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Abstract The extinct Eopelobates (Eocene of western
North America; Eocene–Pliocene of Europe) and
Pelobates (Oligocene–Recent of Europe; Recent of
northern Africa and the Middle East) are superficially
toad-like anurans that are united within the family
Pelobatidae mainly on the basis of a unique, tripartite
frontoparietal complex. Both genera have a relatively
good fossil record consisting of isolated bones, skeletons,
and developmental series of tadpoles through adults, all
of which are potentially informative for tracing the evo-
lutionary history of the family. Eopelobates is of interest
for several reasons. Of the two pelobatid genera,
Eopelobates appears earlier in the fossil record (early
Eocene vs. late Oligocene) and it is more primitive in
lacking many of the features associated with fossoriality
in extant Pelobates. The taxonomic composition of
Eopelobates has been contentious and at least one puta-
tive new species has long been recognised, but never
formally named. Here, we provide updated taxonomic
accounts for Pelobatoidea, Pelobatidae, Pelobates, and

Eopelobates and document development within a series
of tadpoles and juveniles of E. bayeri from Bechlejovice
(late Oligocene in age), Czech Republic. We also provide
updated accounts for the five previously named and
currently accepted species of Eopelobates. For the Euro-
pean congeners, E. anthracinus (late Oligocene) and
E. bayeri (early Oligocene–middle Miocene) can confi-
dently be regarded as separate species; although the
distinction between E. hinschei and E. wagneri (both
middle Eocene) is less certain, we provisionally maintain
them as separate species. Micro-CT scans for the holo-
type skeleton of E. grandis (latest Eocene, USA) help
resolve some problematic features, most notably showing
that the cranial sculpture is of the pit-and-ridge style that
is typical for Eopelobates. A sixth congener is named
and described based on two skeletons from the middle
Eocene portion of the Green River Formation, in Wyo-
ming, USA. We caution that reports of Eopelobates-like
anurans from the pre-Eocene of western North America
and the early Eocene of India are based on isolated
bones that cannot be assigned with confidence to that
genus. The presence of Eopelobates in both North Amer-
ica and Europe may be explained by dispersal via the
high latitude land bridge that connected those two conti-
nents during the late Paleocene through Eocene. The
pelobatid fossil record is informative for documenting
the nature and timing of changes in cranial features
(e.g. ornament patterns, shape of nasals, pattern of
frontoparietal–squamosal contact) from the inferred prim-
itive condition seen in most Eopelobates to the more
derived condition seen in extant Pelobates, but it is less
informative for tracing the evolution of fossoriality,
which is a key attribute of extant Pelobates.
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Introduction

As is typical for many anuran families, Pelobatidae has a
complex taxonomic history in which its content, geographic
and temporal distribution, diagnostic features, and inferred
relationships with other anurans has changed considerably
since it was named by Bonaparte in 1850 (e.g. see reviews
by Maglia 1998; Frost et al. 2006). Bonaparte (1850) diag-
nosed Pelobatidae exclusively on non-osteological features,
such as vertical pupils and inguinal amplexus, and he included
just three extant genera of toad-like frogs within the family:
Pelobates from Europe (eastwards to the Ural Mts. and Ural
River), northern Africa, and the Middle East; Scaphiopus
from North America; and Megophrys from south-eastern
Asia. In the same paper, Bonaparte (1850) considered the
extant genus Pelodytes from western Europe and Caucasus
distinctive enough to be assigned to its own family, which he
called Pelodytidae. Those four genera are closely related (e.g.
Duellman and Trueb 1994; Henrici 1994; Maglia 1998; Frost
et al. 2006; Henrici et al. 2013), to the extent that, in some
earlier classifications, they were placed together within the
same family (e.g. Boulenger 1910; Noble 1931). The first
skeletal features (arciferal shoulder girdle and procoelous
vertebral centra) for Pelobatidae sensu Bonaparte (1850) were
provided by Cope (1865). In subsequent years, the list of
diagnostic features expanded to include, for example, fusion
of the sacral vertebra with the urostyle, a keratinized metatar-
sal spade supported by a well-ossified prehallux, and sculp-
tured dermal bones. The content of Pelobatidae also swelled,
as new extant genera and species were named (many of those
were Megophrys-like taxa from southern Asia) and as fossil
genera and species were recognised. This expanded concept
of Pelobatidae survived to the end of the twentieth century
(e.g. Duellman and Trueb 1994; Sanchiz 1998), with the
family by that time being subdivided into two or three sub-
families and containing more than a dozen genera and nearly
100 species. New insights from molecular analyses (e.g.
García-París et al. 2003; Roelants and Bossuyt 2005; San
Mauro et al. 2005), from larger scale cladistic analyses that
used various combinations of osteological, larval, molecular,
and other characters (e.g. Haas 2003; Frost et al. 2006), and
from the fossil record (e.g. Henrici and Haynes 2006; Henrici
et al. 2013) corroborated the idea that at least some of the
previously recognised subfamilial groupings are natural as-
semblages, but as yet there is little consensus on the contents
of those groups, their relative ranks, or their inter-
relationships.

Here, we use the name Pelobatidae in a restrictive sense for
the more inclusive taxon containing the genera Pelobates
Wagler, 1830 and Eopelobates Parker, 1929. These two gen-
era are widely considered to be closely related based on their
shared presence of a tripartite frontoparietal complex that is
formed by the paired frontoparietals and by a unique posterior

bone (the so-called “posterior median element”). This trio of
bones appears in later-stage tadpoles. In postmetamorphic
individuals, the posterior median element fuses with the
frontoparietals, and, in fully grown adults, the frontoparietals
also fuse together. Thus, unlike in other anurans, in both
Pelobates and Eopelobates the median line of contact between
the left and right frontoparietals is prevented by the posterior
median bone from reaching the posterior margin of the
frontoparietal (e.g. Roček 1981; Maus and Wuttke 2002,
2004; Roček and Wuttke 2010).

The first fossil pelobatids were recognised in the mid-
1800s. Pelobates decheni Troschel, 1861 was based on an
articulated skeleton from the late Oligocene of Rott, near
Bonn, Germany (Troschel 1861; Böhme et al. 1982). Since
then, Pelobates fossils have been reported from many locali-
ties of middle Oligocene to Pleistocene age in Europe. At
present, four exclusively fossil species (P. decheni,
P. fahlbuschi, P. praefuscus, and P. sanchizi) and numerous
specifically indeterminate occurrences are known (e.g.
Sanchiz 1998; Roček and Rage 2000; Roček 2013; this
study). The genus also contains four extant species: two in
Europe, one in the Middle East, and one in northern Africa
(Frost 2014). Three of those species (P. cultripes, P. fuscus,
and P. syriacus) also have fossil occurrences (Sanchiz 1998;
Roček 2013). The same upper Oligocene strata near Rott that
yielded the holotype skeleton of P. decheni later yielded an
anuran skeleton sufficiently different from Pelobates that it
was described by Parker (1929) as the new genus and species
Eopelobates anthracinus. Over the next 60 years, another nine
species of Eopelobates were described, largely on the basis of
articulated skeletons, from the Eocene–Miocene of Europe,
the Eocene of North America, and the Late Cretaceous of Asia
(e.g. Sanchiz 1998; Roček and Rage 2000; Roček 2013; this
study). Taxonomic revisions have reduced the number of
named Eopelobates species to four from Europe and one from
North America (e.g. Roček 2013; this study). Specifically
indeterminate bones reliably extend the range of the genus
forward into the Pliocene in Europe. Elsewhere, putative
Eopelobates bones have been reported from the early Eocene
of India (Folie et al. 2013) and the Late Cretaceous to Eocene
of western North America (e.g. Estes 1970; Golz and
Lillegraven 1977; Gardner and DeMar 2013).

Pelobates and Eopelobates both have extensive fossil re-
cords consisting of isolated bones, skeletons, and ontogenetic
series of tadpoles through to fully metamorphosed adults (e.g.
Estes 1970; Špinar 1972; Roček 1981; Sanchiz 1998; Roček
and Rage 2000; Maus and Wuttke 2002, 2004; Roček 2013;
this study). Yet, for postmetamorphic individuals, the limited
number of skeletons and the preponderance of isolated bones
available for fossil species of Pelobates makes it challenging
to interpret evolutionary trends and relationships within that
genus. By contrast, Eopelobates is known by a greater number
of skeletons. Each of the six Eopelobates species recognised
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by us is documented by at least one skeleton and several, such
as E. bayeri Špinar, 1952 and E. wagneri (Weitzel, 1938), are
known bymultiple skeletons, some exquisitely preserved (e.g.
Špinar 1952, 1972; Wuttke 2012b).

Despite the relatively large samples of Eopelobates skele-
tons now available, numerous questions and uncertainties
remain, such as: (1) whether two pairs of European species
(E. anthracinus vs. E. bayeri; E. hinschei vs. E. wagneri) are
truly distinct at the specific level; (2) whether the North
American Eocene species E. grandis Zweifel, 1956 can be
retained within Eopelobates, despite its reportedly unusual
cranial sculpture; (3) whether an unamed, Eopelobates-like
anuran from the Green River Formation (Eocene, USA) can
be assigned to the genus, as several authors have suggested
(e.g. Grande 1984; Henrici 2002, Holman 2003); (4) whether
isolated Eopelobates-like bones reported from the Late Creta-
ceous to Eocene of North America and from the early Eocene
of India can confidently be assigned to that genus; and (5)
what are the relationhips among the diagnosable species of
Eopelobates?

In this paper, we address some of the above points by
providing updated taxonomic accounts for Pelobatoidea,
Pelobatidae, Pelobates, and Eopelobates. Although the
focus of our paper is on Eopelobates, accounts for its
sister genus Pelobates and the larger groups to which
those genera belong (i.e. Pelobatidae and Pelobatoidea)
are necessary to provide some context for Eopelobates
and to highlight how it differs from Pelobates. For
Eopelobates, we also document development within a
series of tadpoles and juveniles of E. bayeri from the
upper Oligocene locality of Bechlejovice, Czech Repub-
lic. For the species of Eopelobates, we provide taxonom-
ic and, where relevant, descriptive accounts for the five
currently accepted species. Our account for E. grandis
relies on micro-CT scans (the first published for a fossil
pelobatid) that help clarify the pattern of cranial sculp-
ture in the holotype and only available specimen. Addi-
tionally, we formally name and describe a sixth species
of Eopelobates on the basis of two skeletons from the
Green River Formation (middle Eocene in age) of Wyo-
ming, USA. In the final part of our paper, we evaluate
problematic reports of Eopelobates-like anurans in the
Eocene of India and pre-Eocene of North America, pro-
vide a possible explanation for the disjunct distributions
of Eopelobates in Europe and North America during the
Eocene, and comment on what the fossil record can and
cannot tell us about trends in cranial structure and sculp-
ture and in fossoriality within Pelobatidae. Although we
do not do so in this paper, much of the information
presented here could be useful for attempting a cladistic
analysis of Eopelobates and for testing our ideas about
palaeobiogeography and evolutionary trends within
Pelobatidae.

Materials and methods

Although we are aware that taxa above the species level (genus,
family, superfamily, etc.) have no biological meaning, we pro-
vide diagnoses for them. Diagnoses for supraspecific taxa and
for Eopelobates species are presented in a format that essentially
is a list of characters deemed to be important or useful in
classification (although not all are necessarily diagnostic except
when considered in combination; in contrast, some features
appear to have diagnostic value on their own). For ease of use,
we have attempted to list the relevant cranial and postcranial
characters in a standardised order within each diagnosis. Ideally,
such lists of diagnostic features should be limited to those that
represent differences between species. In contrast to extant taxa,
however, diagnoses of extinct taxa, which are often represented
by incomplete specimens, cannot always be complete.

Collectively, we have examined firsthand all of the
Eopelobates specimens reported in this study. These include
original specimens, plus some peels and replicas. Most of the
specimens used in our study were examined visually under
dissecting microscopes at low magnifications. The holotype
skeleton of Eopelobates grandis was also examined using
micro-CT scans. That specimen was scanned by one of us
(B-ASB) on a Nikon X-Tek 225 kV cabinet system with a
tungsten target and the source set at 95 kVand 90 mA. A total
of 3,200 views were collected on the 2,048×2,048 detector,
averaging 2 frames, with an exposure time of 1 s. Images of
the 3D volume rendering were made in VGStudio Max 2.2
using the reconstructed data from the 32-bit float raw file with
no downsampling, using the volume rendering algorithm with
two light sources and shadows on.

We generally follow the morphological terminology of
anuran bones introduced by Bolkay (1919).

Specimens used in this study

Note that unless stated otherwise, all are skeletons of meta-
morphosed individuals. Eopelobates anthracinus – holotype
(NHMUK R4841); counterpart of the same specimen (GPIB-
Ro 4029); GPIT 1733; tadpole (NHMUK PV OR49464).
Eopelobates bayeri – holotype (NMP Pb 412); paratype
(NMP Pb 1694, part, and NMP Pb 1114, counterpart); tad-
poles (NMP Pb 227, NMP Pb 228, NMP Pb 350, NMP Pb
418, NMP Pb 430, NMP Pb 434, NMP Pb 439, NMP Pb 407,
NMP Pb 440, NMP 443, NMP 444, NMP Pb 445, NMP Pb
449, NMP Pb 450, NMP Pb 1397, NMP Pb 1398, NMP Pb
1401, NMP Pb 1402, NMP Pb 1403, NMP Pb 1404, NMP Pb
1461, NMP Pb 1462, NMP Pb 1463, NMP Pb 1464, NMP Pb
1467, NMP Pb 1474, NMP Pb 1475, NMP Pb 1476, NMP Pb
1477, NMP Pb 1568, NMP Pb 1569, NMP Pb 1577, NMP Pb
1578, NMP Pb 1579, NMP Pb 1695, NMP Pb 1704, NMP Pb
1705, NMP Pb 1716, NMP Pb 1717, NMP Pb 1732, NMP Pb
1733, NMP Pb 1734, NMP Pb 1735, NMP Pb 1736, NMP Pb
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1737). New species of Eopelobates holotype (BHM-123);
epoxy resin casts or peels of the holotype (FMNH PR 1613,
SMM P78.8.29, TMP 2013.05.16); paratype (SMNK PAL
6659a and b, part and counterpart, respectively). Eopelobates
grandis – holotype (YPM-PU 16441). Eopelobates hinschei –
holotype (GMH 1312, formerly holotype of Halleobatrachus
hinschei); GMH 6728 (formerly holotype of Archaeopelobates
eusculptus); GMH 6692; GMH 6753. Eopelobates wagneri –
holotype (HLMD-Me 1286); paratype (HLMD-Me 4359).
Macropelobates linquensis – neotype (IVPP V7700).
Macropelobates osborni – holotype (AMNH 6252). Pelobates
decheni – holotype (GPIB-Ro 4031). Pelobates cf. decheni –
NHMM PW1995/5802a-LS, NHMM PW1997/5040.
Pelobates fuscus – DP FNSP 5826, DP FNSP 5895, DP FNSP
5896, DP FNSP 5897, DP FNSP 6326, DP FNSP 6333, DP
FNSP 6335, DP FNSP 6339, DP FNSP 6433, DP FNSP 6438.
Pelobates varaldii – DP FNSP 6328a. Pelobates indet. –
frontoparietal (IZANK 3338). Uldzinia kurochkini – holotype
maxilla (PIN 3109/236).

Anatomical abbreviations

F – femur; NF – Nieuwkoop and Faber (1967) developmental
stage; SVL – snout-vent length; TF – tibiofibula; V1–V8 –
presacral vertebrae numbered anterior to posterior.

Institutional abbreviations

AMNH – American Museum of Natural History, New York,
USA; BHM –BlackHillsMuseum (part of BlackHills Institute
[BHI]), Hill City, South Dakota, USA; DP FNSP –Department
of Paleontology, Faculty of Natural Sciences, Charles Univer-
sity, Prague, Czech Republic; FMNH – Field Museum of
Natural History, Chicago, Illinois, USA; GMH –
Geiseltalmuseum, Martin Luther Universität, Halle/Saale, Ger-
many; GPIB – Steinmann-Institut für Geologie, Mineralogie
und Paläontologie, Friedrich-Wilhelms-Universität, Bonn, Ger-
many, GPIT – Paläontologisches Institut und Museum für
Geologie und Paläontologie, Universität Tübingen, Germany;
HLMD – Hessisches Landesmuseum, Darmstadt, Germany;
IVPP – Institute of Vertebrate Paleontology and Paleoanthro-
pology, Chinese Academy of Sciences, Beijing, China; IZANK
– Institute of Zoology, Academy of Sciences, Kiev, Ukraine;
MCZ –Museum of Comparative Zoology, Harvard University,
Cambridge, Massachusetts, USA; NHMM – Naturhistorisches
Museum, Mainz, Germany; NHMUK – Natural History Mu-
seum, London, England; NMP – National Museum, Prague,
Czech Republic; PIN – Paleontological Institute, Russian
Academy of Sciences, Moscow, Russia; SMM – Science Mu-
seum of Minnesota, St. Paul, Minnesota, USA; SMNK –
Staatliches Museum für Naturkunde, Karlsruhe, Germany;
TMP – Royal Tyrrell Museum of Palaeontology, Drumheller,
Alberta, Canada; UALVP – University of Alberta Laboratory

for Vertebrate Paleontology, Edmonton, Alberta, Canada;
YPM-PU – Yale Peabody Museum, (former Princeton Univer-
sity collection), Yale University, NewHaven, Connecticut, USA.

Other abbreviations

Ma –millions of year ago;MN –Mammal Neogene (Neogene
portion of European Land Mammal Ages); MP – Mammal
Paleogene (Paleogene portion of European Land Mammal
Ages); NALMA – North American Land Mammal Age.

Systematic palaeontology

Pelobatoidea Bonaparte, 1850

Diagnosis (modified from Duellman and Trueb 1994, their
“Pelobatidae”; Roček 2013): Eight procoelous presacral ver-
tebrae with imbricate neural arches; atlantal cotyles closely
juxtaposed; transverse processes of sacral vertebra dilated;
first postsacral vertebra (V10) bears rod-like or dilated trans-
verse processes similar to those of the transverse processes of
sacral vertebra, which fuse to transverse processes of sacral
vertebra by means of bony webbing in fully grown adults (not
known in Megophryidae and Pelodytidae); pectoral girdle
arciferal; omosternum cartilaginous, sternum ossified; anterior
end of scapula not overlain by clavicle; two tarsalia.
Contained taxa: Pelobatidae (Eopelobates and Pelobates);
Scaphiopodidae (Elkobatrachus , Macropelobates ,
Scaphiopus, Spea, and Tephrodytes); Megophryidae
(Borneophrys , Brachytarsophrys , Leptobrachella ,
Leptobrachium, Leptolalax, Megophrys, Ophryophryne,
Oreolalax, Scutiger, and Xenophrys); and Pelodytidae
(Aerugoamnis, Miopelodytes, and Pelodytes) (e.g. Henrici
et al. 2013; Roček 2013; Frost 2014).

Pelobatidae Bonaparte, 1850

Diagnosis (modified from Rage and Hossini 2000; Roček
2013): Dermal roofing bones always covered with sculpture,
which is an integral part of the bone, not a secondary exostosis
like, e.g. in Latonia or tropical hylids; frontoparietal azygous
(at least in posterior part), with convex posterior margin in
metamorphosed individuals, tripartite in larvae and younger
metamorphosed individuals (consisting of a pair of
frontoparietals plus posterior median element inserted poste-
riorly between them: Roček 1981, figs. 42, 43, 44, 50; Maus
and Wuttke 2004, figs. 3, 4); quadratojugal present;
parasphenoid with median keel and posterior median convex-
ity; processus palatinus of maxilla elongate (=palatine fused to
maxilla: Roček 1981, fig. 59a, b; Lebedkina 2004, fig. 95a);
postchoanal ramus of vomer absent; pterygoid with
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moderately developed ventral flange on its lateral margin;
sternum with elongated, posteriorly tapered ossified stylus;
caput humeri shifted laterally, fossa cubitalis open laterally;
ilium without dorsal tubercle, iliac shaft without dorsal crest.
Contained genera: Pelobates and Eopelobates.
Stratigraphy and distribution1: Late Cretaceous – Type area
of Judith River Formation (Campanian), Montana, USA
(Sahni 1972); Ellisdale (Campanian), New Jersey, USA (Den-
ton and O’Neill 1998); intertrappean beds (Maastrichtian) of
Asifabad and Takli (former Gitti Khadan), near Nagpur, India
(Sahni et al. 1982; Gayet et al. 1984; Prasad and Sahni 1987,
2009). Early Eocene –MP 7, Silveirinha, Portugal (Rage and
Augé 2003);MP 7, Le Quesnoy, France (Nel et al. 1999). Late
Eocene – MP 18, St Neboule, Priabonian, France (Rage and
Vergnaud-Grazzini 1978; Rage 1988). Early Oligocene –MP
21, Hoeleden and Hoogbutsel, Belgium (Hecht and
Hoffstetter 1962). Middle Miocene – Gürcü Valley, Turkey
(Wassersug and Wake 1995); Sarmatian, Karpov Yar, Moldo-
va (Skutschas and Bannikov 2009). Late Miocene – MN 9,
Rudabánya, Hungary (Roček 2005). Recent – Europe (east to
the Ural Mts. and Ural River), northern Africa, and Middle
East.
Remarks: Here we view Pelobatidae in the taxonomical
sense of Frost et al. (2006) and include in it only the
type genus Pelobates Wagler, 1830 and Eopelobates
Parker, 1929 (e.g. Roček 1981, 2013). Several other
genera that have been included in Pelobatidae are brief-
ly discussed below.

Uldzinia kurochkini Gubin, 1996 is from the early Oligo-
cene of Mongolia. It is known only by the left holotype
maxilla PIN 3109/236 from a medium-sized frog (length of
maxilla is 11.8 mm). This taxon was diagnosed by irregular,
pitted sculpture on the posterior part of the outer surface of the
holotype maxilla, a pointed processus zygomaticomaxillaris
having a vertical posterior margin, and a moderately promi-
nent processus posterior (Gubin 1996). However, recent ex-
amination of the specimen by one of us (Z.R.) reveals that the
entire outer surface of the bone lacks sculpture. Instead, there
is only an irregular, groove-like depression running from
below the tip of the processus zygomaticomaxillaris and more
or less parallel with the margo orbitalis towards the mid-depth
of the bone at the level of the processus frontalis, where it
disappears. Additionally, there is a triangular depression on
the outer surface of the bone between the processus
zygomaticomaxillaris and the processus posterior. On the
inner surface, the most remarkable features are the absence
of both the processus palatinus and the processus pterygoideus.

Because the pointed processus zygomaticomaxillaris indicates
ligamentous, rather than osseous contact with the lamella alaris
of the squamosal, and because contacts with the quadratojugal
(if any) and pterygoid also were different from those in
Pelobates and Eopelobates, we exclude Uldzinia from
Pelobatidae. Earlier, Sanchiz (1998) regarded Uldzinia as
incertae sedis within Pelobatoidea.

Macropelobates osborni Noble, 1924 from the early
Oligocene of Mongolia and M. linquensis (Yang, 1977) from
the middle Miocene (equivalent to MN 4 or MN 5 of the
European mammalian chronostratigraphy) of eastern China
differ from Pelobates and Eopelobates mainly in having
paired frontoparietals (Roček et al. 2011). Comparisons within
Pelobatoidea have suggested to some authors that
Macropelobates is more similar to Scaphiopus and Spea,
rather than to Pelobates and Eopelobates (Noble 1924; Roček
1982). However, other authors have argued for a closer rela-
tionship among Macropelobates, Pelobates, and Eopelobates
(e.g. Henrici and Haynes 2006; Henrici et al. 2013).

Elkobatrachus brocki Henrici et Haynes, 2006 from the
middle Eocene Elko Formation, Nevada, USA, was assigned
to Pelobatidae (in a broader sense, corresponding to the
original concept by Bonaparte 1850, and to the superfamily
Pelobatoidea of Frost et al. 2006). Among other characters, it
was diagnosed by the absence of sculpture on dermal skull
bones, by having paired frontoparietals without a tectum
supraorbitale (=supraorbital flange) and with occipital canal
exiting onto dorsal surface of frontoparietal, and by having the
urostyle longer than the remainder of the vertebral column. It
is obvious that these characters do not fit into the scope of the
Pelobatidae as defined in the present paper, and would rather
point to Scaphiopodidae. However, several features (uro-
style exceeding the length of the vertebral column and
provided with two, broad-based, laterally oriented trans-
verse processes; different style of pectoral girdle) that
differ greatly from both Pelobatidae and Scaphiopodidae
might indicate that Elkobatrachus does not fit into any
of these families, at least as they are diagnosed on
extant taxa. It should also be noted that, because the
carpal and distal tarsal bones are not ossified and were
presumably cartilaginous at the time of death, and be-
cause the notochord was probably still continuous,
Elkobatrachus specimens do not represent fully grown
adults (Henrici and Haynes 2006).

Pelobates Wagler, 1830

1830 Pelobates Wagler, Naturl. Syst. Amph., p. 206. – Spe-
cies typica (by subsequent designation): Bufo fuscus
Laurenti, 1768

1832 Cultripes Müller, Tiedem. Zeitschr. Phys. 4: 212, Isis
(Oken) 1832: 538. – Species typica: Cultripes minor
Müller, 1832 = Pelobates fuscus Wagler, 1830

1 Some of these occurrences are mentioned, together with Eopelobates, in
the discussion portion of this paper. Fossil occurrences listed here are
limited to reports of indeterminate pelobatids (in the broader sense used
by earlier workers) and may not be assignable to Pelobatidae in the sense
that we view that family here; occurrences identified to genus or species
are presented in the corresponding genus accounts.
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1866 Didocus Cope, J. Acad. Nat. Sci. Philad. (2)6: 81. –
Species typica: Didocus calcaratus (Michahelles,
1830)=Pelobates cultripes (Cuvier, 1829)

1866 Zaphrissa – Cope, J. Acad. Nat. Sci. Philad. (2)6: 77 –
Species typica (by monotypy): Zaphryssa eurypelis
Cope, 1866 = Pelobates decheni Troschel, 1861

1958Pseudopelobates Pasteur, C.R. Acad. Sci. Paris 247: 1037. –
Species typica (by monotypy): Pelobates transcaucasicus
Delwig, 1928 = Pelobates syriacus boettgeriMertens, 1923

Diagnosis (modified from Rage and Hossini 2000): Sculpture
on dermal roofing bones of pit-and-ridge type (in Oligocene
and some Miocene forms), pustular (in Pliocene through
Recent forms), and transitional between those patterns (in
some Miocene forms); anterolateral margin of nasals concave
in its anteromedial section, and convex or straight in its
posterolateral section; sphenethmoid in fully grown adults
completely covered by posterior part of nasals and anterior
end of frontoparietal; frontoparietal in contact with squamosal
in fully grown adults (separated only in Pelobates fuscus);
urostyle short (its posterior end not reaching acetabular part of
pelvis); tibiale and fibulare fused at their ends in fully grown
adults; spade present in Recent forms (but absent in P. decheni
and possibly also in other Oligocene forms for which com-
plete hindlimbs are known); TF equal or shorter than F; F+TF
shorter than SVL.
Stratigraphy and distribution2: Middle Oligocene –
Pelobates sp., Mas-de-Got (MP 22), Itardies (MP 23), Pech
Grabit (MP 23), all Quercy, France (de Bonis et al. 1973). Late
Oligocene – P. decheni, Rott, MP 30, near Bonn, Germany
(Böhme et al. 1982); Enspel, MP 28, Germany (Roček and
Wuttke 2010); Pelobates sp., Oberleichtersbach, MP 30, Ger-
many (Böhme 2008); Pelobates sp., Coderet, MP 30, France
(Crochet 1972). Early Miocene – P. fahlbuschi ,
Sandelzhausen, 16.47 or 16.27 Ma, Germany (Böhme
2010); P. sanchizi, Mokrá-Western Quarry, MN 4, Czech
Republic (Ivanov 2008). Middle Miocene – P. sanchizi,
Mátraszőlős 1, Mátraszőlős 2, and Sámsonháza 3, all MN 6,
Hungary (Venczel 2004) and Gratkorn, 12.2–12.0Ma, Austria
(Böhme and Vasilyan 2014); P. cultripes, France (Bailon et al.
1988); Pelobates sp., Sansan, MN 6, France (Rage and
Hossini 2000). Early or middle Miocene – Pelobates sp.,
Bes-Konak, Turkey (Paicheler et al. 1978). Middle–late Mio-
cene – P. cf. sanchizi, Felsötárkány-Felnémet, MN 7+8–MN
9, Hungary (Venczel and Hír 2013). Late Miocene –
Pelobates, Los Aljezares, Teruel, MN 12, Spain (Sanchíz
1977); Pelobates sp., Gritsev, Sarmatian, Ukraine (Zerova
1985); Pelobates fuscus, Novaya Emetovka, Ukraine
(Chkhikvadze 1984). Pliocene – P. fuscus, France (Bailon
et al. 1988); Pelobates sp., Arondelli, Italy (Vergnaud-
Grazzini 1970); P. fuscus, Pelobates cf. P. fuscus, and

Pelobates sp., Węże 1 and 2, both MN 15, Rębielice
Królewskie 1, MN 16, Poland (Młynarski 1961, 1962, 1977;
Roček 1981;Młynarski et al. 1984; Sanchiz 1998);P. syriacus,
Rębielice Królewskie 1, MN 16, Poland (Młynarski 1977;
Sanchíz and Mlynarski 1979; Młynarski and Szyndlar
1989); Pelobates cf. fuscus, Ivanovce Csarnotan, Slovakia
(Hodrová 1981); Pelobates sp. Çalta, Turkey (Rage and Sen
1976); P. praefuscus, Etulia, Moldavia (Khosatzky 1985).
Middle Pleistocene – P. cultripes, Spain (Sanchíz 1983). Late
Pleistocene – Pelobates cf. syriacus, Pili 2, Kos Island, Greece
(Sanchíz 1984); P. fuscus and Pelobates sp., France (Bailon
et al. 1988); Pelobates sp., Šandalja near Pula, Croatia
(Paunović 1984); Pelobates sp. and P. fuscus, Zmeevka and
Rudnyi, both Belgorodsky Region, Russia (Ratnikov 1988);
Pelobates sp., Hortus cave, Hérault France (Rage 1972).
Recent – Europe, northern Africa, and the Middle East.
Remarks: Sculpture on dermal roofing bones pustular
(Pelobates cultripes, P. fuscus, P. praefuscus, P. syriacus, and
P. varaldii: Roček 1981; Khosatzky 1985) or pit-and-ridge
(P. decheni: Böhme et al. 1982; Roček and Wuttke 2010;
P. fahlbuschi: Böhme 2010;P. sanchizi: Venczel 2004;Pelobates
sp. from Oberleichtersbach: Böhme 2008; Pelobates sp. from
Sansan: Rage and Hossini 2000). Because sculpture varies
within the genus, it can be used only in association with
other diagnostic characters. Similarly, the sacro-urostylar
articulation is movable in P. decheni, whereas both
elements are coalesced in Recent forms; the tibiale and
fibulare are free from one another in P. decheni, where-
as those bones are fused in extant forms; and a spade is
reliably known only in Recent forms.

Eopelobates Parker, 1929

1929 Eopelobates Parker, Ann. Mag. Nat. Hist. 4: 277. –
Species typica (by monotypy): Eopelobates
anthracinus Parker, 1929

1938 Propelodytes Weitzel, Notizbl. Hessischen Geol.
Landesanst. 19: 43. – Species typica (by monotypy):
Propelodytes wagneri Weitzel, 1938

1941 Halleobatrachus Kuhn, Nova Acta Leopold. 10: 353. –
Species typica (by monotypy): Halleobatrachus
hinschei Kuhn, 1941

1941 EobuffelaKuhn, Nova Acta Leopold. 10: 356. – Species
typica (by monotypy): Eobuffela parvula Kuhn, 1941

1941 Parabufella Kuhn, Nova Acta Leopold. 10: 358. –
Species typica (by monotypy): Parabufella longipes
Kuhn, 1941

1941 Palaeopelobates Kuhn, Nova Acta Leopold. 10: 360. –
Species typica (by monotypy): Palaeopelobates
geiseltalensis Kuhn, 1941

1941 Archeopelobates Kuhn, Nova Acta Leopold. 10: 361. –
Species typica (by monotypy): Archaeopelobates
efremovi Kuhn, 19412 Only records determined as Pelobates are included.
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1941 Amphignathodontoides Kuhn, Nova Acta Leopold.
10: 364. – Species typica (by monotypy) :
Amphignathodontoides eocenicus Kuhn, 1941

1941GermanobatrachusKuhn, NovaActa Leopold. 10: 368. –
Species typica (by monotypy): Germanobatrachus
beurleni Kuhn, 1941

Diagnosis (modified from Roček 2013): Sculpture on dermal
roofing bones exclusively of pit-and-ridge type; anterolateral
margin of nasals straight along its entire length; sphenethmoid
in fully grown adults exposed in a rhomboid gap between
posterior part of nasals and anterior margin of frontoparietal;
frontoparietal not in contact with squamosal; urostyle long,
may reach level of acetabular portion of pelvis; tibiale and
fibulare not coalesced (fused only in adults of Eopelobates
bayeri and in E. grandis); spade absent; TF equal or longer
than F; F+TF exceeding SVL in fully grown adults, but
shorter than SVL in juveniles.
Stratigraphy and distribution: Late Cretaceous (assorted
published identifications, all variations of either definitely
assigned to, questionably assigned to, or compared to
Eopelobates) – Fruitland Formation (Campanian), NewMexico,
USA (Armstrong-Ziegler 1980); Mesaverde Formation
(Campanian), Wyoming, USA (e.g. DeMar and Breithaupt
2008); Lance Formation (Maastrichtian), Wyoming, USA (e.g.
Estes 1970; Estes and Sanchíz 1982; Gardner 2008); Bug Creek
Anthills locality (Maastrichtian or early Paleocene), Hell Creek
Formation, Montana, USA (Estes and Sanchíz 1982; Gardner
2008). Early Eocene – Eopelobates aff. E. hinschei, Prémontré,
MP 10, France (Duffaud 2000); Eopelobates sp., Vastan Lignite
Mine, Ypresian, Gujarat, India (Folie et al. 2013). Middle Eo-
cene – Eopelobates hinschei, Geiseltal, lower Geiseltalium, near
Halle, Germany (Estes 1970); Eopelobates wagneri, Grube
Messel, lower Geiseltalium, near Darmstadt, Germany (Wuttke
2012b). New species of Eopelobates, Green River Formation,
Wyoming, USA (this study). Late Eocene – Eopelobates
grandis, Chadron Formation, South Dakota, USA (Zweifel
1956; Estes 1970; Henrici 2002); cf. Eopelobates sp., Mission
Valley Formation, California USA (Golz and Lillegraven 1977);
Eopelobates cf. E. hinschei, Hordle Cliff, England (Milner et al.
1982); cf. Eopelobates, Headon Hill, Isle of Wight, England
(Rage and Ford 1980); cf.Eopelobates, Quercy, France (Crochet
et al. 1981). Early Oligocene –E. bayeri, Hoogbutsel, Hoeleden,
and Boutersem TGV sites, all MP 21, Belgium (Smith 2003);
Eopelobates sp., Sieblos, Germany (Gaudant 1985);
Eopelobates sp., Zaisan Basin, Kazakhstan (Chkhikvadze
1985). Late Oligocene – E. anthracinus, Rott, MP 30, near
Bonn, Germany (Parker 1929); E. bayeri – Bechlejovice, Czech
Republic (Špinar 1952, 1972; Bellon et al. 1998); Eopelobates
sp., Oberleichtersbach, MP 30, Germany (Böhme 2008). Early
Miocene – Eopelobates sp., Dolnice, MN 4, Czech Republic
(Hodrová 1987); Sandelzhausen, MN 5, Germany (Böhme
2010). Middle Miocene – E. bayeri, Devínska Nová Ves,

Slovakia (Hodrová 1988). Pliocene – Eopelobates sp.,
Osztramos 1, MN 14, Hungary (Venczel 2001); Węże 1, MN
15, andRębieliceKrólewskie 1,MN16, both Poland (Młynarski
1961, 1962; Sanchíz and Mlynarski 1979); ?Eopelobates cf.
bayeri, Ivanovce Csarnotan, Slovakia (Hodrová 1981); E. cf.
bayeri, Gorishnaya Vygnanka, Ukraine (K.A. Tatarinov in
Chkhikvadze 1981, 1984).
Remarks: The original diagnosis of the genus Eopelobates
given by Parker (1929, pp. 277–278) was as follows: “Max-
illary teeth present; bony incrustations on the frontoparietal,
squamosal, and maxilla; last two bones broadly in contact
behind the orbit. Eight pre-sacral vertebrae, the anterior, at

pollex; tibia as long as the femur, the two together much
shorter than the head and body. Metacarpals less than half
the length of the radio-ulna. Terminal phalanges simple.” In
his description of the type and then only known species,
Parker (1929) specified that the incrustation (=sculpture in
our terminology) is pitted and that the processus zygomaticus
of the squamosal forms a broad suture with the maxilla. He
was able to differentiate the holotype of Eopelobates
anthracinus from Pelobates only by the shorter proximal
phalanges and lack of prehallux in the former.

In 1970, Estes revised the generic diagnosis for Eopelobates
and mentioned the following additional features (our comments
are in parentheses): prominent, elongated sternal style (this
occurs in both Pelobates and Eopelobates, so this character is
included in our diagnosis of Pelobatidae); approximately
subequal orbit and temporal openings (difficult to assess in most
specimens); dermal ossification well developed and fused to
skull roof (sculpture in both Pelobates and Eopelobates is not
a secondary exostosis, but it is an integral part of the bone); skull
roof flat or concave dorsally (this is a preservational artifact
resulting from compression of skulls during fossilization); eth-
moid wide and blunt anteriorly, and with dorsal ethmoid roof
over nasal capsules (this depends on degree of ossification of the
nasal septum, postnasal walls, and nasal tecta; thus, this should
be considered an age-dependent character); prominent, well-
ossified processus paraoccipitalis on frontoparietal and occiput
(also present in Pelobates); complete maxillary arcade (the
quadratojugal is present both in Eopelobates and Pelobates, so
this also is a diagnostic character of Pelobatidae).

The taxonomic composition and geographic and temporal
distributions of Eopelobates have varied since Parker (1929)
first formally named the genus. At its most inclusive,
Eopelobates contained about 10 species ranging from the Late
Cretaceous to Pliocene of Europe, Asia, and North America
(e.g. Duellman and Trueb 1994). At the other end of the
spectrum, Sanchiz (1998) restricted the genus to three named
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least, with short transverse processes; sacral diapophyses
[=transverse processes in our terminology] very widely dilat-
ed; coccyx without transverse processes, not fused with the
sacrum; ilia not thickened at their symphysis. Scapula twice as
long as broad. Tibiale and fibulare free; no pre-hallux or pre-



European species of Eocene–Miocene age. Of the species
previously included within the genus and not synonymised
with other congeners, two Asian Late Cretaceous species
(E. leptocolaptus Borsuk-Białynicka, 1978 and E. sosedkoi
Nessov, 1981) were transferred to the discoglossoid genus
Gobiates and one North American Eocene species (E. guthriei
Estes, 1970) was transferred to Scaphiopus (see Špinar and
Tatarinov 1986; Roček and Nessov 1993; Henrici 2000;
Roček 2013). Accounts for the six congeners recognised here
are presented below in alphabetical order. All six species are
known by slab-style skeletons of varying numbers (one to
several dozens) and quality, and four of the species are known
from just one locality or area.
Development: Stages were determined after Nieuwkoop and
Faber (1967) who provided information about formation of the
skeleton, whereas the normal table proposed by Gosner (1960)
is mainly restricted to external features. Trueb and Hanken
(1992) provided a table comparing equivalent stages of both
tables. To avoid potential confusion with Pelobates, which
might be expected to have tadpoles similar to those of
Eopelobates, development was investigated using tadpoles
(see Fig. 1) largely from a single locality and horizon
(Bechlejovice, late Oligocene) from which Pelobates is absent.

The earliest developmental stage roughly corresponds to
NF stage 51 (Fig. 1a), in which both frontoparietals are
weakly ossified and the posterior median element is not yet
formed. The vertebral column consists of eight vertebrae, of
which the two most posterior are poorly ossified and the
anterior most three are still without transverse processes;
presumably, their left and right neural arches are not fused.
In NF stages 51–52, the parasphenoid appears, the
posteromedial walls of the otic capsules begin to ossify, and
the transverse processes of the anterior three vertebrae become
apparent; the number of vertebrae is still eight or nine
(Fig. 1b, c). In subsequent stages, ossification of the
frontoparietal complex (still consisting of only the paired
frontoparietals) and the parasphenoid proceeds, together with
the otic capsules whose outer wall ossifies; the number of
vertebrae increases to 10 or 11 (Fig. 1d). In NF stages 52–54,
the posterior median element appears above the tectum
synoticum (Fig. 1e, f). As is apparent from Fig. 1f, the poste-
rior median element appears in premetamorphic tadpoles with
eight or nine vertebrae and which still have the typical larval
mouth. It is also obvious from comparisons of Fig. 1g with
Fig. 1h (both tadpoles are at about NF stage 55) that, shortly
before or simultaneous with the first signs of ossification of
the hindlimbs, the larval mouth apparatus is still positioned
close to the anterior end of the head, which indicates that
cranial metamorphosis has not yet begun. By this stage, both
frontoparietals are well ossified and approach one another, and
the otic capsules are now completely ossified. As can be seen
in Fig. 1h, the earliest parts of the hindlimbs to ossify are
diaphyses of the tibia and fibula, which appear when the

vertebral column consists of nine vertebrae. The femur ap-
pears slightly later, when the vertebral column consists of 10
ossified vertebrae (Fig. 1i). In this stage, which may be de-
fined as advanced NF stage 55, the posterior median element
now contacts the posteromedial margin of the frontoparietals.
Shortly afterwards, at about NF stage 56, the iliac shaft begins
to ossify, the tibia and fibula fuse with each other, and
hindlimb ossification extends distally to the tibiale and
fibulare (Fig. 1j; see also Špinar 1972, pl. 176). The whole
pelvic girdle and hindlimbs remain well separated from the
vertebral column. A preceding stage seen in extant Pelobates
fuscus, in which both halves of the pelvic girdle are widely
separated from each other (Ročková and Roček 2005, fig. 5D,
J, N), is not documented by any of our Eopelobates tadpoles,
but it is suggested by Špinar’s (1972) specimen illustrated in
his plate 177 (current catalogue numbers for that part and
counterpart are NMP Pb 443 and Pb 444). In this stage (NF
56), ossification of the vertebral column extends into the
postsacral area, where paired rudiments of the 11th vertebra
may be discerned. Also, no cranial bones other than the otic
capsules, parasphenoid, and those belonging to the
frontoparietal complex can be recognised. It can be inferred
from the size of the NF stage 56 individual illustrated in Fig. 1j

�Fig. 1 Photographs depicting developmental series of Eopelobates. a
The earliest recorded stage, corresponding to about NF stage 51 (NMP Pb
1579), in ventral aspect. b NF stage 51–52 (NMP Pb 439), in ventral
aspect. c NF stage 51–52 (NMP Pb 1403), in ventral aspect. d NF stage
51–52 (NMP Pb 1401), in ventral aspect. eNF stage 52–54 (NHMUKPV
OR49464), in dorsal aspect; arrow points to posterior median element. f
NF stage 52–54 (NMP Pb 1716), in dorsal aspect; arrow points to
posterior median element. g Estimated NF stage 55 (NMP Pb 434), in
ventral aspect. h NF stage 55, early metamorphosis (NMP Pb 1461), in
ventral aspect; arrow points to tibia and fibula. i NF stage 55–56 (NMP
Pb 1463), in ventral aspect; upper arrow points to posterior median
element and lower arrow points to femur. j NF stage 56, early
metamorphosis (NMP Pb 445), in ventral aspect; arrow points to pelvic
girdle with hindlimbs. kNF stage 62, advanced metamorphosis (NMP Pb
450), in ventral aspect. l NF stage 52–54, detail of early stage in
development of frontoparietal complex in premetamorphic tadpole
(NMP Pb 407), in dorsal aspect, showing paired frontoparietals well
separated from the small posteromedian element (latter marked by
arrow). m Estimated NF stage 55, frontoparietal complex in advanced
premetamorphic tadpole (NMP Pb 440), in dorsal aspect, showing paired
frontoparietals approaching one another and being contacted along their
posteromedian edges by a moderately wide posterior median element
(latter marked by arrow). n Estimated NF stage 62, detail of frontoparietal
complex in advanced metamorphic tadpole (NMP Pb 430), in dorsal
aspect, showing frontoparietals now fused posteriorly and broadly
sutured posteriorly to a posterior median element (latter marked by
arrow) that has now expanded laterally to form the entire posterior
portion of the frontoparietal complex. o NF stage 62, advanced
metamorphosis (NMP Pb 1695), in right dorsolateral aspect; arrow
points to posterior median element. p NF stage 63, advanced
metamorphosis (NMP Pb 449), in ventral aspect, showing well-
developed fore limbs. Species identifications: a–d, f–p are Eopelobates
bayeri from the late Oligocene of Bechlejovice, Czech Republic; e is
E. anthracinus from the late Oligocene of Rott, Germany. Specimens at
different magnifications; scale bars 5 mm

536 Palaeobio Palaeoenv (2014) 94:529–567



Palaeobio Palaeoenv (2014) 94:529–567 537



that the total body length, including the tail, of early meta-
morphic tadpoles could reach about 100 mm. In late meta-
morphic tadpoles (NF stages 62–63), in which the hindlimbs
are nearly completely ossified and the fore limbs are partly
ossified (Fig. 1k, o, p), total body length is shorter (in the
individual illustrated in Fig. 1k, it is estimated at about
70 mm). Recently metamorphosed invididuals (NF stage 66;
not figured) are even smaller, with SVLs of only about 20–
30 mm. In late metamorphic tadpoles, the frontoparietal com-
plex begins to fuse between the parietal portions of the
frontoparietals, leaving a wedge-like fontanelle between the
frontal portions (Fig. 1n). It is also obvious that the posterior
median element increases in width during development, so
whereas it is a relatively small in premetamorphic tadpoles
(Fig. 1e, f, l), it constitutes the whole posterior part of the
frontoparietal complex in late metamorphic individuals
(Fig. 1n; see also Špinar 1972, pl. 171–1).

Eopelobates anthracinus Parker, 1929
Fig. 2

Diagnosis (modified from Estes 1970; Špinar and Roček
1984; Roček 2013): Cranial sculpture restricted to posterolat-
eral margin of frontoparietal complex, posterolateral part of
nasal, posterior part of lamella alaris of squamosal, and pos-
terior half of maxilla; pars facialis of premaxilla almost at
midlength of the horizontal part of the bone, pars facialis
terminates in a rounded point (Fig. 2c) and its medial margin
widely convex; nasals widely separated from each other;
lamella alaris of squamosal gradually tapers anteriorly in a
point, its margo orbitalis is shallowly concave, contact margin
with the processus zygomaticomaxillaris of maxilla is not well
defined; urostyle not coalesced with sacral vertebra
(Fig. 2b, d); tibiale and fibulare not fused with one another;
carpus and distal tarsus not ossified.
Material: Two skeletons of metamorphosed individuals are
available from Rott, Germany. Both are natural molds that
preserve impressions of bones, along with small amounts
of permineralized bone. The holotype (NHMUK R 4841)
is a nearly complete skeleton that is exposed in dorsal
aspect and was first described by Parker (1929; see also
Estes 1970; Špinar 1972). The counterpart (GPIB-Ro
4029) depicts the ventral aspect of the same skeleton; it
remained undocumented for over a half-century, until it was
recognised and described by Špinar and Roček (1984). The
second and less complete skeleton (GPIT 1733) is exposed in
ventral aspect and was described by Roček (1995). A tadpole
(NHMUK PV OR49464) is also known from Rott.
Stratigraphy and distribution: Latest Oligocene, Rott, near
Hennef, Germany (Koenigswald et al. 1992).
Description: Our description is based on the three known
metamorphosed specimens. (The tadpole NHMUK PV
OR49464 was figured and briefly mentioned above in the

“Development” section of the Eopelobates account.) The
holotype (NHMUK R 4841: Fig. 2a, c, d) and its counterpart
(GPIB-Ro 4029: Fig. 2b) are imprints of the same skeleton
exposed in, respectively, dorsal and ventral views; these are
from a relatively small individual, having a SVL of about
32 mm according to Parker (1929). GPIT 1733 (Roček
1995, figs 1, 2) is exposed in ventral aspect; although less
complete, it is from a larger (SVL=40 mm: Roček 1995) and,
evidently, more mature individual.

The pars facialis of the premaxilla is narrow, terminates
dorsally in a rounded point (Fig. 2c), and is deeply concave
along its inner surface. Its base joins the dorsal surface of the
horizontal portion of the bone (=pars dentalis) at approximately
themidpoint of the latter’s width, but slightly closer towards the
medial end. Lateral to the base of the pars facialis, about eight
tooth positions are preserved. Based on the ventral counterpart,
the total number of premaxillary tooth positions is estimated at
12. Themaxilla is low below its margo orbitalis, but the anterior
end of the bone is comparatively deep and its anterior margin is
slightly concave. Posteriorly, the maxilla terminates in a short
processus posterior. The lateral (=external) surface of the pos-
terior portion of the maxilla, back from about the
anteroposterior midpoint of the margo orbitalis, bears weak
sculpture. There are faint horizontal striae closer to the ventral
margin of the bone, whereas dorsally and closer to the margo
orbitalis the sculpture is pitted. Both the processus frontalis and
the processus zygomaticomaxillaris are developed, but neither
is especially prominent. The quadratojugal is rather deep,
mediolaterally compressed, and bears horizontal striations on
its lateral surface similar to those on the processus posterior of
the maxilla. Both the ventral and dorsal margins of the
quadratojugal are smooth and rounded.

The posterolateral part of the nasal is covered by a pit-and-
ridge sculpture that is less pronounced than on the maxilla.
The medial margin of the nasal is slightly concave and its
processus anterior is rounded. In life the paired nasals were
probably widely separated from each other. The processus
paraorbitalis is probably narrow and pointed, but the complete
shape of the bone cannot be reconstructed from the dorsal
imprint. However, the ventral imprint suggests that the antero-
lateral margin of the nasal is only slightly concave. An imprint
of the squamosal on the right side is well preserved on the
holotype (Fig. 2c). The posterior part of the lamella alaris is
deep, with its dorsal margin moderately extending as a broad
processus dorsalis. The anterior part of the lamella alaris, ante-
rior to the level of the processus posterolateralis, tapers anteri-
orly to a thin, but rounded point; its margo orbitalis is slightly
concave and the ventral margin of its processus zygomaticus is
correspondingly convex. The lamella alaris is separated from
the outer surface of the processus posterolateralis by a distinct,
though not especially prominent crista. Externally, the upper
part of the posterior portion of the lamella alaris is covered by
pitted sculpture, whereas the lower part is smooth.
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Fig. 2 Photographs of Eopelobates anthracinus Parker, 1929, from the
latest Oligocene of Rott, Germany. a Holotype skeleton (NHMUK
R4841), natural mold in dorsal aspect; scale bar 10 mm. b Counterpart
of the same skeleton (GPIB-Ro 4029), natural mold in ventral aspect;
same magnification as (a). c Detail of skull in holotype (NHMUK
R4841), in dorsal view; upper arrow points to left premaxilla and lower
arrow points to posterior margin of right nasal; magnification about 2.9×
larger than (a). d Detail of pelvic girdle and vertebral column in holotype

(NHMUKR4841), in dorsal aspect; upper arrow points to sacro-urostylar
joint and lower arrow points to deep groove (represented by a prominent
ledge on the imprint) on right transverse process of sacral vertebra;
magnification about 2.9× larger than (a). Note that direction of lighting
used in these photographs creates the illusion that the bones are preserved
in relief; see Estes (1970, fig. 1) and Špinar (1972, pl. 165) for photo-
graphs of the holotype that accurately depict the bones preserved as
impressions
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The frontoparietal complex is azygous, with no trace of
sutures. Nevertheless, along the midline between both
frontoparietals there is a distinct, anteroposteriorly oriented
depression (Fig. 2c). Although sutures between the posterior
median element and the frontoparietals have disappeared dur-
ing ontogeny, the former element can still be recognised by the
prominent convexity along the posterior margin of the
frontoparietal complex. The dorsal surface of the
frontoparietal complex is covered by a few shallow, but large
pits located along the posterolateral margin of the bone,
whereas there are only several anteroposteriorly oriented striae
covering the anterior part of the bone. The lateral margin of
the dorsal, sculptured surface, at the level of the anterior wall
of the otic capsule, extends laterally as a widely rounded
processus lateralis superior. Between the nasals and
frontoparietals is a large rhomboid gap filled with an imprint
of a pitted sphenethmoid. Although only the imprint of the
medial part of the nasal on the left side is preserved, it is clear
that the sphenethmoid is terminated anteriorly by a sharp
transverse border between both nasals.

The parasphenoid is well preserved on the ventral counter-
part. It has a distinct keel along the anterior part of the
processus medialis (=cultriform process). The shape and pro-
portions of the laterally directed processus lateralis (=lateral
ala) were illustrated by Špinar and Roček (1984, fig. 3B).

The vertebral column consists of eight presacral vertebrae.
The articular facets for the occipital condyles of V1 are sepa-
rated by a narrow and nearly pointed median process. The
transverse processes of V2–V4 are perpendicular and robust,
but their exact shapes cannot be restored. The transverse
processes of the posterior three presacrals are thin and inclined
anteriorly, but their precise extents also cannot be restored.
The transverse processes of the sacral vertebra are dilated
anteroposteriorly and bear a distinct ledge (represented by a
groove on the imprint in the sediment; marked by arrow in
Fig. 2d) parallel with the posteromedial margin on the dorsal
surface of both transverse processes. The urostyle in the
holotype is clearly separated from the sacral centrum and
has no transverse processes. By contrast, the urostyle in the
more mature GPIT 1733 is fused with the sacral vertebral
centrum. The proximal part of the urostyle of both specimens
is broad, but because the rest of the bone is fragmentary in the
holotype and hidden behind the ilium in GPIT 1733, the
complete length of the urostyle cannot be restored in either
specimen. Nevertheless, the urostyle appears to have been
comparatively short, based on the observation that even
though the tips of the iliac shafts are level with the anterior
ends of the sacral transverse processes, the posterior tip of the
urostyle does not reach the iliac symphysis.

The pectoral girdle is arciferous and the medial end of the
coracoid is widely dilated. An imprint of the left scapula is
preserved on the right side of the dorsal aspect of the skeleton
(Fig. 2a); its posterior margin is concave, whereas its anterior

margin is nearly straight. The right scapula is preserved as an
imprint on the right side of the ventral counterpart (Fig. 2b)
next to the sacral vertebra, where it is accompanied by an
imprint of the clavicle. An imprint of the suprascapula also is
preserved on the left side; its dorsal margin is concave, with
the anterior lobe less prominent than the posterior one. The
cleithrum is represented by a deep imprint on the anterior
margin of the suprascapula, but provides no significant infor-
mation. Imprints of the fore limbs are fragmentary, but it
seems that the distal parts of the radioulna are unfused. An
ossified carpus is absent. The phalangeal formula (inferred
from both dorsal and ventral parts) for the manus is 2-?-3-3.
The femur is straight and bears a distinct crista femoris on its
proximal section. The tibiale and fibulare are free from each
other. An ossified distal tarsus is absent. The phalangeal
formula for the pes in GPIB-Ro 4029 is estimated to be 2-2-
3-4-3 (2-2-3-?-3 in GPIT 1733).
Remarks: Eopelobates anthracinus is the type species of
Eopelobates.

Eopelobates bayeri Špinar, 1952
Fig. 3

Diagnosis (modified from Roček 2013): Cranial sculpture
well developed on posterior two-thirds of maxilla and on
entire nasal, lamella alaris of squamosal, and frontoparietal
complex (except along its midline, Fig. 3d, unless this is a
preservational artifact); pars facialis of premaxilla close to, but
still well separated from the medial end of the horizontal part
of that bone and medial margin of that process forms a
prominent, rounded outgrowth; nasals in contact with one
another along a lengthy median suture with only their short
posterior portions divergent and their processus lateralis is
broadly rounded; sphenethmoid exposed in a small rhomboid
gap between nasals and frontoparietals; processus lateralis
inferior of frontoparietal not exceeding the processus lateralis
superior (latter may be absent); lamella alaris of squamosal
rounded anteriorly, its margo orbitalis straight or almost con-
vex, and its margin for contacting the processus

�Fig. 3 Photographs of Eopelobates bayeri Špinar, 1952, from the the late
Oligocene of Bechlejovice, Czech Republic. a Paratype skeleton (NMP
Pb 1694), natural mold in dorsal aspect; same magnification as (b). b
Paratype skeleton (NMP Pb 1114; counterpart of NMP Pb 1694), natural
mold in ventral aspect; scale bar 10 mm. c Holotype skeleton (NMP Pb
412), natural mold in ventral aspect; scale bar 10 mm. dDetail of skull in
paratype (NMP Pb 1694), in dorsal aspect, depicting form and external
sculpture of right squamosal and maxilla, both nasals, and frontoparietal
complex; magnification about 3.4× larger than (a). e Detail of pelvic
girdle and vertebral column in paratype (NMP Pb 1114), in ventral aspect;
arrow points to line of fusion seen in ventral aspect between sacral
vertebra and urostyle; magnification about 2.8× larger than (b). f Detail
of pelvic girdle and median and posterior portions of vertebral column in
paratype (NMP Pb 1694), in dorsal aspect; arrow points to ridge
representing posterior margin of sacral neural arch roof; magnification
about 2.8× larger than (a)
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zygomaticomaxillaris of maxilla is well defined and straight
(Fig. 3d); urostyle coalesced to sacral vertebra (Fig. 3e); tibiale
and fibulare not fused with one another; carpus and distal
tarsus calcified or ossified.
Material: Numerous articulated skeletons and tadpoles from
Bechlejovice quarry, and isolated bones from various locali-
ties (see below). The best preserved and most informative
specimens are from the Bechlejovice quarry (late Oligocene),
Czech Republic, and include the following: the incomplete
holotype skeleton (NMP Pb 412) described by Špinar (1952,
1972; see also Estes 1970); the nearly complete paratype skel-
eton (NMP Pb 1694, part, and NMP Pb 1114, counterpart)
described by Špinar (1972; see also Estes 1970); and a devel-
opmental series of several dozen tadpoles (all NMP specimens:
see Špinar 1972; this paper, “Specimens used in this study”).
Stratigraphy and distribution: Early Oligocene–middle
Miocene of western and central Europe: early Oligocene
(MP 21), Hoogbutsel, Hoeleden, and Boutersem TGV
sites, all Belgium (Smith 2003); late Oligocene,
Bechlejovice, Czech Republic (Bellon et al. 1998; Špinar
1972); early Miocene, Hrabák near Most and Nástup and
Merkur mines near Kadaň, all Czech Republic (Špinar
1972); and middle Miocene, Devínska Nová Ves-
Bonanza, Slovakia (Hodrová 1988).
Description: Our brief description here is based on two skel-
etons of metamorphosed individuals from Bechlejovice,
Czech Republic, that are preserved as impressions of bone
and with some permineralized bone: the holotype (NMP Pb
412: Fig. 3c) and the paratype (NMP Pb 1694, part, and NMP
Pb 1114, counterpart: Fig. 3a and b, respectively). Both are
from moderate-sized individuals. The holotype has a SVL of
56.5 mm according to Špinar (1952) and the paratype is
slightly larger. Špinar (1972, pp. 199–216) provided a more
detailed description based on the same two skeletons, plus
another five partial skeletons from Bechlejovice.

In the premaxilla, the pars facialis joins the dorsal surface
of the horizontal part of the bone closer to the medial than to
the lateral end. The medial margin of the pars facialis forms a
prominent, widely rounded process, whereas its dorsal end is
inclined dorsolaterally (Fig. 3d). The number of observable
tooth positions on the premaxilla is 12; there is room for
another three on the lateral part of the bone, which suggests
the total number of premaxillary tooth positions is about 15.
As suggested by the imprint of the right maxilla in NMP Pb
1694, pitted sculpture occurs only on the posterior two-thirds
of the bone, whereas the anterior end of the bone is smooth.
The estimated number of tooth positions on the maxilla, as
suggested by NMP Pb 1114, is 52–55. The quadratojugal is
preserved, but because it is not exposed in lateral aspect
nothing can be said about its surface texture. The paired nasals
contact one another along a long median suture that reaches to
the posterior part of those bones. Their processus paraorbitalis
tapers to a slender, rounded point. The frontoparietal complex

is firmly fused (Fig. 3d) and its lateral margins are widely
convex (Fig. 3d); this convexity of the sculptured, dorsal
surface represents the processus lateralis superior. The pos-
terolateral corner of the frontoparietal bears a slender and
comparatively short processus paraoccipitalis. No processus
lateralis inferior can be seen extending on the anterodorsal
surface of the otic capsules, unlike in the new species of
Eopelobates (see next account). It is unclear if the processus
lateralis inferior is truly absent, if it is hidden below the
processus lateralis superior, or if it was broken off when the
slabs were split; the last scenario might also explain the
absence of the prootic/crista parotica. Sculpture on the
frontoparietal complex is best developed along the lateral
portions. The anteromedian portion of the complex bears an
elongate, unsculptured patch that suggests a frontoparietal
fontanelle was present at an earlier stage of development.
The anterior end of the frontoparietals is indented, suggesting
that even in adults there was a rhomboid, exposed part of the
sphenethmoid. Although the asymmetrical shape (Fig. 3d) of
the sphenethmoid suggests its posterior margin has been partly
broken away, it was clearly convex. The sphenethmoid bears
prominent anterior and lateral processes, suggesting advanced
ossification of the solum nasi and postnasal walls (best seen in
NMP Pb 1114, Fig. 3b). The parasphenoid has a distinct keel
on the ventral surface of its processus medialis.

The vertebral column consists of eight procoelous presacral
vertebrae. V2–V4 are provided with stout, laterally directed
transverse processes (Fig. 3f), whereas the four posterior
presacrals have thin transverse processes that are inclined
anteriorly. The neural arches are moderately imbricate. The
transverse processes of the sacral vertebra are strongly dilated
anteroposteriorly. The sacral vertebra is separated from the
urostyle by the posterior edge of its neural arch (marked by
arrow in Fig. 3f), but both are completely fused on the ventral
side (Fig. 3e). As can be seen in dorsal aspect, the narrow
posteromedial part of the sacral transverse processes is con-
tinuous with the urostyle, suggesting it is a derivative of the
10th vertebra. The pectoral girdle is arciferal (Fig. 3e), with
both clavicles and coracoids in medial contact, and completed
posteriorly by a large ossified sternum. The posterior margin
of the scapulae is deeply concave, whereas the anterior margin
is almost straight. The carpus is calcified in the holotype
(Fig. 3c) or partly ossified; the latter condition being sug-
gested by the presence of one carpal element in the paratype.
The phalangeal formula for the manus is 2-2-3-3 (the distal
part of fore limb of NMP Pb 1114, formerly 6874a, was
illustrated by Špinar 1972, text-fig. 89A, pl. 161). Both ilia
are disarticulated and preserved as natural molds of their
lateral surfaces in NMP Pb 1114 (Fig. 3e). They were con-
nected by cartilage to the ischia. The tibiale and fibulare are
not fused. The distal tarsals are discernible and possibly
include a prehallux (Špinar 1972, text-fig. 92). The phalangeal
formula for the pes is 2-2-3-4-3.
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Remarks: Špinar and Roček (1984) suggested that
Eopelobates anthracinus is a juvenile, whereas E. bayeri is
an adult of the same species. If so, E. bayeri should be
considered a junior synonym of E. anthracinus. That arrange-
ment was advocated by Sanchiz (1998). However, recent re-
examination by one of us (Z.R.) of the type material for both
species revealed that the available skeletons are all from adults
(as evidenced by ossified epiphyses of the long bones) and
that the two species can be distinguished reliably by several
diagnostic characters (e.g. by shape of the lamella alaris of the
squamosal; see our amended Diagnoses for both species).

Eopelobates bayeri has the broadest geographic and tem-
poral range of any named species of Eopelobates, being
known from the early Oligocene of Belgium, the late Oligo-
cene–early Miocene of the Czech Republic, and the middle
Miocene of Slovakia. By contrast, the other congeners are
known from more restricted areas (in some cases just the
holotype locality) and temporal intervals. Eopelobates bayeri
also is the only species of Eopelobates for which a develop-
mental series of tadpoles is available.

Eopelobates deani sp. nov.
Figs. 4, 5

1984 probably a new species of the genus Eopelobates:
Grande, p. 186

1984 possibly Eopelobates sp.: Grande, caption fig. III.1a
1998 “Eopelobates” sp.: Sanchiz, p. 51
1999 probable new species of Eopelobates:

Gardner, p. 457
2000 “Green River pelobatid”: Roček and Rage, table 2
2000 pelobatid anuran: Roček and Rage, caption fig. 22
2002 “Green River Eopelobates”: Henrici, p. 242
2003 Pelobates–Eopelobates-like frog: Holman, p. 104
2013 probable new species of the pelobatid genus

Eopelobates: Henrici et al., p. 295
2013 †“Eopelobates”: Grande, p. 187

Diagnosis: Cranial sculpture weakly developed, consisting of
horizontal striae on the anterior part of the maxillae and of low,
irregular ridges and pits on the nasals, on the posterior part of
the frontoparietal complex, and on lamella alaris of squamo-
sals; base of pars facialis of premaxilla broad and placed
medially (occupies medial two-thirds of the horizontal part
of the bone) and medial margins of both processes in moder-
ately broad contact across the midline; nasals widely separated
from one another, their medial margins divergent posteriorly,
and their processus lateralis short, pointed, and directed later-
ally; sphenethmoid exposed in a large gap between nasals and
frontoparietals; processus lateralis inferior of frontoparietal
extensive laterally, slender and pointed, its lateral portion is
partly separated by a groove for the orbitonasal artery; anterior
part of lamella alaris of squamosal is slender and tapered to a

sharp point; urostyle separated from sacral vertebra by a joint;
tibiale and fibulare not coalesced; carpus and distal tarsus not
fully ossified in adults.
Holotype: BHM-123 (original number BHI-123), an articu-
lated and nearly complete skeleton preserved in dorsal aspect
as a natural mold (i.e. negative impression) in a slab of tan
coloured siltstone. Initial preparation at BHI left some poorly
preserved bone in the distal portions of the limbs (see Grande
1984, fig. III.1a); subsequent preparation at FMNH removed
all traces of bone, resulting in clean impressions of the bones
(Fig. 4b, d). Positive copies (i.e. depicting bones in relief)
made from the fully cleaned, original specimen include:
FMNH PR 1613 (cast); SMM P78.8.29 (peel); and TMP
2013.05.16 (cast; Fig. 4a, c).
Type locality and age: The holotype was recovered from a
commercial dimensional stone quarry (one of the G-4 locali-
ties in fossil Lake Gosiute; see Grande 1984, fig. I.4 and p. 14)
near Farson, Sweetwater County, southeastern Wyoming,
USA, in the Laney Member, Green River Formation (Grande
1984, caption fig. III.1a; Robert Farrar, pers. comm. 2013).
Litho- and biostratigraphic correlations indicate that the Laney
Member is early middle Eocene in age or equivalent to the
Bridgerian NALMA (e.g. see Grande 1984, 2013; Krishtalka
et al. 1987; Smith et al. 2010, fig. 3). This is corroborated by a
radiometric age of about 49 Ma from an ash bed near the top of
the Laney Member (Smith et al. 2008, 2010).
Paratype: SMNK PAL 6659a, b (part and counterpart, re-
spectively), a nearly complete, articulated, and permineralized
skeleton split horizontally into part and counterpart slabs:
most of the skull, girdles and limbs are exposed in dorsal
aspect on the part slab (Fig. 5a, c), whereas most of the axial
skeleton, lesser portions of the rest of the skeleton and im-
pressions of some bones are exposed in ventral aspect on the
counterpart slab (Fig. 5b, d). This specimen was purchased in
the 1980s from the commercial fossil dealer Jurgen Henzel
(deceased), but without any locality information beyond that it
came from the Green River Formation. The consensus among
knowledgeable collectors and dealers in Green River Forma-
tion fossils is that this specimen likely came from the “mini-
fish beds” of the Laney Member, in the Little Colorado Desert
area, near Fontanelle, Sweetwater County, Wyoming (Robert
Farrar, pers. comm. 2013). If that is correct, the paratype
locality is close both geographically and in age to the holotype
locality. The occurrence of multiple Diptera (i.e. fly) larvae on
the part slab is striking, but uninformative for resolving the
provenance of this frog, because dipteran larvae are known
from numerous horizons and localities within the Green River
Formation, and may be locally abundant (e.g. Bradley 1931,
pp. 50–51, pl. 2B; Mason 2011, fig. 1).
Etymology: In honour of James Dean, Sr. (deceased) of Hill
City, South Dakota, USA, who discovered the holotype spec-
imen in the 1970s while quarrying for building stone and
generously donated the slab to the BHI.
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Fig. 4 Photographs of Eopelobates deani sp. nov., original holotype
skeleton and cast, from the middle Eocene of Wyoming, USA. a Epoxy
resin cast (TMP 2013.05.16) of holotype skeleton, in dorsal aspect and
lightly coated with ammonium chloride to enhance details and texture;
note this is a positive copy (i.e. bones depicted in relief) of the original
specimen; samemagnification as (b). bOrginal holotype skeleton (BHM-
123), natural mold in dorsal aspect and reversed for comparison with (a)
(for photograph of specimen in its original perspective and with some
permineralized bone still in place, see Grande 1984, fig. III.1a); scale bar
10 mm. c Detail of skull in epoxy resin cast (TMP 2013.05.16) of

holotype, in dorsal aspect and lightly coated with ammonium chloride
to enhance details and texture; the juvenile status of this individual is
supported, in part, by its frontoparietal complex consisting of three distint
components (left and right frontoparietals and posterior median element);
arrows point to grooves for arteria orbitonasalis extending across pos-
terolateral corners of frontoparietals. dDetail of skull of original holotype
(BHM-123), natural mold in dorsal aspect and reversed for comparison
with (c); scale bar 10 mm. e Interpretative line drawing of holotype
skeleton based on original skeleton (BHM-123) and cast (TMP
2013.05.16). Mt metatarsal, proc. processus, V vertebra
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Stratigraphy and distribution: Green River Formation
(Laney Member); early middle Eocene or Bridgerian
NALMA; Wyoming, USA.
Description of holotype: Our description of the holotype
skeleton is based on the original specimen (BHM-123) and
on two epoxy resin casts (FMNH PR 1613 and TMP
2013.05.16). A preliminary description of the holotype

presented by Roček and Rage (2002, pp. 1361–1363, fig.
22) was based solely on the replica FMNH PR 1613. The
original specimen is challenging to interpret, because it is a
natural mold depicting the bones as negative impressions. The
casts are easier to intepret, because those replicas depict the
bones in positive relief as they would have appeared in life.
However, details of bone surfaces and some other features are
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more easily visible in the original. For ease of description and
to better reflect the in-life appearance of the skeleton, here we
have reversed our photographs of the original specimen
(Fig. 4b, d) so that it is depicted in the same perspective as
our photographs of the cast (Fig. 4a, c) and interpretive line
drawing of the skeleton (Fig. 4e). To be consistent with the
accompanying images, in our description “left” and “right”
refer to the anatomical left and right sides, rather than to the
left and right sides in the original (negative) specimen. For a
photograph of the original specimen in its preserved (i.e.
negative and not reversed) perspective, see the photograph
provided by Grande (1984, fig. III.1a).

The holotype is a nearly complete and mostly articulated
skeleton of a small sized, metamorphosed frog preserved in
dorsal aspect. As is typical for slab style frog skeletons,
dorsoventral compaction has resulted in minor crushing and
displacement of some bones.Most of the bones in the skeleton
are fully or partially visible. The exceptions are that most of
the pectoral girdle is absent (except for the left scapula+
cleithrum) and that much of the palatal region and the mandi-
bles are obscured by overlying skull roof and cheek bones.
Indistinct staining in the wrist and ankle regions likely repre-
sents traces of cartilaginous or weakly ossified bone. Slightly
roughened matrix surfaces associated with the skeleton appear
to represent traces of soft tissue, as follows: subcircular
patches within the orbits are remnants of the eyes, whereas
areas alongside the trunk and proximal portions of the
hindlimbs represent the body outline. As preserved, the dis-
tance between the anterior edges of the premaxillae and the
posterior edges of the ischia is 36 mm. Allowing a millimeter
or so for rotational displacement of the premaxillae and the
pelvis (see below), we estimate a SVL of 35 mm. This
relatively small body size, in conjunction with certain other
features (e.g. boundaries between three ossifications in
frontoparietal complex remain visible; transverse processes
on V4 and probably more anterior presacrals do not appear
to have been finished in bone [i.e. those ends were cartilagi-
nous; see below]; no epiphyses on either ends of femur and
tibiofibula or on the proximal end of humerus; no ossified
carpal or tarsal elements) indicate that the skeleton is from an
immature, postmetamorphic individual.

As preserved, the skull (Fig. 4c, d) has maximum dimensions
of 14 mm long and 16 mm wide and it is approximately
triangular in dorsal outline. Those measurements and outline
are exaggerated by dorsoventral compaction of the skull and
minor displacement of bones. In life the skull would have been
more vaulted and the snout and cheek region more broadly
rounded in dorsal outline. Dorsoventral compaction is most
evident along the skull roof midline, where the medial edges of
the left and right frontoparietals are tilted downwards and now lie
below their respective lateral edges. The paired nasals lie in a
nearly horizontal plane, presumably as a result of their medial
portions also having been pushed downwards. The two sets of

upper jaw bones are rotated out of their original orientation, but
in opposite directions: the premaxillae are rotated anteriorly to
expose their inner surfaces, whereas the maxillae are rotated
inwards to expose their outer surfaces. On both sides the squa-
mosal and quadratojugal retain their close associations with the
adjacent maxilla and, like that bone, have also been rotated
inwards and displaced slightly laterally. Bones in the occipital
region do not appear to have been compacted or displaced to any
extent. Portions of certain underlying skull bones (dentaries,
vomers, and pterygoids) also are visible.

The external surfaces of both premaxillae are embedded in
matrix, so nothing can be said about that surface. Each pre-
maxilla is relatively narrow and dorsally bears a well-
developed pars facialis. This process is relatively broad (i.e.
occupies about the medial two-thirds of the bone), moderately
tall, and asymmetrically hourglass shaped in outline, being
slightly constricted midway along its height and having its
lateral edge more deeply concave than the medial. Although
the premaxillae are rotated anteriorly out of alignment, in life
their partes faciales would have been separated across the
midline by a narrow slit between their concave medial mar-
gins, but probably were in contact ventrally and dorsally. Both
the medial and lateral margins of the inner surface of the pars
facialis are thickened, and bracket between them a deep de-
pression (as is the case with extant Pelobates: Roček 1981,
fig. 25b). The dorsal end of the pars facialis is moderately
expanded laterally and its dorsal edge is shallowly convex in
outline. On each premaxilla, a small processus palatinus pro-
trudes posteriorly from the medial end of the horizontal lamina
and, in life, the straight medial edges of those processes would
have been in median contact. Four tiny and closely spaced
teeth are visible along about the lateral half of the crista
dentalis on the right premaxilla. Assuming that tooth spacing
was consistent across the entire premaxillary tooth row, we
estimate that each premaxilla bore about eight teeth. The
maxillae are exposed in external (=lateral) aspect. The
anteriormost end of each maxilla is partly covered by matrix.

�Fig. 5 Photographs of Eopelobates deani sp. nov., paratype skeleton, from
the middle Eocene of Wyoming, USA. a Main slab (SMNK PAL 6659a)
preserving nearly complete skeleton, in dorsal aspect; note fossils of
dipteran larvae scattered around frog skeleton; scale bar 10 mm. b
Counterpart of the same individual (SMNK PAL 6659b), preserving
partial skeleton plus imprints of bones, in ventral aspect; scale bar
10 mm. c Detail of skull on main slab (SMNK PAL 6659a), in dorsal
aspect; the more adult status of this individual is supported, in part, by its
frontoparietal complex having the left and right frontoparietals fused
posteriorly and the posterior median element being largely fused to the
posterior ends of the frontoparietals; arrow points to groove for arteria
orbitonasalis extending across posterolateral corner of right frontoparietal;
magnification about 4.4× larger than (a). d Detail of pelvic girdle and
median and posterior portions of vertebral column on counterpart slab
(SMNK PAL 6659b), in ventral view; magnification about 3.8× larger
than (b). e Interpretative line drawing of paratype skeleton based on part
and counterpart slabs (SMNK PAL 6659 a and b, respectively). Mc
metacarpal,Mt metatarsal, proc. processus, V vertebra
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Nevertheless, it is clear that each maxilla is moderately elon-
gate (i.e. extending only a moderate distance past the level of
the posterior margin of the orbital rim) and shallowly triangu-
lar in outline, consisting of a moderately deep preorbital
region, an elongate and shallowly concave margo orbitalis,
and a posteriorly short and tapered postorbital region. The
external surface of the maxilla is weakly sculpted with faint
horizontal striae that are best developed across the preorbital

portion of the bone, but there is no indication of the pit-and-
ridge style sculpture seen on the outer surfaces of the squa-
mosals and nasals. Enough of the ventral edge of the right
maxilla is exposed to show that tiny, closely placed teeth
are present along at least the anterior three-quarters of the
maxilla. None of the maxillary or premaxillary teeth is well
enough preserved to determine if they are pedicellate or
bicuspid.
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Quadratojugals are present on both sides of the skull and
exposed in approximately dorsal aspect. On the right side the
quadratojugal is displaced slightly posteriorly, but on the left it
appears to be preserved in its original articulation with the
posterior end of the adjacent maxilla. The exact nature of this
articulation is difficult to resolve, but the quadratojugal appears
to be sutured to the inner surface of the processus posterior of
the maxilla. Both squamosals are preserved in lateral aspect
and exhibit the classic, anteriorly tilted and T-shaped outline
for that bone, consisting of a posteriorly directed processus
posterodorsalis, an anteroventrally directed processus
zygomaticus that is pointed and connects ventrally with the
complementary processus zygomaticomaxillaris of the maxil-
la, and a posteroventrally directed, prong-like processus
posterolateralis that connects with the quadratojugal. The la-
mella alaris portion of the bone is narrow (rather than being
broadly expanded and plate-like as in some anurans, including
Eopelobates grandis) and its external surface is weakly sculpt-
ed with low, narrow, and irregular ridges. The squamosal-
quadratojugal contact is preserved on the left side, but it is
slightly disarticulated on the right side. The squamosal-maxilla
contact is preserved only on the right side, where it shows that
the connection was moderately long.

The nasals appear to be in essentially their original position
relative to the orbits, although they have been forced into a
more nearly horizontal plane. In dorsal outline, each nasal is
broader than long and in the form of a medially tilted triangle.
The paired nasals are widely separated across the midline.
Their anteromedial corners approach but do not contact one
another, and more posteriorly their medial margins diverge
laterally. The orbital and anterolateral margins of the nasals
are nearly straight, and enclose between them a processus
paraorbitalis that is relatively short and directed laterally. Due
to rotation of the maxilla, it is uncertain whether the maxilla
and nasal contacted one another. The dorsal surface of the nasal
is weakly sculpted with low, irregular ridges similar to those on
the squamosal. Between the posteromedial corners of the
nasals and the anterior ends of the frontoparietals there is a
large, rhomboid gap. We interpret that gap as a fontanelle
through which the dorsal surface of the sphenethmoid was
exposed. Within that gap and adjacent to the medial margins
of the nasals, there are two small, symmetrical protrusions that
likely belong to the vomers. The fact that these protrusions are
visible suggests that the overlying sphenethmoid was still
cartilaginous.

The frontoparietal complex is tripartite, consisting of a pair
of left and right frontoparietals and an unpaired, posterior
median element that is approximately subpentagonal in out-
line. Boundaries between the three components are well de-
lineated by narrow grooves, but it is uncertain whether those
represent sutures, cracks that formed along sutured or weakly
fused contacts during compaction of the skull, or a combina-
tion of the two. The junction between the medial edges of the

frontoparietals is in the form of a narrow slit. Although this slit
may indicate that the left and right frontoparietals were not in
direct contact along the skull midline, it is also possible that
downwards rotation of the frontoparietals forced their medial
edges slightly apart. All three elements dorsally bear faint pit-
and-ridge style sculpture: this is broadly distributed across the
much of the posterior median element, whereas it is limited to
the posteriormost end and lateral portions of the
frontoparietals. Along their posterolateral portions, both
frontoparietals dorsally bear a deep groove (marked by arrows
in Fig. 4c and more prominent on the left side) that represents
the canal for the arteriae orbitonasales (see Roček 1981, fig.
28). In dorsal view the frontoparietals are moderately elon-
gate. The portion between the orbits is moderately narrow,
whereas the more posterior portion of the bone is broader. In
terms of its maximum dimensions, the frontoparietal complex
has a width about 80% of its length. Themargo orbitalis of the
frontoparietal is anteroposteriorly straight along most of its
length, but posteriorly (at the level of the otic capsules) it
follows the medial margin of the above mentioned groove; a
moderate convexity at the level of the anterior wall of the otic
capsule is the processus lateralis superior. The lateral, lower
part of the bone that extends onto the anterior surface of the
otic capsule is the processus lateralis inferior, well prominent
laterally in this species. Undercutting of the matrix along the
margo orbitalis in the original specimen indicates that a tectum
supraorbitale (=supraorbital ledge) was present, although that
ledge does not appear to have been particularly broad in
contrast to some other pelobatoids (e.g. Pelobates fuscus:
Roček 1981, fig. 27). The posterolateral corners of the bone
each bear a processus paraoccipitalis in the form of a moder-
ately elongate, triangular, and posterolaterally directed prong.

At the rear of the skull, the exoccipital and prootic com-
plexes are in their original positions, but it is unclear whether
these bones are sutured or fused with one another on either
side. These endochondral bones clearly were in at least an
intermediate stage of ossification, based on the observations
that a narrow bridge of bone forms the dorsal margin of the
foramen magnum and, more laterally and ventrally, the bases
of the widely spaced occipital condyles are visible.

Some dermal bones belonging to the ventral part of the
skull—specifically the dentary and pterygoid—are partially
exposed on one or both sides, but their shapes and contacts
cannot be reconstructed. No other skull bones (i.e. parasphenoid,
septomaxillae, angulars, or columella) can be identified.

The vertebral column is articulated, but it has suffered
minor compaction to either side of the midline and a crack
runs through the neural arches on V2–V8. Eight presacral
vertebrae are present. These bear neural arches that are weakly
imbricate (on the anteriormost two vertebrae) to non-imbricate
(on the remaining vertebrae) and lack spinal processes. The
neural arches of V1 and V2 are slightly larger than those of
other presacrals and each minimally overlaps the succeeding
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vertebra in the series. V2–V4 are provided with robust trans-
verse processes that are relatively uniform along their lengths
(i.e. neither tapered nor expanded distally) and are relatively
long. The longest transverse processes, on V3, are each
subequal in length to the width of the neural arch roof;
transverse processes on V2 and V4 are noticeably shorter.
Transverse processes on V2 and V3 project laterally and
slightly anteriorly, whereas those on V4 project laterally. The
truncate lateral ends of transverse processes on V2–V4, which
are especially evident on V4, suggest that the ends of those
processes were capped in life by cartilage. By contrast, V5–V8

bear transverse processes that are shorter, thinner, tapered, and
have bluntly rounded ends that suggest they were not capped
by cartilage. Transverse processes on V5 project laterally,
whereas transverse processes on the more posterior presacrals
are inclined anteriorly. The sacral vertebra consists of a com-
paratively short centrum and neural arch, and it bears laterally
projecting, dilated or wing-shaped transverse processes. Be-
cause the iliac shafts on both sides overlay the lateral ends of
the sacral transverse processes, it is unknown whether the
lateral margins of the sacral transverse processes are straight
or laterally convex in dorsal outline and whether they were
capped in cartilage. On both sides, an indistinct line originates
at the base of the transverse process of the sacral vertebra and
extends laterally and slightly posteriorly about two-thirds of
the distance across the transverse process, thereby partially
bisecting the anterior and posterior portions of each transverse
process. A comparable suture or gap has been reported in
some pelobatoid individuals (e.g. specimen of Pelobates
decheni: Böhme et al. 1982, fig. 4), where it has been
interpreted as indicating two centres of origin for the sacral
transverse process. A somewhat W-shaped line lies at the
boundary between the sacral vertebra and the urostyle. We
are inclined to regard that line as indicating the presence of a
bicondylar joint, in part, because a similar pattern is seen in the
paratype skeleton (see below); however, as noted by one
reviewer (A. Henrici, written communication 2014) that W-
shaped line might instead be the posterior edge of the sacral
neural arch. The anterior section of the urostyle is short and
markedly broad. The urostylar shaft is weakly tapered
posteriorly. The posterior end of the urostyle is obscured by
the pelvic girdle, which has shifted slightly forward. Although
the full length of the urostyle cannot be determined, it is clear
that this bone is not especially long. Using the relative length
ratio proposed by Maglia (1998), the urostyle is relatively
short, being considerably less than the combined length of
the presacral vertebral series. There is no indication of any
processes arising off the anterior portion of the urostyle. The
presence of a crest along the urostylar shaft is uncertain, due to
compaction of the bone.

Little can be seen for the pectoral girdle, except for a broad
and laterally expanded element on the left side. Based on its
shape and relatively large size, this appears to be the scapula+

cleithrum exposed in dorsal aspect. The pelvis is largely
articulated but, as noted above, it has shifted slightly anterior-
ly; as a result, the posterior end of the urostyle is wedged
against the interiliac symphysis and the anterior ends of the
iliac shafts lie at about the level of the joint between V6 and
V7. The ischia remain in their original articulation with one
another and are exposed in dorsal aspect, but the ilia have been
slightly splayed apart (i.e. dorsal edges have rotated laterally)
and their shafts have been slightly crushed mediolaterally.
Both ilia bear a low dorsal prominence and lack an iliac crest.
The presence of an oblique (=spiral) groove is unclear, but we
see no convincing indication of that structure.

Both fore limbs are slightly displaced relative to the verte-
bral column, more so on the right side than the left, but each
limb remains articulated. Bones of the fore limbs are pre-
served in lateral aspect. The fingers are well preserved, with
only some minor overlapping, and are exposed in dorsal
aspect. No epiphysis is present on the proximal end of the
humerus. Otherwise, the humerus and radioulna are unre-
markable. The phalangeal formula for the manus is 2-2-3-3.
No prepollex or any definitive carpal elements are observed;
however, a small and semicircular stain that can faintly be
seen on the matrix surface in the region of the left wrist,
proximal to the bases of the 3rd and 4th fingers, may represent
a cartilaginous or weakly ossified carpal bone. Bones of the
hindlimb are preserved in almost perfect articulation and in
essentially dorsal aspect. The femur, tibiofibula, tibiale, and
fibulare are relatively gracile in build. No epiphyses are pres-
ent on either ends of the femur or the tibiofibula. Both of those
bones are only barely sigmoidal in outline. The femur is
shorter than the tibiofibula (F:TF 0.94), and F+TF ismarkedly
shorter than the SVL (0.79). The tibiale and fibulare are not
coalesced, although their proximal and distal ends are closely
appressed. The only indication of a distal tarsal element is a
faint imprint on the right side, between the distal end of the
tibiale and the bases of the first and second toes, that may
represent the centrale. No prehallux is observed. The phalan-
geal formula for the pes is 2-2-3-4-3.
Description of paratype: Unlike the above-described holo-
type, the paratype is a permineralized skeleton preserved in
positive relief on two slabs. Most of the skeleton is exposed in
dorsal aspect in the part slab (SMNKPAL 6659a: Fig. 5a, c) and
the remainder is exposed in ventral aspect in the counterpart slab
(SMNK PAL 6659b: Fig. 5b, d). The interpretive line drawing
(Fig. 5e) combines information from both slabs. The paratype is
from a slightly larger individual, having a SVL of 37 mm
(measured as the distance between the anterior edges of the
premaxillae and the posterior edges of the ischia), which is only
a few millimetres larger than the holotype. This slightly larger
body size, coupled with several other age-dependent features
(e.g. frontoparietal complex partially fused and its dorsal sculp-
ture slightly more prominent; some carpal elements ossified),
indicate that the paratype was a more mature individual.
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The paratype skull (Fig. 5c) is dorsoventrally flattened and
subtriangular in outline. Probably because the premaxillae
remain essentially in their natural position (as opposed to
having been rotated forward as in the holotype), the snout is
moderately broad and blunt; that likely reflects the in-life
profile of the snout. Except for the maxillae, most of the other
visible skull bones have largely retained their approximate
positions relative to adjacent bones.

The outer surfaces of both premaxillae and maxillae are
exposed. Although the premaxillae are in their natural posi-
tions, the maxillae are not. The outer surface of the premaxilla
is moderately rugose. The pars facialis has a broad base that
extends up to the medial margin of the bone. Its medial margin
is nearly straight, thus forming a long symphysis extending
from the crista dentalis up to the tip of the pars facialis. The
lateral margin of the pars facialis extends dorsomedially,
meeting the medial margin in a point. The number of tooth
positions (well preserved in the right premaxilla) is 16. Both
maxillae are broken midway along their lengths. The anterior
portions of both maxillae are rotated inwards, so that their
outer surfaces now lie nearly in the horizontal plane and the
teeth are visible. The posterior portions of both maxillae have
either retained their original orientation or may have rotated
slightly outwards; regardless, because the crista dentalis along
this portion is embedded in matrix, the posterior extent of the
maxillary tooth row cannot be determined. The maxillae are
long and their external surfaces are smooth, except for shal-
low, anteroposteriorly elongated pits along the lower edge of
the anterior part of the bone. The processus frontalis forms an
obtuse angle. The processus palatinus is partly exposed be-
tween the maxilla and nasal on the right side. The left maxilla
shows that the processus posterior is comparatively short. The
processus zygomaticomaxillaris is low and indistinct.

Both quadratojugals are disarticulated from the maxillae.
The right quadratojugal is preserved in dorsal aspect. Its dorsal
surface is smooth and rounded. The squamosal, although
fragmentary, is preserved on the left side, whereas it is less
well preserved on the right side. On both sides, the lamella
alaris is slender anteriorly and tapers to a point, but its poste-
rior part is crushed and broken away in the right squamosal.
The outer surface of the lamella alaris is smooth and confluent
with the outer surface of the processus posterolateralis.

Both nasals are preserved in their original positions. Their
medial margins are close, but not in contact anteriorly; more
posteriorly, their medial margins diverge laterally at a moder-
ate angle. The processus anterior is rounded, whereas the
processus paraorbitalis is pointed and directed laterally. The
anterolateral margin is nearly straight.

The frontoparietals are separated anteriorly by a narrow,
anteroposteriorly oriented slot, which becomes a suture poste-
riorly. In its posterior section, the suture changes direction and
extends posterolaterally to the right. On the opposite side of the
bone, a similar suture was probably obliterated. The posterior

margin of the bone is convex, suggesting that the unpaired
posterior median element was involved. This part of the skull
is compressed onto the dorsal surface of the tectum synoticum
and, as a result, on both sides the processus paraoccipitalis has
been broken; in spite of that, their size and shape can be
reconstructed. They are slightly less prominent than the
prominentia of the canalis semicircularis posterior. The lateral
margins of the frontoparietals extend into a pointed processus
lateralis inferior, which adjoins the anterodorsal surface of the
prootic, thus forming the posteromedial portion of themargin of
the orbit. Because the whole skeleton is dorsoventrally com-
pressed, the processus lateralis superior is not prominent, but it
can be recognised by the position and path of the groove for the
arteria orbitonasalis that separates the processus lateralis inferior
from the main body of the bone (marked by arrow in Fig. 5c).
We interpret these grooves as having been dorsally open in life,
because there is no obvious indication of broken surfaces
alongside the gooves that suggest a bony roof was originally
present, but lost when the specimen was split into part and
counterpart slabs. Both frontoparietals are covered posteriorly
by a pitted sculpture, but they are smooth anteriorly. Impres-
sions of the pits are observable in SMNK PAL 6659b (Fig. 5b).

Anterior parts of both dentaries are exposed by their inner
(left) and outer (right) surfaces, and are disarticulated from
one another. The pterygoids are crushed and partly exposed in
dorsal aspect. The sphenethmoid is exposed between the
posterior parts of both nasals and the anterior margins of the
frontoparietals; apparently, the nasal septum was not yet ossi-
fied. The roof of both otic capsules is broken inside, yet the
anterior, lateral, and posterior semicircular canals (not labelled
in Fig. 5) remain intact and prominent.

Vertebral centra are procoelous, as can be judged by imprints
of the posterior presacrals in SMNKPAL 6659a. There are eight
presacrals. V2–V4 bear robust and perpendicular transverse pro-
cesses, whereas V5–V8 bear thin transverse processes that are
inclined anteriorly. V9 is the sacral vertebra and it bears widely
dilated transverse processes. The left sacral transverse process
seems to originate from the posteriormost presacral verte-
bra, whereas the right process originates from the sacral
vertebra, unless the gap between both is an artifact. The
urostyle is long, reaching the symphysis of both ilia, and it
is articulated to the sacral vertebra by a bicondylar joint.

Unlike the holotype, the paratype preserves a substantial
amount of the pectoral girdle. The scapula is exposed on the
right side by its lateral margin, which was completed by
cartilage of the suprascapula in the living animal. The
suprascapula is represented by a thin, brownish layer, nearly
completely preserved on the left side. A well developed
cleithrum is preserved on the right side. The sternum has been
displaced and is now preserved next to the right iliac shaft in
SMNK PAL 6659a. The pelvic girdle is articulated (Fig. 5d),
but not especially informative because it is crushed and miss-
ing portions of both ilia and ischia.
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Both fore limbs are articulated, but have been slightly sepa-
rated from the pectoral girdle. The humerus and radioulna are
preserved on both sides, but except for the distal end of the
radioulna, which is sharply truncated perpendicularly, suggesting
that the epiphysis was still cartilaginous, these bones provide no
significant information. The carpus is preserved in the right fore
limb and also partly in the left fore limb. Three elements in the
proximal row may be the ulnare (plus pisiforme), the proximal
centrale, and the radiale (the last two seem not to be fused). In the
distal row, three elements on the ulnar side may be distal carpals
4 to 6, the one element in the middle of the distal row may be
centrale 3, and the large element on the radial side may represent
the elementYand distal carpals 1 to 3; all identifications based on
carpus of advanced larva of Pelobates fuscus (from
Schmalhausen 1907, interpretation after Fabrezi and Alberch
1996). The phalangeal formula for the manus is 2-2-3-3. Both
hindlimbs are articulated and attached to the body. The tibiale
and fibulare are long, slender and separated from one another.
The distal tarsus was not ossified. The phalangeal formula for the
pes is 2-2-3-4-3.
Remarks: We interpret the holotype and paratype skeletons as
being from immature, postmetamorphic individuals because
they lack epiphyses on the proximal end of the humerus and
on both ends of the femur and tibiofibula, have only a few
ossified or weakly ossified carpal (paratype) or tarsal (holotype)
elements, have unfinished transverse processes on at least V4,
and in the frontoparietal complex the posterior median element
is at least partially visible and the three bones forming the
complex bear only weak dorsal sculpture. The paratype appears
to be from a slightly more mature individual based on its
slightly larger body size (SVL about 37 mm versus 35 mm)
and in having the posterior median element partially fused with
the frontoparietals (versus completely unfused in holotype),
slightly more prominent pitted sculpture on the posterior part
of the frontoparietals (versus faintly developed in holotype),
and ossification of some carpal elements has commenced (ver-
sus none ossified in holotype). Even though BHM-123 is the
less mature individual, we erect it as the holotype for the
following reasons: (1) it clearly exhibits the tripartite
frontoparietal complex that is charactistic for Eopelobates (that
is less apparent in the paratype due to its slightly more ad-
vanced stage of development); (2) its locality information is
reliably documented; and (3) that specimen is well entrenched
in the literature (e.g. Grande 1984; Henrici 2002; Henrici et al.
2013) as belonging to a probable new species of Eopelobates.

A suite of features seen in both specimens are potentially
age-dependent, but among other anurans may also occur in
mature adults and, thus, might be taxonomically important for
identifying the new species. Those features include: weakly
developed cranial sculpture; nasals widely separated;
frontoparietals paired or weakly sutured; canals in
frontoparietals for arteriae orbitonasales not roofed in bone;
poorly ossified sphenethmoid without osseous nasal septum

and exposed in a large, rhomboid gap between the nasals and
frontoparietals; vertebrae bearing weakly or non-imbricate neu-
ral arches that lack spinal processes; sacral-urostyle joint not
fused; relatively short posterior limbs; tibiale and fibulare not
coalesced; and carpal and tarsal elements not fully ossified.
Many of those features are included in our diagnosis for this
species, because they help differentiate it from other congeners.

Both specimens share additional features that are not as
obviously age dependent and, thus, are also useful for differ-
entiating the new species. Those features include: pars facialis
on premaxilla relatively broad, situated medially, and contacts
its counterpart from the opposite side in a long median suture;
nasals have medial margins divergent posteriorly and their
processus paraorbitalis is pointed, short, and directed laterally;
anterior part of the lamella alaris of squamosal is slender and
tapered in a sharp point; processus lateralis inferior of
frontoparietal is long, slender, and pointed and it adjoins the
anterodorsal surface of the prootic; and processus
paraoccipitalis of frontoparietal is relatively prominent

Compared to the only other currently recognised North
American species of Eopelobates—namely E. grandis from
the late Eocene of South Dakota (see next account)—E. deani
is distinct in its substantially smaller body size, cranial sculpture
that is less prominent, consisting of irregular ridges and pits
(versus reticulations) and more restricted in its coverage, squa-
mosals that are more gracile and have a narrower lamella alaris,
frontoparietals that are relatively narrower between orbital mar-
gins and bear a more prominent processus paraoccipitalis, and
in having quadratojugals and an unfused tibiale and fibulare
(versus quadratojugals may be absent and tibiale+fibulare may
be fused distally in E. grandis; see next account).

�Fig. 6 Micro-CT scans of Eopelobates grandis Zweifel, 1956,
incomplete holotype skeleton (YPM-PU 16441), from the latest Eocene
of South Dakota, USA. Note that since this specimen was first described
it has been subject to further preparation, the right nasal has been
removed, and unfortunately it has suffered some damage (cf.
photographs provided by Zweifel 1956, figs. 1, 3; Henrici 2002, figs.
1–3); images here depict the holotype skeleton as of October 2013 and
minus the matrix in which it is partially embedded. a, b Entire skeleton, in
dorsal (a) and ventral (b) aspects; scale bar (upper centre) 10 mm for
these two images only. c Detail of right maxilla in inner view; arrow
points to contact area (?weakly developed processus pterygoideus for
ramus maxillaris of pterygoid; magnification about 1.4× larger than (a)
and (b). d, e Detail of skull, in dorsal (d) and ventral (e) views;
magnification about 1.4× larger than (a) and (b). f Detail of posterior
portion of pelvic girdle (same as area marked by dashed rectangle in (a),
in dorsal aspect; two features in this region suggest the individual was not
fully mature, specifically the absence of epiphyses in long bones (marked
by arrow at bottom centre) and the exposed spongy bone of ischia that in
life would have been covered by cartilage); magnification about 2.6×
larger than (a). g Detail of posterior section of presacral vertebral column
(same as area marked by dashed rectangle in (b), in ventral aspect;
arrows point to what we interpret as calcified intervertebral discs
between the amphicoelous centra; magnification about 3.5× larger than
(b). proc. processus, V vertebra. Images copyright of Yale Peabody
Museum
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Besides the above noted differences in frontoparietal sculp-
ture and ossification of the frontoparietal complex and carpal
elements, the holotype and paratype individuals differ in three
other features: (1) the dorsal end of the pars facialis on the
premaxilla is broad and shallowly convex in the holotype, but
tapers to a point in the paratype; (2) squamosals are weakly
sculpted externally in the holotype, but smooth in the
paratype; and (3) the number of tooth positions on the pre-
maxilla is estimated to be 8 in the holotype, but is 16 in the
paratype. Considering the number of similarities between the
holotype and paratype, we are inclined to attribute those
differences to intraspecific variation. The higher premaxillary
tooth count in the paratype may also be due, at least partly, to
the slightly larger size and more mature age of that individual.
Eopelobates grandis Zweifel, 1956
Fig. 6

Diagnosis (modified from Henrici 2002): Prominent and ex-
tensive pit-and-ridge sculpture covers all dermal bones of the
skull, pits may be arranged in loose rows and some adjacent
pits may coalesce, but not to the extent of forming elongate
grooves; nasals have broadly convex medial margins and
probably contacted one another along at least the middle
portion of their medial margins; sphenethmoid minimally or
perhaps not exposed between posterior parts of nasals and
anterior margin of frontoparietal; frontoparietal relatively
short and wide, only slightly wider anteriorly than posteri-
orly, processus lateralis inferior of frontoparietal not exceed-
ing the processus lateralis superior (the latter could be ab-
sent), with its posterior margin straight or moderately
concave and bearing reduced, spine-like processus
paraoccipitalis; anterior part of lamella alaris of squamosal
broad, its contact margin with maxilla long and concave
(corresponding margin of processus zygomaticomaxillaris
on maxillae widely convex); urostyle and sacral vertebra
unfused in fully grown individuals; tibiale and fibulare pos-
sibly fused at their ends.
Material: The only known specimen is the incomplete,
permineralized holotype skeleton (YPM-PU 16441) described
by Zweifel (1956) and subsequent authors (Estes 1970;
Henrici 2002; this study).
Stratigraphy and distribution: Chadron Formation (Ahern
Member); latest Eocene or Chadronian NALMA; South Da-
kota, USA (Zweifel 1956; Henrici 2002).
Description: The holotype (YPM-PU 16441) and only known
specimen has previously been described by Zweifel (1956),
Estes (1970), and in considerable detail by Henrici (2002).
Our description here is based on micro-CT scans (Fig. 6) of
the holotype and it focuses mostly on characters not men-
tioned by or differing from those reported by previous authors.
YPM-PU 16441 is the largest known example of an
Eopelobates individual (Table 1). The estimated SVL of
82 mm provided by Henrici (2002) is too low, whereas the

value of 110mm originally proposed by Zweifel (1956) seems
more accurate. The higher estimate is supported by our mea-
surement of the specimen as preserved and by the fact that any
size estimate needs to take into account that the snout is
broken away and that the posterior portion of the vertebral
column (V8 and sacral vertebra), urostyle, and pelvic girdle all
have been displaced forwards. That anterior displacement is
best seen in ventral aspect (Fig. 6b).

Sculpture covers all preserved dermal bones of the roof and
cheek (i.e. nasals, frontoparietals, maxillae, and squamosals)
and is more extensive in both coverage and prominence than
on any other Eopelobates specimen known to us. Micro-CT
scans reveal that sculpture is of the classic pit-and-ridge type,
consisting of flat bottomed, modest sized and irregular shaped
pits that are bordered by narrow ridges. In some areas (e.g.
ventral portion of maxilla and anteromedian portion of
frontoparietals) the pits are arranged into loose rows and
may partially coalesce, but not to the extent that they form
elongate and well delineated grooves.

The premaxillae are not preserved. The left nasal re-
mains in place, but it is fractured and its margins are not
intact. The right nasal, which originally was present and
complete (see Zweifel 1956, fig. 1), has since been de-
tached (see Henrici 2002, fig. 6A) and was not available
for our study. The anterolateral margin of the nasal is nearly
straight (or slightly concave: see Zweifel 1956, fig. 1) and
the medial margin is broadly convex (see Henrici 2002, fig.
6A). Judging by the position of the left nasal as preserved
on the skull (Fig. 6d) and the outline drawing of the de-
tached right nasal (Henrici 2002, fig. 6A), in life the paired
nasals probably contacted one another across at least the
middle portions of their broadly convex medial margins.
The dorsal surface of the sphenethmoid is now exposed and
is smooth, but it is unclear whether any portion of that bone
would have been exposed dorsally between the nasals and
the frontoparietals. The frontoparietal is flat dorsally, with
its margo orbitalis only slightly concave in dorsal outline
and with its processus lateralis superior arising at about the
anteroposterior midlength of the bone. The posterolateral
corners of the frontoparietals each bear a tiny, spine-like
processus paraoccipitalis. The posterior margin of the
frontoparietal complex is essentially transverse, with only
a hint of a small medial bulge or convexity (see Henrici
2002, fig. 4A) that may represent the fused posterior medi-
an element. The existence of a median suture between the
frontoparietals is similarly uncertain. No such median su-
ture is apparent in the original photograph and interpretive
drawing (see Zweifel 1956, figs 1, 2), yet in his interpretive
line drawing Estes (1970, fig. 13A) depicted a nearly
straight median suture that completely bisected the entire
frontoparietal complex in a manner incompatible with re-
ferral to Eopelobates (or Pelobates). In her detailed rede-
scription of the specimen, Henrici (2002, pp. 244–245)
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stated “A median suture is visible … in a broad, deep
groove that extends two-thirds of the length from the ante-
rior end [of the frontoparietal complex]. The groove ap-
pears to be the result of preparation to make the median
suture more visible. Posteriorly the groove narrows and
then disappears near the widest point of the frontoparietal.”
Due to the dense sculpture and some adhering matrix,
Henrici (2002) was not able to trace the groove more
posteriorly. The fact that the groove appeared to have been
widened to enhance the suture is a troubling observation
may call into question the reality of the suture. Although
not noted by Henrici (2002) it is clear from her accompa-
nying photograph and interpretive line drawing (Henrici
2002, figs. 3A, 4A) that the groove or suture is not essen-
tially straight anteroposteriorly, but instead is convex and
arcs to the right. Our micro-CT scans reveal that the
frontoparietal complex is more fractured than previously
realised (cf. Fig. 6a vs. Henrici 2002, figs. 3A, 4) and this
raises further doubts about whether any median suture is
present or can be reliably recognised.

The maxilla (Fig. 6d) is comparatively short and deep, its
pre- and postorbital portions are similar in height, and its
postorbital portion is not especially elongate posteriorly. The
processus zygomaticomaxillaris is broadly convex dorsally.
Micro-CT scans provide the first clear view of the entire inner
surface of the maxilla (Fig. 6c). A lamina horizontalis is
present and appears to terminate in a lingually directed, trian-
gular, and somewhat trough-like projection (marked by arrow
in Fig. 6c) that may represent the processus pterygoideus. The
tooth row (estimated at 55–60 tooth positions) extends far
behind the posterior termination of the horizontal lamina. It
is difficult to assess from the micro-CT scans if the lower
margin of the maxilla behind the end of the tooth row is intact
and inclined posterodorsally towards the posterior end of the
bone or if that inclined portion is due to the posteroventral part
of the bone having broken off (Fig. 6c). As preserved, the
processus posterior is short and tapers rapidly to a subtle point.
Assuming it is not a preservational artifact, the form of the
processus posterior suggests there was little or no contact with
a quadratojugal (see below). More anteriorly, the maxilla
bears a prominent, almost scoop-like processus palatinus that
projects at an oblique anterodorsolateral angle well above the
dorsal edge of the pars facialis; its apparently truncate free end
suggests the process is not complete (see Fig. 6c, e). The
structure may represent the palatine coalesced to the maxilla.
The lamella alaris of the squamosal is extended
lateroventrally, thus partly covering the base of the processus
posterolateralis; the tip of this extension represents the poste-
rior end of the squamoso-maxillary suture. Just as the
processus zygomaticomaxillaris of the maxilla is broadly con-
vex, the corresponding contact margin on the ventral margin
of the squamosal is concave and extends anteriorly and slight-
ly ventrally to terminate in a blunt point.

The small and elongate bone with a flared end (labelled “?”
in Fig. 6d, e) that partially overlays the posterior end of the
right maxilla was interpreted as the stapes by Zweifel (1956)
and as the quadratojugal by Estes (1970) and Henrici (2002).
Our micro-CT scans reveal this element is actually a small
endochondral bone with a marrow cavity and, thus, it cannot
be the quadratojugal because that is a solid dermal bone. This
mystery bone may instead be a displaced phalange. No obvi-
ous quadratojugal is exposed on the surface or revealed by our
micro-CT scans. There is no way to tell whether this bone was
lost post-mortem or absent in life as in Scaphiopus. The torus
dentigerus of the right vomer is well preserved (Fig. 6e), but
the remaining parts of the bone are broken in fragments. The
angular is preserved in ventral aspect; its coronoid process is
moderately prominent medially.

The vertebral column consists of eight presacrals. Curious-
ly, the vertebral centra are well ossified, with concavities both
anteriorly and posteriorly; however, posterior to each centrum
there is a transparent lens-like element, which can be
interpreted as calcified intervertebral body (marked by arrows
in Fig. 6g). The sacral vertebra plus the anterior part of the
urostyle was originally exposed dorsally (Zweifel 1956, fig.
1), revealing transverse processes that were greatly dilated
posteriorly (Zweifel’s interpretative drawing in his fig. 2 is
not accurate). In its current condition, the holotype preserves
only a small portion of the left transverse process (Fig. 6f).
The observation that the centrum of the sacral vertebra was
lost, but the anterior end of the urostyle was not, suggests that
those elements were not fused together. It should also be noted
that the anterior end of the urostyle above the neural canal is
broken and exposes the inner structure of the bone. Zweifel
(1956, p. 6, figs. 2, 6) and Henrici (2002, p. 251) reported a
pair of short, posterolaterally directed transverse processes on
the anterior portion of the urostyle (= “coccyx” in Zweifel’s
terminology). It is not clear from our micro-CT scans whether
those transverse processes are present; they may have been
broken off at some point since Henrici’s (2002) study.

Both coracoids and scapulae are present, but they are
fragmentary and partly overlain by other elements. The sternal
style is now partly lost, but it was originally well preserved
(Zweifel 1956, fig. 3; Henrici 2002, figs 2, 3B). The right
humerus of the individual has been twisted along its long axis,
so it is now displayed in ventral view on the dorsal surface of
the specimen (Fig. 6a; see also Henrici 2002, fig. 1). It is
obvious that the articular head has shifted medially, and that
the fossa cubitalis was deep and well defined. The ilia are
displaced anteriorly and rotated laterally about 90°; on each
their shaft is rather strongly convex dorsally and there is no
dorsal process. However, the anterior two-thirds of the shaft
seems to be provided with a low dorsal crest (also mentioned
by Henrici 2002, p. 252) that is paralleled by a shorter, medial
ridge, the latter of which does not reach the anterior end of the
shaft. There also is a longitudinal depression between the
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medial ridge and the dorsal crest. Considering that this ridge
and crest are present on both ilia, they may be real features
rather than an artifact caused by mediolateral compression of
the bone. The ilia also appear to lack an oblique groove
(Fig. 6a). Dorsal and ventral margins of the ischia were
rimmed by cartilage, and both ischia, although coalesced to
one another, are disarticulated from the ilia; this may be seen
as the evidence that there was no ossified pubis (contra
Zweifel 1956, p. 6). The femur and tibiofibula are of the same
length (47.2 mm; Zweifel 1956) and the former is strongly
sigmoidal in shape (Fig. 6b). Both sides preserve an incom-
plete tibiale and fibulare, the distal ends of which are in close
contact (Fig. 6a, b). Damage along the distal portions of each
tibiale and fibulare pair, however, prevents us from determin-
ing whether they were in loose contact or coalesced. We
suspect the latter is true, based on the observation that despite
the shafts of each tibiale and fibulare having been snapped
apart postmortem, their distal ends remain in close contact on
both sides of the skeleton.
Remarks: Imaging of the holotype skeleton of Eopelobates
grandis using micro-CT scans has provided new information
about this specimen, but has not been able to decisively
resolve the higher level affinities of the species. In some cases,
the scans have clarified potentially critical details. A good
example is the pattern of cranial sculpture, which is challeng-
ing to interpret when visually examining the specimen, be-
cause in many places the sculpture is partially obscured by
matrix that cannot safely be removed from the bone surfaces
(see Henrici 2002, fig. 3A). Based on what she could see of
the cranial sculpture, Henrici (2002, p. 243) described it as
“extremely reticulated and tubercular” and in her revised
diagnosis she listed “dermal sculpture highly tuberculated”
as a feature that differentiated E. grandis from other conge-
ners. Our micro-CT scans reveal that cranial sculpture in the
holotype of E. grandis is, in fact, of the usual pit-and-ridge
pattern seen in members of the genus. The tuberculations seen
when visually examining the specimen are simply raised
portions of the ridges that project above the surface of the
matrix. To cite another example, micro-CT scans showed that
the supposed quadratojugal identified by Estes (1970) and
Henrici (2002) is hollow and, thus, it cannot be a
quadratojugal. However, those same scans did not reveal
any other hidden bones that could be the quadratojugal, so
we are still left with the uncertainty about whether that bone
was present in life. A quadratojugal is present in all other
pelobatids (i.e. Pelobates and Eopelobates) but is lacking in
scaphiopodids, so the absence of that bone in E. grandis could
call into question its higher level affinities. Similarly, the
suggestion from the micro-CT scans that the tibiale and
fibulare may be coalesced distally, that there is a low dorsal
crest on the iliac shaft, and that the centra are amphicoelous
could also exclude the species from Eopelobates. Uncer-
tainties over the presence/absence of a quadratojugal and the

structure of the tibiale and fibulare cannot be resolved until
additional specimens are found. For the time being, we concur
with earlier workers (Zweifel 1956; Estes 1970; Henrici 2002)
that E. grandis is best retained within Eopelobates.

Eopelobates hinschei (Kuhn, 1941)
Fig. 7

Diagnosis (modified from Estes 1970; Wuttke 1988): Sculp-
ture well pronounced on nasals (except for narrow strip along
posterior margin), on posterior and posterolateral parts of
frontoparietal complex, and on posterior two-thirds of maxil-
lae (including processus frontalis), whereas anterior part of
frontoparietal complex and of maxillae is covered by anteri-
orly oriented grooves that become shallower towards the
anterior; nasals widely separated from one another (Fig. 7b;
contra Estes 1970, fig. 12A); frontoparietals narrow posteri-
orly, about two times wider anteriorly, with distinct median
convexity on the posterior margin and processus lateralis
inferior rounded and shifted posteriorly from the level of
processus lateralis superior; posterior part of lamella alaris of
squamosal thin and rather bent ventrally (GMH 6753: Estes
1970, fig. 20b); tibiale and fibulare not coalesced; posterior
margin of scapula deeply concave, anterior margin only slight-
ly concave in its dorsolateral section (GMH 6692: Estes 1970,
fig. 9e).
Material: Poorly preserved holotype skeleton (GMH 1312),
originally described by Kuhn (1941; see also Estes 1970) as
“Halleobatrachus hinschei” and 15 other skeletons (see list
provided by Estes 1970, table 1), all from Geiseltal, Germany.
Stratigraphy and distibution: Lower Geiseltalian section
(“Oberes Hauptmittel”), MP 13, middle Eocene (ca. 44 Ma),
quarries Cecilie III and IV, Geiseltal near Halle, Germany (see
Wuttke et al. 2012).
Description: Due to the poorly preserved nature of the avail-
able specimens, we refrain from providing a description here.
Instead, see descriptive remarks by Kuhn (1941) and Estes
(1970) and our photographs of two representative skeletons
(Fig. 7).
Remarks: Kuhn (1941) named a number of anuran species
and genera based on skeletons from the middle Eocene of
Geiseltal, Germany. Estes (1970, p. 306, table 1) argued that
of the new taxa named by Kuhn (1941), seven species within
six genera pertained to a single species of Eopelobates, a
genus that Kuhn (1941) had not identified at Geiseltal. Evi-
dently on the basis of page priority (i.e. Kuhn 1941, p. 353),
Estes (1970) chooseHalleobatrachus hinscheiKuhn, 1941 as
the senior subjective synonym for the Geiseltal Eopelobates
species. An unfortunate consequence of that taxonomic reas-
signment was that the holotype of E. hinschei (Kuhn, 1941) is
a poorly preserved specimen (GMH 1312: Fig. 7c, d) in which
most of the diagnostic characters for the genus, including
those listed by Estes (1970, p. 295) cannot be seen. Holotypes
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Fig. 7 Photographs of Eopelobates hinschei (Kuhn, 1941), from the
middle Eocene of Geiseltal, Germany. a, b Referrred specimen (GMH
6728; originally designated as holotype of Archaeopelobates eusculptus
Kuhn, 1941), much of skeleton (a) and entire skull (b), both in dorsal
aspect and whitened with unknown compound to enhance details and
texture; line between posterior halves of left and right frontoparietals and
extending posteroventrally onto tectum synoticum is a crack, not a suture;
in closeup of skull (b) upper arrow points to processus lateralis superior
on left side of frontoparietal complex and lower arrow points to processus

lateralis inferior on right side of frontoparietal complex; both photographs
are from the archive of Z.V. Špinar and neither included a scale or
magnification. c, d Holotype (GMH 1312; originally designated as holo-
type of Halleobatrachus hinschei Kuhn, 1941), entire skeleton (c) and
detail of sacral region (d), both in dorsal aspect; scale bar (c) is 10 mm;
magnification for (d) about 4× larger than (c). A. eusculptus, H. hinschei,
and another five species and four genera of anurans named by Kuhn
(1941) fromGeiseltal were synonymized and assigned by Estes (1970) to
Eopelobates as E. hinschei
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for some of Kuhn’s (1941) other species that were subsumed
by Estes (1970) withinE. hinschei are better preserved andmore
informative (e.g. Archaeopelobates eusculptus Kuhn, 1942; ho-
lotype GMH 6728: Fig. 7a, b). Estes (1970, p. 306) stated that
similarities in proportions of the frontoparietals and hindlimbs
suggested E. hinschei and the younger (late Oligocene–middle
Miocene) E. bayeri were closely related, but that differences in
median fusion of the frontoparietals, proportions of the nasals,
and shapes of the squamosals supported recognising E. hinschei
and E. bayeri as separate species. Although we agree that
E. hinschei is distinct from E. bayeri, it is less clearly different
from the paracontemporanous species E. wagneri (Weitzel,
1938) from the middle Eocene of Messel (see next account).

Eopelobates wagneri (Weitzel, 1938)

Diagnosis (modified from Wuttke 2012b): Sculpture devel-
oped on narrow posterior part of frontoparietal and along
posterolateral margins of its frontal portion (Wuttke 2012b,
pl. 5, fig.1), weak and irregular rugosity on orbital section
of maxilla and on lamella alaris of squamosal; base of pars
facialis of premaxilla positioned midway across horizontal
portion of bone (Wuttke 2012b, pl. 3, fig. 1) and process is
broader distally than at its base; nasals widely separated and
their medial margins are parallel; sphenethmoid exposed in
a large gap between nasals and frontoparietal; anterior end
of frontoparietal fenestra is exposed (Wuttke 2012b, fig. 4a,
c); frontoparietal narrow posteriorly (i.e. more than two
times wider anteriorly) and processus lateralis inferior of
frontoparietal short, rounded, and shifted far posteriorly
from the level of processus lateralis superior; lamella alaris
of squamosal slender anteriorly and tapered in a sharp point,
markedly constricted in its posterior part (Wuttke 2012b, pl. 5,
figs. 3, 4); posterior margin of scapula only slightly more
concave than the anterior (Wuttke 2012b, pl. 8, figs. 2, 3);
urostyle separated from sacral vertebra by a joint (Wuttke
2012b, pl. 6, fig 3); tibiale and fibulare not coalesced.
Material: Poorly preserved holotype (HLMD-Me 1286) and
paratype (HLMD-Me 4359) skeletons described by Weitzel
(1938), plus several dozen additional skeletons listed by
Wuttke (2012b), all from Messel, Germany.
Stratigraphy and distribution: Messel Formation, MP 11,
middle Eocene (ca. 47 Ma), Messel near Darmstadt, Germany
(Wuttke 2012b).
Description: None needed, thanks to the detailed description
and figures recently provided by Wuttke (2012b).
Remarks: Weitzel (1938) named this species as Propelodytes
wagneri and assigned it to Pelodytidae. In his PhD disserta-
tion, Wuttke (1988) transferred the species to Eopelobates and
that generic assignment has been accepted since (see
summaries by Sanchiz 1998; Wuttke 2012b). Utilising several
dozen additional specimens from the type area in the middle
Eocene Messel Pit, southwest Germany, Wuttke (2012b)

provided a revised diagnosis and more detailed description of
E. wagneri. As mentioned above, E. wagneri and E. hinschei
are morphologically similar to one another and have similar
temporal and geographic distributions (middle Eocene, Germa-
ny), with the former known only from Messel and the latter
from Geiseltal. The possibility that these may be the same
species deserves to be seriously considered; if so, the name
E. wagneri has priority. For the time being, we retain these as
separate species.

It is worth noting that Messel has also produced a second,
more problematic pelobatid. Lutetiobatrachus gracilis
(Wuttke in Sanchiz 1998; see Wuttke 2012a) can be assigned
to Pelobatidae on the basis of the following features:
frontoparietals fused posteriorly and their posterior margin is
convex in dorsal outline, the latter of which suggests the
presence of a posterior median element; sacral transverse
processes broadly dilated; and ilium without a dorsal tubercle.
Resolving the generic and specific affinities of L. gracilis is
complicated by the fact that the taxon is known by just one
juvenile skeleton. The juvenile status of that holotype skeleton
is indicated by it having frontoparietals that lack dorsal sculp-
ture and are separated anteriorly by a median suture, separate
quadratojugals and quadrates, the anteriormost end of the
urostyle showing signs of weak segmentation, and in lacking
epiphyses on the humeri and radioulnae. A suite of features
(frontoparietals broader anteriorly than posteriorly, triangular
nasals, and femur shorter than tibiofibula) suggest possible
relations to Eopelobates, but at present that possibility can
neither be verified nor refuted.

Comments on fossil occurrences and evolutionary trends
in Eopelobates and Pelobates

The geologically oldest records of Pelobatidae in Europe are
from the earliest Eocene (MP 7) at Dormaal, Belgium
(Duffaud 2000), at Le Quesnoy (formerly called Creil), Rians,
and perhaps Meudon, all in France (Nel et al. 1999; Duffaud
2000; Rage and Roček 2003), and at Silveirinha, Portugal
(Antunes and Russell 1981; Rage and Augé 2003). All are
represented by disarticulated and fragmentary bones and, as
suggested by slightly younger (latest early Eocene or MP 10)
frontoparietals and other cranial bones from Prémontré,
France (Duffaud 2000), at least some of those early Eocene
specimens belong to Eopelobates. The geologically oldest
articulated pelobatid skeletons are from the middle Eocene
of Germany and belong to two named species of Eopelobates:
E. wagneri from Messel and E. hinschei (slightly younger
than E. wagneri) from Geiseltal (e.g. Estes 1970; Sanchiz
1998; Wuttke 2012b; this study).

The earliest occurrences of unequivocal pelobatids in
North America are less certain. Two points are important
when considering the North American record: (1) earlier
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reports viewed pelobatids in a broader sense (i.e. sensu
Duellman and Trueb 1994) than we do here, and (2) all pre-
Eocene reports of pelobatids on the continent (see summary of
occurrences by Gardner and DeMar 2013, tables 1, 4–7) are
based on isolated and usually incomplete bones that may be
pelobatid- or pelobatoid-like in their general structure, but are
not especially diagnostic for either group. These caveats apply
particularly to reports founded entirely on isolated, incomplete
ilia from the Upper Jurassic Morrison Formation, Wyoming,
USA (Evans andMilner 1993) and from the Upper Cretaceous
Judith River Formation (late Campanian), Montana, USA
(Sahni 1972) and Ellisdale Formation (undifferentiated Cam-
panian), New Jersey, USA (Denton and O’Neill 1998); none
of those iliac specimens can reliably be assigned to
Pelobatidae. Other reports of pre-Eocene “pelobatids” in
North Amercia are founded on isolated ilia and skull bones
attributed to Eopelobates or an Eopelobates-like frog from the
following units in the western USA: Fruitland Formation (late
Campanian), New Mexico (Armstrong-Ziegler 1980);
Mesaverde Formation (middle to late Campanian), Wyoming
(e.g. DeMar and Breithaupt 2008); Lance Formation (late
Mastrichtian), Wyoming (e.g. Estes 1970; Estes and Sanchíz
1982; Gardner 2008); and the Bug Creek Anthills locality
(mixed late Maastrichtian and earliest Paleocene) in the Hell
Creek Formation, Montana (Estes and Sanchíz 1982; Gardner
2008). Estes (1964, pp. 57–60) was the first to tentatively
report pelobatid-like bones from the North American Creta-
ceous, in his monograph on non-mammalian vertebrates from
the Lance Formation. Later in his revision of Eopelobates, he
(Estes 1970, pp. 315–316) identified those specimens as
“?Eopelobates sp.” The practice of identifying isolated frog
skull bones bearing reticulate or pit-and-ridge style sculpture
from the North American Late Cretaceous as “?Eopelobates
sp.”, “cf. Eopelobates sp.”, or similar has been widely follow-
ed since, if only because it is a convenient way for grouping
and identifying isolated bones that bear some resemblance to
those of unequivocal Tertiary age Eopelobates, rather than
necessarily indicating membership within or a close relation-
ship to that genus.

The best described and figured of the problematic
Eopelobates-like fossils from the North American latest Cre-
taceous and earliest Paleocene are from the Lance Formation
and from Bug Creek Anthills in the Hell Creek Formation.
These include ilia (e.g. Estes and Sanchíz 1982, fig. 5A–D;
Gardner 2008, fig. 13.3H, I) and cranial bones, mostly max-
illae but also some nasals, frontoparietals, and squamosals
(e.g. Gardner 2008, fig. 13.3A–G). Examination by one of
us (Z.R.) of the maxillary specimens listed by Gardner (2008,
p. 232) as “cf. Eopelobates sp.” indicates that at least two
specimens (AMNH 25002: Gardner 2008, fig. 13.3A, B;
AMNH 27205: unfigured) differ from unequivocal Tertiary
age Eopelobates in having sculpture that is more pustular or
vermicular (rather than pit-and-ridge style), in details of the

inner surface, and in having a peculiar canal within the orbital
margin. That canal enters the maxilla on the inner surface of
the processus zygomaticomaxillaris and exits on the posterior
portion of the processus frontalis; in the latter region, the
groove remains well separated from the groove for the
nasolacrimal duct. In those features, the two maxillary speci-
mens are more similar to referred maxillae (e.g. MCZ 3626:
Estes 1969, fig. 2c, d; UALVP 40156: Gardner 2008, fig.
13.1N, O) of the incertae sedis anuran Scotiophryne pustulosa
Estes, 1969 from the latest Cretaceous and early Paleocene of
North America, although they lack the tightly packed, almost
bead-like pustular sculpture that is characteristic of
Scotiophryne. The incomplete frontoparietal (UALVP
40164: Gardner 2008, fig. 13.3F, G) listed by Gardner
(2008, p. 232) for “cf. Eopelobates sp.” preserves most of its
lateral margin, but its frontoparietal incrassation, which is a
bony patch on the inner (ventral) surface of the bone that
provides information on the shape of fenestrae in the roof of
the braincase and has some taxonomically informative vari-
ability, is indistinct. That differs from the condition in an
uncatalogued frontoparietal from the latest early Eocene
(MP 10) of Prémontré, France, that preserves a prominent
and pelobatid-like incrassation suggesting only one large fe-
nestra that is not divided by taeniae (Duffaud 2000, fig. 105).
The frontoparietal from Prémontré resembles that of
E. hinschei (middle Eocene, Germany), which suggests that
species may have occurred earlier in the Eocene; unfortunate-
ly, the Prémontré frontoparietal is now lost (J.-C. Rage, per-
sonal communication 2013). Returning to the problematic
North American latest Cretaceous and Paleocene specimens,
all reported Eopelobates-like ilia (e.g. Gardner 2008, fig.
13.3H, I) consistently display a generalised pelobatid-like
morphology (e.g. no dorsal tubercle or dorsal crest, weakly
developed oblique groove crossing the dorsal margin onto the
medial surface of the bone), but those features are not partic-
ularly informative because they are widespread among Meso-
zoic anuran ilia from North America (see Roček et al. 2010),
including Scotiophryne and the earliest (Early Jurassic) anuran
Prosalirus. Other reports of Eopelobates or Eopelobates-like
frogs from the North American Late Cretaceous (e.g.
Armstrong-Ziegler 1980; DeMar and Breithaupt 2008) de-
serve to be treated with similar caution.

At present, the only unequivocal records for Eopelobates
and for Pelobatidae (in the sense that we view that family; i.e.
Eopelobates and Pelobates) in North America are the three
specimens documented in our paper, specifically the holotype
and paratype skeletons of E. deani from the early middle
Eocene of Wyoming, USA, and the holotype skeleton of
E. grandis from the latest Eocene of South Dakota, USA.
For the sake of completeness, it should also be noted that
there are two unverified reports of Eopelobates-like frogs
from other Eocene age formations in the western USA. The
first is a sacral vertebra from the Bridger Formation (early
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middle Eocene or Bridgerian NALMA), Wyoming, that was
reported by Hecht (1959, p. 131, pl. 57, figs 6–9) and favor-
ably compared by him to Eopelobates. Estes (1970, p. 308)
accepted that generic identification. Although none of us has
personally examined the relevant specimen (AMNH 3832),
judging from the published photographs there does not seem
to be any compelling osteological basis for that generic as-
signment. The second report is contained in a faunal list (Golz
and Lillegraven 1977, table 1) in which “cf. Eopelobates sp.”
was reported from the Mission Valley Formation (late Eocene
or Uintan NALMA) of southern California. The relevant
specimens have neither been described nor have we seen
them, so their identification remains uncertain.

The Eopelobates deani occurrences are approximately con-
temporaneous with the earliest records of the genus in Europe.
Assuming there is not a lengthy but undiscovered pre-Eocene
record for Eopelobates in North America or Europe and
taking into account pre-Eocene palaeogeographic reconstruc-
tions for those continents, it seems unlikely that Eopelobates
spread from North America to Europe, or vice versa, before
the late Paleocene. The only terrestrial connection then avail-
able between those two continents was the high latitude North
Atlantic land bridge (the so-called DeGeer route or passage)
that extended across present day Greenland during the late
Paleocene–early Eocene (West and Dawson 1978; Beard and
Dawson 1999; Smith et al. 2006; Solé and Smith 2013). That
route could have been used not only by endothermic mam-
mals and non-flying birds but, as evidenced by fossils of
insects, salamanders, pond turtles, squamates, and alligators
(Estes and Hutchison 1980; Buffeteaut 1997; Archibald and
Makarkin 2006; Petrulevičius et al. 2007; Archibald et al.
2011; Gamble et al. 2011; Eberle and Greenwood 2012;
Sullivan et al. 2012), also by ectothermic animals thanks to
extended intervals of warmer annual mean temperatures, such
as occurred during the Paleocene-Eocene Thermal Maximum
that lasted about 100,000 years. Various lines of evidence
gathered from early–middle Eocene age localities that today
are well above the Arctic Circle suggest milder temperates,
with winter values at or just above freezing and summer
values of 20 °C (or higher), and high precipitation in that
region during the Eocene (Eberle and Greenwood 2012). This
high latitude route has previously been invoked to explain the
palaeobiogeographical histories of certain salamander fami-
lies (e.g. Naylor 1981; Milner 1983; Duellman and Trueb
1994) and it seems no less reasonable for frogs such as
Eopelobates.

A peculiar anomaly in the reported distribution of
Eopelobates is an ilium from the early Eocene (Ypresian)
Vastan Lignite Mine in Gujarat, India, that Folie et al. (2013)
recently identified as belonging to an indeterminate species of
Eopelobates. As already noted by Roček (2013, p. 403) that
generic identification is suspect for two reasons. First, ilia
have not previously been used to diagnose Eopelobates and

it is not clear that the features listed by Folie et al. (2013) are
reliably diagnostic. Second, the presence of Eopelobates in
India during the early Eocene, roughly simultaneous with the
earliest occurrences of Eopelobates in Europe and North
America, is at odds with well accepted palaeogeographical
reconstructions in which India and Europe were separated
during and prior to the early Eocene by the Turgai Strait. We
note, however, that intermittent land routes across the Turgai
Strait during the Paleocene and Eocene have been suggested
as routes for mammals, turtles, and snakes to move between
Asia and Europe and that non-marine vertebrate assemblages
on those continents during the Eocene are now looking to be
less dissimilar than previously thought (e.g. Godinot and
Lapparent de Broin 2003; Hooker and Dashzeveg 2003;
Smith et al. 2006, 2007; Rage et al. 2008; Rana et al. 2008).
Even if such a route was available for Eopelobates to move
from Europe into India, the ilium from Vastan Lignite Mine is
insufficient for establishing Eopelobates at that locality. In our
opinion, the only reliable materials for making such an iden-
tification are cranial elements, ideally associated or
articulated.

Eopelobates has not been recorded in North America in
post Eocene times, but in Europe it persisted until the Plio-
cene, as evidenced by its last records from Poland, Slovakia,
and Ukraine (see above). The geologically oldest occurences
of Pelobates fossils (reported as cf. Pelobates) are
disarticulated bones from the middle Oligocene (MP 22–23)
localities in France (de Bonis et al. 1973). Thus, both genera
overlapped in Europe from the middle Oligocene until the
latest Pliocene, which is an interval of about 25 million years.
During that time, characteristic features of Eopelobates were
gradually, but at different rates, modified into those of
Pelobates. Among the first features to be transformed were
that the frontoparietal established a postorbital bridge with the
squamosal and that the anterolateral margin of the nasals
changed from straight to sinusoid. Both of those features are
seen in articulated skeletons of Pelobates decheni from the
late Oligocene (Böhme et al. 1982, fig. 2; Roček and Wuttke
2010, fig. 7c). The concavity in the anterior section of the
anterolateral margin of the nasal in Pelobates implies possible
changes in this area, such as extension of the external naris. In
the postcranial skeleton, an early change is a shortening of the
urostyle. That feature also is seen inPelobates decheni (Roček
and Wuttke 2010, fig. 6a, b, h).

On the other hand, other features were retarded. Sculpture
in the earliest Pelobates (see P. decheni Fig. 8b, c) resembled
that ofEopelobates (Fig. 8a) in being of the pit-and-ridge style
and in having low relief. A transitional pattern that combines
pit-and-ridge and pustular sculpture (Fig. 8d) is seen only
during the Miocene; see also P. fahlbuschi from the early
Miocene of Sandelzhausen, Germany (Böhme 2010, fig.
5Y) and P. sanchizi from the middle Miocene of Hungary
(Böhme 2010, fig. 5X; Venczel 2004, text-fig. 6B).
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Exclusively pustular sculpture seems to have appeared only in
the Pliocene (Hodrová 1985) and continues to the present
(Fig. 8e). Within Pelobatidae a bony spade also may have
evolved rather late, although that is not certain because
recognising that feature requires articulated postcranial mate-
rial and that is sorely lacking for most fossil species of
Pelobates. A bony spade has never been found in Eopelobates
or in the only fossil Pelobates species (P. decheni) for which
articulated postcranial material is available. All extant species
of Pelobates have a bony spade.

Fossoriality in fossil Pelobates potentially can be in-
ferred from a suite of other skeletal features that tend to
characterise burrowing anurans, but for various reasons
none of those helps establish when fossoriality appeared

in the genus. Because the urostyle is a structure from which
muscles important for burrowing take their origin (Přikryl
et al. 2009), fusion of this element with the sacral vertebra is
typical of frogs that have lost the ability to jump in favor of
hindlimb burrowing. The urostyle-sacral joint is fused in
adults of all Recent species of Pelobates, whereas it is a
movable joint in skeletons of the late Oligocene P. decheni
and, judging by complementary surfaces on isolated sacral
vertebrae and urostyles, also during the middle Miocene
(e.g. P. sanchizi: Venczel 2004, text-fig. 7E, F, L, M).
Another feature often associated with burrowing is fusion
of the tibiale and fibulare. Such fusion occurs in all extant
species of Pelobates, but it is unknown for fossil species of
the genus (including P. decheni) and, with the possible

Fig. 8 Representative pelobatid frontoparietal complexes, showing hy-
pothetical transformation series in cranial sculpture. a–c Inferred primi-
tive pit-and-ridge pattern, typical of Eocene–Pliocene Eopelobates and
Oligocene–Miocene Pelobates: a Eopelobates hinschei (Kuhn, 1941),
middle Eocene, Geiseltal, Germany (GMH 6728); b Pelobates cf.
P. decheni Troschel, 1861, late Oligocene, Enspel, Germany (NHMM
PW1995/5802a-LS); c Pelobates cf. P. decheni Troschel, 1861, late

Oligocene, Enspel, Germany (NHMM PW1997/5040). d Inferred inter-
mediate pattern that combines pit-and-ridge with pustular sculpture, seen
only in some Miocene Pelobates: Pelobates sp., late Miocene (middle
Sarmatian, MN 9a), Gritsev, Ukraine (IZANK 3338). e Inferred derived
pustular sculpture, seen in Pliocene–Recent Pelobates: P. varaldii ♀,
Recent, Mamora, Morocco (DPFNSP 6328a). Not to scale
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exception of Eopelobates grandis (see above account for
that species), it is also unknown for Eopelobates. It is worth
noting that fusion of the tibiale and fibulare does not appear
to be a prerequisite to burrowing. For example, the
pelobatoid Macropelobates linquensis from the Miocene
of China is a large-bodied species that bears well-
developed bony spades and on that basis likely was a
burrower, yet its tibiale and fibulare are unfused (Roček
et al. 2011). Extant species of Pelobates also have the
tibiofibula shorter than the femur and F+TF shorter than
SVL; however, these ratios do not necessarily indicate
fossoriality, because similar ratios are seen in non-
fossorial bufonids. It should also be noted that the
prehallux, formed by two elements, is a characteristic fea-
ture of anuran hindlimbs, and is not restricted to burrowers.
In fossorial anurans, including Recent Pelobates, the more
distal element of the prehallux is enlarged and elaborated to
support the keratinized spade. Although prehallical ele-
ments are rarely preserved in fossils, Špinar found them in
non-fossorial Eopelobates bayeri (Špinar 1972, text-fig.
92). In summary, existing fossil evidence does not allow
us to estimate when burrowing evolved in pelobatids. It
may not have occurred until post Pliocene times.
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