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Palaeobatrachid frog from the late Miocene of
Northern Caucasus, Russia

Elena V. Syromyatnikova

ABSTRACT

Disarticulated remains of Palaeobatrachus sp. (Palaeobatrachidae) from the late
Miocene (early Turolian, MN 11; about 8—7.5 m.y.) of Volchaya Balka and Gaverdovsky
localities (Northern Caucasus, Russia) are described. Palaeobatrachus from Volchaya
Balka and Gaverdovsky differs from other species of the genus by having four premax-
illary teeth. It shows an intermediate dentition between pre-Pliocene palaeobatrachids
with five or more premaxillary teeth and Pleistocene congeners with two or three pre-
maxillary teeth. The variations in the frontoparietals and synsacra may indicate that two
species of Palaeobatrachus co-existed in Volchaya Balka and Gaverdovsky. The wide
contribution of the transverse processes of V;,g.g in the sacral wings of Palaeobatra-
chus from Volchaya Balka and Gaverdovsky shows that palaeobatrachids probably
reached an extreme degree of aquatic adaptation as early as the late Miocene or even
earlier. The Caucasian Palaeobatrachus partly fills the late Miocene gap (MN 10-13) in
palaeobatrachid distribution and extends the Miocene range of this family to eastern-
most Europe (European Russia).
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INTRODUCTION 2016) to the middle Pleistocene (e.g., Ratnikov,
1993, 1997, 2002; Wuttke et al., 2012). The Asian
records include Palaeobatrachus sp. from the early
Miocene and, possibly, Pleistocene of Anatolia
(Claessens, 1997; van den Hoek Ostende et al.,
2015) and from the late Miocene (Vasilyan et al.,
2016) and Early Pliocene (Syromyatnikova, per-

Palaeobatrachidae Cope, 1865, are common
extinct anurans in Europe (Rage and Rocek, 2003;
Rocek, 2013), which are known from the Late Cre-
taceous (e.g., Buffetaut et al., 1996; Blain et al.,
2010; Blanco et al., 2015; Szentesi and Company,
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sonal observation, 2017) of Western Siberia. Cur-
rently, two genera of Palaeobatrachidae are
recognized: Palaeobatrachus Tschudi, 1838 (about
11 species), and Albionbatrachus Meszoely, Spinar
and Ford, 1984 (two species). The latter genus is
based only on the frontoparietal, and its distinctions
from Palaeobatrachus in other skeletal elements
are not known. Thus, at present, the most diagnos-
tic characters of Palaeobatrachidae are also char-
acteristic of Palaeobatrachus. Since the discovery
of palaeobatrachids, a large number of articulated
skeletons, isolated bones, and tadpoles have been
recovered from various localities, and a large num-
ber of species have been described (for reviews
see Spinar, 1972; Sanchiz, 1998). The Palaeobatr-
achidae is thus among the well-studied families of
extinct anurans. Most described Palaeobatrachus
species (excluding Palaeobatrachus hiri, P. robus-
tus, P. langhae, and P. eurydices) are represented
by articulated skeletons from the Oligocene and
early Miocene of Germany and the Czech Republic
(Spinar, 1972). These taxa described based on
well-preserved, articulated fossils cannot be easily
compared to those typified on the basis of disartic-
ulated bones. Thus, the taxonomy of Palaeobatra-
chus is still unclear. Because the validity of some
species is questionable, several attempts of taxo-
nomic revision have been undertaken (Vergnaud-
Grazzini and Hoffstetter, 1972; Spinar, 1972;
Sanchiz, 1998; Wuttke et al., 2012). Within the
genus, the late Miocene palaeobatrachids are
more poorly known and originate only from the
localities of the MN 9: Goétzendorf/Sandberg,
Austria (Harzhauser and Tempfer, 2004), Rud-
abanya, Hungary (Rocek, 2005), and Gritsey,
Ukraine (Wuttke et al., 2012; Vasilyan et al., 2016).

The present study deals with the Palaeobatra-
chus remains from the late Miocene (early Turo-
lian, MN 11) of Northern Caucasus (Russia). The
described remains come from two nearly synchro-
nous sites, Volchaya Balka and Gaverdovsky (see
“Material and Methods”). Both localities produced a
series of isolated skeletal elements, but most of
them were collected from Volchaya Balka. The
record of Palaeobatrachus from the late Miocene
of Northern Caucasus is difficult to compare with
those of articulated palaeobatrachid taxa and to
interpret taxonomically. Nevertheless, this record
provides important information on the morphology
of the late Miocene Palaeobatrachus of Eastern
Europe.

MATERIAL AND METHODS

The Palaeobatrachus remains were collected
in the localities of Gaverdovsky (44°36'24" N,
40°01'55" E) and Volchaya Balka (=Fortepianka)
(44°36'29" N, 40°00'59" E) on the opposing banks
(right and left, correspondingly) of the Belaya
River, near the settlement of Gaverdovsky, Maykop
District, Republic of Adygea, Russia. The geologi-
cal sections of the river banks expose continental
sandy ocherous deposits of the Gaverdovsky For-
mation overlying shallow marine sediments of the
Khersonian marine regional stage of Eastern Para-
tethys. Both localities were sampled from 2011 to
2013 by the joint field team of the Geological Insti-
tute of RAS (Moscow, Russia) and the Institute of
Arid Zones SSC RAS (Rostov-on-Don, Russia).
The Gaverdovsky and Volchaya Balka localities
produced a diverse vertebrate and mollusk fauna.
The micromammal assemblages of both localities
studied by Tesakov et al. (2017) enabled their cor-
relation to MN 11 of European continental scale.
The material of Palaeobatrachus (as Palaeobatra-
chus sp.) from Volchaya Balka and Gaverdovsky
was mentioned earlier (Syromyatnikova, 2016;
Tesakov et al., 2017). The fossiliferous sediments
at Gaverdovsky and Volchaya Balka are of lacus-
trine origin. Apart from fully aquatic palaeobatra-
chid frogs, the amphibian assemblage is
characterized by semi- and periaquatic taxa such
as the proteid Mioproteus, salamandrids Triturus
sensu lato (several forms) and Chelotriton, ranid
Pelophylax, and alytid Latonia (Tesakov et al.,
2017).

In addition to the specimens of Palaeobatra-
chus described below, this study relies on pub-
lished data on Albionbatrachus oligocenicus
Venczel, Codrea, and Farcas, 2013, early Oligo-
cene (Venczel et al., 2013); A. wightensis Meszo-
ely, Spinar, and Ford, 1984, late Eocene (Meszoely
et al., 1984); Palaeobatrachus diluvianus (Gold-
fuss, 1831), Oligocene—early Miocene (Spinar,
1972; Sanchiz, 1998; Rocek, 2016); P. grandipes
(Giebel, 1851), middle Eocene-lower Miocene
(Spinar, 1972; Sanchiz, 1998; Smith, 2003; Rodek,
2013); P. hauffianus (Fraas, 1909), early—middle
Miocene (Rocek et al.,, 2006); P. langhae
(Fejérvary, 1917), early Pleistocene (Fejérvary,
1917; Venczel, 2000); P. luedecki Wolterstorff,
1886, Oligocene—lower Miocene (Spinar, 1972;
Sanchiz, 1998); P. laubei (Bieber, 1881), middle—
late Oligocene (Spinar, 1972; Sanchiz, 1998;
Rocek, 2013); P. novotnyi Spinar, 1972, Oligocene
(Spinar, 1972); P. robustus Hossini and Rage,
2000, early Miocene (Vergnaud-Grazzini and Hoff-



stetter, 1972; Hossini and Rage, 2000); P. tobieni
(Wuttke in  Sanchiz, 1998), middle Eocene
(Sanchiz, 1998; Wuttke et al., 2012); P. hiri Venc-
zel, 2004, middle Miocene (Venczel, 2004; Venczel
and Stiuca, 2008; Venczel and Hir, 2013); P. gigas
(Meyer, 1852), late Oligocene (Spinar, 1972); P.
eurydices Villa, Rocek, Tschopp, van den Hoek
Ostende and Delfino, 2016, early Pleistocene (Villa
et al.,, 2016); Palaeobatrachus sp. from Rud-
abanya, late Miocene (Rocek, 2005); Palaeobatra-
chus sp. and Palaeobatrachus cf. grandipes from
Enspel, late Oligocene (Ro¢ek and Wuttke, 2010).
P. occidentalis from the late Maastrichtian and
early Paleocene of North America (Estes and
Sanchiz, 1982; Gardner, 2008) is not used in com-
parison since its generic assignment is questioned
Rocek, 2013). The characteristics of some "prob-
lematic" species (i.e., P. grandipes, P. luedecki, P.
laubei, and P. novotnyi), which are used in compar-
ison are scored according to the most recent pub-
lished observation (Villa et al., 2016) and personal
communication (Rocek et al., pers. comm., 2018
P. langhae is used here only for material from the
type-locality (Betfia, Romania). The other material
assigned to P. langhae or P. cf. langhae (Mtynarski,
1960, 1962, 1977; Vergnaud-Grazzini and Mlynar-
ski, 1969; Sanchiz and Mtynarski, 1979; Hodrova,
1981, 1982a, 1982b; Ratnikov, 1997, 2002; Venc-
zel, 2001) deserves a taxonomic revision (Rocek et
al., pers. comm., 2018). The SEM (scanning elec-
tron microscope) photographs were taken with a
Cambridge CamScan-4 in the Paleontological
Institute of the Russian Academy of Sciences
(Moscow, Russia). The anatomical terminology
mainly follows those of Bolkay (1919), Sanchiz
(1998), and Rocek et al. (2015). All fossil material
of Palaeobatrachus from Volchaya Balka and
Gaverdovsky is deposited in the Geological Insti-
tute of the Russian Academy of Sciences, Moscow
(GIN hereatter).

SYSTEMATIC PALEONTOLOGY

Order ANURA Fischer, 1813
Family PALAEOBATRACHIDAE Cope, 1865
Genus PALAEOBATRACHUS Tschudi, 1838

Type Species. Palaeobatrachus diluvianus (Gold-
fuss, 1831), by monotypy.

Palaeobatrachus sp.
Figures 1-5

Material. Gaverdovsky locality: two frontoparietals
(GIN 1144/210-211); one sphenethmoid (GIN
1144/212); one premaxilla (GIN 1144/213); three
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maxillae (GIN 1144/214-216); six angulars (GIN
1144/217-222); one clavicle (GIN 1144/223).
Volchaya Balka locality: five frontoparietals (GIN
1143/330-334); four sphenethmoids (GIN 1143/
335-338); four premaxillae (GIN 1143/339-342);
10 maxillae (GIN 1143/343-352); two nasals (GIN
1143/353-354); two squamosals (GIN 1143/355—
356); 11 angulars (GIN 1143/357-367); three pre-
sacral vertebrae (GIN 1143/368-370); six synsacra
GIN 1143/371-376); one urostyle (GIN 1143/377);
four coracoids (GIN 1143/378-381); two scapulae
(GIN 1143/382-383); three humeri (GIN 1143/384—
386); nine ilia (GIN 1143/387-395).

Description and Comparison. The frontoparietal
(Figure 1.1-14) is represented by fragments of the
anterior and posterior parts of the bone. The frag-
ments of the anterior half of the frontal part of the
bone (Figure 1.1-4; GIN 1144/210 and 211) are flat
and smooth dorsally. In other palaeobatrachids
(except Albionbatrachus; Rocek et al., 2015), the
frontoparietal is unsculptured dorsally. The anterior
end of the bone is not preserved in all specimens.
The pineal canal in the GIN 1144/210 is directed
anteriorly and positioned in the posterior third of
the preserved part of the bone. The presence of
the pineal canal seems to suggest that the bone
does not belong to a fully grown individual or may
be pedomorphic. In a larger specimen (GIN 1144/
211), the pineal foramen is minute, which might
indicate that this individual is older than GIN 1144/
210. The depression on the anterior part of the dor-
sal surface, which is known in some species (P.
langhae, P. diluvianus, P. hiri, and P. novotnyi), is
absent in all specimens. The middle part of the
bone is slightly narrowed in the interorbital region.
Low and smooth parasagittal ridges delimit the
frontoparietal table laterally. They are widely sepa-
rated from each other but deflected laterally and
become vestigial towards the anterior margin of the
bone. The posterior part of the bone can be recon-
structed based on fragments (Figure 1.5-10) as
only slightly widened and rounded posteriorly (Fig-
ure 1.11). Like the previously described speci-
mens, it is flat and smooth dorsally. The
parasagittal ridges are smooth and rounded. The
paraoccipital processes are poorly developed. The
transverse ridge is very shallow but not absent as
in P. eurydices (Villa et al., 2016) and P. langhae
(Fejérvary, 1917). Thus, the frontoparietal table is
not clearly outlined. In GIN 1143/333, the posterior
part of the frontoparietal table is clearly outlined
and widened (Figure 1.12-13). The transverse
ridge is clearly visible and reconstructed as con-
cave (Figure 1.14). In the ventral view, a striated
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FIGURE 1. Palaeobatrachus sp.; late Miocene, early Turolian; Russia: 1, 2 — frontoparietal, GIN 1144/210: 1 — dorsal
view, 2 — ventral view; 3, 4 — frontoparietal, GIN 1144/211: 3 — dorsal view, 4 — ventral view; 5, 6 — frontoparietal, GIN
1143/330: 5 — dorsal view, 6 — ventral view; 7, 8 — frontoparietal, GIN 1143/331: 7 — dorsal view, 8 — ventral view; 9, 10
— frontoparietal, GIN 1143/332: 9 — dorsal view, 10 — ventral view; 11 — reconstructed frontoparietal based on GIN
1143/330-332; 12, 13 — frontoparietal, GIN 1143/333: 12 — dorsal view, 13 — ventral view; 14 — reconstructed fronto-
parietal based on GIN 1143/333; 15-16 — sphenethmoid, GIN 1143/335: 15 — dorsal view, 16 — ventral view; 17 —
sphenethmoid, GIN 1143/336, dorsal view; 18 — sphenethmoid, GIN 1143/337, dorsal view; 19, 20 — premaxilla, GIN
1143/339: 19 — labial view, 20 — lingual view; 21 — right maxilla, GIN 1143/343, lingual view; 22—-23 — right maxilla, GIN
1143/344: 22 — lingual view, 23 — dorsal view. The specimens under figures 1-4 are from Gaverdovsky locality; 5-23
— from Volchaya Balka locality. Scale equals 1 mm. The Figures 1.11 and 1.14 out of scale.
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FIGURE 2. Palaeobatrachus sp.; late Miocene, early Turolian; Russia: 1-3 — right maxilla, GIN 1143/345: 1 — labial
view, 2 — lingual view, 3 — dorsal view. The specimen is from Volchaya Balka locality. Scale equals 1 mm.

area is present along the posterior and posterolat-
eral parts of the incrassation, which are the sutural
surfaces for the sphenethmoid and otoccipital
bones correspondingly. As was recently shown
(Rocek et al., 2015), the shape of the frontoparietal
and ridges can change during development. Thus,
presence of the smooth ridges and the pineal fora-
men together with the small size of most of the
described specimens may suggest that they
belong to juvenile individuals or pedomorphic spe-
cies. But GIN 1143/333 differs from them in having
a larger size and shape of the posterior part of fron-
toparietal table. Thus, GIN 1143/333 either belongs
to a fully-grown individual or to another species,
which co-existed with Palaeobatrachus sp. in Vol-
chaya Balka and Gaverdovsky.

The sphenethmoid (Figure 1.15-18) is repre-
sented by one complete and four incomplete speci-

mens, which are missing the posterior part. The
bone is robust and elongate, which is characteristic
of all palaeobatrachids (Rocek, 2013). As in most
other Palaeobatrachus species (except P. hiri), it is
not fused with the parasphenoid. The lateral exten-
sions of the sphenethmoid are well-developed as
in other Palaeobatrachus species, except in P.
eurydices and P. robustus, where these lateral
extensions are very poor or absent (Hossini and
Rage, 2000; Villa et al., 2016). The fenestra fronto-
parietalis tapers anteriorly and varies from rounded
(Figure 1.17) to angled (Figure 1.18) in its apex.
The antrum olfactorium is wide. It delimits the
fenestra anteriorly and anterolaterally. The contact
facets for the nasals are well-developed and sepa-
rated by a low median ridge, as is known in most
other palaeobatrachids (except for P. eurydices, in
which contact facets for the nasals are not sepa-
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FIGURE 3. Palaeobatrachus sp.; late Miocene, early Turolian; Russia: 1-2 — right nasal, GIN 1143/353: 1 — ventral
view, 2 — dorsal view; 3—4 — left nasal, GIN 1143/354: 3 — dorsal view, 4 — ventral view; 5-6 — squamosal, GIN 1143/
355: 5 — medial view, 6 — lateral view; 7 — left angular, GIN 1143/357, dorsal view; 8 — right angular, GIN 1143/358,
dorsal view. The specimens are from Volchaya Balka locality. Scale equals 1 mm.
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FIGURE 4. Palaeobatrachus sp.; late Miocene, early Turolian; Russia: 1-3 — presacral vertebra, GIN 1143/368: 1 —
dorsal view, 2 — ventral view, 3 — anterior view; 4—7 — synsacrum, GIN 1143/371: 4 — dorsal view, 5 — ventral view, 6 —
anterior view, 7 — lateral view; 8, 9 — synsacrum, GIN 1143/372: 8 — dorsal view, 9 — ventral view; 10—-12 — synsacrum,

GIN 1143/373: 10 — dorsal view, 11 — ventral view, 12 — lateral view; The specimens are from Volchaya Balka locality.
Scale equals 1 mm.
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FIGURE 5. Palaeobatrachus sp.; late Miocene, early Turolian; Russia: 1-4 — urostyle, GIN 1143/377: 1 — dorsal view,
2 — ventral view, 3 — lateral view, 4 — anterior view; 5 — left clavicle, GIN 1144/223, dorsal view; 6 — left coracoid, GIN
1143/378, ventral view, 7 — right coracoid, GIN 1143/379, ventral view; 8, 9 — left scapula, GIN 1143/382: 8 — dorsal
view, 9 — ventral view; 10-12 — right humerus, GIN 1143/384: 10 — ventral view, 11 — dorsal view, 12 — medial view;
13, 14 —right ilium, GIN 1143/387: 13 — lateral view, 14 — medial view. The specimens under figures 1—4, 6-14 are
from Volchaya Balka locality; 5 — from Gaverdovsky locality. Scale equals 1 mm.

rated; Villa et al., 2016). Ventrally, the contact area
for the parasphenoid is visible as a deep median
groove extending beyond the anterior border of the
bone and delimited by ridges. The groove is slightly
expanded posteriorly (in contrast to P. eurydices)
The anterior part of the incisura semielliptica does
not approach the anterior border of the bone. The
contact surfaces for the frontoparietal and paras-
phenoid are nearly smooth or slightly striated. The
lamina supraorbitalis is well developed.

The premaxilla (Figure 1.19-20) is repre-
sented by five specimens — two complete and three
with partly missing teeth. The pars dentalis is rela-
tively long (longer than that of P. eurydices), bear-

ing four teeth on its medial part in all specimens.
Other species of Palaeobatrachus usually have a
large number of tooth positions, that is, five to eight
(up to 10 in P. hiri), or the number of tooth positions
is reduced (two or three in P. eurydices). The lat-
eral part of the premaxilla is toothless as in most
other Palaeobatrachus species (except P. hiri, P.
gigas, and P. tobieni). The teeth are conical and
slightly curved lingually with dark pigmentation at
their tips. At the bases they are separated with
osseous knobs, as is characteristic of palaeobatra-
chids. The lamina horizontalis is prominent lin-
gually at its medial part. In contrast to the pars
dentalis, the pars facialis is relatively small, wid-
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ened dorsally and ventrally, but slightly broken off
in its tip. Interiorly, the deep groove extends along
the pars facialis.

The maxilla is represented by a large portion
of the bone and various small fragmentary parts
(Figures 1.21-23, 2). The maxillary teeth are
curved lingually with osseous knobs at their bases,
typical for Palaeobatrachus. The tips of the tooth
are characterized by dark pigmentation as in other
Palaeobatrachus (Rocek, 2013). The anterior part
of the bone (Figure 1.21) is toothless and rounded
at its tip. The numbers of tooth positions of maxilla
are unclear. The most completely preserved speci-
men (Figure 2) has eight tooth positions. Based on
all available specimens, the maxilla had about 10—
12 tooth positions. The frontal process is thickened
and triangular in shape and varies from vertically
directed (Figure 1.22) to inclined anteriorly (Figure
2). In the latter case, the posterior part of the frontal
process is straight, whereas the anterior part is
irregular and slightly bent labially. At the base of
the frontal process, a deep and wide recessus vag-
iniformis is visible (Figure 1.23). The orbital margin
of the bone is straight. The lamina horizontalis is
broad and irregular in the anterior part of the bone
and narrows gradually posteriorly. Dorsally, the
anterior portion of the lamina horizontalis (anterior
to frontal process) is broad and concave, whereas
the posterior portion (posterior to the frontal pro-
cess) is flat and narrow (Figure 2.3). The dentiger-
ous portion of the bone terminates before (Figure
2.2) or near (Figure 1.22) the level of the posterior
end of the frontal process. This indicates that the
orbital portion of the bone was mostly toothless.
Within other Palaeobatrachus species, the reduced
dentition on the maxillae (i.e., the dentigerous por-
tion of the bone terminates before the posterior
end of the frontal process) is characteristic of P.
eurydices, whereas in other species (e.g., P. hir),
dentition is not reduced (i.e., the dentigerous por-
tion of the bone extended behind the posterior end
of the frontal process).

The nasals (Figure 3.1—4) are represented by
two crescent-like specimens. GIN 1143/353 (Fig-
ure 3.1-2) is most complete with only the anterior
process slightly broken off at its tip. Although
incomplete, the anterior process is straight and rel-
atively short (shorter than the suture with the fron-
toparietal). The posterolateral process is wider
than the anterior process and terminated by a
straight margin. The posteromedial margin is
widely rounded, whereas the orbital margin is only
slightly concave (Figure 3.2) or straight (Figure
3.3). There is an oval depression on the ventral

surface of the posterolateral process of the GIN
1143/354 (Figure 3.4) similar to the depression
described in P. hiri (Venczel, 2004), but in Cauca-
sian Palaeobatrachus, it is shallower and not
clearly outlined.

The squamosal (Figure 3.5-6) is represented
by the lamella alaris only. The posterior process (=
processus posterodorsalis) of the lamella alaris is
complete and relatively wide (wider than the ante-
rior process). The anterior process (= processus
zygomaticus) is incomplete but was obviously nar-
row. The processus posterolateralis is broken off at
its base. The squamosal is generally similar to
those of other Palaeobatrachus but differs from P,
hiri in having a wider processus posterodorsalis
and from P. laubei (Spinar, 1972) in having a nar-
row processus zygomaticus.

The angulars (Figure 3.7-8) are highly vari-
able. The surface of the bone looks smooth, with-
out the shallow grooves known in P. robustus
(Hossini and Rage, 2000). As in other species of
Palaeobatrachus, the coronoid process is dorso-
ventrally compressed (Rocéek, 2013). It continues
distinctly posteriorly or is shortened, usually con-
cave in the dorsal surface (Figure 3.8), and rarely
either flat or slightly convex (Figure 3.7). It can be
divided into two small fossae. In some specimens,
the coronoid process is inclined medially. Accord-
ing to Hossini and Rage (2000), this variation might
represent sexual dimorphism. The groove for
Meckel's cartilage is narrowed at the level of the
coronoid process. A tubercle described in P. eury-
dices and A. oligocenicus (Venczel et al., 2013;
Villa et al., 2016) is usually absent, but visible in
GIN 1143/357 (Figure 3.7). As in P. eurydices, this
tubercle is present only in one specimen. The
tubercle inferred to be the insertion surface of mus-
culus levator mandibulae posterior subexternus
(Venczel et al., 2013). The extremitas spatulata is
wide and rounded posteriorly (in contrast to short
and broad in P. eurydices).

The presacral vertebra (Figure 4.1-3) is pro-
coelous. The condyle and cotyle are crescentic. In
ventral view, the centrum is dorsoventrally com-
pressed as in other Palaeobatrachus (Rocek,
2013). It is long (contra to P. diluvianus). The pre-
zygapophyses of the described vertebra are
rounded and prominent anteriorly beyond the level
of the anterior margin of the neural arch. The neu-
ral arch is deeply concave anteriorly and extends
slightly posteriorly beyond the level of the postzy-
gapophyses, forming a small spike. The neural
ridge is poorly developed. The transverse pro-
cesses are broken off at their bases.



The synsacrum (Figure 4.4-12) is repre-
sented by several incomplete elements, among
which usually three (V7.g+9) vertebrae are fused.

In all specimens, the centra are fully fused and
intercentral sutures are indiscernible, indicating
fully grown individuals. In ventral view, the surface
of the centra is smooth, as in other Palaeobatra-
chus (Spinar, 1972). The neural arches of all verte-
brae bear the low neural ridges. Laterally,
intervertebral spaces for spinal nerves are widely
open on each side of the bone (Figure 4.7). The
transverse processes of all specimens are broken
off in their distal parts, so the shape of the
synsacral wings is unclear. In the largest speci-
mens (which appear to be adult; Figure 4.4-9), V;
is fully fused with Vg,g. The transverse processes
of V7 are well-developed and fully fused to other
processes (V7.g+g). The traces of fusion of the

transverse processes are partly visible in dorsal
view and invisible in ventral view. The small fenes-
trae remain open between the pedicles of each
part of the synsacral wing. The one revealed
synsacrum comprises only Vg and Vg vertebrae,
which are fused by the centra and transverse pro-
cesses (Vg.g; Figure 4.10-12). This may indicate
that two species of Palaecobatrachus co-existed in
Volchaya Balka and Gaverdovsky. According to
recent data (Villa et al., 2016; Rocek et al., pers.
comm., 2018), several types of synsacrum are
known in Palaeobatrachus. Among them, either
two (Vg.g) vertebrae are fused together or three
vertebrae (V7.g+g) are fused. In the latter case, the
transverse processes of V7 contributing or not to
sacral wings.

The urostyle (Figure 5.1—4) is represented by
the only specimen damaged in its posterior end.
The median crista is low or almost absent in its
anterior part and increases posteriorly. Some
tuberosity is present on the dorsal surface of the
bone. The ventral margin of the bone is straight.
The two condyloid fossae are clearly separated
from each other by the prominent processus inter-
condylicus (Figure 5.4). The processus intercondy-
licus is present in P. hirii P. eurydices, and
Palaeobatrachus sp. from Rudabanya (Rocek,
2005). It is also present in some Pliocene Palaeo-
batrachus from Ivanovce (Hodrova, 1982a). The
canalis coccygeus in the described urostyle is
rounded and narrowed (narrower than the diameter
of the condyloid fossae). The horizontal laminae
are thin and as wide as the anterior part of the
bone. Some variation in the length and shape of
laminae is observed on both sides of the specimen,
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which is longer and wider on the left side of the
bone and shorter and narrower on its right side.
The transverse processes are absent, as in most
other Palaeobatrachus species (present in P. lang-
hae; Fejérvary, 1917).

The clavicle (Figure 5.5) is represented by an
almost complete bone with two branches: the com-
plete extremitas glenoidalis and the extremitas
medialis with a missing medial end. The extremitas
glenoidalis is relatively short. The sulcus cartilagine
precoracoidealis extends all along its posterior
margin and is widely open dorsally on the distal
end of the medial branch.

The coracoid (Figure 5.6—7) is represented by
four incomplete specimens. The processus rostri-
formis is incomplete, but based on the best pre-
served specimen it is reconstructed as thick and
robust. The presence of the processus rostriformis
is characteristic of all Palaecobatrachus (except P.
tobieni; Wuttke et al., 2012). The pars glenoidalis is
broken off in its medial end, but it seems that it was
relatively short and thick. Its anterior margin bears
a tiny crista, which is lower than in P. eurydices.

The scapula (Figure 5.8-9) is represented by
two complete specimens. As in other species of
Palaeobatrachus (Spinar, 1972), it is short and
wide. Its posterior margin is concave, whereas the
anterior margin is almost straight as in most other
Palaeobatrachus species (except P. diluvianus and
Palaeobatrachus sp. from Rudabanya). The sinus
interglenoidalis is absent, but the pars glenoidalis
and pars acromialis are separated partly by a clear
groove, as is known in other Palaeobatrachus spe-
cies.

The humerus (Figure 5.10-12) is represented
only by three portions of the distal part. The
humeral ball is slightly shifted laterally from the axis
of the diaphysis. The epicondyles are approxi-
mately equal in size. On the ventral face of the lat-
eral epicondyle (= epicondylus radialis), an
elongate and low radial tubercle is present. The
fossa cubitalis ventralis is absent as in most other
palaeobatrachids (except P. tobieni; Wuttke et al.,
2012).

The ilium (Figure 5.13-14) is represented by
several incomplete specimens comprising only a
part of the acetabular region and the shaft. It has a
large acetabulum as in other Palaeobatrachidae
(Rocek, 2013). The anteroventral margin of the
acetabulum slightly exceeds the outline of the bone
as in most other palaeobatrachids. The iliac shaft is
thick, rounded, and only slightly bent in its proximal
part. The supracetabular fossa is absent. In con-
trast to P. eurydices, the acetabular portion of the
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ilium is not inclined posteromedially, and the ace-
tabulum opens mostly laterally. Moreover, a broad
and deep depression between the shaft and pars
acetabularis, which is known in P. eurydices, is
absent. The pars ascendens is relatively wide,
whereas the pars descendens is poorly developed
and does not extend beyond the lower margin of
the acetabulum. The tuber superior is elongated,
prominent, and slightly inclined laterally. It is sepa-
rated from the pars ascendens by a smooth
oblique groove which continues onto the medial
surface of the bone. The symphysial area is trian-
gular with a medially prominent spina iliaca. The
interiliac groove is wide.

DISCUSSION

Palaeobatrachus from Volchaya Balka and
Gaverdovsky belongs to the family Palaeobatrachi-
dae and Palaeobatrachus (sensu Rocek, 2013), as
shown by the presence of the following characters:
parasphenoid extending beyond anterior border of
sphenethmoid; long sphenethmoid, with the fenes-
tra frontoparietalis more than half the total length of
the bone with two parallel ridges delimiting the
articulation area of the parasphenoid on the ventral
surface; angular with the coronoid process either
smooth or bearing muscle scars on the dorsal sur-
face; vertebral centra strongly compressed dorso-
ventrally, with crescentic condyle and cotyle;
V7.+g+9 fused to form synsacrum; urostyle without
transverse processes and with poorly developed
dorsal crest; clavicle with long extremitas glenoida-
lis; coracoid with processus rostriformis; short
scapula, with the pars glenoidalis and pars acromi-
alis not fully separated; humerus without fossa
cubitalis ventralis, with a comparatively small
humeral ball and epicondyles that are similar in
size; ilium with a massive ascending part and with
a large acetabulum extending anteroventrally
beyond the margin of bone; strongly protruding
symphysial area of the ilium.

Palaeobatrachus from Volchaya Balka and
Gaverdovsky differs from all palaeobatrachids
(where this character is known) in having four pre-
maxillary teeth. The other species of Palacobatra-
chus usually have a large number of premaxillary
teeth (five or more teeth), which is characteristic
mostly of Eocene — middle Miocene species (P.
tobieni, P. hiri, P. laubei, P. diluvianus, P. gigas, and
P. grandipes), whereas reduced dentition (two or
three teeth) is characteristic of Pleistocene species
(P. eurydices). Polish Neogene Palaeobatrachus
(Mtynarski, 1977; Sanchiz and Mtynarski, 1979)
also displays a reduced number of tooth positions
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on the premaxilla, but its exact number of teeth is
unclear. The number of maxillary teeth (about 10—
12 teeth) in Caucasian Palaeobatrachus is also
strongly reduced in comparison with some older
species (except P. laubei) and similar to that of
younger species (P. eurydices with nine teeth and
P. langhae with eight teeth). As in Pleistocene spe-
cies, the dentigerous portion of the maxilla of Cau-
casian Palaeobatrachus terminates before (or
slightly behind) the posterior end of the frontal pro-
cess. Thus, the late Miocene Palaeobatrachus
from Volchaya Balka and Gaverdovsky shows an
intermediate morphology between Eocene — mid-
dle Miocene and Pleistocene Palaeobatrachus in
the reduction of premaxillary and maxillary teeth
(Figure 6). However, low number of maxillary teeth
(eight teeth) is known in P. laubei from middle—late
Oligocene (Spinar, 1972). It is not possible to
exclude that a reduced number of teeth on the pre-
maxilla and maxilla may be homoplastic features
within Palaeobatrachus.

When compared to the Pleistocene species
(P. eurydices and P. langhae), Palaeobatrachus
from Volchaya Balka and Gaverdovsky clearly dif-
fers from P. eurydices in the morphology of the
sphenethmoid, that is, the presence of separated
contact for the nasals, the presence of the median
ridge and prominent lateral processes, the shape
of the contact facet for the parasphenoid, and the
presence of a well-developed extremitas spatulata
of the angular, the smooth crista of the coracoid,
and the acetabular portion of the ilium, which is not
inclined posteromedially. It differs from P. langhae
in the synsacrum comprising V7.g+g vertebrae and
the urostyle without wings of V4. In the former

character Palaeobatrachus from Volchaya Balka
and Gaverdovsky resembles to Pliocene Palaeo-
batrachus from Rebielice Krélewskie (Poland; Mty-
narski, 1960).

Palaeobatrachus from Volchaya Balka and
Gaverdovsky also differs from the early—middle
Miocene species (P. robustus, P. hiri, and P. hauffi-
anus). It differs from P. hiri in the not coalesced
frontoparietal and parasphenoid, the straight or
slightly concave orbital margin of the nasal; the
wider processus posterodorsalis of the squamosal,
the reduced number of tooth positions on the pre-
maxilla and maxilla, and the synsacrum comprising
V7.g+9. It differs from P. robustus in the well-devel-
oped lateral extensions of sphenethmoid, the not
clearly outlined frontoparietal table, and the well-
developed transverse processes of V5. It differs
from P. hauffianus in the synsacrum comprising
V7.8+9. Comparison with the pre-Miocene species
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GEOLOGIC
TIME SCALE ELMA MN Records of Palaeobatrachus
i | Middle+Late | Toringian | 19
7 Calgbrian Biharian | 18 | P Iangh?e (Betfia 2) oremaxilla: 2-3 teeth
Gelasian Villanvian k17 B P curydices (Tegelen) [l P. cf. langhae
. | Piacenzian Y 16 (localities of Hungary,
O 15 Poland, Russia, and Slovakia)
# | zanclean Ruscinian =7
Messinian 3
Turolian 12
T . Palacobatrachus sp. premaxilla: 4 teeth
. {Volchaya Balka and Gaverdovsky)
Tortonian _ 10
Vallesian 9 . Palaeobatrachus sp. (Rudabéanya)
w | Serravallian ) 7/8 P. cf. hiri (Felsétarkany-Felnémet and Taut)
z Astaracian
LUl
8 Langhian 6 I P. hiri (Matraszélés and Samsonhaza) premaxilla: 6-10 teeth
=
5 P. hauffianus (Randecker Maar)
Burdigalian Orleanian 4
3
Aquitanian Agenian 2 I P. robustus {Laugnac)
1

FIGURE 6. Geological distribution of Palaeobatrachus records in the Miocene-Pleistocene.

is difficult because they have been found only as
two-dimensional specimens. Nevertheless,
Palaeobatrachus from Volchaya Balka and Gaver-
dovsky differs from most of them (except P. diluvi-
anus) in the synsacrum comprising V7ig+g With
transverse processes of V, which are not reduced
and contribute to the synsacral wings. The one
specimen with only Vg and Vg fused together
(Vg+g; Figure 4.10-12) may indicate that another
species of Palaeobatrachus might have coexisted
with Palaeobatrachus from Volchaya Balka and
Gaverdovsky.

The morphology of the synsacrum together
with the shape of the frontoparietal are among the
most important characters of Palaeobatrachus
(Rocek et al., pers. comm., 2018). The low and
widely spaced parasagittal ridges of the frontopari-
etal observed in Palaeobatrachus from Volchaya
Balka and Gaverdovsky are typical for the Mio-
cene—Pleistocene species. However, the presence
of the pineal foramen together with the fenestrae
between the pedicles of the synsacral wings may
suggest that Palaeobatrachus from Volchaya Balka
and Gaverdovsky belongs to the pedomorphic spe-
cies. But the presence of the frontoparietal (Figure
1.12-14) and synsacrum (Figure 4.10-12), which

differ from most of the corresponding elements,
may indicate that two species of Palaeobatrachus
coexisted in Volchaya Balka and Gaverdovsky.
Due to the absence of the complete frontoparietal
and difficulty with associating the fragmentary fron-
toparietals to a certain type of synsacrum, we avoid
describing new species and consider Palaeobatra-
chus from Volchaya Balka and Gaverdovsky as
Palaeobatrachus sp.

Palaeobatrachus from Volchaya Balka and
Gaverdovsky shows extreme adaptation to perma-
nent life in water (similar to pipids), which can be
evidenced by the wide contribution of the trans-
verse processes of V7.g.g in the sacral wings and

absence of the fossa cubitalis ventralis on the
humerus (see Villa et al., 2016; Hodrova, 1982b).
Wide sacral wings provide support for a sliding
articulation between the iliac shafts and the sacra,
allowing fore and aft movements of the pelvis
during swimming (Van Dijk, 2002; Wuttke et al.,
2012). A shallow (or absence) fossa cubitalis ven-
tralis does not correspond a flexion of the radioulna
and humerus that serves as a damper in shock
absorbing during the landing phase of the jump in
frogs that move on dry land (Villa et al., 2016). A
similar extreme adaptation to life in water is known
in Pliocene and Pleistocene Palaeobatrachus; it is

1
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FIGURE 7. Occurrences of Palaeobatrachus in the early (black triangles), middle (white circles) and late (black cir-
cles) Miocene; based on Wauttke et al., 2012 (with changes): 1, Weisenau (early Miocene, MN 1) (Wolterstorff, 1887);
2, Tomerdingen (early Miocene, MN 1-2) (Dehm, 1935, Sanchiz, 1998, Rage and Rocek, 2003); 3, Am Hambusch (=
Dyckerhoff in Mainz-Améneburg, or Kastel, Améneburg, Biebrich, Hessler) (early Miocene, Aquitan to Burdigal, MN
2-3) (Schleich, 1988); 4, Haslach bei Ulm (early Miocene, MN 2) (Wolterstorff, 1887); 5, Laugnac (early Miocene, MN
2) (Vergnaud-Grazzini and Hoffstetter, 1972, Hossini and Rage, 2000); 6, Poncenat (early Miocene, MN 2) (Rage and
Rocek, 2003; Hossini and Rage, 2000); 7, Saint-Gérand-le-Puy (early Miocene, MN 1-2) (Rage and Rocek, 2003); 8,
Hajek (= Grassengriin) near Karlovy Vary (early Miocene) (Spinar, 1972); 9, Kaltennordheim (early Miocene) (Wolter-
storff, 1887); 10, Sky¥ice (= Skyritz) (early Miocene, MN 3) (Spinar, 1972); 11, Issoire (early Miocene, MN 1-5) (Rage
and Rocek, 2003); 12, Randecker Maar (middle Miocene, MN 5) (Rocek et al., 2006); 13, Anatolia (early Miocene)
(Claessens, 1997); 14, Sansan (Middle Miocene, MN 6) (Vergnaud-Grazzini and Hoffstetter, 1972; Hossini and Rage,
2000); 15, Matrasz6los 2 (middle Miocene, MN 6) (Venczel, 2004); 16, Samsonhaza (middle Miocene, MN 6) (Venc-
zel, 2004); 17, Opole (middle Miocene, MN 7) (Mtynarski et al., 1982); 18, Subpiatra 2/2 (middle Miocene, MN 7+8)
(Hir and Venczel, 2005, Venczel et al., 2005); 19, Taut (late middle Miocene, MN 7+8) (Venczel and Stiuca, 2008); 20,
Adelschlag (late middle Miocene, MN 6-8) (Schlosser, 1916); 21, Felsétarkany 3/10 and Felsétarkany-Felnémet 2/3
(late Middle Miocene, MN 7+8) (Venczel and Hir, 2013); 22, Gétzendorf/Sandberg (late Miocene, MN 9) (Harzhauser
and Tempfer, 2004); 23, Rudabanya (late Miocene, MN 9) (Rocek, 2005); 24, Gritsev (late Miocene, MN 9) (Wuttke et
al., 2012; Vasilyan et al., 2016); 25, Volchaya Balka and Gaverdovsky (late Miocene, MN 11) (this paper).

suggested based on the absence of the fossa cubi-
talis ventralis, less developed olecranon on the
radioulna (P. eurydices; Villa et al., 2016), and wide
contribution of the transverse processes of V7.g.g
in the sacral wings (Palaeobatrachus sp.; Hodrova,
1982b). Thus, palaeobatrachids probably reached
an extreme degree of aquatic adaptation as early

dorf/Sandberg (Harzhauser and Tempfer, 2004),
Rudabanya (Rocek, 2005), and Gritsev (Wuttke et
al.,, 2012; Vasilyan et al., 2016). In the Pliocene,
palaeobatrachids reappeared (possibly from Sibe-
ria; Vasilyan et al., 2016) only in Eastern Europe
(since the beginning of MN 14) and almost com-
pletely disappeared in Western and Central

as the late Miocene or even earlier.

The general distributional shift of the palaeo-
batrachids to the east was suggested by Wuttke et
al. (2012). According to this hypothesis, during the
Paleogene, the palaeobatrachid record is restricted
to Western and Central Europe. During the Mio-
cene (Figure 7), palaeobatrachids began to shift to
Eastern Europe and appeared in Anatolia (early
Miocene; Claessens, 1997). In the late Miocene,
palaeobatrachids became surprisingly rare and
known only from the localities of the MN 9: Gétzen-
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Europe. Only three occurrences do not fit this shift:
the late Pliocene (MN 16a) locality Hambach 11 in
northwest Germany (Mérs, 2002), the early Pleisto-
cene locality Voigtstedt (Kretzoi, 1965), and the
early Pleistocene locality Tegelen (Villa et al.,
2016). Palaeobatrachus from Volchaya Balka and
Gaverdovsky is the only late Miocene record in
easternmost Europe (European Russia; Figure 7).
It shows that these frogs widely occupied Eastern
Europe since the beginning of the late Miocene.
Moreover, Caucasian Palaeobatrachus partly fills
the late Miocene gap (MN 10-13; Figure 6) in



palaeobatrachid distribution, indicating that this
gap is not real and can be explained by an incom-
plete fossil record.
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