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Abstract: Anuran assemblages from the Eocene and Oligocene of the Phosphorites du Quercy (southwestern France) are
documented by a modest number of isolated bones, incomplete skulls, and some ‘mummies’. However, at the family level, the
diversity is not significantly lower than in coeval frog assemblages from other regions. By contrast, a larger number of amniote
specimens and taxa are known from the Phosphorites. The sparse anuran record within the Phosphorites most likely results from
the karstic environment in which the fossiliferous sites formed. Such an environment is not favorable for animals dependent on
water and moisture. Upper middle and upper Eocene localities in the Phosphorites produced Alytidae, Pelobatidae, Pelodytidae
and ranoids. The presence of bufonids or microhylids, and rhacophorids cannot be definitely rejected, and potentially distinctive,
but unidentifiable taxa also may be present. The occurrence of Pelodytidae in the Eocene of Europe is confirmed by diagnostic
bones from the Phosphorites. In Oligocene localities in the Phosphorites, anurans are even less diverse, with only Alytidae,
Pelobatidae and ranoids having been recovered. Reduction in the number of individuals and diversity of anurans during the
Oligocene is likely a consequence of both the extinction event (Grande Coupure) that took place at the Eocene-Oligocene
boundary and increasing cooling and aridity during the Oligocene.
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Introduction

The Phosphorites du Quercy (hereafter referred to as ‘the
Phosphorites’) include numerous fossiliferous sites located on
limestone plateaus in the Quercy region, southwestern France
(Text-fig. 1). These sites are karstic fissures in-filled by
phosphatic sediments, hence the name ‘Phosphorites’. More
than 100 fossiliferous localities are known (Legendre et al.
1997, Pélissié and Sigé 2006). The localities produced rich
faunas of terrestrial vertebrates that range from the early Eocene
(standard level MP 8+9; Astruc et al. 2003) to the early Miocene
(MN 3; Sigé etal. 1991, Maridet et al. 2013: supplemental), but
almost all localities range from the late middle Eocene (MP 16)
to the late, but not latest Oligocene (MP 28) (for details about
standard levels, see Schmidt-Kittler 1987).

Collections from the Phosphorites were gathered during two
distinct phases: during the second half of the 19" century and
from the late 1960s onward. The fossils collected during the first
phase make up the “old collections’; the precise provenances and
geological ages of these specimens are unknown. By contrast,
the provenances and geological ages of fossils collected during
the second phase are known (Rage 2006).

The first report on anurans from the Phosphorites is likely
that of Filhol (1873), who briefly described, but did not
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name, ‘mummies’ that subsequently became part of the type
series of Rana plicata FILHOL, 1876, a taxon that was recently
referred to the synonymy of Thaumastosaurus gezei RAGE et
ROCEK, 2007 (see below). Other early reports include: Filhol
(1876), who erected the taxa Bufo serratus FILHOL, 1876 and
Rana plicata (but see Martin et al. 2012); Filhol (1877), who
illustrated various amphibian ‘mummies’; and de Stefano
(1903a), who described the anuran Thaumastosaurus bottii
DE STEFANO, 1903, erroneously interpreted by him as a lizard.

As stated above, the fossiliferous sites formed in a karstic
area. Such an environment is not favorable for animals highly
dependent on water and moisture. Consequently, whereas
fossils and taxa of amniotes are numerous and diverse (e.g,
Legendre et al. 1997, Pélissié and Sigé 2006), fishes and
amphibians are rare (Rage 2006). Amphibians from the
Phosphorites have rarely been investigated. In addition, while
urodeles from the old collections were studied by de Stefano
(1903b), the anurans have never been the subject of a general
survey. The present article is an attempt to address this
shortcoming.

The material is housed in the collections of the Institut
des Sciences de I’Evolution, Université de Montpellier (UM)
and in those of the Muséum national d’Histoire naturelle,
Paris (MNHN).
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Text-fig. 1. Map showing the position of the Phosphorites du Quercy in Europe (A), and their geographic extent on a local map (B). 1:
Lower Jurassic; 2: Middle and Upper Jurassic; 3: Cenozoic; 4: geographic extent of the Phosphorites.

Systematic Paleontology

Alytidae FITZINGER, 1843
Discoglossus group

(Text-fig. 2: 1-6)

The Alytidae are currently present in Europe, north-
westernmost Africa and the western Middle East. They include
three living genera, Alytes WAGLER, 1830, Discoglossus OTTH,
1837 and Latonia vON MEYER, 1843 (Biton et al. 2013). These
frogs, with two other living genera (Bombina OKEN, 1816 and
Barbourula TAYLOR et NOBLE, 1924) have been traditionally
referred to as Discoglossidae GUNTHER, 1858. However, Frost
et al. (2006) split the Discoglossidae into two families, the
Alytidae and the Bombinatoridae Gray, 1825. The name
Discoglossidae disappeared and, in Frost et al.’s classification,
its equivalent is Costata LATASTE, 1879. However, the name
Discoglossidae is still widely used, mainly in paleontology
(e.g., Rocek et al. 2010, Szentesi and Venczel 2012, Gardner
and DeMar 2013, Venczel and Hir 2013).

The Alytidae first occur in the Middle Jurassic (Bathonian)
of England (Evans et al. 1990). They range among the earliest
known anurans (Triassic forms being salientians, not anurans)
and, from the Middle Jurassic onwards, they have been
present in Europe. Most fossils belong to the ‘Discoglossus
group’, more specifically they are related to the Disco-
glossus-Latonia assemblage (Rocek 1994).

In the Phosphorites, Alytidae are rare, especially in the
Eocene. In his unpublished thesis, Duffaud (2000) reported
a possible scapula from Sainte-Néboule (MP 18), but the
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specimen was neither described nor figured and now is missing
from the collections. For the time being, a single fragment of
urostyle from Rosiéres 1 (MP 19) demonstrates that alytids
were present in the Phosphorites before the Oligocene
(Text-fig. 2: 1). However, outside of the Phosphorites, alytids
were more frequent, although never numerous, in the European
Eocene (Rage and Ford 1980, Milner 1986).

In the Oligocene, alytids occur from MP 21 to MP 25 and
in MP 28. Alytids from the Oligocene were all referred to as
Discoglossus cf. giganteus by de Bonis et al. (1973: table 2-5).
D. giganteus WETTSTEIN-WESTERHEIMB, 1955 is now included
in the genus Latonia, as L. gigantea (Ro¢ek 1994, Rage and
Hossini 2000). Before Rocek’s revision of Latonia (Rocek
1994), various alytids from the Cainozoic were erroneously
assigned to D. giganteus. However, there is likely more than
one alytid taxon in the Oligocene of the Phosphorites. The
few alytids from the early Oligocene (MP 21 and MP 22)
appear to be about twice the size of the younger specimens
(Text-fig. 2: 2, 3) and, based on urostyles, their size is similar
to that of the only specimen known from the Eocene. This
difference in size may correspond to a taxonomic distinction,
but this cannot be demonstrated on the basis of the available
material. In addition, in MP 23, large and smaller alytids
coexisted. Duffaud (2000) suggested that Latonia vertaizoni
FRIANT, 1944 might be present in the Oligocene of the
Phosphorites. The latter taxon is known by a single specimen
from Vertaizon, a locality relatively close to the Quercy and
whose age is regarded as late Oligocene, although an early
Miocene age cannot be rejected (Gaudant 1993). Unfortuna-
tely, comparisons are almost impossible because the holotype



Text-fig. 2. Alytidae and Pelobatidae from the Phosphorites du Quercy. 1: Alytid indeterminate, urostyle UM-ROS1-601, from the late
Eocene of Rosieres 1 (MP 19), in anterior (a) and dorsal (b) views. 2: Alytid indeterminate, urostyle UM-ABL1-1901, from the earliest
Oligocene of Aubrelong 1 (MP 21), in anterior (a), dorsal (b), and left lateral (c) views. 3: Alytid indeterminate, urostyle UM-BEL 1513,
from the middle Oligocene of Belgarric (MP 25), in anterior (a), dorsal (b), and left lateral (c) views. 4: Alytid indeterminate, left ilium
UM-GAQO3-01, from the early/middle Oligocene of Gardiol 3 (MP 23), in lateral view. 5: Alytid indeterminate, presacral vertebra UM-BEL
1512, from the middle Oligocene of Belgarric (MP 25), in anterior (a), ventral (b), and dorsal (c) views. 6: Alytid indeterminate, left humerus
UM-BEL 1514, from the middle Oligocene of Belgarric (MP 25), in ventral view. 7: Pelobatid indeterminate, right ilium UM-RAV 3500,
from the earliest Oligocene of Ravet (MP 21), in lateral view. 8: Pelobatid indeterminate, sacral vertebra UM-ECC 2547, from the late
Eocene of Escamps (MP 19), in dorsal (a), ventral (b), and posterior (c) views. Each scale bar = 3 mm.

of L. vertaizoni is an articulated skeleton whose bones are
poorly preserved (Rocek 1994: fig. 19).

The Alytidae from the Phosphorites cannot be identified to
genus level. However, various features observable on the
available bones demonstrate that these alytids belong to the
‘Discoglossus group’ (presence of a dorsal crest on the ilium,
tuber superius formed by a thickening of the posterior part of the
latter crest, vertebral centrum cylindrical, neural spine projecting

posteriorly beyond the level of the postzygapophyses, distal part
of the humerus relatively expanded transversely; Text-fig. 2:
4-6).
Pelobatidae BONAPARTE, 1850
(Text-fig. 2: 7, 8)

The Pelobatidae, as defined by Rocek et al. (2014),
include only one extant genus (Pelobates WAGLER, 1830) and
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the extinct Eopelobates PARKER, 1929. Extant pelobatids
inhabit Europe, western Asia and northwesternmost Africa.
The earliest known pelobatids were recovered from the
carliest Eocene (MP 7) of Europe (Rage and Rocek 2003,
Rage 2012). Older pelobatids were reported, but they are
better referred to as pelobatids s.l., an assemblage that
encompasses the Asian Megophryidae BONAPARTE, 1850 and
North American Scaphiopodidae CopE, 1865 in addition to
Pelobatidae s.s.; these three groups were formerly regarded
as subfamilies of the Pelobatidae. Pelobatids from the early
Eocene of Europe remain unidentified below family level.
Although Fopelobates sp. was reported from the early
Eocene (Ypresian) of Europe (Sanchiz 1998) and Asia (Folie
et al. 2013), the earliest confirmed representatives of the
genus are E. wagneri (WEITZEL, 1938) from the early middle
Eocene (MP 11) of Messel, Germany (Wuttke 2012), and the
approximately coeval E. deani ROCEK, WUTTKE, GARDNER ¢t
BHULLAR, 2014 from Wyoming, the USA (Rocek et al. 2014).
According to Duffaud (2000) and Rocek et al. (2014),
the earliest representatives of Pelobates are disarticulated
remains from the early Oligocene (MP 22) of Mas-de-Got,
a locality of the Phosphorites.

Pelobatidae were first reported from the Phosphorites
by Hoffstetter (1945), but this identification was erroneous
(see below ‘Thaumastosaurus’). However, the presence of
pelobatids in the Phosphorites subsequently was confirmed
(e.g., de Bonis et al. 1973, Crochet et al. 1981, Duffaud 2000,
Rage 2006), but identification of these fossils below family
level is difficult.

The distinction between Pelobates and Eopelobates is not
easy. It is mainly based on skull bones (Rocek et al. 2014)
and most of the specimens from the Phosphorites do not
appear to be adequate for distinguishing between these two
genera. [solated bones from the Phosphorites are generally
post-cranial elements, whereas the available skull bones are
often incomplete and may be confused with those of the
ranoid Thaumastosaurus DE STEFANO, 1903, which bears
a pelobatid-like ornamentation. The pelobatid material from
the Phosphorites needs to be revised. The most frequent
bones are ilia and vertebrae. Within pelobatids, the morpho-
logy of the ilia is quite homogenous (Text-fig. 2: 7) and it
does not permit easy identification. Posterior presacral
vertebrae might be useful because spinal foramina are
sometimes present (Rage and Augé 2015, Blain et al. 2016),
which is an exceedingly rare character in anurans; however,
the taxonomic significance of this feature, if any, remains
unknown. Sacral vertebrae are generally found to be a useful
tool for identification, but they are rare in localities and
usually poorly preserved (Text-fig. 2: 8).

Duffaud (2000) mentioned Eopelobates aff. bayeri from
the late Eocene (MP 19) and the earliest Oligocene (MP 21)
of the Phosphorites. Rage (2006) reported those fossils as
Eopelobates aft. anthracinus because Sanchiz (1998) regarded
E. bayeri SPINAR, 1952 as a junior synonym of E. anthracinus
PARKER, 1929; however, this synonymy was not recognized by
Rocek et al. (2014). However, the available material does not
permit such precise identification. At present, it is only possible
to state that Pelobatidae are present in the Phosphorites from
MP 16, late middle Eocene (Rage 1988) to MP 23, early/
middle Oligocene (Duffaud 2000). In younger levels of the
Phosphorites, anurans become rare and, despite the report of
a pelobatid as cf. Pelobates from the late Oligocene (MP 28)
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(Crochet 1972), the presence of representatives of the family
after MP 23 has not been confirmed.

Pelodytidae BONAPARTE, 1850

Pelodytidae are a small family that includes a single extant
genus, Pelodytes BONAPARTE, 1838. The genus inhabits
disjunct areas, i.e. southwestern Europe and the Caucasus
region. An extinct species, P. arevacus SANCHIZ, 1978, was
described from the Miocene of Spain (Sanchiz 1978, 1998).
The family is known also from North America where it is
represented by Miopelodytes gilmorei TAYLOR, 1941 from the
middle Miocene of Nevada, U.S.A. (Taylor 1941, Sanchiz
1998). Moreover, a stem pelodytid (derugoamnis paulus
HEeNRICI, BAEZ et GRANDE, 2013) was described from the early
Eocene of Wyoming, the U.S.A. (Henrici et al. 2013).

Pelodytids were reported from the Phosphorites, but no
species was described. All specimens suggest a taxon similar
to Pelodytes, if not Pelodytes itself. They were referred to as
cf. Pelodytes (Crochet et al. 1981, Rage 1984a, 1988, 2006,
Duffaud 2000). In the Phosphorites, cf. Pelodytes was
recovered only from Eocene localities. The identification of
this taxon was more or less questioned by Henrici et al.
(2013), therefore description of the specimens, including
a recently recovered tibiale-fibulare, is warranted.

cf. Pelodytes BONAPARTE, 1838
(Text-fig. 3)

In the Phosphorites, the taxon is represented by vertebrae,
ilia, humeri and one fused tibiale-fibulare (Text-fig. 3).
Vertebrae show a combination of features that is characte-
ristic of Pelodytes (Text-fig. 3: 1, 2). They are proceolous,
lightly built and the centrum, cotyle and condyle all are
markedly depressed dorsoventrally. In ventral aspect, the
ventral parts of the lateral walls typically extend laterally on
either side of the centrum. The neural arch is of the imbricate
type, i.e. it is anteroposteriorly long. The posterior projection
of the neural spine is relatively weak. In posterior presacral
vertebrae, the bases of the transverse processes originate
approximately below the prezygapophyses and they project
markedly anterolaterally. One incomplete sacral vertebra may
belong to this taxon; however, it is regarded as belonging to
an indeterminate anuran because it bears postzygapophyses
(see below: ‘Problematic taxa’).

The ilia lack both a dorsal crest and a tuber superius, as
do those of pelobatids (Text-fig. 3: 4). However, their shaft
is markedly curved in lateral view and the dorsal border of
their pars ascendens (ischiatic process) is slightly curved
dorsally, which distinguishes them from pelobatid ilia.

Humeri are very similar to those of Pelodytes (Text-fig.
3: 3). They have a slender and almost straight diaphysis that
bears ventral and paraventral crests. The articular ball is well
defined, comparatively small and scarcely shifted laterally.
The distal part of the lateral border of the bone (crista lateralis
not taken into account), close to the articular ball, forms
a gentle curve that is slightly convex laterally; this part of the
humerus is generally concave in anurans.

A fused tibiale-fibulare (Text-fig. 3: 5) belonging to
a pelodytid was recovered among the specimens of anurans
from the late Eocene of Malpéri¢ (MP 17) by Duffaud (2000).
In almost all anurans, the tibiale and fibulare are elongate
and fused only at their extremities. However, in pelodytids,



Text-fig. 3. Pelodytidae (cf. Pelodytes) from the Phosphorites du Quercy. 1: presacral vertebra UM-MAL 617, from the late Eocene of
Malpérié (MP 17), in dorsal (a), anterior (b), and ventral (c) views. 2: posterior presacral vertebra UM-SNB 2406, from the late Eocene
of Sainte-Néboule (MP 18), in anterior (a) and ventral (b) views. 3: right humerus UM-ECA 2556, from the late Eocene of Escamps (MP
19), in ventral view. 4: left ilium UM-ECA 2534, from the late Eocene of Escamps (MP 19), in lateral view. 5: right tibiale-fibulare UM-MAL
616, from the late Eocene (MP 17) of Malpérié (proximal section (a); dorsal view (b); and distal section (c)). Each scale bar = 3 mm.

centrolenids (an extant Central and South American family) and
Tephrodytes HENRICI, 1994 (but not in rhinophrynids, contra
Trueb 1973), they are fused throughout their length and form
a single element. This element thus resembles the anuran
tibiofibula; however, it is shorter and its extremities are more
expanded. In addition the proximal ends of the tibiale and
fibulare are approximately circular, whereas the distal
extremities are clearly flattened. Traces of the fusion remain as
grooves, except in the central portion of the bone. This
tibiale-fibulare from Malpérié clearly displays this morphology,
which is characteristic of Pelodytes (Sanchiz 1978). It differs
from that of Miopelodytes TAYLOR, 1941 in being more slender;
more specifically, its extremities are less expanded. The fused
tibiale-fibulare of centrolenids is markedly more elongate and
slender (Guayasamin et al. 2009). The fused tibiale-fibulare
from Malpérié cannot be distinguished from the tibiale-fibulare
of extant Pelodytes and it also closely resembles that of
Tephrodytes (Oligocene-Miocene transition of the USA;
Henrici 1994). Tephrodytes was first referred to the Pelodytidae
(Henrici 1994) but Henrici et al. (2013) placed it among
pelobatids s.l. However, the morphology of various bones
suggests that Tephrodytes may be more closely related to the
Pelodytidae.

In conclusion, the specimens from the Phosphorites
allocated to Pelodytidae are quite similar to those of extant
Pelodytes. Henrici et al. (2013: 304) noted that reliable referral
of the remains from the Eocene of Europe to pelodytids (as cf.
Pelodytes) would require finding of a fused tibiale-fibulare in
the same localities. The recovery of such a tibiale-fibulare
confirms that a fossil taxon closely related to Pelodytes, if not
Pelodytes, is present in the late middle and late Eocene (from

MP 16 to MP 19) of western Europe, more specifically in the
Phosphorites.

Ranoidea RAFINESQUE, 1814

Ranoids (i.e. Ranoides of Frost et al. 2006) make up
a huge, monophyletic clade within the Neobatrachia. This is
a widely distributed group absent only from South America
and, obviously, Antarctica. This clade and its included
families have had a complex taxonomic history that cannot
be reported here (Frost et al. 2006; see also Amphibian
Species of the World: an Online Reference, Version 6.0,
edited by D. R. Frost (accessed 10 February 2016),
http://research.amnh.org/herpetology/amphibia/index.html).

The earliest ranoid is represented by a few isolated bones
from the Cenomanian of Sudan (Baez and Werner 1996);
unfortunately, these specimens remain undescribed. Stratigra-
phically, the next possible ranoid occurs in the Coniacian-
Santonian of In Beceten, Niger (de Broin et al. 1974, Rage
1984b, in progress). Ranoids may also be present in the
Paleocene of Cernay, France (Estes et al. 1967, Rage 1984b).
Ranoids become more frequent, although still not numerous, in
the Eocene and they are present in the Phosphorites. Two ranoid
groups from the Phosphorites are considered separately below:
the genus Thaumastosaurus and unidentified taxa.

Family indeterminate

Thaumastosaurus DE STEFANO, 1903

Among amphibians from the Phosphorites, the genus
Thaumastosaurus has been the most studied taxon and its
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history is complicated. Thaumastosaurus was erected by de
Stefano (1903a) for his species 7. bottii, which is the type
species of the genus. De Stefano regarded T. bottii as a lizard
and he described it under the heading ‘genus incertae sedis’.
The taxon was based on a single specimen from the Phospho-
rites, i.e. a posterior braincase plus incomplete frontoparietals
and otic capsules. The specimen was subsequently lost and de
Stefano was most likely the only paleontologist who studied it.
Fortunately, the specimen was illustrated (de Stefano 1903a: pl.
IX, figs 11 and 15) and its characteristics clearly appear in the
figures. The specimen came from the old collections, therefore
neither its precise provenance nor its age are known.

Nopcsa (1908) regarded the name Thaumastosaurus DE
STEFANO, 1903 as a homonym of Thaumattosaurus VON
MEYER, 1841 (in fact, Nopcsa misspelled the name of
Thaumatosaurus VON MEYER, 1841, a plesiosaur today
synonymized with Rhomaleosaurus SEELEY, 1874). Nopcsa
(1908) coined the replacement name Enigmatosaurus NOPCSA,
1908, but he still regarded it as a lizard. Piveteau (1927)
described a relatively complete anuran skull coming also
from the old collections. He associated this skull (now
MNHN.F.QU17736) with the dentary of a gekkonid lizard
from the old collections and identified the two specimens as
Amphignathodon sp. (i.c., an extant genus). The latter genus
today is referred to the synonymy of Gastrotheca FITZINGER,
1843, a South American hemiphractid frog genus that includes
the only species of anuran bearing teeth on its lower jaw. On
the basis of the original figures, Hoffstetter (1945) showed that
the fossil described by de Stefano was an anuran, not a lizard,
and he referred to it as Enigmatosaurus bottii (DE STEFANO,
1903). In addition, he assigned to this species the skull
MNHN.F.QU17736 described by Piveteau (1927). Based on
the ornamentation of the dermal bones, Hoffstetter suggested
that this anuran may be a Pelobatidae. Subsequently, the skull
MNHN.F.QU17736 was temporarily lost.

In the 1970s, new excavations in the Phosphorites yielded
several specimens belonging to Thaumastosaurus. Surpri-
singly, as with de Stefano’s lost specimen, they were all
represented by the posterior part of a braincase plus otic
capsules and fused posterior parts of the frontoparietals.
Fossilization of this part of the skull of Thaumastosaurus,
which is marked by hyperossification, clearly is favored. Based
on this new material, Crochet et al. (1981: tab. 2-1) reported
the taxon (as Enigmatosaurus bottii) from six (plus perhaps
another two) localities of late Eocene age in the Phosphorites.
The species then was regarded as a possible Leptodactylidae,
an assignment that was not discussed in the article.

The tentative referral to the ‘leptodactylids’, an assemblage
now regarded paraphyletic, was briefly discussed by Rage
(1981). The assignment was based on the similarity of the
skull with that of ‘ceratophryines’ (then included in the
‘leptodactylids”) and on the presence, in the same localities as
the skull bones, of fragments of bony plates bearing a pustular
ornamentation similar to that of the dorsal shield of ‘cera-
tophryines’. Thaumastosaurus was therefore regarded as an
anuran with South American affinities (‘ceratophryines’ being
restricted to South America). Thereafter, such biogeographical
affinities were supported by Rocek and Lamaud (1995), Rage
and Rocek (2007), Evans et al. (2008, 2014) and Agnolin
(2012). Rocek and Lamaud (1995) provided the first detailed
description of Thaumastosaurus bottii, based on various skull
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bones from La Bouffie, a late Eocene (MP 17) locality in the
Phosphorites. They also showed that the one-letter difference
between Thaumastosaurus DE STEFANO, 1903 and Thauma-
tosaurus VON MEYER, 1841 (or the misspelled Thaumatto-
saurus) prevents homonymy, and that the name Enigmato-
saurus NOPCSA, 1908 is a junior synonym of Thaumastosaurus
DE STEFANO, 1903. By the early 2000s, the skull MNHN.
F.QU17736, formerly described by Piveteau (1927) and
temporarily lost, was found in the collections. Rage and Rocek
(2007) described it, showed that it belonged to Thaumasto-
saurus and demonstrated that it represents a second species,
T. gezei. At that time, the latter species was known only by two
specimens from the old collections: the skull (i.e. the holotype)
and a squamosal.

Laloy et al. (2013), using tomography, studied the
so-called ‘mummy’ of Rana plicata FiLHOL, 1876 (i.e., Rana
cadurcorum MARTIN, ALONSO-ZARAZAGA et SANCHIZ, 2012).
They also scanned the ‘mummy’ of a forelimb, which might
have broken off the main ‘mummy’ according to Filhol
(1877). It was not possible to confirm whether the forelimb
belongs to the ‘mummy’. The tomographic study revealed
that the skull of the ‘mummy’ is identical to that of
Thaumastosaurus gezei and, on that basis, the ‘mummy’ was
referred to the latter species. Thanks to a large part of the
post-cranial skeleton being preserved in the ‘mummy’, much
of that region is now reliably known for 7. gezei (e.g.,
Text-fig. 4: 1, 2). A recent phylogenetic analysis including
post-cranial characters demonstrated that Thaumastosaurus
does not belong to a South American clade, but that it belongs
instead to the ranoid assemblage; more specifically, it appears
to be related to pyxicephalids, an endemic African group
(Laloy et al. 2013). This is a good example of how an
over-reliance on cranial features related to hyperossification,
which can be convergent among unrelated groups of anu-
rans, may adversely affect phylogenetic analyses (Baez and
Goémez 2014, Evans et al. 2014).

New knowledge about part of the post-cranial skeleton
now can be used to identify isolated post-cranial bones in the
material collected during recent excavations. Unfortunately,
post-cranial bones are known only in 7. gezei, thus diffe-
rences with post-cranial elements of 7. bottii remain un-
known. Therefore, in this paper, all disarticulated post-cranial
bones from the Phosphorites similar to those of 7. gezei are
referred to as Thaumastosaurus sp. Such is the case, for
instance, of scapulae (characterized by a marked dorsoventral
elongation; Text-fig. 4: 3) and one humerus (characterized
by an articular ball that rather weakly protrudes and is
slightly shifted laterally, and by a moderately developed
lateral epicondyle; Text-fig. 4: 4). This is also the case for
various cranial bones that cannot be allocated at species level
(Rage and Rocek 2007).

It is worth noting that, although a part of the ilium is
preserved in the ‘mummy’ of 7. gezei, it is not possible to
rank this bone among the post-cranial elements of Thauma-
stosaurus whose morphology is known. Ilia are among the
most frequently recovered anuran bones and among the most
useful ones for purposes of identification (Rocek et al. 2013,
Goémez and Turazzini 2016). Unfortunately, in 7. gezei only
the anterior extremity of one ilium is known, and it shows
only that the shaft bears a medially inclined dorsal crest
(Laloy et al. 2013). Unfortunately, this feature is not
sufficient for identification within ranoids; consequently, no



isolated ilium from the Phosphorites or elsewhere may be
confidently assigned to Thaumastosaurus.

For the time being, in the Phosphorites we must distinguish
between Thaumastosaurus bottii (the type species), T. gezei
and Thaumastosaurus sp. Outside of the Phosphorites, two
species were assigned to Thaumastosaurus: T. wardi and T.
sulcatus, described by Holman and Harrison (2002) and
Holman and Harrison (2003), respectively. Both non-Phospho-
rites species were recovered from the late Eocene (MP 17) of
southern England.

Thaumastosaurus bottii DE STEFANO, 1903

T. bottii is reliably known from a single locality, La
Boulffie, of late Eocene (MP 17) age. It was redescribed by
Rocek and Lamaud (1995) and it is known only by skull
bones. It should be noted that in Rage’s (2006) treatment, all
bones belonging to Thaumastosaurus were assigned to
T. bottii, because only that species was known at that time;
this resulted in a likely erroneous stratigraphic range being
reported for this species, extending from MP 16 to MP 19
and perhaps MP 20 (Rage 2006: 166, tabl. 3).

Thaumastosaurus gezei RAGE et ROCEK, 2007
(Text-fig. 4: 1, 2)

T. gezei is known by three or perhaps five specimens
from the old collections of the Phosphorites. These specimens
are the holotype skull (MNHN.F.QU17376), a squamo-
sal (MNHN.F.QU17748) (Rage and Rocek 2007), the
‘mummy’ (MNHN.F.QU17279), and perhaps a forelimb
(MNHN.F.QU17280) (Laloy et al. 2013) and another,
incomplete ‘mummy’ (MNHN unnumbered, figs 406, 407, 411
in Filhol 1877) whose external morphology resembles that of
MNHN.F.QU17279. Because the specimens are all from the
old collections, the precise geological age of the species
remains unknown. This age may range from the late middle
Eocene (MP 16) to the latest Eocene (MP 19, perhaps MP 20),
i.e. the maximum known range of Thaumastosaurus sp.

Thaumastosaurus sp.
(Text-fig. 4: 3, 4)

Among specimens referable to Thaumastosaurus sp. are
a humerus, a 8" presacral and a sacral vertebrae that were all
regarded as belonging to a large Ranidae RAFINESQUE, 1814
by Rage (1984b: fig. 2A, C, D). During the recent
excavations, specimens referable to Thaumastosaurus sp.
were recovered in localities ranging from MP 16 (localities
of Le Bretou and Lavergne; late middle Eocene) to MP 19,
perhaps MP 20 (latest Eocene); the youngest specimen is
a fragment of maxilla from Tabarly (MP 20) that is tentatively
assigned to the genus.

Indeterminate ranoids
(Text-fig. 4: 5-9)

Indeterminate ranoids from the Phosphorites include part
of the ‘Ranidae’ reported by Rage (1984b). These ‘Ranidae’
are all represented by isolated bones. At that time, the concept
of Ranidae was broader than it is today. The available bones

closely resemble those of Recent European ranids and,
therefore, they were assigned to the Ranidae (Rage 1984b).
Sanchiz (1998) even suggested they probably represent the
genus Rana LINNAEUS, 1758 (Pelophylax FITZINGER, 1843
included in Sanchiz’s concept of a broader Rana). However,
it does not seem possible to demonstrate that these remains
all belong to the Ranidae sensu stricto, as that family is now
defined by Frost et al. (2006). In addition, as stated above,
some bones (but not all) allocated to the ‘large form’ by Rage
(1984b) actually belong to Thaumastosaurus sp.

In addition to Thaumastosaurus, at least three taxa of
ranoids are present in the Phosphorites. This number of taxa
is based on humeri. Indeed, three clearly distinct sizes are
recognized. These specimens may be regarded as humeri of
adult individuals (Text-fig. 4: 5-7), on the basis that for cach
morph the articular ball is entirely preserved and well shaped.

The small-sized ranoid (Text-fig. 4: 5) apparently occurs
only in Eocene localities, from MP 16 (Lavergne) to MP 18
(Sainte-Néboule). In addition to humeri, at least one ilium,
one scapula and some vertebrae may be referred to this small
ranoid (Rage 1984b). The size and the morphology of the
bones are homogenous, which suggests that this small form
likely represents a single taxon.

The mid-sized ranoid is present in the Eocene (Text-
fig. 4: 6) and Oligocene. Bones are rare and scattered in
various localities. It is not possible to determine whether only
one taxon is represented.

The size of the large form is similar to that of Thauma-
stosaurus. Humeri are distinguished from those of Thauma-
stosaurus by their more projecting articular ball, more
developed lateral epicondyle and less slender diaphysis
(Text-fig. 4: 7). A coracoid (Text-fig. 4: 9) from Escamps
(MP 19) may be referred to this large taxon. It differs from
that of Thaumastosaurus (Text-fig. 4: 2) in having a neck
(corpus coracoidis, Spinar 1972) with more parallel borders
and a more flaring pars epicoracoidalis. This large ranoid is
reliably known from MP 16 to MP 19. It should be noted that
Rage (1984b: fig. 2) reported a large ranoid from Lavergne
(MP 16). However, as stated above, it is now possible to refer
the humerus and vertebrae of this ranoid to Thaumasto-
saurus. The ilium of Thaumastosaurus being unknown, the
ilium illustrated by Rage (1984b: fig. 2B) cannot be assigned
within ranoids. Among ranoid bones from the Phosphorites
figured by Rage (1984b), only the coracoid appears to belong
to the large, indetermined ranoid.

As far as ranoids from the Eocene of the Phosphorites
are concerned, the case of Rhacophoridae must be briefly
addressed. This family was reported by Sanchiz (1998) from
the Eocene of Escamps (MP 19). However, Sanchiz did not
provide descriptions and he did not indicate on what bone(s)
he based this identification. In view of the difficulty of
identifying taxa within ranoids on the basis of isolated bones,
neither the presence nor absence of rhacophorids may be
confirmed. Today, the family occurs in sub-Saharan Africa
and in southern and southeastern Asia. Fossils are known
only from the Quaternary of Japan and perhaps from the
Pliocene of eastern Europe (Sanchiz 1998).

Ranoids from the Oligocene of the Phosphorites are less
frequent than in the Eocene. The few available bones do not
permit reliable comparisons with specimens from the Eocene.
Ranoid bones are unknown at Phosphorites from the basal
Oligocene (MP 21) and apparently from MP 24 to MP 27.
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Text-fig. 4. Ranoids from the Phosphorites du Quercy. 1: Thaumastosaurus gezei, urostyle in left lateral (a), dorsal (b), and anterior (c)
views. 2: T. gezei, left coracoid in medial view (the urostyle and coracoid are parts of the ‘mummy’ MNHN.F.QU17279).
3: Thaumastosaurus sp., left scapula UM-ECA 2537, from the late Eocene of Escamps (MP 19), in lateral (a) and medial (b) views.
4: Thaumastosaurus sp., left humerus UM-MAL 619, from the late Eocene of Malpérié (MP 17), in ventral (a) and medial (b) views.
5: Ranoid indeterminate, small-sized form, right humerus UM-LAYV 1280, from the late Eocene of Lavergne (MP 16), in ventral view.
6: Ranoid indeterminate, mid-sized form, left humerus UM-ECA 2558, from the late Eocene of Escamps (MP 19), in ventral view.
7: Ranoid indeterminate, large sized form, left humerus UM-ECA 2557, from the late Eocene of Escamps (MP 19), in ventral (a) and
medial (b) views. 8: Ranoid indeterminate, mid-sized form, left scapula UM-ECA 2560, from the late Eocene of Escamps (MP 19), in
lateral (a) and medial (b) views. 9: Ranoid indeterminate, large-sized form, left coracoid UM-ECA 2559, from the late Eocene of
Escamps (MP 19), in medial view. (1 and 2, redrawn from images segmented by F. Laloy in 2012). Each scale bar = 3 mm.

A report from the late Oligocene of Pech-du-Fraysse (MP 28;
Crochet 1972) is not confirmed. This scarcity of material
likely reflects increasing aridity during the Oligocene.

Problematic taxa

Bufonid-like or microhylid-like anurans
(Text-fig. 5: 1, 2)

The overall morphology of several mid-sized ilia from the
Eocene is reminiscent of bufonids. The shaft lacks a dorsal crest
and the tuber superius and pars ascendens are both of moderate
size. The tuber superius is more or less pointed dorsally and it
shows some morphological variations (Text-fig. 5: 1, 2). The
tuber is similar to that of various extant bufonids, for instance
Epidalea calamita (LAURENTI, 1768) and species of the Bufotes
viridis (LAURENTI, 1768) group (both genera were previously
included in Bufo GARSAULT, 1764). However, the pars
descendens is broad and its anterior border and the shaft feature
an angle (‘“VSA’, Gomez and Turazzini 2016) that is approxi-
mately a right angle; this is likely not consistent with bufonids.
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Rare vertebrae from Eocene localities, show an overall
morphology consistent with bufonids (Rage and Vergnaud-
Grazzini 1978), but this morphology may also occur in other
taxa. On the other hand, the anteroposterior extent of the pars
descendens on ilia is reminiscent of Microhylidae (e.g.,
Nokariya 1983, Lehr and Trueb 2007, Gémez and Turazzini
2016, pers. obs.). Such a pars descendens may be the reason
for Sanchiz (1998)’s report of Microhylidae from Escamps
(MP 19) as ‘undescribed material from the French Eocene’.
It is true that the specimens are somewhat similar to ilia of
various microhylids, but the Phosphorites have not produced
other bones suggesting the presence of Microhylidae. The
above mentioned ilia were recovered from MP 17 (locality
of Malpéri¢) and MP 19 (Escamps). An ilium from Le Bretou
(MP 16) most likely belongs to the same taxon (Rage 1988:
fig. 5).

Microhylids inhabit the Americas, southern and south-
eastern Asia, south and east Africa and Australia. The family
was reported from the Oligocene-Miocene of Australia (Tyler
1994), the Quaternary of North America (Sanchiz 1998) and
the Holocene of Madagascar (MacPhee et al. 1985).



Regarding bufonids, their current natural range extends
over all continents except Australia and Antarctica. The fossil
record of bufonids is richer by far than that of microhylids,
but it remains poor and patchy before the Miocene. Eocene
bufonids were reported only from Europe, but according to
Rocek and Rage (2000) those earlier reports are all
erroneous. However, the locality of Sao José de Itaborai
(Brazil) yielded bufonids (Estes and Reig 1973). This locality
was traditionally dated from the Paleocene, but it is
now regarded as close to the Paleocene-Eocene transition
(Oliveira and Goin 2011) or even of early Eocene age (Gelfo
et al. 2009). Therefore, Eocene bufonids are perhaps known
in South America. Oligocene bufonids are reliably known
only from Bolivia (Bdez and Nicoli 2004). Oligocene
bufonids were also reported from Asia (Kazakhstan), but they
were only listed and not described (Chkhikvadze 1985); this
Asian report needs confirmation. Unquestionable bufonids
are present from the early Miocene onwards in at least North
America and Europe (Rocek and Rage 2000). Given that the
earliest currently accepted bufonid was recovered from the
late Paleocene of Europe (Rage 2003), a long gap in the
bufonid range extends from that age to the early Miocene in
Europe. Apparently, the Phosphorites do not fill, or even
reduce this gap.

To summarize, the presence of Bufonidae Gray, 1825
and/or Microhylidae GUNTHER, 1858 in the Phosphorites
cannot be confirmed on the basis of the available material.

The case of Bufo servatus FiLHoL, 1877

In a review of the frogs from the Phosphorites, it is
impossible not to touch on the problem of Bufo servatus.
Filhol (1876) first named it Bufo serratus, but subsequently
he described it as Bufo servatus (Filhol 1877). Martin et al.
(2012) considered the second, misspelled name as the valid
one (which would mean that Bufo serratus is a nomen
nudum). Bufo servatus is known by a single specimen that is
a ‘mummy’ from an unknown locality of the Phosphorites,
i.e. its precise geological age is indeterminate. Posterior to
the eyes are elongate, protruding ridges regarded as parotid
glands by Filhol, an interpretation that is likely erroneous.
These presumed parotid glands were the main reason for
assignment of this fossil to bufonids. According to Sanchiz
(1998), this species is a ‘nomen vanum’.

An enigmatic frog in the late Eocene ?

Rage and Vergnaud-Grazzini (1978) mentioned a high
ratio of amphicoelous anuran vertebrae in the late Eocene
(MP 18) of Sainte-Néboule. In anurans, the vertebrae are all
amphicoelous in only a few extant and extinct basal groups.
The presence of such groups is not revealed by other bones
in the Phosphorites. Moreover, in diplasiocoelous anurans
(i.e., ranoids in the Phosphorites), one of the nine vertebrae
(the 8™ one) is amphicoelous, whereas the others are
procoelous. At Sainte-Néboule, six vertebrae belonging to
ranoids were recovered, of which four are amphicoelous.
These amphicoelous vertebrae are large, therefore they
belonged to fully grown individuals. Moreover, their neural
arch is short and their transverse processes are directed
transversely, which is consistent with ranoids. The ratio of
amphicoelous vertebrae is high (2/3) whereas it should be

Text-fig. 5. Problematic anurans from the Phosphorites du Quercy.
1: Bufonid-like or microhylid-like anuran, right ilium UM-MAL
620, from the late Eocene of Malpérié (MP 17), in lateral view.
2: Bufonid-like or microhylid-like anuran, left ilium UM-MAL
621, from the late Eocene of Malpérié (MP 17), in lateral view.
3: Pelodytid or peculiar taxon ?, sacral vertebra UM-SNB 2405,
from the late Eocene of Sainte-Néboule (MP 18), in dorsal (a),
ventral (b), and posterior (c) views. (prz: prezygapophysis; ptz:
postzygapophysis). Each scale bar = 3 mm.

markedly lower (theoretically: 1/9). Obviously, with the
sample being so small, the ratio may not be significant;
nevertheless, this situation remains somewhat puzzling. This
problem is restricted to Sainte-Néboule.

Pelodytidae or peculiar taxon ?
(Text-fig. 5: 3)

A single sacral vertebra from the late Eocene (MP 18) of
Sainte-Néboule is also problematic. It is incomplete, the
sacral apophyses being damaged. However, the remaining
part of the right apophysis shows that this apophysis was
broadly expanded anteroposteriorly (more than in Miopelo-
dytes) and, more specifically, that the posterior part was
markedly extended. This feature and the overall morphology
argue for referral to Pelodytidae. This vertebra bears a single
posterior condyle for articulation with the urostyle. In
Pelodytes, the posterior condyle is generally slightly
subdivided by a weak vertical sulcus; therefore the condyle
may appear as two condyles poorly distinguished from each
other (Bailon 1999) but the degree of variation is high and,
in some individuals, the condyle may be single (Sanchiz et
al. 2002, pers. obs.). However, this vertebra is not identical
to that of Pelodytes, the only extant genus in the family. It
has thicker sacral apophyses, larger spinal foramina and, in
addition to these differences, it shows a peculiar character: it
bears a postzygapophysis on the right side (the symmetrical
area is broken away) whereas, with the exception of rare
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Myobatrachidae (an extant family inhabiting Australasia), the
sacral vertebra of anurans lacks postzygapophyses. However,
postzygapophyses may appear as an irregular variation in
non-myobatrachid frogs (e.g., Kovalenko and Kruzhkova
2013, pers. obs). In that case, any postzygapophyses generally
appear as pathological productions of irregular shape. In the
specimen from Sainte-Néboule, the preserved postzygapo-
physis is well-shaped and well-positioned; it does not look
like an abnormality.

It is worth considering however whether the specimen
from Sainte-Néboule might not be a sacral vertebra.
Individual anurans may develop a sacral apophysis on the
vertebra that immediately precedes the sacral vertebra; even
more rarely, two sacral apophyses may occur on the last
presacral vertebra and are entirely absent from the sacral
vertebra (Zaharesco 1935, Kovalenko 1994, pers. obs.) In
that case, the last presacral vertebra bears both sacral
apophyses and postzygapophyses, which is similar to the
condition in the vertebra from Sainte-Néboule. However, in
such specimens the pathological nature of that arrangement
is clearly apparent, most obviously with the apophyses
having an irregular shape and/or being distorted. By contrast,
the specimen from Sainte-Néboule exhibits no signs of
pathology in its one preserved apophysis. That argues against
the vertebra being from the pre-sacral series.

If the specimen from Sainte-Néboule is really a sacral
vertebra and if its postzygapophysis is not the result of
individual variation, then this sacral vertebra represents
a peculiar, unknown taxon. However, assignment to the
pelodytid referred to as cf. Pelodytes in the Phosphorites
cannot be definitely rejected, because as noted above the
specimen exhibits some pelodytid-like features.

Discussion

In their review of the anurans from the Tertiary of Europe,
Rage and Rocek (2003) listed six to eight families in the
Eocene (Alytidae, Palaecobatrachidae, Pelobatidae, Pelody-
tidae, Ranidae, Leptodactylidae, and perhaps Microhylidae
and Rhacophoridae) and four families in the Oligocene
(Alytidae, Palacobatrachidae, Pelobatidae, Ranidae). The
Phosphorites mainly differ from the other European regions
in lacking Palacobatrachidae. This extinct family of aquatic
frogs is relatively frequent in the European Eocene and
Oligocene (Spinar 1972, Wuttke et al. 2012). In addition,
Rage and Rocek (2003) reported a leptodactylid frog from
the late Eocene of France. As previously mentioned, this
presumed leptodactylid (i.e., Thaumastosaurus, in the Phos-
phorites) has been transferred to the ranoids after scanning
of one of the ‘mummies’ (Laloy et al. 2013); therefore,
leptodactylids should be removed from the list of anurans of
the Phosphorites (and most likely from the list of anurans
from the Eocene of Europe). On the other hand, the presence
of Pelodytidae in the Eocene of Europe is now confirmed on
the basis of bones reported here from the Phosphorites.

The occurrence of a number of families in the Phos-
phorites has not yet been settled. Sanchiz (1998) reported the
occurrence of Microhylidae and Rhacophoridae in the late
Eocene of the Phosphorites (more precisely from Escamps,
MP 19), but he did not describe the fossils and he did
not indicate what skeletal elements were used for these
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identifications. Consequently, Rage and Roc¢ek (2003) did
not regard the presence of these two families as confirmed.
The available material does not help resolve this question.
Bones that suggested the presence of microhylids (Sanchiz
1998) are most likely ilia that show a bufonid-like or
microhylid-like morphology (see above). If they do not
belong to bufonids, they might be ilia of microhylids, even
though no other bones from the Phosphorites appear referable
to the latter group. Alternatively, those bufonid- or micro-
hylid-like ilia may represent an unknown taxon. The presence
of thacophorids (Sanchiz 1998) remains highly questionable,
because no bone currently known from the Phosphorites may
be confidently assigned to that family.

To sum up, the Eocene sequence of the Phosphorites
has produced Alytidae (= Discoglossidae), Pelobatidae,
Pelodytidae, and ranoids. The last group represents the most
diverse assemblage in the Eocene of the Phosphorites; it
includes at least two species of Thaumastosaurus and three
indeterminate forms. In addition, although the presence of
microhylids or bufonids, and rhacophorids appears to be
quite unlikely, it is not possible to definitely reject any of
those occurrences. The presence of an indeterminate taxon is
possible on the basis of an odd sacrum.

The Oligocene sequence is less diverse, with only
Alytidae, Pelobatidae and ranoids being definitely present in
the Phosphorites.

The absence of Palaeobatrachidae from the Eocene and
Oligocene of the Phosphorites most likely results from the
local environment. They were obligate aquatic dwellers,
which was likely not compatible with a karstic ecosystem.
However, semi-aquatic or peri-aquatic frogs (sensu Bohme
2008), such as alytids of the Discoglossus group and pro-
bably some ranoids were able to live there.

The anuran fauna from the Oligocene of the Phosphorites
is less rich and less diverse than that from the Eocene. This
may be the consequence of several factors. First, a marked
extinction event, the ‘Grande Coupure’, strongly affected the
faunas at the Eocene-Oligocene boundary (Rage 1984a,
2012). In addition, cooling and aridification, which began
during the Eocene, increased during the Oligocene.

Finally, it should be stressed that frog taxa identified at
genus or species levels are rare in the Phosphorites. This
results from the fact that with anuran remains being rare in
each locality, it is difficult to determine the proper
association of bones belonging to the same taxon and
characterizing it.
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