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RESUMO

Hylodidae ¢ composta por 46 espécies distribuidas em trés géneros:
Crossodactylus (14 spp), Hylodes (25 spp) e Megaelosia (7 spp). Essas ras-de-
corredeiras sdo diurnas e associadas a ambientes encachoeiradas ao longo da Mata
Atlantica. O alto nivel de especificacidade a esses habitats observado nesse grupo
parece estar relacionado com a morfologia externa extremamente conservada;
entretanto, outras fontes de evidéncias tem provado ser uteis para distingdo de
espécies. Meu estudo foi designado para revisar o status atual da sistematica dos
hilodideos através de uma andlise de evidéncia total que representa o maximo de
espécies (e populagdes) possiveis; confirmar o monofiletismo dos taxa validos
atualmente; avaliar a histéria evolutiva de alguns caracteres; e reconstruir mudangas
biogeograficas na distribuicdo de Hylodidae. Minha andlise de evidéncia total incluiu
dados morfoldgicos (293 caracteres) e moleculares (quatro genes mitocondriais e
cinco genes nucleares) para 34371 terminais de hilodideos mais 45 terminais de grupo
externo, resultando em 713 arvores mais parcimoniosas com 32.405 passos. Eu
recuperei Hylodidae e todos os seus géneros como monofiléticos e reconheci 59
linhagens dentro da familia. Trés sinapomorfias putativas foram identificadas para
Hylodidae baseadas na morfologia do saco vocal (saco vocal externo duplo, saco
vocal interno duplo e abertura no m. interhyoideus por onde o diverticulo passa).
Andlises da distribuicdo dos hilodideos revelaram a origem de Hylodidae na bacia

Atlantico Leste com subsequentes especiacdes alopatricas em bacias subjacentes.



ABSTRACT

Hylodidae 1s composed of 46 species distributed in three genera:
Crossodactylus (14 spp), Hylodes (25 spp), and Megaelosia (7 spp). These torrent-
frogs are diurnal and associated with riverine habitats throughout the Atlantic Rain
Forest. The high degree of habitat specificity observed in this group seems to be
associated with an extremely conservative external morphology; however, other
sources of evidence have been proved useful to distinguish species. My study was
designed to review the status of the current hylodid systematics, performing a total
evidence analysis that represents as many species (and populations) as possible;
confirm the monophyly of currently valid nominal taxa; investigate the evolutionary
history of some morphological characters; and reconstruct biogeographical changes in
the distribution of hylodids. My total evidence analysis included morphological (293
characters) and molecular data (four mitochondrial and five nuclear genes) for up to
371 hylodid terminals plus 45 outgroups, and resulted in 713 most parsimonious trees.
I recovered Hylodidae and its compounding genera as monophyletic, and recognized
58 lineages within this family. Three synapomorphies were identified for Hylodidae
based on vocal sac morphology (external double vocal sac, internal double vocal sac,
and opening of the m. interhyoideus through which the diverticulum passes). Analysis
of the distribution of hylodids revealed the origin of this frog family in the East

Atlantic river basin, with subsequent allopatric speciation in adjacent basins.



INTRODUCTION

Hylodidae Giinther, 1858 is composed of 46 frog species allocated in three
genera: Hylodes Fitzinger, 1826 (25 species), Crossodactylus Duméril and Bibron,
1841 (14 species), and Megaelosia Miranda-Ribeiro, 1923 (seven species) (Frost
2016; Figure 1). This family is endemic to the Atlantic Rain Forest, distributed from
Alagoas, northeastern Brazil, to Rio Grande do Sul and Misiones, in southern Brazil
and northern Argentina, respectively (Frost 2016). Diurnal habits are prevalent, but
some species can be active during the day and at night (Silva and Benmaman 2008),
and Megaelosia apuana was reported behaving exclusively at night (Pombal et al.
2003). Many species are extremely territorial, exhibiting complex behaviors that go
from visual displays such as foot flagging (Haddad and Giaretta 1999; Wogel ef al.
2004; Narvaes and Rodrigues 2005; Forti and Castanho 2012; Caldart ef al. 2014, Sa
et al. 2016) to aggressive movements performed during combat between males (e.g.,
aggressive kicks; Caldart et al. 2014).

Species of this family have riparian habits, being exclusively associated with
rivulets. This specialized ecology rendered hylodids their common name, the South
American torrent frogs. Silva and Benmaman (2008) took into account the extreme
association of Hylodes’ species with drainage basins—association expressed through
a several adaptations to torrent habitat, such as low frequency call and complex social
system including visual communication—and hypothesized that the distribution of the
species probably reflects the history and relations rivers and basins where they are
found. According to these authors, large rivers should act as barriers, isolating species
in small tributaries, whereas smaller rivers act as connectors through which the

species can disperse.



Figure 1. Representatives of Hylodidae: (A) Crossodactylus timbuhy (Santa Teresa,
ES); (B) Hylodes asper (Est. Biol. Boracéia, Sao Paulo, SP); and (C) Megaelosia
apauna (Domingos Martins, ES). Photos by M. Texeira Jr. (A, B) and P. Peloso (C).



Many species of Hylodidae are cryptic and exhibit an extremely conservative
morphology putatively related to their association with riverine habitats. However,
evidence coming from sources other than the external morphology of adult specimens
has been proved useful to distinguish species, such as internal morphology (viscera,
bones, cartilages, and muscles; e.g., Lynch 1971), tadpoles (pers. obs.), bioacoustics
(Canedo 2008), behavior (Caldart ef al. 2014, Sa et al. 2015), and molecules (Fabri
2013). Previous phylogenies included representatives of Hylodidae, but most of them
only used one species of each genus. Thus, the relations within the family are still
unclear.

Lynch (1971) proposed the first hypothesis of relationships regarding hylodid
species, and observed similarities between the subfamily Hylodinae (= Elosiinae) and
the family Dendrobatidae. Lynch (1971) pointed out the extreme similarity of their
cranial morphology, vertebral columns, T-shape terminal phalanges, dermal glandular
pads on top of the digital pads, and the presence of toxic skin secretions, at least in
some species; however, the author affirmed that secretions of elosiines had not been
chemically analyzed.

Lynch (1971) showed the close relationship between Elosiinae and
Dendrobatidae using a phenetic dendrogram. In addition, he supported the genus
Crossodactylus as ‘“the primitive elosiine”, despite considering the loss of the
quadradojugal in that genus a derived character. This author also recognized four
features of Crossodactylus as primitive: the presence of a medial and subgular vocal
sac, and the presence of nuptial asperities (cluster of spines), the medial vent on
tadpoles, and the ranoid pattern of the thigh musculature.

The first phylogeny including the subfamily Hylodinae was proposed by Haas

(2003) mostly based on larval characters. The results found by Haas (2003) supported



those by Lynch (1971), showing the subfamily Hylodinae as sister-group of
Dendrobatidae. Nuin and Val (2005) proposed an alternative hypothesis based
exclusively on morphological characters of adults. These authors recovered
relationships fairly distinct from those proposed by Haas (2003). Nuin and Val’s
hypothesis showed Hylodinae as sister-group of an unresolved clade containing
representatives of Cycloramphidae, Leptodactylidae, and Strabomantidae (sensu Frost
2016). The internal relationships of Hylodidae recovered by Nuin and Val (2005)
suggested Crossodactylus as sister-group of Hylodes, and both as sister-group of
Megaelosia, contradicting Lynch’s (1971) hypothesis.

The phylogeny proposed by Frost ef al. (2006) based mainly on molecular data,
suggested Hylodinae as a subfamily of Cycloramphidae. Concerning the internal
relationships of Hylodidae, Frost ef al. (2006) recovered a topology where Hylodes
and Megaelosia are sister groups, and both forming the sister clade of Crossodactylus.

The subfamily Hylodinae was elevated to family rank by Grant et al. (2006) in
their comprehensive study of the superfamily Dendrobatoidae using total evidence.
The results recovered by Grant et al. (2006) supported those of Lynch (1971) and
Hass (2003). Moreover, in Grant ef. al.’s phylogeny, the clade (Hylodidae +
Dendrobatoidae) was recovered as sister group of Bufonidae. The internal
relationships among species of Hylodidae recovered in Grant ef al. (2006) were
completely congruent with those of Frost et al. (2006).

Pyron and Wiens (2011) proposed the most comprehensive phylogeny of
Amphibia based exclusively on molecular data. These authors recovered the clade
(Cycloramphidae (Hylodidae + Alsodidae)) and showed that the only sampled species
of Megaelosia (M. goeldi) is actually imbedded in Hylodes, reveling the likely

paraphyletic condition of this latter genus.



As shown above, several phylogenetic studies that included Hylodidae taxa
diverged with respect to the relationships recovered. In addition, no phylogenetic
study published until now had the goal of clarifying the internal relationships of
Hylodidae. Most analyses included just a few representatives of this family, usually
one species of each genus. Indeed, Nuin and Val (2005) were the first to focus on the
interspecific relationships hylodids; even though only 13 species were sampled,
representing approximately one third of all currently valid nominal species. That said,
future investigations of internal relationships in Hylodidae and its position in relation
to other families clearly require the inclusion of additional hylodid taxa.

In an unpublished Master’s dissertation, Fabri (2013) produced the first
taxonomically inclusive phylogeny of Crossodactylus, employing exclusively
molecular data. This work remains up to date as the most inclusive phylogenetic
analysis of Hylodidae. Fabri (2013) recovered Crossodactylus as a well-supported
group (Goodman—Bremer index = 43), sister of Megaelosia + Hylodes.
Crossodactylus was divided into two large clades: Clade A, containing C.
gaudichaudii complex, C. aeneus complex, and a several unidentified terminals from
Bahia and Espirito Santo; Clade B, including C. bokermanni (= C. trachystomus)
complex, C. schmidti complex, C. caramaschii complex, and all unidentified
terminals from southern Brazil and from the state of Sdo Paulo. The results found by
Fabri offered no support to the species groups proposed by Caramaschi and Sazima
(1985), reinforcing Pimenta ef al.’s (2014) recommendation not to use those phenetic
groupings.

Fabri’s (2013) phylogeny also included 16 species of Hylodes and recovered a
clade composed of H. cf. charadranaetes (H. nasus (H. dactylocinus (H. asper))) as

sister of another major clade comprising the other 12 species of the H. lateristrigatus



group (sensu Heyer 1982) plus H. glaber. Heyer’s H. nasus group was recovered as
monophyletic in Fabri’s hypothesis. Disregarding the probable misidentification of H.
cf. charadranaetes, all species of H. lateristrigatus group were recovered in a unique
clade. However, the placement of H. glaber (Miranda-Ribeiro 1926) (previously
allocated in a monotypic group by Heyer 1982) within the H. lateristrigatus group
made the monophyly of H. lateristrigatus species groups (sensu Heyer 1982)
questionable.

Until recently, all phylogenetic studies had only included Megaelosia goeldii
(Baumann 1912) to represent the genus Megaelosia. Fabri (2013) was the first to
analyze four species of Megaelosia. Surprisingly, her results grouped M. goedii as
sister-group of Hylodes, and all other Megaelosia clustered together as sister-group of

M. goeldii + Hylodes. These results clearly render a paraphyletic Megaelosia.

TAXONOMY HISTORY

The name Hylodidae was proposed by Gilinther (1858) for the genera
Crossodactylus Duméril and Bibron 1841, Hylodes Fitzinger 1826, Phyllobates
Duméril and Bibron 1841, and Platymantis Giinther 1858. However, Miranda-Ribeiro
(1923) proposed the name Elosiidae for the genus Crossodactylus, Hylodes, and
Megaelosia Miranda-Ribeiro 1923. Lutz (1930) defined this group as a subfamily of
Leptodactylidae Werner 1896 (1838). After that, Savage (1973) changed the name of
this subfamily to Hylodinae claiming its taxonomic priority. Finally, Grant et al.
(2006) elevated this subfamily to family rank, using the name Hylodidae proposed by

Giinther (1858), comprising the genera Crossodactylus, Hylodes, and Megaelosia.



Crossodactylus

Crossodactylus was proposed by Duméril and Bibron in 1841, who designated
C. gaudichaudii Duméril and Bibron, 1841 as type species of the genus. I will provide
just a brief summary of the most relevant taxonomic acts that affected
Crossodactylus. For more details, see Pimenta (2008) and Pimenta et al. (2014, 2015).

Duméril and Bibron (1841) described Crossodactylus gaudichaudii in the same
work where they proposed the genus Crossodactylus. Bell (1843) described
Limnocharis fuscus based on a specimen collected by C. Darwin in Rio de Janeiro.
Fitzinger (1860) identified some individuals from the expedition ‘Fragata Nova’ as
Phyllobates fuscigula Fitzinger 1860 and others as C. gaudichaudii; however,
Seindachner (1865) concluded that both species are the same taxon. Cope (1866)
synonymized Crossodactylus to Phyllobates, resulting the new combination
Phyllobates gaudichaudii (Duméril and Bibron 1841). Two years later, Steindachner
(1867) named P. fuscigula, a junior synonym of C. gaudichaudii, ignoring Cope’s
decision.

The species Tarsopterus trachystomus was described by Reinhardt and Liitken
(1862 “1861”) and this genus was considered very close to Crossodactylus.
Boulenger (1882) considered 7. trachystomus a junior synonym of C. gaudichaudii;
however, the author also considered the genus Crossodactylus a junior synonym of
Leptodactylus Fitzinger 1826, resulting in the new combination Leptodactylus
gaudichaudii. Finally, Miranda-Ribeiro (1923) revalidated Crossodactylus based on
pectoral girdle morphology and absence of vomerine teeth (characters that are present
in Leptodactylus). Lutz (1930) provided a taxonomic review of Elosiinae (including
the genus Basanitia Miranda-Ribeiro (1923) with reservation (i.e., he already had

doubts about the inclusion of Basanitia in Elosiinae), now a junior synonym of
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Ischnocnema Reinhardt and Liitken 1862), and synonymized Calamobates boulengeri
De Witte, 1930 with C. fuscigula Lutz 1930, posteriorly synonymized with C. dispar
Lutz 1925 by Cochran (1955).

Caramaschi and Sazima (1985) recognized three species groups in this genus:
the C. gaudichaudii group, including C. aeneus Miller 1924, C. bokermanni
Caramaschi and Sazima 1985, and C. gaudichaudii Duméril and Bibron 1841,
characterized by protruding snout and distinct canthus rostralis; the C. trachystomus
group, including C. dispar A. Lutz 1925, C. grandis B. Lutz 1951, and C.
trachystomus (Reinhardt and Liitken 1862), characterized by short, rounded snout,
and less evident canthus rostralis; and the monospecific group of C. schmidti Gallardo
1961, characterized by very short snout and rounded canthus rostralis. All species
described subsequently by Caramaschi and Sazima (1985) and before Pimenta et al.
(2014), i.e., C. dantei Carcerelli and Caramaschi 1992, C. lutzorum Carcerelli and
Caramaschi 1992, C. caramaschii Bastos and Pombal 1995, and C. cyclospinus
Nascimento, Cruz, and Feio 2005, were allocated in the C. gaudichaudii group;
except by C. bokermanni Caramaschi and Sazima 1985, whose inclusion in that group
was questioned by Pimenta ef al. (2008).

In a recent paper, Pimenta et al. (2014) described two new species, C. timbuhy
Pimenta, Cruz, and Caramaschi 2014 and C. werneri Pimenta, Cruz, and Caramaschi
2014; and resurrected another one, C. boulengeri (De Witte 1930). In their discussion,
they report several problems with the characters used by Caramaschi and Sazima
(1985) to delimit species and groups in Crossodactylus. These authors discouraged
the use of phenetic groups, but refrained from proposing new taxonomic groupings.
Thus, the three species described in their paper, and also C. franciscanus Pimenta,

Caramaschi, and Cruz 2015, described in the following year, were not included in any
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group proposed by Caramaschi and Sazima (1985). Reinforcing their skepticism with
respect to the validity of previously defined species groups of Crossodactylus,
Pimenta et al. (2015) synonymized C. bokermanni with C. trachystomus, two species

that belonged to different species group as per Caramaschi and Sazima (1985).

Hylodes

Hylodes was proposed by Fitzinger (1826) for the species Hylodes gravenhorstii
(Fitzinger 1826), a nomen nudum, and Hyla ranoides (Spix 1824). Wagler (1830)
used the name Hylodes replacing Enydrobius. Tschudi (1838) described a new species
for Hylodes, H. martinicensis, and the genus Elosia, whose type species was Hyla
nasus (Lichtesnstein 1823), wrongly spelled by Tschudi as Hyla nasuta. Fitzinger
(1843) assigned H. martinicensis as type species of Hylodes, though this designation
was made by monotypy as Hyla ranoides. The author also described Scinacodes and
assigned Hyla nasus as its type species, but Cochran (1955) synonymized this genus
with Elosia. Although Steindachner (1865) synonymized Elosia with Hylodes, and
Stejneger (1904) proposed that synonymy once again, this synonym became broadly
accepted only after the revision made by Meyers (1962). This author observed that the
name “Hylodes” was proposed twice by the same author for two different genera
(Fitzinger 1826, 1843). Peters (1872) synonymized Hyla ranoides with Hyla nasus.
However, the type locality of H. nasus and the locality where Spix collected Hyla
ranoides (“Provincia Bahiae™) are contradictory. Nascimento ef al. (2001) suggested
that the locality provided by Spix is wrong. For more details, see Canedo (2008).

Heyer (1982) proposed four species groups in Hylodes on the basis of external
morphology alone. The H. glaber group (named as H. pulcher group), including only

H. glaber (=H. pulcher; Miranda-Ribeiro 1926), characterized by distinctive,
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moderate sized, slender, ranoid-like species; the H. mertensi group, including only H.
mertensi (Bokermann 1956), characterized by a large and robust species with leathery
dorsal skin; the H. nasus group, nowadays including H. nasus (Lichtenstein 1823), H.
asper (Miller 1924), H. cardosoi Lignau, Canedo, and Pombal 2008, and H.
dactylocinus Pavan, Narvaes, and Rodrigues 2008, characterized by moderate to large
size, robust body with granular dorsal surfaces, and absence of light dorsolateral
stripes; and the H. lateristrigatus group, currently including H. lateristrigatus
(Baumann 1912), H. perplicatus (Miranda-Ribeiro 1926), H. meridionalis (Mertens
1927), H. magalhaesi (Bokermann 1964), H. ornatus (Bokermann 1967), H. regius
Gouvéa 1979, H. babax Heyer 1982, H. vanzolini Heyer 1982, H. otavioi Sazima and
Bokermann 1983, H. charadranaetes Heyer and Cocroft 1986, H. phyllodes Heyer
and Cocroft 1986, H. sazimai Haddad and Pombal 1995, H. heyeri Haddad, Pombal,
and Bastos 1996, H. uai Nascimento, Pombal, and Haddad 2001, H. amnicola
Pombal, Feio, and Haddad 2002, H. fredi Canedo and Pombal 2007, H. pipilans
Canedo and Pombal 2007, H. perere Silva and Benmaman 2008, and H. japi Sa,
Canedo, Lira, and Haddad 2015, characterized by small to moderate size, body
slender, ranoid-like, dorsum smooth, and in most members with light dorsolateral
stripes. Heyer’s (1982) phenetic groups have not been tested phylogenetically; yet, the
groupings proposed in that study have been broadly employed in the taxonomic

literature of Hylodes until presently (e.g., Sa et al. 2015).

Megaelosia
Miranda-Ribeiro (1923) described the genus Megaelosia to allocate Elosia
bufonia Girard 1853, but the specimen described was found to correspond to

Megaelosia goeldii, previously described by Baumann (1912). Later, Elosia bufonia
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was considered a synonym of M. goeldii (Lutz 1930, Bokermann 1966). Until the
early 1970s, Megaelosia was considered a monotypic genus (Lynch 1971). The
second species was only described in 1985 (Megaelosia lutzae 1zecksohn and Gouvea
1987). Giaretta ef al. (1993) described additional species for Megaelosia during their
taxonomic revision. In that work, the author confirmed the validity of Megaelosia
massarti (De Witte 1930), questioned (but never changed) by Lutz (1930), Cochran
(1955), and Bokermann (1966), and described a new species, Megaelosia bocainensis
Giaretta, Bokermann, and Haddad 1993. Two more species were described after this
revisionary study, M. boticariana (Giaretta and Aguiar 1998) and M. apuana (Pombal
et al. 2003).

Currently, this genus is composed of seven species: M. goeldii (Baumann 1912),
M. massarti (De Witte 1930), M. jordanensis (Heyer 1983), M. lutzae 1zecksohn and
Gouvéa 1987, M. bocainensis Giaretta, Bokermann, and Haddad 1993, M.
boticariana Giaretta and Aguiar 1998, M. apuana Pombal, Prado and Canedo 2003.

No species groupings were proposed for Megaelosia thus far.

CONCLUSION

. Thoropa millilaris and the superfamily Dendrobatoidea (Aromobatidae +
Dendrobatidae) were recovered as sister group of Hylodidae.

. Hylodidae and its three compounding genera, Crossodactylus, Hylodes, and
Megaelosia, were recovered as monophyletic with high support.

. I detected 59 lineages within Hylodidae. For Crossodactylus, 1 recognized 20

lineages distributed in three major clades (Crossodactylus ‘MG’,
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Crossodactylus ‘SP / South’, and Crossodactylus ‘SE / NE’). Regarding
Megaelosia, 1 defined six lineages. And, for Hylodes, 1 recognized 33 lineages
distributed in five major clades (Hylodes ‘South’, Hylodes ‘Serra do Mar / no
spine’, Hylodes ‘Serra do Mar / spine’, Hylodes ‘MG / ES’, and Hylodes ‘Serra
da Mantiqueira’).

The phenetic groups of Hylodes and Crossodactylus proposed in 1980s were not
recovered as monophyletic clades.

Several characters were revealed as synapomorphic for Hylodidae, such as the
condition of the vocal sac and its relation with the interhyoideus muscle;
presence of anteromedial supplementary element of m. intermandibularis; and
the presence of supernumerary papillae in the oral disc of tadpoles.

The origin of Hylodidae was inferred in the East Atlantic basin, and subsequent
allopatric speciation in adjacent river basins is hypothesized to have produced

the taxonomic diversity currently observed in this group.

15



REFERENCES

Aguiar Jr., O., Carvalho, K.A., Giaretta, A.A., and Recco-Pimentel, S.M. 2004.
Cytogenetics of Hylodes and Crossodactylus species (Anura, Leptodactylidae)
with comments on Hylodinae/Dendrobatidae relationships. Genetica, 121: 43-
53.

Bastos, R.P. and Pombal Jr., J.P. 1995. New species of Crossodactylus (Anura:
Leptodactylidae) from the Atlantic Rain Forest of southeastern Brasil. Copeia
1995: 436-439.

Baumann, F. 1912. Brasilianische Batrachier des Berner Naturhistorischen Museums
nebst Untersuchenugen iiber die geographische Verbreitung der Batrachier in
Brasilien. Zoologische Jahrbiicher. Abteilung fiir Systematik, Geographie und
Biologie der Tiere. Jena 33: 87-172.

Becak, M.L. 1968. Chromosomal analysis of eighteen species of Anura. Caryologia
21 (3): 191-208.

Bell, T. 1843. The Zoology of the H.M.S. Beagle, part V: Reptiles (reimpressao em
fac-simile). Lawrence: Society for the Study of Amphibians and Reptiles, 100p.

Bertoluci, J. and Heyer, W.R. 1995. Boracé¢ia Update. Froglog 14: 2-3.

Blotto, B. 2013. Contribuiciones al conocimiento de la filogenia y morfologia de
Hyloides (Amphibia: Anura). PhD Thesis. Universidad de Buenos Aires,
Facultad de Ciencias Exactas y Naturales. Buenos Aires, Argentina.

Bogart, J.P. 1970. Systematic problems in the amphibian family Leptodactylidae
(Anura) as indicated by karyotypic analysis. Cytogenetics 9: 369-383.

Bokermann, W.C.A. 1956. Una nueva especie del genero Elosia del Sudeste del

Brasil (Amphibia: Salientia: Leptodactylidae). Neotropica 2 (9): 81-84.

16



Bokermann, W.C.A. 1964. Una nueva especie de Elosia de la Serra da Mantiqueira,
Brasil (Amphibia, Leptodactylidae). Neotropica 10 (33): 102-107.

Bokermann, W.C.A. 1966. Lista Anotada das Localidades Tipo de Anfibios
Brasileiros. Servico de Documentacao da Reitoria da Universidade de Sao
Paulo, Sao Paulo. 181pp.

Bokermann, W.C.A. 1967. Una nueva especie de Elosia de Itatiaia, Brasil (Amphibia,
Leptodactylidae). Neotropica 13 (42): 135-137.

Bossut, F. and Milincovitch, M.C. 2000. Convergent adaptive radiations in
Madagascan and Asian frogs reveal covariation between larval and adult traits.
Proceedings of the National Academy of Science USA 97: 6585-9590.

Boulenger, G.A. 1882. Catalogue of the Batrachia Salientia s. Ecaudata in the
collection of the British Museum. Trustees, British Mus. (Nat. Hist.), London.
495 pp.

Bremer, K. 1988. The limits of amino acid sequence data in angiosperm phylogenetic
reconstruction. Evolution 42: 795-803.

Burton, T.C. 1983. The musculature of the Papuan frog Phrynomantis stictogaster
(Anura: Microhylidae). Journal of Morphology, 175: 307-324.

Burton, T.C. 1996. Variation in the Hand and Superficial Throat Musculature of
Neotropical Leptodactylid Frogs. Herpetologica, 54: 53-72

Burton, T.C. 1998a. Variation in the hand and superficial throat musculature of
neotropical leptodactylid frogs. Herpetologica 54(1): 53-72.

Burton, T.C. 1998b. Are the distal extensor muscles of the fingers an adaptation to
arboreality? Journal of Herpetology 32: 611-617.

Burton, T.C. 2004. Muscles and pes of hylid frogs. Journal of Morphology 260: 209-

233.

17



Caldart, V.M., Iop, S., and Cechin, S.Z. 2014. Social interactions in a neotropical
stream frog reveal a complex repertoire of visual signals and the use of
multimodal communication. Behaviour 151: 719-739.

Campos, J.R.C. 2010. Constitui¢ao cariotipica em leptodactilideos do género
Leptodactylus ¢ em espécies de familias relacionadas a Leptodactylidae
(Amphibia: Anura). PhD Thesis. Universidade Estadual Paulista.

Candioti, M.F.V. 2007. Anatomy of anuran tadpoles from lentic water bodies:
systematic relevance and correlation with feeding habits. Zootaxa, 1600: 1-175.

Candioti, M.F.V. and Altig, R. 2010. A servey of shape variation in keratinized labial
teeth of anuran larvae as relatated to phylogeny and ecology. Biological Journal
of the Linnean Society, 101 (3): 609-665.

Canedo, C.C. 2008. Revisdo Taxondmica de Hylodes Fitzinger, 1826 (Anura,
Hylodidae). PhD Thesis. Universidade Federal do Rio de Janeiro — Museu
Nacional, Rio de Janeiro, RJ.

Canedo, C., and J. P. Pombal, Jr. 2007. Two new species of Torrent frog of the genus
Hylodes (Anura, Hylodidae) with nuptial thumb tubercles. Herpetologica 63:
224-235.

Caramaschi, U. and Sazima, 1. 1985. Uma nova espécie de Crossodactylus da Serra
do Cipd, Minas Gerais, Brasil (Amphibia, Leptodactylidae). Revista Brasileira
de Zoologia 3: 43-49.

Carcerelli, L.C. and Caramaschi, U. 1992. Ocorréncia do género Crossodactylus
Duméril and Bibron, 1841 no nordeste brasileiro com descricdo de duas
espécies novas (Amphibia, Anura, Leptodactylidae). Revista Brasileira de
Biologia 52: 415-422.

Cei, J.M. 1980. Amphibians of Argentina. Monitore Zoologico Italiano (N. S.)

18



Monografias. 2: 1-609.

Cochran, D.M. 1955. Frogs of southeastern Brazil. United States National Museum
Bulletin 206: 1-423 + 34 plates.

Colgan, D.J., McLauchlan, A., Wilson, G.D.F., Livingston, S.P., Edgecombe, G.D.,
Macaranas, J., and Cassis, G. 1999. Histone H3 and U2 snRNA DNA sequences
and arthropod molecular evolution. Australian Journal of Zoology 46: 419-437.

De S4, R.O, Grant, T., Camargo, A., Heyer, W.R., Ponssa, M.L., and Stanley, E.
2014. Systematics of the Neotropical Genus Leptodactylus Fitzinger, 1826
(Anura: Leptodactylidae): Phylogeny, the Relevance of Non-molecular
Evidence, and Species Accounts. South American Journal of Herpetology, 9?:
S1-S100.

De Witte, G.F. 1930. Liste des reptiles et batraciens récoltés au Brésil par la Mission
Massart (1922-1923) et description de sept nouvelles especes. In J. MASSART
(ed.) Une Mission Biologique Belge au Brésil, (Avril 1922-Mai 1923). 2: 1-18
+ 28 pls.

Denaro, L. 1972. Karyotypes of Leptodactylidae anuras. Journal of Herpetology 6
(1): 71-74.

Duellman, W.E. and Trueb, L. 1986. Biology of Amphibians. McGraw Hill, New
York, 670 p.

Duméril, A.M.C. and Bibron, G. 1841. Erpétologie Générale ou Histoire Naturelle
Compléte des Reptiles. Tome 8. Comprenant 1'Histoire Générale des Batraciens,
et la description des cinquante-duex generes et des cent soixante-trois espéces
des duex premiers sous-ordres: Les péromeles qui n'ont pas de members, et les

anoures qui sont privés de la queue. Librairie Encyclopédique de Roret, Paris.

19



Fouquet, A., Blotto, B., Maronna, M., Verdade, V., Junca, F., and Rodrigues, M.T.
2013. Unexpected phylogenetic positions of the genera Rupirana and
Crossodactylodes reveal insights into the biogeography and reproductive
evolution of leptodactylid frogs. Molecular Phylogenetic and Evolution 67 (2):
445-457.

Fabrezi, M. 1992. El carpo de los anuros. Alytes 10(1): 1-29.

Fabrezi, M. 1993. The anuran tarsus. Alytes 11(2): 47-63.

Fabrezi, M. and Alberch, P. 1996. The carpal elements of anurans. Herpetologica 52:
188-204.

Fabri, D.A. 2013. Molecular phylogenetics of Crossodactylus Duméril and Bibron,
1841: (Anura: Hylodidae). Msc. Dissertation. Pontificia Universidade Catolica
do Rio Grande do Sul, Porto Alegre, RS. http://hdl.handle.net/10923/5587.

Faivovich, J. 2002. A cladistic analysis of Scinax (Anura: Hylidae). Cladistics 18:
367-393.

Feller, A.E. and Hedges, S.B. 1998. Molecular evidence for the early history of living
amphibians. Molecular Phylogenetics and Evolution 9: 509-516.

Fitzinger, L.J.F.J. 1826. Neue Classification der Reptilien nach ihren Natiirlichen
Verwandtschaften nebst einer Verwandtschafts-Tafel und einem Verzeichnisse
der Reptilien-Sammlung des K. K. Zoologisch Museum’s zu Wien. Wien VIII +
66pp.

Fitzinger, L.J.F.J. 1860. Die Ausbeute der 0sterreichischen Naturforscher an
Sdugethieren und Reptilien wihrend der Weltumsegelung Sr. Majestét Fregatte
Novara. Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften 42:

383-416.

20



Folmer, O., Black, M., Hoeh, W., Lutz, R., and Vrijenhock, R. 1994. DNA primers
for amplification of mitochondrial cytochrome oxidase ¢ subunit I from diverse
metazoan invertebrates. Molecular Marine Biology and Biotechnology 3: 294-
299.

Ford, L.S and Cannatella, D.C. 1993. The mayor clades of frogs. Herpetological
Monographs, 7: 94-117.

Forti, L.R. and Castanho, L.M. 2012. Behavioural repertoire and a new geographical
record of the torrent frog Hylodes cardosoi (Anura: Hylodidae). Herpetological
Bulletin 121: 17-22.

Franco-Belussi, L., Zieri, R., Santos, L.R.S., Moresco, R.M., and Oliveira, C. 2009.
Pigmentation in anuran testes: anatomical pattern and variation. The anatomical
record 292: 178-182.

Franco-Belussi, L., Santos, L.R.S., Zieri, R., and Oliveira, C. 2011. Visceral
pigmentation in four Dendropsophus species (Anura: Hylidae): occurrence and
comparison. Zoologischer Anzeiger 250: 102-110.

Franco-Belussi, L., Santos, L.R.S., Zieri, R., and Oliveira, C. 2012. Visceral
pigmentation in three species of the genus Scinax (Anura: Hylidae): distinct
morphological pattern. The anatomical record 295: 298-306.

Frost, Darrel R. 2016. Amphibian Species of the World: an Online Reference.
Version 6.0 (January 20™ 2017). Electronic Database accessible at
http://research.amnh.org/herpetology/amphibia/index.html. American Museum
of Natural History, New York, USA.

Frost, D.R., Grant, T., Faivovich, J., Bain, R.H., Haas, A., Haddad, C.F.B., De Sa,
R.O., Channing, A., Wilkinson, M., Donnellan, S.C., Raxworthy, C.J.,

Campbell, J.A., Blotto, B.L., Moler, P., Drewes, R.C., Nussbaum, R.A., Lynch,

21



J.D., Green, D.M. and Wheeler, W.C. 2006. The amphibian tree of life. Bulletin
of the American Museum of Natural History 297, 1-370.

Gallardo, J.M. 1961. Anfibios anuros de Misiones com la descripcion de una nueva
especie de Crossodactylus. Neotropica 7: 33-38.

Giaretta, A.A. and Aguiar Jr., O. 1998. A new species of Megaelosia from the
Mantiqueira range, Southeatern Brazil. Journal of Herpetology 32 (1): 80-83.

Giaretta, A.A., Bokermann, W.C.A., and Haddad, C.F.B. 1993. A review of the genus
Megaelosia (Anura: Leptodactylidaec) with a description of a new species.
Journal of Herpetology 27: 276-285.

Girard, C.F. 1853. Descriptions of new species of reptiles, collected by the U.S.
Exploring Expedition, under the command of Capt. Charles Wilkes, U.S.N.
Second part. - Including the species of batrachians, exotic to North America.
Proceedings of The Academy of Natural Sciences of Philadelphia 6: 420—424.

Giribert, G., Wheeler, W.C., and Muona, J. 2002. DNA multiple sequence
alignments. /In Molecular Systematics and Evolution: Theory and Practice, 107-
114.

Goebel, A.M., Donnelly, J.M., and Atz, M.E. 1999. PCR primers and amplification
methods for 12S ribosomal DNA, the control region, cytochrome oxidase I, and
cytochrome b in bufonids and other frogs, and an overview of PCR primers
which have amplified DNA in amphibians successfully. Molecular
Phylogenetics and Evolution 11: 163-199.

Goloboff, P.A. 1996. Methods for faster parsimony analysis. Cladistics 12: 199-220.

Goloboff, P.A. 1999. Analyzing large data sets in reasonable times: solutions for

composite optima. Cladistics 15: 415-428.

22



Goloboff, P.A. and Catalano, S.A. 2016. TNT version 1.5, including a full
implementation of phylogenetic morphometrics. Cladistics 32 (3): 221-238.
Goloboff, P.A., Farris, J.S. and Nixon, K.C. 2008. TNT, a free program for

phylogenetic analysis. Cladistics 24: 1-13.

Goodman, M., Olson, C.B., Beeber, J.E., Czelusniak, J., 1982. New perspectives in
the molecular biological analysis of mammalian phylogeny. Acta Zoologica
Fennica, 169: 19-35.

Gouvéa, E. 1979. Uma nova espécie de elosiineo da Serra do Itatiaia (Amphibia,
Anura, Leptodactylidae). Revista Brasileira de Biologia 39: 855-859.

Grant, T. and Kluge, A.G. 2003. Data exploration in phylogenetic inference:
scientific, heuristic, or neither. Cladistics 19: 379-418.

Grant, T. and Kluge, A.G. 2008a. Clade support measures and their adequacy.
Cladistics 24: 1051-1064.

Grant, T. and Kluge, A.G. 2008b. Credit where credit is due: the Goodman-Bremer

support metric. Molecular Phylogenetics and Evolution 49: 405—409.

Grant, T. and Kluge, A.G. 2009. Parsimony, explanatory power, and dynamic
homology testing. Systematics and Biodiversity, 7: 357-363.

Grant, T., Frost D.R., Caldwell J.P., Gagliardo, R., Haddad, C.F.B., Kok, P.J.R.,
Means, B. D., Noonan, B.P., Schargel, W. and Wheeler, W.C. 2006.
Phylogenetic systematics of dart-poison frogs and their relatives (Anura:
Athesphatanura: Dendrobatidae). Bulletin of the American Museum of Natural
History 299: 1-262.

Graybeal, A. 1997. Phylogenetic relationships of bufonid frogs and tests of alternate
macroevolutionary hypothesis characterizing their radiation. Zoological Journal

of the Linnean Society 119: 297-338.

23



Griffiths, 1. 1959. The phylogeny of Sminthillus limbatus and the status of the
Brachycephalidae (Amphibia, Salientia). Journal of Zoology 132 (3): 457-487.

Gunther, A. 1858. On the systematic arrangement of the tailless batrachians and the
structure of Rhinophrynus dorsalis. Annals and Magazine of Natural History 3:
61-74.

Haas, A. 2003. The phylogeny of frogs as inferred from primarily larval characters.
Cladistics 19: 23-89.

Haddad, C.F.B. and Giaretta, A.A. (1999). Visual and acoustic communication in the
Brazilian torrent frog, Hylodes asper (Anura: Leptodactylidae). Herpetologica
55:324-333.

Haddad, C.F.B and Pombal Jr., J.P. 1995. A new species of Hylodes from
southeastern Brazil (Amphibia: Leptodactylidae). Herpetologica 51 (3): 279-
286.

Haddad, C.F.B, Pombal Jr., J.P., and Bastos, R.P. 1996. New species of Hylodes from
the Atlantic Forest of Brazil (Amphibia: Leptodactylidae). Copeia 1996(4):
965-969.

Hedges, S.B. 1994. Molecular evidence for the origin of birds. Proceedings of the
National Academy of Science USA 91: 2621-2624.

Heinicke, M.P., Duellman, W.E., Trueb, T., Means, D.B., MacCulloch, R.D., &
Hedges, S.B. 2009. A new frog family (Anura: Terrarana) from South America
and an expanded direct-developing clade revealed by molecular phylogeny.
Zootaxa 2211: 1-35.

Hennig, W. 1966. Phylogenetic systematics. Univ. of Illinois Press, Urbana, U.S.A.

Heyer, W. R. 1982. Two new species of the frog genus Hylodes from Caparad, Minas

Gerais, Brasil (Amphibia: Leptodactylidae). Proceedings of the Biological

24



Society of Washington 95: 377-385.

Heyer, W.R. 1983. Variation and systematics of frogs of the genus Cycloramphus
(Amphibia, Leptodactylidae). Arquivos de Zoologia, Universidade de Sdo
Paulo, 30 (4): 235-339.

Heyer, W.R. and Cocroft, R.B. 1986. Description of two new species of Hylodes from
the Atlantic Forests of Brazil (Amphibia, Leptodactylidae). Proc. Biol. Soc.
Wash. 99(1): 100-109.

Heyer, W.R., Rand, A.S., Cruz, C.A.G., and Peixoto, O.L. 1988. Decimations,
extinctions, and colonizations of frog populations in Southeast Brasil and their
evolutionary implications. Biotropica 20: 230-235.

Heyer, W.R.; A.S. Rand; C.A. Cruz; O.L. Peixoto and C.E. Nelson. 1990. Frogs of
Boracéia. Arquivos de Zoologia, 31(4): 1-410.

Hillis, D.M., and Dixon, M.T. 1991. Ribosomal DNA: molecular evolution and
phylogenetic inference. The Quarterly Review of Biology, 66: 411-453.

Inger, R.F. 1956. Morphology and development of the vocal sac apparatus in the
African frog Rana (Ptychadena) porosissima Steindachner. Journal of
Morphology 99 (1): 57-72.

Izecksohn, E. and Gouvéa, E. 1987 "1985". Nova especie de Megaelosia de Itatiaia,
Estado do Rio de Janeiro. Arquivos de Universidade Federal Rural do Rio de
Janeiro 8: 17-22.

Katoh, K.; Misawa, K.; Kuma K. and Miyata, T. 2002. MAFFT: a novel method for
rapid multiple sequence alignment based on fast Fourier transform. Nucleic
Acids Res. 30: 3059-3066.

Kearse, M.; Moir, R.; Wilson, A.; Stones-Havas, S.; Cheung, M.; Sturrock, S.;

Buxton, S.; Cooper, A.; Markowitz, S.; Duran, C.; Thierer, T.; Ashton, B.;

25



Mentjies, P.and Drummond, A. 2012. Geneious Basic: an integrated and
extendable desktop software platform for the organization and analysis of
sequence data. Bioinformatics 28(12): 1647—1649.

Kluge, A.G. 1989. A concern for evidence and a phylogenetic hypothesis of
relationships among Epicrates (Boidae, Serpente). Systematic Zoology 38: 7-25.

Kluge, A.G 2001. Parsimony with and without scientific justification. Cladistics 17:
199-210.

Kluge, A.G and Grant, T. 2006. From conviction to anti-superfluity: old and new
justifications of parsimony in phylogenetic inference. Cladistics 22: 276-288.

Kocher, T.D., Thomas, W.K., Meyer, A., Edwards, S.V., Paabo, S., Villablanca, F.X.
and Wilson, A.C. 1989. Dynamics of mitochondrial DNA evolution in animals:
amplification and sequencing with conserved primers. Proceedings of the
National Academy Science USA 86: 6196-6200.

Laia, R.C. and Rocha, C.F.D. 2012. Adults and tadpoles of species of Hylodidae
(Anura): history and taxonomy perspectives. Zoologia 29 (1): 89-94.

Lannoo, M.J. 1987. Neuromast topography in anuran amphibians. Journal of
Morphology 191: 115-129.

Lichtenstein, H. 1823. Verzeichniss der Doubletten des zoologischen Museums der
Konigl. Universitidt zu Berlin nebst Beschreibung vieler bisher unbekannter
Arten von Siugethieren, Vogeln, Amphibien und Fischen. Berlin: T.
Trautwein.

Lignau, R., Canedo, C.C., and Pombal Jr., J.P. 2008. A new species of Hylodes
(Anura: Hylodidae) from the Brazilian Atlantic Forest. Copeia 2008 (3): 595-

602.

26



Liu, C.C. 1935. Types of vocal sac in the Salientia. Procedings of the Boston Society
of Natural History 41 (3): 19-40.

Luna, M. C., Taboada, C., Baéta, D. and Faivovich, J. 2012. Structural diversity of
nuptial pads in Phyllomedusinae (Amphibia: Anura: Hylidae). J. Morphol., 273:
712-724.

Lutz, A. 1925. Batraciens du Brésil. Comptes Rendus des Séances de la Societé de
Biologie et de ses Filiales 93: 137-139.

Lutz, A. 1930. Observacdes sobre bratrachios brasileiros: Taxonomia e biologia das
Elosiinas. Memorias do Instituto Oswaldo Cruz 24 (4): 195-222.

Lutz, B. 1951. Nota prévia sobre alguns anfibios anuros do Alto Itatiaia. O Hospital
39: 705-707.

Lynch, J.D. 1971. Evolutionary relationships, osteology, and zoogeography of
Leptodactylidae frogs. University of Kansas Museum of Natural History,
Miscellaneous Publication 53: 1-238.

Lynch, J.D. 1993. The value of the M. depressor mandibulae in phylogenetic
hypotheses for Eleutherodactylus and its allies (Amphibia, Leptodactylidae).
Herpetologica 49 (1): 32-41.

Lynch, J.D. and Duellman, W.E. 1997. Frogs of the genus Eleutherodactylus
(Leptodactylidae) in western Ecuador, systematics, ecology, and biogeography.
University of Kansas Natural History Museum Special Publications, 23: 1-236.

Lynch, J.D. and Duellman, W.E. 1973. A review of the Centrolenid frogs of Ecuador,
with descriptions of new species. Occasional Papers University of Kansas
Museum of Natural History: 16, 1-66.

Maddison, W.P. 1989. Reconstructing character evolution on polytomous cladograms.

Cladistics 1989 (5): 365-377.

27



Maddison, W.P. and Maddison, D.R. 2014. Mesquite: a modular system for
evolutionary analysis. Version 3.01. http://mesquiteproject.org

Manzano. A. 2000. Miologia pectoral de algunos centrolenidae (Amphibia: Anura).
Cuadernos Herpetologicos 14 (1): 27-45.

Manzano, A., Moro, S., and Abdala, V. 2003. The depressor mandibulae muscle in
Anura. Alytes, 20(3-4): 93-131.

Manzano, A.S., Abdala, V., and Herrel, A. 2008. Morphology and function of the
forelimb in arboreal frogs: specializations fro grasping ability? Journal of
Anatomy 213: 296-307.

McAlister, W.H. 1959. The vocal structures and methods of call production in the
genus Scaphiopus Holbrook. Texas Journal of Science 11: 60-77.

McDiarmid, R.W. 1971. Comparative morphology and evolution of frogs of the
Neotropical genera Atelopus, Dendrophryniscus, Melanophryniscus, and
Oreophrynella. Bulletin of the Los Angeles County Museum of Natural History
Science 12: 1-66.

Melo, A.S., Recco-Pimentel, S.M., and Giaretta, A.A. 1995. The karyotype of the
stream dwelling frog Megaelosia massarti (Anura, Leptodactylidae, Hylodinae).
Cytologia 60: 49-52.

Mertens, R. 1927. Neue Froschlurch aus Rio Grande do Sul, Brasilien. Blatter fiir
Aquarien- und Terrarien-Kunde. Stuttgart 38: 287-290 Meyers, G.S. 1962. The
american leptodactylidae frog genera Eleutherodactylus, Hylodes (= Elosia),
and Caudiverbera (= Calyptocephalus). Copeia 1962 (1): 195-202.

Miranda-Ribeiro, A. 1923. Os hylodideos do Museu Paulista. Revista do Museu
Paulista, Sao Paulo 13: 825-846.

Miranda-Ribeiro, A. 1926. Notas para servirem ao estudo dos Gymnobatrachios

28



(Anura) brasileiros. Arquivos do Museu Nacional 27: 1-227 + 22 pls.

Moritz, C., Schneider, C.J., and Wake, D.B. 1992. Evolutionary relationships within
the Ensatina eschscholtzii complex confirm the ring species interpretation.
Systematic Biology 41: 273-291.

Miiller, L. 1924. Neue Batrachier aus Ost-Brasilien. Senckenbergiana 6: 169-177.

Narvaes, P. and Rodrigues, M.T. 2005. Visual communication, reproductive behavior,
and home range of Hylodes dactylocinus (Anura, Leptodactylidae).
Phyllomedusa 4(2): 147-158.

Nascimento, L.B., Cruz, C.A.G., and Feio, R.N. 2005. A new species of diurnal frog
in the genus Crossodactylus Duméril and Bibron, 1841 (Anura,
Leptodactylidae) from southeastern Brasil. Amphibia-Reptilia 26: 497-505.

Nascimento, L.B., Pombal Jr., J.P., and Haddad, C.F.B. 2001. A new frog of the
genus Hylodes (Amphibia: Leptodactylidae) from Minas Gerais, Brazil. Journal
of Zoology 254:421-428.

Nixon, K. 1999. The parsimony ratchet, a new method for rapid parsimony analysis.
Cladistics 15, 407-414.

Noble, G.K. 1922. The phylogeny of the Salientia I. The osteology and the thigh
musculature; their bearing on classification and phylogeny. Bulletin of the
American Museum of Natural History 46: 1-87.

Noble, G.K. 1926. The pectoral girdle of the brachycephalid frogs. American Museum
Novitates 230: 1-14.

Noble, G. K. 1931. The Biology of the Amphibia. McGraw-Hill, New Y ork.

Noleto, R.B., Amaro, R.C., Verdade, V.K., Campos, J.R.C., Gallego, L.F.K., Lima,
A.M.X., Cestari, M.M., Kasahara, S., Yonenaga-Yassuda, Y., Rodrigues, M.T.,

Toledo, L.F. 2011. Zoologischer Anzeiger 250: 205-214.

29



Nuin, P.A.S. and Val, F.C. 2005. Phylogenetic analysis of the subfamily Hylodinae
(Anura, Leptodactylidae) based on morphological characters. Amphibia-Reptilia
26: 139-147.

Orton, G.L. 1953. The systematics of vertebrate larvae. Systematics Zoology, 2(2):
63-75.

Palumbi, S.R., Martin, A. Romano, S., McMillan, W.O., Stice, L. and Grabawski, G.
1991. The simple fool's guide to PCR, version 2.0. Privately published,
compiled by S. Palumbi, University of Hawaii: Honolulu.

Pavan, D., Narvaes, P. and Rodrigues, M.T. 2001. A new species of leptodactylid frog
from the Atlantic forests of Southeastern Brazil with notes on the status and on
the speciation of the Hylodes species groups. Papéis Avulsos de Zoologia, Sdo
Paulo 41(23): 407-425.

Peters, W. 1872. Uber die von Spix in Brasilien gesammelten Batrachier des Konigl.
Naturalienkabinets zu Miinchen. Mber. Konigl. Akad. Wiss. Berlin: 196-227.

Pereyra, M.O.; M.C. Womack; J.S. Barrionuevo; B.L. Blotto; D. Baldo; M. Targino;
J.J. Ospina-Sarria; J.M. Guayasamin; L.A. Coloma; K.L. Hoke; T. Grant; and J.
Faivovich. The complex evolutionary history of the tympanic middle ear in
frogs and toads (Anura). Scientific Reports, 6: 1-9.

Pimenta, B.V.S. 2008. Revisdo taxonomica do género Crossodactylus Duméril &
Bibron, 1841 (Anura, Hylodidae). PhD Thesis. Museu Nacional, Universidade
Federal do Rio de Janeiro.

Pimenta, B.V.S., Cruz, C.A.G. and Caramaschii, U. 2014. Taxonomic review of the
species complex of Crossodactylus dispar A. Lutz, 1925 (Anura, Hylodidae).
Aquivos de Zoologia, Museu de Zoologia da Univesidade de Sdo Paulo 45(1):

1-33

30



Pimenta, B.V.S., Caramaschii, U., Cruz, C.A.G. 2015. Synonymy of Crossodactylus
bokermanni Caramaschi & Sazima, 1985 with Crossodactylus trachystomus
(Reinhardt & Liitken, 1862) and description of a new species from Minas
Gerais, Brazil (Anura: Hylodidae). Zootaxa 3955 (1): 65-82.

Pombal, J.P., Feio, R.N. and Haddad, C.F.B. 2002. A new species of torrent frog
genus Hylodes (Anura: Leptodactylidae) from Southeastern Brazil.
Herpetologica 58(4): 462-471.

Pombal, J.P., Prado, G.M. and Canedo, C. 2003. A new species of giant torrent frog,
Genus Megaelosia, from the Atlantic Rain Forest of Espirito Santo, Brazil
(Amphibia: Leptodactylidae). Journal of Herpetology 37(3): 453-460.

Popper, K. 1959. The Logic of Scientific Discovery. Harper and Row, New York.

Popper, K. 1983. Realism and the Aim of Science. Routledge, London.

Pyron, R.A. and Wiens, J.J. 2011. A large-scale phylogeny of Amphibia including
over 2,800 species, and a revised classification of extant frogs, salamanders, and
caecilians. Molecular Phylogenetics and Evolution 61(2): 543-583.

Rada, M. 2012. Sistematica filogenética das pererecas das familias Centrolenidae and
Allophrynidae (Amphibia: Anura). PhD Thesis. Pontificia Universidade
Catolica — Rio Grande do Sul, Porto Alegre, RS.

Reinhardt, J. and Liitken, C.F. 1861. Bidrag til Kundskab om Brasiliens Padder og
Krybdyr. Videnskabelige Meddelelser fra den Naturhistoriske Forening i
Kjebenhavn 3: 143-242.

Rocha, C.F; Van Sluys, M.; and Cruz, C.A.G. 2004. Hylodes glaber. The IUCN Red
List of Threatened Species 2004: e.T57090A11568889.

http://dx.doi.org/10.2305/IUCN.UK.2004.RLTS.T57090A11568889.en. Down-

loaded on 17 January 2017.

31



Rodriguez, D., Becker, C.G., Pupin, N.C., Haddad, C.F.B., and Zamudio, K.R. 2014.
Long-term endemism of two highly divergent lineages of the amphibian-killing
fungus in the Atlantic Forest of Brazil. Molecular Ecology, 23: 774-787.

Rosa, C., Aguiar-Jr., O., Giaretta, A.A., and Recco-Pimentel, S.M. 2003. Karyotypic
variation in the genus Megaelosia (Anura, Hylodinae) with the first description
of a B-chromosome in a Leptodactylid frog. Copeia 2003 (1): 166-174.

Rosen, B.R. 1984. Reef coral biogeography and climate through the late Cainozoic:
just islands in the sun or a critical pattern of islands. Fossils and climate (ed. by
P.J. Benchley), pp. 201-262. Wiley-Liss Inc., New York.

Rosen, B.R. 1985. Long-term geographical controls on regional diversity. Open
University Geological Society Journal, 6: 25-30.

Rosen, B.R. 1988a. From fossils to earth history: applied historical biogeography.
Analytical biogeography: an integrated approach to the study of animal and
plant distributions (ed. by A.A. Myers and P.S. Giller), pp. 437-481. Chapman
and Hall, London and New York.

Rosen, B.R. 1988b. Progress, problems and patterns in the biogeography of reef
corals and  other  tropical  marine organisms. Helgol€ander
Meeresuntersuchungen 42: 269-301.

Sa, F.P., Canedo, C., Lira, M.L., and Haddad, C.F.B. 2015. A new species of Hylodes
(Anura, Hylodidae) and its secretive underwater breeding behavior.
Herpetologica 71(1): 58-71.

Sankoff, D. 1975. Minimal mutation trees of sequences. SIAM Journal on Applied

Mathematics, 28: 35-42.

32



Savage, J.M. 1973. The geographic distribution of frogs: patterns and predictions. /n:
J.L. Vial (Ed.) Evolutionary Biology of the Anurans: Contemporary Research
on Major Problems. University of Missouri Press, Columbia, MO, pp. 351-446.

Savage, J.M. 1987. Systematics and distribution of the Mexican and Central
American rainfrogs of the Eleutherodactylus gollmeri group (Amphibia:
Leptodactylidae). Fieldiana, Zoology, New Series, 33: 1-57.

Sazima, 1. and Bokermann, W.C.A. 1982. Anfibios da Serra do Cipd, Minas Gerais,
Brasil. 5: Hylodes otavioi sp.n. (Anura, Leptodactylidae). Revista Brasileira de
Biologia 42: 767-771.

Schmid, M., Steinlein, C., Feichtinger, W., and Bogart, J.P. 2014. Chromosome
banding in Amphibia. XXXI. The neotropical anuran families Centrolenidae
and Allophrynidae. Cytogenetic and Genome Research 142 (4): 1-18.

Steindachner, F. 1865. Bemerkungen zu den Batrachier - Geschlechtern Elosia
Tschudi, Lisapsus Cope u. Crossodactylus Dum. Bibron. Verhandlungen der
Kaiserlich-Koniglichen zoologisch-botanischen Gesellschaft in Wien 15: 499—
500.

Steindachner. F. 1867 Reise der Oesterreichischen Fregatte Novara um die Erde, in
den Jahren 1857, 1858, 1859, unter den Befehlen des Commodore B. von
Wiillerstorf-Urbair. Zoologischer Theil Band 1. Heft 4. Amphibien. Viena, 70p.
+ 5 pls.

Shubin, N.H. and Alberch, P. 1986. A morphogenetic approach to the origin and basic
organization of the tetrapod limb. /n: Evolutionary Biology, M.K. Hecht et al.

(eds.). Plenum Press, New York.

33



Silva, H.R. 1998. Phylogenetic Relationships of the Family Hylidae with Emphasis on
the Relationships within the Subfamily Hylinae (Amphibia: Anura). PhD
Thesis. The University of Kansas, Lawrence.

Silva, H.R. and Benmaman, P. 2008. Uma nova espécie de Hylodes Fitzinger da Serra
da Mantiqueira, Minas Gerais, Brasil (Anura: Hylodidae). Revista Brasileira de
Zoologia 25(1): 89-99.

Spix, J. B. von. 1824. Animalia nova sive species novae ranarum, quas in itinere per
Braziliam annis MDCCCXVII-MDCCCXX jussu et auspiciis Maximiliani
Josephi I. Bavariae Regis. Monachii: Typis Franc. Seraph. Hiibschmann.

Starrett, P.H. 1968. The phylogenetic significance of the jaw musculature in anuran
amphibians. Ph.D. Dissertation, University of Michigan, Ann Arbor, 179 pp.

Stejneger, L. 1904. The herpetology of Puerto Rico. Annual Report of the United
States National Museum 1902: 549-724.

Taylor, W. and Van Dyke, G.C. 1985. Revised procedures for staining and clearing
small fishes and other vertebrates for bones and cartilage study. Cybium 9: 107-
119.

Titus, T.A. and Larson, A. 1996. Molecular phylogenetics of Desmognathine
Salamanders (Caudata: Plethodontidae): A reevaluation of evolution in ecology,
life history, and morphology. Systematic Biology 45: 451-472.

Trewavas, E. 1933. The Hyoid and Larynx of the Anura. Philosophical Transactions
of the Royal Society of London. Series B, Containing Papers of a Biological
Character 222: 401-527.

Trueb, L. 1970. Evolutionary relationships of casque-headed tree frogs with
coossified skulls (family Hylidae). Occas. Pap. Mus. Nat. Hist. Univ. Kansas,

18: 547-716.

34



Trueb, L. 1973. Bones, frogs, and evolution. /n: J.L. Vial (Ed.) Evolutionary Biology
of the Anurans: Contemporary Research on Major Problems. University of
Missouri Press, Columbia, MO, pp. 65-132.

Trueb, L. 1993. Patterns of cranial diversity among the Lissamphibia. /n: Hanken, J.,
Hall, B.K. (Eds.) The Skull, vol. 2. Chicago University Press, Chicago, pp.
255-343.

Tschudi, J.J. 1838. Classification der batrachier, mit berucksichtigung der fossilen
thiere dieser abtheilung der reptilien. 99pp.

Tyler, M.J. 1971. The phylogenetic significance of vocal sac structure in hylid frogs.
University of Kansas Publications. Museum of Natural History 19 (4): 319-360.

Tyler, M.J. 1974. Superficial mandibular musculature and vocal sac structure of the
mexican burrowing toad, Rhinophrynus dorsalis. Herpetologica 30 (3): 313-
316.

Tyler, M.J. 1975. The ontogeny of the vocal sac of the australian leptodactylid frog,
Limnodynastes tasmaniensis. Transactions of The Royal Society of South
Australia 99: 85-88

Varon, A. and Wheeler, W.C. 2012. The tree alignment problem. BMC
Bioinformatics, 13: 293.

Varon, A. and Wheeler, W.C. 2013. Local search for the generalized tree alignment.
BMC Bioinformatics, 14: 66.

http://dx.doi.org/10.1186/1471-2105-14-66

Vieira, K.A. 2010. Analise filogenética de Sphaenorhynchus Tschudi, 1838 (Anura:
Hylidae). Msc Dissertation. Pontificia Universidade Catolica — Rio Grande do

Sul, Porto Alegre, RS.

35



Wagler, J. 1830. Natiirliches der System der Amphibien. Miinchen, Stuttgart u.
Tibingen, vi+354 pp.

Wheeler, W.C. 1996. Optimization alignment: the end of multiple sequence alignment
in phylogenetics? Cladistics 12: 1-9.

Wheeler, W. 2001. Homology and the optimization of DNA sequence data. Cladistics
17(1): S3-S11.

Wheeler, W.C. 2003a. Implied alignment: a synapomorphy—based multiple sequence
alignment method. Cladistics, 19: 261-268.

Wheeler, W.C. 2003b. Iterative pass optimization of sequence data. Cladistics 19:
254-260.

Wheeler, W.C., Aagesen, L., Arango, C.P., Faivovich, J., Grant, T., D’Haese, C.,
Janies, D., Smith, W.L., Varon, A., and Giribet, G. 2006. Dynamic homology
and phylogenetic systematics: a unified approach using POY. American
Museum of Natural History, New York. 365 pp.

Wheeler, W.C., Gladstein, D., and De Laet, J. 1996-2003. POY: Phylogeny
Reconstruction  via  Optimization of DNA  data. Ver. 3.0.
ftp://ftp.amnh.org/pub/molecular/poy.

Wogel, H., Abrunhosa, P.A. and Weber, L.N. 2004. The tadpole, vocalizations and
visual displays of Hylodes nasus (Anura: Leptodactylidae). Amphibia-Reptilia

25:219-227.

36



