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Abstract

The present study describes a rich amphibian and reptilian assemblage from the early Miocene locality Echzell, Germany. It consists
of one allocaudate, five salamander, five frog, one gecko, chamaeleonids, anguine lizards, one lacertid, one skink and five snake taxa.
The entire herpetofauna of Echzell is represented by genera and/or families very broadly known from the early Miocene of Europe.
Contrary to other early Miocene herpetofaunas, the Echzell assemblage includes surprisingly only one form of crocodile-newts
(Chelotriton). The Echzell Palaecobatrachus robustus represents the youngest record of the species and extends its stratigraphic range
to the late early Miocene. Regarding chameleons, the frontal is partly preserved, but represents the first described frontal of the extinct
species Chamaeleo andrusovi. The only anguine lizard that can be identified in the assemblage is represented by a new genus and
species Smithosaurus echzellensis. Our phylogenetic analyses consistently recovered it as the sister taxon to either [Ophisauriscus
quadrupes + Ophisaurus holeci] + [Anguis + Ophisaurus] (in the first analysis) or [Anguis + Ophisaurus] (in the second analysis).
However, the results are based on limited fossil material — the parietal — and the support for the clade is very low. Thus, the interpre-
tation of the Smithosaurus relationship among anguines needs to be taken with caution and has to be tested in further studies. Among
snakes, Natrix longivertebrata represents the oldest record of the species and extends the stratigraphic range of this fossil snake back
to the early Miocene. In addition, we provide here a broader comparison of the Echzell amphibian and reptilian assemblage with
their European records for the MN3 and MN4 biostratigraphical units. Besides that, the entire herpetofauna of Echzell includes very
broadly known early Miocene European forms. Remains of other groups of the same period such as Bufonidae, Hylidae, Pelodytidae,
Amphisbaenia, Varanidae, Cordylidae, Pseudopus, are not found in the material available to us. We also conclude that the amphibian
and reptilian fossil record across MN3—MN4 is significantly biased by taphonomic and/or environmental conditions. The amphibian
and reptilian assemblage of Echzell is rich in forms living in humid and warm environments with forested areas, permanent water
bodies and also some open habitats. The following climatic parameters can be reconstructed based on the herpetofauna: a mean an-
nual temperature of 17.4-28.8 °C, minimal warm month temperature 18-28.3 °C, minimal cold month temperature §-22.2 °C, and
mean annual precipitation with a value of 791+£254 mm.
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Introduction

The early Miocene of the European continent is charac-
terised by a number of faunistic changes, which in turn
are caused by palacogeographic and climatic reorganisa-
tions (Rossner and Heissig 1999; Steinthorsdottir et al.
2021). While the mammalian record is better studied,
the fossil record of other tetrapod groups, such as am-
phibians, reptiles and birds, has received less attention.
During recent years, research focussed on the early Mio-
cene herpetofauna has been intensified and a number of
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studies documented so far poorly known fossil records
of amphibians and reptiles (Ivanov 2008; Ceriiansky et
al. 2015; Cerflansk}'/ 2016; Villa et al. 2021). A better
understanding of the faunistic evolution of those groups
through time can be provided, taking into account the
known fossil record. In the present study, we aim to de-
scribe amphibian and reptilian fossil material from the
Echzell locality, which is so far known for its mammalian
fauna (Fig. 1, see references below). Further, we aim also
to provide a faunistic comparison of the studied groups
across the MN3-MN4 zones.
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Figure 1. A. Partial map of Europe indicating Burdigalian (MN3—-MN4) localities with well-represented amphibian and reptilian
faunas including the Echzell locality. The colour of the circles indicating the localities corresponds to the vertical balks in (B);
B. Temporal and biochronologic assignments of the fossil localities, the vertical balks in different colour correspond to MN (sub)
zones (e.g. the localities Echzell and Mokra-W Quarry belong to the MN4 zone where the former is located biochronologically older

than the latter withing the same MN4 zone).

Echzell locality and biostratigraphic setting

Echzell is located approximately 30 km NNE of Frank-
furt am Main at the eastern edge of the Horloff Graben,
which cuts into the southwestern part of the basaltic Vo-
gelsberg volcanic complex. The Vogelsberg was active
during the entire Miocene and covered an area of 2,500
km?2. Some diatomitic maar lake deposits and reworked
basaltic ashes produced Miocene vertebrate remains (for
references, see Mors 2010), but the disintegrated volcanic
tuffs of the Echzell locality are most fossiliferous (Tobi-
en 1954, 1982; Pineker and Mors 2011; Mors and Flink
2018; Jovells Vaqué and Mors 2022). The Echzell fauna
is dominated by small mammals (Table 1). Additional-
ly, Tobien (1954, 1982) reported among large mammals
Gomphotherium angustidens, Bunolistriodon, small ru-
minants, a rhinocerotid and a large amphicyonid.

fr.pensoft.net

Tobien (1954, 1982) also mentioned shell plates of
testudinid tortoises, osteoderms of the anguine Ophis-
aurus, and metapodials of anurans. Unfortunately, the
turtle material is missing, but we can add here a single
tooth fragment of the alligator Diplocynodon and bone
fragments of passeriform songbirds. Echzell represents
an early Miocene, more specific a middle Orleanian
fauna that can be correlated with the Mammalian Neo-
gene unit MN4. The biostratigraphic setting is framed
by taxa that have in Central Europe their last appear-
ance datum (LAD) or first appearance datum (FAD) in
MN4: Pseudotheridomys parvulus (LAD), Ligerimys
florancei (LAD), Democricetodon franconicus (FAD),
Eumyarion weinfurteri (FAD), Melissiodon dominans
(LAD), Neocometes similis (FAD). Anomalomys mi-
nor (FAD) and Gomphotherium angustidens (FAD).
Additionally, the evolutionary stage of N. similis is
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Table 1. The Miocene small mammal fauna of Echzell.

MARSUPIALIA

Herpetotheriidae: Amphiperatherium frequens
LIPOTYPHLA

Erinaceidae: Galerix sp.

Talpidae: Proscapanus sp., Mygalea antiqua

Dimylidae: Plesiodimylus hiirzeleri, Chainodus intercedens, Lacrimodon vandermeuleni, Dimylidae indet.

Soricidae: “Sorex” sp.

Heterosoricidae: Dinosorex sp., Heterosorex neumeyrianus
CHIROPTERA

Megadermatidae: Megaderma franconica

RODENTIA

Sciuridae: Miopetaurist dehmi, Heteroxerus hiirzeleri, Spermophilinus bredai, Palaeosciurus sutteri

Gliridae: Myoglis antecedens, Glirudinus undosus, G. gracilis, Glirulus diremptus, Peridyromys murinus, Bransatoglis cadeoti, Miodyromys aegercii, Microdyromys

koenigswaldi

Eomyidae: Pseudotheridomys parvulus, Ligerimys florancei, Apeomys oldrichi, Megapeomys lindsayi

Cricetidae: Democricetodon franconicus, Eumyarion weinfurteri, Melissiodon dominans

Platacanthomyidae: Neocometes similis
Anomalomyidae: Anomalomys minor
LAGOMORPHA

Ochotonidae: Prolagus sp.

very similar to the material from the MN4 locality
Erkertshofen 2 (Fejfar 1999; Fejfar and Kalthoff 1999;
Pineker and Mors 2011; Steinthorsdottir et al. 2021),
and the derived evolutionary stage of Apeomys oldrichi
and Megapeomys lindsayi is very similar to material
from the MN4 localities Dolnice 1 and Petersbuch 2
(Mors and Flink 2018).

Material and methods

The vertebrate remains have been obtained from disinte-
grated volcanic tuffs by screen washing (Tobien 1954).
Two fossiliferous layers, one at 2.20 m depth which
yielded remains of both large and small mammals, and
one at 11.0 m depth which produced the majority of the
small mammals, were excavated by the Geological De-
partment of the Hessisches Landesmuseum, Darmstadt,
HLMD in September 1953 (Tobien 1954).

The fossil material has been photographed using a Hi-
tachi S-4300 field emission scanning-electron microscope
at the Swedish Museum of Natural History (Stockholm)
and a Keyence VHX970 digital light microscope at the
JURASSICA Museum (Porrentruy). Most photographs of
fossil lizards from Echzell (except Gekkota and a parietal
from Gratkorn) were taken using a Leica M205 C binoc-
ular microscope with an axially mounted DFC 290 HD
camera at the Comenius University in Bratislava; soft-
ware: LAS (Leica Application Suite) 4.1.0 (build 1264).
For comparisons, the osteological collections of amphib-
ians and reptiles at the JURASSICA Museum (MJSN),
and specimens of extant species of chameleons deposited
in the collections of the Department of Ecology, Come-
nius University in Bratislava, Faculty of Natural Sciences
have been used.

The reconstruction of the climatic parameters
follows the actualistic approach (Mors et al. 2020).
Temperature values have been reconstructed based on

the climatic spaces of given reptilian taxa according
to Haller-Probst (1997). The palaeoprecipitation
value has been estimated using the herpetofaunistic
assemblage of the locality according to Bohme et al.
(2006). The ecophysiological indices for each taxon are
given in Table 2. The present-day value of the nearest
climatic station has been taken from Wetter und Klima
— Deutscher Wetterdienst (www.dws.de). Standard
anatomical orientation system is used throughout this
paper, and terminology for describing individual bone
structures is based on Rage and Augé (2010) and
Cernansky (2010, for acrodont lizards). For amphibians,
terminology is directly indicated in the description.
This published work and the containing nomenclatur-
al acts have been registered in ZooBank (www.zoobank.
org) on https://doi.org/10.5194/fr-24-1-202 and under
LSID number urn:lIsid:zoobank.org:act: 7A16698D-4F 18-
48D2-9D96-51A6E0CCI5AC.

Phylogenetic analysis for the new anguine taxon

A morphological data matrix (see Suppl. material 1:
Appendix S1) was developed and modified using char-
acters taken primarily from Klembara et al. (2019). We
added four characters of relevance for Anguimorpha (see
Suppl. material 2: Appendix S2).

The matrix comprises 40 characters scored for 6
extant (Ophisaurus harti, O. koellikerii, O. ventra-
lis, Pseudopus apodus, Anguis fragilis, Xenosaurus
grandis) and 8 extinct (Odaxosaurus piger, Ophis-
auriscus quadrupes, Ophisaurus holeci, Ophisaurus
roqueprunensis, Pseudopus pannonicus, P. laurillardi,
P ahnikoviensis and Peltosaurus granulosus) anguim-
orph taxa in addition to the new fossil anguine taxon
described here. Shinisaurus crocodilurus was used as
an outgroup taxon. The principal goal of this analysis
is to understand the relationship of the new Miocene
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Table 2. Overview of amphibian and reptilian faunas from MN3-MN4 sites. Each large taxonomic group is highlighted in different
color. The herpetofaunistic record follows for: Wintershof West — Bdhme and Ilg (2003); Ahnikov 1 (= Merkur North) — Cerfiansky
(2010a), Ceriiansky and Bauer (2010), Cerfiansky et al. (2015), Klembara et al. (2010), Villa and Delfino (2019a, b); Oberdorf —
Cerniansky (2016), Cerfiansky et al. (2020b), Sanchiz (1998), Szyndlar (1998), Villa and Delfino (2019a); Petersbuch 2 — Ceriiansky
(2011), Ivanov (2001), Klembara et al. (2010), Szyndlar and Schleich (1993), Szyndlar and Rage (2002), Szyndlar and Rage (2003),
Villa and Delfino (2019a), Villa et al. (2018); Echzell — present study; Mokra-W Q 1/2001 and Mokra-W Q 2/2001 — Ivanov (2008),
Ivanov et al. (2020); Dolnice — Bohme and Ilg (2003), Ceriansky (2010b), Fejfar and Ro&ek (1986), Klembara (2015), Szyndlar
(1987), Villa and Delfino (2019a); Erkertshofen 1 — Klembara et al. (2010); Beon 1 — Rage and Bailon (2005); Rembach — Klembara
et al. (2010); Forsthart — Klembara et al. (2010). The ecophysiological indices for Echzell assemblage are given for each taxon as
well as the calculated precipitation values and errors are calculated according to Béhme et al. (2006).

taxon

‘Wintershof West
Ahnikov 1
Merkur North)
Oberdorf
Petersbuch 2
Echzell
Mokra-W Q
1/2001
Mokra-W Q
2/2001
Dolnice
Erkertshofen 1
Béon 1
Rembach
Forsthart

(

MN3a MN3a MN4 MN4a MN4 MN4 MN4 MN4b MN4b MN4b MN4b MN 4b
Allocaudata Albanerpetonidae  Albanerpeton inexpectatum +* cf. +* +  0.0917 4
Urodela Cryptobranchidae Andrias scheuchzeri s
Proteidae Mioproteus sp. i
Salamandridae Salamandrina sp. i
Chioglossa meini i i 4
Chioglossa sp. it 0.9768
Mertensiella mera 4
Mertensiella sp. +* e + 09768 4
Salamandra sansaniensis +* + + +
Salamandra sp. 0.3918
Chelotriton paradoxus + +
Chelotriton aff. pliocaenicus +
Chelotriton sp. + e + 0.3918 + cf.
Chelotriton sp. 1 +
Chelotriton sp. 2
Triturus cf. marmoratus i

+
+ o+ 4+ o+

Triturus ex. gr. cristatus
Triturus (marmoratus group) sp. 4
Lissotriton cf. helveticus 4 4
Lissotriton roehsi e i 4
Lissotriton aff. roehsi i
Lissotriton sp. 0.3918
Triturus/Lissotriton sp. +
Triturus aff. vittatus +
Ichthyosaura alpestris
Ichthyosaura wintershofi +
Anura Alytidae Latonia gigantea +
Latonia ragei + + + +
Latonia cf. ragei + +
Latonia sp. 0.3918
Palaeobatrachidae Palaeobatrachus robustus 1
Palaeobatrachus sp. + +
Palaeobatrachidae sp. 1 +
Palaeobatrachidae sp. 2 +
Bufonidae Bufo sp. +
Bufotes (cf.) viridis F 4
Ranidae Pelophylax sync esculenta 4 s
Pelophylax sp. S * e 0.513 A= 4 4
Rana sp. s 0.3918 +*
Pelodytidae Pelodytes sp.
Pelobatidae Eopelobates sp. + & i
Pelobates sanchizi ahe 0.0917 + i
Pelobates sp. + + + +

+
4E
4
+

Pelobates sp. nov. +
Hylidae Hyla sp. F +
Crocodylia Diplocynodon sp. 4 AF 4
Testudines Ptychogaster sp. 4 e + + +
Ptychogaster buechelbergense A cf.
Testudo rectangularis +
Testudo sp. e A 4 + +
Geochelone/Ergilemys sp. e +
aff. Clemmydopsis sp. +
Serpentes Colubridae Natrix longivertebrata i cf.
Natrix merkurensis + aff.
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Euleptes gallica

Gekkota indet.

Blanus sp.

Blanus thomaskelleri
Amphisbaenidae indet.
Amphisbaenia indet.
Lacerta cf. L. poncenatensis
Lacerta ex. gt. L. viridis
Lacerta sp.

Lacerta sp. 1

Lacerta sp. 2

Miolacerta tenuis
Miolacerta sp.
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taxon

Ahnikov 1
Merkur North)

Wintershof West

(

Oberdorf
Petersbuch 2
Echzell
Mokra-W Q
1/2001
Mokra-W Q
2/2001
Dolnice
Béon 1
Rembach
Forsthart

Erkertshofen 1

MN3a

MN3a MN4 MN4a MN4 MN4

MN4 MN4b MN4b MN4b MN4b MN4b

Lacertiformata Lacertidae Ambyolacerta sp.
Lacertidae indet.
Lacertidae indet. 1
Lacertidae indet. 2
Lacertoidea indet.

Eumeces sp.

4

Scinciformata  Scincidae
Bavariascincus mabuyaformis
Chalcides augei
cf. Chalcides sp.
Scincidae indet.
Cordylidae Palaeocodylus bohemicus
aff. Palaeocodylus bohemicus
Cordylidae indet.
Scincoidea indet.
Anguimorpha  Varanidae Varanus mokrensis
Varanus hofmanni
Varanus sp.
cf. Varanus sp.
Shinisauridae Merkurosaurus ornatus
Shinisauridae indet.
Anguidae Pseudopus laurillardi
Pseudopus confertus
Pseudopus ahnikoviensis
Pseudopus sp.
Smithosaurus echzellensis
Anguis sp.
Ophisaurus fejfari
Ophisaurus cf. O. fejfari
Ophisaurus spinari
Ophisaurus cf. O. spinari
Ophisaurus robustus
Ophisaurus aff. O. robustus
Ophisaurus holeci
Ophisaurus sp.

Ophisaurus sp. 1

+ o+ o+ o+

Ophisaurus sp. 2

Anguinae indet.

Anguidae indet.

Squamata indet.

Squamata indet. 1

Squamata indet. 2

Squamata indet. 3

average ecophysiological index

MAP

recent MAP (in mm)

95 % prediction interval - error (in mm)
(near) city/town of the value or recent MAP
MAP/MAPrecent (in %)

4

s

+ o+ o+ o+

e

0.344

791

630

254
Frankfurt a. M.
125.5036157

taxon described here among Anguinae. The data matrix
was analysed using maximum parsimony as an opti-
mality criterion in the program TNT and the NT (New
Technology) search (with ratchet) and 1000 iterations
(Goloboff et al. 2008). All characters were treated as
unordered and were equally weighted. Support was
estimated through Bremer support indices (Bremer
1994). Mesquite v.2.75 was used to visualize all trees
(build 566; Maddison and Maddison, D. R. et al. 2011).
In the second analysis, the heuristic traditional search
in TNT was also used to observe and compare the po-
tential results.

fr.pensoft.net

Systematic Paleontology

Lissamphibia Haeckel, 1866
Allocaudata Fox & Naylor, 1982
Albanerpetontidae Fox & Naylor, 1982
Albanerpeton Estes & Hoffstetter, 1976

Albanerpeton inexpectatum Estes & Hoffstetter, 1976
Fig. 2

Material and horizon. One frontal HLMD-Ez 2004,
four praemaxillae HLMD-Ez 2005-2008, nine maxillae
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HLMD-Ez 2009-2016, ten dentaries HLMD-Ez 2017-
2027, one vertebra HLMD-Ez 2028.

Description. Frontal: Frontal is partly preserved. It
is triangular in shape and as wide as long (Fig. 2A). The
entire preserved dorsal surface of the bone is covered
by moderately deep polygonal pits limited from each
other by rather low ridges. The anterolateral processes
are missing. The anteriorly-projecting internasal is rath-
er narrow and elongated. In ventral view, its spike-like
outline is more evident (Fig. 2B). Only the anteromedial
slot is preserved. It is long, low and not deep. In ven-
tral view, the ventrolateral crest is broad, concave and in
transverse view, triangular in outline. It starts at the base
of the preserved portion of the anterolateral process and
projects posterolaterally, reaching the posterior lateral
tips of the frontal. The crest becomes thinner laterally.
The ventral surface of the frontal, between the postero-
lateral crests, is flat.

Praemaxilla: Available four praemaxillae show dif-
ferent preservation and are not fused. The medial sur-
face of the bone, where two praemaxillae connect with
each other, possesses grooves and flanges (Fig. 2G).
The width of the bone, measured along the tooth row,
ranges from 1-1.5 mm. The pars dorsalis is elongated
and long. In lateral view, it is curved. The laterodorsal
notch is weakly developed. The pars dorsalis at its mid-
dle part extends slightly laterally, which in large-sized
bones is stronger developed than in the small-sized
ones. The labial surface of the bone is covered by dif-
ferent structures (Fig. 2C, F). The ventral portion, cor-
responding to the pars dentalis, is nearly smooth. The
middle part of the surface, making the most of the pars
dorsalis, is pierced by nutrition foramina. The tip of the
pars dorsalis possesses the boss. Pustular structures and
polygonal-shaped pits cover it. In labial view, the max-
illary process of praemaxilla projects laterally behind
the pars dorsalis. In lingual view, the well-developed
suprapalatal pit at the medial base of the pars dorsalis
is present (Fig. 2D, H). It has an elongate outline and
reopens ventrally as a palatal foramen in the ventral
surface of the pars palatinum. In medial view, the pars
palatinum is curved. Distinct vomerine and maxillary
processes are visible on the pars palatinum. The max-
illary process is stronger developed than the vomerine
one. Six to seven pleurodont teeth are attached to the
pars dentalis.

Maxilla: In total, eight maxillae with different
preservation are available. The pars dentalis in most
well-preserved specimens possesses 13-14 teeth or
tooth bases. In lingual view, the pars dentalis is high
anteriorly and reduces in height posteriorly (Fig. 2J, M,
P). The pars palatinum is well-developed and curved.
In the middle part of the bone, it reaches its most width.
The anterior tip of the pars palatinum extends antero-
medially and forms a distinct process (Fig. 2J, P). The
premaxillary process is well developed (Fig. 2M, P).
The distinct nasal process projects anterodorsally (Fig.
2J, M). Both the dorsal and labial surfaces of the max-
illae are pierced by short rows of up to three nutrition

foramina, which are limited to the area around the nasal
process (Fig. 2N, L, Q).

Dentary: All eleven dentaries are only partially pre-
served. No dentary with a fully preserved tooth row
(pars dentalis) is available in the material to count the
tooth number. The teeth reduce in height posteriorly.
The Meckelian groove is closed and form a canal. The
dental shelf is moderately broad, and its lingual mar-
gin is angular (Fig. 2R, V). The symphyseal articulation
surfaces are flat and vertical. Lingually, it possesses two
distinct prongs (Fig. 2R, S). The dorsal prong is long
and oriented anterodorsally. The ventral one is smaller
and anteroventrally oriented. The ventral prong and the
main symphyseal surface are separated with a moder-
ately deep depression, which is pierced by the anteri-
or opening of the Meckelian groove. The latter opens
posteriorly with two large ventral and small dorsal
(“opening for an unnamed canal” sensu Szentesi et al.
(2015); fig. 8) openings. Taking into account the “nat-
ural” cross-sections of the bones (Fig. 2U, X, Z), the
split of the Meckelian canal into two branches already
at the sixth tooth position can be stated. The small dorsal
branch runs below the tooth row, whereas the large ven-
tral one is enclosed in the ventral portion of the bone.
The labial surface of the dentary is smooth. A row of
labial foramina of different sizes is arranged along the
midline of the dentary (Fig. 2T, W, Y).

Dentition: The teeth on premaxillae, maxillae. and
dentary have similar morphology. All teeth are pleuro-
dont and closely located. The tip of teeth is tricuspid with
a main central large cuspid and two lateral small cuspids,
which are sometimes nearly absent. The tooth pedicles
are compressed anterodorsally. The tooth tip is round in
cross-section. They reduce in size posteriorly.

Remarks. The fossil remains can be assigned to
the genus Albanerpeton considering the presence of
the following autapomorphies (Venczel and Gardner
2005): 1) dorsal/ventral outlines of fused frontals are
triangular (Character state 21(1) in Venczel and Gard-
ner (2005)); 2) ratio of midline length of fused frontals
to the width across posterior edge of bone, between lat-
eral edge of the ventrolateral crest, is as wide as long
(1:1) (Character state 22(1) in Venczel and Gardner
(2005)); 3) path followed by canal through pars palati-
num in praemaxillae, between dorsal and ventral open-
ings of palatal foramen, is vertical (Character 27(1) in
Venczel and Gardner (2005)). Among the species of the
genus, two apomorphies of A. inexpectatum are such
as; 1) the pustular ornament pattern of labial surface
of premaxillary (Character 8(1) in Venczel and Gard-
ner (2005)) and 2) form of ventrolateral crest on large,
fused frontals wide and triangular in transverse view,
with strongly concave ventral surface (Character 24(2)
in Venczel and Gardner (2005)). Further, two charac-
ter states [16(1), 17(1)] of Venczel and Gardner (2005)
cannot be observed due to poor preservation of the ma-
terial. The Echzell remains can be clearly distinguished
from the second available European Tertiary albanerpe-
tontid species Albanerpeton pannonicum by: 1) lack of
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Figure 2. Albanerpeton inexpectatum from the Echzell locality. Frontal (A, B. HLMD-Ez 2004). Premaxillae (C—E. HLMD-Ez
2161; F-1. HLMD-Ez 2005). Maxillae (J-L. HLMD-Ez 2009; M—O. HLMD-Ez 2010; P, Q. HLMD-Ez 2012). The bones are fig-
ured in (A, K) dorsal, (B) ventral, (C, F, L, N, Q, T, W, Y) labial, (D, E, H, J, M, O, P, R, V, AA) lingual, (I) ventroposterior, (S, X)
medial, (G, U, Z) posterior views. Where not indicated, the scale bar equals 5 mm.
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the ventromedial keel on frontals (vs. present in A. pan-
nonicum); 2) labial pustulate ornament on premaxilla is
not restricted to the boss but also cover the surface of
the bone ventrally from the boss. The presence of boss
on praemaxilla has been suggested as a characteristic
for A. pannonicum and should be absent in 4. inexpec-
tatum (e.g., Venczel and Gardner 2005; Szentesi et al.
2015). The structures on the dorsolabial surface of the
pars dorsalis on the studied material is interpreted as
boss and most probably, suggesting the character to be
shared between two species.

Urodela Dumériel, 1806
Caudata Scopoli, 1777
Salamandridae Goldfuss, 1820
Mertensiella Wolterstorff, 1925

Mertensiella sp.
Fig. 3A-G

Material. Five trunk vertebrae, HLMD-Ez 2039-2041.

Description. The vertebrae are elongated and have
opistocoelous centra (Fig. 3B, C). The pre- and postzyga-
pophyses are elliptical and extended anteriorly. The con-
dyle is rounded and has a clear constriction at its base. The
cotyle is larger in diameter than the condyle. The neural
arch is moderately high. In anterior view, the neural ca-
nal is slightly dorsoventrally flattened. The neural spine
is high (observable in the rather well-preserved specimen
(Fig. 3B)). The anterior tip of the neural spine is locat-
ed behind the posterior margin of the prezygapophyses.
Posteriorly the neural spine does not reach the posterior
margin of the pterygapophysis. The zygapophyseal crest
is absent (four vertebrae) or extremely poorly developed.
The transverse processes are poorly preserved; however,
distinct dia- and parapophysis can be observed (Fig. 3B,
C). The anterior and posterior alar processes (anterior and
posterior ventral crests sensu Venczel and Hir (2013))
connecting the parapophysis with the centrum are rather
well developed.

Remarks. See the remarks in Chioglossa sp.

Chioglossa Bocage, 1864

Chioglossa sp.
Fig. 3H-I

Material. Ten trunk vertebrae, HLMD-Ez 2042-2045.
Description and remarks. The vertebra morphol-
ogy is nearly identical to Mertensiella sp. The follow-
ing differences from it can be observed on the available
material: 1) the lack or extremely poor development of
the posterior alar process (vs. rather well-developed in
Mertensiella); 2) the anterior zygapophyseal crest is
well developed (vs. absent in Mertensiella) (Sanchiz
and Mtynarski 1979; Hodrova 1984; Ivanov 2008). The
orientation of the dia- and parapophysis, the shape of

the pterygapophyses have been mentioned as further
characters allowing to distinguish these two genera
(Hodrova 1984; Sanchiz 1998). However, due to poor
preservation of the material, neither these characters can
be evaluated nor any further identification at the species
level can be done.

Lissotriton Bell, 1839

Lissotriton sp.
Fig. 4

Material. Six vertebrae, HLMD-Ez 2047-2050.

Description. The preserved small-sized trunk verte-
brae have opistocoelous centra measuring up to 2 mm
in length. The condyle is shorter and slightly smaller
than the cotyle. The pericondylar constriction is well
pronounced. The anteriorly oriented prezygapophyses
have an oval outline. In dorsal view, the neural arch
has a weakly-pronounced sandglass shape, where the
narrowest part is located behind the prezygapophy-
ses. The posterior margin of the neural arch is either
flat or slightly bifurcated. The posterior notch is well
preserved and visible on HLMD-Ez 2047 (Fig. 4E).
The neural spine starts behind the anterior margin of
the neural arch and reaches the posterior tip of the
latter (Fig. 4B, G). The neural spine is always miss-
ing; however, where it is preserved, no ornamenta-
tion can be observed on it, and its rather large height
can be suggested. The pre- and postzygapophyses are
connected by a well-pronounced (nearly) horizontal
interzygapophyseal crest, which covers slightly the
proximal part of the transverse process (Fig. 4B). The
transverse process is composed of the dia- and para-
pophysis, which in turn are connected by an osseous
lamina along their length. In ventral view, the anterior
and poster processes form a distinct ventral lamina of
triangular to irregular rhomboidal shape (Fig. 4C, H).
It is pierced by two smaller subcentral foramina near
the center of the vertebra centrum. The anterior alar
process is larger than the posterior one. The opening
of the spinal nerve is visible behind the transverse pro-
cess at the base of the neural arch. In anterior view, the
neural canal is large (larger than the diameter of the
condyle) and has a round or slightly expressed pentag-
onal outline (Fig. 4D, I). In posterior view, the neural
canal is also large and has a round or slightly elliptical
outline (Fig. 4E, J).

Remarks. The remains can be clearly assigned to the
genus Lissotriton considering their small sizes; the lack
of the dorsal widening or any structures on the neural
spine; the presence of a well-pronounced rhomboid/tri-
angular ventral lamina on the vertebral centrum (Ivanov
2008; Georgalis et al. 2019). On the one hand, poor and
partial preservation of vertebrae and, on the other hand,
not adequate knowledge of the osteology of the Lissotri-
ton genus does not allow any further allocation at species
or species group levels.
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Figure 3. Vertebrae of Chioglossa sp. (A, B. HLMD-Ez 2042; C, D. HLMD-Ez 2043; F, G. HLMD-Ez 2044; E. HLMD-Ez 2043)
and Mertensiella sp. (H, 1. HLDM-Ez 2039) from the Echzell locality in (A, C, E, H) dorsal, (B, D, F) lateral and (D, G, I) ventral
views. Scale bars: 0.5 mm.
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Figure 4. Vertebrae of Lissotriton sp. (A—E. HLDM-Ez 2047; F-J. HLDM-Ez 2048) from the Echzell locality in (A, F) dorsal, (B,
G) lateral, (C, H) ventral, (D, I) anterior and (E, J) posterior views. Scale bars: 0.5 mm.

Salamandra Garsault et al., 1764

Salamandra sp.
Fig. SA-F

Material. Five trunk vertebrae, HLMD-Ez 2029-2033.
Description. The vertebrae are opistocoelous and dor-

soventrally flattened. They are large in size (5-7 mm). In

dorsal view, the neural arch is broad and has an outline of

a rectangle (HLMD-Ez 2029, Fig. 5A) or square (HLMD-
Ez 2031, Fig. 5F). The prezygapophyses have round out-
lines and project anterolaterally. The neural arch between
the prezygapophysese is flat. The neural spine starts be-
hind this short flat surface and posteriorly does not reach
the posterior tip of the pterygapophysis. In lateral view, the
neural spine is low. It is highest at its middle point. The
posterior margin of the pterygapophysis can be bifurcated.
Its posterior surface possesses two distinct notches of
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variable sizes and dimensions. In anterior view, the neural
canal is dorsoventrally flattened. In HLMD-Ez 2029, the
bases of the prezygapophyses are pierced by the subzyga-
pophyseal (sensu Vasilyan et al. 2017) or anterior (sensu
Tissier et al. 2015) foramen. Other vertebrae do not have
this character. The arterial canal with large and/or smaller
openings runs across the base of the transverse process.
The latter is fully preserved only in HLMD-Ez 2029. It
projects posterolaterally and is composed of dia- and para-
pophysis, which are connected with a thin lamina at their
medial half (Fig. 5B); otherwise, they are free laterally.
Additionally, the parapophysis is connected with the cen-
trum anteriorly and posteriorly by anterior and posterior
alar processes, respectively. They build a triangular-shaped
lamina (Fig. 5C). In lateral view, a well-pronounced hor-
izontal interzygapophyseal ridge connects the prezyga-
pophysis with diapophysis, whereas the horizontal dorsal
lamina connects the diapophysis with postzygapophysis.
The centrum is flattened dorsoventrally and arched.

Remark. The general morphology and large size of
remains, including the dorsoventrally compressed ophis-
tocoelous vertebrae, broad and low neural arch as well
as arched vertebra centrum allow assigning the remains
to the genus Salamandra (Estes and Hoffstetter 1976).
HLMD-Ez 2029 shows a slightly different morphol-
ogy (presence of subprezygaphyseal foramen vs. its
lack; square outline of the vertebra in dorsal view vs.
rectangular outline) than the other available vertebrate.
Comparable morphology is observable in the second
vertebrae of Salamandra salamandra (see the morpho-
source link https://www.morphosource.org/concern/
parent/000S44906/media/000165871). Thus, the HLMD-
Ez 2029 can interpreted as an anterior vertebra.

Chelotriton Pomel, 1853

Chelotriton sp.
Figs 5G—6M

Material. Four frontals HLMD-Ez 2070-2073, four
prefrontals HLMD-Ez 2068-2069, one nasal HLMD-Ez
2058, seven maxillae HLMD-Ez 2063-2065, two squa-
mosals HLMD-Ez 20662067, one dentary HLMD-Ez
2057, five trunk vertebrac HLMD-Ez 2059-2061, ten ribs
HLMD-Ez 2053-2056.

Description. Frontal: All four frontals are fragmentari-
ly preserved. They represent individuals of different sizes.
The frontal is widest at its most complete posterior por-
tion. Its dorsal surface is covered by dermal ornamentation
(Fig. 5G, I, K). The bone is slightly bent along its midline
between the fronto-squamosal arch (sensu Ivanov 2008)
and the rest of the bone. The fronto-squamosal arch proj-
ects posteriorly behind the main part of the bone. In ven-
tral view, the partes contactae are reduced and run parallel
along the anteroposterior axis of the bone. The braincase
roof, located medially from the pars contacta, is delimited
by a low crest of a semilunar outline (Fig. 5H, J, L).
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Prefrontal: The prefrontals are wing-shaped bones,
anteriorly broad and posteriorly narrowing to a sharp tip
(Fig. SM—N). The lateral margin (margo orbitalis) of the
bone forms the anterodorsal wall of the orbit. The anterior
corner of the margo orbitalis is pierced by the foramina of
the V nerve. In ventral view, the ventral vertical wall sep-
arates the margo orbitalis from the rest of the bone. The
articulation surface with the frontal bone, located at the
posterolateral margin of the bone, is massive and more
strongly developed than any other margin of the bone.

Nasal: The nasal bone has a nearly rectangular outline
(Fig. 50-P). All its margins are flat, without any concave
outlines. Its dorsal surface is slightly rounded and pos-
sesses dermal ornamentation. In ventral view, parallel to
the medial margin of the bone a ridge for articulation with
the premaxillae is present.

Maxilla: only the posterior portions of the bone with-
out dentition are present in the material. In dorsal view,
the bone is narrow and a thin-walled horizontal pterygoid
process projects lingually (Fig. 5S, U). In lateral view, the
bone surface is covered by dermal ornamentation made
of a dense network of small pits and pustules. Posterior-
ly the bone increase in height. In lingual view, the bone
surface is smooth (Fig. SR, T). The articulation surface
with the quadratojugal bone is located on the posterodor-
sal surface of the bone. The size and dimensions of the
articulation surface vary among available maxillae.

Squamosal: Two squamosals are partially preserved.
In dorsal view, the HLMD-Ez 2066 is nearly semilunar
in outline (Fig. 5V). The frontal process is curved slight-
ly medially and possesses a vertical and almost flat ar-
ticulation surface with the frontal. The lateral margin of
the bone is rounded. The dorsal surface of the bone is
somewhat horizontal and is covered by dermal ornamen-
tation similar to other skull bones. The parietal process
(in HLMD-Ez 2067, Fig. 5X) has a horizontal surface.
It is slightly shorter but broader than the frontal process.
In ventral view, a medioposteriorly oriented ridge, corre-
sponding to the base of the ventral process of the bone,
is visible. Posteriorly from the ridge, the bone surface is
moderately concave.

Dentary: The fragmentary-preserved dentary is 1.7 mm
in height. In lingual view, it shows a very low dental shelf
with traces of the tooth pedicles. The preserved portion of
the Meckelian groove is narrow and rather shallow (Fig.
5Z7). Another but smaller groove is observable below the
posterior half of the Meckelian groove, resembling most
probably the articulation surface with the coronoid. In
lateral view, the dentary is heavily ornamented by pits
and pustules (Fig. 5Y). A remarkable concave surface
separates the portion of the dental shelf from the rest of
the bone.

Trunk vertebrae: the vertebrae are robust. The opisto-
coelous vertebra centrum is massive and slightly dor-
soventrally flattened. The neural crest is nearly as high
as the vertebra centrum (Fig. 6B, I). In dorsal view, its
dorsal surface possesses a flat and (elongate) triangular
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Figure 5. Vertebrae of Salamandra sp. (A-E. HLDM-Ez 2029; F. HLDM-Ez 2031) and (G—Z) cranial bones of Chelotriton sp. from
the Echzell, including frontals (G, H. HLDM-Ez 2070; I-J. HLDM-Ez 2071; K, L. HLDM-Ez 2072), prefrontal (M, N. HLDM-Ez
2068), nasal (O, P. HLDM-Ez 2058), maxillae (Q—S. HLDM-Ez 2063; T-U. HLDM-Ez 2064), squamosals (X. HLDM-Ez 2067,
V, W. HLDM-Ez 2066) and dentary (Y, Z. HLDM-Ez 2057). The bones are figures in dorsal (A, F, G, I, K, M, O, S, X, V) dorsal,
(B) lateral, (C, H, J, L, N, P, W) ventral, (D) anterior, (E) posterior, (Q, Y) labial and (R, T, Z) lingual views. Scale bars: 1 mm.
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Figure 6. Vertebrae (A—E. HLDM-Ez 2059; F—J. HLDM-Ez 2060) and ribs (K. HLDM-Ez 2054; L. HLDM-Ez 2053; M. HLDM-
Ez 2055) of Chelotriton sp. Frontal (N, O. HLDM-Ez 2038) and ribs (P, Q. HLDM-Ez 2036; R, S. HLDM-Ez 2037) remains of
Salamandridae indet. from Echzell. Bones in (A, H, N) dorsal, (B, I) lateral, (C, J, O) ventral, (D, F) anterior, (E, G) posterior, (K,
L, M, P, S) posterior/anterior and (Q, R) medial views. Scale bars: 1 mm.

in outline plate, which is covered by a dermal ornamen-
tation made of deep pits and low pustules (Fig. 5A, H).
This place can be well developed and projects over the
neural arch. Anteriorly, the neural crest does not reach
the anterior tip of the neural arch (Fig. 6D, F). The pre-
and postzygapophyses are round or elongated and project
(latero-)anteriorly. The neural arch between the anterior
half of the prezygapophyses has a smooth and convex
surface. In anterior view, the neural canal is rounded or
nearly triangular in outline (Fig. 6F). The condyle has a
dorsoventrally flattened oval shape.
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Small subprezygapophyseal foramina (sensu Vasilyan
et al. 2017) can be present at the basis of the prezygapoph-
yses. In lateral view, the transverse process is connected
with the postzygapophysis by a clearly visible dorsal lam-
ina (Fig. 6B, I). The posterior alar process connecting the
parapophysis with the cotyle is smaller than the dorsal lam-
ina. The prezygapophysis is connected with the parapoph-
ysis by a well-developed accessory alar process. A very
thin anterior alar process connects the base of the prezyga-
pophysis with the parapophysis of the transverse process.
In ventral view, rather large-sized subcentral foramina and
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rather smaller foramina are visible on the ventral surface
of vertebrae. The transverse process consists of para- and
diapophysis, which, though located close to each other, are
separated by a thin lamina (Fig. 6B). In posterior view, the
pterygapophysis possesses two distinct notches.

Ribs: All ribs are fragmentarily preserved. The articu-
lation joints with the transverse process of the vertebrae
are bicapitate. Both articulation heads are rounded and
connected with a thin bone lamina (HLMD-Ez 2053, Fig.
6L). The dorsal surface of all ribs possesses two (HLMD-
Ez 2054, Fig. 6K) to five (HLMD-Ez 2055, Fig. 6M)
spines of different sizes and orientations.

Remarks. Based on the combination of the following
characters, the described fossil remains can be attributed
to the genus Chelotriton, broadly known from the Ceno-
zoic deposits of Europe: 1) the presence of the character-
istic dorsal ornamentation on skull bones and the horizon-
tal plate of the neural spine of vertebrae; 2) the pterygoid
process of the maxillae connected with the pterygoid; 3)
the presence of spines on the ribs and 4) general morphol-
ogy and dimensions of the bones (Ivanov 2008; Schoch et
al. 2015; Vasilyan 2020). The remains cannot be clearly
assigned to any known species of the genus due to the
lack of a comprehensive understanding of the taxonomic
diversity within the Chelotriton genus. However, some
comparative remarks can be given below. The described
skull bones differ significantly from all so far known
Chelotriton records. For example, the frontal shows an
intermediate morphology observable in Chelotriton sp 1.
and sp. 2 from Mokra-Western Quarry, Czech Republic,
early Miocene (Ivanov 2008) and Chelotriton paradox-
us from the Enspel Maar, Germany, late Oligocene, and
Randecker Maar, Germany, early Miocene (Schoch et al.
2015). The shape of the squamosal in the Echzell material
can be found only in Chelotriton sp. from Orsberg, Ger-
many, late Oligocene (Marjanovi¢ and Witzmann 2015),
where a bone of a similar shape is named as a quadra-
tojugal-quadrate bone. The nasal from Echzell (nearly
rectangular in outline) can be clearly distinguished from
that of all known forms in which the form varies from
irregular-shaped one (e.g. in Chelotriton paradoxus from
Enspel, Roc¢ek and Wuttke 2010) to trapezoid-shaped in
Chelotriton sp. form Orsberg (Marjanovi¢ and Witzmann
2015). Most probable, the suggested high variability of
the skull bone (Schoch et al. 2015) can be explained by
uncovered high specific diversity of Chelotriton. Thus, at
this stage of knowledge, we describe the fossil remains of
Chelotriton with an open nomenclature.

Salamandridae indet.
Fig. 6N-S

Material. One frontal, HLMD-Ez 2038, seven trunk ver-
tebrae, HLMD-Ez 2034, 20 caudal vertebrae, HLMD-Ez
2035, nine vertebrae, HLMD-Ez 2051, 2052, 2062, two
ribs HLMD-Ez 2036, HLMD-Ez 2037, two extremity
bones HLMD-Ez 2052.

Description and remarks. A single frontal, with a
length of 6 mm, displays a flat dorsal surface (Fig. 6N).
In dorsal view, the most anterior portion of the bone pos-
sesses an articulation facet with the parietal that is cov-
ered by parallel to each other ridges. Comparison with
recent similar-sized species shows most similarities with
Salamandra salamandra (MJISN-OS 806). However, due
to the lack of comprehensive studies of the skull bones
among salamandrids, an allocation of the bone to the
family Salamandridae is more appropriate.

The vertebrae are poorly preserved. They show ophis-
tocoelous morphology partially with complex structures
of haemal and neural processes, characteristic of the cau-
dal region of the vertebral column (Duellman and Trueb
1994). On the one hand, the poor preservation and, on the
other hand, the poor knowledge on osteological differenc-
es of the caudal region in Chelotriton and Salamandra
genera (both present in the fossil locality) make it at the
moment impossible to identify the vertebrae correctly.

Nine small-sized opistocoelous vertebrae are available
in the material. They have variable preservation; howev-
er, a large number of structures/characters are missing for
further identification. Considering the vertebra sizes as
well as available similar-sized salamander taxa present
in the material, most probably, they represent remains of
Lissotriton, Mertensiella or Chioglossa. The juvenile and
most distal caudal vertebra of Salamandra and Chelotri-
ton can be excluded because in the former form the juve-
nile vertebrae are not fully ossified, whereas in the latter
the dorsal tip of the neural crest possesses a ornamented
surface, which is missing here.

Two bicapitate rips are present (Fig. 6P—S). Their lat-
eral portion does not possess any process, which allows
to exclude them from Chelotriton. Most probable, they
should belong to the genus Salamandra, which has a sim-
ilar rib morphology and is represented in the material by
large-sized individuals as well.

Anura Fischer, 1813
Pelobatidae Bonaparte, 1850
Pelobates Wagler, 1830

Pelobates sanchizi Venczel, 2004
Fig. 7

Material. Four frontoparietals HLMD-Ez 2107-2110,
13 squamosals HLMD-Ez 2104-2106, one premaxilla
HLMD-Ez 2098, 48 maxillac HLMD-Ez 2095-2097, 38
fragments of skull bones HLMD-Ez 2103, three presacral
HLMD-Ez 2098, 2099, 2102 and two sacral vertebrae
HLMD-Ez 2100, 2101, 11 ilia HLMD-Ez 2111-2115.
Description. Frontoparietals: Fragmentarily preserved
remains are covered dorsally with the characteristic pit-and-
ridge style sculpture as well as low spines (Fig. 7A, H). The
tectum supraorbitale is moderately broad. In dorsal view, the
lateral superior process is longer than broad. The articula-
tion surface with the squamosal is well-developed, concave
and oriented fully laterally (Fig. 7A). Neither incrassation
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Figure 7. Pelobates sanchizi from the Echzell locality. Frontoparietals HLDM-Ez 2109 (A, B), HLDM-Ez 2107 (C, D), HLDM-
Ez 2108 (E-G). Squamosals HLDM-Ez 2105 (H, T), HLDM-Ez 2106 (J, K). Maxillac HLDM-Ez 2077 (L, M), HLDM-Ez 2097
(N, O). Premaxilla HLDM-Ez 2098 (P, Q). Vertebraec HLDM-Ez 2101 (S-V), HLDM-EZ 2099 (r). Ilia HLDM-Ez 2113 (W),
HLDM-Ez 2111 (X-Z), HLDM-Ez 2112 (AA). Bones figures in (A, C, E, G, H, J, U) dorsal, (B, D, I, K, V) ventral, (F, T, Y)
posterior, (L, N, P) labial, (M, O, Q) lingual, (S) anterior, (R, W, X, AA) lateral and (z) medial views. Scale bars: 1 mm.
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frontoparietalis nor the margins are preserved/observable in
the remains. The paroccipital process is reduced, but its dor-
sal surface possesses a distinct crest. The medial base of the
paroccipital process is pierced by the occipital arterial fora-
men, which is covered dorsally by the posterior margin of
the frontoparietal and, thus, not visible in dorsal view (Fig.
7E). The fragmentarily preserved parts of the inferior supe-
rior process suggest that it was not longer than the lateral
superior process. However, its lateral and slightly ventrally
bending can be assumed. The arteria orbitonasalis opens
ventrally on the supraorbital tectum (Fig. 7F).

Squamosals: The dorsal surface is covered by a sim-
ilar to frontoparietal pit-and-ridge sculpture. The bone
remains are fragmentarily preserved. Only in HLMD-Ez
2105 (Fig. 7H, 1), an intact posterodorsal process lamina
is present, and shows rounded posterior margin. The dor-
sal and zygomatic processes are broken. However, con-
sidering the presence of intact and concave bone margins
between the preserved bases of these processes, we can
suggest that they were delimited from each other. In ven-
tral view, lamellar structures at the base of the posterolat-
eral processes are observable (Fig. 71, K). However, they
are incomplete for any further description.

Maxillae: The labial surface of the bone is covered
by a dense network of moderately deep to deep pits-and-
ridge sculpture. The distinct zygomatic process extends
posterodorsally and has a rounded posterior tip (Fig. SL).
The posterior process projects backwards. It is separated
clearly from the zygomatic process by a deep concavity
and projects much posteriorly. The orbital margin is con-
cave. In lingual view, the pterygoid process projects pos-
teromedially (Fig. 7M, O). Anteriorly, it is connected with
the dorsally oriented lamella above the horizontal lamina.

Premaxilla: In anterior view, the pars dentalis is low
but broad. Its surface is covered by rugose structures (Fig.
7P), which recalls the pit-and-ridge sculpture of, e.g.,
frontoparietal and maxilla. The pars facialis is broken,
but its preserved base suggests a L-shaped form. Medi-
ally from this process, another shorter and posteromedi-
ally oriented process is present. The lateral crest (sensu
Venczel 2004) is moderately developed. The dental crest
possesses 15 tooth pedicles (Fig. 7Q).

Vertebrae: three presacral and two sacral vertebrae are
present. The vertebra centrum is procoelous (four verte-
brae, HLMD-Ez 2098, 2100-2102) or amphicoelous (one
vertebra, HLMD-Ez 2099, Fig. 7R). The HLMD-Ez 2099
represents a small-sized individual that, most probably,
does not have fully ossified joints. In presacral vertebrae,
the neural arch is high; and the neural canal is large. The
foramina for the spinal nerve are present slightly above
the posterior bases of the neural arch. In presacral ver-
tebrae, they are visible in lateral view, whereas in sacral
ones — in posterior views (Fig. 7T). The sacral vertebrae
have a broad and flattened transverse process.

[ium: Though all ilia are very fragmentarily preserved,
the following characters can be observed on the material:
the acetabular region triangular; the acetabulum itself has

round outline; the dorsal prominence low and covered by
rare irregular structures; the dorsal protuberance absent; the
moderately deep spiral groove extends from ventrolateral
to dorsomedial direction in the region of the fusion of iliac
shaft and acetabulum (Fig. 7W—AA); in medial view, the il-
ioischiatic juncture is covered by elongated striae (Fig. 7Z);
the dorsal acetabular expansion larger than the ventral one.

Remarks. The described remains can be assigned to
the genus Pelobates based on the following combination
of characters: 1) azygous frontoparietals articulating with
the squamosals; 2) well-pronounced pit-and-ridge style
sculpture with pustular structures on frontoparietal, squa-
mosal and maxillae; 3) the presence of the spinal nerve
foramina in vertebrae; 4) the presence of the moderate-
ly deep spiral groove on ilium, etc. (e.g., Venczel 2004;
Rocek et al. 2014). The fossil material of Pelobates can
be allocated to the species P. sanchizi considering: 1) the
presence of moderately broad tectum supraorbitale; 2) the
occipital arterial foramen not visible in dorsal view; 3)
the arteria orbitonasalis opening ventrally on the supra-
orbital tectum; 4) delimited posterior and posterodorsal
processes of squamosal (Venczel 2004)

Comparison of our material with other fossil species of
Pelobates (Bohme et al. 1982; Khozatskiy 1985; Bohme
2010; Rocek et al. 2014) allowed to suggest further diag-
nostic features for P. sanchizi such as: 1) the lateral su-
perior process of the frontoparietal is longer than broad;
2) articulation surface on frontoparieals with squamosal
well-developed, concave and oriented fully laterally.

The single premaxilla from Echzell shows a remark-
able feature: ornamented on the anterior surface of the
bone, recalling the pit-and-ridge sculpture of, e.g., fron-
toparietal and squamosal. Comparable ornamentation has
not been ever described for the genus Pelobates and in P.
sanchizi from other Miocene localities. Only for Eopelo-
bates deani (Rocek et al. 2014), a moderated rugose outer
surface has been mentioned.

Alytidae Fitzinger, 1843
Latonia von Meyer, 1843

Latonia sp.
Fig. 8

Material. 76 maxillae HLMD-Ez 2130-2135, seven
frontoparietals HLMD-Ez 2141-2144, one prooticoccipi-
tal HLMD-Ez 2127, six atlases HLMD-Ez 2116-2117, 23
presacral HLMD-Ez 2118-2120 and 22 sacral vertebrae
HLMD-Ez2121-2123, two costae (ribs) HLMD-Ez 2128,
23 urostyles 2124-2126, 58 ilia HLMD-Ez 2136-2140.
Description. Frontoparietals: All bones are very frag-
mentarily preserved, and all of them possess ornamenta-
tion made of a dense network of tubercles (Fig. 8A, C, E).
In ventral view, a number of ridges and structures are visi-
ble (Fig. 8B, D, F); however, due to their preservation, any
further description/anatomical identification is impossible.
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Figure 8. Latonia sp. from Echzell. Frontoparietals HLMD-Ez 2141 (A, B), HLMD-Ez 2142 (C, D), HLMD-Ez 2143 (E, F).
Maxilla HLMD-Ez 2133. Prooticoccipital HLMD-Ez 2127 (I-L). Atlas HLMD-Ez 2116 (M, N). Presacral vertebrae HLMD-Ez
2118 (O, P) and HLMD-Ez 2119 (Q-T). Sacral verterba HLMD-Ez 2122 (W-Y). Urostyle HLMD-Ez 2124 (Z) and HLMD-Ez
2125 (AA). Ilia HLMD-EZz2137 (AB), HLMD-Ez2138 (AC-AE), HLMD-Ez 2140 (AF) and HLMD-Ez2139 (AG—-AI). Bones are
figures in (A, C, E, L, O, T, X, Z, AA) dorsal, (B, D, F, K, M, R) ventral, (G) labial, (H) lingual, (I, Q, Y, Ad, Ah) posterior, (J, N,
P, S, W) anterior and (AB, AC, AE, AF, AG, Al) lateral views. Scale bars: 1 mm.
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Maxillae: All bones are fragmentarily preserved. Their
labial surface is smooth and does not possess any orna-
mentation (Fig. 8G). Only in (HLMD-Ez 2132), the labial
surface is covered by some irregularities. In lingual view,
the horizontal lamina has a rounded surface and reduces
height anteriorly (Fig. 8H). Posteriorly, it terminates with
a medioposteriorly projecting pterygoid process. The
posterior depression is moderately developed. The margo
orbitalis is slightly concave.

Prooticoccipital: One preserved prooticoccipital
(HLMD-Ez 2127) consists of both fused prootic and lat-
eral occipital processes (Fig. 8I-L). It displays a distinct
supracondylar depression. The prominentia ductus semi-
circularis posterioris is present as a distinct crest. It starts
at the base of the lateral prootic process and projects me-
dioanteriorly until the articulation surface with the fron-
toparietal. A foramen is present at the ventral base of the
lateral prootic process. The sulcus venae jugularis is pres-
ent as a horizontal groove. The fenestra ovalis is massive
(Fig. 8K).

The atlas has a dorsoventrally flattened centrum
(HLMD-Ez 2116, Fig. 8N). The neural arch is not pre-
served. The crista ventralis is well developed. The con-
dyloid fossae are separated from each other by a notch.
The opisthocoelous presacral vertebrae have massive,
slightly dorsally compressed centrum. The transverse
processes project laterally. The neural arch in a small-
sized vertebra projects posterodorsally (HLMD-Ez
2118), and the neural spine is clearly visible (Fig. 8O, P).
The sacral vertebrae have one anterior and two posterior
condyles with very rounded external surfaces (Fig. 8X,
Y). The neural arch is short. It measures as long as the
bases of the transverse processes. The latter widens later-
ally and project lateroposteriorly. The prezygapophyses
in both presacral and sacral vertebrae project laterodor-
sally (Fig. 8S, W).

The urostyle possesses two condyloid fossae and two
lateroposteriorly bending transverse processes (Fig. 8Z,
AA). The opening of the neural canal is rounded. The
neural canal opens dorsally behind the transverse pro-
cesses in the form of a narrow and long strip.

The preserved ilia have low or moderately devel-
oped dorsal prominence. The dorsal protuberance has a
flat surface and shows high variation in shape and size.
It can be very reduced in the form of a small protuber-
ance (HLMD-Ez 2137, Fig. 8AB) or rather well-devel-
oped elongate (HLMD-Ez 2140, Fig. 8AF) or short drop-
shaped (HLMD-Ez 2140-2141, Fig. 8AF) structure. It
is connected with the lateromedially compressed iliac
shaft by a thin lamina which reduces in height anterior-
ly behind the dorsal protuberance. The acetabular region
is well developed. The dorsal acetabular expansion is
well-developed and has a triangular outline. The ventral
acetabular expansion is rather reduced and widens ven-
trally, expanding below the ventral margin of the acetab-
ular crest. The ventral portion of the acetabular crest is
well developed and projects ventrolaterally. The supraac-
etabular fossa is absent or, if present, weakly developed.
A distinct tubercular fossa is visible in the corner between

dorsal prominence and iliac shaft. In both medial (Fig.
8AE, Al) and posterior views (Fig. 8AH), a well-devel-
oped interiliac tubercle is visible. In posterior view, the
ilioischiatic juncture can be clearly divided into a massive
ventral and a slender dorsal portions, which are delimited
in the medial surface by a deep groove.

Remarks. The herein described remains can be as-
signed to the genus Lafonia based on the presence of the
following features: 1) frontoparietal with the character-
istic tubercular sculpture; 2) prooticooccipital bone with
a distinct supracondylar depression; 3) atlas possessing
ventral crest; 4) urostyle with lateroposteriorly projecting
transverse processes; 5) the general morphology of ilium
and presence of the interiliac tubercle etc. (Rocek 1994).
Due to the poor preservation of the material, any further
taxonomic identification is impossible.

Ranidae Rafinesque, 1815
Pelophylax Fitzinger, 1843

Pelophylax sp.
Fig. 9A-D

Material. Four ilia HLMD-Ez 2088-2091.

Description. All ilia are fragmentary. The iliac shaft
and most proximal portions are missing. The dorsal
prominence is well developed; it is high, in lateral view
projects anterodorsally, whereas in posterior view, it has
a medially curved outline. The dorsal protuberance is
massive, drop-shaped, with a rounded surface (Fig. 9D).
The supraacetabular fossa is moderately developed and
located posteriorly from the ventral base of the dorsal
prominence. The acetabular ridge is ventrally signifi-
cantly higher than dorsally (Fig. 9C, D). The iliac shaft
is rather thin and round in cross-section. The iliac shaft
and the dorsal prominence are connected by a high and
thin bone lamina.

Remarks. See remarks of Rana sp.

Rana Linnaeus, 1758

Rana sp.
Fig. 9B-H

Material. Three ilia HLMD-Ez 2092-2094.

Description. The best-preserved ilium (HLMD-Ez
2094, Fig. 9G, H) shows a well-developed (rather nar-
row and high) dorsal acetabular expansion and a reduced
(broad and low) ventral acetabular expansion. The dorsal
prominence is not very high. It is oriented rather ante-
riorly than anterodorsally. The dorsal protuberance has
an oval outline. Its surface is either smooth (HLMD-Ez
2094, Fig. 9G) or possesses muscle scars (HLMD-Ez
2093, Fig. 9E). The iliac shaft is rather thin and round in
cross-section. A low and thin bone lamina connects the
iliac shaft and the dorsal prominence. In posterior view,
the dorsal prominence projects laterodorsally. The iliois-
chiatic juncture is narrow (Fig. 9H).
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Figure 9. Frogs from Echzell locality. Ilia of Pelophylax sp. HLMD-Ez 2089 (A, B) and HLMD-Ez 2090 (C, D). Ilia of Rana sp.
HLMD-Ez 2093 (E, F) and HLMD-Ez 2094 (G, H). Palaeobatrachus robustus (I-W). Frontoparietals HLMD-Ez 2077 (1, J),
HLMD-Ez 2078 (K) and HLMD-Ez 2076 (L, M). Jaw bone HLMD-Ez 2084 (N, O). Angulars HLMD-Ez 2083 (P) and HLMD-Ez
2082 (Q). llia HLMD-Ez 2079 (R-T) and HLMD-Ez 2080 (V, W). Bones are figured in (A, D, E, G, M, R, V) lateral, (B, C, F, H,
S) posterior, (I, K, L, P, Q) dorsal, (J, O) ventral, (N) labial and (T, W) medial views. Scale bars: 1 mm.

Remarks. Echzell frog ilia can be clearly assigned to
green Pelophylax and brown Rana frogs based on the fol-
lowing characters. The genus Pelophylax is characterised
by: anterodorsally oriented, high, large and dorsomedially
curved dorsal prominence and protuberance; the dorsal pro-
tuberance has a smooth surface; whereas the genus Rana by
in lateral view anterodorsally and in posterior view latero-
dorsally oriented, rather low and reduced dorsal prominence
and protuberance, the dorsal protuberance has smooth or
irregular surface (B6hme 1977; Blain et al. 2007).

Palaeobatrachidae Cope, 1865
Palaeobatrachus Tschudi, 1838 (sensu Wuttke et al. 2012)

Palaeobatrachus robustus Hossini & Rage, 2000
Fig. 9I-W

Material. Four frontoparietals HLMD-Ez 2076-2078,
five ilia HLMD-Ez 2079-2081, two angulars HLMD-Ez
2082, 2083, five jaw bones HLMD-Ez 2084, 2085.
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Description. Frontoparietals are flat and thin. They
represent small-sized individuals. The parasagittal ridges
are well-developed and build the limit between the flat
dorsal surface of the bones and somewhat concave orbital
margins. The parasagittal ridges are very closely locat-
ed near the midpoint of the bone and form a sandglass
shape at the dorsal surface of the bone. The dorsal surface
of the bone between the parasagittal ridges is irregular
and pierced by small foramina (pineal foramen sensu
Villa et al. 2016) and pits (Fig. 9L). Posteriorly, the sur-
face of the frontoparietal table is flat and rather smooth.
The irregularities, if present, are weakly pronounced. The
parasagittal ridges reach the paroccipital processes pos-
teriorly (Fig. 91, K). The latter are not fully preserved.
Only their bases are observable, which in turn, possess
a crest. A smaller posterior median crest is present along
the anteroposterior axis of the bone which starts from the
posterior margin of the frontoparietal table. The posterior
margin of the bone between the median margin and pa-
roccipital process is arched and forms a “bilobed” outline
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(Fig. 9K). The median crest is lower than the paroccipital
processes. Judging from the preserved portions of the pa-
roccipital process and posterior median process, a shorter
length of the former in comparison to the latter can be
assumed. In ventral view, the frontoparietal incrassation,
visible only in HLMD-Ez 2077 (Fig. 9J), representing the
posterior portion of the bone, has a round outline with
slightly prominent margins. No structure similar to the
lanceolate area (sensu Rocek et al. 2015) is observable on
the available frontoparietals.

Premaxillae, maxillae, vomer: all three bones are frag-
mentarily preserved and do not allow any detailed de-
scription. The preserved teeth and tooth pedicles display
diagnostic characters, such as the conical and slightly lin-
gually bent ankylosed teeth. At the tooth basis, large and
deep pits are preserved. The bicuspid tooth has a small la-
bial and large apical cusps (Fig. 9N, O, HLMD-Ez 2084).

Angulars: in total, two angulars can be clearly assigned to
this taxon. They are elongated and curved bones. The coro-
noid process is compact and can be oval to drop-shape (Fig.
9P, Q). Its surface is concave, rather smooth and can possess
tubercles (muscle scars). The Meckelian groove behind the
coronoid process is broad and opens dorsally, whereas ante-
riorly, it is open laterally or slightly dorsolaterally.

[lium: The acetabular region of the ilium is robust. The
dorsal prominence (sensu Gémez and Turazzini 2015) is
not well-developed. The drop-shape dorsal protuberance
(sensu Gomez and Turazzinin 2015) is large (Fig. 9R)
and can be weakly to moderately developed (Fig. 9V).
Its surface is rather smooth, and its small posterior por-
tion is located above the anterior margin of the acetabu-
lar crest. The ventral acetabular expansion (also known
as pars descendens) does not project ventrally, but it is
massive in ventral/dorsal views (Fig. 9R). The dorsal ac-
etabular expansion (also known as pars ascendens), even
if only fragmentarily preserved, is moderately developed.
The ventral half of the acetabular fossa is massive. The
well-developed ventral portion of the acetabular crest
projects laterally and contributes to the ventroanterior
surface of the acetabular region of the ilia. In larger in-
dividuals (e.g. HLMD-Ez 2080), an oval knob-like flat
surface is present in the lateroventral cornet between the
iliac shaft and acetabulum (Fig. 9V). It represents most
probably the attachment surface for the muscle iliacus
internus (sensu Gémez and Turazzini 2015). In posterior
view, the well-pronounced interiliac groove and laterally
projecting acetabular crest are observable. The iliac shaft
is moderately developed, lateromedially flattened and has
a rather smooth surface.

Remarks. The fossil remains display characteristic
features of the genus Palaeobatrachus as well as the fam-
ily Palacobatrachidae such as: 1) azygous frontoparietal
with a flat dorsal surface; 2) angular coronoid process
smooth and/or covered by muscle scars; 3) anteroventral-
ly extending large acetabulum; 4) acetabular area strongly
protruding; 5) well-pronounced interiliac groove (Wuttke
et al. 2012) and 6) paroccipital processes do not extend
probably beyond the level of posterior median process

(Rocek et al. 2015; see characters 12, table 2). Among
the material available bones, only the frontoparietal can
be used for the species-level identification since other el-
ements such as ilium, angular do not contain sufficient
diagnostic characters. The Palaeobatrachus frontopari-
etal from Echzell can be distinguished from other Mio-
cene forms, e.g. P. hiri (locs. Batraszdlos and Sdmsonha-
za, Venczel 2004), and P. sp. A (loc. Rudabanya, Rocek
2005) by the sculptured frontoparietal (vs. unsculptured
in P. hiri and P. sp. A) and weakly developed frontopari-
etal incrassation (vs. strongly developed, in form of crests
in P, hiri and P. sp. A). The Echzell frontoparietals strong-
ly resemble the morphology of the P. robustus from the
early Miocene (MN2) of France (loc. Laugnac, Hossini
and Rage 2000), in having 1) a comparable sculpture on
dorsal surface of the bone; 2) the skull table narrows in
the midpoint of the bone, giving a sandglass shape; 3)
weakly developed, rounded frontoparietal incrassation.
We did not compare with P. hauffianus from Randeck-
er Maar, Germany (middle Miocene) (Rocek et al. 2006)
which taxonomic status still needs revision.

Anura indet.

Material. Six angulars HLMD-Ez 2086, eight premaxil-
lae HLMD-Ez 2129, 38 humeri HLMD-Ez 2087, a num-
ber of bone fragments HLMD-Ez 2145.

Remarks. The bones are either very fragmentarily
preserved or do not possess characters useful for further
identification.

Squamata Oppel, 1811
Gekkota Cuvier, 1816-1817

Gekkota indet.
Fig. 10

Material. One right dentary HLMD-Ez 1958, one verte-
bra HLMD-Ez 1959.

Description. Dentary: Only a fragment of the right
mid-dentary region is preserved (Fig. 10A, B). It bears 16
tooth positions that are densely spaced. Unfortunately, all
teeth are broken off and missing, except for two preserved
tooth bases. The dentary is slender (note, however, that
the alveolar crest is high). In medial view, it gradually
widens posteriorly and Meckel's groove is fully closed.
The ventral margin of the dentary is slightly concave.
Besides three labial foramina, the external surface of the
bone is smooth.

Vertebra: Only one isolated dorsal vertebra is pre-
served (Fig. 10C—G). The vertebra is small, lightly built
and anteroposteriorly elongated. It is amphicoelous with
the centrum pierced by a notochordal canal. On the dor-
sal surface of the low neural arch, a straight dorsal and
longitudinal, almost indistinct crest is present along the
surface of the neural spine. The neural spine is weak, and
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it does not rise dorsally. However, the posterior region
of this area is damaged, and the right postzygapophysis
is broken off. On the anterior side, a deep and wedge-
shaped notch is present (note, that it is unclear how much
its contour is a result of potential breakage and/or normal
state). Both pre- and postzygapohyses are almost ante-
riorly and posteriorly directed. The neural canal is large
and heart-shaped because of the rounded centrum that is
located ventrally. In lateral view, there is an elliptical syn-
apophysis. In this view, the centrum has a concave ventral
margin. In ventral view, the lateral margins of the cen-

labial foramina
/N

trum are concave as well. In the central region, a short
ridge is developed between the anterior and posterior por-
tions of the centrum. Laterally from the ridge, the surface
is pierced by a pair of subcentral foramina.

Remarks. In the European Miocene, the sphaerodac-
tylid genus Euleptes is often present (see e.g., Daza et al.
2014; Cernansky et al. 2018). Extinct genera of Gekkota
are represented by Gerandogekko, which has been identi-
fied as closely related to Euleptes (Daza et al. 2014) and
Palaeogekko (Schleich 1987). The material from Echzell
is, however, too fragmentary for a generic assignment.
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Figure 10. Gekkota indet. from the Echzell locality. right dentary HLMD-Ez 1958 in (A) lateral and (B) medial views. Vertebra
HLMD-Ez 1959 in (C) anterior, (D) posterior, (E) lateral, (F) dorsal and (G) ventral views.
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Iguania Cope, 1864

Acrodonta Cope, 1864
Chamaeleonidae Gray, 1825
Chamaeleo Linnaeus, 1758-1759

Chamaeleo andrusovi Ceriansky, 2010b
Fig. 11A, B

Material. One frontal HLMD-Ez 1960.

Description. Frontal: The frontal is partly preserved.
Only its posterior region around the parietal foramen (sen-
su Gauthier et al. 2012: character 105) is available. The
dorsal surface possesses well-developed ornamentation
formed by large, robustly developed, and distinctly pus-
tular protuberances (Fig. 11A). Only four are preserved
(note, however, most of the dorsal surface of two of them
is damaged). In the posterior region, the protuberances are
large and somewhat anteroposteriorly elongated. They ap-
pear to be moderately spaced with a more-or-less complex
structure (somehow resembling gomphothere molars).
The internal surface of the frontal (Fig. 11B) is pierced by
a small, elliptical foramen. It opens a canal that continues
anterodorsally (note that the preserved dorsal surface is not
pierced by it). Lateral to it, rounded, dorsally sloped ridg-
es are well-developed. They form the border between the
central, bulged region with its central shallow longitudinal
depression and two additional distinct depressions locat-
ed lateral to the central region. These lateral depressions
become more distinct anteriorly, being gradually more re-
cessed (in other words, the central region is deeper relative
to the lateral areas). In the central region, another hole is
preserved, which was most probably caused by damage.

Remarks. Similar depressions located laterally from
the central area with a foramen and being more anteriorly
recessed, whereas the foramen opens a canal which con-
tinues anterodorsally, can be observed in extant Chamae-
leo chamaeleon as well. The typical ornamentation formed
by distinctly developed and complicated pustular protu-
berances, which are moderately spaced and not arranged
in a ridge here, allows allocation of this cranial bone to
the European Miocene chameleon Chamaeleo andruso-
vi Cerfiansky 2010b. This species was initially described
from the early Miocene of the Czech Republic (Ceriiansky
2010b) and later recognized from other areas of Europe
(e.g., Georgalis et al. 2016; Cerfiansky et al. 2017).

Chamaeleonidae indet.
Fig. 11C-M

Material. Two right maxillae HLMD-Ez 1961-1962,
two left dentaries HLMD-Ez 1963-1964.

Description. Maxilla: The specimen HLMD-Ez 1961
(Fig. 11C-E) represents the anterior maxillary section. It
bears five small teeth. The fragment is relatively massively
built with a slight medial curvature at its anterior end. The
bone rises dorsally, but only the base of the facial process is
preserved. In medial view, the anterior internal dorsal mar-

gin has a rough surface. It can be most likely interpreted
as a facet for the premaxilla. The supradental shelf is thin
in medial view. However, this structure is well-expanded
medially, being broad in ventral view. The external surface
of the preserved section of the bone is smooth. The speci-
men HLMD-Ez 1962 (Fig. 11F, G) represents a posterior
maxillary section — a part of the posteroventral process.
It bears four teeth. In medial view, the supradental shelf
is well-developed. Dorsally from this structure, the maxil-
la forms a longitudinal depression; a facet for the jugal is
present here. The lateral surface of this fragment is smooth.

Dentary: Both dentaries are fragmentarily preserved.
The specimen HLMD-Ez 1963 (Fig. 11H-J) represents
the anterior portion of the left dentary. The anterior end
of the dentary is curved medially, and a large elliptical
symphysis is located here. This dentary fragment bears
six teeth, although it should be noted that the anterior
tooth is broken off. Ventrally to it, the dental groove is
present, being shallow rather than deep. The well-devel-
oped and straight supra-alveolar ridge floors it. Most of
the ventral portion of the Meckel's groove is damaged.
The external surface is pierced by a labial foramen locat-
ed closed to the ventral margin. The specimen HLMD-Ez
1964 (Fig. 11K-M) bears only two teeth. Its lateral sur-
face shows well-developed triangular interdental grooves
(two are preserved), which incline anteroventrally.

Dentition: The tooth implantation is acrodont. Tooth size
increases more-or-less posteriorly, but the dentary speci-
men HLMD-Ez 1964 and maxillary specimen HLMD-Ez
1962 show that at least the last posterior tooth is small-
er than the adjacent anterior (probably penultimate) one.
The teeth are triangular, with a low degree of tricuspidi-
ty — the central cusp is distinctly dominant. The teeth are
compressed mediolaterally. The sizes of the inter-dental
gaps are small in the anterior region and distinctly widen
posteriorly. The large posterior teeth have wide interdental
gaps. Thus, their bases are not in contact. On the posterior
region of the maxilla, however, the size of the inter-dental
gap between the last and the penultimate tooth is small.

Remarks. The absence of pleurodont dentition in the
anterior section of the tooth row allows the allocation
to Chamaeleonidae without doubts (Ceriiansky 2010b;
Certiansky et al. 2020a). In contrast to chamaeleonids,
agamids retain a trace of the primitive pleurodont con-
dition in the anterior region (often in caniniform anterior
teeth; Moody 1978).

Lacertoidea Estes, Queiroz & Gauthier, 1988
Lacertidae Oppel, 1811

Lacertidae indet.
Fig. 12A, B

Material. Right dentary HLMD-Ez 1992.

Description. Dentary: The description is based
on a right dentary that represents the anterior section
(Fig. 12A, B). The specimen bears 13 tooth positions with
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Figure 11. Chamaeleo andrusovi (A, B) and Chamaeleonidae indet. (C—M) from the Echzell locality. Frontal HLMD-Ez 1960 in
(A) dorsal and (B) ventral views. Right maxilla HLMD-Ez 1961 in (C) lateral, (D) medial and (E) ventral views. Right maxilla
HLMD-Ez 1962 in (F) lateral, and (G) medial views. Left dentary HLMD-Ez 1963 in (H) lateral, (I) medial, and (J) dorsal views.
Left dentary HLMD-Ez 1964 in (K) lateral, (L) medial, and (M) dorsal views.
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nine teeth still attached. However, its posterior region is
broken off and the real tooth number is undoubtedly high-
er. The preserved portion of the dentary is more-or-less
robust, anteroposteriorly elongated. The bone gradually
narrows anteriorly. In dorsal view, its anterior portion has
a small medial curvature. The otherwise smooth lateral
surface is pierced by several labial foramina located in
the mid-portion of the bone (five are preserved). In medial
view, the Meckel's groove is narrow, entirely open and
gradually widens posteriorly. The subdental shelf is me-
dially protruded and robust, especially in the anterior re-
gion. It narrows posteriorly because of the presence of the
splenial articulation facet. The symphysis is rectangular.

Dentition. The tooth implantation is pleurodont. The
teeth are conical and high. They are bicuspid with a domi-
nant distal cusp and smaller accessory mesial cusp. How-
ever, the anteriormost dentary teeth are monocuspid, be-
coming bicuspid starting from the sixth to seventh tooth
position. The lingual aspect of the tooth crowns has very
fine vertical striations, and the tooth necks bulge slightly
medially, with small interdental gaps.

Scinciformata Vidal & Hedges, 2005
Scincidae Gray, 1825
Chalcides Laurenti, 1768

cf. Chalcides sp.
Fig. 12C-H

Material. Right maxilla HLMD-Ez 1990, six right dentaries
HLMD-Ez 1993-1998, one left dentary HLMD-Ez 1999.
Description. Maxilla: One fragment of a right maxilla
is preserved. The specimen HLMD-Ez 1990 (Fig. 12C, D)
represents the posterior region of the maxilla. The lateral
surface of this specimen is completely smooth. This max-
illary fragment bears eight tooth positions with five teeth
still attached). The nasal process is partly preserved. Note,
however, that the dorsoventral height of the posteriorly
located posteroventral process of the maxilla is still sig-
nificant. Thus, it forms the wall along the entire length of
the process here rather than narrowing posteriorly into a
tip. Moreover, the shallow notch is developed posteriorly
between the dental crest supporting teeth and the dorsally
located wall. Although the posterior portion of this dorsal
wall is broken off, it can be estimated that, when completely
preserved, it exceeds the dental part posteriorly. The dorsal
margin of the posteroventral process is slightly damaged,
but this portion has a thicker appearance than the ventrally
located region possessing a longitudinal depression. This
depression partly forms a jugal facet. The ventrally located
supradental shelf is thin and expands laterally. It is dorsally
convex, but only a small portion is completely preserved.
No alveolar superior foramen is preserved here. This high-
lights a possible anterior position of this foramen.
Dentary: The description is based on several fragments
(Fig. 12E-H), most of which represent more-or-less an-
terior sections. The most complete specimen bears 20
tooth positions; however, its posterior region is broken
off. The real tooth number is undoubtedly slightly higher.

The dentary is slender, anteroposteriorly elongated. The
bone gradually narrows anteriorly. In dorsal view, its an-
terior portion has a small medial curvature. The otherwise
smooth lateral surface is pierced by several labial foram-
ina located in the mid-portion of the bone. In medial view,
the Meckel's groove is narrow, but entirely open. The sub-
dental shelf is medially protruded and robust, especially
in the anterior region. It narrows posteriorly because of
the presence of the splenial articulation facet. The sym-
physis is small, rectangular and somewhat narrow.

Dentition: The tooth implantation is pleurodont. The
teeth are conical and high. They are closely spaced with
small interdental gaps. The tooth crowns are mediolater-
ally compressed. Thus, the necks have a slightly lingually
enlarged appearance. The tooth crowns have blunt apices.
In medial view, they have a labial and lingual cusp. The
lingual side, bordered by the culmen lateralis posterior
and anterior, has striation formed by apicobasal ridges.
They are more-or-less parallel to each other and their
number usually varies from around five to eight. The la-
bial aspect of the teeth appears smooth. Resorption pits
pierce the tooth bases of some teeth.

Remarks. All scincid elements here are assigned to
one species based on the significant similarity in the den-
tition. Moreover, all elements are from the same locality
and comparable in size. Besides tooth morphology (see
Kosma 2004), the Echzell skink material can be allocat-
ed to the clade Scincidae (sensu Hedges 2014; Scincinae
sensu Estes et al. 1988) based on the narrow but fully
open Meckelian groove in the dentary. This is present in
members of the Scincidae clade and in, e.g., Ateuchosau-
rus, whereas it is closed in members of Acontiidae, Sphe-
nomorphidae, Eugongylidae, Lygosomidae, Egerniidae
and Mabuyidae (see, e.g., Greer 1970, 1974; Evans 2008;
Hutchinson and Scanlon 2009; Cerﬁansky et al. 2020Db;
Certiansky and Syromyatnikova 2021).

The specimens resemble members of the genus
Chalcides. The Miocene species of this taxon is repre-
sented by Chalcides augei (see Ceriansky et al. 2020b)
and the Echzell material shows similarities to this taxon.
Note that usually five striations are reported in Ch. augei,
it can range from five to seven, and the small variation in
the number of striae (from five to seven ot eight) can be
seen in specimens from Austria as well (Ceriansky 2016).
However, the limitation of the Echzell material does not
allow alpha taxonomy and caution is needed here.

Anguimorpha Fiirbinger, 1900
Anguidae Gray, 1825
Anguinae Gray, 1825

Smithosaurus gen. nov.
http://zoobank.org/4D22CE09-4ABF-438A-8870-230F484F5D5D
Fig. 13

Etymology. We name this genus in honour of Ameri-
can paleoherpetologist Krister T. Smith for his valuable
contributions to vertebrate paleontology and particularly
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0.5 mm

Figure 12. Lacertidae indet. (A, B) and cf. Chalcides sp. (C—H) from the Echzell locality. Right dentary HLMD-Ez 1992 in (A) lat-
eral and (B) medial views with a detail of dentition. Right maxilla HLMD-Ez 1990 in (C) lateral and (D) medial views with a detail
of dentition. Right dentary HLMD-Ez 1994 in (E) lateral and (F) medial views with a detail of dentition. Right dentary HLMD-Ez

1993 in (G) lateral, and (H) medial views.
to squamate morphology and evolution; and from Greek
cavpa [saura], lizard.

Diagnosis. As for Smithosaurus echzellensis, the only
known species.

Smithosaurus echzellensis gen. et sp. nov.
http://zoobank.org/ED8797D9-46FE-4462-BA43-A32D 16934582

2014 Ophisaurus spinari — Bohme and Vasilyan: p. 29, fig. 3f.

Etymology. Based on the locality Echzell in Germany —
one of two known localities, where this taxon occurred.

fr.pensoft.net

Holotype. One parietal UMJGP 204.749.

Paratype. One parietal HLMD-Ez 1965.

Range. Germany (Echzell), early Miocene; Austria
(Gratkorn), late middle Miocene.

Remarks. Both parietals - HLMD-Ez 1965 from the
early Miocene Echzell locality and UMJGP 204.749 from
the late middle Miocene Gratkorn locality in Austria (see
Bohme and Vasilyan 2014; fig. 3f), exhibit the same
unique combination of features and can be placed to a
single taxon without any doubts. Because the parietal
UMJGP 204.749 (Fig. 13A, B) is better preserved than
HLMD-Ez 1965 (Fig. 13C, F), it has been designated as
the holotype for the new taxon.


http://zoobank.org/ED8797D9-46FE-4462-BA43-A32D16934582
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Diagnosis. Anguine lizard distinguishable from Anguis,
Pseudopus and Ophisaurus by two autapomorphic features:

(1) the parietal table gradually expands laterally in the
anterior direction in an extreme way; thus, it ap-
pears to be distinctly constricted at the level of the
parietal foramen or slightly posterior to it. The later-
al margins of the table markedly diverge anterolat-
erally from this point, inclining at an angle of about
30° from the median plane. Posteriorly located
lateral margins diverge gradually posterolaterally
and continue to more-or-less straight supratemporal
processes. Due to the lateral expansion of the pari-
etal table, the anterolateral corner of the parietal ta-
ble reaches further laterally than the supratemporal
process. The ornamented surface on the dorsal side
of the bone gradually widens anteriorly as well (in
contrast to being rectangular);

(2) the parietal cranial crests diverge in the anterior direc-
tion to form a V that separates the cranial vault from
the muscular surface laterally (the anteriormost sec-
tion of the crests bents laterally rather than medially).

Besides these two autapomorphic features, this taxon
is characterized by the unique combination of the follow-
ing characters: (1) the occipital shield is large, its antero-
posterior length is longer than the length of the posterior-
ly located smooth area; (2) a narrow muscular surface is
present; (3) a short postfoveal crest is present; (4) anterior
end of the ventrolateral ridge of the supratemporal pro-
cess joins the parietal cranial crest at the level anterior to
the posteromedial margin of the floor of the parietal fos-
sa. The parietal crest is sharp in the area of the junction;
(5) the virtual line, continuing from the ventrolateral ridge
of the supratemporal process to the anterior margin of the
parietal table, reaches the level as the lateral margin of the
parietal foramen here; (6) the supratemporal process has
a smooth ventrolateral surface, which fluently continues
anteriorly to the muscular surface of the parietal table;
and (7) the supratemporal process is straight.

Description. Parietal: The parietal UMJGP 204.749
(Fig. 13A, B) from Gratkorn is fairly preserved, whereas
HLMD-Ez 1965 (Fig. 13C, D) from Echzell represents
the posterior half of the parietal table, with the left su-
pratemporal process being, however, only partly pre-
served. The description is therefore based mostly on the
holotype UMJGP 204.749. The ornamented surface of
several fused headshield osteoderms covers most of the
parietal table. The ornamentation consists of well-devel-
oped foramina and pits of various sizes, being densely
distributed. At the periphery of the ornamented surface,
radiated grooves and ridges are developed. The interpa-
rietal shield is well recognized in both specimens. This
region is pierced by the large anteroposteriorly elongated
parietal foramen. Unfortunately, its anterior margin is not
preserved. The occipital shield is very large. Its antero-
posterior length is twice as long as the length of the poste-
riorly located smooth area. The parietal notch is well de-
veloped. The lateral (=parietal) shields are preserved (but

note that the almost entire lateral margins of the parietal
table in HLMD-Ez 1965 are damaged). The arcuate edge
runs on the dorsal surface of the bases of the supratem-
poral processes and diminishes laterally. The right supra-
temporal process is almost completely preserved, being
straight. The parietal table extremely widens anteriorly
— so it appears to be distinctly constricted at the level of
the parietal foramen or slightly posterior to it. Thus, the
lateral margins of the table markedly diverge anterolat-
erally from this point, inclining at an angle of about 30°
from the median plane. Due to the lateral expansion of
the parietal table, the anterolateral corner of the parietal
table reaches further laterally than the supratemporal pro-
cess. The anterolateral corners protrude into anterolater-
al processes. The ornamented surface is not rectangular
but gradually widens anteriorly as well. The anterior end
of the interparietal sulcus lies medial to the anterolateral
corner of the ornamented surface.

On the ventral surface, many diagnostic features can be
recognized. The oval parietal fossa is small, located in the
central posteriormost region of the parietal table. The short
postfoveal crests are well developed. In ventral view, both
cranial crests are preserved, especially the complete right
one, including the anterior portions missing in the Echzell
specimen. The cranial crests are sharp. They diverge ante-
riorly, forming a V-shaped outline that separates the crani-
al vault from the muscular surface laterally. The muscular
surface is narrow, but present. The virtual line, continuing
from the ventrolateral ridge of the supratemporal process
to the anterior margin of the parietal table, reaches the lev-
el as the lateral margin of the parietal foramen here. The
ventrolateral ridge of the supratemporal process is well de-
veloped and preserved on the right side in UMJGP 204.749
and left side in HLMD-Ez 1965. Its anterior end joins the
parietal cranial crest at the level anterior to the posterome-
dial margin of the parietal fossa. The cranial crest is sharp
in this region. The root portion of the supratemporal pro-
cess is broad. The other distal portion distinctly narrows
posteriorly. The ventrolateral ridge is well developed. The
supratemporal articulation extends anteriorly, being well
visible on the lateral surface of the supratemporal process.
Anteriorly to it, between the most anterior portion of the
ventrolateral ridge and the anterolateral margin of the su-
pratemporal process, a short ventrolateral surface can be
recognized. This surface lies posterior to the parietal cra-
nial crest-supratemporal process junction (note that it is
broadly damaged in the Echzell specimen).

Remarks. See the discussion part.

Phylogenetic analysis of Smithosaurus echzellensis.
The phylogenetic trees presented here are based on lim-
ited fossil material — the parietal, and thus more com-
plete fossil specimens of this taxon are needed to draw
more robust conclusions. However, in both two analy-
ses, Smithosaurus echzellensis is consistently recovered
as the sister taxon to either [Ophisauriscus quadrupes +
Ophisaurus holeci] + [Anguis + Ophisaurus] (in the first
analysis) or [Anguis + Ophisaurus] (in the second analy-
sis). In overall, the support for the clade is very low (no
strict synapomorphy; the calculating Bremer supports
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Figure 13. Smithosaurus echzellensis gen. et sp. nov. Holotypic parietal UMJGP 204.749 from the Gratkorn locality in (A) dorsal,
and (B) ventral views. Paratypic parietal HLMD-Ez 1965 from the Echzell locality in (C) dorsal and (D) ventral views.

collapsed the node into polytomy, see below) and thus,
the interpretation of the Smithosaurus relationship among
anguines needs to be met with caution.

1. A New Technology (NT) search in TNT produced
a single tree (Fig. 14A). The position of Smithosau-
rus echzellensis is recovered as being sister to the
clade [[Ophisauriscus quadrupes + Ophisaurus ho-
leci] + [Anguis + Ophisaurus (all others except of

fr.pensoft.net

O. holeci)]]. The calculating Bremer supports col-
lapsed the node (Bremer value 1, relative Bremer
25; Fig. 14B), with the relationship among Smitho-
saurus echzellensis and the clades [Ophisauriscus
quadrupes + Ophisaurus holeci] (Bremer value
3, relative Bremer 50) and [4Anguis + Ophisaurus)
(Bremer 2, relative Bremer 50) being unresolved.

. The heuristic search in TNT produced

two equally parsimonious trees. In Dboth,
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Smithosaurus echzellensis is recovered as sister
to [Anguis + Ophisaurus (all others except of O.
holeci)], whereas Ophisauriscus quadrupes and
Ophisaurus holeci are sister to the clade formed by
Smithosaurus, Anguis and Ophisaurus (all others
except of O. holeci). This is contrary to the results
from the NT analysis (see above). In the strict con-

Shinisaurus crocodilurus
Xenosaurus grandis
Peltosaurus granulosus
Odaxosaurus piger
Pseudopus ahnikoviensis
Pseudopus laurillardi
Pseudopus pannonicus
Eseygopus apodus

Ophisaurisct;'saquadrupes
Ophisaurus holeci
Anguis fragilis

Ophisaurus roqueprunensis

Ophisaurus ventralis
Ophisaurus koellikeri
Ophisaurus harti

sensus tree, however, the position of Smithosaurus
is unresolved among [Ophisauriscus quadrupes +
Ophisaurus holeci] and [Anguis + Ophisaurus (all
others except of O. holeci)], although all these taxa
together form a clade. Thus, the topology of exam-
ined taxa in this strict consensus tree is identical to
that figured in Fig. 14B.

Shinisaurus crocodilurus
Xenosaurus grandis
Peltosaurus granulosus
Odaxosaurus piger

Pseudopus ahnikoviensis
3/50 2/50 Pseudopus laurillardi
1/33 Pseudopus pannonicus
1125 2/40 Pseudopus apodus
us
—— Ophisauriscus quadrupes
— 3/50 Ophisaurus holeci
1125 Anguis fragilis )
Ophisaurus roqueprunensis

2/50 Ophisaurus ventralis

2/50 Ophisaurus koellikeri
1/60 Ophisaurus harti

10?/100?

Figure 14. Phylogenetic position of Smithosaurus echzellensis. A. Single parsimonious tree recovered by TNT using NT (New
Technology) search (with ratchet) and 1000 iterations; B. Tree showing Bremer / relative Bremer values at nodes recovered by TNT.

Anguinae indet.
Fig. 15

Material. One right maxilla HLMD-Ez 1966, one right
and one left dentaries HLMD-Ez 1967-1968, 12 dorsal
vertebrae HLMD-Ez 1969-1980.

Description. Maxilla: Only a fragment of the right
maxilla is preserved (Fig. 15A, B). It represents the area
around the superior alveolar foramen plus the section of
the posteroventral process. This maxillary fragment bears
eight tooth positions (one tooth is still attached). The oth-
erwise smooth lateral surface is pierced by the labial fo-
ramina — three and a half are preserved. The medial side
bears the well-developed supradental shelf. At the level
of the fifth tooth position (counted from posterior), the
shelf expands medially to form the palatine articulation.
At this level, the superior alveolar foramen is located on
the dorsal side of the shelf. Only the base of the nasal
process is preserved; the rest of the bone is broken off.
The posterior portion gradually narrows into the postero-
ventral process. Its dorsal margin smoothly decreases
ventrally without being stepped.

Dentary: Two dentary fragments are preserved, both
representing only the posterior portions (Fig. 15C—F).
The right one (HLMD-Ez 1967) possesses five tooth
positions, where the penultimate and fourth (counted
from posterior) are still partly preserved. Except for
two labial foramina, the lateral surface is smooth (only
one foramen is preserved in HLMD-Ez 1968). The
medial surface exhibits open Meckel's groove, which
narrows anteriorly. It is roofed by the concave, shallow
subdental shelf. The position of the anterior inferior al-
veolar foramen between the dentary and a splenial can
be recognized at the level of the fifth tooth position,
but this area appears to be eroded. The alveolar fora-
men is located at the level of the third tooth position.
The intramandibular septum, which separates the alve-

olar canal from Meckel's groove, is completely fused
with the body of the dentary (the free ventral portion
is absent). The surangular spine is damaged, so only its
root portion can be recognized. The angular process is
broken off. The other posterior processes are damaged.
The left dentary HLMD-Ez 1968 represents a specimen
with four tooth positions — only one complete tooth and
the base of another one are still preserved. The posi-
tion of the anterior inferior alveolar foramen can be still
recognized on the subdental shelf. The splenial spine is
absent in both specimens. Due to poor preservation of
this area, however, this appears to represent a postmor-
tal damage only.

Dentition: The tooth implantation is shallowly pleu-
rodont. The teeth are large, well exposed over the dorsal
crest, which supports them laterally. They are conical and
distinctly recurved. Their tips are pointed. The mesial and
distal cutting edges are well developed. The tooth bases
are broad, being pierced by resorption pits. In most cases,
the pits are located slightly posterior to the tooth axis.
The dentary teeth are smooth by weathering (or affected
by digestive process of carnivores), the maxillary tooth
crown possesses fine but dense striations on both labial
and lingual sides.

Dorsal vertebra: The description is based on the
well-preserved specimen HLMD-Ez 1969 (Fig. 15G-J).
The vertebral centrum is anteroposteriorly elongated. The
height of the vertebra gradually increases posteriorly. The
neural spine is low, however, its dorsal portion is bro-
ken off. It forms a ridge running along almost the entire
length of the dorsal section of the neural arch. In dorsal
view, the ridge is thin, becoming less distinct in the ante-
rior section. In the posterior third of its length, it is well
defined and widens at its posterior end. The neural canal
is high and well arched dorsally. The cotyle is depressed,
being mediolaterally expanded and broader than the neu-
ral canal. However, the maximum height of the cotyle is
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Figure 15. Anguinae indet. from the Echzell locality. Right maxilla HLMD-Ez 1966 in (A) lateral, and (B) medial views. Right
dentary HLMD-Ez 1967 in (C) lateral, (D) medial and (E) dorsal views. Left dentary HLMD-Ez 1968 in (F) medial view. Dorsal
vertebra HLMD-Ez 1969 in (G) anterior, (H) posterior, (I) dorsal and (J) ventral views.
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lower than the maximum dorsoventral height of the neural
canal. The pre- and postzygapophyses are well expanded
laterally; a well-developed interzygapophyseal constriction
is located between them. The pre- and postzygapophyses
have elliptical articulation surfaces, oriented more or less
anteroposteriorly. The prezygapophyses are inclined from
the horizontal plane at an angle of approximately 30°. The
synapophyses are protruding laterally, being square in
shape. The condyle, which is well-protruded posteriorly, is
markedly depressed as well as the above-mentioned coty-
le. The ventral surface of the centrum is flat. It is pierced
by two subcentral foramina in the anterior one-third of the
centrum. The lateral margins of the centrum have a concave
course, running more anterolaterally from the level of the
subcentral foramina.

Remarks. Among extant anguine genera, the mor-
phology of herein described vertebrae resembles that of
Ophisaurus (Cerfiansky et al. 2019). The maxilla with
markedly recurved teeth and vertebrae similar to those
from Echzell have been described also from Gratkorn
(see Bohme and Vasilyan 2014). Such a distinct tooth
curvature is not very typical among members of extant
Ophisaurus (see Klembara et al. 2014), but can be found
in fossil species, e.g. in O. acuminatus (see Klembara and
Cernansky 2020). However, it should be noted that some
features in the dentary, such as the presence of a splenial
spine, cannot be supported with confidence due to poor
preservation. Moreover, another crucial reason exists
why the allocation of this material to Ophisaurus might
be problematic — the occurrence of a new taxon Smitho-
saurus echzellensis in both Echzell and Gratkorn locali-
ties. We cannot entirely exclude the very plausible option
that some of those specimens (if not all) belong to this
newly described taxon. For this reason, we allocated this
material only as Anguinae indet. Caution is also needed
in regards to interpretations of isolated jaw fragments and
isolated vertebrae from other European Miocene local-
ities, where such incomplete and fragmentary materials
are often described as Ophisaurus. More complete and
articulated material of Smithosaurus echzellensis, in
which bones can be associated together to observe the
anatomy of this taxon, is crucial to resolve this problem.

Anguidae indet.
Fig. 16

Material. Four caudal vertebrac HLMD-Ez 1981-1984,
73 osteoderms HLMD-Ez 1985-1987 (figured ones),
HLMD-Ez 1988 (the remaining osteoderms).
Description. Caudal vertebra: The caudal vertebrae
(Fig. 16A-E) are elongate and narrow. Both pre- and
postzygapophyses are small; thus, there is a typical ten-
dency toward the elongation of the centra in caudal ver-
tebrae and a relative reduction of all processes. The cot-
yle and condyle are dorsoventrally depressed. The neural
canal is a tunnel-like structure here. The haemapophyses
are fused to the posterior portion of the centrum, but, un-
fortunately, their ends are broken off. Only the bases of

the anteroventrally oriented transverse processes (pleu-
rapophyses) are preserved, being dorsoventrally slightly
flattened. They are pierced by a foramen. The distal por-
tions are, however, broken off. The neural spine is pos-
terodorsally oriented, rather slim and pointed. The trans-
verse autotomic split is present.

Remarks. The presence of an autotomic split indicates
that we can exclude Pseudopus, in which only autotomic
foramina are developed (see Cerfiansky et al. 2019). In
contrast, the autotomic split is present in both Anguis and
Ophisaurus (see Hoffstetter and Gasc 1969).

Osteoderm: A large number of osteoderms of several
types are preserved in the material. The first type rep-
resents wide, rectangular osteoderms (e.g., HLMD-Ez
1985, Fig. 16G—F). There is a low medial ridge running
along their central regions. However, the ridge is almost
indistinctive and restricted only to the sculptured region.
The anterior overlap surface is large and occupies about
one-third of the external surface. The lateral bevel is the
highest close to the overlap surface. The posterior portion
of the external surface is ornamented. The ornamentation
is formed by several tubercles, pits, long grooves, and
ridges diverging from the central region. Three foramina
pierce the central part of the internal surface. The second
type (and the most common, as represented by HLMD-Ez
1986, Fig. 16H) includes slender osteoderms. In those, the
medial ridge runs along the entire external surface, includ-
ing both ornamented and anterior overlap surface. The
third type (rare, HLMD-Ez 1987, Fig. 16]) is represented
by a flat and wide osteoderm without a medial ridge.

The differences might very likely represent individual
variability and a different body topology from where os-
teoderms originated (e.g., ventral vs. dorsal armour; see,
e.g., Cerhansky and Klembara 2017). Their determina-
tion to the alpha taxonomy level is currently impossible.
Nevertheless, they resemble osteoderms of Ophisaurus,
but other taxa cannot be excluded.

Squamata indet.
Fig. 17A-F

Material. One premaxilla HLMD-Ez 1989, right quad-
rate HLMD-Ez 2002, left pterygoid HLMD-Ez 2003, two
osteoderms HLMD-Ez 2000-2001.

Description. Premaxilla: Premaxilla HLMD-Ez 1989
(Fig. 17A—C) represents a small element, although with
a more-or-less robust appearance. It is almost fully pre-
served. It is a single, unpaired T-shaped element (note,
a groove or break is running through the midline, see
remarks). The premaxilla bears seven-tooth positions
with three teeth still attached to the dental parapet. The
laterally extended maxillary processes are well devel-
oped. They are rather short than long. They possess an
articulation facet for the maxilla on their dorsolateral
surfaces. The fragmentarily preserved nasal process is
wide, its external surface is flat. Here, a few small ves-
tiges of osteoderms attached to the bone are present. In
anterior and posterior views, the base of the nasal process
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Figure 16. Anguidae indet. from the Echzell locality. Caudal vertebra HLMD-Ez 1981 in (A) anterior, (B) posterior, (C) lateral,
(D) dorsal and (E) ventral views. Osteoderms HLMD-Ez 1985 (G), HLMD-Ez 1986 (E) and HLMD-Ez 1987 (I) in (F, H, I) exter-

nal and (G) internal views.

is laterally constricted. Thus, the lateral margins in the
lowest region of the process are rounded, having a cut-
out like appearance. Dorsally, this region is wide, hav-
ing more-or-less parallel lateral margins. The most dorsal
preserved portion of the process narrows abruptly again,
but the rest of the process — the posterodorsal portion
with a termination - is broken off. On the internal side,
there is a sagittal ridge running along the entire length of
the preserved nasal process. It separates the facet for the
nasals on both sides. On the lateral side, the ethmoidal
foramen is located close to the base of the nasal process.
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The supradental shelf is formed by two segments, which
are well expanded posteriorly. The dorsal side bears the
vomerine process, which forms a small bulge. The short,
weakly bilobed median incisive process is located ventral
to the supradental shelf.

Remarks. Although the right and left premaxillae are
fused, note that there is a fracture-like structure (or a tiny
groove) running through the central portion of the ele-
ment. However, it is unclear whether this is postmortal
damage only or reflects the fusion of the right and left
premaxillae during ontogeny. Even if it is only a fracture
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Figure 17. Squamata indet. from the Echzell locality. Premaxilla HLMD-Ez 1989 in (A) anterior, (B) posterior, and (C) lateral
views. Right quadrate HLMD-Ez 2002 in (D) lateral, and (E) medial views. Left pterygoid HLMD-Ez 2003 in (F) dorsal and (G)
ventral views. Osteoderms HLMD-Ez 2000 (H-J) and 2001 (K-M) in (H, K) external, (I, L) internal and (J, M) posterior views.
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caused by damage, the central region might be weaker
due to the late fusion and, thus, prone to breakage when
pressure is applied. Among Chalcides species, a groove
indicating a fusion is often present in various degrees (for
Ch. ocellatus, see Digimorph.org 2002-2012; in some,
e.g., Ch. polylepis, the right and left premaxillae are
separated; see, e.g., Caputo (2004); pers. obs. of A.C.).
However, its lacertid affinity can not be excluded. The
premaxilla of lacertids is formed by a single element (see,
e.g., Cerflansky and Syromyatnikova 2019). If the spec-
imen HLMD-Ez 1989 represents a lacertid, the present
groove is caused by postmortal damage only. In any case,
we decided to allocate this specimen to Squamata indet.

Quadrate: A right quadrate is available in the material
(Fig. 17D, E). It is a slender, dorsoventrally elongated
element. In lateral view, the quadrate is anteroposterior-
ly narrow, with an anteriorly expanded, rounded anterior
margin. Here, the sharp and laterally expanded tympanic
crest is present. This crest is continuous from the cephal-
ic to the mandibular condyle. The crest is slightly an-
gled approximately in the mid-region. Further dorsally, it
fluently and gradually continues without being distinctly
separated by a sharp angle from the portion formed by
the cephalic condyle. The dorsal portion of the cephalic
condyle protrudes slightly posteriorly. The ventral half
of the quadrate narrows gradually ventrally. The ventral
region ends with the saddle-shaped mandibular condyle.
It is slightly smaller than the cephalic condyle. The me-
dial surface possesses a distinct medial crest. Posterior
to this crest, the bone is pierced by a quadrate foramen
located in the ventral one-third of the dorsoventral height
of the element.

Remarks. The morphology of the quadrate HLMD-Ez
2002 is similar to that of lacertids (see e.g., Cernansky
and Syromyatnikova 2019) rather than anguids. Note,
however, that the general shape of the lacertid quadrate
resembles that of scincids (see Villa and Delfino 2019b),

Pterygoid: The left pterygoid is incompletely pre-
served (Fig. 17F, G). It is a tri-radiate, Y-shaped element.
Its ventral portion bears a distinct dentition located in the
central region. Only the base of the ectopterygoid pro-
cess is preserved, being broad. From its posterior region,
a sharp crest runs to the quadrate process. Here, the crests
border a fossa located laterally on the process. The quad-
rate process is long but note that its end is broken off. The
fossa columellae (= epipterygoid fossa), which is present
on the dorsal side, is large and elliptical.

Identification of isolated elements as pterygoids is
problematic and caution is needed. However, the mor-
phology of HLMD-Ez 2003, e.g., the absence of the ob-
tuse process (ventromedial process sensu Conrad 2008),
indicates that we can exclude Anguidae here. Its mor-
phology, including the crests bordering a fossa located
laterally on the quadrate process, resembles skinks. Al-
though note that dentition is absent in e.g., Chalcides
occelatus, but present in, e.g., Plestiodon fasciatus (see
Caputo 2004; Digimorph.org 2002-2012).
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Osteoderm: Two osteoderms are available in the
material. The larger osteoderm HLMD-Ez 2000 (Fig.
17H-J) is roughly trapezoidal in shape. It is thick, with
distinct external bulging. Its external surface expands in
the anterior direction, being gradually more pronounced.
This gives a convex appearance in cross-section. The
whole osteoderm gradually narrows anteriorly. Here, the
well-developed anterior overlap surface is located, form-
ing one-third of the entire anteroposterior length of the
osteoderm. Its anterior mid-region bears a short groove,
which is present on the internal side as well. The region
posterior to the overlap surface bears ornamentation. The
ornamentation appears to be rather weak and not dense,
being formed mostly by ridges and pits, connected by
short grooves in some cases. The medial ridge is absent.
The internal aspect of the osteoderm is not flat, but is
rough. It has several irregularly distributed pits, foramina,
and a few grooves near the posterior end.

The smaller specimen HLMD-Ez 2001 (Fig. 17K-M)
is wide. Its width is slightly greater than its anteroposte-
rior length. The anterior portion, which bears a narrow
overlap surface, is triangular, whereas the posterior por-
tion has a round margin. The osteoderm is thick, although
note that it is narrower relative to its size if compared to
the larger one. Here, the internal surface of the smaller
osteoderms is slightly concave. The ornamentation of the
external surface is formed by densely spaced ridges and
grooves running from the ossification centre; those ones
located on the periphery are prolonged.

The differences in these two osteoderms can be caused
by ontogeny and different origins regarding the body to-
pology. Overall, this type of osteoderms resembles the os-
teoderms described by Cernansky (2016; fig. 11) as Squa-
mata indet. 2 from the lower Miocene of the Austrian
locality Oberdorf. They might very likely belong to skink.

Serpentes Linnaeus, 1758

Boidae Gray, 1825

Bavarioboa Szyndlar & Schleich, 1993
Bavarioboa hermi Szyndlar & Schleich, 1993

Bavarioboa cf. hermi
Fig. 18A-E

Material. Forty-two trunk vertebrac HLMD-Ez 2146—
2148, one cloacal vertebra HLMD-Ez 2149, four caudal
vertebrae HLMD-Ez 2150 and HLMD-Ez 2150a.
Description. Trunk vertebrae: All but one trunk verte-
brae come from the middle trunk portion of the column.
Some of them are preserved in relatively good condition,
perhaps due to their robust morphology as characteristic
of constrictors. In lateral view, these vertebrae are as high
as long. In dorsal and ventral views, they are distinctly
wider than long. In the largest and best-preserved ver-
tebra HLMD-Ez 2148, the centrum length measures 5.7
mm, centrum width — 7.2 mm, centrum length/centrum
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Figure 18. Snakes from the Echzell. A—E. Bavarioboa ct. hermi (HLMD-Ez 2148), middle trunk vertebra; F—J. “Colubrinae” indet.
(HLMD-Ez 2159), middle trunk vertebra; K, L. Naja cf. romani (HLMD-Ez 2151), middle trunk vertebra. All vertebrae in (A, F,
K) lateral, (B, G, L) dorsal, (C, H, M) ventral, (D, I, N) anterior and (E, J, O) posterior views.
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width equals 0.8. The interzygapophyseal constriction,
especially in larger vertebrae, is weakly expressed. The
centrum is subtriangular in shape. The haemal keel is
prominent, broad and slightly broadening posteriorly. In
a few vertebrae, however, the keel looks like a biconcave
lens owing to the presence of a distinct constriction, lo-
cated at the level of the subcentral foramina, and promi-
nent broadenings at the anterior and posterior ends. The
subcentral grooves and subcentral ridges are prominent.
The neural arch is moderately depressed. The neural
spine is very low (approximately three times longer than
high), thick, and widening posteriorly (Fig. 18A). It oc-
cupies more than one half the length of the neural arch
and begins immediately behind the zygosphenal articular
facets. The zygosphenal roof is slightly convex or rough-
ly straight in dorsal view. The prezygapophyseal and
postzygapophyseal articular facets are usually subsquare
in shape. The prezygapophyseal processes (if preserved)
are very short and hardly visible dorsally. The paradia-
pophyses are subsquare in outline, higher than long, with
indistinct subdivision into para- and diapophyseal por-
tions. The cotyle and condyle are slightly flattened. The
subcentral and lateral foramina are large. The paracotylar
foramina are absent (Fig. 18D).

In the sole anterior trunk vertebra HLMD-Ez 2146,
the haemal keel is replaced by a ventrally directed hypa-
pophysis (its distal portion is broken). The neural spine
of this vertebra is very short and relatively high in lateral
view. Apart from these characteristics, the anterior trunk
vertebra does not differ significantly from the middle
trunk vertebrae.

Cloacal vertebra: One cloacal vertebra HLMD-Ez
2149, as characteristic for the sacral portion of the col-
umn, is provided with paired lymphapophyses (their distal
ends are broken). The centrum length measures 3.4 mm,
centrum width — 4.1 mm, centrum length / centrum width
equals 0.8. Surprisingly, located on the ventral side of the
centrum, minute but distinct paired haemapophyses are
present, thus far the trait unknown in the genus Bavari-
oboa (see below).

Caudal vertebrae: Four caudal vertebrae are provided
with paired pleurapophyses (missing or partly missing in
some vertebrae). In the largest caudal vertebra HLMD-
Ez 2150, the centrum length is 4.0 mm, centrum width
4.5 mm, centrum length / centrum width 0.9. Situated
on the ventral side of the centrum, are short but distinct
paired haemapophyses (partly broken).

Remarks. The constrictor from Echzell displays
clearly diagnostic features of the genus Bavarioboa, so
among others: mid-trunk vertebrae distinctly wider than
long; the interzygapophyseal constriction well expressed;
the neural arch moderately depressed; the neural spine
approximately as high as long, occupying one half the
length of the neural arch; the haemal keel prominent; the
zygosphene usually roughly straight; the prezygapophy-
ses located clearly above the floor of the neural canal;
the long axis of prezygapophyseal facets oblique in dorsal

fr.pensoft.net

view; the prezygapophyseal processes weakly developed;
the paradiapophyses subsquare in shape, with indistinct
subdivision into para- and diapophyseal portions (Szyn-
dlar and Rage 2003). By their morphological characteris-
tics and also relatively large size, the vertebrae are similar
to those of the type species, Bavarioboa hermi, occurring
in the German and Czech late early Miocene (Szyndlar
and Schleich 1993; Szyndlar and Rage 2003; Ivanov et al.
2020). However, the peculiar hourglass-shaped haemal
keels observed in a few trunk vertebrae suggest affinities
with Bavarioboa crocheti from the French late Oligo-
cene. Interestingly, the sole mid-trunk vertebra of Ba-
varioboa reported from Turkey by Szyndlar and Hosgor
(2012) was provided with a similar (i.e., crocheti-like)
keel. Nonetheless, other morphological traits of the ver-
tebrae from Echzell suggest that the snake represented
Bavarioboa hermi or a closely related form.

There is yet another strange anatomical peculiarity ob-
served in the sole cloacal vertebra of Bavarioboa from
Echzell, namely the presence of the paired haemapoph-
yses. This is surprising, because, in virtually all recent
genera of the Boinae, haemapophyses are absent in the
sacral region of the column as well as they are absent in
the anterior caudals. Exactly the same morphological pat-
tern was observed in some species of Bavarioboa, whose
vertebrae coming from the sacral / anterior caudal por-
tion of the column of which were available (Szyndlar and
Rage 2003). However, there is at last one exception from
this tendency in the Boinae, namely, the presence of hae-
mapophyses was confirmed in the posterior cloacal ver-
tebrae (as well in the anterior caudals) in the living boine
Epicrates cenchria (Szyndlar, unpublished observation).

Colubridae Oppel, 1811
Natrix Laurenti, 1768

Natrix longivertebrata Szyndlar, 1984
Fig. 19

Material. One basisphenoid HLMD-Ez 2158.

Description. The basiphenoid is fragmentary. Its an-
terior portion, at the level of the anterior orifices of the
Vidian canals approximately, is missing. The maximum
width of the bone, measured between distal tips of the ba-
sipterygoid processes, is 3.7 mm. In ventral view, the basi-
sphenoid crest is absent (Fig. 18A, B). The basipterygoid
processes are distinct. Their posterior margins are strongly
extended posteriorly covering the recess housing the pos-
terior foramina of the Vidian canals. However, a tiny prox-
imal fragment of the left basipterygoid process is broken
off, owing to which the posterior orifice of the Vidian canal
as well as the cerebral foramen (for palatine branch of fa-
cial nerve, VII) are clearly visible in ventral view.

In dorsal view, several foramina are visible, dis-
tributed typically of higher snakes (Fig. 18C, D). The
paired largest foramina, located at the midway between
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the posterior border of the bone itself and the posterior
border of the pituitary fossa (sella turcica), are posteri-
or openings for the abducens nerves (VI). The anterior
openings for these nerves are situated near the poste-
ro-lateral corners of the pituitary fossa. The sympathetic
nerve foramina (not visible on the right side) are located
directly anterior to the pituitary fossa. The paired open-
ings piercing the basipterygoid processes, laterally to the
abducens nerve foramina, are tentatively interpreted as
the deep petrosal nerve foramina (both visible on the left
side only).

Seen in left lateral view, an opening located directly
above the posterior orifice of the Vidian canal and partly
hidden beneath the basipterygoid process, is interpret-
ed as a foramen for re-entry of the constrictor internus
dorsalis branch (cid) of the trigeminal nerve (V) on its

A

deep petrosal
A nerve foramen 4
; <

way from the prootic (Fig. 19E, F). The location of the
exit of the latter nerve (either within the basisphenoid
or in a suture between the basisphenoid and parietal) re-
mains unknown owing to the damage of the bone anterior
to the basipterygoid processes.

Remarks. Apart from the basisphenoid, the available
snake material from Echzell does not contain any other
elements, in particular vertebrae, identifiable as belong-
ing to natricine snakes. This absence of any vertebrae is
astonishing, considering that in virtually all fossil sites,
if they yield snake cranial remains, the latter are typical-
ly accompanied by vertebrae. Unfortunately, this is not
the case of the material from Echzell. Theoretically, some
vertebral fragments classified here as “Colubroides in-
det.” could belong to natricines, but it cannot be proved
on the studied material.

basipterygoid
process

posterior orifice
of Vidian canal
(posterior
carotid foramen)

cerebral
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sympathetic nerve

pituitary fossa
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(sella turcica)
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Figure 19. Basisphenoid of Natrix longivertebrata (HLMD-Ez 2158) in (A, B) dorsal, (C, D) ventral and (E, F) left lateral views.
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The basisphenoid from Echzell is clearly referable to
the extinct snake Natrix longivertebrata. By its pecu-
liar morphology, it significantly differentiates not only
from basisphenoids of other natricines (except for N.
astreptophora, see below) but also from those belong-
ing to members of other ophidian families (Szyndlar,
unpublished observations).

“Colubrinae” indet.
Fig. 18F—J

Material. Seventy trunk vertebrae HLMD-Ez 2159 and
HLMD-Ez 2159a.

Description. Vertebrae: All vertebrae classified here
as “Colubrinae” are preserved in more or less frag-
mentary state; most are badly preserved. The largest
vertebra, coming from the middle trunk portion of the
column HLMD-Ez 2159 (Fig. 18F-J), belonged to a
relatively small-sized snake (centrum length measures
4.5 mm, centrum width — 3.6, centrum length / centrum
width ratio equals 1.25). It lacks both prezygapophyse-
al processes and right postzygapophysis. The centrum
of most vertebrae is subtriangular in ventral view and
slightly longer than wide in the largest vertebrae. In a
number of smaller vertebrae, interpreted as posterior
trunk vertebrae, the centrum is more elongated. The
subcentral ridges are well developed. The haemal keel
is distinct and slightly widening before reaching the
condyle base. The neural arch is moderately vaulted,
not accompanied by any epizygapophyseal spine. The
neural spine (partly preserved in few vertebrae only)
is twice longer than high approximately. The zygo-
sphenal roof (preserved in few vertebrae) is roughly
straight or consisting of three indistinct lobes. The
prezygapophyseal articular facets are oval (Fig. 18G),
the postzygapophyseal facets are usually subsquare in
shape (Fig. 18H). The prezygapophyseal processes are
damaged in all vertebrae. Remnants of the processes
preserved in one (?posterior) vertebra indicate that the
apophyses may have been slender and relatively long
(as long or almost as long as the prezygophyseal artic-
ular facets). The paradiapophyses (usually eroded) are
moderately developed, with the dia- and parapophy-
seal portions of roughly equal length (Fig. 18I). The
cotyle and condyle are slightly depressed dorso-ven-
trally. The lateral, subcentral and paracotylar foramina
are small but distinct.

Remarks. Owing to the bad preservation state of the
aforementioned remains, we refrain from identifying
the fossil snake to the genus level. The remains resem-
ble roughly those of a number of small “colubrines”
(i.e., “Colubridae” devoid of hypapophyses throughout
the column) reported from several early Miocene sites
(Szyndlar 2012). We cannot exclude the possibility that
the fossils belonged to more than one taxon, but it cannot
be proved.
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Elapidae Boie, 1827
Naja Laurenti, 1768
Naja romani (Hoffstetter, 1939)

Naja cf. romani
Fig. 18K-O

Material. Four fangs HLMD-Ez 2157, 50 trunk verte-
brac HLMD-Ez 2151-5156.

Description. Fangs: Four isolated teeth are venom-
ous fangs. They are tubular, with acute distal tips. The
discharge orifice, located on the anterior surface of each
fang, is elongate and gladiate-shaped. The discharge or-
ifice extends, towards the proximal end, in the form of
a visible suture. The latter condition is characteristic of
elapid snakes, whereas in viperids the anterior surface
of the fang is generally smooth. Relatively small di-
mensions of the fangs suggest that they either belonged
to juvenile / subadult individuals or were replacement
(non-functional) fangs.

Vertebrae: Most vertebrae come from the middle trunk
portion of the column. In the largest (but partly damaged)
vertebra (HLMD-Ez 2151, Fig. 18K-0), centrum length
measures 7.1 mm, centrum width — 5.7 mm, and cen-
trum length / centrum width ratio equals 1.25. At least in
large vertebrae, the centrum is triangular in ventral view,
with a flat or slightly concave ventral surface. The sub-
central ridges are well developed, especially behind the
paradiapophyses. The hypapophysis, preserved partly in
few vertebrae, is thick, strongly inclined posteriorly and
shows a straight anteroventral margin. The neural arch
is rather depressed. The neural spine, preserved partly in
few vertebrae, is approximately twice longer than high.
Its anterior margin is straight. The shape of the posterior
margin is unknown. The paradiapophyses are well de-
veloped with short but distinct parapophyseal processes
(the latter is preserved only in two vertebrae). The zygo-
sphenal roof is almost straight or slightly convex in dor-
sal view. The prezygapophyseal and postzygapophyseal
articular facets are relatively small and oval-shaped. The
prezygapophyseal process (preserved only on the left side
of one vertebra) is well developed, somewhat shorter than
the articular facet and possesses also a moderately obtuse
tip. The cotyle and condyle are suborbicular or slightly
depressed. The subcentral, lateral, and paracotylar foram-
ina are distinct (Fig. 18K—M).

A few trunk vertebrae coming from the posterior trunk
portion of the vertebral column are more elongated than
those from the middle portion. One vertebra (HLMD-Ez
2154; centrum length 4.1 mm, centrum width is 3.0 mm,
centrum length / centrum width ratio 1.4) is provided with
a completely preserved hypapophysis. The hypapophysis
is dagger-shaped and directed posteriorly.

Remarks. Based on the overall vertebral morpholo-
gy, cobras can be rather easily differentiated from other
European fossil snakes. The vertebrae of cobras “mimic”
the morphological pattern characteristic of large-sized
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“colubrines” but, unlike the latter, they are provided with
hypapophyses throughout the trunk portion of the col-
umn. The vertebrae described above generally display the
anatomical features characteristic (e.g., dagger-shaped
and posteriorly directed hypapophysis) of the extinct spe-
cies Naja romani (Szyndlar 2005). Considering the frag-
mentary state of preservation of the fossils, we prefer to
use the species name with the qualifier “cf.”.

Colubroides indet.

Material. Fifty-seven caudal vertebrac HLMD-Ez 2160.

Remarks. The caudal vertebrae (all damaged, in most
cases badly preserved) belong most likely to small-sized
advanced snakes (i.e., different than Bavarioboa). Be-
cause of the poor preservation, the vertebrae were not
identified to the family level.

Serpentes indet.

Material. Fifty-six vertebrac HLMD-Ez 2161.

Remarks. All these elements are minute vertebral
fragments (rather than fragmentary vertebrae). They dis-
play ophidian characteristics, but besides more precise
identification is not realizable.

Discussion

The Echzell fauna consists of one allocaudate — A/baner-
peton inexpectatum, five salamanders — Chioglossa sp.,
Mertensiella sp., Lissotriton sp., Salamandra sp., Chel-
otriton sp., five frogs — Latonia, Palaeobatrachus robus-
tus, Pelophylax sp., Rana sp., Pelobates sanchizi, a gecko
— Gekkota indet., a chameleon Chamaeleo andrusovi, and
anguine lizards, also represented by a new genus and spe-
cies, — Smithosaurus echzellensis, a lacertid, a skink — cf.
Calcides sp., four snakes — Natrix longivertebrata, “Col-
ubrinae” indet., Naja cf. romani, Bavarioboa cf. hermi.
In addition to them, Tobien (1954) mentioned also shell
plates of testudinid tortoises which, unfortunately, could
not be relocated in the collection of the HLMD and made
available for our study. Clearly, the Echzell assemblage
does not include the primary paleofauna and thus, a better
picture of the fauna as well as our interpretations can be
improved by further material collection. For the palaeo-
biogeographic analysis of the Echzell herpetofauna, we
provide an overview of the well-documented amphibian
and reptilian assemblages from European localities of the
MN3-MN4 zones. The record of amphibians and reptiles
follows the references cited in the caption of Table 2. The
entire herpetofauna of Echzell is represented by genera
very broadly known in the early Miocene of Europe.

The analysis suggests that fossil records of higher taxo-
nomic groups are significantly biased by taphonomic and/

or environmental conditions. For instance, the lack of La-
tonia from both localities of Mokra-Western Quarry is in-
terpreted by Ivanov (2008) to be a result of the deposition-
al environment. Testudinids are entirely missing in e.g.
Oberdorf, Austria, whereas for Mokra-Western Quarry,
Czech Republic they have not been studied yet (Table 2).
Moreover, many lizard groups, which often occur in other
European localities, are missing in Echzell (see below).
We have compared the early Miocene European her-
petofauna (Table 2) with the Anatolian one (Vasilyan et
al. 2019) as much as the taxonomy of the latter record
allows it. The over-regional scale comparison suggests
similar frog (Latonia, Palacobatrachidae, Pelobatidae,
Bufonidae) and salamander (Salamandra) faunas, where-
as the lacertids are quite diverse in comparison to Europe.
The taxonomic assignment of the anguids from Anatolia
does not allow any comparison with the European record.
Other groups are missing from the fossil assemblages, or
the identification is not as precise as necessary to compare.

Amphibians

The amphibian assemblage of Echzell is represented by
characteristic forms commonly known from the (early)
Miocene of Europe, e.g. A. inexpectatum, Chioglossa,
Mertensiella, Salamandra, Latonia, Palaeobatrachus etc.
(Table 2). The remains of Chelotriton are the most abun-
dant, whereas Albanerpeton, Chioglossa, Mertensiella,
Salamandra are less abundant. The genera Chioglossa
and Mertensiella, being phylogenetically sister groups
(Pyron and Wiens 2011), have rather synchronous and
exclusively European fossil occurrence since the late Oli-
gocene — early Miocene (Bohme and Ilg 2003). Their re-
cent areas are limited to humid forested regions of West-
ern Europe (Chioglossa) and Western Asia (Mertensiella)
(Sparreboom 2014). Surprisingly, in a number of Western
and Central European early Miocene localities, they have
sympatric occurrences (e.g., see Table 2). Osteologically,
the genera can be distinguished by few characters of trunk
vertebra, see, e.g. Ivanov (2008), Hodrova (1984). Most
probably, Western and Central European early Miocene
Chioglossa and Mertensiella represent the earliest forms
of the genera and suggest a European origin of the clade
Chioglossa+Mertensiella. However, due to recent ad-
vances in molecular phylogeny (e.g., Wielstra et al. 2010;
Recuero and Garcia-Paris 2011), a better understanding
of the diversity of these genera as well as other recent
genera, e.g., Salamandra, Lissotriton, Triturus is avail-
able. A detailed osteological study (including other skele-
tal elements than vertebra) of the recent forms, taking into
account the current knowledge of molecular studies, will
enable more precise identification of the fossil material,
for instance, at the species or species-group level.
Among other salamanders, it is interesting to note that the
Echzell assemblage includes only one form of Chelotriton
contrary to, e.g. both localities of Mokra Western Quarry
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(Ivanov 2008). As discussed before, the Echzell Chelotri-
ton sp. differs morphologically from all other forms of the
genus from MN3-MN4 localities. This has been already
observed earlier and interpreted as interspecific variability
(Schoch et al. 2015) or uncovered high specific or generic
diversity (Vasilyan 2020) for the genus. The second option
seems rather probable, considering the present-day biodi-
versity of the genus Tylototriton (Hernandez 2016), a genus
most probably related to the European fossil Chelotriton.

Two of the five frog taxa, Latonia and Pelobates, are
most abundant in the Echzell assemblage. The species
P sanchizi is commonly found in the middle to ear-
ly late Miocene European localities. So far, the species
P sanchizi has been described only from two MN4 local-
ities Mokra-Western Quarry 1/2001 and 2/2001 and from
other younger localities correlated to MN6 and younger
zones. A gap in the stratigraphic occurrence at the transi-
tion of the early-middle Miocene is “filled” by another spe-
cies, P._fahlbuschi from Sandelzhausen, Germany (B6hme
2010). P. sanchizi from Echzell, representing one of the
oldest fossil records of the species, extends its geographic
occurrence during the early Miocene (MN4) of Europe.

Palaeobatrachus robustus from Echzell extends the
stratigraphic occurrence of the species, so far limited to
MN?2. It was confidently known from the early Miocene
(MN2) locality Laugnac, France (Hossini and Rage 2000).
Another probable occurrence has been mentioned for
the late Oligocene of Germany (loc. Oberleichtersbach;
Bohme 2008), where a fragmentary frontoparietal has been
identified as Palaeobatrachus sp., showing affinities with
P robustus. The figured Oberleichtersbach specimen of Pa-
laeobatrachus sp. aff. P. robusutus in Bohme (2008; plate
3, fig. 7) resembles the morphology of Echzell frontopari-
etals. The taxonomic identification of the palaeobatrachids
both at the generic and species level relies on the frontopa-
rietal morphology (Wuttke et al. 2012; Rocek et al. 2015).
Unfortunately, this bone has very limited preservation
potential in the fossil record, which hinders species-level
identification of the material and a better understanding of
the stratigraphic occurrence of the species. Nevertheless,
the Echzell record of the species suggests a longer pres-
ence of the species in Europe during the Miocene.

The other two frog taxa, Pelophylax sp. and Rana sp.,
are represented by very few remains. These two genera
are also commonly found in all localities of similar age.
In general, the comparison of anuran assemblages of
MN3-MN4 localities (Table 2) suggests that representa-
tives of the Bufonidae, Hylidae, Pelodytidae families are
rarely found. It could be related to the absence of environ-
ments, e.g., dry habitats for Bufotes, or in general rare oc-
currences of those clades in the amphibian assemblages.

Lizards

Although the Echzell lizard material is only fragmentarily
preserved, it provides essential information on the paleo-
biodiversity and spatial distribution of lizard taxa in the
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early Miocene. Several major clades can be recognized:
Gekkota, Chamaeleonidae, Anguidaec and Scincidae.
Overall, the Echzell lizard assemblage is similar to other
European localities from MN4, e.g., Dolnice and Mokra
Western-Quarry in the Czech Republic (see Rocek 1984;
Cerﬁansky 2010b, 2010c; Ivanov et al. 2020) and Ober-
dorf in Austria (Ceriiansky 2016) (see Table 2). Interest-
ingly, amphisbaenians, varanids, cordylids and the genus
Pseudopus were not recognized in the material available
to us. Lacertids are very limited in Echzell based on the
material available to us, although they are very abundant
in other localities of this age (Cerfiansky 2010c, 2016; Iva-
nov et al. 2020). The missing group represents large-sized
animals, which might point to potential taphonomic and/or
sampling biases. However, an environmental bias cannot
be excluded since a large size animal (testudinid tortoises)
has been reported with one fragment from the locality.
Regarding chameleons, the frontal is partly preserved.
The bone described here, although preserved only as a
fragment, represents the first described frontal of the ex-
tinct species Chameleo andrusovi Ceriiansky, 2010b.
Regarding the parietal bone, three genera of anguines
(where this element can be studied) are recognized in the
Neogene of Europe until now: Pseudopus, Anguis and
Ophisaurus (including problematic O. holeci, see below).
Note that these taxa also represent extant lineages. How-
ever, the parietals from Echzell and Gratkorn have unique
features (plus combination of other character states, see
diagnosis) which do not allow to allocate them to any of
the currently known genera. Therefore, we have erected a
new taxon, Smithosaurus echzellensis. The parietal UM-
JGP 204.749 from Gratkorn was originally allocated to
Ophisaurus spinari (Béhme and Vasilyan 2014; note that
originally three other parietals from Gratkorn were erro-
neously assigned to anguines) but Klembara and Rummel
(2018) recognized its unique morphology in regard to
other taxa. The occurrence of a new genus in the Neo-
gene of Europe shows a greater diversity of anguines than
previously thought. Besides the clear autapomorhic fea-
tures typical for this new taxon, it exhibits interestingly a
mixture of features of Ophisaurus, Anguis and Pseudopus:
(1) a short postfoveal crest — this character state is typical
for Pseudopus (and present also in the fossil taxon Ophis-
aurus holeci, but absent in Anguis and all other Ophisau-
rus; see Klembara 2015; Cerﬁansk}'l and Klembara 2017;
Cerniansky et al. 2019); (2) narrow muscular surface — the
large muscular surface is present in Pseudopus (a narrow
one is developed in some large individuals of O. holeci
as well, see Klembara et al. 2019); (3) a large occipital
shield, its anteroposterior length is longer than the length
of the posteriorly located smooth area. This is typical for
Anguis (Klembara and Rummel 2018; Ceriansky et al.
2020a); (4) the parietal notch present — this can be seen
in Anguis and Ophisaurus (e.g., Ceriansky et al. 2015;
Klembara et al. 2019); (5) the supratemporal process with
a smooth ventrolateral surface, which fluently continues
anteriorly to the muscular surface of the parietal table (a
typical character state in Pseudopus (see e.g., Klembara
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et al. 2017; Klembara and Rummel 2018)); (6) a straight
supratemporal process — this is present in Pseudopus, but
not in Anguis and all other Ophisaurus species studied
except of O. holeci (see e.g., Cerhiansky and Klembara
2017; Klembara et al. 2019); (7) the anterior end of the
ventrolateral ridge of the supratemporal process joining
the parietal cranial crest at the level anterior to the pos-
teromedial margin of the floor of the parietal fossa. The
parietal crest is sharp in the area of junction. This is in
contrast to O. holeci, O. roqueprunensis and Pseudopus
pannonicus (Ceriansky and Klembara 2017; Klembara
and Rummel 2018; Klembara et al. 2019).

The typical, anteriorly diverging parietal cranial crests
in Smithosaurus can be seen outside of the Anguinae. It
is present, although not developed to such a degree, in
e.g., Elgaria (Gerrhonotinae; see Bhullar 2011; fig. 35b;
Ledesma and Scarpetta 2018; fig. 18b) and in some xeno-
saurs (Bhullar 2011; fig. 36Db).

The results of the phylogenetic analyses, although
based only on the limited data, recovered Smithosaurus
echzellensis as sister to the clade formed by Ophisaurus
and Anguis (or to the larger clade formed by these and
Ophisauriscus quadrupes + Ophisaurus holeci). This re-
flects the primitive character states of the new taxon in
regard to anguines (and/or eventually, the combination
of character states is present in the other anguines stud-
ied here). Although the position on the tree represents a
relative degree of evolutionary relationships rather than
reflecting the process of phylogeny (i.g., a sequence of
ancestors and descendants), such a result might point to
the existence of potentially archaic lineage(s), persist-
ing into the Miocene. Another example in this regard is
Ophisaurus holeci (see Klembara et al. 2019). As stated
above, however, all conclusions are based strictly on the
parietal features only and need to be met with caution.
Only future studies of complete material can shed light
on anguine phylogeny.

Snakes

The genus Bavarioboa is an extinct representative of
the subfamily Boinae, the group today absent in the Old
World continents. Bavarioboa, represented by several
species, belonged to the commonest European snakes in
the second half of the Oligocene. Remains of this snake,
of late Oligocene / early Miocene age, were also found
in Turkey (Szyndlar and Hosgor 2012; Syromyatnikova
et al. 2019). Bavarioboa reappeared in Europe at the end
of the early Miocene (Ivanov 2002; Szyndlar and Rage
2003). The geologically youngest remains of Bavarioboa
were reported from the middle Miocene of Germany (Iva-
nov and Béhme 2011).

Natrix longivertebrata was described, as a new spe-
cies, from the late Pliocene of Poland by Szyndlar (1984),
based on a large number of diverse bones including sev-
eral basisphenoids. Later, fossil remains (exclusively
vertebrae) referred to this species (usually with qualifiers

‘cf.” or ‘aff.”) were reported from several European sites,
dated from late Miocene to late Pliocene, by various au-
thors (see Szyndlar 2005, and references therein). It is
doubtful that all these remains belong to N. longiverte-
brata. The turning point in studies on this species was
the discovery of several basisphenoids (along with other
bones) among ophidian remains coming from the middle
Miocene of France (identified as N. aff. longivertebra-
ta), making N. longivertebrata a snake with one of the
longest known stratigraphic ranges. N. longivertebrata
was considered to be morphologically closer to the living
N. natrix than to any other extant members of the genus
Natrix and, eventually, it was considered a direct ancestor
of N. natrix (Rage and Szyndlar 1986; Szyndlar 1991).

The key differences between N. longivertebrata and N.
natrix can be observed in the basicranium, in particular in
the posteriormost area of the basisphenoid. In N. longiver-
tebrata the posterior margins of the basipterygoid process-
es of the basisphenoid are strongly extended posteriorly so
that the posterior orifices of the Vidian canals are hidden
inside bony recesses and hence invisible in ventral aspect.
In N. natrix (excluding N. n. astreptophora, which cranial
osteology remained unstudied yet in the early 1990s), the
posterior margins of the basipterygoid processes are ori-
ented anteromesially, so that the posterior foramina of the
Vidian canals, usually shifted forwards from the posterior
border of the bone, are well exposed in ventral view. The
former condition was termed ‘“ancient”, while the latter
was termed “modern” (Szyndlar 1991). The “ancient”
pattern is the only condition observed in N. longivertebra-
ta, but it occurred very rarely in populations of N. natrix
from the Polish early and middle Pleistocene: altogether,
3 “ancient” versus 136 “modern” basisphenoids (Szyndlar
1991: table 1). The gradual change in the frequency of
the two different basicranial morphological patterns (“an-
cient” vs. “modern” basisphenoids and also other cranial
characteristics) was the basis for Szyndlar (1991) hypoth-
esis of the transformation of the N. longivertebrata lin-
eage into N. natrix. Clearly, the greatest weakness of the
above hypothesis is the lack of any basicranial elements
referable to natricine snakes from the long period between
the middle Miocene and late Pliocene.

Rage and Szyndlar (1986: 60) mentioned that “in re-
cent snakes, this character [i.e., the “ancient” pattern] has
been noted only in one specimen from Spain” (Natrix na-
trix, MNCN 820924). Unfortunately, they did not connect
the variability of the basiphenoid with the geographic
distribution of different populations (subspecies) of the
living grass snake. In 1996, Stefan Miiller-Champrenaud
(unpublished observations, see Szyndlar 2012 for details)
first noticed that the “ancient” pattern of N. longivertebra-
ta is also characteristic of a living subspecies of N. natrix,
namely N. n. astreptophora, inhabiting today Iberia and
southern France. The taxonomic status of the latter snake
was then discussed by Pokrant et al. (2016), who raised
astreptophora, mainly based on genetic characters, to the
species level. Apart from the molecular evidence, these
authors presented also some observations on the cranial
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osteology of N. astreptophora and, eventually, made
some comments with reference to N. longivertebrata.

Although Pokrant et al. (2016; fig. 2) seemed to ap-
preciate the significance of the basisphenoid morphology,
the bone has been missed for N. astreptophora when de-
picting it in ventral aspects for a few subspecies of Natrix
natrix. Pokrant et al. (2016: 875) argued that Szyndlar
(1991) for “contradicting basic phylogenetic principles”,
without explaining why both “ancient” and “modern” ba-
siphenoid patterns occur together in Pleistocene ophidian
assemblages. They claimed (ibidem: 875) that the “re-ex-
amination of Szyndlar’s material revealed that his only
three specimens of N. natrix sharing the character state
of the fossil N. longivertebrata (Szyndlar 1991) belong
to [sic!] NV. n. astreptophora”. As mentioned above, these
three “ancient” (or astreptophora-like) basisphenoids
were found in two Polish Pleistocene localities along
with more numerous “modern” basisphenoids and, con-
sequently, all remains were identified as belonging to N.
natrix (Szyndlar 1991; table 1). Such a variability of the
skull bone one can interpret as a polymorphism, which
has not been considered by Pokrant et al. (2016).

Finally, Pokrant et al.: 885 (2016) observed that “the
same character state as in Natrix longivertebrata and N. n.
astreptophora [i.e., the “ancient” basisphenoid pattern] is
also found in N. maura”. The above statement cannot be
supported, as the basisphenoid of the latter snake depicted
by these authors (ibidem; fig. 2F) represents apparently the
“modern” pattern. Similarly, the basisphenoid of another
specimen of N. maura (MNCN 824272), examined and
illustrated by Szyndlar (1984; fig. 28: 7), displays clearly
the “modern” pattern, as well. In the light of these facts,
Pokrant et al. (2016) conclusions resulting from the os-
teological observations needs to be critically considered.
In particular, the suggestion that homoplasy explains “the
occurrence of identical basisphenoid patterns in certain
Natrix taxa” (ibidem: 884—885) remains unproven.

As mentioned above, based on the cranial osteology
(in particular basisphenoids), Rage and Szyndlar (1986)
hypothesized that the living species Natrix natrix was a
direct descendant of the Neogene extinct species N. lon-
givertebrata. Based on our current knowledge of the os-
teology of N. astreptophora, we propose to modify this
hypothesis and consider N. natrix and N. astreptophora
as descendants of N. longivertebrata. If this supposition
is correct, the divergence into two extant species must
have taken place between the middle Miocene and late
Pliocene (indeed, based on molecular data, Kindler et al.
(2017; fig. S1) estimated that the split into N. astreptopho-
ra and N. natrix took place between 9.6 and 10.6 Ma, i.e.,
early late Miocene). Unfortunately, owing to the lack of
any fossil record (basisphenoids) from this very long pe-
riod, more precise dating based on paleontological data is
not possible. The proposed hypothesis does not contradict
Pokrant et al. (2016; p. 884) conviction “of the unambig-
uous molecular evidence for the monophyly of N. natrix
(inclusive of N. n. astreptophora)”. Last but not least, de-
tailed comparative studies of skulls of N. natrix and N.
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astreptophora woud be desired. Concluding, the present
discovery of the basisphenoid from Echzell, clearly re-
ferable to Natrix longivertebrata, extends back the strati-
graphic range of this fossil species to the early Miocene.

Naja romani was first described as a member of the
extinct genus Palaeonaja, from the French middle Mio-
cene (Hoffstetter 1939). Rage and Szyndlar (1990), who
revised the entire fossil record of the European cobras,
synonymized Palaeonaja with the extant genus Naja. Re-
mains of N. romani, in some cases abundant and perfect-
ly preserved, were reported from several European sites,
ranging in age from early to late Miocene (see Szyndlar
2005, and references therein). Additionally, a number of
vertebrae identified as Naja sp. were reported from some
other localities representing the same time span.

Palaeoenvironmental and -climatic implications

The amphibian and reptilian assemblage of Echzell is rich
in forms living in humid and warm environments. Thus, the
presence of amphibian genera such as Chioglossa, Mer-
tensiella, Lissotriton, Latonia, Pelobates, and the reptile
Chamaelaeo suggest in general humid and warm forested
environments, whereas Palaeobatrachus, Pelophylax, Na-
trix indicate the presence of permanent water bodies. Oth-
er taxa, including the genus Rana, skinks and the remain-
ing snake taxa, allows also concluding about open habitats.
The presence of Chamaeleonidae in Echzell allows to
reconstruct palaeotemperature. Haller-Probst (1997) sug-
gested that the chamaeleonid occurrence indicates a range
of the mean annual temperature of 17.4-28.8 °C, minimal
warm month temperature 18-28.3 °C, minimal cold month
temperature 8-22.2 °C (Haller-Probst 1997). This is also
supported by the presence of the clade Gekkota, which are
distributed worldwide in warm temperate to tropical areas
(Bauer 2013; Meiri 2020). The mean annual precipitation
(MAP) value has been estimated using the bioclimat-
ic analysis of the amphibian and reptilian assemblage of
Bohme et al. (2006). The analysis suggests a MAP value of
791£254 mm (Table 2) for Echzell, which is 126% wetter
than the present-day value (Table 2).

Sample availability the studied fossils are depos-
ited at the Hessisches Landesmuseum, Darmstadt
(HLMD), Germany.
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