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INTENSIVE paleontological prospection in the Neogene beds
referred to the Cerro Azul Formation carried out by Mon-
talvo and collaborators throughout the last twenty years
has produced one of the most important collections of Neo-
gene vertebrate remains from South America. The assem-
blage includes mainly mammals but birds, squamates, and
anurans are also represented (Goin et al, 2000; Verzi et al,
2008; Cenizo et al, 2012; Albino et al, 2013; Sostillo et al,
2014; Scanferla and Agnolin, 2015 and references therein).
The only known anuran remain (GHUNLPam 8633) consists
of an incomplete maxilla that was recently assigned to Ce-
ratophrys, a genus of South American horned frogs, by Scan-
ferla and Agnolin (2015). This identification, however, was
based on characters that are not exclusive of Ceratophrys
and, thus, a revision of its taxonomic placement is pertinent.
Institutional acronyms. FML, Fundacion Miguel Lillo, San Mi-
guel de Tucuman, Argentina; GHUNLPam, Facultad de
Ciencias Exactas y Naturales, Universidad de La Pampa,
Santa Rosa, La Pampa, Argentina; MACN, Museo Argentino
de Ciencias Naturales "Bernardino Rivadavia", Ciudad Auté-
noma de Buenos Aires, Argentina. Additional institutional
abbreviations in the supplementary information follow
Sabaj Pérez (2014).

STRATIGRAPHIC PROVENANCE AND AGE
The specimen GHUNLPam 8633 was collected in sedi-

ments attributed to the Cerro Azul Formation that crops out
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in the Quehué locality, La Pampa province, Argentina. This
unit includes continental beds exposed in numerous dis-
continuous outcrops in the La Pampa and Buenos Aires
provinces (Goin et al, 2000; Folguera and Zarate, 2009;
Visconti et al, 2010) that belong to a major Neogene cycle of
sedimentation that occurred after the regression of the
Miocene Paranean sea in the extra Andean foreland region
of central Argentina (Folguera and Zarate, 2009). These
deposits are characterized by their lithological uniformity
and therefore correlations have been traditionally based
on paleontological evidence (Verzi et al, 2008; Folguera
and Zarate, 2009). Radiometric dates of the Cerro Azul For-
mation are not available and therefore the age of this unit
has also been inferred on the basis of its paleontological
content.

The mammalian assemblage recovered from these
sediments has been traditionally considered equivalent to
that of the Huayquerias Formation (Mendoza province, Ar-
gentina; Cabrera, 1939; Pascual and Bocchino, 1963), which
formed the basis of the Huayquerian South American Land
Mammal Age (SALMA; Rovereto, 1914; Kraglievich, 1934;
Rusconi, 1939; Simpson, 1940). Thenceforth, the Cerro Azul
Fm. has been repeatedly assigned to the Huayquerian Age
(e.g., Pascual et al, 1965; Ortega Hinojosa, 1967; Montalvo
and Casadio, 1988; Goin et al, 2000). Forasiepi et al. (2016),
however, recently noted that the evidence for the faunal and

temporal correlations of the mammalian assemblage from
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the Cerro Azul Fm. with the Huayquerian SALMA as presently
understood is notably slim. Similarly, the biochronological
scheme for the Cerro Azul Fm. proposed on the basis of the
“stage of evolution” of octodontid rodents (Verzi et al, 2008)
was also questioned (Prevosti and Pardifias, 2009). In
summary, currently there is no unambiguous evidence on
the age of the Cerro Azul Fm. and on the stratigraphic
correlations among the different outcrops or with other
units.

The specific faunal assemblage recovered in the Quehué
locality, however, includes several taxa also recorded in
other units radiometrically dated as late Miocene (i.e., the
El Jarillal Member of the Chiquimil Formation and the Arroyo
Chasico Formation, see details in the Supplementary Online
Information), suggesting that the sediments in the Quehué
locality would have been deposited during this time. This

hypothesis, however, is still tentative and must be used
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with caution for supporting evolutionary or biogeographic
scenarios. Its use as temporal evidence for molecular clock
analysis, for example, would require taking into account the

large uncertainty in the age of the beds.

SYSTEMATIC PALEONTOLOGY

ANURA Fischer von Waldheim, 1813
NEOBATRACHIA Reig, 1958

CERATOPHRYIDAE Tschudi, 1838

Lepidobatrachus Budgett, 1899

Type species. Lepidobatrachus asper Budgett, 1899. Extant taxon,
Chacoan distribution.

Lepidobatrachus sp.
Figures 1.1-2; 2

Figure 1.1-2, Partial maxilla from Quehué (GHUNLPam 8633) referred to Lepidobatrachus; 3—4, detail of the of the right maxilla of extant
Lepidobatrachus (3, L. laevis FML 13703; 4, L. asper FML 5470); 1, 3, labial view; 2, 4, lingual view; the arrows over the fossil show the anterior
and posterior limits of the entire margin of the pars palatina, the same area is denoted in the extant specimen; the rectangle indicates the area
showed in detail in Fig. 2. Abbreviations: ao, ossifications of the planum antorbitale; nc, ossifications of the nasal cartilages; pf, pars facialis;
pm, premaxilla; pp, pars palatina; pt, pterygoid; ptp, pterygoid process; sf, subtemporal fenestra; th, teeth. Scale bar= 5 mm.
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Referred specimen. GHUNLPam 8633, incomplete right
maxilla (Fig. 1.1-2).

Locality and age. Quehué locality, La Pampa province, Ar-
gentina. Neogene (?late Miocene, see above).

Description. GHUNLPam 8633 is an incomplete right maxilla,
which lacks the medial portion as well as most of the ante-
rior and posterior regions (Fig. 1.1-2). The preserved por-
tion of the bone is large (about 19 mm) and robust,
demonstrating that it belonged to a large (and presumably
adult) individual. A high pars facialis with conspicuous or-
namentation is evident in labial view (Fig. 1.1). This orna-
mentation consists of low tubercles interconnected by
ridges, forming a reticulum. The pars facialis is not projected
over the subtemporal fenestra. The pars palatinais markedly
dorsally directed and a groove between the preserved por-
tions of the pars palatina and pars facialis is visible in dorsal
aspect (Figs. 1.2, 2). The distal margin of the preserved pars
palatina is evidently broken at the anterior and posterior
regions, suggesting its articulation with the surrounding
bones: presumably with the ossified nasal cartilages and the
planum antorbitale, anteriorly, and with the pterygoid, pos-
teriorly. In the central region of the preserved maxilla, the
distal margin of the pars palatina seems to be entire (Fig. 2),
indicating that it was free and did not contact other bones.
The teeth are robust but all are broken at different levels

and none of them is completely preserved.

DISCUSSION

Scanferla and Agnolin (2015) referred this bone to Ce-
ratophryidae based on: 1) pointed and non-pedicellate teeth,
2) exostosis, and 3) absence of pars palatina. The first two
are some of the synapomorphies proposed for Ceratophryi-
dae in phylogenetic analyses that included morphological
data (ie, chareacter 2 in Fabrezi, 2006; character 62 and 69
in Fabrezi and Quinzio, 2008), although it is worth noting
that whereas 1) is an unusual condition among anurans, 2)
has appeared several times within the group (see Nicoli,
2016 for discussion). Although in GHUNLPam 8633 all teeth
are incomplete, they are broken at different levels, sug-
gesting a non-pedicellate condition (Nicoli, 2016). Similarly,
the ornamentation and degree of ossification of the pre-
served material suggest that it belonged to an exostosed skull.

With respect to the pars palating, the unique condition

of Ceratophryidae is that the maxillary pars palatina is dor-
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Figure 2. Detail of the maxilla from Quehué (GHUNLPam 8633) re-
ferred to Lepidobatrachus in dorso-lingual view; arrows over the
fossil show the anterior and posterior limits of the entire margin of
the pars palatina. Note the groove between the pars palatina and
the robust section of the pars facialis. Abbreviations: pf, pars facialis
(section); pp, pars palatina. Scale bar= 1 mm.

sally directed and fused anteriorly with other cranial ele-
ments (being absent as a discrete structure, at least in the
anterior portion of the articulated maxilla). This feature
was discussed in recent contributions (Nicoli, 2015; Nicoli
et al, 2017) and might represent a synapomorphy of Cera-
tophryidae. Despite the incomplete preservation of GHUNL-
Pam 8633, it is evident that the pars palatina is strongly
dorsally directed and that it was fused to other elements at
its anterior and posterior ends. This latter condition seems
to be homologous to the one observed in Ceratophryidae,
where the distal margin of the pars palatina fuses with the
ossifications of the nasal cartilages and the planum antor-
bitale (anteriorly) and with the pterygoid anterior ramus
(posteriorly). Baez and Gémez (2017) recently analyzed the
variation of the orientation of the maxillary pars palatina at
the level of the planum antorbitale (character 52) in a series
of phylogenetic analyses based on osteolgical data and in-
cluding several ceratophryids. As these authors denoted,
these analyses exclusively based on osteological characters
resulted in heterodox hypotheses on the anuran relation-
ships, and the included ceratophryids resulted always
monophyletic but nested within an artificial clade of hyper-
osified taxa (Baez and Gémez, 2017). In this context, the op-
timization of the character about the orientation of the
maxillary pars palatina did not result in a synapomorphy of
Ceratophryidae. This is partly due to the position of several
taxa (e.g., Uberabatrachus, Beelzebufo) depicted along with
Ceratophryidae in the artificial "hyperossified clade” and
that were debatably scored with the same condition of
ceratophryids. Additionally, other taxa included in this clade

were ambiguously scored for this character (and contribute



to its ambiguous optimization; see Supplementary Online
Information for a discussion).

The extant species of Lepidobatrachus are the only
known ceratophryids in which the central portion of the pars
palatina remains discrete, free from other elements, as in
GHUNLPam 8633. In Chacophrys, Ceratophrys, and the
Neogene Lepidobatrachus australis, the pterygoid anterior
ramus articulates with a triangular pterygoid process of the
maxillary pars palating and reaches the level of the p/lanum
antorbitale (Nicoli, 2015). Thus the distal margin of the pars
palatina contacts other cranial elements throughout all of
its length, being absent as a discrete element (Nicoli, 2015:
fig. 4C). In contrast, in the extant species of Lepidobatrachus,
the pterygoid contacts the maxillary pars palatina only
through the bar-like pterygoid process and the distal mar-
gin of the pars palatina remains free in its central portion
(Fig. 1.4; Nicoli, 2015: fig. 4B).

Considering that the absence of a discrete pars palatina
is a consequence of the articulation (and fusion) of this
structure with other elements, this condition may be related
with the degree of ossification and could vary during on-
togeny. The development of the maxillary pars palatina of
Ceratophryidae is largely unknown but some details on the
maxillary development of Ceratophrys cranwelli were pro-
vided by Peri (1993) in her unpublished thesis. This author
noted that the maxillary pars palatina appears as a discrete
shelf, only slightly dorsally directed, in metamorphic larvae
of C cranwelli. Subsequently, this shelf extends dorsally to
contact (and finally fuses with) the pars facialis and with
other elements that gradually ossified (Peri, 1993). In the
poorly ossified (and presumably young) individuals of Cha-
cophrys (FML 1019) and Ceratophrys (C. cranwelli MACN
49410; C ornata FML 1193) available for examination, it was
possible to observe a discrete pars palatina in the central
region of the maxilla when the anterior ramus of the ptery-
goid is incompletely developed and does not still reach the
level of the planum antorbitale. However, in these specimens
the maxilla is also comparatively small (no more than 21
mm in total length) and slender, without (or with few
parches of) dermal ornamentation. All well-developed
specimens of Chacophrys and Ceratophrys examined (see the
Supplementary Online Information for a list of examined
specimens) or described in the literature lack a discrete

maxillary pars palatina.
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In view of the recent phylogenetic relationships pro-
posed for the three Ceratophryidae genera (Faivovich et al,
2014), in which Chacophrys resulted the sister-taxon of
Lepidobatrachus, the condition of the pars palatina observed
in Ceratophrys and Chacophrys would be plesiomorphic for
the group. The phylogenetic position of the fossil Lepidoba-
trachus australis, who shares with Chacophrys and Cera-
tophrys the absence of a discrete maxillary pars palating, is
crucial to establish the sequence of modification of this
character in the Lepidobatrachus lineage. However, this po-
sition has not been still established. If L. australis is the
sister-taxon of the extant Lepidobatrachus, this character
would change once before the diversification of the extant
species. Therefore, a discrete pars palatina in the central
region of the maxilla could be a synapomorphy of the clade
formed by the extant species of Lepidobatrachus. However,
if L. australisis deeply nested within Lepidobatrachus, the op-
timization of this character would result as ambiguous. Even
so, the co-occurrence of an exostosed skull with a large and
robust maxilla strongly ornamented, non-pedicellate teeth,
and a pars palatina only observable as a discrete element in
the medial portion of the maxilla, observed in the fossil from
Quehué, is a combination of characters exclusive of Lepido-
batrachus, which supports the referral of GHUNLPam 8633
to this genus.

Scanferla and Agnolin (2015), however, assigned this
fossil to Ceratophrys. This referral was based on the mor-
phology of the ornamentation (interpreted as tuberculated
in the fossil) and the shape of the pars facialis, which is not
expanded over the subtemporal fenestra. None of these
features are exclusive or invariant characters of Ceratophrys.
The pattern of dermal ornamentation is a condition extremely
variable among ceratophryids, even between different re-
gions of the same specimen. Reticular patterns similar to
the observed in GHUNLPam 8633 have been observed in
different cranial regions of all ceratophryids (at least in
some of the examined specimens of each species; see the
supplementary online material for a list of examined speci-
mens), including the maxillae of all analyzed Lepidobatrachus
(Fig. 1.3). Similarly, although the maxillary pars facialis of
Lepidobatrachus llanensis and Lepidobatrachus asper can
extend over the subtemporal fenestra, this condition also
varies intraspecifically and several specimens of these two

species have pars facialis that are not extended (or only
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slightly) over that fenestra (e.g,, L. llanensis FML 5220, 5221,
1089; L. asper FML 5469). In addition, the pars facialis does
not extend over the subtemporal fenestra in all the speci-
mens examined of the two other Lepidobatrachus species
(ie, L. australis and L. laevis; Fig. 1.3) and of all other Cera-
tophryidae (see the Supplementary Online Information for
a list of examined specimens).

Only one fossil species of Lepidobatrachus has been
described previously, the Neogene L. gustralis from the
middle levels of the Monte Hermoso Formation (Tomassini
et al, 2011; Tomassini et al, 2013; Nicoli, 2015). No direct
ages are available for these deposits and, although they are
probably younger than those of the locality Quehuég, their
inferred ages are strongly influenced by assessments of
"evolutionary stage” as bases for establishing chronos-
tratigraphy (Faivovich et al, 2014 and papers cited therein).
In addition, the discovery of new presumable Lepidobatra-
chus remains from Huayquerias Fm. was recently reported
in a scientific meeting (Turazzini, 2015). Intense studies are
in progress in this formation by A. Forasieppi, F. Prevosti,
and collaborators; preliminary results suggest that it might
be synchronic with the El Jarillal Member of the Chiquimil
Fm. and the lower part of Andalhuala Fm. (Bonini et al,
2016). All these putative and confirmed records of Lepido-
batrachus are outside the extant distribution of the genus,
which is confined to the strongly seasonal Chacoan Region
(Nicoli, 2015 and papers cited therein). This evidence sug-
gests, on one hand, that Lepidobatrachus might have been
broadly distributed in the central region of Argentina by the
middle Neogene. On the other hand, this is in accordance
with a marked seasonal environment developed in this re-
gion during these times, as previously suggested (e.g. Pas-
cual et al, 1996, Bonini et al, 2016; although see Nicoli,

2015 for discussion).
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