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New clues on anuran evolution: the oldest record of an extant hyloid clade in the 
Oligocene of Patagonia

Laura Nicoli

División Herpetología, Museo Argentino de Ciencias Naturales, Bernardino Rivadavia - CONICET, Buenos Aires, Argentina

ABSTRACT
Despite the enormous diversity of the extant South American batrachofauna, its fossil record is sparse. 
Few pre-Neogene anuran remains have been attributed to extant taxa and, although some have been 
considered neobatrachians their relationships with extant groups are still mostly uncertain. In this 
context, a series of fossils recently collected in Oligocene sediments of central Patagonia are assigned 
to Odontophrynidae. This assignation is supported by an exclusive combination of characters, including 
extensive frontoparietals, in medial contact and deflecting posteriorly, with crescent-shaped posterolateral 
projections; robust pterygoid anterior ramus, reaching the planum antorbitale, projecting dorsally; notched 
premaxillary pars palatine; dentate vomers, narrowly separated medially; robust neopalatines, narrowly 
separated medially, bearing a conspicuous ridge, and with expanded lateral edges. The well-preserved 
fossil specimens were considered representative of a new genus and species, Chachaiphrynus lynchi. The 
presence of an Oligocene Odontophrynidae in central Patagonia, about 500 km south from the southern-
most extant distribution of the group, would be associated with the more benign climate inferred in this 
region during the Paleogene. At the same time, this record represents the single pre-Neogene certain 
record of an extant clade deeply nested in Hyloidea, providing an exceptional high-quality calibration 
point to temporally frame the anuran phylogeny.

http://www.zoobank.org/urn:lsid:zoobank.org:act:AA043DC2-BCA5-4301-8FB0-FEB56B0F4404

Introduction

The South American batrachofauna is widely distributed and 
diverse. About 2000 species of hyloid anurans (sensu Pyron and 
Wiens [2011]; Nobleobatrachia sensu Frost et al. [2006]) occur 
from the north to the extreme south of the continent. Their his-
tory, however, is practically unknown given the sparseness of 
its fossil record. Few pre-Neogene anuran remains have been 
attributed to extant taxa and, although some have been consid-
ered neobatrachians, in most cases their taxonomic affinities are 
still uncertain (Schaeffer 1941; Tihen 1962; Lynch 1971; Estes & 
Reig 1973; Báez & Perí 1989; Báez 1991; Báez & Fernicola 1999; 
Báez 2000; Báez & Nicoli 2004; Báez et al. 2009, 2012; Nicoli 
2012). A series of fossil taxa from lower-Cretaceous sediments 
of Brazil were considered representatives (or close relatives) 
of Hyloidea (Báez et al. 2009, 2012). Although the position of 
these fossils within the hyloids could not be established, some of 
them appeared deeply nested in that clade, demonstrating that 
the diversification of Hyloidea had already begun in the Lower 
Cretaceous (Báez et al. 2009, 2012). This diversity, however, is 
not documented in the fossil record.

Most extant South American anuran taxa do not have 
fossil record previous to the Neogene. Only a few pre- 
Neogene hyloid fossils were attributed to extant taxa and these 

attributions are still controversial. Two pre-Neogene anuran 
species were attributed to the clade of South American horned 
frogs, Ceratophryidae: the Cretaceous Baurubatrachus pri-
cei (Báez & Perí 1989), from Brazil, and Beelzebufo ampinga 
(Evans et al. 2008, 2014), from Madagascar; this taxonomic attri-
bution, however, has been questioned and is currently under 
revision (Faivovich et al. 2014; Báez, pers. com). Isolated ilia 
from Oligocene sediments from Salla, Bolivia, were presum-
ably referred to the extant genus Rhinella [at that time in the 
huge genus Bufo (Báez & Nicoli 2004), which subsequently was 
partitioned to remedy its paraphyly (Frost et al. 2006; Pramuk 
2006; Chaparro et al. 2007)]; the use of the ilial morphology for 
taxonomical identification within Bufonidae, however, has been 
questioned (Bever 2005). The single specimen of the Oligocene 
Neoprocoela edentata was alternatively considered closely related 
with the extant genus Telmatobius (as Batrachophrynus Schaeffer 
1949) or with the traditional ‘Bufo’ (Tihen 1962). Finally, a series 
of specimens from Oligocene sediments of the Scarritt Pocket 
locality in Central Patagonia were erroneously attributed to the 
extant genus Eupsophus and are still undetermined (Schaeffer 
1949; Báez & Fernicola 1999; Nicoli 2012). No other pre-Neo-
gene hyloid fossils were attributed to any of the numerous extant 
South American taxa.
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Chafee 1952; Marshall et al. 1986). The deposits consist of a thin 
series of laminated bentonites and a thicker filling of ashes that 
grade into heavy breccia near the crater walls (Simpson 1934). 
Marshall et al. (1986) estimated the age of the Scarritt Pocket 
sediments to be 23.4–21.0 Myr, according to the K-Ar datings 
of several basalts and tuffs that bound the pocket. However, 
Flynn & Swisher (1995) stated that Swisher had obtained new 
40Ar–39Ar dates from aliquots of the same samples dated by 
Marshall et al. (1986) ranging between 27 and 29 Myr (middle 
Oligocene).

Scarritt Pocket (SP) was discovered by G.G. Simpson in 
1934, during the Second Scarritt Expedition of the American 
Museum of Natural History (AMNH) in Patagonia. It is well-
known because of its fossil mammals attributed to the Deseadan 
Land Mammal Age (see Marshall et al.1986 for a review). Most 
of the anuran material described here has been collected in the 
fossiliferous ‘Quarry 1’ of Simpson [(unpublished field notes 
provided by Chaffee (1952) and Marshall et al. (1986)] and two 
of the new specimens in recently discovered fossiliferous sites 
(Femur Site and Masa Site; Figure 1(C)). The anuran-bearing 
sediments seem to correspond to equivalent levels, consisting in 

In the last years, a series of field trips to the fossiliferous local-
ity Scarritt Pocket has provided an interesting collection of neo-
batrachian remains. Some of them represent the same taxon that 
was erroneously attributed to Eupsophus (Schaeffer 1949; Nicoli 
2012). The new material provides additional evidence that allows 
to clarify several aspects of the skeletal anatomy and relation-
ships of this taxon. In this paper I define and describe this new 
species and discuss its relationships and its significance for the 
knowledge of the history of the South America batrachofauna.

Geological setting

The fossil material has been collected in the locality of Scarritt 
Pocket, which is located near the center of the Chubut Province, 
Argentina (Figure 1). The pocket is a small embayment on 
the west side of the Sierra or Meseta Canquel located in the 
southwestern part of a larger embayment, locally known as 
Rinconada de López. The sediments within the pocket are 
included in the Sarmiento Formation and would have accu-
mulated in a small, shallow, ephemeral lake that may have 
been formed in the crater of an extinct volcano (Simpson 1934; 

Figure 1. (A) Approximate distribution of extant and fossil Odontophrynidae (UICN 2004 slightly corrected base on Rosset et al. [2007]), open square indicate the area 
showed in B; (B) location of the Scarritt Pocket fossil locality in center Patagonia, Chubut Province, Argentina; (C) contour map of Scarritt Pocket looking north and down 
into Pocket from rim of Meseta Canquel and showing locations of the quarries that provided anuran remains (Modified from Marshal et al. [1986], determination of height 
above see level from GPS measurement). References: (1) Quarry1of Simpson; (2) Femur Site; (3) Masa site.



HISTORICAL BIOLOGY﻿    3

very pale-orange laminated bentonites intercalated with levels of 
white to grayish, pale-blue tuff.

Materials and methods

Fossil and extant skeletal material was examined using a Nikon 
SMZ 800 stereoscope. Photographs of extant specimens were 
taken with an attached Micrometrics digital camera. Fossil 
specimens were photographed with a Sony DSC-XZ200 digital 
camera.

The studied fossil material consists of several specimens pre-
served in slabs, some of which represent part and counterpart 
of the same specimen. Most specimens have cracked bones; 
frequently, bones are broken in different slabs and their mor-
phology must be reconstructed. The most complete and better 
preserved specimens are those recently collected in SP, which 
are housed in the Museo Paleontológico Egidio Feruglio,Trelew, 
Chubut (MEF). A series of additional specimens attributable to 
the same species, but poorly preserved, belong to the collec-
tions of the American Museum of Natural History (AMNH) 
and of Vertebrate Palaeontology, Facultad de Ciencias Exactas 
y Naturales, Universidad de Buenos Aires (FCEN-PV). The for-
mer (AMNH 3407; 3422; 3425–26) have been collected by G. G. 
Simpson and attributed by Schaeffer (1949) to the extant genus 
Eupsophus. A recent revision of this material allowed question-
ing that assignation (Nicoli 2012). The material housed in the 
FCEN (FCEN-PV 14085–14088; 14090) has been collected by 
Hernández, Scaglia, and Contreras in 1964 and was referred, but 
not figured or described, by Báez and Fernicola (1999).

Giving the vastness of the anuran diversity [Approx 6600 spe-
cies (Frost 2016)], the taxonomic placement of a fossil anuran 
species is a serious challenge. Although several phylogenetic 
analyses including a relatively well-represented taxon sampling 
were performed (Frost et al. 2006; Grant et al. 2006; Pyron & 
Wiens 2011; Pyron 2014), none included osteological informa-
tion. Most anuran clades are not characterised osteologically 
and much homoplasy is evident within the group. Performing 
a phylogenetic analysis including osteological data and a broad 
taxon sampling to rigorously test the relationships of a fossil 
species with all hyloid families is beyond the goals of this paper. 
Thus, the osteology of the fossil species was exhaustively com-
pared with the osteology of other anurans, through examina-
tion of available specimens for comparison (see Appendix S1, 
Supplemantary information on line) or information of the lit-
erature. Comparisons stressed anuran taxa that seem possible 
close-relatives with the fossil species. The osteological characters 
present in each group were compared with those of the closely 
related clades to identify putative synapomorphies. Institutional 
codes are those of Sabaj Pérez (2014).

Systematic palaeontology

ANURA Fischer von Waldheim, 1813
NEOBATRACHIA Reig 1958
NOBLEOBATRACHIA Frost et al. 2006
ODONTOPHRYNIDAE Lynch 1971
Chachaiphrynus gen. nov.

Type Species: Chachaiphrynus lynchi sp. nov.

Etymology: The generic name is derived from chachai, the 
voice used by the Mapuches (Patagonian native habitants) for 
naming an appreciated and respected old man + phrynus, from 
the Greek language, meaning toad.

Diagnosis: As for the type and only known species.
Chachaiphrynus lynchi sp. nov.
(Figures 2–4)
Eupsophus (non Fitzinger 1843): Schaeffer, 1949: 55, figs. 5–6 

[part] (specimen misidentification).
Eupsophus (non Fitzinger, 1843; sensu Schaeffer, 1949): Báez 

& Fernicola 1999: 24, not figured (specimen tentative identifica-
tion to the same species assigned to Schaeffer 1949 to Eupsophus).

Neoprocoela (non Schaeffer 1949): Báez & Fernicola 1999: 24, 
not figured (specimen tentative identification to Neoprocoela).

Holotype: MPEF-PV 10572.
Referred Material: MPEF-PV 10573–77; 10892–99 AMNH 

3407; 3422; 3425–26.FCEN-PV 14085–88; 14090.
Type Locality and Age: Argentina: provincia de Chubut: 

Departamento Sarmiento: Scarritt Pocket (Figure 1). Middle 
Oligocene (Marshall et al. 1986; Flynn & Swisher 1995).

Diagnosis: This species is assigned to Odontophrynidae by 
the concurrence of extensive frontoparietals, in medial con-
tact along their entire length, deflecting posteriorly and with 
crescent-shaped posterolateral projections that overlap the epi-
otic eminences; robust pterygoid anterior ramus, reaching the 
planum antorbitale, contacting the corresponding neopalatine 
and projecting dorsally; nasals with long and slender maxillary 
processes, contacting maxillae; otic capsules bearing prominent 
epiotic eminences; notched premaxillary pars palatine; dentate 
vomers, narrowly separated medially; robust neopalatines, nar-
rowly separated medially, bearing a conspicuous ridge, and with 
lateral edges expanded and articulated with maxillae and ptery-
goids; sacral neural arch with a transversal crest that projects 
over the diapophyses; short urostyle with a high dorsal crest that 
nearly reaches the end of the bone; short ilial shaft; short hind 
limbs and knobbed terminal phalanges.

Chachaiphrynus lynchi differs from all extant Odontophrynidae 
in having massive and long otic capsules (length more than a 
third of the skull-length) and trapezoidal mentomeckelian bones 
without odontoid processes. It also differs from the extant spe-
cies of the group in the following combination of characters: 
nasals in medial contact (absent in all odontophrynids except 
O. lavillai and Macrogenioglottus), non-contacting frontopari-
etals [in contact in Proceratophrys (except in P. moratoi) and 
Macrogenioglottus]; relatively short and acute-ending squamosal 
zygomatic ramus (long in Proceratophrys, contacting maxilla 
except in P. moratoi) and slender and acute-ending squamosal 
otic ramus (medially expanded into a subrectangular otic plate in 
Proceratophrys and Macrogenioglottus); absence of dermal orna-
mentation [present in Proceratophrys (except in P. moratoi) and 
Macrogenioglottus]; and absence of indentation in the preorbital 
portion of the maxillary pars facialis (present in Odontophrynus 
and Macrogenioglottus).

Etymology: The specific epithet honors John D. Lynch, a nota-
ble student of the South American batrachofauna, who noticed 
that the first collected material of Chachaiphrynus does not rep-
resent a member of Eupsophus, as it was originally considered 
by Schaeffer in 1949 (Lynch [1971]; see Nicoli [2012] and papers 
cited therein for additional details).
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regions (Figures 2 and 4). No dermal ornamentations are 
visible. The medial skull length is approximately equal to, or 
slightly shorter than, the length of the presacral vertebral col-
umn. Although hind limbs are longer than forelimbs they are 
relatively short.

Description

Chachaiphrynus lynchi (Figures 2–4) was a medium-sized anu-
ran (SVL 30 to 60 mm approx. in adult specimens), having a 
large head that is wider than long. The relatively well-ossified 
skull possesses notably extensive antorbital and interorbital 

Figure 2. Chachaiphrynus lynchi, gen. et sp. nov., holotype, MPEF-PV 10572. (A) Photograph and (B) interpretative drawing of the slab that possesses the more ventral 
portion of the specimen (MPEF-PV 10572a, bearing the preserved bones in dorsal view and imprints of the ventral surfaces of not-preserved bones. A posterior fragment 
of the left otic capsule was mechanically removed and relocated to the left of the slab to expose the underlying elements); (C) photograph and (D) interpretative drawing 
of the slab that possesses the more dorsal portion of the specimen (MPEF-PV 10572b, bearing the preserved bones in ventral view and imprints of the dorsal surfaces of 
not-preserved bones).
Abbreviations: ca, carpal elements; cl, clavicle; co, coracoid; ct, cleithrum; fp, frontoparietal; mck, mentomeckelian bone; mx, maxilla; na, nasal; oc, otic capsule; ptg, pterygoid; sa, sacral vertebra; 
sc, scapula; sph, sphenethmoid; u, urostyle. Scale bar equals 3 mm.
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consequence of postmortem crushing of frontoperitals within 
the neurocranium (Nicoli 2012). These pieces, as well as the 
pieces of frontoperietals over the ossified neurocranium, evi-
dence median longitudinal sutures (Figures 2 and 3; Nicoli 2012, 
figs. 5–6). This demonstrates that they are mutually in contact 
along most of their length, roofing completely the frontoparietal 
fontanelle (Figure 4; Nicoli 2012). The reconstruction of these 
bones also demonstrates that frontoparietals are notably broad, 
and their width gradually increase posteriorly in the interorbital 
region (Figures 2–4; Nicoli 2012). In the otic region their lateral 
margins project laterally over the otic capsules, at the level of the 
epiotic eminences. There, the postero-lateral margins of fronto-
parietals seem to be crecent-shaped, as the shape of the underlie 
epiotic eminences (e.g. MPEF-PV 10573; Figure 3).

Maxillary arch
The maxillary arch is toothed and complete. The three partes, 
facialis, dentalis, and palatine, are discrete. The teeth are pedi-
cellated, but crowns are not completely preserved.

The premaxillae are short. Few specimens preserve premax-
illae in dorsal view (e.g. AMNH 3425; MPEF-PV 10572; 10897); 
they show a short and broad alary process. The premaxillary pars 
palatina is a robust and well-developed shelf perpendicular to 
the pars dentalis (Figures 3 and 5(D)). It is weakly notched in the 
central region, being expanded laterally and bearing a well-devel-
oped palatine processes medially (Figure 5(D)). A maxillary pro-
cess overlapping the pars palatina of maxilla seems to be absent.

The maxillary pars facialis is deep. In the antorbital region, its 
width seems to be relatively constant, without a distinct preor-
bital process or indentation. The pars palatina is always partially 
obscured by the mandible, impeding assessment of the presence 
or shape of a pterygoid process. A slender quadratojugal contact-
ing the maxilla is evident.

Endocranium
The sphenethmoid is a broad and entire bone. Anteriorly, it 
reaches about the middle of the preorbital region of the skull. 
An ossified septum nasi is evident in AMNH 3407 and 3425. The 
lateral edges of the sphenethmoid diverge posteriorly according 
with the lateral margins of the dermal skull roof. Dorsally, in the 
interorbital region, this bone defines a broad and round-ended 
fontanelle. This fonatanelle was completely occluded by the 
frontoparietals, which postmortem collapsed into the neurocra-
nium in most specimens (Nicoli 2012, fig. 2). The sphenethmoid 
extends laterally over the planum antorbitale and posteriorly to 
about the middle of the orbit.

The otic capsules are massive, their maximum length rep-
resents more than a third of the skull length. This proportion 
is observed in all available specimens, some of which show 
three-dimensionally preserved otic capsules, precluding any pos-
sibility that the observed shape is the result from deformation 
or crushing. The caspules have prominent epiotic eminences. 
The margins of the foramen magnum are completely ossified. A 
distinct columella is preserved in MPEF-PV 10573.

Suspensorium
The squamosals are T-shaped, with the three rami, ventral, 
zygomatic, and otic, well-developed (Figures 3 and 5(M)). The 
zygomatic ramus is relatively short (length about a quarter of the 

Skull

Dermal skull roof
The nasals are extensive bones that cover an important portion of 
the ample preorbital region (Figures 2 and 4). They are in medial 
contact and seem to reach the maxillary arcade and articulate 
with the corresponding maxilla; this latter, however, is difficult 
to asseverate given the kind of preservation of the fossils (see 
above). The nasals extend laterally in a long and slender maxillary 
process that may have contacted the pterygoid. The nasals are 
broadly distant from the frontoparietals, not contacting them.

The frontoparietals of Chachaiphrynus lynchi are also exten-
sive, non-ornamented bones. As it occurs with several other 
bones in these fossils, frontoprietals are preserved broken in 
different slabs (part and counterpart) in all specimens, because 
of what its shape must be reconstructed (Nicoli 2012). In several 
specimens (e.g. MPEF-PV 10572; AMNH 3422; 3425), pieces of 
flat, delicate bones are preserved within the frontoparietal font-
antelle (Figure 2; Nicoli 2012, figs. 5–6), which is interpreted as 

Figure 3. Chachaiphrynus lynchi, gen. et sp. nov., MPEF-PV 10573. (A) photograph 
and (B) interpretative drawing of the slab that possesses the more anterior and 
ventral portion of the specimen (MPEF-PV 10573a); (C) photograph and (D) 
interpretative drawing of the slab that possesses the more anterior and dorsal 
portion of the specimen (MPEF-PV 10573b); (E) photograph of the slab that 
possesses most of the vertebral column preserved in dorsal view (MPEF-PV 10573c).
Abbreviations: ct, cleithrum; fp, frontoparietal; mck, mentomeckelian bone; np, neopalatine; 
pmx, premaxilla; ptg, pterygoid; sq, squamosal; vt, vomeral teeth. Scale bar equals 5 mm.
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Axial skeleton

The vertebral column is composed of eight procoelous presa-
cral vertebrae, sacrum and urostyle (Figures 2–4). Vertebral 
fusions are not observed. The vertebral centra are elongated 
(almost twice as long as wide) and rounded in transverse sec-
tion. Neural arches are broad (at least twice as wide as long) and 
imbricated. In each vertebra, the posterior portion of the arch 
lies in a more-ventral plane than the anterior portion. The neural 
spines of the anterior presacrals are well-developed and broad; 
they are always preserved broken in different slabs impeding 
evaluation of their height. The transverse processes of presacrals 
III and IV are as wide as the sacral diapophyses and only slightly 
expanded distally; those of presacrals II and V-VIII are slender 
and narrower than the diapophyses.

The sacral neural arch shows a nearly transversal crest that 
projects over the diapophyses (Figure 5(J)). The sacral diapophy-
ses are slightly expanded and robust, posterolaterally directed. 
The sacro-urostylar articulation is bicondylar. The urostyle is 
short, its length equivalent to the length of five presacrals. It 
lacks transverse processes and possesses a high crest that nearly 
reaches the end of the bone.

Appendicular skeleton

Pectoral girdle
The clavicles are robust and strongly curved bones. Their dis-
tal ends are rounded and narrowly separated (Nicoli 2012, fig. 
4; Figure 4(C)). Their width is uniform in most of their length 
except in the proximal portion. There, the clavicles expand and 
articulate with the scapulae abutting the pars acromialis, with-
out overlapping its anterior margin. The coracoid is robust; its 
proximal end has a robust articulation facet. The distal end is 
only slightly more expanded than the proximal one.

The scapula is nearly twice and a half wider than long and the 
shaft is slightly larger than the glenoid region (Nicoli 2012, fig. 
4; Figure 4(C)). The entire bone is shorter than the clavicle. The 
supraescapular margin deflects posteriorly beyond the glenoid. 
The pars acromialis is anteriorly expanded. No cleft is evident 
between the partes acromialis and glenoidalis.

The cleithrum is an extensive bone; the overall shape of which 
is nearly rectangular in most preserved specimens, no bifurcation 
is evident and the lateral margin does seem to reach the scap-
ular margin (Figures 2 and 4). However, in the large specimen 
MPEF-PV 10573 (Figure 3), the cleithrum seems to be more 
expanded posterolaterally, forming an inverted-L. The anuran 
cleithrum is a dermal bone that early in development invests the 
anterior margin of the suprascapula and then expands posteriorly 
onto the dorsal side of this cartilage (e.g. Púgener & Maglia 1997; 
Wild 1997).Thus, morphological differences observed among 
fossils may be related with different degrees of ossification in 
individuals with different size and, presumably, age.

Forelimb and manus
The humerus is longer than radioulna, being approximately 
equivalent to the radioulna + metacarpal length. The humeral 
ball is relatively large and ossified, even in the smallest preserved 
specimens. The medial side of the humerus is only preserved in 

ventral ramus length), does not contact the maxilla, and has an 
acute end. The otic ramus is slender, not expanded into an otic 
plate, and also acute ended.

The pterygoid is a robust bone. The anterior ramus is particu-
larly robust and long, reaching the level of the planum antor-
bitale and contacting the neopalatine. In some specimens (e.g. 
MPEF-PV 10575) it is possible to observe that this ramus is pro-
jected over the dorsal surface of the skull, possibly contacting the 
corresponding nasal; the poor preservation or obscuring of this 
region in all specimens, however, impede establishment with 
certainty the existence of this contact.

Palate
Vomers are visible in a single specimen (MPEF-PV 10573, Figure 
3), its poor preservation precludes further preparation. It is pos-
sible to observe, however, the near-perpendicular series of teeth 
of both vomers, so close medially as to be practically continuous. 
This dental series evidences that vomers are very close one to 
another and may be in contact.

The neopalatines are robust and long bones that extend 
from the maxillary arcade (where they contact with the cor-
responding pterygoid) to the neurocranium. Medial ends of 
both neopalatines are close one to another. A conspicuous 
ridge is evident in the ventral surface of the bone (Figure 
3). The lateral edges are expanded. The parasphenoid is not 
preserved.

Mandible
The mandible is composed by edentate angular, dentary and 
mentomeckelian bones. No odontoid processes are evident. 
Mentomeckelian are discrete elements, about three times wider 
than long (Figure 5(G)). They have trapezoidal shape, without 
odontoids.

Figure 4. Reconstruction of Chachaiphrynus lynchi, gen. et sp. nov. (A) skeleton 
in dorsal view (left portion of pectoral girdle and left members omitted); (B) skull 
in ventral view; (C) right portion of pectoral girdle (scapula and suprascapula 
deflected into the ventral plane). Asymmetrical reconstruction of pair structures 
reflects morphological variations among different specimens. Dashed lines 
indicate estimations of the margins of bones.
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Figure 5. Skull in dorsal view of (A) Odontophrynus achalensis (CENAI 2972) and (B) Chachaiphrynus lynchi, gen. et sp. nov.; premaxilla in ventral view of (C) Odontophrynus 
achalensis (CENAI 2972), (D) Chachaiphrynus lynchi (MPEF-PV 10573a), gen. et sp. nov., and (E) Limnomedusa macroglossa (MACN 4644); mentomekelian bone of (F) 
Odontophrynus achalensis (CENAI 2972), (G) Chachaiphrynus lynchi (MPEF-PV 10573a), gen. et sp. nov., and (H) Limnomedusa macroglossa (MACN 4644); sacral 
vertebra in dorsal view of (I) Odontophrynus cf. americanus (MACN 49349), (J) Chachaiphrynus lynchi (MPEF-PV 10573c), gen. et sp. nov., and (K) Limnomedusa 
macroglossa (MACN 4644); squamosals in lateral view of (L) Odontophrynus achalensis (CENAI 2972), (M) Chachaiphrynus lynchi (MPEF-PV 10573b), gen. et sp. nov., 
and (N) undetermined fossil anuran from SP (CPBA-V 14089; modified and inverted from Báez and Fernicola [1999]).
Abbreviations: fp, frontoparietal; na, nasal; or, squamosal otic ramus; ptg, pterygoid; vr, squamosal ventral ramus; zr, squamosal zigomatic ramus; Scale bar equals 1 mm.
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skull. Relatively few living anurans possess this combination of 
characters. Among hyloids, these characters are observed only 
in Bufonidae, in Leiuperinae leptodactylids (sensu Frost 2016), 
and in Odontophrynidae.

Bufonidae is a well-supported, diverse clade of cosmopoli-
tan toads (Frost et al. 2006; Pyron & Wiens 2011; Pyron 2014). 
Although numerous papers have described the osteology of some 
of its taxa (e.g. Sanders 1953; Tihen 1962; Trueb 1971; Martin 
1972; McDiarmid 1972; Ruiz-Carranza & Hernández-Camacho 
1976; Grandison 1978, 1980; Pregill 1981; Pramuk 2002, 2006; 
Baldo & Basso 2004; Coloma et al. 2007, 2010; Páez-Moscoso et 
al. 2011; Baldo et al. 2012; Peloso et al. 2012) the skeletons of an 
important portion of Bufonidae remain unknown. Among the 
Bufonidae with known osteology, several taxa (e.g. Anaxyrus, 
Bufo, Duttaphrynus, Incilius, Nannophryne, Peltophryne, Rhaebo, 
Rhinella, Truebae) possess species with frontoparietals and ptery-
goids with similar morphology to those of Chachaiphrynus lynchi 
(Parker 1881; Sanders 1953; Tihen 1962; Trueb 1971; Martin 
1972; Pregill 1981; Pramuk 2002, 2006; Mendelson et al. 2011; 
pers.obs. specimen in Appendix S1, Supplemantary information 
on line). However, all of them differ from the fossil species in 
having edentate maxillary arcade (synapomorphy of Bufonidae 
proposed by Grant et al. 2006), tiny and edentate vomers broadly 
separated medially; otic ramus of squamosal forming a more or 
less expanded otic plate; moderately to broadly expanded sacral 
diapophyses; and right clavicles perpendicular to midline (Parker 
1881; Sanders 1953; Tihen 1962; Trueb 1971; Martin 1972; Pregill 
1981; Pramuk 2002, 2006; Mendelson et al. 2011; pers.obs. spec-
imen in the Appendix S1, Supplemantary information on line).

Leiuperinae is a clade of mostly Neotropical small to medi-
um-sized frogs that is recovered in several phylogenetic analyses 
(Grant et al. 2006; Pyron & Wiens 2011; Pyron 2014). Four of the 
five leiuperine genera (i.e. Edalhorina, Engystomops, Physalemus, 
and Pseudopaludicola,), which are presumably monophyletic 
(Pyron & Wiens 2011), have species that possess several fea-
tures similar to Chachaiphrynus lynchi. These species have nasals 
not contacting frontoparietals; broad frontoparietals, in contact 
along the midline and deflecting posteriorly, and pterygoids with 
well-developed anterior rami that reach the planum antorbitale 
and project dorsally (Lynch 1970; Cannatella & Duellman 1984; 
Lobo 1994, 1995, 1996a, 1996b; Nascimento et al. 2005; pers.obs. 
specimens in the Appendix S1, Supplemantary information on 
line). However, these anurans possess skulls that are not wider 
than long; nasals lacking a well-developed maxillary processes; 
incomplete maxillary arcade; relatively-small, edentate, and 
medially-distant vomers; neopalatines broadly separated medi-
ally, without ridges; non-imbricated vertebrae; long urostyle; and 
long hind limbs (Lobo 1995, 1996a,b; pers.obs. specimens in the 
Appendix S1, Supplemantary information on line).

Odontophrynidae is a widely distributed South American 
clade of small to medium size chubby frogs. Their monophyly 
has been corroborated in several phylogenetic analyses, although 
the relationships with other anuran taxa are still controversial 
(Frost et al. 2006; Grant et al. 2006; Pyron & Wiens 2011; Pyron 
2014). Although, as it occurs with most anuran taxa, skeletal 
information was not been included in those analyses and no 
osteological synapomorphies have been proposed for the group, 
Odontophrynidae was originally recognised fundamentally on 
the basis of their osteology (as Odontophryinini by Lynch 1971). 

the specimen MPEF-PV 10572, which bears a high crista medi-
alis, although it is a specimen with an approximate SVL of only 
30 mm (Figure 2).

The radioulna is robust and possesses a well-developed olec-
ranon process and a large cotyle for the humeral ball. The distal 
margin of the radioulna seems to be considerably more expanded 
than de proximal one.

The carpus is incompletely preserved in all specimens. Only 
four conspicuous elements are evident, but, except for the most 
proximal ulnare and fibullare, the disarticulated condition of the 
associated metacarpals impedes their certain identification. A 
prepollex seems to be present in MPEF-PV 10572 and AMNH 
3426. The four metacarpals are short bones, being about half 
the length of the radioulna. In decreasing order, their lengths 
are IV > III > II = V. The phalangeal formula is 2-2-3-3 and the 
terminal phalanges are knobbed.

Pelvic girdle
The ilial shafts are as long as the presacral column and oval in 
cross section. No dorsal ridges or crests are evident. In some 
specimens it is possible to observe the presence of a well-devel-
oped, round and blunt dorsal prominence; it has an extended 
base and is probably laterally projected. Illia are usually preserved 
in medial view, impeding observation of additional features. The 
dorsal acetabullar expansion is well developed.

Hind limb and pes
Hind limbs are relatively short. The femur is only slightly longer 
than the presacral column and the ilial shaft. The tibiofibulla is 
equal or slightly longer than the femur and twice the length of the 
tibiale-fibullare. These latter are similarly extended and appar-
ently not fused distally. Some ossified distal tarsals are evident, 
but the poor or disarticulated preservation impedes describing 
them. The relative size of the metatarsals is IV > V > III > II > I; 
the longest metatarsal is longer than the tibiale-fibullare. The 
phalangeal formula is 2-2-3-4-3, and the relative toe length is 
IV > V > III > II > I. The terminal phalanges are blunt.

Discussion

Comparisons and taxonomic placement of 
Chachaiphrynus lynchi

The concurrence of discrete neopalatines; eight procoeleous 
presacral vertebrae, non-expanded sacral diapophyses, bicon-
dylar sacro-urostyle articulation, urostyle without transverse 
processes; long scapula, without a distinct cleft between partes 
acromialis and glenoidalis, and discrete and curved clavicles 
abutting scapulae permits attribute Chachaiphrynus lynchi to 
Hyloides (sensu Frost et al. [2006]; unnamed node of Pyron 
and Wiens [2011] that represents Hyloidea + Australobatrachia).

Chachaiphrynus has characteristic frontoparietals with a 
particular shape: they are extensive and broad bones, which 
are in contact along their entire medial margin, obscuring the 
frontoparietal fontanelle. Their lateral margins deflect posteri-
orly and there are fusions with the surrounding bones. Other 
unusual character state of Chachaiphrynus is the robustness and 
extension of the anterior ramus of pterygoid, which reaches the 
planum antorbitale and projects over the dorsal surface of the 
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crest over the diapophyses; short urostyle with a high dorsal 
crest that nearly reaches the end of the bone; short ilial shaft; 
short hind limbs and knobbed terminal phalanges). Thus, if a sis-
ter-taxa relationship of Ceratophryidae and a clade that includes 
Odontophrynidae is supported, some of the putative synapo-
morphies of Odontophrynidae proposed above could actually 
be plesiomorphies or optimize ambiguously, dependending on 
the position of Odontophrynidae.

In this way, the fossil species possesses a combination of char-
acters exclusive of Odontophrynidae, which allows attributing 
Chachaiphrynus lynchi to this clade, even though the contro-
versial position of Odontophrynidae within anuran impedes 
knowning the sequence of acquisition (and phylogenetic signif-
icance) of most of this characters.

The relative position of C. lynchi within Odontophrynidae, 
however, is uncertain. Odontophrynidae has 52 extant species 
in three genera: Proceratophrys, Odontophrynus, and the mono-
typic Macrogenioglottus. These latter are the most closely related, 
either as sister taxa (Pyron & Wiens 2011; Pyron 2014) or with 
Macrogenioglottus nested within Odontophrynus (Amaro et al. 
2009). All extant odontophrynids have mentomeckelian bones 
with a medial odontoid process (Figure 5(F)). This character 
also differentiates Odontophrynidae from all taxa proposed as 
its closed related, because of what could be one of its synapomor-
phies. However, the mentomeckelians of C. lynchi are trapezoidal 
long bones, lacking an odontoid process (Figures 2(A)−(B) and 
5(G)), like those of Limnomedusa (Figures 5(F)−(H)). On the 
other hand, some features of Chachaiphrynus lynchi are charac-
teristic of Odontophrynus (or Odontophrynus + Macrogenioglott
us) or are included within its variability: absence of dermal orna-
mentation, nasals in medial contact (only in Macrogenioglottus 
and O. lavillai among odontophryninds) and separated from 
frontoparietals, squamosals with a relatively short, generally 
acute-ending, zygomatic ramus (Figure 5(L) and (M)) and with 
a slender otic ramus, not expanded into an otic plate (Figure 
5(L) and (M)). However, all species of Odontophrynus (and also 
Macrogenioglottus) possess the maxillary pars facialis indented 
in the preorbital portion, while C. lynchi, like Proceratophrys, 
lacks this indentation (Figure 5(A) and (B)). Similarly, all 
Proceratophrys and C. lynchi lack a maxillary process in the 
premaxilla, which is present in the Odontophrynus and in 
Macrogenioglottus.

In addition, Proceratophrys moratoi, recently transferred from 
Odontophrynus on the basis of molecular evidence (Amaro et al. 
2009), possess a mosaic of character states from Odontophrynus 
and the other species of Proceratophrys (Jim & Caramaschi 
1980). Proceratophrys moratoi shares with Odontophrynus and 
C. lynchi (and differs from other Proceratophrys) in the absence 
of dermal ornamentation, the lack of contact between nasals 
and frontoparietals, and the presence of a slender otic ramus of 
squamosal. The significance of this complex distribution of char-
acters must be tested in a phylogenetic context. A phylogeny of 
the Odontophrynidae that includes a wide taxonomic sampling 
and a dense morphological data-set including osteology is in 
progress (Rosset, pers.com.). The inclusion of Chachaiphrynus 
lynchi in this analysis will provide a more certain idea of its phy-
logenetic relationships.

Several other fossil anurans have been collected in Scarrit 
Pocket. The Patagonian extant genus Calyptocephalella, closely 

Their skeletal anatomy was described or discussed in several 
contributions (Lynch 1971; Reig 1972; Jim & Caramaschi 1980; 
Izecksohn et al. 2005; Rosset et al. 2007; Prado & Pombal Jr. 
2008; Rosset 2008).

Odontophrynidae shares with Chachaiphrynus lynchi the 
shape of frontoparietals and pterygoids. In this way, both taxa 
have extensive frontoparietals, in medial contact along their 
entire length, deflecting posteriorly and with crescent-shaped 
posterolateral projections that overlap the epiotic eminences 
(Figures 5(A) and (B)). Similarly, their pterygoids have a robust 
anterior ramus that reaches the planum antorbitale, contact-
ing the corresponding neopalatine and projecting dorsally. 
Moreover, they also share an important number of additional 
character states: nasals bearing a long and slender maxillary pro-
cess, contacting maxillae; otic capsules bearing prominent epi-
otic eminences; notched premaxillary pars palatine (Figures 5(C) 
and (D)); dentate vomers, narrowly separated medially; robust 
neopalatines, narrowly separated medially, bearing a conspicu-
ous ridge, and with lateral edges expanded and articulated with 
maxillae and pterygoids; sacral neural arch with a transversal 
crest that projects over the diapophyses (Figure 5(I) and (J)); 
short urostyle with a high dorsal crest that nearly reaches the 
end of the bone; short ilial shaft; short hind limbs and knobbed 
terminal phalanges (Figure 5).

Most of these character states differentiate Odontophrynidae 
from the taxa that were alternatively considered closely related 
in different hypotheses: Alsodidae (Alsodes, Eupsophus), 
Batrachylidae (Atelognathus, Batrachyla, Chaltenobatrachus, 
Hylorina), Cycloramphidae (Cycloramphus, Thoropa), 
Hylodidae (Crossodactylus, Hylodes, Magaelosia), Limnomedusa, 
Rhinodermatidae (Rhinoderma  +  Insuetophrynus), and 
Telmatobiidae (Frost et al. 2006; Grant et al. 2006; Pyron & 
Wiens 2011; Fouquet et al. 2013; Pyron 2014). Thus, these char-
acter states are the putative, non-exclusive, synapomorphies of 
Odontophrynidae. The only clear exception is the shape of the 
terminal phalanges, which is also present in several of these taxa. 
The shape of the premaxilla and of the sacral vertebra and urostyle 
of the odontophryinids is also present in Limnomedusa (Figure 
5), which was recovered as the sister taxon of Odontophrynidae 
in some phylogenetic analyses (Faivovich et al. 2005; Frost et al. 
2006; Grant et al. 2006). The shape and extension of the poste-
rolateral projections of the frontoparietals of Odontophrynidae 
seems to be exclusive among Hyloidea.

Special attention requires the comparison with Ceratophryidae, 
the clade of South America horned frogs, which is recovered 
as the sister-taxon of the clade including Odontophrynidae 
in some phylogenetic analyses (Pyron & Wiens 2011; Pyron 
2014). Ceratophryidae, like Odontophryindae, possess exten-
sive frontoparietals, in medial contact along their entire length, 
and deflecting posteriorly. Their neopalatines also are narrowly 
separated medially, may bear a ridge, and articulate with maxil-
lae and pterygoids; although their width is constant along their 
length. In addition, most ceratophryid species (except those in 
Lepidobatrachus) have vomers narrowly separated medially; 
although they are edentulous or with a patch of a few teeth. 
Moreover, the maxillary processes of the nasals of the cerato-
phryid monotypic genus Chacophrys are similar to those of the 
odontophrynids. They also share with Odontophrynidae the 
postcranial character states (sacral neural arch with a transversal 



10   ﻿ L. NICOLI

the north of the Chubut province and in association with the 
Monte Biogeographic Province (Peiretti et al. 2002). Nowadays, 
no Odontophrynidae reaches the center of Patagonia, where is 
located SP, or the Steppe Biogeographic Province that now dom-
inates this region (Figure 1(A)).

The presence of an Odontophrynidae in SP during the 
Oligocene is presumably associated with the more benign cli-
mate inferred in Patagonia during this time. Proxy-data (e.g. 
pollen grains) suggest an equable Oligocene with forest types 
dominating present day Patagonia (Palazzesi & Barreda 2007; 
Quattrocchio et al. 2011; Strömberg et al. 2013; and papers cited 
therein). Microtherm Notophagus-gymnosperm dominated for-
ests with a fern understory (and probably some openings in the 
forest) would had been be widespread in Patagonia during the 
Early Oligocene (Barreda & Palazzesi 2010). In Late Oligocene, 
closed forests, enriched in megatherm elements, had spread in 
eastern Patagonia, coexisting with the first appearance of modern 
shrubby and herbaceous lineages (Barreda & Palazzesi 2010). The 
steppe-like elements (e.g. grass and asters) were virtually absent 
by these times in this area (Barreda & Palazzesi 2007). The pres-
ence of odontophrynid anurans in this context is consistent with 
the extant distribution of the group. The aridification events of 
Patagonia occurred later, in the Neogene, due to the rain-shadow 
effect of the Andes that blocked the humid winds from the west 
presumably since the late Miocene onwards (Compagnucci 
2011). It has been proposed that these dramatic changes caused 
the regional extinction of the anuran Calyptocephalella, amply 
recorded in Patagonia since the Cretaceous to the Miocene and 
nowadays restricted to the eastern Andean Valdivian forest 
(Muzzopappa & Báez 2009; Gómez et al. 2011). These climatic 
changes could also be the cause of the regional extinction of the 
Odontophrynidae.

Few interpretations of the Oligocene environment in SP in 
particular have been performed. Only scarce and fragmentary 
plants remains have been recovered in the locality, preclud-
ing any environmental inference from their analysis. Chafee 
(1952) analysed the putative ecological requirements of one of 
the most abundant mammal recovered in SP, the notongulate 
Scarrittia. He considered Scarrittia as a slow, ponderous browser 
animal, inhabitant of ‘a forest habitat with plenty of vegetation 
for concealment and food’ (Chafee 1952). The other anuran 
from SP with known relationships, Calyptocephalella canqueli, 
would be related with species associated to forested habitats. 
The single extant Calyptocephalella, C. gayi, nowadays inhabits 
permanent water-bodies of the Chilean Temperate Forests (Cei 
1962). Likewise, the fossil Calyptocephalella pichileufuensis has 
been recovered in association with a flora indicative of climatic 
conditions similar to extant subtropical, or tropical montane, 
rainforest (Wilf et al. 2009; Gómez et al. 2011). Although the 
habits of each extant odontophryinid genus shows a particular 
tendency (see Cei 1980; Caramaschi 1996; Eterovick & Sazima 
1998; Giaretta et al. 2000; Kwet & Faivovich 2001; Peiretti et 
al. 2002; Izecksohn et al. 2005; Rosset et al. 2006, 2007; Prado 
& Pombal Jr. 2008; Rosset 2008; Tiburcio et al. 2008; Rosset et 
al. 2009; Lisboa et al. 2010; Rolim et al. 2010; Caramaschi & 
Felgueiras Napoli 2012; Frost 2016), the unresolved position of 
Chachaiphrynus among the group precludes infering its possi-
ble habits and contributing to understand the SP environment 
during the Oligocene.

related with the Australasian Myobatrachoidea (sensu Frost et 
al. 2006), is represented in SP by adults and tadpoles of its fossils 
species C. canquelli (Schaeffer 1949; Muzzopappa & Báez 2009; 
Muzzopappa & Nicoli 2010). At the same time, a single speci-
men from SP has been considered representative of a new taxon, 
Neoprocoela edentata (Schaeffer 1949), whose relationships had 
been debated (Schaeffer 1949; Tihen 1962; Lynch 1971). This 
anuran possesses edentulous upper maxillary arcade, well-de-
veloped frontoparietal fontanelle, and dilated, triangular sacral 
diapophyses; differing clearly from Chachaiphrynus lynchi.

A third fossil anuran from SP has been considered close to the 
‘lower telmatobiine’ sensu Lynch 1978 (Báez & Fernicola 1999), 
an assemblage for which there has never been any evidence of 
monophyly and that resulted polyphyletic in recent phylogenetic 
analyses (Frost et al. 2006; Pyron & Wiens 2011). It is preserved 
as part and counterpart of disarticulated elements (squamosal, 
presacral column, humeri and illium) of a single specimen 
(CPBA-V 14089). Until now, the absence of preserved com-
mon elements between CPBA-V 14089 and the fossils from SP 
assigned by Schaeffer to Eupsophus sp. (referred here to C. lynchi) 
impeded determining whether these fossils represent the same 
species (Báez & Fernicola 1999). The new material described here 
provides evidence that allows comparing CPBA-V 14089 with 
Chachaiphrynus lynchi, showing that they are different species 
(Figure 5(M) and (N)). The squamosal of CPBA-V 14089 has 
a rectangular zygomatic ramus and a short otic ramus (Figure 
5(N)). The ilium has a high and robust dorsal prominence and 
a long shaft, longer than the whole presacral column length. The 
vertebral column of CPBA-V 14089 has non-imbricated neu-
ral arches, at least in presacrals VI and VII (Báez & Fernicola 
1999). All these character states differentiate CPBA-V 14089 
from Chachaiphrynus.

The presence of this so incompletely known anuran taxon in 
SP requires being especially conservative in the identification of 
poorly preserved specimens from this locality. In this way, the 
extremely incomplete specimens AMNH 3424 and 3430, orig-
inally attributed to Eupsophus (Schaeffer 1949), are considered 
here as indeterminate. By contrast, it is possible to asseverate 
that the poorly preserved specimens FCEN-PV 14085–1487 
[mentioned by Báez and Fernícola (1999) as possibly ‘the same 
taxon that Schaeffer identified as Eupsophus’ (free translation 
from spanish)] and FCEN-PV 14088 and 14090 [tentatively 
identified as Neoprocoela (Báez & Fernicola 1999)] are actually 
Chachaiphrynus lynchi.

Palaeoecological significance of the presence of 
Chachaiphrynus lynchi in Patagonia during the oligocene

The extant odontophrynids have a wide distribution in South 
America (Figure 1(A)). Within this extensive area they occur 
in association with remarkably diverse environments (from 
moist forests, to tropical, subtropical and temperate grasslands, 
savannas, and shrublands; Cei 1980; Caramaschi 1996; Eterovick 
& Sazima 1998; Giaretta et al. 2000; Kwet & Faivovich 2001; 
Peiretti et al. 2002; Izecksohn et al. 2005; Rosset et al. 2006, 
2007; Prado & Pombal Jr. 2008; Rosset 2008; Tiburcio et al. 
2008; Rosset et al. 2009; Lisboa et al. 2010; Rolim et al. 2010). 
The single Odontophrynidae that reaches Patagonia and the 
southernmost distributed, O. occidentalis, has been reported at 
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used as calibration points in some divergence time estimations 
(Roelants et al. 2007, 2011; Wiens 2007).

Without attempting to make an exhaustive analysis of these 
contributions, which is beyond the aim of this work, some 
aspects deserve to be highlighted to illustrate the current state 
of the knowledge. For instance, although it has been noted that 
improperly fossil placement can have significant effect in the 
estimated diversification dates (see Parham et al. 2012; Sterli et 
al. 2013), the taxonomical identity of the fossils used as cali-
bration points does not seem to have been critically evaluated. 
Even several fossil records were obtained from reviews (e.g. 
Rocek & Rage 2000; Holman 2003; Rage & Rocek 2003) and 
not from the original papers. In this context, it is noteworthy 
that most of these fossils were assigned in the end of the last 
century to huge genera (i.e. Bufo, Eleutherodactylus, Hyla) that 
were dramatically reformulated in the last decade to resolve their 
paraphyly (Faivovich et al. 2005; Frost et al. 2006); neverthe-
less, they were used as calibration points without reconsidering 
their taxonomical assignation (Roelants et al. 2007, 2011; Wiens 
2007). In addition, these fossils are usually fragmentary remains 
and their original taxonomical assignations were poorly or not 
discussed and based in comparisons with restricted taxonomical 
samplings (Auffenberg 1956; Hollman 1967; Poinar & Cannatella 
1987; Sanchiz 1998). This traditional palaeontological approach, 
where isolated fossil elements are identified in base on its resem-
blance with particular, usually local, taxa, is highly questionable 
in the current systematic paradigm (see Bell et al. 2010; Parham 
et al. 2012). Taxonomical assignations should be based on shared 
synapomorphies, which implies a global understanding of the 
distribution of the morphological variation and its phylogenetic 
significance. On the other hand, considering a correct age of the 
fossils used as calibration points is evidently critical to generate 
reliable time-scaled phylogenies (Parham et al. 2012). It is even 
recommended to specified the locality and stratigraphic level (to 
the best of current knowledge) from which the calibrating fossils 
were collected as well as the reference to a published radioiso-
topic age and/or numeric timescale and details of numeric age 
selection (Parham et al. 2012). These aspects are however never 
discussed and the ages of fossils are usually taken from the palae-
ontological works. As an example, the age of the putative Eocene 
Eleutherodactylus (Poinar & Cannatella 1987), used as calibration 
point in some analyses (e.g. Roelants et al. 2007), has longer 
discussed and is still not well-defined (see Iturralde-Vinent & 
MacPhee 1996; Poinar & Struwe 2016, and papers cited therein).

In this context, the discovery of the relatively complete and 
well-represented Chachaiprhynus lynchi, from a known locality 
and stratigraphical level whose sediments were radioisotopically 
dated, as well as its analysis framed in a phylogenetic context and 
with a broad comparative taxon sampling, represents a valuable 
evidence to contribute to reconstruct the temporal frame of the 
anuran evolution.
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Contribution of Chachaiphrynus lynchi to the knowledge 
of the anuran evolution

The relationships of the odontophryinids with other anurans 
are still controversial. Several recent phylogenetic analyses, 
mostly based on molecular information, have tested the rela-
tionship of anurans using relatively dense taxonomic samples 
and including a few Odontophrynidae (Frost et al. 2006; Grant et 
al. 2006; Pyron & Wiens 2011; Fouquet et al. 2013; Pyron 2014). 
These always resulted monophyletic, deeply nested in Hyloidea, 
and forming a clade with other endemic South American taxa 
(Frost et al. 2006; Grant et al. 2006; Pyron & Wiens 2011; 
Fouquet et al. 2013; Pyron 2014). These taxa, however, are 
not the same in all the hypotheses. Thus, whereas Alsodidae, 
Limnomedusa and Rhinodermatidae resulted in the same 
clade that Odontophrynidae in all the analyses, Batrachylidae, 
Cycloramphidae and Hylodidae are in this clade in most hypoth-
eses, but in different positions in others (Frost et al. 2006; Grant 
et al. 2006; Pyron & Wiens 2011; Fouquet et al. 2013; Pyron 2014; 
see Blotto et al. 2013 for taxonomical clarifications of terminals 
in previous analyses). Finally, Telmatobius resulted in the clade 
including Odontophrynidae in the analyses of Pyron and Wiens 
(2011) and Pyron (2014). The odontophrynid Chachaiphrynus 
lynchii, because of its age and geographical location, could 
represent an interesting evidence to reconstruct the pattern of 
diversification of these South American anurans through the 
known palaeogeographical and palaeoecological history of the 
continent. Their unresolved phylogenetic relationships, how-
ever, impede to exploiting this evidence beyond speculative 
hypotheses.

By the other hand, Chachaiphrynus represents the oldest cer-
tain record of a South American clade deeply nested in Hyloidea 
and, as such, an exceptional temporal evidence of the diversifi-
cation of anurans. In particular, Chachaiphrynus is an extraordi-
nary potential calibration point for estimations of phylogenetic 
divergence time in base on molecular data. Several methods 
have been proposed for timescale phylogenetic trees (see Ho & 
Phillips 2009 for a review). Nevertheless, the calibration of this 
time scale is of central importance, considering that absolute 
ages cannot be estimates from molecular data alone. In anurans, 
however, the scarceness of the fossil record deprives of calibration 
points to these kinds of estimations. In the last decade, a series 
of analyses estimated the time of divergence of Hyloidea and 
its internal clades, but the calibration of the time scales were 
mostly based in temporal information attributed to external 
nodes (based on dated fossils with known taxonomical identity) 
or inferred from biogeographic events (San Mauro et al. 2005; 
Roelants et al. 2007, 2011; Wiens 2007; Irisarri et al. 2012; Zhang 
et al. 2013). This later kind of evidence is always dependent of 
dating phenomena that usually occurred in inaccurate times and 
based in assumptions of a causal relationship between cladogene-
sis and vicariance. Only a few holartic putative hyloid fossils [i.e. 
Miocene Bufo sp. from Europe (Alférez Delgado & Brea López 
1981; Bailon & Hossini 1990); Eocene Eleutherodactylus sp. from 
the Dominican Republic (Poinar & Cannatella 1987, although see 
below); Miocene Hyla sp. from France (Bailon et al. 1988) and 
from Austria (Sanchiz 1998; take as ‘similar to H. meridionalis’ 
by Wiens 2007) and H. goini (Auffenberg 1956; Hollman 1967; 
take as synonymous of H. squirella by Wiens 2007)] have been 



12   ﻿ L. NICOLI

Baldo D, Basso NG. 2004. A new species of Melanophryniscus Gallardo, 
1961 (Anura: Bufonidae), with comments on the species of the genus 
reported for Misiones, northeastern Argentina. J Herpetol. 38:393–403.

Baldo D, Borteiro C, Kolenc F, Rosset S, Prigioni C, Martínez Debat C. 2012. 
The taxonomic status of Melanophryniscus orejasmirandai Prigioni & 
Langone, 1987 “1986” (Anura: Bufonidae). Zootaxa. 3235:45–61.

Barreda V, Palazzesi L. 2007. Patagonian vegetation turnovers during the 
paleogene-early neogene: origin of arid-adapted floras. Bot Rev. 73:31–
50.

Barreda V, Palazzesi L. 2010. Vegetation during the Eocene-Miocene 
interval in central Patagonia: a context of mammal evolution. In: Madden 
RH, Carlini AA, Vuecetich MG, Kay RF, editors. The paleontology of 
Gran Barranca. New York: Cambridge University Press; p. 375–382.

Bell CJ, Gauthier JA, Bever GS. 2010. Covert biases, circularity, and 
apomorphies: a critical look at the North American Quaternary 
herpetofaunal stability hypothesis. Quatern Int. 217:30–36.

Bever GS. 2005. Variation in the ilium of North American Bufo 
(Lissamphibia; Anura) and its implications for species-level 
identification of fragmentary anuran fossils. J Vertebr Paleontol. 
25:548–560.

Blotto BJ, Nuñez JJ, Basso NG, Úbeda C, Wheeler WC, Faivovich J. 2013. 
Phylogenetic relationships of a Patagonian frog radiation, the Alsodes + 
Eupsophusclade (Anura: Alsodidae), with comments on the supposed 
paraphyly of Eupsophus. Cladistics. 29:113–131.

Cannatella DC, Duellman WE. 1984. Leptodactylid frogs of the 
Physalaemus pustulosus Group. Copeia. 1984:902–921.

Caramaschi U. 1996. [New species of Odontophrynus Reinhardt & Lütken, 
1862 from Central Brazil (Amphibia, Anura, Leptodactylidae)]. Bol 
Mus Nac Nov Ser Zool. 367:1–8. Portuguese.

Caramaschi U, Felgueiras Napoli A. 2012. Taxonomic revision of the 
Odontophrynus cultripes species group, with description of a new 
related species (Anura, Cycloramphidae). Zootaxa. 3155:1–20.

Cei JM. 1962. Anurans of Chile. Santiago de Chile: Ediciones de la 
Universidad de Chile. Spanish.

Cei JM. 1980. Amphibians of Argentina. Mont Zool Ital (NS) Monograf. 
2:1–609.

Chafee RG. 1952. The Deseadan vertebrate fauna of the Scarritt Pocket. 
Patagonia Bull Am Mus Nat Hist. 98:503–562.

Chaparro JC, Pramuk JB, Gluesenkamp AG. 2007. A new species of 
arboreal Rhinella (Anura: Bufonidae) from cloud forest of southeastern 
Peru. Herpetologica. 63:203–212.

Coloma LA, Duellman WE, Almendariz A, Ron SR, Terán-Valdez A, 
Guayasamin JM. 2010. Five new (extinct?) species of Atelopus (Anura: 
Bufonidae) from Andean Colombia, Ecuador, and Peru. Zootaxa. 
2574:1–54.

Coloma LA, Lötters S, Duellman WE, Miranda-Leiva A. 2007. A 
taxonomic revision of Atelopus pachydermus, and description of two 
new (extinct?) species of Atelopus from Ecuador (Anura: Bufonidae). 
Zootaxa. 1557:1–32.

Compagnucci RH. 2011. Atmospheric circulation over Patagonia from the 
Jurassic to present: a review through proxy data and climatic modelling 
scenarios. Biol J Linn Soc. 103:229–249.

Estes R, Reig OA. 1973. The early fossil record of frogs: a review of the 
evidence. In: Vial JL, editor. Evolutionary biology of the anurans, 
contemporary research on major problems. Columbia: University of 
Missouri Press; p. 11–36.

Eterovick PC, Sazima I. 1998. New species of Proceratophrys (Anura: 
Leptodactylidae) from southeastern Brazil. Copeia. 1998:159–164.

Evans SE, Groenke JR, Jones MEH, Turner AH, Krause DW. 2014. New 
Material of Beelzebufo, a Hyperossified Frog (Amphibia: Anura) from 
the Late Cretaceous of Madagascar. PLoSONE. 8:e74874.

Evans SE, Jones MEH, Krause DW. 2008. A giant frog with South American 
affinities from the Late Cretaceous of Madagascar. Proc Nat Acad Sci. 
105:2951–2956.

Faivovich J, Haddad CFB, Garcia PCA, Frost DR, Campbell JA, Wheeler 
WC. 2005. Systematic review of the frog family Hylidae, with special 
reference to Hylinae: phylogenetic analysis and taxonomic revision. 
Bull Am Mus Nat Hist. 294:1–240.

Faivovich J, Nicoli L, Blotto BL, Pereyra MO, Baldo D, Barrionuevo 
JS, Fabrezi M, Wild ER, Haddad CFB. 2014. Big, bad, and beautiful: 

J. Williams (MLP), J. Aparicio (CBF), A.M. Báez (UBA), R. Brown and 
L. Trueb (KU), D. Cannatella (UT), U. Caramaschi (MNRJ), J. Faivovich 
(MACN), D.R. Frost, C.F.B. Haddad (UNESP), M. Norell, and C. Mehling 
(AMNH), E.O. Lavilla and S. Kretzschmar (FML), R. Maneyro (ZVCB), E. 
Ruigómez (MEF) for the loan of the material under their care. I am espe-
cially grateful to J. Faivovich for his continuous and generous help, his vast 
knowledge of anuran systematic and published literature is always at the 
service of his colleagues, his comments and suggestions greatly improved 
this work. I also thank J. S. Barrionuevo, B. Blotto, D. Ferraro, and M. 
Pereyra for our everyday discussion and help and their valuable comments 
about this work. A. Elissamburu (Museo Municipal de Ciencias ‘Lorenzo 
Scaglia’, Mardel Plata, Argentina) for providing information about the 
expedition to Scarritt Pocket carried out in 1964. M. Krause (MEF) assisted 
me with the sedimentological description. S. Reuil and M. Cardenas skill-
fully prepared the original studied fossils. H. Contreras give advice on the 
Mapuche, its ancestral language, in order to decide the generic name of 
the fossil species. Two anonymous reviewers improve this work with their 
valuable suggestions.

Disclosure statement
No potential conflict of interest was reported by the author.

Funding
This work was supported by the Agencia Nacional de Promoción Científica 
y Técnica (PICTs 227/12, 2674/12, 404/13, 820/15); the ConsejoNacional 
de InvestigaciónesCientíficas y Técnicas (PIP 889/12); and # 2012/ 10000-5 
and 2013/50741-7, São Paulo Research Foundation (FAPESP).

References
Alférez Delgado F, Brea López F. 1981. [Preliminary study of the fish, 

amphibian, and reptile remains of the Miocene Deposits of Córcoles 
(Guadalajara)]. Bol Real Soc Esp Hist Nat Geol. 79:5–20. Spanish.

Amaro RC, Pavan D, Rodrigues MT. 2009. On the generic identity 
of Odontophrynus moratoi Jim & Caramaschi, 1980 (Anura, 
Cycloramphidae). Zootaxa. 2071:61–68.

Auffenberg W. 1956. Remarks in some Miocene anurans from Florida, 
with a description of a new species of Hyla. Breviora. 52:1–11.

Báez AM. 1991. A new early Paleocene neobatrachian frog from the 
Santa Lucía Formation in South Central Bolivia, and comments on 
the Cretaceous and early Tertiary batrachofaunas of South America. 
Fósiles y Facies de Bolivia, I, Vertebrados. Rev Tec Yac Petrol Fis Bol. 
12:529–540.

Báez AM. 2000. Tertiary Anurans from South America. In: Heatwole H 
and Carrol RL, editors. Amphibian biology. Chipping Norton: Surrey 
Beatty & Sons; p. 1388–1401.

Báez AM, Fernicola JC. 1999. [New anuran material in de deseadan 
strates of Scarritt Pocket, Chubut province, and the putative presence 
of paleartic bufonids in the Oligocene of Patagonia]. Ameghiniana. 
36:23–35. Spanish.

Báez AM, Gómez RO, Ribeiro LCB, Martinelli AG, Teixeira VPA, Ferraz 
MLF. 2012. The diverse Cretaceous neobatrachian fauna of South 
America: Uberabatrachus carvalhoi, a new frog from the Maastrichtian 
Marília Formation, Minas Gerais, Brazil. Gondwana Res. 22:1141–1150.

Báez AM, Moura GJB, Gómez RO. 2009. Anurans from the Lower 
Cretaceous Crato Formation of northeastern Brazil: implications for the 
early divergence of neobatrachians. Cretac Res. 30:829–846.

Báez AM, Nicoli L. 2004. Bufonid toads from the late Oligocene beds of 
Salla, Bolivia. J Vertebr Paleontol. 24:73–79.

Báez AM, Perí S. 1989. [Baurubatrachus pricei, nov. gen. et sp., an anuran 
from the Upper Cretaceous of Minas Gerais, Brasil]. An Acad Brasil 
Ciênc. 61:447–458. Spanish.

Bailon S, Bour R, Rage J-C. 1988. [When the French herpetofauna species 
have disappeared?]. Bull Soc Herpet France. 45:1–8. French.

Bailon S, Hossini S. 1990. [The oldest Bufonidae (Amphibia, Anura) from 
Europe: the species of the French Miocene]. An Paleontol. 76:121–132. 
French.



HISTORICAL BIOLOGY﻿    13

saltica (Cope, 1887), and osteology of the three species]. Cuad Herpetol. 
8:177–199. Spanish.

Lobo F. 1995. [Phylogenetic analysis of the genus Pseudopaludicola (Anura: 
Leptodactylidae)]. Cuad Herpetol. 9:21–43. Spanish.

Lobo F. 1996a. [New observations on the osteology of the genus Physalaemus 
(Anura: Leptodactylidae)]. Act Zool Lil. 43:317–326. Spanish.

Lobo F. 1996b. [Evaluation of the taxonomical status of Pseudopaludicola 
ternetzi Miranda Ribeiro, 1937; P. mystacalis and P. ameghini (Cope, 
1887). Osteology and distribution of the studied species]. Act Zool Lil. 
43:327–346. Spanish

Lynch JD. 1970. Systematic status of the American leptodactylid frog 
genera Engystomops, Eupemphix, and Physalaemus. Copeia. 1970:488–
496.

Lynch JD. 1971. Evolutionary relationships, osteology, and zoogeography 
of leptodactyloid frogs. Misc Publ Univ Kansas Mus Nat Hist. 53:1–128.

Lynch JD. 1978. A re-assessment of the telmatobiine leptodactylid frogs of 
Patagonia. Occ Pap Mus Nat Hist UK. 72:1–57.

Marshall LG, Cifelli RL, Drake R, Curtis GH. 1986. Vertebrate paleontology, 
geology, and geochronology of the Tapera de López and Scarritt Pocket, 
Chubut Province, Argentina. J Paleontol. 60:920–951.

Martin RF. 1972. Evidence from osteology. In: Blair WF, editor. Evolution 
un the genus Bufo. Austin: University of Texas Press; p. 37–70.

McDiarmid RW. 1972. Comparative morphology and evolution of frogs 
of the genera Atelopus, Dendrophryniscus, Melanophryniscus, and 
Oreophrynella. Sc Bulll Nat Hist Mus LA County. 12:1–66.

Mendelson JR, Mulcahy DG, Williams TS, Sites JW Jr. 2011. A phylogeny 
and evolutionary natural history of mesoamerican toads (Anura: 
Bufonidae: Incilius) based on morphology, life history, and molecular 
data. Zootaxa. 3138:1–34.

Muzzopappa P, Báez AM. 2009. Systematic status of the mid-tertiary 
neobatrachian frog Calyptocephalella canqueli from Patagonia 
(Argentina), with comments on the evolution of the genus. 
Ameghiniana. 46:113–125.

Muzzopappa P, Nicoli L. 2010. A glimpse at the ontogeny of the fossil 
neobatrachian frog Calyptocephalella canqueli from the Deseadan 
(Oligocene) of Patagonia, Argentina. Acta Palaeontol Pol. 55:645–654.

Nascimento LB, Caramaschi U, Cruz CAG. 2005. Taxonomic review 
of the species groups of the genus Physalaemus Fitzinger, 1826 with 
revalidation of the genera Engystomops Jiménez-de-la-Espada, 1872 and 
Eupemphix Steindachner, 1863 (Amphibia, Anura, Leptodactylidae). 
Arq Mus Nac. 63:297–320.

Nicoli L. 2012. On the putative presence of Eupsophus (Anura: 
Cycloramphidae) in Central Patagonia during the Oligocene. 
Herpetologica. 68:236–243.

Páez-Moscoso DJ, Guayasamin JM, Yánez-Muñoz M. 2011. A new species 
of Andean toad (Bufonidae, Osornophryne) discovered using molecular 
and morphological data, with a taxonomic key for the genus. ZooKeys. 
108:73–97.

Palazzesi L, Barreda V. 2007. Major vegetation trends in the Tertiary of 
Patagonia (Argentina): a qualitative paleoclimatic approach based on 
palynological evidence. Flora. 202:328–337.

Parker WK. 1881. On the structure and development of the skull in the 
Batrachia. Part III. Phil Trans Royal Soc Lond. 172:1–266.

Peiretti SG, Basso NG, Rosset SD. 2002. Geographic distribution: 
Odontophrynus occidentalis. Herpet Rev. 221.

Peloso PLV, Faivovich J, Grant T, Gasparini JL, Haddad CFB. 2012. An 
extraordinary new species of Melanophryniscus (Anura, Bufonidae) 
from southeastern Brazil. Am Mus Nov. 3762:1–32.

Parham JF, Donoghue PCJ, Bell CJ, Calway TD, Head JJ, Holroyd PA, 
Inoue JG, Irmis RB, Joyce WG, Ksepka DT, et al. 2012. Best practices for 
justifying fossil calibrations. Syst Biol. 61:346–359.

Poinar GO, Cannatella DC. 1987. An upper eocene frog from the 
Dominican republic and its implication for Caribbean biogeography. 
Science. 237:1215–1216.

Poinar GO, Struwe L. 2016. An asterid flower from neotropical mid-
Tertiary amber. Nat Plant. 2:1–3.

Prado GM, Pombal JP Jr. 2008. [Species of Proceratophrys Miranda-
Ribeiro, 1920 with palpebral appendices (Anura; Cycloramphidae)]. 
Arq Zool São Paulo. 39:1–85. Portuguesse.

phylogenetic relationships of the horned frogs (Anura: Ceratophryidae). 
S Am J Herpetol. 9:207–227.

Fischer von Waldheim G. 1813. Zoognosia tabulis synopticis illustrata: 
in usum praelectionum Academiae imperialis medico-chirugicae 
mosquensis edita/auctore Gotthelf Fischer. 3rd ed. Moscow: Nicolai 
Sergeidis Vsevolozsky.

Fitzinger LFFJ. 1843. Systema Reptilium. Fasciculus Primus. Wien: 
Braumüller et Seidel.

Flynn JJ, Swisher CC. 1995. Cenozoic South American land mammal ages: 
correlation to global geochronologies. In: Flynn JJ, Swisher CC, editors. 
Geochronology. Time scales and global stratigraphic correlation. Tusla: 
Society for Sedimentary Geology Special Publication; p. 317–333.

Fouquet A, Blotto BL, Maronna MM, Verdade VK, Juncá FA, de Sá RO, 
Rodrigues MT. 2013. Unexpected phylogenetic positions of the genera 
Rupirana and Crossodactylodes reveal insights into the biogeography 
and reproductive evolution of leptodactylid frogs. Mol Phylogenet Evol. 
67:445–457.

Frost DR. 2016. Amphibian species of the world: an online reference. 
Version 6.0 (Date of access). New York: American Museum of Natural 
History. Available from Electronic Database: http://research.amnh.org/
herpetology/amphibia/index.html

Frost DR, Grant T, Faivovich J, Bain RH, Haas A, Haddad CFB, de Sá RO, 
Channing A, Wilkinson M, Donnellan ST, et al. 2006. The amphibian 
tree of life. Bull Am Mus Nat Hist. 297:1–291.

Giaretta AA, Bernarde PS, Kokubum MNdC. 2000. A new species of 
Proceratophrys (Anura: Leptodactylidae) from the Amazon Rain forest. 
J Herpetol. 34:173–178.

Gómez RO, Báez AM, Muzzopappa P. 2011. A new helmeted frog (Anura: 
Calyptocephalellidae) from an Eocene subtropical lake in northwestern 
Patagonia, Argentina. J Vertebr Paleontol. 31:50–59.

Grandison AGC. 1978. The occurrence of Nectophrynoides (Anura 
Bufonidae) in Ethiopia. A new concept of the genus with a description 
of a new species. Monit Zool Ital (N S). 6:119–172.

Grandison AGC. 1980. A new genus of toad (Anura: Bufonidae) from the 
Republic of South Africa with remarks on its relationships. Bull Brit 
Mus Nat Hist (Zool). 39:293–298.

Grant T, Frost DR, Caldwell JP, Gagliardo R, Haddad CFB, Kok PJR, 
Means DB, Noonan BP, Schargel WE, Wheeler WC. 2006. Phylogenetic 
systematics of dart-poison frogs and their relatives (Amphibia: 
Athesphatanura: Dendrobatidae). Bull Am Mus Nat Hist. 299:1–262.

Ho SYW, Phillips MJ. 2009. Accounting for calibration uncertainty in 
phylogenetic estimation of evolutionary divergence times. Syst Biol. 
58:367–380.

Holman AJ. 1967. Additional Miocene anuras from Florida. Flor Acad Sc 
Quart J. 30:121–140.

Holman AJ. 2003. Fossil frogs and toads of North America. Bloomington: 
Indiana University Press.

Irisarri ID, San Mauro D, Abascal F, Ohler A, Vences M, Zardoya R. 
2012. The origin of modern frogs (Neobatrachia) was accompanied by 
acceleration in mitochondrial and nuclear substitution rates. Genomics. 
13:1–19.

Iturralde-Vinent MA, MacPhee RDE. 1996. Age and paleogeographical 
origin of Dominican amber. Science. 273:1850–1852.

Izecksohn E, Carvalho-e-Silva SP, Deiss I. 2005. [The osteocranium O of 
Proceratophrysboiei (Wied-Neuwied), P. appendiculata (Günther), P. 
melanopogon (Miranda-Ribeiro), andP. laticeps Izecksohn & Peixoto 
(Anura, Leptodactylidae)]. Rev Brasil Zool. 22:225–229. Portuguesse.

Jim J, Caramaschi U. 1980. [A new species of Odontophrynusfrom the 
region of Botucatu, São Paulo, Brasil (Amphibia, Anura)]. Rev Brasil 
Biol. 40:357–360. Portuguesse.

Kwet A, Faivovich J. 2001. Proceratophrys bigibbosa species group (Anura: 
Leptodactylidae), with description of a new species. Copeia. 2001:203–
215.

Lisboa BS, da Silva UG, Haddad CFB. 2010. Amphibia, Anura, 
Cycloramphidae, Odontophrynus carvalhoi Savage and Cei, 1965: 
distribution extension and geographic distribution map. Check List. 
6:493–494.

Lobo F. 1994. [Description of a new species of Pseudopaludicola (Anura: 
Leptodactylidae), redescription of P. falcipes (Hensel, 1867) and P. 

http://research.amnh.org/herpetology/amphibia/index.html
http://research.amnh.org/herpetology/amphibia/index.html


14   ﻿ L. NICOLI

Rosset SD, Ferraro DP, Alcalde L, Basso NG. 2007. A revision of 
Odontophrynus barrioi (Anura: Neobatrachia): morphology, osteology, 
vocalizations, and geographic distribution. S Am J Herpetol. 2:97–106.

Ruiz-Carranza PM, Hérnandez-Camacho JI. 1976. Osornophryne, género 
nuevo de anfibios bufónidos de Colombia y Ecuador. Caldasia. 11:93–148.

Sabaj Pérez MH. 2014. Standard symbolic codes for institutional resource 
collections in herpetology and ichthyology: an online reference. Version 
5.0 (22 September 2014). Washington, DC: American Society of 
Ichthyologists and Herpetologists. Available from: http://www.asih.org/

Sanchiz FB. 1998. Vertebrates from the Early Miocene lignite deposits 
of the opencast mine Oberdorf (western Styrian Basin, Austria). 2. 
Amphibia. An Naturhist Mus Wiens. 99:13–29.

San Mauro D, Vences M, Alcobendas M, Zardoya R, Meyer A. 2005. Initial 
diversification of living amphibians predated the breakup of Pangaea. 
Am Nat. 165:590–599.

Sanders O. 1953. A new species of toad, with a discussion of morphology 
of the bufonid skull. Herpetologica. 9:25–47.

Schaeffer B. 1941. The morphological and functional evolution of the 
tarsus in Amphibians and Reptiles. Bull Am Mus Nat Hist. 78:395–472.

Schaeffer B. 1949. Anurans from the early Tertiary of Patagonia. Bull Am 
Mus Nat Hist. 93:41–68.

Simpson GG. 1934. A new notoungulate from the early Tertiary of 
Patagonia. Am Mus Nov. 735:1–3.

Sterli J, Pol D, Laurin M. 2013. Incorporating phylogenetic uncertainty 
on phylogeny-based palaeontological dating and the timing of turtle 
diversification. Cladistics. 29:233–246.

Strömberg CAE, Dunn RE, Madden RH, Kohn MJ, Carlini AA. 2013. 
Decoupling the spread of grasslands from the evolution of grazer-type 
herbivores in South America. Nat Comm. 4:1–8.

Tiburcio ICS, Lisboa BS, Haddad CFB. 2008. Amphibia, Anura, 
Cycloramphidae, Macrogenioglottus alipioi: distribution extension, state 
of São Paulo and Alagoas, Brazil. Check List. 4:455–457.

Tihen JA. 1962. A review of New World fossil bufonids. Am Mid Nat. 
68:1–50.

Trueb L. 1971. Phylogenetic relationships of certain neotropical toads with 
the description of a new genus (Anura: Bufonidae). ContSc. Nat Hist 
Mus LA County. 216:1–40.

Wiens JJ. 2007. Global patterns of diversification and species richness in 
amphibians. Am. Nat. 170:S86–S106.

Wild ER. 1997. Description of the adult skeleton and developmental 
osteology of the hyperossified horned frog Ceratophrys cornuta (Anura: 
Leptodactylidae). J Morphol. 232:169–206.

Wilf P, Little SA, Iglesias A, Zamaloa MC, Gandolfo MA, Cúneo NR, 
Johnson KR. 2009. Papuacedrus (Cupressaceae) in Eocene Patagonia: 
a new fossil link to Australasian rainforests. Am J Bot. 96:2031–2047.

Zhang P, Liang D, Mao R-L, Hillis DM, Wake DB, Cannatella DC. 2013. 
Efficient sequencing of anuran mtDNAs and a mitogenomic exploration 
of the phylogeny and evolution of frogs. Mol Biol Evol. 30:1899–1915.

Pramuk JB. 2002. Combined evidence and cladistic relationships of west 
Indian toads (Anura: Bufonidae). Herpetol Monogr. 16:121–151.

Pramuk JB. 2006. Phylogeny of South American Bufo (Anura: Bufonidae) 
inferred from combined evidence. Zool J Linn Soc. 146:407–452.

Pregill G. 1981. Cranial morphology and the evolution of West Indian 
Toads (Salientia: Bufonidae): resurrection of the Genus Peltophryne 
Fitzinger. Copeia. 1981:272–285.

Púgener LA, Maglia AM. 1997.  Osteology and skeletal development of 
Discoglossus sardus (Anura: Discoglossidae). J Morphol. 233:267–286.

Pyron RA. 2014. Biogeographic analysis reveals ancient continental 
vicariance and recent oceanic dispersal in amphibians. Syst Biol. 
63:779–797.

Pyron RA, Wiens JJ. 2011. A large-scale phylogeny of Amphibia with over 
2,800 species, and a revised classification of extant frogs, salamanders, 
and caecilians. Mol Phylogenet Evol. 61:543–583.

Quattrocchio ME, Volkheimer W, Borrromei AM, Martínez MA. 2011. 
Changes of the palynobiotas in the Mesozoic and Cenozoic of Patagonia: 
a review. Biol J Linn Soc. 103:380–396.

Rage J-C, Roček Z. 2003. Evolution of anuran assemblages in the Tertiary 
and Quaternary of Europe, in the context of palaeoclimate and 
palaeogeography. Amphib Reptil. 24:133–167.

Reig OA. 1958. Proposals for a new Anuran macrosystematic. Physis. 
21:109–118.

Reig OA. 1972. Macrogenioglottus and the South American Bufonid Toads. 
In: Blair WF, editor. The evolution of the genus Bufo. Austin: University 
of Texas Press; p. 14–36.

Roček Z, Rage J-C. 2000. Tertiary Anura of Africa, Asia, Europe, North 
America, and Australia. In: Heatwole H, Carrol RL, editors. Amphibian 
biology. Chipping Norton: Surrey Beatty & Sons; p. 1334–1389.

Roelants K, Gower DJ, Wilkinson M, Loader SP, Biju SD, Guillaume K. 
2007. Global patterns of diversification in the history of modern 
amphibians. Proc Nat Acad Sci USA. 104:887–892.

Roelants K, Haas A, Bossuyt F. 2011. Anuran radiations and the evolution 
of tadpole morphospace. Proc Nat Acad Sci. 108:8731–8736.

Rolim DC, Marques Martinez RA, de Almeida SC, Ubaid FK, Maffei 
F, Jim J. 2010. Amphibia, Anura, Cycloramphidae, Proceratophrys 
moratoi (Jim and Caramaschi, 1980): distribution extension and 
new altitudinal record in state of São Paulo, Brazil. Check List. 
6:576–578.

Rosset SD. 2008. New species of Odontophrynus Reinhardt and Lütken 
1862 (Anura: Neobatrachia) from Brazil and Uruguay. J Herpetol. 
42:134–144.

Rosset SD, Baldo D, Haddad CFB. 2009. Amphibia, Anura, 
Cycloramphidae, Odontophrynus lavillai: first record for Brazil and 
geographic distribution map. Check List. 5:32–34.

Rosset SD, Baldo D, Lanzone C, Basso NG. 2006. Review of the geographic 
distribution of diploid and tetraploid populations of the Odontophrynus 
Americanus species complex (Anura: Leptodactylidae). J Herpetol. 
40:465–477.

http://www.asih.org/

	Abstract
	Introduction
	Geological setting
	Materials and methods
	Systematic palaeontology
	Description
	Skull
	Dermal skull roof
	Maxillary arch
	Endocranium
	Suspensorium
	Palate
	Mandible

	Axial skeleton
	Appendicular skeleton
	Pectoral girdle
	Forelimb and manus
	Pelvic girdle
	Hind limb and pes


	Discussion
	Comparisons and taxonomic placement of Chachaiphrynus lynchi
	Palaeoecological significance of the presence of Chachaiphrynus lynchi in Patagonia during the oligocene
	Contribution of Chachaiphrynus lynchi to the knowledge of the anuran evolution

	Acknowledgments
	Disclosure statement
	Funding
	References



