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Miocene and Pliocene amphibians from Hambach (Germany):
New evidence for a late Neogene refuge in northwestern Europe

Andrea Villa, Loredana Macaluso, and Thomas Mors

ABSTRACT

The Hambach lignite mine in northwestern Germany is a renowned fossil locality,
which has yielded remains of several vertebrates dated back to the Middle Miocene
and the Late Pliocene. Among these is a recently-described and peculiar proteid uro-
dele, Euronecturus grogu, currently known only from the Middle Miocene level in Ham-
bach. Here, we provide detailed descriptions and identifications of the remaining fossil
amphibians (both urodeles and anurans) from the Hambach mine, in total identifying at
least 12 Middle Miocene taxa (Cryptobranchidae indet., Palaeoproteus cf. miocenicus,
E. grogu, Chelotriton sp., Lissotriton sp., Triturus sp., Latonia sp., ?Palaeobatrachidae
indet., Pelobatidae indet., Hyla sp., Pelophylax sp., Rana sp.) and at least nine Late
Pliocene ones (Palaeoproteus cf. miocenicus, Mioproteus cf. wezei, Lissotriton sp.,
Latonia sp., Palaeobatrachus eurydices, cf. Eopelobates sp., Hyla sp., Bufo gr. bufo,
Ranidae indet.). The high diversity of amphibians in both Miocene and Pliocene levels
at Hambach supports a very humid climate persisting in the area for most of the Neo-
gene, possibly originating a refugium for these animals in northwestern Europe that
persisted until the Late Pliocene (and possibly even the Early Pleistocene). Urodeles
such as Palaeoproteus and Mioproteus and anurans such as Latonia, the palaeobatra-
chids, and possibly Eopelobates are all significant occurrences in such a northern lati-
tude at the end of the Pliocene, a period when southward withdrawal of thermophilic
animals as well as the first effects of a deteriorizing climate ultimately leading to the
Quaternary glaciation had already started in the European continent.
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INTRODUCTION

The current diversity of amphibian populations
in Europe is the highest in the southern portion of
the continent (Sillero et al., 2014; Speybroeck et
al., 2016), with the three European Mediterranean
peninsulae acting as current biodiversity hotspots
and past refuges for these animals (e.g., Médalil
and Diadema, 2009; Blondel et al., 2010, and ref-
erences therein). Northern areas, however, were
also inhabited by a more diverse amphibian fauna
throughout the Cenozoic (for reviews, see e.g.,
Estes, 1981; Rocek, 1994a; Sanchiz, 1998; Rage
and Rocek, 2003), and particularly warm and
humid periods supported the presence of taxa that
are currently completely absent from even the clos-
est vicinity of Europe like cryptobranchid salaman-
ders as far north as central Germany and
northwestern Ukraine (Bohme et al., 2012; Vasi-
lyan et al., 2013). With the onset of the Quaternary
glacial cycles, amphibians, together with the rest of
the European herpetofauna, started to face unsuit-
able conditions in the areas most influenced by gla-
ciers, thus retreating towards more appropriate
environments in the South. The Italian Peninsula,
in particular, seems to have acted as a better ref-
uge for at least some groups of amphibians during
these times (Macaluso et al., 2021, 2023a), possi-
bly due to a less arid climate compared to the other
northern Mediterranean peninsulae. In any case,
the Pleistocene witnessed the extirpation or extinc-
tion of amphibians that were previously very wide-
spread throughout Europe, such as the alytid frog
Latonia von Meyer, 1843 (Szentesi, 2019; Sorbelli
et al., 2021) and the whole anuran family Palaeo-
batrachidae Cope, 1865 (Wuttke et al., 2012; Villa
et al., 2016; Rocek et al., 2021). Allocaudates also
had their last global occurrence in the Pleistocene
of the Italian Alps, at the northern margin of the Ital-
ian Peninsula (Delfino and Sala, 2007; Villa et al.,
2018b). Some reptiles also faced a similar fate of
extirpation, such as varanid lizards (Georgalis et
al., 2017; Villa et al., 2018a; Villa and Delfino,
2019) and trionychid turtles (Georgalis and Joyce,
2017).

Adding to the important role that Mediterra-
nean Europe played for the herpetofauna in the
late Neogene and Quaternary, recent discoveries

from The Netherlands highlighted the survival of
taxa that were previously thought to be absent from
such a northern distribution in Pleistocene times,
like palaeobatrachid anurans, turtles of the genus
Mauremys Gray, 1869, and possibly large anguids
of the genus Pseudopus Merrem, 1820 (van den
Hoek Ostende and de Vos, 2006; Schouten, 2016,
2019, 2020; Villa et al., 2016, 2018c). Pseudopus
was also found in Late Pliocene deposits in the
German locality of Hambach (Cerfiansky et al.,
2017), not far from the Dutch border. This suggests
the presence of some kind of late Neogene/early
Quaternary refugial area for more thermophilic and
water-related amphibians and reptiles in north-
western Europe as well, potentially corresponding
with the Rhine-Meuse delta system. In a prelimi-
nary faunal list of the Late Pliocene Hambach ver-
tebrate assemblage published by Mérs (2002),
further taxa were mentioned that could be consid-
ered somehow unexpected for such a northwest-
ern European locality, including cryptobranchids,
palaeobatrachids, and a snapping turtle of the
genus Chelydropsis Peters, 1868. This, together
with the reported diversity of the microvertebrate
assemblage, hints at the Hambach fauna being an
interesting tile to better understand the herpetofau-
nal dynamics in this part of northwestern Europe
and its possible suitability for the survival of certain
taxa. The availability of a Miocene record from the
same locality further allows to make a direct com-
parison between two different time periods in the
same place, as well as with younger assemblages
from nearby areas such as the one from Tegelen in
The Netherlands (Villa et al., 2016, 2018c).

With this purpose, we here present the
amphibians (urodeles and anurans) from the Mid-
dle Miocene and Late Pliocene of the Hambach
mine. We further discuss their significance in terms
of: 1) palaeobiogeography; 2) palaeoenvironment;
and 3) the possible interpretation of the Lower
Rhine Embayment and the Rhine-Meuse delta sys-
tem as a late Neogene/early Quaternary refuge for
amphibians (and reptiles) in northwestern Europe.

GEOLOGICAL SETTING

The material described and discussed in this
work derives from fossiliferous channel fills in the



Middle Miocene Frimmersdorf lignite seam (stra-
tum 6 = site Hambach 6C) and in the Upper Plio-
cene Reuver Clay (Obel beds sensu Kemna, 2005;
stratum 11 = sites Hambach 11 and 11C) exposed
in the Hambach open cast lignite mine (Mors,
2002). The mine conducted by the RWE Power
mining company is situated 35 km west of Cologne
in the southern part of the Lower Rhine Embay-
ment, northwestern Germany (50° 54’ 44” N, 6° 29’
51” E; Figure 1). The tectonic framework of the
mine is the Erft block within the Lower Rhine gra-
ben that cuts into the Palaeozoic Rhenish Massif
since the Oligocene (Schéafer et al., 2004).

The Miocene Ville Formation contains the
paralic Rhenish Main Seam that is interlocked with
beach sands of the transgressing North Sea and
fluvial deposits of the Palaeo-Rhine and Meuse riv-
ers system (Boenigk, 2002; Schéafer et al., 2004).
The fossils derived from channel fill and floodplain
deposits, stratum 6C according to the RWE strati-
graphic framework (Mérs et al., 2000; Schafer et
al., 2004). An estuarine environment with extensive
paralic coal swamps and a large fluviatile system is
documented by sedimentological, palaeobotanical
and palaeontological evidence (Mérs, 2002; Ute-
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FIGURE 1. Location of the Hambach opencast lignite
mine in northwestern Germany (from Moérs and Stefen,
2010).
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scher et al., 2002; Schéfer et al., 2004). Hambach
6C has produced many aquatic and semiaquatic
vertebrates such as freshwater fishes (cyprinids),
the urodeles and anurans described in this work,
turtles (trionychids, carettochelyids, chelydrids,
emydids), an alligator, lizards (chamaeleonids,
lacertids, anguids), snakes (“aniliids”, constrictors,
tropidophiids, colubrids, elapids, viperids), birds
(anhingids, anatids, rallids), insectivores (metaco-
dontids, desmanines, dimylids, soricids), carniv-
orans (mustelids), beavers (castorids), and deers
(tragulids) (Mors et al., 2000; Ziegler and Mobrs,
2000; Mors, 2002; Hierholzer and Mérs, 2003;
Klein and Mérs, 2003; Joyce et al., 2004; Dalsatt et
al., 2006; Stefen and Mdrs, 2008; Mérs and Stefen,
2010; Cerfiansky et al., 2017; Macaluso et al.,
2022b). The rich Orleanian mammal fauna with 70
taxa, including about 30 rodent species (sciurids,
petauristines, glirids, eomyids, cricetids, castorids),
allows to correlate Hambach 6C with the upper part
of Mammalian Neogene unit MN 5, indicating an
early Middle Miocene age (16.0-15.2 Ma; Mdrs et
al., 2000; Mérs, 2002; Mors and Kalthoff, 2004).
Age and high vertebrate diversity with “tropical”
elements fit well with the ~2 Myr greenhouse inter-
val, the Miocene Climatic Optimum (Steinthorsdot-
tir et al., 2021). The palaeoflora of the Ville
Formation indicates paratropical (humid, warm,
and with distinct seasonality) climate conditions.
Mean Annual Precipitation (MAP) for Hambach 6C
is between 897 and 996 mm, Mean Annual Tem-
perature (MAT) between 15.76 and 18.0°C, coldest
month mean between 9.6 and 11.72°C, and warm-
est month mean between 25.2 and 28.3°C (Ute-
scher et al., 2000, 2002).

Both Pliocene sites (Hambach 11 and 11C)
produced less diverse vertebrate faunas compared
with Hambach 6C, but as well aquatic and semi-
aquatic taxa such as freshwater fishes (esocids,
cyprinids), salamanders, frogs, a turtle (an
emydid), lizards (lacertids, anguids), snakes (colu-
brids), birds (anatids), insectivores (desmanines,
soricids), and beavers (castorids) (Mors et al.,
1998; Mors, 2002; Hierholzer and Moérs, 2003;
Dalséatt et al., 2006; Cerfiansky et al., 2017; Van
Laere and Mors, 2023). The evolutionary stage of
the arvicoline rodents from Hambach 11 indicates
an early Villanyian age, correlative with the Mam-
malian Neogene unit MN 16a (Mdrs et al., 1998).
Hambach 11C resembles Hambach 11 in the fau-
nal content, indicating a more or less contempora-
neous age (Mdrs, 2002). Palynological data place
Hambach 11C into the Reuverian B that still con-
tains Tertiary floral elements such as Cupressa-
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ceae, Nyssa, Pterocarya, Sequoia, Sciadopitys,
and Taxodium (Heumann and Litt, 2002). Regard-
ing the lithostratigraphic and magnetostratigraphic
framework, stratum 11 belongs to the Obel beds
(“upper Reuver clay”) with normal polarity; unstable
heavy mineral and smectite contents indicate that
this unit was deposited by the “Palaeo-Rhine” river
that had an Alpine origin for the first time (Kemna,
2005). The overlying stratum 13 represents a local
deposit (“Hambach beds”) of a small river that had
its origin in the Mechernich ore deposit in the Eifel
mountains, based on high amounts of Pb and a
smectite-free clay mineralogy according to Kemna
(2005). The Gauss-Matuyama boundary (2.58 Ma)
has been identified in stratum 13, 10 m above the
top of the Obel beds (Kemna, 2005). Material from
Hambach 11C has been published before as Ham-
bach 13 because the site has been considered to
belong to stratum 13 (Heumann and Litt, 2002;
Dalsatt et al.,, 2006; Lacombat and Mors, 2008;
Cernansky et al., 2017).

MATERIAL AND METHODS

This study is based on fossil material stored at

the Steinmann Institute of the Rheinische Fried-
rich-Wilhelms-Universitdt Bonn, Germany. The iso-
lated vertebrae IPB-HaH 2011 (referred to
Chelotriton Pomel, 1853) and IPB-HaH 2189 (a
cryptobranchid vertebra) were not available for
direct study, but they are included here on the
basis of detailed photographs (also figured by Mérs
et al,, 2000). Selected specimens were photo-
graphed using a Leica M205 microscope equipped
with the Leica Application Suite (LAS) 4.10 and a
Leica M165 FC microscope equipped with a
DFC450 camera and LAS 4.5. The anatomical ter-
minology used in the description follows: Vater
(2003), Villa et al. (2014), Vasilyan and Yanenko
(2020), and Ratnikov and Litvinchuk (2007, 2009)
for urodeles; Roc¢ek (1994b), Sanchiz (1998), and
Gbémez and Turazzini (2016) for anurans. Speci-
mens of extant taxa used for comparisons are
listed by Macaluso et al. (2023b), plus Cryptobran-
chus alleganiensis Sonnini de Manoncourt and
Latreille, 1801 uf:herp:10881 and uf:herp:88726
and Necturus beyeri Viosca, 1937 uf:herp:177187
(all available on MorphoSource).
Institutional Abbreviations. IPB, Institute of
Palaeontology Bonn, Germany; HaH, Hambach
Hauptfléz (or main seam) = Hambach 6C; HaR,
Hambach Reuverton (or Reuver clay) = Hambach
11 and 11C; RGM, Naturalis Biodiversity Center,
Leiden, The Netherlands.

SYSTEMATIC PALAEONTOLOGY

AMPHIBIA Linnaeus, 1758
URODELA Duméril, 1806
CRYPTOBRANCHIDAE Fitzinger, 1826
Cryptobranchidae indet.

Figure 2

Material. Hambach 6C: two trunk vertebrae (IPB-
HaH 2009, IPB-HaH 2189); two fragments of verte-
bra (IPB-HaH 2191, IPB-HaH 2388); one humerus
(IPB-HaH 2395).

Description. IPB-HaH 2009 (Figure 2A-D) is a
very large-sized, robust, and fragmentary trunk
vertebra, the total length of which reaches 18 mm.
Only the anterior half of the very large vertebral
centrum is preserved. It has a very large anterior
cotyle, with a notochordal pit in the middle. No fora-
men is visible on the preserved portion of the ven-
tral surface of the centrum. The right transverse
process is missing, but the basis of the left one is
preserved. The latter is robust, and there is a large
pit anteriorly to it. There are no anterior zygapophy-
seal crests, whereas the anterior ventral crests are
present but poorly developed. The neural canal is
narrow and slightly dorsoventrally compressed.
The neural arch, the posterior portion of which is
broken off, is low. As far as the zygapophyses are
concerned, only the left anterior one is preserved.
It is suboval and subhorizontal in anterior view. The
neural spine is low in the preserved portion of the
neural arch. IPB-HaH 2191 (Figure 2E) is a broken
vertebral fragment including the dorsal surface of
the vertebral centrum and part of the neural arch
with the prezygapophyses. It is very large-sized
and robust. The length of the fragment is 7 mm, but
it represents only a portion of the original vertebra
(probably the anterior half). The prezygapophyses
are elliptical and tilted dorsally of 30°. IPB-HaH
2388 only preserves one of the cotyles. It is very
large, with a size comparable to IPB-HaH 2009.
The cotyle is subcircular and has a notochordal pit.
IPB-HaH 2189 is also very large and robust, with a
centrum length of roughly 20 mm. The amphicoe-
lous centrum is very large, whereas the neural arch
is very low. The posterior half of the latter is miss-
ing, but it was slightly rising posteriorly.

A very large humerus (Figure 2F-G) is repre-
sented only by the proximal half. The preserved
fragment is 25 mm long. The bone strongly
expands by the proximal end. The proximal epiphy-
sis is poorly ossified distally and has an asymmetri-
cal appearance, with a slightly higher expansion
towards the ventral side.

Remarks. These vertebrae from Hambach 6C can
be referred to Pancryptobrancha Vasilyan, B6hme,
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FIGURE 2. Cryptobranchidae indet. from Hambach: trunk vertebra (IPB-HaH 2009) in anterior (A), dorsal (B), ventral
(C) and left lateral (D) views; fragment of trunk vertebra (IPB-HaH 2191) in dorsal view (E); left humerus (IPB-HaH
2395) in posterior (F) and anterior (G) view. Scale bars equal 2 mm. Abbreviations: np, notochordal pit; ns, neural

spine; pz, prezygapophysis.

Chkhikvadze, Semenov, and Joyce, 2013,
because of the large size and overall morphology
similar to representatives of this group of salaman-
ders (e.g., Ukrainurus Vasilyan, Béhme, Chkhik-
vadze, Semenov, and Joyce, 2013). The not-
strongly-elongated articular facets of the zyga-
pophyses support referral to the Cryptobranchidae.
The humerus is also similar in both size and mor-
phology to members of Cryptobranchidae, and it is
thus attributed to this taxon as well here. In particu-
lar, this attribution is suggested by the poor ossifi-
cation of the epiphysis and the very large size,
which is matched only by cryptobranchid vertebrae
among Hambach urodeles.

BATRACHOSAUROIDIDAE Auffenberg, 1958
PALAEOPROTEUS Herre, 1935
PALAEOPROTEUS MIOCENICUS Vasilyan and
Yanenko, 2020
Palaeoproteus cf. miocenicus
Figures 3—4

Material. Hambach 6C: three atlases (IPB-HaH
2117, IPB-HaH 2175, IPB-HaH 2164); one trunk
vertebra (IPB-HaH 2162). Hambach 11: two den-
taries (IPB-HaR 2043, IPB-HaR 2071); one ante-
rior trunk vertebra (IPB-HaR 2183); one trunk
vertebra (IPB-HaR 2008). Hambach 11C: five trunk
vertebrae (IPB-HaR 2404/2408).

Description. IPB-HaR 2071 (Figure 3) represents
part of the posterior end of a very large dentary. It

5
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FIGURE 3. Skull elements of Palaeoproteus cf. mioceni-
cus from Hambach: left dentary (IPB-HaR 2043) in
medial (A) and lateral (B) views. Scale bar equals 1 mm.
Abbreviations: pd, pars dentalis; s, shelf; vg, ventral
groove.

is very fragmentary. IPB-HaR 2043 is also very
large and robust. It represents a portion originally
located somewhere in the middle of the dentary.
The pars dentalis of the dentary is composed by a
very high dental lamina and a very low subdental
lamina. On the medial side, nine tooth positions are
visible, hosting the poorly-preserved remains of
pleurodont, very high, rather narrow and closely
spaced teeth provided with thick walls. Ventral to
the pars dentalis, there is a robust shelf, which is
not strongly developed medially. The preservation
of this shelf is rather poor, but a narrow and shal-
low groove is visible ventrally. The groove moves
towards the medial surface near the anterior end of
the fragment. The lateral surface is smooth. In lat-
eral/medial view, the ventral margin is somehow
concave, suggesting ventral development of the
posterior part of the dentary.

IPB-HaH 2164 is a very small atlas, but the
other ones are larger. The length of the largest
atlas, IPB-HaH 2175 (Figure 4F-I), is 6 mm. All
atlases miss almost completely the neural arch,
preserving only the centrum. Anteriorly, the occipi-
tal joints are wide and mediolaterally elongated,

6

with a suboval/subelliptical shape (i.e., slightly dor-
soventrally compressed) in anterior view. They are
very shallowly concave and do not coalesce in the
middle, being separated by a thin and long proces-
sus odontoideus. The processus is slightly slen-
derer in IPB-HaH 2175 than in the other two
specimens. It has a flat dorsal surface and an
anteroventrally-directed and strip-like articular sur-
face that is not separated into two distinct lateral
areas. There is no postodontoideus foramen at the
base of the process. The posterior end of the cen-
trum is represented by a posterior cotyle with a
notochordal pit in the middle. The cotyle is circular
in IPB-HaH 2175 (Figure 41) and more mediolater-
ally compressed in IPB-HaH 2117 (Figure 4D). In
both specimens, it is larger than the processus
odontoideus. This feature cannot be evaluated in
IPB-HaH 2164 because the area is damaged. In
IPB-HaH 2715, the ventral surface of the centrum
shows a concave area with a number of large
foramina (Figure 4G). On the other hand, IPB-HaH
2117 bears a very deep fossa in the middle of the
centrum, which is flanked by two smaller symmetri-
cal foramina by the sides and by other even
smaller foramina posteriorly (Figure 4B). The ven-
tral surface of IPB-HaH 2164 displays a depressed
area by each side of the centrum. Foramina also
cover the lateral surface of each processus latera-
lis in all specimens.

Both IPB-HaR 2008 (Figure 40-T) and IPB-
HaR 2408 (Figure 4U-Z) are amphicoelous and
large sized (the centrum length reaches 6.5 mm
and 9.5 mm, respectively). A notochordal pit is
present in the middle of the large and hourglass-
shaped centrum. The cotyles are circular in both
anterior and posterior views. The ventral surface of
the centrum bears two high and sharp longitudinal
basapophyses, which run parallel along the entire
length of the vertebra. Only in IPB-HaR 2408, the
basapophyses contact in the middle at about one
third of the centrum length (Figure 4V). Between
the basapophyses, various central foramina are
present. At least three large ones are visible on
IPB-HaR 2008 (Figure 4P), surrounded by other
smaller ones, whereas only a number of small
ones are visible on IPB-HaR 2408 (Figure 4V). The
neural arch is robust and dorsally flattened, being
better preserved in IPB-HaR 2408. A neurapophy-
sis is present. It is low anteriorly, but rises to a
moderate degree posteriorly. A robust spine is
present at the posterior end of the arch, strongly
projecting posterodorsally beyond the postzyga-
pophyses. The posterior end of the spine is trun-
cated. A wide and deep, U-shaped anterior notch



PALAEO-ELECTRONICA.ORG

FIGURE 4. Vertebrae of Palaeoproteus cf. miocenicus from Hambach: atlas (IPB-HaH 2117) in dorsal (A), ventral (B),
anterior (C), posterior (D) and right lateral (E) views; atlas (IPB-HaH 2175) in dorsal (F), ventral (G), anterior (H) and
posterior () views; anterior trunk vertebra (IPB-HaR 2183) in dorsal (J), ventral (K), anterior (L), posterior (M) and right
lateral (N) views; trunk vertebra (IPB-HaR 2008) in dorsal (O), ventral (P), anterior (Q), posterior (R), right lateral (S)
and left lateral (T) views; trunk vertebra (IPB-HaR 2408) in dorsal (U), ventral (V), anterior (W), posterior (X), right lat-
eral (Y) and left lateral (Z) views. Scale bars equal 1 mm. Abbreviations: avc, anterior ventral crest; b, basapophyses;
c, cotyle; k, keel; n, neurapophysis; np, notochordal pit; ns, neural spine; oj, occipital joint; pl, processus lateralis; po,
processus odontoideus; pvc, posterior ventral crest; tp, transverse process.

on the neural arch is visible on IPB-HaR 2408 (Fig-
ure 4U), allowing the anterior cotyle to be visible in
dorsal view. The deepest part of the notch reaches
the posterior margin of the prezygapophyses. The
zygapophyses are more or less horizontal in both
anterior and posterior view. The zygapophyseal
facets are suboval. In posterior view, two shallow
depressions are visible on the posteroventral sur-
face of the neural arch, flanking a low longitudinal
ridge running along the ventral side of the neural
spine. The transverse processes are moderately
developed and posterolaterally directed. Ventrally,
they are connected to the centrum by moderately-

(IPB-HaR 2008) or well-developed (IPB-HaR 2408)
anterior ventral crests (anterior alar process in
Vasilyan and Yanenko, 2020) and little-developed
posterior ventral crests. On the other hand, the
zygapophyseal crests are not developed. The
other vertebrae only preserve isolated centra or
fragments of centra, some of them being much
smaller than the two previously described (IPB-
HaR 2406 is about 4 mm long). Nevertheless, they
share the same morphology.

IPB-HaR 2183 (Figure 4J-N) is the only trunk
vertebra displaying some differences from the
other ones. This large vertebra has a very massive,
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almost 6 mm long centrum, which is amphicoelous,
hour-glass-shaped and notochordal. The overall
aspect is relatively shorter compared to the trunk
vertebra IPB-HaR 2008, coming from the same
level. The anterior cotyle is moderately mediolater-
ally compressed, appearing subelliptical in anterior
view. The posterior cotyle, on the other hand, is
subcircular in posterior view. The ventral surface of
the centrum bears a narrow keel and no basapoph-
yses. A number of small foramina are present by
the ventrolateral sides of the centrum, in place of
real subcentral foramina. Most of the neural arch is
missing, preserving only the right lateral wall and
the base of the left one. The transverse processes
are long and moderately robust; they are directed
posterolaterally. The anterior ventral crest is very
low, whereas the posterior one is slightly more
developed. Zygapophyseal crests are not devel-
oped. The base of the right prezygapophysis is
also preserved, but not the zygapophysis itself.
The shortness of this vertebra, together with its
ventral keel, identify it as an anterior trunk vertebra
(Estes et al., 1967).

Remarks. The diagnostic features recently
reported by Vasilyan and Yanenko (2020) allow a
rather straightforward identification for these
remains as a batrachosauroidid salamander. The
dentaries of these urodeles have thick-walled teeth
and a ventrally-projecting posterior part. Trunk ver-
tebrae are amphicoelous, with subcircular cotyles,
basapophyses, and a posterodorsally-projecting
neural spine. The atlases are provided with both
anterior and posterior cotyles with a rounded out-
line, among which the former are large and con-
cave. The well-developed paired ventral
basapophyses, as well as maybe the flat neural
arch and developed anterior ventral crest, suggest
that the batrachosauroidid from Hambach is a
member of the European genus Palaeoproteus
(Vasilyan and Yanenko, 2020). In particular, the fol-
lowing combination of features observed in the
studied material is diagnostic of P. miocenicus fol-
lowing Vasilyan and Yanenko (2020): overall large
size; poorly-developed subdental shelf of dentary;
vertebrae with a long neural spine; weakly-concave
and slightly dorsoventrally-compressed anterior
cotyles of the atlas; external surface of the atlas
pierced by foramina of different sizes; strongly pro-
nounced, lip-shaped odontoid process of the atlas
(Vasilyan and Yanenko, 2020: p. 8, stated that “In
P. miocenicus, the odontoid process is very large in
comparison to all known batrachosauroidids”).
However, the atlases from Hambach 6C show no
postodontoid foramen, in contrast with the type and

referred material of P. miocenicus (Vasilyan and
Yanenko, 2020). All four P. miocenicus atlases
share the presence of this foramen, whereas it is
absent in Palaeoproteus klatti Herre, 1935, and
Palaeoproteus gallicus Estes et al., 1967. Despite
this difference, we refrain to name a new species
here and attribute the fossils from Hambach 6C to
Palaeoproteus cf. miocenicus, due to the overall
similarity between bones of P. miocenicus and the
German taxon as well as the low sample of atlases
that hinders a complete understanding of the real
variation of this feature in these animals. Material
coming from the youngest level in Hambach also
shares the same attribution, given that atlases from
this level are currently unknown, and so it is not
possible to verify the presence or absence of a
postodontoid foramen.

?Palaeoproteus cf. miocenicus
Figure 5

Material. Hambach 6C: one humerus (IPB-HaH
2390).

Description. This humerus is rather large and
robust. It misses only most of the distal epiphysis.
The length of the preserved portion is about 16
mm. The bone expands strongly towards the
epiphyses. Based on the preserved portion, it
appears rather short. The proximal epiphysis is
poorly ossified. It has an asymmetrical shape,
more expanded toward the ventral side. The poste-
rior surface displays a distinct fossa.

FIGURE 5. Limb bones of possible Palaeoproteus cf.
miocenicus from Hambach: humerus (IPB-HaH 2390) in
anterior (A) and posterior (B) views. Scale bar equals 1
mm.



Remarks. The size of this humerus suggests that it
belongs to one of the two largest caudate taxa rec-
ognised in Hambach (i.e., either cryptobranchids or
batrachosauroidids). The bone appears rather
short in general appearance, which hints against
Chelotriton, cryptobranchids, and possibly also
proteids. Its shortness rather recalls the shortened
limbs of P. klatti (see Vasilyan and Yanenko, 2020).
Furthermore, the general morphology of the bone
differs from the fragment of humerus attributed to
Mioproteus gardneri Venczel and Codrea, 2018,
whereas the poorly ossified proximal end hints
against Chelotriton. Therefore, IPB-HaH 2390 is
here attributed with doubt to the batrachosauroidid
taxon found in the Hambach assemblage, Palaeo-
proteus cf. miocenicus.

PROTEIDAE Bonaparte, 1831
EURONECTURUS
Macaluso, Villa, and Moérs, 2022
Euronecturus grogu
Macaluso, Villa, and Moérs, 2022

Material. Hambach 6C: five atlases (IPB-HaH
2119/2121, IPB-HaH 2150, IPB-HaH 2165).
Remarks. These atlases were recently described
as types of a new proteid taxon, E. grogu. The
reader is referred to Macaluso et al. (2022b) for fur-
ther information.

MIOPROTEUS Estes and Darevsky, 1977
Mioproteus wezei Estes in Miynarski, Szyndlar,
Estes, and Sanchiz, 1984
Mioproteus cf. wezei
Figure 6

Material. Hambach 11: nine trunk vertebrae (IPB-
HaR 2000/2007, IPB-HaR 2013). Hambach 11C:
six trunk vertebrae (IPB-HaR 2400/2403, IPB-HaR
2427/2428).

Description. These vertebrae (Figure 6) reach a
large size and are robustly ossified. The largest
one has a centrum length of about 6.5 mm. They
display a range of different degree of preserva-
tional statuses, from very fragmentary to well pre-
served. The centrum is amphicoelous and pierced
by a wide notochordal canal. Ventrally, the centrum
bears a robust and high keel, which is more or less
narrow (from sharp to slightly thicker). By the ante-
rior and posterior ends, the keel expands into trian-
gular and flat ventral surfaces. The keel is flanked
by small subcentral foramina, sometimes more
than one per side. Posteriorly, poorly-developed
basapophyses are present. The neural arch is low,
without a significant rising posteriorly, and dorsally
flat. A neurapophysis is present, being either rather
low or slightly higher. It runs almost entirely along
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the dorsal surface of the arch. The anterior margin
of the arch appears straight in dorsal view, even
though it is never completely preserved. It is
located roughly at midlength of the prezygapophy-
ses. The posterior margin is rather straight (but
very slightly wavy, even though with no median
notch) and ends well before the end of the postzy-
gapophyses. By each side of the neurapophysis,
the posterior end of the dorsal surface of the neural
arch carries a well-developed spine, which projects
well beyond the posterior margin, but not beyond
the postzygapophyses. The spines are well spaced
in dorsal view, not strongly extended anteriorly
(they do not reach the level of the transverse pro-
cesses) and not connected to the neurapophysis
medially. The zygapophyses are suboval and
almost horizontal. The ventral lamina has a sub-
trapezoidal shape, originated by very well-devel-
oped anterior ventral crests and less-developed
posterior ones. The zygapophyseal crests are also
well developed, but not as much as the anterior
ventral crests. The posterior zygapophyseal crests
are distinctly convex dorsally in lateral view. Due to
the strong development of both the ventral lamina
and the zygapophyseal crests, the vertebrae
assume a wide appearance in both ventral and
dorsal views. The transverse processes are
reduced to a small single structure, which is slen-
der and posterolaterally directed. Individualized
para- and diapophyses are not clearly discernible.
A more-or-less large foramen is visible anterior to
the base of the transverse process.

Remarks. These vertebrae are referred to Miopro-
teus because of the following combination of fea-
tures (Estes and Darevsky, 1977): robust and well-
ossified aspect; well-spaced posterior spines; wide
appearance in dorsal and ventral views (i.e., wide
neural arch, wide ventral lamina); presence of
basapophyses. Three species of Mioproteus are
currently known: Mioproteus caucasicus Estes and
Darevsky, 1977, M. gardneri, and M. wezei. The
vertebrae from Hambach are concordant in size
with both M. caucasicus and M. wezei, whereas
they are larger than M. gardneri. Regarding their
morphology, they differ from M. gardneri in the
more developed zygapophyseal crests, the taller
neurapophysis, and the more laterally-trending
prezygapophyses (Venczel and Codrea, 2018).
Most characters reported to be diagnostic for M.
wezei are variable, but at least the consistent
absence of a connection between the posterior
spines and the neurapophysis seems to be suffi-
ciently reliable (Syromyatnikova et al., 2021). This
condition is shown by the Hambach material,



VILLA, MACALUSO, & MORS: FOSSIL AMPHIBIANS FROM HAMBACH

FIGURE 6. Mioproteus cf. wezei from Hambach: trunk vertebra (IPB-HaR 2000) in dorsal (A), ventral (B) and right
lateral (C) views; trunk vertebra (IPB-HaR 2006) in dorsal (D), ventral (E) and right lateral (F) views; trunk vertebra
(IPB-HaR 2007) in dorsal (G), ventral (H) and left lateral (I) views; trunk vertebra (IPB-HaR 2403) in dorsal (J) and
ventral (K) views. Scale bars equal 1 mm. Abbreviations: b, basapophysis; k, keel; n, neurapophysis; ps, posterior

spine; tp, transverse process; vl, ventral lamina.

whereas M. caucasicus either has posterior spine
that connect or not to the neurapophysis medially.
Strongly dorsally-convex posterior zygapophyseal
crests may also be typical for M. wezei (Mtynarski
et al., 1984; Bailon, 1995; even though Syromyat-
nikova et al., 2021, mentioned some variation of
this feature in Mioproteus vertebrae). Considering
this, we here tentatively attribute the Hambach
Mioproteus vertebrae to M. wezei, even though
pointing out uncertainty over this identification
pending a clarification of the diagnostic features
within Neogene Mioproteus.

SALAMANDRIDAE Goldfuss, 1820
CHELOTRITON Pomel, 1853
Chelotriton sp.

Figures 7-8

Material. Hambach 6C: one premaxilla (IPB-HaH
2005); two maxillae (IPB-HaH 2007, IPB-HaH
2046); three frontals (IPB-HaH 2000, IPB-HaH
2001, IPB-HaH 2337); four dentaries (IPB-HaH
2004, IPB-HaH 2039; IPB-HaH 2231/2232); one
fragment of indeterminate tooth bearing bone (IPB-
HaH 2008); one atlas (IPB-HaH 2022); 21 trunk
vertebrae (IPB-HaH 2010/2011, IPB-HaH 2012/
2021, IPB-HaH 2023, IPB-HaH 2038, IPB-HaH
2111/2112, IPB-HaH 2114, IPB-HaH 2177/2179;
IPB-HaH 2386); one caudal vertebra (IPB-HaH
2113); 14 ribs (IPB-HaH 2024/2037); eight indeter-
minate bone fragments (IPB-HaH 2006, |IPB-HaH
2041/2045, IPB-HaH 2048, IPB-HaH 2401).
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Description. The premaxilla (Figure 7A-E) is
small. It was most likely paired and preserves
mainly the pars palatina and the pars dentale. The
base of the pars faciale is also preserved, showing
a dense sculpturing made up by pits and ridges
anterodorsally. The sculpturing extends on the
anterior surface of the low crista lateralis, but it is
less developed here. In posterior view, a wide and
deep concavity is visible by the base of the pars
faciale. The pars palatina is very expanded, being
mediolaterally wider than anteroposteriorly long.
The tooth row seems almost complete, even
though rather poorly preserved. At least 23/24
closely spaced tooth positions can be counted.
The maxilla IPB-HaH 2046 is represented
only by a very small fragment. It displays a strongly
sculptured lateral surface, with numerous distinct
tubercles. On the medial surface, a well-developed
lamina horizontalis is present. Ventral to this,
poorly preserved tooth positions are visible. IPB-
HaH 2007 (Figure 7F-G), on the other hand, pre-
serves the posterior end of the maxilla. By the
anterior breakage, it displays a medially-directed
process, which most likely contacted the pterygoid
in origin. This process is short and distally rounded.
Ventral to the process, the posterior end of the
tooth row is visible, showing at least seven closely
spaced tooth positions. The tooth row does not
extend posterior to the process and it is followed by
a long toothless portion of the ventral margin. The
lateral surface of the bone is covered by a dense
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FIGURE 7. Skull elements of Chelotriton sp. from Hambach: left premaxilla (IPB-HaH 2005) in anterior (A), posterior
(B), dorsal (C), ventral (D) and lateral (E) views; right maxilla (IPB-HaH 2007) in lateral (F) and medial (G) views; left
frontal (IPB-HaH 2000) in ventral (H) and dorsal (I) views; right frontal (IPB-HaH 2001) in ventral (J) and dorsal (K)
views; left frontal (IPB-HaH 2337) in ventral (L) and dorsal (M) views; right dentary (IPB-HaH 2004) in lateral (N) and
medial (O) views; left dentary (IPB-HaH 2039) in lateral (P) and medial (Q) views. Scale bars equal 1 mm. Abbrevia-
tions: pa, pars palatina; pf, pars faciale; po, processus postorbitalis.

1
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FIGURE 8. Vertebrae of Chelotriton sp. from Hambach: trunk vertebra (IPB-HaH 2010) in dorsal (A), left lateral (B),
anterior (C) and ventral (D) views; trunk vertebra (IPB-HaH 2038) in left lateral (E), dorsal (F), ventral (G), right lateral
(H), posterior (I) and anterior (J) views; trunk vertebra (IPB-HaH 2177) in dorsal (K) and ventral (L) views; trunk verte-
bra (IPB-HaH 2114) in dorsal (M), anterior (N), left lateral (O) and ventral (P) views. Scale bars equal 1 mm. Abbrevia-
tions: n, neurapophysis; pzc, posterior zygapophyseal crest; tp, transverse process.

dermal sculpturing made up by pits, ridges, and
tubercles. The dorsal margin bends in medial
direction and the sculpturing does not extend onto
the bent part. The posterior end of the specimen
expands into a robust structure for a strong contact
with the quadratojugal, but its distal end is broken.

The frontals are moderately large and rather
robustly built. IPB-HaH 2000 (Figure 7H-1) and
IPB-HaH 2337 (Figure 7L-M) only preserve part of
the lateral margin, whereas IPB-HaH 2001 (Figure
7J-K) is relatively complete, preserving also the
posterior margin of the orbital cavity. A wide and
long processus postorbitalis is present in all of
them, representing the posterolateral projection
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participating in the anterior part of the fronto-squa-
mosal arch. Ventrally, part of the sharp crista orbi-
tosphenoideum is visible in IPB-HaH 2000 (Figure
7H) and IPB-HaH 2001 (Figure 7J). The dorsal sur-
face is covered by a very dense dermal sculpturing
made up by isolated tubercles.

Dentaries (Figure 7N-Q) are fragmentary, but
they clearly show a well-developed dermal sculp-
turing made by pits, tubercles, and ridges on the
lateral surface. IPB-HaH 2004 (Figure 7N-O) pre-
serves the anterior end of the bone, with the sym-
physeal region. The latter is high and roughly tear-
drop shaped, but with a straight lateral margin. On
the medial surface, the sutura incisura dentalis is



closed far posterior to the foramen alveolaris,
which is located between the thirteenth and four-
teenth tooth positions. Moreover, starting just pos-
terior to the same foramen, a sharp ridge runs on
the medial surface of the bone, defining a distinct
sulcus dentalis. The sulcus is present anteriorly
also, but it is shallower here.

The poorly preserved fragment of tooth bear-
ing bone shows a dermal sculpturing made up by
large pits and tubercles connected by sharp ridges.

The atlas has a posterior cotyle and is moder-
ately large-sized, with a centrum length of 3.9 mm.
It has large and roughly subelliptical occipital joints
and a small and wedge-shaped odontoid process.
The neural canal is drop-shaped in anterior view.
The dorsal margin of the neural arch forms a dor-
sally flattened surface, which is triangular in dorsal
view. This surface is dorsally eroded, and therefore
the presence of sculpturing cannot be established.

Trunk vertebrae (Figure 8) are robust and
large-sized (centrum length goes from 3 mm to
6 mm), provided with strong transverse processes.
The vertebral centrum is opisthocoelous and has a
flattened and very slightly anteroventrally inclined
anterior condyle. There is no neck. On the ventral
surface, the subcentral foramina are replaced by
few smaller foramina. Anterior ventral and anterior
zygapophyseal crests are lacking or poorly devel-
oped, whereas posterior ventral ones are moder-
ately developed and posterior zygapophyseal ones
are very well developed. Only in IPB-HaH 2114
(Figure 8M-P), both ventral crests are well devel-
oped, clearly defining a triangular ventral lamina.
Both pre- and postzygapophyses are subcircular to
subelliptical; the latter extend behind the posterior
margin of the neural arch. The neural arch is low
and defines a small and subcircular neural canal;
its anterior margin is straight in dorsal view and
reaches the anterior margin of the prezygapophy-
ses. There is no zygosphene/zyganthrum complex.
The neurapophysis is very high and robust. In dor-
sal view, it forms a triangular and flattened surface
provided with a dense sculpturing made by pits,
tubercles, and ridges. This triangular surface can
be notched posteriorly, as in e.g., IPB-HaH 2038
(Figure 8F). In such case, the notch is deep and
narrow.

The caudal vertebra has similar morphology
and proportions to the trunk vertebrae. However,
the neurapophysis is mostly missing.

Ribs have a robust aspect and a moderately
large size. All of them narrow distally. The proximal
end is expanded and bears the articulation sur-
faces with the transverse process of the related

PALAEO-ELECTRONICA.ORG

vertebra. At least some of them clearly display a
small spiny process.

The indeterminate bone fragments are char-

acterized by the presence of a very dense sculptur-
ing made by pits, ridges, and tubercles on their
external surface.
Remarks. The vertebrae are clearly referrable to
Chelotriton because of the large size and the tall
neurapophysis with a large, triangular, and sculp-
tured area at the apex (Colombero et al., 2017).
Other elements agree with Chelotriton as well
because of similar size, robustness, and sculptur-
ing. The taxonomy of Chelotriton is currently not
well understood. Schoch et al. (2015) only included
Chelotriton paradoxus Pomel, 1853, within the
genus, but few other species were described in the
past. Due to these uncertainties, we here refer the
Hambach material only to Chelotriton sp. pending
a thorough revision and clarification of the Chelotri-
ton taxonomy. Nevertheless, these fossils agree
with the diagnosis of C. paradoxus given by
Schoch et al. (2015) at least in the robustly-built
elements and the extensive tubercular dermal
sculpturing. Moreover, they differ from Chelotriton
pliocenicus Bailon, 1989, because of the absence
of zygosphene/zyganthrum.

?Chelotriton sp.
Figure 9

Material. Hambach 6C: two humeri (IPB-HaH
2389, IPB-HaH 2393).

Description. These humeri are moderately large
and well ossified. IPB-HaH 2389 (Figure 9A-B) pre-
serves only the proximal half, which is about 9.5
mm long. The humerus head is rather flat proxi-
mally. On the ventral side, the ventral crest of the
humerus is well developed and robust. It has an
almost horizontal distal margin and a rather steep
proximal margin. The crest does not bear a distinct
sulcus ventrally. On the other side of the bone, the
dorsal crest of the humerus is present as a short
and pointed process. IPB-HaH 2393 (Figure 9C-D),
on the other hand, is represented only by the distal
epiphysis, which is about 6.5 mm in length. It has
deep cubital ventral and olecranon fossae. The dis-
tal portion of the epiphysis was not coossified with
the rest of it.

Remarks. These humeri are tentatively assigned
to Chelotriton because of the size and the strong
ossification. Proteids and likely batrachosauroidids
have poorly ossified long bones, and the two spec-
imens are larger and more ossified than bones of
other salamandrids identified in Hambach and not
as large as those of adult cryptobranchids.
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FIGURE 9. Limb bones of possible Chelotriton sp. from
Hambach: left humerus (IPB-HaH 2389) in anterior (A)
and posterior (B) views; right humerus (IPB-HaH 2393)
in ventral (C) and dorsal (D) views. Scale bars equal 1
mm. Abbreviations: cvf, cubital ventral fossa; dc, dorsal
crest of the humerus; h, humeral head; of, olecranon
fossa; vc, ventral crest of the humerus.

LISSOTRITON Bell, 1839
Lissotriton sp.
Figures 10-11

Material. Hambach 6C: one atlas (IPB-HaH 2118);
three trunk vertebrae (IPB-HaH 2110, IPB-HaH
2115/2116). Hambach 11: two trunk vertebrae
(IPB-HaR 2009, IPB-HaR 2011); two caudal verte-
brae (IPB-HaR 2010, IPB-HaR 2012).

Description. The small atlas (Figure 10A-E), miss-
ing most of the neural arch, has circular and flat
occipital joints separated by a wide, thin and
strongly gutter-like processus odontoideus. The
articular surface of the latter is composed by two
well-distinct separate areas facing ventrolaterally,
medially contacting each other. The neural canal is
roughly as wide as the processus odontoideus.
The posterior cotyle is rather small and circular,
being clearly narrower than the processus odontoi-
deus. Ventrally, a longitudinal ridge runs in the mid-
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dle of the centrum, flanked by two other ridges
(one on each side). Some foramina are sparsely
present on the ventral surface between the ridges.
A lateral foramen is present on each processus lat-
eralis, followed posteriorly by a ridge. These latter
foramina are hosted in a concave area oriented
anterolaterally, being visible on the lateral side of
the occipital joints in anterior view. These concavi-
ties are defined by distinct lateral crests, which
start from the occipital joints.

The trunk vertebrae from Hambach 6C are
medium to very small sized. The centrum length is
3.5 mm in IPB-HaH 2115 (Figure 10J-M), at least
2.5 mm in IPB-HaH 2116 (Figure 10N-Q), and
slightly less than 1.5 mm in IPB-HaH 2110 (Figure
10F-1). The centrum of IPB-HaH 2116 is slightly
eroded and it was therefore slightly longer in origin.
They have an opisthocoelous centrum, with a dis-
tinct neck. In lateral view, the anterior condyle is
anteriorly rounded and either straight or lightly ven-
trally inclined. The ventral surface of the centrum
displays a number of more or less small foramina.
Both the ventral and the zygapophyseal crests are
well developed. The former originate a subtriangu-
lar ventral lamina. The zygapophyseal crests con-
tact the dorsal part of the diapophyses. The neural
arch is high; its posterior part is flat (IPB-HaH 2110)
or somehow concave (other vertebrae). In dorsal
view, IPB-HaH 2110 (Figure 10F) has a straight
anterior margin of the arch, which is on the other
hand slightly concave in IPB-HaH 2115 (Figure
10J) and IPB-HaH 2116 (Figure 10N). The deepest
point of the margin is located close to the anterior
end of the prezygapophyses. The neural arch does
not show a clear hourglass shape between the pre-
zygapophyses in dorsal view. The posterior margin
has a wide and moderately shallow notch. The
zygapophyses are subelliptical and either almost
subhorizontal or slightly dorsally inclined. The
neurapophysis is high. Its straight dorsal margin is
only preserved in IPB-HaH 2110, even though with
a large notch on it due to damage. The anterior
end of the spine is broken off. The neurapophysis
starts either by the posterior end of the prezyga-
pophyses in the smallest vertebra, therefore being
far from the anterior margin of the neural arch, or
immediately posterior to the latter margin in the
other specimens. Posteriorly, it expands in a trian-
gular area that contacts the posterior margin. The
posterior end of the postzygapophyses and the
posterior margin of the neural arch, both preserved
only in IPB-HaH 2110, are roughly aligned. The
transverse processes of the vertebrae are slender,
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FIGURE 10. Lissotriton sp. from Hambach 6C: atlas (IPB-HaH 2118) in anterior (A), dorsal (B), left lateral (C), ventral
(D) and posterior (E) views; trunk vertebra (IPB-HaH 2110) in dorsal (F), anterior (G), left lateral (H) and ventral (1)
views; trunk vertebra (IPB-HaH 2115) in dorsal (J), anterior (K), right lateral (L) and ventral (M) views; trunk vertebra
(IPB-HaH 2116) in dorsal (N), anterior (O), left lateral (P) and ventral (Q) views. Scale bars equal 1 mm. Abbrevia-
tions: Ir, longitudinal ridge; n, neck; oj, occipital joint; po, processus odontoideus.

posterolaterally directed and provided with a fora-
men by their base.

The vertebrae from Hambach 11 (Figure 11)
are opisthocoelous and very small (centrum length
goes from 1.3 mm in IPB-HaR 2010 to 3 mm in
IPB-HaR 2012). They have no developed neck.
The anterior condyle of IPB-HaR 2009 is eroded,
but it appears flattened in other specimens. It is
vertical in IPB-HaR 2010 and IPB-HaR 2011 or
slightly ventrally inclined in IPB-HaR 2012. Zyga-
pophyseal crests are always well developed,
whereas the ventral ones are moderately devel-
oped in IPB-HaR 2011 (Figure 11l) and IPB-HaR
2012 (Figure 11Q) or not developed in IPB-HaR
2009 (Figure 11E) and IPB-HaR 2010 (Figure

11N). The ventral surface is poorly preserved in all
specimens, but the left side of IPB-HaR 2009
shows a moderately wide subcentral foramen and
a number of small foramina are present ventrally in
IPB-HaR 2011. Zygapophyses are narrow, almost
horizontal and subelliptical. The neural arch is high
and flattened posteriorly. The straight anterior mar-
gin of the neural arch reaches almost the anterior
end of the prezygapophyses. Also in this case, the
neural arch does not show a clear hourglass shape
between the prezygapophyses in dorsal view. The
neurapophysis is high and starts near the anterior
margin of the arch; its dorsal half is broken in both
specimens. A wide and deep V-shaped notch is
present in the middle of the posterior end of the
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FIGURE 11. Lissotriton sp. from Hambach 11: trunk vertebra (IPB-HaR 2009) in dorsal (A), left lateral (B), anterior (C),
right lateral (D) and ventral (E) views; trunk vertebra (IPB-HaR 2011) in dorsal (F), right lateral (G), anterior (H) and
ventral (I) views; caudal vertebra (IPB-HaR 2010) in dorsal (J), left lateral (K), anterior (L), right lateral (M) and ventral
(N) views; caudal vertebra (IPB-HaR 2012) in dorsal (O), right lateral (P) and ventral (Q) views. Scale bars equal

1 mm.

arch. The posterior margin of the neural arch does
not extend posteriorly beyond the postzygapophy-
ses. The latter are always broken off, but the base
of the right one of IPB-HaR 2010 is preserved and
extends beyond the margin. The portion of neural
arch located by the sides of the posterior notch are
almost vertically oriented.

Remarks. A small-sized salamandrid is also pres-
ent in both Hambach 6C and 11. The atlas has
sparse foramina on the ventral surface, a proces-
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sus odontoideus that is wider than the posterior
cotyle, and well-developed lateral crests (Ratnikov
and Litvinchuk, 2009). The morphology of the ver-
tebrae is generally alike that of both Ichthyosaura
Sonnini de Manoncourt and Latreille, 1801, and
Lissotriton, but few characters allow the attribution
of the material to the latter. On the atlas, the articu-
lar facets of the processus odontoideus are in
medial contact, thus differing from the condition
showed by Ichthyosaura (whose surfaces are sep-
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FIGURE 12. Triturus sp. from Hambach: atlas (IPB-HaH 2196) in dorsal (A), anterior (B), left lateral (C), posterior (D)
and ventral (E) views; trunk vertebra (IPB-HaH 2101) in dorsal (F) and left lateral (G) views; trunk vertebra (IPB-HaH
2103) in dorsal (H), ventral (I) and left lateral (J) views; trunk vertebra (IPB-HaH 2224) in dorsal (K), anterior (L), right
lateral (M), posterior (N) and ventral (O) views. Scale bars equal 1 mm. Abbreviations: avc, anterior ventral crest; azc,
anterior zygapophyseal crest; n, neurapophysis; 0j, occipital joint; op, odontoid process; sc, secondary dorsal crest.

arated by a large or, rarely, narrow groove) and
consistent with the variability seen in the extant
species of Lissotriton. The neural arch does not
show a clear hourglass shape between the prezy-
gapophyses in dorsal view, further supporting affin-
ites between the Hambach remains and
Lissotriton. Attribution to Lissotriton boscai (Lataste
in Tourneville, 1879) can be excluded because this
species shows small lateral eversions of the
neurapophysis. Caudal vertebrae (only found in
Hambach 11) allow the exclusion of Lissotriton vul-
garis (Linnaeus, 1758) and Lissotriton italicus (Per-
acca, 1898): in caudal vertebrae of these species,
the posterior end of the neural arch is higher than
the centrum in lateral view (Macaluso et al.,,
2023b), which is not the case in the Hambach
remains (this can be clearly evaluated in IPB-HaR
2010). We were unable to observe the longitudinal
ridge on the ventral surface of the atlas in any of
the specimens of extant Lissotriton available to us
for comparison. This may suggest that the Ham-

bach vertebrae belong to a still unknown species,
but given the high variability shown by urodele spe-
cies we consider more cautious to herein refer all
of the remains from Hambach (both 6C and 11)
only at genus level.

TRITURUS Rafinesque, 1815
Triturus sp.
Figure 12

Material. Hambach 6C: one atlas (IPB-HaH 2196);
10 trunk vertebrae (IPB-HaH 2101/2103, IPB-HaH
2155, IPB-HaH 2163, IPB-HaH 2166/2167, IPB-
HaH 2172/2173, IPB-HaH 2224); one caudal verte-
bra (IPB-HaH 2168).

Description. IPB-HaH 2196 (Figure 12A-E) is a
moderately small atlas (centrum length is 3 mm).
The odontoid process is wide, gutter-shaped and
bears two ventrolaterally directed articulation sur-
faces; it is roughly as large as the posterior cotyle
and slightly narrower than the neural canal. The
occipital joints, the posterior cotyle, and the neural
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canal are subcircular. The ventral surface shows
only very rare and small foramina, and evident infe-
rior crests (sensu Macaluso et al., 2020). The lat-
eral surface of each lateral process shows a well-
developed and sharp lateral crest. A low and wide
neurapophysis is visible on the dorsal surface of
the neural arch; it widens posteriorly and it is
flanked by a secondary dorsal crest by each side.
The latter touch the former by its posterior third and
anteriorly they split into two low ridges. The dorsal
portion of the neural arch is strongly sloping anteri-
orly in lateral view and thick and subtrapezoidal in
posterior view. The postzygapophyses are subel-
liptical and very slightly tilted dorsally; their poste-
rior margin develops beyond the posterior margin
of the neural arch, which is slightly wavy in dorsal
view.

Trunk vertebrae (Figure 12F-O) are large in
size (centrum length up to 7 mm). They are opist-
hocoelous and have a weakly developed neck and
small subcentral foramina. Ventral and zygapophy-
seal crests are well developed. The transverse pro-
cesses are moderately slender and posterolaterally
directed (more laterally in IPB-HaH 2172 and IPB-
HaH 2173). The neural arch is moderately low in its
anterior portion, but tends to rise abruptly posteri-
orly. The anterior margin is straight or concave and
reaches the anterior half of the prezygapophyses.
The posterior margin is well preserved only in IPB-
HaH 2103 and IPB-HaH 2224: it does not show a
medial notch, but instead it has either a convex
outline (IPB-HaH 2103; Figure 12H) or a small pos-
teriorly directed point (IPB-HaH 2224; Figure 12K).
The margin does not reach the posterior end of the
postzygapophyses in IPB-HaH 2224, but it is
roughly aligned with the latter in IPB-HaH 2103
(and in IPB-HaH 2101 and IPB-HaH 2102 as well).
Absence of the posterior notch can be supposed
for other vertebrae as well based on less preserved
posterior margins. Zygapophyses are suboval and
subhorizontal. The neurapophysis is low and is
present along the entire preserved portion of the
neural arch, but starting at some distance from the
anterior margin in at least some vertebrae (e.g.,
IPB-HaH 2101 and IPB-HaH 2102). The morphol-
ogy of the caudal vertebra is similar to that of the
trunk vertebrae.

Remarks. The above-described large and opist-
hocoelous trunk vertebrae provided with subcentral
foramina (Ratnikov and Litvinchuk, 2007) are evi-
dence for the presence of another rather large-
sized salamandrid in the fossil material from Ham-
bach 6C. The small atlas can be assigned to the
same urodele family due to the following combina-
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tion of features (Ratnikov and Litvinchuk, 2009):
processus odontoideus gutter-shaped, with two
ventrolateral articular surfaces; dorsal part of neu-
ral arch thick in posterior view; dorsal margin of
neural arch anteriorly sloping in lateral view; pres-
ence of neurapophysis and well-developed sec-
ondary and lateral crests; posterior margin of the
postzygapophyses extending beyond the posterior
margin of the neural arch in dorsal view. Further-
more, all these vertebrae share Triturus features.
These are, for the atlas (Ratnikov and Litvinchuk,
2009): dorsal margin of neural arch inclined; poste-
rior margin of neural arch slightly wavy; lateral
crests well developed; neurapophysis large and
low; and subcircular neural canal. As far as the
trunk vertebrae are concerned, on the other hand,
they are (Ratnikov and Litvinchuk, 2007): condyle
neck weakly developed; low neural arch, which
rises posteriorly; and anterior margin of the neural
arch either straight or concave in dorsal view,
located at midlength of the prezygapophyses. A
specific identification of the fossils is hindered by
the scant knowledge of the comparative osteology
of the genus Triturus, as well as by a set of differ-
ences observed with the few species for which
axial bone morphology is known (data mainly from
Ratnikov and Litvinchuk, 2007, 2009). The atlas
from Hambach differs from Triturus cristatus (Lau-
renti, 1768) in the strongly evident inferior crests,
from Triturus dobrogicus (Kiritzescu, 1903) in the
larger size and the neurapophysis not disappearing
posteriorly, and from Triturus karelinii (Strauch,
1870) in the secondary dorsal crests not reaching
the posterior margin, the neural arch not arched in
posterior view, and the absence of accessory
crests on the lateral processes. It shares with T.
karelinii the neurapophysis expanded in a sort of
subtriangular area posteriorly and with T. dobrogi-
cus the secondary dorsal crest not reaching the
posterior margin, the inclination and orientation of
the articular facets of the processus odontoideus,
and the already mentioned strongly evident inferior
crests. It also shares with both species, as well as
with T. cristatus, the processus odontoideus that is
as wide as the cotyle but narrower than neural
canal and the inclined neural arch that is thick and
subtrapezoid in posterior view. The trunk vertebrae
differ from all T. cristatus, T. dobrogicus, and T.
karelinii in the larger size and the well development
of all crests, and from T. cristatus and T. dobrogi-
cus only in the neurapophysis devoid of an
increased development in its middle part. Triturus
marmoratus (Latreille, 1800) has a posterior mar-
gin of the neural arch ending well anterior to the



postzygapophyses (Holman, 1998), which is not
always the case in the Hambach fossils. Moreover,
the trunk vertebrae show some minor differences
with all the known species of Triturus, as the shape
of the postzygapophyses is narrow and drop-
shaped in the Hambach fossils (L.M., pers. obs.).
The caudal vertebra is here assigned to the same
taxon as the rest of the material due to the morpho-
logical similarity shared with the trunk elements.
Considering all of this, the Hambach Triturus may
either be a new species or a member of a lineage
the osteology of which is not deeply investigated
(such as T. marmoratus, which currently reaches
up to northwestern France in Western Europe; Sil-
lero et al., 2014). Pending a more detailed compar-
ison with other Triturus, both fossils and extant, the
material is here only identified as Triturus sp.

Urodela indet.

Material. Hambach 6C: one dentary (IPB-HaH
2003); 27 trunk vertebrae (IPB-HaH 2075/2076,
IPB-HaH 2107/2109, IPB-HaH 2122/2131, IPB-
HaH 2143, IPB-HaH 2152/2154, IPB-HaH 2159/
2160, IPB-HaH 2169, IPB-HaH 2176, IPB-HaH
2187/2188, IPB-HaH 2223); 28 caudal vertebrae
(IPB-HaH 2077/2079, IPB-HaH 2104/2106, IPB-
HaH 2132/2141, IPB-HaH 2146/2149, IPB-HaH
2161, IPB-HaH 2170/2171, IPB-HaH 2184/2186,
IPB-HaH 2376/2377); two femurs (IPB-HaH 2047,
IPB-HaH 2394); one tibia (IPB-HaH 2049); one
indeterminate limb element (IPB-HaH 2040).
Remarks. The fossil material from Hambach 6C
includes numerous urodele specimens that cannot
be identified more precisely due to either poor
preservational status or poor taxonomic signifi-
cance.

ANURA Fischer, 1813
ALYTIDAE Fitzinger, 1843
LATONIA von Meyer, 1843

Latonia sp.
Figures 13-15

Material. Hambach 6C: three premaxillae (IPB-
HaH 2050, IPB-HaH 2280/2281); 12 maxillae (IPB-
HaH 2052/2053, IPB-HaH 2056/2060, IPB-HaH
2069/2070, IPB-HaH 2266/2267, IPB-HaH 2278);
two frontoparietals (IPB-HaH 2002, IPB-HaH
2338); three angulars (IPB-HaH 2051, IPB-HaH
2396/2397); one atlas (IPB-HaH 2071); six trunk
vertebrae (IPB-HaH 2072/2074, IPB-HaH 2221/
2222, IPB-HaH 2229); one sacral vertebra (IPB-
HaH 2219); two urostyles (IPB-HaH 2199/2200);
three scapulae (IPB-HaH 2324/2325, IPB-HaH
2329); four humeri (IPB-HaH 2055, IPB-HaH 2061,
IPB-HaH 2316, IPB-HaH 2336). Hambach 11: four
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maxillae (IPB-HaR 2016/2017, IPB-HaR 2041/
2042); five angulars (IPB-HaR 2115/2117, IPB-
HaR 2142/2143); four trunk vertebrae (IPB-HaR
2022/2023; IPB-HaR 2032/2033); one sacral verte-
bra (IPB-HaR 2014); one urostyle (IPB-HaR 2034);
one humerus (IPB-HaR 2127); two ilia (IPB-HaR
2015, IPB-HaR 2083). Hambach 11C: two maxillae
(IPB-HaR 2425/2426); one angular (IPB-HaR
2416); one ilium (IPB-HaR 2417).

Description. Premaxillae are moderately large in
size and have a mediolaterally elongated pars den-
talis, with a robust and short lamina horizontalis.
The tooth row covers the entire length of the bone.
In IPB-HaH 2050 (Figure 13A-B; the only specimen
in which it is complete), the tooth row shows 13
tooth positions. None of the specimens preserve
the complete pars facialis, but a deep recess is
recognisable on the inner surface of its base. The
external surface of the bone is smooth.

Maxillae (Figure 13C-H) are always fragmen-
tary, but they can reach a very large size. The lam-
ina horizontalis is robust and not strongly
developed in medial direction; a moderately shal-
low groove for the palatoquadrate bar is present on
the dorsal surface of its posterior portion. The pro-
cessus palatinus is partially preserved only in IPB-
HaH 2052, IPB-HaH 2056, IPB-HaH 2059 (Figure
13E-F), IPB-HaR 2042, and IPB-HaR 2426; a mod-
erately developed and strongly anteriorly inclined
edge provided with a groove on its posterodorsal
surface is present on the medial side of the pro-
cess. The processus pterygoideus is usually bro-
ken off, but a large posterior depression is still
recognizable on the medial surface between it and
the processus zygomaticomaxillaris. When pre-
served (IPB-HaH 2058, IPB-HaH 2060, IPB-HaH
2266, IPB-HaH 2267, IPB-HaR 2016, and IPB-HaR
2017), the processus pterygoideus is short, moder-
ately robust and pointed. The anterior margin of the
depression is marked by a moderately developed
ridge. The tooth row continues posteriorly slightly
beyond the lamina horizontalis. The lateral surface
is covered by a dermal sculpturing made by tuber-
cles and ridges, which concentrates mainly in the
posterodorsal part of the bone. IPB-HaH 2056,
IPB-HaH 2057, IPB-HaH 2059, IPB-HaH 2060,
IPB-HaH 2266, IPB-HaH 2267, IPB-HaH 2278,
IPB-HaR 2041, IPB-HaR 2042, IPB-HaR 2425, and
IPB-HaR 2426 have a smooth lateral surface, but
they represent only the anterior end (IPB-HaH
2059), the middle portion of the bone (IPB-HaH
2056, IPB-HaH 2057, IPB-HaR 2042, IPB-HaR
2425, and IPB-HaR 2426) or part of the postero-
ventral portion (IPB-HaH 2060, IPB-HaH 2266,
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FIGURE 13. Skull elements of Latonia sp. from Hambach: premaxilla (IPB-HaH 2050) in anterior (A) and posterior (B)
views; right maxilla (IPB-HaH 2053) in lateral (C) and medial (D) views; right maxilla (IPB-HaH 2059) in lateral (E) and
medial (F) views; left maxilla (IPB-HaR 2016) in lateral (G) and medial (H) views; frontoparietal (IPB-HaH 2002) in dor-
sal (I) and ventral (J) views; left angular (IPB-HaH 2051) in lateral (K), medial (L) and dorsal (M) views; right angular
(IPB-HaR 2117) in dorsal (N) and medial (O) views; left angular (IPB-HaR 2142) in lateral (P), medial (Q) and dorsal
(R) views; right angular (IPB-HaR 2416) in dorsal view (S). Scale bars equal 1 mm. Abbreviations: cme, crista mandib-
ulae externa; if, incrassatio frontoparietalis; Ih, lamina horizontalis; pc, processus coronoideus; pd, posterior depres-
sion; pp, processus palatinus; pr, processus paracoronoideus.

IPB-HaH 2267, IPB-HaH 2278, and IPB-HaR
2041). Some of these smooth specimens can be
very large in size (e.g., IPB-HaH 2059).

IPB-HaH 2002 (Figure 13I-J) is a moderately
large fragment of frontoparietal, probably repre-
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senting part of the left anterolateral portion of the
bone. The ventral surface displays a narrow and
elongated incrassatio frontoparietalis. The pre-
served portion of the incrassatio has a symmetrical
appearance, thus suggesting that it was unpaired
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FIGURE 14. Axial elements of Latonia sp. from Hambach: atlas (IPB-HaH 2071) in anterior (A), dorsal (B), left lateral
(C), ventral (D) and posterior (E) views; trunk vertebra (IPB-HaH 2073) in anterior (F), dorsal (G) and posterior (H)
views; trunk vertebra (IPB-HaR 2032) in anterior (l), dorsal (J) and left lateral (K) views; sacral vertebra (IPB-HaH
2219) in dorsal view (L); sacral vertebra (IPB-HaR 2014) in dorsal (M), anterior (N) and ventral (O) views; urostyle
(IPB-2199) in dorsal view (P); urostyle (IPB-HaH 2200) in dorsal view (Q); urostyle (IPB-HaR 2034) in dorsal view (R).
Scale bars equal 1 mm. Abbreviations: f, fissure; k, keel.

and that a small part of the right lateral side of the
bone is also represented. The foramen parietale is
not present in the preserved portion of the fronto-
parietal. The pars contacta is laminar and rather
well developed. The anterolateral corner of the
fragment represents part of the left anterior horn.
The dorsal surface of the specimen is almost com-
pletely covered by a well-developed dermal sculp-
turing, made up by tubercles. These are densely
arranged and some of them fuse to origin short
ridges. Part of the anterior horn is unsculptured.

IPB-HaH 2338 is a fragment of the left posterolat-
eral portion of a frontoparietal with a similar dermal
sculpturing.

Angulars (Figure 13K-S) have a processus
paracoronoideus anterior to the processus coronoi-
deus. The two processes are similar in size. The
former is horizontal, whereas the latter is almost
vertical or slightly medially inclined. The processus
coronoideus is well developed and does not extend
posteriorly. By the processes, the sulcus cartilagine
Meckeli is only a moderately shallow groove. A low
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FIGURE 15. Appendicular elements of Latonia sp. from Hambach: left scapula (IPB-HaH 2324) in dorsal (A) and ven-
tral (B) views; left scapula (IPB-HaH 2325) in dorsal (C) and ventral (D) views; left scapula (IPB-HaH 2329) in dorsal
(E) and ventral (F) views; right humerus (IPB-HaH 2061) in ventral (G) and dorsal (H) views; left ilium (IPB-HaR 2015)
in lateral (I) and medial (J) views; right ilium (IPB-HaR 2083) in lateral (K) and medial (L) views; right ilium (IPB-HaR
2417) in lateral (M) and medial (N) views. Scale bars equal 1 mm. Abbreviations: ca, crista anterior; dt, dorsal tubercle;
ig, interiliac groove; pa, pars acromialis.

crista mandibulae externa is visible on the lateral large specimens, both the crista and the depressed
surface of the bone; it defines the ventral margin of  area are more developed.
a very slightly depressed area. In IPB-HaH 2051, Presacral vertebrae (Figure 14A-K) are opist-

IPB-HaH 2396, and IPB-HaH 2397, which are very hocoelous, robust and very large. The centrum is
subcylindrical and the neural canal is subelliptical
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(main axis directed horizontally) in anterior view.
The anterior cotyles of the atlas (Figure 14A-E) are
almost in contact medially. The same vertebra dis-
plays a sharp keel on its ventral surface. The trans-
verse processes of the trunk vertebrae (Figure
14F-K) are robust and laterally directed. The dorsal
surface of the neural arch is large and flattened,
with a low, moderately- or well-developed carina
neuralis. Zygapophyses are suboval and twisted
dorsally of about 45°.

Sacral vertebrae (Figure 14L-O) have an
anterior condyle and two posterior condyles. The
dorsal surface of the neural arch shows a low
carina neuralis developing a small posterior tip.
Prezygapophyses are subelliptical and dorsally
inclined of about 45°. Transverse processes are
broken in both specimens, but in IPB-HaH 2219
they show a slight anteroposterior enlargement
(Figure 14L). The anterior margin of these pro-
cesses is clearly perpendicular to the vertebral
centrum in IPB-HaH 2219 (Figure14L), but it
seems posterolaterally inclined in IPB-HaR 2014
(Figure 14M). However, transverse processes of
the latter sacral vertebra are less preserved and
reconstruction of their original shape is somehow
doubtful.

Urostyles (Figure 14P-R) preserve only the
anterior end, showing two anterior cotyles. Except
for IPB-HaH 2200 (Figure 14Q), which is rather
small, they can reach a large size. A transverse
process is present on each side of the neural arch,
continuing posteriorly in a horizontal lamina in IPB-
HaR 2034 (Figure 14R). The carina neuralis is not
developed and, posteriorly to the transverse pro-
cesses, the neural arch presents a narrow fissure
in the middle of the dorsal surface.

Scapulae (Figure 15A-F) are very large and
robust. They are short and wide and show a very
well-developed crista anterior (though broken in
IPB-HaH 2325 and completely missing in IPB-HaH
2329). The pars suprascapularis is very wide. The
pars acromialis is missing in all specimens,
whereas the robust pars glenoidalis is always
poorly preserved.

Humeri are very robust and large-sized. |PB-
HaH 2055, IPB-HaH 2336, and IPB-HaR 2127 pre-
serve only the distal end, IPB-HaH 2061 (Figure
15G-H) misses the proximal half, whereas IPB-
HaH 2316 lacks only the proximal portion. The emi-
nentia capitata is spherical and distinctly shifted lat-
erally compared to the axis of the diaphysis. A
moderately deep fossa cubitalis ventralis is pres-
ent, except for IPB-HaH 2061 and IPB-HaH 2336.
The epicondylus ulnaris is more than twice as large
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as the radialis one. Cristae medialis and lateralis
are well developed and sharp in IPB-HaH 2061
and IPB-HaH 2316 and moderately developed in
IPB-HaH 2055, IPB-HaH 2336, and IPB-HaR 2127;
the former bends in dorsal direction proximally. The
olecranon scar is moderately large in most speci-
men (though it is poorly visible in IPB-HaH 2061
and IPB-HaR 2127), but small in IPB-HaH 2055.
llia (Figure 15I-N) are large. They display a
dorsal crest, which merges posteriorly with the dor-
sal tubercle. The tubercle is low, elongated and
rather poorly distinct. The posterior portion of the
dorsal crest, anteroventral to the tubercle, hosts a
shallow tubercular fossa with few foramina on its
lateral surface. The acetabular fossa is moderately
wide and somehow elongated. The supraacetabu-
lar fossa is present and shallow. The dorsal ace-
tabular expansion is short. Together with the
strongly anteriorly-inclined dorsal tubercle, it origi-
nates a very obtuse angle. The ventral acetabular
expansion seems more developed, but it is never
completely preserved. The medial side of the ilial
body displays a deep interiliac groove and the base
of a (broken) interiliac tubercle.
Remarks. A large Latonia is clearly present in
Hambach, being identifiable based on the following
combination of characters (Rocek, 1994b, 2013):
presence of both a coronoid and a paracoronoid
process on the angular; posterior depression on
the maxilla; ventral keel on the atlas; laterally-
shifted eminentia capitata on the humeri; ilia with a
thin dorsal crest and an obtuse angle between the
tubercle and the dorsal acetabular expansion; and
possibly also unpaired frontoparietal. Syromyat-
nikova and Rocek (2019) recently summarized the
most taxonomically-significant osteological fea-
tures of the known species within this genus. The
sculptured frontoparietal clearly exclude affinities
with the extant Latonia nigriventer (Mendelssohn
and Steinitz, 1943) (see also Biton et al., 2013,
2016), whereas the well-developed coronoid pro-
cess is unlike the morphology seen in Latonia ver-
taizoni (Friant, 1944). Furthermore, the absence of
a posterior extension of the latter process differs
from at least some Latonia ragei Hossini, 1993. In
the Latonia from Hambach, the maxillary tooth row
exceeds posteriorly the extension of the lamina
horizontalis, recalling in this L. nigriventer, L. ragei,
and some Latonia seyfriedi von Meyer, 1843 (in the
sense of Syromyatnikova et al.,, 2019, that is
including Latonia gigantea (Lartet, 1851) as well)
but differing from Latonia caucasica Syromyat-
nikova and Rocek, 2019. The presence or absence
of sculpturing on the maxillae was commonly used
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in the past to distinguish two groups within Latonia:
sculptured maxillae were generally referred to L.
gigantea, in contrast with L. ragei and L. vertaizoni
having unsculptured maxillae. This distinction was,
however, complicated by the fact that the lateral
surface of the maxillae of L. seyfriedi was not
known for a long time. Only recently, Syromyat-
nikova et al. (2019) demonstrated that the latter
species has sculptured maxillae as well, proposing
L. gigantea as a junior synonym of it based on this
and other features. Moreover, Syromyatnikova and
Roc¢ek (2019) added L. caucasica to the list of the
Latonia species with unsculptured maxillae. To add
further complexity to the maxillary sculpturing char-
acter, these dermal ossifications originate in Lato-
nia as a separate layer, which only contacts the
surface of the bone through fragile trabeculae
(RocCek, 1994b; Syromyatnikova et al., 2019).
Thus, separation of the sculptured layer from the
bone due to breakage of these trabeculae is not
unlikely, leading to the possible artifactual recogni-
tion of unsculptured maxillae in place of the original
sculptured ones. What is more, maxillae referred to
Latonia showing an overall smooth lateral surface,
but with few rugosities usually concentrated on the
posterodorsal corner, have been described lately
(e.g., from the Early Miocene of Greece; Georgalis
et al.,, 2019a). These may be interpreted as juve-
niles of sculptured forms when small, but the pres-
ence of some large elements presenting the same
pattern (such as is the case with the Hambach fos-
sils) hints towards the need of further scrutiny of
this feature. Another important character for the
identification of Latonia species is the direction of
the sacral transverse processes. The possible
presence of two different morphologies in the two
sacral vertebrae from Hambach (i.e., clearly per-
pendicular versus possibly posterolaterally-inclined
processes), furthermore coming from two different
layers, may suggest the presence of two different
taxa in the two different stratigraphic portions of the
site. However, the uncertainty surrounding the
observation of the second morphotype, together
with the possible variation of this character appar-
ent in at least L. seyfriedi (see Syromyatnikova and
Rocek, 2019) as well as the generally comparable
morphology showed by all other Latonia remains
from Hambach, suggest caution on this. It is evi-
dent that, based on the current state of knowledge,
a specific identification of the Latonia from Ham-
bach would be somehow ambiguous, and we thus
refrain from proposing one, pending a detailed revi-
sion and clarification of the diagnostic characters of
the species currently included in the genus.
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PALAEOBATRACHIDAE Cope, 1865
PALAEOBATRACHUS Tschudi, 1838
Palaeobatrachus eurydices Villa, Rogek, Tschopp,
van den Hoek
Ostende, and Delfino, 2016
Figures 16-17

Material. Hambach 11: one sphenethmoid (IPB-
HaR 2021); 11 angulars (IPB-HaR 2110/2113, IPB-
HaR 2129/2132, IPB-HaR 2144/2146); one trunk
vertebra (IPB-HaR 2030); five humeri (IPB-HaR
2148/2152); five ilia (IPB-HaR 2099/2102, IPB-
HaR 2147). Hambach 11C: one maxilla (IPB-HaR
2429); one angular (IPB-HaR 2418); two humeri
(IPB-HaR 2419/2420).

Description. IPB-HaR 2429 (Figure 16A-C) is a
fragment of maxilla, measuring about 5.5 mm in
length and preserving only the area of the proces-
sus palatinus. The bone is robustly built. On the
medial side, part of the tooth row is preserved,
even though in bad conditions. Four wide tooth
positions are preserved, one of them still hosting
the base of a tooth. The tooth positions are sepa-
rated by knob-like structures. The lamina horizon-
talis is mostly broken, but it clearly extended
medially with a toothless portion. No clear ridge is
visible ventrally separating the toothed and tooth-
less portion of the lamina. On its dorsal side, a
deep recessus vaginiformis is present. The proces-
sus palatinus is represented in this specimen by a
low, subtriangular structure with a truncated dorsal
tip. In dorsal view, it is shifted medially, thus origi-
nating a concavity on the lateral surface of the
maxilla. Both the anterior and posterior margins of
the process are distinctly irregular, and its lateral
surface displays few foramina.

IPB-HaR 2021 (Figure 16D-G) is a fragmen-
tary sphenethmoid. It is anteroposteriorly elon-
gated and large-sized. The lateral margins of the
bone are rather eroded, but distinctly developed
laminae supraorbitalis and trabecula seem not to
be present. In dorsal view, a long and U-shaped
fenestra frontoparietalis is recognizable, even if the
left portion of the bone is lacking. Anteriorly to the
fenestra, the dorsal surface of the bone is smooth.
The contact surface with the parasphenoid is visi-
ble on the ventral surface: it is delimited laterally by
two low ridges and widens anteriorly.

Angulars are robust and large-sized. They
have a rather deep sulcus cartilagine Meckeli and
an anteroposteriorly elongate, stocky and dorso-
ventrally compressed processus coronoideus. The
dorsal surface of the latter is strongly irregular, with
pits and/or ridges, and shows a certain degree of
individual variation (Figure 17). A few angulars,
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FIGURE 16. Palaeobatrachus eurydices from Hambach: right maxilla (IPB-HaR 2429) in dorsal (A), medial (B) and
lateral (C) views; sphenethmoid (IPB-HaR 2021) in dorsal (D), ventral (E), anterior (F) and right lateral (G) views; left
humerus (IPB-HaR 2148) in ventral (H) and dorsal (I) views; left humerus (IPB-HaR 2152) in ventral (J) and dorsal (K)
views; left humerus (IPB-HaR 2420) in ventral (L) and dorsal (M) views, right ilium (IPB-HaR 2099) in lateral view (N);
right ilium (IPB-HaR 2100) in lateral view (O); left ilium (IPB-HaR 2101) in lateral view (P); right ilium (IPB-HaR 2147)
in lateral view (Q). Scale bars equal 1 mm. Abbreviations: dt, dorsal tubercle; pp, processus palatinus; ps, contact sur-

face for the parasphenoid.

such as e.g., IPB-HaR 2111 (Figure 17A) and IPB-
HaR 2418, bear a small tubercle on the lateral
side, in correspondence with the anterior end of the
processus coronoideus. The extremitas spatulata
is short and broad.

IPB-HaR 2030 is a fragmentary trunk vertebra
provided with a very dorsoventrally compressed
centrum. The latter is procoelous, wide, and shows
numerous small pits on the ventral surface.

Humeri (Figure 16H-M) are very large-sized
and lack a fossa cubitalis ventralis. The eminentia
capitata and the epicondyles are distally eroded
and were probably partly cartilaginous in the living

animal. The epicondylus ulnaris is only slightly
larger than the epicondylus radialis. The olecranon
scar is depressed, but the articular surface with the
olecranon of the radioulna is small and poorly
developed. All specimens but IPB-HaR 2420 pre-
serve only the distal epiphysis and the distal part of
the diaphysis. IPB-HaR 2420 is more preserved,
but the proximal end of the bone is still missing. A
hint of a robust crista ventralis is recognizable on
the ventral surface of the humeri. This is particu-
larly evident in IPB-HaR 2420, which also express
the base of a crista paraventralis. Cristae medialis
and lateralis are not developed.
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FIGURE 17. Individual variation in the angulars of Palaeobatrachus eurydices from Hambach: left angular (IPB-HaR
2111) in dorsal view (A); left angular (IPB-HaR 2132) in dorsal view (B); left angular (IPB-HaR 2144) in dorsal view
(C); right angular (IPB-HaR 2110), detail of the processus coronoideus in dorsal view (D); left angular (IPB-HaR 2112),
detail of the processus coronoideus in dorsal view (E); left angular (IPB-HaR 2130), detail of the processus coronoi-
deus in dorsal view (F); right angular (IPB-HaR 2131), detail of the processus coronoideus in dorsal view (G); right
angular (IPB-HaR 2145), detail of the processus coronoideus in dorsal view (H); right angular (IPB-HaR 2146), detail
of the processus coronoideus in dorsal view (). Scale bars equal 1 mm. Abbreviations: pc, processus coronoideus; t,

tubercle.

llia (Figure 16N-Q) show a well-developed
and elongated dorsal tubercle, but no dorsal crest.
The tubercle bends in lateral direction. The large
acetabular fossa has a prominent anteroventral
rim. The ventral acetabular expansion is not devel-
oped, whereas the dorsal one is moderately devel-
oped. A supraacetabular fossa is visible dorsally to
the acetabulum. A wide and deep interiliac groove
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is visible on the medial surface of the body of the
bone.

Remarks. Clear diagnostic features of palaeobatr-
achid anurans in the above-described material are
the following (Wuttke et al., 2012; Rocek, 2013;
Rocek et al., 2021): knob-like structures separating
tooth positions in the maxilla; elongated spheneth-
moid, provided with frontoparietal fenestra longer
than half the total length of the bone and with two



parallel ridges delimiting the articulation area for
the parasphenoid on the ventral surface; coronoid
process of the angular either smooth or bearing
muscle scars on dorsal surface; vertebral centrum
strongly dorsoventrally compressed and with
numerous pits on the ventral surface; humerus
devoid of fossa cubitalis ventralis (different from
Eocene palaeobatrachids, though) and provided
with a comparatively small eminentia capitata that
is located on or near the long axis of bone, as well
as similar-sized epicondyles; ilium with massive
dorsal acetabular expansion; large acetabular
fossa extending anteroventrally beyond the margin
of the ilial body, thus concealing the ventral expan-
sion; dorsal tubercle protruding only slightly in dor-
sal direction, but more prominent laterally and
bearing muscle scars on the lateral surface; dis-
tinct horizontal depression on the inner surface of
the iliac shaft. Specific attribution to P. eurydices
appears also justified, due to the following combi-
nation of features (Villa et al., 2016): the interorbital
section of the processus cultriformis of the paras-
phenoid was narrow, but the process becomes
wider towards the anterior (as suggested by the
divergent longitudinal ridges on the ventral side of
sphenethmoid, which delimit laterally the area of
attachment of the parasphenoid); the spheneth-
moid lacks articular facets for the nasals; the dorsal
surface of the sphenethmoid shows no median
ridge; the processus coronoideus of the angular
extends parallel to most of the extremitas spatu-
lata; the extremitas spatulata is short and broad;
the fossa cubitalis ventralis of humerus is absent.
Despite its very fragmentary status, the maxilla
IPB-HaR 2429 is also very similar in morphology to
maxillae of P. eurydices. In particular, it could be
somehow representative of a sort of “intermediate”
stage between the supposed juvenile maxilla
reported by Villa et al. (2016) and the adult ones.
Similar to the purported juvenile specimen, IPB-
HaR 2429 has a subtriangular processus palatinus,
which gives to the bone a concave lateral appear-
ance in dorsal view due to a slight medial shifting.
However, the size of the specimen, as well as the
number of teeth in the processus palatinus area
and the absence of a ridge separating the toothed
and toothless portions of the ventral surface of the
lamina horizontalis, seem to be more comparable
with the adult holotype maxilla of P. eurydices.

?Palaeobatrachidae indet.
Figure 18

Material. Hambach 6C: one maxilla (IPB-HaH
2279).

PALAEO-ELECTRONICA.ORG

Description. IPB-HaH 2279 is a fragmentary and
robust maxilla, lacking the anterior and posterior
portions. The lamina horizontalis is robust and
moderately developed in medial direction. On the
ventral surface of the lamina, a low longitudinal
ridge separates a toothless medial half from the
crista dentalis. Teeth were pleurodont, but no one
is preserved; they were separated by small pro-
cesses, which are now eroded. Nine tooth posi-
tions are recognizable. In the middle of the dorsal
surface of the lamina, a deep and circular recess is
visible. By the recess, the lateral wall of the maxilla
bends medially. The processus palatinus should be
located by this bending, but it is not clearly recog-
nizable in this specimen; this could be either due to
a real absence of the processus or, more likely, to
preservational reasons. The lateral surface of the
bone is smooth.

Remarks. This specimen from Hambach 6C is
rather similar to the maxillae of P. eurydices in

FIGURE 18. Possible Palaeobatrachidae indet. from
Hambach: fragment of maxilla (IPB-HaH 2279) in
medial (A), lateral (B), dorsal (C) and ventral (D) views.
Scale bar equals 1 mm.
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(Villa et al., 2016): overall robustness; presence of
the circular recess (recessus vaginiformis for the
processus maxillaris anterior, which is the anterior
termination of the subocular bar; Rocek, 2003:
1941) on the lamina horizontalis; presence of pro-
cesses separating the teeth (even though it is not
possible to say if they were knob-like in origin). On
the ventral surface of the lamina horizontalis, the
low ridge delimitating medially the toothed area
recalls the maxilla RGM 632039, possibly referred
to a young P. eurydices by Villa et al. (2016). How-
ever, the Hambach 6C specimen has more teeth
than the latter. IPB-HaH 2279 may thus represent a
palaeobatrachid, maybe even related to P. eury-
dices, but in absence of further, better preserved
and more taxonomically significant, material from
the Miocene level of Hambach, it appears more
confident to propose only a cautious identification.

PELOBATIDAE Bonaparte, 1850
EOPELOBATES Parker, 1929
cf. Eopelobates sp.
Figure 19A-J

Material. Hambach 11: one sacral vertebra (IPB-
HaR 2179); one humerus (IPB-HaR 2154); two ilia
(IPB-HaR 2084, IPB-HaR 2103).

Description. IPB-HaR 2179 (Figure 19A-D) is a
moderately small sacral vertebra and has an
amphicoelous and cylindrical centrum. The neural
canal is circular and the dorsal surface of the neu-
ral arch is smooth. Both the prezygapophyses and
the transverse processes are broken off. The latter
are anteroposteriorly extended.

IPB-HaR 2154 (Figure 19E-F) is a poorly pre-
served humerus provided with a curved diaphysis
(though it is broken and misses the proximal por-
tion) and an eminentia capitata that is shifted later-
ally compared to the main axis of the bone. A deep
fossa cubitalis ventralis is present; it opens on the
lateral side. There are no cristae medialis and lat-
eralis.

llia (Figure 19G-J) lack a dorsal tubercle and a
dorsal crest. They have an acetabular fossa pro-
vided with a strong anteroventral rim. The dorsal
acetabular expansion is rather short. No supraace-
tabular fossa, preacetabular fossa, interiliac
groove, or interiliac tubercle are visible. The spiral
groove is not distinct. The posterior end of the
bone is slightly eroded in both specimens, but very
light striae are visible on their posteromedial sur-
face.

Remarks. Few elements from Hambach 11 are
attributed to Pelobatidae because of the following
combination of features (Bailon, 1999; Rocek,
2013): curved diaphysis of the humerus; laterally-
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shifted eminentia capitata; deep fossa cubitalis
ventralis, which is open laterally; ilia with no dorsal
crest and no dorsal tubercle; no preacetabular and
supracetabular fossae; striae on the medial side of
the ilial body. Within pelobatids, the absence of a
deep spiral (or oblique) groove is used to distin-
guish Eopelobates from Pelobates Wagler, 1830
(Béhme, 2010; Syromyatnikova, 2019), and thus
these fossils are here assigned to the former
genus. However, this identification is only consid-
ered tentative here, because not all authors deem
isolated postcranial elements sufficient for genus
level discrimination (Rage and Rocek, 2003).
Known Eopelobates species are all based on artic-
ulated material (Rocek et al., 2014), making com-
parison with the disarticulated specimens from
Hambach difficult. Furthermore, most of the diag-
nostic features of the species are on cranial ele-
ments. Nevertheless, at least Eopelobates deani
Rocek et al.,, 2014, and Eopelobates grandis
Zweifel, 1956, seem to differ from the Hambach ilia
in the low dorsal tubercle and the low dorsal crest
in the anterior portion of the shaft respectively. The
sacral vertebra IPB-HaR 2179 is also tentatively
attributed to cf. Eopelobates sp. because of the
cylindrical centrum and the extended transverse
processes, as well as the presence of the spinal
foramina. In pelobatids, sacral vertebrae not fused
to the urostyle are present in both Eopelobates and
Pelobates (Bailon, 1999; Rocek et al., 2014; Syro-
myatnikova, 2017). However, vertebrae of pelo-
batids are usually procoelous. Amphicoelous
vertebrae, followed by a cartilaginous disk, are
known only in E. grandis (even though its referral
to Eopelobates is called into question by some
authors also because of this feature; Rocek et al.,
2014). The holotype and only known specimen of
E. grandis does not preserve the sacral centrum or
the anterior part of the urostyle, and so an
amphicoelous condition of the former cannot be
evaluated. Amphicoelous sacral centra are shown
by Ascaphus Stejneger, 1899, and some extinct
Mesozoic frogs (Reilly and Jorgensen, 2011), but
accounting for the absence of any existing evi-
dence supporting the possible presence of the
North American ascaphids in Europe at any
moment in time as well as the highly unlikely cir-
cumstance of a survival of an early-branching
Mesozoic anuran lineage in the Pliocene of the
continent, we here consider more probable that
IPB-HaR 2179 could represent a pelobatid with
either a peculiar vertebral morphology or an anom-
alous condition due to ontogenetic or pathologic
circumstances.
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FIGURE 19. Pelobatids from Hambach: sacral vertebra (IPB-HaR 2179) of cf. Eopelobates sp. in dorsal (A), anterior
(B), posterior (C) and ventral (D) views; left humerus (IPB-HaR 2154) of cf. Eopelobates sp. in ventral (E) and dorsal
(F) views; left ilium (IPB-HaR 2084) of cf. Eopelobates sp. in lateral (G) and medial (H) views; right ilium (IPB-HaR
2103) of cf. Eopelobates sp. in lateral () and medial (J) views; right humerus (IPB-HaR 2414) of ?Eopelobates sp. in
ventral (K) and dorsal (L) views; left humerus (IPB-HaR 2415) of ?Eopelobates sp. in ventral view (M); right ilium
(IPB-HaR 2421) of ?Eopelobates sp. in lateral (N) and medial (O) views; trunk vertebra (IPB-HaH 2220) of Pelobati-
dae indet. in right lateral (P), anterior (Q), dorsal (R) and posterior (S) views; left humerus (IPB-HaH 2399) of Pelo-
batidae indet. in ventral (T) and dorsal (U) views. Scale bars equal 1 mm. Abbreviations: dae, dorsal acetabular
expansion; fcv, fossa cubitalis ventralis.
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?Eopelobates sp.
Figure 19K-O

Material. Hambach 11C: two humeri (IPB-HaR
2414/2415); one ilium (IPB-HaR 2421).
Description. The two humeri (Figure 19K-M) are
represented only by their distal epiphyses. They
reach a moderately large size. A spherical eminen-
tia capitata is present, as well as a fossa cubitalis
ventralis. The latter is open on the lateral side.
Both humeri have a well-developed epicondylus
ulnaris and a less developed epicondylus radialis.
On the dorsal surface, a wide and elongated olec-
ranon scar is present. Based on the position of the
scar, it seems that the eminentia capitata was later-
ally shifted, but this cannot be confidently evalu-
ated given the absence of the diaphysis.

The ilium (Figure 19N-O) is very poorly pre-
served, with only the base of the shaft and the
anterior portion of the body remaining. It clearly
has no dorsal crest and no dorsal tubercle. The
acetabular rim is slightly higher in its anteroventral
part. There are no supraacetabular and preacetab-
ular fossae and the spiral groove is not distinct.
The dorsal acetabular expansion appears rather
short, whereas the development of the ventral one
cannot be evaluated due to breakage. The medial
surface of the ilial body is flat in its preserved por-
tion. The absence of its posterior part hinders an
evaluation of the presence or absence of striae.
Remarks. These elements are here tentatively
attributed to Eopelobates because of the overall
morphological similarity with those from Hambach
11 referred to this genus, in particular in the indis-
tinct spiral groove on the ilium. However, poor
preservation hinders confidence in the attribution.

Pelobatidae indet.
Figure 19P-U

Material. Hambach 6C: one trunk vertebra (IPB-
HaH 2220); one humerus (IPB-HaH 2399).
Discussion. IPB-HaH 2220 (Figure 19P-S) is a
moderately large-sized and procoelous trunk verte-
bra. It has a cylindrical centrum and a long neural
arch, with a low carina neuralis and a well-devel-
oped posterior point. Transverse processes are
broken off, but they were located under the prezy-
gapophyses.

The humerus (Figure 19T-U) is small, but pre-
serves part of the diaphysis and part of the epiphy-
sis. The eminentia capitata is shifted laterally. A
shallow fossa cubitalis ventralis, which is open on
the lateral side, is present. The epicondyles are
missing. The cristae medialis and lateralis are not
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developed. On the dorsal side, the visible part of
the olecranon scar is poorly marked.

Remarks. Following Bailon (1999), these two fos-
sils can be assigned to pelobatids. This attribution
is based on: vertebra procoelous, with a long neu-
ral arch, transverse processes located ventral to
the prezygapophyses, a cylindrical centrum, and a
well-developed posterior point; humerus with a lat-
erally-open fossa cubitalis ventralis and maybe
also lateral shift of the eminentia capitata. The
absence of more taxonomically significant ele-
ments in the Miocene level of Hambach, however,
hinders a discrimination of either Eopelobates or
Pelobates.

HYLIDAE Rafinesque, 1815
HYLA Laurenti, 1768
Hyla sp.

Figure 20

Material. Hambach 6C: one sacral vertebra (IPB-
HaH 2195). Hambach 11: one ilium (IPB-HaR
2088).

Description. The sacral vertebra (Figure 20A-D) is
moderately small and has an anterior cotyle and
two posterior condyles. The posterior condyles are
well separated. The neural canal is elliptical and
the dorsal surface of the neural arch does not pres-
ent a distinct carina neuralis. The prezygapophy-
ses are suboval and slightly tilted dorsally (about
30°). The transverse processes are broken off, but,
judging from the preserved portion of the left one,
they seem to have been anteroposteriorly
extended.

IPB-HaR 2088 (Figure 20E) is a small ilium
with a globular and laterally-bending dorsal tuber-
cle. The dorsal crest is absent and the preacetabu-
lar zone is strongly expanded anteroventrally. The
posterior portion of the ilial body is broken.
Remarks. Following the diagnostic criteria
reported by Bailon (1999), these two fossils can be
attributed to a tree frog. The combination of fea-
tures that is diagnostic for the sacral vertebra is:
anterior cotyle; two well-differentiated posterior
condyles; extended transverse processes; and no
carina neuralis. The diagnostic combination for the
ilium is, on the other hand: no dorsal crest;
expanded preacetabular zone; and globular and
laterally-bending dorsal tubercle. A specific identifi-
cation of European Hyla species based on isolated
bones is considered impossible by most authors
(e.g., Bailon, 1999; Sanchiz, 1981; Sanchiz and
Mtynarski, 1979a; Sanchiz and Sanz, 1980). Nev-
ertheless, it is possible that at least the ilium com-
ing from the most recent level in Hambach pertains
to the Hyla arborea (Linnaeus, 1758) species com-



FIGURE 20. Hyla sp. from Hambach: sacral vertebra
(IPB-HaH 2195) in dorsal (A), ventral (B), anterior (C)
and posterior (D) views; left ilium (IPB-HaR 2088) in lat-
eral view (E). Scale bars equal 1 mm. Abbreviations: dt,
dorsal tubercle; pz, preacetabular zone.
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plex, including the extant European species of the
genus (Faivovich et al., 2005; Stock et al., 2008).

BUFONIDAE Gray, 1825
BUFO Laurenti, 1768
BUFO BUFO (Linnaeus, 1758)
Bufo gr. bufo
Figure 21

Material. Hambach 11: one sacral vertebra (IPB-
HaR 2020).

Description. IPB-HaR 2020 is a medium-sized
sacral vertebra provided with an anterior cotyle and
two posterior condyles. The neural canal is subel-
liptical. A low carina neuralis is present on the dor-
sal surface of the neural arch, whereas there are
no fossettes. Transverse processes are broken
and so it is not easy to evaluate their complete
anteroposterior extension. Nevertheless, the pre-
served bases suggest that they were not cylindrical
and also not strongly expanded.

Remarks. This sacral vertebra is here attributed to
a representative of the common toad species
group due to (Bailon, 1999): presence of an ante-
rior cotyle; transverse processes not strongly
extended; presence of a carina neuralis; and
absence of fossettes on the dorsal surface of the
neural arch.

FIGURE 21. Bufo gr. bufo from Hambach: sacral verte-
bra (IPB-HaR 2020) in dorsal (A) and ventral (B) views.
Scale bar equals 1 mm.
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FIGURE 22. Ranids from Hambach: right ilium (IPB-HaH 2307) of Pelophylax sp. in lateral (A) and medial (B) views;
left ilium (IPB-HaH 2387) of Pelophylax sp. in lateral (C) and medial (D) views; left ilium (IPB-HaH 2321) of Rana sp.
in lateral (E) and medial (F) views; sacral vertebra (IPB-HaR 2018) of Ranidae indet. in dorsal (G) and ventral (H)
views; sacral vertebra (IPB-HaR 2019) of Ranidae indet. in dorsal (I) and ventral (J) views; left scapula (IPB-HaH
2323) of Ranidae indet. in ventral (K) and dorsal (L) views; left ilium (IPB-HaR 2087) of Ranidae indet. in lateral (M)
and medial (N) views. Scale bars equal 1 mm. Abbreviations: dc, dorsal crest; dt, dorsal tubercle.

RANIDAE Batsch, 1796
PELOPHYLAX Fitzinger, 1843
Pelophylax sp.

Figure 22A-D

Material. Hambach 6C: two ilia (IPB-HaH 2307,
IPB-HaH 2387).

Description. These rather large and moderately
preserved ilia have a well-developed and almost
vertical dorsal tubercle, which is continued anteri-
orly by a high dorsal crest. The dorsal acetabular
expansion is moderately short. The angle com-
prised between the latter and the tubercle
approaches 90°. A shallow supraacetabular fossa
is present. The medial surface of the ilial body is
flat, without interiliac groove. The shape of the ilio-
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ischiatic juncture cannot be clearly described due
to preservational reasons.

Remarks. Identification of these ilia as pertaining
to green frogs is supported by (Bailon, 1999): high
dorsal crest; well-developed dorsal tubercle; and
angle comprised between the tubercle and the dor-
sal acetabular expansion equals 90°. Specific iden-
tification of green frogs is possible only with a
population-sized amount of ilia (Blain et al., 2015).

RANA Linnaeus, 1758
Rana sp.
Figure 22E-F
Material. Hambach 6C: one ilium (IPB-HaH 2321).

Description. IPB-HaH 2321 is moderately pre-
served. Laterally, a wide and subcircular acetabu-



lar fossa is visible. Dorsal to it, there is a shallow
supraacetabular fossa. The dorsal tubercle is mod-
erately distinct, low, and anteriorly inclined. Its lat-
eral surface is smooth. The dorsal crest is present,
but almost completely broken off. Both dorsal and
ventral acetabular expansions are preserved and
well distinct, with the latter that is more developed
than the former. The dorsal acetabular expansion
and the dorsal tubercle define an obtuse angle.
The flat medial surface has neither an interiliac
tubercle nor a groove. The ilioischiatic juncture is
high and narrow.

Remarks. The following combination of features
allows referral of this ilium to a brown frog (Gleed-
Owen, 1998; Bailon, 1999): presence of a dorsal
crest; poorly distinct dorsal tubercle; angle
between tubercle and dorsal acetabular expansion
obtuse; and ilioischiatic juncture high and narrow.

Ranidae indet.
Figure 22G-N

Material. Hambach 6C: nine sacral vertebrae (IPB-
HaH 2193/2194, IPB-HaH 2209/2215); one scap-
ula (IPB-HaH 2323). Hambach 11: one trunk verte-
bra (IPB-HaR 2184); three sacral vertebrae (IPB-
HaR 2018/2019; IPB-HaR 2031); one ilium (IPB-
HaR 2087).

Description. IPB-HaR 2184 is a small and
amphicoelous trunk vertebra, with a short neural
arch and laterally directed transverse processes.

Sacral vertebrae (Figure 22G-J) are small and
provided with one anterior and two posterior con-
dyles. They have cylindrical transverse processes.

IPB-HaH 2323 (Figure 22K-L) is an elongated
scapula. It has no ridges on the anterior margin,
but it is provided with a ridge on the inner surface.
The cavitas glenoidalis opens in posterior direction
and is partially hidden by the pars acromialis in
ventral view.

The ilium (Figure 22M-N) is small and poorly
preserved, missing completely the shaft. It has a
large and subcircular acetabular fossa. Dorsal to
the latter, a deep supraacetabular fossa is present.
The dorsal tubercle is also present, even though
mostly broken away. Nevertheless, it appears mod-
erately distinct. Anteriorly, it is in continuation with
a dorsal crest. Both the dorsal and ventral acetabu-
lar expansions are broken, but the former appears
well developed based on what is preserved. Medi-
ally, there is no interiliac groove or tubercle. The ili-
oischiatic juncture seems rather low and large, but
it is not completely preserved.

Remarks. All these specimens present a combina-
tion of features supporting attribution to indetermi-
nate ranids according to the criteria presented by
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Bailon (1999). For the trunk vertebra, this combina-
tion includes amphicoely, the short neural arch,
and the laterally directed processes; this further
suggests that it represents the eighth vertebra in
the column (Bailon, 1999). In the sacral vertebra,
the diagnostic combination consists of the anterior
condyle, the two posterior condyles, and the cylin-
drical processes. For the scapula, significant are
the elongation, the absence of crista anterior, the
cavitas glenoidalis hidden in ventral view, as well
as the presence of an inner ridge on scapula. The
attribution of the ilium is supported by the presence
of the dorsal crest and the absence of interiliac
tubercles and grooves. The low and large juncture
could hint at green frogs for the ilium (Gleed-Owen,
1998), but it is not clear how much this apparent
morphology may be influenced by the preservation.

Anura indet.

Material. Hambach 6C: four premaxillae (IPB-HaH
2268/2270, IPB-HaH 2299); 51 fragments of max-
illa (IPB-HaH 2233/2265, IPB-HaH 2282/2298,
IPB-HaH 2300); 17 trunk vertebrae (IPB-HaH
2089/2097, IPB-HaH 2144/2145, IPB-HaH 2157/
2158, IPB-HaH 2181/2183, IPB-HaH 2192); seven
sacral vertebrae (IPB-HaH 2087, IPB-HaH 2206/
2208, IPB-HaH 2217/2218, IPB-HaH 2225); 12
urostyles (IPB-HaH 2088, IPB-HaH 2197/2198,
IPB-HaH 2201/2205, IPB-HaH 2216, IPB-HaH
2226/2227, IPB-HaH 2306); three coracoids (IPB-
HaH 2313/2314, IPB-HaH 2378); nine humeri (IPB-
HaH 2063, IPB-HaH 2303/2304, IPB-HaH 2311/
2312, IPB-HaH 2317/2318, IPB-HaH 2331); five
radioulnae (IPB-HaH 2301/2302, IPB-HaH 2309,
IPB-HaH 2330, IPB-HaH 2335); two ilia (IPB-HaH
2319/2320); one ischium (IPB-HaH 2322); one
femur (IPB-HaH 2326); 14 tibiofibulae (IPB-HaH
2054, IPB-HaH 2062, IPB-HaH 2064/2068, IPB-
HaH 2305, IPB-HaH 2310, IPB-HaH 2327, IPB-
HaH 2332/2334, IPB-HaH 2400); four indetermi-
nate elements (IPB-HaH 2308, IPB-HaH 2315,
IPB-HaH 2328, IPB-HaH 2398). Hambach 11: 29
maxillae (IPB-HaR 2044/2070, IPB-HaR 2177/
2178); one angular (IPB-HaR 2114); two atlases
(IPB-HaR 2025, IPB-HaR 2035); five trunk verte-
brae (IPB-HaR 2024; IPB-HaR 2027/2029; IPB-
HaR 2037); two sacral vertebrae (IPB-HaR 2026,
IPB-HaR 2036); three urostyles (IPB-HaR 2038/
2040); two coracoids (IPB-HaR 2125/2126); two
scapulae (IPB-HaR 2072/2073); 10 humeri (IPB-
HaR 2089/2095, IPB-HaR 2108/2109, IPB-HaR
2153); 16 radioulnae (IPB-HaR 2074/2079, IPB-
HaR 2107, IPB-HaR 2123/2124, IPB-HaR 2128,
IPB-HaR 2155/2157, IPB-HaR 2180/2182); four ilia
(IPB-HaR 2085/2086, IPB-HaR 2104/2105); one
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FIGURE 23. Reptiles from Hambach: right squamosal
(IPB-HaH 2340) of Chamaeleo aff. andrusovi in lateral
(A) and medial (B) views; left frontal (IPB-HaR 2171) of
Pseudopus cf. pannonicus in dorsal (C) and ventral (D)
views. Scale bars equal 1 mm.

ischium (IPB-HaR 2106); three femurs (IPB-HaR
2133/2134, IPB-HaR 2141); 25 tibiofibulae (IPB-
HaR 2080/2082, IPB-HaR 2118/2122, IPB-HaR
2135/2140, IPB-HaR 2158/2168); one indetermi-
nate element (IPB-HaR 2169). Hambach 11C:
three maxillae (IPB-HaR 2422/2424); one orna-
mented bone fragment (IPB-HaR 2430); four tibio-
fibulae (IPB-HaR 2410/2413); one indeterminate
element (IPB-HaR 2409).

Remarks. Numerous fossil elements can be
assigned to anurans, but are either too poorly pre-
served or not taxonomically significant enough for
a more refined identification.

Reptiles

While studying the amphibian material, we
chanced upon a few remains of reptiles that were
accidentally not included in Cerfiansky et al.’s
(2017) work. Most of these are fragments of poorly
diagnostic bones, but at least two specimens are
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worth mentioning and figuring. IPB-HaH 2340 (Fig-
ure 23A-B), from Hambach 6C, is probably a frag-
ment of the posterodorsal process of a right jugal.
The ornamentation recalls Chamaeleo andrusovi
Cernansky, 2010, even though the topotypic jugals
of this species show two rows of protuberances
instead of just one as in the case of the specimen
from Hambach. It is here attributed to Chamaeleo
aff. andrusovi, similar to the squamosal fragment
described by Cerfiansky et al. (2017) from the
same site. IPB-HaR 2171 (Figure 23C-D), from
Hambach 11, can be associated to the same taxon
as the nasal assigned by Cerfiansky et al. (2017)
to Pseudopus cf. pannonicus (Kormos, 1911),
because they share a similar dermal sculpturing.

DISCUSSION

The Middle Miocene and Late Pliocene
Amphibians from Hambach Compared

Deposition of the two fossiliferous levels in
Hambach, stratum 6C (with site Hambach 6C) and
stratum 11 (with sites Hambach 11 and 11C), is
separated by about a dozen Myr and happened in
very different global climatic contexts (the MCO vs
a period of climate deterioration preceding the
onset of Quaternary glacial cycles). This is clearly
reflected in the faunal composition, with a far
higher diversity in the Middle Miocene association
compared to the Late Pliocene one and the pres-
ence of several taxa linked with subtropical condi-
tions in the former (e.g., among amphibians and
reptiles: cryptobranchids, Chelydropsis, Diplocyno-
don Pomel, 1847, cobras). Based on our observa-
tions and identifications (Table 1), the amphibian
component of the Hambach faunas matches with
this pattern, all in all. The Middle Miocene fossil
assemblage from Hambach 6C includes at least
six different urodeles and six anurans. The Ham-
bach 11 and 11C combined assemblage, on the
other hand, listed only half the number of urodeles,
even though the total of recognized anurans
amounts to the same value. The remains attributed
to the indeterminate cryptobranchid and to Chelo-
triton stand as evidence of the already-mentioned
“tropical” elements present during the Middle Mio-
cene. In agreement with crocodylians (Mérs et al.,
2000; Mérs, 2002) and cobras (Cerfiansky et al.,
2017), but in contrast with what happens with Che-
lydropsis turtles (which possibly persisted in the
Upper Pliocene deposits; Mors, 2002), the two uro-
deles are absent in younger sites at Hambach,
hinting towards a likely extirpation between MN 5
and MN 16a. Other urodeles sharing the same pat-
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TABLE 1. Distribution of amphibian taxa identified in the fossiliferous localities within the Hambach mine.

Middle Miocene

Late Pliocene

Hambach 6C Hambach 11 Hambach 11C

Cryptobranchidae indet. X

Palaeoproteus cf. miocenicus X X X
?Palaeoproteus cf. miocenicus X

Euronecturus grogu X

Mioproteus cf. wezei X X
Chelotriton sp. X

?Chelotriton sp. X

Lissotriton sp. X X

Triturus sp. X

Urodela indet. X

Latonia sp. X X X
Palaeobatrachus eurydices X X
?Palaeobatrachidae indet. X

cf. Eopelobates sp. X

?Eopelobates sp. X
Pelobatidae indet. X

Hyla sp. X X

Bufo gr. bufo X

Pelophylax sp. X

Rana sp. X

Ranidae indet. X X

Anura indet. X X X

tern of a Miocene presence and Pliocene absence
in Hambach include Euronecturus grogu and Trit-
urus sp. It is interesting to note that the proteid E.
grogu, of which Hambach 6C is the only occur-
rence known worldwide at the moment, seems to
be replaced by Mioproteus, a member of a different
‘modern” lineage of Eurasian proteids (Macaluso
et al., 2022b). The ranid frogs Pelophylax sp. and
Rana sp. are also recognized in Hambach 6C only,
but the presence of ranids in the Upper Pliocene as
well is attested by few remains from Hambach 11.
At least one of these remains, the ilium IPB-HaR
2087, may even display green frog features, and
thus the absence of either one or the two ranids
from the younger assemblage may be artifactual.
Nevertheless, there are also amphibians
clearly persisting in Hambach in both Middle Mio-
cene and Late Pliocene times. These include at
least two urodeles, Palaeoproteus cf. miocenicus
and Lissotriton sp., and two anurans, Latonia sp.
and Hyla sp. As mentioned, ranids can also be
added to this list, even though detailed identifica-
tion of the Pliocene remains at specific rank is pre-
vented. Among frogs, palaeobatrachids and

pelobatids show the reverse situation, with Late
Pliocene remains that can be identified at species
(P. eurydices) or, possibly, genus (cf. Eopelobates
sp. and ?Eopelobates sp.) ranks respectively,
whereas only the general presence of the families
can be reported for the Middle Miocene (even in a
tentative way in the case of palaeobatrachids). On
the opposed side, the toad Bufo gr. bufo is the only
anuran whose presence is certified just for the Late
Pliocene in Hambach. Therefore, considering the
uncertainty surrounding the possible persistence of
some taxa from the Middle Miocene, the composi-
tion of the Late Pliocene Hambach 11 and 11C
amphibian assemblage is certainly impoverished
compared to the older one from Hambach 6C,
apparently mainly as far as the urodele component
is concerned, but it appears to exhibit an overall
similarity and continuity. This differs from other tet-
rapod groups, which are sporadically represented
by the same or related taxa in both Miocene and
Pliocene levels (e.g., some petauristid rodents and
possibly the already-mentioned Chelydropsis tur-
tles; Mors et al., 2000; Moérs, 2002; Van Laere and
Mors, 2023).
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In terms of abundance, the highest numbers
of remains identified per taxon in the Miocene
assemblage are those referred to Chelotriton sp.
(57 remains) and Latonia sp. (37 remains). These
are, therefore, the taxa dominating the oldest Ham-
bach oryctocenosis. Latonia persisted as dominant
also in the Pliocene with 22 remains (18 from Ham-
bach 11 and six from Hambach 11C), following P.
eurydices represented by 27 remains (23 and four
from Hambach 11 and 11C, respectively). As
already mentioned, Chelotriton is not present in the
Pliocene 11 and 11C sites, in agreement with a
general European trend of extinction of this newt.
The only Pliocene remains referred to this genus
come in fact from the Upper Pliocene of southern
France (Bailon, 1989; Macaluso et al., 2022a). The
most-represented urodele in the Upper Pliocene of
Hambach is Mioproteus cf. wezei, represented by
15 remains (nine and six, respectively, from Ham-
bach 11 and 11C). Other taxa from both the Mio-
cene and Pliocene assemblages are only
represented by very few, less than 10 remains
each (except for Triturus sp., with 12). Thus, these
represent only very minor components of the fossil
associations.

Palaeobiogeographical Significance of the
Hambach Amphibian Assemblages

The amphibian fossil record from Hambach
already proved to host unexpected surprises with
the discovery of Euronecturus grogu, an enigmatic
proteid (see Macaluso et al., 2022b) that is only
known from its type locality of Hambach 6C at the
moment. The extended study of the whole amphib-
ian record revealed that this is not the only note-
worthy taxon preserved in the site, and that
significant findings were hidden in both the Mio-
cene and Pliocene assemblages.

Cryptobranchids are in general poorly repre-
sented in the fossil record, even though a particular
concentration of Neogene cryptobranchid-bearing
sites is found in central Europe, and more specifi-
cally in Southern Germany (Béhme et al., 2012).
Still, they are almost unknown from the European
early Middle Miocene, even though their presence
in Lower, upper Middle and Upper Miocene sites
(Westphal, 1958, 1970; Boéttcher, 1987; Miklas,
2002; Béhme, 2003; Kvacek et al., 2004; Tempfer,
2004; Bohme et al., 2012; Vasilyan et al., 2013;
Sach, 2016; Georgalis et al., 2019b; Szentesi et
al., 2020) suggests their continuous persistence in
the continent. As a matter of fact, Hambach 6C is
currently the only known occurrence of a crypto-
branchid from the early Middle Miocene time frame
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in Europe, and even adds to a limited Eurasian
Langhian record that further includes only few
localities in Kazakhstan (Chkhikvadze, 1982;
Bdéhme et al., 2012). Cryptobranchids later
declined in Europe during the Pliocene, with their
last occurrence at Willershausen, in central Ger-
many (Westphal, 1967; Béhme et al., 2012). The
age of Willershausen was reported as Zanclean by
Bdhme et al. (2012, table 1), but it is now consid-
ered as Piacenzian (Kolibac et al., 2016, and refer-
ence therein). Adding to being the only data
currently available on European early Middle Mio-
cene cryptobranchids, Hambach 6C represents
also the westernmost point ever reached by these
urodeles in Eurasia, based on our current knowl-
edge. Only the late Oligocene occurrence at Rott
(Westphal, 1958; Moérs, 2002; Bohme et al., 2012),
close but located slightly eastward to Hambach,
further supports the past existence of crypto-
branchid populations west of the Rhine Graben.
One of the most unexpected findings from
Hambach is the batrachosauroidid Palaeoproteus.
Batrachosauroidids are enigmatic urodeles, which
are mainly known from the Cretaceous and Palae-
ogene of North America (Gardner and DeMar,
2013, and reference therein). They persisted in the
USA throughout the Miocene, with a handful of
occurrences in California (Naylor, 1981), Delaware
(Weems and George, 2013), Florida (Estes, 1963;
Bryant, 1991), Louisiana (Williams, 2009), and
Texas (Taylor and Hesse, 1943; Auffenberg, 1958;
Hinderstein and Boyce, 1977; Holman, 1977;
Albright, 1994). They are also known from Europe,
even though their record on this continent is far
poorer. They were possibly present already during
the Cretaceous (Duffaud, 1995; Evans and Milner,
1996; Evans and McGowan, 2002), and then are
seldomly recovered in the Palaeocene (Estes et
al., 1967; Groessens-Van Dyck, 1981), Eocene
(Herre, 1935), and Upper Miocene (Vasilyan and
Yanenko, 2020). A single record from the Lower
Miocene is also reported (Bbhme, 2003; Kvacek et
al., 2004), but detailed descriptions and identifica-
tion of these fossils remain unpublished so far.
Similar to the cryptobranchids, the Hambach 6C
Palaeoproteus remains are the only batrachosau-
roidid fossils currently known from the Middle Mio-
cene in Europe. Adding to this, those coming from
Hambach 11 and 11C further stand out as the
youngest occurrence of this clade worldwide, as
well as the only one postdating the Miocene/Plio-
cene transition. Moreover, Hambach lists among
the northernmost sites reached by these urodeles
in post-Palaeogene times, being located even



slightly more northward than Hrytsiv in Ukraine
(Vasilyan and Yanenko, 2020) and Ahnikov/Merkur
North in Czech Republic (where the presence of
these amphibians can be seen as unconfirmed, for
the time being; Bbhme, 2003; Kvacdek et al., 2004).
Both the Miocene and Pliocene Hambach material
is here referred to the European genus Palaeopro-
teus, and even to a taxon related to the species P.
miocenicus. Even though a confident identification
of the fossils with this Late Miocene species is cur-
rently prevented, Hambach is evidence that either
one or two morphologically similar forms (depend-
ing on whether occurrences from Hambach 6C and
Hambach 11 and 11C are conspecific or not) were
already present in Europe several Myr before the
oldest occurrence reported by Vasilyan and
Yanenko (2020) and successively persisted at
least up to slightly before the Plio-Pleistocene
boundary.

Euronecturus is not the only proteid found in
Hambach: Mioproteus, a possible representative of
a modern European clade including also the extant
Proteus (Macaluso et al., 2022b), actually replaced
it in the youngest level. Several other occurrences
of Mioproteus are known from Germany throughout
the Miocene (Schleich, 1985; Bohme, 2003;
Bottcher et al., 2009; Prieto et al., 2009; Abdul Aziz
et al., 2010; Sach, 2016; Macaluso et al., 2022a,
2022b), including fossils referred to both M. cauca-
sicus and indeterminate species (even though
most of these were never properly published). Its
absence in Hambach 6C, thus, appears puzzling
per se, especially when paired with the presence of
Euronecturus. Some sort of competitive exclusion
cannot be discounted, even though only treated as
speculative at the moment due to the very poor
information we have about the latter. Later on, Mio-
proteus survived up to the late Early Pleistocene
(Mtynarski and Szyndlar, 1989; Averianov, 2001;
Ivanov, 2007), but all findings postdating the Mio-
cene/Pliocene transition are either unassigned to
species (Averianov, 2001; Ratnikov, 2010; Vasilyan
et al., 2017) or referred to M. wezei (Mtynarski et
al., 1984; Miynarski and Szyndlar, 1989; Bailon,
1995; Averianov, 2001; Ivanov, 2007; Syromyat-
nikova et al., 2021, Macaluso et al., 2022a). If our
identification is correct, the Upper Pliocene occur-
rence of Mioproteus cf. wezei in Hambach would
agree with this pattern. Furthermore, this is cur-
rently one of the westernmost records of Miopro-
teus, with only M. wezei from Balaruc Il, in France
(Bailon, 1995), located in an even more western
position (even though in a far more southern, Med-
iterranean area).
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Among salamandrids, Chelotriton is the most
represented in Hambach 6C and also very com-
mon in Europe, and even in Germany, during the
Miocene. Hambach lists among the northernmost
Miocene occurrences reached by the genus on the
continent, together with the slightly more southern
remains from Echzell (Vasilyan et al., 2022). These
large salamandrids apparently decreased after the
Messinian Salinity Crisis. They are reported from
the post-evaporitic succession of Moncucco Tori-
nese in Italy (Colombero et al., 2017), and subse-
quently the only published occurrence is from the
Upper Pliocene of Balaruc Il in France (Bailon,
1989). Their absence in Hambach 11 and 11C
agrees with this observed pattern of extirpation
from northern Europe possibly somewhen in the
Late Miocene, and in any case before the Late
Pliocene (Macaluso et al., 2022a). Triturus newts
also are represented in Hambach 6C only in our
material, even though, in contrast with Chelotriton,
their presence as far north as central Germany
(Holman, 1998; Bdohme, 2000, 2020) and The
Netherlands (Villa et al., 2018c) in northwestern
Europe is known up to the Quaternary. The genus
still persists nowadays in the area of Hambach with
the species T. cristatus (Sillero et al., 2014; Spey-
broeck et al., 2016). Few published Triturus dated
back to MN 5 are also reported in Europe only from
southern Germany (Boéttcher et al., 2009), but other
occurrences from Czech Republic and Germany
were mentioned by Bohme (2003) without figures
or detailed descriptions. The Hambach specimens
add, thus, to the rather poor knowledge of these
newts at the Early/Middle Miocene transition. Fur-
ther significance can be given to the Miocene Lis-
sotriton remains from Hambach 6C, given that
these stand out among the oldest occurrences of
the genus. Older remains were found in two upper
Oligocene sites in southern France (Macaluso et
al., 2022a) and southern Germany (Béhme 2008),
as well as in the Lower Miocene of southern
France (two sites; Rage and Hossini, 2000; Rage
and Bailon, 2005), western Germany (one site;
Vasilyan et al., 2022), and southern Germany (two
sites; Bottcher et al., 2009; Bohme, 2010). Maca-
luso et al. (2022a) further mentioned possible Lis-
sotriton identity for lower Eocene vertebrae from
France (Augé et al., 1997), but this has yet to be
confirmed. Several other localities yielding Early
and Middle Miocene Lissotriton remains in Ger-
many (possibly going back even to the Oligocene/
Miocene transition) were listed by Béhme (2003),
but these fossils still await proper publication. On
the other hand, the very few vertebrae from Ham-
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bach 11 represent the first Pliocene Lissotriton
remains found in Germany, where otherwise occur-
rences in the country date to either Miocene or
Quaternary. Very few further Late Pliocene remains
come from Poland (Sanchiz and Mtynarski, 1979b;
Mtynarski and Szyndlar, 1989) and Spain (Gémez
de Soler et al., 2012).

Anurans from Hambach also include very
common taxa in Europe during corresponding time
frames, as well as unexpected occurrences. The
most abundant anuran in Hambach, Latonia, is
very common all over Europe, including Germany,
during most of the Neogene (Rocek, 1994b, 2013,
and reference therein). It is far less distributed on
the continent during the Late Pliocene, when only
few occurrences in southern France (Bailon, 1991),
central Germany (Bohme, 2000), northern Italy
(Vergnaud-Grazzini, 1970), and southern Ukraine
(Ratnikov, 2001) are known. In the Pleistocene, rel-
ict occurrences of this alytid genus in Europe are
only reported from northern Hungary (Szentesi,
2019) and central Italy (Sorbelli et al., 2021). Early
Pleistocene Latonia remains were also found in
Turkey (Vasilyan et al., 2014), but late Quaternary
occurrences are limited to Israel (Biton et al.,
2016), where the last survivors of these frogs were
recently rediscovered (Biton et al., 2013; Perl et al.,
2017). After the Miocene/Pliocene boundary, the
German site of Kaltensundheim is the only place
where Latonia was reported (Béhme 2000) that
reaches comparable northern latitudes with Ham-
bach. However, Bohme (2002) found no trace of
Latonia among the fossil material from this
Thuringian site and recommended its removal from
the taxon list of the assemblage. Thus, Hambach
currently stands as the northernmost confirmed
occurrence of Latonia from the late Neogene
onwards.

Palaeobatrachids are almost completely
absent from western Europe following the Mio-
cene/Pliocene transition (Wuttke et al., 2012;
Rocek, 2013; Rocek et al., 2021), with the only
notable exceptions being Tegelen, in The Nether-
lands (Villa et al., 2016), and Hambach 11 and
11C. These localities share the same palaeobatra-
chid species, which is currently not known else-
where, and are geographically close, even though
the Dutch site is younger, being Lower Pleistocene
(Gelasian) in age. Other Pliocene and Quaternary
occurrences of palaeobatrachids are all located far
eastward. The closest one in geographical terms to
Tegelen and Hambach, and only other post-Mio-
cene site with palaeobatrachids in Germany, is
possibly Voigtstedt, a Chibanian locality in
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Thuringia, from which Palaeobatrachus langhae
(Fejérvary, 1917) was reported by Kretzoi (1965)
and later mentioned as a tentative occurrence by
Holman (1998), Sanchiz (1998), and Bdéhme
(2000). There is no other Miocene occurrence of
palaeobatrachids in the northwestern part of conti-
nental Europe surrounding Hambach and Tegelen
(Wuttke et al., 2012), and the estimated closest rel-
atives to the Plio-Pleistocene species P. eurydices
are to be found in the Lower Miocene of southern
France and central Germany (Palaeobatrachus
robustus Hossini and Rage, 2000; Hossini and
Rage, 2000; Rocek, 2013; Villa et al., 2016; Rocek
et al., 2021; Vasilyan et al., 2022). In this context,
the fragmentary maxilla from Hambach 6C testifies
that these water-dwelling frogs likely inhabited the
area during the early Neogene as well, even
though the preservational status prevents both a
confident attribution at family rank and even more
any inference on the possible persistence of the
lineage leading to P. eurydices. More Neogene
palaeobatrachid fossils from countries such as Bel-
gium, The Netherlands, and (northwestern) Ger-
many are needed to shed light on the early
evolution of this possibly relictual lineage.

A situation similar to that of palaeobatrachids
arises for pelobatids from Hambach as well. Sev-
eral pelobatids are reported from the Palaeogene
and Neogene of Europe (e.g., Sanchiz, 1998;
Rocek, 2013; Vergilov and Tzankov, 2021; and ref-
erence therein), but only few of them come from
the northwestern part of the continent, where Ham-
bach is located. Miocene pelobatids found in the
area come from only three localities placed slightly
eastward to the latter site: an Aquitanian indetermi-
nate member of the family from Budenheim, near
Mainz, mentioned, but neither described nor fig-
ured, by Schleich (1988); several Burdigalian
remains of Pelobates sanchizi Venczel, 2004 from
Echzell (Vasilyan et al., 2022); and a Middle Mio-
cene premetamorphic tadpole from Climbach, near
Allendorf, attributed to Eopelobates sp. (originally
referred to Palaeobatrachus goldfussi Tschudi,
1838 by von Meyer, 1860, but later reidentified by
Spinar, 1972; see Gardner, 2016). The two fossil
bones from Hambach 6C are evidence that the
range of pelobatids extended further west in this
part of Europe in the Middle Miocene, but it is cur-
rently impossible to figure out whether or not they
were related to either the taxa living in nearby
areas in Palaeogene times (e.g., Eopelobates bay-
eri Spinar, 1952 from Belgium, Eopelobates wag-
neri (Weitzel, 1938) from western Germany;
Rocek, 2013; Rocek et al., 2014; Smith et al.,



2018), the Early/Middle Miocene above-mentioned
ones from western Germany, or even those from
the youngest level in Hambach. If correctly identi-
fied, the Late Pliocene Eopelobates from Hambach
11 and 11C, on the other hand, shares potentially
no relations with other pelobatids identified at
genus rank in close-by post-Miocene sites. Known
congeneric occurrences postdating the Miocene/
Pliocene transition are all located in Eastern
Europe (Miynarski 1962; Sanchiz and Miynarski,
1979a; Miynarski and Szyndlar, 1989; Ratnikov,
2001; Venczel, 2001; Rocek, 2013; Rodek et al.,
2014; Vergilov and Tzankov, 2021), even though
Rage and Rocek (2003), Ro&ek (2013), and Vergi-
lov and Tzankov (2021) recommended caution on
these occurrences due to the absence of the most
diagnostic cranial elements in the respective mate-
rial. Nevertheless, only Pelobates is recorded in
the western part of the continent in the last 5 Myr.
Apart from the fossils from Hambach, the other
youngest published records of Eopelobates in
western Europe are Middle Miocene in age
(Spinar, 1972; Bohme, 2010; Rocek et al., 2014;
Gardner, 2016). If our identification is correct, the
possible Late Pliocene Hambach Eopelobates is,
thus, another unexpected late survivor from the
site. Available published evidence suggest that
Eopelobates went extinct before the beginning of
the Pleistocene (but see Rage and Rocek, 2003,
and Vergilov and Tzankov, 2021, for an older
extinction date), which agrees with the fact that
Quaternary sites in the area close to Hambach only
yielded Pelobates (Béttcher, 1991; Holman, 1998;
Sanchiz, 1998; Schouten, 2016; Villa et al., 2018c).

Taking into account their rather fragile skele-
ton, tree frogs of the genus Hyla are rather com-
mon in European sites from the Miocene onwards,
especially during the Quaternary. Earliest Euro-
pean representatives of the genus possibly entered
the continent in the Early Miocene (Sanchiz and
Rocek, 1996; Rage and Rocek, 2003; Rocek,
2013), together with several other amphibians and
reptiles (Szyndlar and Schleich, 1993; Ivanoy,
2000; Delfino et al., 2003; Rage and Rocek, 2003;
Rage, 2013; Georgalis et al., 2016; lvanov et al.,
2018; Villa et al., 2018a; Villa and Delfino, 2019;
Macaluso et al., 2022a). In this context, tree frogs
from Hambach represent one of the oldest occur-
rences in Germany, together with Oggenhausen 2
in Baden-Wurttemberg (Boéttcher et al., 2009), but
also the westernmost location reached in Europe
by these frogs during the Neogene based on the
current published knowledge (even though, again,
bones of tree frogs are very fragile and maybe sub-
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ject to a strong preservation bias). Hambach is also
the first German site yielding Pliocene tree frog
remains. Subsequently, tree frogs persisted in the
area, as testified at least by the members of the H.
arborea group found in Tegelen (Villa et al., 2018c).
They are widespread throughout northwestern
Europe nowadays (Sillero et al., 2014; Speybroeck
et al., 2016).

Bufonids and ranids are also inhabitants of
modern northwestern Europe, as well as common
findings in Neogene and Quaternary fossil assem-
blages in the continent. Hambach stands out as
one of the northernmost known occurrences of the
common toad in Pliocene times, together with
Kaltensundheim in Germany (Béhme, 2002) and at
least Weze 2 in Poland (Miynarski et al., 1984).
Both the common toad and the two ranids were
found also in the Lower Pleistocene of the nearby
Tegelen locality (Villa et al., 2018c).

Palaeoenvironmental Insights and the Role of
Northwestern Europe as a Late Neogene
Refugial Area for Amphibians

The Hambach palaeofaunas, and especially
their amphibian components, appear rather signifi-
cant for their composition, with representatives of
enigmatic and poorly known taxa and unexpected
occurrences both in chronological and geographi-
cal terms. The palaeoenvironments in which these
palaeofaunas lived were certainly humid ones. In
addition to sedimentological and palaeobotanical
evidence (see Geological setting), these humid
conditions are testified by the rather high diversity
of amphibians and the presence of other water-
related animals (e.g., fish, pond turtles, Natrix Lau-
renti, 1768 snakes, dominant aquatic/semiaquatic
forms among the insectivores, beavers; Mors,
2002; Certansky et al., 2017). As far as amphibi-
ans are concerned, permanent water bodies are
indicated by the occurrences of Palaeoproteus
(Herre, 1935; Vasilyan and Yanenko, 2020),
palaeobatrachids, and, at least in the Pliocene
level, Mioproteus (a fully aquatic taxon according
to Venczel and Codrea, 2018). The extant Latonia
nigriventer inhabits marshy areas in the Hula Val-
ley, in Israel (Biton et al., 2013, 2016; Perl et al.,
2017), and the abundance of Latonia in both the
Miocene and Pliocene of Hambach hints towards
persistent preference for similar swampy environ-
ments in past members of the clade as well. Pelo-
batids are fossorial anurans that suggest the
availability of sandy soils in Hambach. Forested
areas nearby are supported by the rare tree frogs,
as well as Pliopithecus Gervais, 1849, and flying
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squirrel remains (Mors, 2002; Van Laere and Mors,
2023) for the Miocene and Pliocene, respectively.

Humidity in Hambach was particularly high
during the Middle Miocene, when cryptobranchids
were living in the area. As a matter of fact, these
urodeles are tied to high humidity and pluviometry
according to B6hme et al. (2012). A certain influx of
marine conditions in an estuarine setting is high-
lighted by the abundant marine fish and rare ceta-
cean remains in Hambach 6C (Mérs, 2002). This
changed at the end of the Middle Miocene (Schéafer
et al., 2004), long before the deposition of remains
found in Hambach 11 and 11C, which only include
freshwater fish and is devoid of other marine ani-
mals. Fish remains in Hambach also mark another
change from slow currents and larger channels in
Hambach 6C to more oxygenated waters with
higher energy in Hambach 11 and 11C (Mors,
2002). Moreover, another palaeoenvironmental dif-
ferences highlighted by the faunal composition in
the two Hambach levels lies in the temperature: the
Miocene fauna is rich in thermophilic vertebrates,
such as giant tortoises, crocodylians, chameleons,
“Oriental vipers”, and possibly cobras (Mérs, 2002;
Cerniansky et al., 2017), whereas these are absent
in the Pliocene one. This agrees with the climate
reconstruction performed for Hambach 6C based
on palaeobotanical data (Utescher et al., 2000,
2002), and makes further sense when considering
that the Middle Miocene fauna deposited in a
greenhouse interval (the Miocene Climatic Opti-
mum; Steinthorsdottir et al. 2021), whereas the
Late Pliocene one in a period of climate deteriora-
tion.

The faunal change between Hambach 6C on
one side and Hambach 11 and 11C on the other is,
thus, evident in several of its components, but it
seems to affect the amphibians to a lower extent.
Some amphibian taxa indeed disappeared
between the Middle Miocene and the Late Pliocene
(i.e., cryptobranchids, the Euronecturus lineage,
Chelotriton), but others persisted to even be
among the last known representatives of their
clades in northern/northwestern Europe (Latonia,
palaeobatrachids) or worldwide (Palaeoproteus).
The case of cryptobranchids is particularly interest-
ing because their last reported occurrence in
Europe is in Willershausen, an Upper Pliocene
locality in Lower Saxony, central Germany. This
makes it and Hambach 11 and 11C close or com-
parable in terms of both geographical position and
age, leading to the question on why these urodeles
are absent from the Upper Pliocene level in Ham-
bach. The depositional environment in Willershau-
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sen was that of a large and deep lake in a sinkhole,
surrounded by a hilly mesophytic woodland
(Kolibacg et al., 2016, and reference therein). The
reconstructed palaeoclimate was cooler than what
suggested for the Miocene Hambach, but with sim-
ilar precipitations (Thiel et al., 2012). Unlike other
taxa present in Hambach 6C and absent in Ham-
bach 11 and 11C, then, extirpation of crypto-
branchids from there is likely not tied to a decrease
in temperature, given their survival in the colder
Willershausen. An alternative potential explana-
tion may be the altitudinal distribution model pro-
posed by Bohme et al. (2012): cryptobranchids
appear generally limited to higher elevations in
drier periods with low basinal relief and colonize
lowland environments in hyperhumid moments with
high basinal relief. Giant salamanders may have
disappeared from the Lower Rhine Embayment in
one of such drier periods after the Middle Miocene,
whereas the more elevated area near the Willer-
shausen lake (i.e., the Harz Mountains) was able to
sustain populations of these amphibians up to at
least the late Neogene.

Another locality that is worth comparing with
Hambach is Tegelen, in The Netherlands (Table 2).
Sediments at Tegelen were also deposited by the
Rhine-Meuse river system, even though in a
slightly younger, Early Pleistocene, time (van den
Hoek Ostende, 2004; van den Hoek Ostende and
de Vos, 2006). The Russel-Tiglia-Egypte pit at
Tegelen is notable for being the type locality of P.
eurydices, the palaeobatrachid species found in
the Upper Pliocene level at Hambach, and for hav-
ing yielded a rather diverse assemblage of amphib-
ians and reptiles (Villa et al., 2016, 2018c).
Urodeles are much more diverse in Hambach,
especially in the Miocene layers. Tegelen only
yielded salamandrids (Triturus and Lissotriton),
whereas Hambach has salamandrids, proteids,
batrachosauroidids (both Miocene and Pliocene)
and cryptobranchids (only Miocene). Among sala-
mandrids, the presence of Chelotriton in the Mio-
cene level of Hambach expands the
ecomorphological adaptations represented by a
member of this clade in this assemblage compared
to Tegelen. As already mentioned, Triturus is miss-
ing in the Pliocene of Hambach, but it is present in
the Pleistocene of Tegelen. Given the scarcity of
the remains, it is not clear whether the absence of
this newt may just be artifactual or not, though. For
anurans, significant is the persistence of palaeoba-
trachids in all levels at Hambach and then in the
Russel-Tiglia-Egypte pit at Tegelen, and especially
the same species being shared between the Upper
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TABLE 2. Comparison between the palaeoherpetofaunas of Hambach and Tegelen. Pliocene sites in Hambach are
considered together. Data for Hambach are from: Mors et al., 2000; Mérs, 2002; Joyce, 2016; Cerhansky etal., 2017;
Georgalis and Joyce, 2017; this work. Mauremys cf. sophiae (reported as Ocadia cf. sophiae by Mors, 2002) is here
considered as part of Mauremys following Hervet (2004). The Tegelen herpetofauna is mainly based on the Russel-
Tiglia-Egypte pit assemblage (Villa et al., 2018c), but it also includes the Emys occurrences reported by Schreuder

(1946) and Villa et al. (2018c). Abbreviation: Croc., Crocodylia.

Hambach 6C
(Middle Miocene)

Hambach 11 & 11C
(Upper Pliocene)

Tegelen
(Lower Pleistocene)

Cryptobranchidae indet.
Palaeoproteus cf. miocenicus
Euronecturus grogu

Mioproteus cf. wezei

Urodela

Chelotriton sp.
Lissotriton sp.
Triturus gr. cristatus

Triturus sp.

X

X

X

Latonia sp.
Palaeobatrachus eurydices
?Palaeobatrachidae indet.
cf. Eopelobates sp.
Pelobates fuscus
Pelobatidae indet.

Pelodytes sp.

Anura

Hyla gr. arborea
Hyla sp.

Bufo gr. bufo
Bombina sp.
Pelophylax sp.
Rana sp.

Ranidae indet.

Chelydropsis murchisoni
Chelydropsis sp.
Trionychinae indet.
Emys orbicularis

Emys sp.

Testudines

Clemmydopsis sp.
Mauremys cf. sophiae
Mauremys sp.

Testudo sp. vel Geochelone sp.

Croc. Diplocynodon sp.

Pliocene of the former and the Lower Pleistocene
of the latter. In general, the overall diversity of frog
and toads appears comparable, but there are
strong differences in composition of the assem-
blages. Latonia is the most abundant anuran in
Hambach, but it is absent in Tegelen. Pelobatids
are possibly represented by Eopelobates at least in

the Pliocene of Hambach, whereas Pelobates is
identified at Tegelen. On the other hand, the Ham-
bach assemblages lack Bombina Oken, 1816, and
Pelodytes Bonaparte, 1838, taxa otherwise present
at Tegelen. Hyla, the common toad, and the ranids
are shared by both the German and Dutch locali-
ties, even though less common in Hambach and
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TABLE 2 (continued).

Chamaeleo aff. andrusovi X
Lacerta sp.
Lacertidae indet. X

Anguis gr. fragilis
Pseudopus cf. ahnikoviensis X
Pseudopus cf. pannonicus
cf. Pseudopus sp.
Eoanilius sp.

Bavarioboa sp.

cf. Falseryx sp.

“Coluber” sp.

Squamata
x x x x x

Texasophis sp.
Telescopus sp. X
“Colubrinae”/"Colubrines” indet.

Natrix natrix

Natrix sp. X

cf. Naja sp.

xX X

Vipera sp. (“Oriental viper”)
Vipera sp. (“aspis complex”) X

Vipera sp. (small viper)

restricted to specific levels as far as the toad and
the ranids are concerned.

When looking at reptiles, crocodylians are
absent in both the Pliocene of Hambach and at
Tegelen, whereas several cranial and postcranial
remains attributed to Diplocynodon were recovered
in the Miocene level of the former (Mdrs et al.,
2000; Mors, 2002). Turtles from Tegelen only
include Emys Duméril, 1806, and Mauremys,
moreover never found together in the same pit
(Schreuder, 1946; van den Hoek Ostende and de
Vos, 2006; Villa et al., 2018c). Hambach displays a
higher diversity in the Miocene, with several dis-
tinct lineages and both aquatic/semiaquatic and
terrestrial animals, but only two taxa in the Plio-
cene (Mérs, 2002; Klein and Mdérs, 2003). Emys is
shared between the Pliocene of Hambach (even
though this occurrence still lacks a detailed publi-
cation, with description and figures of the remains,
and should be treated with caution) and the Pleis-
tocene of Tegelen, but Hambach misses Maure-
mys and Tegelen misses Chelydropsis (again, if its
presence in Pliocene Hambach is confirmed).
Squamate faunas from Hambach 6C and Tegelen
are very different, with the former being far more
diverse (especially in the snake component) and
including several Palaeogene/Neogene lineages
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missing in Tegelen (i.e., chameleons, Eoanilius
Rage, 1974, Bavarioboa Szyndlar and Schleich,
1993, cf. Falseryx Szyndlar and Rage, 2003, cf.
Naja Laurenti, 1768, and the “Oriental vipers”;
Cerfiansky et al., 2017). A small viper is present in
both, even though it is not clear if they may repre-
sent the same viper group. “Colubrine” snakes and
Natrix are also shared between Tegelen and both
Miocene and Pliocene levels in Hambach. How-
ever, Pleistocene and Pliocene “colubrines” remain
unidentified at lower taxonomic ranks, whereas the
Miocene ones include at least three different taxa
(“Coluber” Linnaeus, 1758, Texasophis Holman,
1977, and Telescopus Wagler, 1830). Not a lot can
be said about lacertids, except for them being
recovered both in the Middle Miocene of Hambach
(Certiansky et al., 2017) and the Pleistocene of
Tegelen (Villa et al., 2018c). Diversity seems to be
comparable (two taxa), but there seems to be no
evidence in Hambach of a possible green lizard as
in Tegelen. Pseudopus is present in all Hambach
levels (Cerfiansky et al., 2017; this work) and ten-
tatively even in Tegelen. However, Miocene and
Pliocene assemblages in Hambach bear two differ-
ent Pseudopus species, and it is not clear if the
Tegelen one may be related to either one of the
two.



It seems, thus, that a major change in the rep-
tilian palaeofauna happened already at some point
in the Middle Miocene-Late Pliocene interval, with
less significant differences between the Upper Plio-
cene assemblage of Hambach 11 and 11C and the
Lower Pleistocene ones of the Tegelen pits (and in
particular the Russel-Tiglia-Egypte pit). On the
other hand, differences in the batrachofauna are
more marked between Hambach 11 and 11C and
Tegelen compared to the two levels in Hambach.
Whilst the faunal change affecting reptiles agrees
with the well-recognized pattern of extirpation of
thermophilic taxa from northern Europe character-
izing the late Neogene and Quaternary (e.g.,
Delfino et al., 2007; Rage, 2013; Blain et al., 2016;
Villa and Delfino, 2019), amphibians here appear
to be less affected by this trend. The differences
between Hambach and Tegelen in the amphibian
palaeocommunity may be simply explained by dif-
ferent palaeoenvironments (swamp vs floodplain,
respectively), but the peculiarity of the batracho-
fauna in Hambach 11 and 11C (with several taxa
otherwise unknown from northwestern Europe in
contemporary times) and its similarities with the
Hambach 6C one suggest that other factors may
be also at play. Reconstructed palaeoclimate at
Tegelen based on the herpetofaunistic association
recovered from the Russel-Tiglia-Egypte pit (Villa
et al., 2018c) indicate a humid subtropical climate,
but with MAT and MAP significantly lower than
those at Hambach during the Middle Miocene
(quantitative climate reconstructions are not avail-
able for the Upper Pliocene Hambach sites). A light
degree of aridity was also suggested by the same
reconstruction. No evidence of a similar dryness is
available for the Upper Pliocene level in Hambach.
Increased aridization was proposed as a possible
cause for the disappearance of some amphibians
(i.e., palaeobatrachids; Wuttke et al., 2012) from
Western Europe in the late Neogene, but it is evi-
dent that areas suitable for these animals persisted
at least in the northwestern part of the continent
(i.e., in the Lower Rhine Embayment and the
Rhine-Meuse delta system) up to the Late Pliocene
and, maybe to a lower extent, the Early Pleisto-
cene. High humidity may have allowed the Lower
Rhine Embayment to act as a refuge for amphibi-
ans during this time, while they were disappearing
from other parts of Western Europe. Later, a com-
bination of increasing aridity and potentially the
onset of the Quaternary glaciation may have led to
the ultimate loss of the refugial conditions and to a
faunistic change towards the early Quaternary and
subsequent modern batrachofauna of the area. As
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a matter of fact, various evidence points out to dif-
ferent trends shown by temperatures and precipita-
tions in the Lower Rhine Embayment during the
late Neogene, with MATs showing a clear decreas-
ing trend after the early Middle Miocene and MAPs
maintaining high values (>1000 mm) well into the
Pliocene (Utescher et al., 2000, 2009, 2012; van
Dam, 2006; Crampton-Flood et al., 2018). Ute-
scher et al. (2012) further observed that cool
events in the Zanclean of northwestern Europe are
related to, or start with, wetter conditions, in con-
trast with the correlation of warmer and wetter peri-
ods in the Miocene. This may have favoured the
survival of amphibians in this area. In a somehow
similar way, a persistent humid climate allowed the
Italian Peninsula to act as a preferential refuge for
amphibians during the Quaternary glacial cycles,
versus the role of reptile refuges that was played
by the more arid Balkan and Iberian peninsulae
(Macaluso et al., 2021, 2023a). A comparable role
may be advocated for the Lower Rhine Embay-
ment as well during the late Neogene and maybe
the Early Pleistocene.

CONCLUSIONS

The amphibians identified in the Hambach
mine include at least 12 taxa (Cryptobranchidae
indet., Palaeoproteus cf. miocenicus, Euronecturus
grogu, Chelotriton sp., Lissotriton sp., Triturus sp.,
Latonia sp., ?Palaeobatrachidae indet., Pelobati-
dae indet., Hyla sp., Pelophylax sp., and Rana sp.)
from the Middle Miocene Hambach 6C and nine
taxa (Palaeoproteus cf. miocenicus, Mioproteus cf.
wezei, Lissotriton sp., Latonia sp., Palaeobatra-
chus eurydices, cf. Eopelobates sp., Hyla sp., Bufo
gr. bufo, and Ranidae indet.) from the Upper Plio-
cene of Hambach 11 and 11C. Our study revealed
the presence of several unexpected or otherwise
significant occurrences in these sites, such as:

- The westernmost occurrence ever reached by
cryptobranchid salamanders;

- The worldwide youngest occurrence of batra-
chosauroidid urodeles currently known;

- The second westernmost occurrence of Mio-
proteus;

- The northernmost occurrence of Latonia frogs
in the late Neogene;

- An additional occurrence of the palaeobatra-
chid P. eurydices, otherwise only known from
its type locality in The Netherlands;

- A potential late Neogene survival of the pelo-
batid Eopelobates;

43



VILLA, MACALUSO, & MORS: FOSSIL AMPHIBIANS FROM HAMBACH

- One of the oldest occurrences of Hyla tree
frogs, which is also their westernmost Neo-
gene report to date.

This adds to Hambach further being the type
locality of the enigmatic proteid E. grogu, recently
described by Macaluso et al. (2022b). Latonia per-
sisted as a dominant component of the batracho-
fauna from Hambach both in the Miocene and
Pliocene, together with the salamandrid urodele
Chelotriton in the former and P. eurydices in the lat-
ter.

Our study supports the highly-humid climate
suggested by previous authors for both the Middle
Miocene and Upper Pliocene levels in the Ham-
bach mine, as well as the presence of permanent
water bodies, sandy soils, marshy environments,
and forested areas in the nearby. The presence of
cryptobranchids in Hambach 6C highlights that the
early Middle Miocene was particularly humid, a fact
that agrees with the site correlating with the Mio-
cene Climatic Optimum. The high level of per-
sistent humidity in Hambach throughout the
Neogene possibly allowed the survival of several
amphibian taxa in the area, while thermophilic rep-
tiles were being extirpated by the decreasing tem-
peratures. This hints towards a refugial role played
by the area of the Lower Rhine Embayment, and
more generally the Rhine-Meuse river system in
northwestern Europe, for amphibians during the
late Neogene. Comparisons with the younger
Dutch locality of Tegelen reveal that this role may
have been lowered by the beginning of the Pleisto-
cene, and ultimately lost possibly due to the onset
of the Quaternary glaciations. New investigations
in other Neogene and Quaternary sites in north-
western European countries, especially focused on
amphibians and reptiles, are anticipated in order to
further explore this possibility and its implications
for the evolution of the modern European fauna.
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