla, and outgroups inferred from a
maximum likelihood analysis, executed in the program
GARLI 2.0, of a partitioned matrix of a static alignment
(generated with a multiple sequence alignment in Clustal-
W). Partitions and their respective models of sequence
evolution are detailed in Appendix S3. Not all loci are
available for all terminals.
Appendix S6. (1–6) Phylogenetic relationships of Dryaderc-
es, Osteocephalus, Tepuihyla, and outgroups inferred from
maximum parsimony analysis under a static alignment
(generated with a multiple sequence alignment in Clustal-
W) in the program T.N.T., Willi Hennig Society Edition.
This topology reflects one of the 4797 most parsimonious
trees (length 13 254 steps), with black nodes on dots indi-
cating collapsed clades in strict consensus tree; not all loci
are available for all terminals. Tips are labelled with the

initial and tentative field identifications. See Appendix S2
and/or Figs 1–4 for current classification.
Appendix S7. List of some of the molecular transforma-
tions common to all most parsimonious trees of the static
parsimony analysis, supporting the monophyly of each of
the three genera discussed in the text. Positions correspond
to the alignment stored in Dryad Repository DOI: http://
dx.doi.org/10.5061/dryad.j04vf.
Appendix S8. (1) Map of localities of sampled exemplars
of Dryaderces gen. n. in central and southern Amazonia. (2)
Map of localities of sampled exemplars of the Osteocephalus
alboguttatus Species Group. (3a) Map of localities of sam-
pled exemplars of the Osteocephalus buckleyi Species Group
(part). (3b). Map of localities of sampled exemplars of the
O. buckleyi Species Group (part). (4) Map of localities of
sampled exemplars of the Osteocephalus leprieurii Species
Group. (5) Map of localities of sampled exemplars of the
Osteocephalus planiceps Species Group. (6) Map of localities
of sampled exemplars of the Osteocephalus taurinus Species
Group. (7) Map of localities of sampled exemplars of Tep-
uihyla on the Guiana Shield.
Appendix S9. Fully inflated vocal sacs in Osteocephalus: (a)
paired, lateral with subgular expansion (O. leprieurii, pond
breeder); (b) and (c) paired, lateral with subgular expansion
(O. verruciger, stream breeder); (d) and (e) paired, lateral
with subgular expansion (O. buckleyi, stream breeder); (f)
single, subgular (O. oophagus, phytotelm breeder).
Appendix S10. Egg clutches of Osteocephalus: (a) surface
film (O. taurinus, pond breeder); (b) clutch attached to a
bromeliad leaf axil at surface level (O. oophagus, phytotelm
breeder); (c) surface film of a phytotelm breeder at a spa-
cious site (O. planiceps) forming during egg-laying.
Appendix S11.Types of amplexus in Osteocephalus: (a) axil-
lary (O. yasuni, pond breeder); (b) axillary (O. verruciger,
stream breeder); (c) gular (O. leoniae, phytotelm breeder);
(d) gular (O. deridens, phytotelm breeder); (e) axillary
O. oophagus, phytotelm breeder.
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previously assigned to that genus. The constant pattern in the colouration of juveniles of 

Osteocephalus (sensu this work) is proposed as a morphological synapomorphy for the 

genus. Osteocephalus taurinus Species Group: (a) O. taurinus (Reserva Ducke, Manaus, 

Amazonas, Brazil); (b) O. oophagus (Reserva Ducke, Manaus, Amazonas, Brazil). 
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Bolivia); (e) O. deridens (Iquitos, Loreto, Peru); (f) O. leoniae (Tarapoto, San Martín, 
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Group: (h) O. buckleyi (Jatun Sacha, Napo, Ecuador); (i) O. carri (Picachos, Huila, 

Colombia); (j) O. mimeticus (Tarapoto, San Martín, Peru); (k) O. mutabor (Cordillera 

Galeras, Napo, Ecuador); (l) O. verruciger (Reventador, Sucumbíos, Ecuador). Dryaderces 

pearsoni (m) (Rurrenabaque, Beni, Bolivia). Itapotihyla langsdorffii (n) (Rio de Janeiro, 

RJ, Brazil). Tepuihyla rimarum (o) (Ptari-tepui, Bolívar, Venezuela) (not to scale). 
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Appendix S2.  

Localities, voucher information and GenBank accession numbers for DNA sequences used (in bold: sequences produced for this 

study). Abbreviations used for vouchers (unless downloaded from GenBank): AMNH: American Museum of Natural History, 

New York, USA. APL: Albertina P. Lima, Laboratório de Vertebrados da Ecologia - INPA collection, Manaus, Brazil. AJC: 

Andrew J. Crawford field numbers. CBF: Colección Boliviana de Fauna, La Paz, Bolivia. CFBH Collection Célio F. B. Haddad, 

Departamento de Zoologia, I.B., UNESP, Rio Claro, SP, Brazil. CPI: Coastal Plains Institute and Land Conservancy (Field 

numbers of D. Bruce Means),"Tallahassee, FL, USA. EPN: Escuela Politecnica Nacional, Quito, Ecuador. GGU: Giussepe 

Gagliardi-Urrutia field numbers at UNAP (Universidad Nacional de la Amazonía Peruana, Iquitos, Peru). IRSNB: Royal Belgian 

Institute of Natural Sciences, Brussels, Belgium. JMP: José M. Padial field numbers. KHJ-F: Karl-Heinz Jungfer field numbers, 

to be divided between MUSM and MTD. MACN: Museo Argentino de Ciencias Naturales “Angel Gallardo”—CONICET, 

Buenos Aires, Argentina. MAR: Marco Rada field numbers. MHNC Museo de Historia Natural, Universidad Nacional de San 

Antonio Abad del Cusco, Cusco, Peru. MHNLS: Museo de Historia Natural La Salle, Caracas, Venezuela. MNCN Museo 

Nacional de Ciencias Naturales, Madrid, Spain. MUSM: Museo de Historia Natural de la Universidad de San Marcos, Lima, 

Peru. MSH: Marinus S. Hoogmoed field numbers. MTD: Senckenberg Naturhistorische Sammlungen, Dresden, Germany. MTR: 

Miguel T. Rodrigues field numbers. MZUSP: Museu de Zoologia da Universidade de São Paulo, São Paulo, Brazil. NMP: 

National Museum, Zoology, Praha, Czech Republic. PHV: Paula Hanna Valdujo field numbers (to be accessioned in MZUSP). 

PK: Philippe Kok field numbers deposited at IRSNB. ROM: Royal Ontario Museum, Toronto, Canada. SMNS: Staatliches 

Museum für Naturkunde, Stuttgart, Germany. SMS: Sergio Marques de Souza field numbers (to be accessioned in MZUSP). TG: 

Taran Grant field numbers. TNHC: Texas Natural History Collections, Austin, USA. UA: Universidad de los Andes, Bogotá, 

Colombia. Vogt: Richard Vogt field numbers. Locality coordinates are given for specimens newly accessed to GenBank. 
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Species  Locality Tissue 

identification 

number 

Voucher 

collection 

number 

12+16S Cytochrome b ND1 COI Control Region POMC 

Aparasphenodon 

brunoi 

Brazil: Espírito Santo: 

Aracruz 

 CFBH 

2715 

AY843567 AY843789 

 

KF002246 --- --- --- 

Corythomantis 

greeningi 

Brazil: Alagoas: Represa de 

Xingó, Piranhas 

 CFBH 

2968 

AY843578 AY843800 KF002247 --- --- --- 

Dryaderces pearsoni Bolivia: Beni: Rurrenabaque 

S14°26'00''W67°29'00'' 

O_pearsoni_K

HJ01_1575 

SMNS 

14187 

KF002006 KF001945 KF002188 --- --- --- 

Dryaderces pearsoni Bolivia: Beni: Rurrenabaque 

S14°26'00''W67°29'00'' 

O_pearsoni_K

HJhyl28_1604 

SMNS 

14188 

KF002007 KF001948 --- --- --- --- 

Dryaderces pearsoni 

[Ca1_MTR13158_27

68] 

Brazil: Amazonas: Areal, 

Rio Abacaxis 

S04°35'49''W58°13'14'' 

O_sp_MTR131

58_2768 

MTR 

13158 

KF002008 --- --- KF001880 --- --- 

Dryaderces pearsoni 

[Ca1_MTR13158_27

68] 

Brazil: Amazonas: Areal, 

Rio Abacaxis 

S04°35'49''W58°13'14'' 

O_sp_MTR131

72_2842 

MTR 

13172 

KF002009 --- --- KF001881 --- --- 

Dryaderces pearsoni 

[Ca1_MTR13158_27

68] 

Brazil: Amazonas: Areal, 

Rio Abacaxis 

S04°35'49''W58°13'14'' 

O_sp_MTR131

73_2754 

MTR 

13173 

KF002010 --- KF002189 KF001882 --- --- 

Dryaderces pearsoni 

[Ca1_MTR13158_27

68] 

Brazil: Amazonas: Areal, 

Rio Abacaxis 

S04°35'49''W58°13'14'' 

O_sp_MTR132

04_2744 

MTR 

13204 

KF002011 --- KF002190 KF001883 --- --- 

Dryaderces pearsoni 

[Ca1_MTR13158_27

68] 

Brazil: Amazonas: Areal, 

Rio Abacaxis 

S04°35'49''W58°13'14'' 

O_sp_MTR132

05_2758 

MTR 

13205 

KF002012 --- KF002191 KF001884 --- --- 

Dryaderces pearsoni Brazil: Mato Grosso:  O_sp_Aripuan  MZUSP KF002013 KF001949 --- --- --- --- 
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[Ca1_MTR13158_27

68] 

Aripuanã II 

S10°19'00''W59°23'00'' 

aII_MT_2135 87697 

Dryaderces pearsoni 

[Ca1_MTR13158_27

68] 

Brazil: Mato Grosso: 

Apiacás 

S09°31'06''W57°19'06'' 

O_sp_Apiacas

_MT_2124 

MZUSP 

80816 

KF002014 KF001950 --- --- --- --- 

Dryaderces pearsoni 

[Ca1_MTR13158_27

68] 

Brazil: Mato Grosso: Juruena 

S10°17'38''W58°29'34'' 

O_sp_Juruena_

MT_2092 

 MZUSP 

86099 

KF002015 KF001951 --- --- --- --- 

Dryaderces pearsoni 

[Ca1_MTR13158_27

68] 

Brazil: Mato Grosso: Juruena 

S10°17'38''W58°29'34'' 

O_sp_Juruena_

MT_2112 

MTR 9621 KF002016 KF001952 --- --- --- --- 

Dryaderces pearsoni 

[Ca1_MTR13158_27

68] 

Brazil: Mato Grosso: Juruena 

S10°17'38''W58°29'34'' 

O_sp_Juruena_

MT_2094 

MZUSP 

86095 

KF002017 KF001953 --- --- --- --- 

Itapotihyla 

langsdorffii 

Argentina: Misiones: 

General Belgrano: 10 km N 

Bernardo de Irigoyen: Salto 

Andresito 

 MACN 

38643 

 

AY843706 AY843951 --- KF001942 --- KF002003 

Myersiohyla 

kanaima 

Guyana: District 7: Mt. 

Ayanganna 

Myersiohyla_k

anaima_640 

 

ROM 

39582 

 

AY843634 AY843868 --- --- --- --- 

O. alboguttatus Ecuador: Napo: Jatun Sacha 

S01°04'00''W77°37'00'' 

O_alboguttatus

_KHJhyl27_16

03  

SMNS 

14189 

KF002018 KF001954 KF002192 --- --- --- 

O. alboguttatus  Ecuador: Pastaza: Canelos QCAZ 18186 QCAZ 

18186 

JQ868516 

 

--- --- --- --- --- 

O. alboguttatus  Ecuador: Pastaza: Canelos QCAZ 15981 QCAZ 

15981 

HQ600629 --- HQ600596 --- JX875680 

 

JX875744 
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O. buckleyi  Ecuador: Napo/Orellana: 

Jatun Sacha x Yasuní 

O_buckleyi_Tr

ier028_2742 

SMNS 

14192 

KF002019 --- KF002193 KF001885 --- --- 

O. buckleyi Ecuador: Napo: Ahuano 

 

QCAZ 36703 QCAZ 

36703 

JX847092 --- JX875625 JX875845 JX875722 

 

JX875778 

O. buckleyi  Ecuador: Napo: Cando QCAZ 24446            QCAZ 

24446 

HQ600633 --- HQ600600 JX875821 JX875708 

 

JX875753 

O. buckleyi  Ecuador: Napo: Cando QCAZ 24447            QCAZ 

24447 

HQ600634 --- HQ600601

  

JX875822 JX875686 

 

JX875754 

O. buckleyi  Ecuador: Napo: Jatun Sacha LAC2216 LAC 2216  DQ380378 --- EU034082 --- --- EU034116 

O. buckleyi  Ecuador: Napo: Jatun Sacha QCAZ 48093 QCAZ 

48093 

JX847105 --- JX875639 JX875864 JX875702 

 

JX875798 

O. buckleyi  Ecuador: Napo: Jatun Sacha QCAZ 48827 QCAZ 

48827 

JX847106 --- JX875640 JX875865 JX875703  

 

JX875799 

O. buckleyi  Ecuador: Napo: Jatun Sacha 

S01°04'00''W77°37'00'' 

O_buckleyi_K

HJhyl22_1599 

SMNS 

13714 

KF002020 KF001955 KF002194 --- --- --- 

O. buckleyi  Ecuador: Napo: Jatun Sacha 

S01°04'00''W77°37'00'' 

O_buckleyi_K

HJhyl25_1601 

SMNS 

13715 

KF002021 KF001956 KF002195 --- --- --- 

O. buckleyi  Ecuador: Orellana: Puente 

del Río Beque 

QCAZ 43071 QCAZ 
43071 

JX847099 --- JX875633 JX875858 JX875724  
 

JX875793 

O. buckleyi  Ecuador: Orellana: Yasuní 

S00°41'00''W76°24'00'' 

O_buckleyi_K

HJ14_1587 

SMNS 

13713 

KF002022 KF001957 KF002196 --- --- --- 

O. buckleyi  Ecuador: Pastaza: Nuevo 

Corrientes 

QCAZ 14947            QCAZ149

47  

HQ600628 --- HQ600595 JX875811 JX875663 JX875741 

O. buckleyi  Ecuador: Pastaza: Tarangaro QCAZ 39073 QCAZ 

39073 

JX847094 --- JX875627 JX875848 JX875714 JX875782 

O. buckleyi  Ecuador: Pastaza: Tarangaro QCAZ 39074 QCAZ 

39074 

JX847095 --- JX875628 JX875849 JX875672 JX875783 



 

7"
"

O. buckleyi  Ecuador: Pastaza: Villano QCAZ 39285 QCAZ 

39285 

--- --- JX875629 JX875850 JX875694  JX875784 

O. buckleyi  Ecuador: Sucumbíos: Playas 

de Cuyabeno 

QCAZ 28277            QCAZ 

28277 

HQ600639 ---  HQ600606 JX875831 JX875720 JX875763 

O. buckleyi  Ecuador: Sucumbíos: Playas 

de Cuyabeno 

QCAZ 28395 QCAZ 

28395 

HQ600640  --- HQ600607 JX875832 JX875677 JX875764 

O. buckleyi  Ecuador: Sucumbíos: 

Tarapoa 

QCAZ 14948 QCAZ 

14948 

JX847081 --- JX875611 JX875812 JX875718 JX875718 

O. buckleyi  Ecuador: Sucumbíos: 

Tarapoa-Puerto Carmen 

road, Río Cuyabeno 

QCAZ 28427 QCAZ 

28427 

JX847087 --- JX875618 JX875833 JX875689 JX875765 

O. buckleyi  Peru: Loreto: 28 km S 

Iquitos 

S04°02'00''W73°23'00'' 

O_buckleyi_K

HJ12_1585 

KHJ-F 067 KF002023 KF001958 --- --- --- --- 

O. buckleyi  Peru: Loreto: Tambo 

S01°13’50’’W75°16’59’’ 

O_buckleyi_M

HNC7687_315

7 

MHNC 

7687 

KF002039 --- --- --- --- --- 

O. buckleyi Peru: Loreto: Datem del 

Marañon: Pampa Hermosa 

CORBIDI 

4773 

CORBIDI

4773 

JX847065 --- JX875602 --- JX875653  

 

JX875730 

O. buckleyi  Peru: Loreto: Sargento Puño CORBIDI 

7458 

CORBIDI 

7458 

JX847067 --- JX875606 JX875806 --- JX875734 

O. buckleyi  Peru: Loreto: Sargento Puño CORBIDI 

7459 

CORBIDI 

7459 

JX847068 --- JX875607 JX875807 --- JX875735 

O. buckleyi  Peru: Loreto: Sargento Puño CORBIDI 

7462 

CORBIDI 

7462 

JX847069 --- JX875608 JX875808 JX875657 

 

JX875736 

O. buckleyi  Peru: Loreto: Sargento Puño CORBIDI 

7516 

CORBIDI 

7516 

JX847070 --- --- --- --- JX875737 

O. buckleyi Brazil: Amazonas:  Areal, O_cabrerai_M MTR KF002026 --- KF002197 KF001886 --- --- 
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[Ca1_MTR12779_27

48] 

Rio Abacaxis 

S04°35'49''W58°13'14''  

TR13147_2844 13147 

O. buckleyi 

[Ca1_MTR12779_27

48] 

Brazil: Amazonas:  Igarapé-

Açu, Rio Abacaxis 

S04°20'40''W58°38'06'' 

O_cabrerai_M

TR12779_2748 

MTR 

12779 

KF002027 --- KF002198 KF001887 --- --- 

O. cabrerai Colombia: Amazonas: 

Leticia 

S04°11'57''W69°57'22'' 

O_cabrerai_JM

P2184_3169 

UA-A 931 KF002028 

KF002029 

--- --- KF001888 --- --- 

O. cabrerai Colombia: Amazonas: Río 

Takana 9 km by road from 

Leticia 

S04°07'40''W69°56'53'' 

AJC 2566 AJC 2566 --- --- --- --- JX875650 --- 

O. cabrerai Colombia: Amazonas: Río 

Takana 9 km by road from 

Leticia 

S04°07'40''W69°56'53'' 

AJC 2567 AJC 2567 --- --- --- --- JX875707 --- 

O. cabrerai Ecuador: Sucumbíos: 

Campamento Guepicillo  

CORBIDI 120 CORBIDI 

120 

--- --- JX875600 ---  JX875651  JX875727 

O. cabrerai Ecuador: Sucumbíos: Puerto 

Bolívar 

QCAZ 27923 QCAZ 

27923 

JX847086 --- JX875617 JX875827 JX875709 JX875760 

O. cabrerai Ecuador: Sucumbíos: Puerto 

Bolívar 

QCAZ 28231 QCAZ 

28231 

HQ600654 --- HQ600621 JX875830 JX875710 JX875762 

O. cabrerai Peru: Loreto: Maynas: Rio 

Yanayacu, 

Campamento Curupa 

CORBIDI 

5819 

CORBIDI 

5819 

JX847066 --- JX875604 JX875804 JX875655 JX875731 

O. cabrerai Peru: Loreto: Maynas: Rio 

Yanayacu, 

Campamento Curupa 

CORBIDI 

5821 

CORBIDI 

5821 

--- --- JX875605 JX875805  JX875656  JX875732 
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O. cabrerai Peru: Loreto: Río Iauasiyacu 

S03°18'48''W72°01'53'' 

O_cabrerai_Tri

er022_2740 

KHJ-F 082 KF002030 --- KF002199 --- --- --- 

O. cannatellai Colombia: Caquetá: San José 

del Fragua: Finca Buena 

Esperanza 

N01°18'43''W76°04'25'' 

TG1852_3338 TG 1852 KF002031 --- --- --- --- --- 

O. cannatellai Colombia: Caquetá: San José 

del Fragua: Finca Buena 

Esperanza 

N01°18'43''W76°04'25'' 

TG1853 TG 1853 KF002032 --- --- --- --- --- 

O. cannatellai Ecuador: Morona Santiago: 

Nuevo Israel 

QCAZ 46472 QCAZ 

46472 

JX847104 --- JX875638 JX875863 JX875717 JX875797 

O. cannatellai Ecuador: Morona-Santiago: 

Bobonaza 

QCAZ 32506 QCAZ 

32506 

HQ600651 --- HQ600618 JX875843 JX875692 JX875775 

O. cannatellai Ecuador: Morona-Santiago: 

Bobonaza 

QCAZ 32508 QCAZ 

32508 

HQ600652 --- HQ600619 JX875844 JX875693 JX875776 

O. cannatellai Ecuador: Orellana: El Edén QCAZ 39633 QCAZ 

39633 

JX847096 --- JX875630 JX875852 JX875678 JX875786 

O. cannatellai Ecuador: Pastaza, Río 

Pucayacu near Zanjarajuno 

Reserve 

QCAZ 40258 QCAZ 

40258 

JX847097 --- JX875631 JX875854 JX875696 JX875788 

O. cannatellai Ecuador: Pastaza, Río 

Pucayacu near Zanjarajuno 

Reserve 

QCAZ 45909 QCAZ 

45909 

JX847101 --- JX875635 JX875860 JX875701 JX875795 

O. cannatellai Ecuador: Pastaza, Río 

Pucayacu near Zanjarajuno 

Reserve 

QCAZ 49572 QCAZ 

49572 

JX847107 --- JX875641 JX875866 JX875674 JX875800 

O. cannatellai Ecuador: Pastaza: Pomona QCAZ 25469 QCAZ HQ600650 --- HQ600617 JX875823 JX875687 JX875755 



 

10"
"

25469 

O. cannatellai Ecuador: Pastaza: Pomona QCAZ 37175 QCAZ 

37175 

HQ600653 --- HQ600620 JX875846 JX875713 JX875779 

O. cannatellai Ecuador: Zamora Chinchipe: 

Centro Shuar Yawi 

QCAZ 31016 QCAZ 

31016 

JX847089 --- JX875621 JX875839 JX875712 JX875771 

O. cannatellai Ecuador: Zamora Chinchipe: 

Centro Shuar Yawi 

QCAZ 31032 QCAZ 

31032 

JX847090 --- JX875622 JX875840 JX875691 JX875772 

O. cannatellai Ecuador: Zamora Chinchipe: 

Centro Shuar Yawi 

QCAZ 31033 QCAZ 

31033 

--- --- JX875623 JX875841 JX875668  JX875773 

O. cannatellai Peru: Loreto: Cordillera de 

Kampankis: Pongo de 

Chinim 

CORBIDI  

9368 

CORBIDI  

9368 

JX847072 --- --- --- JX875658 --- 

O. cannatellai Peru: Loreto: Cordillera de 

Kampankis: Pongo de 

Chinim 

CORBIDI  

9370 

CORBIDI  

9370 

JX847074 --- JX875643 --- JX875660 --- 

O. cannatellai Peru: Loreto: Cordillera de 

Kampankis: Pongo de 

Chinim 

CORBIDI  

9394 

CORBIDI  

9394 

JX847075 --- JX875644 --- JX875661 --- 

O. cannatellai Peru: Loreto: Quebrada 

Kampankis 

CORBIDI  

9507 

CORBIDI  

9507 

JX847077 --- JX875645 --- JX875662 --- 

O. carri Colombia: Boyacá: Pajarito 

N05°25'00''W72°40'00'' 

MAR1379  MAR 

1379 

KF002033 --- --- --- --- --- 

O. castaneicola Bolivia: Pando: San Antonio CBF 6051 CBF6051 FJ965300 

 

--- --- --- --- --- 

O. castaneicola Bolivia: Pando: San Antonio  NMP 

6V73810_3     

NMP 

6V73810/3     

FJ965301 

 

--- --- --- --- --- 

O. castaneicola Bolivia: Pando: San Antonio  NMP 6V 

73820       

NMP 6V 

73820       

FJ965303 

 

--- --- --- --- --- 
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O. castaneicola Bolivia: Pando: San Antonio NMP6d28_200

9 

NMP6d 

28/2009 

FJ965302 

 

--- --- --- --- --- 

O. castaneicola Peru: Cusco: Miaria 

S11°20'05''W73°01'16'' 

O_castaneicola

_CPTG561_27

64 

MUSM 

23918 

KF002034 --- KF002200 KF001889 --- --- 

O. castaneicola Peru: Madre de Dios: 

Gamitana 

S12°21'12''W69°02'08'' 

O_sp_MHNC8

131_3149 

MHNC 

8131 

KF002035 --- --- --- --- --- 

O. deridens  Ecuador: Orellana: Estacion 

Científica Yasuní 

QCAZ 20711 QCAZ 

20711 

JX847083 --- JX875613 JX875817 --- JX875749 

O. deridens  Ecuador: Orellana: Yasuní QCAZ 20868 QCAZ 

20868 

JQ868501 

 

--- --- --- JX875699 

 

JQ868484 

 

O. deridens  Ecuador: Orellana: Yasuní 

S00°41'00''W76°24'00'' 

O_deridens_K

HJ06_1579 

SMNS 

14193 

KF002036 KF001959 KF002201 --- --- --- 

O. deridens  Peru: Loreto: 28 km S 

Iquitos 

S04°02'00''W73°23'00'' 

O_deridens_Tr

ier016_2730 

KHJ-F 006 KF002037 --- KF002202 KF001890 --- --- 

O. deridens  Peru: Loreto: 35 km SW 

Iquitos 

NMP6V71262/

2   

NMP 

6V71262/2   

FJ965304 --- --- --- --- --- 

O. festae             Ecuador: Loja: San 

Francisco 

QCAZ39364              QCAZ 

39364              

HQ600648 --- HQ600615 JX875851 JX875715 JX875785 

O. festae             Ecuador: Morona-Santiago: 

Río Napinaza 

QCAZ38420              QCAZ 

38420              

HQ600646 --- HQ600613 JX875847  --- JX875781 

O. festae             Ecuador: Zamora-Chinchipe: 

Miasí Alto 

QCAZ41039              QCAZ 

41039              

HQ600647 --- HQ600614 JX875855 JX875716 JX875790 

O. festae Peru: Amazonas: Camñopite CORBIDI 

1965 

CORBIDI 

1965 

JX847064 --- --- JX875803  --- JX875728 

O. festae Peru: Amazonas: Cataratas CORBIDI 760 CORBIDI  --- --- JX875809 --- JX875738 
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de Paraiso-Chonza Alta  760 

O. festae Peru: Amazonas: Quebrada 

Goca  

CORBIDI 

10461 

CORBIDI 

10461 

JX847071 --- JX875649 --- --- --- 

O. festae Peru: San Martín: Cataratas 

de Ahuashiyacu 

CORBIDI 

9585 

CORBIDI 

9585 

JX847079 --- JX875647 --- --- --- 

O. festae Peru: San Martín: Cataratas 

de Ahuashiyacu  

CORBIDI 

9587 

CORBIDI 

9587 

JX847080 --- JX875648 --- --- --- 

O. festae             Peru: San Martín: Río Lejia CORBIDI 623 CORBIDI 

623    

HQ600649 --- HQ600616 JX875810 JX875705 JX875733 

O. fuscifacies  Ecuador: Orellana: Yasuní QCAZ 20788 QCAZ 

20788   

JQ868503 

 

--- --- --- --- JQ868499 

O. fuscifacies  Ecuador: Napo: Jatun Sacha 

S01°04'00''W77°37'00'' 

O_fuscifacies_

KHJ4_1577 

SMNS 

14194 

KF002038 KF001960 KF002203 --- --- --- 

O. fuscifacies  Ecuador: Orellana: Estación 

Científica Yasuní 

QCAZ 20785         QCAZ 

20785         

HQ600631 --- HQ600598 JX875818 JX875685 JX875750 

O. fuscifacies  Ecuador: Orellana: Yasuní QCAZ 20790 QCAZ 

20790   

JQ868502 

 

--- --- --- --- --- 

O. fuscifacies  Peru: Loreto: Andoas 

S02°54'19''W76°24'10'' 

O_fuscifacies 

_MHNC7678_

3145 

MHNC767

8 

KF002024 

KF002024 

--- --- --- --- --- 

O. helenae Bolivia: Santa Cruz: 

Mataracú 

S17°37'00''W63°37'00'' 

O_buckleyi_K

HJhyl41_1607 

(no 

voucher) 

KF002040 --- --- --- --- --- 

O. helenae Brazil: Acre: 5 km N Porto 

Walter 

S08°13'25''W72°44'40'' 

O_cabrerai_60

3 

 JPC 

13178 

AY843705 AY843950 --- --- --- --- 

O. helenae Brazil: Acre: Catuaba 

S10°04'00''W63°37'00'' 

O_buckleyi_K

HJhyl2_1596 

SMNS 

14190 

KF002041 KF001961 --- --- --- --- 
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O. helenae Brazil: Acre: Catuaba 

S10°04'00''W63°37'00'' 

O_buckleyi_K

HJhyl20_1598 

SMNS 

14191 

KF002042 KF001962 KF002204 --- --- --- 

O. helenae Brazil: Amapá:  Igarapé 

Camaipí, Alto Rio Maracá 

S00°10'00''W51°42'00'' 

O_cabrerai_Ca

mapi_AM_211

9 

MTR 6224 KF002043 KF001963 --- --- --- --- 

O. helenae Brazil: Amapá:  Igarapé 

Camaipí, Alto Rio Maracá 

S00°10'00''W51°42'00'' 

O_cabrerai_Ca

mapi_AM_212

1 

MTR 6226 KF002044 KF001964 --- --- --- --- 

O. helenae Brazil: Amazonas: Campo 

Tupana 

S04°09'00''W60°07'00'' 

O_buckleyi_S

MS101_2840 

SMS 101 KF002045 --- --- KF001891 --- --- 

O. helenae Colombia: Amazonas: 

Leticia 

S04°11'57''W69°57'22'' 

O_cabrerai_JM

P1956_3171 

UA-A 745  KF002046 --- --- --- --- --- 

O. helenae Colombia: Amazonas: 

Leticia 

S04°11'57''W69°57'22'' 

O_cabrerai_JM

P2114_3173 

UA-A 872 KF002047 --- --- --- --- --- 

O. helenae Guyana: Potaro-Siparuni: 

Kaieteur NP 

N05°08'00''W59°25'00'' 

O_cf_buckleyi

_PK1195_2724  

IRSNB 

14669 

KF002048 KF001892 KF002205 --- --- --- 

O. helenae Peru: Cusco: Comunidad 

Nativa Chokoriari  

CORBIDI 

8284 

CORBIDI  

8284 

--- --- JX875610 --- --- JX875740 

O. helenae Peru: Cusco: Comunidad 

Nativa Poyentimari  

CORBIDI 

8267 

CORBIDI 

8267 

--- --- JX875609 --- --- JX875739 

O. helenae Peru: Cusco: near Pongo de 

Mainique 

CORBIDI 

5505 

CORBIDI 

5505 

--- --- JX875603 --- JX875654 

 

--- 

O. helenae Peru: Cusco: Rio Nusiniscato 

S13°07'58''W70°51'47'' 

O_sp_MHNC7

004_3147 

MHNC 

7004 

KF002049 --- --- --- --- --- 
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O. helenae Peru: Madre de Dios: 

Mazuco 

S13°06'58''W70°21'32'' 

O_buckleyi_M

HNC8004_309

6 

MHNC 

8004 

KF002050 --- --- --- --- --- 

O. helenae Peru: Pasco: Pampa Pescado 

S10°22'33''W75°14'36'' 

O_buckleyi_M

HNC6606_309

4 

MHNC 

6606 

KF002051 --- --- --- --- --- 

O. helenae Venezuela: Delta Amacuro: 

Reserva Forestal Río Grande 

N08°20'44''W61°41'06'' 

O_buckleyi_AJ

C3216_3163  

MHNLS 

20150 

KF002052 --- --- --- --- --- 

O. helenae Venezuela: Delta Amacuro: 

Reserva Forestal Río Grande 

N08°20'44''W61°41'06'' 

O_buckleyi_AJ

C3217_3167 

MHNLS 

20151 

KF002053 --- --- --- --- --- 

O. heyeri Colombia: Amazonas: 

Leticia 

S04°07'10''W69°57'04'' 

O_heyeri_AJC

2581_3165 

UA-A 

(number 

not yet 

assigned) 

KF002054 --- --- --- --- --- 

O. heyeri Colombia: Amazonas: 

Leticia 

S04°07'10''W69°57'04'' 

O_heyeri_JMP

2205_3175 

UA-A 948 KF002055 --- --- --- --- --- 

O. leoniae  Peru: Amazonas: Santa 

María de Nieva 

S04°37'00''W77°52'18'' 

O_leoniae_Trie

r129_2736 

KHJ-

F_TUN00

2 

KF002056 --- KF002206 KF001893 --- --- 

O. leoniae Peru: Pasco: EB Paujil 

S10°20'12''W75°15'39'' 

O_leoniae_MH

NC6653_3193 

MHNC665

3 

KF002057 --- --- --- --- --- 

O. leoniae Peru: San Martín: 14 km NE 

Tarapoto 

S06°27'20''W76°18'30'' 

O_leoniae_KH

J11_1584 

KHJ-F 112 KF002058 

 

KF001965 --- --- --- --- 

O. leoniae Peru: San Martín: nr. O_leoniae_Trie KHJ-F 104 KF002059 --- --- --- --- --- 



 

15"
"

Tarapoto 

S06°27'20''W76°18'30'' 

r025_2738 

O. leprieurii French Guiana: Cayenne: 

Arataï 

N04°00'00''W52°34'00'' 

O_leprieurii_K

HJhyl36_1606  

SMNS 

9278 

KF002060 KF001966 KF002207 --- --- --- 

O. leprieurii  Guyana: Potaro-Siparuni: 

Kaieteur NP 

N05°14'00''W60°31'00'' 

O_leprieurii_P

K1830_2712 

IRSNB 

(not yet 

assigned) 

KF002061 

KF002062 

--- --- KF001894 --- --- 

O. leprieurii  Guyana: Potaro-Siparuni: 

Mabura Hill Forest Reserve 

N05°13'00''W58°48'00'' 

O_leprieurii_K

HJ21_1591 

SMNS 

12056 

KF002063 KF001967 KF002208 --- --- --- 

O. leprieurii  Guyana: Potaro-Siparuni: 

Wayalayeng Village 

N05°10'00''W59°30'00'' 

O_leprieurii_P

K1235_2708 

IRSNB 

14656 

KF002064 --- --- KF001895 --- --- 

O. leprieurii  Venezuela: Rio Uey, Bolívar 

N06°11'37''W61°31'30'' 

MHNLS 18619 MHNLS 

18619 

JQ868504 

 

--- --- --- --- JQ868498 

O. leprieurii  Venezuela: Rio Uey, Bolívar 

N06°11'37''W61°31'30'' 

MHNLS 18689 MHNLS 

18689 

JQ868505 --- --- --- --- JQ868497 

 

O. leprieurii 

[Ca1_MTR12698_28

34] 

Brazil: Amazonas: Igarapé-

Açu, Rio Abacaxis 

S04°24'00''W58°38'06'' 

O_sp_MTR126

98_2834 

MTR 

12698 

KF002065 --- KF002209 KF001896 --- --- 

O. leprieurii 

[Ca1_MTR12698_28

34] 

Brazil: Amazonas: Igarapé-

Açu, Rio Abacaxis 

S04°24'00''W58°38'06'' 

O_sp_MTR129

42_2820 

MTR 

12942 

KF002066 --- KF002210 KF001897 --- --- 

O. leprieurii 

[Ca1_MTR12698_28

34] 

Brazil: Amazonas: Igarapé-

Açu, Rio Abacaxis 

S04°24'00''W58°38'06'' 

O_sp_MTR129

53_2812 

MTR 

12953 

KF002067 

 

--- --- KF001898 

 

--- --- 

O. leprieurii Brazil: Amazonas: O_sp_MTR133 MTR KF002068 --- KF002211 KF001899 --- --- 



 

16"
"

[Ca1_MTR12698_28

34] 

Palhalzinho, Rio Abacaxis 

S04°18'06''W58°38'01'' 

33_2760 13333 

O. leprieurii 

[Ca1_MTR12698_28

34] 

Brazil: Amazonas: Ponta do 

Apinari, Rio Abacaxis 

S04º05'46"W58º41'58" 

O_sp_MTR126

64_2818 

MTR 

12664 

KF002069 --- KF002212 KF001900 --- --- 

O. leprieurii 

[Ca2_NMP6d41/200

9] 

Bolivia: Pando: Canadá O_sp_NMP6V

73105 

NMP6V73

105 

FJ965298 ---  --- --- --- --- 

O. leprieurii 

[Ca2_NMP6d41/200

9] 

Bolivia: Pando: Nacebe O_sp_NMP6V

72173/1 

NMP6V72

173/1 

FJ965298 ---  --- --- --- --- 

O. leprieurii 

[Ca2_NMP6d41/200

9] 

Bolivia: Pando: Nacebe O_sp_NMP6V

72173/3 

NMP6V72

173/3 

FJ965308 ---  --- --- --- --- 

O. leprieurii 

[Ca2_NMP6d41/200

9] 

Bolivia: Pando: Palmira O_sp_NMP6d4

1/2009 

NMP 

6d41/2009 

FJ965297 ---  --- --- --- --- 

O. leprieurii 

[Ca2_NMP6d41/200

9] 

Bolivia: Santa Cruz: PN 

Noel Kempff Mercado 

S14°33'00''W60°56'00'' 

O_sp_KHJhyl2

4_1600 

CBF 

(number 

not yet 

assigned) 

KF002070 KF001968 KF002213 --- --- --- 

O. leprieurii 

[Ca2_NMP6d41/200

9] 

Brazil: Amazonas: Cachoeira 

das Pombas, Rio Aripuanã 

S06°24'00''W60°21'00'' 

O_sp_CdasPo

mbas_AMZ_2

133 

MTR 

10220 

KF002071 --- KF002214 --- --- --- 

O. leprieurii 

[Ca2_NMP6d41/200

9] 

Peru: Madre de Dios:  Nueva 

Arequipa 

S12°54'34''W69°59'34'' 

O_sp_MHNC8

214_3082 

MHNC 

8214 

KF002072 --- --- --- --- --- 

O. mimeticus Peru: Cusco: Cabecera Mabe O_mimeticus_ MHNC KF002073 --- --- --- --- --- 
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S13°06'44''W70°54'51'' MHNC7021_3

159 

7021 

O. mimeticus Peru: Cusco: Cabecera Mabe 

S13°06'44''W70°54'51'' 

O_ mimeticus 

_MHNC7395_

3074 

MHNC 

7395 

KF002074 --- --- --- --- --- 

O. mimeticus Peru: Cusco: ZR Nahua 

Kugapakori 

S11°51'57''W72°46'20'' 

O_sp_CPTG51

1_2796 

MUSM 

23180 

KF002075 

KF002076 

--- --- KF001901 --- --- 

O. mimeticus Peru: Huánuco:  Fundo Flor, 

Río Pachitea 

S09°40'30''W74°56'30'' 

O_mimeticus_

KHJ2_1576 

SMNS 

14150 

KF002077 KF001969 KF002215 --- --- --- 

O. mimeticus Peru: Huánuco: Boquerón 

del Padre Abad 

S09°04'27''W75°41'00'' 

O_mimeticus_

KHJ16_1588 

KHJ-F 106 KF002078 KF001970 KF002216 --- --- --- 

O. mimeticus Peru: San Martín: 14 km NE 

Tarapoto 

S06°27'18''W76°18'30'' 

O_mimeticus_

KHJ10_1583 

KHJ-F 105 KF002079 KF001971 KF002217 --- --- --- 

O. mutabor            Ecuador: Napo: Carretera 

Jondachi-Coca km 44 

S00°42'24''W77°35'54'' 

O_mutabor_K

HJhyl8_1597  

EPN-H 

6659 

KF002080 KF001972 --- --- --- --- 

O. mutabor            Ecuador: Napo: 

Chontapuntas 

QCAZ 28646             QCAZ 

28646             

HQ600641 --- HQ600608 JX875834 JX875721 JX875766 

O. mutabor            Ecuador: Napo: 

Chontapuntas 

QCAZ 28647             QCAZ 

28647             

HQ600642 --- HQ600609 JX875835 JX875675 JX875767 

O. mutabor         Ecuador: Napo: Huino QCAZ 30925 QCAZ 

30925 

--- --- JX875620 JX875837 JX875690 JX875769 

O. mutabor            Ecuador: Napo: Huino QCAZ 30926             QCAZ 

30926             

HQ600643 --- HQ600610 JX875838 JX875711 JX875770 
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O. mutabor            Ecuador: Orellana: 

Pompeya-Iró Road at km 22 

QCAZ 42999             QCAZ 

42999             

HQ600645 --- HQ600612 JX875857 JX875723 JX875792 

O. mutabor            Ecuador: Pastaza: Colonia 

Mariscal Sucre 

QCAZ 40253             QCAZ 

40253             

HQ600644 --- HQ600611 JX875853 JX875695 JX875787 

O. mutabor          Ecuador: Pastaza: Río 

Pucayacu, Colonia 

Mariscal Sucre 

QCAZ 29430 QCAZ 

29430 

JX847088 --- JX875619 JX875836 JX875704 JX875768 

O. “mutabor” Ecuador: Sucumbíos: Puerto 

Bolívar 

QCAZ 28223             QCAZ 

28223             

HQ600638 --- HQ600605 JX875829 JX875682 JX875682 

O. “mutabor” Ecuador: Morona Santiago: 

Nuevo Israel 

QCAZ 46470 QCAZ 

46470 

JX847102 --- JX875636 JX875861 JX875697 --- 

O. “mutabor” Ecuador: Morona Santiago: 

Nuevo Israel 

QCAZ 46471 QCAZ 

46471 

JX847103 --- JX875637 JX875862 JX875698 JX875796 

O. “mutabor” Ecuador: Pastaza: Canelos QCAZ 41030 QCAZ 

41030 

JX847098 --- JX875632 --- JX875673 JX875789 

O. “mutabor” Ecuador: Pastaza: Pomona QCAZ 25603 QCAZ 

25603 

HQ600631 --- HQ600598 JX875824 JX875676 JX875756 

O. “mutabor” Ecuador: Pastaza: Pomona QCAZ 25684 QCAZ 

25684 

JX847085 --- JX875615 JX875825 JX875700 JX875757 

O. “mutabor” Ecuador: Pastaza: Pomona QCAZ 25603             QCAZ 

25603             

HQ600631 --- HQ600598 JX875824  --- JX875756 

O. “mutabor” Peru: Amazonas: Cordillera 

de Kampankis 

CORBIDI 

9369 

CORBIDI 

9369 

JX847073 --- JX875642 --- JX875659 --- 

O. “mutabor” Peru: Loreto: 1.5 km N 

Teniente Lopez 

KU 221930  KU 

221930 

 DQ380379 

 

--- --- --- --- --- 

O. “mutabor” Peru: Loreto: Andoas CORBIDI 

4645 

CORBIDI 

4645 

--- --- JX875601 --- JX875652 JX875729 
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O. oophagus Brazil: Amazonas: E. E. 

Anavilhanas 

S02°32'00''W60°50'00'' 

O_oophagus_

MSH10225_20

99 

MSH 

10225 

KF002081 KF001973 --- --- --- --- 

O. oophagus Brazil: Amazonas: Reserva 

Ducke 

S02°55'00''W59°59'00'' 

O_oophagus_K

HJhyl26_1602 

SMNS 

10802 

KF002082 KF001974 KF002249 --- --- --- 

O. oophagus Brazil: Roraima: mouth of 

Rio Branco 

USNM 302469 USNM 

302469 

JQ868514 

 

--- --- --- --- --- 

O. oophagus Brazil: Roraima: mouth of 

Rio Branco 

USNM 

FS008803 

USNM 

FS008803 

JQ868515 

 

--- --- --- --- --- 

O. oophagus Guyana: Potaro-Siparuni: 

Kaieteur NP 

N05°08'00''W59°25'00'' 

O_oophagus_P

K1334_2720 

IRSNB 

14657 

KF002083 --- KF002218 --- --- --- 

O. oophagus Guyana: Potaro-Siparuni: 

Kaieteur NP 

N05°08'00''W59°25'00'' 

O_oophagus_P

K1357_2716 

IRSNB 

14659 

KF002084 --- KF002219 KF001902 --- --- 

O. oophagus Guyana: Potaro-Siparuni: 

Mabura Hill Forest Reserve 

N05°13'00''W58°48'00'' 

O_oophagus_K

HJ20_1593 

SMNS 

12060 

KF002085 KF001975 KF002220 --- --- --- 

O. planiceps Colombia: Amazonas: 

Leticia 

S04°05'54''W69°58'30'' 

O_sp_KHJ13_

1586 

SMNS 

14196 

KF002086 --- KF002221 --- --- --- 

O. planiceps Colombia: Amazonas: 

Leticia 

S04°05'54''W69°58'30'' 

O_sp_Trier020

_2732 

SMNS 

14196/2 

KF002087 --- KF002222 KF001903 --- --- 

O. planiceps Ecuador: Napo: Jatun Sacha 

S01°04'00''W77°37'00'' 

O_planiceps_K

HJ07_1580 

SMNS 

14195 

KF002088 --- --- --- --- --- 

O. planiceps Ecuador: Orellana: Estación QCAZ 19195  QCAZ JQ868521 --- --- --- --- JQ868495 
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Científica Yasuní 19195   

O. planiceps Ecuador: Orellana: Estación 

Científica Yasuní 

QCAZ 20797 QCAZ 

20797 

HQ600632  --- HQ600599 JX875819 JX875665 

 

JX875751 

O. planiceps Ecuador: Sucumbios: 

Cuyabeno 

QCAZ 18844 QCAZ 

18844 

JQ868520 

 

--- --- --- --- JQ868496 

O. planiceps Peru: Loreto: Anguilla O_planiceps_N

MP6V71264/1 

NMP 

6V71264/1 

FJ965306 --- --- --- --- --- 

O. planiceps Peru: Loreto: Anguilla O_planiceps_N

MP6V71264/2 

NMP 

6V71264/2 

FJ965307 --- --- --- --- --- 

O. planiceps Peru: Loreto: Confluence of 

Ríos Blanco and Negro (= 

Rio Peneya) 

S00°19'00''W74°55'51'' 

O_planiceps_

MHNC6369_3

161 

MHNC 

6369 

KF002089 

KF002090 

--- --- --- --- --- 

O. planiceps Peru: Loreto: Puerto 

Almendras 

O_planiceps_N

MP6V71174/1 

NMP 

6V71174/1 

FJ965305 --- --- --- --- --- 

O. planiceps Peru: Loreto: San Jacinto DQ380380  KU 

221933 

 DQ380380 --- --- --- --- --- 

O. planiceps Peru: Ucayali: Imiria 

S08°51'00''W74°19'00'' 

O_sp_GG1_28

02  

GGU 752 KF002091 --- --- KF001904 --- --- 

O. planiceps 

[Ca1_Neblina411] 

Venezuela: Amazonas: 

Neblina Base Camp Rio 

Mawarinuma (= Rio Baria), 

140 m 

N00°50'00''W66°10'00'' 

O_aff_planicep

s_Neblina_411 

 AMNH 

A-131254 

AY549361 AY843952 KF002223 KF001905 --- --- 

O. subtilis Brazil: Acre: Cruzeiro do 

Sul: Mata do BIS 

S07°36'38''W72°40'39'' 

TG 2977_3341          TG 2977 KF002092 --- --- --- --- --- 

O. subtilis Brazil: Acre: Cruzeiro do TG 2978_3343          TG 2978 KF002093 --- --- --- --- --- 
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Sul: Mata do BIS 

S07°36'38''W72°40'39'' 

O. subtilis Peru: Loreto/Requena: Río 

Buncuya 

S06°14'00''W74°24'00'' 

GG2_2770 GGU 901 KF002094 --- --- KF001906 --- --- 

O. taurinus Bolivia: Pando: Santa 

Crucito 

O_taurinus_JM

2007/60 

JM 

2007/60  

FJ965296 

 

--- --- --- --- --- 

O. taurinus Bolivia: La Paz: Chalalán 

S14°25'29''W67°55'14'' 

O_taurinus_M

NCN2410_317

7 

MNCN 

2410 

KF002095 

KF002096 

--- --- --- --- --- 

O. taurinus Bolivia: La Paz: Chalalán 

S14°25'29''W67°55'14'' 

O_taurinus_M

NCN2814_318

7 

MNCN 

2814 

KF002146 --- --- --- --- --- 

O. taurinus Bolivia: La Paz: Chalalán 

S14°25'29''W67°55'14'' 

O_ taurinus 

_MNCN2833_

3202 

MNCN 

2833 

KF002097 --- --- --- --- --- 

O. taurinus Bolivia: La Paz: Chalalán, 

Madidi 

S14°25'29''W67°55'14'' 

O_sp_KHJ23_

1594 

MNCN 

(number 

not yet 

assigned) 

KF002098 

KF002099 

KF001976 KF002224 --- --- --- 

O. taurinus Bolivia: La Paz: Heath River 

Wildlife Centre 

S12°40'48''W68°42'42'' 

O_taurinus_M

NCN34608_31

91 

MNCN 

34608 

KF002100 

 

--- --- --- --- --- 

O. taurinus Bolivia: Pando: San 

Sebastián, EB Tahuamanu 

S11°24'00''W69°01'00'' 

O_taurinus_M

NCN6143_318

9 

MNCN 

6143 

KF002101 --- --- --- --- --- 

O. taurinus Brazil: Amazonas: Areal, 

Rio Abacaxis 

O_sp_MTR130

55_2772 

MTR 

13055 

KF002102 

KF002103 

--- --- KF001907 --- --- 
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S04°35'49''W58°13'14'' 

O. taurinus Brazil: Amazonas: Areal, 

Rio Abacaxis 

S04°35'49''W58°13'14'' 

O_sp_MTR130

81_2774 

MTR 

13081 

KF002104 --- KF002225 KF001908 --- --- 

O. taurinus Brazil: Amazonas: 

Cachoeirinha, Rio Madeira 

S05°29'00''W60°49'00'' 

O_sp_Cachoeir

inha_AM_209

6 

VOGT 

2213 

KF002105 KF001977 KF002226 --- --- --- 

O. taurinus Brazil: Amazonas: Campo 

Tupana 

S04°09'00''W60°07'00'' 

O_sp_SMS088

_2854 

SMS 088 KF002106 --- --- KF001909 --- --- 

O. taurinus Brazil: Amazonas: Campo 

Tupana 

S04°09'00''W60°07'00'' 

O_taurinus_S

MS132_2846 

SMS 132 KF002107 --- --- KF001910 --- --- 

O. taurinus Brazil: Amazonas: Campo 

Tupana 

S04°09'00''W60°07'00'' 

O_taurinus_S

MS154_2860 

SMS 154 KF002108 --- --- --- --- --- 

O. taurinus Brazil: Amazonas: E. E. 

Anavilhanas 

S02°32'00''W60°50'00'' 

O_taurinus_M

SH10223_2103 

MSH 

10223 

KF002109 KF001978 --- --- --- --- 

O. taurinus Brazil: Amazonas: Igarapé-

Açu, Rio Abacaxis 

S04°21'00''W58°38'00'' 

O_sp_MTR126

99_2778 

MTR 

12699 

KF002110 --- --- KF001911 --- --- 

O. taurinus Brazil: Amazonas: Manaus, 

Conjunto Pedro 

S03°06'00''W60°01'0'' 

APL 

17872_4430 

APL 

17872 

KF002111 

KF002112 

--- --- --- --- --- 

O. taurinus Brazil: Amazonas: Ponta do 

Apinari 

S04°05'46''W58°41'58'' 

O_taurinus_M

TR12667_2746 

MTR 

12667 

KF002113 --- KF002227 KF001912 --- --- 
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O. taurinus Brazil: Amazonas: Ponta do 

Apinari 

S04°35'49''W58°13'14'' 

O_taurinus_M

TR12668_2824 

MTR 

12668 

KF002114 --- --- KF001913 --- --- 

O. taurinus Brazil: Amazonas: Ponta do 

Apinari 

S04°35'49''W58°13'14'' 

O_taurinus_M

TR12669_2814 

MTR 

12669 

KF002115 --- --- KF001914 

 

--- --- 

O. taurinus Brazil: Amazonas: Ponta do 

Apinari 

S04°35'49''W58°13'14'' 

O_taurinus_M

TR12673_2826 

MTR 

12673 

KF002116 --- KF002228 KF001915 --- --- 

O. taurinus Brazil: Amazonas: 

Samaúma, Lábrea, Rio Purus 

S07°18'21''W64°48'49'' 

O_taurinus_M

TR15749_2810 

MTR 

15749 

KF002117 --- KF002229 KF001916 

 

--- --- 

O. taurinus Brazil: Amazonas: 

Samaúma, Lábrea, Rio Purus 

S07°18'21''W64°48'49'' 

O_taurinus_M

TR16711_2752 

MTR 

16711 

KF002118 

 

--- KF002230 KF001917 --- --- 

O. taurinus Brazil: Amazonas: Campo 

Tupana 

S04°09'00''W60°07'00'' 

O_taurinus_!

SMS086_2852 

SMS 086 KF002147 --- --- KF001945 --- --- 

O. taurinus Brazil: Maranhão: Carolina 

S07°15'27''W47°30'50'' 

O_taurinus_Ca

rolina_MA_21

17 

MTR 

(ESTR118

6) 

KF002119 KF001979 --- --- --- --- 

O. taurinus Brazil: Maranhão: Estreito 

S05°47'00''W43°15'00'' 

O_taurinus_Est

reito_MA_212

8 

MTR 

(ESTR045

4) 

KF002120 KF001980 --- --- --- --- 

O. taurinus Brazil: Mato Grosso:  

Aripuanã 

S10°19'00''W59°23'00'' 

O_taurinus_Ari

puanaII_MT_2

145 

MZUSP 

87691 

KF002121 KF001981 KF002231 --- --- --- 

O. taurinus Brazil: Mato Grosso: Cláudia O_taurinus_Cl MZUSP KF002122 KF001982 --- --- --- --- 
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S11°35'06''W55°08'08'' audia_MT_210

5 

83103  

O. taurinus Brazil: Mato Grosso: 

Guaporé 

S15°06'32''W58°57'21'' 

O_sp_Guapore

_MT_2108 

MTR 

(RGA5739

) 

KF002123 KF001983 --- --- --- --- 

O. taurinus Brazil: Mato Grosso: Juruena 

S10°17'38''W58°29'34'' 

O_taurinus_Jur

uena_MT_213

9 

MZUSP 

86094 

KF002124 KF001984 --- --- --- --- 

O. taurinus Brazil: Mato Grosso: UHE 

Manso 

S14°50'55''W55°42'31'' 

O_sp_APMMa

nso_MT_2131 

MTR (AF 

717) 

KF002125 KF001985 KF002232 --- --- --- 

O. taurinus Brazil: Mato Grosso: Vila 

Rica S09°58'02''W51°06'34'' 

O_taurinus_Vil

aRica_MT_214

3 

MTR 

978084 

KF002126 KF001986 --- --- --- --- 

O. taurinus Brazil: Piauí: Uruçuí-Una 

S08°50'00''W44°10'00'' 

O_sp_MRT233

2_2115 

MTR 2332 KF002127 KF001987 KF002233 --- --- --- 

O. taurinus Brazil: Piauí: Uruçuí-Una 

S08°50'00''W44°10'00'' 

O_sp_MRT193

9_2137 

MTR 1939 KF002128 --- --- --- --- --- 

O. taurinus Brazil: Tocantins:  Peixe"
S12°14'48''W48°25'43''  

O_sp_Peixe_T

O_2110 

MRT 3939 KF002129 KF001988 --- --- --- --- 

O. taurinus Brazil: Tocantins:  

Wanderlandia 

S06°53'07''W47°55'37'' 

O_sp_TMC179

_2417 

 CFBH 

28476 

KF002130 KF001989 --- KF001918 --- --- 

O. taurinus Brazil: Tocantins: 

Babaçulândia 

S07°12'04''W47°45'56'' 

O_sp_MTR767

0_2828 

MTR 7670 KF002131 

KF002132 

--- --- KF001919 --- --- 

O. taurinus Brazil: Tocantins: 

Babaçulândia 

O_sp_MTR774

1_2832 

MTR 7741 KF002133 --- --- KF001920 

 

--- --- 
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S07°12'04''W47°45'56'' 

O. taurinus Brazil: Tocantins: 

Babaçulândia 

S07°12'04''W47°45'56'' 

O_sp_MTR774

2_2830 

MTR 7742 KF002134 --- --- KF001921 

 

--- --- 

O. taurinus Brazil: Tocantins: 

Babaçulândia 

S07°12'04''W47°45'56'' 

O_sp_MTR774

3_2808 

MTR 7743 KF002135 --- --- KF001922 --- --- 

O. taurinus Brazil: Tocantins: 

Babaçulândia 

S07°12'04''W47°45'56'' 

O_sp_MTR778

2_2816 

MTR 7782 KF002136 

 

--- KF002234 KF001923 --- --- 

O. taurinus Brazil: Tocantins: 

Babaçulândia 

S07°12'04''W47°45'56'' 

O_sp_MTR778

3_2750 

MTR 7783 KF002137 --- --- KF001924 --- --- 

O. taurinus Brazil: Tocantins: 

Babaçulândia 

S07°12'04''W47°45'56'' 

O_sp_MTR786

8_2836 

MTR 7868 KF002138 --- --- KF001925 --- --- 

O. taurinus Brazil: Tocantins: 

Babaçulândia 

S07°12'04''W47°45'56'' 

O_sp_MTR786

9_2822 

MTR 7869 KF002139 --- --- KF001926 --- --- 

O. taurinus Brazil: Tocantins: Guarai 

S08°36'28''W48°18'14'' 

O_sp_Guarai_

TO_2114 

MTR 7132 KF002140 KF001990 KF002235 --- --- --- 

O. taurinus Brazil: Tocantins: Guarai 

S08°38'28''W48°25'24'' 

O_taurinus_Gu

arai_TO_2148 

MTR 7454 KF002141 

 

KF001991 KF002236 --- --- --- 

O. taurinus Brazil: Tocantins: Lizarda 

S09°35'00''W46°40'30'' 

O_sp_CFBHt3

784_3046 

 CFBH 

13234 

KF002142 --- --- --- --- --- 

O. taurinus Brazil: Tocantins: 

Palmeirante 

S07°53'15''W47°54'59'' 

O_sp_Palmeira

nte_TO_2126 

MTR 

(ESTR165

2) 

KF002143 --- KF002237 --- --- --- 
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O. taurinus Ecuador: Sucumbíos: 

Cuyabeno 

QCAZ 18839 QCAZ 

18839 

JQ868513 

 

--- --- --- --- JQ868488 

O. taurinus Ecuador: Zamora Chinchipe: 

Shaime, Nangaritza 

QCAZ 18230 QCAZ 

18230 

HQ600630 --- HQ600597 --- JX875719 

 

--- 

O. taurinus Peru: Loreto: Teniente López KU 221941 KU 

221941 

AY819380 

 

EU034065 AY819512 EU034050 --- AY819130 

O. taurinus Peru: Madre de Dios:  

Gamitana 

S12°21'12''W69°02'08'' 

O_taurinus_M

HNC8130_315

3 

MHNC 

8130 

KF002144 --- --- --- --- --- 

O. taurinus Peru: Madre de Dios: Cusco 

Amazonico 

WED 55452 WED 

55452 

AY326041 

 

--- --- --- --- --- 

O. taurinus Peru: Madre de Dios: 

Reserva Nacional 

Tambopata 

S12°49'00''W69°18'00'' 

O_sp_FS2380_

2804 

FS 2380 KF002145 --- --- KF001927 --- --- 

O. taurinus 

[Ca1_MHNC6667_3

151] 

Peru: Pasco: EB Paujil 

S10°19'25''W75°15'50'' 

O_taurinus_M

HNC6667_315

1 

MHNC 

6667 

KF002148 

KF002149 

--- --- --- --- --- 

O. taurinus 

[Ca2_Neblina410] 

Venezuela: Amazonas: 

Neblina Base Camp Rio 

Mawarinuma (= Rio Baria), 

140 m 

N00°50'00''W66°10'00'' 

O_sp_Neblina_

410 

AMNH A-

131245 

AY843709 AY843954 KF002238 KF001928 --- --- 

O. taurinus 

[Ca3_AJC2959_318

1] 

Venezuela: Amazonas: 

Puerto Ayacucho 

N05°39'58''W67°38'04'' 

MHNLS 18325 MHNLS 

18325 

JQ868506 

 

--- --- --- --- --- 

O. taurinus 

[Ca3_AJC2959_318

Venezuela: Amazonas: 

Puerto Ayacucho-Gavilan 

O_taurinus_AJ

C3091_3183 

 MHNLS 

20034 

KF002150 --- --- --- --- --- 
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1] N05°32'48''W67°26'54'' 

O. taurinus 

[Ca3_AJC2959_318

1] 

Venezuela: Amazonas: Río 

Cuao, Salto del Danto 

N05°02'39''W67°33'38'' 

O_taurinus_AJ

C2959_3181 

 MHNLS 

19907 

KF002151 --- --- --- --- --- 

O. taurinus 

[Ca3_AJC2959_318

1] 

Venezuela: Amazonas: 

Tobogan de la Selva 

N05°23'12''W67°37'02'' 

O_taurinus_AJ

C3146_3179 

 MHNLS 

20083 

KF002152 --- --- --- --- --- 

O. taurinus 

[Ca4_PHV2439_267

1] 

Brazil: Mato Grosso:  Barra 

do Garças 

S15°53'30''W52°15'48'' 

O_sp_PHV269

2_2670 

PHV 2692 KF002153 --- --- KF001929 --- --- 

O. taurinus 

[Ca4_PHV2439_267

1] 

Brazil: Mato Grosso:  Barra 

do Garças 

S15°53'30''W52°15'48'' 

O_sp_PHV269

3_2669 

PHV 2693 KF002154 --- --- --- --- --- 

O. taurinus 

[Ca4_PHV2439_267

1] 

Brazil: Mato Grosso: Água 

Boa S14°03'19''W52°09'31'' 

O_sp_PHV243

9_2671 

PHV 2439 KF002155 --- --- KF001930 --- --- 

O. taurinus 

[Ca4_PHV2439_267

1] 

Brazil: Mato Grosso: Água 

Boa S14°03'19''W52°09'31'' 

O_sp_PHV245

4_2668 

PHV 2454 KF002156 --- --- KF001931 --- --- 

O. taurinus 

[Ca4_PHV2439_267

1] 

Brazil: Mato Grosso: Gaúcha 

do Norte 

S13°11'00''W53°15'23'' 

O_sp_Gauchad

oN_MT_2130 

MZUSP 

83707 

KF002157 

 

KF001992 --- --- --- --- 

O. taurinus 

[Ca5_SMNS12063] 

Brazil: Amapá:  Igarapé 

Camaipí, Alto Rio Maracá 

S00°10'00''W51°42`00'' 

O_taurinus_Ca

mapi_AM_214

1 

MTR 6365 KF002158 KF001993 KF002239 --- --- --- 

O. taurinus 

[Ca5_SMNS12063] 

Brazil: Amapá: Serra do 

Navio 

N00°52'00''W52°07'00'' 

O_taurinus_M

TR13797_2756 

MTR 

13797 

KF002159 

KF002160 

--- --- KF001932 --- --- 
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O. taurinus 

[Ca5_SMNS12063] 

Brazil: Amapá: Serra do 

Navio 

N00°52'00''W52°07'00'' 

O_taurinus_M

TR13798_2838 

MTR 

13798 

KF002160 --- --- KF001933 --- --- 

O. taurinus 

[Ca5_SMNS12063] 

French Guiana: Cayenne: 

Kaw Road 

N04°33'00''W52°06'00'' 

O_taurinus_Fre

nchG_679 

 MNHN 

2001.0828 

AY843708 AY843953 --- --- --- --- 

O. taurinus 

[Ca5_SMNS12063] 

Guyana: Potaro-Siparuni: 

Kaieteur NP 

N05°08'00''W59°25'00'' 

O_taurinus_PK

1308_2718 

IRSNB 

14682 

KF002162 --- --- --- --- --- 

O. taurinus 

[Ca5_SMNS12063] 

Guyana: Potaro-Siparuni: 

Kaieteur NP 

N05°08'00''W59°25'00'' 

O_taurinus_PK

1370_2714 

IRSNB 

14704 

KF002163 --- --- KF001934 --- --- 

O. taurinus 

[Ca5_SMNS12063] 

Guyana: Potaro-Siparuni: 

Mabura Hill Forest Reserve 

N05°13'00''W58°48'00'' 

O_taurinus_K

HJ19_1590 

SMNS 

12063 

KF002164 KF001994 KF002240 --- --- --- 

O. taurinus 

[Ca5_SMNS12063] 

Guyana: Potaro-Siparuni: 

Wayalayeng Village 

N05°14'00''W60°31'00'' 

O_taurinus_PK

1829_2722 

IRSNB not 

yet 

assigned 

KF002165 --- --- KF001935 --- --- 

O. taurinus 

[Ca5_SMNS12063] 

Venezuela: Bolívar:  Río 

Uey N06°11'37''W61°31'30'' 

MHNLS 18663 MHNLS 

18663 

JQ868509 

 

--- --- --- --- JQ868490 

O. taurinus 

[Ca5_SMNS12063] 

Venezuela: Bolívar:  Río 

Uey N06°11'37''W61°31'30'' 

MHNLS 18715 MHNLS 

18715 

JQ868510 --- --- --- --- JQ868489 

O. taurinus 

[Ca5_SMNS12063] 

Venezuela: Bolívar: Las 

Claritas 

PS 004 PS 004 JQ868512.1 

 

--- --- --- --- JQ868487 

 

O. taurinus 

[Ca5_SMNS12063] 

Venezuela: Bolívar: 

Purumay 

N05°55'03''W62°45'00'' 

 

MHNLS 15622 MHNLS 

15622 

JQ868507 --- --- --- --- JQ868492 
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O. taurinus 

[Ca5_SMNS12063] 

Venezuela: Bolívar: Río 

Atepere 

N05°43'30''W62°34'55'' 

MHNLS 17336 MHNLS 

17336 

JQ868508 --- --- --- --- JQ868491 

 

O. taurinus 

[Ca5_SMNS12063] 

Venezuela: Delta Amacuro: 

Reserva Forestal Rio Grande 

N08°19'21''W61°43'32'' 

O_taurinus_AJ

C3270_3185 

MHNLS 

20201 

KF002166 --- --- --- --- --- 

O. taurinus 

[Ca5_SMNS12063] 

Venezuela: Imataca: Río 

Grande 

N08°20'44''W61°41'06'' 

MHNLS 19633 MHNLS 

19633 

JQ868511 

 

--- --- --- --- --- 

O. verruciger Colombia: Caquetá: 

Florencia: Corregimiento El 

Caraño, Vereda Las Brisas, 

Finca Los Lirios, Carretera 

Florencia–Suiza km 28 

N01°46'00''W75°42'00'' 

TG1785  TG 1785 KF002167 --- --- --- --- --- 

O. verruciger Colombia: Caquetá: 

Municipio de Florencia: 

Vereda Sucre 

N01°48'05''W75°39'01'' 

MAR1953  MAR 

1953 

KF002168 --- --- --- --- --- 

O. verruciger Colombia: 

Caquetá: Florencia, Corregi

miento El Caraño, Vereda 

Las Brisas, Carretera Suaza-

Florencia, km 46.8 

N01°44'57''W75°44'40''  

TG1746 TG 1746 KF002169 --- --- --- --- --- 

O. verruciger Ecuador: Morona Santiago: 

Río Napinaza 

QCAZ 26304 QCAZ 

26304 

--- --- JX875616 --- --- JX875758 

O. verruciger Ecuador: Napo, 30 km of QCAZ45344          QCAZ JX847100 --- JX875634 JX875859 JX875684 JX875794 
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Baeza 45344   

O. verruciger Ecuador: Napo: Cascada de 

San Rafael 

QCAZ 13225 QCAZ 

13225 

JQ868517 

 

--- --- --- --- JQ868486 

 

O. verruciger Ecuador: Napo: Cascada de 

San Rafael 

QCAZ 32032        QCAZ 

32032  

HQ600658 --- HQ600625 JX875842 JX875669 

 

JX875774 

O. verruciger Ecuador: Napo: Cordillera de 

los Guacamayos 

QCAZ 41108        QCAZ 

41108   

HQ600660 --- HQ600627 JX875856 JX875683 JX875791 

O. verruciger Ecuador: Napo: Cosanga QCAZ 15942        QCAZ 

15942   

HQ600659 --- HQ600626 JX875813 JX875679 JX875743 

O. verruciger Ecuador: Napo: km 13 

Loreto-Coca road 

QCAZ 22201 QCAZ 

22201 

JX847084 --- JX875614 JX875820 JX875666 JX875752 

O. verruciger Ecuador: Napo: Rio Azuela, 

9.5 km W Reventador 

 KU 217751 KU 

217751 

DQ380381 --- --- --- --- --- 

O. verruciger Ecuador: Napo: Río Salado QCAZ 17285 QCAZ 

17285 

JX847082 --- JX875612 --- JX875706  

 

JX875746 

O. verruciger Ecuador: Napo: Río Salado QCAZ 17283 QCAZ 

17283 

JQ868518 

 

--- --- --- --- --- 

O. verruciger Ecuador: Sucumbios, Rosa 

Florida 

QCAZ 20544        QCAZ 

20544    

HQ600655 --- HQ600622 JX875816 JX875664 

 

 

JX875748 

O. verruciger Ecuador: Sucumbíos: Río 

Azuela 

QCAZ 15991        QCAZ 

15991    

HQ600656 --- HQ600623 JX875814 JX875681 

 

JX875745 

O. verruciger Ecuador: Sucumbíos: Río 

Azuela 

S0°04'48'''W77°35'24'' 

O_verruciger_

KHJ09_1582 

SMNS 

14197 

KF002170 KF001995 KF002241 --- --- --- 

O. verruciger Peru: Amazonas: Cabecera 

de la Quebrada Katerpiza 

CORBIDI 

9477 

CORBIDI  

9477 

--- --- JX847076 --- --- --- 
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O. verruciger Peru: Loreto: Cabecera de la 

Quebrada Wee 

CORBIDI 

9525 

CORBIDI 

9525 

JX847078 --- JX875646 --- --- --- 

O. yasuni Brazil: Acre: Tarauacá 

S08°09'39''W70°45'57'' 

O_sp_CFBH15

715_2338 

CFBH 

15715  

 KF002171

  

KF001996 --- KF001936 --- --- 

O. yasuni Ecuador: Orellana: Yasuní QCAZ 19245            QCAZ 

19245 

JQ868519 

 

--- --- --- --- JQ868485 

O. yasuni Ecuador: Orellana: Yasuní 

S00°41'00''W76°24'00'' 

O_yasuni_KHJ

08_1581 

SMNS 

14198 

KF002172 KF001997 KF002242 --- --- --- 

O. yasuni Ecuador: Orellana: Yasuní 

S00°41'00''W76°24'00'' 

O_yasuni_KHJ

hyl31_1605 

SMNS 

14199 

KF002173 --- --- --- --- --- 

O. yasuni Ecuador: Sucumbíos: Playas 

de Cuyabeno 

QCAZ 27816            QCAZ 

27816  

HQ600636 --- HQ600603 JX875826 JX875688 JX875759 

O. yasuni Ecuador: Sucumbíos: Zábalo QCAZ 27998            QCAZ 

27998  

HQ600637 --- HQ600604 JX875828 JX875667 JX875761 

O. yasuni Peru: Loreto: Confluence of 

Ríos Blanco and Negro (= 

Rio Peneya) 

S00°19'00''W74°55'51'' 

O_sp_MHNC6

367_3155 

MHNC 

6367 

KF002174 --- --- --- --- --- 

O. yasuni Peru: Loreto: Río Iauasiyacu 

S03°20'25''W71°59'34'' 

O_yasuni_Trie

r027_2734 

KHJ-F 113 KF002175 --- KF002243 KF001937 --- --- 

O. yasuni Peru: Loreto: Río Sucusari  O_sp_FS2576_

2800 

TNHC-FS 

2576 

KF002176 --- --- KF001938 --- --- 

O. yasuni Peru: Loreto: Río Sucusari 

S03°15'54''W72°05'05'' 

O_sp_FS2581_

2780 

TNHC-FS 

2581 

KF002177 

 

--- --- KF001944 --- --- 

Osteopilus 

dominicensis 

Pet trade    AMNH 

A-168410 

AY843711 AY843956 

 

--- --- --- --- 

Osteopilus 

septentrionalis 

Cuba: Guantanamo: 

Guantanamo Bay 

   USNM 

317830 

AY843712 

 

AY843957 --- KF001943  KF002004 
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Osteopilus vastus          Pet trade    AMNH 

A-168415 

AY843713 

 

AY843958 

 

--- --- --- --- 

Phyllodytes luteolus Brazil: Espírito Santo: 

Setiba, Guarapri 

  no voucher  AY843721 

 

AY843966 

 

GQ366314 

 

--- --- GQ366043 

 

Phytotriades auratus No data LM 1311 
 

  AY819383 DQ403739 

 

AY819515 --- --- AY819133 

Tepuihyla aecii Venezuela: Amazonas: 

Duida Tepui 

MHNLS 12013 MHNLS 

12013 

JQ868533 

 

--- --- --- --- --- 

Tepuihyla aff. 

edelcae 

Venezuela: Bolívar: 

Chimantá  

 IRSNB158

79 

JQ742232 

 

--- JQ742399 

 

--- --- --- 

Tepuihyla aff. 

edelcae 

Venezuela: Bolívar: 

Chimantá  

 IRSNB158

80 

JQ742233 --- JQ742400 

 

--- --- --- 

Tepuihyla aff. 

edelcae 

Venezuela: Bolívar: 

Chimantá 

PS 001 PS 001 JQ868536 

 

--- --- --- --- JQ868476 

Tepuihyla aff. 

edelcae 

Venezuela: Bolívar: 

Chimantá 

PS 268 PS 268 JQ868538 

 

--- --- --- --- --- 

Tepuihyla edelcae Venezuela: Bolívar: 

Auyantepui 

MHNLS 05824 MHNLS 

05824 

JQ868535 

 

--- --- --- --- --- 

Tepuihyla edelcae Venezuela: Bolívar: 

Auyantepui 

MHNLS 16090 MHNLS 

16090 

JQ868534 

 

--- --- --- --- JQ868477 

 

Tepuihyla edelcae Venezuela: Bolívar: 

Auyantepui 

N05°52'00''W62°34'00'' 

Tepuihyla_edel

cae_671 

MNHNP 

1998-311 

AY843770 --- --- --- --- --- 

Tepuihyla edelcae Venezuela: Bolívar: 

Auyantepui 

PS 002 PS 002 JQ868537 

 

--- --- --- --- JQ868475 

 

Tepuihyla 

exophthalma 

Guyana: District 7: Mt. 

Ayanganna 

N05°24'00'W59°57'00'' 

O_phasmatus_

ROM39482_21

32 

ROM 

39482 

KF002178 KF001998 KF002244 --- --- --- 
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Tepuihyla 

exophthalma 

Guyana: District 7: Mt. 

Wokomung 

N05°05'00'W59°50'00'' 

O_phasmatus_

ROM43853_21

27 

ROM 

43853 

KF002179 KF001999 KF002245 --- --- --- 

Tepuihyla 

exophthalma 

Guyana: Mazaruni-Potaro: 

Imbaimadai  

BPN 166 BPN 166 JQ868523 

 

--- --- --- --- --- 

Tepuihyla 

exophthalma 

Guyana: Mazaruni-

Potaro: First plateau of the 

Wokomung Massif 

O_sp_1568 CPI 10290 KF002180 KF002002 --- --- --- --- 

Tepuihyla 

exophthalma 

Guyana: Potaro-Siparuni: 

Kaieteur NP 

N05°10'00''W59°30'00'' 

O_exophtalmu

s_PK1275_270

6 

IRSNB 

14644 

KF002181  

 

 

--- --- KF001939 --- --- 

Tepuihyla 

exophthalma 

Guyana: Potaro-Siparuni: 

Kaieteur NP 

N05°10'00''W59°30'00'' 

O_sp_PK1301

_2710 

IRSNB 

14673 

KF002182 --- --- KF001940 --- --- 

Tepuihyla 

exophthalma 

Venezuela: Bolívar: Luepa MHNLS 19583 MHNLS 

19583 

JQ868524 --- --- --- --- --- 

Tepuihyla 

exophthalma 

Venezuela: Bolívar: Luepa MHNLS 19584 MHNLS 

19584 

JQ868525 

 

--- --- --- --- JQ868483 

Tepuihyla rodriguezi Guyana BPN 1101 BPN 1101 JQ868541 

 

--- --- --- --- --- 

Tepuihyla rodriguezi Guyana BPN 1219 BPN 1219 JQ868542 --- --- --- --- JQ868473 

 

Tepuihyla rodriguezi Guyana: Mazaruni-Potaro: 

Imbaimadai  

BPN 1218 BPN 1218 DQ380389 

 

--- EU034094 

 

EU034059 --- EU034131 

Tepuihyla rodriguezi Guyana: Mazaruni-Potaro: 

Wei Assipu summit 

N05°13'00''W60°42'30'' 

Tepuihyla_gala

ni_1390 

CPI 10223 KF002183 KF002000 --- KF001941 --- --- 

Tepuihyla rodriguezi Guyana: Mazaruni-Potaro:  IRSNB JQ742223 --- JQ742390 --- --- --- 
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Wei Assipu Tepui  15861  

Tepuihyla rodriguezi Guyana: Mazaruni-Potaro: 

Wei Assipu Tepui 

 IRSNB 

15862 

JQ742224 

 

--- JQ742391 

 

--- --- --- 

Tepuihyla rodriguezi Guyana: Potaro-Siparuni: 

Kaieteur NP  

 IRSNB 

14752 

JQ742227 

 

--- JQ742394 

 

--- --- --- 

Tepuihyla rodriguezi Guyana: Potaro-Siparuni: 

Kaieteur NP 

N05°01'01''W60°36'59'' 

 IRSNB 

14753 

JQ742228 

 

--- JQ742395 

 

--- --- --- 

Tepuihyla rodriguezi Guyana: Potaro-Siparuni: 

Savanna next to Kaieteur 

Falls N05°10'00''W59°29'00'' 

PK 1105_2253 IRSNB 

14751 

KF002184 --- --- --- --- --- 

Tepuihyla rodriguezi Venezuela: Bolívar: 

Guadacapiapu Tepui 

 IRSNB 

15702 

JQ742226 

 

--- JQ742393 

 

--- --- --- 

Tepuihyla rodriguezi Venezuela: Bolívar: 

Guadacapiapu Tepui 

 IRSNB 

15701 

JQ742225 

 

--- JQ742392 

 

--- --- --- 

Tepuihyla rodriguezi Venezuela: Bolívar: Luepa MHNLS 19575 MHNLS 

19575 

JQ868539 

 

--- --- --- --- --- 

Tepuihyla rodriguezi Venezuela: Bolívar: Luepa PS 003 PS 003 JQ868540 

 

--- --- --- --- JQ868474 

Tepuihyla rodriguezi Venezuela: Bolívar: Uei 

Tepui 

 IRSNB 

15769 

JQ742216 

 

--- JQ742383 

 

--- --- --- 

Tepuihyla rodriguezi Venezuela: Bolívar: Uei 

Tepui 

 IRSNB 

15765 

JQ742215 

 

--- JQ742382 --- --- --- 

Tepuihyla warreni Guyana: District 7: Mt. 

Ayanganna 

H_warreni_RO

M39491_2125 

ROM 

39491 

KF002185 --- --- --- --- --- 

Tepuihyla warreni Guyana: District 7: Mt. 

Wokomung 

H_warreni_RO

M43500_2138 

ROM 

43500 

KF002186 --- --- --- --- --- 
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Tepuihyla warreni Guyana: Mazaruni-

Potaro: Little 

Ayanganna, Wokomung 

Massif 

H_warreni_156

7 

CPI 10256 KF002187 KF002001 --- --- --- --- 

Trachycephalus 

jordani 

No data  UMMZ 

218914 

 

AY843771 AY844015 KF002248 --- --- --- 

Trachycephalus 

typhonius 

Guyana: Dubulay Ranch on 

Berbice River, 200 ft 

 AMNH-A 

141142 

AY549362 AY843965 

 

GQ366341 KF001946 --- GQ366043  
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Appendix S3. Models of nucleotide substitution for the partitions used in the maximum 

likelihood phylogenetic analyses. 

 

Gene Partition Selected model 
12S + tRNAVal+16S Fragment GTR+I+G 
16S + tRNALeu Fragment SYM+G 
tRNAIle Fragment TPM3+I+G 
ND1 By codon TPM1uf+G for 1st, TIM3+G for 2nd and TrN+G for 3rd 
cyt-b By codon TIM2+G for 1st, HKY+I+G for 2nd and TVM+G for 3rd 
COI By codon TIM1+I+G for 1st, F81 for 2nd and TPM2uf+G for 3rd 
Control Region Fragment TIM3+I+G 
POMC By codon GTR+I+G for 1st, F81 for 2nd and TIM3+G for 3rd 
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Appendix S4a. Inter- and intraspecific uncorrected genetic distances (diagonal and below 

the diagonal respectively) within members of the Osteocephalus taurinus species group 

(sample size in parentheses) inferred from 551 aligned characters of a fragment of the 

mitochondrial 16S gene. ss = sensu stricto. 

 

 O. 

oophagus 

O. 

taurinus 

ss 

O. 

taurinus 

Ca1 

O. 

taurinus 

Ca2 

O. 

taurinus 

Ca3 

O. 

taurinus 

Ca4 

O. 

taurinus 

Ca5 

O. 

oophagus 

(N=4) 

0.2–2.0       

O. 

taurinus ss 

(N=47) 

0.9–2.2 0.0–1.7      

O. 

taurinus 

Ca1 (N=1) 

2.1–2.6 1.5–2.2 —     

O. 

taurinus 

Ca2 (N=1) 

2.0–2.2 0.9–1.8 1.8 —    

O. 

taurinus 

Ca3 (N=3) 

1.8–2.6 0.9–2.2 1.8–2.2 0.2–0.7 0.2–0.4   

O. 

taurinus 

Ca4 (N=5) 

2.2–2.8 1.1–2.2 2.0–2.2 1.7–1.8 1.7–2.2 0.0–0.4  

O. 

taurinus 

Ca5 (N=8) 

1.3–3.1 1.1–2.6 1.7–2.0 1.1–2.2 1.1–2.2 1.3–2.2 0.0–1.8 
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Appendix S4b. Inter- and intraspecific uncorrected genetic distances (diagonal and below 

the diagonal respectively) within members of the Osteocephalus planiceps species group 

(sample size in parentheses) inferred from 551 aligned characters of a fragment of the 

mitochondrial 16S gene. 

 

 O. 

castaneicola 

O. 

deridens 

O. 

fuscifascies 

O. 

leoniae 

O. 

planiceps 

O. 

planiceps 

Ca1 

O. 

castaneicola 

(N=6) 

0.0–0.7      

O. deridens 

(N=3) 

4.0–5.2 0.0–1.5     

O. fuscifascies 

(N=2) 

3.3–4.2 4.4–5.2 0.9    

O. leoniae 

(N=4) 

3.7–5.3 4.4–6.1 4.1–5.9 0.0–4.0   

O. planiceps 

(N=8) 

1.5–2.6 3.3–3.9 2.6–3.7 2.6–4.4 0.0–1.3  

O. planiceps 

Ca1 (N=1) 

3.5–3.9 4.2–4.4 4.4–5.0 4.2–5.9 2.6–2.8 — 
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Appendix S4c. Inter- and intraspecific uncorrected genetic distances (diagonal and below 

the diagonal respectively) within members of the Osteocephalus leprieurii species group 

(sample size in parentheses) inferred from 551 aligned characters of a fragment of the 

mitochondrial 16S gene. ss = sensu stricto. 

 

 O. leprieurii ss O. leprieurii Ca1 O. leprieurii Ca2 O. yasuni 

O. leprieurii ss (N=4) 0.0–1.1    

O. leprieurii Ca1 (N=4) 1.7–1.8 0.0   

O. leprieurii Ca2 (N=7) 0.9–1.8 1.5–2.0 0.0–0.6  

O. yasuni (N=7) 0.7–1.8 0.9–1.3 0.6–1.5 0.0–0.7 
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Appendix S4d. Inter- and intraspecific uncorrected genetic distances (diagonal and below the diagonal respectively) within 

members of the Osteocephalus buckleyi species group (sample size in parentheses) inferred from 551 aligned characters of a 

fragment of the mitochondrial 16S gene. ss = sensu stricto. 

 

 O. buckleyi 

ss 

O. buckleyi 

Ca1 

O. helenae O. cabrerai O. 

carri 

O. mimeticus O. mutabor O. verruciger 

O. buckleyi ss 

(N=6) 

0.0–1.5        

O. buckleyi 

Ca1 (N=2) 

0.7–2.4 0.2       

O. helenae 

(N=15) 

1.3–3.1 1.3–2.6 0.0–2.2      

O. cabrerai 

(N=2) 

0.9–2.0 1.3–1.5 1.5–2.6 0.0     

O. carri (N=1) 3.9–5.0 3.7–3.9 4.0–5.1 4.0 —    

O. mimeticus 

(N=6) 

4.2–5.9 4.2–5.0 4.0–6.1 4.4–5.0 4.6 0.0–2.8   

O. mutabor ss 

(N=1) 

3.9–4.6 3.7–3.9 4.0–5.1 4.0 2.6 4.6–5.1 —  

O. verruciger 

(N=6) 

0.9–2.9 1.3–2.4 1.5–3.5 0.7–1.7 3.7 4.4–5.1 3.7–4.4 0.0–1.7 
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Appendix S5.  

Phylogenetic relationships of Dryaderces, Osteocephalus, Tepuihyla, and outgroups  

inferred from a maximum likelihood analysis, executed in the program Garli 2.0, of a 

partitioned matrix of a static alignment (generated with a multiple sequence alignment in 

Clustal-W). Partitions and their respective models of sequence evolution are detailed in 

Appendix S3. Not all loci are available for all terminals.  
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Appendix S6.1-6. Phylogenetic relationships of Dryaderces, Osteocephalus, Tepuihyla, 

and outgroups inferred from maximum parsimony analysis under a static alignment 

(generated with a multiple sequence alignment in Clustal-W) in the program T.N.T., Willi 

Hennig Society Edition. This topology reflects one of the 4797 most parsimonious trees 

(length 13254 steps), with black nodes on dots indicating collapsed clades in strict 

consensus tree; not all loci are available for all terminals. Tips are labelled with the initial 

and tentative field identifications. See Appendix S2 and/or Figs 1–4 for current 

classification. 
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Appendix S7. List of some of the molecular transformations common to all most 

parsimonious trees of the static parsimony analysis, supporting the monophyly of each of 

the three genera discussed in the text. Positions correspond to the alignment stored in Dryad 

Repository DOI (http://dx.doi.org/10.5061/dryad.j04vf). 
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Dryaderces Dryaderces (cont.) Osteocephalus Tepuihyla 

ND1 
       Char. 1018: A --> G  
       Char. 1034: C --> T  
       Char. 1048: A --> G  
       Char. 1153: A --> T  
       Char. 1180: C --> T  
       Char. 1234: T --> C  
       Char. 1267: T --> C  
       Char. 1324: C --> T  
       Char. 1327: C --> T  
       Char. 1375: T --> A  
       Char. 1412: A --> G  
       Char. 1429: C --> T  
       Char. 1432: C --> T  
       Char. 1624: T --> C  
       Char. 1636: C --> T  
       Char. 1670: A --> G  
       Char. 1679: T --> C  
       Char. 1693: C --> A  
       Char. 1739: G --> T  
       Char. 1755: T --> C  
       Char. 1756: T --> C  
       Char. 1798: C --> T  
       Char. 1810: C --> T  
       Char. 1816: C --> T  
       Char. 1828: T --> C  
       Char. 1861: C --> T  
       Char. 1880: A --> C      
       12S       
       Char. 3726: A --> C  
       Char. 3734: T --> C  
       Char. 3901: T --> A  
       Char. 3967: T --> C  
       Char. 3968: A --> C  
       Char. 3969: A --> G  
       Char. 3970: A --> T  
       Char. 3978: T --> C  
       Char. 3996: A --> G  
       Char. 4005: A --> T  
       Char. 4021: A --> G  
       Char. 4056: C --> A  
       Char. 4103: A --> C  
       Char. 4209: C --> T  
       Char. 4317: A --> T  
       Char. 4399: T --> C  
       Char. 4479: A --> C  
       Char. 4519: T --> C       
       Char. 5919: C --> T  
       Char. 5947: T --> C 

16S 
       Char. 4657: A --> C  
       Char. 4677: T --> C  
       Char. 4699: A --> C  
       Char. 4713: A --> C  
       Char. 4723: C --> T  
       Char. 4725: C --> T  
       Char. 4839: A --> T  
       Char. 5086: T --> A  
       Char. 5181: T --> C  
       Char. 5256: A --> T  
       Char. 5257: C --> A  
       Char. 5272: A --> C  
       Char. 5294: T --> C  
       Char. 5295: T --> C  
       Char. 5381: A --> G  
       Char. 5422: A --> T  
       Char. 5429: T --> C  
       Char. 5573: A --> T  
       Char. 5757: A --> T  
       Char. 5810: A --> T  
       Char. 5942: A --> G  

ND1 
       Char. 951: C --> T  
       Char. 983: A --> G  
       Char. 1054: C --> A  
       Char. 1160: T --> C  
       Char. 1192: C --> A  
       Char. 1255: T --> C  
       Char. 1463: A --> G  
       Char. 1600: T --> A  
       Char. 1673: A --> G  
       Char. 1754: G --> C  
       Char. 1759: T --> C  
       12S 
       Char. 3757: C --> T  
       Char. 3867: A --> T  
       Char. 3962: C --> T  
       Char. 4403: A --> G  
       Char. 4543: C --> T  
       Char. 4718: T --> A  
       Char. 4727: T --> C  
       16S 
       Char. 4781: T --> G  
       Char. 4920: T --> C  
       Char. 4971: A --> G  
       Char. 5068: T --> A  
       Char. 5095: C --> T  
       Char. 5106: A --> T  
       Char. 5276: T --> A  
       Char. 5277: A --> T  
       Char. 5325: C --> A  
       Char. 5417: A --> C  
       Char. 5470: T --> A  
       Char. 5532: T --> C  
       Char. 5660: C --> T  
       Char. 5759: A --> C  
       Char. 5816: C --> T 
 

ND1 
       Char. 1153: A --> C  
       Char. 1240: A --> T  
       Char. 1255: T --> A  
       Char. 1259: T --> C  
       Char. 1372: C --> T  
       Char. 1409: A --> G  
       Char. 1438: A --> T  
       Char. 1573: A --> T  
       Char. 1600: T --> C  
       Char. 1642: T --> C  
       Char. 1694: C --> A  
       Char. 1698: T --> C  
       12S 
       Char. 3760: T --> C  
       Char. 3950: A --> C  
       Char. 4053: G --> A  
       Char. 4086: C --> T  
       Char. 4197: A --> G  
       Char. 4206: T --> C  
       Char. 4308: T --> C  
       Char. 4553: C --> T  
       16S 
       Char. 4730: T --> A  
       Char. 4780: T --> G  
       Char. 4781: T --> A  
       Char. 4797: T --> A  
       Char. 4852: T --> C  
       Char. 4894: A --> T  
       Char. 4920: T --> A  
       Char. 5106: A --> C  
       Char. 5252: T --> C  
       Char. 5257: C --> T  
       Char. 5258: A --> T  
       Char. 5272: A --> T  
       Char. 5279: T --> A  
       Char. 5317: C --> T  
       Char. 5456: C --> T  
       Char. 5833: C --> A  
       Char. 5840: C --> T  
       Char. 5845: T --> C  
       Char. 5896: C --> T  
       Char. 5906: C --> T  
       Char. 5919: C --> T  
       Char. 5947: T --> C 
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Appendix S8.1. Map of localities of sampled exemplars of Dryaderces gen. n. in central 

and southern Amazonia. 
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Appendix S8.2. Map of localities of sampled exemplars of the Osteocephalus alboguttatus 

Species Group. 
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Appendix S8.3a. Map of localities of sampled exemplars of the Osteocephalus buckleyi 

Species Group (part). 
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Appendix S8.3b. Map of localities of sampled exemplars of the Osteocephalus buckleyi 

Species Group (part). 
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Appendix S8.4. Map of localities of sampled exemplars of the Osteocephalus leprieurii 

Species Group. 
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Appendix S8.5. Map of localities of sampled exemplars of the Osteocephalus planiceps 

Species Group. 
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Appendix S8.6. Map of localities of sampled exemplars of the Osteocephalus taurinus 

Species Group. 
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Appendix S8.7. Map of localities of sampled exemplars of Tepuihyla on the Guiana Shield. 
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Appendix S9. Fully inflated vocal sacs in Osteocephalus: (a) paired, lateral with subgular 

expansion (O. leprieurii, pond breeder); (b) and (c) paired, lateral with subgular expansion 

(O.verruciger, stream breeder); (d) and (e) paired, lateral with subgular expansion (O. 

buckleyi, stream breeder); (f) single, subgular (O. oophagus, phytotelm breeder). 
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Appendix S10. Egg clutches of Osteocephalus: (a) surface film (O. taurinus, pond 

breeder); (b) clutch attached to a bromeliad leaf axil at surface level (O. oophagus, 

phytotelm breeder); (c) surface film of a phytotelm breeder at a spacious site (O. planiceps) 

forming during egg-laying. 
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Appendix S11.Types of amplexus in Osteocephalus: (a) axillary (O. yasuni, pond breeder); 

(b) axillary (O. verruciger, stream breeder); (c) gular (O. leoniae, phytotelm breeder); (d) 

gular (O. deridens, phytotelm breeder); (e) axillary O. oophagus, phytotelm breeder. 
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