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Abstract

Anurans, along with urodeles and caecilians are the extant representatives of the clade Lissamphibia. Nowadays, lissamphibians
are widely distributed in all continents, except Antarctica, but are particularly diversified in South America, where almost 3,000
species are found. This huge biodiversity is directly related to the complex geologic history of South America, which includes
key events like the Gondwanan breakup, its isolation during parts of Mesozoic and Cenozoic, the Andean uplift, and the
formation of the Panama isthmus. Here, we present the most comprehensive bibliographic review of fossil lissamphibians from
South America to date, covering unpublished (e.g. theses and dissertations) and published data (i.e. peer-reviewed scientific
papers, book chapters, monographs, and conferences abstracts). We use a mixed approach, both qualitative (with brief comments
on each taxon and specimen) and quantitative (including scientometric parameters). Compared to the latest published reviews
with similar scope, our results indicate that approximately 85.4% of the records correspond to specimens new to science or older
ones that have been revisited. These materials come from 164 different fossil-bearing localities, spread over eight of the twelve
South American countries, and range from the Early Jurassic to the Quaternary. In total, we compile 273 records, mostly anurans
(~97.6%), followed by indeterminate caecilians (~1.4%) and urodeles (~1%). Additionally, we discuss issues directly related to
those fossil occurrences, such as their temporal and geographic range, as well as the presence of putative biological and
taphonomic biases. Finally, we also provide calibration constraints for several anuran taxa.
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Introduction consider an even older origin (see San Mauro 2010). The
lissamphibian fossil record is relatively sparse but includes
some remarkably well-preserved specimens, whose study

allowed significant advances in the understanding of evo-

General Remarks

Among numerous taxa of non-amniotic tetrapods, Lissamphibia
are the only one that still contains extant representatives.
With approximately 8,000 modern species, it encompasses
four subgroups (i.e. Anura, Urodela, Gymnophiona,
and Albanerpetontidae, the last known only by fossil
specimens) (Gardner and Rage 2016; Frost 2021).
Lissamphibians emerged during the Permian (Marjanovi¢
and Laurin 2008; Hime et al. 2021), although some authors
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lution, ontogeny, systematics, biogeography, and many
other aspects related to lissamphibian biology, with a direct
impact even on the knowledge of modern taxa (Estes and
Reig 1973; Schoch 2014).

In South America, lissamphibians are particularly diversi-
fied. Almost 3,000 species are known, which corresponds to
around 37.5% of the global diversity of lissamphibians
(AmphibiaWeb 2021; Frost 2021). Most of them are anurans,

Laboratorio de Paleontologia, Instituto de Biociéncias/Museu de
Zoologia da USP, Universidade de Sao Paulo, Av. Nazaré, 481—
Ipiranga (04263-000), Sao Paulo, SP, Brazil

Laboratério de Evolugdo e Diversidade I, Centro de Ciéncias
Naturais e Humanas, Universidade Federal do ABC, Al da
Universidade s/n (09606-045), Anchieta, Sao Bernardo do Campo,
Sao Paulo, Brazil

@ Springer


http://orcid.org/0000-0003-4911-1695
https://orcid.org/0000-0001-8264-5803
mailto:lucasabarcelos@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s12549-022-00536-0&domain=pdf

Palaeobio Palaeoenv

although the relative quantity of gymnophionans is also con-
siderable (AmphibiaWeb 2021; Frost 2021). Urodeles, how-
ever, are quite uncommon, whereas fossils of albanerpetontids
are unknown so far (Gardner and Boéhme 2008). Based on the
living species and the fossil records, it is possible to infer that
the palaeodiversity of Lissamphibia in South America is even
richer than the observed in extant species (Fara 2004).
However, clues for this evolutionary history are limited to a
few specimens, mostly anurans (Sanchiz 1998) and some iso-
lated records of caecilians and urodeles (e.g. Gayet et al.
2001). This scarcity is mainly due to the fragmentary and
delicate nature of bones of lissamphibians (Wang and Gao
2011), but also related to the climatic conditions of moist
environments occupied by these animals, which are suscepti-
ble to a high degree of decay and bioerosion of organic matter
(Sanchiz and Rocek 1996; Davis 1997; Trueman and Martill
2002; Gardner and Walker 2009), hampering fossil diagenesis
and preservation.

South America has experienced a series of complex geo-
logical and environmental events (Ortiz-Jaureguizar and
Cladera 2006; Rangel et al. 2018) that turned it into one of
the most climatically and biologically diverse continents on
the planet (Fig. 1). The geological history of this continent is
deeply related to the other Gondwanan landmasses, to the
orogeny of Andes, and to marine transgressions and regres-
sions (Hernandez et al. 2005; Hoorn et al. 2010). Such geo-
logical events are linked to the evolutionary history of am-
phibians, which cannot be fully understood if studied sepa-
rately. Whereas South America currently constitutes a world
hotspot of Lissamphibia diversity (Jetz and Pyron 2018), their
fossils are poorly represented, corresponding to less than 1%
of the Lissamphibia’s global fossil record (world fossil record
compiled from Paleobiology Database 2021).

Many works have compiled the fossil record of liss-
amphibians for different regions around the world (see Table
1 for a summary of these studies). The latest reviews of the
fossil record of South American lissamphibians were pub-
lished over the past half-century (e.g. Estes and Reig 1973;
Baez and Basso 1996; Baez 2000; Cione and Baez 2007), but
none of these previous works are thorough reviews of the
South America Lissamphibia fossil record, in part, because
those reviews were limited to anurans. Beyond that, the
knowledge concerning this subject continues to be substan-
tially updated and, in some cases, revised. Compared to these
old reviews, our estimates indicate that 85.4% of the records
compiled here concentrate on materials new to science or
older ones that were revisited in the 21% Century. Here, we
provide the first comprehensive bibliographic review focused
on the lissamphibian fossils from South America, and we
discuss the evolutionary history of this taxon on the continent,
the putative biological and taphonomic biases related to the
preservation of such remains, and present useful fossils as
calibration-points for divergence-time estimates.
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Brief Research History

The earliest descriptions concerning lissamphibian fossils
from South America are of frogs, dating from the second half
of the 19 Century (i.e. Glinther 1859; Liais 1872; Ameghino
1899). In the pioneering work of Giinther (1859) fossil skull
and limb bones of Ceratophrys cornuta were described, both
from the Pleistocene of Lagoa Santa locality, Minas Gerais,
Brazil. Liais (1872) mentioned an enigmatic fossil represen-
tative of Pipa sp. from the Late Pleistocene—early Holocene of
Vale do Rio das Velhas locality, Minas Gerais, Brazil. This
material constitutes a skull; however, it was never described
nor illustrated, and is currently lost (Delfino and Sanchez-
Vilagra 2018). Ameghino (1899) described Saniwa australis
from the lower Miocene Sarmiento Formation, Gran Barranca
locality, Chubut, Argentina, and also Ceratophrys prisca from
the lower Pliocene Monte Hermoso Formation, Monte
Hermoso, Buenos Aires, Argentina.

From the 20™ Century onwards, several works were pub-
lished covering the description of new fossil frogs and other
aspects of their palacobiology (Sanchiz 1998, and references
therein). The morphological descriptions of Jurassic stem
taxa, such as Vieraella and Notobatrachus (Casamiquela,
1961), allowed a better understanding of the evolution of the
anuran bauplan. Eventually, these and other fossil specimens
were coded and included in phylogenies, and the knowledge
of anuran palaeontology began to be integrated into the para-
digm of phylogenetic systematics (e.g. Baez and Basso 1996).

Regarding caecilian remains, the first valid species ever
described based on a fossil specimen was Apodops pricei
Estes and Wake, 1972, based on a small and fragmentary
pre-cloacal vertebra found in Brazil. For decades, this was
the only known caecilian fossil. Other isolated vertebrac were
also found in Bolivia and Colombia, but they were not
assigned to any particular species, only to Gymnophiona
indet. (Rage 1991; Hecht and LaDuke 1997; Gayet et al.
2001). These records, despite being sparse, show the potential
of the region for new findings. However, since then, no new
materials assigned to caecilians have been described from the
continent.

Considering salamanders, a taxon in which even the mod-
ern representatives are uncommon in the continent, their fossil
record is even more sparse and limited to a single species,
Noterpeton bolivianum Rage et al., 1993, known from isolated
vertebrae found in the Late Cretaceous and early Paleocene of
Bolivia (Rage et al. 1993; Gayet et al. 2001). Since these
works, no new material assigned to South American urodeles
has been described.

In the 21% Century, the number of published descriptions of
fossil lissamphibians increased considerably (69% of the total
records are new descriptions and approximately 16.4% are
revisions). This was achieved due to the availability of new
technologies, e.g. LCT-Scanning, that allows the recognition
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Fig. 1 Simplified geological map of South America. a Major South American geological units and features; b Position of South America at different
intervals in the history of Earth. Modified from de Alkmim (2015) and Britannica (2021)

of the whole anatomy of the fossil without damaging
it (Matthews and du Plessis 2016), and the necessity to
understand the evolution of lissamphibians in South
America, a world hotspot for extant species, through the
fossil record.

Geological and Palaecogeographical History of South America

South America was formed after the complex breakup of the
southern landmasses of Pangea (i.e. Gondwana) and detached
from the African landmass around 100 Ma (Veevers 2004;
Granot and Dyment 2015; Lomolino et al. 2017). After the
separation from Africa, South America remained attached to
Antarctica until 35 Ma, with South America acting as a centre
of diversification during the Cretaceous-Paleogene (Poole and

Cantrill 2006). However, after the opening of the Drake
Passage between the Antarctic Peninsula and Tierra del
Fuego (Barker and Burrell 1977; Lodolo et al. 2006), South
America remained isolated from any other landmasses until
the uprising of the isthmus of Panama, which bridged South
America to Central and North America several times between
23-2.7 Ma (Hoorn et al. 2010; Bacon et al. 2015) and allowed
the exchange of organisms between these continents
(Antonelli et al. 2018).

After the splitting of South America from Africa, the former
has undergone some relevant geological events (e.g. orogeny of
the Andes, denudation and rifting of its southeastern region), and
climatic events (e.g. sea-level rise and fall forming marine trans-
gressions and regressions, respectively) that shaped its topogra-
phy, shores, hydrographic basins, etc. (Donato et al. 2003; Hoorn
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Table 1 List of published reviews about the lissamphibian fossil record

Work Taxon Geographic scope Defined time interval
Estes (1965) Caudata Worldwide No

Lynch (1971) Anura North, Central and South America No

Spinar (1972) Anura Central Europe Yes (Paleogene)

Estes & Reig (1973) Anura Worldwide No

Béez & Gasparini (1977) Anura South America Yes (Cenozoic)

Béez & Gasparini (1979) Anura South America No

Estes (1981) Caudata and Gymnophiona Worldwide No

Béez (1986) Anura Argentina Yes (Tertiary)

Rocek (1994) Urodela Europe No

Van Dijk (1995) Lissamphibia Africa No

Baez & Basso (1996) Anura South America Yes (Jurassic)

Sanchiz (1998) Salientia Worldwide No

Baez (2000) Anura South America Yes (Tertiary)

Milner 2000 Caudata and Albanerpetontidae Worldwide Yes (Mesozoic and Tertiary)
Rocek (2000) Anura Worldwide Yes (Mesozoic)

Rocek & Rage (2000) Anura Worldwide, except South America Yes (Tertiary)

Holman (2003) Anura North America No

Holman (2006) Urodela North America No

Cione & Baez (2007) Anura South America Yes (Cenozoic)

Gardner & Bohme (2008) Albanerpetontidae Worldwide No

Dong et al. (2013) Anura China Early Cretaceous
Skutschas (2013) Caudata and Albanerpetontidae Middle Asia, Kazakhstan, and Siberia Mesozoic

Rocek (2013) Anura Laurasia Yes (Mesozoic and Tertiary)
Gao et al. (2013) Urodela China Yes (Jurassic to Cretaceous)
Gardner & DeMar (2013) Lissamphibia North America Mesozoic and Paleocene
Schoch (2014) Lissamphibia Worldwide No

Gardner (2016) Anura (only tadpoles) Worldwide No

Gardner & Rage (2016) Lissamphibia Africa, Madagascar, and Arabia No

Moreira (2016) Anura Worldwide Mesozoic

Rage et al. (2020) Lissamphibia India Yes (Upper Cretaceous)
Santos et al. (2020) Gymnophiona Worldwide No

Gomez & Turazzini (2021) Ceratophryidae South America No

Delfino & Georgalis 2021 Urodela and Anura Greece No

etal. 2013; Malumian and Nanez 2011; Souza et al. 2019, 2021).
Regions with elevated topographies present an important role in
species diversification (Ruggiero and Hawkins 2008; Antonelli
et al. 2009; Rangel et al. 2018). Mountain ranges can favour
allopatric (Janzen 1967; Antonelli et al. 2009), parapatric, and
sympatric speciation (Vences and Wake 2007). The uplift of the
Andes Mountain complex occurred during the Neogene (~23—
2.5 Ma), favoured biological diversification (e.g. Ruggiero and
Hawkins 2008; Antonelli et al. 2009; Rangel et al. 2018), and is
recognised as an important source for the whole South America
biodiversity (Antonelli et al. 2009; Hoorn et al. 2013; Rangel
et al. 2018). The Andean uplift, also played an important role
in the formation of the South American dry diagonal (Hoorn
et al. 2010), comprising the Caatinga, Cerrado, and Chaco
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biomes (Fig. S1 in Supplementary Data 1; Vanzolini 1963;
Ab’Saber 1977).

The Atlantic Forest Domain was shaped by a complex geo-
logical process that occurred between 130 and 70 Ma and result-
ed in a fragmented mountain range (i.e. Serra do Mar and Serra
da Mantiqueira; Souza et al. 2019, 2021). During the southeast-
ern continental rift event, (~70-55 Ma), the mountain range was
fragmented, forming the Serra do Mar and Serra da Mantiqueira
(Salgado et al. 2016). Sediments eroded off these mountains,
creating some fossiliferous Paleogene basins (e.g. Itaborai
Basin, Aiuruoca Basin, Taubaté Basin; Souza et al. 2019,
2021). Another important factor for explaining species richness
in South America is the glaciations events, which were unequally
distributed across the continent, and created climatic refugees that
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Fig. 2 Map of South America showing localities (numbered according to our locality/taxonomic accounts section) that have yielded lissamphibian
fossils
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were somewhat stable in certain regions (Carnaval and Moritz
2008; Carnaval et al. 2009; Lomolino et al. 2017).

Material and Methods

In this survey, we aim to review the fossil record of
Lissamphibia from South America and explore the correlated
information of those records. This is a bibliographic review,
and thus our goals do not encompass the revision of system-
atic assignments or morphological descriptions of all records,
although in some cases we have adopted a more conservative
approach than the original works, in order to minimise poten-
tial biases in our quantitative data analysis (e.g. the earlier
records assigned to Leptodactylidae /ato sensu, a taxon well-
known for uniting a wide assemblage of distinct species, are
treated here as Neobatrachia indet.) All of these modifications
are indicated throughout the text and are also summarised in
Supplementary Data 2. We present the status of the specimens
(e.g. holotype, paratype), mention the remains preserved, and
the institutional number when those data were reported. We
thoroughly surveyed both published (i.e. peer-reviewed scien-
tific papers, book chapters, and conference abstracts) and un-
published (i.e. undergraduate, MSc, and PhD theses and dis-
sertations, field notes, and correspondence) fossil records of
South American lissamphibians up to January 2022. But we
may have missed some records mentioned in more obscure
publications (e.g. conference abstracts from regional/local
events). We follow the original descriptions and taxonomic
assignments of all authors but try to include additional and/
or conflicting information from the literature where we con-
sider this necessary. The standardised acronyms for institu-
tional resource collections are listed in our Appendix and fol-
low those presented by Sabaj (2019, 2020). Regarding the
anatomical terminology of frogs, we follow Sanchiz (1998).

Remarks on the fossil-bearing localities

We report the occurrence of lissamphibian remains from 164
localities in South America (Fig. 2). Following a similar ap-
proach used in the review of Gardner and Rage (2016), here
the term “locality” refers to a specific outcrop or deposit. We
provide the inferred depositional environment for each local-
ity included in our review. However, due to the limited knowl-
edge of the palaeoenvironmental conditions for most of them,
such information may refer to the stratigraphic unit as a whole.
Furthermore, as the processes related to the deposition of sedi-
ments can vary over time, the same unit may have different
palacoenvironments. Even so, due to the importance of this
information for different topics of our discussion (i.e.
palacobiogeographic and palacoecological aspects, and possi-
ble taphonomic biases of the fossil record), we chose to still
present this data similarly to other past works (e.g. Van Dijk

@ Springer

1995; Gardner and Rage, 2016). We employ the extent-of-
occurrence polygons provided by the International Union for
Conservation of Nature (IUCN 2021) in Quantum Gis (2021)
version 3.20.1 to generate the maps with the distribution of
extant and extinct specimens.

Regarding the localities in the Araripe Basin, the records
from this unit are divided into three different localities in our
review. The Triunfo and Pedra Branca mines are the two well-
known fossiliferous localities, whereas Locality 13 (referred
to simply as “Undetermined source locality””) was created for
our review to include all records without more specific origin
data. It is worth noting that the fossils from the Araripe Basin
are often targeted by international fossil trafficking (Cisneros
et al. 2021), which is one of the main reasons for the lack of
accuracy of their origin.

Some fossil-bearing localities from the Pleistocene-
Holocene of South America are known as “natural tanks”, a
kind of deposit typically found in arid regions of the continent
(e.g. Brazilian Northeast, see Araujo-Junior et al. 2013).
Sediment deposition in tanks occurred under a debris-flow
regime, in which a natural depression develops at the base of
a rock outcrop due to physical-chemical weathering (Paula-
Couto 1980; Aratjo-Junior et al. 2015). Deposits of similar
origin are named differently around the world (e.g.
“gnammas”, see Dominguez-Villar et al. 2009).

We report the records of Lissamphibia preventing the
influence of richer deposits, such as Konzentrat-Lagerstétten
and Konservat-Lagerstitten (e.g. Aiuruoca Basin, Candeleros
Formation). That was made based on the following premises:
we computed as a single record any species or taxa represented
by more than one specimen recorded in a given locality. For
example, instead of computing 300 specimens for Salfenia
ibanezi from Departamento De La Vifa, Argentina (Baez
1981), and 840 undescribed specimens of Calyptocephalella
sp. from Tagua-Tagua, Chile (Labarca et al. 2020) we report a
single exemplar specimen for each taxon. In the Results, we
provide separate accounts for each taxon recorded from each
locality.

Remarks on stratigraphic and divergence-time estimates

In general, we rely on the age estimates and lithostratigraphic
information from the original studies, except in cases where
more recent and updated data are available. As only a few
fossil-bearing sites in South America were radiometrically
dated so far, some records were assigned only to a wide time
range (e.g. Oligocene, Late Cretaceous). We also decided to
standardize the age of the fossils following the International
Chronostratigraphic Chart (Cohen et al. 2021) instead of the
South American land mammal age (SALMA), in order to use
a more widespread and familiar time scale. For divergence-
time estimates, we use the data compiled in TimeTree (Kumar
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et al. 2017), and other references not included there (e.g. Jetz
and Pyron 2018; Hime et al. 2021).

Results
List of Fossil Lissamphibians from South America
Jurassic

Locality 1: Estancia Roca Blanca, Roca Blanca Formation,
Santa Cruz, Argentina.

Age and depositional environment: Early Jurassic,
Sinemurian-Toarcian (Herbst 1965); fluvial floodplains with
the input of pyroclastic elements (Panza and Haller 2002).
Taxon and material: The holotype (PVL 2488) of Vieraella
herbsti was described and illustrated by Reig (1961), whereas the
counterpart (MLP 64-VII-15-1) was later recovered in the same
outcrop, and the species was revised (Casamiquela 1965). Other
works also commented on its anatomical interpretation (e.g.
Hecht 1963; Estes and Reig 1973; Rocek 2000). The holotype
comprises the paired frontoparietals, quadratojugal, squamosal,
nasals, vomer, maxilla with teeth, mandible, pterygoid,
parasphenoid, sphenethmoid, hyoid apparatus, nine presacral
vertebrae, ribs in the third and fourth vertebrae, clavicles, scapula,
cleithrum, coracoid, humerus, fused radioulna, seven carpals,
manus tetradactyl, femur, fused tibiofibula, free tibiale and
fibulare. Vieraella herbsti was included in phylogenetic analyses
and recovered as the most basal member of Anura (Baez and
Basso 1996; Dong et al. 2013; Wang et al. 2018), and in a
polytomy with Prosalirus, Notobatrachus, and crown-group
Anura (Chen et al. 2016).

Locality 2: Zitarrosa, Las Chacritas Member, Canadon
Asfalto Formation, Chubut, Argentina.

Age and depositional environment: Early Jurassic, Toarcian
(Pol et al. 2020); lacustrine to fluvial, with volcanic influence
(Cabaleri and Benavente 2013).

Taxon and material: The holotype (MPEF 3006) of Noto-
batrachus reigi is composed of bone impressions of the
skeleton (sculptured dermal skull bones, maxilla, nasal,
frontoparietal, squamosal, columella, vomer, sphenethmoid,
parasphenoid, nine presacral vertebrae, free ribs on vertebrae
2-5, clavicle, humerus, radioulna, carpus, femur, unfused
tibiale and fibulare, and ilium). Baez and Nicoli (2008) de-
scribed and illustrated the specimen.

Locality 3: Cerro Condor, Cafiadon Asfalto Formation,
Chubut, Argentina.

Age and depositional environment: See the entry of locality 2.
Taxon and material: Bacz and Gomez (2016) mentioned
Notobatrachus-like frog remains from a new locality but did
not provide further details about the material recovered.

Locality 4: Canela, Canadon Asfalto Formation, Chubut,
Argentina.

Age and depositional environment: See the entry of locality 2.
Taxon and material: Turazzini et al. (2017) mentioned in a
conference abstract the record of anuran remains (the kind of
material was not detailed).

Locality 5: Queso Rallado, Canadon Asfalto Formation,
Chubut, Argentina.

Age and depositional environment: See the entry of locality 2.
Taxon and material: Many Notobatrachus-like frog remains
were briefly mentioned (the kind of material was not detailed;
Baez and Gomez 2016; Turazzini et al. 2017).

Locality 6: Estancia la Matilde, La Matilde Formation, Bahia
Laura Group, Santa Cruz, Argentina.

Age and depositional environment: Middle to Late Jurassic,
Aalenian-Oxfordian, ~160-172 Ma (Stipanicic and Bonetti
1970; de Barrio et al. 1999); floodplains and water bodies,
near an active volcanic system (Melchor et al. 2004).

Taxon and material: Notobatrachus degiustoi (holotype
MACN 177720), comprising a complete skeleton, was initially
described by Reig in Stipanicic and Reig (1955). Later, Reig
detailed the anatomy of the species based on multiple specimens
and suggested that Notobatrachus degiustoi was related to
Ascaphus and Leiopelma in Stipanicic and Reig (1957). Other
remains referred to as Notobatrachus degiustoi were also recov-
ered in the same locality: CPBA-V 14001-14007; MACN
17721-17727; MACN 18658-18669; MACN 1867-18673;
MACN 18675; MACN 18677; MLP 54-XI-18-1; 62-XII-1-1
to 4; MPEF-PV-1250- 1266; PVL 2196, 2194; CTES-Pz
5739-5746. Later, the ontogenetic and intraspecific variation of
N. degiustoi was described by Baez and Nicoli (2004a) based on
about 100 specimens from distinct localities. Several works re-
evaluated the anatomy of N. degiustoi (Casamiquela 1961; Estes
and Reig 1973; Béez and Basso 1996; Béez and Nicoli 2004a).
Baez and Basso (1996) recovered Notobatrachus as sister to all
extant species of Anura. In the phylogeny of Chen et al. (2016), it
was nested in a polytomy along with other stem-taxa and the
crown-group Anura, but in other works it was also recovered
as sister to Prosalirus (Dong et al. 2013; Wang et al. 2018).

Locality 7: Estancia El Malacara, La Matilde Formation,
Santa Cruz, Argentina.

Age and depositional environment: See the entry of locality 6.
Taxon and material: Notobatrachus-like specimen (CPBA-
V 14024) was recovered in this outcrop and was recognised as
a juvenile (Baez and Nicoli 2004a).

Locality 8: 20 km north of Estancia La Trabajosa, La Matilde
Formation, Santa Cruz, Argentina.
Age and depositional environment: See the entry of locality 6.
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Taxon and material: Notobatrachus-like frog remains (MLP
55-VI-1-1 to 4; the kind of material was not detailed) were
mentioned by Béaez and Nicoli (2004a).

Locality 9: Laguna del Molino, La Matilde Formation, Santa
Cruz, Argentina.

Age and depositional environment: See the entry of locality 6.
Taxon and material: Nofobatrachus-like frog remains
(MACN 19178; CTES-Pz 5747-5760; 7311-7318; MLP 89-
XI-27-1 to 19; PVL 250, 261; the kind of material was not
detailed) were mentioned by Baez and Nicoli (2004a).
Locality 10: Estancia El Puma, La Matilde Formation, Santa
Cruz, Argentina.

Age and depositional environment: See the entry of
locality 6.

Taxon and material: De Giusto et al. (1980) mentioned frog
remains (the kind of material was not detailed). Later, Baez
and Nicoli (2004a) stated those specimens were lost.

Cretaceous

Locality 11: Triunfo Mine, Nova Olinda Member, Crato
Formation, Araripe Basin, Ceard, Brazil.

Age and depositional environment: Early Cretaceous,
late Aptian, ~113 Ma (Heimhofer and Hochuli 2010); la-
custrine and fluvio-deltaic (Assine et al. 2014).

Taxa and material: The unpublished specimen UFC-NO
004v was described and illustrated in the MSc thesis of Leite
(2013) and referred to as an indeterminate ?Leptodactylidae.
The material comprises an almost complete skeleton, pre-
served in ventral view, and with the vertebrac hidden by the
rock matrix.

Locality 12: Pedra Branca Mine, Nova Olinda, Crato
Formation, Araripe Basin, Ceard, Brazil.

Age and depositional environment: See the entry of
locality 11.

Taxa and materials: Two anuran taxa have been reported, as
follows:

1) Taxon A— Kururubatrachus gondwanicus (holotype
UFRIJ-DG 08) was described, illustrated, and phylogenet-
ically placed as an extinct representative of Neobatrachia
(Agnolin et al. 2020). Kururubatrachus gondwanicus is
represented by a nearly complete skeleton with its left
side exposed.

2) Taxon B— Carvalho et al. (2019) described and illustrat-
ed the holotype of Cratopipa novaolindensis (UFRJ-DG
05 A) based on an almost complete specimen. Cr.
novaolindensis was phylogenetically nested with
Pipimorpha, as sister to the group with Saltenia,
Shelania, and Kuruleufenia (Carvalho et al. 2019). The
holotype was later redescribed (Baez et al. 2021), and a
new diagnosis for the species was proposed, correcting
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misinterpretation in the original description. Baez et al.
(2021) also revised character-states scores of Cratopipa,
Saltenia, Shelania, and Kuruleufenia.

Locality 13: Undetermined source locality(ies), Crato
Formation, Araripe Basin, Ceard, Brazil.

Age and depositional environment: See the entry of lo-
cality 11.

Taxa and materials: 13 anuran taxa have been reported, as
follows:

1) Taxon A— Leal and Brito (2006) described the species
Arariphrynus placidoi based on the holotype (MPSC-
Am 893), a complete skeleton, and the paratypes (890,
891, 892, 894, and 138). A. placidoi was proposed as
belonging to Leptodactylidae (Leal and Brito 2006), but
Baez et al. (2009) reviewed these specimens and con-
cluded that they belonged to more than one taxon and
redescribed the anatomy of A. placidoi. Furthermore, the
species was coded in phylogenetic analyses and recov-
ered as belonging to Ceratophryidae (Baez et al. 2009),
Natatanura (Laloy et al. 2013); Pelodryadidae (Evans
et al. 2014), and Hyperoliidae (Baez and Goémez
2018). The specimen MPSC-Ap 894 was neither de-
scribed nor illustrated. MPSC-Ap 894 was collected
near the municipality of Crato (Béez et al. 2009).

2) Taxon B— Leal and Brito (2006) mentioned the speci-
men MPSC-Ap 890 (skull, fore, and hindlimbs) as a
paratype of A. placidoi. But, Baez et al. (2009) erected
a new species, Eurycephalella alcinae, and described
and illustrated its holotype (MPSC-Ap 890). E. alcinae
was coded in phylogenetic analyses and recovered
as belonging to Ceratophryidae (Baez et al. 2009),
and Calyptocephalellidae (Baez and Gomez 2018).
Here, we take a conservative approach and consider
E. alcinae as a putative Australobatrachia. MPSC-Ap
890 was collected near the municipality of Crato (Baez
et al. 2009).

3) Taxon C— MPSC-Ap 891 was mentioned in Leal and
Brito (2006) as a paratype of A. placidoi. Later, Baez
et al., (2009) described it as a new species, Cratia
gracilis. MPSC-Ap 891 (holotype) is an articulated
postmetamorphic specimen, but possibly a juvenile.
Cratia gracilis was recovered as sister of Neobatrachia
(Béez et al. 2009), to Eleutherodactylidae or nested
within Neobatrachia (Baez and Goémez 2018), and to
Panpipidae Shelanidae (Carvalho et al. 2019). MPSC-
Ap 891 was collected near the municipality of Crato
(Béaez et al. 2009).

4) Taxon D— Pipimorpha indet. MPSC-Am 892 was men-
tioned in Leal and Brito (2006), and Baez et al. (2009).
The specimen was later described and illustrated by
Baez et al. (2021). Pipimorpha indet. MPSC-Am 892
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5)

6)

7)

8)

9)

10)

is poorly preserved and exposed in ventral view, pre-
senting pterygoid, maxilla, mandible, humerus, metacar-
pals, phalanges, ilium, femur, tibiofibula, tibiale-
fibulare, tarsals, and metatarsals.

Taxon E— Leal et al. (2007) suggested the specimen
MPSC-Ap 1189 as belonged to Pipoidea. This assertion
was doubted later, due to the absence of synapo-
morphies that support the affinities of MPSC-Ap
1189 with pipoids (Baez et al. 2009). The speci-
men was neither described nor illustrated. MPSC-
Ap 1189 was collected near the municipality of
Crato (Béez et al. 2009).

Taxon F— The Pipimorpha MPSC-Am 138 is poorly
preserved as part and counterpart. The material was
mentioned in Leal and Brito (2006) and Baez et al.
(2009). Baez et al. (2021) described and illustrated
this specimen. The bones presented in the fossil are
frontoparietal, nasal, parasphenoid, tympano-squamo-
sal, pterygoid, sphenethmoid, septum nasi, stapes, max-
illa, mandible, cleithrum, coracoid, ilium, ischia, femur,
metatarsal, pubis, tibiofibula, and tibiale-fibulare.
MPSC-Am 138 was collected near the municipality of
Crato (Baez et al. 2009).

Taxon G— MN 7073-V (skull, forelimbs, and metatar-
sals preserved as impressions and ischium, ilium, uro-
style, femur, tibiofibula, tibiale-fibulare as fragments)
was described and illustrated in the MSc thesis of
Magalhées (2018). This specimen was coded in the ma-
trix of Béez et al. (2009) and suggested as belonging to
Ranidae. In our opinion, this assignment is unwarranted,
due to the deficiency of explanation, and the most con-
servative position of this material is Neobatrachia indet.
MN 7073-V was collected near the municipality of
Crato (Baez et al. 2009).

Taxon H— Anura indet. MN 7072-V (fragmentary
skull, and postcranial remains) was described and illus-
trated in the undergraduate thesis of Magalhées (2012).
MN 7072-V was collected near the municipality of
Crato (Baez et al. 2009).

Taxon [ GP/2E-9497 (an almost complete skeleton)
was briefly mentioned in a conference abstract (Prado
et al. 2019). Later, GP/2E-9497 (holotype) was de-
scribed and illustrated as Primaevorana cratensis and
was recovered as nested within Neobatrachia (Moura
et al. 2021). The type locality is undetermined, but
Moura et al. (2021) recognised that the material was
collected near the municipality of Nova Olinda.

Taxon J—The unpublished Xenoanura indet. (MPSC-
Am 2098) includes parasphenoid, quadratojugal, squa-
mosal, maxilla, mandible, vomers, frontoparietal,
prootic, incomplete scapular, and pelvic girdles, femur,
tibiofibula, tibiale-fibulare, tarsals, metatarsals, and pha-
langes exposed in ventral view. The material was

described and illustrated in the PhD dissertation of
Moreira (2016). He coded the specimen MPSC-Am
2098 in the matrix of Henrici et al. (2013) and phyloge-
netically placed it as sister to Rhinophrynus dorsalis.
The type locality is undetermined, but Moreira (2016)
stated it was collected between the municipalities of
Santana do Cariri and Nova Olinda.

11) Taxon K— The undescribed Anura indet. was briefly
mentioned in Kellner and Campos (1986). The specimen
is composed of part and counterpart, with a fragmentary
skull, maxillary arch with teeth, clavicles, pelvic girdle,
and hindlimbs with phalanges. Anura indet. was figured
in Maisey (1991) and mentioned in Baez (1991a). There
is no information on which collection houses the speci-
men. The source locality is undetermined.

12) Taxon L— The SMNK unnumbered Anura indet. is an
almost complete skeleton that was briefly mentioned
and figured by Leal et al. (2007). They commented that
some unidentified fragmentary materials were preserved
in association with this Anura indet., in the abdominal
region, and interpreted it as a putative fossilised stomach
content. This undescribed specimen is housed at
the State Museum of Natural History Karlsruhe in
Germany. We tried to contact the curator, but we could
not obtain further information on this specimen. The
source locality is undetermined.

13) Taxon M— The undescribed Anura indet. MPSC Am
94 (the kind of material was not detailed) was mentioned
in a conference abstract by Silva et al. (2019). The
source locality is undetermined.

Locality 14: Villa El Chocon, Candeleros Formation,
Neuquén Basin, Neuquén, Argentina.

Age and depositional environment: Late Cretaceous,
Cenomanian, 102 + 2 Ma, according to Di Giulio et al.
(2012); braided and meandering rivers, and swamps
(Legarreta and Uliana 1998).

Taxon and material: Pipimorpha indet. (MACN Pv N96)
was described and illustrated (Béez et al. 2007). The specimen
is preserved as part and counterpart (including frontoparietal,
parasphenoid, pterygoid, prootic, presacral, and post-sacral
vertebrae, ribs, coracoid, cleithrum, scapula, clavicle, tibiofibu-
la, humerus, sacral vertebra, ilium, urostyle, and femur). The
same rock matrix preserves a few disarticulated remains be-
longing to other individuals (e.g. MACN Pv N103 right otic
capsule).

Locality 15: El Gigante, Candeleros Formation, Neuquén
Basin, Neuquén, Argentina.

Age and depositional environment: See the entry of
locality 14.

Taxon and material: Avitabatrachus uliana (holotype
MUCPv 123) was described and illustrated (Béez et al.
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2000). The holotype is preserved as an assemblage of
disarticulated and partially articulated bones (frontoparietal,
sphenethmoid, parasphenoid, maxilla, premaxilla, pterygoid,
angulosplenial, hyoid, clavicle, coracoid, scapula, humerus,
radioulna, metacarpal, presacral vertebrae, sacral vertebra,
urostyle, ilium, femur, and tibiofibula). A. uliana was consid-
ered as belonging to Pipimorpha (Baez et al. 2000) and it was
coded in phylogenetic analyses, being recovered as sister to
the crown-group Pipidae (Baez et al. 2007, 2012a; Gomez
2016), sister to Panpipidae plus Vulcanobatrachus (Rolando
et al., 2019), and sister to Pipimorpha (Carvalho et al. 2019).

Locality 16: Rio Limay, Rio Limay Subgroup, Neuquén
Basin, Rio Negro, Argentina.

Age and depositional environment: See the entry of locality 14.
Taxon and material: Baez and Calvo (1990) mentioned the
record of a fossil Pipidae indet. The material was neither de-
scribed nor illustrated.

Locality 17: Bajo Barreal Formation, Chubut Group, Gulf
San Jorge Basin, Chubut, Argentina.

Age and depositional environment: Late Cretaceous,
Cenomanian-Turonian (Bridge et al. 2000; Casal et al.
2016); fluvial to lacustrine with volcanic influence (Bridge
et al. 2000).

Taxon and material: Casal et al. (2016) mentioned in a
faunal list the record of some vertebrae referred to as Anura
indet.

Locality 18: Estrada Velha de Marilia, Adamantina
Formation, Bauru Group, Sao Paulo, Brazil.

Age and depositional environment: Late Cretaceous,
Campanian-Maastrichtian, ~72.1-68 Ma (Geroto and Bertini
2019); braided rivers and ephemeral small ponds (Carvalho
et al. 2007).

Taxon and material: Two lissamphibian taxa have been re-
ported, as follows:

1) Taxon A— The unpublished specimens (MZUSP-PV 25-
8), comprising an almost complete skeleton and several
other anuran remains, were described and illustrated in
a PhD dissertation (Carvalho 2006). MZUSP-PV 25-8
was coded in a phylogenetic analysis and recovered as
related to the hylid Pseudis (Carvalho, 2006). The ma-
terial was later compared to Uberabatrachus (Béez
et al., 2012b), and also mentioned in Marjanovi¢
and Laurin (2014) as “Adamantina hyloid”, suggest-
ing it as belonging to Athesphatanura, but without
explanation.

2) Taxon B— The undescribed specimen Amphibia indet.
was mentioned in a faunal list by Zaher et al. (2006).
There is no information about the preserved remains and
where the specimen is housed. The material was neither
described nor illustrated.
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Locality 19: Prata, Adamantina Formation, Bauru Group,
Minas Gerais, Brazil.

Age and depositional environment: See the entry of
locality 18.

Taxon and material: The unpublished specimen MBC-058-
PV was mentioned in a conference abstract (Silva et al., 2018)
and suggested as an occipital belonging to an indeterminate
Anura. It was neither described nor illustrated.

Locality 20: Auriflama, Adamantina Formation, Bauru
Group, Sao Paulo, Brazil.

Age and depositional environment: See the entry of
locality 18.

Taxon and material: Unpublished material encompassing
three humeri, were assigned to Anura in conference abstracts
(Freitas et al. 2019; Barbosa et al. 2019).

Locality 21: Aragatuba, Aracatuba Formation, Bauru Group,
Sao Paulo, Brazil.

Age and depositional environment: Late Cretaceous,
Campanian-Maastrichtian (Gobbo-Rodrigues et al. 1999);
palustrine (Fernandes et al. 2003).

Taxon and material: An unpublished humerus was men-
tioned in a conference abstract (Freitas et al. 2017) and
considered as belonging to an indeterminate Anura. This
specimen was neither described nor illustrated.

Locality 22: Ranquil C6, Loncoche Formation, Neuquén
Basin, Mendoza, Argentina.

Age and depositional environment: Late Cretaceous,
Campanian-Maastrichtian (Sepulveda et al. 1989); tidal
(Gonzalez-Riga 1999).

Taxon and material: Gonzalez-Riga (1999) briefly mentioned
MACN-M 14 (a fragmentary humerus) and considered that it
belongs to Leptodactylidae, but without explanation. The speci-
men was later identified as Calyptocephalella cf. C. satan, also
without explanation (Agnolin 2012). The specimen was neither
described nor illustrated.

Locality 23: Between Cafayate and Salta, 67 Km north
along route 68, Las Curtiembres Formation, Salta,
Argentina.

Age and depositional environment: Late Cretaceous,
Campanian-Maastrichtian (Narvaez and Sabino 2008); fluvial
to lacustrine (Marquillas et al. 2005).

Taxon and material: Reig (1959) described and illustrated
Saltenia ibanezi based on the holotype (PVL 2010) and sev-
eral specimens (PVL-2001 to 2025). Parodi Bustos et al.
(1960) also mentioned fossils of S. ibanezi (P. 59-1 to 59-
33). More than 300 specimens of this species, including tad-
poles, juveniles, and adult specimens (P. 59-34, 59-36 to 38,
59-41, PVL-2026 to 2031, PVL-2199 to 2226, PVL-2228 to
2260, PVL-2270, PVL-2521, PVL-2525 to 2526, PVL-2528
t0 2535, PVL-2537 to 2540, PVL-2689 to 2692, PVL-2775 to
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2779, MLP 59-VIII-3-1 to 5, MLP 62-XII-5-1 to 44, MLP 62-
XII-5-46 to 66, MLP 62-XII-5-68 to 105, MLP 62-XII-5-107
to 116, CPBA 9715 to 9754, MACN 18045 to 18046), were
later grouped and revised (Baez 1981). Scanferla et al. (2011)
also mentioned new records for it (MAS-P/2 unnumbered,
three tadpoles, and 30 postmetamorphic specimens).
Saltenia ibanezi was included in several phylogenetic analy-
ses, and recovered within the crown-group Pipidae
Xenopodinomorpha (Baez and Pugener 1998 2003; Béez
and Harrison 2005; Baez et al. 2012a; Cannatella 2015), in a
polytomy in the base of crown-group Pipidae (Goémez 2016),
and in the Panpipidae Shelanidae (Carvalho et al. 2019;
Rolando et al. 2019).

Locality 24: Puente Morales, Las Curtiembres Formation,
Salta, Argentina.

Age and depositional environment: See the entry of
locality 23.

Taxon and material: Barcelos and Verdade (2020b) men-
tioned in a conference abstract the record of two specimens
referred to as Saltenia ibanezi.

Locality 25: Estancia Los Alamitos, Los Alamitos Formation,
Rio Negro, Argentina.

Age and depositional environment: Late Cretaceous,
Campanian-Maastrichtian (Bonaparte et al. 1984); coastal
floodplain and fluvial (Bonaparte et al. 1984).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Baez (1987) suggested that MACN-RN 160 (left
ilium, three distal humeri, three incomplete maxillae, and a
fragmentary right squamosal) belonged to Calyptocephalella
indet., de la Fuente et al. (2007) mentioned the specimen that
later was revised by Agnolin (2012) and proposed as a re-
ferred specimen of Calyptocephalella satan, without expla-
nation. Later, Suazo-Lara and Gémez (2022) identified it as
Calyptocephalellidae indet.

2) Taxon B— Bonaparte (1986a, 1986b) mentioned in con-
ference abstracts the record of two specimens (the kind of
material was not detailed) assigned as Pipidae indet. The
materials were neither described nor illustrated and were
mentioned in Sanchiz (1998). There is neither informa-
tion about the institution in which the specimens are
housed nor their collection number.

Locality 26: Arroyo Verde, Los Alamitos Formation, Rio
Negro, Argentina.

Age and depositional environment: See the entry of locality
25.

Taxon and material: Baez (1987) mentioned a humerus and
ilium of cf. Xenopus sp., that was later referred to as
Kuruleufenia (Gomez, 2016).

Locality 27: Cerro Cuadrado, Los Alamitos Formation, Rio
Negro, Argentina.

Age and depositional environment: See the entry of locality 25.
Taxon and material: MACN-RN 159 (1) (humeri),
MACN-RN 159 (2) (sphenethmoid), MACN-RN 159 (3)
(sacrourostyle), and MACN-RN 159 (4) (pelvis) were re-
ferred to as cf. Xenopus sp. by Baez (1987), and were later
revised and referred to as Kuruleufenia xenopoides (Suazo-
Lara and Gomez, 2022). Additional elements (fragment of
skull, presacral, and ilium) catalogued as bulk number
MACN-RN 159 identified by Baez (1987) as cf. Xenopus
sp. were not mentioned by Suazo-Lara and Gomez (2022).
Locality 28: Puma Cave, Chorrillo Formation, Santa Cruz,
Argentina.

Age and depositional environment: Late Cretaceous, late
Campanian-early Maastrichtian (Nullo et al. 2006); braided
and meandering rivers (Tettamanti et al. 2018).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Calyptocephalellidae indet. MPM 21519 (frag-
mentary right humerus) and MPM-PV-22841¢22846
(fragments of maxilla and postcranial bones) were men-
tioned by Novas et al. (2019) and commented on by
Suazo-Lara and Gomez (2022).

2) Taxon B— Novas et al. (2019) mentioned the record of
MPM 21518 (fragmentary tibiofibula) and assigned it to
Anura indet.

Locality 29: Magallanodon, Chorrillo Formation, Santa Cruz,
Argentina.

Age and depositional environment: See the entry of locality
28.

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— MPM-PV-22840 (right humerus) was de-
scribed, figured, and referred to as Pipoidea indet. by
Moyano-Paz et al. (2022). Later, this material was sug-
gested as Kuruleufenia sp. by Suazo-Lara and Gomez
(2022).

2) Taxon B— MPM-PV-22841 (incomplete left maxilla),
MPM-PV-22842 (incomplete right maxilla), MPM-PV-
22843 (incomplete right ilium), MPM-PV- 22844 (prox-
imal right radioulna), MPM-PV-22845 (left proximal end
of tibiofibula), MPM-PV-22846 (proximal half of uro-
style) were described, figured, and referred to as
Calyptocephalella sp. (Moyano-Paz et al., 2022).

Locality 30: Bajo de Santa Rosa, Allen Formation, Rio
Negro, Argentina.

Age and depositional environment: Late Cretaceous, late
Campanian-early Maastrichtian (Dingus et al. 2000);
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ephemeral ponds, fluvial, and coastal marine (Armas and
Sanchez 2015).

Taxon and material: Four anuran taxa have been reported, as
follows:

1) Taxon A— Martinelli and Forasiepi (2004) described and
illustrated records of Pipidae indet., e.g. MACN RN 1064
and 1065 (fragmentary sphenethmoids). Later, Gomez
(2016) interpreted isolated fragmentary materials recov-
ered in several localities nearby Trapalco and Santa Rosa
depressions as representing a single anuran species. He
described the pipid Kuruleufenia xenopoides based on the
holotype (MACN-PV RN 1064), MACN-PV RN 1065,
and multiple isolated fragments mentioned in Martinelli
and Forasiepi (2004) and Béaez (1987).

2) Taxon B— Leptodactylidae indet. MACN-PV RN 1066
(right humerus) was described and illustrated by
Martinelli and Forasiepi (2004). Later, Agnolin (2012)
referred this material to Calyptocephalella satan without
explanation. Most recently, Gomez (2016) recognised it
as belonging to Kuruleufenia xenopoides.

3) Taxon C— Martinelli and Forasiepi (2004) described and
illustrated several remains identified as Leptodactylidae
indet., including MACN-PV RN 1063 (right maxilla) and
MACN-PV RN 1069 (skull fragments), and as Anura
indet., comprising MACN-PV RN 1067 (5 vertebrae),
MACN-PV RN 1068 (angulosplenial), and MACN- PV
RN 1070 (radioulna). Later, all mentioned specimens
were referred to as Calyptocephalella satan by Agnolin
(2012) without explanation.

4) Taxon D— Bonaparte (1991) mentioned, in a conference
abstract, the presence of a fossil specimen belonging to
?Leptodactylidae without explanation. There is no infor-
mation about the institution where the specimen is
housed, or its collection number.

Locality 31: Cerro Tortuga, Allen Formation, Rio Negro,
Argentina.

Age and depositional environment: See the entry of locality
30.

Taxon and material: Five anuran taxa have been reported, as
follows:

1) Taxon A— Calyptocephalella satan holotype is a right
maxilla (MML 870). This species was described based on
multiple isolated remains. The material was illustrated in
Agnolin (2012), and was phylogenetically nested within
Calyptocephalellidae, as sister to Beelzebufo ampinga
(Agnolin, 2012). Later, some inconsistencies were
recognised in the work of Agnolin (2012), e.g.
Calyptocephalella was recovered as paraphyletic with
Calyptocephalella satan sister to Beelzebufo ampinga
(Baez and Gomez, 2018) and the diagnosis of C. satan
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does not present characteristics exclusive to this species,
meaning it cannot reliably be differentiated from other
species of Calyptocephalella (Muzzopappa et al., 2021).
Therefore, the status of this species has been repeatedly
doubted (Béez and Gomez 2018; Muzzopappa et al.
2021; Suazo-Lara and Gémez 2022) and proposed as
species inquirenda (Suazo-Lara and Goémez 2022).
Other remains were also referred to as Calypto
cephalella satan by Agnolin (2012), but without expla-
nation, i.e. MML 847 (complete atlas), MML 848 (com-
plete atlas), MML 849 (fragmentary left squamosal),
MML 851 (incomplete fragment of skull roof), MML
850 (presacral vertebral centrum), MML 851 (incom-
plete fragment of skull roof), MML 854 (incomplete
sacral centrum), MML (855 (mid-portion of right max-
illa), MML 857 (incomplete left frontoparietal), MML
858 (incomplete posterior portion of right maxilla),
MML 859 (incomplete right frontoparietal), MML
860 (incomplete urostyle), MML 862 (presacral verte-
bral centrum and incomplete sacrum), MML 863 (in-
complete left maxilla), MML 864 (incomplete right
squamosal), MML 865 (incomplete right maxilla pre-
serving tooth bases), MML 866 (right radius-ulna with-
out its distal end), MML 867 (two distal ends of right
humeri), MML 868 (fragmentary urostyle), MML 869
(incomplete right frontoparietal), MML 872 (incom-
plete left premaxilla), MML 875 (complete atlas), and
MML 886 (fragmentary sacrum). Following Suazo-
Lara and Goémez (2022), we suggest that the status of
specimens referred to as Calyptocephalella satan spe-
cies inquirenda deserve to be reevaluated.

2) Taxon B—MML-PV 1042 (two humeri), MML-PV 1047
(fifth presacral vertebrae and two incomplete presacrals),
MML-PV 1059 (incomplete sacro-urostyle), MML-PV
1060 (incomplete ilia), MML-PV 10571058 (right and
left otic capsules), and MML-PV 1062—-1063 (incomplete
presacrals) were referred to as Calyptocephalella satan by
Agnolin (2012) without explanation. Later, those isolated
fragmentary specimens were considered part of the
hypodigm of Kuruleufenia xenopoides (Gémez 2016).

3) Taxon C— MML-PV 1053 was referred to as
Calyptocephalella satan by Agnolin (2012) without ex-
planation. Later, this specimen was referred to as
Calyptocephalellidae indet. (Suazo-Lara and Gémez
2022).

4) Taxon D— MML 856 (right humerus) and MML 871
(vertebra) were figured by Agnolin (2012) and referred
to as Pipidae indet., without explanation.

Locality 32: Cerro Bonaparte, Allen Formation, Rio Negro,
Argentina.

Age and depositional environment: See the entry of
locality 30.
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Taxon and material: Baez (1987) mentioned the record of a
Calyptocephalella-like specimen MML-PV 1061 (fragmen-
tary ilia). Later, this specimen was referred to as Ca. satan
by Agnolin (2012).

Locality 33: Cerro Alberto, Allen Formation, Rio Negro,
Argentina.

Age and depositional environment: See the entry of
locality 30.

Taxon and material: Suazo-Lara and Gomez (2022) referred
MML-PV 1066 (humerus) to Kuruleufenia xenopoides.

Locality 34: Valle de Las Chinas, Dorotea Formation,
Magallanes Basin, Ultima Esperanza, Chile.

Age and depositional environment: Late Cretaceous, late
Campanian-early Maastrichtian, 74.9—71.7 Ma (Gutiérrez
et al. 2017); fluvial, shoreface, and deltaic (Schwartz and
Graham 2015).

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— CPAP 5881 (right humerus) was reported as cf.
Kuruleufenia sp. by Suazo-Lara (2019), and later referred to
as Kuruleufenia sp. by Suazo-Lara and Gomez (2022).

2) Taxon B— Suazo-Laraetal. (2017) reported the record of
Calyptocephalellidae based on CPAP 5878-5879 (hu-
meri). Later, Suazo-Lara and Gémez (2022) identified
the humeri as Calyptocephalellidae indet. The humeri
were not described, but were figured by Suazo-Lara and
Gomez (2022).

3) Taxon C— Suazo-Lara et al. (2018) mentioned a new
record of Anura indet. in a conference abstract. The ma-
terial is composed of fragmentary bones, including six
humeri, tibiofibula, and radioulna.

Locality 35: El Uruguayo, La Colonia Formation, Chubut,
Argentina.

Age and depositional environment: Late Cretaceous,
Campanian-Maastrichtian (Pascual et al. 2000); fluvial and
marginal marine (Pascual et al. 2000).

Taxon and material: Muzzopappa and Varela (2014) briefly
mentioned in a conference abstract the record of MPEF-PV
10890-8 and MPEF-PV 10891-10 (three premaxillae) and re-
ferred to them as Anura indet. Later, Suazo-Lara and Gomez
(2022) also mentioned those records.

Locality 36: Ponto 1 do Price, Marilia Formation, Bauru
Group, Minas Gerais, Brazil.

Age and depositional environment: Late Cretaceous,
Maastrichtian (Dias-Brito et al. 2001); braided rivers (Silva
etal. 2017).

Taxon and material: Baurubatrachus pricei (holotype
DNPM 1412 R A-B) is an almost complete skeleton described

and illustrated by Baez and Peri (1989). The species was pro-
posed as nested within Ceratophryidae, and several analyses
corroborated this scenario (e.g. Evans et al. 2014; Baez et al.
2009). The holotype was prepared further, which favoured a
proper redescription of its anatomy, and was illustrated by
Baez and Gomez (2018). The phylogenetic affinity of
Baurubatrachus pricei was reassessed and it was recovered
outside Ceratophryidae (Nicoli et al. 2016). Later, Ba. pricei
was recovered within Calyptocephallidae (Baez and Gomez
2018). Due to the different topologies recovered by Baez and
Goémez (2018), we take a conservative approach and recog-
nise it as a putative Australobatrachia.

Locality 37: Km 153 of BR 050, Marilia Formation, Bauru
Group, Minas Gerais, Brazil.

Age and depositional environment: See the entry of locality
36.

Taxon and material: The unnumbered Anura indet. MBC
was presented in a conference abstract and is composed of
radioulna and phalanges (Silva et al. 2018). It was neither
described nor illustrated.

Locality 38: Uberaba, Serra da Galga Member, Uberaba
Formation, Bauru Group, Minas Gerais, Brazil.

Age and depositional environment: See the entry of locality
36.

Taxon and material: Uberabatrachus carvalhoi (holotype
CPPLIP 1115) was described and illustrated in Baez et al.
(2012b), and assigned to Nobleobatrachia. Later, it was
recovered as belonging to Telmatobiidae (Evans et al. 2014;
Nicoli et al. 2016), and as wild-card taxa, placed within
Odontophrynidae, Ranoidea, Myobatrachoidea, in a polytomy
(including Ceratophryidae, Batrachylidae, Telmatobiidae, and
Odontophrynidae), and as sister to Pelodryadidae (Baez and
Goémez 2018). The holotype of Uberabatrachus carvalhoi
was recovered in association with a titanosaur’s femur
(Agustin G. Martinelli, pers. comm.), but this likely palaeo-
ecological association was not explored yet.

Locality 39: Pajcha Pata, El Molino Formation, Cochabamba,
Bolivia.

Age and depositional environment: Late Cretaceous to early
Paleocene, Maastrichtian-Danian (Sempere et al. 1997); la-
custrine with marine influence (Sempere et al. 1997).

Taxon and material: Three lissamphibian taxa have been
reported, as follows:

1) Taxon A— MHNC-8583 (seven disarticulated and dam-
aged vertebrae) referred to as Gymnophiona indet. (Gayet
etal. 2001).

2) Taxon B— Thirty-seven vertebrae, including the holo-
type (MHNC-6636, a trunk vertebra) of Noterpeton
bolivianum (Rage et al., 1993) and another 46 vertebrae
also assigned to No. bolivianum (Gayet et al. 2001).
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3) Taxon C— Gayet et al. (1991) mentioned and Gayet et al.
(2001) described and illustrated three fragmentary
presacral vertebrac (MHNC-8585), assigning them to
Anura indet.

Locality 40: Vila Vila, El Molino Formation, Cochabamba,
Bolivia.

Age and depositional environment: See the entry of
locality 39.

Taxon and material: MHNC-8584 (16 vertebrac) were re-
ferred to as Noterpeton bolivianum (Rage et al., 1993).

Paleocene

Locality 41: Punta Peligro, Salamanca Formation, San Jorge
Basin, Chubut, Argentina.

Age and depositional environment: Early Paleocene,
Danian, 65.7-63.5 Ma (Clyde et al. 2014); shallow marine/
estuarine (Comer 2011).

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— Calyptocephalella sabrosa MPEF 3003
(holotype) was described and illustrated (Muzzopappa
et al. 2021). It is an almost complete skeleton preserved
in an avian gastric pellet (Muzzopappa et al. 2021).

2) Taxon B— Gigantobatrachus casamiquelai MACN CH-
1625a (holotype; incomplete right maxilla), was men-
tioned in Bonaparte et al. (1993) as a new species nested
within the genus Calyptocephalella. Other remains were
also assigned to Gigantobatrachus casamiquelai, i.e. in-
complete maxillae and skull-roof bones, three incomplete
angulosplenials, a single presacral vertebra, proximal uro-
styles, distal humeri, incomplete tibiofibula, and a left
ilium. Agnolin (2012) described, illustrated, and coded
G. casamiquelai, and it was recovered within Calypto-
cephalellidae. Later, this assignment was doubted by
Muzzopappa et al. (2021).

3) Taxon C— Béez (2000) mentioned the record of
Caudiverbera indet., but the material was neither de-
scribed nor illustrated, and the repository was not
mentioned. Nicoli et al. (2016) assigned this specimen
(the kind of material was not detailed) to Calyptocephalella
indet.

Locality 42: Las Flores, Pefias Coloradas Formation, Rio
Chico Group, Chubut, Argentina.

Age and depositional environment: Early Paleocene, late
Danian, 62.5-61.6 Ma (Clyde et al. 2014); floodplain
(Raigembom et al. 2009).

Taxon and material: An unnumbered specimen (a fragmen-
tary maxilla) was briefly described by Baez (1991a). Later, it
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was referred to Gigantobatrachus casamiquelai by Agnolin
(2012) without explanation.

Locality 43: Tiupampa, Santa Lucia Formation, Potosi Basin,
Cochabamba, Bolivia.

Age and depositional environment: Middle Paleocene,
Selandian-Thanetian, ~60-58.2 Ma (Sempere et al., 1997);
alluvial to lacustrine (Sempere et al. 1997).

Taxon and material: Two lissamphibian taxa have been re-
ported, as follows:

1) Taxon A— Baez (1991a) described and illustrated
Estesius boliviensis (holotype MHNC 4501), based on
an incomplete skull with fragmentary mandible, part of
the pectoral girdle, part of forelimb, and atlas centrum.
The specimen was assigned to “Leptodactylidae” (Baez
1991a). Baez (1995) proposed Estesiella boliviensis to be
a nomen novum due to the principle of priority of
ICZN, and recognised that the phylogenetic affinity
of Estesiella should be revised. Other remains were
also assigned to Estesiella boliviensis, MHNC 4502-5
(four fragments of posterior portion of skull), MHCN
4509/10 (two maxillary fragments), MHCN 4506/7
(two sphenethmoids), and MHCN 4508 (left scapula)
(Baez 1991a). Gomez et al. (2008) doubted the affin-
ities of Estesiella boliviensis with Leptodactylidae,
and in conference abstracts and his PhD dissertation
recovered Estesiella boliviensis as a nobleobatrachian
Hyloidea (Gémez and Baez 2010; Gémez 2011). The
anatomy of the specimen was reassessed in Gomez
(2011) and reported in Gomez et al. (2010); the latter
suggested that the expanded prehallux and well-
ossified “ethmoidal” of the species were adaptations
for fossoriality.

2) Taxon B— MHNC-2635 (single and incomplete verte-
bra) assigned to an indeterminate Gymnophiona (Rage
1991).

Locality 44: Estancia Blanco Rancho, Santa Lucia For-
mation, Potosi Basin, Cochabamba, Bolivia.

Age and depositional environment: See the entry of locality 43.
Taxon and material: An unnumbered specimen that com-
prises an isolated vertebra was assigned to Noterpeton
bolivianum (Gayet et al., 2001).

Locality 45: Laguna Umayo, Mufiani Formation, Puno, Peru.
Age and depositional environment: Late Paleocene to early
Eocene (Sigé et al. 2004); alluvial plain to lacustrine (Sigé
et al. 2004).

Taxon and material: Sigé (1968) and Muizon et al. (1983)
mentioned the record of a Leptodactylidae indet. Estes and
Baez (1985) doubted the relationship of this specimen (the
kind of material was not detailed) with Leptodactylidae.
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FEocene

Locality 46: Sio José de Itaborai, Itaborai Basin, Rio de
Janeiro, Brazil.

Age and depositional environment: Early Eocene,
Ypresian, ~53—-50 Ma (Woodburne et al., 2014); lacustrine
to alluvial (Pereira et al. 2017).

Taxon and material: Five lissamphibian taxa have been re-
ported, as follows:

1) Taxon A— Single damaged pre-cloacal vertebra (DGM
551) erected as the holotype of the caecilian Apodops
pricei (Estes and Wake, 1972).

2) Taxon B— Estes (1970), Estes and Reig (1973), and
Estes and Baez (1985) mentioned one ilium that could
belong to Bufo indet., without explanation. The material
was neither described nor illustrated.

3) Taxon C— Hylidae indet. (ilium; Estes 1970; Estes and
Reig 1973) was mentioned, but neither described nor
illustrated.

4) Taxon D— An ilium was assigned to Leptodactylidae
indet. (Estes 1970; Estes and Reig 1973), but was neither
described nor illustrated.

5) Taxon E— Estes (1975a) described “Xenopus” romeri
(holotype DGM 568), comprising a braincase and
sphenethmoid region of a skull. Other materials were also
assigned to the species, i.e. DGM 569-570, DGM 579
(incomplete skulls), DGM 575a-¢ DGM VI-V and
DGM VK 576 (fused atlas), and DGM V2 573 (sacrum
and urostyle), DGM 571 (scapula-clavicle), DGM 572
(humerus), and DGM 577-578 (ilia) (Estes 1975b). The
holotype was coded in several phylogenetic analyses, and
the hypothesis that “Xenopus” romeri belongs to the ge-
nus Xenopus has repeatedly been questioned (e.g. Baez
and Pugener 1998; Gémez 2016). The material is current-
ly species inquirenda and should be revised.

Locality 47: Laguna del Hunco, Laguna del Hunco
Formation, Chubut, Argentina.

Age and depositional environment: Early Eocene,
Ypresian, 52.22 + 0.22 Ma (Wilf 2012); lacustrine (Wilf
et al. 2003).

Taxon and material: Shelania pascuali was described by
Casamiquela (1960) based on a juvenile incomplete specimen
(holotype PVL 2186). The morphology of Shelania pascuali
was reassessed, and the specimen was phylogenetically nested
within Pipidae (Baez and Trueb 1997). Other complete spec-
imens were referred to Shelania pascuali (PVL 2187-88; PVL
3989; MLP 62-XII-21-1; MLP 62-XII-22-1; MLP 62-X11-
20-1; CIC 3-3-75/1; MJHG 2-3-72; CPBA 9855-56; CPBA
12222; CPBA 12224; CPBA 12226; CPBA 12231-32;
PVL 3991-98; PVL 3983; PVL 3994; PVL 4002; PVL
4007; PVL 4009-10; PVL 4081-87; CBPA 12211-12;

CBPA 12219; CBPA 12223; and MPEF-PV 1150-51).
The species was included in several phylogenetic ana-
lyses and recovered as sister to Kuruleufenia (Rolando
et al., 2019), and as belonging to Xenopodinomorpha
(Gomez 2016).

Locality 48: Peralta Nahueltripay, Laguna del Hunco
Formation, Chubut, Argentina.

Age and depositional environment: See the entry of
locality 47.

Taxon and material: Bacz and Trueb (1997) redescribed the
morphology of Shelania pascuali based on multiple complete
specimens (PVL 3989; MLP 62-XII-21-1; MLP 62-XI1-22-1;
MLP 62-X11-20-1; CIC 3-3-75/1; MJHG 2-3-72; CPBA
9855-56; CPBA 12222; CPBA 12224; CPBA 12226; CPBA
12231-32; PVL 3991-98; PVL 3983; PVL 3994; PVL 4002;
PVL 4007; PVL 4009-10; PVL 4081-87; CBPA 12211-12;
CBPA 12219; CBPA 12223; and MPEF-PV 1150-51).

Locality 49: Sierra Dorotea, Rio Turbio Formation,
Magallanes, Chile.

Age and depositional environment: Early to middle Eocene
(Panti 2016); estuarine and shallow marine (Panti 2016).
Taxon and material: SGO.PV.6546 (a fragmentary humer-
us) was assigned to Calyptocephalellidae indet., described and
illustrated by Otero et al. (2014). The humerus was estimated
to be from an individual having a snout-vent length of about
59 cm, making it the largest frog specimen ever known (Otero
et al. 2014). It was mentioned in Jimenez-Huidobro and
Sallaberry (2015).

Locality 50: Pampa de Jones, Huitrera Formation, Neuquén,
Argentina.

Age and depositional environment: Early to middle Eocene,
Ypresian-Lutetian, ~54—47 Ma (Wilf et al. 2005; Wilf et al.
2010); lacustrine (Melendi et al. 2003).

Taxon and material: Baez (1988, 1991b, 1996, 2000) men-
tioned in conference abstracts and book chapters the record of
specimens referred to as Pipidae. Later, the species
Llankibatrachus truebae was named based on the holotype
BAR 2469-10 (an almost complete skeleton), described and
illustrated by Baez and Pugener (2003). Llankibatrachus
truebae is known by the holotype and multiple complete spec-
imens (mostly postmetamorphs, but also some tadpoles) from
this locality (CP-Bar 2467-10, 2471-10, 247410, 2475-10,
2478-10, 2479-10, 2480-10, 2611-10 a-b, 2720-10, 3076~
10, 3077-10, 3078-10, 3079-10, 3080—-10. Tadpoles: 1309—
10, 2474-10, 2476-10, 2477-10, 2599-10, 260610, 4111—
10, 4112-10, and 4113-10) (Baez 1996, 2000; Baez and
Pugener 2003). Llankibatrachus truebae was recovered as
related to Shelania laurenti and ‘Xenopus’ romeri (Baez and
Pugener 2003; Gémez 2016).

Locality 51: Laguna del Hunco, Confluencia, Huitrera
Formation, Neuquén, Argentina.
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Age and depositional environment: See the entry of locality
50.

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Calyptocephalella indet. (CP-Bar 2466-1-A-
B, tadpole) was mentioned in Béez et al. (1990), and Baez
(2000).

2) Taxon B— Skeletons CP-Bar 303-1, 1515-1, 1609—
1,2361-1, 2363-1, 2364-1, 3083-1a/b, and tadpoles
(15181, 1612-1, 1613—1) were mentioned in Baez
et al. (1990), and assigned as Pipidae indet. Later, those
specimens were referred to Llankibatrachus truebae by
Béez and Pugener (2003).

Locality 52: Rio Pichileufu, Huitrera Formation, Rio Negro,
Argentina.

Age and depositional environment: See the entry of locality
50.

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— Patagopipa corsolinii MLG 2630 (holotype)
was described and illustrated in Rolando et al. (2019).
The material is a juvenile specimen composed of an al-
most complete skeleton, with a disarticulated skull, an
incomplete vertebral column, and nearly complete right
fore- and hindlimbs. Patagopipa corsolinii was coded in
the matrix of Gomez (2016) and recovered in Shelaniinae
as sister of Saltenia ibanezi (Rolando et al., 2019).

2) Taxon B— Calyptocephalella pichileufensis (holotype
BAR 85a-b) is an articulated skeleton that was described
and illustrated (Gomez et al. 2011). The specimen was
mentioned by Kramarz et al. (2011).

3) Taxon C— Leptodactylidae indet. was mentioned in a con-
ference abstract (Baez 1988). The kind of material was not
detailed.

Locality 53: CTA-47, lower member, Pozo Formation,
Ucayali, Peru.

Age and depositional environment: Middle Eocene (Antoine
et al. 2016); fluvial with marine influence (Antoine et al. 2016).
Taxon and material: Antoine et al. (2016) mentioned in a
faunal list postcranial elements referred to Anura indet. The
material was not specified in more detail.

Locality 54: CTA-51, lower member, Pozo Formation,
Ucayali, Peru.

Age and depositional environment: Middle Eocene
(Antoine et al. 2016); fluvial (Antoine et al. 2016).

Taxon and material: Two anuran taxa have been reported, as
follows:
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1) Taxon A— Antoine et al. (2016) mentioned in a faunal
list postcranial elements referred to as Pipidae indet. The
material was not specified in more detail.

2) Taxon B— Fragmentary maxilla and postcranial ele-
ments were mentioned in a faunal list and referred to as
Anura indet. (Antoine et al. 2016). The materials were not
specified in more detail.

Locality 55: CTA-27, lower member, Pozo Formation,
Ucayali, Peru.

Age and depositional environment: See the entry of locality
54.

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— Pipidae indet. (postcranial bones) were men-
tioned in a faunal list by Antoine et al. (2016). The mate-
rial was not specified in more detail.

2) Taxon B— ‘Leptodactyloid’ indet. (postcranial bones)
were mentioned by Antoine et al. (2016) in a faunal list.
The material was not specified in more detail.

3) Taxon C— Anura indet. (postcranial bones) were men-
tioned in a faunal list by Antoine et al. (2016). The mate-
rial was not specified in more detail.

Locality 56: CTA-66, lower member, Pozo Formation,
Ucayali, Peru.

Age and depositional environment: See the entry of locality
54.

Taxon and material: Pipidae indet. (postcranial bones) were
mentioned in a faunal list by Antoine et al. (2016). The mate-
rial was not specified in more detail.

Locality 57: CTA-29, lower member, Pozo Formation,
Ucayali, Peru.

Age and depositional environment: See the entry of locality
54.

Taxon and material: Pipidae indet. (postcranial bones) were
mentioned in a faunal list by Antoine et al. (2016). The mate-
rial was not specified in more detail.

Locality 58: Near Curitiba and Araucaria municipalities,
Guabirotuba Formation, Curitiba Basin, Parana, Brazil

Age and depositional environment: Middle Eocene to early
Oligocene (Riccomini et al., 2004; Sedor et al. 2014); fluvial
system and associated lakes (Sedor et al. 2017).

Taxon and material: Sedor et al. (2014) briefly men-
tioned the record of an indeterminate Anura in a faunal
list of a conference abstract. The material is a fragmen-
tary humerus that is unnumbered and housed at MCN-
SCB-UFPR. This Anura indet. was neither described nor
illustrated.
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Locality 59: Cafiladon Hondo, Sarmiento Formation, Chubut,
Argentina.

Age and depositional environment: Middle Eocene to early
Miocene (R¢ et al. 2010); aeolian and fluvial plains, including
shallow ponds (Bellosi 2010).

Taxon and material: The holotype (AMNH 3165),
encompassing a left nasal and maxilla assigned to Eophractus
casamayorensis, was described by Schaeffer (1949). AMNH
3164 (fragmentary maxilla and a presacral vertebra) was also
referred to the species by Schaeffer (1949). The materials were
later revised as Calyptocephalella casamayorensis (Lynch
1971; Nicoli et al. 2016).

Locality 60: Puesto Baibian, Sarmiento Formation, Chubut,
Argentina.

Age and depositional environment: See the entry of locality 59.
Taxon and material: MPEF-PV 1498 was described, illus-
trated, and assigned to Calyptocephalella canqueli
(Muzzopappa and Béez, 2009). Other materials were also re-
ferred to the species, i.e. AMNH 3427 (partial skeleton),
MPEF-PV 1881 (fragmentary skull), MPEF-PV 1882
(sphenethmoid), MPEF-PV 1883 (ilium and presacral verte-
bra), MPEF-PV 1884 (left humerus), MPEF-PV 1885 (sa-
crum, atlas, urostyle, maxilla), MPEF-PV 1886 (incomplete,
disarticulated skull, and sacral vertebra), MPEF-PV 1887
(disarticulated premaxilla, a portion of maxilla, frontoparietal,
quadratojugal, sphenethmoid, otic capsules, mandible, left hu-
merus, proximal portion of right humerus, scapula, and cora-
coid), MPEF-PV 1888 (left clavicle), MPEF-PV 1889 (left
maxilla), and MPEF-PV-1890 (tibiofibula) (Muzzopappa
and Baez, 2009).

Locality 61: Gran Barranca, Colhue-Huapi Member,
Sarmiento Formation, Chubut, Argentina.

Age and depositional environment: See the entry of locality
59.

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— The materials AMNH 3236-39 (fragments of
maxilla, sphenethmoid, and ilium) and AMNH 3241
(fragments of maxilla, fragmentary skull-roof, and two
presacral vertebrae) were referred to as Calyptocephalella
canqueli (Schaeffer 1949).

2) Taxon B— Calyptocephalella rugata (holotype MACN
11656-1, MACN 11656-49; skull and postcranial frag-
mentary remains from several individuals) was described
by Ameghino (1901). The species name was later
corrected as Calyptocephalella rugosa (Baez 1977,
Agnolin, 2012).

3) Taxon C— Saniwa australis (holotype MACN A-5805;
two fragmentary vertebral centra) was described by
Ameghino (1899). Gasparini et al. (1986) suggested no-
men dubium for the species. The material was later re-
ferred to as Calyptocephalellidae aff. (Agnolin, 2012).

Locality 62: Cerro Sacanana, Colhue-Huapi Member,
Sarmiento Formation, Chubut, Argentina.

Age and depositional environment: See the entry of locality
59.

Taxon and material: Estes and Baez (1985) mentioned in a
faunal list a specimen referred to as ?Leptodactylidae (the kind
of material was not detailed).

Locality 63: Sierra El Fresco, Vaca Mahuida Formation, La
Pampa, Argentina.

Age and depositional environment: Paleogene to middle
Miocene, although for the deposits at the Sierra El Fresco
locality, an Eocene age is well-established (Montalvo and
Bond 1998); lacustrine, small and ephemeral ponds, with
some marine influence (Uliana and Camacho 1975; Melchor
et al. 1992).

Taxon and material: Baez and Ptigener (1998) described and
illustrated Shelania laurenti (holotype GHUNLPam 4022),
comprising a fused atlas and second presacral vertebra.
Other remains were recognised as paratypes of Shelania
laurenti (GHUNLPam 4115, braincase and otic capsule;
GHUNLPam 4047, sphenethmoid; GHUNLPam 4025,
frontoparietal; GHUNLPam 4036, left scapula; and
GHUNLPam 4002b, right maxilla). Baez and Ptgener
(1998) referred to other isolated bones as belonging to
Shelania laurenti, i.e. GHUNLPam 4000 (vertebra), 4001-
4005 (frontoparietals), 4006 (frontoparietal impression),
4007 and 4008 (frontoparietals), 4009 (sphenethmoid), 4010
(frontoparietal and ventral impression), 4011a (fused sacrum
and urostyle), 4011b (squamosal), 4012a (cleithrum), 4012b
(vertebra), 4012c¢ (femur), 4013 (fused sacrum and urostyle),
4016 (vertebra), 4017-4021 (frontoparietals), 4022 (fused
Vertebrae 1 + 1II), 4023 (Vertebra V?), 4024 (fused Vertebrae
I + II and III), 4026-4028 (frontoparietals), 4029 (vertebra),
4030 (Vertebra VI or VII), 4031 (last presacral vertebra), 4032
(Vertebra III), 4033 (Vertebra V or VI),, 4034 (vertebrae,
4035 and 4037 (scapulae), 4038 (otic capsule), 4039, 4040,
and 4042 (otic capsules), 4043 (humeri), 4044 (thyrohyal),
4046 (sacrum), 4048a and 4048b (ilia), 4048c (ischia), 4054,
4056, and 4057 (frontoparietals), 4058 (sphenethmoid), 4059
(vertebra), 4060 (Vertebra III ?), 4061 (vertebra), 4062
(Vertebra III ?), 4063 and 4064 (ilium), 4065 and 4066 (single
humeri), 4067-4069 (angulosplenials), 4070 (frontoparietal),
4072 (otic capsule), 4073a (fused Vertebra I + II), 4073b and
4074 (frontoparietals), 4075 (thyrohyal), 4077 (articulated
Vertebrae I-1V), 4078 (frontoparietal), 4080 (vertebrae),
4081 (frontoparietal), 4085 (sphenethmoid), 4089 (Vertebrae
I+ II + I0I), 4091 (thyrohyal), 4096a (frontoparietal), 4096b
(tibiofibulae), 4101a (otic capsule), 4101b and 4104 (fronto-
parietals), 4105 (vertebrae), 4113 (urostyle), and 4114 (otic
capsule). This species was coded in several phylogenies, be-
ing recovered as sister to Xenopus’ romerii (Rolando et al.,
2019), in a polytomy with Shelania pascuali and ‘Xenopus’
romerii (Baez and Pugener 1998), and in a polytomy with
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‘Xenopus’ romerii and Llankibatrachus truebae (Béez and
Pugener, 2003).

Locality 64: TAR-74, upper member (Pozo Shales), Pozo
Formation, San Martin, Peru.

Age and depositional environment: Late Eocene,
Priabonian, ~36-34.3 Ma (Antoine et al. 2021); fluvial flood-
plain, oxbow lake, and coastal plains (Antoine et al. 2021).
Taxon and material: A fragmentary humerus was referred to
as Anura indet. in a faunal list by Antoine et al. (2021).

Locality 65: TAR-20, upper member (Pozo Shales), Pozo
Formation, San Martin, Peru.

Age and depositional environment: See the entry of locality
64.

Taxon and material: A fragmentary humerus and radioulna
were referred to as Anura indet. in a faunal list by Antoine
et al. (2021).

Locality 66: TAR-21, upper member (Pozo Shales), Pozo
Formation, San Martin, Peru.

Age and depositional environment: See the entry of locality
64.

Taxon and material: A fragmentary radioulna was men-
tioned in a faunal list and referred to as Anura indet. by
Antoine et al. (2021).

Locality 67: Aiuruoca, Entre-Corregos Formation, Aiuruoca
Basin, Minas Gerais, Brazil.

Age and depositional environment: Eocene to Oligocene
(Bernardes-de-Oliveira et al. 2014); lacustrine (Santos 1999).
Taxon and material: Around 200 Pipidae indet. specimens
were briefly described and illustrated in Bedani and Haddad
(2002 2012). The materials represent complete adult and tad-
pole fossil specimens.

Oligocene

Locality 68: Chaparral, Tuné Formation, Gualanday Group,
Tolima, Colombia.

Age and depositional environment: Early Oligocene
(Stirton 1953; Hoffstetter 1971); alluvial (Stirton 1953).
Taxon and material: Porta (1969) mentioned specimens of
Anura indet. in a faunal list (the kind of material was not
detailed).

Locality 69: TAR-01, upper member (Pozo Shales), Pozo
Formation, San Martin, Peru.

Age and depositional environment: Early Oligocene,
Rupelian, ~32.5 Ma (Antoine et al. 2021); fluvial floodplain,
oxbow lake, and coastal plains (Antoine et al. 2021).
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Taxon and material: Radioulna and ilium were mentioned in
a faunal list and referred to as Anura indet. by Antoine et al.
(2021).

Locality 70: Calabozo Pata, Salla Formation, Salla-Luribay
Basin, Bolivia.

Age and depositional environment: Oligocene, Rupelian-
Chattian 29.4-25.5 Ma (Kay et al. 1998); fluvial (MacFadden
et al. 1985).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— MNHN Sal 273-6 (two presacral vertebrae,
one sacral vertebra, a fragmentary humerus, fragmentary
pelvis, and several tibiofibulae) was assigned to Bufo sp.
(Hoffstetter 1968; Baez and Nicoli 2004b).

2) Taxon B— Béez and Nicoli (2004b) identified UF 92824
(left ilium) as a fossil representative of Bufo aff B.
arenarum (currently Rhinella arenarum).

Locality 71: Sici Lomo Cayo, Salla Formation, Salla-Luribay
Basin, Bolivia.

Age and depositional environment: See the entry of locality
70.

Taxon and material: Baez and Nicoli (2004b) assigned UF
204997 (fragmentary left ilium) to Bufo sp.

Locality 72: Tapial Pampa, Salla Formation, Salla-Luribay
Basin, Bolivia.

Age and depositional environment: See the entry of locality
70.

Taxon and material: The specimens UF 205000 and 205709
(fragmentary porterior portions of pelvic girdles) were
assigned to Bufo sp. (Baez and Nicoli, 2004b).

Locality 73: Scarritt Pocket, Sarmiento Formation, Sierra
Canquel, Chubut, Argentina.

Age and depositional environment: Middle Oligocene,
Rupelian—Chattian, ~29-27 Ma (Marshall et al. 1986; Flynn
and Swisher 1995); lacustrine (Mazzoni 1994).

Taxon and material: Nine anuran taxa have been reported, as
follows:

1) Taxon A— The holotype (AMNH 3429) of Calypto-
cephalella canqueli (formerly Caudiverbera canqueli),
comprising a skull, pelvic girdle, four presacral vertebrae,
and fragmentary fore and hind limbs, was described by
Schaeffer (1949). Other materials were also referred to
Calyptocephalella canqueli: AMNH 3400 (mandible
and limb bones); AMNH 3427 (right forelimb, pelvic
girdle, and hind limbs) (Schaeffer 1949; Muzzopappa
and Béez 2009; Muzzopappa and Nicoli 2010); FCEN
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2)

3)

4)

5)

6)

7)

8)

—PV 14084 (skull and postcranial remains of a tadpole),
and AMNH 3401 (complete tadpole) (Muzzopappa and
Nicoli 2010).

Taxon B— AMNH 3407 (complete postcranial skeleton
in part and counterpart, fragmentary skull) was described
as Eupsophus sp. (Schaeffer 1949), but after a reanalysis,
Nicoli (2017) considered it a representative of Chachai-
phrynus Iynchi. Nicoli (2017) has also referred to
Chachaiphrynus lynchi other remains (i.e. AMNH 3422
fragmentary skull, left forelimb, and vertebral column,
and CPBA-V/FCEN-PV 14085-87) formerly referred to
as Eupsophus sp. (Baez and Fernicola 1999). Those latter
materials from Béez and Fernicola (1999) were not
described.

Taxon C— Schaeffer (1949) mentioned the record of
Eupsophus sp. based on two skeletons: AMNH 3415, a
small-sized individual, with pelvic girdle and hind limbs
preserved, and AMNH 3420, a skull and hind limbs.
Taxon D— The holotype AMNH 3428 (skull and frag-
mentary postcranial remains) was described as Neo-
procoela edentatus by Schaeffer (1949), and suggested
to be related to Telmatobius. Tihen (1962) proposed that
the species was a fossil representative of the Epidalea
calamita (former Bufo calamita) species group. The ma-
terial was also suggested as belonging to Telmatobufo and
Telmatobius (Lynch 1971). Baez (1977) proposed a
nomem novum, i.e. Neoprocoela edentata. Later, Nicoli
(2017) revised the material as being representative of
Chachaiphrynus lynchi.

Taxon E— Béaez and Fernicola (1999) mentioned the
record of CPBA-V-14089a (humeri, vertebral column,
and ilium), CPBA-V 14088/FCEN-PV, and CPBA-V
14090/FCEN-PV, and considered these materials as
representatives of Neoprocoela edentata, suggesting
the species belong to Telmatobiinae. The last two
specimens were only mentioned in a faunal list, and
were not described or illustrated. Nicoli (2017) later
reassigned all those specimens to Chachaiphrynus
lynchi.

Taxon F— The holotype (MPEF-PV 10572), a part and
counterpart containing skull and postcranial remains
assigned to Chachaiphrynus lynchi, was described by
Nicoli (2017). Chachaiphrynus lynchi was identified as
a putative odontophrynid, but the material has not yet
been included in a phylogenetic analysis.

Taxon G— AMNH 3425 (part and counterpart of a frag-
mentary skull) and AMNH 3426 (postcranial skeleton)
were referred to as Anura indet. (Nicoli 2012), but were
later identified as Chachaiphrynus lynchi (Nicoli, 2017).
Taxon H— Nicoli (2017) assigned the specimens MPEF-
PV 10573 (part and counterpart, skull and postcranial
remains), MPEF-PV 10574-77, MPEF-PV 10893-98

(fragmentary skull) (neither described nor figured) as rep-
resentatives of Chachaiphrynus lynchi.

9) Taxon I— AMNH 3424 (hindlimbs) and AMNH 3430
(two partially superimposed skeletons) were identified as
Anura indet. and mentioned in Nicoli (2012).

Locality 74: Fazenda Extrativa Santa Fé, Tremembé
Formation, Taubaté Basin, Sdo Paulo, Brazil.

Age and depositional environment: Oligocene (Chagas
et al. 2009); playa-lake (Riccomini et al. 1996).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— An unpublished Neobatrachia indet. (UFRJ
01-A), encompassing a skull partially preserved and post-
cranial remains, was mentioned in Barcelos’ (2016) un-
dergraduate thesis.

2) Taxon B— An unpublished Pipoidea indet. was men-
tioned in a conference abstract (Campo et al. 2016). The
material comprises a skull and sacral vertebra fused to the
urostyle, but it was neither described nor illustrated.

Locality 75: CTA-32, Chambira Formation, Ucayali, Peru.
Age and depositional environment: Late Oligocene
(Antoine et al. 2016); oxbow lake (Antoine et al. 2016).
Taxon and material: Maxilla fragments and postcranial ele-
ments were referred to as Anura indet. by Antoine et al.
(2016). The materials were not specified in more detail.

Locality 76: CTA-61, Chambira Formation, Ucayali, Peru.
Age and depositional environment: Late Oligocene
(Antoine et al. 2016); fluvial (Antoine et al. 2016).

Taxon and material: Antoine et al. (2016) mentioned in a
faunal list postcranial elements referred to Anura indet. The
material was not specified in more detail.

Locality 77: CTA-74, Chambira Formation, Ucayali, Peru.
Age and depositional environment: See the entry of locality
76.

Taxon and material: Antoine et al. (2016) mentioned post-
cranial elements in a faunal list and referred them to Anura
indet. The material was not specified in more detail.

Miocene

Locality 78: Cerro Rucaianco, Rucafnanco Member, Rio
Pedregoso Formation, Cura-Mallin Group, Araucania, Chile.
Age and depositional environment: Early to middle
Miocene, Aquitanian-Serravallian, ~22—11.6 Ma (Pedroza
et al. 2017); fluvial, deltaic and lacustrine (Wall et al. 1991;
Pedroza et al. 2017).
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Taxon and material: Cf. Bufonidae indet. SGO.PV. 22205
(fragmentary left humerus and radioulna) was described by
Guevara et al. (2018).

Locality 79: Rio Santa Cruz, Santa Cruz Formation, Santa
Cruz, Argentina.

Age and depositional environment: Early Miocene,
Burdigalian, ~18.2—-15.6 Ma (Cuitifio et al. 2016); estuarine
and fluvial floodplains (Raigemborn et al. 2015).

Taxon and material: Calyptocephalella cf. C. canqueli
(MPM-PV 20025), comprising a left frontoparietal and
fragmentary maxilla, was described and illustrated by
Muzzopappa (2019).

Locality 80: Estancia La Costa, Santa Cruz Formation, Santa
Cruz, Argentina.

Age and depositional environment: See the entry of locality
79.

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— A specimen assigned to Leptodactylidae
indet. (CORD-PZ 1230), encompassing a left premax-
illa, left maxilla, left frontoparietal, and presacral ver-
tebrae, was mentioned in Tauber (1999). Agnolin
(2012) proposed that the material actually belongs to
Calyptocephalella.

2) Taxon B— Calyptocephalella sp. (formerly Caudi-
verbera) CORD-PZ 1232 (right maxilla) was mentioned
in Tauber (1999). Fernicola and Albino (2012) revised
this material and included other two records: MPM-PV
3712 (fragmentary frontoparietal and maxilla) and MPM-
PV 3507 (fragmentary frontoparietal), assigning them to
Calyptocephalella sp.

Locality 81: Rio Pinturas, Pinturas Formation, Santa Cruz,
Argentina.

Age and depositional environment: Early Miocene,
Burdigalian (Kramarz and Bellosi 2005; Brandoni et al.
2019); aelolian pyroclastic (ash fall) or epiclastic (palacodune
sands) (Bown and Larriestra 1990).

Taxon and material: Agnolin (2012) mentioned the re-
cord of Calyptocephalella indet., based on the specimen
“MACN PV ?” unnumbered (the kind of material was not
detailed).

Locality 82: Laguna Blanca, Rio Frias Formation, Santa
Cruz, Argentina.

Age and depositional environment: Early to middle
Miocene, Burdigalian-Langhian, ~16.5-14.8 Ma (Flynn and
Swisher 1995; de la Cruz and Cortés 2011); fluvial (Bellosi
etal. 2014).

Taxon and material: The holotype of Gigantobatrachus
parodii (MLP 59-VII-30-1) was described and illustrated by
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Casamiquela (1958). The material is composed of: left maxilla
and premaxilla, frontoparietal, fragmentary mandible, frag-
mentary presacral vertebra, fragmentary right humerus, right
maxilla and premaxilla, and nasal (Casamiquela 1958). Lynch
(1971) suggested Gigantobatrachus parodii was a synonym
of Calyptocephalella gayi. The species was treated as
Calyptocephalella parodii in Sanchiz (1998). G. parodii was
recovered within Calyptocephlellidae in Agnolin’s (2012)
phylogeny, as sister to G. casamiquelai. The genus is current-
ly valid (Agnolin 2012).

Locality 83: Rio Guenguel, Rio Frias Formation, Santa Cruz,
Argentina.

Age and depositional environment: See the entry of locality
82.

Taxon and material: MLP 59-VII-30-2 fragmentary left
maxilla, frontoparietal, fragmentary presacral vertebra, frag-
mentary left humerus, and fragmentary right maxilla were
referred to Gigantobatrachus parodii by Casamiquela (1958).

Locality 84: C-A-53, Chucal Formation, Las Vicuias
National Reserve, Putre Parinacota, Chile.

Age and depositional environment: Early to late Miocene,
Burdigalian-Tortonian, ~18.8—-11.2 Ma (Flynn et al. 2002);
floodplain and lacustrine (Charrier et al. 2002).

Taxon and material: Croft et al. (2007) mentioned the record
of Anura indet. in a faunal list (the kind of material was not
detailed).

Locality 85: Lif Mahuida, Collén Cura Formation, Neuquén
Basin, Rio Negro, Argentina.

Age and depositional environment: Early to late Miocene,
Burdigalian-Tortonian, ~16.1-10.7 Ma (Cazau et al. 1989;
Mazzoni and Benvenuto 1990; see also table 2 of Brandoni
etal. 2017 for a review of geochronological data for this unit);
fluvial to lacustrine, with pyroclastic influence (Figari et al.
2016).

Taxon and material: Wawelia gerholdi (holotype MLP
62-X11-7-1) was described and illustrated by Casamiquela
(1963). Baez and Peri (1991) revised its osteological
description and suggested that the fossil is actually related
to Ceratophryidae. Agnolin (2012) recovered Wawelia
within Ceratophryidae. Later, Nicoli et al. (2016) also re-
vised the material and considered Wawelia gerholdi as a
non-Ceratophryidae, and based on comparative studies sug-
gested that the material represents a juvenile of Calypto-
cephalella.

Locality 86: Cruces Infinitos, Collon Cura Formation, Paso
del Sapo Basin, Chubut, Argentina.

Age and depositional environment: Middle Miocene,
Langhian-Serravalian, 14.86—12 Ma (Bucher et al. 2019); la-
custrine to deltaic (Bucher 2018; Bucher et al. 2018).
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Taxon and material: Bucher et al. (2021) referred to Anura
indet. several remains (vertebrae, fragmentary maxilla, and
cranial bones). The materials were neither described nor
illustrated.

Locality 87: Los Yeguarizos, Collon Cura Formation, Paso
del Sapo Basin, Chubut, Argentina.

Age and depositional environment: See the entry of locality
86.

Taxon and material: Bucher et al. (2021) referred to Anura
indet. several undescribed remains (fragmentary maxilla, other
cranial bones, and vertebrae).

Locality 88: La Gloria, Collon Curd Formation, Paso del
Sapo Basin, Chubut, Argentina.

Age and depositional environment: See the entry of locality
86.

Taxon and material: Bucher et al. (2021) referred to Anura
indet. several undescribed remains (fragmentary maxilla, other
cranial bones, and vertebrae).

Locality 89: La Hoyada, Collon Cura Formation, Paso del
Sapo Basin, Chubut, Argentina.

Age and depositional environment: See the entry of locality
86.

Taxon and material: Bucher et al. (2021) referred several
remains (vertebrae, fragmentary maxilla, and cranial bones)
to Anura indet. The materials were neither described nor
illustrated.

Locality 90: Rio Chico 2, Collén Cura Formation, Paso del
Sapo Basin, Chubut, Argentina.

Age and depositional environment: See the entry of locality
86.

Taxon and material: Agnolin et al. (2021) described, fig-
ured, and identified LIEB-PV 8006-7 (incomplete right max-
illae) and LIEB-PV 8008 (proximal end of urostyle) as
Calyptocephalellidae indet.

Locality 91: La Venta, La Victoria Formation, Honda Group,
Magdalena Valley, Colombia.

Age and depositional environment: Middle Miocene,
Serravallian, ~13.5-11.6 Ma (Flynn et al., 1997); meandering
fluvial (Guerrero 1997).

Taxon and material: Three lissamphibian taxa have been
reported, as follows:

1) Taxon A— Gymnophiona indet. (three large and dam-
aged anterior postatlantal vertebrae, and an incomplete
atlas, without accession numbers) was partially figured
and briefly described (Hecht and LaDuke 1997).

2) Taxon B— UC 41159, comprising a fragmentary skull,
eight presacral vertebrae, scapulae, humeri, radioulnae,

two fragments of the acetabulum, femur, tibiofibulae,
and right tibiale fibulare, was described and illustrated
by Estes and Wassersug (1963), and identified as Bufo
marinus (currently Rhinella marina).

3) Taxon C— Leptodactylidae indet. was mentioned in
a faunal list by Savage (1951) and Hirschfeld and
Marshall (1976), but the material was not described or
illustrated, and this identification was not justified and
this material should be revised. The most conservative
identification of this material is indeterminate Anura.

Locality 92: Barranca de los Loros, Barranca de los Loros
Formation, Santa Cruz, Argentina.

Age and depositional environment: Middle Miocene
(Rodriguez et al. 2007); fluvial floodplain (Uliana 1979;
Rodriguez et al. 2007).

Taxon and material: The materials MLP 61-IV-6-2, (skull
fragment, sphenethmoid, six mandible fragments, scapulae,
two right clavicles, fragmentary presacral vertebra, urostyle,
pelvic girdle, three left femura, and tibiofibula) were referred
to Gigantobatrachus parodii (Casamiquela, 1963).

Locality 93: Corralito, Urumaco Formation, Falcon Basin,
Falcon State, Venezuela.

Age and depositional environment: Middle to late Miocene
(Linares 2004); complex system of coastal lagoons (Diaz de
Gamero 1996).

Taxon and material: Delfino and Sanchez-Vilagra (2018)
described and figured the specimen AMU-CURS-726 (fused
sacral vertebra and urostyle) as Pipa sp.

Locality 94: Talisma, Solimdes Formation, Acre Basin,
Brazil.

Age and depositional environment: Late Miocene (Cozzuol
2006); dynamic fluvial to lacustrine-swampy system without
marine influx (Gross et al. 2011).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Pipidae indet. UFAC 6457/1766 (ilium and
humeri) was mentioned in a conference abstract (Muniz
etal. 2016).

2) Taxon B— UFAC 2060-3 (tibiofibulae and femurs) frag-
ments were identified as Anura indet. in a conference
abstract (Muniz et al. 2016).

Locality 95: Quehué, Cerro Azul Formation, Colorado Basin,
La Pampa, Argentina.

Age and depositional environment: Late Miocene (Verzi
et al. 2008); predominantly aeolian, but also scarce fluvial
and lacustrine (Visconti et al. 2010).

Taxon and material: GHUNL Pam 8633 (fragmentary max-
illa) was assigned to Ceratoprhys (Scanferla and Agnolin,
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2015), and later was described as a new fossil representative
of Lepidobatrachus (Nicoli, 2017). A phylogenetic analysis
by Goémez and Turazzini (2021) recovered GHUNL Pam
8633 within Ceratophrys, but those authors argued that place-
ment was unreliable and instead suggested the specimen was
better regarded as Ceratophryidae indet.

Locality 96: Ullum Valley, Loma de las Tapias Formation,
San Juan, Argentina.

Age and depositional environment: Late Miocene,
Tortonian-Messinian, ~9—5.33 Ma (Contreras and Baraldo
2010); alluvial plains and braided fluvial (Contreras and
Baraldo 2010).

Taxon and material: Ceratophryidae indet. PVSJ 284 (frag-
mentary maxilla, premaxilla, and mandible) was mentioned in
Contreras and Acosta (1998), and described and illustrated in
Nicoli (2016). PVSJ 284 was suggested as belonging to
the genus Lepidobatrachus (Nicoli, 2016), but Gomez
and Turazzini (2021) argued it was better regarded as
Ceratophryidae indet.

Locality 97: Arroyo Chasico, Arroyo Chasicé Formation,
Colorado Basin, Buenos Aires, Argentina.

Age and depositional environment: Late Miocene,
Tortonian, 9.43-9.07 Ma (Zarate et al. 2007); fluvial (Zarate
et al. 2007).

Taxon and material: Ceratophrys sp. MD-CH-06-165 (frag-
mentary interorbital portion and left maxilla). Urrutia and
Rosset (2006) mentioned the specimen and it was later de-
scribed and illustrated (Nicoli et al. 2017). The material was
coded in Gomez and Turazzini’s (2021) phylogeny and recov-
ered in a polytomy within Ceratophrys.

Locality 98: Santa Rosa, Palo Pintado Formation,
Payogastilla Group, Salta, Argentina.

Age and depositional environment: Late Miocene,
Tortonian-Messinian (Zimicz et al. 2018); anastomosing flu-
vial (Zimicz et al. 2018).

Taxon and material: Ceratophrys sp. IBIGEO-P 99 (frag-
mentary skull) was mentioned in Gémez and Turazzini
(2021).

Locality 99: Puerta de Corral Quemado, Andalhuala
Formation, Catamarca, Argentina.

Age and depositional environment: Late Miocene,
Messinian, ~7.14 Ma (Latorre et al. 1997; Esteban et al.
2014); floodplains (Bonini 2014).

Taxon and material: Marshall and Patterson (1981) listed
the record of Ceratophrys sp. FMNH P 14402 (fragmentary
skull). The material is currently lost (Nicoli 2019).

Pliocene

Locality 100: Rio Seco de los Loros, Tunuyan Formation,
Mendoza, Argentina.
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Age and depositional environment: Early Pliocene (see
Gomez and Turazzini 2021); Aeolian-alluvial (see Chiesa
et al. 2019).

Taxon and material: The undescribed specimen Lepido-
batrachus sp. IANIGLA PV 112 (fragmentary skull and post-
cranial remains) was mentioned in a conference abstract
(Turazzini 2015). It was referred to as Lepidobatrachus
“new form”, and was recovered within the total group of
Lepidobatrachus in Gomez and Turazzini’s (2021) phylo-
geny.

Locality 101: Cascada Grande, Irene “Formation”, Quequén
Salado Basin, Buenos Aires, Argentina.

Age and depositional environment: Early Pliocene (Isla
et al. 2014); fluvial floodplains (Beilinson et al. 2017).
Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Rhinella cf. R. pisanoi was described and
illustrated by Casamiquela (1967). The specimen PVL
2197 (left frontoparietal, maxilla, sacrum, and a fragment
of femur) was analysed and recovered within the intraspe-
cific variation of Rhinella arenarum (Pérez-Ben et al.,
2014).

2) Taxon B— Mercadal de Barrio and Barrio (2002) men-
tioned the specimen MLP 94.11.1.171. The material was
later phylogenetically placed within Ceratophrys aurita
species group and referred to as Ce. cf. Ce. ameghinorum
(Gémez and Turazzini, 2021).

Locality 102: Farola Monte Hermoso, Monte Hermoso
Formation, Buenos Aires, Argentina.

Age and depositional environment: Early Pliocene,
Zanclean, ~5.8—4.5 Ma (Deschamps et al., 2012; Tomassini
et al. 2013); fluvial (Zavala 1993; Zavala and Navarro 1993;
Tomassini et al. 2013).

Taxon and material: Ten anuran taxa have been reported, as
follows:

1) Taxon A— MACN 197317-19 (skulls) were identified
as Ceratophrys prisca (Rovereto, 1914). Later,
Fernicola (2001) revisited the material, describing, illus-
trating, and erecting a skull (MACN 14318) as the holo-
type of Ceratophrys ameghinorum. Other materials
(MMP 892.M; MACN 197317, 197319; 14323-26, all
of them skulls) were also referred to this species by
Fernicola (2001). Those materials were coded in
Gomez and Turazzini’s (2021) phylogeny (except
MMP 892.M) and recovered in a polytomy with the
Ce. aurita species group.

2) Taxon B—MLP 48.XI1.16.195 (fragmentary right max-
illa) was mentioned as Ceratophrys sp. in Mercadal de
Barrio and Barrio (2002), and as Ceratophrys cf. Ce.
ameghinorum by Gomez and Turazzini (2021). In the



Palaeobio Palaeoenv

3)

4)

5)

6)

7)

8)

9)

supplementary material, Gomez and Turazzini (2021)
erroneously listed the specimen as MLP 48.VII.16.195,
instead of MLP 48.XI11.16.195. MACN 14322/25 (frag-
mentary skull) was mentioned by Fernicola (2001) as
Ceratophrys ameghinorum, and later the species was
referred to as Ceratophrys sp. (Mercadal de Barrio and
Barrio, 2002). Those materials were reassessed in Nicoli
(2019) and phylogenetically placed as Ceratophrys
ameghinorum (Goémez and Turazzini, 2021).

Taxon C— Ameghino (1899) briefly described
Ceratophrys prisca (skull), but did not indicate the col-
lection identification or its repository. The holotype of
Ceratophrys prisca is currently lost and species
inquirenda (Fernicola, 2001). The material mentioned
by Rovereto (1914) may be the same specimen de-
scribed by Ameghino (1899) (Rovereto, 1914; Nicoli,
2019), but Ameghino (1899) did not illustrate it, and
due to the insufficient description of Ceratophrys
prisca, it was not possible to solve this problem (Reig
1958b).

Taxon D— Bufonidae indet. (the kind of material was
not detailed) was briefly mentioned by Tomassini et al.
(2013). The material was neither described nor
illustrated.

Taxon E— Two specimens (the kind of material was not
detailed) of Rhinella cf. R. pisanoi (currently Rhinella
arenarum) were mentioned by Tomassini and Montalvo
(2013). Later, this identification was doubted by
Barcelos and Verdade (2020a).

Taxon F— Rhinella cf. R. schneideri (the kind of mate-
rial was not detailed) was mentioned by Tomassini et al.
(2013).

Taxon G— Rovereto (1914) suggested that the speci-
mens MACN 14317 and MACN 14319 (fragmentary
skulls) were referred to as Ceratophrys prisca. The ma-
terials were later designated as paratypes of Ceratophrys
ameghinorum (Fernicola, 2001), and recovered as rep-
resentatives of that species (Gomez and Turazzini 2021).
Taxon H— Ceratophrys ameghinorum MMH 84.1.15
(skull, vertebral column and dorsal shield) was mentioned
by Fernicola (2001) and Gémez and Turazzini (2021).
Ceratophrys ameghinorum MACN 19731 (skull, left man-
dible, left humerus, scapulae, coracoids, clavicles, first and
second, presacral vertebrae and part of the dorsal shield)
and MACN 14324 (fragmentary skull, vertebral column,
and dorsal shield) were proposed as the paratypes of
Ceratophrys ameghinorum (Fernicola, 2001). In a phylo-
genetic analylisis, two of those specimens (MACN 14324
and MACN 19731) were placed within C. ameghinorum
(Gomez and Turazzini, 2021).

Taxon I— Tomassini et al. (2011) mentioned MMH
85.12.2a (fragmentary skull) as a new fossil representa-
tive of Lepidobatrachus laevis. Later the material was

reassessed and proposed to be a new extinct species,
Lepidobatrachus australis Nicoli, 2015 (holotype
MMH 85.12.2a). The material was nested within the
total group of Lepidobatrachus (Gémez and Turazzini,
2021).

10) Taxon J— Leptodactylus sp. MLP 87-11-25-5 (ilium)
and MLP 87-11-25-6 (sacrum) described and illustrated
by Gomez et al. (2013).

Locality 103: Paso del Rio Arriba Cliffs, Brochero
Formation, Cérdoba, Argentina.

Age and depositional environment: Pliocene (Cruz 2013);
meandering fluvial (Cruz et al. 2018).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Cruz et al. (2018) mentioned the record of
MCNC-PV 307 (right nasal, two left maxillae, two left
frontoparietals, maxillae, right frontoparietal, right maxil-
la, left pterygoid, left cleitrum, right scapula, left humerus,
four presacral vertebrae, two sacral vertebrae, urostyle,
and ischium) assigning it to Rhinella cf. R. arenarum.
The material was neither described nor illustrated. Later,
this identification was doubted by Barcelos and Verdade
(2020a).

2) Taxon B— Rhinella cf. R. spinulosa MCNC-PV 308 (sa-
cral vertebra) was mentioned, but was neither described
nor illustrated (Cruz et al. 2018). Later, this identification
was doubted by Barcelos and Verdade (2020a).

Locality 104: Laguna Inca Coya, San Francisco de Chiu
Chiu, Chiu Chiu Formation, Antofagasta, Chile.

Age and depositional environment: Pliocene to Late
Pleistocene (May et al. 2010); fluvial to lacustrine (May
et al. 2010).

Taxon and material: Suazo-Lara et al. (2018) mentioned in a
conference abstract the record of Telmatobiidae indet. (first
presacral vertebra, a sacral vertebra, clavicle, coracoids, scap-
ula, humerus, radioulna, left ilium, and phalanges).

Locality 105: Chapadmalal, Chapadmalal Formation,
Buenos Aires, Argentina.

Age and depositional environment: Middle Pliocene,
Zanclean-Piacenzian, ~4.5-3.2 Ma (Zarate 2005); Fluvial
floodplains (Zarate and Fasano 1989).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Reig (1958b) briefly mentioned the record of
isolated skull fragments referred to as Ceratophrys
ornata.

2) Taxon B— Mercadal de Barrio and Barrio (2002) men-
tioned the record of Ceratophrys sp. MACN 18074 (left
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maxilla and right squamosal). Later, the specimen was de-
scribed and illustrated by Nicoli (2019), and identified as
Ce. cf. Ce. ameghinorum by Gémez and Turazzini (2021).

Locality 106: Barranca de Los Lobos, Chapadmalal
Formation, Buenos Aires, Argentina.

Age and depositional environment: See the entry of locality
105.

Taxon and material: MMP 664.S (skull) was assigned to
Ceratophrys ameghinorum (Fernicola 2001), and later to
Ceratophrys sp. (Mercadal de Barrio and Barrio, 2002).
Locality 107: Playa de los Lobos, Chapadmalal Formation,
Buenos Aires, Argentina.

Age and depositional environment: See the entry of locality
105.

Taxon and material: MMP 664 .M (skull) and MMP 1063.M
(skull and mandible) were assigned to Ceratophrys
ameghinorum (Fernicola, 2001), and later to Ceratophrys sp.
(Mercadal de Barrio and Barrio, 2002). The materials were
neither described nor illustrated.

Locality 108: Arroyo Loberia, Chapadmalal Formation,
Buenos Aires, Argentina.

Age and depositional environment: See the entry of locality
105.

Taxon and material: Mercadal de Barrio and Barrio (2002)
mentioned the record of Ceratophrys sp. MACN 17585 (left
maxilla). Later, the specimen was described and illustrated
(Nicoli, 2019), and identified as Ce. cf. Ce. ameghinorum
(Gomez and Turazzini, 2021).

Locality 109: Punta Loberia, Chapadmalal Formation,
Buenos Aires, Argentina.

Age and depositional environment: See the entry of locality
105.

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Mercadal de Barrio and Barrio (2002) men-
tioned the specimen MACN 17936 (two skull fragments).
This material was described and illustrated by Nicoli
(2019) and referred to as Ceratophrys sp. Later, MACN
17936 was identified as Ce. cf. Ce. ameghinorum (Goémez
and Turazzini, 2021). MACN Pv 17911 (fragmentary
skull) was coded in the data matrix of Gomez and
Turazzini (2021) and referred to as Ceratophrys cf. Ce.
ameghinorum. The material was not described but only
illustrated (Gomez and Turazzini 2021).

2) Taxon B— Rhinella loba MMP 1003 (holotype, frag-
mentary skull) was described and illustrated (Pérez-Ben
et al. 2019a).

Locality 110: Barranca Parodi, Chapadmalal Formation,
Buenos Aires, Argentina.
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Age and depositional environment: See the entry of locality
105.

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Ceratophrys sp. MLP 88.V.20.1 (fragmen-
tary skull) was mentioned in Mercadal de Barrio and
Barrio (2002) as Ceratophrys sp. Those materials were
described and figured in Nicoli (2019), and were referred
to as Ceratophrys sp. by Nicoli (2019), and as
Ceratophrys aff. Ce. ameghinorum ‘new form B’ by
Gomez and Turazzini (2021).

2) Taxon B— MACN 17785 (fragmentary left humerus),
MLP 89.X11.35.25 (fragmentary skull and mandible, frag-
mentary humerus, partial pelvis, and femur) were referred to
as Ceratophrys sp. (Goémez and Turazzini, 2021).

Locality 111: Bajada de Los Lobos, Playa Los Lobos Allo-
formation, Chapadmalal Formation, Buenos Aires, Argentina.
Age and depositional environment: See the entry of locality
105.

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— MMP 733 (fragmentary skull) was coded in
the data matrix of Gémez and Turazzini (2021) and re-
ferred to as Ceratophrys cf. Ce. ameghinorum. The ma-
terial was neither described nor illustrated.

2) Taxon B— Lepidobatrachus cf. L. australis MMP 4680
(fragmentary skull) was figured and phylogenetically
placed within Lepidobatrachus (Gémez and Turazzini,
2021). The material is presumably from Playa Los
Lobos Alloformation.

Locality 112: Las Brusquitas, Playa Los Lobos Alloforma-
tion, Chapadmalal Formation, Buenos Aires, Argentina.

Age and depositional environment: See the entry of locality
105.

Taxon and material: Ceratophrys sp. MPH.P0124 (frag-
mentary skull) was briefly described and figured in Cenizo
etal. (2016). Gomez and Turazzini (2021) mentioned the ref-
erence as Cenizo et al. (2015) instead of Cenizo et al. (2016).
Later, MPH.P0124 was included in the phylogeny of Gémez
and Turazzini (2021) and referred to as Ceratophrys cf. Ce.
ameghinorum.

Locality 113: La Estafeta, Playa Los Lobos Alloformation,
Chapadmalal Formation, Buenos Aires, Argentina.

Age and depositional environment: See the entry of locality
105.

Taxon and material: Goémez and Turazzini (2021) figured
and coded the specimen MLP 97-V-1-19 (fragmentary
skull) in their phylogeny and referred to it as Ceratophrys
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aff. Ce. ameghinorum ‘new form A’. The material was not
described.

Locality 114: Norte Casa Chiguaje, Vergel Member, San
Gregorio Formation, Falcon Basin, Falcon, Venezuela.

Age and depositional environment: Late Pliocene (Carrillo-
Bricefio et al., 2021); fluvial (Hambalek et al. 1994).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— AMU-CURS-722 (sacral vertebra fused to a
fragmented urostyle) as cf. Pipa sp. by Carrillo-Bricefio
et al. (2021).

2) Taxon B— AMU-CURS-723, 1149, 1162, and 1165-
1166, 1150-53, and 807 (cranial and postcranial remains)
were referred to as Anura indet. by Carrillo-Bricefio et al.
(2021).

Locality 115: Punta Vorohué, Vorohu¢ Formation, Buenos
Aires, Argentina.

Age and depositional environment: Late Pliocene to Early
Pleistocene (Barbiére et al. 2021); aeolian (loessic)
(Kraglievich 1952).

Taxon and material: Mercadal de Barrio and Barrio (2002)
mentioned MLP 34.V.10.8 (fragmentary maxilla), assigning it
to Ceratophrys sp. without explanation. The material was later
described and figured (Nicoli 2019), corroborating the taxo-
nomic identification of Mercadal de Barrio and Barrio (2002).
Ceratophrys sp. MLP 34.V.10.8 was referred to as Ce. cf. Ce.
ameghinorum by Gomez and Turazzini (2021).

Locality 116: San Roque, Humahuaca, Uquia Formation,
Jujuy, Argentina.

Age and depositional environment: Late Pliocene to
Pleistocene, Piacenzian-Calabrian, ~3.54-1.5 Ma (Marshall
et al. 1982; Pingel et al. 2013); braided fluvial (Reguero
et al. 2007).

Taxon and material: Cf. Rhinella sp. PVL 6450-3 (12
frontoparietals, seven parasphenoids, two pterygoids, and 12
fragments of otoccipitals), PVL 56-57 (67 vertebrae and seven
atlases) were described and illustrated (Ortiz et al. 2012).

Pleistocene

Locality 117: Punta San Andres, Punta San Andres
Alloformation, Buenos Aires, Argentina.

Age and depositional environment: Early Pleistocene
(Gomez and Turazzini 2021).

Taxon and material: Anura indet. MACN 19659 (premaxil-
la, fragmented maxilla and partial postcranium) was men-
tioned by Quintana (1994). The material was later referred to
as Ce. ornata by Gomez and Turazzini (2021).

Locality 118: Olivos, Ensenada Formation, Buenos Aires,
Argentina.

Age and depositional environment: Early to Middle
Pleistocene (Verzi et al. 2004); acolian (Tonni et al. 1999a).
Taxon and material: Ceratophrys ensenadensis PVL 699
(holotype, skull) and PVL 767 (postcranial) was described
by Rusconi (1932), but this assignment was later doubted
(Nicoli 2019), and suggested as species inquirenda (Nicoli
2019). Later, it was phylogenetically allocated and interpreted
as a fossil representative of Ce. ornata by Gémez and
Turazzini (2021).

Locality 119: GADA 601, Buenos Aires Formation, Mar del
Plata, Buenos Aires, Argentina.

Age and depositional environment: Middle Pleistocene
(Turazzini et al. 2016); fluvial (Turazzini et al. 2016).
Taxon and material: MMP 5355 (right ilium) was described
and illustrated by Turazzini et al. (2016), and was referred to
as Odontophrynus aff. O. americanus or O. cordobae.

Locality 120: Mene de Inciarte Tar Pits, Sierra de Perija,
Mara, Venezuela.

Age and depositional environment: Pleistocene (Urbani and
Galarraga 1991); asphalt lake (Rincon et al. 2008).

Taxon and material: Rincon et al. (2006) mentioned the
presence of three specimens of Anura (the kind of material
was not detailed). The specimens were neither described nor
illustrated.

Locality 121: Cerro Pintado, Cueva de los Huesos, Sierra de
Perija, Venezuela.

Age and depositional environment: Pleistocene (Schubert
1975); cave (Rodriguez and Galan 2008).

Taxon and material: Rincon (2000) mentioned in a confer-
ence abstract the record of specimens assigned to
Leptodactylidae, and Anura (both skulls). The specimens
were neither described nor illustrated.

Locality 122: Curiti, Santander, Colombia.

Age and depositional environment: Pleistocene (Porta
1969); fissure deposit (Porta 1969).

Taxon and material: Bufonidae indet. (the kind of material
was not detailed) was mentioned by Porta (1969) in a faunal
list.

Locality 123: General Pueyrredon, Miramar Formation, Mar
del Plata, Buenos Aires, Argentina.

Age and depositional environment: Pleistocene (Cione and
Tonni 2005); fluvial and subaerial (Kraglievich 1952).
Taxon and material: Ceratophrys sp. MLP 88.VIIL.20.1
and MLP 88.VII.20.2 (fragmentary skulls) was mentioned
by Mercadal de Barrio and Barrio (2002). These remains
were also identified as Ceratophrys sp. by Nicoli (2019).
Later, this material was coded in the phylogeny of Gémez
and Turazzini (2021) and referred to as Ceratophrys cf. Ce.
ameghinorum.
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Locality 124: Mar Chiquita, Playa Dorada (Playa Santa
Elena), Miramar Formation, Mar del Plata, Buenos Aires,
Argentina.

Age and depositional environment: See the entry of locality
123.

Taxon and material: Agnolin (2005) described and illustrat-
ed the species Ceratophrys rusconii MACN 19744 (holotype,
fragmentary skull). The material was reassessed and its spe-
cies status was doubted (Nicoli 2019). This specimen was
coded in Gémez and Turazzini (2021) phylogeny and recov-
ered as a fossil representative of Ce. ornata.

Locality 125: Tarija, Tolomosa Formation, Tarija, Bolivia.
Age and depositional environment: Late Pleistocene, 0.76 +
0.03 Ma (MacFadden et al. 2013); fluvial to lacustrine
(Suarez-Montero 1996).

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— Vergnaud-Grazzini (1968) described and il-
lustrated the specimen Bufo marinus MNHN unnum-
bered (skull). The material was reassessed, and its ana-
tomical description was updated in Barcelos and Verdade
(2020a). The material was coded in the matrix of Pramuk
(2006) and recovered nested in a polytomy within the
Rhinella marina species group (Barcelos and Verdade
2020a).

2) Taxon B— Vergnaud-Grazzini (1968) described and il-
lustrated the specimen Ceratophrys sp. MNHN unnum-
bered, a fragmentary skull.

3) Taxon C— Hoffstetter (1963) mentioned the presence of
procoelous vertebrae of Anura indet. The material was
neither described nor illustrated and it is currently lost.

Locality 126: Centinela del Mar, Buenos Aires, Argentina.
Age and depositional environment: Late Pleistocene,
~120 ka (Isla et al. 2010); shallow lacustrine (Baez et al.
2008).

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— Pipidae indet. MLP 04-V-2-220 (three sacro-
urostyle complexes and two incomplete ilia) was de-
scribed and illustrated by Baez et al. (2008). The
Alloformation for this specimen was not specified.

2) Taxon B— Ceratophryidae indet. MLP 04-V-2-704 (right
ilium), MLP 04-V-2-705 (right squamosal), MLP 04-V-
2-701 (skull, lower jaw, hyoid, and several postcranial
bones), and MLP 04-V-2-702 (fragmentary skull) were
mentioned by Gémez and Turazzini (2021). Those mate-
rials were neither described nor illustrated. MLP 04-V-2-
704 comes from the Punta San Andres Alloformation,
whereas MLP 04-V-2-705 and MLP 04-V-2-702 are from
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Centinela del Mar Alloformation (Gémez and Turazzini
2021).

3) Taxon C— Ceratophrys sp. MLP 04-V-2-703 (frag-
mentary left mandible), from Centinela del Mar Allo-
formation, was mentioned by Gémez and Turazzini
(2021).

Locality 127: Locality n® 2, San Sebastian Formation,
Quebrada de Cachimayu, Cuzco Valley, Peru.

Age and depositional environment: Late Pleistocene, 43 ka
(Frailey and Campbell 1980); lacustrine and fluvial (Mendivil
and Manrique 1994).

Taxon and material: KUVP 49566 (right humerus) Bufo
spinulosus (Rhinella spinulosa) was described and illustrated
by Frailey and Campbell (1980).

Locality 128: Campo Spdsito (San Pedro in Gémez and
Turazzini 2021), Buenos Aires, Argentina.

Age and depositional environment: Late Pleistocene,
~41.5-37.6 Ka (Gasparini et al. 2016); fluvial and acolian
(loess) (Brambilla et al. 2019).

Taxon and material: MPS 127 (fragmentary skull) was fig-
ured and referred to as Ceratophrys aff. Ce. ameghinorum
‘new form B’ by Gémez and Turazzini (2021).

Locality 129: Gruta do Ioid, Chapada Diamantina, Bahia,
Brazil.

Age and depositional environment: Late Pleistocene, ~22—
19.98 ka (Castro et al. 2014); cave (Castro et al. 2014).
Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— Muniz et al. (2020) mentioned in a conference
abstract the record of a femur, three humeri, and a tibio-
fibula referred to as Anura indet.

2) Taxon B— Muniz et al. (2020) mentioned in a conference
abstract the record of a fragmentary skull referred to as
Rhinella sp.

3) Taxon C— Muniz et al. (2020) mentioned in a conference
abstract the record of an ilium referred to as Rhinella jimi.

Locality 130: Talara, Tar Seeps, Piura, Peru.

Age and depositional environment: Late Pleistocene,
~14.418-13.616 ka (Churcher 1966); asphalt lake (Alvan
et al. 2009).

Taxon and material: Seymour (2015) mentioned the pres-
ence of 13 specimens of Bufonidae and one of Ranidae (the
kind of material was not detailed). The specimens were neither
described nor illustrated.

Locality 131: ORS20 tar pit, El Breal de Orocual, Monagas,
Venezuela.

Age and depositional environment: Late Pleistocene
(Solorzano et al. 2015); asphalt lake (Solérzano et al.
2015).
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Taxon and material: Solorzano et al. (2015) mentioned the
record of an indeterminate Lissamphibia (the kind of material
was not detailed). The specimens were neither described nor
illustrated.

Locality 132: Mariano Acosta, Reconquista River Basin,
Buenos Aires, Argentina.

Age and depositional environment: Late Pleistocene
(Agnolin and Jofré 2011); fluvial to lacustrine (Agnolin and
Jofré 2011).

Taxon and material: Four anuran taxa have been reported, as
follows:

1) Taxon A— Leptodactylus sp. was mentioned in a confer-
ence abstract (Turazzini et al. 2015). This postcranial re-
main was not specified in more detail.

2) Taxon B— Pipidae indet. was mentioned in a conference
abstract (Turazzini et al. 2015). This postcranial remain
was not specified in more detail.

3) Taxon C— Odontophrynidae indet. was mentioned in a
conference abstract (Turazzini et al. 2015). This postcra-
nial remain was not specified in more detail.

4) Taxon D— Rhinella sp. was mentioned in a conference
abstract (Turazzini et al. 2015). This postcranial remain
was not specified in more detail.

Locality 133: Yacimiento Constitucion, Unit F, Santa Clara
Formation, Mar del Plata, Buenos Aires, Argentina.

Age and depositional environment: Late Pleistocene
(Bidegain et al. 2005); lacustrine (Fasano et al. 1994).
Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— Ceratophrys ornata MMP 4844 (skull frag-
ments) were mentioned in Gomez and Turazzini (2021).
Those materials were not described or illustrated.

2) Taxon B— Postcranial remains assigned to Pseudis sp. were
mentioned in a conference abstract (Turazzini et al. 2014).
This assignment was justified by a set of diagnostic features.

3) Taxon C— Around 1,000 postcranial materials of
Anura were also collected and mentioned as putative
representatives of Ceratophryidae, Odontophrynidae,
Bufonidae, Hylidae, and Leptodactylidae (Turazzini
et al. 2014).

Locality 134: Nuapua, Nuapua Formation, Chuquisaca, Bolivia.
Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Hoffstetter 1968; Marshall et al. 1984); lacus-
trine (Marshall et al. 1984).

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— Vergnaud-Grazzini (1968) described and il-
lustrated material (skull, humerus, scapula, atlas, sacral
vertebra, and ilium) of Bufo paracnemis (Rhinella
diptycha in the current taxonomy).

2) Taxon B— Vergnaud-Grazzini (1968) described and illus-
trated the specimen (six presacral vertebrae, scapula, clavicle
and coracoid, urostyle, and sacral vertebra) of Leptodactylus
cf. L. ocellatus (currently Leptodactylus bolivianus).

3) Taxon C— Vergnaud-Grazzini (1968) described and il-
lustrated a specimen (fragmentary skull) of Ceratophrys
ornata. The material was later identified as Ceratophrys
sp. (Nicoli, 2019).

Locality 135: Gruta do Urso, Aurora do Tocantins,
Tocantins, Brazil.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Castro et al. 2013); cave (Castro et al. 2013).
Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Barcelos et al. (2019) mentioned in a confer-
ence abstract the record of 200 specimens assigned to
indeterminate Anura. The specimens were neither de-
scribed nor illustrated.

2) Taxon B— Barcelos et al. (2019) referred to five frag-
mentary ilia as indeterminate Odontophrynidae. This as-
signment was justified by a set of diagnostic features.

Locality 136: Daircaux, Buenos Aires, Argentina.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Cione and Tonni 2005); fluvio-lacustrine (Isla
et al. 2010).

Taxon and material: All specimens were collected from
‘Unit B’ of Baez et al. (2012a). Three anuran taxa have been
reported, as follows:

1) Taxon A— Pipidae indet. MMP M-5121 (ilium) was de-
scribed and illustrated by Béez et al. (2012a).

2) Taxon B— Rhinella arenarum MMP 5119 (fragmentary
skull, four presacral vertebrae, urostyle, cleithrum,
radioulna, ilium, tibiofibula, and phalanges) was de-
scribed and illustrated by Pérez-Ben et al. (2019b).

3) Taxon C— Ceratophrys ornata MMP 4846 (fragmentary
maxilla) was described and illustrated by Pérez-Ben et al.
(2019b).

Locality 137: Riacho Verde Paleontological Site, Ouro
Branco, Rio Grande do Norte, Brazil.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Araujo-Junior et al. 2016); tank deposit (Aratijo-
Junior et al. 2016).
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Taxon and material: Rhinella jimi UERN PV-50 (tibiale and
fibulare) was described and illustrated by Aratjo-Jinior et al.
(2016).

Locality 138: Jodo Cativo, Itapipoca, Ceara, Brazil.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Aratijo-Jinior and Moura 2014); tank deposit
(Ximenes 2008).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Rhinella schneideri MN 3288-V (ilium) was
described and illustrated (Aratjo-Junior and Moura
2014). Later, this identification was doubted by
Barcelos and Verdade (2020a).

2) Taxon B— Material assigned to Rhinella jimi, including
MN 3274-V, and MN 3287-V (both ilia), MN 3278-V,
and MN 3285-V (both tibiofibulae), MN 3283-V, and
MN 3286-V (both femura), were described and illustrated
by Araujo-Junior and Moura (2014). Later, this identifi-
cation was doubted by Barcelos and Verdade (2020a).

Locality 139: Versalles Cave, Apiai, Sdo Paulo, Brazil.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Barcelos et al. 2020); cave (Barcelos et al. 2020).
Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Barcelos et al. (2020) described and illustrat-
ed Ceratophrys sagani ZUFABC 037-f (holotype, skull).

2) Taxon B— Ceratophrys aurita ZUFABC 038-f (frag-
mentary skull) was described and illustrated in Barcelos
and Verdade (2022).

Locality 140: G. Chavez, Laguna de Los Tres Reyes, La
Postrera Formation, Buenos Aires, Argentina.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Tonni and Fidalgo 1978); acolian (Johnson et al.
2012).

Taxon and material: Ceratophrys sp. MLP 86.VIII.1.5/6
(skull) and Ceratophrys ornata MLP 86.VIIL.1.4 (skull) were
described and illustrated by Peri (1993). The materials were cod-
ed in Goémez and Turazzini’s (2021) phylogeny and recovered as
representatives of the extant species Ceratophrys ornata.

Locality 141: Arroyo Perico Flaco, Dolores Formation,
Uruguay.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene, ~30.1-10.48 ka (Ubilla and Martinez 2016);
aeolian (Ubilla and Martinez 2016).

Taxon and material: Leprodactylus sp. was mentioned in a
conference abstract (Mones 1975) and in a book chapter
(Ubilla et al. 2011). The kind of material was not specified.
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Locality 142: Conchillas, Dolores Formation, Uruguay.

Age and depositional environment: See the entry of locality
141.

Taxon and material: Ceratophrys sp. MNHN 1560
(maxilla) was described and illustrated by Rinderknecht
(1998). Later, it was also mentioned in a book chapter
(Ubilla et al. 2011), and referred to as Ceratophrys cf. Ce.
ornata by Gémez and Turazzini (2021).

Locality 143: Lago de Tagua Tagua, Tagua Tagua
Formation, Cochamo, Los Lagos, Chile.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene, ~13,590-11,170 ka (Valero-Garcés et al. 2005);
lacustrine (Labarca et al. 2020).

Taxon and material: Six anuran taxa have been reported, as
follows:

3) Taxon A— Labarca et al. (2020) mentioned the record of
559 bone fragments referred to Anura indet. The materials
were not specified in more detail.

4) Taxon B— Labarca et al. (2020) described and referred
SGO.PV.20638 (scapula) to Rhinella sp.

5) Taxon C— 840 isolated bones, including fossils of
tadpoles, juveniles, and adults were assigned to the
extant species Calyptocephalella gayi (Labarca
et al., 2020)

6) Taxon D— The unpublished specimen SGO.PV.26203
(skull) was referred to as Calyptocephalella sp., and con-
sidered as a new fossil species in a conference abstract
(Suazo-Lara et al. 2020).

7) Taxon E— Suazo-Lara (2019) mentioned in his MSc the-
sis the record of 3.500 isolated bone fragments assigned
to indeterminate anurans. The materials were not speci-
fied in more detail.

8) Taxon F— Suazo-Lara (2019) mentioned in his MSc the-
sis the record of postcranial remains of Calyptocephalella.

Locality 144: Quereco, Quebrada Quereo Formation,
Coquimbo, Chile.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene, 11.1 + 150 ka (Nufiez et al. 1987); sandy beaches
in the meanders (Nufiez et al. 1994).

Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Nuiiez et al. (1987) mentioned the record of
Rhinella spinulosa sp. (formerly Bufo spinulosus; the
kind of material was not detailed). Those materials were
neither described nor illustrated and are currently lost
(Jimenez-Huidobro and Sallaberry 2015).

2) Taxon B— Jimenez-Huidobro and Sallaberry (2015) and
Nuiiez et al. (1987) mentioned the record of Bufonidae
indet (the kind of material was not detailed). Those mate-
rials were neither described nor illustrated.
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Locality 145: Barrancas del rio Salto-Arrecifes, Lujan
Formation, Salto-Arrecifes Basin, Buenos Aires, Argen-
tina.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Bogan et al. 2010); fluvial (Bogan et al. 2010).
Taxon and material: MMS 1349 (fragmentary squamosal)
was described and illustrated, being identified as Cerato-
phryidae indet. (Bogan et al. 2010). It was also mentioned in
Gomez and Turazzini (2021).

Locality 146: Toca dos Ossos Cave, Ourolandia, Babhia,
Brazil.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Lessa et al. 1998); cave (Lessa et al. 1998).
Taxon and material: 256 bone fragments were referred to
Anura indet. (Scherer et al. 2012) in a conference abstract. The
materials were not specified in more detail.

Locality 147: Ponta de Flecha Abyss, Iporanga, Sdo Paulo,
Brazil.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Chahud 2001); cave (Chahud 2001).

Taxon and material: The ilia MZUSP 5/6-P and MZUSP 9-
P were mentioned in a conference abstract and referred to
Anura indet. (Chahud 2005).

Locality 148: Gémeo Abyss, Iporanga, Sao Paulo, Brazil.
Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Chahud 2001); cave (Chahud 2001).

Taxon and material: Five anuran taxa have been reported, as
follows:

1) Taxon A— MZUSP 1-P (8 ilia) and MZUSP 2-P (31 ilia)
were referred to Brachycephalidae indet. in an undergrad-
uate thesis (Pinto, 2010).

2) Taxon B— MZUSP 4-P (ilium) was assigned to
Centrolene sp. in an undergraduate thesis (Pinto 2010).

3) Taxon C— MZUSP 8-P (ilium) was assigned to Bufo sp.
in an undergraduate thesis (Pinto, 2010).

4) Taxon D— MZUSP 7-P (ilium) was assigned to
Hypsiboas faber (Boana faber) in an undergraduate the-
sis (Pinto, 2010).

5) Taxon E— MZUSP 3-P (ilium) was identified as
Leptodactylus sp. in an undergraduate thesis (Pinto,
2010).

Locality 149: Lagoa Santa caves, Minas Gerais, Brazil.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Hubbe et al. 2009); cave (Hubbe et al. 2009).
Taxon and material: Five anuran taxa have been reported, as
follows:

1) Taxon A— Ceratophrys cornuta NHMUK 18896 (skull)
and 18896 a, b, c¢ (skull, fragmentary maxilla, and

fragmentary skull, respectively) were described and illus-
trated by Giinther (1859), and also later mentioned by
Lydekker (1890). The materials were subsequently sug-
gested as Ceratophrys aurita (e.g. Lynch 1971), and
Barcelos et al. (2020) justified that hypothesis based on
the presence of diagnostic characters for this species.
Most recently, these specimens were phylogenetically
placed within Ce. aurita (Gémez and Turazzini 2021).

2) Taxon B— Leptodactylus pentadactylus NHMUK
18895a, b, ¢, d, e, f, g (Ieft humerus, radioulnae, femora,
tibiofibulae) were described by Giinther (1859) and men-
tioned by Lydekker (1890) and Lynch (1971).

3) Taxon C— Leptodactylus ocellatus NHMUK 18895 h, i,
J» j' (humeri, radioulnae) were described by Giinther
(1859) and mentioned by Lydekker (1890) and Lynch
(1971).

4) Taxon D— Leptodactylus sp. NHMUK 18895 k, I, m, n,
0, p, g, T (parasphenoid, radioulna, humeri, femur, tibiale-
fibulare, ilium, and presacral vertebra) were described by
Giinther (1859) and mentioned by Lydekker (1890) and
Lynch (1971).

5) Taxon E— Anura indet. (tibiofibula, and presacral verte-
bra) was mentioned in an undergraduate thesis (Purcino
2015). This material was recovered near the municipality
of Prudente de Morais.

Locality 150: Lapa da Escrivaninha, Minas Gerais, Brazil.
Age and depositional environment: Late Pleistocene to
early Holocene (Hubbe et al. 2009); cave (Hubbe et al.
2009).

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— The ancient DNA of a subfossil (the kind of
material was not detailed) was sequenced and assigned to
Rhinella sp. (Seersholm et al., 2021).

2) Taxon B— The ancient DNA of a subfossil (the kind of
material was not detailed) was sequenced and assigned to
(Hypsiboas) Boana sp. (Seersholm et al., 2021).

3) Taxon C— The ancient DNA of a subfossil (the kind of
material was not detailed) was sequenced and assigned to
Leptodactylus sp. (Seersholm et al., 2021).

Locality 151: Vale do Rio das Velhas caves, Lagoa Santa,
Minas Gerais, Brazil.

Age and depositional environment: Late Pleistocene to
carly Holocene (Hubbe et al. 2009); cave (Hubbe et al.
2009).

Taxon and material: Pipa sp. (skull) was mentioned in Liais
(1872). This material is currently lost (Sanchiz 1998; Delfino
and Sanchéz-Villagra 2018).

Locality 152: Gruta Bauzinho de Ossos, Lagoa Santa, Minas
Gerais, Brazil.
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Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Hubbe et al. 2009); cave (Hubbe et al. 2009).
Taxon and material: Peronico and Aradjo (2002) mentioned
the record of Anura indet., based on the specimen MCN-
PUCMG unnumbered, which includes a tibiofibula and
presacral vertebra.

Locality 153: Ex Laguna de Tagua Tagua, Formacion
Taguatagua, O’Higgins, Chile.

Age and depositional environment: Late Pleistocene to ear-
ly Holocene (Jimenez-Huidobro and Sallaberry 2015); lacus-
trine (Jimenez-Huidobro and Sallaberry 2015).

Taxon and material: Calyptocephalella sp. SGO.PV.411 ]
(frontoparietal), SGO.PV.429.a (maxilla), SGO.PV.429.b
(mandible), SGO.PV.431.w and SGO.PV.438.c (both scapu-
lae), SGO.PV.428.a and SGO.PV.432.a (both coracoids),
SGO.PV.427.1 (ilium), SGO.PV.419.k and SGO.PV.440.d
(both ischia), SGO.PV.410.a and SGO.PV.420.f (both hu-
meri), SGO.PV.411.e and SGO.PV.437.f (both radioulnae),
were described and illustrated by Jimenez-Huidobro and
Sallaberry (2015).

Holocene

Locality 154: Miramar, La Postrera Formation, Buenos Aires,
Argentina.

Age and depositional environment: Early Holocene,
~10.8-0.44 ka (Tonni 1990); aeolian (Tonni et al. 1999b).
Taxon and material: Ceratophrys sp. MLP 52.1X.27.11 (in-
complete skull) was referred to as Ce. ornata by Frenguelli
(1921), Ce. ameghinorum by Fernicola (2001), and was listed
in Mercadal de Barrio and Barrio (2002). Later, Nicoli (2019)
suggested the specimen be referred to as Ceratophrys sp. jus-
tifying the taxonomic identification based on the presence of
diagnostic features.

Locality 155: Camping Americano, Monte Hermoso
Formation, Buenos Aires, Argentina.

Age and depositional environment: Early Holocene, ~9 ka
(Pardinas 2001); interdune shallow ponds (Pardifas 2001).
Taxon and material: Two anuran taxa have been reported, as
follows:

1) Taxon A— Ceratophrys ornata MMH 85.3.8 and MMH
85.2.11 (both frontoparietals), MMH 88.2.5 and MMH
90.2.1 (both humeri) were mentioned by Pardifias
(2001). The subfossils were neither described nor illus-
trated and are currently lost (Nicoli 2019). These mate-
rials were later referred to as Ce. cf. Ce. ornata by Gémez
and Turazzini (2021).
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2) Taxon B— Ceratophrys sp. MLP 136 (skull) and MLP
247 (skull) were mentioned in Fernicola (2001) as extant
specimens of Ceratophrys ornata, later the specimens
were referred to as Pleistocene fossil representatives of
Ceratophrys sp. (Mercadal de Barrio and Barrio 2002).
Most recently, Gomez and Turazzini (2021) regarded the
specimens as subfossils representative of Ceratophrys
ornata.

Locality 156: Barrancas del Ri6 Lujan, Pampeano Formation,
Buenos Aires, Argentina.

Age and depositional environment: Early Holocene
(Lezcano et al. 1993; Fucks and Deschamps 2008); fluvio-
lacustrine (Lezcano et al. 1993).

Taxon and material: Three anuran taxa have been reported,
as follows:

1) Taxon A— Lezcano et al. (1993) mentioned in a confer-
ence abstract the record of Leptodactylus cf. L. ocellatus.
The subfossils (the kind of material was not detailed)
were neither described nor illustrated.

2) Taxon B— Lezcano et al. (1993) mentioned subfossils
(the kind of material was not detailed) referred to as
Bufo cf. B. arenarum.

3) Taxon C— Lezcano et al. (1993) mentioned subfossils
(the kind of material was not detailed) referred to as cf.
Ceratophrys sp.

Locality 157: Gruta do Urso Fossil, Parque Nacional de
Ubajara, Ceara, Brazil.

Age and depositional environment: Middle Holocene,

~8.2-8.0 ka (Oliveira et al. 2014); cave (Oliveira et al.
2014).
Taxon and material: Lima et al. (2016) mentioned in a
conference abstract the record of subfossils MDJ A-028-
032 (phalanges), MDJ A -043/46 (presacral vertebrae),
and MDJ A -034/37 (radioulna), all of them identified
as Anura indet.

Locality 158: La Moderna, Buenos Aires, Argentina.

Age and depositional environment: Middle Holocene,
~7.510-4.680 ka (Messineo et al. 2021); paludal (Messineo
etal. 2021).

Taxon and material: MLP 95.V.12.20 (fragmentary maxilla)
was referred to as Ceratophrys cf. Ce. ornata by Goémez and
Turazzini (2021).

Locality 159: General La Madrid, Fortin Necochea, Buenos
Aires, Argentina.

Age and depositional environment: Middle Holocene,
~6 ka (Prado and Alberdi 1999); acolian (Flegenheimer and
Zarate 1993).
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Taxon and material: Ceratophrys sp. MLP 96.V.18.12
(fragmentary skull) was mentioned by Mercadal de Barrio
and Barrio (2002).

Locality 160: Arroyo Tapalqué, Olavarria, Buenos Aires,
Argentina.

Age and depositional environment: Middle Holocene
(Fingini et al. 1998); alluvial floodplain (Fidalgo et al. 1986).
Taxon and material: Ceratophrys sp. MLP 86.111.25.150/1
(maxilla and squamosal) were mentioned by Mercadal de
Barrio and Barrio (2002).

Locality 161: Sambaqui Congonhas I, Santa Catarina, Brazil.
Age and depositional environment: Late Holocene, ~3.27—
3.07 ka (Fish et al. 2000); sambaqui (shellmounds) (Beck 1972).
Taxon and material: Mendes and Rodrigues (2019) mentioned
in a conference abstract fragmentary postcranial remains
assigned to Anura indet. The materials were not specified in more
detail.

Locality 162: Sambaqui Caiera, Santa Catarina, Brazil.

Age and depositional environment: Late Holocene, ~3.23—
0.79 ka (Hurt 1974); sambaqui (shellmounds) (Fish et al. 2000).
Taxon and material: Fragmentary postcranial remains
assigned to Anura indet. were mentioned in a conference ab-
stract (Mendes and Rodrigues 2019). The materials were not
specified in more detail.

Locality 163: San Antonio, Buenos Aires, Argentina.

Age and depositional environment: Late Holocene
(Stoessel et al. 2008); aeolian (Stoessel et al. 2008).
Taxon and material: FCS.SA1.M3.590.1-2 (fragmentary
maxilla and premaxilla), FCS.SA1.S1.486.1 (fragmentary
sphenethmoid), FCS.SA1.S1.506.1, FCS.SA1.S1.525.1, and
FCS.SA1.S1.534.1 (fragmentary frontoparietals) were re-
ferred to as Ceratophrys sp. by Stoessel et al. (2008).
FCS.SA1.S1.506.1, FCS.SA1.S1.525.1, and FCS.SAI.
M3.590.1 were described and illustrated by Nicoli (2019)
and referred to as Ceratophrys sp. (Nicoli 2019). Later,
FCS.SA1.M3.590.1-2 were referred to as Ceratophrys cf.
Ce. ornata by Gémez and Turazzini (2021). FCS.SA1.S1.
506.1, FCS.SA1.S1.525.1, and FCS.SA1. S1.534.1 were re-
ferred to as Ce. ornata by Gémez and Turazzini (2021).
FCS.SA1.S1.486.1 was referred to as Ceratophrys sp. by
Gomez and Turazzini (2021).

Locality 164: Paso Alsina 1, Buenos Aires, Argentina.

Age and depositional environment: See the entry of locality
163.

Taxon and material: FCS.PA1.E1.P4.1 (fragmentary maxil-
la) was referred to as Ceratophrys sp. (Stoessel et al. 2008;
Nicoli 2019), and was described and illustrated by (Nicoli
2019). Later, the material was recovered in a phylogenetic
analysis as a fossil representative of Ceratophrys ornata
(Gémez and Turazzini, 2021).

Discussion
Introductory remarks

The fossil record of South America lissamphibians is repre-
sented by 273 fossil occurrences, distributed in 164 fossilifer-
ous localities (as defined in the Materials and Methods). Those
records comprise mainly Anura (approximately 97.6%),
followed by Gymnophiona (approximately 1.4%), and
Urodela (1%). Regarding their temporal distribution, 24% of
the records are from Mesozoic and 76% from Cenozoic,
whereas focusing on the fossil-bearing localities, 40 represent
Mesozoic sediments and 123 Cenozoic ones. The ancient-
most remains of Lissamphibia for South America are from
the Early—Middle Jurassic. Considering the Cenozoic records,
the Paleogene corresponds to approximately 27.5%, the
Neogene comprises approximately 28%, whereas the
Quaternary corresponds to 44.4% of the records. From a sys-
tematic perspective, the record of Anura is heavily biased
towards Neobatrachia (approximately 62.8%), with lower per-
centages for Pipimorpha and stem-Anura (approximately
18.2%), and Anura indet. (~18.9%). The most speciose taxa
in the fossil record are Ceratophryidae (~18.5%), Pipimorpha
(~14.8%), Calyptocephalellidae (~13.3%), Bufonidae
(~12.6%), and Leptodactylidae (~6.3%).

We infer that the anuran fossils (Fig. 3) are mainly from
aquatic (Pipimorpha, Ceratophryidae i.e. Lepidobatrachus,
and Calyptocephalellidae, see Cannatella 2015; Amphibia-
Web 2021) or hyperossified taxa (Ceratophryidae, Calypto-
cephalellidae, Bufonidae, and Pipimorpha, see Trueb 1973;
Trueb 1993; Paluh et al. 2020). Fossil occurrences, as well
as fossiliferous localities, are mainly concentrated in
Argentina and Brazil (~52% and ~23.8% of the total fossil
occurrences, respectively). Our review suggests that frog re-
mains are found mainly in depositional environments related
to fluvial settings (e.g. fluvial floodplains). Lacustrine-related
environments (e.g. lakes and ponds) are the second most com-
mon for Anura records, and the most common in which cae-
cilian and salamander remains were found.

Concerning a quantitative perspective of the records, we
note that the curve of the cumulative lissamphibian fossil de-
scriptions in South America presents an exponential shape,
and is far from reaching an asymptote (Fig. S2 in Supple-
mentary Data 1). The last general review was conducted by
Baez (2000), and since then, our estimates indicate that 85.4%
of the records concentrate on materials that are new to science
or previously reported materials that have been revised.
Approximately 75.5% of the reports are in formal scientific
publications, whereas 24.5% occur in grey literature (e.g. un-
dergraduate, MSc, and PhD theses and dissertations, and con-
ference abstracts). Considering the published material, ap-
proximately 17% represent fossils included in phylogenetic
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analyses, whereas 83% are not (Fig. S3; Supplementary Data
2).

Anura

Anura are the most diverse clade of lissamphibians, compris-
ing 56 families and around 8000 species described worldwide
(Frost 2021). Nowadays, frogs are broadly distributed in
South America, encompassing 24 families and approximately
2623 species (Vasconcelos et al. 2019; TUCN 2021). Anura
exhibit higher diversity in the Tropics of South America (e.g.
Amazon and Atlantic Forest) and lower diversity in the
eastern-dry diagonal, in the temperate region, and in the trop-
ical high-altitude region west of the Andes (Wake and Koo
2018; Vasconcelos 2019). The fossil record of frogs in South
America ranges from the Early-Middle Jurassic to the late
Holocene (Baez and Basso 1996; this study).

Currently, fossils assigned to 10 families of frogs are
known from South America (i.e. Brachycephalidae,
Bufonidae, Calyptocephalellidae, Centrolenidae, Cerato-
phryidae, Hylidae, Leptodactylidae, Odontophrynidae,
Pipidae, and Telmatobiidae), encompassing 31 genera, and
36 extinct species. There are also putative records of
Alsodidae and Ranidae, but these are based on materials
whose taxonomic affinities still need to be clarified. Beyond
the extinct taxa, the remaining records are split in the follow-
ing approximation: Anura indet. or above (approximately
19%), identified at least at the family level or above
(~16.5%), identified at the genus level (~21.8%), and identi-
fied as fossil representatives of extant species (12%). Despite
this remarkable palaeodiversity, the anuran fossil record on
this continent is mainly characterised by fragmentary and
disarticulated postcranial remains.

It is known that the postcranium is highly conservative
among frogs (Trueb 1973; Goémez and Turazzini 2016;
Matthews et al. 2019), and the osteology of most anuran taxa
is poorly known, with almost none of the Neotropical clades
presenting synapomorphies based on osteological characters
(Nicoli 2017). Considering that, we conceive that the phylo-
genetic assignment of fossil specimens from South America
may have some flaws. For example, the identification of some
materials as representative of extant or extinct species might
not be supported by enough morphological evidence. Further,
concerning fossils below Anura level, some identifications
might be biased due to the restricted comparative scope used
that reflects regional taxonomic diversity (Bell et al. 2010).
However, correcting all these identifications is beyond the
scope of our study.

Considering the localities where anuran fossils were recov-
ered in South America (mainly fluvial and lacustrine palaeo-
environments), the fossil record of the group is probably bi-
ased favouring representatives of taxa that live in or close to
large bodies of water, either as larvae or adults. Whereas
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several species of Anura are mainly terrestrial, they use re-
stricted bodies of water as reproductive sites and exhibit a
remarkable diversity of reproductive modes (Duellman and
Trueb 1986; Wells 2010; Nunes-de-Almeida et al. 2021).

Gymnophiona

Nowadays gymnophionans are widely distributed in South
America. Considering the 214 species currently known world-
wide, 96 are found on this continent, encompassing five of the
10 recognised families: Caeciliidae; Dermophiidae; Rhina-
trematidae; Siphonopidae; and Typhlonectidae (Amphibia-
Web 2021). Despite this diversity, the caecilian fossil record
on this continent is impoverished, characterised by sporadic
occurrences restricted to disarticulated vertebrae (this study,
but also see Santos et al. 2020, and references therein). Indeed,
the first records of fossils assigned to gymnophionans come
from South America. Prohypogeophis tunariense was de-
scribed by Marcus (1945) as a new species of caecilian based
on a fossil from the Carboniferous of South America, but this
assignment was later doubted and the specimen was
reidentified as a cephalopod shell (see Estes and Wake
1972; Estes 1981). Some years later, a new species was de-
scribed based on a single and broken trunk vertebra found in
Eocene rocks of the Itaborai Basin, Brazil (Estes and Wake
1972). Apodops pricei is considered the first bona fide caeci-
lian known by fossilised remains (Estes 1981; Santos et al.
2020), but despite bearing the typical caecilian-like vertebral
morphology, does not exhibit enough diagnostic features to
allow a more accurate identification. Based on its general pro-
portions, the authors recognised similarities between this fos-
sil vertebra and dermophiids, including the West African
Geotrypetes (Estes and Wake 1972).

The two geologically oldest records of fossil caecilians in
South America come from the Late Cretaceous (Gayet et al.
2001) and Paleogene (Rage 1991) from Bolivia. Unfortunately,
these specimens are restricted to disarticulated vertebrae that are
too damaged to be taxonomically informative. The geologically
youngest and most recently reported fossil record on the conti-
nent, also comprising only isolated vertebrae, comes from the
Miocene of Colombia (Hecht and LaDuke 1997). These verte-
brae stand out for their unusually large size, and based on the
atlas figured by Hecht and LaDuke (1997), they are about four
times larger than the average modern taxa. To date, all of these
fossil vertebrae (including Mesozoic specimens) were assigned
to the Gymnophiona-crown. Stem lineages, known mainly by
the presence of limbs and the primitive morphology of verte-
brae (e.g. Jenkins and Walsh 1993), have not been found yet in
South America, but it is known that these forms inhabited at
least other Gondwanan landmass (Africa) during the Mesozoic
(Evans et al. 1996; Evans and Sigogneau-Russell 2001).

Therefore, Mesozoic amphibian-bearing localities in South
Ameica with depositional and palacoenvironmental conditions
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a

Fig. 3 Representative lissamphibian fossil specimens (all anurans) from
South America. a Vieraella herbstii (Lower Jurassic of Roca Blanca
Formation, locality 1); b Notobatrachus degiustoi (Middle to Upper
Jurassic of La Matilde Formation, locality 6); ¢ Cratia gracilis (Lower
Cretaceous of Araripe Basin, locality 13); d Eurycephalella alcinae

J—

(Lower Cretaceous of Araripe Basin, locality 13); e Arariphrynus
placidoi (Lower Cretaceous of Araripe Basin, locality 13); f Shelania
pascuali (lower Eocene of Laguna del Hunco Formation, locality 47); g
Wawelia gerholdi (Miocene of Neuquén Basin, locality 85).
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similar to the Kayenta Formation (which contains the stem
caecilian Focaecilia) in the USA, such as Estancia Roca
Blanca, might potentially bear a still unknown diversity of
stem-caecilians. Considering the deposits where caecilian fos-
sils are found in South America (fluvial and lacustrine palaeo-
environments), their record is probably biased, favouring taxa
that live near water, either as larvae (e.g. rhinatrematids) or
adults (e.g. typhlonectids). However, because caecilian verte-
bral diversity is still poorly understood (e.g. Wilkinson et al.
2011), the taxonomic affinities of these specimens remain un-
clear (Santos et al. 2020), and therefore it has not been possible
to test this hypothesis so far. In addition, based mainly on the
large record of anurans in several Cenozoic deposits with sim-
ilar depositional settings, crown-group caecilian remains could
also be present in such localities.

Urodela

Modern lineages of salamanders have a distribution focused in
the northern hemisphere, and their presence in Gondwanan
landmasses is relatively recent, occurring only at the end of
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Fig.4 Stratigraphic chart depicting the temporal records of Lissamphibia
in South America. Vertical dashed lines indicate inferred gaps in the fossil
record. Molecular-based age estimates are indicated by white circles and
follow Hime et al. (2021) and Kumar et al. (2017). The silhouettes, not in
scale, were downloaded and modified from phylopic.org, wikipedia.org/
Calyptocephalella, wikipedia.org/wiki/Brachycephalus_auroguttatus,
wikipedia.org/wiki/Telmatobius_ventriflavum, and spinops.blogspot.
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the Cenozoic (Milner 1983). Fossil urodeles are relatively well
known for Laurasian deposits, whereas their occurrence on the
southern continents is uncommon (e.g. Nevo and Estes 1969;
Rage et al. 1993; Evans et al. 1996; Gayet et al. 2001). In
South America, extant representatives of the family Pletho-
dontidae are restricted to the northern portions of the
Amazonian Tropical Rainforest (Parra-Olea et al. 2004), but
the fossil record of plethodontids is still unknown. The only
salamander fossils in South America known so far were
assigned to Noterpeton bolivianum, a species originally found
in the Upper Cretaceous (Maastrichtian) Pajcha Pata deposits,
in Bolivia (Rage et al. 1993; Gayet et al. 2001). This taxon has
a vertebral morphology markedly different from the other
salamanders, due to its procoelous vertebrae, whereas the re-
maining Urodela typically bear amphicoelous or opistho-
coelous vertebrae (Rage et al. 1993). In addition to the type
material, Gayet et al. (2001) reported and briefly described
other 63 vertebrae, including material found in Upper
Cretaceous outcrops of Pajcha Pata and Villa Villa (46 and
16 vertebrae, respectively). A fragmentary vertebra from
Estancia Blanco Rancho (late Paleocene) was also assigned

2

com, all of them are under Creative Commons Attribution 3.0
Unported. Calyptocephalella by José Grau de Puerto Montt,
Ceratophrys by Margot Michaud, Hyalinobatrachium and
Leptodactylus by Jose Carlos Arenas-Monroy, Hyla by Will Booker,
Notobatrachus by Nabu Tomura, Odontophrynidae by Pedro de
Siracusa, Siphonops by Yan Wong, Siren by New York Zoological
Society, Xenopus by Ingo Braasch
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to Noterpeton based on general similarities (Gayet et al.
2001). Martill et al. (2013) briefly commented on a putative
new record of a new noterpetid salamander from the Lower
Cretaceous Crato Formation (Brazil), but further study indi-
cated that the specimen is actually a squamate (see Gardner
and Rage 2016).

Initially, in order to accomodate this distinct morph, the
new family Noterpetidae Rage et al. 1993 (formerly
Noterpetontidae, see Marjanovi¢ and Laurin 2014) was
erected. However, in the description of Kababisha huma-
rensis and Kababisha sudanensis (Evans et al., 1996), two
taxa from the Cenomanian of Sudan that present similarities
with Noterpeton and also with modern sirenids, it was sug-
gested that Noterpetidae is actually a junior synonym of
Sirenidae. Evans et al. (1996) proposed an alternative expla-
nation for the appearance of procoely in the vertebrae of such
taxa, correlating this morphology to a progressive calcification
in the posterior cotyles. Therefore, according to them, this
feature would not be sufficiently different from amphicoely
to sustain a new and separated family as originally considered
by Rage et al. (1993). However, these Noterpeton affinities
with sirenids were later questioned, being considered based on
independently evolved features rather than true homologies
(Gardner 2003). The lack of a robust phylogenetic test pre-
vents the relationships of such salamanders with procoelous
vertebrae from being better understood. Therefore, until these
studies are carried out, this question remains open.

The South American Noterpeton was found in deposits
associated with the El Molino Formation, interpreted as
having been deposited in lacustrine settings (Marrama
and Carnevale 2017), whereas their African relatives from
Sudan were found in rocks deposited under fluvial condi-
tions, representing an environment of braided rivers asso-
ciated with floodplains and lakes (Evans et al. 1996;
Rauhut 1999). Therefore, other localities with equivalent
age and deposited under similar conditions can possibly
also contain these procoelous salamanders. The presence
of Plethodontidae in South America is relatively recent but
occurred prior to the closure of the Panamanian Portal
(Parra-Olea et al. 2004), and so far, fossils assigned to this
group have not been found in South America. However,
the different geographic and climatic conditions during the
Neogene (e.g. Duque-Caro 1990) may have contributed to
expanding their range, and therefore their fossil represen-
tatives may eventually be found in localities outside the
distribution area of extant species.

Allocaudata
Albanerpetontids form an extinct clade of lissamphibians

that show a predominantly Laurasian distribution (Gardner
and Bohme 2008), and to date, there are only two records

for Gondwana, from the Middle Jurassic (Haddoumi et al.
2016) and Lower Cretaceous (Gardner et al. 2003) of
Morocco. Albanerpetontids appeared in the fossil record
during the Middle Jurassic (see Gardner and Bohme 2008,
and references therein), whereas the most recent remains
are from the Early Pleistocene (Villa et al. 2018). So far,
no records of this group are known for South American
deposits, however, its presence on the continent cannot be
completely dismissed.

The Evolutionary History of Lissamphibia in South America

The record of fossil lissamphibians in South America ranges
from the Early Jurassic to the Late Pleistocene—late Holocene.
However, fossil occurrences are unequally distributed within
this time-span, for some intervals where the record is abundant
and well documented (e.g. Campanian-Maastrichtian), where-
as in others both fossiliferous localities and fossil specimens
are relatively uncommon (e.g. Paleocene). There is also a
disparity in the temporal distribution among the different
clades of lissamphibians. Some groups present a record
scattered in parts of the Mesozoic and Cenozoic (e.g. pipoids
and australobatrachians), whereas other taxa have occurrences
concentrated within a more restricted interval (e.g. cerato-
phryids).

We provide below a discussion on the evolutionary history
of some groups of South American lissamphibians. To avoid
potential biases, we decided not to consider several earlier re-
cords referred to Leptodactylidae (as this clade was used for a
long time to accomplish a wide diversity of frogs that today are
known to be poorly related to each other; see Suazo-Lara and
Godmez 2022) and some specific records assigned to Ranidae
and Alsodidae (as such records are based on specimens whose
taxonomic affinities still need to be clarified). In such cases, we
used a conservative approach, and so these taxa were
reassigned to a more inclusive clade (e.g. Neobatrachia). All
these taxonomic changes are summarised in Supplementary
Data 2. In Figure 4, we also indicate the divergence-time esti-
mates for several lissamphibian crown groups based on the
most recent phylogenomic studies available (e.g. Kumar et al.
2017; Hime et al. 2021).

Stem frogs

The oldest occurrences of stem frog taxa (i.e. Triadobatrachus
and Czatkobatrachus) come from Lower Triassic deposits
(Evans and Borsuk-Bialynicka 1998; Sanchiz 1998), but ac-
cording to some molecular estimates, the origin of this group
dates back to the middle Permian (e.g. Hime et al. 2021). In
South America, such Triassic forms are still unknown, but
stem lineages are represented by Notobatrachus and
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Vieraella, with a record limited to the Early—Late Jurassic (see
Béez and Basso 1996 and also Figure 4).

Pipoidea

Pipoidea have an extensive fossil record in South America,
ranging from the Early Cretaceous to the Holocene, but with
three pronounced hiatuses: during the Paleocene; most of the
Miocene; and the Pliocene and part of the Pleistocene (see
Figure 4). Despite the oldest records known so far dating back
to the Early Cretaceous, molecular estimates indicate that
pipoids originated in the Early or Late Jurassic (Hime et al.
2021; Kumar et al. 2017, respectively), leaving a huge gap of
approximately 65 Ma in which no fossil is known. Interest-
ingly, despite the numerous records of pipoids for the Late
Cretaceous, especially in Campanian-Maastrichtian deposits
(e.g. Candeleros Formation, Los Alamitos Formation), there
are still no Paleocene records for the group in South America.
Paleocene fossil-bearing localities containing lissamphibians
in South America are uncommon (only seven, according to
our review), but include units with depositional environments
consistent with the pipoid habitats (i.e. aquatic environment).
Thus, it is not yet clear whether this scarcity is related to some
taphonomic bias or if it reflects a true scenario, in which
pipoids were particularly affected by the K/Pg extinction.

Australobatrachia

Australobatrachians form a clade recently revealed through
phylogenies based on molecular data (Frost et al. 2006),
grouping species from South America, Australia, Tasmania,
and New Guinea. In South America, they are currently repre-
sented by calyptocephalellids. The Australobatrachia fossil
record in South America (limited to calyptocephalellid-like
specimens) is distributed from the Early Cretaceous to the
Holocene, but it is characterised by multiple occurrences sep-
arated by numerous gaps. The main gaps are located in parts
of the Late Cretaceous, Paleocene, Eocene, Oligocene,
Miocene, and Pleistocene, as well as a complete absence
in the Pliocene (see Figure 4). Curiously, according to
recent molecular estimates, the divergence between calypto-
cephalellids and myobatrachoids (corresponding to the
Australobatrachia crown) occurred during the Late Creta-
ceous (Hime et al. 2021), an age slightly younger than the
record of Eurycephalella alcinae (Béez et al., 2009). This
species was recovered as the sister group of Calypto-
cephalella gayi under some analytical conditions in the phy-
logenies of Baez and Goémez (2018), but its affinities with
calyptocephalellids still need to be better understood.
Indeed, E. alcinae could alternatively be a stem australobatra-
chian or occupy an even more distinct position in the anuran
phylogenetic tree. These uncertainties suggest that further
studies on the osteological anatomy and phylogeny of extinct
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species related to Calyptocephalellidac are needed to shed
light on such issues.

Ceratophryidae

Ceratophryidae exhibit a well-documented fossil record, span-
ning from the late Miocene to the Holocene, without signifi-
cant gaps (Nicoli 2019; Barcelos et al. 2020; see Figure 4).
Some Mesozoic fossils (e.g. Baurubatrachus) were initially
assigned to Ceratophryidae, which would extend its temporal
range back to the Cretaceous (Baez et al. 2009). However, the
affinities of such fossils were later reinterpreted (Baez and
Gomez 2018), and now this family is considered to be exclu-
sively Cenozoic. Based on molecular data, the origin of this
group was in the early to middle Miocene (Kumar et al. 2017,
Hime et al. 2021), slightly older than the oldest fossils known
so far (Nicoli et al. 2017).

Odontophrynidae

This family exhibits a scarce fossil record, characterised by
sparse occurrences through time. The putative oldest records
come from middle Oligocene deposits, represented by several
specimens assigned to Chachaiphrynus Iynchi (Nicoli, 2017).
However, molecular estimates place the origin of crown
Odontophrynidae in the late Eocene (Kumar et al. 2017), leav-
ing a maximum gap of around 9 Ma between these oldest
fossils and the divergence-time estimates. Another huge gap
of approximately 28 Ma occurs between these Oligocene fos-
sil occurrences and younger Pleistocene-Holocene records
(see Figure 4).

Leptodactylidae

When numerous fossil frogs were assigned to Leptodactyidae
in the past, the time range of the leptodactyid fossil record was
considered extensive. However, after improvements in the
understanding of anuran taxonomy, several of these records
were reinterpreted, and currently, the time range of fossil
leptodactyids is more restricted. The earliest known bona fide
record of a leptodactyid from South America dates back to the
early Pliocene (see Figure 4), whereas divergence time esti-
mates suggest that the family appeared in the early Eocene
(Hime et al. 2021). Thus, there is a wide gap of approximately
50 Ma between these estimates and the fossil occurrence.
Another gap, this one more limited, occurs between this
Pliocene occurrence and other Pleistocene-Holocene records.

Centrolenidae
The fossil record of centrolenids in South America is particu-

larly sparse, being limited to only one record from an Upper
Pleistocene—Holocene locality (see Figure 4). Molecular-
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based divergence time estimates put the origin of the
Centrolenidae-crown between the late Oligocene and the early
Miocene (Hime et al. 2021). Therefore, there is a gap of ap-
proximately 23 Ma between such estimates and the known
fossil record.

Bufonidae

The fossil record of bufonids in South America comprises
several specimens and is limited to the Cenozoic (see
Figure 4). Bufonid fossils have been found in deposits from
all Cenozoic epochs except the Paleocene. Estimates for the
origin of the group, based on molecular data, suggest that
bufonids diverged from other frogs in the late Paleocene
(Hime et al. 2021), whereas the oldest occurrence of a bufonid
fossil in South America is from the early Eocene, leaving a
small gap between them. There are two other gaps. The first
one is more pronounced and encompasses most of the Eocene
and part of the Oligocene, whereas the second one is restricted
to the late Miocene.

Telmatobiidae

Some fossil specimens were initially assigned to Telmato-
biidae (e.g. Neoprocoela and Uberabatrachus, see Schaefter
1949; Evans et al. 2014; and Nicoli et al. 2016), but in subse-
quent studies, such telmatobiid affinities were doubted (Nicoli
2017; Béez and Gémez 2018). Considering only the undisput-
ed records, this family is poorly represented in the South
American fossil record, with only a single record from a
Pliocene to Upper Pleistocene deposit (see Figure 4).
Estimates based on molecular data consider that telmatobiids
diverged from other anurans 8.8 million years ago, during the
late Miocene (Kumar et al. 2017). Therefore, there is a small
gap of 3.5 Ma between these estimates and the available fossil
record.

Brachycephalidae

The only South American fossil assigned to Brachycephalidae
comes from an Upper Pleistocene—Holocene locality (see
Figure 4). However, divergence time estimates, based on mo-
lecular data, consider that brachycephalids have a long evolu-
tionary history, with the clade diverging from other frog
groups approximately 65 million years ago, slightly after the
K—Pg extinction event (Kumar et al. 2017). Therefore, there is
a huge gap between the known fossil and the estimated origins
of the brachycephalid-crown.

Hylidae

The fossil record of hylids in South America is sparse and
encompasses only an uncertain occurrence from the early

Eocene, in addition to isolated remains from some
Quaternary localities (see Figure 4). A Cretaceous fossil from
Brazil was described in a PhD dissertation and, in a prelimi-
nary phylogenetic analysis, was recovered as the sister taxon
of the extant hylid Pseudis (Carvalho, 2006), but its taxonom-
ic affinities still need to be further clarified. Estimates of time
divergence based on phylogenomic data indicate that the
crown Hylidae appeared in the late Paleocene (Hime et al.
2021), leaving a small gap between this estimate and the
oldest fossil known to date. However, there is still a huge
gap (~50 Ma) between the Eocene and Quaternary records.

Gymnophiona

The caecilian fossil record, including stem lineages, ranges
from the Middle Jurassic to Holocene (Santos et al. 2020,
and references therein). In South America, the oldest record
comes from the Late Cretaceous of Bolivia (Gayet et al.
2001), followed by occurrences in the Paleocene of Bolivia
(Rage 1991), Eocene of Brazil (Estes and Wake 1972), and
Miocene of Colombia (Hecht and LaDuke 1997). According
to molecular estimates, the origin of the gymnophionan crown
occurred in the Early Cretaceous (Hime et al. 2021), and thus
there is a gap of ~30 Ma between these estimates and the
oldest occurrences from South America (see Figure 4).
Regarding Oligocene deposits, no fossil has been assigned
to Gymnophiona so far and, thus, there is another gap of
approximately 40 Ma between the Eocene Apodops pricei
and the isolated and uncommonly large vertebrae from the
Miocene of Colombia (Hecht and LaDuke 1997). Moreover,
caecilian remains are still unknown in South America from
Pliocene and Pleistocene deposits.

Urodela

The record of fossil salamanders in South America is restrict-
ed to the putative sirenid Noterpeton bolivianum, known only
in deposits from the Late Cretaceous (Rage et al. 1993) and
Paleocene (Gayet et al. 2001). According to recent molecular
estimates, the divergence between the lineage represented by
Siren intermedia and salamandroids (corresponding to the or-
igin of stem sirenids, treated here as Sirenoidea) occurred
between the Late Jurassic and Early Cretaceous (Hime et al.
2021). Therefore, there is a gap in the record during the
Cretaceous (see Figure 4), partially filled by the occurrence
of salamanders with procoelous vertebrae found in African
deposits dated from the Cenomanian and Coniacian—
Santonian (Evans et al. 1996; Gardner and Rage 2016).

Palaeodistribution of South America Fossil Lissamphibians

Our review of the lissamphibian fossil record suggests that the
palaecodistribution of extinct species does not match
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rigorously the current distribution of extant species. The dis-
crepancy among the differential historical distribution is re-
markable, in a way that none of the palaeodistribution models,
which only consider the current distribution, could infer such
a disjunct distribution exhibited for lissamphibians records in
South America (e.g. Pipidae, Calyptocephalellidae, and
Urodela; Savage 1973). Metcalf (1923), who studied the ex-
tant host-parasite distribution (i.e. Anura species and
Opalinidae, a group of Heterokonta), already recognised these
remarkable disjunct patterns, suggesting that Australia and
New Zealand should have been connected in the past to
Antarctica and South America. He also proposed a past
connection between Papua, Solomon Islands, and Australia.

Even though Metcalf (1923) followed the dispersalist par-
adigm of Matthew (1915), his observations were notable. This
dispersalist paradigm of Matthew (1915) was later recognised
as incompatible for Lissamphibia (Savage 1973). South
America has experienced large radiations of clades that are
absent or uncommon in Eurasia (Duellman 1999), so the
lissamphibian fauna from South America comprises mainly
endemic clades. The geographical distribution differences in
those clades suggest the potential for a strong role for history
acting through common cause biogeographical events in de-
termining the species richness patterns in Lissamphibia (Smith
et al. 2005). Lynch (1971) and Savage (1973) discussed the
geographic-distributional pattern of extant and extinct species
of Anura in the world, but they did not include many fossil
specimens known at that time. Knowledge on the fossil record
of frogs increased substantially after their contributions, and
the systematic framework of Anura improved considerably.
However, fossil occurrences of Lissamphibia are generally
disregarded in biogeographic inferences (Savage 1973). We
present our review as a first step for the consideration of the
South American fossil lissamphibians in the inferences of bio-
geographic common cause events. This will improve the ac-
curacy of hypotheses concerning the evolutionary history of
South American lissamphibians. Our work mainly discusses
the congruences or contrasts between the distribution of extant
and extinct species of Lissamphibia and presents hypotheses
on this topic.

Anura

The extant species of Anura that currently occupy the South
American landmass are mainly from Neobatrachia clades
(except for the genus Pipa; AmphibiaWeb 2021), especially
Hyloides and Microhylidae (Jetz and Pyron 2018), with nearly
80% of'its diversity corresponding to endemic clades (Haddad
et al. 2013). The most speciose anuran clades in South
America are the Hyloides Craugastoridae (878 spp.),
Hylidae (520 spp.), Bufonidae (274 spp.), and Lepto-
dactylidae (200 spp.; Vasconcelos et al. 2019). The extant
species diversity is concentrated in the Central and Northern
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Andes mountains, and their adjacent western Amazon basin,
and in the complex region encompassing the Atlantic
Brazilian coast and the central Brazilian shield (Vasconcelos
etal. 2019). Both regions have a sparse fossil record of Anura
species and, therefore, it is difficult to hypothesise on the
evolutionary history of the speciose and endemic clades in
those regions.

Pipoidea: The clade is currently broadly distributed on
Gondwanan landmasses, with Pipa occupying South America
and Xenopus, Hymenochirus, and Pseudohymenochirus occu-
pying Africa (Fig. S4 in Supplementary Data 1). The
palaeodistribution of the clade is even more expanded, reaching
Laurasian landmasses, including specimens in the Arabian
Plate, Europe, North America, and Asia (Sanchiz 1998). The
phylogenetic relationship of African and Arabian fossil
specimens was used by Metcalf (1923) for suggesting a later
connection in the Isthmus of Suez, that would allow a dispersal
event across the western margin of the Mediterranean Sea or
through the Afro-Arabian to the Eurasian land bridge (Yuan
et al. 2018). The close phylogenetic relationship among fossil
Pipoidea from South America and Africa raised the question of
whether the origin of the Xenopus lineage antedated the sepa-
ration of Africa and South America (dated around 100 Ma;
Veevers 2004; Granot and Dyment 2015). The early origin of
the clade before the separation of those landmasses is a well-
corroborated hypothesis (Evans et al. 2004; Bewick et al. 2012;
Gomez 2016), but some works endorsed the hypothesis of
overwater dispersal rather than vicariance (Metcalf 1923;
Cannatella 2015). Still, other works advocate that both hypoth-
eses occurred (Estes 1975a; Buffetaut and Rage 1993).

Biogeographical studies (Pyron 2014; Frazao et al. 2015)
and phylogenies (Bisbee et al. 1977; Gémez 2016; Carvalho
et al. 2019) strengthen the first hypothesis, that the divergence
between Pipa and Xenopus occurred around 135 Ma, before
the opening of the Atlantic Ocean. Also, the record of
Cretaceous species deeply related to Xenopodinomorpha
(e.g. Kuruleufenia and Oumtkoutia) in South America, plus
the relationship of African fossils (Pachycentrata and
Singidella) within the clade [Hymenochirini—Pipa] do not de-
mand the evocation of a transatlantic dispersal (Gomez 2016).
Xenopodinomorpha represent the most speciose clade of
Pipidae in South America, with species being recorded until
the Pleistocene. All species related to Xenopodinomorpha that
occupied this landmass are extinct. The only remaining pipoid
species belong to Pipinae (i.e. Pipa). Xenopodinomorpha
have records mainly in southern South America, whereas the
current distribution of Pipa is concentrated in northern South
America (Savage 1973; Fouquet et al. 2022), with the first
fossil specimens of Pipa being recorded in the late Miocene
of the Urumaco Formation, Venezuela (Delfino and Sanchez-
Vilagra 2018), and late Miocene of the Solimdes Formation,
Brazil (Muniz et al. 2016).
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Australobatrachia: Australobatrachia are a recently
erected clade (Frost et al. 2006), with a clearly Gondwanan
distribution, which comprises the Myobatrachoidea of
Australia and New Guinea and the South American
Calyptocephalellidae. Calyptocephalellids are currently restrict-
ed to the southwest coast of South America (Frost 2021; [UCN
2021). But the palaeodistribution of fossils is broader, reaching
larger areas of South America (Fig. S5 in Supplementary Data
1), and even other Gondwanan landmasses, such as Antarctica
and maybe Africa and Madagascar. The current diversity of
extant calyptocephalellid species is relictual in comparison with
its rich fossil record. The absence of a phylogenetic hypothesis
that includes both extant and extinct species prevents a thor-
ough understanding of the family’s evolutionary history.
Phylogenetic positioning of fossils assigned to calypto-
cephalellids was attempted with a restricted scope, and interest-
ing results were achieved (Agnolin 2012), such as the first-time
recognition of Beelzebufo ampinga as a Calyptocephalellidae
and Gigantobatrachus as a distinct genus. However, those re-
sults were later severely criticised by Baez and Gomez (2018),
Muzzopappa et al. (2021), and Suazo-Lara and Gomez (2022).
In some of the phylogenies presented by Baez and Gomez
(2018), Beelzebufo ampinga, Baurubatrachus pricei, and
Eurycephalella alcinae were recovered as closely related to
calypto-cephalellids under some analytical conditions, but the
authors stated that these results should be viewed with caution.
If these assignments are correct, they indicate that in the past
calyptocephalellid-like australobatrachians were more broadly
distributed in Madagascar and in northern regions of South
America.

Additionally, the close phylogenetic relationship of
Calyptocephalellidae and Myobatrachoidea (Jetz and Pyron
2018) and biogeographic hypotheses (Pyron 2014; Frazao et al.
2015) suggest that South America, Antarctica, and Australia
were connected until at least the early Paleocene (Woodburne
and Case 1996; Vizcaino et al. 1998), suggesting that the former
family could have occupied the Antarctic landmass. This infer-
ence was later endorsed by the record of Calyptocephalella sp.,
from the Eocene of Seymour Island, in Antarctica (Mdrs et al.
2020), representing the first lissamphibian record for that conti-
nent. Fossil occurrences of Calyptocephalellidae in South
America (Fig. S5 in Supplementary Data 1) do not match the
extant species distribution, except for a single occurrence (Ex
Laguna de Tagua Tagua, see Locality 153). The records are
concentrated in southern South America (i.e. Patagonia, a region
of Argentina and Chile). Beyond that, there are two putative
occurrences in central and northern South America:
Baurubatrachus in Bauru Basin, Minas Gerais, Brazil, and
Eurycephalella alcinae in Araripe Basin, Ceara, Brazil.

Ceratophryidae: The extant representatives of the family are
distributed in South American Amazon (Ceratophrys cornuta
species group), Atlantic Forest (Ce. aurita species group),

Caatinga (Ce. aurita species group), and Pampas (Ce. aurita
species group), but the majority of species are concentrated in
the Gran Chaco region (Ce. aurita species group, plus
Lepidobatrachus and Chacophrys; Vieira et al. 2018). An
analysis of the distribution of species within Ceratophryidae
during the Last Glacial Maximum and Last Interglacial
demonstrated that species did not respond equally to climate
fluctuations (Vieira et al. 2018). Some species within Cerato-
phryidae were much more sensitive to the oscillatory effects of
temperature and others to precipitation, both of which could
have caused the retraction or expansion in species’ palaco-
distributions (Vieira et al. 2018).

The fossil record of Ceratophryidae is rich, with around 50
specimens known so far (Nicoli 2019; Barcelos et al. 2020;
Gomez and Turazzini 2021). Barcelos et al. (2020) demon-
strated a disjunct distributional pattern in some fossil records
for Ceratophryidae, in comparison with extant species distri-
butions. The middle Miocene (15~13 Ma) marine introgres-
sions into the Chaco and Parand basins, forming the
Paranaense Sea (Hernandez et al. 2005), were suggested as
the main influence on Lepidobatrachus diversification
(Brusquetti et al. 2018). The Paranaense Sea could have acted
as a vicariant agent on the broadly distributed ancestral
Chacoan populations, possibly generating divergences among
populations in the north, east, and southwards out of the cur-
rent Chaco (Brusquetti et al. 2018). Gémez and Turazzini
(2021) presented new records of Lepidobatrachus and
Ceratophrys, and we confirm that the distribution of fossil
records of the genera are still congruent with the Barcelos
et al. (2020)’s observation (Fig. S6 in Supplementary Data
1). Nevertheless, a comprehensive biogeographical study in-
cluding both extinct and extant species is needed to properly
understand the abiotic factors accountable for this disjunct
pattern.

Bufonidae: Extant bufonids are nearly cosmopolitan, except
for Australia, Madagascar, Antarctica, and Oceanic regions
(Pramuk et al. 2008; Frost 2021). The fossil record of
Bufonidae is also near cosmopolitan (Sanchiz 1998; Paleo-
biology Database 2021). Many works suggested the taxo-
nomic affinity of fossil specimens without any description,
comparison, or discussion (Barcelos and Verdade 2020a).
Furthermore, the morphology of Bufonidae is notoriously
conservative (Pramuk 2006). As such, taxonomic identifica-
tions of fragmentary fossil remains are problematic (Pramuk
et al. 2008; Barcelos and Verdade 2020a). However, relying
on those putative records, we can cautiously discuss the dis-
tribution of extant and extinct species of Bufonidae.
Concerning the fossil record of the taxon in South America,
several specimens identified as Bufonidae indet. and Rhinella
sp. fall within the extant species’ distributions. Records of R.
Jjimi and R. arenarum also fall within the extant species distri-
bution (Fig. S7 in Supplementary Data 1). However, the

@ Springer



Palaeobio Palaeoenv

records of R. marina do not match the extant species’ distri-
bution, in which the fossil specimens are recorded in Tarija,
southern Bolivia, and Magdalena Valley, western Colombia
(Fig. S7 in Supplementary Data 1). Fossil specimens of R.
spinulosa and R. diptycha (also formerly referred to as Bufo
paracnemis, B. schneideri, and R. schneideri) present a dis-
junct distributional pattern (Fig. S8 in Supplementary Data 1).
Fossil remains of R. diptycha were recorded in Buenos Aires
Province, Argentina, and R. spinulosa were recorded in
Cordoba Province, Argentina.

Leptodactylidae: This family is broadly distributed in South
America, whereas the palacodistribution of the clade is con-
centrated in the southeastern portion of the continent. The
fossil record of Leptodactylidae needs a thorough revision,
mainly because historically many works suggested the taxo-
nomic affinity of fossil materials without any description,
comparison, or discussion. Those works may use the former
classification of Leptodactylidae that included several groups
distantly related (Lynch 1971; Suazo-Lara and Gomez 2022).
We tried to avoid the inclusion of those problematic records in
our palaeodistributional map. Still, we present a distribution
map of extant and extinct species of Leptodactylus (Fig. S9 in
Supplementary Data 1). According to our review, all records
of species of Leptodactylidae and Leptodactylidae indet. fall
within the current distribution of extant species.

Odontophrynidae: The distribution of extant species of
Odontophrynidae ranges from southern and eastern South
America (Frost 2021; AmphibiaWeb 2021). This family is
endemic to South America (Frost 2021) and its fossil record
is sparse. Two records match the current distribution of
species in Buenos Aires Province, but occurrences of puta-
tive odontophrynids like Chachaiphrynus and Neoprocoela
in southern South America, and of Odontophrynus sp. in
northern Brazil are outside the distributional range of extant
species of Odontophrynidae (Fig. S10 in Supplementary
Data 1).

Hylidae: The family is broadly distributed, reaching other
landmasses beyond South America (i.e. North America, the
West Indies, the Australo-Papuan regions, Eurasia, Africa,
and the Japanese Archipelago; Frost 2021; AmphibiaWeb
2021). Despite the world fossil record of Hylidae being one
of the richest (Sanchiz 1998; Paleobiology Database 2021),
their fossil remains in South America are poorly known, com-
prising only putative records (e.g. Hylidae indet. from Itaborai
Basin), except for the subfossils of Boana sp. (former
Hypsiboas) from the Lapa da Escrivaninha, Lagoa Santa,
Minas Gerais, Brazil. All the fossil occurrences of Hylidae
from South America fall within the distribution of extant spe-
cies (Fig. S11 in Supplementary Data 1).
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Gymnophiona

Despite older occurrences of fossils assigned to caecilians
(e.g. Jenkins and Walsh 1993; Evans and Sigogneau-Russell
2001) in places outside the distribution range of modern spe-
cies, all fossil specimens from South America were found in
localities within or very close to the occurrence areas of extant
taxa (Fig. S12 in Supplementary Data 1). Caecilians are not
currently present in Patagonia, but it is at least possible that,
due to the warmer conditions during the Neogene (e.g. Duque-
Caro 1990), representatives of the group might have occupied
regions farther south on the continent, although their fossils
have not yet been found.

Urodela

Extant sirenids are restricted to North America, but the distri-
bution of this group in the past was much wider (but only if the
procoelous forms are indeed closely related to this family) and
includes areas in Africa (Evans et al. 1996) and South
America (Rage et al. 1993). In general, urodeles form a typi-
cally Laurasian taxon, but the subgroup of putative sirenids
formed by Kababisha and Noterpeton, characterised by their
procoelous vertebrae, possibly represents a lineage that dis-
persed towards Gondwanan landmasses during the Mesozoic
(Evans et al. 1996) (Fig. S13 in Supplementary Data 1).

Biological and Taphonomic Bias of Lissamphibian Records

Lissamphibians are, with few exceptions, animals of diminu-
tive size and with fragile skeletons, and thus extremely suscep-
tible to transportation, reworking, and destruction of their re-
mains (Dodson 1973). In addition, usually they do not tolerate
saltwater or arid environments, preferring to live in hot and
humid habitats (Hopkins and Brodie 2015). Physiological and
reproductive restrictions of Lissamphibia are well documented
and suggest strong sensitivity to environmental conditions
(Feder and Burggren 1992). Lissamphibians breathe through
their highly permeable skin and need a moist environment for
oviposition, which means water is a constraint and a crucial
resource for them (Feder and Burggren 1992).

Assuming that their fossil relatives had similar preferences,
the above-listed factors affect the occurrence of lissamphibian
remains in fossiliferous deposits. But, a substantial body of
knowledge on Lissamphibia taphonomy is missing (Lyman
and Lyman 1994). Lissamphibian fossils are still absent or
poorly represented in numerous fossiliferous deposits, al-
though in many of these localities the conditions for the pres-
ence of these animals are suitable (e.g. Aiuruoca Basin,
Taubaté Basin, Acre Basin, Itaborai Basin, Pozo Formation,
and Santa Lucia Formation). The occurrence of other
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vertebrates associated with the aquatic environment (e.g. fish-
es, turtles, crocodiles) contrasts with the apparent absence of
lissamphibians, suggesting a hidden diversity in such deposits.
Additionally, so far, the co-occurrence of fossils assigned to
the three lissamphibian groups in the same deposit in South
America is limited to a single locality: Pajcha Pata, Bolivia.
Several units exhibit similar depositional and palacoenviron-
mental conditions to it, and thus, if the palaeodistribution
roughly meets the taphonomical requirements, at least in such
places remains of salamanders and caecilians are more likely
to be present. All these factors may indicate a potential of such
localities for new lissamphibian findings, making them good
targets for future collection efforts.

Regions that accommodate higher numbers of species (e.g.
Amazon and Atlantic Forest Biomes; Fig. S1) might contain
older clades due to more time for speciation or higher diversifi-
cation rates (Wiens and Donoghue 2004; Pyron and Burbrink
2009; Wiens 2012). Studies on species diversification in those
regions are scarce and present conflicting explanatory hypo-
theses for the origin of this great diversity (Thomé et al. 2010).
Further, fossil occurrences of lissamphibian clades that occupy
those territories are scant or non-existent. This hampers an ade-
quate exploration of the evolutionary history of those clades,
based on both neontological and palacontological data.

This scenario could be explained by two factors: low fossil
collection efforts in the Amazon and Atlantic Forest regions,
and the higher decomposition and decay rates of these humid
environments; the latter hinder fossilisation and shorten the
time a friable lissamphibian fossil could be available in the
field (Dodson 1973). Despite these problems, some deposits
in these regions, such as La Venta and Maquia-Cachiyacu,
contain a high number of vertebrate fossils, including liss-
amphibians. Therefore, new findings in other units should be
expected, and the exploration and description of lissamphibian
fossils in those regions should be encouraged.

Anura

The study of biological and taphonomic bias in anuran records
is more extensive than on the other lissamphibians, but it is
still deficient. Actuopalacontological studies (Richter 1928)
have tried to establish a starting point for the comprehension
of those biases. The causal factors (e.g. weathering, microbial
mats) that influence the thanatocoenosis and taphocoenosis
process of Anura fossils have been considered in some works
(e.g. Dodson 1973; Wiittke 1983; Pinto-Llona and Andrews
1999; Iniesto et al. 2017). Dodson (1973) presented the max-
imum time needed to achieve a complete disarticulation of an
anuran corpse floating in pond water (i.e. the corpse would be
partially disarticulated past 45 days), without the influence of
other factors (e.g. the action of scavengers). Furthermore, a
series of experiments with anuran corpses entombed in clay
and sand sediments demonstrated the average time needed for

complete disarticulation of an anuran corpse in the wild.
Magalhées (2014) recognised that it took 11 days to note bone
disarticulation in specimens entombed in the sand, and
autopodium and zeugopodium elements first underwent dis-
articulation. The experiments comparing the effect of the de-
positional location on the corpses were carried out in Moura
and Barreto (2006). Specimens deposited in a lacustrine envi-
ronment usually present post-mortem distension of the limb
muscles, whereas specimens deposited in an open-air condi-
tion present post-mortem contraction of the limb muscles
(Moura and Barreto 2006).

Iniesto et al. (2017) explored the decay rate of soft tissue
preservation over three years, contrasting the taphocoenoses of
frog corpses covered and not covered by microbial mats. The
microbial mats form a filamentous sarcophagus that highly in-
creases corpse preservation (Iniesto et al. 2017). The mineraliza-
tion of soft tissues was reached after approximately a year and a
half (Iniesto et al. 2017). Beyond that, the corpse's volume and
size were significantly less altered in specimens enveloped by
microbial mats (Iniesto et al. 2017). Factors related to the
thanatocoenosis, such as water transport, weathering, predation,
and its effects on amphibian bones, were examined by Pinto-
Llona and Andrews (1999), which is a reference source for taph-
onomic alterations on amphibian remains. They analysed alter-
ations and breakage in anuran bones present in scats and pellets
of known predators and produced a set of categories that would
be applied to the fossil record. The remains recovered from 7yto
alba (a species of owl) pellets were the ones with less breakage
and digestion, in comparison with other frog predators (Pinto-
Llona and Andrews 1999). From 7yfo alba pellets, the ilium is
recognised as the bone with the highest resistance to taphonomic
alterations, being a reliable basis for systematic identification
(Sanchiz and Rey 2005; Matthews et al. 2019).

Our review suggests that depositional environments related
to fluvial settings (e.g. fluvial floodplains) are the most com-
mon for Anura records, whereas the second most common are
the ones related to lacustrine environments. That is congruent
with the physiological and ecological features of Anura spe-
cies, which usually use those kinds of environments as mating
and oviposition sites. We do not estimate the biased effect that
Konservat-Lagerstitten could have on those records, but our
approach minimised the effect of Konzentrat-Lagerstditten
(e.g. 300 specimens recovered in the same outcrop source of
the holotype of Saltenia ibanezi). Although lacustrine settings
are the second most common for anuran fossils, we note that
this depositional environment present most features that allow
the more recorrent preservation of complete skeletons and
tadpoles of anurans. The third most common depositional en-
vironment is related to karst landscapes (e.g. caves, abyss).
Lissamphibians fossils recovered in those caves could have
lived and died inside the cave, or their corpses were brought
into there in predators’ scats or pellets, or by other agents such
as sedimentary motion, and water transport (Pinto-Llona and
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Andrews 1999). Therefore, we prefer not to consider sug-
gested palacoenvironment information for those records.

Amber deposits have been a valuable source of fossils,
documenting the diversity within tropical rainforest environ-
ments, often based on exceptionally well-preserved specimens
which usually contain fossilised soft tissues (e.g. Poinar 1992;
Grimaldi et al. 1994). Examples of lissamphibian remains
described based on specimens preserved in amber include
frogs (Poinar and Cannatella 1987; Xing et al. 2018), salaman-
ders (Poinar and Wake 2015), and albanerpetontids (Daza
et al. 2020), from the Cretaceous of Myanmar and Eocene of
the Dominican Republic. In South America, amber deposits
are still poorly known (e.g. Antoine et al. 2006; Pereira et al.
2007). There are still no records of lissamphibian fossils found
in amber inclusions in South America, but recent studies of
invertebrates found in amber from the middle Miocene of
Amazonia (e.g. Petrulevicius et al. 2011) reinforce the poten-
tial of the region for future findings.

Concerning ichnofossils, Johnson and Hembree (2015) ex-
plored the properties of a living anuran species burrow to
understand the characteristics that fossilised ones could pres-
ent. There are ichnofossils of anuran trackways in the USA
and South Korea. The USA materials are from the Lower
Cretaceous Patuxent Formation (Weems and Bachman
1997), Upper Cretaceous Blackhawk Formation (Robinson
1991), and Ranipes laci (Sperry 1980; Lockley and Milner
2014) from the Eocene Flagstaff Formation. The records from
South Korea include Ranipes saokensis (Park et al., 2018)
from the Late Cretaceous and Ranipes isp. indet. (Kim et al.
2019) from the Early Cretaceous of Gyeongsang Basin. Xing
et al. (2019a) presented a frog spawn preserved in amber.
Another important record is the one that includes palacoeco-
logical information, such as the predation record found in
China of an individual of the anuran Genibatrachus whose
stomach content includes remains of the urodele Nuomin-
erpeton (Xing et al., 2019b). Taphonomic data helps to under-
stand associations between fossils, and represent an explora-
tion of other approaches beyond the systematic (Schoch
2014).

For South America lissamphibians there are three examples of
palacoecologic interactions. The first is a record of predation on
anurans, which is known by the agglutinated bones of
Calyptocephalella sabrosa in fossilised avian pellets
(Muzzopappa et al. 2021). The second and also the oldest asso-
ciation of South America lissamphibians was reported by Leal
et al. (2007), comprising an indeterminate Anura from the Crato
Formation (12th taxon of the locality 13) that presents fossilised
remains of another specimen in its abdomen region. This associ-
ation has not yet been explored. The third association comprises
the record of Uberabatrachus carvalhoi (Baez et al. 2012b). The
remains of this taxon were recovered associated with a sauropod
femur (Agustin G. Martinelli, pers. comm.), but unfortunately,
this information was not explored yet. We suggest that the
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holotype specimen of Uberabatrachus might have been feeding
on invertebrate scavengers of the sauropod remains, but there is
no recorded evidence for this statement. It is important to recog-
nise that lissamphibians are deeply inserted in biological interac-
tion webs, and this characteristic could also be potentially ob-
served in extinct species (Schoch 2014).

In South America, there is still no record of ichnofossils
referred to Lissamphibia. These traces are naturally rare, but
the existence of adequate sedimentological settings to pre-
serve the diminutive size of frogs' trackways makes those
findings at least likely. Other approaches could increase the
probability of finding those fossils, e.g. try to notice them, as
those records can co-occur with other larger and more notice-
able tracks and traces (Park et al. 2018), and actuopalaconto-
logical experiments to map the trackway and pace of several
lissamphibian specimens morphotype. Still, part of the knowl-
edge on the biological and taphonomic bias in lissamphibian
records remains in the sphere of conjectures, mainly due to the
deficient knowledge in this field of study and the restricted
supporting evidence for hypothesised taphonomic processes.
Conjectures on the taphonomic history of each fossil can
be interpreted through direct observation of the fossil speci-
mens. However, actuopalacontological experiments on
lissamphibians are essential to interpret properly the fossil
record (Iniesto et al. 2017). This could significantly increase
the reliability of palacoenvironmental and palacobiological
interpretations of those records.

Gymnophiona

Due to the limited fossil record, the taphonomical biases of cae-
cilian remains are poorly understood. Comments on this subject
are usually restricted to brief and specific remarks, instead of
considering general patterns. For example, Wake et al. (1999)
described an isolated vertebra from the Quaternary of Mexico
and assigned it to the extant species Dermophis mexicanus. To
explain the fact that only one vertebra was found (considering
that this species has a vertebral count ranging from 100 to 112,
according to Wake 1980), the authors suggested that the remains
were quarried from the upper layers and reworked in a lower one.

Among the most important factors related to the fossilisation
process, the kind of depositional environment and the degree of
transport events are particularly relevant (Behrensmeyer et al.
2000). The transport of the carcass before the burial, a factor that
negatively impacts the fossilisation chances, is usually reduced or
even absent for fossorial taxa. Details on the behaviour of most
caecilian taxa are virtually unknown, but several species are con-
sidered well adapted to a fossorial existence, whereas the repre-
sentatives of Typhlonectidae are capable of occupying aquatic or
semi-aquatic environments (Taylor 1968; Tanner 1971).
However, as most fossorial caecilians usually do not live where
deposition of sediments occurs, the fossilisation of their remains
is uncommon.
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Additionally, considering the most common depositional
environments where lissamphibian fossils are found, such as
lakes and braided or meandering rivers (Behrensmeyer et al.
2000), the caecilian fossil record could be biased, favouring
taxa that live next to or inside aquatic environments, either as
larvae or adults. Unfortunately, fossils assigned to such
aquatic-related forms are still unknown, and as caecilian fos-
sils are usually restricted to isolated vertebrae, with low taxo-
nomic value considering the current knowledge on their post-
cranial anatomy, the validity of such conjectures remain
uncertain.

Urodela

Fossils of Noterpeton bolivianum, as well as Kababisha
humarensis and Kababisha sudanensis, their closely related
African relatives, were found in localities deposited under lacus-
trine conditions (see details of the localities 39, 40, and 44; and
Gardner and Rage 2016, for details of palaco-environmental
conditions in which Kababisha fossils were found). This is con-
sistent with the behaviour of sirenids, their putative modern rel-
atives. Nowadays, the only native salamanders from South
America are the plethodontids, distributed in two different por-
tions of the Amazonian Rainforest (Parra-Olea et al. 2004). Their
fossils are still unknown from South American deposits, and this
lack could be related to a particularity of tropical forest environ-
ments, usually characterised by high biological activity in de-
composition and carbon cycling of the remains in acid soils,
factors known to decrease the chances of fossilisation (e.g.
Tappen 1994).

Calibration Constraints for Divergence-Time Estimates

Divergence-time estimates are particularly important for phylog-
enies based on molecular data and are highly dependent on a
well-established stratigraphy and a good fossil record (Parham
et al. 2012). Furthermore, the fossil record could diminish the
uncertainties intrinsic to the model of divergence-time estimates
(Louca and Pennell 2020). Therefore, the estimates proposed
here are based on the most recent or widely accepted taxonomic
and stratigraphic data. In the cases where the age of the rocks has
been determined by indirect dating methods (e.g. biostratigra-
phy), the estimates are given considering the entire interval of
the stratigraphic unit where the fossil was found. Recently,
Santos et al. (2020) proposed three calibration constraints for
major clades of caecilians (Gymnophionomorpha, Gymno-
phiona, and Teresomata), but none of these constraints were
based on South American specimens, whereas in a previous
study the Eocene record of Apodops pricei was used to calibrate
Gymnophiona (Benton et al. 2015). Regarding salamanders, the
occurrences of Noterpeton bolivianum in Upper Cretaceous

(Maastrichtian) and lower Paleocene deposits of Bolivia (Rage
et al. 1993; Gayet et al. 2001) are younger than the records of
fossil forms with procoelous vertebrae from Africa (Evans et al.
1996) and sirenids in North America (Gilmore 1928;
Gardner 2003).

Although the high diversity of South American fossil
anurans allows the use of at least some of these records to erect
new calibration constraints, in some cases the uncertainty about
the taxonomic affinities of such specimens has led to a misinter-
pretation of divergence estimates (e.g. Baurubatrachus was ini-
tially considered to be the oldest record of Ceratophryidae, but
after a reanalysis, it was assigned to Calyptocephalellidae).
Additionally, there are putative oldest records for some frog taxa
(e.g. Ranidae and Hylidae), however, such occurrences are based
on unpublished or not yet formally described materials and,
therefore, will not be included in this section.

Neobatrachia Reig, 1958a

Node calibration: Divergence between Neobatrachia and
Anomocoela Nicholls, 1916. This corresponds to the
Neobatrachia total group.

Oldest fossils: Complete skeleton assigned to Arariphrynus
placidoi (MPSC-Ap 893), two almost complete specimens
named Kururubatrachus gondwanicus (UFRJ-DG 08 A)
and Primaevorana cratensis (GP/2E-9497), all from Crato
Formation, Araripe Basin, Brazil.

Phylogenetic justification: The materials of Arariphrynus
placidoi (Baez et al. 2009; Baez and Gémez 2018),
Kururubatrachus gondwanicus (Agnolin et al., 2020), and
Primaevorana cratensis (Moura et al., 2021) were allocated
within Neobatrachia, but their phylogenetic relationships
among other neobatrachians are still uncertain, as the synapo-
morphies of the clade were not commented on in those works
or have some degree of homoplasy. The presence of palatine
may be a putative character of Neobatrachia (Trueb, 1993).

Maximum/Minimum Age: 125-113 Ma.

Age Justification: Crato Formation is traditionally consid-
ered to be Early Cretaceous (late Aptian) in age, according
to palynological data (Heimhofer and Hochuli, 2010). So,
the maximum and minimum age are defined by the time range
of Aptian, ~125 to ~113 Ma according to ICS.

Discussion: Usually, fossils are collected from the Crato
Formation as mining tailings and lack precise stratigraphic con-
trol. Therefore, it is not possible to establish which of the species
is the oldest. Moreover, their neobatrachian affinities need to be
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better understood, and thus the utility of these fossils for the
calibration of the neobatrachian crown is impaired.

Australobatrachia Frost et al., 2006

Node calibration: Divergence between Myobatrachoidea and
Calyptocephalellidae Reig, 1960. This corresponds to the
crown Australobatrachia.

Oldest fossil: Complete skeleton (MPSC-Ap 891) described
as Eurycephalella alcinae, from Crato Formation, Araripe
Basin, Brazil.

Phylogenetic justification: The material was positioned as
sister to Calyptocephalella gayi (in the constrained tree with
weighted characters) and as sister to Calyptocephalella gayi
plus Baurubatrachus pricei in the consensus tree, with unor-
dered and equally weighted characters (Baez and Gomez
2018). However, under other analytical conditions (e.g.
constrained analysis under equal weights) it was recovered
as the sister group of a large clade of nobleobatrachian
hyloids. Thus, the assignment of E. alcinae to Australo-
batrachia should be viewed with caution, and its use to cali-
brate this node remains only tentative. There are no exclusive
synapomorphies recognised for this node.

Maximum/Minimum Age: 125-113 Ma

Age Justification: same for Neobatrachia.

Discussion: Knowledge on the evolution of South American
australobatrachians (i.e. Calyptocephalellidae) has improved sig-
nificantly in recent years, especially due to the inclusion of mo-
lecular data in the phylogenetic analyses and the refinement in
the anatomical descriptions of fossil and extant taxa. However,
further studies are still necessary to clarify the affinities of such
fossil forms (e.g. Eurycephalella and Baurubatrachus) with
calyptocephalellids and other australobatrachians.

Ceratophryidae Tschudi, 1838

Node calibration: Divergence between Ceratophrys and the
clade formed by Lepidobatrachus plus Chacophrys, its
nearest crown sister taxon (according to Faivovich et al.
2014). This corresponds to the crown Ceratophryidae.

Oldest fossil: Incomplete interorbital region and left maxilla
(MD-CH-06-165) assigned to Ceratophrys sp., from Arroyo
Chasico, Arroyo Chasic6 Formation, Buenos Aires, Argentina
(Nicoli et al. 2017).

Phylogenetic justification: The material was allocated in
Ceratophrys (Gomez and Turazzini 2021), and the synapo-
morphies supporting this assignment include: labial surface of
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pars dentalis of maxilla not thickened laterally, overlapped by
sculpture of pars facialis; pars dentalis of maxilla short in the
antorbital region (markedly short interdental ridges, height
similar to interdental width, barely covered by pleura).

Maximum/Minimum Age: 9.43-9.07 Ma.

Age Justification: According to magnetostratigraphic and ra-
diometric data, this unit was assigned to the Chasicoan of
SALMA, within the late Miocene, or middle Tortonian of
ICS (Zarate et al. 2007).

Discussion: For almost three decades various hyperossified ex-
tinct species were suggested as related to the Ceratophryidae (e.g.
Baurubatrachus pricei, Thaumastosaurus gezei, and Beelzebufo
ampinga). Additionally, phylogenies based on morphological
characters also recovered hyperossified extant species (e.g.
Calyptocephalella gayi) as related to this family (Wiens et al.
2005, Baez et al. 2009). Later the convergent characters recorded
in both extant and extinct species with hyperossified skeletons
were recognised (Paluh et al. 2020) and the phylogenetic posi-
tioning of those fossils was reinterpreted (Nicoli et al. 2016; Baez
and Gomez 2018). Moreover, the current oldest record of
Ceratophryidae is a specimen described by Nicoli et al. (2017)
and phylogenetically allocated with that family by Goémez and
Turazzini (2021).

Lepidobatrachus Budgett, 1899

Node calibration: Divergence between Lepidobatrachus and
Chacophrys, its nearest crown sister taxon (according to
Faivovich et al. 2014). This corresponds to Lepidobatrachus
total group.

Oldest fossil: Fragmentary skull (MMH 85.12.2a) described
as Lepidobatrachus australis Nicoli 2015, from Farola Monte
Hermoso, Monte Hermoso Formation, Buenos Aires,
Argentina.

Phylogenetic justification: The material was assigned to
Lepidobatrachus based on a set of diagnostic features, i.e.
small, round orbits located at the mid-length of the skull; ro-
bust, hourglass-shaped maxillary processes of the nasals; ar-
ticulation between nasal and frontoparietal perpendicular to
midline; squamosal and frontoparietal in broad contact with-
out forming a postorbital fenestra; anterior terminus of
parasphenoid anterior to the level of the planum antorbitale
(Nicoli 2015). The fossil material was later allocated in the
Total-Group of Lepidobatrachus (Gémez and Turazzini
2021).

Maximum/Minimum Age: 5.3-3.6 Ma.

Age Justification: Estimates based on biostratigraphy found
an early Pliocene age for Farola Monte Hermoso,
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Fig. 5 Interpretative reconstructions of lissamphibian fossils from South
America. a Apodops pricei, the first caecilian species described based on
fossilised remains (lower Eocene of Itaborai Basin, Brazil), South
America; b Noterpeton bolivianum (upper Paleocene of Santa Lucia
Formation, Bolivia), the only known salamander species in the South
American fossil record; ¢ Calyptocephalella sp., considered the largest

corresponding to Montehermosan of SALMA, and Zanclean
of ICS (Deschamps et al. 2012; Tomassini et al. 2013). Thus,
the maximum and minimum age are defined by the time-span
of the Zanclean, 5.3-3.6 Ma, respectively.
Discussion: Lepidobatrachus australis was utilised as a cali-
bration point by Brusquetti et al. (2018) before the
specimen was formally phylogenetically allocated. An earlier,
in-depth study of the specimen provided a set of diagnostic
characters that supported the species as an extinct species of
Lepidobatrachus (Nicoli, 2015). The taxonomic assignment
of Nicoli (2015) was later corroborated by Géomez and
Turazzini (2021), and Lepidobatrachus australis is the earliest
record for Lepidobatrachus.

The fossil record of Anura from South America represents
a relevant landmark for the ancient-most representatives of
clades within Neobatrachia. The main problem concerning
those fossils is reliably establishing their phylogenetic rela-
tionships. Our estimates indicate that 83% of the fossil record
of Lissamphibia from South America has not been phyloge-
netically allocated yet. At the supraspecific level, only the
Ceratophryidae and stem-Anura present the majority of the

frog of all time (estimated SVL ~ 59 cm; lower Eocene of Rio Turbio
Formation, Chile) facing a specimen of the extant Calyptocephalella
gayi; d Notobatrachus degiustoi, one of the earliest records of Anura in
South America, floating inside a theropod footprint from the Jurassic
floodplains of the La Matilde Formation, Argentina (life reconstruction
by Gabriel Teodfilo-Guedes)

records phylogenetically allocated, whereas all other clades
have few extinct species included in phylogenies (Fig. S2 in
Supplementary Data 1).

For example, Estesiella boliviensis and Chachaiphrynus
lynchi are remarkable records that should be included in a
phylogenetic analysis to improve our knowledge of
Hyloidea systematics and become important fossils for node
calibration. Similarly, advances in the understanding of mor-
phological diversity and phylogenetic relationships among
frogs could allow the inclusion of other fossils as new calibra-
tion constraints (e.g. a left ilium assigned to Rhinella
arenarum by Baez and Nicoli, 2004b and an ilium and a
sacrum assigned to Leptodactylus sp. by Gomez et al.,
2013). Large-scale or even a restricted scope morphological
matrices for lissamphibians including extinct and extant species
are still scarce in the literature (Muzzopappa and Béaez 2009),
preventing the use of fossils as calibration-points (Jetz and
Pyron 2018). The current practice of systematic studies is to
include few fossil specimens as calibration-points, ¢.g. Frazdo
et al. (2015) (12 fossils), Jetz and Pyron (2018) (14 fossils),
Feng et al. (2017), (20 fossils) Hime et al. (2021) (25 fossils),
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but the divergence-time estimates for clades from South
America are problematic due to sparse fossil records and limit-
ed knowledge about previously described specimens and taxa.

Conclusions

Our work indicates that thanks to the description of new speci-
mens and the re-evaluation of materials already published, the
knowledge of South American lissamphibian fossils has sig-
nificantly advanced since the last review efforts on this subject
were published. The present contribution is the first to
deal with the entire fossil record of South American
lissamphibians. Our results show that fossil occurrences en-
compass 164 localities, spread across eight countries, filling a
time interval of almost 200 million years, from the Early
Jurassic to the late Holocene.

Representatives from all lissamphibian groups (Fig. 5), ex-
cept albanerpetontids, are present. The fossil record comprises
mostly anurans, with 266 documented occurrences. Few cae-
cilian occurrences were reported (four records), but if we con-
sider their world fossil record, they represent almost half of all
fossils assigned to the group known so far. The fragmentary
condition of these fossils hinders more precise diagnosis, and
thus only a single species was described so far. For salaman-
ders, the enigmatic record of Noterpeton, as well as the ab-
sence of fossil plethodontids indicates that information about
fossil salamanders is still scarce and deserves more attention
in further studies.

Several of the records compiled in our review comprise
specimens still undescribed or not assigned to any more spe-
cific taxon. These results suggest that the diversity of fossil
lissamphibians on the continent is underestimated. Addi-
tionally, we provide a comprehensive dataset encompassing
all reported occurrences, as well as additional information on
the age and palacoenvironmental characteristics of the fossil
deposits. We expect that the data compiled in this review and
our discussion on South American lissamphibians will be use-
ful for future studies into the phylogeny, palacoecology, and
analyses of evolutionary and biogeographic patterns of
lissamphibians, both for the continent and worldwide.

Appendix

List of Institutional Abbreviations:

AMNH American Museum of Natural History, New York,
USA; AMU-CURS Coleccion de Paleontologia de
Vertebrados de la Alcaldia de Urumaco, Estado Falcén,
Venezuela; BAR Asociacion Paleontologica Bariloche, San
Carlos de Bariloche, Rio Negro, Argentina; BMNH Natural
History Museum, London, England; CIC Centro de
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Investigaciones Cientificas, Viedma, Rio Negro, Argentina;
CORD-PZ Museo de Paleontologia of the Universidad
Nacional de Cordoba, Argentina; CPBA Facultad de
Ciencias Exactas y Naturales, Universidad de Buenos Aires,
Argentina; CP-Bar Asociacion Paleontologica Bariloche, San
Carlos de Bariloche, Rio Negro, Argentina; CPPLIP Centro
de Pesquisas Paleontoldgicas Llewellyn Ivor Price, Minas
Gerais, Brazil; DGM Divisao de Geologia e Mineralogia,
Rio de Janeiro, Brazil; DNPM Departamento Nacional de
Produ¢do Mineral, Rio de Janeiro, Brazil; FCEN—-PV
Vertebrate Palacontology, Facultad de Ciencias Exactas y
Naturales, Universidad de Buenos Aires, Argentina; FMNH
P Paleontological Collection, The Field Museum, Chicago,
USA; GHUNLPam Catedra de Geologia Histoérica y
Regional de la Faculdad de Ciencias Exactas y Naturales,
Universidad Nacional de La Pampa, Argentina; GP Instituto
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