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Fossil amphibians and reptiles from the Neogene locality
of Maramena (Greece), the most diverse European herpetofauna
at the Miocene/Pliocene transition boundary

Georgios L. Georgalis, Andrea Villa, Martin Ivanov,
Davit Vasilyan, and Massimo Delfino

ABSTRACT

We herein describe the fossil amphibians and reptiles from the Neogene (latest
Miocene or earliest Pliocene; MN 13/14) locality of Maramena, in northern Greece. The
herpetofauna is shown to be extremely diverse, comprising at least 30 different taxa.
Amphibians include at least six urodelan (Cryptobranchidae indet., Salamandrina sp.,
Lissotriton sp. [Lissotriton vulgaris group], Lissotriton sp., Ommatotriton sp., and Sala-
mandra sp.), and three anuran taxa (Latonia sp., Hyla sp., and Pelophylax sp.). Rep-
tiles are much more speciose, being represented by two turtle (the geoemydid
Mauremys aristotelica and a probable indeterminate testudinid), at least nine lizard
(Agaminae indet., Lacertidae indet., ?Lacertidae indet., aff. Palaeocordylus sp., ?Scin-
cidae indet., Anguis sp., five morphotypes of Ophisaurus, Pseudopus sp., and at least
one species of Varanus), and 10 snake taxa (Scolecophidia indet., Periergophis micros
gen. et sp. nov., Paraxenophis spanios gen. et sp. nov., Hierophis cf. hungaricus,
another distinct “colubrine” morphotype, Natrix aff. rudabanyaensis, and another dis-
tinct species of Natrix, Naja sp., cf. Micrurus sp., and a member of the “Oriental Vipers”
complex). The autapomorphic features and bizarre vertebral morphology of Perier-
gophis micros gen. et sp. nov. and Paraxenophis spanios gen. et sp. nov. render them
readily distinguishable among fossil and extant snakes. Cryptobranchids, several of
the amphibian genera, scincids, Anguis, Pseudopus, and Micrurus represent totally
new fossil occurrences, not only for the Greek area, but for the whole southeastern
Europe. The four different types of serration within the Varanus teeth from Maramena
raise questions on the taxonomic importance or the variability of this feature. The large
number of distinct amphibian and reptile taxa in Maramena makes this Greek locality
by far the most diverse and speciose among all European localities across the latest
Miocene and earliest Pliocene. An estimation of the palaeoprecipitation value of the
locality is provided. The biogeographic origins of the Maramena herpetofauna are not
fully resolved, though certain of its elements were previously only known from the early
and middle Miocene of Central Europe.
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INTRODUCTION

The latest Miocene/earliest Pliocene transition
in Europe is characterized by important climatic
changes, geographic alterations, and faunal turn-
overs, which affected the palaeoenvironments of
the continent (Cerling et al., 1997; Snel et al.,
2006; Carnevale et al.,, 2008; Harzhauser et al.,
2015; Suc et al., 2015; Carnevale et al., 2017;
Karakitsios et al., 2017). One of the major dramatic
events of the Cenozoic Era, the Messinian Salinity
Crisis (hereafter MSC), took place at the latest Mio-
cene (Messinian), a period during which the Medi-
terranean Sea became isolated from the Atlantic
Ocean through a closure of the Strait of Gibraltar,
resulting in a significant amount of drying and
severe environmental perturbations (Hsu, 1972;
Krijgsman et al., 1999; Snel et al., 2006; Carnevale
et al., 2008; Ivanovic et al., 2014; Harzhauser et
al., 2015; Suc et al., 2015; Carnevale et al., 2017;
Karakitsios et al., 2017; Carnevale et al., 2019).

Although the main focus of palaeontological
interest for this time lapse has been, as usual, fos-
sil mammals (e.g., Koufos et al., 2005; Fortelius et
al., 2006; Koufos and Vasileiadou, 2015), studies
on fossil amphibians and reptiles have demon-
strated a general impoverishement of post-Mio-
cene European herpetofaunas, with certain clades
being locally extinct from the continent and others
gradually shrinking their ranges towards the south-

ern portions of the continent (Szyndlar, 1991a, b,
2012; Ilvanov et al., 2000; Rage, 2013).

To fully comprehend the mechanisms around
these extinctions, probable dispersals, distribution
ranges alterations, and faunal turnovers of amphib-
ian and reptile assemblages during the latest Mio-
cene/earliest Pliocene transition, it is essential to
comprehend and document in detail the exact
diversity, taxonomic composition, and affinities of
palaeoherpetofaunas across European localities of
this time interval. Here we describe in detail the
fossil amphibians and reptiles from the locality of
Maramena, northern Greece. A large number of
amphibian and reptile lineages are described from
the fossil record of southeastern Europe for the first
time. Two new “colubrine” snake genera and spe-
cies are established to accommodate new taxa
with bizarre autapomorphic features. With an age
around the boundary of latest Miocene/earliest
Pliocene (MN 13/14), Maramena offers a unique
insight about the biogeography and taxonomic
diversity of European herpetofaunal assemblages
during that time interval. The high abundance and
diversity of taxa surpasses all contemporary fau-
nas of the continent and raises questions about the
negative effect of the Miocene/Pliocene transition
on European herpetofaunas, implying a much
more complex biogeographic pattern.



GEOLOGICAL AND PALAEOECOLOGICAL
SETTINGS

The locality of Maramena is situated a few
kilometers from the city of Serres, in the adminis-
trative region of Central Macedonia, in northern
Greece (Figure 1). Maramena, along with the adja-
cent localities Ano Metochi-2 and Ano Metochi-3,
belongs to the Lefkon Formation (Bruijn, 1989).
Maramena is situated in the uppermost part of the
Lefkon Formation, which consists of arkosic sands,
clays, marls, and lignites (Schmidt-Kittler et al.,
1995). The geology of the Lefkon Formation and
the adjacent ones (Georgios Formation and Spilia
Formation) within the Strymon (or Strimon or
Serres) Basin is described in detail by Karystineos
(1984), Bruijn (1989), and Schmidt-Kittler et al.
(1995). Further information regarding the Strymon
Basin has been recently provided in detail by
Karakitsios et al. (2017). Maramena is considered
to pertain either to the latest Miocene (latest Mes-
sinian) or the earliest Pliocene (earliest Zanclean),
lying somewhere at the boundary between MN 13/
14 (Schmidt-Kittler et al., 1995), although the asso-
ciated macromammal fauna indicates that a latest
Miocene age is the most probable (Koufos, 2006).
A latest Miocene age allocated to the locality is
also supported by the lithological position of the
Pontian malacofauna in the marine incursion in the
Strymon Basin below a granite breccia (mass
transport from the Ana Vrodou massif) (Hans de
Bruijn, pers. comm. to GLG, February 2019). The
adjacent localities of Ano Metochi-2 and Ano Meto-
chi-3 are both slightly older than Maramena, per-
taining to a late Miocene (Messinian, MN 13) age

FIGURE 1. Map of Greece, with star indicating the lat-
est Miocene/earliest Pliocene (MN 13/14) locality of
Maramena.
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(Koufos, 2006). Three approximate and coeval
sites in Maramena have produced fossil verte-
brates, namely Maramena-1 (M1), Maramena-2
(M2), and Maramena-3 (M3). The majority of the
herpetofaunal material described herein, as also
the most complete specimens, originates from the
M1 site.

Maramena is so far mostly known for its abun-
dant and diverse micromammal fauna, comprising
erinaceomorphs, soricomorphs, lagomorphs, and
numerous rodents, though large mammals have
also been found, consisting of primates, carniv-
orans, proboscideans, perissodactyls, and artio-
dactyls (Bruijn, 1995; Schmidt-Kittler et al., 1995;
Koufos, 2006). No fossils of amphibians have been
so far formally described from Maramena. As far as
it concerns reptiles, previous studies conducted in
the past three decades have documented the pres-
ence of fragmentary remains of turtles (Gad,
1990), lizards (Richter, 1995), and snakes (Szynd-
lar, 1995).

On the basis of the previous fossil finds, it has
been suggested that Maramena represented a
lake, surrounded by different environments: a sub-
tropical forest with humid and dense vegetation
and a relatively dry and open landscape (Schmidt-
Kittler et al., 1995). This palaeoenvironmental inter-
pretation is also supported by the lithological con-
tent, as the sands and lignites present in
Maramena probably indicate an alluvial fan or a
lake (Schmidt-Kittler et al., 1995).

MATERIAL AND METHODS

All specimens described herein belong to the
collection of the Department of Earth Sciences of
the University of Utrecht, Utrecht, The Netherlands
(UU). The material was collected during three field
excavations in Maramena, in 1981 and 1983 (both
collected by Hans de Bruijn), and 1988 (collected
by Hans de Bruijn, Norbert Schmidt-Kittler, Con-
stantin Doukas, Gudrun Hock, Lars van den Hoek
Ostende, and several students). Fossil specimens
were photographed with the digital microscopes
Leica M205 and Leica DVM5000. Comparative
material includes multiple skeletons of extant frogs,
salamanders, turtles, lizards, and snakes hosted in
the following collections: HNHM, MDHC, MJSN,
MNCN, MNHN, NHMW, NMP, PRIF UK, SMF,
ZFMK, and ZZSiD. The mean annual precipitation
has been estimated using the bioclimatic analysis
of the herpetofaunal assemblage (Béhme et al.,
2006). The anatomical terminology of the skeletal
elements follows Estes (1981) for urodelans,
Rocek (1994b) and Sanchiz (1998a) for frogs,
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Joyce and Bell (2004) and Danilov (2005) for tur-
tles, Estes (1983), Evans (2008), and Rage and
Augé (2010) for lizards, and Auffenberg (1963),
Rage (1984), Szyndlar (1984), and LaDuke (1991)
for snakes. Ecophysiological indices follow Béhme
et al. (2006).

Geographical/geological Abbreviations. M1,
Maramena 1; M2, Maramena 2; M3, Maramena 3.

Institutional Abbreviations. HNHM, Hungarian
Natural History Museum, Budapest, Hungary;
IPUW, Institut fir Paldontologie, University of
Vienna, Vienna, Austria; MDHC, Massimo Delfino
Herpetological Collection, University of Torino,
Italy; MFGI, Magyar Foldtani és Geofizikai Intézet,
Budapest, Hungary; MGPT-PU, Museo di Geologia
e Paleontologia, Universita degli Studi di Torino,
Turin, Italy; MJSN, JURASSICA Museum (formerly
Musée jurassien des science naturelle), Porren-
truy, Switzerland; MNCN, Museo Nacional de Cien-
cias Naturales, Madrid, Spain; MNHN, Muséum
national d'Histoire naturelle, Paris, France; NHMW,
Naturhistorisches Museum, Vienna, Austria; NMP,
Néarodni Muzeum Praha, Prague, Czech Repubilic;
PRIF UK, Faculty of Natural Sciences, Comenius
University, Bratislava, Slovakia; SMF, Senckenberg
Naturmuseum, Frankfurt am Main, Germany;
ZFMK, Zoologisches Forschungsmuseum Koenig,
Bonn, Germany; ZZSiD, Polish Academy of Sci-
ences, Krakow, Poland.

SYSTEMATIC PALAEONTOLOGY

AMPHIBIA Linnaeus, 1758
URODELA Duméril, 1806
PANCRYPTOBRANCHA Vasilyan, B6hme,

2

Chkhikvadze, Semenov, and Joyce, 2013
CRYPTOBRANCHIDAE Fitzinger, 1826
Cryptobranchidae indet.

Figure 2

Material. M1: an atlas (UU MAA 7441), probably
also a second atlas (UU MAA 7530).

Description. The incomplete, opisthocoelous atlas
UU MAA 7441 has a preserved centrum length of
6.4 mm and pertains to a subadult individual, with
an estimated approximate body length of 50-55 cm
(Figure 2). The atlas lacks the neural arch. In ven-
tral view, the atlas centrum has concave surface
and it is wider than long (Figure 2.4). The articular
surfaces of the odontoid process are not fused.
Their width is nearly equal to that of the articular
cotyle (Figure 2.1). The cotyle is nearly round in
outline and tilted posterodorsally (Figure 2.2). The
foramen for the first spinal nerve is located in a
large lateral groove (Figure 2.2).

Remarks. The general morphology, as well as the
large size of the atlas, allows its assignment to the
clade of giant salamanders Cryptobranchidae
(Westphal, 1958; Vasilyan et al., 2013). Further
identification of the atlas is difficult due to the lack
of diagnostic morphological characters enabling
the determination of interspecific and/or intrage-
neric differences among recent giant salamander
species (Westphal, 1958). Moreover, the study of
extant comparative material (Andrias davidianus
[Blanchard, 1871] [ZFMK 90469 and ZFMK
76996], Andrias japonicus [Temminck, 1836] [SMF
69133], and Cryptobranchus alleganiensis [Sonnini
de Manoncourt and Latreille, 1801] [ZFMK 5245

FIGURE 2. Cryptobranchidae indet. from Maramena: atlas (UU MAA 7441) in anterior (1), left lateral (2), posterior (3),
ventral (4), and dorsal (5) views. Abbreviations: ct, cotyle; ffsn, foramen for the first spinal nerve; op, odontoid process.
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and SMF 70439]) did not allow any further identifi-
cation as well.

SALAMANDRIDAE Goldfuss, 1820
SALAMANDRINA Fitzinger, 1826

Type species. Salamandra perspicillata Savi,
1821.

Salamandrina sp.
Figure 3.1-5

Material. M1: two vertebrae (UU MAA 7483 and
UU MAA 7484).

Description. Both vertebrae have small dimen-
sions. In lateral view, the opisthocoelous centrum
is straight (Figure 3.1-5). The neural arch is low
(Figure 3.2) but possesses a high neural crest,
which has “lips” on its dorsal edge (Figure 3.1, 3.5).
Posteriorly, it is bifurcated. The posterior laminae
(posterior alar process) of the parapophyses reach
the cotyle. The ventral lamina is well developed.
The anterior edge connecting the prezygapophysis
with the centrum is nearly vertical. The zygo-
sphene-zygantrum articulation is present.
Remarks. The combination of the above described
characters, observable on these two vertebrae,
allows their assignment to the genus Salamandrina
(Pitruzzella et al., 2008). Further identification is
not possible due to the insufficient preservation of
the vertebrae. Moreover, the vertebrae of the two
extant Salamandrina species are apparently not
diagnostic at the species level (Pitruzzella et al.,
2008).

Genus LISSOTRITON Bell, 1839

Type species. Salamandra punctata Latreille,
1800.

LISSOTRITON VULGARIS (Linnaeus, 1758)
Lissotriton sp. (Lissotriton vulgaris group)
Figure 3.6-15

Material. M1: two vertebrae (UU MAA 7517 and
UU MAA 7518).

Description. The two available vertebrae are rela-
tively large (centrum lengths: 2.15 mm for UU MAA
7517 and 2.5 mm for UU MAA 7518) and can be
distinguished from Lissotriton spp. and Ommatotri-
ton spp. by their larger size (Figure 3.6-15). The
centrum is opisthocoelus. The anterior opening of
the neural canal has a pentagonal outline (Figure
3.6, 3.11). The neural arch is high and posteriorly
vaulted. The neural spine is high. lts dorsal surface
is damaged (Figure 3.7, 3.12). The preserved
parapophysis is short and most probably, the verte-
brae belong to the anterior trunk region. The ven-
tral lamina has a rhomboid shape with two small
subcentral foramina (Figure 3.9, 3.14).

PALAEO-ELECTRONICA.ORG

Remarks. The characters observable on the verte-
brae (e.g., the overall large size of vertebrae, the
small subcentral foramina, high neural spine and
neural arch) suggest their assignment to the Lisso-
triton vulgaris group (Hodrova, 1984). However,
due to the poor preservation of both vertebrae, any
further identification is not possible.

Lissotriton sp.
Figure 3.16-20

Material. M1: two vertebrae (UU MAA 7486 and
UU MAA 7487).

Description. The two small-sized vertebrae have
length of less than 2 mm (Figure 3.16-20). The ver-
tebral centrum is opisthocoelous. The condyle and
cotyle are rounded.The condyle displays a well-
developed pericondylar constriction. The neural
canal has a rounded outline. The neural arch is
vaulted posteriorly and bifurcated slightly posteri-
orly. It is not high and possesses a low neural
spine. The neural spine has a narrow ridge, without
any ornamentation or extensions. The prezyga-
pophyses project dorsolaterally. Posteriorly, they
connect with the diapophyses by a moderately
developed accessory alar process. The diapophy-
ses and parapophyses are close to each other and
connected with osseous laminae, which do not
reach the distal end of the transverse process. The
anterior and posterior ventral laminae connect the
parapophyses with the condyle and cotyle, respec-
tively, forming a broad rhomboid ventral lamina. It
is pierced by several large subcentral foramina.
The anterior beginning of the anterior lamina (ante-
rior alar process) is pierced by a paracondylar fora-
men.

Remarks. The combination of certain characters
(the general small size of vertebrae, the degree of
development of the neural spine, and the rhomboid
structure at the ventral surface of the centrum, and
the lack of dorsally widening on the neural spine
[with tubercles]) observable on the Maramena
specimens is characteristic of Lissotriton aff. rohrsi
from the early Miocene of Mokra-Western Quarry,
Czech Republic (lvanov, 2008). Note that the cor-
rect spelling of the species epithet of this species
should be “rohrsi” and not “roehrsi” (contra
Sanchiz, 1998b and Béhme, 2008), as the diacrit-
ics in the original spelling of Herre (1955), “réhrsi”,
have to be removed following ICZN (1999:Article
32.5.2.1). The vertebrae from the Czech locality
were distinguished from the respective nominotypi-
cal material of Lissotriton rohrsi (Herre, 1955) from
the middle Miocene of Devinska Nova Ves, Slova-
kia, by the lack of the dorsal widening on the neural
spine (Ilvanov, 2008). The same can be stated also
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FIGURE 3. Various salamandrids from Maramena. Salamandrina sp. (1-5): trunk vertebra (UU MAA 7483) in anterior
(1), left lateral (2), posterior (3), ventral (4), and dorsal (5) views. Lissotriton sp. (Lissotriton vulgaris group) (6-15):
trunk vertebra (UU MAA 7518) in anterior (6), right lateral (7), posterior (8), ventral (9), and dorsal (10) views; trunk
vertebra (UU MAA 7517) in anterior (11), right lateral (12), posterior (13), ventral (14), and dorsal (15) views. Lissotri-
ton sp.(16-20): trunk vertebra (UU MAA 7486) in anterior (16), right lateral (17), posterior (18), ventral (19), and dorsal
(20) views. Ommatotriton sp. (21-28): trunk vertebra (UU MAA 7489) in anterior (21), right lateral (22), posterior (23),
ventral (24), and dorsal (25) views; right femur (UU MAA 7248) in anterior (26), posterior (27), and medial (28) views.
Abbreviations: cd, condyle; ct, cotyle; ns, neural spine; pc, pericondylar constriction; pt, pterygapophysis; sf, subcen-
tral foramen; t, trochanter; vl, ventral lamina; zy, zygosphene.



for the Maramena vertebrae. In any case, it is clear
that the Maramena vertebrae can be attributed to
the genus Lissotriton, on the basis of their small
size and the presence of the ventral lamina on their
vertebral centrum (DV, pers. observation). The
Maramena vertebrae can be further distinguished
from the extant Lissotriton spp. by the following
features: from Lissotriton boscai (Lataste in
Tourneville, 1879) and Lissotriton montandoni
(Boulenger, 1880) by the lack of the dorsal widen-
ing on the neural spine, and from Lissotriton helve-
ticus (Razoumovsky, 1789) and Lissotriton vulgaris
by possessing a lower neural spine. Any further
identification seems to be currently vague, pending
a solid study of the skeletal anatomy of the recent
species and revision of the published fossil mate-
rial. Thus, we prefer to assign the remains at the
generic level, but nevertheless, identify them as a
distinct Lissotriton species than the ones described
above as Lissotriton sp. (Lissotriton vulgaris
group).
Genus OMMATOTRITON Gray, 1850

Type species. Triturus vittatus Gray in Jenyns,
1835.

Ommatotriton sp.
Figure 3.21-28

Material. M1: a vertebra (UU MAA 7489) and two
femurs (UU MAA 7248 and UU MAA 7509).
Description. Vertebra: the only preserved vertebra
has a total length of about 3 mm (Figure 3.21-25).
The opisthocoelous centrum is relatively short and
compact. In ventral view, a ventral lamina of trian-
gular shape is observable (Figure 3.24). Its poste-
rior ventral lamina is smaller than the anterior one.
Two medium-sized subcentral foramina are
observable at the posterior corner of the parapoph-
yses and the centrum. In anterior view, the neural
canal is rounded but dorsoventrally flattened. The
neural arch is low and dorsoventrally compressed
(Figure 3.21). Posteriorly, it increases in height and
is vaulted. The pterygapophyses are bifurcated.
Between the postzygapophyses, a horizontal
flange is present, forming the posterodorsal wall of
the neural canal. In lateral view, a well-pronounced
interzygapophyseal ridge is present (Figure 3.22).
The diapophyses and parapophyses are short and
connected with a high osseous lamina. The neural
spine is not high, though it is slightly higher than
the highest point of the neural arch (Figure 3.22).
Femurs: they are bent at their mid-diaphyseal part,
which is located slightly above the midpoint of the
bone (Figure 3.26-28). The distal and proximal
articulation surfaces of the femur are filled with

PALAEO-ELECTRONICA.ORG

mineralized cartilage. The trochanteric crest and
trochanter itself are well developed and proximally
separate from the bone, projecting anteroproxi-
mally (Figure 3.26-28). The latter element has a
thin margin, with its anteroposterior surface being
covered by tubercles. The intertrochanteric groove,
located at the medial side of the proximal head, is
broad and moderately deep. The posterior wall is
higher than the anterior one.

Remarks. To date, no fossil remains of the genus
Ommatotriton have been described or figured. As
such, we based our identification of the fossil mate-
rial on the basis of the study of skeletons of the
extant Ommatotriton ophryticus (Berthold, 1846)
(collection of MJSN). Based on the following char-
acters, the vertebra is here assigned to this genus:
the ventral lamina is triangular, with two medium-
sized subcentral foramina; lower and bifurcated
neural arch; and low neural spine which is slightly
higher than the neural arch. The femur morphology
resembles that of Ommatotriton, in terms of gen-
eral shape and size, as well as the size and dimen-
sions of the trochanteric crest and intertrochlanteric
groove.

Genus SALAMANDRA Garsault, 1764

Type species.
1758.

Lacerta salamandra Linnaeus,

Salamandra sp.
Figure 4.1-5

Material. M1: 12 trunk vertebrae (UU MAA 7494-
UU MAA 7505) and six caudal vertebrae (UU MAA
7117, UU MAA 7491-UU MAA 7493, UU MAA
7506, and UU MAA 7507).

Description. Trunk vertebrae: they have dorso-
ventrally flattened, slightly or strongly curved opist-
hocoelous centra. The length of the largest
vertebra (UU MAA 7495) measures around 6 mm
(Figure 4.2). In all specimens, two small subcentral
foramina are present on the ventral surface of the
centrum, but only in UU MAA 7495 (the largest ver-
tebra) a small central foramen is observable. Both
cotyle and condyle are oval in outline (Figure 4.1-
3). The neural arch is low, broad, and flattened.
Posteriorly, it increases in height and becomes
moderately vaulted. The posterior margin of the
neural arch has three lobes. The neural spine is
low, slightly higher at its midpoint, and does not
reach the anterior and posterior margins of the
neural arch (Figure 4.3). The prezygapophyses
and postzygapophyses are rounded to oval in out-
line and tilted laterodorsally. The anterior zyga-
pophyseal ridges that are connecting the
prezygapophyses with the diapophyses are weakly
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FIGURE 4. Salamandrids from Maramena: Salamandra sp. (1-5): trunk vertebra (UU MAA 7495) in anterior (1), right
lateral (2), posterior (3), dorsal (4), and ventral (5) views. Salamandridae indet. (6-9): atlas (UU MAA 7490) in dorsal
(6) and ventral (7) views; rib (UU MAA 7508) in anterior view (8); rib (UU MAA 7519) in posterior view (9). Abbrevia-
tions: cd, condyle; ct, cotyle; na, neural arch; neural spine; op, odontoid process; sf, subcentral foramen.

pronounced or nearly absent (Figure 4.3). The dia-
pophyses and parapophyses are connected with
an osseous lamina.

Caudal vertebrae: they are slightly smaller in size
than the above described trunk vertebrae. They
belong to different parts of the caudal portion of the
skeleton. In comparison with the anterior caudal
vertebrae, the posterior ones are smaller in size,
their neural arch is much flattened, and their neural
spine is reduced, being nearly invisible. The bases
of the transverse processes are present. The hae-
mapophyses are either broken or, when present,
they are low and project strongly posteriorly (UU
MAA 7507).

Remarks. The morphology observable on the pre-
served vertebrae (i.e., small size, general dorso-
ventrally flattened centrum, and low neural spine
and neural arch) cannot distinguish the Maramena
material from both extant or fossil specimens of the
recent species Salamandra salamandra (Sanchiz
and Mtynarski, 1979; Venczel and Hir, 2015), as
well as from the extinct taxon Salamandra sansani-
ensis Lartet, 1851 (Estes and Hoffstetter, 1976).
However, the osteology of the genus is, as yet, not
adequately studied in detail, except for few excep-
tions dealing with particular species (e.g., Villa et
al.,, 2014), and as such, the diagnostic characters
for each species are not adequately known. There-
fore, we prefer to describe these remains only up
to the genus level, as Salamandra sp.

Salamandridae indet.
Figure 4.6-9

Material. M1: an atlas (UU MAA 7490), four verte-
brae (UU MAA 7153, UU MAA 7485, UU MAA
7488, and UU MAA 7243), and two ribs (UU MAA
7508 and UU MAA 7519).

Description and remarks. Atlas: only the centrum
of the atlas is preserved. Its dorsal surface is rela-
tively flat and bears few large depressions. The
odontoid process is “bilobed”. The condylar facets
are separated and located on the ventral surface of
the process. The articular cotyles are slightly pos-
terodorsally tilted. The transverse process has a
secondary ridge (Figure 4.6-7).

Vertebrae: the vertebral centra of the trunk and
caudal vertebrae are opisthocoelous. The remain-
ing parts of the vertebrae are highly damaged.
Ribs: both ribs are bicapitate. The distal part of the
rib UU MAA 7508 (Figure 4.8) is not slender as UU
MAA 7519 (Figure 4.9) and it possesses a bulb-
shaped structure. A comparable rib morphology
can be observed in different vertebral positions of
salamandrids (Estes, 1981).

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

Type species. Latonia seyfriedi Meyer, 1843.

Latonia sp.
Figure 5

Material. M1: two fragmentary frontoparietals
belonging to a single individual (UU MAA 7445 and
UU MAA 7462), three premaxillae (UU MAA 7130),
66 maxillae (UU MAA 7120, UU MAA 7128, UU
MAA 7131, UU MAA 7156, UU MAA 7249, UU
MAA 7250, UU MAA 7458, and UU MAA 7464-UU
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pd 5 mm

FIGURE 5. Latonia sp. from Maramena: left maxilla (UU MAA 7227) in labial (1) and lingual (2) views; right maxilla
(UU MAA 7223) in labial (3) and lingual (4) views; right angular (UU MAA 7154) in dorsal view (5); left scapula (UU
MAA 7520) in externalview (6); right humerus (UU MAA 7225) in ventral view (7); right ilium (UU MAA 7528) in lateral
(8) and medial (9) views; costa (UU MAA 7523) in lateral (10) and ventral (11) views. Abbreviations: a, acetabulum;
ch, caput humeri; cl, crista lateralis; cm, crista medialis; cp, coronoideus portion of the coronoid process; dec, dental
crest; doc, dorsal crest; dt, dorsal tubercle; fcv, fossa cubitalis ventralis; fo, supra-acetabular fossa; gf, glenoid fossa;
ig, interiliac groove; |h, lamina horizontalis; mg, Meckelian groove; mo, margo orbitalis; pa, pars ascendens; pd, pars
descendens; pdp, posterior depression; pp, paracoronoideus portion of the coronoid process; ps, pars suprascapu-
laris.
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MAA 7472), seven angulars (UU MAA 7154 and
UU MAA 7529), an atlas (UU MAA 7459), 17 pre-
sacral vertebrae (UU MAA 7125, UU MAA 7158a,
UU MAA 7442-UU MAA 7444, UU MAA 7452, UU
MAA 7454, UU MAA 7457, UU MAA 7460, and UU
MAA 7461), three sacral vertebrae (UU MAA 7455
and UU MAA 7522), four urostyles (UU MAA 7446,
UU MAA 7450, and UU MAA 7521), a scapula (UU
MAA 7520), four costae (UU MAA 7523), 14
humeri (UU MAA 7155, UU MAA 7158b, UU MAA
7453, and UU MAA 7463), and nine ilia (UU MAA
7447-UU MAA 7449, UU MAA 7456, and UU MAA
7528); M2: a fragmentary frontoparietal (UU MAA
7192); M3: seven maxillae (UU MAA 7223, UU
MAA 7224, UU MAA 7227, UU MAA 7238, UU
MAA 7239, UU MAA 7240, and UU MAA 7241), a
presacral vertebra (UU MAA 7228), a humerus
(UU MAA 7225), and an ilium (UU MAA 7229).
Description. Frontoparietals: these elements are
represented by rather fragmentary material. The
dorsal surface of the bone is characterized by a
dermal sculpture with pits and rather sharp, iso-
lated or closely located tubercles. The ventral sur-
face of the bone is smooth.

Maxillaries: all available maxillary bones, belonging
to both small and large individuals, have smooth
lateral surfaces and no dermal ossification is
observable (Figure 5.1, 5.3). In medial view, the
lamina horizontalis is well pronounced. It is thick
and has rounded medial surface in its middle por-
tion. Both anteriorly and posteriorly from the mid-
point, it is reduced in height and its medial surface
is flattened. The posterior depression is shallow
but broad. The dental crest possesses tooth pedi-
cles and it heightens slightly anteriorly. The margo
orbitalis is concave (Figure 5.2). Anteriorly from the
posterior depression, between the margo orbitalis
and lamina horizontalis, a moderately shallow
groove is observable, running anteriorly along the
lamina horizontalis.

Angular: this is an elongated bone. In dorsal view,
a distinct Meckelian groove is observable, exposed
dorsally along its length (Figure 5.5). The posterior
portion of the bone, possessing the coronoid pro-
cess, is robust, whereas the anterior portion is
slender. The coronoid process is composed of two
separate (paracoronoideus and coronoideus)
parts.

Atlas: a large centrum of the atlas is present. In
ventral and dorsal views, the centrum is triangular
in shape. The ventral surface of the bone pos-
sesses a distinct crista ventralis. In anterior view,
the occipital fossae are distinctly separated. The
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cotyle has a rounded outline. The neural arch is
missing.

Presacral vertebrae: these have opisthocoelous,
cylindrical and slightly dorsoventrally compressed
centra. Laterally from the centrum, thin walls of the
neural canal are projecting dorsolaterally. The neu-
ral canal is large, rounded in outline and dorsoven-
trally slightly compressed. In lateral view, the
neural arch is bent and possesses a longitudinal,
but not high, neural spine. It is longer than the pos-
terior margins of the postzygapophyses.

Sacral vertebrae: anteriorly, these vertebrae pos-
sess a condyle, whereas posteriorly they are
bicondylar. Their neural arch is short and the neu-
ral canal is not high. The transverse processes
expand and project posterolaterally.

Urostyles: anteriorly, the urostyles show two con-
dyloid fossae for the articulation. The neural canal
is round. Its dorsal wall possesses a small neural
carina. Posteriorly from the neural carina, the
transversal processes arise and incline posterolat-
erally. A narrow anteroposteriorly running dorsal
fissure is observable.

Ribs (costae): these are rather elongated bones
possessing a dorsal spine (Figure 5.10-11), though
its orientation varies within the available elements.
Scapula: this element is fragmentary, with the pars
acromialis being broken (Figure 5.6). In lateral
view, the bone is sharply curved. The pars supras-
capularis is short and nearly triangular in shape.
The margo anterior possesses a thin lamina, which
is partially damaged. The glenoid fossa is oval in
shape and its surface is bent at a sharp angle.
Humeri: only the distal portions of the humeri with
the caput are preserved. The latter is asymmetri-
cally placed in respect to the bone axis. The fossa
cubitalis ventralis is shallow. The crista medialis,
prominently bent in its upper portion, is broader
than the crista lateralis (Figure 5.7).

llia: they are fragmentary. In lateral view, the ilia
show a rather low and oval, in outline, dorsal tuber-
cle. Anteriorly, it flows into a weakly-pronounced
short dorsal crest. The supra-acetabular fossa is
expanded and located posteriorly to the dorsal
tubercle, dorsally to the deepest point of the ace-
tabulum. The pars ascendens projects posterodor-
sally and narrows sharply at its tip. The acetabulum
has an outline of an irregular circle. The acetabular
rim is highest at its anteroventral ridge, where it
projects also over the reduced pars descendens
(Figure 5.8). In medial view, the corpus ossi pos-
sesses a posteriorly expanding, rather well
defined, interiliac groove (Figure 5.9).



Remarks. The remains described herein can be
assigned to the genus Latonia on the basis of the
following cranial and postcranial features: the pat-
tern of the dermal ossification of the frontoparietals;
the overall morphology of maxillae, vertebrae, and
urostyle; the presence of two coronoid processes
on the angular; the humeral crista medialis being
extended in its distal part; a weakly-pronounced
dorsal tubercle and crest on the ilium; and the
presence of a depression on the medial surface of
the corpus ossi (Rocek, 1994b). The species level
identification within the genus is mainly based on
either the presence (Latonia gigantea [Lartet,
1851]) or the absence (Latonia ragei Hossini,
1993, and Latonia vertaizoni [Friant, 1944]) of der-
mal sculpturing on the lateral surface of the max-
illa, as well as other features, such as the shape of
the zygomatico-maxillary process of the maxilla
and the shape of scapula (see characters in detail
in Rogek, 1994b). Moreover, the comparative diag-
nosis of the several species of Latonia is hindered
by the fact that some of them are currently repre-
sented only by specimens preserved on slabs,
whereas others solely by disarticulated elements.
Interestingly, the only extant species, Latonia
nigriventer (Mendelssohn and Steinitz, 1943), does
not display any kind of sculpturing pattern on its
maxillae (Biton et al., 2016). Thus, taking into con-
sideration the interspecific variability within the
genus, as well as the lack of further elements use-
ful for a more precise identification, we refer the
present material from Maramena to Latonia sp.

HYLIDAE Rafinesque, 1815
Genus HYLA Laurenti, 1768

Type species. Hyla viridis Laurenti, 1768.

Hyla sp.
Figure 6.1-2

Material. M1: seven humeri (UU MAA 7119, UU
MAA 7244, UU MAA 7251, and UU MAA 7474-UU
MAA 7476) and an ilium (UU MAA 7118); M2: three
humeri (UU MAA 7193).

Description. Humeri: they are represented by their
distal portions with the caput humeri, which is
located radially to the longitudinal axis of the bone.
The lateral and medial cristae are short and thin.
They have an equal length on both sides of the
bone (Figure 6.2).

llium: UU MAA 7118 is a relatively well-preserved
left ilium (Figure 6.1). The posteroventral portions
of the acetabulum and pars descendens are miss-
ing. The iliac shaft is moderately curved. Posteri-
orly, a rather low but broad dorsal tubercle is
present on the dorsal margin of the corpus ossi,
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above the anterior rim of the acetabulum. The pars
ascendens is short. Most probably, the acetabulum
has a rather triangular shape. The preacetabular
zone and the pars descendens are broad and build
a thin flange observable in ventral view. The medial
surface of the bone is flat.

Remarks. The general morphology of the ilium, the
degree of the development of the pars descen-
dens, as well as the location and the shape of the
tuber superior agree with the morphology of the
genus Hyla (Béhme, 1977). The fragments of
humeri are congruent with the morphology of Hyla
(Bailon, 1999; pers. observation on Hyla speci-
mens housed in MDHC and MJSN), but due to the
lack of comparison with other hylid genera, they
cannot be confidently assigned to the genus level.
Nevertheless, taking into consideration the pres-
ence of Hyla in the Maramena material, we herein
assign also these humeri to the same genus. Fur-
thermore, applying a biogeographic rationale, it
seems most plausible that the Maramena fossil
material belongs to the species complex of Hyla
arborea (Linnaeus, 1758), extant species of which
currently inhabit the area (Sillero et al., 2014). This
is further consistent with the overall morphology of
the fossil material, which is most similar to mem-
bers of H. arborea complex in comparison with
other Hyla spp.

RANIDAE Batsch, 1796
Genus PELOPHYLAX Fitzinger, 1843

Type species. Rana esculenta Linnaeus, 1758, by
original designation.

Pelophylax sp.
Figure 6.3-6

Material. M2: an angular (UU MAA 7194); M3: a
coracoid (UU MAA 7233) and three ilia (UU MAA
7232).

Description. Angular: this element is slender and
curved. The coronoid process is small and repre-
sented by a process of semilunar shape. Its dorsal
surface is convex. Its medial margin possesses
few radially projecting tubercles. The Meckelian
groove is shallow. It is exposed dorsally in the pos-
terior portion of the bone and laterally in its anterior
portion (Figure 6.6).

Coracoid: only its distal portion is preserved (Fig-
ure 6.3). Its most distal portion is widened. Both
cranial (anterior) and caudal (posterior) margins
are curved. The cranial margin is strongly curved.
llia: only the ventral half of the robust tuber supe-
rior is preserved. The large supra-acetabular fossa
is observable at the posterior bases of the tuber
superior, whereas the corner of the tuber superior

1
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FIGURE 6. Various frogs from Maramena. Hyla sp. (1-2): left ilium (UU MAA 7118) in lateral view (1); left humerus
(UU MAA 7474) in ventral view (2). Pelophylax sp. (3-6): right coracoid (UU MAA 7233) in internal view (3); left ilium
(UU MAA 7232) in lateral (4) and medial (5) views; right angular (UU MAA 7194) in dorsal view (6). Ranidae indet. (7):
right humerus (UU MAA 7231) in ventral view (7). Anura indet., different morphotypes (8-14). Anura indet. (morpho-
type A) (8-9): phalanx (UU MAA 7527) in ventral view (8); phalanx (UU MAA 7514) in ventral view (9). Anura indet.
(morphotype B) (10-12): phalanx (UU MAA 7515) in ventral view (10); two phalanges (UU MAA 7524) in ventral view
(11-12). Anura indet. (morphotype C) (13-14): phalanx (UU MAA 7516a) in ventral view (13); phalanx (UU MAA
7516b) in ventral view (14). Abbreviations: a, acetabulum; ch, caput humeri; cp, coronoid process; pa, pars ascen-
dens; pd, pars descendens; pz, preacetabular zone; s, shaft; ts, tuber superior.

and iliac shaft is pierced by a small tubercular
fossa. The acetabulum is rounded. Its ventral wall
is high. The pars descendens is narrow at the
preacetabular zone and extends moderately poste-
riorly. The base of the pars ascendens is pre-
served, allowing us to conclude that its base was
broader than that of the pars descendens (Figure
6.4). The medial surface of the corpus ossi is
slightly depressed, but it is smooth and does not
produce any depression or interiliac groove (Figure
6.5).

Remarks. Despite the poor preservation of the
bones, the characteristic features of the genus
Pelophylax, such as a robust tuber superior, large
supra-acetabular fossa, and flat medial surface of
the corpus ossi (B6hme, 1977) are observable in
the Maramena specimens. Also, the angular with a
semilunar coronoid process with tubercles shows
the morphology of the genus Pelophylax (Venczel
and Hir, 2015). The coracoid morphology resem-
bles the one of the family Ranidae (Bailon, 1999).
Direct comparison with available skeletons of Rana
and Pelophylax housed at the MJSN shows that
Pelophylax is characterized by a higher degree of
curvature of the cranial margin of the distal portion
of the coracoid.

Ranidae indet.
Figure 6.7
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Material. M2: three ilia (UU MAA 7195); M3: three
humeri (UU MAA 7231).

Description and remarks. The distal portion of
the humerus is preserved. The caput humeri is
rounded and situated in the center of the bone
axis. The crista medialis is weakly pronounced.
The lateral margin of the humerus is flat and does
not show any structure. Its base extends into the
epicondylus lateralis, which is regularly damaged
in the available material (Figure 6.7). This morphol-
ogy is observable in members of the family Rani-
dae (Bailon, 1999). All three ilia are small and
damaged. They have a distinct tuber superior. The
dorsal crest is preserved in most cases. The supra-
acetabular fossa is large. The medial surface of the
corpus ossi is flat, without any depression or
groove. Based on these characters, the bones can
be assigned to the family Ranidae (Béhme, 1977).
Any further identification of the bones is impossible
due to theirpoor preservation.

Anura indet.
Figure 6.8-14

Material. M1: a premaxilla (UU MAA 7473), an uro-
style (UU MAA 7510), four maxillae (UU MAA
7246, UU MAA 7247, and UU MAA 7512), 17 frag-
mentary radio-ulnae (UU MAA 7513), 23 terminal
phalanges (UU MAA 7514-UU MAA 7516 and UU



MAA 7524-UU MAA 7527), and numerous extrem-
ity bones (UU MAA 7132 and UU MAA 7511); M2:
seven fragmentary maxillae (UU MAA 7197); M3: a
maxilla (UU MAA 7237) and several long bones
and phalangeal fragments (UU MAA 7242).
Description and remarks. Besides the phalan-
ges, the remaining material is too fragmentary for
any further identification. The preserved phalanges
are of different size ranges and can be assigned to
three different morphotypes, which are character-
ized as follows:

Morphotype A (eight phalanges; UU MAA 7514,
UU MAA 7525, and UU MAA 7527): the phalange
bones are slender, long, and thin (Figure 6.8-9).
The phalanges narrow extremely towards the distal
end. The latter possesses a small, rounded, and
nearly smooth bulb or in few of them, the tip pos-
sesses two distinct pads. The lateral edges of the
bones are smooth.

Morphotype B (11 phalanges; UU MAA 7515
andUU MAA 7524): the bone is robust, significantly
shorter and broader than the morphotype A (Figure
6.10-12). The bulb is larger as well, with well-devel-
oped rugosities on its surface. The lateral edges of
the phalanges bear weakly-pronounced Iateral
ridges.

Morphotype C (four phalanges; UU MAA 7516 and
UU MAA 7526): the bone morphology shows
somewhat intermediate conditions of the character
states between the morphotypes A and B (Figure
6.13-14). The phalanges are long and narrow to
the tip of the bone gradually and not sharply as in
the morphotype A, and not as strongly as in the
morphotype B. The bulb is small, but possesses
rugosities.

Amphibian phalanges are so far not consid-
ered useful for identification of fossil frog and sala-
mander remains, apparently due to the insufficient
knowledge of the taxonomic reliability of these ele-
ments. Nevertheless, certain studies used the pha-
langeal morphology for taxonomic purposes (e.g.,
Raninae [Clarke, 1981]; the plethodontid Speleo-
mantes Dubois, 1984 [Lanza et al., 1995]) or for
the correlation of the locomotion types (Kamer-
mans and Vences, 2009). However, no solid study
and / or review of the systematic importance of
these elements has ever been conducted. Thus,
the morphologies described herein can only be
tentatively considered as different frog taxa, though
it cannot be shown whether they pertain to any of
the above described anurans (Latonia sp., Hyla
sp., and Pelophylax sp.) or a distinct species cur-
rently not known by other fossil elements.
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REPTILIA Laurenti, 1768
TESTUDINES Batsch, 1788
PAN-TESTUDINOIDEA Joyce, Parham, and
Gauthier, 2004
GEOEMYDIDAE Theobald, 1868
Genus MAUREMYS Gray, 1869

Type species. Emys fuliginosus Gray, 1860.

Mauremys aristotelica Vlachos, Sterli, Vasileiadou,
and Syrides, 2018
Figure 7

Material. M1: three incomplete unidentified neurals
(UU MAA 7143, UU MAA 7144, and UU MAA
7146); M3: a nuchal (UU MAA 7283), a fragmen-
tary unidentified neural (UU MAA 7253), a left cos-
tal VI (UU MAA 7284), unidentified costals (UU
MAA 7286 and UU MAA 7288), a left peripheral IlI
(UU MAA 7289), a right peripheral 1l (UU MAA
7290), unidentified peripherals (UU MAA 7285, UU
MAA 7287, UU MAA 7291, UU MAA 7292, UU
MAA 7293, UU MAA 7295, and UU MAA 7297),
and a right hyoplastron (UU MAA 7296).
Description. Nuchal: UU MAA 7283 is a nearly
complete nuchal, missing just a small portion of the
right posterolateral edge (Figure 7.1-2). Since
there are no vertebro-pleural sulci, it was entirely
covered by the first vertebral shield. The cervical
shield, clearly expressed also on the ventral side of
the nuchal, was broad, with its posterior edge
being about one third of the width of the nuchal at
that level. The posterior margin of the cervical was
nearly straight (not deeply notched; see Hervet,
2004). The nuchal is constricted in the area corre-
sponding to the marginal shields.

Neurals: four juvenile, fragmentary neurals (UU
MAA 7143, UU MAA 7144, UU MAA 7146, and UU
MAA 7253) are present in the collection (Figure
7.3-5). They are thickened sagittally. Due to their
preservation, their precise position within the neu-
ral column cannot be evaluated with confidence.
Costals: UU MAA 7284 is tentatively considered to
represent a sixth left costal (Figure 3.6-7). Despite
missing the proximal portion, it clearly shows par-
alled sides (as also UU MAA 7286, see Figure 7.8-
9) and vertebro-pleural sulci characterized by form-
ing an acute angle in correspondence of the junc-
tion with the transverally oriented interpleural
sulcus. The tip of the acute angle is rather close
(closer than in extant Mauremys) to the costo-
peripheral suture. The anterior margin is much
thicker than the posterior one. The ventral edge
hosts a robust costal process whose tip is broken.
Specimen UU MAA 7288 is a paired costal pre-
serving only the distal area and showing the corre-
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FIGURE 7. Mauremys aristotelica from Maramena: nuchal (UU MAA 7283) in dorsal (1) and visceral (2) views; neural
(UU MAA 7146) in dorsal (3) and visceral (4) views; neural (UU MAA 7253) in visceralview (5); left costal VI (UU MAA
7284) in dorsal (6) and visceral (7) views; costal (UU MAA 7286) in dorsal (8) and visceral (9) views; costal (UU MAA
7288) in dorsal view (10); left peripheral 11l (UU MAA 7289) in dorsal (11) and visceral (12) views; bridge peripheral
(UU MAA 7297) in dorsal (13) and visceral (14) views; peripheral (UU MAA 7293) in dorsal (15) and visceral (16)
views; peripheral (UU MAA 7295) in dorsal (17) and visceral (18) views; right hyoplastron (UU MAA 7296) in visceral

(19) and dorsal (20) views. Abbreviation: por, musk pore.

spondence of the pleuro-marginal sulcus with the
costo-peripheral suture (Figure 7.10).

Peripherals: the third left peripheral UU MAA 7289
is fully preserved and characterized by a thick
anterior edge and an evident foramen, the musk
pore, clearly piercing the bone at the level of the
suture with the plastron (Figure 7.11-12). The fora-
men opens within the limits of the axillary shield.
The dorsal suture with the corresponding costal
hosts a pit for the ventral costal process. The
pleuro-marginal sulcus runs slightly ventral to the
costo-peripheral suture. The external surface
shows a modest but evident ridge anteroposteriorly
directed. The pleuro-marginal sulcus of the third
right peripheral UU MAA 7290 is placed signifi-
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cantly ventral to the costo-peripheral suture; the
lateral edge of the element is raised in a ridge. The
ridge of a fragmentary element, herein interpreted
as a bridge peripheral (UU MAA 7297) of a juvenile
individual, is particularly developed (Figure 7.13-
14). The dorsal suture of the three best preserved,
juvenile peripherals (UU MAA 7285, UU MAA
7293, and UU MAA 7295) hosts a deep pit for the
reception of the costal process (Figure 7.15-18).
Such pit is not present in the juvenile eleventh left
peripheral UU MAA 7294.

Hyoplastron: the fragmentary right hyoplastron UU
MAA 7296 does not offer any relevant morphologi-
cal detail, besides the fact that it preserves the
humero-pectoral sulcus reaching laterally the



axilla, and the sulcus of the axillary shield (Figure
7.19-20). The ventral surface of the bone is slighly
concave.

Remarks. The assignment of the Maramena mate-
rial to Geoemydidae is supported by the presence
of a musk pore in a peripheral element, a character
considered to be a synapomorphy of this clade by
Hirayama (1985) and, accordingly, this feature has
been variously applied to identify fossil specimens
(among others, Chesi et al., 2009; Colombero et
al., 2017; Vlachos et al., 2019). The referral of the
material to Mauremys is suggested by the mor-
phology of the nuchal and its scute sulci, which is
fully congruent with that of extant members of this
genus (e.g., Holman, 1995; Hervet, 2000, 2004).
The three juvenile neurals are also referred to the
same genus on the basis of the sagittal thickening
(Ernst and Barbour, 1989). The shape of the fifth
vertebral, as shown by the sixth left costal UU MAA
7284, is rather rare for published specimens of
extant (e.g., Hervet, 2000) or extinct Mauremys
(e.g., Chesi et al., 2009) because of the markedly
acute lateral angle of that elementand the lateral
extension of the vertebral shield. In fact, this fea-
ture is highly reminiscent of the recently described
species Mauremys aristotelica, which is known
from the latest Miocene and Pliocene of northern
Greek localities rather close to Maramena, and
characterized by rather wide vertebral scutes (Vla-
chos et al., 2019). A (still undescribed) costal of
Mauremys sp. (MGPT-PU 142091) from the early
Pleistocene of Pirro Nord, in southern Italy (Delfino
and Bailon, 2000; Delfino and Atzori, 2013) pos-
sesses an acute lateral angle of the vertebral
scute, in contrast to the standard morphology
shown by the rest of the material from this locality,
therefore suggesting that this character could also
sporadically appear in other Mauremys spp. It is
worth noting, however, that, besides Mauremys
aristotelica, this costo-vertebral morphology of
sulci is also reminiscent of that of Promalacoclem-
mys laharpi (Pictet and Humbert, 1856) from the
late Oligocene of Switzerland (see Hervet, 2004,
plates 8, 9) and Clemmydopsis sopronensis (Boda,
1927) from Hungary (Williams, 1954, figure 2). Up
to that date, the only chelonian remains from Mara-
mena that had formally been described was a
specimen tentatively referred by Gad (1990) to the
extant Mauremys caspica (Gmelin, 1774). The
same material was referred to as Mauremys sp. by
Georgalis and Kear (2013). Although rather incom-
plete, Gad’s (1990) material is herein referred to
the same taxon identified on the basis of the new
specimens described herein.
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TESTUDINIDAE Batsch, 1788
?Testudinidae indet.
Figure 8

Material. M1: an isolated ?limb osteoderm (UU
MAA 7135).

Description and remarks. Specimen UU MAA
7135 is a relatively elongated osteoderm, with a
maximum length of slightly less than 5 mm (Figure
8). It is much thickened at one edge and becomes
significantly thinner towards its other edge. Its main
surfaces are rugose, with distinct holes and small
cavities across both surfaces. The overall morphol-
ogy of the specimen resembles that of a testudinid
limb osteoderm. Nevertheless, it still differs signifi-
cantly from the respective elements of extant
small-sized testudinids that occur in Greece, i.e.,
Testudo graeca Linnaeus, 1758, Testudo hermanni
Gmelin, 1789, and Testudo marginata Schoepff,
1792. On the other hand, the Maramena specimen
is proportionally smallerthan various limb osteo-
derms of the giant testudinid Titanochelon Pérez-
Garcia and Vlachos, 2014, that have been
described from the Neogene of Greece (e.g.,
Bachmayer, 1967; Lapparent de Broin, 2002; Vla-
chos et al.,, 2014), however, we still cannot pre-
clude the possibility that it pertains to a rather
young individual of the latter genus. On the basis of
this single element, it is difficult to further assess
the taxonomic assignment of this specimen and we
prefer to treat it as a probable indeterminate testu-
dinid.

FIGURE 8. ?Testudinidae indet. from Maramena:
?osteoderm (UU MAA 7135) in dorsal (1), ventral (2),
and lateral (3) views.
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Testudines indet.

Material. M1: an incomplete unidentified neural
(UU MAA 7136), three unidentified peripherals (UU
MAA 7137, UU MAA 7140, and UU MAA 7142),
and several shell fragments (UU MAA 7138, UU
MAA 7139, UU MAA 7147 [five fragments]); M3: an
unidentified peripheral (UU MAA 7254), a shell
fragment (UU MAA 7252), and several fragments
of different elements (one caudal vertebra, one pel-
vic fragment, three neurals, four costals, one
peripheral, and 24 shell fragments) (UU MAA
7255).

Remarks. This material is so fragmentary that it
cannot be attributed with confidence to any chelo-
nian clade. Most probably, all of this material could
pertain to any of the above described Mauremys
aristotelica or the probable indeterminate testudi-
nid, though such an assumption cannot be con-
firmed.

SQUAMATA Oppel, 1811
IGUANIA Cuvier, 1817 (sensu Estes et al., 1988)
ACRODONTA Cope, 1864
AGAMIDAE Spix, 1825
AGAMINAE Spix, 1825
Agaminae indet.
Figure 9

Material. M1: a premaxilla (UU MAA 7076), three
maxillae (UU MAA 7043-UU MAA 7045); five den-
taries (UU MAA 7041, UU MAA 7042, UU MAA
7075, UU MAA 7276, and UU MAA 7305); 15 frag-
ments of tooth bearing bones (UU MAA 7063, UU
MAA 7065-UU MAA 7074, UU MAA 7264, UU
MAA 7303, UU MAA 7304, and UU MAA 7394);
five caudal vertebrae (UU MAA 7062, UU MAA
7064, and UU MAA 7302); M2: a frontal (UU MAA
7191); M3: a premaxilla (UU MAA 7341), a maxilla
(UU MAA 7208), and a left dentary (UU MAA
7207).

Description. Frontal: UU MAA 7191 is a fragment
of an unpaired and robust frontal, preserving part
of the anterior end of the bone (Figure 9.1-2). The
anteriormost part (the medial and lateral pro-
cesses) is missing. The dorsal surface displays a
distinctly sunken area in the middle and towards
the posterior end of the preserved portion and a
faint ornamentation made by low irregularities.
Anteriorly, two poorly distinct and U-shaped sur-
faces may represent the articulation surfaces with
the nasals. Their outline is marked by very low
ridges that laterally separate each of them from the
wide articulation surfaces with maxillae and pre-
frontals. The prefrontals cover entirely the lateral
surface of the preserved portion of the specimen,
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being marked both dorsally and ventrally by distinct
ridges. Ventrally, the anterior end of the cristae
cranii is visible. The cristae are wide and robust
posteriorly, but they narrow towards the anterior
end of the bone. There are no anterior processes
and therefore the cristae remain low. The ventral
surface between the cristae is smooth.
Premaxillae: the small premaxillae have a 1.8 mm-
(UU MAA 7341) or 2 mm-wide (UU MAA 7076)
alveolar plate (Figure 9.3-6). They preserve only
the alveolar portion of the bone, lacking the entire
ascending nasal process and the palatal lamina.
Two sub-pleurodont and stocky teeth are present.
They have a distinctly swollen and bulbous base,
but shrink towards the tip, taking a sub-conical
shape. The anterior surface of the bone is smooth,
displaying only a small foramen near the right side
of the base of the ascending nasal process.
Maxillae: the small maxillae are fragmentary: only
part of the middle portion of the tooth row is pre-
served in UU MAA 7044, UU MAA 7045, and UU
MAA 7208, whereas UU MAA 7043 preserves part
of the anterior end. The latter specimen carries two
sub-pleurodont and canine-like teeth, slightly
curved in posterior direction by their tip, followed by
two small, acrodont and closely spaced teeth. The
other specimens, on the other hand, carry five (UU
MAA 7044), six (UU MAA 7045) or seven (UU MAA
7208) acrodont and closely spaced teeth, whose
tooth base is slightly developed towards the medial
surface of the alveolar border. In all specimens, the
acrodont teeth are triangular and display small
accessory cusps anteriorly and posteriorly to the
main one. The lateral process is partially preserved
in UU MAA 7043, showing a hint of dorsal develop-
ment towards the anterior end (Figure 9.7-8). Two
ventrolateral foramina are visible on the otherwise
smooth lateral surface in all specimens except for
UU MAA 7044.

Dentaries: UU MAA 7042 and UU MAA 7305 rep-
resent the anterior portions of dentaries (Figure
9.11, 9.13). They preserve the symphysial region
and four (UU MAA 7305) or eight (UU MAA 7042)
tooth positions. The mandibular symphysis is sub-
horizontal in medial view. On the medial surface of
the bone, the subdental table originates a medio-
laterally short, dorsoventrally high, and robust sub-
dental shelf, which carries a low ridge dorsally
(subdental ridge sensu Evans, 2008). Ventrally, a
narrow and ventrally open Meckelian groove runs
antero-posteriorly. The lateral surface of the bone
is smooth, bearing four mental foramina. As in the
maxillae, two morphologically different kinds of
teeth are present: anteriorly, there are two sub-
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FIGURE 9. Agaminae indet. from Maramena: frontal (UU MAA 7191) in dorsal (1) and ventral (2) views; premaxilla
(UU MAA 7076) in anterior (3) and posterior (4) views; premaxilla (UU MAA 7341) in anterior (5) and posterior (6)
views; right maxilla (UU MAA 7043) in medial (7) and lateral (8) views; right dentary (UU MAA 7041) in medial (9) and
lateral (10) views; left dentary (UU MAA 7042) in medial view (11); left dentary (UU MAA 7207) in medial view (12);
right dentary (UU MAA 7305) in medial view (13); caudal vertebra (UU MAA 7062) in left lateral (14) and dorsal (15)
views. Abbreviations: asn, articular surface with the nasal; cc, crista cranii; ig, interdental groove; Ip, lateral process;

mf, Meckelian groove; ss, subdental shelf.

pleurodont teeth, followed posteriorly by acrodont
ones. Among the large sub-pleurodont teeth, only
the second one of UU MAA 7305 preserves more
than the tooth base: it is conical, with a slightly pos-
teriorly curved tip (Figure 9.13). The acrodont teeth
are very small, closely spaced and poorly pre-
served in UU MAA 7305, but larger, more spaced,
slightly developed towards the medial margin of
the alveolar crest and triangular in the other speci-
men. Accessory cusps are present in the teeth of
the latter specimen, as well as deep and ventrally
directed interdental grooves between them on the
lateral surface. Specimens UU MAA 7041 and UU
MAA 7207, on the other hand, preserve the middle

portion of the dentary (Figure 9.9-10 and 9.12). In
medial view, a rather narrow Meckelian groove is
visible, opening medially. The groove is partially
covered dorsally by a high and ventrally expanded
subdental shelf, displaying a ridge as in the former
specimens. The straight ventral margin of the den-
tary bends in medial direction, forming a ventral
floor for the fossa. Specimens UU MAA 7041, UU
MAA 7075, UU MAA 7207, and UU MAA 7276
bear three to 10 acrodont, triangular and closely
spaced teeth, provided with a main cusp and two
small accessory cusps located anteriorly and pos-
teriorly. The teeth develop slightly in ventral direc-
tion on the medial surface of the alveolar shelf.
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Moreover, they distinctly increase in size posteri-
orly. The lateral surface is smooth, except for the
presence of deep and ventrally directed interdental
grooves. Specimens UU MAA 7041, UU MAA
7075, and UU MAA 7276 also display few mental
foramina.

Tooth bearing bones: the small fragments of tooth
bearing bones carry acrodont and triangular teeth
with a pointed tip. Accessory cusps can be either
present or absent. The tooth base is slightly
expanded in ventro-medial direction, towards the
medial surface of the tooth bearing bone. Teeth are
usually closely spaced, even if those of UU MAA
7063, UU MAA 7264, and UU MAA 7304 are more
spaced. A moderately wide and deep interdental
groove separates them in lateral view.

Caudal vertebrae: the caudal vertebrae are pro-
coelous and rather antero-posteriorly elongated
(Figure 9.14-15). They have a sub-circular verte-
bral centrum, a sub-elliptical neural canal, and a
dorsally smooth neural arch. The zygapophyses
are small, elliptical, and tilted dorsally at 45°. There
are no autotomy planes and haemapophyses.
Remarks. Maxillae and dentaries carrying both
pleurodont and acrodont teeth can be confidently
assigned to Agamidae (Delfino et al., 2008; Blain et
al., 2014). Closely spaced acrodont teeth extend-
ing onto the lingual side of the alveolar border are
usually used as an argument to support such a tax-
onomic assignment, in contrast with more spaced
and apically located teeth in Chamaeleonidae
(Evans et al., 2002; Delfino et al., 2008; Georgalis
et al.,, 2016b), although Rage and Bailon (2011)
recently cast doubt on this differentiation based on
existing variation within the two clades. A certain
degree of variation in the spacing between teeth
seems to be present in the material from Mara-
mena also, but the general similarity in the mor-
phology of both teeth and tooth bearing bones
allows us to allocate all the acrodont tooth bearing
remains to the same taxon. Moreover, Maul et al.
(2011) stated that the presence of two sub-pleuro-
dont teeth in both maxillae and dentaries distin-
guishes the subfamily Agaminae (sensu Macey et
al., 2000) from other agamids. Furthermore, the
sole other biogeographically approximate clade,
i.e., Uromastycinae, is characterized by much dif-
ferent cranial anatomy and tooth morphology, and
relatively larger size (e.g., Beddard, 1905; El-Toubi,
1945). The other remains (i.e., frontal, premaxillae,
and caudal vertebrae) are congruent in terms of
morphology with the agamid specimens we used
as a comparison and therefore are here attributed
to the same taxon as the tooth bearing bones. The
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single maxilla fragment from Maramena that was
previously described and figured by Richter (1995)
as pertaining to the extant, once wastebasket,
genus Agama Daudin, 1802, is herein also referred
to the same taxon with the new agamid material.

LATERATA Vidal and Hedges, 2005
LACERTIFORMATA Vidal and Hedges, 2005
LACERTIDAE Oppel, 1811
Lacertidae indet.

Figure 10

Material. M1: three maxillae (UU MAA 7031, UU
MAA 7032, and UU MAA 7438), a quadrate (UU
MAA 7096), three pterygoids (UU MAA 7097-UU
MAA 7099), 16 dentaries (UU MAA 7048-UU MAA
7061, UU MAA 7095, and UU MAA 7424), 10 frag-
ments of tooth bearing bones (UU MAA 7087-UU
MAA 7092, UU MAA 7094, UU MAA 7391, and UU
MAA 7802), and an isolated tooth (UU MAA 7392);
M3: a dentary (UU MAA 7220).

Description. Maxillae: the maxillae are small-sized
and fragmentary (Figure 10.1-2). Except for UU
MAA 7438, which is represented by the anterior
premaxillary process, they preserve only part of the
posterior half of the bone and they are 2.3 mm (UU
MAA 7438), 3.5 mm (UU MAA 7032) or 4.5 mm
(UU MAA 7031) in length. Specimen UU MAA
7438 has moderately developed lateral and medial
processes, defining a wide, deep, and U-shaped
anterior concavity. Due to theirpreservation, it is
not clear whether the medial process possesses a
lappet. A large vomeronasal foramen is present.
The wide superior dental foramen is visible on the
dorsal surface of the palatal shelf of UU MAA 7031
and UU MAA 7032. Maxillae bear three to eight
tooth positions. The preserved teeth are pleuro-
dont, closely spaced, slender and cylindrical; the
best preserved ones have a bicuspid crown. The
lateral surface of the bone is smooth, with one or
two ventrolateral foramina; in the case when a sec-
ond foramen is present, it is distinctly enlarged.
Quadrate: the quadrate is small-sized, with a
length of 3.6 mm (Figure 10.3-5). It is straight in
anterior view and has a rounded anterior outline in
medial view. A deep conch, originated by a well-
developed lateral lamina, is present. The anterior
surface of the lamina has a flattened anterodorsal
platform, bordered medially by a low ridge. A well-
developed medial lamina is also present, showing
a distinct pterygoid flange by its ventral end. The
cephalic condyle is expanded in both posterior and
medio-lateral directions. The mandibular one is
wide in posterior view and is composed by two sim-
ilar sized portions. A wide and deep squamosal
notch is present laterally to the cephalic condyle.
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FIGURE 10. Lacertidae indet. from Maramena: right maxilla (UU MAA 7032) in lateral (1) and medial (2) views; right
quadrate (UU MAA 7096) in anterior (3), posterior (4) and medial (5) views; left pterygoid (UU MAA 7099) in ventral
(6) and dorsal (7) views; right pterygoid (UU MAA 7097) in dorsal (8) and ventral (9) views; right dentary (UU MAA
7048) in medial view (10); right dentary (UU MAA 7049) in medial view (11); right dentary (UU MAA 7050) in medial
(12) and lateral (13) views. Abbreviations: bp, basipterygoid fossa;c, conch; fc, fossa columellae; ml, medial lamina;
pf, pterygoid flange; pp, palatine process; qp, quadrate process; ss, subdental shelf.

Dorsally to the mandibular condyle, the quadrate is
pierced by the quadrate foramen.

Pterygoids: they are incomplete and small-sized.
The most complete pterygoid, UU MAA 7099, is
6.7 mm long (Figure 10.6-7), but the other ones are
similar in size. Both the palatine process and the
pterygoid flange are regularly incompletely pre-
served: only their bases are visible, at different
degrees of preservation, in the three specimens.
The most complete flange is that of UU MAA 7097,
which displays the proximal portions of moderately
developed dorsal and ventral ridges (Figure 10.8-
9). Similar ridges are recognizable on UU MAA
7098 too, but in both specimens the real degree of

development of the ridges cannot be defined
because of the preservation. The palatine process,
which is better preserved in UU MAA 7097 and UU
MAA 7098 in comparison with UU MAA 7099, has
a wide patch with numerous pterygoid teeth on its
ventral surface. The quadrate process is almost
complete in UU MAA 7099 (Figure 10.8-9), partially
preserved in UU MAA 7097, and missing in UU
MAA 7098. It is straight in dorsal view and displays
a wide and circular fossa columellae, from which a
well-developed pterygoid ridge starts. The
basipterygoid fossa is wide and flat. Specimen UU
MAA 7097 possesses a probably pathological
tubercle-like osseous proliferation ventrally to the
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fossa and a ridge-like osseous expansion dorsally
to it, running anteriorly towards the dorsal surface
of the palatine process (Figure 10.6-7).

Dentaries: UU MAA 7049, UU MAA 7051-UU MAA
7057, UU MAA 7095, UU MAA 7220, and UU MAA
7424 are incomplete dentaries, missing both the
anterior and posterior ends (Figure 10.11). Speci-
mens UU MAA 7048, UU MAA 7050, and UU MAA
7058-UU MAA 7061 are similar-sized fragmentary
dentaries preserving also the symphysial region
(Figure 10.10, 10.12-13). The total length of the
specimens ranges from a minimum of 3.5 mm (UU
MAA 7055) to a maximum of 7.4 mm (UU MAA
7048). A moderately high subdental shelf with a
distinct subdental ridge is present medially. Speci-
mens UU MAA 7050, UU MAA 7055, UU MAA
7056, UU MAA 7057, and UU MAA 7220 preserve
a wide and medially open Meckelian groove also.
When preserved, the mandibular symphysis is nar-
row and sub-horizontal. The bones preserve eight
to 17 closely spaced tooth positions. Well-pre-
served teeth are pleurodont, cylindrical, and slen-
der, with a mono-, bi- or (only in UU MAA 7049)
tricuspid crown. The lateral surface of the dentaries
is relatively smooth, except for some mental foram-
ina. Specimens UU MAA 7050, UU MAA 7055-UU
MAA 7057, and UU MAA 7220 display a convex
ventral margin.

Tooth bearing bones and isolated tooth: the small
and poorly preserved fragments of tooth bearing
bones preserve closely spaced, pleurodont, slen-
der, cylindrical and bicuspid teeth. The same mor-
phology characterizes the isolated tooth, UU MAA
7392.

Remarks. Lacertidae are relatively easily recogniz-
able among Neogene squamates because of the
presence of an heterodont dentition composed by
mono-, bi- and tricuspid teeth (Bailon, 1991; Augé,
2005). Despite the fragmentary nature of most of
the Maramena specimens, their size seems to indi-
cate the presence of a small-sized species. Studies
on the quadrate morphology of lacertids from the
Eastern Mediterranean are currently lacking,
though on the basis of similar research focusing on
extant |berian taxa (Barahona and Barbadillo,
1997), the total length of the best preserved remain
from Maramena, the quadrate UU MAA 7096, fits
within the maximum value known for Algyroides
hidalgoi Bosca, 1916 (note that this is the valid
available name for this Iberian taxonand not Algy-
roides marchi Valverde, 1958, as was until recently
thought; see Sanchez-Vialas et al., 2019), Psam-
modromus hispanicus Fitzinger, 1826, and Zoo-
toca vivipara (Lichtenstein, 1823) (equal to 3.4
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mm) and the minimum one for Iberolacerta bonnali
(Lantz, 1927), Iberolacerta cyreni (Muller and Hell-
mich, 1937), Iberolacerta monticola (Boulenger,
1905), Podarcis hispanicus (Steindachner, 1870),
Podarcis bocagei (Lopez-Seoane, 1885), and
Podarcis muralis (Laurenti, 1768) (equal to 3.9
mm). This agrees with the clues provided by the
best preserved pterygoid, UU MAA 7099, whose
length is comparable with the range of the latter
group of species (6.4-8.6 mm; Barahona and Bar-
badillo, 1997). These species, however, do not
have pterygoid teeth (Barahona and Barbadillo,
1997), whereas such teeth are present in larger
species instead. It might be possible that the ptery-
goids from Maramena belong to juveniles of a
larger species, but this seems unlikely because of
the large number of pterygoid teeth, which are usu-
ally scarce or even absent in young individuals
(Barahona and Barbadillo, 1997, 1998). The fossils
from Maramena therefore represent an indetermi-
nate small-sized lacertid possessing pterygoid
teeth. Regarding the lacertid material from Mara-
mena previously described by Richter (1995) as
belonging to Lacerta, it was never figured and only
briefly described, so no further taxonomic conclu-
sions can be made. Furthermore, the genus
Lacerta Linnaeus, 1758, commonly served as a
wastebasket taxon for multiple distantly related
species (see e.g., Arnold et al., 2007). We tenta-
tively consider Richter’s (1995) Maramena lacertid
material as conspecific with the new specimens
described herein.

?Lacertidae indet.
Figure 11

Material. M1: a fragment of tooth bearing bone
(UU MAA 7033).

Description. Specimen UU MAA 7033 is a small
fragment of a tooth bearing bone, with a total
length of 3.4 mm (Figure 11). It preserves only a
small part of the tooth row with five tooth positions.
Two rather well-preserved teeth are present: they
are pleurodont, slender, cylindrical, and closely
spaced. Though slightly eroded, their crown shows
a tricuspid condition, with a large central cusp and
two slightly smaller, similar-sized accessory cusps,
located anteriorly and posteriorly to the main one.
The accessory cusps are separated from the main
one by evident grooves lingually, but this cannot be
clearly stated labially due to the wear. Because of
the presence of the two accessory cusps and of a
light constriction at mid-height, the tooth appears
slightly antero-posteriorly enlarged at the level of
the crown and roughly symmetrical in medial view.



FIGURE 11. ?Lacertidae indet. from Maramena: frag-
ment of a tooth bearing bone (UU MAA 7033) in dorsal
(1), medial (2), and lateral (3) views.

Remarks. Pleurodont and tricuspid teeth are pres-
ent in a number of different lizard groups, such as
iguanids, lacertids, and teiids (Montanucci, 1968;
Augé, 2005; Smith, 2006, 2009; Augé and Pouit,
2012). According to Smith (2006), tricuspid teeth of
iguanids differ from those of other lizards by having
developed grooves separating the cusps on the
labial surface of the crown. Tricuspid teeth of teiids
usually have a mesiodistally enlarged crown and
considerable basal cementum (Smith, 2006).
Lacertids usually display a difference in the size of
the accessory cusps, with the anterior one that is
larger than the posterior one, rather than a sym-
metrical condition. However, this difference might
sometimes be less recognizable or even absent
(e.g., in some species of Gallotia Boulenger, 1916,
and Takydromus Daudin, 1802; see Kosma, 2004).
Among Miocene lacertids, a distinct tricuspid con-
dition of some of the teeth is known for Miolacerta
tenuis Rocek, 1984, from the early Miocene (MN 4)
of Dolnice, Czech Republic, this feature being one
of those included in its original diagnosis. However,
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as stated above, symmetrical tricuspidity is not
unique to Miolacerta among lacertids and so,
assigning poorly preserved remains to this genus
based solely on this feature should be considered
with caution. Adding to this, teeth of UU MAA 7033
also differ from those of Miolacerta in the light con-
striction at midheight and the slight expansion of
the crown. Moreover, this kind of constriction is cur-
rently not known in the dentition of lacertids as a
whole, complicating even more the attribution of
this specimen to this lizard clade. Nevertheless,
lacertids seems to be the clade of tricuspid teeth
bearing lizards that is most likely to be present in
the Greek region in the late Miocene/early Pliocene
based on a biogeographic rationale, considering
also that iguanids and teiids are totally absent from
the European Neogene. Therefore, we herein ten-
tatively refer UU MAA 7033 to Lacertidae, without
pushing further its identification awaiting the dis-
covery of other, better preserved remains bearing
unambiguous diagnostic features (e.g., dentaries).
It has to be noted, however, that the teeth of this
specimen are distinctly different from those of all
the other specimens bearing pleurodont and tricus-
pid teeth from Maramena and it as such, it is
clearly distinct from the other lacertid from the
locality that was described above.

SCINCIFORMATA Vidal and Hedges, 2005
CORDYLIFORMES Fitzinger, 1826
CORDYLIDAE Fitzinger, 1826
Genus PALAEOCORDYLUS Rocek, 1984

Type species. Palaeocordylus bohemicus Rocek,
1984.

aff. Palaeocordylus sp.
Figure 12

Material. M1: 26 maxillae (UU MAA 7046, UU
MAA 7047, UU MAA 7077-UU MAA 7086, UU
MAA 7101, UU MAA 7273, UU MAA 7358, UU
MAA 7362-UU MAA 7365, UU MAA 7370-UU MAA
7372, UU MAA 7395, UU MAA 7396, and UU MAA
7437), 57 dentaries (UU MAA 7001-UU MAA 7025,
UU MAA 7034-UU MAA 7036, UU MAA 7039, UU
MAA 7040, UU MAA 7104, UU MAA 7108, UU
MAA 7266, UU MAA 7267, UU MAA 7270, UU
MAA 7279, UU MAA 7359, UU MAA 7366-UU
MAA 7369, UU MAA 7397-UU MAA 7401, UU
MAA 7425, and UU MAA 7426), and six fragments
of tooth bearing bones (UU MAA 7037 and UU
MAA 7038); M3: a maxilla (UU MAA 7340), eight
dentaries (UU MAA 7199-UU MAA 7205, and UU
MAA 7209), and a fragment of tooth bearing bone
(UU MAA 7210).
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FIGURE 12. aff. Palaeocordylus sp. from Maramena: right maxilla (UU MAA 7046) in lateral (1) and medial (2) views;
right maxilla (UU MAA 7047) in medial view (3); right maxilla (UU MAA 7077) in medial view (4); right maxilla (UU
MAA 7078) in lateral view (5); left dentary (UU MAA 7003) in medial view (6); right dentary (UU MAA 7004) in lateral
(7) and medial (8) views; right dentary (UU MAA 7006) in lateral (9) and medial (10) views; right dentary (UU MAA
7036) in medial view (11); left dentary (UU MAA 7199) in lateral (12) and medial (13) views. Abbreviations: pp, poste-

rior process; ss, subdental shelf.

Description. Maxillae: all elements are relatively
small-sized (Figure 12.1-5). Specimens UU MAA
7047, UU MAA 7371, and UU MAA 7372 preserve
the anterior end. Specimens UU MAA 7046, UU
MAA 7079, UU MAA 7080, UU MAA 7101, UU
MAA 7362, and UU MAA 7437 preserve the middle
portion of the bone. Specimens UU MAA 7077 and
UU MAA 7370 preserve the complete posterior
end, whereas the other specimensrepresent only
poorly preserved, small portions of the posterior
process. The number of preserved tooth positions
varies from four to 14. The preserved teeth are
pleurodont, moderately slender, cylindrical, and
closely spaced. They have a blunt and strongly
postero-medially bending crown, with a labial and a
lingual longitudinal cusp. The lingual surface of the
crown displays a dense and distinct striation, which
is on the other hand absent on the labial side. The
tooth row reaches the posterior end of the bone,
when the latter is preserved. Specimens UU MAA
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7047 and UU MAA 7372 preserve the anterior pre-
maxillary process, which displays a deep anteriorly
directed concavity defined by the short lateral and
medial processes (Figure 12.3). A short lateral pro-
cess is also preserved in UU MAA 7371. The vom-
eronasal foramen opens by the base of the anterior
premaxillary process, in a shallow concave area,
which is bordered medially by a low ridge. A low
arched ridge is present on the medial surface of
the preserved remnant of the facial process in UU
MAA 7046, UU MAA 7371, and UU MAA 7372
(Figure 12.1). In UU MAA 7077 and UU MAA 7370,
the posterior process appears moderately short
and high in lateral view and has a forked posterior
end, because of the presence of a wide and well-
developed posterior projection of its dorsal margin
(Figure 12.4); the projection is separated by the
ventral portion of the process by a deep U-shaped
notch. The labial surface is smooth, but UU MAA
7046, UU MAA 7047, UU MAA 7077, UU MAA



7078, UU MAA 7101, UU MAA 7395, and UU MAA
7396 display some ventrolateral foramina. Other
smaller foramina are scattered on the labial sur-
face of the facial process in UU MAA 7046 and UU
MAA 7371, whereas UU MAA 7047 displays some
grooves.

Dentaries: the dentaries are also small-sized (Fig-
ure 12.6-13). A high subdental shelf with a distinct
subdental ridge is visible in medial view, covering
the narrow Meckelian groove in the anterior half of
the bone. In those specimens in which the poste-
rior portion is preserved, the shelf appears to nar-
row towards its posterior end and the groove
widens. A distinct facet for the articulation with the
splenial is visible ventrally to the ridge when the
posterior portion is preserved, but its anterior
extension cannot be defined because of the frag-
mentary nature of the material. A narrow and
slightly dorsally inclined mandibular symphysis is
preserved in UU MAA 7004, UU MAA 7005, UU
MAA 7006, UU MAA 7020, UU MAA 7021, UU
MAA 7022, UU MAA 7023, UU MAA 7024, UU
MAA 7025, UU MAA 7108, UU MAA 7205, UU
MAA 7266, UU MAA 7267, UU MAA 7366, UU
MAA 7367, and UU MAA 7368. Tooth morphology
is the same as in the maxillae. The number of pre-
served tooth positions ranks between five and 18.
In UU MAA 7001, UU MAA 7002, UU MAA 7003,
UuU MAA 7017, UU MAA 7018, UU MAA 7019, UU
MAA 7036, UU MAA 7040, UU MAA 7104, UU
MAA 7204, UU MAA 7209, UU MAA 7270, UU
MAA 7279, UU MAA 7401, and UU MAA 7426, the
wide alveolar foramen is visible in ventral view. The
lateral surface of the specimens is smooth, bearing
a variable number of mental foramina. The single
preserved foramen of UU MAA 7209 and those of
UU MAA 7270 are rather large. When preserved,
the ventral margin is straight in medial view.

Tooth bearing bones: UU MAA 7037, UU MAA
7038, UU MAA 7210, and UU MAA 7344 are small
fragments of indeterminate tooth bearing bones.
They bear pleurodont teeth, which are similar in
morphology to the ones described above for maxil-
lae and dentaries.

Remarks. The tooth morphology of these remains,
with the two parallel cusps, resembles Kosma’s
(2004) morphotype F, typically present in Cordyli-
formes (Cordylidae, Gerrhosauridae, and their
stem) and Scincidae sensu lato. In this case, the
crown is blunt and distinctly bending postero-medi-
ally, in contrast with UU MAA 7027 and UU MAA
7107 (see below), and appears to be similar to the
cordyliform condition. Among cordylids and gerrho-
saurids, the dense and strong striation on the lin-
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gual surface is a common feature of the former,
whereas striae are usually absent or poorly devel-
oped in the latter (Kosma, 2004). For several
years, Neogene cordylids from Europe were repre-
sented by two different genera: “Bavaricordylus”
Kosma, 2004 and Palaeocordylus Rocek, 1984.
However, the genus name “Bavaricordylus” was
“introduced” in an unpublished PhD dissertation
and should therefore not be considered valid,
being unavailable for nomenclatorial purposes.
Moreover, Villa et al. (2018c) recently demon-
strated that the fossil material assigned to the two
known species of “Bavaricordylus” can be referred
instead to the lacertid genus Janosikia Cerfiansky,
Klembara, and Smith, 2016b. In any case, these
fossil remains, originating from the early and mid-
dle Miocene of Germany (Kosma, 2004; Bohme,
2010), clearly differ from the cordylid from Mara-
mena in having a rough lateral surface of the den-
tary and striae on the labial surface of the teeth.
The type and only named species of Palaeocordy-
lus, Palaeocordylus bohemicus Rocek, 1984, from
the early Miocene of Czech Republic, is more simi-
lar to the herein described specimens in terms of
general morphology of the dentary. However, dif-
ferences are present in the dentition: teeth of
Palaeocordylus bohemicus are more swollen lin-
gually than those of the specimens from Mara-
mena and, at least as far as the posterior teeth are
concerned, distinctly more robust. Moreover, teeth
of P. bohemicus can rarely be tricuspid and lightly
striated on the labial surface according to Rocek
(1984). Given that, it appears clear that the cordylid
from Maramena shares some affinities with Palae-
ocordylus, even if some differences are present. It
should also be noted that the herein described
specimens from Maramena are rather similar in
terms of both tooth and general morphology to the
right dentary from the early Miocene locality of
Merkur-Nord, Czech Republic, attributed to aff.
Palaeocordylus bohemicus by Cerfiansky (2012).
The same applies to the fossils from the nearby
and slightly older (MN 13) locality of Ano Metochi,
which were assigned to probable cordylids by
Georgalis et al. (2017a) and to the indeterminate
“scincoid” described by Richter (1995) from Mara-
mena. Accordingly, both the Ano Metochi cordylids
(Georgalis et al., 2017a) and the previously
described “scincoid” from Maramena (Richter,
1995) are herein also referred to aff. Palaeocordy-
lus sp.

SCINCIDAE Oppel, 1811
?Scincidae indet.
Figure 13
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FIGURE 13. ?Scincidae indet. from Maramena: left den-
tary (UU MAA 7027) in lateral (1) and medial (2) views;
right dentary (UU MAA 7107) in medial view (3). Abbre-
viation: ss, subdental shelf.

Material. M1: two dentaries (UU MAA 7027 and
UU MAA 7107).

Description. Specimen UU MAA 7027 is a small
and poorly preserved dentary, roughly 3.5 mm in
length (Figure 13.1-2). It misses both the anterior
and posterior ends. In medial view, a moderately
high subdental shelf and a narrow and ventrally
open Meckelian groove are visible. The shelf car-
ries a subdental ridge dorsally. Nine tooth positions
are preserved, housing five well-preserved teeth
plus some more damaged ones. The teeth are
closely spaced, pleurodont, slender, and cylindri-
cal. They have a bicuspid crown, with labial and lin-
gual cusps, and a pointed tip that is very slightly,
not distinctly curved in medial direction. Both the
labial and the lingual surfaces of the teeth are
smooth, lacking evident striation. The ventral mar-
gin is straight in medial view. The lateral surface is
smooth, bearing four mental foramina. Specimen
UU MAA 7107 is also a rather small (total length =
2.5 mm) fragment of a dentary (Figure 13.3). It
bears four pleurodont teeth that are rather similar
to those of UU MAA 7027, even if they show light
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striae on the labial surface of the crown, plus two
empty tooth positions. In this specimen, the wide
alveolar foramen is visible in ventral view. The lat-
eral surface is smooth, with a single mental fora-
men.

Remarks. The tooth morphology of UU MAA 7027
and UU MAA 7107, with the two parallel cusps,
recalls the morphotype F of Kosma (2004), as was
also the case with the above described cordylids.
According to the latter author, this morphotype is
typical of the Scincoidea (sensu Estes et al., 1988
and Gauthier et al., 2012), i.e., Cordyliformes and
Scincidae sensu lato. Teeth similar to morphotype
F are also present in gekkotans (Sumida and Mur-
phy, 1987; Villa et al., 2018b), but they lack striae
and they are not curved by the tip. Moreover, den-
taries of gekkotans have a closed Meckelian
groove (Evans, 2008; Villa et al., 2018b). Com-
pared to those of the herein described dentaries,
cordyliforms have more robust and blunter teeth
(Kosma, 2004), whereas the more slender, pointed
and slightly postero-medially curved morphology of
the crown of small-sized scincids (Townsend et al.,
1999; Caputo, 2004) seems to fit better with the
Maramena specimens. The few remains recovered
and their poor preservation prevents us from being
more confident with this identification.

Laterata indet. or Scinciformata indet.

Material. M1: 29 dentaries (UU MAA 7026, UU
MAA 7106, UU MAA 7357, UU MAA 7361, UU
MAA 7379, UU MAA 7402-UU MAA 7404, UU
MAA 7435, and UU MAA 7436); M3: a dentary (UU
MAA 7206).

Description. These dentaries are poorly pre-
served and fragmentary. All specimens are small-
sized and represented by only part of the tooth row.
They display a well-developed and high subdental
shelf, provided with a distinct subdental ridge. The
tooth positions are occupied by pleurodont, slen-
der, cylindrical, and closely spaced teeth. The latter
are either absent or they underwent strong wear,
preventing a clear recognition of the main features
of the crowns.

Remarks. A precise identification of these remains
is impossible because of their rather poor preser-
vation. Anyway, the combination of pleurodont den-
tition, open Meckelian groove, and presence of the
subdental ridge suggests that they cannot be
assigned to Iguania, Gekkota, or Anguimorpha and
rather belong to what was until recently called
“scincomorph” lizards (Evans, 2008). “Scincomor-
pha’is a term often used in the literature for the
group uniting scincids and lacertids (Camp, 1923;
Estes, 1983; Estes et al., 1988; Augé, 2005;



Evans, 2008), but this grouping has been recently
considered paraphyletic in phylogenetic analyses
either based only on or including also molecular
data (e.g., Vidal and Hedges, 2005, 2009; Wiens et
al., 2012; Pyron et al., 2013; Reeder et al., 2015;
Zheng and Wiens, 2016; Streicher and Wiens,
2017), although Gauthier et al. (2012) redefined it
as comprising Lacertoidea and Scincoidea. Recent
molecular studies suggest that lacertids and scinc-
ids are in fact much more distantly related and
have instead demonstrated close affinities of lacer-
tids with amphisbaenians, teiids, and gymnoph-
thalmids (grouped altogether into Laterata) and of
scincids with cordyliforms and xantusiids (grouped
altogether into Scinciformata) (Vidal and Hedges,
2005, 2009). Similar affinities have been also
recovered in subsequent phylogenetic analyses
(Wiens et al., 2012; Pyron et al., 2013; Reeder et
al., 2015; Zheng and Wiens, 2016; Streicher and
Wiens, 2017) and have been recently also sup-
ported by the fossil record (Muller et al., 2011),
whereas the taxonomic arrangement and nomen-
clature of Vidal and Hedges (2005) has recently
appeared also in palaeontological papers (e.g.,
Codrea et al., 2017b).

ANGUIMORPHA Firbringer, 1900
ANGUIDAE Gray, 1825
ANGUINAE Gray, 1825

Genus ANGUIS Linnaeus, 1758

Type species. Anguis fragilis Linnaeus, 1758.
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Anguis sp.
Figure 14

Material. M1: 37 trunk vertebrae (UU MAA 7181,
UU MAA 7263, UU MAA 7274, UU MAA 7280, UU
MAA 7332-UU MAA 7334, UU MAA 7411, UU MAA
7418, and UU MAA 7804), a cloacal vertebra (UU
MAA 7269); M3: two trunk vertebrae (UU MAA
7217 and UU MAA 7218).

Description. Trunk vertebrae: they are lightly built
and small-sized (Figure 14). Centrum length varies
from 2.4 mm to 3.7 mm. The vertebral centrum is
procoelous and dorso-ventrally compressed. There
is no precondylar constriction. In ventral view (Fig-
ure 14.2, 14.7), the lateral margins are straight and
roughly parallel in the posterior portion of the cen-
trum, slightly diverging anteriorly. The ventral sur-
face is flat. The subcentral foramina range from
small to moderately large. The synapophyses are
dorso-ventrally elongated. The neural canal is sub-
triangular or subpentagonal. The neural arch bears
a well-developed, laminar neural crest, originating
a well-developed neural spine posteriorly. The
zygapophyses are dorsallytilted of about 45° and
subelliptical.

Cloacal vertebra: this is similar to the trunk verte-
brae in both morphology and size. In ventral view,
the vertebral centrum has straight and roughly par-
allel lateral margins in its posterior half.

Remarks. These vertebrae can be allocated to
Anguis on the basis of the dorso-ventrally com-
pressed centrum with straight and parallel lateral
margins, flat ventral surface, and devoid of precon-

FIGURE 14. Anguis sp. from Maramena: trunk vertebra (UU MAA 7181) in dorsal (1), ventral (2), anterior (3), posterior
(4), and left lateral (5) views; trunk vertebra (UU MAA 7263) in dorsal (6), ventral (7), anterior (8), posterior (9), and left
lateral (10) views. Abbreviations: c, vertebral centrum; nc, neural canal.
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FIGURE 15. Ophisaurus morphotypes from Maramena. Ophisaurus sp. (morphotype 1) (1-3): right maxilla (UU MAA
7324) in medial view (1); right dentary (UU MAA 7176) in medial view (2); right dentary (UU MAA 7177) in medial view
(3). Ophisaurus sp. (morphotype 2) (4-7): left maxilla (UU MAA 7180) in medial view (4); left dentary (UU MAA 7100)
in medial view (5); right dentary (UU MAA 7186) in medial (6) and lateral (7) views. Ophisaurus sp. (morphotype 3)
(8): left dentary (UU MAA 7313) in medial view (8). Ophisaurus sp. (morphotype 4) (9-10): left dentary (UU MAA 7175)
in medial (9) and lateral (10) views. Ophisaurus sp. (morphotype 5) (11): left maxilla (UU MAA 7178) in medial view
(11). Abbreviations: af, alveolar foramen; is, intramandibular septum; sp, surangular spine; ss, subdental shelf.

dylar constriction (Klembara, 1981; Estes, 1983;
Cerfiansky et al., 2019). A species level identifica-
tion is not possible, as all named Anguis species
described from the Neogene of Europe are based
on cranial material (Klembara and Rummel, 2018).
Even more, the extant taxon Anguis fragilis has
been recently demonstrated to represent a species
complex, with distinct species of the genus cur-
rently identified in the European continent, includ-
ing also the Greek area (Gvozdik et al., 2010,
2013). Nevertheless, such taxonomic allocation of
the extant Anguis spp. was made primarily on the
basis of molecular data, with their osteology being,
however, relatively indistinguishable.

Genus OPHISAURUS Daudin, 1803
Type species. Anguis ventralis Linnaeus, 1766.

Ophisaurus sp. (morphotype 1)
Figure 15.1-3

Material. M1: a maxilla (UU MAA 7324) and two
dentaries (UU MAA 7176 and UU MAA 7177).
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Description. Maxilla: the specimen is small-sized
and fragmentary (Figure 15.1). The total length is 3
mm. It preserves only part of the tooth row, missing
part of the anterior end, most of the facial process,
and the posterior process. On the medial surface of
the preserved portion of the facial process, there is
the antero-ventral part of a low but distinct arched
ridge. The lateral surface is smooth, except for four
ventrolateral foramina. Teeth are sub-pleurodont.
Five tooth positions are preserved, with three
rather well-preserved teeth. The best preserved
tooth is distinctly conical, with a pointed and poste-
riorly curved tip. Low carinae might be present on
the anterior and posterior sides of the crown, but
this cannot be confirmed because of its preserva-
tion. There are no striae on the crown.

Dentaries: all dentaries are fragmentary. Specimen
UU MAA 7177 is represented only by the middle
portion of the bone (Figure 15.3), whereas UU
MAA 7176 misses the anterior end and part of the
posterior one (namely, the angular process and the
coronoid process) (Figure 15.2). Both specimens
are small-sized, roughly 4 mm (UU MAA 7177) and



6 mm (UU MAA 7176) in length. Medially, the
smooth subdental shelf covers completely the nar-
row and ventrally opened Meckelian groove in UU
MAA 7177, whereas it is almost completely broken
in UU MAA 7176. The opening of the alveolar fora-
men, visible only in UU MAA 7176, is located by
the posteriormost tooth position. The intramandibu-
lar septum does not develop a clear posterior pro-
jection, and its posteroventral margin is fused to
the wall of the Meckelian groove. Posteriorly to the
opening of the alveolar canal, there is a small
surangular spine. The surangular process is short
and wide. Specimen UU MAA 7176 displays seven
tooth positions, whereas only five are preserved in
UU MAA 7177. Teeth are sub-pleurodont and
closely spaced, with a non-swollen tooth base.
Only the posteriormost two are well preserved in
UU MAA 7176, whereas a single rather well-pre-
served tooth is present in UU MAA 7177. They are
moderately slender and conical, displaying a light
but distinct posterior curvature by their tip. Except
for the single well-preserved tooth of UU MAA
7177 (which displays a light striation on the lingual
side), there are no striae on the crown. The last
tooth of UU MAA 7176 presents two very poorly
recognizable carinae on the anterior and posterior
sides. The crown of the other preserved teeth is
too eroded to clearly state the presence or
absence of such features. The lateral surface of
the bone is smooth and displays three (UU MAA
7177) or four (UU MAA 7176) mental foramina. In
UU MAA 7176, part of the articulation surface with
the surangular is visible in lateral view, ventrally to
the surangular process (Figure 15.2). The ventral
margin is rather straight.

Remarks. According to Klembara et al. (2014),
conical and slightly posteriorly curved teeth and a
surangular spine on the dentary are diagnostic fea-
tures of Ophisaurus among anguines, whereas an
intramandibular septum ending by or near the last
tooth position (that is, the alveolar foramen open-
ing there) is typical of Anguis. This might cause a
certain degree of uncertainty about the possible
identification of the above described specimens,
taking also into account the fact that both Anguis
and Ophisaurus seem to be present in Maramena
based on vertebral morphology. However, the
fusion of the intramandibular septum with the wall
of the Meckelian groove is not present in Anguis,
whereas it occurs in at least two extant species of
Ophisaurus: Ophisaurus gracilis (Gray, 1845) and
Ophisaurus koellikeri (Gunther, 1873) (Klembara et
al., 2014). Because of this, we favour the assign-
ment of UU MAA 7324, UU MAA 7176, and UU
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MAA 7177 to Ophisaurus. Members of the recently
defined genus Ophisauromimus Cerfiansky, Klem-
bara and Miller, 2016a, from the Oligocene of
France and Germany also have conical and slightly
posteriorly curved teeth (Cerfiansky et al., 2016a),
but nevertheless, this genus is clearly different
from the herein considered specimens because of
the presence of a broad and plate-like intramandib-
ular septum that is posteriorly free and the fact that
it develops a large posterior projection. Conical
and slightly posteriorly curved teeth are also
observed in Ragesaurus medasensis Bailon and
Augé, 2012, from the early Pleistocene of Spain
(Bailon and Augé, 2012). The fragmentary nature
of the specimens, along with the fact that most
Neogene species of European Ophisaurus are
based on parietals (see Klembara and Rummel,
2018), precludes a more precise identification.

Ophisaurus sp. (morphotype 2)
Figure 15.4-7

Material. M1: three maxillae (UU MAA 7180, UU
MAA 7336, and UU MAA 7337), three dentaries
(UU MAA 7100, UU MAA 7186, and UU MAA
7439), and a fragment of a tooth bearing bone (UU
MAA 7440).

Description. Maxillae: the maxillae are small and
fragmentary, preserving only part of the tooth row.
None of the specimens preserve the posterior end,
and only UU MAA 7180 preserves part of the ante-
rior end (Figure 15.4). Most of the facial process is
lacking too. The total length of the specimen
ranges from 2.5 mm to 3.8 mm. A small vomerona-
sal foramen located in a shallow concavity is visible
anteriorly in UU MAA 7180, whereas UU MAA
7336 preserves the wide superior dental foramen.
Specimen UU MAA 7180 displays also part of a
sharp and low arched ridge on the medial surface
of the facial process (Figure 15.4). Preserved teeth
are sub-pleurodont, closely spaced, slender, and
conical. They have a pointed and slightly posteri-
orly curved tip. There are no striae on the crown,
but low carinae are present on the anterior and
posterior sides at least in UU MAA 7336 and UU
MAA 7337. The lingual side of the tooth base is
slightly swollen. Specimen UU MAA 7180 carries
seven tooth positions with two well-preserved
teeth, whereas tooth positions and preserved teeth
are respectively five in UU MAA 7336 and three in
UU MAA 7337. The lateral surface is smooth in all
specimens. Five preserved ventrolateral foramina
are visible in UU MAA 7180, whereas only two are
preserved in UU MAA 7336.

Dentaries: the dentaries preserve the anterior half
(UU MAA 7186), the posterior half (UU MAA 7100),
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or only a portion of the middle part of the bone (UU
MAA 7439). They are small-sized, roughly 2.4 mm
(UU MAA 7439) or 4 mm (other specimens) in total
length. In medial view, the narrow and ventrally
open Meckelian groove of UU MAA 7186 and UU
MAA 7439 is completely covered by a well-devel-
oped subdental shelf. Both UU MAA 7186 and UU
MAA 7439 preserve only the anterior and middle
portions of the bone, respectively, so neither the
anterior inferior alveolar foramen nor the splenial
spine, which are located in the posterior portion,
are preserved (if present). A narrow and sub-hori-
zontal mandibular symphysis is present by the
anterior end of the former specimen. On the other
hand, the shelf is broken in UU MAA 7100 (Figure
15.5). Four moderately preserved sub-pleurodont
teeth are present in UU MAA 7186 (Figure 15.6-7),
together with three empty tooth positions, whereas
UU MAA 7100 carries five empty tooth positions
and a single well-preserved tooth, and UU MAA
7439 bears three empty tooth positions and one
well-preserved tooth. Teeth are closely spaced,
slender and roughly conical. In UU MAA 7186 and
UU MAA 7439, their tip is missing because of their
preservation, but the crown appears to slightly
curve posteriorly, as shown also by the preserved
and pointed tip of the tooth of UU MAA 7100.
There are no striae, whereas the anterior and pos-
terior carinae are present only in UU MAA 7100
and UU MAA 7439; however, their absence in the
other specimen can also be due to its poor preser-
vation. The tooth base is not distinctly swollen lin-
gually. The alveolar foramen is visible in UU MAA
7100, located between the last and the second to
last tooth positions. The intramandibular septum
appears to be fused to the wall of the bone.
Because of the preservation, it is not possible to
state whether a surangular spine was present or
not. The lateral surface is smooth, but carries two
(UU MAA 7100 and UU MAA 7439) or three (UU
MAA 7186) mental foramina. The ventral margin is
straight.

Tooth bearing bone: UU MAA 7440 is a small frag-
ment of tooth bearing bone, carrying four sub-pleu-
rodont, slender, closely spaced and roughly conical
teeth. Their tooth base is slightly swollen. There
are no striae on the crown, but low carinae are visi-
ble both anteriorly and posteriorly at least in the
best-preserved teeth.

Remarks. The identification of these specimens as
belonging to Ophisaurus is based on the same cri-
teria used for those assigned to morphotype 1. The
two morphotypes are indeed rather similar, in par-
ticular as far as the position of the alveolar foramen
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is concerned, but they are here considered as dis-
tinct because of some differences in the tooth mor-
phology (i.e., the less conical and more swollen
teeth of the second morphotype). On the other
hand, however, we cannot state with confidence
that these slightly different morphologies are only
due to some kind of individual variation and that
morphotypes 1 and 2 might represent the same
form. The recently described Ophisaurus cranial
remains from the nearby locality of Ano Metochi
(Georgalis et al., 2017a) resemble the Maramena
Ophisaurus morphotypes 1 and 2, particularly the
second one.

Ophisaurus sp. (morphotype 3)
Figure 15.8

Material. M1: a left dentary (UU MAA 7313).
Description. Specimen UU MAA 7313 is a frag-
mentary left dentary, preserving part of the poste-
rior portion of the bone, but missing the ventral
margin and the posterior processes (Figure 15.8).
It has a wide and laterally open Meckelian groove,
separated from the alveolar shelf by a narrow sub-
dental shelf. The alveolar shelf preserves six tooth
positions, with a single well-preserved tooth and
only part of a second one. The preserved tooth is
sub-pleurodont, cylindrical, and slender; it displays
a very slightly enlarged tooth base. The crown is
blunt and does not show striae. The alveolar fora-
men is visible inside the Meckelian groove ventrally
to the preserved teeth, being located at least four
teeth before the posterior end of the tooth-row. The
intramandibular septum is fused to the wall of the
bone, but a very small and shallow groove visible
in ventral view could be a suture line. A longitudinal
ridge starts by the end of the intramandibular sep-
tum and runs posteriorly along the wall of the bone;
this ridge might represent the base of the surangu-
lar spine, but because of a breakage at its posterior
end, it is not possible to state whether it is indeed
the case. The lateral surface of the specimen is
smooth, except for a mental foramen located ante-
riorly and a small portion of the articulation surface
with the surangular. The total length of the speci-
men is 4.5 mm.

Remarks. The sub-pleurodont, slender, and cylin-
drical teeth, and the possible presence of a suran-
gular spine suggest that UU MAA 7313 can also be
referred to Ophisaurus (Klembara et al., 2014).
The different tooth morphology and the more ante-
riorly located alveolar foramen, however, clearly
distinguish this specimen from the previously
described ones.



Ophisaurus sp. (morphotype 4)
Figure 15.9-10

Material. M1: a left dentary (UU MAA 7175).
Description. Specimen UU MAA 7175 is a frag-
ment of a left dentary, missing the anterior portion,
most of the posterior end, and the ventral margin
(Figure 15.9-10). It is small-sized, with a total
length roughly reaching 6 mm. The subdental shelf
is ventrally developed anteriorly, but very narrow
posteriorly. A very small splenial spine is present
by the end of the expanded part of the shelf,
though its tip is broken. The alveolar foramen is
located between the fourth and the fifth tooth posi-
tions, starting from the posterior end of the tooth
row. The intramandibular septum projects posteri-
orly with a small and pointed projection, which is
not fused with the wall of the bone. Nine tooth posi-
tions are preserved in the tooth row, carrying four
rather well-preserved teeth. Teeth are sub-pleuro-
dont, cylindrical, and rather slender, with a blunt
and apically flat crown and a not-distinctly enlarged
base. The crown displays no striae and is not
curved posteriorly. The lateral surface is smooth
and bears three mental foramina.

Remarks. Specimen UU MAA 7175 is similar to
UU MAA 7313 in tooth morphology and therefore
we here assign it to Ophisaurus too. A possibly sig-
nificant difference between these two specimens,
however, is found in the unfused intramandibular
septum of the former. It is worth noting that Klem-
bara (2015) seems to treat this difference as indi-
vidual variation in the description of its Anguine
morphotype 1 from Merkur-Nord. The presence of
a suture line in UU MAA 7313 can support this
view, suggesting that the two specimens might be
attributed to the same morphotype.

Ophisaurus sp. (morphotype 5)
Figure 15.11

Material. M1: a maxilla (UU MAA 7178).

Description. Specimen UU MAA 7178 is a small
fragment of maxilla, measuring 2.7 mm in total
length (Figure 15.11). It preserves only a part of the
middle portion of the tooth row and of the facial
process, carrying three well-preserved teeth. The
latter are sub-pleurodont, closely spaced, and
cylindrical, with a roughly pointed, labio-lingually
compressed, and slightly postero-medially bending
crown. The tooth crown displays very light striae on
the lingual side, whereas the labial one is smooth.
A sharp carina is present on both the anterior and
the posterior sides of the teeth. In medial view, the
teeth appear slightly thicker than those of the other
morphotypes. Their base is not enlarged. On the
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medial surface of the preserved portion of the facial
process, a very robust and well-developed arched
ridge is present, defining ventrally a strongly medi-
ally concave area. By the posterior end of the pre-
served portion of the palatal shelf, the outline of the
superior dental foramen is recognizable in dorsal
view. The lateral surface of the bone carries three
large ventrolateral foramina. Dorsally to them, a
hint of dermal ornamentation is also visible.
Remarks. As for the other morphotypes described
above, tooth morphology suggests that UU MAA
7178 can also be attributed to Ophisaurus. How-
ever, the clear differences of its dentition lead to its
assignment to a fifth morphotype.

Ophisaurus sp. (indeterminate morphotype)
Figure 16

Material. M1: three dentaries (UU MAA 7179, UU
MAA 7312, and UU MAA 7343), 41 trunk vertebrae
(UU MAA 7173, UU MAA 7174, UU MAA 7183, UU
MAA 7335, UU MAA 7412, and UU MAA 7416);
M3: two trunk vertebrae (UU MAA 7215 and UU
MAA 7216).

Description. Dentaries: UU MAA 7179 and UU
MAA 7312 are represented by the anterior end of
small-sized dentaries. Their total length is roughly
3.6 mm for UU MAA 7179 and roughly 2.5 mm for
UU MAA 7312. Both have a narrow and sub-hori-
zontal mandibular symphysis and a ventrally well-
developed subdental shelf, which completely cov-
ers the narrow Meckelian groove in medial view. In
both specimens, the tooth row preserves five tooth
positions, with a single well-preserved (UU MAA
7179) or poorly-preserved (UU MAA 7312) tooth,
and two other preserved tooth bases. Teeth are
sub-pleurodont and closely spaced. The well-pre-
served one of UU MAA 7179 is slender, cylindrical,
and narrows towards the tip, showing an enlarged
base. The other preserved bases and the best pre-
served one of UU MAA 7312 (which misses the
crown), however, do not show a clear enlargement.
The crown of the well-preserved tooth is rather
blunt, smooth, and not posteriorly curved. The lat-
eral surface of the dentaries is smooth, with one
(UU MAA 7179) or two (UU MAA 7312) mental
foramina. The mental foramen of UU MAA 7179 is
very large. Specimen UU MAA 7343is a small frag-
ment of a very poorly preserved dentary. It displays
a well-developed subdental shelf and four sub-
pleurodont and closely spaced teeth. The teeth are
also very poorly preserved. The lateral surface of
the dentary is smooth, with two mental foramina.
Trunk vertebrae: they are procoelous, moderately
robust and small- to medium-sized (Figure 16).
The length of their vertebral centrum ranges from
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1 mm

1 mm

FIGURE 16. Ophisaurus from Maramena (indeterminate
morphotype), vertebrae:trunk vertebra (UU MAA 7173)
in anterior (1) and posterior (2) views; trunk vertebra (UU
MAA 7215) in ventral view (3); trunk vertebra (UU MAA
7216) in dorsal view (4).

2.3 mm to 4.9 mm. The centrum is dorsoventrally
compressed and has a flat ventral surface, pro-
vided with small subcentral foramina. In ventral
view, the centrum has a subtriangular shape, with
posteriorly converging and laterally concave lateral
margins. There is no precondylar constriction. The
synapophyses are dorsoventrally elongated. The
neural canal is roughly subtriangular or subpentag-
onal in anterior view. The neural arch displays a
high and laminar neural crest, originating a well-
developed (but often broken) neural spine by its
posterior end. Zygapophyses are tilted dorsally of
about 45° and have a subelliptical shape.

Remarks. The trunk vertebrae clearly belong to
Ophisaurus because of the dorsoventrally com-
pressed and subtriangular vertebral centrum with
concave lateral margins, a flat ventral surface, and
the absence of a precondylar constriction (Klem-
bara, 1981; Estes, 1983; Cerfiansky et al., 2019).
The dentaries are allocated to the same genus
because of the presence of sub-pleurodont, slen-
der, and cylindrical or conical teeth (Klembara et
al., 2014). The poor preservation of UU MAA 7343
prevents us to confidently assign it to one of the
above five recognized morphotypes. Teeth of UU
MAA 7179 and UU MAA 7312, on the other hand,
are similar to those of both morphotypes 3 and 4,
but, since the posterior end is not preserved in
these dentaries, and as such the degree of fusion
of the intramandibular septum is not definable, they
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cannot be confidently attributed to either the third
or the fourth morphotypes.

Genus PSEUDOPUS Merrem, 1820
Type species. Lacerta apoda Pallas, 1775.

Pseudopus sp.
Figures 17, 18

Material. M1: a maxilla (UU MAA 7171), a dentary
(UU MAA 7407), a fragment of tooth bearing bone
(UU MAA 7307), two trunk vertebrae (UU MAA
7172 and UU MAA 7328), and a cloacal vertebra
(UU MAA 7329); M3: three trunk vertebrae (UU
MAA 7212-UU MAA 7214).

Description. Maxilla: UU MAA 7171 is a fragment
of a small maxilla (total length = 4.9 mm) preserv-
ing only part of the posterior process (Figure 17.1-
4). The posterior tip of the process is missing. The
lateral surface is smooth and carries two ventrolat-
eral foramina, with the posteriormost one distinctly
larger than the other one. A wide superior dental
foramen followed by a shallow longitudinal groove
is present on the dorsal surface of the palatal shelf.
The alveolar border of UU MAA 7171 carries three
large, relatively bulbous, rather robust and sub-
pleurodont teeth, which decrease in size posteri-
orly. Their crown is blunt and does not display dis-
tinct cusps, however, this latter feature could be
simply due to weathering or wear. A dense striation
surrounds the tip of the teeth.

Dentary: UU MAA 7407 is a poorly preserved den-
tary, with a total length of 3 mm (Figure 17.5-8). In
medial view, the subdental shelf can be recognized
despite the poor preservation. The specimen car-
ries five cylindrical, sub-pleurodont, and rather
robust teeth, with flat and blunt crowns. Even if all
teeth are distinctly eroded, a single and small cusp
is still recognizable in the middle of the apical sur-
face of some of them. A light and dense radial stri-
ation surrounds the cusp. The lateral surface of the
dentary is smooth.

Tooth bearing bone: UU MAA 7307 is a small frag-
ment of tooth bearing bone, carrying two rather
robust, cylindrical, and sub-pleurodont teeth (Fig-
ure 17.9-10). Their tip is rounded, with a single,
small cusp in the middle surrounded by a dense
radial striation covering both the labial and the lin-
gual sides of the tooth crown.

Trunk vertebrae: they are robust and small- to
medium-sized. The smallest one, UU MAA 7213,
has a centrum length of 2 mm, whereas the largest
one, UU MAA 7172, is 4.4 mm in length (Figure
18.1-5). The vertebral centrum in all specimens is
procoelous and dorso-ventrally compressed. In
ventral view, it is distinctly triangular and devoid of
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FIGURE 17. Pseudopus sp. from Maramena, cranial elements: right maxilla (UU MAA 7171) in lateral (1), medial (2),
dorsal (3), and ventral (4) views; right dentary (UU MAA 7407) in lateral (5), medial (6), dorsal (7), and posterior (8)
views; fragment of tooth bearing bone (UU MAA 7307) in lateral (9) and medial (10) views. Abbreviation: ss, subdental

shelf.

precondylar constriction. The lateral margins are
straight in UU MAA 7328 (Figure 18.6), but slightly
concave in the other specimens. The ventral sur-
face of the centrum displays a low and wide con-
vexity. The synapophyses are dorsoventrally
elongated. The neural canal is subtriangular or
subpentagonal in anterior view. A well-developed
neural crest is present on the dorsal surface of the
neural arch; it forms a neural spine posteriorly, but
the latter is always broken off. The zygapophyses
are subellipical and strongly tilted dorsally at
around 45°.

Cloacal vertebra: UU MAA 7329 is rather similar to
the above described trunk vertebrae in robustness
and morphology (Figure 18.7-8). Its centrum length
is 4.5 mm.

Remarks. Robust, bulbous, cylindrical, and stri-
ated sub-pleurodont teeth are one of the main fea-
tures of the tooth bearing bones of Pseudopus
(Klembara et al., 2014). Trunk vertebrae with a dor-
soventrally compressed and triangular vertebral
centrum, straight (or concave in small specimens)

lateral margins, a convex ventral surface, and no
precondylar constriction can be attributed to the
same genus (Klembara, 1981; Estes, 1983;
Cerfiansky et al., 2019). A species level identifica-
tion is prevented by the poor preservation of the
few cranial remains, but the tooth bearing bones
from Maramena differ clearly at least from those of
Pseudopus ahnikoviensis Klembara, 2012, from
the early Miocene (MN 3) of Merkur-Nord, Czech
Republic, by the presence of the striated teeth
(Klembara, 2012; Klembara and Rummel, 2018).
However, the dentary UU MAA 7407 can still pro-
vide more diagnostic information for a more pre-
cise determination. The subdental shelf of the
Maramena dentary is much different from that of
Pseudopus laurillardi (Lartet, 1851) from the early
and middle Miocene of France and Germany, as in
the latter taxon, the position of the subdental shelf
is situated much deeper relative to the height of the
lower jaw throughout its anteroposterior course, a
feature occurring constantly in both small and
large-sized specimens of the species (Klembara et
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FIGURE 18. Pseudopus sp. from Maramena,vertebrae: trunk vertebra (UU MAA 7172) in left lateral (1), anterior (2),
posterior (3), dorsal (4), and ventral (5) views; trunk vertebra (UU MAA 7328) in ventral view (6); cloacal vertebra (UU
MAA 7329) in dorsal (7) and ventral (8) views. Abbreviation: c, vertebral centrum.

al., 2010). Instead, UU MAA 7407 is characterized
by a dorsal position of the subdental shelf in the
posterior section of the dentary relative to height of
the dentary. Such feature is present in dentaries of
the extant Pseudopus apodus and small-sized indi-
viduals of the extinct widespread “giant” anguid
Pseudopus pannonicus (Kormos, 1911) from the
late Miocene and Pliocene of Central and Eastern
Europe (Klembara et al.,, 2010, 2014; Klembara,
pers. comm. to GLG, October 2018). As such, this
feature could be regarded as a synapomorphy of
the clade of Pseudopus pannonicus plus the extant
Pseudopus apodus. Unfortunately, this character
cannot be evaluated for Pseudopus confertus
Klembara and Rummel, 2018, another species of
that genus from the early Miocene (MN 3) of
Merkur-Nord, Czech Republic, as dentaries are
currently unknown for that species (Klembara,
2015; Klembara and Rummel, 2018). It therefore
seems most probable that the Maramena material
pertains to the widespread taxon Pseudopus pan-
nonicus, taking also into consideration a strati-
graphic and geographic rationale and the
ubiquitous absence of definite specimens of Pseu-
dopus apodus in pre-Quaternary sediments.

non-Anguis Anguinae indet.
Figure 19.1-12

Material. M1: 188 osteoderms (UU MAA 7160-UU
MAA 7170, UU MAA 7262, UU MAA 7265, UU
MAA 7268, UU MAA 7271, UU MAA 7275, UU
MAA 7306, and UU MAA 7314-UU MAA 7318);
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M2: eight osteoderms (UU MAA 7187, UU MAA
7188, and UU MAA 7298).

Description. Osteoderms are relatively small-
sized and sub-rectangular in shape. The only
exceptions are UU MAA 7160, UU MAA 7161, UU
MAA 7162, UU MAA 7163, UU MAA 7164, UU
MAA 7165, UU MAA 7166, UU MAA 7169, UU
MAA 7314, UU MAA 7315, and UU MAA 7316,
which are strongly larger and more robust than the
other ones. The external surface displays a vermic-
ular ornamentation, absent only anteriorly where
the smooth gliding surface is located (Figure 19.1-
12). A low longitudinal keel (sharper in UU MAA
7317 and UU MAA 7318) runs in the middle of the
same surface in many specimens. The inner sur-
face, on the other hand, is smooth. As for the posi-
tion of the osteoderms in the body (sensu
Hoffstetter, 1962), certain specimens can be recog-
nized as mediodorsal osteoderms (Figure 19.6,
19.12), others as lateral osteoderms (Figure 19.1-
2, 19.4, 19.7-11), others as medioventral osteo-
derms (Figure 19.5), whereas others are too
incomplete to denote an exact origination from the
body (Figure 19.3).

Remarks. Sub-rectangular and keeled osteoderms
are found in non-Anguis anguines, whereas those
of Anguis are more rounded and devoid of any keel
(Hoffstetter, 1962; Delfino et al., 2011). Because of
the absence of clear diagnostic features, it is not
possible to assign these osteoderms to either Oph-
isaurus or Pseudopus. Regarding the previously
described anguids from Maramena that had been
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FIGURE 19. Non-Anguis Anguinae indet. from Maramena (1-12): osteoderm (UU MAA 7161) in external view (1);
osteoderm (UU MAA 7164) in external view (2); osteoderm (UU MAA 7165) in external view (3); osteoderm (UU MAA
7167) in external view (4); osteoderm (UU MAA 7168) in external view (5); osteoderm (UU MAA 7169) in external view
(6); osteoderm (UU MAA 7187) in external view (7); osteoderm (UU MAA 7262) in external view (8); osteoderm (UU
MAA 7265) in external view (9); osteoderm (UU MAA 7271) in external view (10); osteoderm (UU MAA 7275) in exter-
nal view (11); osteoderm (UU MAA 7315) in external view (12). Anguidae indet. (13-17): left quadrate (UU MAA 7408)
in anterior (13), posterior (14), and medial (15) views; caudal vertebra (UU MAA 7182) in dorsal (16) and ventral (17)
views. Abbreviations: ap, autotomy plane; Ik, longitudinal keel; Il, lateral lamina; ml, medial lamina.

referred to Ophisaurus sp. by Richter (1995), this
material consisted of a “questionable jaw fragment”
(Richter, 1995:37) that was never figured and 30
osteoderms; in any case, it appears that Richter’s
(1995) material is not informative at the genus level
and should only be treated as indeterminate
anguines.

Anguidae indet.
Figure 19.13-17

Material. M1: a quadrate (UU MAA 7408), 13 trunk
vertebrae (UU MAA 7323, UU MAA 7410, and UU
MAA 7417), 80 caudal vertebrae (UU MAA 7182,
UU MAA 7184, UU MAA 7185, UU MAA 7272, UU
MAA 7320, UU MAA 7321, UU MAA 7325-UU

MAA 7327, UU MAA 7330, UU MAA 7331, UU
MAA 7409, UU MAA 7423, UU MAA 7800, UU
MAA 7801, and UU MAA 7803), and four fused
caudal vertebrae (UU MAA 7413); M2: a caudal
vertebra (UU MAA 7301); M3: four caudal verte-
brae (UU MAA 7211, UU MAA 7219, and UU MAA
7338).

Description. Quadrate: this specimen is 4 mm in
length (Figure 19.13-15). In anterior view, it is
straight and narrow. The lateral lamina is short and
does not develop a deep and wide conch. A medial
lamina is also present, but its margin is broken and
so it is not possible to define its total development,
as well as the presence or absence of a pterygoid
flange. The mandibular condyle is wide and
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roughly flat, with two similar-sized portions. A
quadrate foramen is visible dorsally to it on the
anterior surface of the specimen. The cephalic
condyle is strongly anteroposteriorly expanded; in
medial view, its dorsal surface is flat and slightly
convex. The anterior outline of the quadrate is dis-
tinctly angular, with an angle of about 90° com-
posed by the cephalic condyle and the straight
anterior margin of the bone. A deep squamosal
notch is visible in dorsal view.

Trunk vertebrae: the small trunk vertebrae are frag-
mentary and poorly preserved, but they clearly dis-
play a dorsoventrally compressed and procoelous
vertebral centrum, strongly dorsally tilted (roughly
45°) and sub-elliptical prezygapophyses and a
sub-triangular neural canal. The synapophyses are
dorsoventrally elongated.

Caudal vertebrae: the caudal vertebrae are
medium- or small-sized and procoelous (Figure
19.16-17). They have a dorsoventrally compressed
centrum and a sub-triangular neural canal. When
the posterior portion of the centrum is preserved,
the bases of the fused and thin haemapophyses
are present on its ventral surface. The zygapophy-
ses are tilted dorsally at 45° and have a sub-ellipti-
cal shape. A long and sub-cylindrical, though often
broken, neural spine is present by the posterior
end of the neural arch, when preserved. The trans-
verse processes are welded, the anterior process
being smaller than the posterior, and placed just
behind the prezygapophyses.The autotomy plane
is usually present, but sometimes it can be second-
arily fused (e.g., UU MAA 7321, UU MAA 7326,
and UU MAA 7327). Specimen UU MAA 7413 is
represented by the poorly preserved and fused
vertebral centra of four small caudal vertebrae. The
centra are dorsoventrally compressed and display
the bases of fused haemapophyses on the ventral
surface.

Remarks. The vertebral remains clearly display
anguid features, such as the dorsoventrally com-
pressed centrum and, in the caudal vertebrae, the
fused haemapophyses and the autotomy plane.
The morphology of the quadrate is also congruent
with that of anguid quadrates. These specimens
are most probably attributable to one of the above
mentioned anguine taxa, but we here treat them as
indeterminate anguids because of the absence of
clear diagnostic characters allowing for a more pre-
cise allocation.

PLATYNOTA Duméril and Bibron, 1839
VARANIDAE Gray, 1827 (sensu Estes et al., 1988)
Genus VARANUS Merrem, 1820

Type species. Lacerta varia White, 1790.
34

Varanus sp.
Figure 20

Material. M1: six teeth (UU MAA 7029, UU MAA
7030, and UU MAA 7148-UU MAA 7151) and 12
caudal vertebrae (UU MAA 7028, UU MAA 7278,
UU MAA 7388, UU MAA 7389, UU MAA 7429-UU
MAA 7434, UU MAA 7805, and UU MAA 7806);
M3: a caudal vertebra (UU MAA 7198).
Description. Teeth: the isolated teeth are labiolin-
gually compressed, conical, and slightly posteriorly
curved by the pointed tip (Figure 20.1-10). The
curve is more pronounced in UU MAA 7029 (Figure
20.1-2). A sharp carina runs along the entire poste-
rior margin; this carina is serrated in all specimens
except UU MAA 7029 and UU MAA 7148. Another,
non-serrated carina is also present along the distal
portion of the anterior margin, but it becomes less
distinct towards the tooth base. This latter carina is
more developed and serrated in UU MAA 7029
(Figure 20.1-2), UU MAA 7030 (Figure 20.3-4), and
UU MAA 7151 (Figure 20.9-10). The tooth base is
almost always broken off, but well-distinct striae
are present on both the labial and the lingual sides,
near the proximal end of the preserved portion of
the specimens. The striation is rather dense in UU
MAA 7030 (Figure 20.3-4). Except for the latter
specimen, the striae correspond interiorly to den-
tine lamellae projecting inside the pulp cavity. Part
of the tooth base is preserved only in UU MAA
7029 (Figure 20.1-2) and UU MAA 7148 (Figure
20.5-6): it shows a spongy structure, formed by a
strong development of the lamellae.

Caudal vertebrae: the caudal vertebrae are pro-
coelous and medium-sized (Figure 20.11-17).
Their centrum is dorsoventrally compressed; the
best-preserved and largest ones, those of UU MAA
7198 and UU MAA 7278, are roughly 7 mm and 8
mm in length, respectively. In lateral view, the ven-
tral margin of the anterior cotyle is located posteri-
orly compared to the dorsal one. A distinct
precondylar constriction is visible in ventral view.
Two robust pedestals for the chevron bone are
present on the ventral surface, especially in UU
MAA 7198 (Figure 20.14-15). Only a hint of the
base of the pedestals is recognizable in UU MAA
7028 (Figure 20.11). The neural canal is subtrian-
gular in anterior view. The neural arch is mostly
missing (completely absent in UU MAA 7388, but
well preserved in UU MAA 7429), but its anterior
end is dorsally flattened. Zygapophyses are sub-
elliptical and tilted dorsally at 45° in anterior view.
There is no sign of autotomy plane.

Remarks. Teeth including a trenchant and keeled
morphology, the presence of plicidentine (i.e., the



PALAEO-ELECTRONICA.ORG

6

FIGURE 20. Varanus sp. from Maramena: tooth (UU MAA 7029) in labial (1) and lingual (2) views; tooth (UU MAA
7030) in lingual (3) and anterior (4) views; tooth (UU MAA 7148) in labial (5) and lingual (6) views; tooth (UU MAA
7149) in lingual view (7); tooth (UU MAA 7150) in lingual view (8); tooth (UU MAA 7151) in labial (9) and lingual (10)
views; caudal vertebra (UU MAA 7028) in posterior (11) and dorsal (12) views; caudal vertebra (UU MAA 7198) in left
lateral (13), dorsal (14), and ventral (15) views; caudal vertebra (UU MAA 7278) in anterior (16) and posterior (17)

views. Abbreviations: c, cotyle; pe, pedestal; s, striae.

infolding of dentine lamellae in the pulp cavity),
basal striae, and spongy tissue at their tooth bases
are all diagnostic traits of Varanoidea (Estes, 1983;
Bailon, 1991; Pianka et al., 2004; Augé, 2005;
Kearney and Rieppel, 2006). Among varanoids,
the basal striae are more developed towards the tip
in varanids than in helodermatids and lanthanotids
(Kearney and Rieppel, 2006; Georgalis et al.,
2017Db). In this feature, the specimens from Mara-
mena appear to be more congruent with varanids
than helodermatids. Moreover, the presence of
precondylar constriction on the vertebrae is consid-

ered as a synapomorphy of Varanidae (Bailon,
1991; Smith et al., 2008). Two varanid genera are
reported from Europe: Saniwa Leidy, 1870, and
Varanus. One of the main features distinguishing
them is the presence of a pseudozygosphene in
the presacral vertebrae of the former genus (Hoff-
stetter, 1943; Estes, 1983; Smith et al., 2008). The
pseudozygosphene, however, is not present in the
caudal vertebrae (Estes, 1983) and therefore this
feature cannot be used to discriminate specimens
of Saniwa and Varanus when only these bones are
considered. Furthermore, vertebrae of Saniwa are
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characterized by a lesser degree of precondylar

constriction in comparison to those of Varanus

(Smith et al., 2008). Besides, European material

assigned to Saniwa is strictly restricted to the

Paleogene, and Varanus is the only valid varanoid

genus currently known from the European Neo-

gene (Delfino et al., 2013; Georgalis et al., 2017b,
2018b; Ivanov et al., 2018; Villa et al., 2018a). Tak-
ing all these into consideration, we herein follow
this view in assigning the fossils from Maramena to

Varanus.

The Varanus specimens from Maramena
show a broad variation regarding the presence or
absence of toothserration. In fact, the situation is
more complex than just a dichotomy between ser-
rated and unserrated teeth, with a mix of different
conditions. The teeth are either completely ser-
rated (i.e., both anteriorly and posteriorly; UU MAA
7030 and UU MAA 7051), either completely unser-
rated (UU MAA 7148), either serrated anteriorly but
not posteriorly (UU MAA 7029), and either serrated
posteriorly but not anteriorly (UU MAA 7149 and
UU MAA 7150). This variability in the tooth serra-
tion can be explained by the following hypotheses:
1)  The serration on the fossil teeth of Varanus from

Maramena is an intraspecifically variable feature

among different individuals or even within different

teeth of the same individual, maybe linked with fac-
tors such as ontogenetic variation or different
developmental stage of the tooth;

2) There are more than one different species / mor-
photypes in our Maramena fossil sample;

3) Some taphonomic process may have been
involved, and the serration was originally present in
life in the unserrated teeth as well (or also in the
unserrated portions of the one-side onlyserrated
ones) but was subsequently lost / eroded at some
point during fossilization.

However, all these three hypotheses cannot
be fully evaluated for the Maramena dental mate-
rial. Regarding the first hypothesis about intraspe-
cific variation, it is known that serration in extant
varanids occurs only in a few large taxa, e.g., the
Komodo Dragon Varanus komodoensis Ouwens,
1912, though the serration in that species is pres-
ent in all teeth (Hocknul et al., 2009; GLG, pers.
observ. specimen NMP 73735). Some smaller
extant varanid species have been reported to have
also serration on their teeth, only at their posterior
sides though (Farlow et al., 1991). Among extinct
forms, serration in varanids is most prominent in
the largest terrestrial lizard, the “Megalania” Vara-
nus priscus (Owen, 1859) from the Quaternary of
Australia (Fejérvary, 1918, 1935; Hocknul et al.,
2009). One of the earliest European members of
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the genus, Varanus mokrensis lvanov, Ruta, Klem-
bara, and Bohme, 2017, bears no serration on its
teeth (lvanov et al., 2018). In Greek specimens,
absence of tooth serration cannot be evaluated on
the lectotype skull (IPUW 1888-001-001) of Vara-
nus marathonensis Weithofer, 1888, from the late
Miocene (MN 12) of Pikermi, near Athens, due to
the preservation of the specimen (Villa et al,
2018a). Unserrated teeth in V. marathonensis have
been, however, demonstrated by the recently pub-
lished Iberian remains assigned to this species
(Villa et al., 2018a). The same applies for the
youngest record of varanids from the continent,
known from the Middle Pleistocene of Tourko-
bounia-5, also near Athens (Georgalis et al.,
2017b). In fact, among European fossil Varanus,
tooth serration is, in general, a rare feature. Judg-
ing primarily from the published descriptions and
figures, these few European varanids with serrated
teeth are known only fromthe middle Miocene (MN
6) of Subpiatra, Romania (Venczel et al., 2005), the
middle Miocene (MN 7/8) of Gratkorn, Austria
(B6hme and Vasilyan, 2014), the late Miocene (MN
13) of Cava Monticino, Italy (AV, pers. observ.), the
early Pliocene (MN 15/16) of Balaruc Il, France
(Bailon, 1991), and probably also the late Pliocene
(MN 16) of Beremend, Hungary (referred to Vara-
nus marathonensis by Fejérvary [1918]) and the
late Miocene (MN 11) of Kohfidisch, Austria
(referred to Varanus cf. hofmanni by Tempfer
[2005]). The second hypothesis, about higher spe-
cies diversity, appears strange for European stan-
dards, considering that there has almost never
been more than one species / morphotype of vara-
nids coexisting in a single Neogene or Quaternary
European locality (e.g., B6hme and Vasilyan, 2014;
Colombero et al., 2014; Georgalis et al., 2017b,
2018b; lvanov et al., 2018; Villa et al., 2018a). The
only exception is the Greek late Miocene locality of
Pikermi, from which two species have been
named: Varanus marathonensis and Varanus atti-
cus Nopcsa, 1908. However, these were estab-
lished on non-overlapping material (the former on
skull elements [Weithofer, 1888], the latter on a sin-
gle vertebra [Nopcsa, 1908]), and therefore, no
direct comparison can be made, although generally
they are still treated as synonyms (e.g., Fejérvary,
1918; Rage and Sen, 1976; Estes, 1983; Villa et
al.,, 2018a). On the other hand, though, the abun-
dance of multitaxic extant varanid assemblages in
Australia, Asia, and Africa (Pianka et al., 2004),
with as much as 10 species co-occurring sympatri-
cally at certain regions (e.g., Kimberley region in
Western Australia; D’Amore et al., 2018), leaves



open the possibility that more than one species of
monitor lizards could have indeed existed in Mara-
mena. The third hypothesis, about taphonomical
transformation of the fossils, cannot be fully con-
firmed or discarded; there are signs of erosion in
some of the teeth, also at the serrated portions.
This case is mostly apparent in the specimen UU
MAA 7029, the only tooth that is serrated anteriorly
but not posteriorly, where signs of erosion are visi-
ble along both anterior and posterior keels. As
such, we cannot be certain whether all the non-ser-
rated portions correspond to some degree of ero-
sion, but we do not consider this as highly
plausible, at least for the rest of the teeth other
than UU MAA 7029. Taking all the above into con-
sideration and in the absence of other, more taxo-
nomically significant elements (i.e., maxillae, or
even dentaries, with more complete dentition), we
cannot clearly state whether the four different types
of serration in the Maramena varanid assemblage
reflect taxonomic diversity or are simply subjected
to intraspecific variation. Therefore, for the moment
we can only confirm that Maramena was inhabited
by at least one species of Varanus.

Anguimorpha indet.

Material. M1: a dentary (UU MAA 7353).
Description. Specimen UU MAA 7353 is a small
and rather poorly preserved fragment of dentary.
Teeth are not preserved but they were sub-pleuro-
dont in life. A well-developed subdental shelf is vis-
ible medially, with no subdental ridge on it.
Remarks. The presence of a subdental shelf
devoid of subdental ridge is a distinctive feature of
anguimorph lizards (Evans, 2008). A more precise
identification of this dentary is impossible because
of its poor preservation.

(non-snake) Squamata indet.

Material. M1: a premaxilla (UU MAA 7093), eight
maxillae (UU MAA 7342, UU MAA 7355, UU MAA
7356, UU MAA 7360, and UU MAA 7428), six den-
taries (UU MAA 7103, UU MAA 7105, and UU
MAA 7427), 14 fragments of tooth bearing bones
(UU MAA 7102, UU MAA 7311, UU MAA 7354, UU
MAA 7393, UU MAA 7405, and UU MAA 7406),
three axes (UU MAA 7346 and UU MAA 7378),
three post-axial cervical vertebrae (UU MAA 7322,
UU MAA 7348, and UU MAA 7789), 13 trunk verte-
brae (UU MAA 7110, UU MAA 7345, UU MAA
7382-UU MAA 7384, UU MAA 7421), two cloacal
vertebrae (UU MAA 7380 and UU MAA 7381),
eight caudal vertebrae (UU MAA 7347, UU MAA
7385-UU MAA 7387, and UU MAA 7390), a frag-
ment of caudal vertebra (UU MAA 7310), 11 ribs
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(UU MAA 7111 and UU MAA 7419), seven humeri
(UU MAA 7309 and UU MAA 7352), two pelvic gir-
dles (UU MAA 7349 and UU MAA 7376), 14
femurs (UU MAA 7109, UU MAA 7308, UU MAA
7351, UU MAA 7377, and UU MAA 7420), and a
tibia (UU MAA 7350); M2: a fragment of a pre-
sacral vertebra (UU MAA 7299) and a caudal ver-
tebra (UU MAA 7300); M3: a fragment of tooth
bearing bone (UU MAA 7339) and a caudal verte-
bra (UU MAA 7221).

Description and remarks. All these remains are
either rather fragmentary or lack significant diag-
nostic features. They can be therefore identified
only as indeterminate lizards (i.e., non-snake squa-
mates).

SERPENTES Linnaeus, 1758
SCOLECOPHIDIA Duméril and Bibron, 1844
Scolecophidia indet.

Figure 21

Material. M1: three trunk vertebrae (UU MAA
7373-UU MAA 7375).

Description. All three vertebrae are small with
centrum lengths between1.2 and 1.6 mm (Figure
21). Specimen UU MAA 7374 is the most complete
among the three vertebrae, missing only the left
prezygapophysis and part of the left lateral lobe of
the zygosphene (Figure 21.7-12). The vertebrae
are rather dorsoventrally compressed. No neural
spine is present. In anterior view, the zygosphene
is either almost straight (UU MAA 7375) or slightly
arched (UU MAA 7373 and UU MAA 7374) and the
prezygapophyses are only slightly dorsolaterally
tited. The neural canal is rather large, having a
greater height than that of the cotyle, and being
much wider above the level of the cotyle, than
below the level of the zygosphene. Cotyle is ellipti-
cal in anterior view and the synapophyses form a
single articular surface, and they are prominent,
hemisphaerical-shaped, and appear to extend well
beyond the vertebral centrum. No paracotylar
foramina are present. In posterior view, the neural
arch appears to be almost straight or only slightly
curved, but this cannot be verified in UU MAA 7373
where the posterior part of the vertebra is not pre-
served. The zygantrum is completely preserved
only in UU MAA 7375 (Figure 21.14), it is incom-
plete in UU MAA 7374 (Figure 21.8), whereas it is
totally damaged in UU MAA 7373 (Figure 21.2).
The condyle is elliptical, projective after a distinc-
tive condylar neck, and is smaller than the cotyle in
all three specimens. In lateral view, a lateral fora-
men is present, being rather large and deep espe-
cially in UU MAA 7373 (Figure 21.3) and UU MAA
7375 (Figure 21.15). In ventral view, the postzyga-
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1 mm

FIGURE 21. Scolecophidia indet. from Maramena: trunk vertebra (UU MAA 7373) in anterior (1), posterior (2), right
lateral (3), left lateral (4), ventral (5), and dorsal (6) views; trunk vertebra (UU MAA 7374) in anterior (7), posterior (8),
right lateral (9), left lateral (10), ventral (11), and dorsal (12) views; trunk vertrebra (UU MAA 7375) in anterior (13),
posterior (14), right lateral (15), left lateral (16), ventral (17), and dorsal (18) views. Abbreviations: cd, condyle; ct, cot-
yle; nac, neural arch; po, postzygapophysis; prp, prezygapophyseal accessory process; scf, subcentral foramen; zy,

zygosphene.

pophyses are significantly enlarged and they
extend laterally well beyond the posterior part of
the centrum and posteriorly much beyond the tip of
the condyle (these structures are not preserved in
UU MAA 7373). The surface of the centrum is rela-
tively flattened, though ventral foramina are pres-
ent, being especially large in UU MAA 7373 (Figure
21.5) and UU MAA 7375 (Figure 21.17). There are
no subcentral ridges, haemal keel and/or hypa-
pophysis. Distinct subcentral grooves are present
only in UU MAA 7375 (Figure 21.17). In dorsal
view, the zygosphene is rather concave and bears
two distinct lateral lobes in UU MAA 7374 (Figure
21.12) and UU MAA 7375 (Figure 21.18), but it is
not preserved in UU MAA 7373. The right prezyga-
pophysis of UU MAA 7374 is oriented laterally at
an angle of around 40° (Figure 21.12). The prezy-
gapophyses are much damaged in the other two

specimens. Prezygapophyseal accessory pro-
cesses are present in UU MAA 7374 (Figure
21.12).

Remarks. These three specimens from Maramena
can be referred to Scolecophidia on the basis of
rather small vertebral size, dorsoventrally
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depressed vertebrae, absence of neural spine,
absence of hypapophysis and haemal keel, syn-
apophyses forming a single articular surface with-
out a clear distinction between diapophyses and
parapophyses, absence of paracotylar foramina,
and both cotyle and condyle being flattened dorso-
ventrally (characters from Rage, 1984 and Szynd-
lar, 1991a). Moreover, their absolute size, the
shape of the neural canal, and, most importantly,
the absence of a hypapophysis denote an origin of
UU MAA 7373 and UU MAA 7374 from the mid-
trunk portion of the skeletal column, whereas the
presence of distinct deep subcentral grooves in UU
MAA 7375 denotes that it probably originated from
the posterior trunk region. The new Maramena
scolecophidian can be differentiated from the
extant Xerotyphlops vermicularis (Merrem, 1820),
but also from all other published fossil scolecophid-
ians (including the sole known European extinct
species, “Typhlops” grivensis Hoffstetter, 1946,
from the middle Miocene of France), by the rather
long and enlarged postzygapophyses that extend
well beyond the condyle, the robust synapophyses,
the prominent and deep zygantrum, the curvature



of the prezygapophysis, and different angle
between the tips of prezygapophyses and postzy-
gapophyses. However, due to the uniform morphol-
ogy of scolecophidian vertebrae and the current
absence of any diagnostic characters in their post-
cranial skeleton, it is not possible to evaluate the
taxonomic significance of the above mentioned
features. As such, it is not easy to identify more
accurately the Maramena material, even to the
family level (Georgalis et al., 2017a). Such identifi-
cation is further complicated by the fact that two
distinct families of scolecophidians, typhlopids and
leptotyphlopids, occur in the modern herpetofauna
of the northeastern Mediterranean region (Sindaco
and Jeremcéenko, 2008; Adalsteinsson et al.,
2009), even though only the former clade currently
inhabits Greece, represented by Xerotyphlops ver-
micularis (Valakos et al., 2008; Kornilios, 2017).
The recently published scolecophidian from the
late Miocene (MN 13) of the nearby locality of Ano
Metochi (Georgalis et al., 2017a) strongly resem-
bles the Maramena form in having large postzyga-
pophyses. Accordingly, and following also a
geographic and stratigraphic rationale, the two
scolecophidians from Ano Metochi and Maramena
are probably conspecific.

ALETHINOPHIDIA Nopcsa, 1923
CAENOPHIDIA Hoffstetter, 1939
COLUBRIDAE Oppel, 1811
“COLUBRINAE” Oppel, 1811 (sensu Szyndlar,
1991a)

Remarks. The presence or absence of a hypa-
pophysis in the mid-trunk and posterior trunk verte-
brae has been considered as the most significant
character in distinguishing “colubrine” from natri-
cine snakes (Rage, 1984; Szyndlar, 1984, 1991a,
b). However, it is known that partial or even total
absence of hypapophyses in the mid-trunk and
posterior trunk vertebrae is in fact a more wide-
spread feature within snakes. Besides “colubrines”,
it also occurs in various elapoids (e.g., psam-
mophiids) and dipsadids (Pyron et al., 2013; Head
et al., 2016), whereas at least one natricine taxon
without hypapophyses on the posterior trunk verte-
brae has been documented (Malnate, 1972; lkeda,
2007; McCartney et al., 2014). Therefore, caution
should be taken into consideration when dealing
with such taxonomic assignements and the name
“Colubrinae” should be more safely placed in quo-
tation marks (e.g., Szyndlar, 2012). Apart from the
absence of hypapophyses in the mid-trunk and
posterior trunk vertebrae, the following other fea-
tures have been suggested to characterize “Colub-
rinae”; lightly built morphology, presence of haemal
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keel, synapophyses clearly divided into diapophy-
ses and parapophyses, presence of lateral foram-
ina, straight interzygapophyseal ridges, and
straight subcentral ridges (Szyndlar, 1991a).

Genus PERIERGOPHIS gen. nov.
zoobank.org/56B6CEC0-CC70-4880-BBAC-4CE805BCD746

Type species. Periergophis micros gen. et sp. nov.
(by monotypy).

Etymology. From the Greek words “mrepiepyog”
(“periergos”), meaning “strange”, “bizarre”, “curi-
ous”, in reference to the strange features observed
in the vertebrae of this genus, and in particular the
anteroventrally directed haemal keel tubercles on
the posterior trunk vertebrae, and “6@ig” (“ophis”),
meaning “snake”.

Gender. Gender of the genus Periergophis is mas-
culine.

Diagnosis. As for type and only known species.

Periergophis micros gen. et sp. nov.
Figures 22, 23, 24, 25, 26

zoobank.org/66C2F8A3-9542-4F20-80AD-F584C4A3AT7F8

Holotype. Specimen UU MAA 7615 (a posterior
trunk vertebra) (Figures 22 and 24.1-2). The holo-
type originates from M1 site.

Paratypes. Specimen UU MAA 7551 (a cervical
vertebra) (Figure 23.1-2); UU MAA 7614 (a mid-
trunk vertebra) (Figure 23.3-8); UU MAA 7618 (a
cloacal vertebra) (Figure 23.9-12); UU MAA 7636
(a caudal vertebra) (Figures 23.13-16, 24.3). All
paratypes originate from M1 site.

Type locality. Maramena 1 site, Maramena locality
(latest Miocene or earliest Pliocene [MN 13/14]),
Central Macedonia, Greece.

Referred material. M1: a cervical vertebra (UU
MAA 7552), 113 trunk vertebrae (UU MAA 7553-
UU MAA 7613, UU MAA 7616, UU MAA 7617, UU
MAA 7762, UU MAA 7769, UU MAA 7780, UU
MAA 7784, UU MAA 7785, UU MAA 7787, UU
MAA 7790, UU MAA 7792, UU MAA 7799, UU
MAA 7820, UU MAA 7821, UU MAA 7826, UU
MAA 7835, UU MAA 7839, UU MAA 7841, UU
MAA 7842, UU MAA 7845, UU MAA 7848-UU
MAA 7850, UU MAA 7862, UU MAA 7872, UU
MAA 7874, UU MAA 7875, UU MAA 7880, UU
MAA 7884, UU MAA 7887, UU MAA 7888, UU
MAA 7890, UU MAA 7894, UU MAA 7896, UU
MAA 7899, UU MAA 7903, UU MAA 7905, UU
MAA 7911, UU MAA 7912, UU MAA 7916, UU
MAA 7918, UU MAA 7922, UU MAA 7924, UU
MAA 7926, UU MAA 7929, UU MAA 7937, UU
MAA 7940, UU MAA 7951, UU MAA 7952, UU
MAA 7955, UU MAA 7958, UU MAA 7963, and
probably also UU MAA 7112), three cloacal verte-
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FIGURE 22. Periergophis micros gen. et sp. nov. from Maramena: holotype posterior trunk vertebra (UU MAA 7615)
in dorsal (1), right lateral (2), ventral (3), anterior (4), and posterior (5) views. Abbreviations: cd, condyle; hkt, haemal
keel tubercles; ns, neural spine; p, parapophysis; pctf, paracotylar foramina; prf, prezygapophyseal articular facet.

brae (UU MAA 7619, UU MAA 7797, and UU MAA
7822), and 25 caudal vertebrae (UU MAA 7620-UU
MAA 7635, UU MAA 7637, UU MAA 7779, UU
MAA 7827, UU MAA 7907, UU MAA 7915, UU
MAA 7921, UU MAA 7928, and UU MAA 7936, and
UU MAA 7950); M3: a posterior trunk vertebra (UU
MAA 7740).

Distribution and age. Known only from the type
locality, Maramena, Central Macedonia, Greece.
More specifically, holotype and all paratypes origi-
nate from M1 site; nevertheless, the referred mate-
rial originates from two different sites (M1 and M3)
within the locality, even though M3 has yielded only
a single vertebra. M1 and M3 sites are coeval, hav-
ing a latest Miocene (MN 13) or earliest Pliocene
(MN 14) age, with the latest Miocene being the
most probable.

Etymology. From the Greek word “pikpdg”
(“mikros”), meaning “small”, “tiny”, in reference to
the rather small vertebral size of this snake spe-
cies.

Descriptive diagnosis. Periergophis micros gen.
et sp. nov. can be differentiated from all other “colu-
brine” taxa, on the basis of one autapomorphy (dis-
tinct paired anteroventrally directed tubercles or
short processes developed on the wide haemal
keel of posterior middle and posterior trunk verte-
brae and haemapophyseal tubercles separated
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from the remaining part of haemapophyses in cau-
dal vertebrae, at least in a portion of the caudal
series) and the following combination of charac-
ters: 1) posteriorly inclined anterior margin of the
neural spine observed in trunk, cloacal, and caudal
vertebrae; 2) unusually deep lateral depressions
with large lateral foramina developed between the
interzygapophyseal and subcentral ridges; 3)para-
pophyses being twice as long as the diapophyses;
4) rather wide haemal keel in trunk vertebrae, with
a constriction present behind the level of the syn-
apophyses; 5) slightly dorsally vaulted zygo-
sphene, with wide medial and more distinct lateral
lobes; 6) rather depressed neural arch of the mid-
trunk vertebrae in posterior view; and 7) small size
(centrum length of the largest vertebrae not
exceeding the 2 mm) and rather lightly-built overall
structure.

Description of the holotype. The holotype poste-
rior trunk vertebra (UU MAA 7615) is incomplete,
missing its left prezygapophysis and large portions
of the postzygapophyses (Figure 22). The vertebra
is small, with a centrum length of 2 mm. In lateral
view (Figures 22.2, 24.1), the neural spine is longer
than high; its dorsal margin is straight and its ante-
rior and posterior margins are posteriorly inclined.
Deep lateral depressions with large lateral foram-
ina are developed between the interzygapophyseal
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pctf

FIGURE 23. Periergophis micros gen. et sp. nov. from Maramena, paratypes: cervical vertebra (UU MAA 7551) in
right lateral (1) and ventral (2) views; paratype mid-trunk vertebra (UU MAA 7614) in right lateral (3), dorsal (4), ven-
tral (5), left lateral (6), anterior (7), and posterior (8) views; paratype cloacal vertebra (UU MAA 7618) in left lateral (9),
dorsal (10), ventral (11), and anterior (12) views; paratype caudal vertebra (UU MAA 7636) in right lateral (13), dorsal
(14), ventral (15), and anterior (16) views. Abbreviations: cd, condyle; ct, cotyle; d, diapophysis; hae, haemapophysis;
haet, haemapophyseal tubercles; hy, hypapophysis; If, lateral foramen; ly,lymphapophysis; na, neural arch; nc, neural
canal; ns, neural spine; p, parapophysis; pctf, paracotylar foramen; pl, pleurapophysis; pof, postzygapophyseal articu-
lar facet; pr, prezygapophysis; prf, prezygapophyseal articular facet; prp, prezygapophyseal accessory process; scf,
subcentral foramen; scg, subcentral groove; scr, subcentral ridge; zg, zygantrum; zy, zygosphene.

and subcentral ridges. A condylar neck is present.
Distinct anteroventrally directed haemal keel tuber-
cles are present; they become enlarged, while
going further from their bases, but their anterior-
most parts are pointed. In dorsal view (Figure
22.1), the zygosphenal lip has developed distinct
and pointed lateral lobes and a rather wide (almost

bilobed) medial lobe. The prezygapophyseal artic-
ular facets (only the right is fully preserved) are
suboval. The prezygapophyseal accessory pro-
cess is eroded and not visible. The rather thin neu-
ral spine rises in the posterior part of the
zygosphene. In ventral view (Figures 22.3, 24.2), a
prominent and rather wide haemal keel is present,
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and it becomes even wider towards its posterior
termination. The ventral surface of the haemal keel
is flattened. There is a distinct constriction of the
haemal keel, close behind the level of the syn-
apophyses. Distinct, paired anteroventrally
directed haemal keel tubercles (or short pro-
cesses) are developed onto each of the lateral
margins of the haemal keel. The synapophyses are
divided into diapophyses and parapophyses, with
the latter being twice as long as the former. The
subcentral ridges are distinct and rather sharp. In
anterior view (Figure 22.4), the zygosphene is thin,
convex, and its edges are vaulted dorsally. The
zygosphene is wider than the cotyle. The neural
canal bears rather large lateral sinuses. The
slightly dorsally tilted prezygapophyseal articular
facets occur far above the dorsal margin of the cot-
ylar rim at the level of the dorsal termination of lat-
eral sinuses. Paracotylar foramina are present and
large (especially the right one) and they occur
within deep depressions on either side of the dor-
soventrally flattened cotyle. The parapophyses and
the anteroventrally directed tubercles of the hae-
mal keel extend below the ventral level of the cot-
yle. In posterior view (Figure 22.5), the neural arch
is moderately vaulted. The postzygapophyses are
slightly tilted up dorsally. The condyle is depressed
with a relatively straight ventral level.

Description of paratypes and referred speci-
mens — intracolumnar variation. Cervical verte-
brae (Figures 23.1-2, 25.1-4): both preserved
cervical vertebrae (paratype UU MAA 7551 and
referred specimen UU MAA 7552) are incomplete,
with broken-off zygosphene, hypapophysis, dam-
aged zygapophyses, and neural spines. In lateral
view (Figures 23.1, 25.1), the neural spine was
probably as high as long with its posterior margin
vertical or slightly inclined posteriorly. The anterior
margin of the neural spine is missing in both speci-
mens. Large lateral foramina occur close to the
dorsal margin of a large and deep depression, just
below the short interzygapophyseal ridges. The
synapophyses are eroded. The diapophyses were
most probably anteroposteriorly short; the para-
pophyses are narrow horizontally but rather elon-
gated vertically. The dorsally vaulted distinct
subcentral ridges are short and reach about the
half of the centrum length. The preserved base of
the hypapophysis in the two vertebrae indicates
that this element was directed posteroventrally,
with its anterior keel being rather flat. In dorsal
view, the only preserved right prezygapophyseal
articular facet of UU MAA 7552 is rather large and,
most probably, had a wide subrectangular or ellipti-
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FIGURE 24. Explanatory drawings of the haemal keel
tubercles and the haemapophyseal keel tubercles in
posterior trunk and caudal vertebrae of Periergophis
micros gen. et sp. nov. Holotype posterior trunk vertebra
UU MAA 7615 in right lateral (1) and ventral (2) views;
paratype caudal vertebra UU MAA 7636 in right lateral
view (3).

cal outline (Figure 25.2). In ventral view (Figures
23.2, 25.3), small subcotylar tubercles occur at the
base of the cotylar rim. The subcentral grooves are
wide and short, developed only in the anterior part
of the centrum. In anterior view (Figure 25.4), the
neural canal is almost rounded, with wide lateral
sinuses. The preserved right prezygapophyseal
articular facet of UU MAA 7552 is situated well
above the dorsal margin of the cotylar rim, just at
the level of the dorsal margin of the right lateral
sinus. Paracotylar foramina are present and situ-
ated within depressions at both sides of the
rounded cotyle with flatten base.

Mid-trunk vertebrae (Figures 23.3-8, 25.5-6, 26.1-
7): the best preserved mid-trunk vertebra is the
paratype UU MAA 7614, missing its left prezyga-
pophysis and right prezygapophyseal accessory
process (Figure 23.3-8). In lateral view (Figure
23.3, 23.6), the neural spine is about three times
longer than high. Its dorsal margin is almost
straight, with its anterodorsal edge rounded. The
posterior margin of the neural spine was most
probably almost vertical. The zygosphenal facets
are narrow. The sharp interzygapophyseal ridges
are short. Rather large lateral foramina occur close
below the interzygapophyseal ridges, in the vicinity
of the dorsal margin of the wide depressions devel-
oped behind the synapophyses. These depres-
sions are developed between the
interzygapophyseal and the subcentral ridges. The
straight and short subcentral ridges are moderately
developed. In the completely preserved right syn-
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FIGURE 25. Periergophis micros gen. et sp. nov. from Maramena, referred specimens: cervical vertebra (UU MAA
7552) in right lateral (1), dorsal (2), ventral (3), and anterior (4) views;mid-trunk vertebra (UU MAA 7740) in dorsal (5)
and ventral (6) views; posterior trunk vertebra (UU MAA 7616) in anterior (7), dorsal (8), and ventral (9) views. Abbre-
viations: cd, condyle; ct, cotyle; hk, haemal keel; hkt, haemal keel tubercle; hy, hypapophysis; If, lateral foramen; nc,
neural canal; ns, neural spine; p, parapophysis; pctf, paracotylar foramen; po, postzygapophysis; pp, parapophyseal
process; pr, prezygapophysis; prf, prezygapophyseal articular facet; scf, subcentral foramen; scr, subcentral ridge; zy,

zygosphene.

apophysis, the parapophysis is about twice as long
as the short diapophysis. In dorsal view (Figure
23.4), the zygosphenal lip has developed small
and pointed lateral lobes and a moderately devel-
oped, wide medial lobe. The preserved right prezy-
gapophyseal articular facet is suboval to
subtriangular. The rather thin neural spine rises in
the posterior half of the zygosphene length. The
epizygapophyseal spines are moderately devel-
oped. In ventral view (Figure 23.5), the haemal
keel is prominent and rather wide, with a constric-
tion situated anteriorly close behind the synapoph-
yses. The ventral surface of the haemal keel is
slightly flattened. Small subcentral foramina occur
at the base of the haemal keel. The slightly dam-
aged postzygapophyseal articular facets are rect-
angular. In anterior view (Figure 23.7), the
zygosphene is wider than the cotyle. The thin zygo-
sphenal lip is slightly vaulted dorsally. The neural
canal is rounded, with large lateral sinuses. The
prezygapophyses are situated far above the dorsal
margin of the cotylar rim, at the level of the dorsal
termination of lateral sinuses. Large paracotylar
foramina occur within deep depressions on either
side of the cotyle.The ventral rim of the cotyle is
partially damaged. In posterior view (Figure 23.8),
the neural arch is moderately vaulted or almost flat-

tened. The postzygapophyses are tilted dorsally.
The condyle is slightly depressed with a flat ventral
surface.The morphology of the other referred mid-
trunk vertebrae corresponds to that of the paratype
UU MAA 7614, though none is as complete (Fig-
ures 25.5-6, 26.1-7). A general trend is that in the
mid-trunk vertebrae, the haemal keel tubercles are
not present, however, they slightly develop in pos-
terior mid-trunk vertebrae, first appearing on each
side of the haemal keel in the form of longitudinal
carinae (e.g., Figure 26.7), culminating in size in
the posterior trunk ones (see below).

Posterior trunk vertebrae: they are rather similar to
the holotype UU MAA 7615. The subcentral ridges
of the posterior trunk vertebrae are more distinct
and rather sharp in comparison with those of the
mid-trunk ones (Figures 25.7-9, 26.8-16). The most
peculiar characteristic of the posterior trunk verte-
brae is the presence of a pair of distinct anteroven-
trally directed tubercles or short processes (i.e.,
haemal keel tubercles) developed along the lateral
sides of the haemal keel. These haemal keel tuber-
cles slightly appear first in the posterior mid-trunk
vertebrae and they gradually increase in size
towards the posterior trunk region. The shape of
the prezygapophyseal articular facets varies from
suboval to subtriangular. When preserved, the pre-
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FIGURE 26. Periergophis micros gen. et sp. nov. from Maramena, referred specimens: mid-trunk vertebra (UU MAA
7820) in ventral (1) and anterior (2) views; mid-trunk vertebra (UU MAA 7848) in anterior (3) view; mid-trunk vertebra
(UU MAA 7903) in left lateral view (4); mid-trunk vertebra (UU MAA 7890) in ventral view (5); mid-trunk vertebra (UU
MAA 7922) in dorsal (6) and ventral (7) views; posterior trunk vertebra (UU MAA 7790) in right lateral (8), anterior (9),
and ventral (10) views; posterior trunk vertebra (UU MAA 7780) in anterior (11), right lateral (12), dorsal (13), and ven-
tral (14) views; posterior trunk vertebra (UU MAA 7839) in ventral view (15); posterior trunk vertebra (UU MAA 7894)
in ventral view (16); cloacal vertebra (UU MAA 7797) in anterior (17) and ventral (18) views; caudal vertebra (UU
MAA 7907) in dorsal view (19); caudal vertebra (UU MAA 7779) in ventral view (20); caudal vertebra (UU MAA 7827)
in ventral view (21); caudal vertebra (UU MAA 7921) in left lateral view (22). Abbreviations: cd, condyle; hae, hae-
mapophysis; hk, haemal keel; hkt, haemal keel tubercle; ly, lymphapophysis; ns, neural spine; prf, prezygapophyseal
articular facet; prp, prezygapophyseal accessory process.
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zygapophyseal accessory processes are relatively
pointed, bear a distinct crest on their dorsal sur-
face, and reach about the half of the prezygapoph-
yseal articular facets’ length (Figure 26.13-14). The
epizygapophyseal spines are moderately devel-
oped or absent. The ventral surface of the haemal
keel is rounded in anterior mid-trunk vertebrae,
whereas in the posterior trunk ones, it becomes
flat. When preserved, the postzygapophyseal artic-
ular facets are rectangular.

Cloacal vertebrae (Figures 23.9-12, 26.17-18): the
four preserved vertebrae (paratype UU MAA 7618
and referred specimens UU MAA 7619, UU MAA
7797, and UU MAA 7822) are partially incomplete,
with lymphapophyses broken off close to their
bases (with the exception of UU MAA 7797, where
the latter structures are relatively much more com-
plete [Figure 26.17-18]). In lateral view, the only
preserved complete neural spine (paratype UU
MAA 7618) is three times as long as high, with both
its anterior and posterior dorsal margins inclined
posteriorly (Figure 23.9). Small lateral foramina
occur just below the short interzygapophyseal
ridges, situated at the dorsal margin of the deep
depressions. These depressions are developed
close behind the bases of the lymphapophyses.
The condyle is developed on a long condylar neck.
In dorsal view (Figure 23.10), all cloacal vertebrae
are rather short and wide. The zygosphene is wide,
with distinct lateral lobes and wide medial lobe. In
the paratype UU MAA 7618, a shallow and wide
notch occurs on the anterior margin of the medial
lobe. The prezygapophyseal articular facets are
oval. The distal tips of the slender prezygapophy-
seal accessory processes are broken. In ventral
view (Figures 23.11, 26.18), the haemapophyses
are reduced into the distinct anteroposteriorly
enlarged and laterally directed laminae. It seems
that the peculiar tubercles that were present in the
posterior trunk and anterior caudal vertebrae were
rather reduced in the cloacal region of the column.
The postzygapophyseal articular facets are subcir-
cular in outline. In anterior view (Figure 23.12), the
neural arch is moderately vaulted. The neural
spine is relatively thick, being proportionally thicker
than those of the preceding trunk vertebrae but
thinner that those of the succeeding caudal verte-
brae. The neural canal is rounded, with rather short
and wide lateral sinuses. The zygosphene is
vaulted dorsally. Deep depressions occur on either
side of the slightly dorsoventrally depressed cotyle.
The paracotylar foramina, which are rather large in
the paratype UU MAA 7618 (with the right one dou-
bled), occur within these depressions.
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Caudal vertebrae (Figures 23.13-16, 24.3, 26.19-
21): all preserved caudal vertebrae are incomplete,
with pleurapophyses and haemapophyses usually
broken off close to their bases. The best preserved
caudal vertebra is the paratype UU MAA 7636 (Fig-
ure 23.13-16), and we base the description on this
specimen. In lateral view (Figure 23.13), the neural
spine is rather low (three to four times longer than
high), with its anterior margin vertical or slightly
posteriorly inclined. Large lateral foramina are situ-
ated close below the short interzygapophyseal
ridges. In dorsal view (Figure 23.14), the zygo-
sphene has a wide medial lobe and small distinct
lateral lobes. The prezygapophyseal articular fac-
ets are large and oval. They are elongated anteri-
orly. The prezygapophyseal accessory processes
are short and directed anteriorly rather than antero-
laterally. In ventral view (Figure 23.15), the base of
the haemapophyses protrudes anteriorly into small
but distinct processes or tubercles (here termed
“haemapophyseal tubercles”). However, the distal
termination of haemapophyses is not preserved. In
anterior view (Figure 23.16), the zygosphenal lip is
thin and arched. The pleurapophyses (the left is
partially damaged) are slightly ventrolaterally
inclined, extending beyond the level of the lateral
edges of the prezygapophyseal articular facets.
Rather deep paracotylar foramina are present on
either side of the elliptical cotyle. The neural arch is
vaulted and triangular-shaped. The neural spine is
relatively thick, being proportionally thicker in com-
parison with the preceding trunk and cloacal verte-
brae. An interesting specimen is UU MAA 7921,
which is also the only caudal vertebra where hae-
mapophyses are almost complete (even though
only the left one is preserved); in lateral view of UU
MAA 7921 (Figure 26.22), the haemapophysis is
much thickened along its anterior vertical border,
extending much ventrally, whereas it gradually
decreases in height along the posterior portion of
the centrum. Haemapophyseal tubercles cannot be
clearly visible in UU MAA 7921. They seem to be
strongly reduced or they are eroded, but an alter-
native explanation would be that in some portion of
the caudal series, the haemapophyseal tubercles
are substituted by strongly ventrally exposed ante-
rior thickenings of the haemapophyses.

Remarks. Periergophis micros gen. et sp. nov. is
referred to “colubrines” on the basis of the following
combination of characters: 1) vertebral centrum
being longer than wide; 2) the slender structure of
all vertebrae, with hypapophyses present only in
cervical vertebrae and haemal keel developed in
the trunk vertebrae; 3) the presence of distinct well-
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developed prezygapophyseal accessory pro-
cesses; and 4) the presence of paracotylar foram-
ina. Periergophis micros gen. et sp. nov. further
differs from all other known “Colubrinae” by the
presence of a unique (presumed) autapomorphy,
i.e., distinct paired anteroventrally directed tuber-
cles or short processes developed on the wide
haemal keel of posterior middle and posterior trunk
vertebrae and haemapophyseal tubercles sepa-
rated from the remaining part of haemapophyses in
caudal vertebrae (at least a portion of the caudal
series). Indeed, these strange features on the pos-
terior trunk and caudal vertebrae seem to be
unique, not only for “colubrines” but for all snakes
in general. The functional purposes of these tuber-
cles are unknown. Nevertheless, the presence of
such structures in the posterior trunk vertebrae of
Periergophis micros gen. et sp. nov. probably
denotes a non-fossorial life style for this taxon, as
in fossorial snakes (e.g., scolecophidians), the ven-
tral surface of mid-trunk and posterior trunk verte-
brae is usually flattened and often devoid of
haemal keel (Hoffstetter, 1968). The fact that these
structures appear to be symmetrical and seem to
follow a pattern of increasing size and acuteness of
their orientation tips from the posterior mid-trunk to
the posterior trunk vertebrae supports the taxo-
nomic utility of these features and precludes the
possibility that they could be attributed to tapho-
nomical processes, preservation, or pathology. As
such, we decided to select the incomplete posterior
trunk vertebra UU MAA 7615 as the holotype of
this new species, instead of the rather more com-
plete mid-trunk vertebra UU MAA 7614, consider-
ing that the former specimen clearly demonstrates
the presumed autapomorphy and further shares
common diagnostic features with the well-pre-
served latter specimen (posteriorly inclined anterior
margin of the neural spine, large parapophyses,
deep and wide depressions with large lateral
foramina situated behind synapophyses, highly
depressed neural arch, and small overall vertebral
size and lightly built structure). The genuine nature
of the peculiar vertebral structures and morphology
of Periergophis micros gen. et sp. nov. is further
supported by the fact that it seems to be by far the
most abundant snake in the Maramena assem-
blage (at least 140 specimens known) and is
recovered from two different sites (M1 and M3)
within the locality.

Furthermore, the other diagnostic traits of
Periergophis micros gen. et sp. nov. can differenti-
ate it from all other known extinct and extant “colu-
brines”:
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2)

Posteriorly inclined anterior margin of the neural
spine observed in trunk, cloacal, and caudal verte-
brae. This character is unusual in “Colubrinae”.
Most Eurasian “colubrine” snakes have a neural
spine which is inclined anteriorly, e.g., members of
the genera Elaphe Fitzinger in Wagler, 1833 (sensu
lato). Exceptions include the extinct Elaphe
paralongissima Szyndlar, 1984, and the extant
Elaphe rudoforsata (Cantor, 1842) (currently
placed in its own genus Oocatochus Helfenberger,
2001) where the anterior margin of the neural spine
is vertical (see Szyndlar, 1991a; Ratnikov, 2004),
Coronella Laurenti, 1768, Hierophis Fitzinger in
Bonaparte, 1834, most members of Dolichophis
Gistel, 1868, and others as well (Szyndlar, 1991a;
Ikeda, 2007). A vertical anterior margin of the neu-
ral spine occurs in many North American genera,
including Cemophora Cope, 1860, Chionactis
Cope, 1860, Drymarchon Fitzinger, 1843, Lampro-
peltis Fitzinger, 1843, Pantherophis Fitzinger, 1843
(including the extinct Pantherophis kansensis
[Gilmore, 1938] and Pantherophis pliocenicus [Hol-
man, 1968]), Phyllorhynchus Stejneger, 1890, and
Rhinocheilus Baird and Girard, 1853. In contrast,
the posteriorly inclined anterior margin has been
documented only in the extinct Pseudocemophora
antiqua Auffenberg, 1963, from the early Miocene
of USA and Lampropeltis vetustum Auffenberg,
1963, from the late Miocene of USA (Auffenberg,
1963; Holman, 2000). However, Pseudocemophora
antiqua possesses a vaulted neural arch, more lat-
erally directed prezygapophyses, and relatively
smaller parapophyses contrary to Periergophis
micros gen. et sp. nov. Moreover, both Pseudoce-
mophora antiqua and Lampropeltis vetustum lack
deep wide lateral depressions between interzyga-
pophyseal and subcentral ridges. Lampropeltis
vetustum also differs from Periergophis micros gen.
et sp. nov. by the distinctly lower neural spine, as
well as by the shape of the haemal keel, which is
equally wide along its entire length and lacks a con-
striction behind the level of the synapophyses.

The unusually deep lateral depressions with large
lateral foramina developed between the interzyga-
pophyseal and subcentral ridges. These rather
deep depressions are unusual in “Colubrinae”.
Although we have not noticed equally wide and
deep lateral depressions in other Eurasian or North
American taxa (Szyndlar, 1991a; Venczel, 1994,
1998; Holman, 2000; Venczel, 2000; Ratnikov,
2004; Ikeda, 2007), we cannot clearly state that this
character is really autapomorphic, especially when
it has not been tested in a phylogenetic analysis.
Similarly deep lateral depressions posterior to the
synapophyses were reported in Ameiseophis robin-
soni Holman, 1976, from the late early to middle
Miocene of Split Rock Formation, Fremont and
Natrona Counties, Wyoming, USA (Holman, 1976,
2000). However, the holotype of A. robinsoni, fig-



ured by Holman (1976) and which apparently origi-
nates from the posterior trunk section of the
column, lacks the paired tubercles or processes on
the haemal keel, which are typical for Periergophis
micros gen. et sp. nov.

3) The parapophyses being twice as long as the dia-
pophyses. Among Eurasian “colubrines” this char-
acter is characteristic of the genus Telescopus
Wagler, 1830, as documented by specimens per-
taining to the extant Telescopus fallax (Fleis-
chmann, 1831) (e.g., specimen MDHC 303;
specimens from the early Pleistocene of Betfia 9C,
Romania [Venczel, 2000]), the extinct Telescopus
bolkayi Szyndlar, 2005, from the late Miocene of
Rudabanya, Hungary (Szyndlar, 2005) and Tele-
scopus sp. described from the Middle Pleistocene
of Varbesnitsa, Bulgaria (Szyndlar, 1991a). In any
case, however, Telescopus differs from Perier-
gophis gen. nov. by the less distinct lateral depres-
sions between interzygapophyses and subcentral
ridges, and by the different shape of the haemal
keel in posterior trunk vertebrae (see below). Con-
cerning North American species, the parapophysis
twice as large as the diapophysis occurs in several
genera including the extinct Ameiseophis Holman,
1976, as well as the extant Lampropeltis and Pitu-
ophis Holbrook, 1842 (Holman, 1976, 2000).

4) The wide haemal keel in trunk vertebrae with a
constriction located behind the level of the syn-
apophyses. A wide haemal keel with a distinct con-
striction is present in the mid-trunk vertebrae of the
extinct Telescopus bolkayi (Szyndlar, 2005, figure
4H, K, O) and Pseudocemophora antiqua (Auffen-
berg, 1963; Holman, 2000, figure 89), as well as in
the posterior trunk vertebrae of Telescopus sp.
from the late Miocene (MN 13) of Polgardi 4
“Upper” fissure filling (Venczel, 1998). However,
both the above-mentioned genera lack the deep
lateral depressions below the interzygapophyseal
ridges, as well as the paired tubercles on the hae-
mal keel, which are typical for Periergophis micros
gen. et sp. nov.

5) The slightly dorsally vaulted zygosphene with the
wide medial and the more distinct lateral lobes. The
wide medial lobe and distinct lateral lobes devel-
oped on the dorsally vaulted zygosphenal roof
occur in numerous small-sized “colubrines” includ-
ing the Eurasian Platyceps Blyth, 1860, Hierophis
(e.g., the extant Hierophis gemonensis [Laurenti,
1768]), and Eirenis Jan, 1863 (Szyndlar, 1991a).
However, these genera still differ from Periergophis
gen. nov. by the absence of the deep lateral
depressions below the interzygapophyseal ridges
as well as paired tubercles developed on the hae-
mal keel.

6) and 7) The last two diagnostic features of Perier-
gophis micros gen. et sp. nov. (the rather
depressed neural arch of the mid-trunk vertebrae in
posterior view and the small size and the rather
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lightly-built overall shape) are not unique for this

Greek taxon and have been documented in other

extinct and extant “colubrines”, although they are

still not common features for these snakes.

As was mentioned above, the haemal keel
tubercles present on the posterior trunk vertebrae
of Periergophis micros gen. et sp. nov. consist of a
unique feature that is not known in any other snake
lineage. The rather unique and bizarre vertebral
morphology of this new taxon makes a proper
familial assignment a challenging issue. A precise
taxonomic assignment is further challenged by the
fact that “Colubrinae” probably represents a para-
phyletic assemblage of distantly related snakes, as
relatively similar vertebral morphology with “colu-
brines” is known to occur in other distantly related
clades as well, such as psammophiids and dipsa-
dids. Indeed, the wide haemal keel of the new
Greek snake species could indicate affinities with
dipsadids (Holman, 1973). Outside America, dipsa-
dids are known by a sole extant Asian taxon, Ther-
mophis Malnate, 1953, from the Tibetan Plateau
(He et al., 2009; Huang et al., 2009), though the
fossil record suggests that it was probably also
present in the Neogene of Europe (Vidal et al.,
2009), represented by Paleoheterodon arcuatus
Rage and Holman, 1984, from the middle Miocene
of France (Rage and Holman, 1984; Augé and
Rage, 2000). Furthermore, certain extant dipsadids
from South America are known to have a rather
extreme vertebral morphology (Bogert, 1964; Fritts
and Smith, 1969), though none possesses any
kind of haemal keel tubercles, as those observed in
the vertebrae of Periergophis micros gen. et sp.
nov. Furthermore, the vertebral anatomy of several
African lineages, such as lamprophiids, is far from
adequately known. Pending a better understanding
of the systematics and phylogenetic relationships
of fossil “colubrines” and “colubrine”-like forms, and
a better comprehension of the vertebral anatomy of
certain groups (e.g., psammophiids and lamprophi-
ids), Periergophis micros gen. et sp. nov. is herein
tentatively assigned to “Colubrinae”.

Genus PARAXENOPHIS gen. nov.
zoobank.org/0FF649FC-33C1-4C39-A657-F93EB4CCC85D

Type species. Paraxenophis spanios gen. et sp.
nov. (by monotypy).

Etymology. From the Greek words “mapééevog”
(“paraxenos”), meaning “strange”, “bizarre”, in ref-
erence to the strange features observed in the ver-
tebrae of this genus, and in particular the lateral
notches of the haemal keel, and “6¢@ig” (“ophis”),

meaning “snake”.

47



GEORGALIS ET AL.: FOSSIL HERPETOFAUNA MARAMENA

Gender. Gender of the genus Paraxenophis is
masculine.
Diagnosis. As for type and only known species.

Paraxenophis spanios gen. et sp. nov.
Figures 27, 28, 29, 30, 31

zoobank.org/2BF8DD41-770D-4495-A71F-12C84F58C6AF

Holotype. Specimen UU MAA 7645 (a mid-trunk
vertebra) (Figure 27). The holotype originates from
M1 site.

Paratypes. Specimen UU MAA 7536 (a posterior
trunk vertebra) (Figure 29.1-5); UU MAA 7533 (a
posteriormost trunk vertebra) (Figure 29.6-8). Both
paratypes originate from M1 site.

Type locality. Maramena 1 site, Maramena locality
(latest Miocene or earliest Pliocene [MN 13/14]),
Central Macedonia, Greece.

Referred Material. M1: four cervical vertebrae (UU
MAA 7843,UU MAA 7853, UU MAA 7870, and UU
MAA 7876), 47 trunk vertebrae (UU MAA 7532, UU
MAA 7640-UU MAA 7644, UU MAA 7646, UU
MAA 7647, UU MAA 7649, UU MAA 7650, UU
MAA 7760, UU MAA 7761, UU MAA 7763, UU
MAA 7770, UU MAA 7774, UU MAA 7777, UU
MAA 7798, UU MAA 7808-UU MAA 7814, UU
MAA 7817, UU MAA 7824, UU MAA 7829, UU
MAA 7830, UU MAA 7837, UU MAA 7854, UU
MAA 7859, UU MAA 7860, UU MAA 7863, UU
MAA 7867- UU MAA 7869, UU MAA 7876, UU
MAA 7878, UU MAA 7881, UU MAA 7886, UU
MAA 7889, UU MAA 7906, UU MAA 7910, UU
MAA 7919, UU MAA 7923, UU MAA 7947, UU
MAA 7961, and UU MAA 7962), a cloacal vertebra
(UU MAA 7858), and an anterior caudal vertebra
(UU MAA 7873).

Distribution and age. Known only from the type
locality, Maramena, Central Macedonia, Greece.
The holotype, paratypes, and all referred speci-
mens originate from M1 site. Age of the type local-
ity is latest Miocene (MN 13) or earliest Pliocene
(MN 14), with the latest Miocene being the most
probable.

Etymology. From the Greek word “oTmdviog”
(“spanios”), meaning “rare”, referring to the unique-
ness of the vertebral morphology of this snake spe-
cies.

Descriptive diagnosis. Paraxenophis spanios
gen. et sp. nov. can be differentiated from all other
“colubrine” taxa on the basis of the following com-
bination of characters: 1) presence of clearly dis-
tinct lateral notches on either side of the haemal
keel on all vertebrae throughout the trunk region; 2)
haemal keel being rather sharp in anterior middle
and mid-trunk vertebrae, whereas it is rather flat-
tened and wide in posterior middle and posterior
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trunk ones 3) rather short parapophyseal pro-
cesses; 4) blunt subcentral ridges which are almost
straight in lateral view; 5) short prezygapophyseal
accessory processes; 6) moderately vaulted neural
arch; and 7) rather large paracotylar foramina,
especially in the mid-trunk vertebrae.

Description of the holotype. The holotype mid-
trunk vertebra (UU MAA 7645) is incomplete, miss-
ing large parts of the right prezygapophysis and
postzygapophysis, and dorsal part of the neural
spine, whereas the synapophyses are eroded (Fig-
ure 27). The vertebra has a centrum length of 5.3
mm. In lateral view (Figure 27.1), the neural spine
starts rising rather close to the level of the zygo-
sphene. The interzygapophyseal ridge is moder-
ately developed, and it is short and rather blunt.
Lateral foramina are present, they are rather large,
and their orifices are usually situated within deep
funnel-like depressions. The straight or slightly dor-
sally vaulted subcentral ridges are moderately
developed, and they are rather wide and blunt
along their entire length. The synapophyses are
eroded but it is clear that they are well divided into
diapophyses and parapophyses. The diapophyses
appear to have been larger than the rather short
parapophyses. The ventral margin of parapophy-
ses is relatively rounded. The condyle is developed
on a short condylar neck. In dorsal view (Figure
27.2), the zygosphene is almost straight, but min-
ute lateral lobes are present. The neural spine is
thin. The prezygapophyses extend anterolaterally.
The prezygapophyseal articular facets are suboval
to rhomboid and the distally pointed, anterolaterally
directed prezygapophyseal accessory processes
reach about the half of the length of the prezyga-
pophyseal articular facets. The interzygapophyseal
constriction is situated in the middle of the neural
arch length. The posterior median notch of the neu-
ral arch is deep. No epizygapophyseal spines are
present. In ventral view (Figure 27.3), distinct nar-
row grooves occur between the cotylar rim and
both parapophyses. The base of the haemal keel
becomes wider in its posterior portion. There is a
sharp keel, situated in the midline of the haemal
keel in the ventral surface of the vertebra. Two dis-
tinct notches (herein defined under the term “lateral
notches of the haemal keel”) are present on both
lateral sides of the haemal keel, being almost par-
allel throughout the ventral surface of the vertebra,
but diverge laterally in the posterior portion of the
centrum and slightly also in its anterior portion. Two
distinct subcentral foramina occur within the ante-
rior half of the centrum length, on both sides of the
haemal keel. The postzygapophyseal articular
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FIGURE 27. Paraxenophis spanios gen. et sp. nov. from Maramena: holotype mid-trunk vertebra (UU MAA 7645) in
left lateral (1), dorsal (2), ventral (3), posterior (4), and anterior (5) views. Abbreviations: cd, condyle; ct, cotyle; hk,
haemal keel; ir, interzygapophyseal ridge; If, lateral foramen; Inhk, lateral notch of the haemal keel; na, neural arch;
nc, neural canal; pof, postzygapophyseal articular facet; prf, prezygapophyseal articular facet; prp, prezygapophy-
seal accessory process; scf, subcentral foramen; scg, subcentral groove; scr, subcentral ridge; zg, zygantrum; zy,

zygosphene.

facet (only the left one is preserved) is rectangular
in outline. In anterior view (Figure 27.5), the zygo-
sphene is almost straight to slightly vaulted dor-
sally. The zygosphene is rather thin and is wider
than the cotyle. The neural canal is rounded with
distinct lateral sinuses. The prezygapophyses are
directed rather laterally but not much dorsally, with
their prezygapophyseal facets (only the left one is
preserved) situated slightly above the dorsal mar-
gin of the cotylar rim. The unusually large paracoty-
lar foramina are situated within depressions on
either side of the rounded cotyle. The parapophy-
ses are directed ventrally, extending below the
ventral margin of the cotyle. In posterior view (Fig-
ure 27.4), the neural arch is vaulted. The ventral
margin of the condyle is slightly depressed. There
are distinct foramina, situated within deep depres-
sions in the zygantrum.

Description of paratypes and referred speci-
mens - intracolumnar variation. The paratype
posterior trunk vertebra UU MAA 7536 is incom-
plete, missing a large part of its left postzygapoph-

ysis and most of the neural spine, whereas the
right prezygapophysis is eroded, with only its half
prezygapophyseal articular facet preserved (Figure
29.1-5). This vertebra is smaller than the holotype,
having a centrum length of 3.9 mm. In dorsal view
(Figure 29.1), the zygosphene has a rather indis-
tinct medial lobe, with lateral lobes being present.

haemal keel

subcentral
groove

subcentral
groove

lateral notch

ridge
of the haemal keel

usually a distinct (even sharp) ridge
(in mid-trunk vertebrae) or flattened
(in posterior trunk vertebrae)
FIGURE 28. Explanatory drawing of a vertical cross sec-
tion of a trunk vertebra of Paraxenophis spanios gen. et
sp. nov., showing the distinctive lateral notches of the
haemal keel.
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2 mm

FIGURE 29. Paraxenophis spanios gen. et sp. nov. from Maramena, paratypes: posterior trunk vertebra (UU MAA
7536) in dorsal (1), anterior (2), posterior (3), ventral (4), and right lateral (5) views; posteriormost trunk vertebra (UU
MAA 7533) in ventral (6), anterior (7), and left lateral (8) views. Abbreviations: cd, condyle; ct, cotyle; hk, haemal keel;
If, lateral foramen; na, neural arch; ns, neural spine; p, parapophysis; pof, postzygapophyseal articular facet; prf, pre-
zygapophyseal articular facet; zg, zygantrum; zy, zygosphene.

The prezygapophyses extend beyond the level of
the zygosphene. The prezygapophyseal articular
facets are oval. In ventral view (Figure 29.4), the
synapophyses are massive, clearly divided into
diapophyses and parapophyses. The postzyga-
pophyseal articular facet is large and oval-shaped.
The haemal keel runs almost throughout the cen-
trum. The haemal keel is not sharp but instead, it is
relatively broad and flattened, especially at its pos-
terior portion (broader than the holotype mid-trunk
vertebra). There are distinct lateral notches on
either side of the haemal keel and they are inclined
laterally in the posterior and the anterior parts of
the centrum. Subcentral foramina are present. In
lateral view (Figure 29.5), lateral foramina are
present, with their orifices situated in deep depres-
sions. The neural spine is broken, with its base
running throughout most of the neural arch. A dis-
tinct condylar neck is present. In anterior view (Fig-
ure 29.2), the zygosphene is thin and slightly
convex, with its lateral edges slightly inclined dor-
sally. The cotyle is elliptical. Paracotylar foramina
are present. The parapophyses extend below the
level of the centrum. In posterior view (Figure
29.3), the neural arch is almost vaulted and trian-
gular-shaped.

The paratype posteriormost trunk vertebra UU
MAA 7533 is incomplete, missing most of the pos-
terior portion of the neural arch and the postzyga-
pophyses, and most of both prezygapophyses
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(Figure 29.6-8). This vertebra is even smaller than
the other paratype described above, with a cen-
trum length of 3.5 mm. In lateral view (Figure 29.8),
large lateral foramina are situated in deep depres-
sions. The neural spine is broken but increases
distinctly in height in the posterior portion of the
neural arch. In ventral view (Figure 29.6), the hae-
mal keel runs througout most of the centrum and
becomes rather broad and flattened along its
length (much broaded than the holotype mid-trunk
and the other paratype posterior trunk vertebra UU
MAA 7536), especially in its posterior part. Like the
above described specimens, distinct lateral
notches of the haemal keel run almost throughout
the ventral surface of the vertebra, being relatively
parallel in the anterior and middle parts of the cen-
trum but diverging laterally in the posterior portion
of the centrum. Subcentral foramina are present. In
anterior view (Figure 29.7), the cotyle is rather
rounded. The zygosphene is thin and convex, with
its lateral edges slightly inclining dorsolaterally. The
parapophyses are directed ventrally and are clearly
divided from the diapophyses. In posterior view,
both postzygapophyses, and most portions of the
zygantrum and the posterior part of the neural arch
are missing.

Almost all referred vertebrae originate from
the trunk region, though two pertain to the cloacal
and caudal regions. All specimens are partially
incomplete, mostly with not fully preserved neural
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FIGURE 30. Paraxenophis spanios gen. et sp. nov. from Maramena, referred specimens: cervical vertebra (UU MAA
7870) in anterior (1) and ventral (2) views; cervical vertebra (UU MAA 7876) in ventral (3) and anterior (4) views; mid-
trunk vertebra (UU MAA 7843) in left lateral view (5); mid-trunk vertebra (UU MAA 7808) in ventral view (6); mid-
trunk vertebra (UU MAA 7650) in ventral (7) and right lateral (8) views; mid-trunk vertebra (UU MAA 7868) in ventral
view (9); middle to posterior trunk vertebra (UU MAA 7770) in dorsal (10) and ventral (11) views; cloacal vertebra
(UU MAA 7858) in left lateral (12) and anterior (13) views; anterior caudal vertebra (UU MAA 7873) in anterior (14),
ventral (15), dorsal (16), and right lateral (17) views. Abbreviations: ct, cotyle; hk, haemal keel; hy, hypapophysis;
Inhk, lateral notch of the haemal keel; ly, lymphapophysis; na, neural arch; pof, postzygapophyseal articular facet;

prp, prezygapophyseal accessory process; zy, zygosphene.

spines, whereas their synapophyses are damaged
(Figures 30, 31). Only four cervical vertebrae are
known, all with rather incomplete hypapophyses
(Figure 30.1-4). Nevertheless, it seems that hypa-
pophysis was relatively short in height, whereas its
posterior tip was probably not projecting beyond
the level of the condylar neck or at least it only
reached that level. The lateral notches of the hae-
mal keel (that are present and prominent on either

side of the haemal keel on the mid-trunk vertebrae)
are not so prominent in the cervical vertebrae.
Regarding the trunk vertebrae, it seems that, in lat-
eral view, the neural spine was about twice longer
than high with its dorsal posterior margin being
slightly inclined posteriorly. The anterior margin of
the neural spine was most probably vertical,
although its anterodorsal termination is not pre-
served in any of the available specimens. Similarly
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FIGURE 31. Paraxenophis spanios gen. et sp. nov. from Maramena, referred specimens: mid-trunk vertebra (UU
MAA 7646) in right lateral (1), dorsal (2), ventral (3), and anterior (4) views; mid-trunk vertebra (UU MAA 7647) in
right lateral (5), dorsal (6), ventral (7), anterior (8), and posterior (9) views; mid-trunk vertebra (UU MAA 7649) in dor-
sal (10), ventral (11), and anterior (12) views. Abbreviations: ct, cotyle; hk, haemal keel; If, lateral foramen; Inhk, lat-
eral notch of the haemal keel; na, neural arch; nc, neural canal; ns, neural spine; p, parapophysis; pctf, paracotylar
foramen; po, postzygapophysis; scf, subcentral foramen; scg, subcentral grooves; scr, subcentral ridge; zg, zygan-

trum; zy, zygosphene.

to the holotype, in all vertebrae, the zygosphenal
facet is oval, the interzygapophyseal ridge is mod-
erately developed, short, and rather blunt, the lat-
eral foramina are rather large, with their orifices
usually situated within deep funnel-like depres-
sions, and the subcentral ridges are always
straight or slightly dorsally vaulted, moderately
developed, and they are rather wide and blunt
along their entire length. When preserved, syn-
apophyses are well divided into diapophyses and
parapophyses, with the former being always larger
than the latter. In dorsal view, the zygosphene is
almost straight in the largest mid-trunk vertebrae,
with minute lateral lobes. However, in the smaller
vertebrae, the zygosphene has developed distinct
lateral and rather wide and indistinct medial lobes.
It seems that both lateral and medial lobes of the
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zygosphene become even more prominent in the
posterior middle trunk vertebrae in comparison with
the mid-trunk ones (Figure 30.10). The shape of
the prezygapophyseal articular facets varies from
suboval to rhomboid and, when preserved, the pre-
zygapophyseal accessory processes are distally
pointed and anterolaterally directed (Figure 30.9).
In ventral view, distinct narrow notches usually
occur between the cotylar rim and both parapophy-
ses. These distinct lateral notches of the haemal
keel are present in all mid-trunk vertebrae (Figure
28). They are almost parallel to the haemal keel
across much of its length, but in their anteriormost
and especially the posteriormost portions, they
incline significantly laterally. The base of the hae-
mal keel becomes slightly wider in the posterior
part of the centrum. There is a sharp keel situated



in the midline of the haemal keel in the ventral sur-
face of the mid-trunk vertebrae. However, this keel
becomes rounded instead of sharp or even com-
pletely diminishes in the posterior middle and pos-
terior trunk vertebrae, thus the ventral margin of
the haemal keel of these vertebrae is usually
rounded or slightly flattened (Figure 30.11). Distinct
subcentral foramina occur within the anterior half of
the centrum and, in some specimens, these foram-
ina are doubled. The postzygapophyseal articular
facets are rectangular in outline. The slender zygo-
sphenal lip is vaulted dorsally. The laterally
directed prezygapophyseal articular facets are situ-
ated slightly above the dorsal margin of the cotylar
rim. Paracotylar foramina are always present in all
vertebrae and they are unusually large. In some
specimens, paracotylar foramina are doubled and
situated within depressions on either side of the
rounded cotyle. In posterior view, the neural arch is
vaulted in all mid-trunk vertebrae, though it
becomes much more arched in the posterior trunk
vertebrae. The only known cloacal vertebra (UU
MAA 7858) is rather incomplete, missing most of
both prezygapophyses and the right postzyga-
pophysis (Figure 30.12-13). That vertebra is short
and possesses blunt subcentral ridges, whereas its
neural arch is vaulted. In lateral view, the haemal
keel is so thick that it even resembles a short hypa-
pophysis. No haemapophyses are present. The
caudal region is largely unknown, as only a single
anterior caudal vertebra (UU MAA 7873) has been
recovered (Figure 30.14-17). The specimen is
rather complete, missing only the left prezygapoph-
ysis and parts of the haemapophyses. The neural
spine is rather short. The lymphapophyses appear
to have been enlarged and project lateroventrally.
The bases of the haemapophyses extend across
most of the posterior portion of the ventral surface
of the centrum. Slightly distinct lateral lobes and a
medial one are present on the zygosphene in dor-
sal view. The prezygapophyses are anterolaterally
directed in dorsal view, forming a much smaller
angle with the zygosphenal lateral lobes in com-
parison with that in the trunk vertebrae. The prezy-
gapophyseal accessory processes are pointed.

Remarks. The gracile structure, the elongated
centrum, the presence of distinct prezygapophy-
seal processes, the presence of paracotylar and
lateral foramina, as well as the absence of hypa-
pophysis in mid- and posterior trunk vertebrae are
all indicative of a taxonomic assignment to the “col-
ubrines” (Szyndlar, 1984, 1991a). The vertebrae,
however, are rather characteristic owing to a com-
bination of features, and principally the presence of
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a haemal keel with a distinct sharp crest extending
along its midline in the mid-trunk vertebrae, a
rather flattened haemal keel on the posterior trunk
vertebrae (with no sharp crest in the midline), and
most principally, the presence of distinctive lateral
notches running along the lateral margins of the
haemal keel throughout the trunk vertebrae. The
shape of the haemal keel has been repeatedly
considered as an important and potentially diag-
nostic character in the taxonomy of fossil “colu-
brines” (e.g., Auffenberg, 1963; Rage, 1984;
Szyndlar, 1984; LaDuke, 1991; Szyndlar, 1991a;
Holman, 2000). So far, such distinctive lateral
notches of the haemal keel, similar to those that
are herein described for Paraxenophis spanios
gen. et sp. nov., have never been documented for
any “colubrine” taxon, either extant or extinct. It
should be pointed out that these lateral notches on
either side of the haemal keel are totally different
structures from the subcentral grooves, because
they are developed above the base of the haemal
keel (Figure 28). Therefore, these features, along
with the combination of characters proposed
above, warrant the establishment of a new genus
and species, in order to accommodate this peculiar
vertebral morphology. Furthermore, the presence
of these features in multiple specimens and the
fact that the lateral notches of the haemal keel are
always symmetrical preclude the possibility that the
unique vertebral anatomy of Paraxenophis spanios
gen. et sp. nov. is due to pathology.

Among fossil and extant “colubrines”, the hae-
mal keel of Paraxenophis spanios gen. et sp. nov.
is more similar to material described as Coronella
cf. miocaenica from the late Miocene (MN 9) of
Cretesti, Romania (Codrea et al., 2018), and prob-
ably also to material referred to Coronella mio-
caenica Venczel, 1998, from the middle Miocene
(MN 7/8) of Taut, Romania (Venczel and S$tiuca,
2008; Venczel, 2011). Besides the presence of dis-
tinctive lateral notches of the haemal keel, Parax-
enophis spanios gen. et sp. nov. also has rather
blunt subcentral ridges, which is not the case for
the Romanian specimens. On the basis of the few
existing published figures of the Romanian speci-
mens, it cannot be confirmed whether they have
generic affinities with Paraxenophis gen. nov. Nev-
ertheless, the genus level affinities of Coronella
miocaenica seem to be problematic and the spe-
cies is in need of revision, although at species
level, the taxon appears to be distinctive. Indeed,
we see no reason to assign the holotype vertebra
(MFGI V20617) of Coronella miocaenica from the
late Miocene (MN 13) of Polgardi, Hungary (Venc-
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zel, 1998, figure 6a-e), to the genus Coronella. Ver-
tebrae of extant Coronella are characterized by
depressed or weakly vaulted neural arch as well as
a rather low neural spine and a wide (in the mid-
trunk vertebrae even indistinct) haemal keel (lva-
nov, 1997; Ml and GLG pers. obs.). Instead, the
type specimen of Coronella miocaenica has a dis-
tinct and thin haemal keel which is lanceolate at its
posterior termination (Venczel, 1998). Also, the
centrum length / neural arch width ratio is lower in
C. miocaenica in contrast to other extant species of
Coronella, where the centrum of the vertebrae is
elongated (Bailon, 1991; Venczel, 1998, 2000;
GLG and MI, pers. obs.). Furthermore, the neural
spine is high in C. miocaenica, whereas the same
structure is always rather short in all extant mem-
bers of Coronella (Ml and GLG, pers. obs.). Parax-
enophis spanios gen. et sp. nov. can be readily
distinguished from its sympatric Periergophis
micros gen. et sp. nov. by their different characters
provided in the diagnoses of the two taxa, and prin-
cipally the absence of anteriorly directed tubercles
on the haemal keel of the posterior trunk vertebrae.
Furthermore, the two new Maramena “colubrines”
differ significantly in terms of size, with the verte-
brae of Paraxenophis spanios gen. et sp. nov.
being much larger than those of Periergophis
micros gen. et sp. nov. Similarly, Paraxenophis
spanios gen. et sp. nov. differs from the other
Maramena “colubrines”, Hierophis cf. hungaricus
and “Colubrinae” indet. (morphotype 1), by its over-
all shape and its unique feature of the lateral
notches on either side of its haemal keel. The
sharp crest on the midline of the haemal keel of
mid-trunk vertebrae is also observed in“Colubri-
nae” indet. from the nearby Ano Metochi locality
(Georgalis et al., 2017a, figure 7A-E). However,
that Ano Metochi form differs from the Maramena
specimens by the dorsally strongly vaulted zygo-
sphenal roof in anterior view, instead of the almost
straight zygosphene in Paraxenophis spanios gen.
et sp. nov., and of course, the absence of lateral
notches of the haemal keel. Furthermore, Parax-
enophis spanios gen. et sp. nov. differs from the
other “colubrine” from Ano Metochi, cf. Dolichophis
sp., by the distinctly shorter prezygapophyseal
accessory processes and smaller overall dimen-
sions (see Georgalis et al., 2017a, figure 6).

?Paraxenophis spanios
Figure 32

Material. M1: six trunk vertebrae of a young sub-
adult individual (UU MAA 7648 and UU MAA 7651-
UU MAA 7655).
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Description. These six vertebrae are incomplete,
with the exception of UU MAA 7648, which is well
preserved and missing only small parts of the pre-
zygapophyses. As such, we are basing our
description on that specimen (Figure 32). All verte-
brae are rather small, with centrum lengths less
than 3 mm. In lateral view (Figure 32.2), the neural
spine is much longer than high. The condyle is
clearly situated on a condylar neck. The lateral
foramina are distinctive and large. In dorsal view
(Figure 32.1), the zygosphene is almost straight,
bearing lateral lobes. The posterior notch of the
neural arch is deep. In ventral view (Figure 32.3),
the haemal keel possesses no lateral notches on
either side. Distinct subcentral foramina are pres-
ent on both sides of the haemal keel. In anterior
view (Figure 32.4), the zygosphene is rather wide,
being wider than the cotyle, and convex. The cotyle
is elliptical and depressed, with rather deep and
enlarged paracotylar foramina present on both
sides. The parapophyses extend below the ventral
surface of the cotyle. In posterior view (Figure
32.5), the zygantrum is rather wide. The neural
spine is relatively thin and becomes progressively
thinner towards its dorsal surface.
Remarks. These six trunk vertebrae slightly devi-
ate from the morphology of Paraxenophis spanios
gen. et sp. nov.,, most notably by the absence of
the peculiar lateral notches of the haemal keel that
characterizes the species. Taking into consider-
ation these differences described above, there are
two possibilities:

1)  Their rather small size (centrum length less than 3
mm) could indicate that these vertebrae pertain to a
young (subadult, not juvenile) specimen of Parax-
enophis spanios gen. et sp. nov. This hypothesis
could be further supported by the fact that in young
snake specimens, the zygosphene can be rela-
tively wider and more dorsally vaulted, and the
zygapophyses are small and generally do not
extend laterally (LaDuke, 1991; Georgalis and
Scheyer, in press). As such, the fact that these ver-
tebrae do not possess the distinctive lateral
notches of the haemal keel could be attributed to
ontogenetic variation. In that case, the distinct lat-
eral notches of the haemal keel of Paraxenophis
spanios gen. et sp. nov. are clearly developed only
in adult specimens.

2) Alternatively, these vertebrae could belong to an
adult snake of a different, small-sized species. The
diameter of the neural canal is comparable to that
of the cotyle. This is in agreement with the fact that
the neural canal /cotyle diameter ratio has been
variously applied to distinguish adult from sub-adult
and juvenile specimens (e.g., Szyndlar, 1991a;
Head, 2005).
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FIGURE 32. ?Paraxenophis spanios, young individual from Maramena: mid-trunk vertebra (UU MAA 7648) in dorsal
(1), left lateral (2), ventral (3), anterior (4), and posterior (5)views. Abbreviations: cd, condyle; ct, cotyle; hk, haemal
keel; If, lateral foramen; nc, neural canal; ns, neural spine; scf, subcentral foramen; zg, zygantrum; zy, zygosphene.

We are here tentatively in favor of the first
option and tend to regard these small vertebrae as
pertaining to a young subadult (not juvenile) indi-
vidual of Paraxenophis spanios gen. et sp. nov.,
though, of course, we cannot dismiss the possibil-
ity that they truly represent a distinct, small-sized
taxon/morphotype.

“Colubrinae” indet. (morphotype 1)
Figure 33

Material. M1: four trunk vertebrae (UU MAA 7638,
UU MAA 7639, UU MAA 7879, and UU MAA
7908).

Description. All vertebrae are incomplete and the
description is herein based primarily on UU MAA
7638, which is the best preserved one. Specimen
UU MAA 7638 lacks zygosphene, neural spine,
right prezygapophysis, and left postzygapophysis
(Figure 33). The centrum is rather short and wide,
with a centrum length of 3.36 mm and a neural
arch width of 3.31 mm. In lateral view (Figure 33.1,
33.4), large lateral foramina occur on both sides of
the centrum, close below the distinct interzyga-
pophyseal ridges. The completely preserved left
synapophysis has the parapophysis twice as long
as the diapophysis. The parapophysis has a
rounded ventral surface and reaches clearly below

the centrum of vertebra. The moderately devel-
oped subcentral ridges are blunt and rather short,
reaching the half of the centrum length. There is a
distinct ridge developed between the base of the
neural arch and the base of the condyle. The con-
dyle is developed on a short condylar neck. In dor-
sal view (Figure 33.2), the prezygapophyseal
articular facets (only the left one is preserved) are
rather wide, with an irregularly oval outline. The
prezygapophyseal accessory process is bro-
kenoff. The epizygapophyseal spines are under-
developed. The medial notch at the posterior mar-
gin of the neural arch is rather narrow. In ventral
view (Figure 33.3), subcotylar tubercles are indis-
tinctly developed at the ventral margin of the coty-
lar rim. Slit-like furrows occur between the cotylar
rim and the base of parapophyses. The haemal
keel is distinctly wide, with a flat ventral surface.
The subcentral foramina (the right one is doubled)
are relatively small and are developed at the base
of the haemal keel. No subcentral grooves are
present. The incomplete right postzygapophyseal
articular facet is relatively elongated in lateral
direction. In anterior view (Figure 33.5), the prezy-
gapophyses are dorsally inclined. The neural canal
is rounded, with wide lateral sinuses. Paracotylar
foramina occur on both sides of the cotyle. The
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FIGURE 33. “Colubrinae” indet. (morphotype 1) from Maramena: mid-trunk vertebra (UU MAA 7638) in left lateral (1),
dorsal (2), ventral (3), right lateral (4), anterior (5), and posterior (6) views. Abbreviations: cd, condyle; d, diapophysis;
hk, haemal keel; If, lateral foramen; na, neural arch; nc, neural canal; p, parapophysis; pctf, paracotylar foramen;pr,
prezygapophysis; prf, prezygapophyseal articular facet; r, ridge; scf, subcentral foramen; zg, zygantrum.

ventral base of the cotylar rim is flat. In posterior
view (Figure 33.6), the neural arch is depressed.
The zygantral area is wide. Distinct foramina are
present inside the zygantrum. The base of the con-
dyle is flattened.

Remarks. The low ratio of centum length / neural
arch width (ratio = 1.02), the indistinct subcentral
ridges, as well as the absence of subcentral
grooves, indicate that the vertebrae originate from
the anterior or middle part of the trunk section.
Although a more precise identification of this
incomplete material is currently not possible, these
vertebrae share certain features which are similar
to Periergophis micros gen. et sp. nov., namely: 1)
the parapophysis is rather large and about twice as
long as the diapophysis; 2) the neural arch is
depressed; 3) the prezygapophyses are inclined
dorsally; and 4) the unusually large lateral foramina
are situated within deep and wide depressions.
However, “Colubrinae”’indet. (morphotype 1) can
still be differentiated from Periergophis micros gen.
et sp. nov. by several features: 1) the absence of
constriction of the haemal keel behind the syn-
apophyses; 2) the absence of paired tubercles on
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the haemal keel; 3) its significantly larger dimen-
sions; and 4) the presence of a distinct ridge devel-
oped between the base of the neural arch and the
base of the condyle. Although we have never
observed this kind of ridge in other known “colu-
brines”, we cannot state with confidence whether
this character falls within the range of the intraspe-
cific variability or if it can be attributed to pathologi-
cal development.

Among European extinct and extant “colu-
brines”, the rather wide haemal keel of the Mara-
mena form is reminiscent of Nanus planicarinatus
Bachmayer and Szyndlar, 1985, from the late Mio-
cene (MN 11) of Kohfidisch, Austria, which was
recently referred to the extant genus Platyceps by
Wallach et al. (2014). However, in that Austrian
taxon, the centrum is more elongated and the
shapes of the the prezygapophyseal and postzyga-
pophyseal articular facets are different, whereas its
synapophyses (and mainly its parapophyses) are
significantly smaller. The Maramena “colubrine”
(morphotype 1) shares also some resemblance
with Hispanophis coronelloideus Szyndlar, 1985
from the late Miocene (MN 13) of Algora, Spain,



but in the Spanish form, the neural arch is more
vaulted and the prezygapophyses and the postzy-
gapophyses are less massive than in the Greek
snake. A rather wide haemal keel that narrows in
the anterior portion of the ventral surface of the
centrum, like in the Maramena material, is also
present in the probable dipsadid from the middle
Miocene of France, Paleoheterodon arcuatus
(Rage and Holman, 1984). However, there are sev-
eral vertebral features that are different in the
Greek and French specimens, especially concern-
ing the shape of their prezygapophyses. Interest-
ingly, its North American supposed congener
Paleoheterodon tiheni Holman, 1964, has similarly
dorsally inclined prezygapophyses, as well as simi-
lar shape of the haemal keel, with the “Colubrinae”
indet. (morphotype 1) from Maramena. The degree
of dorsal inclination of the prezygapophyses may
have some special value, as it appears to be rather
uncommon within “colubrines”. Vertebrae of Tele-
scopus also share some resemblance with the
Maramena vertebrae, principally in terms of the
width of the haemal keel (especially in the extinct
Telescopus bolkayi) and the large parapophyses,
but the neural spine in Telescopus is significantly
shorter in lateral view than the Greek specimens.
The Maramena snake is also reminiscent of Texas-
ophis meini Rage and Holman, 1984, from the
early and middle Miocene of France (Rage and
Holman, 1984; Rage and Bailon, 2005), especially
in the width of the haemal keel, the shape of the
neural arch, and the shape of the prezygapophy-
ses. However, vertebrae of species of Texasophis
Holman, 1977, are more elongated, their neural
spines are significantly shorter in lateral view, and
the haemal keel is equally wide along the whole
length. In Eirenis modestus (Martin, 1838), an
extant small-sized “colubrine” that inhabits south-
eastern Europe, the neural arch is also depressed,
and the haemal keel significantly widens posteri-
orly (e.g., specimen MDHC 291), however, it differs
from the Maramena form in its lesser degree of
dorsal inclination of prezygapophyses, much
smaller prezygapophyseal articular facets, and sig-
nificantly shorter neural spine. Beyond “colu-
brines”, an alternative taxonomic allocation of the
Maramena fossil material would be that it pertains
to the boid genus Bavarioboa Szyndlar and Schle-
ich, 1993. Unlike most booids, paracotylar foram-
ina are variously present in Bavarioboa, though
this is relatively infrequent. The low centrum length
/ neural arch width, the wide haemal keel, and the
distinct diapophyses and parapophyses seem to
further hint for such booid affinities. However, in
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Bavarioboa, the interzygapophyseal constriction is
always less distinct and anteroposteriorly short
(Szyndlar and Schleich, 1993; Szyndlar and Rage,
2003), whereas this is more prominent in “Colubri-
nae” indet. (morphotype 1). Furthermore, in ventral
view, the centrum of the Maramena “colubrine” is
not so distinctly triangulary enlarged towards the
synapophyses, unlike the wide triangular base of
the centrum observed in mid-trunk vertebrae of
Bavarioboa (Szyndlar and Rage, 2003). Moreover,
the zygantral area also seems to be more gracile in
the Maramena specimens, in comparison with that
of Bavarioboa (Szyndlar and Rage, 2003).

NATRICINAE Bonaparte, 1838 (sensu Szyndlar,
1991b)
Genus NATRIX Laurenti, 1768

Type species. Coluber natrix Linnaeus, 1758.

NATRIX RUDABANYAENSIS Szyndlar, 2005
Natrix aff. rudabanyaensis
Figure 34

Material. M1: 34 precloacal vertebrae (UU MAA
7656-UU MAA 7689) and seven caudal vertebrae
(UU MAA 7690-UU MAA 7694, UU MAA 7893, and
UU MAA 7904); M3: four precloacal vertebrae (UU
MAA 7741-UU MAA 7744).

Description. Precloacal vertebrae (Figure 34.1-
16): all preserved vertebrae are at least partially
fragmentary with broken off neural spines, hypa-
pophyses, and prezygapophyseal processes. In
lateral view (Figure 34.1, 34.6, 34.13), the pre-
served base of the neural spine indicates that its
dorsal margin rised in the posterior half of the
zygosphenal length. The zygosphenal articular fac-
ets are oval. The interzygapophyseal ridges are
well developed and usually rather sharp. Large lat-
eral foramina occur close below these ridges, in
the upper part of the distinct wide depression,
which occurs on either lateral side of the vertebra
between the subcentral ridges and interzygapoph-
yseal ridges. The synapophyses are well divided
into parapophyses and diapophyses, both having
an almost equal length. The parapophyseal pro-
cesses are long and directed anteriorly rather than
anteroventrally. The strongly developed subcentral
ridges are either straight or slightly vaulted dor-
sally, reaching two thirds of the vertebral centrum
length. In dorsal view (Figure 34.2, 34.7, 34.11,
34.14), the prezygapophyseal articular facets are
oval and narrow with a long axis oriented anterolat-
erally. The prezygapophyseal accessory processes
are broken off at their base. The zygosphene is tri-
lobated, with distinct lateral lobes and a wide
medial lobe. The epizygapophyseal spines are
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FIGURE 34. Natrix aff. rudabanyaensis from Maramena: anterior precloacal vertebra (UU MAA 7669) in left lateral
(1), dorsal (2), ventral (3), anterior (4), and posterior (5) views; precloacal vertebra (UU MAA 7670) in right lateral
(6), dorsal (7), ventral (8), anterior (9), and posterior (10) views; posterior trunk vertebra (UU MAA 7667) in dorsal
(11) and ventral (12)views; posterior trunk vertebra (UU MAA 7668) in right lateral (13), dorsal (14), ventral (15), and
anterior (16) views; caudal vertebra (UU MAA 7694) in right lateral (17), dorsal (18), ventral (19), and anterior (20)
views. Abbreviations: cd, condyle; ct, cotyle; d, diapophysis; hy, hypapophysis; ir, interzygapophyseal ridge; If, lat-
eral foramen; na, neural arch; nc, neural canal; p, parapophysis; pctf, paracotylar foramen; pof, postzygapophyseal
articular facet; pp, parapophyseal process; pr, prezygapophysis; prf, prezygapophyseal articular facet; scf, subcen-
tral foramen; scg, subcentral groove; scr, subcentral ridge; sctt, subcotylar tubercles; zy, zygosphene.
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moderately developed. In ventral view (Figure
34.3, 34.8, 34.12, 34.15) the anterior keel of the
hypapophysis is triangular with two distinct (in
some specimens, rather long) subcotylar tubercles
developed at the ventral margin of the cotylar rim.
The vertebrae from the anterior and middle parts of
the precloacal section possess wide subcentral
grooves. In posterior precloacal vertebrae, the
strongly built subcentral ridges are expressed by
deep subcentral grooves. Subcentral ridges are
almost parallel with the axis of the centrum and
reach the posterior margin of the laterally
expanded pedicle. Subcentral foramina are pres-
ent and have a variable diameter among the verte-
brae. They occur at the base of the thin
hypapophysis. The postzygapophyseal articular
facets are irregularly trapezoid in outline. In ante-
rior view (Figure 34.4, 34.9, 34.16), the neural
canal is rounded to subsquare, with distinct lateral
sinuses. The prezygapophyses are directed later-
ally with their prezygapophyseal articular facets sit-
uated at about the level of the dorsal margin of the
cotylar rim. The zygosphene is usually straight but
in the posterior precloacal vertebrae, it can be
moderately vaulted dorsally. Paracotylar foramina
are present and occur within depressions on either
side of the rounded cotyle. In posterior view (Figure
34.5, 34.10) the neural arch is moderately vaulted.
The zygantrum is wide. The base of the pedicle is
expanded laterally in posterior precloacal verte-
brae. The condyle is rounded.

Caudal vertebrae (Figure 34.17-20): the vertebrae
are fragmentary with pleurapophyses and hae-
mapophyses broken off close to their bases. The
only preserved neural spine seems to be about
three times longer than high, with its posterior dor-
sal margin inclined posteriorly. The anterior margin
of the neural spine is damaged. The interzyga-
pophyseal ridges are distinct and rather sharp.
Large lateral foramina occur close below these
ridges. Pleurapophyses possess wide bases and
they are directed anteroventrally and lateroven-
trally in lateral and anterior views, respectively
(Figure 34.20). The distal tips of the pleurapophy-
ses are broken off. The zygosphene is trilobated in
dorsal view and vaulted dorsally in anterior view.
The cotyle is rounded and rather large. The neural
canal is semirounded with distinct lateral sinuses.
Remarks. The presence of well-developed hypa-
pophyses in the whole precloacal region, the long
parapophyseal processes directed anteriorly, and
the vaulted neural arch clearly permit the assign-
ment of the material to the genus Natrix (Szyndlar,
1984, 1991b). Although the neural spine is not fully
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preserved in any specimen, the following combina-
tion of features enable identification of the precloa-
cal vertebrae as similar to Natrix rudabanyaensis
Szyndlar, 2005, from the late Miocene (MN 9) of
Rudabanya, Hungary: 1) the distinct subcentral
ridges; 2) the wide and shallow subcentral
grooves; 3) the elongated prezygapophyseal artic-
ular facets; and 4) the generally small overall size.
However, the Maramena specimens still differ from
Natrix rudabanyaensis by having more distinct and
sharp subcentral ridges in middle trunk vertebrae
(Szyndlar, 2005). The clearly lower centrum length
/ neural arch width ratio, the less elongated ventral
surface of the centrum, as well as the small size
enable to distinguish the Maramena Natrix aff. rud-
abanyaensis from Natrix merkurensis Ivanov, 2002
from the early Miocene of Merkur Nord. Moreover,
Natrix aff. rudabanyaensis from Maramena further
differs from both Natrix merkurensis and the
French Natrix sansaniensis (Lartet, 1851) by pos-
sessing larger prezygapophyseal articular facets
(Augé and Rage, 2000; Ivanov, 2002).

Natrix sp.
Figure 35

Material. M1: six precloacal vertebrae (UU MAA
7695-UU MAA 7700).

Description. The precloacal vertebrae are incom-
plete (Figure 35), with broken off hypapophyses
and neural spines, and, in most cases, strongly
damaged prezygapophyses. In lateral view (Figure
35.2, 35.7), the base of the anterior margin of the
neural spine rises at the posterior margin of the
zygosphene. Although the dorsal margin of the
neural spine is absent in all these fragmentary ver-
tebrae, its preserved base indicates that the neural
spine was probably relatively narrow and high. The
zygosphenal facets are narrow and oval. The inter-
zygapophyseal ridges are moderately developed
and rather blunt. Small lateral foramina occur close
below the interzygapophyseal ridges. When pre-
served, the diapophyses are slightly larger than the
parapophyses. The parapophyseal process is long
and directed anteriorly. The subcentral ridges are
only moderately developed in the anterior precau-
dal vertebrae. Distinct, slightly dorsally vaulted
subcentral ridges occur in middle and posterior
precloacal vertebrae. However, they are never
sharp. The small condyle is developed on a short
condylar neck. In dorsal view (Figure 35.1, 35.6),
the vertebrae are cylindrical. The trilobated zygo-
sphene is wide with distinct and pointed lateral
lobes and a wide medial lobe. The prezygapophy-
seal articular facets are irregularly oval, and in
some specimens, their outline is tear-like shaped.
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FIGURE 35. Natrix sp. from Maramena: precloacal vertebra (UU MAA 7699) in dorsal (1), left lateral (2), ventral (3),
anterior (4), and posterior (5) views;posterior precloacal vertebra (UU MAA 7700) in dorsal (6), right lateral (7), and
ventral (8) views. Abbreviations: cd, condyle; ct, cotyle; hy, hypapophysis; nc, neural canal; pctf, paracotylar foramen;
po, postzygapophysis; prf, prezygapophyseal articular facet; prp, prezygapophyseal accessory process; scf, subcen-

tral foramen; zg, zygantrum; zy, zygosphene.

The distally blunt prezygapophyseal accessory
processes reach half of the prezygapophyseal fac-
ets length. In ventral view (Figure 35.3, 35.8), the
anterior keel of the hypapophysis is triangular with
two small subcotylar tubercles at the ventral mar-
gin of the cotylar rim. The subcentral ridges are
rather short in anterior precloacal vertebrae. The
subcentral grooves are wide and shallow in ante-
rior precloacal vertebrae, whereas in posterior ver-
tebrae these grooves become narrow. The
postzygapophyseal articular facets are irregularly
shaped. In anterior view (Figure 35.4), the neural
canal is subsquare with wide lateral sinuses. The
zygosphenal lip is moderately vaulted dorsally. The
laterally directed prezygapophyseal facets are situ-
ated well above the dorsal margin of the cotyle.
The prezygapophyseal accessory processes are
directed laterally or slightly lateroventrally. The
rounded cotyle is markedly smaller than the diame-
ter of the neural canal. There are deep depressions
on either side of the cotyle, with distinct paracotylar
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foramina situated close to the lateral margins of the
cotyle. In posterior view (Figure 35.5), the neural
arch is moderately vaulted. The zygantral area is
rather wide and the base of the pedicle is
expanded laterally. The rounded condyle is rather
small.

Remarks. These precloacal vertebrae are
assigned to Natricinae, and in particular the genus
Natrix, on the basis of the presence of a hypapoph-
ysis and its shape (Szyndlar, 1991b; Ivanov, 2002).
This material differs from Natrix aff. rudabany-
aensis by possessing less distinct interzygapophy-
seal ridges, less distinct subcentral ridges in mid-
precloacal vertebrae, indistinct subcotylar tuber-
cles, and a relatively wider zygosphene. In fact, it
resembles more the extant Natrix natrix rather than
the other Maramena natricine. However, this form
can still be differentiated from the extant represen-
tatives of N. natrix by its relatively wide zygo-
sphene with a rather wide medial lobe. Whatever
its exact affinities may be, this material clearly



denotes the presence of a second, though indeter-
minate, taxon of the genus Natrix in Maramena.

Natricinae indet.

Material. M1: 41 precaudal vertebrae (UU MAA
7258, UU MAA 7259, UU MAA 7534, UU MAA
7701-UU MAA 7709, UU MAA 7776, UU MAA
7778, UU MAA 7782, UU MAA 7788, UU MAA
7791, UU MAA 7819, UU MAA 7823, UU MAA
7831-UU MAA 7834, UU MAA 7836, UU MAA
7838, UU MAA 7844, UU MAA 7857, UU MAA
7861, UU MAA 7864, UU MAA 7877, UU MAA
7883, UU MAA 7891, UU MAA 7892, UU MAA
7895, UU MAA 7898, UU MAA 7901, UU MAA
7914, UU MAA 7917, UU MAA 7925, and UU MAA
7934), several fragmentary precaudal vertebrae
(UU MAA 7261), and a caudal vertebra (UU MAA
7260); M2: five precaudal vertebrae (UU MAA
7189 and UU MAA 7190).

Description and remarks. All vertebrae are
strongly damaged and fragmentary. They are
assigned to indeterminate natricines because of
the presence of a hypapophysis in all precloacal
vertebrae. Although a more precise determination
is impossible, it is probable that they belong to one
of the two Natrix species described above. The
vertebra from Maramena previously figured by
Szyndlar (1995) is rather incomplete and fragmen-
tary and is herein referred to Natricinae indet. as
well. It is worth noting also that Szyndlar (1991b,
1995) reported that, among the then available
natricine vertebral material, one vertebra pos-
sessed a rather low neural spine, prompting the
author to suggest that it probably denoted its allo-
cation to a non-Natrix natricine. Considering that
this specimen was never figured and in our collec-
tion there is not any natricine with such low neural
spine, we cannot further conclude about Szyndlar’s
(1991b, 1995) implication.

Colubridae indet.

Material. M1: six cervical vertebrae (UU MAA
7710-UU MAA 7715), 29 trunk vertebrae (UU MAA
7113, UU MAA 7114, UU MAA 7825, UU MAA
7828, UU MAA 7847, UU MAA 7852, UU MAA
7855, UU MAA 7856, UU MAA 7865, UU MAA
7870, UU MAA 7871, UU MAA 7885, UU MAA
7909, UU MAA 7913, UU MAA 7920, UU MAA
7930, UU MAA 7931, UU MAA 7935, UU MAA
7939, UU MAA 7941- UU MAA 7946, UU MAA
7948, UU MAA 7949, UU MAA 7954, and UU MAA
7965), four cloacal vertebrae (UU MAA 7768, UU
MAA 7775, UU MAA 7902, and UU MAA 7932),
and 29 caudal vertebrae (UU MAA 7716-UU MAA
7739, UU MAA 7840, UU MAA 7897, UU MAA
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7900, UU MAA 7927, and UU MAA 7938); M3: four
fragmentary caudal vertebrae (UU MAA 7745-UU
MAA 7748).

Remarks. These vertebrae are rather incomplete.
Their elongated centrum, the overall lightly built
morphology, and the presence of haemal keel or
hypapophysis on the trunk vertebrae, denote that
they pertain to colubrids. However, due to their
highly fragmentary preservation, it cannot be even
determined whether they belong to “colubrines” or
natricines.

ELAPIDAE Boié, 1827
Genus NAJA Laurenti, 1768

Type species. Coluber naja Linnaeus, 1758.

Naja sp.
Figure 36

Material. M1: two mid-trunk vertebrae (UU MAA
7257 and UU MAA 7531).

Description. Specimen UU MAA 7531 is a rather
large vertebra with a centrum length of 9.2 mm,
missing the hypapophysis, part of the neural spine,
and most of the postzygapophyses, whereas the
synapophyses are eroded (Figure 36). In fact, UU
MAA 7531 represents by far the largest snake ver-
tebra among all the herein described material from
Maramena. Specimen UU MAA 7257 is a much
smaller vertebra with a centrum length of 4.9 mm,
and misses the hypapophysis, the neural spine,
both prezygapophyses, and the left postzygapoph-
ysis. In dorsal view (Figure 36.5), the zygosphene
is concave in UU MAA 7531 and trilobate in UU
MAA 7257. The prezygapophyseal articular facets
are large, massive, and almost triangular shaped in
dorsal view in UU MAA 7531, whereas they are
totally not preserved in UU MAA 7257. The prezy-
gapophyseal accessory processes are eroded.
The postzygapophyses (preserved only in UU MAA
7257) extend laterally well beyond the level of the
centrum. In ventral view (Figure 36.6), the centrum
is triangular-shaped and distinct subcentral ridges
and subcentral foramina are visible. Only the base
of the hypapophysis is preserved. The postzyga-
pophyseal articular facet (preserved only in UU
MAA 7257) is obovate to triangular in shape. In lat-
eral view (Figure 36.3-4), the neural spine is bro-
ken in both specimens, though it seems to have
been relatively low, at least in the larger specimen
(UU MAA 7531) where it is much better preserved.
Large and deep lateral foramina are present in
both vertebrae. In anterior view (Figure 36.1), the
zygosphene is rather massive and thick in UU MAA
7531, whereas it is significantly smaller in UU MAA
7257. The cotyle is robust and relatively oval-
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FIGURE 36. Naja sp. from Maramena: mid-trunk verte-
bra (UU MAA 7531) in anterior (1), posterior (2), right lat-
eral (3), left lateral (4), dorsal (5), and ventral (6) views.
Abbreviations: cd, condyle; ct, cotyle; If, lateral foramen;
nc, neural canal; ns, neural spine; prf, prezygapophyseal
articular facet; scg, subcentral grooves; zg, zygantrum;
zy, zygosphene.

shaped in UU MAA 7531 (it is incomplete in UU
MAA 7257). The prezygapophyses (preserved only
in UU MAA 7531) are only slightly tilted dorsally
from the upper level of the cotyle. The synapophy-
ses extend below the level of the cotyle. In poste-
rior view (Figure 36.2), the zygantrum is rather
enlarged and the condyle is significantly robust.
The neural arch is relatively depressed.

Remarks. Both vertebrae can be assigned to Elap-
idae on the basis of their non-lightly built general
shape and the probable presence of a hypapophy-
sis, the relatively low neural spine, the depressed
neural arch, the well-developed subcentral ridges,
and the short condylar neck (Szyndlar, 1991b;
Scanlon et al.,, 2003; lkeda, 2007; Ivanov and
Bdhme, 2011; Georgalis et al., 2018b). Among ela-
pids, UU MAA 7257 and UU MAA 7531 can be
attributed to the genus Naja on the basis of their
absolute size and the relatively low ratio of centrum
length / neural arch width (lvanov and Béhme,
2011). The size, general shape, the absence of
lymphapophyses, haemapophyses, and pleu-
rapophyses, and the shape of the neural canal

62

denote that the two vertebrae originate from the
precloacal region, and more specifically for the
larger one (UU MAA 7531), from the mid-trunk por-
tion of the skeleton. The presence of Naja in the
Maramena assemblage was already previously
noted by Szyndlar (1995) who mentioned the pres-
ence of fragmentary vertebrae, among which he
figured one in lateral and ventral views. Judging
from the published figure of Szyndlar (1995: figure
1H-1), that material can be considered as conspe-
cific with the new specimens described herein. In
any case, on the basis of the existing material, it is
not possible to determine whether the Maramena
cobra belonged to the widespread species Naja
romani (Hoffstetter, 1939) or a distinct form.

Genus MICRURUS Wagler, 1824
Type species. Micrurus spixii Wagler, 1824.

cf. Micrurus sp.
Figure 37

Material. M1: a mid-trunk vertebra (UU MAA
7535).

Description. Specimen UU MAA 7535 is an
incomplete vertebra, missing the whole right side
of the neural arch, the right portions of the zygo-
sphene and zygantrum, the right prezygapophysis,
the right postzygapophysis, the right paradiapoph-
ysis, both prezygapophyseal accessory processes,
and part of the neural spine (Figure 37). In dorsal
view (Figure 37.3), a distinct lateral lobe is present
on the zygosphene. The prezygapophyseal articu-
lar facet is damaged but seems to extend only
slightly laterally. In ventral view (Figure 37.4), the
centrum is relatively triangular in shape. The sub-
central ridges extend from the level of the syn-
apophyses to the proximal margin of the condyle. A
distinct, deep, and rather enlarged subcentral fora-
men is present at the left side of the centrum. The
hypapophysis extends anteriorly until almost the
level of the cotylar rim. In lateral view (Figure 37.2,
37.5), the vertebra is elongated; the hypapophysis
is rather short and is directed more posteriorly than
ventrally with its tip situated at the end of the con-
dylar neck. The synapophyses are clearly divided
into diapophyses and parapophyses. A rather large
and deep lateral foramen is present. In anterior
view (Figure 37.1), the cotyle is almost sphaerical
in shape, being significantly less wide than the
zygosphene. Two paracotylar foramina are pres-
ent, one on each side of the cotyle. The zygo-
sphene is poorly preserved, but it appears to have
been relatively thick. In posterior view (Figure
37.6), the condyle is sphaerical and is much less
wide in comparison with the zygantral area.
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FIGURE 37. cf. Micrurus sp. from Maramena: mid-trunk vertebra (UU MAA 7535) in anterior (1), left lateral (2), dorsal
(3), ventral (4), right lateral (5), and posterior (6) views. Abbreviations: cd, condyle; ct, cotyle; hy, hypapophysis; If, lat-

eral foramen; ns, neural spine; zy, zygosphene.

Remarks. The single vertebra UU MAA 7535 can
be tentatively attributed to Micrurus on the basis of
its relatively small dimensions (centrum length), its
elongated vertebral centrum, a short hypapophysis
which is directed more posteriorly than ventrally
(lvanov and Béhme, 2011). The neural spine in UU
MAA 7535 is not fully preserved but we assume it
was relatively low, as is the case with other extinct
and extant Micrurus spp. The size, general shape,
the absence of lymphapophyses, haemapophyses,
and pleurapophyses, and the shape of the neural
canal denote that the vertebra originates from the
precloacal region and most probably from the mid-
trunk portion of the skeleton. Due to the incomplete
nature of UU MAA 7535, no further comparison of
the Maramena form with the sole named European
taxon of the genus, Micrurus gallicus Rage and
Holman, 1984, from the middle Miocene of France,
can be made.

Besides Micrurus, such short hypapophysis
occurs also in the natricine genus Neonatrix Hol-
man, 1973. This North American typified genus

(Holman, 1973) also has congeneric representa-
tives in the Miocene of Europe (e.g., Rage and Hol-
man, 1984; Szyndlar, 1987, 1991b; Augé and
Rage, 2000; Ivanov, 2000; Rage and Bailon,
2005). However, the monophyletic status or even
the validity of this genus, encompassing a large
number of North American and European forms,
has been doubted (e.g., Szyndlar and Schleich,
1993; Szyndlar, 2005). Whatever the case, judging
from the published figures, the hypapophysis of the
European Neonatrix spp. appears to be more
enlarged in comparison with the Maramena verte-
bra (Rage and Holman, 1984; Szyndlar, 1987;
Augé and Rage, 2000; Szyndlar, 2005), thus
prompting us to consider that generic assignment
unlikely.

?Elapidae indet.

Material. M1: two trunk vertebrae (UU MAA 7256
and UU MAA 7807).

Description and remarks. Specimens UU MAA
7256 and UU MAA 7807are rather fragmentary
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trunk vertebrae, preserving solely the condyle and
the posteriormost portion of the centrum with
remains of a hypapophysis. Due to the poor pres-
ervation of the specimens, it is not possible to pre-
cisely assess their exact affinities, but the relatively
large size of the condyle and the overall size of the
posteriormost preserved portion of the centrum are
reminiscent of elapids, and particularly of cobras of
the genus Naja. Therefore, it seems highly proba-
ble that both these specimens could pertain to the
same taxon as the Naja specimens described
above.

VIPERIDAE Oppel, 1811
VIPERINAE Oppel, 1811
Genus VIPERA Laurenti, 1768 (sensu Szyndlar
and Rage, 1999)

|
|

6 8

Type species. Coluber aspis Linnaeus, 1758.

“‘ORIENTAL VIPERS” COMPLEX (sensu Szyndlar
and Rage, 1999)
“Oriental Vipers” complex indet.
Figure 38

Material. M1: two fangs (UU MAA 7115 and UU
MAA 7281).

Description. The two isolated fangs are rather
large (Figure 38). Specimen UU MAA 7281 is com-
plete (Figure 38.1-5), whereas the other specimen,
UU MAA 7115, misses its dorsal and ventral tips
(Figure 38.6-10). The apical termination is slightly
curved, with a wide pulpal cavity and venom canal
situated anteriorly in central position. In dorsal view
(Figure 38.5, 38.10), the base of the entrance ori-
fice, which is situated in the anteriormost proximal

FIGURE 38. “Oriental vipers” complex indet. from Maramena: fang (UU MAA 7115) in anterior (1), posterior (2), right
lateral (3), left lateral (4), and dorsal (5) views; fang (UU MAA 7281) in anterior (6), posterior (7), right lateral (8), left

lateral (9), and dorsal (10) views.

64



part of the element, is indicated by the separation
of the dentine folds which form the anterior closure
of the venom canal. In anterior view (Figure 38.1,
38.6), there is a distinct suture close to the distal
termination of the element. This suture turns proxi-
mally into a narrow groove, which diminishes in
front of the entrance orifice base where the fang
surface is completely smooth. The discharge ori-
fice is only preserved in UU MAA 7281. A wide
groove occurs on both lateral sides of the fangs
along their entire length.

Remarks. Both isolated fangs can be assigned to
viperids on the basis of the presence of a closed
venom canal which originated from the dentine
folding throughout ontogeny. This mode of venom
canal development is typical of viperids (Jackson,
2002; Zahradnicek et al., 2008). In elapid fangs, a
distinct anterior groove extending from the
entrance to the discharge orifice can be observed
(Kuch et al., 2006; Broeckhoven and du Plessis,
2017; Vilakazi et al., 2018). Although this groove is
usually well developed, it may be subjected to an
important degree of variability. Indeed, one speci-
men of the extant African Naja melanoleuca Hal-
lowell, 1857 (MDHC 138) possesses a distinct
groove that runs transversely along the anterior
surface of the fang, whereas in other specimens of
the same species, this groove is (if present) rather
narrow (e.g., see Bogert, 1943, figure 38). In
viperid snakes, the anterior surface of fully devel-
oped fangs is usually completely smooth in the
area between entrance and discharge orifices
(Jackson, 2002; Zahradnicek et al., 2008). This is
true not only for extant taxa but also for fossil viper-
ids (Rage, 1976; Szyndlar, 1984; Ivanov, 1999;
Bailon et al., 2002), including extinct representa-
tives of the “Oriental Vipers” complex, e.g., Mac-
rovipera burgenlandica (Bachmayer and Szyndlar,
1987) from the late Miocene of Kohfidisch, Austria
(see Tempfer, 2005, figure 35). However, a thin line
on the anterior fang surface can be observed in
certain taxa, e.g., in the extant African viperid Bitis
arietans Merrem, 1820 (specimen MDHC 136; see
also Jackson, 2002, figure 2).The presence of a
short and incompletely closed groove between the
entrance and discharge orifices in the Maramena
specimens indicates that development of both
fangs was not finished yet (Zahradnicek et al.,
2008).Therefore, most probably these fangs were
not fully developed and the infolding tissue was not
fully closed yet. The distinct lateral grooves stretch-
ing along the entire length of the fangs from Mara-
mena are rather unusual in viperids although short
lateral grooves frequently occur in both crotalines
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and viperines at the vicinity of the fang base (Geor-
galis et al., 2018d). No similar lateral grooves have
been reported for elapids (Bogert, 1943). If our
identification and referral to viperids is correct, the
Maramena fangs are tentatively attributed to the
“Oriental vipers” complex, mostly on the basis of
their relatively large size and the fact that large ver-
tebral material belonging to this group has been
previously described from the same locality by
Szyndlar (1995). In addition, isolated snake fangs
from the nearby locality of Ano Metochi were
recently described by Georgalis et al. (2017a) as
Serpentes indet. One of these fangs (UU AM3 547)
was figured in lateral view (Georgalis et al., 20173,
figure7Q), showing a slight hint of a groove in the
anterior part. After further studying and comparing
again the Ano Metochi and Maramena fangs, we
tentatively attribute the above mentioned Ano
Metochi isolated fang to Viperidae indet.

Serpentes indet.
Figure 39

Material. M1: a right dentary (UU MAA 7749),16
trunk vertebrae (UU MAA 7773, UU MAA 7781, UU
MAA 7783, UU MAA 7786, UU MAA 7796, UU
MAA 7815, UU MAA 7816,UU MAA 7818, UU MAA
7846, UU MAA 7851, UU MAA 7866, UU MAA
7882, UU MAA 7953, UU MAA 7959, UU MAA
7960, and UU MAA 7966), two cloacal vertebrae
(UU MAA 7771 and UU MAA 7795), two caudal
vertebrae (UU MAA 7772 and UU MAA 7933), four
series of fused caudal vertebrae (UU MAA 7414,
UU MAA 7415, UU MAA 7422, and UU MAA
7964), and eight ribs (UU MAA 7764- UU MAA
7767, UU MAA 7793, UU MAA 7794, UU MAA
7956, and UU MAA 7957).

FIGURE 39. Serpentes indet. from Maramena: right
dentary (UU MAA 7749) in lingual (1) and labial (2)
views.
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Remarks. These specimens are either too incom-
plete or do not preserve any character for a more
precise determination within snakes. Of special
interest is a right dentary (UU MAA 7749), which,
besides the viperid fangs described above, rep-
resents the sole known cranial material of snakes
from Maramena (Figure 39). Nevertheless, this
specimen is incomplete, with no teeth preserved,
and cannot be assigned to a more precise taxo-
nomic group.

DISCUSSION

Diversity, Affinities, and Palaeobiogeography
of the Maramena Herpetofauna

The herpetofauna from the locality of Mara-
mena, dated at the latest Miocene/earliest Pliocene
(MN 13/14), represents the richest record of fossil
amphibians and reptiles from Greece described so
far. In fact, Maramena represents the most diverse
Neogene assemblage of amphibians and reptiles
not only from the country, but from the whole East-
ern Mediterranean.

Previously, Neogene amphibians from Greece
had only been described from the early Miocene
localities of Aliveri (Euboea), Karydia (Thrace), and
Lapsarna (Lesvos), and the late Miocene of Pla-
kias (Crete) (Georgalis et al., 2016¢; Vasileiadou et
al. 2017; Georgalis et al., 2019) and were all sig-
nificantly less abundant in both numbers of taxa
and specimens. The amphibian assemblage from
Maramena is represented by a diverse salamander
(at least five taxa) and a poorer frog (at least three
taxa) fauna. Urodelans include a giant salamander
(Cryptobranchidae indet.), a small-sized Salaman-
drina, a medium and a small-sized newt of the
genus Lissotriton (Lissotriton vulgaris group and
Lissotriton sp. respectively), a larger-sized newt
attributable to Ommatotriton, as well as a large sal-
amander pertaining to the genus Salamandra.
Indeterminate salamandrids are also present. The
frog fauna includes taxa attributable to Latonia,
Hyla, and Pelophylax, as well as additional speci-
mens that cannot be confidently attributed to a cer-
tain group.

The palaeobiogeographic distribution of giant
salamanders (Cryptobranchidae) in the European
continent is nearly exclusively confined to Central
Europe (Bohme et al., 2012). The cryptobranchid
from Maramena represents the sole known fossil
record of that clade in the Mediterranean region
and, at the same time, their southernmost distribu-
tion. Furthermore, the Maramena cryptobranchid
represents the earliest occurrence among the last

66

phase of the expansion or the “reappearance” of
giant salamanders in the European fossil record
(B6hme et al., 2012). Considering their earlier (late
Oligocene—early late Miocene) rich record in Cen-
tral Europe and their absence from the southern
portions of the continent, a dispersal from Central
Europe to the southern Balkans appears to be
probable.

The genus Salamandrina is nowadays distrib-
uted only in continental Italy (Sparreboom, 2014).
The fossil record of this genus is rather poor, with
scarce material known from the early Miocene of
Oschiri in Sardinia, ltaly (Venczel and Sanchiz,
2006), the late Miocene of Felsétarkany 1, Hun-
gary (Venczel and Hir, 2013), and the late Pliocene
of Capo Mannu, Sardinia (Delfino et al., 2011).
That scarce material nevertheless demonstrates a
much wider distribution during the Neogene. Thus,
the locality of Maramena lies well outside the for-
mer and present-day distribution range of Sala-
mandrina, representing the easternmost
occurrence of the genus. Taking into account the
oldest occurrence of Salamandrina in the early
Miocene of Sardinia (Venczel and Sanchiz, 2006),
an origin of this lineage in the Mediterranean
region cannot be excluded. However, that early
Miocene Sardinian material was only briefly
described and never figured, and as such, its exact
affinities cannot be fully evaluated. In any case, the
fossil record of Salamandrina is not known well
enough to further conclude with certainty any exact
palaeobiogeographic distribution patterns for that
genus.

Salamanders of the Lissotriton vulgaris group,
particularly the extant species Lissotriton vulgaris,
currently have the widest distribution range among
all known urodelans, ranging from Western Europe
to Western Siberia (Sparreboom, 2014). The identi-
fication of fossil material attributable to the L. vul-
garis group in the Maramena faunal assemblage is
concordant with the wide Neogene distribution of
this lineage (e.g., Estes, 1981; Tempfer, 2005;
Boéhme and Vasilyan, 2014) and also with the
extant herpetofauna of northern Greece, where
Lissotriton vulgaris is currently abundant (Valakos
et al.,, 2008). The second Lissotriton taxon from
Maramena represents an interesting find, since
that vertebral material resembles in morphology a
similar one referred to Lissotriton aff. rohrsi from
the early Miocene of Mokra-Western Quarry, 2/
2003 Reptile Joint, Czech Republic (Ivanov, 2008).
It is difficult to conclude whether the Greek and the
Czech forms are truly related, as detailed skeletal
studies of extant and extinct Lissotriton species are



currently lacking. Furthermore, the exact affinities
and the taxonomic content surrounding the taxon
Lissotriton rohrsi (Herre, 1955) are as yet unre-
solved. Originally established as a species of the
wastebasket genus Triturus Rafinesque, 1815
based on material from the middle Miocene (MN 6)
of Devinska Nova Ves (= Neudorf = Neudorf a.d.
March), Slovakia (Herre, 1955), its validity was
only accepted with reluctance by Rocek (1994a).
Additional specimens have been referred to the
same taxon from the latest Oligocene of Oberleich-
tersbach, Germany (Bohme, 2008), the early Mio-
cene of Oberdorf, Austria (Sanchiz, 1998b), and
the early late Miocene of Goétzendorf, Austria
(Miklas, 2002). The generic placement of L. rohrsi
into Lissotriton was recently challenged by Martin
et al. (2012), who suggested that this extinct spe-
cies should be included into Ommatotriton, as they
reported that it demonstrates a combination of ver-
tebral features rather similar to the extant Ommato-
triton vittatus. However, our observation of fossil
specimens of Lissotriton rohrsi and comparison
with recent individuals pertaining to Ommatotriton
demonstrate the presence of significant differences
in the vertebral morphology between these two
taxa. Among the most important of these differ-
ences is the presence of dermal sculpture on the
neural spine of L. rohrsi, whereas this feature is
absent in members of Ommatotriton. Furthermore,
a ventral lamina is absent on the ventral surface of
the vertebrae of L. rohrsi, whereas this is present
and triangular-shaped in Ommatotriton. As such,
we herein consider L. rohrsi as a member of the
genus Lissotriton and not Ommatotriton.

The genus Ommatotriton is represented in
Maramena on the basis of vertebral and appendic-
ular material, and this occurrence represents an
interesting find. Extant species of this genus are
currently distributed in the Middle East, eastern
Anatolia, and the Caucasus (Riemsdijk et al.,
2017), where the data on the palaeoherpetofauna
are extremely scarce. As such, if our identification
is correct, then the new Maramena specimens rep-
resent the first reliable finds of Ommatotriton in the
fossil record and accordingly extend that lineage
back to the latest Miocene/earliest Pliocene and
widen its geographic distribution.

Currently, six extant species of the genus Sal-
amandra are known in Europe, Northwest Africa
and Middle East (Sparreboom, 2014). In Europe,
the genus Salamandra has one of the most abun-
dant fossil record among urodelans, ranging from
the earliest Oligocene until the Quaternary (Estes,
1981; Rocek, 1994a). The Salamandra material
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from Maramena described herein represents the
first fossil occurrence of the genus in Greece and
enlarges its Neogene European range to the
southeast. It is also remarkable that during the lat-
est Miocene, Salamandra is absent from other
European localities. Salamandra salamandra is
currently a common inhabitant of the modern eco-
systems around the Maramena area (Valakos et
al., 2008).

Among the frog fauna of Maramena, Latonia
is by far the most abundant. Indeed, that genus is
known to have achieved a rather broad geographic
distribution across various Neogene and early
Quaternary localities of Europe and Anatolia
(Rocek, 1994b, 2013; Vasilyan et al., 2014; Geor-
galis et al., 2019; Villa et al., 2019). So far, Latonia
in Greece was known only by recently described
finds from the early Miocene localities of Aliveri and
Karydia (Georgalis et al., 2019). The new Mara-
mena remains confirm that Latonia was probably
present in the region throughout the Miocene.

Hyla and Pelophylax are currently widespread
elements of the extant Greek amphibian fauna
(Valakos et al., 2008), however, their fossil record
from the area is practically unknown. In fact, the
Hyla material from Maramena documents the first
description of this genus from Greece. The genus
Pelophylax was so far similarly totally absent from
the Greek fossil record, with the only exception of
much younger remains from the Pleistocene of
Crete, and perhaps also Kos islands (Sanchiz,
1984). Nevertheless, the identification of both Hyla
and Pelophylax in the latest Miocene or earliest
Pliocene of Maramena documents that both these
lineages were probably already present in the
Greek area by the late Neogene.

Turtles are represented in the fossil herpeto-
fauna of Maramena by the geoemydid Mauremys
aristotelica and possibly also an indeterminate
testudinid. The new specimens add to the previ-
ously described material from the same locality by
Gad (1990), which is also herein referred to M.
aristotelica. The new geoemydid remains further
expand the known geographical distribution of this
species, which was previously known from three
northern Greek localities situated relatively near to
Maramena (Vlachos et al., 2019). The new Mara-
mena specimens confirm that the lineage of
Mauremys was rather abundant and common in
the Neogene of Greece taking into consideration
that all previously described fossil specimens from
the area pertain to this genus (Georgalis and Kear,
2013; Vlachos et al., 2015; Georgalis et al., 2016¢;
Vlachos and Tsoukala, 2016; Vlachos et al., 2019).
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This relatively low and seemingly monogeneric
diversity of Greek Neogene geoemydids is further
supported by the new Maramena finds, although
we still agree with previous suggestions that at
least two distinct species have been present in the
area, judging from the fact that the older (MN 9)
Mauremys sp. from Plakias, Crete (Georgalis et al.,
2016c¢), is clearly distinct from the younger (MN
13-16) M. aristotelica (Vlachos et al., 2019). Inter-
estingly, the phylogenetic analysis of Vlachos et al.
(2019) recovered Mauremys aristotelica as the sis-
ter taxon of the slightly older late Miocene (MN 12)
Italian species Mauremys campanii (Ristori, 1891),
implying a possible dispersal from lItaly to the
Greek area during the MSC event. The above-
mentioned, so far undescribed, costal MGPT-PU
142091 from the early Pleistocene of Pirro Nord,
southern Italy, could eventually indicate that the lin-
eage of Mauremys campanii + Mauremys aristotel-
ica could even have survived into the Quaternary,
but this is of course a hypothesis that needs to be
to be evaluated.

The isolated limb osteoderm of the probable
testudinid does not offer important insight on its
exact taxonomic affinities. Nevertheless, it docu-
ments the presence of a second chelonian clade in
Maramena and is also fully consistent with the
abundance of testudinids in the latest Miocene and
earliest Pliocene of Greece (Georgalis and Kear,
2013). The extreme rarity of testudinids in the
Maramena fossil material, solely represented by
this isolated limb osteoderm, and not even by one
shell remain, can be probably attributed to ecologi-
cal or taphonomical factors, considering that the
environmental reconstruction of the locality indi-
cates the presence of a large lake, surrounded by
a subtropical forest (Schmidt-Kittler et al., 1995).

Squamate remains from Maramena are by far
the most abundant elements in the herpetofauna of
the locality. Lizards are represented by agamine
agamids, lacertids, another bizarre probable lacer-
tid, the cordylid aff. Palaeocordylus sp., probable
scincids, multiple anguines (Anguis, Pseudopus,
and at least five morphotypes of Ophisaurus), the
varanid Varanus (at least one species), and inde-
terminate forms. Snakes are represented by scole-
cophidians, the “colubrines” Periergophis micros
gen. et sp. nov., Paraxenophis spanios gen. et sp.
nov., Hierophis cf. hungaricus (not present in the
material here described, but identified in Szyndlar’s
[1995] described material; see below), and at least
one other different “colubrine” morphotype, the
natricines Natrix aff. rudabanyaensis and a second
indetrminate species of Natrix, the elapids Naja sp.
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and cf. Micrurus sp., viperids of the “Oriental
Vipers” complex, and indeterminate forms. This
high diversity and large amount of material renders
the fauna of Maramena as by far the richest among
all fossil squamate faunas from Greece and the
Eastern Mediterranean as a whole.

Agamids are currently present in insular and
few sporadic continental regions in Greece, all
belonging to a single species, Stellagama stellio
(Linnaeus, 1758) (Valakos et al., 2008; Baig et al.,
2012). In fact, this rather patchy distribution in
mainland Greece has been variously suggested to
be the result of anthropogenic transportation of
Stellagama stellio during historic times. The abun-
dant agamid material from Maramena described
herein, along with the previously reported maxilla
from the same locality (Richter, 1995), documents
that agamids were already present in northern
mainland Greece by the latest Miocene/earliest
Pliocene. Few studies have dealt with the skeletal
anatomy of extant agamids, most of them con-
ducted several decades ago (Siebenrock, 1895;
Beddard, 1905; El-Toubi, 1945) or mostly focusing
on Western and Central Asian (Zarevsky, 1929;
Ananjeva, 1977, 1998; Fathinia et al., 2011) and
Australian taxa (Covacevich et al., 1990; Stilson et
al., 2017). Taking into consideration that the skele-
tal anatomy of the modern taxa is not adequately
comprehended (e.g., Delfino et al., 2008; Villa et
al., 2017), there cannot be reliable evidence
whether the Maramena agamids and the extant
Stellagama stellio pertain to the same single lin-
eage. Furthermore, apart from the genus Stellag-
ama Baig, Wagner, Ananjeva and Béhme, 2012,
three other agamine genera (Paralaudakia Baig,
Wagner, Ananjeva and Bohme, 2012, Phrynoceph-
alus Kaup, 1825, and Trapelus Cuvier, 1817) cur-
rently inhabit eastern Anatolia, so it cannot be
excluded that any of these lineages had achieved
a wider range that also encompassed the Balkans
during the Neogene. Nevertheless, affinities of the
Maramena specimens with Phrynocephalus and
Trapelus can be tentatively excluded, as the cranial
anatomy of these genera is relatively well known
(Zarevsky, 1929; Ananjeva, 1998; Fathinia et al.,
2011), at least for agamid standards, and seem to
be quite distinct. In any case, the Maramena fossil
material cannot provide confident answers to the
question whether agamid lizards were indeed con-
tinuously present in Greece since the latest Mio-
cene/earliest Pliocene or if the modern populations
were simply introduced during historical times. It is
worth noting that a purported fossil agamid had
also been reported (without any description or fig-



ure) from the nearby locality of Ano Metochi
(Delfino et al., 2008), however, this material was
recently demonstrated to pertain to fish (Georgalis
et al., 2017a). In any case, the Maramena agamids
represent the sole confirmed described fossil
occurrence of this clade from Greece.

Lacertids are currently the most diverse reptile
group in modern Greek herpetofaunas, comprising
also several endemic species (Arnold et al., 2007;
Sindaco and Jereméenko, 2008; Valakos et al.,
2008). It seems that the Maramena lacertid assem-
blage was not diverse, probably comprising only
two taxa, thus contrasting with modern herpetofau-
nas of the region (e.g., Sindaco and Jeremé&enko,
2008; Sillero et al., 2014) but also with coeval
European fossil localities, which are more speciose
(e.g., Polgardi; Venczel, 2006). In any case, the
lacertids from Maramena add to the previously
known records of that clade in the Miocene of
Greece (Richter, 1995; Georgalis et al., 2017a;
Vasileiadou et al., 2017; Georgalis et al., 2019).
The current inadequate knowledge of the skeletal
anatomy of most extant lacertid taxa (e.g., Villa et
al., 2017) hinders the understanding of the exact
affinities of the Greek fossil forms, and as such we
cannot ascertain to which of the several lacertid lin-
eages the Maramena specimens pertain. The tooth
bearing bone UU MAA 7033, with its unusual tri-
cuspid teeth, indicates the presence of an addi-
tional distinct lizard taxon in Maramena, however,
its poor preservation precludes an exact taxonomic
assignment. As such, affinities of that specimen
with any of the fossil European tricuspid tooth bear-
ing lineages (lacertids, teiids, and iguanids) cannot
be evaluated, although on the basis of biogeo-
graphic and stratigraphic rationale, it seems more
likely that it pertains to lacertids. Among European
extinct lacertids, this Maramena form resembles
most closely Miolacerta tenuis from the early Mio-
cene (MN 4) of Dolnice, Czech Republic (Ro&ek,
1984), but the two forms can be differentiated on
the basis of certain features of their teeth.

As was pointed out by Georgalis et al.
(2017a), the cordylids from Ano Metochi and Mara-
mena represent the youngest occurrences of this
lizard clade from the European continent. The new
abundant cordylid specimens from Maramena fur-
ther reinforce that previous taxonomic assigne-
ment, but also allow a more precise systematic
determination by referring this (and also the Ano
Metochi) material to aff. Palaeocordylus sp. There-
fore, affinities of the Greek cordylids with that Cen-
tral European genus imply indeed a southeastern
range withdrawal and late survival of this lineage of
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European girdled lizards. The Maramena cordylids
are confirmed as the youngest European cordylids
and, as such, the ultimate extinction date of that liz-
ard clade from the continent should be placed
around or after the Miocene/Pliocene transition
(MN 13/14).

The fragmentary material of the new probable
scincids from Maramena described herein does not
afford any adequate further taxonomic assigne-
ment or comparison with any of the four extant
scincid lineages (Ablepharus Fitzinger, 1824, Chal-
cides Laurenti, 1768, Heremites Gray, 1845, and
Ophiomorus Duméril and Bibron, 1839) that cur-
rently inhabit Greece, or with Eumeces Wiegmann,
1834, that is found in adjacent Anatolia (Kumlutas
et al., 2007; Sindaco and Jerem¢enko, 2008; Vala-
kos et al.,, 2008).The only previously recorded
mention of fossil scincids from Greece consisted of
material from Late Pleistocene or Holocene caves:
material from Vraona Cave, near Athens, that was
attributed to the extant Ablepharus kitaibelii (Bibron
and Bory de Saint-Vincent, 1833) by Rauscher
(1995), and material from Sarakenos Cave, Boeo-
tia, Sterea Hellas, which was tentatively referred to
Chalcides by Wilczynski et al. (2016). However,
this purported Ablepharus and Chalcides material
has never been figured (and for the latter, not even
collection numbers were provided), and as such,
the validity of Rauscher’s (1995) and Wilczynski's
et al. (2016) taxonomic claims cannot be substanti-
ated. Therefore, the new Maramena material prob-
ably represents the first known fossil material of
scincids from Greece. Nevertheless, scincids are
relatively poorly represented in the Neogene and
Quaternary record of Europe and in fact, the only
genera that have been reliably identified are Chal-
cides Laurenti, 1768, known from remains from the
Miocene of Hungary (Venczel and Hir, 2013) and
the Quaternary of Spain (Blain and Bailon, 2010;
Lépez-Garcia et al., 2011; Bailon, 2014), Eumeces
from the Holocene of Cyprus (Croft et al., 2017),
and Heremites from the late Miocene of European
Russia (Cerfiansky and Syromyatnikova, in press).
Tropidophorus bavaricus Béhme, 2010, a scincid
taxon established from the middle Miocene (MN 5)
of Sandelzhausen, Germany, was suggested by
Bbhme (2010) to belong to the extant Tropidopho-
rus Duméril and Bibron, 1839, a genus of semi-
aquatic  skinks, which  currently inhabits
southeastern Asia, Indonesia, and Philippines
(Truong et al., 2010). However, we consider that
any resemblance between T. bavaricus and the
extant Tropidophorus spp. is only superficial, and
these forms share only anatomical traits that are
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rather generalized among scincids. Accordingly,
we provisionally discard the generic attribution of
the Miocene German taxon to Tropidophorus and
suggest that it should be referred to a different
genus. It is of course beyond the scope of this
paper to assess the validity or the generic assign-
ment of this taxon and, pending a revision and
redescription of the respective material, we sug-
gest treating the genus name in quotation marks as
“Tropidophorus” bavaricus.

Anguids are currently abundant and diverse in
extant Greek herpetofaunas, pertaining to species
belonging to two genera: the small-sized Anguis
and the much larger Pseudopus (Valakos et al.,
2008; Georgalis et al., 2017a). So far, anguid fos-
sils from Greece had only been described from few
early and late Miocene localities (Richter, 1995;
Georgalis et al., 2018b, 2019), including also Ano
Metochi (Georgalis et al., 2017a), whereas they
have also been recovered from multiple localities in
the Oligocene and Miocene of nearby Turkey
(Cernansky et al., 2017; Syromyatnikova et al.,
2019). The new anguid material from Maramena is
by far the most abundant and demonstrates that
the anguid fauna of Greece during the latest Mio-
cene/earliest Pliocene was rather diverse with mul-
tiple taxa belonging to Anguis, Ophisaurus, and
Pseudopus.The large number of morphotypes
(five) within Ophisaurus material from Maramena is
truly remarkable, although it cannot be fully evalu-
ated whether and how this diversity of morphs also
reflects species level taxonomy or if it could simply
be attributed to some kind of intraspecific (e.g.,
ontogenetic) variation, or tooth wear. Interestingly,
similar numbers of different anguine taxa and/or
morphotypes in the Neogene of Europe are only
recorded in the early Miocene of Merkur-Nord (MN
3) (Klembara, 1981, 2012, 2015; Klembara and
Rummel, 2018) and, to a lesser degree, Dolnice
(MN 4) (Klembara, 1979, 1981; Rocek, 1984;
Klembara and Rummel, 2018), both in Czech
Republic. This pattern of relatively similar morpho-
types and diversity among the anguines of Merkur-
Nord and Maramena is rather bizarre, considering
the large chronological and geographic distance of
the Czech and Greek localities. In any case, the
Ophisaurus remains from Maramena represent the
youngest occurrence of this genus from Eastern
Europe. Regarding the Anguis and Pseudopus
genera, currently present in Greece, remains from
Maramena document their first fossil occurrences
from Greece, extending their lineages back to the
latest Miocene/earliest Pliocene. Note that a record
of Pseudopus apodus from the Late Pleistocene—
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Holocene of Vraona Cave, near Athens, was men-
tioned by Rauscher (1995) but was not accompa-
nied by any figure and thus cannot be evaluated.
Interestingly, the resemblance of the Pseudopus
material from Maramena with that of Pseudopus
pannonicus could hint for a potential geographic
expansion of that species in the southern Balkan
area.

The varanid material from Maramena, repre-
sented solely by isolated teeth and caudal verte-
brae, does not provide any information about its
exact species level affinities.The four different
types of serration on the available teeth leave open
the possibility that even more than one species of
Varanus coexisted in the locality, though alterna-
tively this could be attributed to, some as yet unre-
solved, intraspecific variation or even taphonomic
reasons. Nevertheless, these new specimens add
to the already known occurrences of monitor liz-
ards from the country, which were so far described
from the late Miocene of Thessaloniki area (MN 10;
Georgalis et al., 2018b), Pikermi (MN 12; Gaudry,
1862-1867; Villa et al., 2018a), and Samos (MN
12; Conrad et al., 2012; Villa et al., 2018a), and the
Middle Pleistocene of Tourkobounia-5 (Georgalis
et al., 2017b), the latter being the youngest record
of varanids from the whole Europe.

Scolecophidians generally constitute rather
rare finds in fossil herpetofaunas, a fact apparently
not reflecting genuine absence from Cenozoic eco-
systems, but mostly caused due to the extremely
small size and fragile nature of their remains (Vidal
et al., 2009; Mead, 2013; Georgalis et al., 2017a).
As such, apart from few scarce descriptions of
scolecophidians from the Pliocene and Quaternary
of various Greek localities (Szyndlar, 1991a) and a
single, recently described Miocene record from
Ano Metochi (Georgalis et al., 2017a), this clade is
virtually unknown from the country. Furthermore,
no fossil cranial remains have ever been found
and, frustratingly, their vertebral anatomy is so con-
servative and similar among taxa that it does not
permit distinguishing diagnostic taxonomic fea-
tures. This taxonomic problem should be mostly
attributed to the unfortunate fact that only few stud-
ies have dealt with the skeletal anatomy of extant
scolecophidians, and that the rare studies focused
on cranial features (e.g., List, 1966; Rieppel, 1979;
Kraus, 2017; Chretien et al., 2019). As such, the
two distinct scolecophidian clades that currently
inhabit the northeastern Mediterranean, i.e.,
Typhlopidae (genera Letheobia Cope, 1869, and
Xerotyphlops Hedges, Marion, Lipp, Marin, and
Vidal, 2014), and Leptotyphlopidae (genus Myriop-



holis Hedges, Adalsteinsson, and Branch in
Adalsteinsson et al., 2009) cannot be reliably iden-
tified in the European fossil record. This is rather
frustrating, given that typhlopids and leptoty-
phlopids are believed to have diverged from each
other during the Mesozoic (Adalsteinsson et al.,
2009; Vidal et al., 2009; Miralles et al., 2018). Tak-
ing into consideration all these aspects, it is cur-
rently impossible to determine whether the new
Maramena scolecophidians pertain to any of these
genera or even represent a now locally or totally
extinct lineage.

Regarding the relatively diverse (at least four
species) assemblage of “colubrines” from Mara-
mena, they seem to provide contrasting biogeo-
graphic conclusions. The tiny “colubrine”
Periergophis micros gen. et sp. nov. appears to be
an abundant element of the Maramena herpeto-
fauna. Its rather characteristic morphology (espe-
cially the anteroventrally directed tubercles on the
wide haemal keel of the posterior trunk vertebrae)
makes this snake readily distinctive among other
European fossil and extant taxa. The same applies
for the other distinctive “colubrine” from Maramena,
Paraxenophis spanios gen. et sp. nov., as the lat-
eral notches observed on the haemal keels of its
vertebrae have never been described from other
European taxa. Taking into consideration the total
absence of related forms in Europe, the origin of
Periergophis gen. nov. and Paraxenophis gen. nov.
remains a mystery, and an origin from Africa or
Asia cannot be excluded. Affinities of these two
new snake genera from Maramena with other
caenophidian lineages, such as dipsadids, lam-
prophiids, and psammophiids cannot be excluded.

A distinct morphotype/taxon of “colubrines”
(“Colubrinae” indet. [morphotype 1]) also seems to
have been present in Maramena, however, consid-
ering that its exact affinities are not resolved, it can-
not offer any biogeographic insights.

Besides the above described “colubrines”
found in our new material from Maramena, it
seems that a further distinct taxon existed in the
same locality, having affinities with Hierophis hun-
garicus (Bolkay, 1913). This Maramena material
was originally described and figured by Szyndlar
(1995) as an indeterminate “colubrine”, but it was
subsequently suggested to be probably referrable
to Hierophis hungaricus by Venczel (1998). The
latter view also later convinced Szyndlar (2005).
Judging from the published figure of Szyndlar
(1995, figure 1A-E), we here formally refer that
material to Hierophis cf. hungaricus. Among Mara-
mena “colubrines”, Hierophis cf. hungaricus
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resembles most closely Paraxenophis spanios
gen. et sp. nov. However, the former taxon still dif-
fers from the latter one, most prominently by the
absence of lateral notches of its haemal keel and
the shape of the anterior border of its zygosphenal
roof, which possesses a rather distinct medial lobe,
whereas that feature is usually absent or at least
only slightly visible in Paraxenophis spanios gen.
et sp. nov. Hierophis hungaricus was formerly
known from the middle Miocene of Germany (lva-
nov and Béhme, 2011), the late Miocene of Hun-
gary (Bolkay, 1913; Venczel, 1998; Szyndlar,
2005), and the early Pliocene of Hungary (Venczel,
2001), with similar or conspecific forms also known
from the middle Miocene of Hungary (Venczel and
Hir, 2013), Romania (Venczel and $tiuca, 2008),
and even Kazakhstan (lvanov et al., 2019). Thus,
the referral of Szyndlar's (1995) “colubrine” to
Hierophis cf. hungaricus extends to the south the
geographic range of that Central European snake
species and further adds an extra snake taxon to
the Maramena herpetofauna. The fact that no other
specimen of Hierophis cf. hungaricus was recov-
ered among the new material herein and that the
taxon is only known from Szyndlar’s (1995) speci-
mens could probably be attributed to the rarity of
this snake or even ecological or taphonomical fac-
tors that did not favour its preservation.

Similarly, another taxon that was originally
typified from the Neogene of Hungary, Natrix aff.
rudabanyaensis, is now also described from Mara-
mena. This species was only previously known
from the late Miocene (MN 9) of Rudabanya, Hun-
gary (Szyndlar, 2005) and other few tentatively
referred occurrences from the middle and late Mio-
cene of Hungary and Romania (Venczel and S$ti-
uca, 2008; Venczel, 2011; Venczel and Hir, 2013).
On the basis of the available material, it is not easy
to attest whether the Maramena form is indeed
conspecific with the Hungarian taxon or simply
bears some strong resemblance — if the former is
the case, however, then this identification provides
an interesting geographical and biochronological
expansion for Natrix rudabanyaensis. A second,
distinct, though indeterminate species of Natrix
also exists in Maramena, denoting that natricines
were more diverse in that locality, achieving a
higher diversity in the latest Miocene/earliest Plio-
cene of southeastearn Europe.

Cobras of the genus Naja had already been
described from Maramena (Szyndlar, 1995). In
fact, cobras have been so far only rarely recorded
from Greece and, besides Maramena, they were
known only from the late Miocene (MN 10) of Ravin
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de la Pluie (Georgalis et al., 2018b) and the late
Pliocene (MN 16) of Tourkobounia 1 (Szyndlar and
Zerova, 1990; Szyndlar, 1991b). In any case, the
presence of the cobra Naja in the late Miocene and
Pliocene of Greece is fully concordant with the
presence of that genus in approximately coeval
deposits in Spain (Szyndlar, 1985; Szyndlar and
Rage, 1990), France (Hoffstetter, 1939; Rage,
2013), and Turkey (Rage and Sen, 1976). The
extant Neotropical elapid genus Micrurus has also
sporadic occurrences in the Miocene of Europe.
The only named fossil taxon, Micrurus gallicus, has
been described from the early and middle Miocene
of France (Rage and Holman, 1984; Augé and
Rage, 2000; Rage and Bailon, 2005) and the early
Miocene of Germany (Szyndlar and Schleich,
1993), but similar forms have also been reported
from the early—middle Miocene of France (Ivanov,
2000) and the middle Miocene of Germany (lvanov
and Béhme, 2011). As such, if our identification of
the single vertebra from Maramena is correct, then
it consists by far the youngest record of Micrurus in
Europe and the Old World in general, significantly
extending the time-range of this lineage from the
middle Miocene (MN 6) to the latest Miocene/earli-
est Pliocene (MN 13/14), and expanding its geo-
graphic distribution to the East of the continent.
The viperid fangs from Maramena further
demonstrate the presence of the large-sized “Ori-
ental Vipers” in Maramena, as was previouly
reported by Szyndlar (1995) on the basis of verte-
bral elements. “Oriental Vipers” currently inhabit
Greece and Anatolia, represented by the distinct
genera Macrovipera Reuss, 1927, and Montivipera
Nilson, Tuniyev, Andrén, Orlov, Joger, and Herr-
mann, 1999. However, the distinction among these
two extant lineages has been exclusively made on
the basis of either external morphology or molecu-
lar data (e.g., Nilson and Andrén, 1986; Herrmann
et al., 1992). On the contrary, as fossils usually do
not preserve external morphological or molecular
data, palaeontologists have mostly used vertebral
structural characteristics to refer large-sized viperid
specimens to the “Oriental Vipers” complex, con-
sidering that it is not currently possible to precisely
distinguish them at the genus level (Szyndlar,
1984, 1991b; Szyndlar and Rage, 1999, 2002;
Georgalis et al., 2016a). On the other hand,
Codrea et al. (2017a) recently stated that it could
be possible to differentiate fossil vertebrae of Mac-
rovipera from Montivipera. However, these authors
provided no characters for Montivipera, except for
the fact that its vertebrae are usually smaller than
Macrovipera, whereas the vertebral characters
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they provided for Macrovipera were in fact mostly
rather generalized features for viperids (Codrea et
al., 2017a). In any case, distinctive features among
vertebrae of Macrovipera and Montivipera seem to
do indeed exist (GLG, pers. observ.), but pending a
detailed and comprehensive analysis of their verte-
bral anatomy, which could assess the huge varia-
tion among the whole skeletal column, we herein
provisionally follow previous workers and assign
most European fossil occurrences of large-sized
viperids to the “Oriental Vipers” complex. Laophis
crotaloides Owen, 1857, from the early Pliocene
(MN 15) of the Thessaloniki area in Greece, is one
of the prominent exceptions to this rule, as this
gigantic (centrum length more than 15 mm) taxon
is rather distinct from all other European related
species and cannot be further assigned with confi-
dence to any viperid subclade (Georgalis et al.,
2016a). Anyway, the taxonomic uncertainty about
the alpha taxonomy of fossil “Oriental Vipers” fur-
ther hinders the understanding about the biogeog-
raphy and evolutionary patterns of these large
snakes, especially considering that divergence
dates on the basis of molecular data between
extant Macrovipera and Montivipera suggest that
the two lineages had already diverged by around
the middle Miocene (Langhian) (Stimpel et al.,
2016).

Being represented by at least 30 different taxa
(six salamander, three frog, two turtle, nine lizard,
and 10 snake species), Maramena represents an
extremely rich assemblage of amphibians and rep-
tiles and ranks as the most diverse herpetofauna
from the latest Miocene/earliest Pliocene (Messin-
ian/Zanclean) of Europe, surpassing by far in spe-
cies numbers the rich (or moderately rich) faunas
of Ano Metochi (Greece, MN 13; Georgalis et al.,
2017a), Moncucco Torinese (ltalyy, MN 13;
Colombero et al., 2017), Monticino (ltaly, MN 13;
Rook et al., 2015), Verduno (ltalyy MN 13;
Colombero et al., 2014), Ciabot Cagna (ltaly, MN
13; Cavallo and Repetto, 1988; Cavallo et al.,
1993), Polgardi (Hungary, MN 13; Kormos, 1911;
Bolkay, 1913; Fejérvary-Langh, 1923; Szunyoghy,
1932; Szalai, 1934; Miynarski, 1966; Szyndlar,
1991b; Venczel, 1994, 1998; Venczel and Vardai,
2000; Venczel, 2006), Osztramos (Hungary, MN
14; Venczel, 2001), Solnechnodolsk (Russia, MN
13; Syromyatnikova, 2019; Cerfiansky et al., 2018;
Cerfiansky and Syromyatnikova, 2019, in press),
and Algora (Spain, MN 13; Szyndlar, 1985) (Table
1).Maramena is notable among these localities for
uniquely possessing cryptobranchids, cordylids,
and of course the two new bizarre “colubrines”
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Periergophis gen. nov. and Paraxenophis gen. nov.
It is also noticeable that the anuran genera Pelo-
bates Wagler, 1830, Bufo Laurenti, 1768, Butofes
Rafinesque, 1815, and Rana Linnaeus, 1758, that
are widely distributed in the Neogene of Europe
(Sanchiz, 1998a; Rage and Rocek, 2003; Syro-
myatnikova, 2019), are completely missing from
Maramena. Interestingly also, Maramena lacks
gekkotans, amphisbaenians, and erycines, which
are otherwise present in the Italian localities of
Moncucco Torinese (Colombero et al., 2017) and
Monticino (Rook et al., 2015), with amphisbaenians
also present in Solnechnodolsk (Cerfansky et al.,
2018). Furthermore, Maramena is characterized by
the absence of certain “colubrine” genera such as
Coronella, Elaphe (sensu lato), and Telescopus,
which are otherwise present in Polgardi (Venczel,
1998). In contrast, all the above mentioned frog,
turtle, and squamate lineages that are absent as
fossils from Maramena (except for amphisbae-
nians) are currently present in the extant fauna of
northern Greece (Valakos et al., 2008), but never-
theless, amphisbaenians inhabit certain Greek
islands and adjacent Anatolia and also have Mio-
cene and Pliocene occurrences in both Greece
and Turkey (Rage and Sen, 1976; Georgalis et al.,
2016¢, 2018a), including a Pliocene record from
the locality of Spilia-4, which is situated only a few
kilometers away from Maramena (Georgalis et al.,
2018c). As such, this absence could probably be
attributable to taphonomy or collection bias,
although ecological settings could have also
played a major role. The absence of pan-triony-
chids from Maramena could also be explained by
ecological or taphonomical factors, as these turtles
were present in the late Miocene and early Plio-
cene of the Northern Mediterranean (including
Greece). However, at that time, they were already
not frequent components of these faunal assem-
blages (Georgalis and Joyce, 2017). The record of
the now extinct lineage of palaeobatrachids in the
late Miocene (MN 13) of the lItalian locality of Cia-
bot Cagna (Cavallo et al., 1993) is probably errone-
ous as the figured synsacrum of Cavallo et al.
(1993, figure 4A) clearly cannot pertain to that frog
group (the centrum is circular, whereas it is com-
pressed in palaeobatrachids) and can only be iden-
tified as an indeterminate anuran. What appears to
be probably genuine is the absence from Mara-
mena of albanerpetontids and crocodylians, which
are known (although rare) in latest Miocene locali-
ties from Italy (Colombero et al., 2014, 2017).
Indeed, the youngest crocodylians from southeast-
ern Europe are only known from much older sedi-
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ments (MN 9, Plakias [Crete]; Georgalis et al.,
2016c¢), whereas albanerpetontids have never
been described from that portion of the continent,
despite the fact that they went globally extinct as
recently as the early Quaternary and their young-
est records are known from nearby lItaly (Delfino
and Sala, 2007).

Certain herpetofaunal elements from Mara-
mena imply Central European affinities of this
Greek assemblage. Indeed, the cordylid aff. Palae-
ocordylus sp. and the multiple morphotypes of
Ophisaurus from the latest Miocene/earliest Plio-
cene (MN 13/14) of Maramena suggest a striking
and unexpected resemblance with the much older
respective taxa/forms from the early Miocene (MN
3) of Merkur-Nord, Czech Republic. Could that
imply a southeastern withdrawal range of these
early Miocene taxa and their late local survival
during the Miocene? Additional remains are cer-
tainly needed in order to adequately resolve the
alpha taxonomy of all these forms. The Central
European affinities of the Maramena herpetofauna
are also further supported by the probable pres-
ence of Micrurus (or at least a related form) in the
Greek locality, considering that that genus had
been previously considered to have a relatively
restricted geographic and stratigraphic distribution
in Europe, spanning from the early Miocene (MN 4)
to the middle Miocene (MN 7/8) of France and Ger-
many (Rage and Holman, 1984; Szyndlar and
Schleich, 1993; Ivanov, 2000; Rage and Bailon,
2005; Ivanov and Bohme, 2011). Interestingly, a
faunal correlation between Hungarian and northern
Greek localities had already been suggested on
the basis of mammal finds, though this concerned
coeval Tortonian sites (Rook et al., 2005). How-
ever, especially regarding snakes, the absence
from Maramena of the extant Coronella and Tele-
scopus and the extinct Texasophis is a striking dif-
ference with the Central European faunas, as
these genera are represented in middle and late
Miocene localities of the latter area (e.g., Codrea et
al., 2018). In any case, a southward range constric-
tion of Central European taxa during the Neogene
has also been proposed for other Maramena taxa,
such as agamids, cordylids, scolecophidians, Naja,
and “Oriental Vipers” (Szyndlar and Rage, 1990;
Szyndlar, 1991a; Szyndlar and Rage, 1999, 2002;
Delfino et al., 2008; Georgalis et al., 2016a, 20173,
2018a). Indeed, the Greek area has repeatedly
served as a “refugium” for certain reptile lineages
throughout the late Neogene and Quaternary
(Georgalis et al.,, 2017a, 2017b, 2018c). On the
other hand, the latest Miocene witnessed a rather
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important event, the so called Messinian Salinity
Crisis (MSC), which tremendously affected the
palaeoenvironmens of the Mediterranean (Krijgs-
man et al., 1999; Rouchy and Caruso, 2006; Car-
nevale et al., 2008; lvanovic et al., 2014; Koufos
and Vasileiadou, 2015; Carnevale et al., 2017,
2019). During this event that occurred at the latest
Miocene, around 5.96-5.33 Ma, the Mediterranean
Sea has significantly dried due to the closure of the
Straight of Gibraltar at the west and its isolation
from the Atlantic Ocean (Hsu, 1972; Krijgsman et
al., 1999). As such, during the MSC, several areas
in the Mediterranean (including also parts of the
Aegean Sea and surrounding areas) that formerly
formed a marine environment were now trans-
formed into “extensive saline deserts or even
saline/hypersaline lakes” (Poulakakis et al.,
2015:19). Significant vegetation turnovers and
habitat alterations took place at that time (Cerling
et al.,, 1997). The effects of the MSC on Neogene
faunal assemblages of the Mediterranean are not
yet fully resolved, but nevertheless, it has been
suggested that certain terrestrial micromammal
taxa with African affinites had managed to
disperse into southern Europe (also into the Bal-
kans) during that time interval (Koufos and Vasile-
iadou, 2015), and even hominid primates were
recently considered to have reached Crete from
Africa, though the latter record is only based on
fossilized footprints and should be considered with
caution (Gierlinski et al., 2017). Indeed, the various
extended “saline deserts” that appeared in the
Aegean region during the MSC could have facili-
tated dispersals of terrestrial taxa from northern
Africa into Greece. Of course, such “saline deserts”
could have selectively allowed only taxa with highly
specialized ecologies or life history strategies to
disperse from northern Africa into Europe, but if
certain mammals managed to do so, then the
same could also apply for certain reptiles and
amphibians. It has been suggested on the basis of
fossil evidence that amphibians indeed dispersed
during the MSC, using potential existing water
streams in the desert environments (Torres-Roig et
al., 2017). Especially as it concerns the lizards,
several of the Maramena taxa (e.g., agamids,
cordylids, and varanids) pertain to clades that are
known to contain forms which are fully adapted to
arid environmens (Pianka et al., 2004; Pianka and
Vitt, 2006; Cernansky, 2012). Nevertheless, all
these arid-adapted amphibian and reptile lineages
also have a rich Miocene European fossil record,
thus making an African origin of the Maramena
specimens less plausible. Regarding snakes, on
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the basis of mtDNA and estimated divergence
dates, it has been recently suggested that the MSC
played a highly important role in the diversification
and dispersal(s) of scolecophidians (Kornilios,
2017). Fossil evidence also suggests that the MSC
has facilitated the dispersal of certain snake lin-
eages from Northern Africa into southern Europe,
particularly the Iberian Peninsula (e.g., erycines;
Szyndlar and Schleich, 1994). The rather peculiar
vertebral morphologies observed in Periergophis
gen. nov. and Paraxenophis gen. nov., which are
distinct among European snakes, prompt us to
leave open the possibility that these two genera
from Maramena represented short-lived lineages
that could have eventually dispersed from Africa
into southeastern Europe. Alternatively, certain
European herpetofaunal elements could have
taken advantage of the MSC and use the opposite
direction and accordingly disperse from southern
Europe into Africa. Frustratingly, the extremely
scarce and inadequately known fossil record of the
Neogene herpetofaunas of Africa (e.g., Delfino et
al., 2004; Gardner and Rage, 2016; Bailon et al.,
2017; Georgalis and Joyce, 2017; Delfino, in
press) hinders significantly the current understand-
ing of any such possible biogeographic pattern for
herpetofaunal dispersals during the MSC. In any
case, more sound data on latest Miocene and earli-
est Pliocene herpetofaunas are definitely needed
from the Balkans and especially the southern por-
tions of Greece, before we can conclude with cer-
tainty about any kind of dispersal from
northeastern Africa into southeastern Europe (and
vice versa) during the MSC. During the peak of the
MSC, geographical fluctuations/transformations
also took place to the north. Among the most
important and relevant to the Maramena fauna, is
the connection of the Mediterranean Sea, and
more specifically the northern Aegean Sea, with
the Paratethys Sea through a massive water drain-
age system that united the Dacic and Strymon
Basins (practically where Maramena is situated),
also accompanied by changes in the salinity level
(Snel et al., 2006; Suc et al., 2015; Karakitsios et
al., 2017). Finally, certain fossil mammal taxa from
Maramena have been suggested to have clearly
Asiatic affinities and origins, such as the sciurid
Sinotamias atsali (Bruijn, 1995) with congeneric
species known from older localities from Anatolia
and China (Sinitsa, 2018). Taking all the above into
consideration, it is obvious that the assemblage of
Maramena was the product of multiple different
dispersal events and a mosaic of faunal elements.



Palaeoenvironmental Considerations

Based on the herpetofaunal assemblage of
Maramena, the palaeoenvironment of the locality
can be reconstructed as following: heliophilic taxa
(Agaminae indet., Lacertidae indet., ?Lacertidae
indet., aff. Palaeocordylus sp., ?Scincidae indet.,
Ophisaurus sp. [five morphotypes], Pseudopus sp.,
and Varanus sp. [at least one species / morpho-
type]) are dominant, suggesting the presence of
open areas, with rocky surfaces and sunlight
reaching the ground. A single heliophobic taxon
(Salamandrina sp.) indicates the presence of for-
ested areas with humid grounds. Two subterra-
nean (fossorial) taxa (Anguis sp. and
Scolecophidia indet.) suggest the presence of soft
soil covered with mulch. The semiaquatic Pelophy-
lax sp. indicates the presence of standing (tempo-
rary) water bodies, whereas the periaquatic Hyla
sp., Latonia sp., Salamandra sp., Ommatotriton
sp., Lissotriton sp. (Lissotriton vulgaris group), and
Lissotriton sp. suggest the presence of humid
swampy areas with dense vegetation near water
bodies. Moreover, Salamandra sp. allows to envis-
age fast running rivulets with oxygenized water for
their larval development (Duellman and Trueb,
1994). The aquatic giant salamander Crypto-
branchidae indet. is an indicator of permanent
water bodies (i.e., rivers) with highly oxygenized
waters (Béhme et al., 2012), whereas the water
terrapin Mauremys aristotelica has been inferred to
have inhabited permanent ponds or lakes (Vlachos
et al.,, 2019). The presence of a broad range of
habitats can be assumed based on the presence of
two species of the snake Natrix inhabiting diverse
aquatic and nearshore environments (e.g., Vitt and
Caldwell, 2014). Vipers are known to inhabit open
habitats, whereas elapids are distributed in various
warm open to closed habitats (Schuett et al,
2002). The two new “colubrines” Periergophis
micros gen. et sp. nov. and Paraxenophis spanios
gen. et sp. nov., and the indeterminate “colubrine”
(morphotype 1) have no modern analogues and
cannot offer any practical insight about their palae-
oecology.

Estimation of the palaeoprecipitation value is
based on the amphibian and reptile assemblage
following the protocol of B6hme et al. (2006). The
calculation showed a mean annual precipitation
(MAP) value of 632 mm +£252 mm (Table 2). This
value is slightly higher than the present-day precip-
itation of the Serres region. The result of palaeo-
precipitation values disagrees with the assumption
of Béhme et al. (2012) that the occurrence of a
giant salamander indicates humid to rather humid
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climates with MAP exceeding 900 mm. Taking into
account that the herpetofauna can be still under-
represented, at least due the absence of certain
frog clades (see above), the estimated value can
be considered as biased. If that is not the case,
then Maramena will be so far the only exception
from the suggested palaeoclimatic distribution pat-
tern.

CONCLUSIONS

We herein describe in detail the herpetofauna
of the latest Miocene/earliest Pliocene (MN 13/14)
locality of Maramena in northern Greece. The
locality has yielded an extremely diverse amphib-
ian and reptile assemblage, including at least 30
different taxa. Six taxa of urodelans are known,
comprising the giant salamander Cryptobranchidae
indet., Salamandrina sp., Lissotriton sp. (Lissotri-
ton vulgaris group), Lissotriton sp., Ommatotriton
sp., Salamandra sp., as well as indeterminate
forms. Anurans are less diverse, including Latonia
sp., Hyla sp., Pelophylax sp., as well as indetermi-
nate forms. Two turtle taxa are known from Mara-
mena, the geoemydid Mauremys aristotelica and
an indeterminate probable testudinid. Lizards and
especially snakes are rather diverse. At least nine
taxa of lizards are known, including Agaminae
indet., Lacertidae indet., ?Lacertidae indet., aff.
Palaeocordylus sp., ?Scincidae indet., Anguis sp.,
five morphotypes of Ophisaurus, Pseudopus sp., at
least one species of Varanus, and indeterminate
forms that cannot be assigned with confidence to
any of these clades. The extremely speciose snake
assemblage, with at least 10 distinct taxa, com-
prises Scolecophidia indet., Hierophis cf. hungari-
cus, two new species in two new genera of
“colubrines” (Periergophis micros gen. et sp. nov.
and Paraxenophis spanios gen. et sp. nov.),
another distinct “colubrine” morphotype, Natrix aff.
rudabanyaensis and another distinct species of
Natrix, Naja sp., cf. Micrurus sp., a member of the
“Oriental Vipers” complex, and indeterminate
forms. Cryptobranchids, scincids, cf. Micrurus,
and, of course, the new “colubrine” genera, repre-
sent new fossil occurrences for Greece and the
whole southeastern Europe. The same applies for
extant taxa that currently inhabit the area, such as
several of the amphibian genera (e.g., Lissotriton,
Ommatotriton, and Hyla), Anguis, and Pseudopus,
which are here recognized in the fossil assemblage
of Maramena. The unique vertebral morphology
and diagnostic features of Periergophis micros
gen. et sp. nov., Paraxenophis spanios gen. et sp.
nov. are highly distinctive among both extinct and
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TABLE 2. List of amphibian and reptile taxa from Maramena including ecophysiological indices for applicable taxa and
mean annual precipitation. The indices are coloured from dark blue to dark yellow according to the ecological adapta-
tion of the animals, from aquatic to terrestrial, respectively. *The recent mean annual precipitation value is given
according to The World Bank Group (http:/data.worldbank.org; accessed at 2017 under a Creative Commons Attribu-
tion 4.0 International Licence). Index: 1, aquatic; 0.9768, heliophobic; 0.513, semiaquatic; 0.3918, periaquatic; 0.0917,

subterranean; 0, heliophilic.

Taxon

Index

Urodela

Anura

Testudines

non-snake
Squamata

Serpentes

Cryptobranchidae indet.
Salamandrina sp.

Lissotriton sp. (Lissotriton vulgaris group)
Lissotriton sp.

Ommatriton sp.

Salamandra sp.

Latonia sp.

Hyla sp.

Pelophylax sp.

Mauremys aristotelica
?Testudinidae indet.

Agaminae indet.

Lacertidae indet.

?Lacertidae indet.

aff. Palaeocordylus sp.

?Scincidae indet.

Anguis sp.

Ophisaurus sp. (morphotype 1)
Ophisaurus sp. (morphotype 2)
Opbhisaurus sp. (morphotype 3)
Ophisaurus sp. (morphotype 4)
Ophisaurus sp. (morphotype 5)
Pseudopus sp.

Varanus sp.

Scolecophidia indet.

Periergophis micros gen. et sp. nov.
Paraxenophis spanios gen. et sp. nov.
Hierophis cf. hungaricus
“Colubrinae” indet. (morphotype 1)
Natrix aff. rudabanyaensis

Natrix sp.

Naja sp.

cf. Micrurus sp.

“Oriental Vipers” complex indet.
Ecophysiological index of the assemblage
MAP (in mm)

MAPrecent* (in mm)
MAP/MAPrecent (in %)

Error £ (in mm)

Climate station

0,9768
0,3918
0,3918
0,3918
0,3918
0,3918
0,3918
0,513

0,0917

0,0917

0,28
632
534
118
252
Serres
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extant “colubrines”. The multiple serration patterns
observed on the varanid teeth from Maramena are
intriguing, however, on the basis of the current evi-
dence it is not possible to decipher whether they
truly have taxonomic utility or simply reflect some
kind of intraspecific variation. The overall high
abundance of different amphibian and reptile taxa
at Maramena makes it the most diverse European
locality across the latest Miocene and earliest Plio-
cene. On the basis of the ecology of the herpeto-
faunal elements, a palaeoprecipitation estimation
of the locality is provided. The assemblage com-
prises several taxa, which were previously known
from the early and middle Miocene of Central
Europe, providing further implications that the
Greek area has repeatedly acted as a “refugium”
for several Neogene herpetofaunal clades. How-
ever, the biogeographic affinities for several taxa of
the Maramena assemblage remain unresolved,
and its herpetofauna was the product of a much
complex biogeographic pattern. Taking into consid-
eration the great abundace of amphibian and rep-
tile remains and the high diversity of co-occurring
taxa, Maramena has to be regarded as a reference
point for all European Neogene herpetofaunas.
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