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Summary

Diverse groups of invertebrates and vertebrates of the
Upper Miocene MN11 locality Kohfidisch (Pannonian
Basin) in Burgenland, Austria, have already been pub-
lished. Herein, the herpetofauna containing Amphibia
and Reptilia except the Testudines is presented. It is com-
posed of the Caudata: Mioproteus caucasicus (Proteidae);
Chelotriton paradoxus, Triturus (cristatus) sp., Triturus
(vulgaris) sp., and Triturus sp. (Salamandridae) as well
as the Anura: Bombina cf. bombina, Latonia gigantea,
Latonia ragei, Latonia sp. (Discoglossidae); Pelobates
cf. cultripes (Pelobatidae); Bufo bufo (Bufonidae); Hyla
sp. (Hylidae); Rana (ridibunda) sp. (Ranidae) and Anura
indet. Reptilia are represented by Lacertilia: Gekkonidae
indet. (Gekkonidae); Lacerta cf. viridis, Lacerta sp. A,
Lacerta sp. B, Miolacerta tenuis, Edlartetia sansaniensis
(Lacertidae); Scincidae indet. (Scincidae); Anguis fragilis,
Pseudopus pannonicus (Anguidae); Varanus cf. hofimanni
(Varanidae); Lacertilia indet. and the Serpentes: Typhlops
cf. grivensis (Typhlopidae); Elaphe kohfidischi, Coluber
planicarinatus, Natrix longivertebrata (Colubridae);
Naja romani (Elapidae) and Vipera burgenlandica (Vi-
peridae).

Compared with today’s condition, the Recent distribution
of the taxa or their closest relatives and especially the
gekkos and skinks indicate the predominance of a dryer
and warmer climate including frost-free winters during
the Upper Miocene. With regard to the climate during the
Upper Miocene of Austria, the herpetofaunas indicate a
climatic change towards aridity and rising temperatures
between the Uppermost MN9 and the MN11.

The paleoenvironment is reconstructed as a sparse and
dry wood where a stagnant, shallow lake near the cave
attracted the animals.

*) Dr. Petra M. TEMPFER, Naturhistorisches Museum Wien,
Geologisch-Palédortologische Abteilung, Burgring 7,
A-1014 Wien, Osterreich

Zusammenfassung

Aus der obermiozénen MN11 Fundstelle Kohfidisch (Pan-
nonisches Becken) im Burgenland, Osterreich, sind bereits
diverse Wirbellose und Wirbeltiergruppen beschrieben
worden. Diese Dissertation widmet sich der Herpetofauna
mit Ausnahme der Schildkréten, welche sowohl Amphibia
als auch Reptilia beinhaltet. Erstere setzen sich aus den
Caudata: Mioproteus caucasicus (Proteidae); Chelotriton
paradoxus, Triturus (cristatus) sp., Triturus (vulgaris) sp.,
Triturus sp. und Caudata indet. (Salamandridae) und den
Anura: Bombina cf. bombina, Latonia gigantea, Latonia
ragei, Latonia sp. (Discoglossidae); Pelobates cf. cultripes
(Pelobatidae); Bufo bufo (Bufonidae); Hyla sp. (Hyli-
dae); Rana (ridibunda) sp. (Ranidae) und Anura indet.
zusammen. Reptilia sind durch Lacertilia: Gekkonidae
indet. (Gekkonidae); Lacerta cf. viridis, Lacerta sp. A,
Lacerta sp. B, Miolacerta tenuis, Edlartetia sansaniensis
(Lacertidae); Scincidae indet. (Scincidae); Anguis fragilis,
Pseudopus pannonicus (Anguidae); Varanus cf. hofmanni
(Varanidae); Lacertilia indet. und die Serpentes: Typhlops
cf. grivensis (Typhlopidae); Elaphe kohfidischi, Coluber
planicarinatus, Natrix longivertebrata (Colubridae); Naja
romani (Elapidae) und Vipera burgenlandica (Viperidae)
vertreten. Die heutige Verbreitung der vorhandenen Taxa
beziehungsweise ihrer engsten Verwandten, und speziell
Geckos und Skinke zeigen gegeniiber heute ein trockeneres
und wirmeres obermiozines Klima mit frostfreien Wintern
an. In der generellen Klimaentwicklung des Obermiozén
Osterreichs wird anhand der Herpetofaunen ein Wechsel zu
groferer Trockenheit und héheren Temperaturen zwischen
der obersten MN9 und der MN11 deutlich. Okologischen
Uberlegungen zufolge befanden sich die Hohle von
Kohfidisch und ihr nahe gelegener, ruhender seichter See
inmitten eines lichten und trockenen Waldes.

1. Introduction

The outcrop Kohfidisch (between 284,09 m and 302 m
high) in Burgenland is located 115 km south of Vienna,
south of Kirchfidisch and on the western slope of the Ho-
hensteinmais Mountain. More precisely, it is positioned
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Figure 1, 2: Geographical position of the outcrop (within the rectangle) Kohfidisch in Burgenland, Austria (modified

after BACHMAYER & ZAPFE 1969).

slightly above the road leading from Kirchfidisch to Punitz
(BACHMAYER & ZAPFE, 19609; fig. 1, 2).

In 1955, the geologist F. Kriimel of the department of
Geology and Paleontology of the Natural History Museum
Vienna brought some fossil remains of Kohfidisch in Bur-
genland, Austria, to Vienna. Shortly after his detection,
he was killed in an accident in the Alps. Together with the
landholder’s steward S. Wolfer he ranks as the discoverer
of that locality. Subsequently, F. Bachmayer and H. Zapfe
of the department of Geology and Paleontology of the

Natural History Museum Vienna organized each summer
excavations in the Upper Miocene locality (fig. 1, 2, 3).
From 1955 to 1984, they washed, sieved and sorted the
material. Merely in 1958, F. Bachmayer leaded together
with E. Fliigel. The countess J. Palffy-Erdody as landowner
promoted the excavations and the Society of Nature and
Technology (Vienna), the federal agency of monuments
as well as S. Wolfer subsidized them (BACHMAYER &
ZAPFE, 1969).

The firstly discovered sediments leading fossils belonged
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Figure 3: Detailed sketch of the outcrop-situation of Koh-
fidisch (modified after BACHMAYER & ZAPFE 1969).

to the cave (“Hohle” =I). After some years, the density of
the fossil record got less and the excavations in the deeply
dug off cave became dangerous to life. Near the cave,
BACHMAYER & ZAPFE (1960) found fossil bones in a fox-
earth and in the soil in front of it. Test excavations revealed
kolks and fissures filled by fossil-leading clay sediments.
50 m?3 soil had to be removed to expose the new outcrop.
From 1960 on, kolks (“Kolke”) and fissures (“Spalten” =II),
and from 1961 to 1969 mainly the kolks (“Kolke” =1III) situ-
ated between I and IT were examined. Excavations continued
in an old limepit (“alte Kalkgewinnungsstelle” =IV) in 1964.
Further on, the terms “old stock” (“Altbestand”), “cm”,
“a”, “b”, “77, “9”, “III below” (“III unten”), “IIl above”
(“IIT oben”), “V” and “VI” exist for special outcrop-places
(BACHMAYER & ZAPFE, 1969; fig. 3).

Fossils are present in the cave, fissure and kolk sediments
and in the further outcrop-places (see above) of Kohfidisch.
Concerning the herpetofauna, there exists no difference in
the faunal composition of the diverse outcrop-places.
Some of the invertebrates and vertebrates have already
been described. BACHMAYER & ZAPFE (1969) have worked
on the Mollusca. M. BoéHME (pers. advice) had a look on the
Teleostei, and some representatives of the Reptilia have al-
ready been described by BACHMAYER & MrYNARsKI (1977:
Lacertilia, 1983: Testudines), BACHMAYER & SZYNDLAR
(1985, 1987: Serpentes) and SZYNDLAR & ZERoOVA (1990:
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Serpentes). BACHMAYER & WiLson (1970, 1978, 1980,
1983, 1985, 1990), BACHMAYER & ZAPFE (1969, 1972),
RABEDER (1989), and WEERS & MonTOYA (1996) have pub-
lished the small Mammalia, while the large Mammalia
are mentioned in RABEDER (1989). Proboscidea have been
described by BACHMAYER & ZAPFE (1972).

A faunal list of Kohfidisch results as follows:

Mollusca:
Bivalvia:
Dreissenidae: Congeria neumayri ANDRUsOV, 1897
Gastropoda:
Carychiidae: Carychium bertae (HaLAVATS, 1911)
Planorbidae: Planorbis (Anisus) confusus Soos, 1934
Helicidae: Tacheocampylea (Mesodontopsis) doderleini

(Brusina, 1897)

Teleostei:

Teleostei indet.
Cypriniformes:

Cyprinidae: Tinca sp.

Siluridae: Silurus sp.
Percomorphi:

Gobiidae: Gobiidae indet.

Reptilia:
Testudines:
Emydidae: Mauremys aff. gaudryi (DEPERET, 1885)
Testudinidae:
Testudinidae indet.
Testudo burgenlandica (BACHMAYER & MLYNARSKI,
1983)
Lacertilia:
Anguidae: Ophisaurus pannonicus (Kormos, 1911)
Serpentes:
Colubridae:
Elaphe kohfidischi BACHMAYER & SZYNDLAR, 1985
Coluber planicarinatus (BACHMAYER & SZYNDLAR,
1985)
Natrix longivertebrata SZYNDLAR, 1984
Elapidae: Naja romani (HOFFSTETTER, 1939)
Viperidae: Vipera burgenlandica BACHMAYER & SZYND-
LAR, 1987

Mammalia:
Insectivora:
Erinaceidae:
Schizogalerix cf. moedlingensis (RABEDER, 1973)
Schizogalerix zapfei BACHMAYER & WILSON, 1970
Lanthanotherium sp.
Erinaceus ? sp.
Soricidae:
Blarinellia (="Petenyia”) dubia (BACHMAYER & WIL-
soN,1970)
Paenelimnoecus (=" Petenyiella”) repenningi (BAcH-
MAYER & WILSON, 1970)
Anourosorex kormosi BACHMAYER & WILSON, 1970
Neomyinae ? indet.
Talpidae:
Talpidae indet.
Desmana (“Dibolia”) vinea STOrRCH, 1978
Desmanella cf. crusafonti RUMKE, 1974
Talpa gilothi STorCH, 1978
Chiroptera:
Megadermidae: Megaderma vireti MEIN, 1964
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Rhinolophidae:
Rhinolophus delphinensis GAILLARD, 1899
Rhinolophus grivensis (DEPERET, 1892)
Vespertilionidae:
Myotis cf. boyeri MEIN, 1964
Paraplecotus sp.
Myotis sp.
Lagomorpha:
Ochotonidae: Prolagus cf. oeningensis (KoNiG, 1825)
Rodentia:
Sciuridae:
Pliopetaurista cf. bressana MEIN, 1970
Spermophilinus cf. bredai (v. MEYER, 1848)
Castoridae: Chalicomys cf. jaegeri Kaup, 1832
Gliridae:
Paraglirulus cf. lissiensis (HUGUENEY & MEIN, 1965)
Myomimus dehmi (DE BRULN, 1966)
Vasseuromys pannonicus (Kretzol, 1978)
Muscardinus austriacus BACHMAYER & WILsSON, 1970
Graphiurops austriacus BACHMAYER & WILsON, 1980
Glis cf. minor KowaLsk1, 1956
Zapodidae: Protozapus intermedius BACHMAYER & WIL-
SoN,1970
Eomyidae:
Keramidomys sp.
Leptodontomys sp.
Cricetidae:
Neocricetodon (= ”Kowalskia™) fahlbuschi Bach-
MAYER & WILSON, 1970
Epimeriones cf. austriacus DaxNer-Hock, 1972
Prospalax petteri BACHMAYER & WILSON, 1970
Promimomys  sp.
Muridae:
Progonomys woelferi BACHMAYER & WILsON, 1970
Parapodemus lugdunensis ScHaus, 1938
Hystricidae: Hystrix parvae (Kretzo1, 1951)
Perissodactyla:
Rhinocerotidae: Aceratherium sp.
Equidae: Hipparion sp.
Artiodactyla:
Cervidae: Cervidae indet.
Bovidae: Bovidae indet.
Carnivora:
Hyaenidae: Percrocuta eximia (RotH & WAGNER, 1854)
Ictitherium sp.
Proboscidea:
Proboscidea indet.
Deinotheriidae: Deinotherium giganteum Kaup, 1829

The material described herein completes the faunal list
with regard to the herpetofauna:

Amphibia:
Caudata:
Proteidae: Mioproteus caucasicus ESTES & DAREVSKY,
1978
Salamandridae:
Chelotriton paradoxus PoMEL, 1853
Triturus (cristatus) sp. (LAURENTI, 1768)
Triturus (vulgaris) sp. LINNAEUS, 1758
Triturus sp.
Anura:
Anura indet.
Discoglossidae:
Bombina cf. bombina (LINNAEUS, 1761)
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Latonia gigantea (LARTET, 1815) nov. comb.
LYDEKKER, 1890
Latonia ragei Hossini, 1993
Latonia sp.
Pelobatidae: Pelobates cf. cultripes (CUVier, 1829)
Bufonidae: Bufo bufo (LiNNAEUS, 1758)
Hylidae: Hyla sp.
Ranidae: Rana (ridibunda) sp. PaLLas, 1771
Reptilia:
Lacertilia: Lacertilia indet.
Gekkonidae: Gekkonidae indet.
Lacertidae:
Lacerta cf. viridis (LAURENTI, 1768)
Lacerta sp. A
Lacerta sp. B
Miolacerta tenuis RoCex, 1984
Edlartetia sansaniensis (LARTET, 1851)
Scincidae: Scincidae indet.
Anguidae:
Anguis fragilis LINNAEUS, 1758
Pseudopus pannonicus (Kormos, 1911)
Varanidae: Varanus cf. hofinanni RoGer, 1898
Serpentes:
Serpentes indet.
Typhlopidae: Typhlops cf. grivensis HOFFSTETTER, 1946
Colubridae:
Elaphe kohfidischi BACHMAYER & SZYNDLAR, 1985
Coluber planicarinatus (BACHMAYER & SZYNDLAR,
1985)
Natrix longivertebrata SZYNDLAR, 1984
Elapidae: Naja romani (HOFFSTETTER, 1939)
Viperidae: Vipera burgenlandica BACHMAYER & SzZYND-
LAR, 1987

2. Geology and Stratigraphy

Kohfidisch is situated on the western slope of the Hohen-
steinmais Mountain (between 298 m and 302 m high) in the
Pannonian Basin. The Hohensteinmais Mountain belongs
to the “Siidburgenlandische Schwelle”

The Siidburgenliandische Schwelle divides the Pannonian
Basin into the Styrian Basin and the Western Pannonian
Basin. It extends from Mureck in Styria (SW) to Hohen-
steinmais Mountain-Eisenberg-Rechnitz in Burgenland
(NE). Striking NE-SW or NNE respectively, it represents
an emerging horst which consists of Paleozoic grey to
darkgrey dolomitic limestone, dolomite and schists. The
Paleozoic is transgressively covered by Neogene and
Pleistocene brackish to freshwater sediments (FLUGEL &
HEeriTscH, 1968; PoLLAK, 1962).

The clay sediments of the cave have petrographically been
investigated by P. Wieden (Chemical laboratory Vienna).
He discovered bentonite within the cave sediments which
points to an acid volcanism after the filling of the caves
and fissures (BACHMAYER & ZAPFE, 1969).
Stratigraphically, BACHMAYER & ZAPFE (1958) have firstly
dated Kohfidisch as a Lower Pliocene locality founded
on the existence of the “Hipparion-fauna” and on the
constitution of the cave filling sediments. They correlated
Kohfidisch with the Hungarian cave of Csdkvar. In 1960,
BacHMAYER & ZAPrE still classified the Insectivora into the
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Lower Pliocene. BACHMAYER & ZAPFE (1969) accurately
discuss the geological age of the cave and fissure filling
sediments of Kohfidisch. Based on the altitude of the cave,
on the relative sea levels of the Lake Pannon and on the
geological conditions of the surroundings, they ascertain
a Lower Pliocene age of the Upper Pannonian “zone”
Pannonian F after Papp. As carnivors inhabited the caves
and fissures of Kohfidisch, they must have offered dry
conditions and could not have been flooded by the Lake
Pannon. Deinotherium giganteum points to the existence
of a large mainland and not an island system. According
to Papp (1951), two regional low levels of the Lake Pan-
non existed in the “zones” Pannonian A (Lower Pannon-
ian) and F (Upper Pannonian) after Papp. The top of the
Hohensteinmais Mountain which is higher and younger
relative to the outcrop, yields Upper Pannonian, limnic
deposits with freshwater gastropods of the “zone” Pan-
nonian G after Papp. Further, the sediments of Kohfidisch
contain small mammals indicating the Upper Pannonian
and Congeria neumayri typical of the “zone” Pannonian F
after Papp. Therefore, BACHMAYER & ZaPFE (1969) assign
the locality Kohfidisch an Upper Pannonian age of the
“zone” Pannonian F after Papp.

BacumayEr & WiLson (1970) treat the small mammal
fauna of Kohfidisch and carry out stratigraphical correla-
tions with Austrian and Hungarian localities. They clas-
sify the Vosendorf fauna as older than the Kohfidisch one
which agrees more closely with the Eichkogel fauna. The
Hungarian locality Polgardi is slightly younger as well as
Cséakvar whose beaver may be younger than the ones of

with the “zone” Pannonian E.
BACHMAYER & SzYNDLAR (1985) and BacHMAYER & WILSON
(1985) appealing to the West European classification shift
the age of Kohfidisch from the Lower Pliocene into the
Upper Miocene.
Based on the presence of well-defined species of the
Muridae (Progonomys and the more advanced Parapo-
demus), BACHMAYER & WILsON (1990) offer to change the
position in time of the Kohfidisch fauna again. As already
considered before, they suggest Kohfidisch as equivalent
to “zone” Pannonian F again because the land was not
submerged at that time. Concerning the biostratigraphic
relationships of the Vienna Basin faunas, Kohfidisch is
closer to Gétzendorf than to Eichkogel.
DEe Brunn et al. (1992) revise the biochronological (MN)
zonation of the continental Neogene of Europe and Wes-
tern Asia. They correlate the fauna of Kohfidisch with
the Uppermost MN10 and Masia del Barbo as reference
locality. Cucalén (Spain), Ambérieu 1 (France) and Lefkon
(Greece) are also positioned in MN10.
Based on the abundance of Progonomys woelferi (Mu-
ridae), RoGL & Daxner-Hock (1996) still position the
fauna of Kohfidisch into the MN10 but into the “zone”
Pannonian G after Papp.
As current state, DAXNER-Hock (2004, Table 1) correlates
the fauna of Kohfidisch with the Lower MN11 and the Up-
permost “zone” Pannonian G of the Upper Miocene. After
STEININGER (1999), the geochronological calibrations of the
European Land Mammal Zone MN11 result in a base at
8.7 Ma, a top at 8.0 Ma and therefore in a total duration
of 0.7 m.y. The chronostratigraphical correlation of the
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MN11 with the Mediterranean results in the upper middle
part of the Tortonian and the one of the Eastern Paratethys
with the middle part of the Maeotian.

Daxner-Hock (2004; Table 1) queues the Upper Miocene,
Austrian vertebrate faunas of the Vienna and the Panno-
nian Basin as follows: Gaiselberg, Obersulz (both: Lower
MND9), Visendorf, Inzersdorf (both: Middle MN9), Rich-
ardhof-Golfplatz (Upper MN9), Gotzendorf (Uppermost
MN?9), Richardhof-Wald, Neusiedl a. See (both: Lower
MN10), Schernham (Upper MN10), Kohfidisch, Eichko-
gel (both: MN11).

Kohfidisch as a locality influenced by the high and low
levels of the Lake Pannon leads to general considerations
about the development and correlation of the Vienna Basin
with the Pannonian Basin during the Pannonian.

RogL et al. (1993) and RoGL & DAXNER-HOCK (1996) docu-
ment the history of the Pontian and the Pannonian in the
Vienna Basin. Following Fucts (1873), the Sarmatian/Pan-
nonian boundary is marked by the appearance of Congeria
subglobosa which itself is followed by the Paludina beds of
the Levantinian. HOERNES (1903) correlated the Congeria
beds of the Vienna Basin with the Pontian Stage and the
freshwater beds of Moosbrunn and Eichkogel with the
Levantinian. The Pannonian Stage was erected by RoTtH
voN TELEGD (1879) for the Congeria beds and SCHAFFER
(1927) subdivided it into the Pannonian (lower unit) and
Pontian (upper unit). FrieoL (1932, 1937) defined the
Pontian as the unit above the one containing Congeria
subglobosa but LORENTHEY (1905) united all Congeria
leading units between the Sarmatian and the Levantinian
to the Pannonian and zonated it by molluscs.

With regard to the Pannonian of the Vienna Basin, Jano-
SCHEK (1943) and Paprp (1948) followed LORENTHEY (1905).
Papp (1948, 1951) does not believe in a possibility to cor-
relate with the Eastern Paratethys’ Maeotian and Pontian
Stages. He subdivides the Pannonian s. 1. into the “zones” A
to H. The Upper Pannonian (“zone” Pannonian F to “zone”
Pannonian H) sets in above the Congeria subglobosa
zone and with the extinction of limnocardiids and most
of the Pannonian ostracoda taxa. The “zone” Pannonian
F represents the last zone leading congerias. STEVANOVIC
(1951) correlates the upper Congeria beds in the South-
eastern Pannonian Basin with the base of the Pontian Stage
in the Dacian Basin leading Congeria ungulacaprae or
Paradacna abichi (Radmanest bed). Although these spe-
cies do not occur in the Vienna Basin, Papp et al. (1974)
and Stevanovic (1987) adopt the zonation for the Central
Paratethys. The “zone” Pannonian F leading Congeria
neumayri and Congeria zahalkai in the Vienna Basin is
correlated with the Congeria ungulacaprae zone of the
Pannonian Basin. With regard to the Dacian and Euxinian
Basin, the corresponding Pannonian/Pontian boundary is
marked by the first emigration of limnocardiids, Pseudo-
prosodacna and Pseudocatillus.

Based on the occurrence of Margaritifera cf. flabellati-
Sformis (“Unio weizleri”), a limited correlation between the
Vienna Basin and the Eastern Paratethys is possible. The
species is present in the Maeotian of the Southern Ukraine,
appears in the Pannonian Basin at the base of the Tihany
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formation and can be found in the Vienna Basin in the Up-
per Pannonian “zone” Pannonian F (ScHurtz 1993).
Considering the evolution of limnocardiids, MULLER &
MAGYAR (1992, 1994) correlate between the Pannonian
and the Dacian Basin. The evolutionary lineage leads
from Lymnocardium decorum ponticum to Lymnocar-
dium decorum decorum and Prosodacnomya vutskitsi.
The transition from Lymnocardium decorum ponticum to
Lymnocardium decorum decorum coincides with the base
of the Congeria balatonica zone of the Lake Balaton area
just above the top of the magnetic anomaly 4A (about 8,7
Ma according to BERGGREN et al. 1995). A locality yielding
small mammals in Tihany-Feherpart stratigraphically lies
above the beds with Lymnocardium decorum and has been
referred to MN11. Prosodacnomya has evolved from Lym-
nocardium between 7.0 and 7.7 Ma ago. Prosodacnomya
vutskitsi occurs in the 6.0 to 6.4 Ma old locality Szarvas
in Hungary.

The correlation of the Pontian between the Pannonian and
the Dacian Basin is based on the FADs of Prosodacno-
mya dainelli and Prosodacnomya sturi (closely relative to
Prosodacnomya vutskitsi). Following ANDREESCU (1977)
and PavNOTESCU & ANDREESCU (1978), these short-living
species appear in the Lower or Middle Pontian of the Da-
cian Basin. Therefore, the Congeria ungulacaprae zone
and the Congeria balatonica zone which are stratigraphi-
cally older correlate with the Maeotian. With regard to
the Vienna Basin, that applies to the beds with Congeria
neumayri/Congeria zahalkai (“zone” Pannonian F) cor-
relative with the Maeotian as well.

By the aid of FADs and LADs of Miocene mammals, the
faunas of the Vienna Basin may be correlated with MN
zones (Mammal Neogene zones) after MEIN (1975, 1989,
1999). The “zones” Pannonian C to F coincide with the
MNB9 localities. The most primitive representative of Hip-
parion appears at the base of “zone” Pannonian C (Gaisel-
berg; Table 1). BErNOR (1993) discusses an evolutionary
lineage of Hipparion from the base of “zone” Pannonian
C to “zone” Pannonian F.

Generally, during the MNO of the Lower Vallesian Middle
Miocene genera (e. g. Democricetodon, Albanensia,
Myoglis) still dominate the assemblage, and Hipparion,
Microtocricetus, Hylopetes, Eozapus, and Muscardinus
immigrate. In the relatively short MN10 of the Upper
Vallesian, a remarkable faunal change occurs. Muridae
become more prominent, Epimeriones, Pliopetaurista and
Graphiurops occur while Progonomys disappears at the
end of the Vallesian. The beginning of the MN11 (Lower
Turolian) is marked by an extensive number of extinctions
of old taxa. The faunas of MN11 and MN12 are relatively
uniform and just differentiated by the species composition.
Parapodemus lugdunensis is typical of MN11 while the
appearance of Parapodemus gaudryi marks the MN12. The
genus Parapodemus is replaced by the advanced murid
Apodemus in the MN13 (Upper Turolian) when the modern
cricetine Cricetus s. 1. first appears (DAXNER-HOCK, 1993,
1996; RocL & DaxnNer-Hock, 1996).

Daxner-Hock (1996) correlates the “zones” Pannonian
A and B (Uppermost MN7/8) of the Vienna Basin with
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the Astaracian and the “zones” Pannonian C to G (MIN9,
MN10) with the Vallesian. The “zone” Pannonian H
(MN11, 12, 13) belongs to the Turolian.

With regard to the stages of the Central Paratethys, the
Paratethys Sea retreated during the latest Sarmatian, and
the Sarmatian/Pannonian boundary coincides with the
progradation of several deltaic bodies. The emerged wet-
lands of the Lower Pannonian (“zones” Pannonian A, B,
C) were destroyed again with the beginning of the “zone”
Pannonian D. The level of the Lake Pannon rose and stayed
high during the “zone” Pannonian E. The corresponding
sedimentary sequence is represented by pelitic deposits
yielding a diverse endemic mollusc fauna in the Vienna
Basin. With the “zone” Pannonian F, the final withdraw of
the Lake Pannon from the Vienna Basin set in and allowed
the formation of wetlands and extended fioodplains. Drai-
nage systems from the Alps and the Molasse Basin entered
the Vienna Basin. Along the margin of the eastern Alps, the
freshwater lakes could emerge slightly earlier than in the
basin. This diachronism also concerns the small mammal
faunas of the “marginal” locality Richardhof-Golfplatz and
the “basinal” locality Goétzendorf slightly younger than
Richardhof-Golfplatz and both belonging to the “zone”
Pannonian F (HaARZHAUSER & TEMPFER, 2004; HARZHAUSER
et al., 2003; HupACKovaA et al., 2000; KovAc et al., 1998).

3. Material and Methods

The whole material is stored in the department of Geology
and Paleontology of the Natural History Museum Vienna.
At the very beginning of this dissertation and financed by
the FWF-project: P-15724-N06, we sorted the material
into the following groups: seeds and fruits; Mollusca;
Pisces; Amphibia; Reptilia; Aves; Insectivora; Chirop-
tera; Lagomorpha; Rodentia; Carnivora; Proboscidea;
Perissodactyla; Artiodactyla. International specialists have
already been invited for investigations about the fauna of
Kohfidisch. Each part represents one more step toward a
global impression of the Upper Miocene situation in and
around Kohfidisch.

After having sorted the material, I described, counted and
measured the herpetofaunal remains except the Testudines.
For description, I made comparisons with the following
fossil material:

Oberdorf, Austria, Lower Miocene (MN4); SANCHIZ
(1998a):

Amphibia and Reptilia: Inv. Nr.. NHMW1998z0015
- 199820026

Obergiinserndorf and Teiritzberg, Austria, Lower Mi-
ocene (MNS5); M. Boume (2002b):

Amphibia and Reptilia: Inv. Nr.. NHMW2002z0013
—2002z0027

Grund, Austria, Middle Miocene (MNS5); MIKLAS-TEMPFER
(2003):

Amphibia and Reptilia: Inv. Nr.. NHMW2002z0094
- 200220098

Miihlbach, Austria, Middle Miocene (MNS5); MIKLAS-
TemPFER (2003):
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Reptilia: Inv. Nr.: NHMW2002z0099 — 200220107
Sandelzhausen, Germany, Middle Miocene (MNS5); M.
BoOHME (1999):

Chelotriton paradoxus: BSP

Ambach, Germany, Middle Miocene (MN5); EsTEs &
ScHLEICH (1994):

Mioproteus caucasicus: Inv. Nr.: BSP 1982 I 146-159
Hitzhofen, Germany, Middle Miocene (MNS5); EsTtes &
ScHLEICH (1994):

Mioproteus caucasicus: Inv. Nr.: BSP 1980 I 189
Dieshof, Germany, Middle Miocene (MN5-6); EsTes &
ScHLEICH (1994):

Mioproteus caucasicus: Inv. Nr.: BSP 1982 XXIII 2
Untershausen 2, Germany, Middle Miocene (MN5-6);
EsTEs & ScHLEICH (1994):

Mioproteus caucasicus: BSP

Oggenhof, Germany, Middle Miocene (MNG6); EsteEs &
ScHLEICH (1994):

Mioproteus caucasicus: Inv. Nr.: BSP 1963 IX 147-152
Neudorf a. d. March (=Devinska Novéa Ves), Slovakia,
Middle Miocene (MNG6); HERRE (1955), WETTSTEIN-WES-
TERSHEIMB (1955):

Amphibia: Inv. Nr.: NHMW1977/1865

Gotzendorf, Austria, Upper Miocene (MN9); MikLAS
(2002):

Amphibia: Inv. Nr.: NHMW2000z0186 — 200020197
Gotzendorf, Austria, Upper Miocene (MN9); BACHMAYER
& MryYNARSKI (1977):

Pseudopus pannonicus (sensu KLEMBARA 1979): NHMW

NHMW.. Naturhistorisches Museurn Wien
BSP........ Bayerische Staatssammlung fiir Paldontologie

Beside the fossil comparison material for determination, I
also used skeletons of Recent specimens which I prepared
using Danclor (contains Natriumhypochlorit). The 1% Zoo-
logical Department of the Natural History Museum Vienna
lent me specimens for preparation and skeletons. The main
part of my Recent comparison material originates from the
private skeleton collection leg. et prep. P. F. Keymar.
Herpetofaunal bones were measured using a Leica MZ6
microscope with a graduated dial 12mm 120. Each
maxillare of members of the genus Latonia is measured
according to MikLas (2002). The measurements of verte-
brae of Mioproteus caucasicus follow EsTes & ScHLEICH
(1994) and the ones of Chelotriton paradoxus, Triturus
(cristatus) sp., Triturus (vulgaris) sp., Triturus sp. and of
the Anura follow HALLER-PROBST & ScHLEICH (1994). Re-
lating to Rana (ridibunda) sp. as a member of the Anura,
the specific ilia have been measured after G. BOHME &
GUNTHER (1979). According to FejERVARY-LANGH (1923),
measurements of the osteodermalia of Lacertilia have
been taken and vertebral measurements of the Lacertilia
and Serpentes were designated by AUFFENBERG (1963) and
BACHMAYER & SZYNDLAR (1985).

Generally, the heterogeneity of the elements complicates
statistical evaluations of the measurements. Especially
the vertebrae of Anura are specialized to such a degree
that their rank along the extremely short vertebral column
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dentale

vertebrae sacrales

vertebrae caudales

Figure 4: Terminology of the skeletal elements of the Caudata
(Triturus alpestris in dorsal view modified after HALLER-PROBST
& ScHLEICH, 1994).
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can be identified. The vertebrae of Serpentes considerably
differ within the column as well. Therefore, no further
statistical tests would be adequate.

Using a JEOL 6400 scanning electron microscope of the
Institute of Paleontology of the Vienna University, I took
the micrographs. A. Schumacher of the Natural History
Museum Vienna photographed the larger bones of Pseu-
dopus pannonicus, Varanus cf. hofimanni and Naja romani.
The skeletal anomalies were x-rayed by M. Marinelli us-
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Figure 5: Terminology of the skeletal elements of the Anura.

palatinum

pterygoideum

neurocranium
quadratum

Figure 6: Terminology of the skull elements of the Scleroglos-
sa (member of the Anguidae in dorsal (a) and in ventral (b)
view).

ing a Faxitron radiograph, 3mA, 50kV and the film Agfa
Structurix D2.

I made the illustrations by means of a Leica drawing
mirror. E. Hock prepared the computer graphics, figs.
1, 2, 3, while I constructed the others with the computer
programs Corel Graphics 11 (Core]lDRAW 11, Corel
PHOTO-PAINT 11).

Tables and diagrams were produced by Microsoft Office
10 (Microsoft Excel).



TeEMPFER, P.M., The Herpetofauna of the Miocene Locality

parietale frontale
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veneno illiti dens

basisphenoideum

b)

Figure 7: Terminology of the skull elements of the Serpentes (Ptyas sp. in lateral view (a) modified after CArroLL, 1993 and Naja

haje in ventral view (b) modified after KamaL et al., 1970).

3.1. Number of Individuals

Description and counting of the herpetofaunal bones resul-
ted in the Maximum Number of Individuals (MXNI: Table
2, 3; Diagram 1, 2) of Amphibia and Reptilia (except the
Testudines) of MXNI = 55.319. The MXNI corresponds
to the number of identified bones. Reptilia represented by
51.959 remains (94%) are more frequent than Amphibia
with 3.360 remains (6%; Diagram 5). Serpentes feature
the highest Maximum Number of Individuals of MXNI
=36.076 (max: Elaphe kohfidischi MXNI = 13.862; min:
Typhlops cf. grivensis MXNI=27) followed by the Lac-
ertilia with maximum 15.883 remains (max: Pseudopus
pannonicus MXNI = 11.826; min: Gekkonidae indet.
MXNI = 3). Among the Amphibia, Anura with the Maxi-
mum Number of Individuals of MXNI=2998 (max: Latonia
sp. MXNI = 815; min: Bombina cf. bombina MXNI = 5)
are more frequent than Caudata with MXNI = 362 (max:
Triturus (cristatus) sp. MXNI = 170; min: Chelotriton
paradoxus MXNI = 23).

The more predicative Minimum Number of Individuals
MNI = 2 013 (MNI: Tables 4, 5; Diagrams 3, 4) differs
extremely from the MXNI. The MNI results from the
maximum number of the most frequently present single
existing bone (i. e. number of ossa coccygea) or the left or
the right element respectively of the most frequently present
symmetrical bone (i. e. number of left ilia). Although Rep-
tilia are still most frequent featuring MNI = 1 259, they
represent just 62% in relation to the Amphibia with MNI =
754 (38%; Diagram 5). Lacertilia dominate because MNI=
814 (max: Lacerta sp. A MNI = 497; min: Gekkonidae
indet. MNI = 3) followed by the Anura, MNI=626 (max:
Latonia sp. MNI = 182; min: Bombina cf. bombina MNI=
3). The Minimum Number of Individuals of Serpentes
represents MNI = 445 (max: Naja romani MNI = 130;
min: Typhlops cf. grivensis MNI = 16) and Caudata with
MNI = 128 (max: Triturus (cristatus) sp. MNI=40; min:
Chelotriton paradoxus MNI = 10) are less frequent.
With regard to the percental Minimum Number of Indi-
viduals of Amphibia and Reptilia in descending frequency
(MNI (%): Table 6; Diagram 6), the lizard Lacerta sp.

A (25%) is most frequent. It is followed by: Latonia
sp. and Bufo bufo equally frequent with 9%, Pseudopus
pannonicus, Elaphe kohfidischi, Naja romani, and Rana
(ridibunda) sp. altogether featuring a relative frequency
of 6%, Pelobates cf. cultripes (5%), Anguis fragilis,
Natrix longivertebrata, and Vipera burgenlandica (alto-
gether: 3%), Lacerta sp. B, Varanus cf. hofmanni, Coluber
planicarinatus, Triturus (cristatus) sp., and Triturus sp.
(altogether: 2%), Edlartetia sansaniensis, Typhlops cf.
grivensis, Mioproteus caucasicus, Triturus (vulgaris) sp.,
Latonia gigantea, and L. ragei (altogether: 1%), Scincidae
indet. (0.8%), Hyla sp. (0.7%), Chelotriton paradoxus
(0.5%), Miolacerta tenuis (0.4%), Lacerta cf. viridis
(0.3%), Gekkonidae indet. (0.2), and finally Bombina cf.
bombina (0.1%).

Most obviously, the Minimum Number of Individuals
may be influenced by taphonomy and preservation. More
detailed information concerning the MNI and MNI (%)
is given in chapter 6 combined with the paleoclimatic and
-environmental conclusions.

3.2. Terminology

As nomenclature of the skeletal elements, the terms mainly
follow BaiLonN (1991), HALLER-PROBST & ScHLEICH (1994):
Caudata (fig. 4); Baion (1991), KAmprE et al. (1966),
Roc¢ex (1994a), Sanchiz (1998b), SEDLACKOVA (2000):
Anura (fig. 5); BaIiLoN (1991), FEJERVARY-LANGH (1923),
MERTENS (1942), RAUSCHER (1992), RocEek (1984): Lacer-
tilia (fig. 6); and BaiLon (1991), CarroLL (1993), SZYNDLAR
(1984): Serpentes (fig. 7). I have chosen the Latin transla-
tion because it is uniform and international.

4. Systematic Part

If not explicitly cited, the depository of the type material
is taken from Estes (1981; Caudata), SancHiz (1998b;
Anura), Estes (1983; Lacertilia), and Race (1984b; Ser-
pentes).
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4.1. Class Amphibia

Order Caudata ScoroLi, 1777
Suborder Proteoidea (NoBLE, 1931)
emend. EDWARDS, 1976
Family Proteidae Hocg, 1838

Genus Mioproteus EsTEs & DAREVSKY, 1978

Mioproteus caucasicus EsTes & DAREVSKY, 1978
(Plate 1: a, b; Table 2,4, 6, 7)

Holotype: Zoological Institute, Academy of Sciences,
Saint Petersburgh, Russia (former U.S.S.R.), ZIL 240;
slightly damaged anterior vertebra praesacralis (EsTES &
DAREvVSKY 1977).

Type locality: Maykop, valley of the Belaya River, nor-
thern Caucasus, capital of the Adyghe Republic (former
U.S.S.R.).

Stratigraphical Age of the Type material: Middle Mio-
cene (Middle Sarmatian, Bessarabian).

Range: Lower Miocene — Upper Miocene: Central and
Eastern Europe, Russia.

Material: 1 dentale sin. (AO: Inv. Nr.. NHMW2004z0009/
0001). 2 atlantes. 30 vertebrae praesacrales (AO: Inv.
Nr.. NHMW2004z0009/0002). (BM: Inv. Nr.. NHMW
2004z0009/0003).

Description:

dentale (Plate 1: a): The single left, slightly convex dentale
is 5,17 mm long and 0,75 mm broad at the symphysis.
The latter possesses an oval shape. Below the position of
the second tooth, the Meckel’s groove widely opens. No
teeth are preserved.

atlas: Both atlantes lacking parts of the neural arch are
fragmentary. The dorsoventrally flattened centrum, the
processus odontoideus and the left or right neural arch
respectively are preserved. The condyli occipitales are
dorsoventrally depressed and connected. In ventral view,
an anteriorly pointed and posteriorly flattened keel is
present.

vertebra praesacralis (Plate 1: b: Table 7): The 30 vertebrae
praesacrales represent each state of preservation. Most of
them lack the neural arch, but 12 nearly complete ones
are present. Their measurements are given in Table 7. The
vertebrae are amphicoelous and similar to the atlas, they
possess a posteriorly flattened keel from ventral aspect,
which ends in two lateral basapophyses. A prominent
ventral lamina is present on the processus transversi. The
neural arch is flattened and the processus spinosus is deeply
forked posteriorly.

Comparison: The elements correspond to the ones
of Mioproteus caucasicus described first by ESTEs &
DaARrevsKY (1977). Compared with Mioproteus caucasicus
from Gotzendorf, the bones altogether are smaller in Koh-
fidisch. Further, the processus odontoidei of the atlantes
of Kohfidisch are rounded contrary to the pointed ones of
the Gotzendorf specimens.

Mioproteus caucasicus of Ambach is similar to the Koh-
fidisch specimens concerning the well-rounded processus
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odontoideus. Relating to the size, it is larger and therefore
resembling Mioproteus caucasicus from Gotzendorf. The
same applies to Mioproteus caucasicus from Dieshof,
Hitzhofen, Oggenhof, and Untershausen 2.

As a second species of the genus Mioproteus, ESTES
(1984) has described Mioproteus wezei from the Upper
Pliocene (MN16) of Poland. Mioproteus wezei also oc-
curs in the Upper Pliocene of France (BAiLoN, 1995) and
in the Lower Pleistocene of Moldavia (AveriaNOV, 2001).
The processus spinosus of its vertebra is forked more
anteriorly, the interzygapophyseal ridge is curved more
dorsally in the posterior region, the ventral lamina of the
processus transversus is more prominent and the ventral
keel is more distinct.

The Recent relative Proteus anguineus has the widely
open Meckel‘s groove of the dentale in common with
Mioproteus caucasicus. Otherwise, it possesses more
fragile vertebrae. Their neural arches are narrower and the
processus spinosi forked more posteriorly. Both species
seem to be paedomorphic (EsTes & DAREVsKY, 1977).
Discussion: Mioproteus caucasicus has been described
from the Lower Miocene to the Upper Miocene of Ger-
many (M. BOHME pers. advice; EsTEs & ScHLEICH, 1994;
ScHLEICH, 1985), from the Middle Miocene of eastern
Kazakhstan and the Caucasus region, Russia (Estes ,1981;
EsTES & DAREVSKY, 1977; MILNER, 2000) and from the
Upper Miocene of Hungary (RoCek, 2004) as well as
Gotzendorf and Richardhof-Golfplatz in Austria (MIKLAS,
2002; HArRZHAUSER & TEMPFER, 2004.).

In 1977, Estes & DAREVSKY have described the new genus
Mioproteus as a member of the Proteidae containing also
the genera Proteus, Necturus and Orthophyia. Skull and
tooth characteristics of Mioproteus as well as Proteus and
Necturus point to paedomorphism. Relating to the tooth
number on the vomer and calcification of the vertebrae,
Mioproteus shows more similarities to Necturus than to
Proteus, although its vertebrae are generally more calcifi-
cated and therefore more robust. Further, Mioproteus and
Necturus possess a well distinct posterior processus of the
vomer together with the genus Palaeoproteus (Batracho-
sauroididae, Proteoidea). The genus Orthophyia is pro-
bably synonymous with Mioproteus (ESTEs & DAREVSKY,
1977), but unfortunately the type specimen is lacking.
According to Estes & DAREVSKY (1977), LARSEN &
GUuTHRIE (1974) and NayLor (1978), Mioproteus and Nec-
turus belong to the family Proteidae. Hecut (1957) and
HecHr & Epwarps (1976) doubt the relationship between
Proteus and Necturus. They explain the similarities by
parallel evolution and assume a polyphyletic origin.

The suborder Proteoidea divides into the Proteidae and
the Batrachosauroididae. Early members of the Batra-
chosauroididae (Opisthotriton, Prodesmodon) possess
opisthocoelous vertebrae while the vertebrae of younger
members (Palaeoproteus) are amphicoelous such as the
ones of Proteidae. Following Estes (1975), Batrachosau-
roididae are more specialized than Proteidae. Contrary to
that hypothesis, NayLor (1978) suggested that Proteidae
arose from the Batrachosauroididae by reversion to am-
phicoely (Estes 1981).
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Ecology and Climate - living relatives: Although
Mioproteus caucasicus represents an extinct species, the
faunal associations can be used as ecological hints. Lotic,
aerial conditions are indicated by its appearance. The type
material was associated with newts and frogs (EsTeEs &
DAREVSKY, 1977) and in Ingolstadt, Germany, it has been
found (ScHLEICH, 1985) among a rich stream-side fauna
(DEnM, 1961). In Gotzendorf, Austria, Mioproteus cau-
casicus occurs together with Andrias scheuchzeri, whose
larvae very probably needed well-flowing, oxygenated
water such as the ones of its Recent relative A. davidianus
(HarRzHAUSER & TEMPFER, 2004; MIkLAS, 2002; TEMPEER,
2004). M. BouMmE (2002a) interprets the accompanying
fish fauna there as a lotic assemblage.

As living relative, Proteus anguineus lives subterraneously
and blind. It exclusively inhabits underground streams and
lakes with a temperature ranging between 5°C and 10°C.
Intolerant with regard to temperature fluctuation, it does
not hibernate.

Proteus anguineus is widespread in limestone cave sys-
tems along the eastern Adriatic seaboard, as far north
as the Istrian region and as far south as Montenegro. Its
occurrence in North-East Italy is documented as an iso-
lated one. There is also a small introduction in the French
Pyrenees (ARNOLD & OVENDEN, 2002; Gasc et al., 1997).
The distribution of Proteus anguineus is mainly restricted
to the Koppen’s climate type Cs and partly Cf following
MUuLLER (1996; see chapters 5, 6).

Suborder Salamandroidea NoBLE, 1931
Family Salamandridae Gray, 1825

Genus Chelotriton PoMEL, 1853

Chelotriton paradoxus PoMEL, 1853
(Plate 1: c; Table 2,4, 6,7)

Neotype: Muséum National d’Histoire Naturelle, Paris,
France, Cod. 12; vertebra praesacralis (EsTes 1981).
Type locality: Coderet, France.

Stratigraphical Age of the Type material: Uppermost
Oligocene.

Range: Lower Oligocene — Upper Miocene: Central and
Western Europe.

Material: 1 squamosum dext. 3 atlantes (AO: Inv. Nr.:
NHMW2004z0010/0001). 19 vertebrae praesacrales.
(BM: Inv. Nr.. NHMW2004z0010/0002).

Description:

squamosum: The right squamosum is complete, 6,75 mm
broad (processus zygomaticus-processus posterodorsalis)
and 7,29 mm long (processus dorsalis-processus postero-
lateralis). Its dorsal aspect is deeply pustularly sculptered,
and the ramus paroticus is prominent.

atlas (Plate 1: ¢): Two atlantes are nearly complete, one
lacks the neural arch and the posterior part. The condyli
occipitales are oval and the processus odontoideus broad
with two disconnected lateral facets. A heart-shaped, pus-
tular sculpture characterizes the posterior, dorsal part of
the processus spinosus. Ventrally, many small to prominent
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and round to oval foramina are present.

vertebra praesacralis (Table 7): 10 of the 19 significant
robust vertebrae praesacrales are preserved by their dorsal
and ventral parts. The measurements are noted in Table 7.
The opisthocoelous vertebrae are broad. On the ventral,
porous side, a medial keel is present. Similar to the atlas,
the posterior, dorsal part of the processus spinosus pos-
sesses a heart-shaped, pustular sculpture.

Comparison: The holotype of Chelotriton paradoxus got
lost, but PomeL (1853) precisely describes its vertebrae
correlating with the ones described herein. He explains
the principle of the vertebral connection which results in
a kind of resistant ossified dorsal carapax.
Oberginserndorf and Teiritzberg yield Chelotriton sp.
represented by elements of the skull, maxillaria and rib-
fragments. The squamosum correlates to the one of Koh-
fidisch concerning the shape and the pustulate sculpture. It
is smaller than the squamosum of Kohfidisch but indicates
a larger individual than in Oberdorf.

Compared with Chelotriton paradoxus from Sandelzhau-
sen, the atlantes are similar relating to the shape of the con-
dyli occipitales and to the disconnected lateral facets.
The material of Chelotriton sp. from Oberdorf is remar-
kably small and some processus spinosi show a sculpture
based on pits and not on pustules. Perhaps it represents
larval or metamorphosing specimens. The atlantes and the
vertebrae praesacrales of Kohfidisch are much bigger and
the pustular pattern is more distinct. The atlas differs from
the one of Oberdorf relating to the shape of the condyli
occipitales. The Kohfidisch specimens possess dorso-
ventrally compressed ones while in Oberdorf, the condyli
occipitales are compressed laterally. The lateral facets on
the Kohfidisch atlantes are clearly separate similar to the
Oberdorf specimens.

A rather large specimen of Chelotriton paradoxus was pre-
sent in Gdtzendorf. The size of not only the atlas but also
of the vertebrae praesacrales ranges between the minimum
and maximum measurements of the Kohfidisch specimens
but below the mean. Their shape and characteristics are
similar except for the lateral facets of the atlas. Contrary
to the atlantes of Kohfidisch, the lateral facets contact each
other on the Gotzendorf atlas.

The genus Chelotriton includes the species Chelotri-
ton paradoxus, Chelotriton ogygius (Lower Miocene),
Chelotriton robustus (Middle Eocene) and Chelotriton
pliocenicus (Pliocene). Chelotriton ogygius is very pro-
bably synonymous with Chelotriton paradoxus although
no pustulate sculptured plates on the processus spinosi
are known (GoLpruss, 1831). The sculpture pattern of
Chelotriton robustus is composed of small pits and groo-
ves present on broad neurapophyseal plates (WESTPHAL,
1980) while the one of Chelotriton paradoxus as well as
of the vertebrae described herein consists of pustules on
smaller plates. Chelotriton pliocenicus has been descri-
bed by BaiLon (1989). The pustulate sculpture on the
processus spinosi extends more anteriorly and the oval
zygapophyses are more transversally orientated. Behind
the praezygapophyses a well distinct foramen is present.
The ventral keel on the centrum is broader and diverges
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posteriorly while Chelotriton paradoxus possesses a rather
narrow, consistent one. The Crocodile Newt Tylototriton
occurs in the Middle Eocene of Germany (HErrE, 1935)
and represents a living relative of Chelotriton. Contrary
to Chelotriton, its vertebrae are smaller and the sculpture
pattern of the processus spinosi is formed of pits and
grooves but not of pustules. Diagnostic of Chelotriton, a
bony lamina (the anterior zygapophyseal ridge) connects
the praezygapophyses to the processus costales. Behind
the processus costales, a marked notch is present in dorsal
view (EsTEs, 1981).

Discussion: Chelotriton paradoxus occurs in Western
Europe from the Lower Oligocene to the Upper Miocene.
Herrlingen (Lower or Middle Oligocene), Rott bei Bonn,
Gaimersheim, Burgmagerbein, Weilenburg 4, Opperts-
hofen, Floersheim (Upper Oligocene), Weilenburg 6
(Upper Oligocene to Lower Miocene), Bissingen 1 “Wii-
terich”, Weisenau, Grafenmiihle, Wintershof-West, Erkets-
hofen (Lower Miocene), Weiienburg 5, Dinkelscherben,
and Sandelzhausen (Middle Miocene) number among the
German localities. Coderet (Uppermost Oligocene) and
Peublanc both in France (Lower Miocene), Rubielos de
Mora and Las Plana IV-A both in Spain (Lower Miocene),
La-Grive-Saint-Alban and Sansan both in France (Mid-
dle Miocene), as well as Ohningen (Upper Miocene) of
Germany supplement the list of localities (EstEs, 1981;
M. BOHME, pers. advice; MILNER, 2000). MLYNARSKI et
al. (1982) have described the species from the Middle
Miocene of Opole (Poland). The Upper Miocene, Hun-
garian localities Rudabanya (Rocek, 2004) and Polgardi
4 (VENCZEL, 1999a) yield Chelotriton paradoxus as well.
In Austria, Chelotriton sp. occurs in Oberdorf (Lower
Miocene, MN4; SancHiz 1998a), in Obergdnsermdorf and
Teiritzberg (Lower Miocene, MN5; M. BoHME, 2002b),
and represented by Chelotriton paradoxus in Gotzendorf
(Upper Miocene, MN9; MixLas, 2002).

PoMEL’s collection together with the holotype of Chelo-
triton paradoxus unfortunately got lost. He characterized
this salamander as a significant large, terrestrial one. After
Estes (1981), it belongs to the “group II” genera of the
Salamandridae.

EstEs (1981) subdivided the family of the Salamandridae
into three informal groups:

“group I” genera containing the most primitive forms
such as Salamandra and relatives divergent in feeding
specializations. Only members of this group are adapted
to terrestrial food based on their special tongue type.
“group II” consists of the primitive newts Pleurodeles
and Tylototriton, Echinotriton (since NussBauM & BRODIE,
1982) and their fossil allies such as Chelotriton. WAKE
& Ozet1 (1969) separate the two Recent genera from the
group, but the classification of Estes (1981) is based on
the common presence of the frontosquamoseal arch. Fur-
ther, the dermal sculpture on the skull and the processus
spinosi as well as the long ribs are typical characteristics
of members of “group II”

“group III” represents the most derived group with com-
plex interrelationships. Beside others, Archaeotriton,
Euproctus and Triturus are members of “group III”
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Estes (1981) and RocCek (1994b; 1996) discuss the
separation of the genera Brachycormus, Chelotriton and
Tylototriton. Although differences based on the size, the
sculpture pattern, the level of ossification on carpus and
tarsus, and the position of the sacrum are remarkable, the
occurrence of neotenic evolutionary trends in these genera
complicates the classification.

Following HerrE (1950) and based on skull and vertebral
characteristics, the genera Palaeopleurodeles and the liv-
ing Pleurodeles (Salamandridae) represent an evolutionary
level more primitive than Tylototriton.

Estes (1981), EsTEs & HOFFSTETTER (1976) and WESTPHAL
(1980) suspect that Tylototriton and the European fossil
genera Chelotriton, Grippiella, Heliarchon, Palaeo-
salamandrina, and Tischleriella are synonyms. In this
case, Chelotriton would have priority over Tylototriton.
NusseauMm & Brobik (1982) point to either significant dif-
ferences or the lack of diagnostic characters which would
justify to synonymize these genera.

The genus Tylototriton has been split into Tylototriton
and Echinotriton by NussBauM & Brobie (1982). Four
extant species (asperrimus, kweichowensis, taliangensis,
verrucosus) are retained in Tylototriton while two extant
species (andersoni, chinhaiensis) are placed in Echi-
notriton. Echinotriton differs in a number of significant
morphological and life history features from Tylototriton.
Tylototriton primigenius NoBLE, 1928 from the Upper
Miocene of Ohningen in Germany may be synonymous
to Chelotriton paradoxus.

Ecology and Climate - living relatives: The ecological
requirements of Tylofotriton represent a valuable hint to
the environment of its close relative Chelotriton. The ter-
restrial Crocodile Newt inhabits wooded hills up to 3000
m and damp biotopes with dense vegetation. Its preferred
temperature ranges between 22°C and maximum 28°C.
Tylototriton may hibernate at 15°C but if the temperature
is above, it does not. On arid conditions, it keeps a dryness
sleep. Its larvae require ponds or similar water bodies (OBST
et al. 1984). The environment of Tylototriton correlates
to the sedimentological situations where Chelotriton has
been found. Its specimens have mainly been discovered
in terrestrial fissure-fillings but also in the sediments of
slack water (Chelotriton robustus of the Grube Messel
near Darmstadt, Germany, Eocene; WesTpPHAL, 1980 and
Chelotriton paradoxus of Sandelzhausen, Germany, Mid-
dle Miocene; M. BoHME, 1999), swamps (Chelotriton sp.
of Oberdorf, Austria, Lower Miocene; SancHiz, 1998a)
and floodplains structured by swift, oligotrophic rivulets
accompanying the main channel (Chelotriton paradoxus
of Gotzendorf, Austria, Upper Miocene; HARZHAUSER &
TemPEER, 2004; MIKLAS, 2002). Very probably, it mainly
lived terrestrial in wooded terrains and its larvae inhabited
damp environments with slack or slowly running waters.
The Recent genus Tylototriton inhabits North India to
South-West China, North Thailand, Burma, North Viet-
nam, West Yunnan and the Ryukyu islands in Japan (OBST
etal., 1984; STEINEGER, 1996). According to MULLER (1996;
see chapters 5, 6), these areas belong to the Koppen'‘s
climate types Af, Aw, BS, Cf, and Cw.
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Genus Triturus RAFINESQUE, 1815

Triturus (cristatus) sp. (LAURENTI, 1768)
(Plate 1: d; Table 2, 4, 6,7)

Recent species: Triturus cristatus (LAURENTI, 1768)
Range: Upper Miocene — Upper Pleistocene: Austria, Ger-
many, Slovakia, Poland, Rumania, Hungary, England;
Holocene: most of Europe, eastwards to Caucasus and
Central Asia.

Upper Miocene of Kohfidisch: FOD (= first occurrence
date).

Material: 170 vertebrae praesacrales (AO: Inv.Nr.:
NHMW2004z0011/0001).

(BM: Inv. Nr.. NHMW2004z0011/0002).

Description:

vertebra praesacralis (Plate 1: d: Table 7): The dorsal
part of the 170 opisthocoelous vertebrae praesacrales is
preserved in any case. Measurements are given in Table
7. The centra and the entire vertebrae are flattened dorso-
ventrally. Due to the slightly rising neural arch, they are
higher posteriorly. Ventrally, two distinct lateral foramina
are present where the prominent parapophyses insert. The
latter are almost directly connected to the diapophyses
(forming together with the parapophyses the processus
transversi), just a short lamina exists. From dorsal aspect,
the two very large oval praezygapophyses are orientated
longitudinally but clearly introversive posteriorly. The oval
postzygapophyses are orientated longitudinally as well,
but introversive anteriorly. The low processus spinosus
flattens and extends to posterior overtopping the centrum.
Its posterior margin is slightly concave.

Triturus (vulgaris) sp. LINNAEUS, 1758
(Plate 1: e; Table 2, 4, 6, 7; figs. 8, 9)

Recent species: Triturus vulgaris LINNAEUS, 1758
Range: Middle Miocene — Pleistocene: Austria, Germany,
Slovakia, Rumania, Italy, Greece, Britain;

Holocene: Europe, West Asia.

Material: 5 atlantes. 46 vertebrae praesacrales (AO: Inv.
Nr.: NHMW2004z0012/0001). 1 humerus ¢ sin. (AO: Inv.
Nr.: NHMW2004z0012/0002).

(BM: Inv. Nr.: NHMW2004z0012/0003).

Description:

atlas: Two atlantes are complete and three atlantes consist
of the centrum with the onsets of the neural arch. The cen-
trum possesses extremely concave lateral margins, small
foramina and longitudinal ridges ventrally. The roundish
oval condyli occipitales are orientated to dorsoventral and
the lateral facets of the broad and flat processus odontoi-
deus are of a round shape and disconnected. From dorsal
aspect, the neural arch becomes narrow posteriorly. Ante-
riorly, it is well rounded showing a ridge which conjoins
medially to lead into a prominent, longitudinal one. Lateral
to that ridge, a distinct one is present on both sides.
vertebra praesacralis (Plate 1: e; Table 7): The measure-
ments of the 46 vertebrae praesacrales are given in Table
7. The opisthocoelous vertebrae praesacrales represent
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different states of preservation. In any case, the proces-
sus spinosus is present. The vertebrae and especially
the centra are flattened dorsoventrally. The neural arch
rises posteriorly. From ventral aspect, two relatively
large foramina are present on both sides of the centrum
where the parapophyses join nearly the full length of the
centrum. The latter are connected to the diapophyses by
a thin lamina. The praezygapophyses are ovally shaped
and orientated longitudinally but slightly introversive
posteriorly. That applies to the postzygapophyses as well,
unless they are introversive anteriorly. The high proces-
sus spinosus forks slightly posterior the insertion of the
processus transversi.

humerus @ (fig. 8): The left ? humerus is 2.65 mm long and
0.55 mm wide distally from flexor aspect. In that view, it
is straight and sandglass-like shaped. Epicondylus radialis
and epicondylus ulnaris split in the distal third and enclose
a foramen slightly above the caput humeri. Proximally, the
prominent crista ventralis is slightly convex. From lateral
view, the crista paraventralis results in a long and thin,
pointed processus at an angle of 59° with the humerus.
Comparison: Comparisons of the fossil elements with
skeletonized material of Recent specimens resulted in the
determinations given herein.

The atlantes show all characteristics typical of Triturus
vulgaris. Contrary to an atlas of Triturus cristatus, the
ones described herein broaden just slightly anteriorly and
possess round, disconnected lateral facets on the processus
odontoideus. The neural arch with a prominent processus
spinosus is distinctly rounded anteriorly.

With regard to Triturus roehrsi from Neudorf a. d. March
(= Devinska Nova Ves) and from Oberdorf, the centra
of the atlantes are extremely similar to the ones of Tri-
turus vulgaris. Solely the condyli occipitales are ovaler
and more transversally orientated. Concerning Triturus
roehrsi from Neudorf a. d. March, the lateral facets of the
processus odontoideus are connected from ventral aspect
and the neural arch is less rounded anteriorly. The latter
is not preserved on the Oberdorf specimens. Taking these
characteristics as well as the description of HALLER-PROBST
& ScHLEICH (1994) into consideration, the atlantes have
been assigned to Triturus (vulgaris) sp.

Viewing the measurements of the vertebrae praesacrales
of the two species Triturus (cristatus) sp. and Triturus
(vulgaris) sp. described herein, the difference relating to
their size is clearly remarkable. While the mean measure-
ments of the vertebrae praesacrales of Triturus (cristatus)
sp. range between 0.97 mm and 2.63 mm, the ones of
Triturus (vulgaris) sp. measure between 0.62 mm and
2.36 mm (see Table 7). The ratios yield nearly the same
data. Skeletal morphological differences of the verteb-
rae praesacrales are clearly distinct as well. Vertebrae
including the centra of Triturus (cristatus) sp. are more
flattened possessing a posteriorly less rising neural arch.
The ventral, lateral foramina of the centrum are larger and
the thicker para- and diapophyses insert narrower. The la-
mina connecting the parapophyses with the diapophyses is
definitively smaller and not detectable in some specimens.
Dorsally, the vertebrae of Triturus (cristatus) sp. possess
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larger zygapophyses and a lower processus spinosus not
forked posteriorly but flattened and extended. The neural
arch overtops the centrum contrary to the one of Triturus
(vulgaris) sp.

Contrary to Triturus vulgaris, Triturus roehrsi possesses
a broad, more deeply forked crista on the lower processus
spinosus of the vertebra praesacralis. Para- and diapo-
physes are closely connected and the diapophyses are fused
to the neural arch by a bony plate. Ventrally, bony ridges
lead from the parapophyses to the centrum.

The vertebrae praesacrales of members of the Triturus
cristatus group or the Triturus vulgaris group respectively
(see below) can hardly be distinguished. Therefore, the
determinations have resulted in Triturus (cristatus) sp.
and Triturus (vulgaris) sp.

Comparing the humeri of members of the genus Triturus,
the ones of Triturus cristatus are larger and more vaulted
to anterior possessing a shorter crista paraventralis (fig.
9). As noted by HoLMAN & STUART (1991), the humeri of
Triturus cristatus have a more elongate crista ventralis
and a thicker shaft than in Triturus vulgaris and Triturus
helveticus but it is impossible to separate the humeri of
the latter two species satisfactorily from one another. The
humerus of Triturus roehrsi from Oberdorf is longer,
vaulted to anterior and shows a short crista paraventralis.
These characteristics remind more of Triturus cristatus
than of Triturus vulgaris.

The species Triturus vulgaris shows sex-related differences
between females and males with regard to the humerus
of Recent specimens. While the crista paraventralis of
females is more pointed, the one of males is blunt and
directed more dorsally (fig. 8). Concerning the humerus
of the Kohfidisch specimen, it correlates with a female hu-
merus of Triturus vulgaris which is difficult to distinguish
from Triturus helveticus. Therefore, it is determined as a
humerus of a female Triturus (vulgaris) sp.

Figure 8: Triturus (vulgaris) sp.?. Humerus sin. lateral view
(Kohfidisch “IIT unten”; Inv. Nr.. NHMW2004z0012/0002),
scale bar equals 1 mm.

a b c
Figure 9: a: Triturus cristatus ? . Humerus sin. lateral view (Re-
cent). b: Triturus vulgaris @ . Humerus sin. lateral view (Recent).
c: Triturus vulgaris 3 . Humerus sin. lateral view (Recent), scale
bar equals 1 mm.
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Triturus sp.
(Table 2,4, 6,7)

Recent species: Triturus cristatus (LAURENTI 1768)
Range: Middle Miocene — Upper Pleistocene: Austria,
Germany, Poland, Greece, Italy, Spain, France, Belgium,
Britain;

Holocene: Europe, eastwards to Caucasus and Central
Asia.

Material: 65 vertebrae praesacrales. 19 vertebrae cauda-
les. (BM: Inv. Nr.. NHMW2004z0013/0001).
Description:

vertebra praesacralis (Table 7): The measurements (Table
7) of the 65 vertebrae praesacrales altogether give no
result of “GL” because the posterior part of the neural
arch is missing in each specimen. Therefore, no definitive
determination of species can be given although the size
and the shape of the vertebrae recall Triturus (cristatus)
sp. or Triturus (vulgaris) sp. (see above).

vertebra caudalis: In either case, the opisthocoelous centra
of the 19 vertebrae caudales covered by a lot of small
foramina are preserved. At least parts of the neural and
the hemal arch are connected. The cross section of the
centrum is round. The hemal arch is as high as the neural
arch and forked posteriorly as well. It inserts posterior
to the cotylus while the neural arch reachs it. Oval prae-
and postzygapophyses are orientated longitudinally. The
para- and diapophyses represent connate laminae full of
foraminae.

Comparison: The vertebrae praesacrales of Triturus sp.
measure between 0.61 mm and 2.34 mm (see Table 7).
The posterior part of their neural arch is missing. This is
why no precise determination into species can be given.
The size as well as the shape resemble Triturus (cristatus)
sp. or Triturus (vulgaris) sp. It is improbable that a third
species of Triturus was present in Kohfidisch.

It is difficult to identify species on the basis of vertebrae
caudales of Recent members from the genus Triturus.
Therefore, the ones described in this paper are determined
as Triturus sp.

Discussion: Concerning Triturus (cristatus) sp., the spe-
cies Triturus cristatus has already been described from the
Upper Pliocene of Poland (SANCHIZ & MeYNARsKI, 1979a),
from the Upper Pliocene as well as the Lower Pleistocene
of Slovakia (HopbrovA, 1984, 1985; RoCEk, 1988), from the
Lower Pleistocene of Rumania (VENczEL, 1991) and as Tri-
turus cf. cristatus from the Lower Pleistocene of Hungary
(VENCZEL, 1997b), from the Middle Pleistocene of Poland
(SancHiz & SzYNDLAR, 1984) and England (HoLman, 2000),
and from the Upper Pleistocene of Germany (G. BOHME,
1979) and Poland (SANCHIZ & SZYNDLAR, 1984). Therefore,
Kohfidisch represents the stratigraphically oldest locality
of Triturus (cristatus) sp.

The presence of Triturus vulgaris has been noted by M.
BonME (1999) from the Middle Miocene of Sandelzhausen,
by VENCZEL (1991) from the Lower Pleistocene of Ruma-
nia, by HoLmaN (2000) from the Middle Pleistocene of
England, by G. BonME (1979) from the Upper Pleistocene
of Pisede bei Malchin both in Germany, and by HoDROVA
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(1984, 1985) and Rocek (1988) from the Upper Pliocene
as well as the Lower Pleistocene of Slovakia. HoLMAN
& STUART (1991) have described Triturus vulgaris from
the Lower Holocene of Britain. Members of the Triturus
vulgaris group are present in the Upper Miocene of Gre-
ece (SancHiz, 1977a) and the Lower Pleistocene of Italy
(DELFINO & BAILON, 2000).

Triturus sp. is known perhaps from the Eocene of Belgi-
um, England and France (MILNER, 2000), reliably from the
Oligocene (MP22) of France, from the Lower Miocene of
Spain (SancHiz, 1977 a, b), the Upper Miocene of Richard-
hof-Golfplatz in Austria (HARZHAUSER & TEMPFER, 2004.),
the Upper Pliocene of Poland (SANcHIZ & MELYNARSKI,
1979a), the Lower Pleistocene of Italy (VERGNAUD-GRAZZINI,
1970), and the Upper Pleistocene of Spain (SaNcHIZ 1977a)
and Germany (BRUNNER, 1956; PETERS, 1977). Already the
Lower Eocene of France (AUGE et al., 1997) and the Middle
Oligocene of Belgium (HecHT & HOFFSTETTER, 1962) yield
cf. Triturus.

The postglacial distribution of the European Urodela
features two origins following STEINER (1950): the area
southern and southwestern of the Black sea (Pontic refuge)
as well as the western and northwestern part of the Me-
diterranean (Ibero-African refuge). Caused by the glacial
isolation, a western and an eastern line of the genus Tritu-
rus could evolve, namely Triturus marmoratus + Triturus
cristatus ssp. or Triturus helveticus + Triturus vulgaris.
Contrary to STEINER (1950), COGALNICEANU & VENCZEL
(1992) recognize three great refuges of the genus Triturus
caused by the glaciations: the Iberian, the Apennine and
the Balkan Peninsula refuge. Beside others, Triturus bos-
cai, Triturus pygmaeus, Triturus helveticus sequerei, and
Triturus alpestris cyreni in the Iberian Peninsula, Triturus
italicus, Triturus vulgaris meridionalis, Triturus carni-
Jfex, and Triturus alpestris inexpectatus in the Apennine
Peninsula and more than 10 species and subspecies in the
Balkan Peninsula. After the glaciations, a slow invasion
of northern Europe started in the Holocene. Invaders
coming from the southwestern (Iberian Peninsula) and
the southeastern (Balkan Peninsula) refuges were more
successful. Generally, the centre of the dispersal of Tritu-
rus seems to be the Balkan Peninsula rather than Western
Europe.

The genus Triturus is divided into three groups based
on genetic similarities such as the “Small-Bodied” and
the “Large-Bodied” species. The “Small-Bodied” group
consists of Triturus boscai, Triturus helveticus, Triturus
italicus, Triturus montandoni, and Triturus vulgaris. It
is usually designated as the Triturus vulgaris group. The
“Large-Bodied” group also called Triturus cristatus group
contains the species Triturus cristatus, Triturus carnifex,
Triturus dobrogicus, Triturus karelinii, Triturus marmora-
tus, Triturus pygmaeus, and Triturus vittatus. The Triturus
alpestris group is composed of Triturus alpestris only
(Opsrt et al., 1984).

With regard to the Triturus cristatus group, the several
species formerly ranked as subspecies. Current studies
based on molecular identifications by DNA analyses
convincingly classified them as closely related but distinct
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species (MIKULICEK & P1ALEK, 2003).

According to HALLER-PROBST & ScHLEICH (1994), osteolo-
gical skull characteristics of Triturus cristatus separate the
species from Triturus marmoratus and Triturus vittatus.
An exact classification seems to be difficult mainly due
to the species diversity and little interspecific anatomical
differences.

Relating to the extinct species Triturus roehrsi from the
Middle Miocene (MN6) locality Neudorf a. d. March (=
Devinska Nova Ves) in Slovakia, HERRE (1955) points to
its remarkable similarities in size and shape with Triturus
italicus. Estes (1981) as well quotes it as a member of
the Triturus vulgaris group. After SancHiz (1998a), the
morphology of the Oberdorf material of Triturus roehrsi
rather points to the “Large-Bodied” group. Especially
the combination of the vertebral features and the skull
bones recall Triturus vittatus, a “Large-Bodied” species.
Both Triturus roehrsi and Triturus vittatus possess a skull
sculpture although the one of Triturus roehrsi is more dis-
tinct. It is questionable if the vertebral and skull sculpture
can be considered as primitive and if Triturus roehrsi and
Triturus vittatus present a sister-species relationship or
just a plesiomorphic phenetic similitude.

The genus Triturus shows similarities with Neurergus
(Wake & Ozeti, 1969). Especially Triturus alpestris
seems to be closely related to Neurergus kaiseri (HERRE,
1932) although their living habits are completely different
(HALLER-PROBST & SCHLEICH, 1994).

Together with Archaeotriton, Euproctus, Koalliella,
Notophthalmus, Oligosemia, Procynops, and Taricha,
the genus Triturus belongs to the “group III” genera of
the Salamandridae. This group mainly consists of water-
adapted representatives (EsTES, 1981; see Discussion about
Chelotriton paradoxus)

Ecology and Climate - living relatives: Triturus cristatus
represents an often fairly aquatic newt that may be encoun-
tered in water throughout the year but is usually terrestrial
out of the breeding season. It prefers stagnant or slowly
flowing water with good weed growth, ponds and woods
and occurs up to 2000 m (ArRNOLD & OVENDEN, 2002).
More terrestrial than many other species of European
newts, Triturus vulgaris inhabits damp environments such
as gardens, woods, field edges and stone piles. During the
breeding season, it occurs in stagnant, often shallow water
but preferentially in weedy ponds and ditches. It extends to
over 1000 m and even 2000 m in southern parts of range
(ArNOLD & OVENDEN, 2002).

Usually, members of the genus Triturus survive at a water
temperature of 12°C to 20°C and an air temperature of
18°C to 22°C. 22°C must not be exceeded for a longer
time period. For hibernation, they need frost free places
with 4°C to 9°C such as below roots, stone piles or heaps
of earth.

The geographical range of the Recent Triturus cristatus
encloses most of Europe but not South and South West
France, Iberia, South Greece, Ireland, and Mediterranean
islands (ArRNOLD & OVENDEN, 2002; Gasc et al., 1997,
GROSSENBACHER & THIESMEIER, 2003). It also occurs
eastwards to the Caucasus and Central Asia. Following
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MULLER (1996; see chapters 5, 6), these areas belong to
the K&ppen'’s climate types B, mainly Cf, marginally Cs,
Csa, Df, and Ds.

Triturus vulgaris is present in most of Europe exclusively
South France, Iberia, South Italy, and most Mediterranean
islands (ArRNOLD & OvVENDEN, 2002). It occurs in West
Asia as well and is therefore restricted to the Koppen’s
climate types mainly Cf and just marginally Cs, Df, and
Ds (MULLER, 1996; see chapters 5, 6).

Order Anura RAFINESQUE, 1815
Suborder Archaeobatrachia (ReiG, 1958)
Infraorder Discoglossoidea SokoL, 1977
Family Discoglossidae GUNTHER, 1859
“1858”
Subfamily Bombinatorinae Gray, 1825

Genus Bombina OKEN, 1816

Bombina cf. bombina (LINNAEUS, 1761)
(Plate 2: a, b; Table 2, 4, 6, 8; fig. 10, 11)

Recent species: Bombina bombina (LINNAEUS, 1761).
Range: Upper Miocene: Austria.

Upper Miocene or Pliocene — Pleistocene: Kazakhstan,
Poland, Russia and Ukraine.

Material: 1 sphenethmoideum (AO: Inv. Nr.. NHMW
2004z0014/0003). 1 vertebra praesacralis. 1 os coccygis
(AO: Inv. Nr.. NHMW2004z0014/0001). 1 ilium dext.
(AO: Inv. Nr.. NHMW2004z0014/0002). 1 humerus ?
dext. (BM: Inv. Nr.. NHMW2004z0014/0005).
Description:

sphenethmoideum (fig.10): In anterior aspect, the left half
of the sphenethmoideum is missing. The pars tubiformis
is slightly convex and the margo nasalis is continuous. A
nearly trapezoidal antrum olfactorium dext. is bordered by
a straight septum nasi. The dorsoventrally perpendiculary
oval foramen pro nervus olfactorius is located mediolateral
to the septum nasi while the foramen pro nervus ophthal-
micus is situated medial to the dorsal margo nasalis.
vertebra praesacralis (Table 8): Measurements of the
complete, opisthocoelous vertebra praesacralis are given
in Table 8. Remarkably, the centrum is short but broad
possessing a distinct condylus. The processus transversi
broaden laterally and are as long as half of the centrum
width. A large and round canalis neuralis characterizes the
vertebra. From ventral aspect, the neural arch overtops the
centrum posteriorly twice as far as the centrum length.
Anterodorsally, it is carved and the processus spinosus
is indistinct. Both prae- and postzygapophyses are oval
sloping posterolaterally.

os coccygis (Plate 2: a): The os coccygis lacking the tips of
the processus transversi is broken posteriorly. The single
fossa condyloidea ossis coccygei is 0,83 mm wide. From
dorsal aspect, the insertions of the processus transversi
extend far posteriorly and include an angle of nearly 90°
The neural arch is deeply carved. In posterior direction,
the crista ossis coccygei becomes smooth.

ilium (Plate 2: b: fig. 11): The just slightly curved ala
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ossis ilii of this right ilium is broken anteriorly. A high
and distinct, oval tuber superior is situated a little behind
the anterior margin of the acetabulum. The fossa prae-
acetabularis exists, and the straight pars ascendens ilii rises
slightly. From medial aspect, a tubercle is visible on the
clearly developed pars descendens ossis ilii. The junctura
ilioischiadica is figured in fig. 11.

humerus ?: The right humerus is lacking the distal half
of the eminentia capitata. The latter is round and together
with the distal humerus shifted laterally. Measured from
the proximal margin of the eminentia capitata to the caput
humeri, the length amounts to 3.96 mm. Neither the crista
medialis nor the crista lateralis are prominent. The crista
ventralis is high proximally.

Comparison: The characteristics of the sphenethmoidea
described herein correspond to those of Recent specimens
of Bombina bombina. The sphenethmoideum of Bombina
variegata is broader, the foramina pro nervus olfactorius
are half-round with the straight side parallel to the septum
nasi. Contrary to Bombina bombina, the foramina pro
nervus ophthalmicus are situated more laterally. However,
both European species of Bombina are osteologically ex-
tremely similar as adults. Keeping their variability within
several individuals, the comparisons and the description of
skeletal elements of Anura by G. BoumE (1977) in mind,
the sphenethmoideum has been referred to Bombina cf.
bombina.

Relating to the vertebral column, the vertebrae praesac-
rales and especially the os coccygis of Bombina bombina
and Bombina variegata are remarkably similar (also see
SancHIZ & MryNARskI, 1979b). Just the vertebrae prae-
sacrales show little differences such as the more distinct
condylus and the neural arch overtopping the centrum
farther posteriorly in Bombina bombina. Based on these
comparisons with Recent specimens and on the determina-
tion of the remainder of the elements, the description has
resulted in Bombina cf. bombina.

The ilium clearly refers to Bombina bombina. Typical
characteristics such as noted by G. BéuMmEe (1977), Ho-
DROVA (1985) and SaNcHIZ & MryYNARSKI (1979b) are
present: a high and distinct, oval tuber superior; a fossa
praeacetabularis; a clearly developed pars descendens ilii
showing a tubercle from medial aspect. Further, the shape
of the junctura ilioischiadica (fig. 11) clearly correlates to
the one of Bombina bombina. Yet, due to the variability
present in adult members of Bombina, the ilia have been
referred to Bombina cf. bombina.

Comparing humeri of Recent specimens of Bombina
bombina and Bombina variegata, no typical species-dif-
ferences could be detected (also see SANCHIZ & MEYNARSKI,
1979b). In fact, they are sex-related. While the male humeri
show a clearly developed crista medialis and crista lateralis
extending far proximally, the female humeri possess just
short, indistinct ones (also see SEDLACKOVA, 2000). There-
fore, the humerus described in this paper has been referred
to a female specimen of Bombina cf. bombina.
Discussion: Bombina bombina has been present from the
Middle Pleistocene (SANCHIZ & SZYNDLAR, 1984) and the
Upper Pliocene of Poland (SANCHIZ & MEYNARSKI, 1979b)
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and the Czech Republic (Hobrova, 1981) to the Holocene
of Germany and Poland (SancHiz, 1998b). In Austria, it
has already been described from the Holocene locality
Sommerein (MARINELLI, 2001).

Bombina cf. bombina or Bombina (bombina) sp. respec-
tively is known from the Upper Miocene or Pliocene of
Kazakhstan, the Upper Pliocene of Poland (Hobrova,
1985), and the Upper Pliocene and Pleistocene from Rus-
sia and Ukraine (SANcHIZ, 1998b). Bombina cf. bombina
from Kohfidisch represents the stratigraphically reliably
oldest record of the species.

The oldest known record of Bombina sp. dates back to the
Lower Miocene of Germany (SANCHIZ & SCHLEICH, 1986).
MeyNARsKI et al. (1982) describe the genus from the Mid-
dle Miocene of Poland. In Central and Eastern Europe, it
is present up to the Holocene (SANCHiz, 1998b).

The osteological differences between Bombina bombina
and Bombina variegata are few, but the characteristics of
the latter can be regarded as autopomorphic (SANCHIZ &
MeyNaRrskI, 1979b). The reduction of the tuber superior
and the pars descendens ilii would then represent derived
character-states. It is unclear, if Bombina variegata directly
derived from B. bombina or both from an ancestral spe-
cies. HoprovaA (1981) and MrynaRskl et al. (1982) have
detected ilia with “hybrid” characters between Bombina
bombina and Bombina variegata. The findings date back
to the Middle Miocene of Opole, Poland (MLYNARSKI et
al., 1982) and the Upper Pliocene of Ivanovce, Czech
Republic and Slovakia (HopbrovA, 1981).

Despite different molecular constitution and ecological
requirements, Bombina bombina and Bombina variegata
are able to produce fertil descendants today. As the recom-
bination of the characteristics typical of the species results
in numerous hybride genotypes, single characteristics can
be examined for the selection value and their genetic base
(McCaLLum et al., 1998).

These days, Bombina maxima from West China as well
as Bombina orientalis from North-East China and Korea
represent two more Recent species of Bombina. Osteologi-
cally, they can be distinguished from Bombina bombina
and Bombina variegata (MLYNARSKI et al., 1982). Since
recently, Bombina pachypus from ltaly is regarded as a
regular, Recent species as well.

With regard to the Recent subspecies, their classification is
still discussed because of their intergradient characteristics
(NOLLERT & NOLLERT, 1992).

Ecology and Climate — living relatives: The Fire-bel-
lied Toad Bombina bombina represents a lowland animal
contrary to the Yellow-bellied Toad Bombina variegata,
which lives in more mountainous or hilly areas. It usually
inhabits shallow water such as edges of rivers and streams,
ponds and small pools (ARNOLD & OVENDEN, 2002). For
breeding, waters should be weedy. They also like sunex-
posed watersides. At 5°C to 10°C, the Fire-bellied Toad
hibernates below wood or in burrows.

The geographical range of Bombina bombina is restricted
to Eastern and Central Europe as far north as Denmark,
South Sweden and Russia and south to North Serbia and
Turkey. It is also present in a small area of North-West
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Anatolia (ARNOLD & OVENDEN, 2002), which belong alto-
gether to the Koppen’s climate type Cf (MULLER, 1996;
see chapters 5, 6).

Figure 10: Bombina cf. bombina. Sphenethmoideum anterior
view (Kohfidisch “III unten”; Inv. Nr.. NHMW20042z0014/0003),
scale bar equals 1 mm.
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Figure 11: Bombina cf. bombina. Junctura ilioischiadica of ilium
dext. (Kohfidisch “IIT unten”; Inv. Nr.. NHMW?2004z0014/0002),
scale bar equals 1 mm.

Subfamily Discoglossinae GUNTHER, 1859 “1858”
Genus Latonia MEYER, 1843

Latonia gigantea (LLARTET, 1815) nov. comb.
LYDEKKER, 1890
(Table 2, 4, 6,9)

Neotype: Musée National d’Histoire Naturelle, Paris, France,
Sa—23448; frontoparietale. Designated by RAGE & Hossin
(2000) but figured in error as lectotype by RoCek (1994).
Type locality: Sansan, France.

Stratigraphical Age of the Type material: Middle Miocene
(Astaracian, MNG6).

Range: Lower Miocene — Pliocene: Europe.

Material: 23 maxillaria dext. 23 maxillaria sin.

(BM: Inv. Nr.. NHMW2004z0015/0001).

Description:

maxillare (Table 9): Each of the 46 fragmentary maxillaria
possesses a preserved processus zygomaticomaxillaris
but no complete processus palatinus. Measurements are
given in Table 9. Labially, a sculpture pattern formed by
parallel ridges and pustules exists mainly on the processus
zygomaticomaxillaris but also beyond. The margo orbitalis
is concave. Lingually, the thick lamina horizontalis cov-
ers the crista dentalis bearing many close teeth. The latter
exceeds the lamina horizontalis posteriorly. Bordering the
posterior medial depression, the processus pterygoideus
is orientated to posteromedial.
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Latonia ragei Hossini, 1993
(Table 2, 4, 6, 9)

Holotype: Univ. Claude Bernard, Villeurbanne, France,
150.800; right maxillare.

Type locality: Laugnac, France.

Stratigraphical Age of the Type material: Lower Mio-
cene (Agenian MN2).

Range: Lower Miocene — Upper Miocene: Central Eu-
rope.

Upper Miocene of Kohfidisch: LOD (= last occurrence
date).

Material: 7 maxillaria dext., 5 maxillaria sin.

(BM: Inv. Nr.: NHMW2004z0016/0001).

Description:

maxillare (Table 9): The 12 maxillaria are altogether frag-
mentary. The processus zygomaticomaxillaris is preserved
in any case. The measurements are noted in Table 9 Its
margo orbitalis is concave and the outer surface is smooth.
From lingual aspect, the lamina horizontalis is thick bor-
dering the crista dentalis with many closely spaced teeth.
The tooth row exceeds the lamina horizontalis posteriorly.
The processus pterygoideus is orientated to posteromedial.
A posterior medial depression is present.

Comparison: After Ro¢ex (1994), Latonia gigantea fea-
tures a dermal sculpture on the outer surface of the maxil-
lare while Latonia ragei does not. Therefore, the specific
maxillaria have been assigned to these species herein.
Comparisons between the maxillaria of Latonia gigantea
und Latonia ragei described in this paper have shown dif-
ferences concerning the size and dermal sculpture. While
the mean width between the dorsal edge of the lamina
horizontalis and the ventral edge of the crista dentalis
(= DL; see Table 9) is remarkably identic, the processus
zygomaticomaxillaris is higher in Latonia gigantea (= DZ;
see Table 9). Further, the outer surface of the maxillare of
Latonia gigantea bears a sculpture mainly on the proces-
sus zygomaticomaxillaris. The maxillare of Latonia ragei
is unsculptured such as first described by Hossini (1993).
The frontoparietale of Latonia ragei was not known for a
long time. Therefore, it was not sure if it was ornamented
or not. But the description by SancHiz (1998a) of this
bone from the Lower Miocene (MN4) locality Oberdorf
in Austria, has proved that the frontoparietalia of Latonia
ragei show a dermal sculpture as well.

Comparing the maxillaria, the ones with the Latonia ragei-
morphotype could represent an ontogenetic stage in the
growth of the larger Latonia gigantea. Though, sculptered
maxillaria in the mean size range of the Latonia ragei-mor-
photypes exist (Table 9). That eliminates the possibility
of ontogenetic stages but however, this problem requires
further investigations.

Hossint (1993) also discusses the difficulty of distingui-
shing between Latonia ragei and Latonia seyfriedi. The
latter has been described by voN MEYER in 1843 and the
presence or absence of any sculpture on the maxillare
cannot be ascertained. Nevertheless, characteristics of the
scapula are different. Latonia ragei possesses an elongated
one as well as a rather straight coracoideum while Latonia
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seyfriedi features a stout scapula and not only straight but
also curved coracoidea (Hossint 1993).

After Roc¢ek (1994a), the outer surface of the maxillare of
Latonia vertaizoni (Oligocene) does not bear any sculpture
as well. Merely, characteristics of the praearticulare and the
sacrum are specific. It is possible that Latonia vertaizoni
is synonymous with Latonia ragei. In this case, Latonia
vertaizoni would have priority.

Discoglossus giganteus described by WETTSTEIN-WESTERs-
HEIMB (1955) from the Middle Miocene (MN6) locality
Neudorf a. d. March (= Devinska Nova Ves) in Slovakia
has been regarded as synonymous with Latonia gigantea
(SancHIZ, 1998b). WETTSTEIN-WESTERSHEIMB (1955: Tafel
2, fig. 3a) corresponds two maxillaria to the new genus and
new species Miopelobates zapfei. The maxillaria possess
the shape, the teeth and the sculpture on the outer surface
reminiscent of Latonia gigantea. Therefore, they should
be referred to Latonia gigantea.

Latonia sp.
(Plate 2: ¢, d, e; Table 2, 4, 6, 8; fig. 12)

Type species: Latonia seyfriedi MEYER, 1843

Type locality: Karlsruhe, Germany.

Stratigraphical Age of the Type material: Middle Mio-
cene (Astaracian, MN7-8).

Range: Oligocene — Peistocene: Europe, North Africa.
Material: 56 fragmenta frontoparietalium. 2 prooticooc-
cipitalia dext. 1 prooticooccipitale sin. 7 pracmaxillaria
dext. (AO: Inv. Nr.. NHMW?2004z0017/0001). 8 prae-
maxillaria sin. 34 maxillaria dext. 28 maxillaria sin. 45
maxillaria indet. 33 praearticularia dext. 22 praearticularia
sin. 21 atlantes. 210 vertebrae praesacrales. 52 vertebrae
sacrales. 1 costae. 59 ossa coccygea. 47 ilia dext. (AO:
Inv. Nr.: NHMW2004z0017/0002). 46 ilia sin. (AO: Inv.
Nr.. NHMW2004z0017/0004). 3 ischia (AO: Inv. Nr.:
NHMW2004z0017/0003). 17 scapulae dext. 18 scapulae
sin. 24 coracoidea. 17 humeri dext. 27 humeri sin. 22 ra-
dioulnaria dext. 13 radioulnaria sin. 2 radioulnaria indet.
(BM: Inv. Nr.. NHMW2004z0017/0005).

Description:

fragmentum frontoparietalis: Each of the 56 frontopa-
rietalia is fragmentary. Their outer surface is typically
sculptered, bearing ridges and pustules. In either case,
the incrassatio frontoparietalis and occasionally the fo-
ramen parietale as well as the processus paraoccipitales
are present.

prooticooccipitale: One right prooticooccipitale is nearly
complete while one right and one left lack the crista
parotica and other parts. Sulcus venae jugularis and fo-
ramen prooticum are distinct. Ending in an oval knob, the
prominentia ducti semicircularis posterioris represents a
robust lamina and the condylus occipitalis is trapezoid
from posterior aspect. A thin horizontal lamina connects
the lower end of the prominentia ducti semicircularis
posterioris with the crista parotica.
praemaxillare (Plate 2: ¢): Two praemaxillaria are complete
while 13 mostly lack the top of the pars facialis. The outer
surface is unsculptured and a keel is running horizontally
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on the tooth-bearing part. Due to the prominent recessus
marsupiatus, the praemaxillare looks almost rectangular.
From lingual aspect, the lamina horizontalis leads into a
medial recessus. Together with the pars facialis, the latter
encloses the pars palatina.

maxillare: 107 maxillaria altogether consist of parts of
the lamina horizontalis connected to the crista dentalis
with some teeth. In some cases, the processus palatinus is
preserved. The lamina horizontalis is thick, and the outer
surface is unsculptured.

praearticulare: In any case, the processus coronoideus and
the processus paracoronoideus of the 55 praearticularia
are preserved. While the first is complete in any case, the
second is either complete or represented by its base. Espe-
cially the presence of two coronoid processes, the distinct
recess in the bottom of the sulcus pro cartilago Meckeli at
the level of the coronoid process, and the distinct depres-
sion on the posterior part of the outer surface of the bone
above the crista mandibula externa are remarkable. The
praearticulare as well as its sulcus pro cartilago Meckeli
are s-shaped. Some praearticularia show a foramen situated
posterior the processus coronoideus.

atlas: Just one atlas is complete. 20 atlantes are represented
by their centra. From ventral aspect, the crista ventralis is
more or less well developed. The condyli occipitales are
concave, orientated to lateral dorsally and orientated to
medial ventrally. In any case, they are disconnected. The
canalis neuralis is inverted heart-shaped. In dorsal view,
the triangular neural arch extends far posteriorly into a cusp
and the processus spinosus is distinct. Postzygapophyses
feature rather small and rectangular.

vertebra praesacralis (Table 8): Measurements of the 210
opisthocoelous vertebrae praesacrales are given in Table
8. They are either complete or represent only the centra
or the neural arches. The complete ones show a rectangu-
lar centrum, a drop-shaped canalis neuralis and laterally
broadening processus transversi. The rectangular prae-
and postzygapophyses are inclined toward the centrum.
From dorsal aspect, the neural arch bearing the processus
spinosus extends into a cusp far posteriorly. It is carved
anteriorly where the sharp carina neuralis arises.
vertebra sacralis: Among the 52 vertebrae sacrales,
complete ones and ventral parts are preserved. They are
diplasicoelous featuring oval condyli as well as an oval
canalis neuralis. The processus transversi orientated to
posterolateral broaden just slightly. In dorsal view, the
rectangular praezygapophyses are inclined toward the
centrum.

costa: The single rib very probably originates from one of
the vertebrae V2-V4. Constricted in the middle, its cross
section is oval and becomes wider at the end. Looking from
proximal, the processus posterioris centers 135° while the
distal end of the rib centers -135°

0s coccygis: The 59 ossa coccygea are either complete or
lack their distal ends or parts of the processus transversi.
Their fossae condyloideae are oval and the canalis neuralis
is triangular. Posteroventral to the processus transversi,
the foramina for the canalis intervertebralis are present.
The processus transversi are directed to posterolateral and
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often bear a continuous carina. The carina neuralis slightly
opens distally.

ilium (Plate 2: d: fig. 12): 93 ilia represent each state of
fragmentation. The junctura ilioischiadica features the
shape of “3” and is illustrated in fig. 12. Connecting arch-
like the concave pars ascendens ilii with the vexillum, the
tuber superior borders the fossula tuberis superioris. Dorsal
and anterior to the acetabulum, the fossa supraacetabularis
and the fossa praeacetabularis exist.

ischium (Plate 2: e): Concerning the size, the 3 ischia
correlate to the ilia. They are oval while the acetabuli are
half-oval. The junctura ischioiliaca shows a bulge in the
dorsal third.

scapula: Either the pars acromialis or the pars glenoidalis
is missing at the incomplete exemplars of the 35 scapulae.
They appear short and robust. Opposite to the concave
sinus interglenoidalis, the tenuitas cranialis straightly con-
nects the pars acromialis with the pars suprascapularis.
coracoideum: The 24 coracoidea are altogether broken
representing either the proximal or the distal part. While
the pars glenoidalis shows a roundish cross section, the
pars epicoracoidalis expands and flattens distal to the
medial constriction.

humerus: Nearly each of the 31 humeri is complete just
lacking the proximal part or the distal half of the usually
round eminentia capitata. Approximately the distal half of
the humerus is shifted to lateral. Not only the epicondylus
medialis and the epicondylus lateralis but also the crista
medialis and the crista lateralis are prominent. The spo-
radically thickened margin of the crista medialis is bent
in its proximal part and arches towards the crista ventralis
proximally. The less distinct crista lateralis is concave.
radioulnare: 35 radioulnaria possess the capitulum with the
olecranon while 2 of them represent just the distal parts
of radius and ulna. The olecranon corresponds in size to
the eminentia capitata of the humerus. It is nearly round
bearing a well thickened lateral margin. Typically, the
collum antibrachii is just slightly narrower than the distal
end of the radioulnare.

Comparison: The elements do not have characteristics
typical of species, either Latonia gigantea or Latonia ra-
gei. According to RoCek (1994a), they are typical of genus
but not of species. The maxillaria lacking the processus
zygomaticomaxillaris are too fragmentary to display we-
ther their outer surface is sculptured or not. Therefore, the
determination has resulted in Latonia sp.

Discussion: The species Latonia gigantea was present
from the Lower Miocene to the Upper Pliocene in Europe.
Recently, it has been described from the Austrian locality
Gotzendorf of the Upper Miocene (MixLas, 2002) and
is also present in Richardhof-Golfplatz, Austria, Upper
Miocene (HARZHAUSER & TEMPFER, 2004).

Latonia ragei from Kohfidisch represents the stratigraphi-
cally youngest record of the species. So far, it has been
described from Lower Miocene localities of France and
doubtfully of Germany and Spain (SaNcHIz, 1998b) as well
as from the Lower Miocene of Austria, Oberdorf (MN4;
Sanchiz, 1998a) and Oberginserndorf and Teiritzberg
(MNS; M. BonME, 2002b). Latonia sp. is known from the
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Oligocene to the Pleistocene of Europe (DELFINO, 2002;
RAGE & Ro¢EK, 2003; SANcHIZ, 1998b). With regard to the
geographical and stratigraphical distribution of the genus
in Central and South Europe, RoCek (1994a) documents
the expansion from West to East. While Latonia is present
in France during the Upper Oligocene, the Lower Miocene
localities Oberdorf (SancHiz, 1998a), Oberginserndorf
and Teiritzberg (Austria; M. BonME, 2002b), and Dolnice
(Czech Republik) are situated more eastern. In the Middle
Miocene, Latonia was already present in Belomechetskaya
(Russia) and still in the western localities such as Sansan,
La-Grive-Saint-Alban (France), Neudorf a. d. March (=
Devinska Nova Ves; Slovakia), Przeworno and Opole
(Poland) as well. Upper Miocene localities such as Oh-
ningen (Germany), Gotzendorf (Austria; MikLas, 2002),
Tardosbanya (VENCZEL, 1999b), Polgardy (Hungary), Su-
chomasty (Czech Republik; Hobrova, 1987a) and Gritsev
(Ukraine) together with the Pliocene localities Kuchurgan
(Ukraine), Ivanovke (Slovakia), Arondelli (Italy), Puy du
Teiller, Tour de Boulade and Serrat d"en Vacquer (France)
do not represent a farther eastern distribution.

Relative to Latonia and as members of the Discoglossinae,
Latoglossus zraus has been described from the Upper
Miocene of Oued Zra in Morocco (Hossini, 2000), and
the new genus Paralatonia containing the single species
Paralatonia transylvanica has been erected by VENCZEL
& Csik1(2003) from the Upper Cretaceous of Hateg Basin
in Romania.

Furthermore, Roc¢ek (1994a) notes the possible evolutio-
nary line of the genus Latonia. The medium sized Latonia
vertaizoni featuring a smooth maxillare from the Upper
Oligocene probably continued as a lineage of Latonia
ragei. At that time, the trend towards the “gigantism” had
already started. A medium sized Latonia with sculptured
maxillare appeared in the Lower Miocene, which may be
considered as the earlierst record of Latonia gigantea. This
lineage also increased in size and spread all over Europe
and, questionable, North Africa rapidly. Evolutionary
trends within the genus Latonia are represented by the
fusion of the both frontoparietalia, the appearance of two
coronoid processes on the praearticulare and probably of
the slendering of the sacral processus transversi.

M. BouME (2002b) states that Latonia ragei and Latonia
gigantea did not live syntopically because no common
records had been known at that time. The concurrent
occurrence of the two species in Kohfidisch documents
their syntopical life. Nevertheless, the quantity of Latonia
gigantea was considerably higher than the one of Latonia
ragei in Kohfidisch.

The stratigraphically youngest record of Latonia ragei
from Kohfidisch and its syntopical occurrence with La-
tonia gigantea more likely excludes their phylogenetical
interrelation. Latonia gigantea as possible immigrant is
dicussed by M. BouME (2002b).

The origin of the Recent genus Discoglossus has not been
resolved yet. It is known already from the Oligocene-
Miocene boundary (SancHiz pers. advice). Cranially, the
skeleton of Discoglossus resembles the one of a young
specimen of the genus Latonia. Hypothetically, Latonia
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and Discoglossus evolved from the same ancestor. This
ancestor might have come from Asia due to close morpho-
logical affinities of Cretaceous discoglossids from Central
Asia with Discoglossus (Rocek, 1994a; RoCEk & NEssov,
1993). More probably and due to the paleontological
record of Latonia from Europe (see above), the group
represents a truly native European one.

Ecology & Climate - living relatives: MLYNARsK1 (1976),
who has described Discoglossus giganteus (synonymous
with Latonia gigantea) from Przewomo in Poland, dis-
cusses the possible ecology of the species. It might have
inhabited ecological niches rich in frogs serving for prey.
With regard to the climate, he expects more arid than hu-
mid conditions. During the Pleistocene, its descendants mi-
grated to the South because of the climatic degradation.
Following M. BoéuME (2002b), ecological differences bet-
ween Latonia gigantea and Latonia ragei are not obvious.
Due to the find situations such as fissure fillings, moor
areas and fluvio-lacustrine deposits, environments with
azonal vegetation can be expected for Latonia.
Furthermore, the autecology of Latonia and the Recent
Discoglossus has to be called into question (M. BOHME,
2002b). The ilia of Latonia feature a well developed tuber
superior as well as a high vexillum which is rather similar
to members of the Rana temporaria species group (brown
frog group). Therefore, Latonia was very probably adapted
to jumping and swimming such as brown frogs. Members
of the Rana temporaria species group lack in Miocene and
Pliocene localities where Latonia is abundant. They first
occurred more frequently during the Pleistocene when
Latonia became extinct because of the climatic changes
(see above).

Today, members of the genus Discoglossus such as Dis-
coglossus galganoi, Discoglossus jeanneae, Discoglossus
montalentii, Discoglossus pictus, and Discoglossus sar-
dus, are usually found in or around stagnant or running
water but also in marshes and brackish water. Both prefer
shallow areas in pools, streams, cisterns and river-edges
(ARNOLD & OVENDEN, 2002). Usually, the temperature may
rise up to 30°C.

Discoglossus inhabits the warmest regions of Europe
such as Iberia (except North East), southernmost France
(Pyrénées Orientales only), Sicily, Malta, Gozo, North-
East Spain, and North-West Africa (Discoglossus pictus)
as well as Corsica, Sardinia, Giglio, Monte Cristo and Iles
d’Hyeres (Discoglossus sardus) (ARNOLD & OVENDEN,
2002). Following MULLER (1996), these areas mainly
belong to the Koppen’s climate types Cs and Csa (see
chapters 5, 6).

Figure 12: Latonia sp. Junctura ilioischiadica of ilium sin.
(Kohfidisch “III unten”; Inv. Nr.. NHMW2004z0017/0004),
scale bar equals 1 mm.
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Suborder Mesobatrachia LAURENT, 1979
Superfamily Pelobatoidea BoLkay, 1919
Family Pelobatidae BoNAPARTE, 1850
Subfamily Pelobatinae BonaPARTE, 1850

Genus Pelobates WAGLER, 1830

Pelobates cf. cultripes (CUVIER, 1829)
(Plate 2: f, g; Table 2, 4, 6, 8; fig. 13)

Recent species: Pelobates cultripes (CUVIER, 1829)
Range: Middle(?) Miocene — Holocene: Western Europe.
Material: 110 fragmenta frontoparietalium. 10 squa-
mosa dext. 3 squamosa sin. (AO: Inv. Nr.. NHM-
W2004z0018/0001). 1 nasale dext. 5 praecmaxillaria dext. 6
praemaxillaria sin. 55 maxillaria dext. 38 maxillaria sin. 10
maxillaria indet. 1 praearticulare sin. 1 atlas. 19 vertebrae
praesacrales. 3 vertebrae sacrales copulatae cum ossa coc-
cygea. 13 ilia dext. (AO: Inv. Nr..: NHMW2004z0018/0002,
0003). 10 ilia sin. 1 ischium. 1 scapula dext. 10 humeri
dext. 3 humeri sin. 1 radioulnare sin. (BM: Inv. Nr.: NHM-
W2004z0018/0004).

Description:

fragmentum frontoparietalis: The 110 frontoparietalia are
altogether fragmentary. They show a dermal sculpture
formed by dense tubercles. From dorsal aspect, a promi-
nent ridge is running down the processus paraoccipitales.
In posterior view, the frontoparietale appears nearly flat
and just the processus paraoccipitales are convex.
squamosum (Plate 2: f): Among the 13 squamosa, a few
lack the processus posterolateralis or dorsal parts. They
are sculptured dorsally by numerous tubercles similar to
the sculpture of the frontoparietale. The large processus
dorsalis is triangular, the processus posterodorsalis extends
widely, and the ramus paroticus is blunt but distinct. As
the processus zygomaticus is long, the concave margo
orbitalis results in elongation as well. From ventral aspect,
the fronto-squamosal bridge is present.

nasale: The right nasale is nearly complete and just the lip
of the processus parachoanalis as well as the top of the
processus anterius are broken. It is sculptured by numerous
tubercles missing on the anterior half of the margo media-
lis. The processus anterius features a broad base becoming
narrower. Bearing a distinct processus paraorbitalis, the
margo orbitalis is half-round while the margo medialis is
irregular and just slightly convex.

praecmaxillare: Each of the 11 praemaxillaria lacks the
processus frontalis. The outer surface of the convexe pars
dentalis elongated horizontally is unsculptured. The crista
lateralis is missing. From lingual aspect, the foramen at the
base of the pars facialis is well developed. The praemaxil-
lare possesses a narrow lamina horizontalis bordering the
crista dentalis with 11-13 teeth which reaches the sym-
physis medialis. Medially, the lamina horizontalis grades
into a triangular process orientated to ventromedial and
not into the extended pars palatina. The lamina horizon-
talis and that process form an angle of nearly 90° from
dorsal view. Neither the sulcus dentalis nor the recessus
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marsupiatus are present.

maxillare: The 93 maxillaria represent each state of pres-
ervation. Ventral to the posterodorsal vertical margin, the
processus posterior elongates. Processus palatinus, proces-
sus frontalis and processus zygomaticomaxillaris are well
developed. The nearly complete maxillaria are elongated
and high featuring a concave margo orbitalis. Their outer
surface is sculptured by numerous tubercles which may
be fused to form curved or circular ridges ventrally. The
sculpture is missing on a narrow ventral margin. From
lingual view, the lamina horizontalis is narrow grading
into the processus pterygoideus. Nearly exactly below the
latter, the crista dentalis ends.

praearticulare: Lacking just the anterior tip, the left prae-
articulare is nearly completely preserved. It is s-shaped
in dorsal view and slender. From dorsal aspect, the sulcus
pro cartilago Meckeli appears shallow anteriorly. Posterior
to the processus coronoideus, it opens into the extremitas
spatulata. The processus coronoideus is indistinct and
elongated. It features two cusps lingually, a more promi-
nent one posteriorly and a nearly undistinguishable one
medially.

atlas: The single atlas is represented by the centrum bearing
the bases of the neural arch. It is short, broad, and covered
by small foramina. No crista ventralis but a shallow trian-
gular depression anterior to the condylus is present. The
latter is flattened dorsoventrally. With regard to the condyli
occipitales, they are disconnected and reniform.

vertebra praesacralis (Table 8): Measurements concerning
the 19 vertebrae praesacrales are given in Table 8. 12 are
nearly complete originating from the position V5 to V8.
Further, one single neural arch and one broken centrum
are preserved. The procoelous centrum of the vertebrae
praesacrales is elongated and straight featuring small and
round cotylus and condylus. The neural arch is elongated
as well, carved anteriorly and elongated into a cusp pos-
teriorly. An indistinct processus spinosus is present and
the rectangular prae- and postzygapophyses are orientated
nearly horizontally. They possess a roundish-oval canalis
neuralis. As for the processus transversi, they are thin,
cylindrical and cuspid pointing together with the praezyg-
apophyses at an angle of 45° to anterior.

vertebra sacralis copulata cum os coccygis: Procoelous
as well, the three vertebrae sacrales are fused to the os
coccygis in any case. The latter is lacking the posterior
fourth or the posterior three-fourths respectively. Just one
element shows the left apophysis elongated anteriorly
and posteriorly of the vertebra sacralis while the others
are broken. In anterior view, the canalis neuralis is flat-
tened-oval. The praezygapophyses are rectangular and
orientated nearly horizontally. From ventral aspect, the
limit between the vertebra sacralis and the os coccygis is
well visible. It shows a monocondylar articulation. The
processus spinosus just of one element is well-developed
while it is indistinct otherwise. Laminae horizontales of
the os coccygis are present on one element. They are not
fused to the apophyses of the vertebra.

ilium (Plate 2: g: fig. 13): 23 ilia are present which lack

the anterior part of the ala ossis ilii and in some case also



166

parts of the pars ascendens or the pars descendens ossis ilii
respectively. Remarkably, vexillum, tuber superior, fossa
praeacetabularis, and fossa supraacetabularis are missing.
While the pars ascendens ossis ilii is straight and pointed,
the pars descendens ossis ilii is round and extends anteri-
orly. Together with the ala ossis ilii, it forms an angle of
90 ° approximately. Dorsally, the transition between the
ala ossis ilii and the corpus ossis ilii is marked by a fur-
row. The junctura ilioischiadica is illustrated in fig. 13. It
is nearly straight but concave ventrally from inner aspect
as well as concave medially from lateral view.

ischium: From lateral view, the oval ischium is broken
dorsally. It possesses a remarkable dilatation in the middle
of the posterior symphysis opposite to the acetabulum.
scapula: The right scapula appears elongated. From dorsal
aspect, the pars glenoidalis inclined to ventral and bearing
a drop-like fossa glenoidalis is rectangular enclosing just a
narrow slitted sinus interglenoidalis with the pars acromia-
lis. The latter features a dorsal and a ventral bump on its
posterior margin. While the anterior margin of the scapula
is slightly concave, the posterior margin is convex.
humerus: Just lacking diminutive proximal parts, the 13
humeri altogether are nearly complete. They are slender
but robust distally, the round eminentia capitata is po-
sitioned laterally, the epicondylus medialis distinct and
nearly reaching the distal border of the eminentia capitata.
The epicondylus lateralis is reduced. Opening laterally,
the fossa cubitalis ventralis appears large and shallow.
The crista ventralis and the crista paraventralis are robust
and not sharp. Contrary to humeri of other members of
the Anura, no sexual-dimorphism exists.

radioulnare: The left radioulnare is represented by the
capitulum with the olecranon and its collum antibrachii.
The olecranon is slender and the crista radialis is missing.
Elongated, the collum antibrachii shows a well-distinct
fossa radialis.

Comparison: The elements described herein have been
compared with those of Recent specimens. In addition,
according to BaiLon (1991), G. BonMmE (1977), and Ro¢ex
(1991), they are typical at species level except for the ilium,
the scapula and the radioulnare which are typical of genus.
Following the description of the other elements typical of
species of Kohfidisch, they have also been determined as
Pelobates cf. cultripes.

As for the ischium, no descriptions typical of the species
exist. Based on comparisons with material of Recent
specimens, the ischium of Pelobates is laterally oval fea-
turing the posterior dilatation of the symphysis. Contrary
to the ischium of Pelobates cultripes, the one of P. fuscus
is elongated and pointed ventrally.

The squamosa as well as the maxillare of Pelobates sp.
from Obergénserndorf and Teiritzberg are similar in size
but the latter one features a different dermal sculpture on
the outer surface. It consists of ridges and pits fused circu-
larly. As distinct and numerous tubercles as typical of the
Kohfidisch specimens are missing. The margo orbitalis is
straighter. Further, the maxillare of Oberginserndorf and
Teiritzberg possesses a thicker lamina horizontalis. In
1982, W. BoHME et al. rediscovered the description of Pelo-
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bates decheni from Rott near Bonn, Germany (Uppermost
Oligocene). Contrary to Pelobates cultripes, the general
sculpture pattern consists of numerous pits separated from
each other by sharp ridges. Beside, it is a species closely
similar to Pelobates cultripes although some features on
the quadratojugale, quadratum, costa, and radioulnare
can be regarded as plesiomorphic. Therefore, Pelobates
cultripes very probably represents the most conservative
species among the living members of the genus (see also
Rocek, 1981).

As a close relative of Pelobates, the extinct genus Eopelo-
bates differs among others in the dermal sculpture, the
lack of a fronto-squamosal bridge, and the shape of the
nasale (EsTEs, 1970a; SPiINAR & Rocexk, 1984). Further, the
presence of a spinal nerve foramen on some vertebrae pra-
esacrales (HobrovA, 1987a; SANCHIZ & MLYNARSKI, 1979b;
VERGNAUD-GRAZZINI, 1970), the lack of a neurapophysis,
and reduced lateral ridges are typical of Eopelobates.
The vertebra sacralis is never fused to the os coccygis
(VENCzEL, 2001). Relating to the ilium, Eopelobates has
no striation of the opposite side to the pars descendens
ossis ilii and the lower part of the acetabulum in inner
lateral view (SaNcHIZ & MEYNARSKI, 1979b). However,
the distinction of Pelobates from Eopelobates is highly
questionable (see below; RAGE & RocEek, 2003).
Discussion: The fossil records of Pelobates cultripes date
from the Middle Pleistocene to the Holocene (SANCHIZ,
1998b) and questionably from the Middle Miocene (BAIL-
oN et al., 1988) of Western Europe. W. BOHME et al. (1982)
propose to refer the specimen to Pelobates decheni. Extinct
and featuring a combination of plesiomorphic characters,
Pelobates decheni seems to be more primitive.

RAGE & Rocek (2003) have delivered the oldest record
of Pelobates from the Lower/Middle Oligocene. Its sec-
ond record dates from the Lower Miocene of Germany
(SancHiz, 1983). Following SancHiz (1998b), Pelobates
sp. has been described from the Miocene to the Holocene
of Europe and Turkey. It is also present in the Austrian Up-
per Miocene locality Richardhof-Golfplatz (HARZHAUSER
& TEMPFER, 2004).

According to W. BoHME et al. (1982), Pelobates and the
extinct genus Fopelobates were already well-separated
in the Lower Miocene based on their coexistence in Rott
near Bonn. During the Polish Pliocene, the two genera
still existed parallel (MrYNARSK], 1961, 1977). However,
reliable identification of Pelobates and Eopelobates can
exclusively be based on cranial bones, especially on the
frontoparietale. Therefore, their distinction is highly
questionable moreover because disarticulated postcranial
elements of Tertiary pelobatids have often been referred
to Eopelobates only due to their stratigraphic occurrence
(Race & Rocek, 2003).

Overall, Pelobates cultripes, Pelobates fuscus and Pelo-
bates syriacus represent not only Recent and fossil species
as well. Although Pelobates varaldii similar to Pelobates
cultripes is considered to be a morphologically conserva-
tive species (Busack et al., 1985), no fossil record exists.
On the contrary, the description of the species Pelobates
decheni is exclusively based on fossil material.
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Eclogy and Climate — living relatives: Spadefoots in
general are confined to areas with sandy soil to hide during
the day in almost vertical burrows dug by the aid of spades
on their hind feet. Pelobates cultripes can often be found
in large numbers on sandy coasts but also in open marshy
areas by shallow water (ArRNOLD & OVENDEN, 2002). If
the temperature falls below 3°C to 4°C, hibernation sites
are frequented.

Pelobates cultripes occurs in Iberia and West and South
France. The closely related species Pelobates varaldii
occurs in North-West Africa (ARNOLD & OVENDEN, 2002;
Gascet al., 1997). Following MULLER (1996; see chapters
5, 6), these areas are restricted to the Koppen’s climate
types Cs and Csa.

Figure 13: Pelobates cf. cultripes. Junctura ilioischiadica of ilium
dext. (Kohfidisch “IIT unten”; Inv. Nr.: NHMW?2004z0018/0003),
scale bar equals 1 mm.

Suborder Neobatrachia ReiG, 1958
Superfamily Hyloidea Wiep, 1856
Family Bufonidae Gray, 1825

Genus Bufo LAUrRENTI, 1768

Bufo bufo (LINNAEUS, 1758)
(Plate 3: a-d; Table 2, 4, 6, 8; fig. 14, 15)

Recent species: Bufo bufo (LINNAEUS, 1758)

Range: Miocene — Middle Pleistocene and Holocene:
Europe, Kazakhstan, Morocco;

Holocene: Europe, North-West Africa, across the Palae-
arctic Asia to Japan.

Material: 3 sphenethmoidea (AO: Inv. Nr.: NHMW2004
z0019/0005). 6 praearticularia dext. 1 praearticulare
sin. 4 atlantes (AO: Inv. Nr.. NHMW2004z0019/0002).
222 vertebrae praesacrales. 53 vertebrae sacrales. 13
ossa coccygea. 59 ilia dext. 59 ilia sin. (AO: Inv. Nr.:
NHMW2004z0019/0003, 0006). 8 ischia (AO: Inv. Nr.:
NHMW2004z0019/0004). 28 scapulae dext. 19 scapulae
sin. 13 coracoidea (AO: Inv. Nr.. NHMW2004z0019
/0001). 57 humeri?@ dext. 33 humeri & dext. 58 humeri?
sin. 34 humerid sin. 1 humerus indet. 34 radioulnaria dext.
31 radioulnaria sin. 28 radioulnaria indet.

(BM: Inv. Nr.. NHMW2004z0019/0007).

Description:

sphenethmoideum (fig. 14): The three short and broad
sphenethmoidea are well preserved. Ventrally, the pars tu-
biformis is slightly concave mediolongitudinally and dor-
sally, the insignificant “incisura semielliptica” possesses
a nearly straight arterior margin. From anterior view, the
margo nasalis is interrupted on the two dorsolateral cor-
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ners. The kidney-like antra olfactoria feature a large and
irregularly round foramen pro nervus olfactorius.
praearticulare: The 7 praearticularia altogether are broken
anteriorly and posteriorly. They are slightly s-shaped in
dorsal view featuring a relatively wide open sulcus pro
cartilago Meckeli. Posteriorly, the extremitas spatulata is
not notably wider than the remaining praearticulare. The
processus coronoideus is elongated and well developed
while the crista paracoronoidea is reduced anteriorly.
atlas (Plate 3: b): Just the centra of the four atlantes are
preserved. They are flattened dorsoventrally and the kid-
ney-like condyli occipitales are clearly disconnected by a
slit. The cotylus expands far laterally and therefore does
not project from the centrum.

vertebra praesacralis (Table 8): Complete vertebrae prae-
sacrales which may lack the tops of the processus trans-
versi, or just their centra are present. Their measurements
are quoted in Table 8. One of the 222 vertebrae praesacrales
represents the V2 while the rest belongs to V3 — V8. They
are procoelous featuring a flattened centrum and a round
canalis neuralis. From dorsal aspect, the neural arch is
short and the equally short processus spinosus poorly
developed. The latter broadens posteriorly. Prae- and
postzygapophyses are oval. While the praezygapophyses
diverge anterolaterally, the postzygapophyses diverge
posterolaterally. Concerning the V2, it possesses processus
transversi flattened dorsoventrally which broaden distally.
Remarkably, the centrum is much shorter. The narrow oval
praezygapophyses orientated to nearly dorsoventral are
facing medioanteriorly. They are directed to anterior. The
V3-V8 feature cylindrical processus transversi directed
either to posterior (V3) or to lateral (V4-V8).

vertebra sacralis: 53 procoelous vertebrae sacrales are
present. The distal ends of the processus transversi may
be broken. The latter are flattened and amplified distally.
From ventral aspect, the condyli are well separated in-
dicating a bicondylar sacro-urostylar articulation. The
canalis neuralis is oval. In dorsal view, the rectangular
praezygapophyses are orientated transversally and a just
slightly developed or even absent fossa dorsalis is present
on the relatively short neural arch. The processus spinosus
shows the shape of an inverted Y.

os coccygis: The 13 ossa coccygea either lack parts of the
fossae condyloideae or their distal end. The former are
large, oval and separated by a ridge. Enclosing an oval to
triangular canalis neuralis, the crista dorsalis is prominent
featuring a sporadically open medial groove ventrally. The
foramina for the canalis intervertebralis are small.

ilium (Plate 3: c: fig. 15): Relating to the 118 ilia, they are
lacking the anterior ends of the ala ossis ilii. The broad
and nearly straight junctura ilioischiadica is illustrated in
fig. 15. No vexillum is present. Featuring about two cusps
as well as a thickened dorsal margin, the prominent tuber
superior is situated dorsal to the acetabulum. The latter may
be twice carved dorsally on some elements. Contrary to
the well developed pars descendens ilii, the pars ascendens
ilii is short and concave. The ilia do not bear any fossa
praeacetabularis.

ischium (Plate 3: d): As the 8 ischia feature a straight
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ventral margin from lateral aspect, they are not exactly
oval-shaped. The posterior symphysis is formed by two
continuously parallel margins.

scapula: The 47 scapulae represent each state of preserva-
tion. Parts of the pars acromialis, the pars suprascapularis,
or the pars glenoidalis may be broken. The scapula is
flat and elongated. From dorsal view, the slit-like sinus
interglenoidalis is clearly visible and the drop-like fossa
glenoidalis is situated on a broadly attached pars glenoida-
lis. The scapula is constricted medially. Therefore, the pars
suprascapularis as well as the pars acromialis possessing
a convex anterior margin appear broad.

coracoideum (Plate 3: a): Concerning the coracoideum, it is
relatively straight due to the equally broad pars epicoracoi-
dealis and pars glenoidalis. While the former is flattened,
the latter possesses a nearly round cross section.
humerus: 196 humeri featuring a smooth surface are
present. Either the broad caput humeri or the distal eminen-
tia capitata are broken. The latter is round and dislocated
laterally. The fossa cubitalis ventralis is poorly developed.
While the prominent epicondylus medialis is as long as the
eminentia capitata in some case, the epicondylus lateralis
is insignificant. The typical sexual-dimorphism concerns
the development of the diaphysis as well as of the crista
medialis and the crista lateralis. In contrast to the straight
diaphysis of the male humerus featuring a transversal crista
medialis, the diaphysis of the female humerus is curved.
This appearance is additionally supported by a concave
crista medialis.

radioulnare: The 94 radioulnaria are broken distally. They
feature a robust collum antibrachii nearly as broad as the
radius and ulnare. The olecranon expanded mediolaterally
bears a clearly thickened lateral as well as a less thickened
medial margin. Proportionally smaller, the capitulum is
oval and directed to medioanterior.

Comparison: Except for the atlas. lacking the neural arch,
as well as the coracoideum typical of the genus Bufo and
except for the ischium and the radioulnare, the elements
described herein correspond to those of Bufo bufo. Based
on comparisons with material of Recent specimens and
additionally following BaiLoN (1986, 1991), G. BO6HME
(1977), and SancHiz (1977b), the elements have been
referred to Bufo bufo.

Concerning the ischium, members of the genus Bufo
share the straight ventral margin from lateral aspect. The
radioulnare which is nearly straight laterally and whose
olecranon expands to mediolateral is characteristic of Bufo.
Comparing Bufo bufo with Bufo viridis, the radioulnare of
the former is even straighter in lateral view. The margin
of its olecranon is thickened not only laterally but also
medially while the one of Bufo viridis is thickened only
laterally. After Sanchiz (1977b), the fossa radii is more
developed in Bufo viridis. Following comparisons with
Recent material and keeping the distinct determination
of the other elements in mind, the description of the atlas,
the ischium, the coracoideum, and the radioulnare has
resulted in Bufo bujo.

Bugjo bufo from the Lower Holocene to Holocene locality
Sommerein in Austria (MARINELLI, 2001) is represented by
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sphenethmoidea, scapulae, sacra, ossa coccygea, ilia, and
humeri which altogether are noticeably larger. The bigger
size is also typical of material of Recent specimens.
Discussion: The oldest records of Bufo bufo date from the
Middle Miocene (MN6) of Neudorf a. d. March (= Devin-
ska Novd Ves) in Slovakia (HoprovA, 1980) and from the
Upper Miocene (MN12) of Spain (SancHiz, 1977b). The
former description is rather controversal because Hobrova
(1988) partly assigned these remains to Bufo cf. viridis and
subsequently SpiNar et al. (1993) to Bufo priscus. Hobro-
VA (1987a) has described Bufo cf. bufo from the Upper
Miocene of Slovakia. Generally, the species is present in
Europe from the Middle Miocene to the Holocene such
as furthermore in the Lower Pliocene of Hungary (VEN-
CZEL, 1997a, 2001), from the Upper Pliocene of Slovakia
(HoprovA, 1981, 1985), of Poland (MrYNARSKI, 1977;
MEYNARSKI & SZYNDLAR, 1989; MLYNARSKI et al., 1984),
of Hungary (BoLkay, 1913), and of Sicily (VERGNAUD-
Grazzini, 1970). During the Lower Pleistocene it was
present in Italy (DELFINO & BaiLon, 2000), and PauNovi¢
(1984) has recorded it from the Upper Pleistocene of Slo-
venia. BAILON & AoURAGHE (2002) have described Bujfo
bufo from the Upper Pleistocene of Morocco, where the
species appears from the Middle Pleistocene to Holocene
(Sanchiz, 1998b). The Austrian Lower Holocene yields
Buffo bufo such as noted by MariNeLLI (2001).
According to RAGE (2003a), Bufo sp. was present as early
as the Palaeocene in Europe. It has also been described
from the Lower Miocene (BaiLoNn & Hossini, 1990;
SANCHIZ, 1977a, 1977b) to the Holocene. In South America,
Bufo sp. was present during the Middle Palaecocene and
the Oligocene, in Japan during the Pleistocene, and in
West Asia during the Miocene and the Pliocene (SANcHIz,
1998b) and doubtfully in the Oligocene (RAGE, 2003a).
While in North Africa Bufo sp. appears in the Miocene
and in the Upper Pleistocene, in East Africa it is present
just during the Lower Pleistocene. In North America, Bufo
sp. has doubtfully been described from the Oligocene and
from the Miocene to the Holocene (RAGE, 2003a).

As extinct species, Bufo priscus has been described
from the Middle Miocene Bonanza site of Neudorf a. d.
March (= Devinska Nova Ves) in Slovakia by SpiNaR et
al. (1993). Due to characters of the skull and partly of the
postcranial skeleton, they range the species in the “more
primitive narrow-headed” toads according to MARTIN
(1972) who remarks two lineages within the genus Bufo.
The “wide-headed” toads were more advanced and the
“narrow-headed” toads adapted to life on highlands more
primitive. They might have divided already at the end of
the Mesozoic era.

The three European Recent species Bufo bufo, Bufo cala-
mita and Bufo viridis can be traced back until the Upper
Miocene (MN12). SancHiz (1977b) reviewed the family
of the Bufonidae in Europe and has recorded Bufo viridis
from the Middle Miocene and Bufo calamita as well as
Bufo bufo from the Upper Miocene of Spain. Bufo aff.
viridis has been described from the Lower Miocene of
Spain (ALFEREZ DELGADO & BRrREA LoPEZ, 1981) and France
(BaiLoN & Hossini, 1990). SancHiz (1977b) concludes
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that the family of the Bufonidae may represent an Asiatic
immigrant which appears in the Oligo-Miocene boundary.
Coming from South America via the West coast of North
America to Alaska, the toads entered Asia. From there, they
settled Eurasia and Africa (see also TiHEN, 1972).
Following MARTIN (1972), the toads originate from South
America but immigrated into Europe via West Africa
when South America and Africa were still connected.
Though, the fossil record of toads is too young to support
this hypothesis.

SpINAR et al. (1993) discuss the origin of toads and their
migration and explain the small number of occurrences
of toads in older Tertiary assemblages than Eocene ones.
On the one hand, their terrestrial way of living causes
taphonomic disadvantages compared with aquatic animals.
On the other hand, their origin was very probably late
and their migration considerable. They may have settled
Eurasia and Africa coming from South America via North
America from the Upper Miocene onwards. Australia as
well as the neighbouring islands could not be invaded due
to the separation of South America and Antarctica in the
Upper Cretaceous.

It is remarkable that the genus Bufo is absent in Austria
until the Uppermost Miocene. In the Lower Miocene
localities Oberdorf (MN4; M. BouMmE, 2002b) and
Obergédnserndorf and Teiritzberg (MNS5; Sanchiz, 1998a),
Latonia predominates according to the Minimum Number
of Individuals (MNI). Also, the Upper Miocene, Austrian
locality Gotzendorf (MN9; MikLas, 2002) yields quantita-
tively predominant specimens of Latonia while Bufo is still
missing. During the MN11 of Kohfidisch, Bufo appears
nearly as frequent as Latonia (see chapter 6). The family
of the Bufonidae established rapidly in Austria during the
Upper Miocene.

Taphonomy probably explains the rarity or absence of
bufonids in some fossil assemblages. Usually, Bufo is not
predated by birds but by some members of the Carnivora.
Therefore, it is expected to be more abundant in karstic
fillings, and its true “absence” in other taphocoenotic
conditions can hardly be detected.

Ecology and Climate - living relatives: Bufo bufo can be
found in a wide variety of often fairly dry habitats today. It
represents a mainly nocturnal toad which is hidden by day
usually in one particular spot (ARNOLD & OVENDEN, 2002).
Since hibernation is even possible at a temperature of only
1°C, Bufo bufo prefers burrows or damp leafage.

—_—

Figure 14: Bufo bufo. Sphenethmoideum anterior view (Kohfi-
disch “III unten”; Inv. Nr.. NHMW2004z0019/0005), scale bar
equals Imm.

169

Figure 15: Bufo bufo. Junctura ilioischiadica of ilium sin.
(Kohfidisch Inv. Nr.. NHMW2004z0019/0006), scale bar
equals 1 mm.

The species is spread over most of Europe except Ireland,
Corsica, Sardinia, the Balearics, Malta, Crete, and some
other smaller islands. It also inhabits North-West Africa
and across the Palaearctic Asia to Japan (ARNOLD & OVEN-
DEN, 2002). Determining the climate, Bufo bufo is climati-
cally relatively insensible. Following MULLER (1996; see
chapters 5, 6), its appearance is mainly restricted to the
Koppen’s climate types BSk, Cf, Cs, Df, and Dw.

Family Hylidae Gray, 1825 (1815)
Subfamily Hylinae Gray, 1825 (1815)

Genus Hyla LAURENTI, 1768

Hyla sp.
(Plate 3: e-g; Table 2, 4, 6, 8; fig. 16)

Recent species: Hyla arborea (LINNAEUS, 1758)

Range: Miocene, Middle and Upper Pleistocene: North
America;

Lower Miocene — Holocene: Central and Eastern Eu-
rope;

Upper Pleistocene — Holocene: Japan;

Holocene: much of the tropical and temperate world except
parts of South Asia and most of Africa.

Material: 2 maxillaria dext. 1 vertebra praesacralis (AO:
Inv. Nr.. NHMW2004z0020/0001). 8 ilia dext. (AO: Inv.
Nr.:. NHMW2004z0020/0004). 8 ilia sin. (AO: Inv. Nr.:
NHMW2004z0020/0002). 1 ischium (AO: Inv. Nr.: NHM-
'W2004z0020/0003). 4 humeri dext. 2 humeri sin.

(BM: Inv. Nr.. NHMW?2004z0020/0005).

Description:

maxillare: The two right maxillaria represent anterior
parts lacking the very anterior and posterior ends. They
are robust and their dorsal and ventral margin just slightly
diverge posteriorly. From labial aspect, a groove orientated
longitudinally is present. Viewing from lingual, the thin
lamina horizontalis situated medially is missing anteriorly
and thickened posteriorly. The crista dentalis bearing nu-
merous, closely attached pleurodont teeth, does not reach
the anterior border of the maxillare. The two maxillaria
described herein possess the ending of the crista dentalis
and a part of the remaining toothless maxillare.

vertebra praesacralis (Plate 3: e: Table 8): One vertebra
praesacralis is represented by its centrum broken posteri-
orly and the neural arch lacking the left praezygapophysis.
The processus transversi are broken. Its measurements are
given in Table 8. The procoelous centrum is flattened and
the canalis neuralis oval. Viewing from dorsal, the neural
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arch lacks any processus spinosus. Postzygapophyses are
distinctly isolated, longish-oval, and orientated to poste-
rolateral. Due to the insertions of the processus transversi,
they seem to be directed to anterior.

ilium (Plate 3: f; fig. 16): The proximal part of the 16
ilia is complete in nearly either case while the distal ala
ossis ilii is broken. The straight and narrow junctura ili-
oischiadica is charted in fig. 16. Ala and corpus ossis ilii
join broadly and a vexillum is missing. Situated exactly
above the anterior margin of the acetabulum, the distinct
tuber superior is vaulted and protrudes laterally. As the
latter is higher or lower on the specific ilia, the short pars
ascendens ilii appears either concave or straight. The pars
descendens ilii expands ventrolaterally.

ischium (Plate 3: g): Just one ischium is present. From
lateral aspect, it is longish-oval and typically carved pos-
teriorly two times: above and below the dorsal dilatation of
the posterior symphysis visible from posterior view. Below
that dilatation, a second, smaller one is present.
humerus: One humerus is broken distally while the others
lack the caput humeri. The round eminentia capitata is
shifted to lateral and the diaphysis and crista ventralis are
straight. Crista lateralis and crista medialis as well as epi-
condylus lateralis and epicondylus medialis are similarly
well developed. The latter does not reach the proximal
border of the eminentia capitata. Opening laterally, the
fossa cubitalis ventralis is distinct.

Comparison:

The vertebrae praesacrales and the ilia of Kohfidisch cor-
respond to the definitions of BaiLon (1991) and G. B6HME
(1977) of the genus Hyla. HoLMAN (1992) distinguished
between the ilia of Hyla arborea and Hyla meridionalis by
means of Recent material. The differences are based on the
dorsal prominence/protuberance complex. With regard to
the ilia described herein, the development of this complex
varies between Hyla arborea and Hyla meridionalis.
Humeri have not as often been recorded as vertebrae
and ilia, but the descriptions of e.g. DELFINO & BAlLoN
(2000) and Paunovic (1984) correlate to Hyla sp. of
Kohfidisch.

Based on comparisons with Recent members of the
genus Hyla, the maxillaria as well as the ischium have
been determined. The tooth-bearing maxillare lacking
any sculpture on the outer surface, differs from the one
of Latonia ragei in its increased tenderness, from the
ones of Bombina and Rana in its increased robustness.
Furthermore, the maxillare is equally thick dorsal and
ventral to the lamina horizontalis, while in Bombina and
Rana it is narrower dorsally. Hyla possesses more teeth
arranged more closely.

With regard to the ischium, the posterior symphysis is typi-
cally dilated two times different to Pelobates where just
one dilatation is present and also different from members
of the Discoglossidae, Bufo and Rana which feature no
dilatation. Due to these considerations, the elements have
been referred to Hyla sp.

Discussion: First records of Hyla sp. in Europe date
from the Lower Miocene (MN4) of Oberdorf in Austria
(SaNcHiz, 1998a) and of Dolnice in Slovakia (HODROVA,
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1987b). The genus is present up to the Holocene in Europe
(DeLFINO & BAILON, 2000; HoprovA, 1988; MLYNARSKI &
SZYNDLAR, 1989; SancHIz 1981; SANCHIZ & MLYNARSKI,
1979b; SaNcHIZ & SzYNDLAR, 1984; VENCZEL, 1997a;
VERGNAUD-GRAZZINI, 1970), from Upper Pleistocene to
Holocene in Japan, and in Miocene and Middle and Up-
per Pleistocene in North America (SancHiz, 1998b). A
second, Austrian record of Hyla sp. dates from the Upper
Miocene (MN9) of Richardhof-Golfplatz (HARZHAUSER
& TemPFER, 2004)

SancHiz & RoCek (1996) give an overview of the anuran
fossil record and consider Hyla together with Bujfo, Bom-
bina, and perhaps Pelobates as immigrants from Asia.
They explain the major change for European faunas with
the “Grande Coupure” or “Stehlin faunistic turnover”
at the Eocene-Oligocene boundary. With regard to the
paleogeography, the Turgai Straits disappeared providing
the connection between Europe and Asia. The origin of the
family of the Hylidae may be located in Gondwana.
Two species of the Hylidae in Europe are represented by
Hpyla arborea and Hyla meridionalis. The total number of
European species currently recognized might be higher
than two, because some formerly considered subspecies
have been raised to full species status (i.e. Hyla sarda).
ENGELMANN et al. (1985) expect a restriction of the two spe-
cies to areas southern the Pyrenees during the Wolstonian
Glacial Age. In the Ipswichian Interglacial Age they might
have invaded South France and England via the eastern
route around the Pyrenees (HoLmaN, 1992).

Ecology and Climate — living relatives: The two Eu-
ropean species of the Hylidae, Hyla arborea and Hyla
meridionalis, represent climbing frogs usually found in
trees or other vegetation, and only rarely coming to the
ground. Therefore, they prefer areas with bushes, trees, or
red-beds ponds or cisterns (ARNOLD & OVENDEN, 2002).
They hibernate in decomposing stumps, below leaves or
in burrows. Hylidae represent a large and successful group
distributed over much of the tropical and temperate world
except parts of South Asia and most of Africa. Hyla ar-
borea occurs in most of Europe except the North and the
Balearic Islands, South France and much of South and East
Iberia. It is also found in Asia Minor and southern Ukraine
east to the Caspian Sea. Hyla meridionalis as second Eu-
ropean representative of the Hylidae is restricted to South
Iberia, North-East Spain, North-West Italy (Liguria), South
France, the Balearic Islands and also to North-West Africa,
the Canaries and Madeira (ARNOLD & OVENDEN, 2002). Fol-
lowing MULLER (1996; see chapters 5, 6), the distribution
of the European members of the Hylidae comprises the

Figure 16: Hyla sp. Junctura ilioischiadica of ilium dext. (Kob-
fidisch “III unten”; Inv. Nr.: NHMW2004z0020/0004), scale
bar equals 1 mm.
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Ko&ppen’s climate types mainly Cf, Cs and Csa.
Superfamily Ranoidea Gray, 1825
Family Ranidae Gray, 1825
Subfamily Raninae Gray, 1825

Genus Rana LINNAEUS, 1758

Rana (ridibunda) sp. PaLLas, 1771
(Plate 3: h, i; ; Table 2, 4, 6, 9; fig. 17, 18)

Recent species: Rana ridibunda PaLLas, 1771

Range: Lower Oligocene — Upper Pleistocene: Europe,
Turkey, Morocco;

Holocene: Europe, Israel.

Material: 1 frontoparietale dext. (AO: Inv. Nr.. NHMW
2004z0021/0003). 8 praemaxillaria dext. 5 praemaxil-
laria sin. 1 praemaxillare indet. 35 maxillaria dext. 31
maxillaria sin. 14 maxillaria indet. 6 praearticularia dext.
6 praearticularia sin. 1 atlas. 65 vertebrae praesacrales
(AO: Inv. Nr.. NHMW2004z0021/0001). 4 vertebrae
praesacrales copulatae cum vertebrae sacrales. 32 verte-
brae sacrales. 11 ossa coccygea. 19 ilia dext. (AO: Inv.
Nr.: NHMW2004z0021/0002). 16 ilia sin. (AO: Inv. Nr.:
NHMW2004z0021/0004, 0005). 18 ischia. 11 coracoidea.
35 humeri® dext. 28 humerid dext. 22 humeri? sin. 28
humerid sin. 15 radioulnaria dext. 11 radioulnaria sin. 4
radioulnaria indet.

(BM: Inv. Nr.. NHMW?2004z0021/0006).

Description:

frontoparietale (fig. 17): The single right frontoparietale
is robust, and the pars frontalis slender, long, and clearly
separated from the pars parietalis. The margo sagittalis is
straight. In dorsal view, the top of the processus prooti-
calis is missing while the processus occipitalis features a
right angled triangle. The linea medialis is prominently
developed and between the curved linea occipitalis and
the linea prooticalis, the “dens frontoparietalis ridibundae”
(ridibunda tooth) is present. It is irregularely oval.
praemaxillare: 14 praemaxillaria are present which either
lack the top of the pars facialis or anterior and posterior
parts. One praemaxillare is complete. About 10 teeth are
present on nearly the whole length, and the pars facialis
inclined to lateral is slender. The prominent lamina hori-
zontalis meets together with the pars palatina in a proces-
sus projecting mediolingually and right angularly. The
recessus marsupiatus is round.

maxillare: Due to their fragility, none of the 80 maxillaria is
completely preserved. From lingual aspect, the thin lamina
horizontalis broadens anteriorly. Neither a processus pa-
latinus nor a prominent processus zygomaticomaxillaris is
present. The latter represents a dilatation of the maxillare.
The slender processus frontalis in inclined to anterior and
the processus posterioris is present.

praearticulare: The processus coronoideus is present on
each of the just slightly s-shaped 12 praearticularia which
may lack the anterior part and/or the posterior end of the
extremitas spatulata. The processus coronoideus meeting
into the indistinct processus paracoronoideus appears large
and elongated anteroposteriorly. It possesses numerous
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small ridges orientated rectangularly to the stem of the
praearticulare. Viewing from dorsal, the broad canalis pro
cartilago Meckeli is visible.

atlas: One single atlas is represented by its centrum and the
bases of the neural arch. It is flattened dorsoventrally, the
condyli occipitales are kidney-like and fused. Typically,
the oval posterior condylus projects from the centrum.
vertebra praesacralis (Plate 3: h: Table 9): Among the 65
vertebrae praesacrales, procoelous (V2-V7) and amphi-
coelous (V8) ones are present. The neural arch and/or the
processus transversi are broken. The measurements are
noted in Table 9. The centrum is flattened dorsoventrally,
the canalis neuralis open-oval, and the neural arch short.
Viewing from dorsal, the latter bears an indistinct proces-
sus spinosus which ends in a short cusp posteriorly. Prae-
and postzygapophyses are roundish and the processus
transversi just slightly flattened dorsoventrally.

vertebra praesacralis copulata cum vertebram sacralis:
4 vertebrae praesacrales (V8) typically fused with the
vertebrae sacrales are nearly completely preserved. The
processus transversi are broken. From ventral aspect,
the fusion between the V8 and the vertebra sacralis is
indicated by a ridge. Viewing from dorsal, the post- or
praezygapophyses respectively of the two vertebrae are
fused leaving open a slit between the neural arches. The
canalis neuralis of the V8 is triangular while the one of
the vertebra sacralis is flat-oval.

vertebra sacralis: 32 vertebrae sacrales are present which
either are complete or lack the ends of the processus trans-
versi or the neural arches. The flattened centra possess a
single condylus anteriorly and two well-separated ones
posteriorly. The canalis neuralis is flat-oval, the praezyg-
apophyses are round. From dorsal view, the short neural
arch shows a distinct processus spinosus and a continu-
ous, transverse ridge leading into the posterior margin of
the processus transversi. Typically, the cylindrical, robust
processus transversi stay equally slender from proximal to
distal. They form an angle of 50° posteriorly.

os coccygis: Each of the 11 ossa coccygea is broken pos-
teriorly. The roundish-oval fossae condyloideae are well
separated, the crista dorsalis as well as the canalis neuralis
are high, and the intervertebral canal just hardly visible.
No processus transversi are present.

ilium (Plate 3: i; fig. 18): Relating to the 35 ilia, each
state of preservation is represented. Typically, the vexil-
lum is high, the laterally flattened tuber superior situated
closely anterior the round acetabulum is prominent and
longish-oval, and the corpus ossis ilii is short. A fossa
supraacetabularis is always present and the preacetabular
zone is small. Contrary to the short pars descendens ossis
ilii, the concave pars ascendens ossis ilii ends in a cusp.
The junctura ilioischiadica broader ventrally and featur-
ing a high vexillum is shown in fig. 18a. With regard to
the angle o of the pars ascendens ossis ilii in the sense
of BoHME & GUNTHER (1979), it measures less than 55°
(43°-52°; Table 9, fig. 18b). Medially, the tuberculum
medium is present.

ischium: The 18 ischia are completely preserved. View-
ing from lateral, they are longish-oval featuring a nearly
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straight dorsal margin orientated to posterodorsal.
coracoideum: 11 coracoidea are either complete or repre-
sented by their pars epicoracoidealis which is remarkably
flattened and extends laterally. They appear compact and
robust, and their margo anterior is semicircular. The pars
glenoidalis is round.

humerus: 113 humeri are present which may lack their
proximal ends. The slender and straight humeri possess
a prominent crista ventralis as well as a round eminentia
capitata lying on the same axis with the diaphysis. The
epicondylus medialis may overtop the eminentia capitata.
Well delimited, the fossa cubitalis ventralis is distinct. Re-
lating to the sexual-dimorphism, the male humeri feature
well developed cristae mediales and cristae laterales with
thickened margins and orientated to mesial.

radioulnare: The 30 radioulnaria featuring a narrow collum
antibrachii altogether broaden distally. The crista radii is
missing while the fossa radialis is present. With regard to
the olecranon, it is large, round and expanded dorsolate-
rally. The capitulum is oval.

Comparison: The frontoparietale and the ilium cor-
respond to Rana ridibunda described by G. BoHME (1977),
G. BoHME & GUNTHER (1979), HoprovA (1987b), and
SancHiz et al. (1993). The shape of the frontoparietale,
the development of the lineae as well as the presence of
the “dens frontoparietalis ridibundae” represent Rana
ridibunda-like characteristics. Especially the ilium can
definitely be referred to Rana ridibunda. The position of
the tuber superior flattened laterally and situated closely
anterior to the acetabulum, the small preacetabular zone,
the presence of the tuberculum medium, and mainly the
amplitude of the angle o of the pars ascendens ossis ilii
are characteristic of Rana ridibunda.

With regard to the humerus, the male humerus serves for
the differentiation between Green Frogs and Brown Frogs
(BAILON, 1991). The male humeri described herein show a
thickened crista medialis orientated to mesial and typical
of Green Frogs such as Rana ridibunda.

Except for the atlas and the ischia, the elements are typical
of Rana sp. such as described by BaiLon (1991), G. BOHME
(1977), G. BoHME & GUNTHER (1979), and identified by
comparisons with Recent material.

Relating to the atlas, the condylus projecting posteriorly
and the fused condyli occipitales represent typical cha-
racteristics of members of the genus Rana. Members of
the Discoglossidae, Pelobates, Bufo, and Hyla possess
disconnected condyli occipitales which are rounder in Pe-
lobates and Hyla. The posterior condylus of Bufo extends
more laterally and does not project.

Ischia usually are not appropriate for descriptions, but
the laterally longish-oval ischium of Rana features a cha-
racteristically straight dorsal margin which is orientated
to posterodorsal. This shape correlates with the elongated
pars ascendens ilii of the ilium.

The characteristics of the frontoparietale and of each ilium
are typical of the species Rana ridibunda so defined by
BoHME & GUNTHER (1979). As current state, the features
used by the authors are no longer valid since Rana ridibun-
da as known by them at that time is different now and split
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into several species. It is impossible today to reconstruct if
the skeletons they studied were those of Rana ridibunda
as understood today (RAGE, pers. advice). Therefore, and
due to the determination of the other elements as Rana, the
description has resulted in Rana (ridibunda) sp.
Compared with Rana (ridibunda) sp. from Oberdorf,
with Rana aff. (ridibunda) sp. from Oberganserndorf and
Teiritzberg, with Rana cf. ridibunda from Gétzendorf, and
with Rana ridibunda from the Austrian Lower Holocene
to Holocene locality Windener Béarenhohle (MARINELLI,
2001), a difference in size is remarkable. While the ma-
terial of the Miocene localities corresponds in size, the
remains of the Windener Birenhohle are conspicuously
larger as are the elements of Recent specimens.
Discussion: Rana ridibunda was present in the Middle
Pleistocene of Spain (SancHiz, 1977a) and France (Rana
esculenta or Rana ridibunda, RAGE, 1969), and in the Up-
per Pleistocene of Spain (BaiLoN, 1986). A member of the
Rana ridibunda species group has been described from the
Lower Oligocene of Germany (SANCHIzZ et al., 1993).
The determination Rana (ridibunda) sp. comprises the
fossil waterfrogs of the European Cenozoic. They appear
from the Lower Oligocene to the Holocene in Europe,
in the Miocene of Turkey, in the Holocene of Israel, and
questionably in the Upper Eocene of France (RAGE, 1984a)
and in the Pliocene of Kazakhstan. In Morocco, it is present
in the Middle and Upper Pleistocene (Sanchiz, 1998b).
With regard to the Austrian record, SancHiz (1998a) has
described Rana (ridibunda) sp. from the Lower Miocene
of Oberdorf, and M. BoHME (2002b) Rana aff. (ridibunda)
sp. from the Lower Miocene localities Obergénserndorf
and Teiritzberg. Rana cf. ridibunda appears in the Upper
Miocene of G6tzendorf (MikLAs, 2002), and Rana sp. is
present in the Upper Miocene locality Richardhof-Golf-
platz (HarzHAUSER & TEMPFER, 2004). Rana ridibunda
appears in the Lower Holocene to Holocene Windener
Barenhohle (MARINELLI, 2001).

The oldest record of a possible representant of the Ranidae
or at least the ancestry of this family dates from the Middle
Jurassic of France (SEIFFerT, 1969). Following RAGE
(1984a), this determination as a member of the Ranidae
is not correct. The Upper Cretaceous of Sudan (SancHIZ,
1998b) and the Paleocene and Eocene of France (ESTES
et al., 1967; RaGg, 1984a; RAGE & VERGNAUD-GRAZZINI,
1978; SancHiz, 1983) yield members of the Ranidae. The
paleobiogeographic history of the family with special
regard to the drastic turnover of terrestrial faunas after
the “Grande Coupure” at the Eocene-Oligocene boundary
is discussed by RaGEe (1984a). Europe was isolated from
North America since the Lower Eocene and from Asia until
the “Grand Coupure” when the Turgai Straits disappeared.
But if the latter did not represent an absolute barrier for
the Ranidae, they might have invaded Europe from Asia
or from Africa via Asia during the end of the Mesozoic
or during the Lower Tertiary. Either Europe represents
the possible center of the origin of the Ranidae (if their
European Upper Eocene record is autochthonous), or the
family immigrated from Asia (if their European Upper Eo-
cene record is allochthonous). SAVAGE (1973) and LAURENT
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(1975) consider Africa as the center of their origin.
Following SancH1z (pers. advice), the European, Paleocene
remains assigned to the Ranidae are not convincing. More
probably, the group has immigrated into Europe during
the Upper Eocene.

Immunological data taken by UzzeLL (1982) indicate a
separation between the western palearctic Green Frog and
eastern palearctic Green Frog at the “Grande Coupure”
Therefore, the water frogs may have invaded Europe from
Asia at the latest Eocene (SANcHIZ et al., 1993).

In Europe, three main kinds of Green Frogs exist today
such as the Marsh Frog Rana ridibunda, the Pool Frog
Rana lessonae and their hybrid Rana synkl. esculenta, the
Edible Frog. Rana lessonae appears in Europe from Lower
Pleistocene to Holocene and Rana synkl. esculenta is pre-
sent in the Middle Miocene of France (Race & HossInI,
2000), in the Upper Miocene of Hungary (VENCZEL, 1997,
1999), in the Lower Pliocene of Hungary (VEnczeL, 2001),
and in the Lower Pleistocene of Germany (G. BOHME &
GUNTHER, 1979) and Italy (DELFINO & BaiLon, 2000). Their
relationships have still not been fully worked out. Rana
synkl. esculenta seems to exist in at least three forms: one
often breeds successfully with Rana ridibunda and another
with Rana lessonae. The others which are triploid, are able
to breed together and the results of such unions are mainly
Rana synkl. esculenta although Rana ridibunda and Rana
lessonae are produced as well (ARNOLD & OVENDEN, 2002;
TUNNER, 1996, 1997, 2000).

Further hybrids within the Ranidae are represented by
Rana synkl. grafi and Rana synkl. hispanica. The former
probably originates from hybridisation between Rana
perezi and Rana synkl. esculenta carrying chromosomes
of Rana ridibunda. Rana synkl. hispanica may have arisen
through hybridisation of Rana bergeri with either Rana
ridibunda or Rana synkl. esculenta (ARNOLD & OVENDEN,
2002).

These three species first appear in common in the Lower
Pleistocene fissure-filling-system Pisede bei Malchin,
Germany (G. BoHME, 1979; G. BOHME & GUNTHER, 1979).
G. BoumE (1983) documents the paleontological record
of hybridisation between Rana ridibunda, Rana lessonae
and Rana synkl. esculenta. The distinct osteological dif-
ference of the frontoparietale of these three species already
emerged in the Lower Pleistocene of Pisede contradicts
the hypothesis of e. g. ENGELMANN & KagiscH (1973) and
TunNER (1970). They assume the hybridisation after the
Pleistocene boulder period when the species could merge.
The recently recorded range of Rana synkl. esculenta from
the Middle Miocene to the Holocene (RAGE & Hossini,
2000; see above) proves that the differentiation into the
three species happened much earlier.

Ecology and Climate - living relatives: Rana ridibunda
represents a very aquatic Green Frog which usually lives
gregarious and diurnal. It inhabits all types of sunexposed
waters such as small ponds, ditches and streams. Especially
flood plains with side rivers and oxbow lakes are prefered.
If its habitats overlap with Rana lessonae and Rana synkl.
esculenta, it retreats to lakes and rivers (ARNOLD & OVEN-
DEN, 2002; GriLLITSCH, 1990).
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For hibernation, the Marsh Frog burrows into the ground
of water which demands for a depth of up to 3-4 m because
it must not freeze during the winter. Occasionally, riparian
fissures and caves are occupied (GUNTHER, 1990).

A very interesting aspect concerning the hibemation of
water frogs is mentioned by LuTscHINGER (1988). Espe-
cially Rana ridibunda hibernates under water while Rana
lessonae rests on land and the behaviour of Rana synkl.
esculenta varies between the two. Their behaviour may
be explained by their different ability to tolerate the low
oxygen tension on the ground of the water. Although Rana
ridibunda features the smallest oxygen affinity, the bond-
ing capacity rises with falling temperature due to the tem-
perature-affected blood oxygenation. Rana ridibunda and
Rana synkl. esculenta “buy” the advantageous temperature
with the risk of suffocation. Juvenile frogs generally are
able to tolerate suboptimal conditions better due to their
better oxygen affinity.

With regard to the geographical range of Recent Rana
ridibunda, the Marsh Frog occurs in Central and Eastern
Europe including the Balkan peninsula except much of
Albania and Greece. Outside the Rhine area scattered
colonies in France may represent introductions as well as
ones in South England. It is also present east to Central
Asia (ArRNOLD & OVENDEN, 2002). These areas belong to
the K&ppen’s climate types Cf and Cs (MULLER, 1996; see
chapters 5, 6).

Figure 17: Rana (ridibunda) sp. Frontoparietale dext. dorsal (a)
and ventral (b) view (Kohfidisch “III unten”; Inv. Nr.: NHM-
W2004z0021/0003), scale bar equals 1 mm.

Figure 18: a) Rana (ridibunda) sp. Junctura ilioischiadica of ilium
dext. (Kohfidisch “IIl unten”; Inv. Nr.: NHMW2004z0021/0004).
b) Rana (ridibunda) sp. llium sin. lateral view (Kohfidisch “IIl un-
ten”; Inv. Nr.: NHMW2004z0021/0005), scale bar equals 1 mm.



174

Anura indet.
(Table 2, 4)

Material: 2 praemaxillaria sin. 182 maxillaria indet. 1
praearticulare indet. 2 atlantes. 23 vertebrae praesacrales.
1 vertebra sacralis. 1 os coccygeus. 3 ilia dext. 2 ilia sin.
4 ischia. 5 coracoidea. 2 humeri dext. 2 humeri sin. 30
radioulnaria indet. 50 femora indet. 167 tibiofibulae indet.
125 tibiale-fibularia indet.

(BM: Inv. Nr.. NHMW2004z0022/0001).

Description and Comparison: The 602 elements are too
fragmentary to give any more precise determination. They
do not indicate the presence of another taxon of the Anura
than the ones described herein. Therefore, the remains are
referred to Anura indet.

4.2. Class Reptilia

Superorder Squamata OppEL, 1811
Order Scleroglossa EsTes, QUEIROZ & GAUTHIER, 1988
Suborder Lacertilia Owen, 1842
Infraorder Gekkota Cuvier, 1807
Family Gekkonidae Gray, 1825

Gekkonidae indet.
(Plate 4: a; Table 2, 3, 4, 5, 6, 10)

Range: Lower Cretaceous: Mongolia;

Palaeocene: South America;

Lower Eocene — Holocene: Europe, Africa, Madagascar;
Holocene: warmer parts of the world between 50°N and
50°S latitude.

Material: 2 dentalia sin. 1 vertebra caudalis (AO: Inv. Nr.:
NHMW2004z0023/0001).

(BM: Inv. Nr.: NHMW2004z0023/0002).

Description:

dentale: Two fragmentary left dentalia are present which
originate from the anterior or from the posterior part re-
spectively. The numerous pleurodont, slender, cylindric,
unicuspid teeth are closely spaced and are not striated
lingually. The fragment of the anterior part possesses a
closed Meckel’s groove. Due to damage, it sporadically
opens out ventrally. Originating from the posterior part, the
second fragment features the incisura splenialis in lingual
view which opens at half height. From labial aspect, the
dentale is smooth with a medial row of numerous roundish
to oval foramina.

vertebra caudalis (Plate 4: a; Table 10): The single vertebra
caudalis features broken processus transversi as well as
a broken right postzygapophysis. Its measurements are
given in Table 10. From ventral view, the amphicoelous
centrum with foraminae subcentrales is overtopped by
the posterior neural arch. The insertion of the processus
transversi slightly orientated to posterior looks as if divided
by a groove. Viewing from lateral, the centrum is concave
ventromedially. The oval prae-and postzygapophyses are
orientated longitudinally and rise laterally. The canalis
neuralis is high-triangular. Neither a zygantrum nor a

Beitr. Paldont., 29, Wien, 2005

zygosphene are present. In dorsal aspect, the sharp-edged
processus spinosus leads into a posterior processus whose
cusp is broken.

Comparison: The dentalia and the vertebra caudalis
described herein feature characteristics typical of the
family of the Gekkonidae such as described by BaiLon
(1991), Estes et al. (1988) and HOFFSTETTER (1946a). An
assignment to a more definite level is not possible because
the elements are too fragmentary or not diagnostic respec-
tively. Comparisons with vertebrae caudales of Recent
(Cyrtodactylus, Hemidactylus, Phyllodactylus, Tarentola)
and fossil (Gerandogekko) specimens of Europe display a
differentiation between Hemidactylus and other members
of the Gekkonidae. The prae-and postzygapophyses of
Hemidactylus are more orientated to lateral, the centrum
is more concav ventromedially from lateral view, and the
bases of the processus transversi do not appear divided
as clearly. As the complete material of fossil and Recent
Gekkonidae has not been studied, the determination has
resulted in Gekkonidae indet.

Compared with the dentalia of Gekkonidae indet. from
Obergéanserndorf and Teiritzberg, the ones of Kohfidisch
correlate in shape and size.

Discussion: The oldest record of a member of the Gekko-
nidae dates from the Lower Cretaceous of Mongolia
(ALIFaNOV, 1989). They are present in Europe since the
Lower Eocene of France (AUGE et al., 1997). In the Up-
per Eocene, Gekkonidae occur in France (HOFFSTETTER,
1946a; Aucg, 1986; Rack, 1988a) and England (MILNER
et al., 1982). They have been described from the Lower
Miocene of France (HOFFSTETTER, 1946a) and Austria (M.
BonME, 2002b), while during the Middle Miocene, they are
present in Slovakia (EsTES, 1969a), in Germany (SCHLEICH,
1987) and in Morocco (RaGe, 1976). The Pliocene of
France (BAILON, 1989, 1991) and Sardinia (PEcoriNI et al.,
1974), as well as the Upper Pliocene of Morocco (BAILON,
2000) yield Gekkonidae. During the Pleistocene, they still
occurred in France (BaILoN, 1991). Records from South
America date from the Palaeocene (Estes, 1970b), and
in Madagascar, they are restricted to the Pleistocene and
Holocene (EsTES, 1983).

During the Miocene in Europe, three genera exist such
as the extinct Gerandogekko (HOFFSTETTER, 1946a) and
Palaeogekko (ScHLEICH, 1987), and the Recent Phyllo-
dactylus (Estes, 1969a). With regard to Gerandogekko,
HoFrSTETTER (19462) and EsTEs (1969a) doubt wether the
genus is valid. HOFFSTETTER (1946a) remarks osteological
similarities to modemn geckos and Estes (1969a) to the
Recent Phyllodactylus.

Following RAGE & AuGE (1993), the family of the Gekko-
nidae invaded western Europe from Asia at the outset
of the Eocene. Due to the Eocene/Oligocene “Grande
Coupure”, many species of the Scleroglossa died out but
at the family level the composition of the fauna was less
concerned. At the beginning of the Oligocene, immigrants
increased the fauna.

Ecology and Climate — living relatives: The Recent
members of the Gekkonidae represent small, plump lizards
which are basically nocturnal, but especially in temper-
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ate regions such as Europe also active by day. Some are
good climbers with the aid of claws and adhesive pads
on the toes covered by hairlike structures. Some geckos
prefer underfoot habitats. The European species Taren-
tola mauritanica, Hemidactylus turcicus, Phyllodactylus
europaeus, and Cyrtodactylus kotschyi inhabit warm and
dry areas. They can be found on dry stone walls and tree
boles. Cyrtodactylus kotschyi climbs less and less high
than its European relatives due to the lack of adhesive pads
(ArNOLD & OVENDEN, 2002). Members of the Gekkonidae
prefer temperatures between 20°C and 30°C and may rest
during the winter at 20°C.

Geckos are distributed with about 650 species throughout
the warmer parts of the world between 50°N and 50°S
latitude. Just four species reach Europe. Tarentola mauri-
tanica occurs in the Mediterranean area including islands,
from Iberia east to Ionian islands, neighbouring parts of
the mainland, Crete, Canaries, and North Africa. Hemi-
dactylus turcicus also inhabits the Mediterranean coastal
area including islands, North Africa, South-West Asia east
to India, and North and Central America. The Range of
Phyllodactylus europaeus is largely confined to islands in
the Tyrrhenian area such as Corsica and Sardinia, islands
off the coast of South-East France and North-West Italy.
It also occurs on islands off the coast of North Tunisia.
Finally, Cyrtodactylus kotschyi is present in the South and
East Balkans north to Albania, Central and East Greece,
Macedonia, South and East Bulgaria, Turkey, the Ionian
and many Aegean islands including Crete, the South
crimea and South-East Italy. It also inhabits the Asiatic
Turkey to Israel, and Cyprus (ARNOLD & OVENDEN, 2002).
According to MULLER (1996; see chapters 5, 6), this range
comprises the Koppen’s climate type Cs.

Infraorder Scincomorpha Camp, 1923
Superfamily Lacertoidea BoNAPARTE, 1831
Family Lacertidae BONAPARTE, 1831

Genus Lacerta LINNAEUS, 1758

Lacerta cf. viridis (LAURENTI, 1768)
(Table 2, 3, 4, 5, 6; fig. 19)

Recent species: Lacerta viridis (LAURENTI, 1768)
Range: Upper Miocene — Upper Pleistocene: Austria,
Slovenia, Hungary, Rumania, Poland, Italy, Sicily, Mo-
naco, France.

Holocene: Central and Southern Europe, Asia Minor,
South-West Russia.

Upper Miocene of Kohfidisch: FOD (=first occurrence
date).

Material: 4 parietalia (AO: Inv. Nr.. NHMW2004
20024/0001). 1 neurocranium. 5 quadrata dext. 3 quadrata
sin.

(BM: Inv. Nr.. NHMW2004z0024/0002).

Description:

parietale (fig. 19): The processus exoccipitales as well as
the cornua frontales dext. et sin. of the most complete pa-
rietale are broken. The three remaining parietalia represent
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central parts. Its outer surface is sculptured by many round
pits becoming longish peripherally and especially anteri-
orly. The facies dorsalis is trapezoid. Contrary to the spiky
sutura frontalis, the margo supraoccipitalis is smooth. The
round foramen parietale situated centrally is enclosed by a
pentagon featuring the shortest side posteriorly and three
angles anteriorly. Totalling five grooves representing the
limits of the scales lead from each angle to the periphery.
From ventral aspect, the sulcus medialis enclosed by a v-
shaped crista is peaked. Two oval openings of the crista
are situated anterior to the foramen parietale. The smooth
and weak cristae cranii parietales dext. et sin. border the
roughly furrowed facies semilunares dext. et sin.
neurocranium: The robust neurocranium consists of the
basioccipitale, the parabasisphenoideum, the exoccipitalia,
the supraoccipitale, as well as the two prootica.

Viewing from ventral, the basioccipitale features a distinct
condylus occipitalis medialis saddle-like posteriorly and
a clear margo occipitalis medialis. Anterior to the latter,
the facies ventralis is depressed roundly. Two further
oval depressions are present bilaterally. From the lateral
margo basisphenoideus, two ridges lead to the condylus
occipitalis medialis forming a triangular enclosing a
forth depression. The roundish sinus laterales dext. et sin.
feature a bulging margin and the margo basisphenoideus
is relatively straight. From posterior view, the processus
basioccipitales are orientated to lateroventral.

The processus basipterygoidei dext. et sin. of the basisphe-
noideum are broken. From ventral aspect, the processus
parasphenoideus is carved anteriorly, and two converg-
ing ridges lead to the isthmus basiocciput-sphenoidalis
enclosing a deep depression. From anterodorsal aspect,
the sella turcica features two basic and horizontally oval
foramina, two medial, closer arranged and vertically oval
foramina, as well as two laterodorsal, transversally oval
foramina. The sella turcica includes the pituitary in the
fossa hypophysialis.

From posterior view, the exoccipitalia correspond to the
condylus occipitalis medialis of the basioccipitale. Three
foramina arranged triangularly are present on each contact
such as the medial foramen hypoglossum and the lateral
foramen vaguum and foramen glossopharyngeum form-
ing the fossa jugularis. Relating to the supraoccipitale,
the left processus paraoccipitalis is broken at its base and
the right one lacks its distal top. Nevertheless, the right
processus paraoccipitalis clarifies an elongation and a
distal broadening. Its surface is inclined posteriorly and
from posterior view, it is orientated nearly horizontally and
just slightly to dorsal. The anterior crista supraoccipitalis
is very high. Posteriorly, it leads into a low but sharp crista
which divides the supraoccipitale medially.

The prootica are clearly separated from the supraoccipi-
tale by a ridge. They feature a prominent crista prootica
orientated to posterolateral. The fenestrum ovalis is
separated from the fenestrum rotundum by a ridge arising
posteriorly.

quadratum: Eight completely preserved quadrata are
present. From anterior and posterior view, the crista
tympani is nearly parallel to the crista pterygoidea. The
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quadratum is slightly curved laterally. Viewing from
anterior, the depressed facies anterior is bordered by the
laterodorsal thickened, bulging crista tympani and the
bulging crista pterygoidea leading into the saddle-like
condylus mandibularis. Mediodorsal to the latter, a round
and distinct foramen is present. From posterior aspect, the
vertical and straight crista pterygoidea extremely dilates
ventrally and less dorsally. Three quadrata feature a me-
dial, small foramen on the crista pterygoidea and dorsal
to the condylus mandibularis. The incisura pterygoidea
is straight. The epiphysis columnaria merges inconspicu-
ously in the condylus cephalicus which protrudes medially.
In the dorsal fourth, the facies posterior is honeycombs-
like sculptured.

Comparison: The parietalia and the quadrata correspond
clearly to Lacerta viridis such as described by RAusCHER
(1992) and based on comparisons with Recent material.
With regard to the neurocranium, the description as
Lacerta viridis refers to comparisons with the neurocra-
nia of Recent specimens. The basioccipitale features a
more distinct condylus occipitalis medialis and a clearer
margo occipitalis medialis than characterized by RAUSCHER
(1992). The parabasisphenoideum is typically deeply
depressed between two converging ridges leading from
the processus parasphenoideus to the isthmus basiocciput-
sphenoidalis.

According to BAiLon (1991), the long processus paraoc-
cipitales, the high crista supraoccipitalis, and the processus
basioccipitales orientated to lateral of the neurocranium
are typical of members of the Lacertidae.

Keeping the discrepancy in the determination of even
Recent species within the Lacertidae in mind, the elements
are referred to Lacerta cf. viridis.

Figure 19: Lacerta cf. viridis. Parietale dorsal (a) and ventral
(b) view (Kohfidisch; Inv. Nr. NHMW2004z0024/0001), scale
bars equal 1 mm.

Lacerta sp. A
(Plate 4: b-d, f-h; Table 2, 3, 4, 5, 6, 10; fig. 20)

Material: 13 osteodermalia. 17 osteodermalia supraocula-
res. 136 fragmenta frontalium. 1 pterygoideum dext. (AO:
Inv. Nr.. NHMW2004z0025/0001). 1 pterygoideum sin.
3 quadrata dext. 5 quadrata sin. 60 praemaxillaria (AO:
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Inv. Nr.: NHMW20042z0025/0002). 403 maxillaria dext.
322 maxillaria sin. 99 maxillaria indet. 208 dentalia dext.
236 dentalia sin. (AO: Inv. Nr.: NHMW2004z0025/0003).
1 atlas (AO: Inv. Nr.. NHMW2004z0025/0007). 2
epistrophei. 7 vertebrae cervicales (AO: Inv. Nr.: NH-
MW2004z0025/0004). 319 vertebrae praesacrales (AO:
Inv. Nr.. NHMW2004z0025/0005). 2 vertebrae sacrales.
96 vertebrae caudales anteriores. 165 vertebrae caudales
AO: Inv. Nr.: NHMW?2004z0025/0006). 2 ilia dext. 5 ilia
sin. 6 humeri dext. 4 humeri sin.

(BM: Inv. Nr.. NHMW2004z0025/0008).

Description:

osteodermale: The 13 osteodermalia are rectangular and
divided into two areas dorsally. The exaulted one third rests
unsculptured while two thirds are covered by a fine sculp-
ture. A longitudinal, transversale ridge is visible in some
case. From ventral aspect, small foramina are present.
osteodermale supraocularis: 17 complete osteodermalia
supraoculares are present. They are triangular, vaulted
dorsally and sculptured by many fine pits. Ventrally, a
triangular depression is present.

fragmentum frontalis: The 136 fragments of the frontale
are too unspecific to describe them more precisely. If they
are relatively well preserved, the anterior part which would
provide more detailed information is missing. Dorsally,
they are sculptured by small pits and grooves. The sulcus
interfacialis posterior is present in any case. From ventral
view, the crista cranii frontalis following the margo prae-
frontalis and the margo postfrontorbitalis is slightly curved
and bears 3-4 oval posterior foramina.

pterygoideum (Plate 4: b): Both elements represent the
central part of the y-shaped pterygoideum. The bases of
the processus palatinus, processus transversus, processus
basisphenoideus, and the processus quadratus are present.
Four monocuspid dentes pterygoidei on the processus
palatinus are orientated to medial. Viewing from ventral,
the triangular sulcus pterygoideus is bordered by the crista
transversa ventralis. Dorsally, the crista transversa dor-
salis rises highly. Contrary to the just slightly developed
longish-oval incisura cristae columellaris, the oval fossa
columella deeply impresses.

quadratum: Eight fragmentary quadrata are represented
by the straight crista pterygoidea bearing the condylus
cephalicus. From posterior aspect, the crista pterygoidea
extremely broadens ventrally and less dorsally.
praemaxillare (Plate 4: ¢): The 60 praemaxillaria are either
completely preserved or lack parts of the processus nasalis,
the processus maxillaris, or the processus palatinus. The
processus nasalis features the shape of a rhomboid. The
dorsal half of its outer surface is sculptured by small pits
or grooves. Due to that sculpture, the dorsolateral margins
irregularly taper. Bearing triangular and well-developed
processus palatini orientated to posterior, the processus
maxillaris is relatively short. From lingual aspect, the
processus nasalis possesses a continuous, medial ridge
orientated to dorsoventral. On half level, ridges directed
to laterodorsal meet in the medial one. If observable,
the number of the pleurodont, monocuspid teeth varies
between 9 and 11.
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maxillare: 824 maxillaria represent each state of fragmen-
tation. The processus zygomaticus is short and high and,
if observable, the processus praefrontalis is not present.
From labial view, the facies buccalis is sculptured by
small pits and grooves. Ventral to the sculptured part and
dorsal to the crista dentalis, a row of serial oval to roundish
foramina is present. Viewing from dorsal, the undulating
lamina horizontalis features a triangular and large orificium
canalis nervi alveolaris superioris. From lingual aspect, a
crista borders the anterior margin of the concave facies
interna. About 20 pleurodont, bicuspid and robust teeth
orientated to mediolateral are present.

dentale (Plate 4: d): The 444 dentalia are robust, long
and variably fragmentary. The symphysis is irregularly
drop-like. From labial aspect, oval to roundish foramina
occur on the anterior half. A distinct groove parallel to
the posterior crista dentalis meets in the processus coro-
noideus. Viewing from lingual, the open sulcus meckeli
broadens posteriorly. The undulating lamina horizontalis
thinning out posteriorly borders the crista dentalis which
bears pleurodont and robust, anterior monocuspid (about
6), medial bicuspid, and posterior tricuspid (about 3) teeth.
If preserved, not only the processus coronoideus, but also
the sinus supraangularis are well-developed.

atlas (fig. 20): The atlas of the Lacertidae consists of two
parts. The element described herein represents the left
part containing one half of the centrum and one half of the
neural arch. The latter lacks its dorsal end. Viewing from
anterior, it is vaulted laterally. The centrum is irregularly
oval and the neural arch extremely thin. From lateral as-
pect, the oval centrum is separated from the bigger oval
neural arch by a thin constriction. Concerning the neural
arch, a blunt processus projects posteriorly. Its dorsal mar-
gin represents a sharp edge running arcuately from dorsal
to posterior and enclosing a posterior depression. On the
medial, very spot of the processus, the oval postzygapo-
physis is present. The centrum features a blunt and robust
processus orientated to lateral and situated slightly pos-
teriorly. Dorsal to that processus, a triangular depression
is present. Three irregularly oval articular surfaces of the
centrum represent one condylus occipitalis, one condylus
articulating with the epistropheus and the third, ventral
condylus connected to the intercentrum.

epistropheus: The centra of the two epistrophei are pre-
served. From ventral aspect, they are triangular: anteriorly,
the broad and blunt dens epistrophei inserts to the whole
width while posteriorly, a distinct, round condylus is
present. A well-developed ventral keel leads to an anterior
processus which arises from a broad base. Its top inclined
to posterior is flattened laterally.

vertebra cervicalis (Plate 4: f): Seven vertebrae cervicales
are nearly complete. They are procoelous featuring a short
centrum and a short neural arch situated far posteriorly.
While the condylus is erectly oval, the cotylus looks flat-
tened dorsoventrally. A sharp ventral keel is present. The
elongated and narrow, oval synapophysis is orientated
to posterodorsal-anteroventral. Prae- and postzygapo-
physes are longish-oval and directed to anteroposterior.
From anterior aspect, the canalis neuralis is widely open.
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Viewing from dorsal, the sharp processus spinosus dilates
posteriorly ending in a short cusp.

vertebra praesacralis (Plate 4: g; Table 10): Featuring each
state of fragmentation, the 319 procoelous vertebrae prae-
sacrales possess a remarkably longer centrum and a longer
neural arch than the vertebrae cervicales. Their measure-
ments are given in Table 10. Contrary to the vertebrae cervi-
cales, condylus and cotylus are flattened dorsoventrally, the
ventral keel is less distinct and flat, and the synapophyses
are broader. Prae- and postzygapophyses are equally long-
ish-oval orientated longitudinally, and the sharp processus
spinosus dilates posteriorly ending in a short cusp.
vertebra sacralis: Two separated vertebrae sacrales are
present. Both represent the second vertebra sacralis. While
one is completely preseved, the other one lacks the distal
part of the right processus transversus. The cotylus is
round, the condylus flattened dorsoventrally. From ventral
aspect, no ventral keel is present. Inserting with a broad
base, the processus transversi slightly flattened dorsoven-
trally constrict medially and dilate again distally. They are
imperceptibly orientated to anterior. Their top features an
anterior, oval and large articular surface for the connection
to the processus transversus of the first vertebra sacralis.
Prae- and postzygapophyses arise laterally. Contrary to
the small and longish-oval praezygapophyses, the oval
postzygapophyses are larger. The distinct processus spino-
sus dilates posteriorly ending in a cusp.

vertebra caudalis anterioris (Plate 4: h): 96 vertebrae
caudales anteriores mainly preserved by their procoelous
centra feature either complete or just the bases of the pro-
cessus transversi. While the cotylus is round, the condylus
is flattened dorsoventrally, and the ventral keel is promi-
nent but rounded. The processus transversi orientated to
anterior insert broadly and are flattened dorsoventrally.
They feature parallel anterior and posterior margins fusing
roundly at the tip. The roundish-oval prae- and postzyga-
pophyses slightly rise laterally. The latter are orientated to
lateral. Relating to the well-developed processus spinosus,
it dilates posteriorly to lead into an elongated, round pos-
terior cusp overtopping the postzygapophyses.

vertebra caudalis: The 165 procoelous vertebrae cau-
dales represent anterior and posterior parts. The former
feature condyli flattened dorsoventrally, a well-devel-
oped, rounded ventral keel, and the undulating plane of
fracture passing across the reduced processus transversus
flattened dorsoventrally and orientated to lateral. The
oval praezygapophyses are directed to anteroposterior,
and a distinct processus spinosus is present. Relating to
the bigger posterior part, the conylus is round, and the
ventral keel slightly divides posteriorly ending in two
lateral cusps anterior to the cotyle. The undulating plane
of fracture passes across the processus transversi flattened
dorsoventrally and orientated to posterolateral which may
be broken. The roundish-oval postzygapophyses incline to
lateral and a cuneiform processus spinosus rises postero-
dorsally. After ETHERIDGE (1967), this kind of autotomy
occurring in members of the genus Lacerta is character-
ized by the divergence of the anterior and posterior parts
of the split processus.
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ilium: The posterior parts of the 7 ilia are preserved. The
large and oval acetabulum, the long axis of which, in lateral
view, is directed to posterodorsal/anteroventral, forms an
anterior acute angle. Anteroventral to the acetabulum, a
distinct foramen is present. With regard to the tuber su-
perior, it is long, slender and orientated to posterior. The
ala ossis ilii as well as the pars descendens ossis ilii are
robus, broad and flattened laterally.

humerus: 9 humeri represent proximal parts, while one
fragmentary humerus consists of the distal part. From
dorsal view, the former are rectangular, dilated and ori-
entated to medial. Their margins represent ossified ridges
for musculature and the crista delto-pectoralis includes an
obtuse angle with the proximal humerus. Viewing from
ventral, the proximal part is strongly concave. With regard
to the single distal remain, the epicondylus radialis is flat-
tened laterally while the epicondylus ulnaris is vaulted.
Contrary to the massif entepicondylus, the ectepicondylus
is reduced merging into the crista ectepicondylaris. The
foramen ectepicondylaris is present.

Comparison: With regard to the fragmenta frontalium,
the pterygoidea, the quadrata, the praemaxillaria, the
maxillaria, as well as the dentalia, the elements are too
fragmentary lacking diagnostic parts to refer them to
Lacerta viridis, although the present characteristics cor-
respond to the species according to RauscHER (1992) and
based on comparisons with Recent material. The osteo-
dermalia, the osteodermalia supraoculares, the vertebrae,
ilia, and humeri feature characteristics typical of members
of the Lacertidae but are not indicative for a more detailed
information. Their determination follows BaiLoN (1991),
BARBADILLO & SANz (1983: vertebrae), ETHERIDGE (1967:
vertebrae caudales), and LEcURU (1969: humeri). Atlas,
epistropheus, and vertebrae caudales anteriores have not
been described yet and their determination is based on
comparisons with Recent members of the Lacertidae.
Due to their big size, the elements have been referred to
Lacerta sp. A, the bigger species of the Lacertidae present
in Kohfidisch.

Figure 20: Lacerta sp. A. Left half of atlas (Kohfidisch; Inv. Nr.:
NHMW2004z0025/0007), scale bar equals 1 mm.
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Lacerta sp. B
(Plate 4: e; Table 2, 3, 4, 5, 6, 10)

Material: 2 praemaxillaria. 12 maxillaria dext. 9 maxil-
laria sin. 16 dentalia dext. 22 dentalia sin. (AO: Inv. Nr.:
NHMW2004z0026/0001). 8 vertebrae praesacrales. 2
vertebrae caudales.

(BM: Inv. Nr.: NHMW2004z0026/0002).

Description: The praemaxillaria, the maxillaria and the
dentalia (Plate 4: e) altogether represent very fragmentary
elements mainly consisting of the lamina horizontalis
bearing monocuspid (praemaxillare, anterior teeth of the
dentale) and bicuspid (maxillare, posterior teeth of the
dentale) teeth. Specific parts are missing. The remaining
characteristics correspond to the ones described as Lacerta
sp. A but differ in their smaller size. The measurements of
the vertebrae praesacrales are listed in Table 10. Together
with the vertebrae caudales, they are morphologically
similar to the vertebrae of Lacerta sp. A but smaller.
Comparison: Based on the observable characteristics of the
elements typical of members of the Lacertidae (RAUSCHER,
1992: praemaxillaria, maxillaria, dentalia; BARBADILLO
& SaNz, 1983: vertebrae; ETHERIDGE, 1967: vertebrae
caudales) and on comparisons with Recent material, their
description has resulted in Lacerta sp. B. This second non-
described species of the Lacertidae differs from Lacerta
sp. A just in its smaller size. Therefore, it might represent
juvenile specimens of Lacerta sp. A. Moreover, large and
smaller-sized species of the Lacertidae usually coexist in
a single habitat today (ARNOLD & OVENDEN, 2002). With
regard to the fragmentariness of the elements and the habits
of Recent relatives, a more detailed determination than
Lacerta sp. A and Lacerta sp. B is not possible.

The maxillaria and dentalia of Lacerta sp. 1 and Lacerta sp.
2 from Obergéanserndorf and Teiritzberg correlate in size,
shape and tooth morphology to Lacerta sp. A and Lacerta
sp. B of Kohfidisch. These elements are too fragmentary
for detailed examination as well.

Discussion: Lacerta viridis appears in the Upper Pliocene
to the Middle Pleistocene of Hungary, in the Upper Plio-
cene to the Pleistocene of Sicily, in the Plio-/Pleistocene
of Austria (RAUSCHER, 1992), in the Lower Pleistocene of
Rumania, in the Upper Pleistocene of Italy, in the Upper
Pleistocene of Slovenia (Paunovi¢, 1984), in the Pleisto-
cene of Monaco, as well as in the Holocene of Middle and
Southern Europe and Asia Minor (EsTEs, 1983).

So far, Lacerta cf. viridis has been described from the
Upper Pliocene of Poland (MryNARSKI, 1964; MEYNARSKI
et al., 1984), from the Lower Pleistocene of Hungary
(KreTzO1, 1956) and from the Middle Pleistocene and
Holocene of France (BaiLon, 1991). Thus, Lacerta cf.
viridis from the Upper Miocene of Kohfidisch represents
the oldest record.

The oldest fossil determined as Lacerta s. 1. dates from the
Middle Oligocene and the Upper Oligocene (Lacerta filholi)
of France (Auct, 1986, 1988). Lacerta sp. appears in the
Lower Miocene of France (HOFFSTETTER, 1955) and Austria
(BonME, 2002b), in the Middle Miocene of Germany (BOH-
ME, 1999), in the Middle and Upper Miocene of Austria (MI-
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KLAS-TEMPFER, 2003 ; HARZHAUSER & TEMPFER, 2004), and in
the Lower Pliocene of Austria (PAapp & THENIUS, 1954) and
Poland (MryYNARsKI, 1956, 1962). The Plio-/Pleistocene of
Austria as well, bears Lacerta sp. (RAUSCHER, 1992). Further,
Lacerta sp. has been described from the Upper Pliocene to
the Holocene of Germany, Poland, France, Spain, Greece,
Italy, Slovenia, Menorca, and Malta (EstEs, 1983).
Probably, the lacertid lizards inherited from the Cretaceous
appeared in Europe during the Palacocene/Eocene. Ascer-
tained, they are present in the Lower Eocene of Belgium
(AUGE, 1990; RAGE & AUGE, 1993). Not only the Palaeo-
cene, but also the Eocene herpetofaunas of Europe implying
the Lacertidae display a Laurasian pattern (RAGE, 1997).
Ecology and Climate - living relatives: Not only habitats
in and around dense bushy vegetation with good exposure
to sun, such as open woods, wood and field edges, hedge-
rows, and bramble thickets, but also damp environments
and highland areas up to 1800 m represent living spaces of
Lacerta viridis. If bushes are present, heath areas may be
inhabited as well. Members of the species hunt and climb
in dense vegetation but come out to bask in the morning
and in the evening (ArRNOLD & OVENDEN, 2002). They
hibernate in burrows. Lacerta viridis occurs in much of
the southern half of Europe, extending north to most of
France, the Channel Islands, West and South Switzerland,
South and East Austria, parts of the Czech Republik and
Slovakia and South Ukraine including the Dneiper Valley.
Isolated populations are present in the Rhine Valley. It
extends south to North Spain, Sicily and North and Central
Greece. The species lacks in many Mediterranean islands,
but is present on Euboa, Thasos, Samothrace, Skiathos,
Corfu, and Elba (ArRNoLD & OVENDEN, 2002). This area of
distribution is restricted to the K&ppen’s climate types Cf,
Cs, and Df (following MULLER, 1996; see chapters 5, 6).

Genus Miolacerta RoCEk, 1984

Miolacerta tenuis RoCex, 1984
(Plate 5: a; Table 2, 3, 4, 5, 6)

Holotype: Charles University, Department of Palaeonto-
logy, Prague, Czech Republik, DP FNSP 3785; section of
the left dentale with 14 anterior tooth positions (ROCEK,
1984).

Type locality: Dolnice, Czech Republik.
Stratigraphical Age of the Type material: Lower Mio-
cene (Ottnangian, Orleanian, MN4).

Range: Lower Miocene: Czech Republik; Middle Mi-
ocene: Germany; Upper Miocene: Austria.

Upper Miocene of Kohfidisch: LOD (= last occurrence
date).

Material: 2 maxillare sin. 3 dentalia dext. (AO: Inv. Nr.:
NHMW2004z0027/0001). 1 dentale indet.

(BM: Inv. Nr.: NHMW2004z0027/0002).

Description:

maxillare: The two maxillaria are fragmentary. They are
5.04 mm or 2.5 mm respectively long representing the
middle parts of the elements and consist of three tricus-
pid teeth declined to anterior and the lamina horizontalis.
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Slightly dorsal to the latter, the maxillare is broken. The
orificium canalis nervi alveolaris superioris is present on
each maxillare.

dentale (Plate 5: a): Three right dentalia are represented
by their anterior parts while one remain consists of two
tricuspid teeth and the adjacent lamina horizontalis of
a dentale. The most complete dentale is 2.92 mm long,
elongated and shows a rectangular symphysis. The massive
lamina horizontalis reaches one third of the bone height
at the level of the most probably 4" to the 12 tooth posi-
tions. Anteriorly, it starts as a thin cusp which becomes
continuously wide and leads into a plate posteriorly.
Exposed ventromedially, the sulcus meckeli opens well
anteriorly. Relating to the dentition, the most probably
3, the 5™, and the 7™ to the 10® tooth are preserved. They
attach pleurodontly overtopping the crista dentalis with
more than one third of their entire height, and they are
slender, cylindrical and slightly convex lingually. While
the 3™ and the 5" tooth possess simply rounded cusps,
the 7" to the 10" ones are tricuspid. From labial aspect,
a regular row of four foramina pro ramis nervi alveolaris
inferioris is present.

The two other anterior remains of the dentalia consist of
three teeth and the massive lamina horizontalis adjoining to
a sulcus meckeli opened ventromedially. While one remain
contains three tricuspid teeth, the second one possesses
an anterior monocuspid and two posterior tricuspid teeth.
They are 3 mm or 2.75 mm long respectively.
Comparison: The tricuspid teeth of the maxillaria as well
as the dentition and the characteristics of the dentalia are
typical of Miolacerta tenuis such as described by Ro¢ex
(1984). Although dentalia with tricuspid teeth also occur
in other members of the Lacertidae, the dentalia described
herein feature more and more distinct tricuspid teeth as
well as a general morphology justifying their description
as Miolacerta tenuis.

Discussion: The genus Miolacerta and the species Mio-
lacerta tenuis have been described by Roc¢ex (1984) from
the Lower Miocene locality Dolnice in Bohemia, Czech
Republik. M. BoHME (1999) mentions the species in her
faunal list of Sandelzhausen, Middle Miocene, Germany.
Finally and according to M. BouME (2002b), Lacerta sp.
2 from Obergénserndorf and Teiritzberg, Lower Miocene,
Austria, features similarities to Miolacerta but unfortu-
nately is represented by too fragmentary and therefore
unspecific remains. Concluding, the record of Miolacerta
tenuis from Kohfidisch represents the third and simulta-
neously the stratigraphically youngest one.

7Lacertidaec BONAPARTE, 1831
Genus Edlartetia AuGt & RaGE, 2000

Edlartetia sansaniensis (LARTET, 1851)
(Plate 5: b; Table 2, 3, 4, 5, 6)

Neotype: Musée National d‘Histoire Naturelle, Paris,
France, Sa 23595; right, incomplete dentale (Auck &
Ragg, 2000).
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Type locality: Sansan, Gers, France.

Stratigraphical Age of the Type material: Middle Mio-
cene (Astaracian, MNG6).

Range: Middle Miocene: France; Upper Miocene: Aus-
tria.

Upper Miocene of Kohfidisch: LOD (= last occurrence
date).

Material: 9 maxillaria dext. 3 maxillaria sin. 12 dentalia
dext. (AO: Inv. Nr.. NHMW2004z0028/0001). 12 dentalia
sin. (BM: Inv. Nr.. NHMW?2004z0028/0002).
Description:

maxillare: 12 maxillaria are present which are altogether
fragmentary. The outer surface is smooth. The typical teeth
are pleurodont, slender, closely attached, and irregularly
orientated. Apart from the most frequent ventrally broken
teeth, monocuspid and bicuspid teeth exist. The latter
mostly show a dilatation shortly before the two cusps
which are unequally prominent. From lingual view, the
cavities for the tooth replacement are straight dorsoven-
trally and rather narrow. Some teeth feature that slit up to
slightly dorsal the cusps. The lamina horizontalis results in
a bulge lingually. Viewing from labial, numerous foramina
are present. While the ventral row consists of regularly
arranged foramina, an irregular second and third dorsal
row follow.

dentale (Plate 5: b): The 24 slender dentalia lack their
posterior part and few of them also their anterior or ventral
part. The ventral margin is just slightly arched ventrally.
Together with the crista dentalis, the lamina horizontalis
is marginally arched ventrally as well. The sulcus meckeli
opens ventral at the symphysis and widens regularly from
anterior to posterior. From labial aspect, a row of relatively
large, oval foramina is present. The distance that separates
them increases posteriorly. With regard to the teeth, they
are pleurodont, cylindric and irregularly inclined. Similarly
to the teeth of the maxillare, the bicuspid ones feature a
dilatation shortly ventral to the two cusps. One cusp is
prominent. Formed like a slit, the cavities for the tooth
replacement reach up to slightly ventral to the cusps.
Comparison: Following Auct & Rack (2000), the ventral
margin of the dentale that slightly arches ventrally as well
as the bicuspid teeth featuring the typical dilatation are
characteristic of Edlartetia sansaniensis. They point to a
high similarity to the dentale of Miolacerta tenuis, sharing
the slenderness, the small size, the general shape, and the
shape of the lamina horizontalis. But contrary to Edlartetia
sansaniensis, the teeth of Miolacerta tenuis are typically
tricuspid. Generally, the latter does not feature any facet
for the attachment of the coronoid on the outer surface of
the dentale, which unfortunately is not observable in the
material described herein.

The material from Sansan, the type locality, does not in-
clude maxillaria, but the dentition including the irregularly
inclined teeth, the dilatation dorsal the two cusps, and
the slit-like cavities for the tooth replacement reaching
up to slightly dorsal to the cusps is similar to the teeth
of the dentale. Keeping these considerations in mind, the
description of the maxillaria and the dentalia has resulted
in Edlartetia sansaniensis.
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Discussion: Auct & Race (2000) have erected the new
genus Edlartetia for the reception of the species Lacerta
sansaniensis LARTET, 1851 of Sansan in France, Middle
Miocene. They designated a neotype from this locality.
Lacerta sansaniensis was just shortly described and not
figured. Gervals (1859) refers a specimen from Sansan to
Lacerta sansaniensis whereupon EsTes (1983) declares L.
sansaniensis as nomen dubium. The record of Edlartetia
sansaniensis from the Upper Miocene of Kohfidisch re-
presents the stratigraphically youngest one and the second
locality only in which the species is known.

The tooth morphology of Edlartetia sansaniensis correlates
more with the Teiidae than with the Lacertidae although the
teeth of the Teiidae typically possess a deposit of cemen-
tum at their base and the dentale is more arched ventrally.
Teiidae have never been recorded from Europe but from
America and Asia. As during the Miocene, mammals and
snakes changed between North America and Europe, the
attribution of Edlartetia sansaniensis to the family of the
Teiidae is possible (AUGE & RaGE, 2000).

Furthermore, AuGg & RAGE (2000) point to similarities of
the tooth morphology between Edlartetia sansaniensis and
amember of the Anguinae of the type locality Sansan. Due
to these incertitudes, they call the definite attribution of the
species to the family of the Lacertidae into question.

Superfamily Scincoidea Gray, 1825
Family Scincidae Gray, 1825

Scincidae indet.
(Plate 5: ¢; Table 2, 3, 4, 5, 6, 10)

Range: Upper Cretaceous and Upper Eocene — Holocene:
U.S.A.

Lower Miocene — Middle Pleistocene: Austria, Germany,
Czech Republic, Ukraine, France, Spain, Morocco;
Holocene: South Europe, South-East Asia, Africa, Amer-
ica, Australia.

Material: 7 maxillaria dext. 5 maxillaria sin. 1 dentale
dext. (AO: Inv. Nr.: NHMW2004z0029/0001). 2 dentalia
sin. 3 vertebrae praesacrales.

(BM: Inv. Nr.: NHMW2004z0029/0002).

Description:

maxillare: The 12 fragmentary maxillaria are represented
by the crista dentalis, teeth, the lamina horizontalis, and the
broken dorsal part. The lamina horizontalis emerges two
times forming an edge. The most prominent one is situated
at the level of the 2" to 3™ tooth positions, where the large
orificium canalis nervi alveolaris superioris is present.
The smaller edge is formed at the level of the 4™ tooth
position. Viewing from labial, the large and oval foramina
pro ramis nervi alveolaris superioris are longitudinally
orientated. The processus zygomaticus is elongated, trian-
gular, pointed, and slightly bent to labial. Concerning the
pleurodont teeth, they are cylindrical, massive, blunt, and
closely attached. Their tips are compressed labiolingually
featuring a fine vertical striation. In general, they are mo-
nocuspid although just a few of them feature an indistinct,
underdeveloped and very small anterior cusp.
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dentale (Plate 5: c): Three dentalia are present. One of the
two left dentalia broken anteriorly and posteriorly lacks
the ventral part. The right dentale is the most complete
one although the very anterior end as well as the poste-
rior part are missing. The ventral margin is straight and
arises directly at the symphysis. Typically, the rounded
lamina horizontalis is flat and low. It thins out posteriorly
and carries a medial thin slit which might be the contact
between the dentale and the spleniale. With regard to
the sulcus meckeli, it forms a slit exposed ventrally with
parallel margins farther to the 8" tooth position. At the
position of the very large and oval orificium canalis nervi
alveolaris inferioris elongated anteroposteriorly, the sulcus
meckeli opens widely but remarkably shallowly. At that
position as well, the dentale broadens posteriorly. The
pleurodont and monocuspid teeth are cylindrical, mas-
sive, blunt, and closely spaced. Their tips are compressed
labiolingually and feature a fine vertical striation. While
the anterior teeth are inclined anteriorly, the posterior ones
erect vertically.

vertebra praesacralis (Table 10): One of the three vertebrae
praesacrales is complete, one lacks its condylus, and one
features a broken posterior neural arch. Relating to their
measurements, see Table 10. The centrum is procoelous,
flattened dorsoventrally and elongated, possessing a well
distinct condylus. It broadens anteriorly and features a
smooth ventral surface. The pseudozygosphene (sensu
HorrsTETTER & GAsc, 1969) is visible on each vertebra
while the pseudozygantrum is reduced. From anterior
aspect, the canalis neuralis is high. Viewing from dorsal,
the neural arch is deeply carved anteriorly featuring a
sharp processus spinosus which overtops the postzyga-
pophyses posteriorly with a blunt cusp serving for an in-
terzygapophyseal articulation. With regard to the prae- and
postzygapophyses, they are longish-oval and orientated
longitudinally.

Comparison: The characteristics of the maxillaria refer
to a member of the Scincidae based on comparisons with
maxillaria of Recent specimens and on Bamwon (1991)
and Rocek (1984). The dentalia correlate with the ones
described by AuGE & RAGE (2000) and BaiLon (1991) as
Scincidae indet. and with Recent material of members of
the family. Therefore, their determination has resulted in
Scincidae indet.

Comparisons with dentalia of Recent members of the
Scincidae have shown affinities of the dentalia described
herein to Chalcides. Those closely attached, massive teeth
and mainly the development of the sulcus meckeli and
the shape, position and large size of the orificium canalis
nervi alveolaris inferioris point to the living Chalcides.
Eumeces, another living scincid, features a sulcus meckeli
more continuously open from anterior to posterior contrary
to Chalcides, where the sulcus meckeli represents a slit up
to the 12 tooth position and opens abruptly at the position
of the orificium canalis nervi alveolaris inferioris. The
lamina horizontalis of the living Mabuya is more raised
posteriorly and more distinct, bordering a deeper sulcus
meckeli which just opens at the 15" tooth position, and the
orificium canalis nervi alveolaris inferioris is smaller. The

181

sulcus meckeli of the Recent species Ablepharus is closed.
Due to the lack of specimens of more Recent genera of the
Scincidae, a more precise determination than Scincidae
indet. is not possible.

The maxillaria and dentalia of Scincidae indet. of
Obergénserndorf and Teiritzberg feature a tooth morphol-
ogy and size similar to the ones of Kohfidisch. Though,
the teeth of the dentalia are not as closely spaced and
unfortunately, none of the ventral parts of the dentalia is
preserved to inform about the development of the sulcus
meckeli. Therefore, comparisons with regard to possibly
different genera are insufficient.

Due to the lack of the processus transversi and the anterior
broadening of the centrum flattened dorsoventrally, the
vertebrae represent vertebrae praesacrales. Their char-
acteristics are typical of members of the Scincidae fol-
lowing BaiLoN (1991), Estes et al. (1988), and personal
observations on material of Recent specimens. Especially
the interzygapophyseal articulation point formed by the
processus spinosus overtopping the postzygapophyses is
typical of Scincidae. Keeping these considerations in mind,
the description has resulted in Scincidae indet.
Discussion: The oldest records of a member of the
Scincidae doubtfully date from the Upper Cretaceous
and unquestionably from the Middle Oligocene of North
America (EsTEs, 1969b; Estes, 1983). In the U.S., the
family of the Scincidae is present from the Middle Oli-
gocene to the Holocene (EsTes 1983). M. BoHME (2002b)
has described Scincidae indet. from Obergénserndorf and
Teiritzberg in Austria, RoCek (1984) a member of the cf.
Family Scincidae from the Lower Miocene of Dolnice
in the Czech Republic, and ScHLEICH (1985) cf. Mabuya
from Germany as the three oldest records of the family
from the Lower Miocene of Europe. The Upper Miocene
and the Lower Pleistocene of the Ukraine yield members
of the Scincidae (DAREVSKY & TSHUMAKOV, 1962; ZEROVA,
1987). In France, Scincidae occur in the Middle Miocene
(AucE & RAGE, 2000) and in the Middle Pleistocene to the
Holocene (BaiLon, 1991), while in Spain, they are present
in the Upper Pliocene (BaiLon, 1991) and the Pleistocene
(BARBADILLO, 1989).

Scincidae are closely related to Xantusiidae and especially
to the Cordylidae with regard to the morphology of the
dentale and the vertebrae (Estes, 1983; PreEscH, 1988).
Estes et al. (1988) regard Scincidae and Cordylidae as
sister groups within the Superfamily Scincoidea. AUGE
& RacE (2000) point to the deficiency of the generalized
similarities between the families. They mention the com-
mon presence of the pseudozygosphene and pseudozyg-
antrum on vertebrae of Scincidae, some Cordylidae, and
some Lacertidae and suggest further comparisons between
the families.

Following RaGe (1997), the family of the Scincidae in-
vaded Europe during the Miocene either from Asia or from
Africa. Exchanges of terrestrial forms between Europe
and Asia were no longer hindered by marine barriers from
the Lower Miocene onwards, after the Eurasian and Afro-
Arabian plates had collided by the Oligocene-Miocene
transition. Due to the Messinian event, when the Mediter-
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ranean largely dried up, a terrestrial connection occurred
between Europe and Africa on the site of Gibraltar during
the Upper Miocene.

Ecology and Climate - living relatives: Members of the
European Scincidae represent ground-dwelling lizards
with small or even totally reduced limbs. They are diurnal,
often rather secretive animals feeding on a wide variety
of invertebrates (ARNOLD & OVENDEN, 2002). Chalcides in
detail prefers dry habitats often in lowlands but may also
occur on damp meadows (OBsT et al., 1984). The optimal
temperature of a skink ranges between 25°C and 30°C.
The Scincidae preferentially inhabit South-East Asia,
Australia and Africa (OBsT et al., 1984), but also America
and Europe. Merely five of the about 700 extant species
occur in Europe which belong to the genera Ablepha-
rus, Chalcides and Ophiomorus. Chalcides is found in
South France, Iberia, Malta, Elba, Sardinia, Sicily, Italy,
Greece, Euboa, Crete, North and North-East Africa, and
South-West Asia (ARNoOLD & OVENDEN, 2002). That area
of distribution belongs to the Koppen’s climate type Cs
(MULLER, 1996; see chapters 5, 6).

Infraorder Anguimorpha FURBRINGER, 1900
Superfamily Anguioidea Gray, 1825
Family Anguidae Gray, 1825
Subfamily Anguinae Gray, 1825

Genus Anguis LINNAEUS, 1758

Anguis fragilis LINNAEUS, 1758
(Plate 5: d-h; Table 2, 3, 4, 5, 6, 11; fig. 21)

Recent species: Anguis fragilis LINNAEUS, 1758

Range: Upper Miocene — Upper Pleistocene: Austria,
Hungary, Poland, Rumania, France, Spain;

Holocene: Europe north to Finland, east to the Caucasus
and Iran, south to North-West Africa.

Upper Miocene of Kohfidisch: FOD (= first occurrence
date).

Material: 842 osteodermalia. 1 quadratum dext. (AO:
Inv. Nr.. NHMW2004z0030/0006). 2 maxillaria dext.
11 maxillaria sin. 11 dentalia dext. 14 dentalia sin. (AO:
Inv. Nr.. NHMW2004z0030/0001). 1 vertebra cervicalis
(AO: Inv. Nr.. NHMW2004z0030/0002). 554 vertebrae
praesacrales (AO: Inv. Nr.. NHMW2004z0030/0003). 5
vertebrae sacrales. 253 vertebrae caudales (AO: Inv. Nr..
NHMW?2004z0030/0004, 0005).

(BM: Inv. Nr.: NHMW2004z0030/0007).

Description:

osteodermale: 842 osteodermalia altogether are oval to
rectangular. One third of the outer surface is smooth, while
two thirds are covered by a fine sculpture of pits, bulges,
and grooves. Lateral and medial osteodermalia bear a me-
dian ridge. The inner surface features two medial rows of
2-3 foramina each. Measurements of the ossicula dermalia
dorsalia medialia are given in Table 11.

gquadratum (fig. 21): The single right quadratum is com-
plete. From posterior aspect, it is 2.31 mm long, and the
condylus mandibularis is 0.92 mm broad. The vertical, thin
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crista tympani runs parallel to the irregularely thickened
crista pterygoidea in the medial section. The latter broad-
ens funnel-shaped ventrally, and the condylus cephalicus
extremely bends posteriorly. Viewing from anterior, the
straight crista pterygoidea features a medial foramen. Epi-
physis columnaria and condylus cephalicus are separated
by a shallow recess.

maxillare: The 13 maxillaria are either completely or just
medially preserved. Their general shape remarkably fea-
tures a prominent, roundish to nearly quadratic dorsal part
lacking any processus praefrontalis and incisura nasalis.
Its anterior margin possesses a broad but flat lingual bulge.
The cuspid processus zygomaticus is more elongated than
the divided and pointed processus praemaxillaris enclosing
a deep excavatio nasalis. The margo fenestra exonarina is
sickle-shaped. Typically, the thin and lamella-like lamina
horizontalis bulged marginally becomes concave medially.
The posterior expansion of the lamina horizontalis bears
the lentiform orificium canalis nervi alveolaris superioris.
Viewing from labial, the round and distinct foramina pro
ramis nervi alveolaris superioris range regularly in a row.
Relating to the monocuspid teeth, they are widely spaced,
shallowly pleurodont, pointed, and curved posteriorly.
Completely preserved maxillaria feature 10-11 teeth or
tooth positions respectively.

dentale (Plate 5: d): 25 dentalia are present. They are
complete, broken posteriorly, or represented by a part
of the lamina horizontalis with two or more teeth. The
dentalia are slender featuring an irregularly drop-like
symphysis. The more prominent and triangular processus
coronoideus, the less distinct processus supraangularis,
as well as the relatively shortest processus angularis are
altogether pointed. Both incisura coronoidea and sinus
supraangularis represent cuneiform slits. With regard to
the sulcus meckeli, it opens just ventrally on the anterior
half. With the beginning of the posterior half, the lamina
horizontalis rises abruptly and the sulcus meckeli opens
widely. The former features a cusp orientated to posterior
at the position of the last but one tooth which encloses
the foramen alveolaris anterioris inferioris. From labial
aspect, oval foramina pro ramis nervi alveolaris inferioris
elongated anteroposteriorly are situated in a medial row.
The pleurodont, monocuspid teeth are widely spaced
featuring pointed cusps curved to posterior. The height of
the posterior ones is reduced. 11 teeth or tooth positions
are present on completely preserved dentalia.

vertebra cervicalis (Plate 5: e): The single procoelous
vertebra cervicalis is nearly completely preserved. Just
the hypapophysis is broken. The short centrum flattened
dorsoventrally and widened anteriorly features a sharp
ventral keel meeting the broadly inserted hypapophysis.
Viewing from anterior, the canalis neuralis is roundish,
and the neural arch rises highly. It bears a processus
spinosus forming a posterior, high and blunt cusp. Prae-
and postzygapophyses are oval and slightly orientated to
anterolateral or posterolateral respectively. The longish-
oval synapophyses stick out posterolaterally.

vertebra praesacralis (Plate 5: f; Table 11): The larger part

of the 554 vertebrae praesacrales is completely preserved.
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Their measurements are noted in Table 11. The typically
elongated and straight centrum is flattened dorsoventrally.
The margines laterales are nearly straight posteriorly and
diverge in their anterior half. Two medioventral foramina
subcentrales are present. Viewing from lateral, the longish-
oval synapophyses are slightly orientated to anteroventral/
posterodorsal. From posterior view, the canalis neuralis is
round. From dorsal aspect, the neural arch is remarkably
concave laterally. It bears a relatively sharp processus
spinosus which ends as a posterior high and blunt cusp.
The latter does not overtop the postzygapophyses and
serves for an interzygapophyseal articulation. Prae- and
postzygapophyses are large, roundish-oval, and inclined
to dorsolateral.

vertebra sacralis: 5 vertebrae sacrales are present lack-
ing the distal ends of the processus transversi. They are
procoelous featuring a centrum flattened dorsoventrally.
The enlarged processus transversi flattened dorsoventrally
are divided by a ventral foramen at their base, orientated
to posterior and inclined to ventral. From posterior view,
the canalis neuralis is round. Viewing from dorsal, the
neural arch possesses a processus spinosus leading into a
blunt posterior cusp. The prae- and postzygapophyses are
roundish-oval orientated to anterolateral or posterolateral
respectively and inclined to dorsolateral. One sacrum fea-
tures the broken bases of the presumed hemapophysis.
vertebra caudalis (Plate 5: g. h): The larger part of the
253 vertebrae caudales is nearly completely preserved
just missing the ventral part of the hemapophysis. The
fragmentary ones lack their anterior or their posterior
parts or the ends of the processus transversi respectively.
The centrum flattened dorsoventrally is elongated. Typi-
cally, it bears a posterior hemapophysis. Viewing from
posterior, the canalis neuralis is round. From dorsal aspect,
the neural arch is elongated as well. It features a proces-
sus spinosus leading into a posterior blunt cusp which
does not overtop the postzygapophyses. The prae- and
postzygapophyses are roundish-oval and orientated to
anterolateral or posterolateral respectively. With regard to
the processus transversi, they are flattened dorsoventrally,
horizontal and orientated to anterior. Ventrally, a distinct
slit marks the plane of fracture and divides the processus
transversus. The anterior part representing just one fourth
of the vertebra caudalis bears the much smaller and pointed
processus transversi orientated to lateral. ETHERIDGE (1967)
specifies this kind of autotomy with the basal separation
and distal convergence of the anterior and posterior parts
of the split processus.

Comparison: The determination especially of the osteo-
dermalia and the quadratum but also of the other elements
is based on comparisons with material of Recent specimens
of Anguis fragilis. Maxillaria and dentalia correlate to the
ones described by RAUSCHER (1992) as Anguis fragilis. The
vertebrae point to Anguis fragilis such as characterized by
BaiLon (1991).

BaiLon (1991) as well has observed the fact of broken bases
of the probable hemapophysis on one vertebra shaped as a
vertebra sacralis of Anguis fragilis (La Combe Grenal in
France, Upper Pleistocene). He considered the vertebra as
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the first vertebra caudalis. As none of the Recent material
of Anguis fragilis I have studied features a first vertebra
caudalis developed that way and due to the typically sac-
ral shape of the centrum and the processus transversi, I
account the existence of a hemapophysis on the vertebra
sacralis and not on the first vertebra caudalis.

No parietale of Anguis is present in the Kohfidisch material
which would distinguish Anguis fragilis from the extinct
Anguis robustus (Lower Miocene) described by KLEMBARA
(1979). The other elements of the latter are not known.
K1LEMBARA (1981) himself points to serious similarities of
Anguis robustus to Ophisaurus. Anguis stammeri (Upper
Pleistocene) possesses more robust teeth, Anguis acuti-
dentatus (Middle Miocene) and Anguis lemanensis (Upper
Oligocene) represent nomina dubia (EsTEs, 1983). Anguis
polgardiensis of the Upper Miocene (BoLkay, 1913) is
listed as a synonym of the extant Pseudopus apodus (sensu
KLEMBARA, 1979) by EstEs (1983).

The Recent situation of Anguis features two extant species
both in Europe namely Anguis fragilis and Anguis cephal-
lonicus. Anguis fragilis contains the two subspecies Anguis
fragilis fragilis and Anguis fragilis colchicus continuously
merging by hybridization. Anguis cephallonicus includes
the formerly so called subspecies Anguis fragilis pelopon-
nesiacus and Anguis fragilis var. cephallonica. The differ-
entiation between the two species is based on the develop-
ment of the external ear opening (DELY, 1981; GRILLITSCH
& CaBELA, 1990), on morphometric data (GRILLITSCH &
CaBELA, 1990), and on proteinelectrophoretic analysis
(MAYER et al., 1991).

Due to the indistinct situation of extinct members of Anguis
and because the second extant species Anguis cephalloni-
cus is endemic to the Peloponnesus where it originated
and to the southern Ionian Islands (CaBELA, 1997), the
description has resulted in Anguis fragilis.

Discussion: Anguis fragilis is known from the Lower Pli-
ocene of Hungary (VENczEL, 2001), from the Middle and
the Upper Pliocene of France and Spain (BaiLon, 1991),
from the Lower Pleistocene of Poland (SzyNDLAR, 1981)
and Rumania (BoLkAy, 1913), and from the Middle and
the Upper Pleistocene of France (BaiLon, 1991) and Spain
(SancHiz, 1980). In Austria, RAUSCHER (1992) has descri-
bed Anguis fragilis from the Plio-Pleistocene locality Bad
Deutsch-Altenburg. The Upper Miocene record of Anguis
fragilis from Kohfidisch represents the stratigraphically
oldest one.

The Lower and Upper Pliocene of Poland (MELYNARSKI,
1962, 1964; MrYNARSKI et al., 1984) yields Anguis cf. fra-
gilis as well as the Lower and Middle Pleistocene of France
(Cror et al., 1976) and Poland (MLYNARSKI, 1977).

The oldest record of cf. Anguis in Europe dates from the
Lower Eocene of France (AUGE et al., 1997). Therefore,
the Upper Oligocene origin of the lineage of Anguis so
expected by KLEMBARA (1981) has to be older.
Following RAGE (1997), the Anguidae dating from the
Upper Cretaceous were probably of Laurasian origin and
display affinities with those known from North America.
Palaeocene localities from Europe lack Anguidae which
may very probably be an artefact of fossilization because
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although Europe was isolated from North America and due
to the Turgai Straits still from Asia during the Eocene, An-
guidae are back in the Eocene European fossil record.
Ecology and Climate - living relatives: Anguis fragilis
prefers well vegetated habitats with extensive ground cover
and rather damp situations. It occurs in pastures, glades
in woods, in lush scrub-land, on heaths, hedge-banks,
and railway embankments. Anguis fragilis represents an
usually slow-moving and secretive animal which may
occasionally bask openly in sun but normally lies beneath
sun-warmed objects such as stones or beneath vegetation
(ArRNOLD & OVENDEN, 2002). It hibernates in frost-protected
places together with other reptiles and amphibians.

The Recent distribution of Anguis fragilis extends almost
over the whole mainland of Europe except South Iberia,
South Greece, most Mediterranean islands, Ireland, or the
extreme north. It occurs east to West Siberia, Caucasus,
North Asiatic Turkey and North-West Iran. (ARNOLD &
OVENDEN, 2002). Following MULLER (1996; see chapters
5, 6), this distribution belongs to the Koppen’s climate
types Cf, Cs, and Df.

Figure 21: Anguis fragilis. Quadratum dext. posterior view
(Kohfidisch “I* ; Inv. Nr. NHMW?2004z0030/0006).

Genus Pseudopus MERREM, 1820

Pseudopus pannonicus (Kormos, 1911)
(Plate 6: a-h, 7: a-d; Table 2, 3, 4, 5, 6, 11)

Synonyms:

1977 Ophisaurus pannonicus. — BACHMAYER & MLYNARSKI, P.
289, Tafel 1: Figs. 3, 5, 7; Tafel 2: Figs. 12 — 14; Tafel 4:
fig. 23.

Neotype: Hungarian Geological Institute, Budapest, Hun-
gary; mandibulare.

Type locality: Polgardi 2, Hungary.

Stratigraphical Age of the Type material: Upper Mio-
cene (Turolian, MN13).

Range: Upper Miocene — Pleistocene: Austria, Czech Re-
public, Hungary, Poland, Rumania, South-West Russia.
Material: 11276 osteodermalia (AO: Inv. Nr.. NHMW
2004z0031/0008). 4 frontalia dext. 6 frontalia sin.
34 parietalia et fragmenta parietalium (AO: Inv. Nr.:
NHMW2004z0031/0001). 1 palatinum dext. (AO: Inv.
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Nr.. NHMW2004z0031/0002). 1 palatinum sin. 3 pte-
rygoidea dext. 4 pterygoidea sin. 5 praemaxillaria (AO:
Inv. Nr.. NHMW?2004z0031/0003). 7 maxillaria dext. 15
maxillaria sin. (AO: Inv. Nr.: NHMW2004z 0031/0004).
13 maxillaria indet. 17 dentalia dext. (AO: Inv. Nr.:
NHMW2004z0031/0005). 14 dentalia sin.140 vertebrae
praesacrales (AO: Inv. Nr.. NHMW2004z0031/0006). 3
vertebrae sacrales. 283 vertebrae caudales (AO: Inv. Nr.:
NHMW?2004z0031/0007).

(BM: Inv. Nr.: NHMW2004z0031/0009).

Description:

osteodermale (Plate 7: d): 11276 osteodermalia are re-
corded. Information about the size of the ossicula dermalia
dorsalia medialia is given in Table 11. Each development
of the ossicula dermalia medialia (trapezoidal), the ossicula
dermalia lateralia (rectangular), the ossicula dermalia
dorsalia of the side groove (oval), as well as the ossicula
dermalia ventralia of the side groove (longish-oval) is
present. The osteodermalia are robust and thick. At about
two thirds of their outer surface feature a bulging dermal
sculpture with pits which may be divided by a median keel
extended on the non-sculptured third. The inner surface
is slightly undulated and possesses 2-5 foramina arranged
squared or triangular respectively.

frontale: Four right and six left fragmentary but robust
and thick frontalia are present. Three frontalia feature the
anterior part lacking the end of the processus descendens
medialis, five remains represent the posterior part, and two
medial pieces are preserved. The single anterior part pos-
sesses a margo nasalis anterior orientated to posterolateral
and a margo nasalis posterior. While the sutura medialis is
straight, the margo praefrontalis together with the margo
postfrontorbitalis are slightly concave. From dorsal view,
the frontale features a dermal sculpture similar to the one
of the osteodermalia and composed of thick tubercles and
small pits. Peripherally, the ridges become more parallel
and are directed to lateral. Just the lobus parietalis lacks
that sculpture. Viewing from ventral, the irregularly
high crista cranii features ridges and furrows. Thin and
indistinct, parallel ridges on the facies sphenoidalis are
directed to lateral.

parietale et fragmentum parietalis (Plate 6: a, b): The 34
parietalia et fragmenta parietalium feature each state of
preservation. 9 elements are nearly completely preserved.
The parietalia are unpaired, very robust, thick, and broad.
Viewing from dorsal, they possess a typical, nearly quad-
ratic table with a thick, dermal sculpture consisting of pits
and tubercles. Peripherally, the tubercles become parallel
ridges orientated to radial. The field of dermal sculpture
bears a medial, round and distinct foramen parietale. The
latter is situated shortly anterior to the crosspoint of the
sulci interparietales and the sulci occipitales. The proces-
sus fronto-postfrontales and the areae frontales are not
sculptured but covered by thin and close, parallel ridges.
The bases of the long and pointed processus parotici are
very broad and separated by a half-round margo supraoc-
cipitalis. Their common base is unsculptured as well.
Ventrally, the rami posteriores cristae cranii parietalis are
distinct and high but rounded contrary to the sharp and
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higher rami anteriores cristae cranii parietalis. The latter
are highest at the position of the lateral constriction of the
parietale where the processus parotici insert. The crista
postfovealis is low but still well-developed enclosing the
half-oval fossa parietalis.

palatinum (Plate 6: c¢): The processus jugalomaxillaris,
the processus maxillaris, the processus vomerinus, as
well as the posterior end of the processus pterygoideus
are broken on the two remains of palatina. The elements
are robust and thick. Dorsally, three well-developed,
roundish to oval foramina mediales are arranged in a row
orientated to anteromedial/posterolateral. From ventral
aspect, three rows of massive, blunt dentes palatini are
present. The outer row features the biggest teeth while the
medial row consists of smaller but more teeth. Containing
just two to three moderately big teeth, the inner row is the
shortest. Altogether, 17-18 dentes palatini exist. The area
pterygoidea is steep, and the sulcus palatinus represents
a shallow depression.

pterygoideum: One of the 7 pterygoidea is nearly com-
pletely preserved. Just the anterior ends of the processus
palatinus and the processus transversus are missing. The
element is Y-shaped and 2,62 mm long measured from
its most anterior to its most posterior points. The other
remains feature broken processus quadrati, processus
transversi, and/or processus palatini. The elongated
processus quadratus is flattened laterally. Dorsally, two
round foramina are well-developed. One is situated at
the constriction between the processus quadratus and the
two anterior processus, and the second is located more
anteriorly. From ventral aspect, the processus basisphe-
noideus forming an angle of about 45° with the proces-
sus quadratus ends in a blunt cusp. While the processus
transversus is triangular from anterior view, the expanded
processus palatinus is flattened dorsoventrally. The latter
bears the large area palatina elongated anteroposteriorly
which features about 6 tooth rows with blunt and conical
dentes pterygoidei. The inner two rows contain the most
numerous teeth (~ 20 each). Altogether, about 60 teeth are
present. The tuberculum contracoronoideum is indistinct
and blunt. Not only the crista transversa ventralis but also
the crista transversa dorsalis are well-developed.
praemaxillare (Plate 6: d): One of the five praemaxillaria
is completely preserved. The others consist of the broken
crista dentalis with teeth and the ventral rest of the pro-
cessus nasalis. The praemaxillare represents an extremely
massive element. With regard to the processus nasalis, its
ventral, triangular cross section becomes flattened dorso-
ventrally in its dorsal section. It is hyperbola-like shaped.
Viewing from labial, an indistinct dermal sculpture con-
sisting of very shallow, large grooves is observable on the
dorsal third. From lingual aspect, parallel ridges orientated
to dorsoventral are present on the dorsal part. The triangu-
lar spatium interosseum processus nasalis opens dorsally.
The two lobes of the spinae praemaxillares are orientated
to lateral. About 5-6 pleurodont and monocuspid teeth
are present which are altogether massive, long and blunt.
They dilate ventrally, may feature striated cusps, and are
arranged with interspace.
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maxillare (Plate 6: e, f): The 35 maxillaria feature each
state of preservation. Five of them are nearly complete.
Viewing from labial, the high processus praefrontalis is
nearly rectangular except for the dorsal margin arising
posteriorly. A dermal sculpture, the “crusta calcarea” sensu
FriErvARY-LANGH (1923) consisting of ridges and grooves,
is present on the posterior triangle of the rectangular pro-
cessus praefrontalis. The anterior and the posterior oval
foramina maxillaria pro ramis nervi alveolaris superioris
are elongated anteroposteriorly. In between, they are round.
While the processus praemaxillaris exterior is well-deve-
loped, long and cusp-like, the processus praemaxillaris
interior is reduced. At their base, they are separated by the
triangular impressio internasalis. The processus zygomati-
cus is elongated. From lingual view, one of the processus
nasales features fine ridges orientated to posterodorsal.
While the anterior lamina horizontalis is concave, the
posterior one is convex. The pleurodont, monocuspid,
amblyodont, and closely spaced teeth become bigger
medially. Their bases broaden medially as well. About 16
teeth are present, the 10" is the biggest one.

dentale (Plate 6: g. h): Due to their robustness, 12 of the
31 dentalia are completely preserved. The dorsal processus
supraangularis represents the most distinct one, and the
narrow sinus supraangularis incises it deeply. The kidney-
like symphysis opens to the sucus meckeli which opens
ventrolingually as far as the 8" tooth position. At the 9*
tooth position, the lamina horizontalis rises steeply and the
sulcus meckeli opens widely. The spina splenialis of the
lamina horizontalis is located below the 9™ tooth position
and the orificium canalis nervi alveolaris inferioris opens
deeply below the 12" tooth position approximately which
may vary. The orificium canalis nervi alveolaris inferioris
represents the apex of a triangular depression within the
sulcus meckeli. The depression features weak, curved
grooves orientated longitudinally. From labial aspect, 6-7
foramina pro ramis nervi alveolaris inferioris are present.
With regard to the teeth, they are pleurodont, monocuspid,
blunt, and closely spaced. Their cusps dilate and may be
striated. The anterior teeth are narrower, they enlarge
medially and grow smaller posteriorly.

vertebra praesacralis (Plate 7: a, b; Table 11): The 140
vertebrae praesacrales are either complete or fragmentary.
Their measurements are listed in Table 11. The procoelous
centrum is flattened dorsoventrally and triangular poin-
ting to posterior except for the vertebraec V11-V15 which
possess parallel lateral margins of the centrum. Vertebrae
V6-V 10 feature a ventral, median keel, and the vertebrae
V30-V49 possess two parallel, lateral and longitudinal
grooves. Ventrally, two small foramina subcentrales lo-
cated in the anterior half are present on some vertebrae.
From anterior aspect, the canalis neuralis is half-round to
triangular and flat. Viewing from dorsal, the neural arch
features a median constriction. Anteriorly, the distinct and
sharp processus spinosus forms a triangular processus from
lateral view which becomes concave more posteriorly.
The posterior half of the processus spinosus rises highly
and becomes rhomboid-shaped and inclined to posterior
(“epiphysis processus spinosi” sensu FE/ERVARY-LANGH,
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1923). The rectangular praczygapophyses are orientated
to lateral while the rectangular postzygapophyses are
directed to posterolateral. Both rise laterally. Relating to
the synapophyses, they are oval and orientated to antero-
ventral/posterodorsal.

vertebra sacralis: One vertebra sacralis lacks the lateral
ends of the processus transversi. The two others are repre-
sented by the centrum and the right processus transversus
lacking its very end. Compared to the other vertebrae, the
vertebrae sacrales are extremely massive. Cotyle and con-
dyle are roundish-oval. The centrum features a relatively
broad and distinct median keel (“margo inferior centri”
sensu FEJERVARY-LANGH, 1923) accompanied by the two
lateral, kidney-like sulci gemelli inferiores which contain
a total of three round foramina. The bases of the proces-
sus transversi insert broadly on the whole length of the
centrum. The preserved processus transversi are flattened
dorsoventrally and orientated to posterior. From anterior
aspect, the canalis neuralis is flat half-round. Viewing from
dorsal, the neural arch appears constricted medially, short
and massive. The rectangular prae- and postzygapophyses
are orientated to dorsolateral. The processus spinosus
forms a posterior cusp whose end is broken (“epiphysis
processus spinosi” sensu FEJERVARY-LANGH, 1923).
vertebra caudalis (Plate 7: c): 283 vertebrae caudales are
present which are either complete or feature each state of
fragmentation. Just one hemapophysis is closed ventrally.
The others altogether are broken at their base. The elonga-
ted centrum is flattened dorsoventrally possessing slightly
concave lateral margins. The two distinct, longitudinal
cristae inferiores are separated by the sulcus medialis en-
closing numerous, small and round foramina. Posteriorly,
the former pass between the bases of the hemapophyses.
From anterior view, the canalis neuralis is flat-oval. View-
ing from dorsal, the processus spinosus ends as a posterior,
high and slender cusp (“epiphysis processus spinosi”
sensu FEIERVARY-LANGH, 1923) which overtops the oval-
rectangular postzygapophyses orientated to dorsolateral.
Anteriorly, the rectangular praezygapophyses orientated
to anterolateral and inclined to dorsolateral represent the
continuation of a boomerang-like depression. The posterior
top of this depression is marked by a cuspid pike. The
slender processus transversi flattened dorsoventrally insert
far anteriorly. Ventrally as well as dorsally, they feature a
narrow, transversal slit at their base as division. They are
cusp-like and orientated to anterior. A plane of fracture
is absent. After ETHERIDGE (1967), no plane of fracture is
present in Pseudopus apodus (sensu KLEMBARA, 1979), the
closest, extant relative to Pseudopus pannonicus. Its tail
does not appear to be fragile.

Comparison: The osteodermalia, the frontalia, the pari-
etalia, the palatina, the pterygoidea, the praemaxillaria,
the maxillaria, the dentalia, and the vertebrae described
herein correspond to the ones determined as Pseudopus
pannonicus (“Ophisaurus” pannonicus) by FEIERVARY-
LANGH (1923).

The osteodermalia as well as the vertebrae praesacrales
of Kobfidisch are sized similarly to the ones described by
FestrvARY-LANGH (1923) from the Upper Miocene (MN13)
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locality Polgardi 3 in Hungary. This applies to Pseudopus
pannonicus of Gotzendorf, too.

As an additional extinct species of Pseudopus, Pseudopus
moguntinus differs from Pseudopus pannonicus in its
smaller size. Although the skull elements are relatively
similarly sized, the postcranial elements and especially the
osteodermalia and the vertebrae of Pseudopus pannonicus
are remarkably more massive and bigger. Osteodermalia
as thick as the ones of Pseudopus pannonicus just appear
in this species only representing the biggest Glass Lizard
which ever existed.

Pseudopus laurillardi, the third extinct representative of
Pseudopus, is smaller than Pseudopus pannonicus and
even than Pseudopus moguntinus. As diagnostic difference
to Pseudopus pannonicus and Pseudopus apodus, the pro-
cessus praefrontalis of its parietale is larger developed.
While Pseudopus laurillardi reached a presumptive length
of 100 cm (AuGE & RAGE, 2000), Pseudopus moguntinus
one of 140 cm, and the extant representative Pseudopus
apodus actually measures up to 120 cm, Pseudopus pan-
nonicus supposably was even 200 cm long (FEJERVARY-
LANGH, 1923).

Keeping these considerations in mind, the determination
of the elements has resulted in Pseudopus pannonicus.
Discussion: The oldest remains of Pseudopus pannonicus
so far dated from the Upper Miocene of Austria (Vdsen-
dorf, MNO: Paprp & THENIUS, 1954; Richardhof-Golfplatz,
MNO9: HARZHAUSER & TEMPFER, 2004; Gotzendorf, MN9:
BAcHMAYER & MLYNARSKI, 1977; Eichkogel, MN11: THE-
Nius, 1952) and the Ukraine (Estes, 1983). Therefore,
Pseudopus pannonicus of Kohfidisch ranks among the
oldest records. It has been described from the Upper
Miocene (FEIERVARY-LANGH, 1923) and the Pliocene of
Hungary (VenczeL, 2001), Czech Republic (FeiFar, 1961),
Poland (MryNARsKI, 1960, 1962, 1964; MLYNARSKI et al.,
1984), and France (BaiLoN, 1991). The Plio-Pleistocene
of Austria (Bad Deutsch-Altenburg: RAUSCHER, 1992),
and the Pleistocene of Hungary (Krerzo1, 1956), Poland
(MryNARsKI, 1962), Rumania (Estes, 1983), and France
(BaLon, 1991) yield the species.

During the European Tertiary, three different species of
the genus Pseudopus existed:

* Pseudopus moguntinus (BOETTGER, 1875) (synonymous
with Ophisaurus moguntinus BOETTGER, 1875, Propseu-
dopus fraasi HILGENDORF, 1883 and Ophisaurus ulmensis
GERHARDT, 1903) known from the Upper Oligocene till the
Upper Miocene of Germany, Poland (Middle Miocene,
Upper Miocene: MLYNARskI, 1984; Middle Miocene:
MryYNARSKI et al., 1984), Czech Republic, and France
(KLEMBARA, 1981),

* Pseudopus laurillardi (LARTET, 1851) (synonymous
with Anguis ? laurillardi LArTET, 1851 and Ophisaurus ?
laurillardi, nomen dubium (Estes, 1983)) from the Mid-
dle Miocene (MNG6) of Sansan in France (AUGE & RAGE,
2000) and

* Pseudopus pannonicus (Kormos, 1911) (synonymous
with Ophisaurus pannonicus Kormos, 1911). The latter
is younger ranging from the Upper Miocene up to the
Pleistocene.
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The species Pseudopus moguntinus is regarded as charac-
teristic of the older localities. Following FEJERVARY-LANGH
(1923) and MrYNARSKI (1962), the series Pseudopus mo-
guntinus - Pseudopus pannonicus Pseudopus apodus
might be a phyletic one.

MeryNARSKI et al. (1984) also suggest Pseudopus pan-
nonicus as ancestor to Pseudopus apodus. The only
significant difference of size could have resulted from
fluctuating climatic conditions in particular stages of the
Plio-Pleistocene. Moreover, they point to the possibility
of the synonymy of the two species but also know about
insufficient evidences.

As the single difference between the following three
species is represented by their different size, I would
synonymize Pseudopus moguntinus and Pseudopus pan-
nonicus with Pseudopus apodus such as EsTEs (1983)
and MryNarskl et al. (1984) proposed. The increasing
paleontological record of the extinct representatives will
give more information about their relation.

Pseudopus laurillardi cannot be osteologically discrimi-
nated from Pseudopus moguntinus. If the two species
became synonymous, the term Pseudopus laurillardi
would have priority to Pseudopus moguntinus (AUGE &
Rack, 2000).

KLEMBARA (1979, 1981) noted the difference between the
two taxa Pseudopus and Ophisaurus (s. str.) based on very
evident characteristics (“anguis-signs”) on the parietale.
The “anguis-signs” consist of a group of characteristics in
the posterior part of the ventral parietale and of the fossa
parietalis in particular. Together with Ophisaurus, mem-
bers of the genus Anguis possess the “anguis-sign” which
is absent at Pseudopus. Furthermore, the typical shape of
the teeth distinguishes Pseudopus from Ophisaurus. While
members of the genus Pseudopus typically possess robust,
amblyodont (sensu FEJERVARY-LANGH, 1923) and closely
spaced teeth, Ophisaurus features conical teeth curved
to posterior. Finally, very reduced but present hind limbs
are characteristic of Pseudopus and not of Ophisaurus.
KiLEmBARA (1979) resurrected the genus Pseudopus for the
reception of the species Ophisaurus apodus, Ophisaurus
pannonicus and Ophisaurus moguntinus.

K1EMBARA (1979) points out the existence of the two gen-
era Ophisaurus and Pseudopus as two different evolution
lines in nearly the same area (Western and Central Europe)
during the Lower Miocene. They spread eastwards from
Europe to Asia, where Pseudopus stayed while the more
gracile members of the genus Ophisaurus crossing the
Bering Strait reached America. The oldest representative,
Ophisaurus canadensis, dates from the Upper Miocene
of Canada.

In contrast, SULLIVAN (1987) states the geographical restric-
tion of the two taxa Ophisaurus and Parophisaurus (s. stt.)
to the New World different from fossil and recent “an-
guine” taxa assigned to Ophisaurus from various regions
of the Old World. Both, Ophisaurus and Parophisaurus
of the New World represent a clade distinct from the Old
World “ophisaur” Ophisaurus-Anguis and Pseudopus
“species groups” or clades. SULLIVAN et al. (1999) affirm
the restriction of the genus Ophisaurus to North America.
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They refer the Old World fossil lizards previously de-
scribed as Ophisaurus to the either Ophisauriscus-Anguis
or Pseudopus lineages.

Ecology and Climate — living relatives: As Recent
relative, Pseudopus apodus (Ophisaurus apodus) needs
habitats with dense vegetation not only in valleys but also
in wooded hills and mountains up to 2100 m. It prefers
spinose crevices, vineyards, and gardens with the op-
portunity to hide in burrows or stone piles. The European
Glass Lizard represents a diurnal animal often active after
rain which prefers a temperature ranging between 20°C
and 26°C. For hibernation, it rests deeply burrowed into
the soil (PETZzoLD, 1971).

Following ArRNOLD & OVENDEN (2002), Pseudopus apodus
(Ophisaurus apodus) is restricted to the Balkans as far
north as North-West Croatia, North Greece, South Ma-
cedonia and South and East Bulgaria. It also inhabits the
Crimea, the Caucasus, and parts of South-West and Central
Asia. That area of distribution mainly belongs to the Kop-
pen’s climate type Cs (MULLER, 1996; see chapters 5, 6).

Superfamily Varanoidea Gray, 1827
Family Varanidae Gray, 1827

Genus Varanus MERREM, 1820

Varanus cf. hofmanni RoGEr, 1898
(Plate 7: e-g, 8: a-e; Table 2, 3, 4, 5, 6, 11)

Holotype: Bayerische Staatssammlung fiir Paldontolo-
gie und Historische Geologie(?), Miinchen, Germany;
vertebrae.

Type locality: Statzling (Dinotheriensande), Germany.
Stratigraphical Age of the Type material: Middle Mio-
cene (Astaracian, MNG6).

Range: Middle — Upper Miocene: Austria, Germany,
France, Spain.

Material: 2 dentalia dext. (AO: Inv. Nr.. NHMW
2004 z0032/0003). 4 dentalia sin. 5 dentes (AO: Inv.
Nr.. NHMW2004z0032/0001, 0002). 3 vertebrae cer-
vicales (AO: Inv.Nr.. NHMW2004z0032/0005). 38
vertebrae praesacrales (AO: Inv.Nr.. NHMW2004
z0032/0004). 26 vertebrae caudales (AO: Inv. Nr.. NHMW
2004z0032/0006).

(BM: Inv. Nr.:. NHMW2004z0032/0007).

Description:

dentale (Plate 7: e-g): 4 dentalia are represented by one
tooth and the adjoining piece of the ventral dentale. One
right and one left dentale are more complete featuring one
complete and one broken tooth. The most complete dentale
is 11 mm high measured from the dorsal to the ventral
margin. Its tooth lacking just the cusp measures 8 mm
height. It represents the posterior part where the lamina
horizontalis rises dorsally and the sulcus meckeli opens
more widely. In the anterior part, it opens ventrally. Con-
cerning the lamina horizontalis, it expands as a relatively
sharp lamella orientated to ventrolingual and concave
dorsally. Anterior to its rising part, it is convex lingually
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from dorsal view while the rising lamina horizontalis is
concave. A sulcus dentalis does not exist. Viewing from
labial, rather small and longish-oval foramina pro ramis
nervi alveolaris inferioris are situated in a slit-like depres-
sion. The subpleurodont teeth are conical, inclined to pos-
terior and flattened labiolingually featuring a sharp leading
and trailing edge. Some edges are slightly serrate. Their
dilated bases are distinctly striated (due to plicidentine,
BuLLET, 1942) while the teeth themselves feature closer
and shallower stripes. About three deep furrows (two labial
and one lingual furrow) may be present. A small, medial
foramen marks each tooth base ventrally. From anterior
aspect, the teeth are slightly inclined to lingual.

vertebra cervicalis (Plate 8: c. d): While one vertebra
cervicalis is complete, one lacks only the posterior neural
arch. One remain represents the posterior neural arch. The
procoelous centrum is more elongated and more flattened
dorsoventrally than the one of a vertebra praesacralis. It
is distinctly constricted anterior to the condylus. From
ventral view, two foramina subcentrales located anteriorly
are present which are not arranged in a transversal line
but irregularly. The massive hypapophysis becomes high
and drop-like in the posterior half. It possesses two lateral
epiphyses on its posterior lobes. Viewing from lateral, the
posterior part of the hypapophysis is rhomboid-shaped and
inclined to posterior. The parapophyses are orientated to
anteromedial/posterolateral from ventral aspect, and the
diapophyses to anteroventral/posterodorsal from lateral
view. They strongly project laterally. Looking from ante-
rior, the canalis neuralis is regularly triangular. From dorsal
view, the elongated neural arch is constricted medially
bearing a sharp processus spinosus which rises highly in
the posterior two thirds. Laterally viewed, the risen proces-
sus spinosus is rhomboid-shaped and inclined to posterior.
It does not overtop the postzygapophyses. Viewing from
posterior, a medial, vertical, and thin ridge marks the risen
and thickened posterior aspect of the processus spinosus.
The latter, together with the praezygapophyses, are long-
ish-oval and well-inclined to dorsal.

vertebra praesacralis (Plate 8: a, b; Table 11): 38 vertebrae
praesacrales are present which altogether are nearly com-
plete due to their high robustness. The neural arch may be
broken. Their measurements are given in Table 11. The
procoelous centrum is shorter than the one of a vertebra
cervicalis, triangular with concave lateral margins, and
flattened dorsoventrally. A distinct constriction anterior to
the condylus is present. The two indistinct foramina sub-
centrales situated anteriorly are arranged in a transversal
line. From lateral view, the synapophyses are orientated
to anteroventral/posterodorsal. Viewing from anterior, the
triangular canalis neuralis is more flattened than the one of
a vertebra cervicalis. From dorsal aspect, the neural arch
is constricted in the posterior half. Similar to a vertebra
cervicalis, the processus spinosus rises highly posteriorly
and is rhomboid-shaped from lateral view. The risen pro-
cessus spinosus is inclined to posterior, does not overtop
the postzygapophyses and lacks the posterior ridge present
at a vertebra cervicalis. Prae- and postzygapophyses are
oval, orientated to anterolateral or posterolateral respec-
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tively, and inclined to dorsal. An essential characteristic is
present on the dorsal neural arch: The praczygapophyses
grade into the well-developed, triangular pars tectiformis
the apex of which reaches the posterior fourth of the
processus spinosus.

vertebra caudalis (Plate 8: e): Each of the 26 vertebrae
caudales features broken hemapophyses as well as broken
processus transversi. The procoelous centrum is com-
pletely preserved in either case, and 11 remains possess
the neural arch. The centrum is elongated and broader
than the one of a vertebra cervicalis. Its lateral margins are
concave. While the cotyle is roundish-oval, the condyle
is more flattened dorsoventrally. Viewing from ventral,
two parallel ridges pass from the cotyle to the bases of
the hemapophyses located posteriorly and inclined to
posterior. The insertions of the processus transversi flat-
tened dorsoventrally and slightly inclined to ventral are
situated more anteriorly. From anterior aspect, the triangu-
lar canalis neuralis is flattened. LLooking from dorsal, the
elongated neural arch is constricted posteriorly. While the
praezygapophyses are oval and orientated to anterolateral,
the postzygapophyses are nearly round. Both are inclined
to dorsal. The processus spinosus extremely rises and
elongates in the posterior half. A spine flattened laterally,
inclined to posterior and as long as the vertebra caudalis
overtops the centrum. Similar to a vertebra praesacralis, the
praezygapophyses pass into a distinct, triangular depres-
sion the apex of which leads into the processus spinosus.
The vertebrae caudales of Varanidae never have planes of
fracture (ETHERIDGE, 1967).

Comparison: The dentalia and the dentes are typical of
a member of the Varanidae based on comparisons with
material of Recent representatives as well as published by
BuLLET (1942), EsTEs et al. (1988), MERTENS (1942), and
RiEPPEL & LABHARDT (1979).

With regard to the vertebrae cervicales and the vertebrae
caudales, they correspond to the ones of Recent members
of the Varanidae and to the definition given by HOFFSTET-
TER & GAcs (1969).

Rocer (1898), as primary describer, discusses the vertebrae
praesacrales of Varanus hofmanni and figures them in a
following publication (ROGER, 1900). HOFFSTETTER (1969)
declares the triangular and deep depression of the neural
arch as characteristic of Varanus hofmanni.

Due to the characteristics of the vertebrae praesacrales
typical of Varanus hofmanni, but considering ZERovVA &
CkHIKVADZE (1986), who correlated the typical charac-
teristics of Varanus hofmanni with Varanus tyrasiensis,
Varanus pronini, Varanus semjonovi, and Varanus lungui
of the Ukraine I was not able to study, the description of
the elements has resulted in Varanus cf. hofimanni.

The vertebra praesacralis determined by HOFFSTETTER
(1969) as Varanus cf. hofimanni, is sized similarly as the
largest vertebrae of Kohfidisch. Following HOFFSTETTER
(1969), the expected total length (with tail) of the animal
ranges between 1 m and 1.60 m. Varanus hofmanni of
Kohfidisch might have been similarly long.
Comparisons with the skeleton of the Recent Varanus
prasinus which is arboreal have generally pointed out
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more slenderness and a smaller size of the Recent relative.
The dentale is more slender, less massive, and the lamina
horizontalis less expanded ventrolingually. The teeth seem
to insert more subpleurodontally. They are similarly shaped
but weak, smaller, and less curved to posterior. Varanus
prasinus feeds on insects and small mammals. Due to the
similarly shaped teeth of the Recent species and Varanus
cf. hofmanni, the prey of the latter might correlate. Merely,
Varanus cf. hofmanni was very probably able to feed on
larger mammals, because of its bigger size and the robust-
ness of its teeth.

The vertebrae of the Recent Varanus prasinus are more
gracile and do not feature the distinct triangular depression
of the neural arch. The processus spinosus inserts farther
anteriorly at the level of the cotyle (also see HoOUER,
1972). In the elements described herein, it inserts slightly
posterior the cotyle. The examined specimen of Varanus
prasinus featured a body length (without tail) of 26 cm.
The elements of Varanus cf. hofmanni are twice as big ap-
proximately. Therefore, the probable body length without
tail of the fossil species results in 52 cm and in 1 m to
1.60 m with tail.

Discussion: Varanus hofmanni first described by RoGer
(1898) and figured by Rocer (1900) dates from the Middle
Miocene of Stitzling in Germany. In 1969, HOFFSTETTER
reported the oldest record of Varanus in Europe, that is
Varanus cf. hofmanni of the Lower Miocene of Artenay in
France. Further, he describes Varanus cf. hofmanni from
the Middle Miocene of France and the Upper Miocene of
Spain. Thus, Varanus cf. hofmanni of Kohfidisch ranks
among the youngest records of the species.

The oldest record of Varanus sp. dates from the Lower Mi-
ocene of Kenya (CLos, 1995) and Namibia (RAGE, 2003b),
and the oldest members of the Varanidae have been descri-
bed from the Upper Cretaceous of America (Palaeosaniwa
canadensis; Estes, 1983) and Mongolia (Telmasaurus
grangeri; BORSUK-BIALYNICKA, 1991). Following NORRELL
et al. (1992), the Varanidae arose in Laurasia and subse-
quently dispersed to Africa and Australia.

Today, the family of the Varanidae just includes the two
genera Varanus and Lanthanotus (PReGILL et al., 1986)
contrary to the fossil representatives belonging to the ge-
nera Varanus, Iberovaranus, Megalania, Palaeosaniwa,
Saniwa, and Telmasaurus. The relations and taxonomy
of Recent members of the Varanidae are still discussed.
Based not only on molecularbiological methods including
protein-, DNA-, and chromosome-analyses, but also on
morphological and behavioural studies, different theories
of the systematics of the Varanidae summarized by BENNET
(1996) exist.

Ecology and Climate —living relatives: Recent members
of the Varanidae have captured nearly each kind of habitat.
They are present not only in sandy deserts, gramineous
steppes and savannahs, but also in tropical rainforests.
Even rivers, lakes, and estuaries may be inhabitat. Fol-
lowing their special living spaces, the Monitor Lizards
can be divided into four groups with smooth transitions
consisting of aquatic, terrestrial, saxicolous and/or arbo-
real representatives. The different way of life reflects in
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different morphological structures as regards the tail and
the scales (EIDENMULLER, 1997).

Monitor Lizards occur in the tropical and subtropical
climes of Africa, Asia Minor, South and South-East Asia,
Australia, as well as the Indo-Australian island world. In
Australia, they are most prevalent (EIDENMULLER, 1997).
Following MULLER (1996; see chapters 5, 6), that area of
distribution mainly belongs to the Képpen’s climate types
Af, Aw, BS, BSh, BWh, Cf, Cs, Csa, and Cw.

Lacertilia indet.
(Table 2, 3)

Material: 8 maxillaria indet. 6 dentalia indet. 11 ungues.
(BM: Inv. Nr.. NHMW?2004z0033/0001).

Description and Comparison: The highly fragmentary 8
maxillaria as well as 6 dentalia either do not bear any teeth
or only broken ones. Typical characteristics for a more
detailed determination than Lacertilia indet. are missing.
The 11 ungues allow the correlation with Lacertilia indet.
because in general, they are not indicative of a more pre-
cise declaration.

Suborder Serpentes LINNAEUS, 1758
Infraorder Scolecophidia DumgriL & Bisron, 1844
Family Typhlopidae Gray, 1825

Genus Typhlops OppEL, 1811

Typhlops cf. grivensis HOFFSTETTER, 1946
(Plate 9: a; Table 2,3, 4,5, 6, 12 ; fig. 22)

Syntype: Typhlops grivensis HOFFSTETTER, 1946
Muséum National d’Histoire Naturelle, Paris, France, n°
LGA 53, 54, 55 ; three vertebrae praesacrales.

Type locality: La-Grive-Saint-Alban, Isere, France.
Stratigraphical Age of the Type material: Middle Mi-
ocene (Astaracian).

Range: Middle Miocene — Upper Miocene: France,
Austria.

Upper Miocene of Kohfidisch: LOD (= last occurrence
date).

Material: 27 vertebrae praesacrales (AO: Inv. Nr.: NHMW
2004z0034/0001). 4 vertebrae caudales copulatae (=1 “os
coccygis”; AO: Inv. Nr.. NHMW2004z0034/0002).
(BM: Inv. Nr.: NHMW2004z0034/0003).

Description:

vertebra praesacralis (Plate 9: a; Table 12): Each centrum
of the 27 vertebrae praesacrales is preserved. One vertebra
praesacralis is complete, 23 elements are just slightly dam-
aged, and three single centra are present. With regard to the
measurements, they are given in Table 12. The procoelous
centrum is flattened dorsoventrally and twice as wide as
high. It features parallel lateral margins. No haemal keel
is present. While the cotylus faces slightly ventrally, the
condylus is orientated to dorsal. Ventrally, two foramina, a
single lateral or a single medial one, may be present in the
anterior half (serving for branches of the vertebral artery;
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MookEeRrIEE & Das, 1933). Their size differs even on the
same centrum. The rounded synapophyses orientated to an-
teroventral/posterodorsal and separated from the centrum
by a deep groove may be kidney-like (concave anteriorly).
In anterior view, the canalis neuralis is half-oval. Viewing
from dorsal, the neural arch lacks any processus spinosus,
just two vertebrae feature an indistinct shallow ridge
typical of the anterior part of the vertebral column (Horr-
STETTER, 1946b). Zygantrum and zygosphene are clearly
developed and oval-shaped. The latter is trilobate from
above. The longish-oval prae- and postzygapophyses either
extend longitudinally or are orientated to anterolateral or
posterolateral respectively. A long praezygapophyseal
process is present. The prae- and postzygapophyses of
the anterior vertebrae praesacrales featuring an indistinct
shallow ridge on the neural arch are rounder.

vertebrae caudales copulatae (“os coccygis™: fig. 22): The
single “os coccygis” consists of 4 vertebrae caudales.
It is 1.21 mm long, 0.5 mm high and 0.46 mm wide in
cross section, slightly depressed laterally and indistinctly
curved ventrally. Reduced centra, processus transversi and
open haemal arches are present. The canalis neuralis is
half-oval from anterior view. A terminal foramen passes
into a posterior, narrow slit which extends mediodor-
sally. At the position of the terminal foramen, Recent
representatives feature a prick maximally as long as the
0s coccygis.

Comparison: The vertebrae praesacrales feature charac-
teristics typical of Typhlops grivensis first described by
HorrsTETTER (1946b) from France. Typhlops grivensis
differs from the second fossil species, Typhlops cariei, in
its flatter and more elongated shape (HOFFSTETTER, 1946D).
The author points to morphological similarities with the
Recent species Typhlops diardi and Typhlops braminus but
distinguishes Typhlops grivensis by its smaller size. He
appreciates the grave morphological similarities between
the vertebrae of members of the Typhlopidae and therefore
justifies his description also with the fossil age and the
geographical position.

Compared with a skeleton of the Recent species Typhlops
vermicularis, the vertebrae praesacrales of T. grivensis
feature a condylus which faces more dorsally. Therefore,
it appears more waved in lateral view. Additionally, the
neural arch rises higher posteriorly. The size of the ver-
tebrae is similar. As the prepared specimen of Typhlops
vermicularis featured a total length of 185 mm, a similar
length can be expected for the fossil species.

The fused vertebrae caudales reminiscent of the os coccy-
gis of frogs correlate to the ones of the Recent Typhlopidae
discussed by List (1966) and observed personally. Keeping
the description of HOFFSTETTER (1946b) in mind, account-
ing the affiliation of the os coccygis to Recent members
of the family but considering the existence of about 165
species I have not been able to study, the elements have
been referred to Typhlops cf. grivensis.

Discussion: Typhlops grivensis first described by Horrs-
TETTER (1946b) is known from the Middle Miocene type
locality La-Grive-Saint-Alban in France only. Its record
from Kohfidisch represents the youngest one. As second
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fossil representative of the Typhlopidae, Typhlops cariei
originates from the Subrecent locality La-Mare-aux-Son-
ges in Mauritius. As well, it has been described by Horr-
STETTER (1946b) from the type locality only. RAGE (1984b)
calls their membership to the family of the Typhlopidae
into question based on the homogeneous morphology of
the vertebrae of Scolecophidia but List (1966) presented
clear osteological differences between Typhlopidae and
Leptotyphlopidae, the two families of the Scolecophidia.
Mc. DoweLL (1967) deals with those osteological compa-
risons of ListT (1966).

The oldest representative of the Scolecophidia originates
from the Upper Palaeocene of Morocco (GHEERBRANT et
al., 1993). Subsequently, they occur in the Lower Eocene
of Belgium (Gopinort et al., 1978), in the Upper Eocene of
France (RaGE, 1974), in the Middle Miocene of Hungary
(Hir et al., 2001), in the Lower Miocene of the Czech
Republic (SzyNDLAR, 1987), in the Lower Pleistocene of
Rumania (VENnczeL, 1997c, 2000a), and in the Pleisto-
cene of Greece, Spain, France, Ukraine, Africa, and Asia
(BAILoN, 1991).

According to BarLon (1991), fossil members of the Scole-
cophidia reacted sensitively to climatic changes. They are
present from the Lower Eocene to the Pliocene in Europe
and might have yielded to the climatic changes of the
Pleistocene to South-East Europe where they still exist. As
the fossil record of the Pliocene is restricted to localities
of Western Europe (France, Spain), BAILoN (1991) assu-
med a climatic difference between Western and Central
Europe during that period. Though, in Lower Pleistocene
the Scolecophidia are still present in the South-East of
Central Europe (IvaNov et al., 2000).

Ecology and Climate — living relatives: Recent repre-
sentatives of the Typhlopidae are small (usually under 30
cm, sometimes to over 70 cm) and slender featuring an
inconspicuous head with reduced eyes. They are secre-
tive burrowers mainly in barren areas even fairly close to
sea. The single European species, Typhlops vermicularis,
prefers dry, open habitats without dense and high vegeta-
tion such as grassy fields and slopes with scattered stones.
Their favourite food is composed of small invertebrates,
especially ants and their larvae (ARNOLD & OVENDEN,
2002). A deepest temperature of about -20°C is tolerated
(GriLLITSCH & GRILLITSCH, 1993). During winter, Typhlops
vermicularis may rest for 2-6 months (ENGELMANN et al.,
1985).

Today, members of the Typhlopidae occur on all conti-
nents where they inhabit tropical and subtropical climes.
In Europe, the single species Typhlops vermicularis lives
in the South Balkan extending north to Dugi Otok (island)
in Croatia, South-West Montenegro, West Albania, Central
Macedonia, South Bulgaria, Turkey, and on a few Greek is-
lands. Its further geographical distribution ranges between
South-West Asia, the Caucasus and North-East Egypt (Ar-
NoLD & OVENDEN, 2002; GrILLITSCH & GRILLITSCH, 1993).
Following MULLER (1996; see chapters 5, 6), the area of
circulation of the Recent Typhlopidae is restricted to the
Ko6ppen'’s climate types A, B, C. Typhlops vermicularis
occurs in the Koppen’s climate type Csa of Europe.
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Figure 22: Typhlops cf. grivensis. Vertebrae caudales copulatae
(“os coccygis™) lateral (a) and ventral (b) view (Kohfidisch “cm”;
Inv. Nr.: NHMW2004z0034/0002), scale bar equals 1 mm.

Infraorder Alethinophidia Nopcsa, 1923
Superfamily Colubroidea OppEL, 1811
Family Colubridae OppEL, 1811
Subfamily Colubrinae OppEL, 1811

Genus Elaphe FITZINGER, 1833

Elaphe kohfidischi BACHMAYER & SZYNDLAR, 1985
(Plate 9: b; Table 2, 3, 4,5, 6, 12;
fig. 23, 24, 25, 26, 36)

Holotype: Natural History Museum Vienna, department
of Geology and Paleontology, Austria, Inv. No. 1984/96;
mid-trunk vertebra (BACHMAYER & SZYNDLAR, 1985).
Type locality: Kohfidisch, Austria.

Stratigraphical Age of the Type material: Upper Mio-
cene (Turolian, MN11).

Range: Middle Miocene — Upper Miocene Aus-
tria, ?Ukraine.

Material: 1 palatinum dext. (AO: Inv. Nr.. NHMW
2004z0035/0002). 5 palatina sin. 3 pterygoidea dext. 6
pterygoidea sin. 6 parabasisphenoidea. 2 quadrata dext.
(AO: Inv. Nr.. NHMW2004z0035/0003). 2 quadrata sin.
21 maxillaria dext. 11 maxillaria sin. 18 maxillaria indet.
12 dentalia dext. 13 dentalia sin. 17 articularia dext. (AO:
Inv. Nr.. NHMW2004z0035/0004). 18 articularia sin. 11
axis (AO: Inv. Nr.. NHMW2004z0035/0005). 374 verte-
brae cervicales. 13315 vertebrae praesacrales (AO: Inv.
Nr.: NHMW2004z0035/0001, 0006, 0007). 27 vertebrae
caudales.

(BM: Inv. Nr.. NHMW2004z0035/0008).

Description:

palatinum (fig. 23): One of the 6 palatina is nearly com-
plete just lacking its teeth. Viewing from lateral, the nearly
half-oval processus vomeris rises slightly more steeply
anteriorly than posteriorly. Just the process of the triangular
processus choanalis is vaulted to medial. The posterior
margin of the relatively short triangular processus maxil-
laris includes an angle of nearly 90° with the tooth row. It
is orientated to posteroventral parallel to the ventral branch
of the posterior processus whose dorsal branch is about
twice as long as the ventral one. From dorsal aspect, the
palatinum continuously broadens in anterior direction.
pterygoideum: None of the 9 pterygoidea is complete.
They feature a thick and distinctly bulging lateral margin
which possesses a nearly rectangular processus ectoptery-
goideus with thickened outer corners. From dorsal view,
the distinct, lateral groove for the ectopterygoid overtops
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the processus ectopterygoideus anteriorly. The teeth are
robust and curved to posterior.

parabasisphenoideum: A detailed description of the ba-
sisphenoideum of Elaphe kohfidischi from Kohfidisch is
given in BACHMAYER & SzYNDLAR (1987:26; Plate 1: Figs.
1,2; fig. 1:1-4).

quadratum (fig. 24): The 4 quadrata are either complete or
nearly complete. They are robust but slender. The trochlea
quadrati is nearly as narrow as the ventral halif of the qua-
dratum, and the oval processus stapedialis is positioned in
the middle of the anterior margin. The convex crista dor-
salis rises slightly posteriorly and passes into a discoidal
processus orientated to posteromedial. From lateral aspect,
the sharp crista quadrati is straight.

maxillare: A detailed description of the maxillare of Ela-
phe kohfidischi from Kohfidisch is given in BACHMAYER
& SzynpLAR (1987:28; fig. 1:7, 8).

dentale: A detailed description of the dentale of Elaphe
kohfidischi from Kohfidisch is given in BACHMAYER &
SzyNDLAR (1987:28; fig. 1:9, 10).

articulare (fig. 25): The posterior half of the 35 articularia
is preserved in any case, the anterior half may be broken.
From dorsal aspect, the bone is slightly s-shaped. The
constriction of the trochlea leaves blank just a thin lateral
margin of the bone beneath. Lentiform, the fossa man-
dibularis opens widely and the anterior foramen therein
is longish-oval.The distinct foramen supraangularis is
situated closely anterior to the rise of the crista medialis.
Viewing from lateral, the crista lateralis is nearly straight
while the crista medialis highly arches.

axis (fig. 26): A detailed description of the axis of Elaphe
kohfidischi from Kohfidisch is given in BACHMAYER &
SzynDLAR (1985:81, 82; fig. 1:12-14).

vertebra cervicalis: A detailed description of the verte-
bra cervicalis of Elaphe kohfidischi from Kohfidisch is
given in BACHMAYER & SzyNDLAR (1985:82; fig. 1:15).
vertebra praesacralis (Plate 9: b, 11: a, b; Table 12): A
detailed description of the veriebra praesacralis of Ela-
phe kohfidischi (Holotype) from Kohfidisch is given in
BAcHMAYER & SzyYNDLAR (1985: pp. 80, 81, 82; Plate 1:
Figs. 1-3; fig. 1:1-16). The measurements of the vertebrae
praesacrales examined herein are noted in Table 12.
vertebra caudalis: A detailed description of the verte-
bra caudalis of Elaphe kohfidischi from Kohfidisch is given
in BACHMAYER & SzYNDLAR (1985: p. 82; fig. 1:16).
Comparison: With regard to the parabasisphenoidea, ma-
xillaria and dentalia, they correlate to the ones described
by BACHMAYER & SzYNDLAR (1987) from the type material
of Elaphe kohfidischi. The parabasisphenoideum of Elaphe
praelongissima from the Late Miocene (MN13) locality
Polgardi in Hungary (VENCZEL, 1994, 1998) possesses a
smaller frontal step and lacks the frontal crest. The cha-
racteristics of the axis and the remaining vertebrae are
typical of Elaphe kohfidischi so described by BACHMAYER
& SzynpLAR (1985).

The palatinum neither of Coluber planicarinatus nor of
Natrix longivertebrata both members of the Colubridae has
been described from the type material. Recent members of
the Natricinae possess a palatinum more elongated featu-
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ring a dorsal branch of the posterior processus about five
times longer than the ventral one. The dorsal branch of the
posterior processus described herein is about twice as long
as the ventral one. While the processus vomeris of Recent
members of the Natricinae is rectangular and extremely
elongated, the one of the Kohfidisch material is short and
half-oval. Its short and triangular processus choanalis only
slightly vaults medially in the Kohfidisch material. The one
of members of the Natricinae is strongly elongated and
arched to anteromedial. Contrary to the relatively short
triangular processus maxillaris whose posterior margin is
at an angle of nearly 90° with the tooth row in the palatina
described herein, the one of members of the Natricinae
is slender, elongated, directed to posteroventral, and at a
much smaller angle with the tooth row. From dorsal aspect,
the palatinum of the Kohfidisch material continuously
broadens in anterior direction while the more slender one
of Natricinae slightly broadens and narrows again from
posterior to anterior. Further, the teeth of Natricinae are
more slender and more curved to posterior. The general
characteristics of the palatina described herein correlate
to the ones of Recent Colubrinae.

Based on these comparisons, the palatina belong to a
member of the Colubrinae of Kohfidisch. The number
of bones of Coluber planicarinatus represents only 1%
with regard to Elaphe kohfidischi. The former comprises
vertebrae praesacrales and only one cranial bone. Totalling,
the great number of 6 palatina has been found. Therefore,
they have been referred to Elaphe kohfidischi.

The pterygoideum described herein differs from the one
of Natrix longivertebrata already described by SzyND-
LAR (1984) and from the ones of Recent members of the
Natricinae. Generally, it correlates to the one of Recent
Colubrinae. It is rectangular featuring thickened outer
corners. The processus ectopterygoideus of the pterygoi-
dea of Natricinae are flatter and half-oval but also possess
thickened outer corners. Viewing from dorsal, the lateral
groove for the ectopterygoid is developed more broadly
in members of the Natricinae. Although the latter has a
straighter tooth row, the pterygoideum is more vaulted
to lateral in the posterior portion. Teeth of Natricinae are
more slender.

The second member of the Colubrinae of Kohfidisch,
Coluber planicarinatus, is represented by a much smaller
number of bones. The great number of 9 pterygoidea,
which differ from the ones of Natrix longivertebrata (see
above), has been counted in Kohfidisch. Thus, their deter-
mination has resulted in Elaphe kohfidischi.

Comparing the quadratum of Elaphe kohfidischi with
the ones of the Recent species Elaphe longissima and
Coluber gemonensis, the extinct species has a narrower
trochlea quadrati. From anterior aspect, the processus
stapedialis is positioned more anteriorly, and the crista
dorsalis is straight but not arched outward. Viewing from
lateral, the crista quadrati is orientated more to posterior
than to lateral.

Natrix longivertebrata, as another member of the Colubri-
dae in Kohfidisch, features a quadratum more constricted
medially contrary to the more slender quadratum of Elaphe
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kohfidischi. Both cristae quadrati run straight in lateral
view, but still differ: while the crista quadrati of Elaphe
kohfidischi is sharp, the one of Natrix longivertebrata is
blunt.

Quadrata of Elaphe kohfidischi and Coluber planicarina-
tus, both Colubrinae of Kohfidisch, have been unknown.
The determination of the 4 quadrata has resulted in
Elaphe kohfidischi because of the proved great record of
the species in Kohfidisch and based on the comparisons
mentioned above.

The articulare of Elaphe kohfidischi has not been descri-
bed from the type material. Compared with the articularia
of the Recent relatives Elaphe longissima and Coluber
gemonensis both members of the Colubrinae, the one of
Elaphe kohfidischi possesses a narrower trochlea, a less
highly arched crista medialis as well as a more rounded
margin of the crista lateralis.

Contrary to the articulare of Natrix longivertebrata, a
further member of the Colubridae described by articularia
from Kohfidisch, the one of Elaphe kohfidischi features
a less constricted trochlea leaving blank a thinner lateral
margin of the bone beneath which does not stay visible
lateral the narrower fossa mandibularis. The foramen su-
praangularis is situated farther posteriorly, closely anterior
to the rise of the crista medialis. Finally, the crista lateralis
of Natrix longivertebrata is parallel to the lowly arched
crista medialis while the one of Elaphe kohfidischi pos-
sesses a straight crista lateralis and a more highly arched
crista medialis.

Based on these comparisons and due to the well-documen-
ted existence of Elaphe kohfidischi contrary to Coluber
planicarinatus in Kohfidisch, the great number of 35
articularia has been referred to the species.

Discussion: In 1985, BACHMAYER & SzYNDLAR have first
described Elaphe kohfidischi from the type locality Koh-
fidisch, and in 1987, a second contribution to the species
followed. Doubtfully, cf. Elaphe kohfidischi is present in
another Upper Miocene locality namely Cherevichnoie in
the Ukraine (SzZYNDLAR & ZEROVA, 1992). MIKLAS-TEMPFER
(2003) has afforded the oldest record of Elaphe kohfidischi
from the Middle Miocene locality Grund in Austria.
Elaphe kormosi of the Uppermost Miocene locality
Polgérdi in Hungary first described by BorLkay (1913)
and the Lower Pliocene of Osztramos 1 (VENCZEL, 2001)
probably represents a form closely related to Elaphe
kohfidischi (BACHMAYER & SZYNDLAR, 1985). Follow-
ing BACHMAYER & SzYNDLAR (1985), the three species
Elaphe longissima, Elaphe paralongissima, and Elaphe
kohfidischi clearly demonstrate evolutionary differentia-
tion. Although they originate from geographically close
territories, they definitely represent distinct species. Elaphe
longissima occurs in the Uppermost Miocene and inhabits
Southern and Central Europe today. The extinct species
Elaphe paralongissima is known from its Polish Upper
Pliocene type locality and the Lower Pleistocene of Hun-
gary (VENCzEL, 1998). In the opinion of SzZyNDLAR (1991a),
the elongation of the vertebrae of Elaphe kohfidischi, the
morphology of the haemal keel, as well as the concave
zygosphene are reminiscent of the living Coluber caspius.
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Figure 23: Elaphe kohfidischi. Palatinum dext. lateral view
(Kohfidisch; Inv. Nr.. NHMW2004z0035/0002), scale bar
equals 1 mm.

Figure 25: Elaphe kohfidischi. Articulare dext. dorsal (a)
and lateral (b) view (Kohfidisch “III unten*; Inv. Nr.: NHM-
W2004z0035/0004), scale bar equals 1 mm.

The oldest fossil record of the latter dates from the Up-
permost Miocene of Hungary.

Elaphe kormosi and Elaphe praelongissima undoubtedly
represented two distinct lineages. While the former was
related to Elaphe kohfidischi, the latter belonged to a hy-
pothetical lineage leading to the extant Elaphe longissima
(VENCZEL, 1994).

During the Plio- and Pleistocene of Austria, further re-
presentatives of the genus Elaphe occurred. Elaphe qua-
tuorlineata and Elaphe longissima have been described by
RABEDER (1974) from the Plio- Pleistocene of Bad Deutsch-
Altenburg and Elaphe longissima is present in the Middle
Pleistocene of St. Margarethen (RABEDER, 1977).

The oldest member of the genus Elaphe dates from the
Upper Miocene (MN9) of Gritsev in the Ukraine. During
the Upper Miocene, it occurs in Austria, Hungary, Poland,
Romania, Greece, and the Ukraine (SZYNDLAR, 1991b).
Ecology and Climate — living relatives: Recent mem-
bers of the genus Elaphe represent very adept climbers,
and especially E. longissima closely related to Elaphe
kohfidischi even ascends vertical tree trunks. It is found
up to 1800 m in some areas and prefers dry habitats such
as sunny woods, shrubby vegetation, old walls, ruins, and
hay stacks. If heat becomes excessive, Elaphe longissima
retreats (ARNOLD & OVENDEN, 2002). The proper tempera-
ture ranges between 20°C and 28°C in the daytime and
between 18°C and 22°C during the night. Elaphe longis-
sima may rest at a temperature between 5°C and 12°C for
4-5 months in winter.

Following ARNOLD & OVENDEN (2002), Elaphe longissima
occurs in France except the North, in West and South
Swizerland, in South and East Austria, in the South-East
Czech Republic, Slovakia, South-East Poland, Ukraine,
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Figure 24: Elaphe kohfidischi. Quadratum dext. medial view
(Kohfidisch “III unten; Inv. Nr.. NHMW2004z0035/0003),
scale bar equals 1 mm.

Figure 26: Elaphe kohfidischi. Axis lateral (a) and anterior (b)
view (Kohfidisch “IT”’; inv. Nr.. NHMW2004z0035/0005), scale
bar equals 1 mm.

and south to North-West Spain, Central Italy and South
Greece (although absent from the Aegean islands). It is
also present in a few isolated localities in Germany near
Heidelberg and ones in the North-West Czech Republic.
Possibly, its distribution expands to West Sardinia. Outside
Europe, it occurs in Turkey, the Caucasus and North Iran.
This distribution belongs to the K&ppen’s climate types Cf,
Cs, Csa, Df, and Ds (MULLER, 1996; see chapters 5, 6).

Genus Coluber LINNAEUS, 1758

Coluber planicarinatus (BACHMAYER & SZYNDLAR, 1985)
(Plate 9: c; Table 2, 3, 4, 5, 6, 13)

Synonyms:

1985 Nanus planicarinatus sp. nov. — BACHMAYER & SZYNDLAR,
p. 84, fig. 1:17-22 ; pl. 1: Figs. 4-6.

Holotype: Natural History Museum Vienna, department

of Geology and Paleontology, Austria, Inv. No. 1984/97;

trunk vertebra (BACHMAYER & SZYNDLAR, 1985).

Type locality: Kohfidisch, Austria.

Stratigraphical Age of the Type material: Upper Mio-

cene (Turolian, MN11).

Range: Upper Miocene: Austria.

Material: 1 parabasisphenoideum. 154 vertebrae praesa-

crales (AO: Inv.Nr.. NHMW2004z0036/0001).

(BM: Inv. Nr.. NHMW2004z0036/0002).

Description:

parabasisphenoideum: A detailed description of the paraba-

sisphenoideum of Coluber planicarinatus from Kohfidisch

is given in BACHMAYER & SzyYNDLAR (1987: p. 29; Plate 1:
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Figs. 3, 4; fig. 2).

vertebra praesacralis (Plate 9: c: Table 13): A detailed
description of the vertebra praesacralis of Coluber planica-
rinatus (Holotype) from Kohfidisch is given in BACHMAYER
& SzynDLAR (1985: pp. 84, 86; Plate 1: Figs. 4-6; fig. 1:
17-22). The measurements of the vertebrae praesacrales
examined herein are noted in Table 13.

Comparison: The parabasisphenoideum shows charac-
teristics typical of Coluber planicarinatus described by
BAcHMAYER & SzyNDLAR (1987) from Kohfidisch. The
vertebrae praesacrales as well refer to Coluber planicari-
natus characterized by BACHMAYER & SzynDLAR (1985).
Therefore, the description of the elements has resulted in
this species.

Discussion: The species Coluber planicarinatus has been
known so far from the type locality Kohfidisch only. In
1985, BACHMAYER & SzYNDLAR described the new extinct
genus and species Nanus planicarinatus and based the
creation of the fossil distinct genus Nanus on the peculiar
morphology of the vertebrae praesacrales. The subsequent
discovery of a parabasisphenoideum in 1987 caused the
removal of the fossil to the genus Coluber. The paraba-
sisphenoideum closely resembles the ones of the Recent
Coluber najadum-Coluber rubriceps group (BACHMAYER
& SZYNDLAR, 1987).

The presence of Colubrinae is common in the Austrian
fossil record. Even the Austrian Middle Miocene loca-
lities Miihlbach (MikLas-TEmMPFER, 2003; DAXNER-HOCK
et al., 2004)

and Grund (MixkLas-TEMPFER, 2003) yield Colubrinae.
During the Upper Miocene (MN9) of Austria, Colubrinae
indet. are present in Gotzendorf and Richardhof-Golfplatz
(HarzHAUSER & TEMPFER, 2004). The Plio-/Pleistocene
of Bad Deutsch-Altenburg yields a rich snake fauna
consisting of diverse representatives of the Colubrinae.
Coluber gemonensis, Coluber jugularis, Coluber viridi-
flavus, Coluber sp., and Coronella sp. have been described
by RABEDER (1974) and mentioned by Mais & RABEDER
(1984). Coluber viridiflavus and Coluber gemonensis are
present in the Middle Pleistocene locality St. Margarethen
(RABEDER, 1977).

Coluber cadurci ranging between the Lower Oligocene
and the Upper Oligocene of France represents the oldest
member of the genus Coluber (RAGE, 1988Db).

The subfamily Colubrinae is divided into

1. diurnal, terrestrial snakes prefering dry and sunny
habitats;

2. nocturnal, terrestrial snakes in dry habitats;

3. climbing snakes hunting at dawn and inhabiting damp
environments such as woods;

4. nocturnal, burrowing, terrestrial snakes in dry habitats
with different kinds of substrata.

While members of the genus Coluber belong to the 1*
group, the species of Elaphe represent members of the 3%
group (OBsT et al., 1984).

Ecology and Climate — living relatives: After BACHMAYER
& SzYNDLAR (1987), Coluber planicarinatus is suggestive
of the Recent Coluber najadum - Coluber rubriceps group.
Coluber najadum represents a diurnal and mainly terres-

Beitr. Paldont., 29, Wien, 2005

trial snake inhabiting dry and often stony environments
usually with bushes and some dense, grassy vegetation
for climbing. It is also found in open areas in woods, by
overgrown walls, stony banks, and path edges (ARNOLD &
OVENDEN, 2002). It may rest at a temperature above 0°C
during the winter months.

Coluber najadum is mainly distributed in the South
Balkans from mainland Greece north to coastal Croatia,
Macedonia and extreme South Bulgaria. Absent from
many Aegean islands, it is found on the ones that lie close
to Asiatic Turkey. It inhabits the Caucasus region and
South-West Asia. Following MULLER (1996; see chapters
5, 6), these areas belong to the Koppen’s climate types
Cf, Cs, and Csa.

Subfamily Natricinae BONAPARTE, 1838
Genus Natrix LAURENTI, 1768

Natrix longivertebrata SZYNDLAR, 1984
(Plate 9: d; Table 2, 3, 4, 5, 6, 13; fig. 27, 28, 29, 30)

Holotype: Institute of Systematic and Experimental
Zoology of the Polish Academy of Sciences in Cracow,
Poland, Inv. No. RK I-10000; mid-trunk vertebra (Szynp-
LAR, 1984).

Type locality: Rebielice Krélewskie I, Poland.
Stratigraphical Age of the Type material: Upper Plio-
cene (MN16).

Range: Upper Miocene — Lower Pleistocene: Austria,
Hungary, Poland, Moldavia, France.

Material: 1 parabasisphenoideum (AO: Inv.Nr.. NHMW
2004z0037/0002). 1 quadratum dext. (AO: Inv.Nr.:
NHMW2004z0037/0003). 2 maxillaria dext. 2 maxil-
laria sin. 1 dentale dext. 2 dentalia sin. (AO: Inv.Nr.:
NHMW?2004z0037/0004). 4 articularia dext. 6 articularia
sin. (AO: Inv.Nr.. NHMW2004z0037/0005). 1 vertebra
cervicalis. 1407 vertebrae praesacrales (AO: Inv.Nr.:
NHMW?2004z0037/0001). 51 vertebrae caudales.

(BM: Inv. Nr.. NHMW2004z0037/0006).

Description:

parabasisphenoideum (fig. 27): One nearly complete para-
basisphenoideum is present. The processus basipterygoidei
as well as the top of the processus parasphenoideus are
broken. It is triangular and relatively short. From ventral
aspect, the cristae pterygoideae situated far posteriorly
are strongly inclined backward. Their anterior branches
converge but do not fuse. A crista parabasisphenoidea
is missing. The anterior orifice of the Vidian canal is
present anterior to the posterior branches of the cristae
pterygoideae while the posterior orifice is situated near
the posterior border of the bone and accompanied by the
foramen cerebralis. In dorsal view, the pituitary fossa
appears relatively round. The crista frontalis is distinct
and thickened posteriorly. Posterior to the postero-lateral
corners of the pituitary fossa, the posterior foramina for
the nervus abducentes are present.

quadratum (fig. 28): The single, robust quadratum is bro-
ken dorsally. The ventral half appears constricted because
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the trochlea quadrati as well as the dorsal half broaden
distinctly. The oval processus stapedialis is situated in the
middle of the extremely concave anterior margin. Viewing
from lateral, the quadratum features a straight but blunt
crista quadrati.

maxillare: 4 posterior fragments of maxillaria preserving
the processus ectopterygoideus are present. The latter
is trapezoidal, orientated to anteroventral and features a
medial margin directed to anteromedial. One left maxil-
lare demonstrates that it is typically opisthomegadontic.
The last, prominent, much longer, and sharp tooth is
preserved.

dentale (fig. 29): The three dentalia lack their posterior
parts. Two anterior halves are completely preserved. The
Meckel’s groove opens below the 4% tooth position. It
represents a thin slit opening laterally and widening just
slightly but continuously posteriorly. The lamina hori-
zontalis rises and inclines in dorsolingual direction at the
processus angularis. Viewing from labial, the dentalia
feature an oval, large and distinct foramen mentalis, which
is situated below the 7* tooth position on the two anterior
halves. The incisura articularis opens high dorsally.
articulare (fig. 30): 10 articularia are present which collec-
tively document the complete posterior half. The anterior
half may be broken. Viewing from dorsal, the extremely
constricted trochlea leaves blank a relatively thick lateral
margin of the bone beneath which, also lateral to the fossa
mandibularis, stays visible. The latter is lentiform and
opens narrowly. Anteriorly, within the fossa mandibularis,
alarge oval foramen is present. The foramen supraangula-
ris is situated in the middle of the anterior, narrow half of
the bone. From lateral aspect, the slightly undulated crista
lateralis is parallel to the lowly arched crista medialis.
vertebra cervicalis: A detailed description of the verte-
bra cervicalis of Natrix longivertebrata from Kohfidisch
is given in BACHMAYER & SzYNDLAR (1985: p. 88; fig. 2:
6, 7).

vertebra praesacralis (Plate 9: d: Table 13): A detailed
description of the vertebra praesacralis of Natrix longi-
vertebrata from Kohfidisch is given in BACHMAYER &
SzynpLAR (1985: pp. 87, 89; fig. 2: 1-5). The measure-
ments of the vertebrae praesacrales examined herein are
noted in Table 13.

vertebra caudalis: The 51 vertebrae caudales can be di-
vided into more anterior and more posterior ones. Their
general shape resembles the one of the vertebrae praesa-
crales. They become longer and smaller as one proceeds
posteriorly. All of them feature pleurapophyses flattened
dorsoventrally which are rectangular in dorsal view, long,
and directed to lateral in the more anterior caudal region.
The more posterior vertebrae caudales possess shorter
and lenticular pleurapophyses directed to anterior. With
regard to the bifurcated haemapophysis, its orientation
passes from posterior to ventral in the course of the caudal
region.

Comparison: SzyNDLAR (1984) has precisely described
parabasisphenoidea, a quadratum, maxillaria, articularia,
and vertebrae cavdales from the Polish type material of
Natrix longivertebrata. Their characteristics match the
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ones of the Kohfidisch material. Therefore, the elements
are referred to Natrix longivertebrata.

The articulare of Natrix aff. longivertebrata described by
RAGE & SzYNDLAR (1986) from the French Middle Miocene
shows a lower medial flange of the fossa mandibularis and
a more thickened upper border of the lateral flange.

At Natrix cf. longivertebrata of the Upper Miocene, Hun-
garian locality Polgardi (VenczeL, 1994), the higher medial
flange of the articulare rises steeper posteriorly.

The presence of Natrix longivertebrata in Kohfidisch
is based on the description of vertebrae cervicales and
vertebrae praesacrales (BACHMAYER & SzyNDLAR, 1985)
similar to the vertebrae examined herein.

The dentale of Natrix longivertebrata is unknown from
the type material. Contrary to Natrix natrix, the Meckel‘s
groove opens farther anteriorly (below the 4 tooth posi-
tion and not below the 8" tooth position approximately),
the incisura articularis is positioned farther dorsally, and
the teeth are longer and more robust.

At Natrix cf. longivertebrata of the Upper Miocene,
Hungarian locality Polgardi (VENczeL, 1994), the Meckel ‘s
groove of the dentale opens below the 8" tooth position
which reminds of Natrix natrix.

Comparing the dentalia of Natrix longivertebrata and
FElaphe kohfidischi, both members of the Colubridae re-
presented by dentalia in Kohfidisch, the one of Natrix lon-
givertebrata is more slender, and the Meckel‘s groove as
well as the incisura articularis open more narrowly. From
lingual view, the lamina horizontalis is more undulated
and does not rise straight and continuously. The teeth of
Natrix longivertebrata are more slender while the ones of
Elaphe kohfidischi have a broader base and a significant
sharp bend in the middle.

Based on the comparisons with extant and extinct material,
the characteristics of the elements described herein are
typical of Natrix longivertebrata and therefore referred
to the species.

Discussion: SzynpLAR (1984) has first based Natrix lon-
givertebrata on a vertebra praesacralis from the Polish
Upper Pliocene (MN16) locality Rebielice Krélewskie I
in Poland. Up to now, Natrix longivertebrata has additi-
onally been known from the Upper Miocene of Hungary
(VENCZEL, 1994, 1998), from the Middle Pliocene and
Upper Pliocene of Moldavia (ReEpkozuov, 1987) and
from the Lower Pleistocene of Osztramos in Hungary
(VENCzEL, 2001).

Natrix cf. longivertebrata has been described from the Up-
per Miocene of Cherevichnoie in the Ukraine and Polgérdi
in Hungary (VENCZEL, 1994), from the Middle Pliocene of
Weze 1, and the Upper Pliocene of Rebielice Krélewskie
2 both in Poland (SzynpLAR, 1991D). Following RaGe &
SzYNDLAR (1986), Natrix aff. longivertebrata is present in
the Middle Miocene of France.

Natrix aff. longivertebrata occurs in the Middle Mio-
cene of France, and Natrix longivertebrata in the Upper
Miocene of Austria. In Poland, the species is not present
before the Upper Pliocene. About 10 million years se-
parate the stratigraphical level of the French from the
Polish localities, but no specific distinction between the
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forms are observed. RAGE & SzynpLAR (1986) expect an
important, perhaps the longest evolutionary stasis quite
unusual among snakes.

After SzyNDLAR (1991b), most cranial bones of Natrix
longivertebrata are identical to those of the living species
Natrix natrix except the compound bone and especially
the basisphenoideum. SzynpLAR (1991c¢) demonstrates that
the living species Natrix natrix most probably represents
the direct descendant of the Neogene species Natrix longi-
vertebrata. While some skull characters remain invariant,
a gradual modification of two basicranial morphological
patterns exists. The basisphenoideum reflects an “ancient”
(primitive) and a “modern” (derived) morphological pat-
tern. The most important difference beside others lies in
the course of the Vidian canals and the location of accom-
panying structures. Further, the position and separation of
the foramen nervi trigemini of the prooticum feature the
evolutionary Natrix longivertebrata-Natrix natrix lineage.
The foramen for the re-entry of the cid branch of the trige-
minal nerve may be located either inside the V, recess or
separately below the V, recess (primitive). While in living
or subfossil specimens of Natrix natrix both conditions are
equally represented, fossil members display exclusively
the latter condition. In Middle Pleistocene specimens of
Natrix natrix of St. Margarethen in Austria (RABEDER,
1977), the foramen nervi trigemini is always divided into
a large dorsal opening and a smaller ventral one which
may be present in Recent snakes.

Concluding, the only taxonomically significant difference
observed in the skulls of the Natrix longivertebrata-Natrix
natrix lineage is restricted to the posterior braincase. In
the Middle Miocene, the “ancient” condition of the basi-
sphenoideum was fixed but was almost entirely replaced
by the “modern” pattern around the Pliocene/Pleistocene
boundary. The transformation of the older condition of the
prooticum into the more Recent one seems to be a younger
occurrence. However, the ophidian species inhabiting Eu-
rope since the Lower Miocene do not differ significantly
from their living relatives. The genera are clearly referable
to extant ones. Therefore, the origin of modern genera of
advanced snakes may have taken place long before the
Paleogene/Neogene boundary (SzyNDLAR, 1991c¢).

The oldest member of the genus Natrix is Natrix mly-
narskii from the Lower Oligocene of France. Placed in
the genus Coluber but combining characteristics of both
modern “natricines” and “colubrines”, the oldest known
European representatives of the family Colubridae ap-
peared in West Europe in the Lower Oligocene (RAGE,
1988b). As the New World colubrids can be dated back
to the Middle Oligocene, the division of the family Co-
lubridae into “colubrines” and “natricines” must have
taken place earlier than the beginning of the Oligocene.
The Colubridae most probably originated as early as the
Cretaceous/Tertiary transition (CADLE, 1988; SzZYNDLAR,
1991b). Following Ivanov (2000, 2001) and Ivanov et al.
(2000), just primitive members of the Colubroidea were
present in Europe since the Eocene, and Colubridae might
have immigrated into Central Europe areas probably across
the Mazury-Mazowsze continental bridge in the Lower
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Oligocene. Subsequently, they penetrated into Western
Europe across the Rhine Graben in several waves of dis-
persal. At the end of the Lower Miocene, numerous modern
taxa coming from several coeval (in particular French and
German) localities spread over Europe. Distinct radiations
of the natricine Colubridae and Elapidae took place at this
time (Ivanov, 2000, 2001; IvaNov et al., 2000; SZYNDLAR,
1998). Most obviously, the Boidae were displaced by the
Colubridae in Europe (Ivanov, 2000, 2001; Ivanov et al.,
2000; SzynNDLAR & RAGE, 1990).

SzynDLAR (1991a) suggested replacing the terms used so
far by ophidian paleontologists for the subfamilies Colubri-
nae and Natricinae by the informal forms “colubrines” and
“natricines” In his opinion, the criteria used to separate
these two subfamilies, such as the absence or presence
of hypapophyses on postcervical thoracic vertebrae, is
inconsistent with the snake systematics accepted by neo-
herpetologists.

With regard to the Austrian Miocene, Natricinae indet.
are present in the Middle Miocene of Miihlbach (Mi-
KLAS-TEMPFER, 2003) and in the Upper Miocene (MN9)
of Richardhof-Golfplatz (HARZHAUSER & TEMPFER, 2004).
The Plio- Pleistocene of Austria yields Natrix natrix in
the locality Bad Deutsch-Altenburg (RABEDER, 1974;
Mais & RABEDER, 1984). The same species is part of the
vertebrate fauna dominated by snakes from the Middle
Pleistocene fissure filling St. Margarethen in Burgenland
(RABEDER, 1977).

Ecology and Climate — living relatives: Natrix natrix,
the presumed closest Recent relative to Natrix longiver-
tebrata, inhabits damp places and usually prefers water in
its more southern occurrences where it may reach altitudes
of 2400 m. In North Europe, Natrix natrix is more a low-
land animal but may sometimes also be found in quite dry
woods, hedgrows, and meadows. It swims well and hunts
in water (ARNOLD & OVENDEN, 2002). Slipping in autumn,
the juvenile representatives of Natrix natrix hibernate in
warmer places such as in compost.

The Grass Snake is distributed nearly allover Europe north
to South Norway and Sweden (as far north as 67°N), South
Finland, and Russia. It is absent in some islands such as
Ireland, the Balearics, Malta, Crete, and some Cyclades.

P R e A,

Figure 27: Natrix longivertebrata. Parabasisphenoideum dorsal
(a) and ventral (b) view (Kohfidisch “IIT unten”; Inv.Nr.: NHMW-
2004z0037/0002), scale bar equals 1 mm.
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Figure 28: Natrix longivertebrata. Quadratum dext. medial view
(Kohfidisch “III unten”; Inv. Nr.: NHMW2004z0037/0003), scale
bar equals 1 mm.
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Figure 29: Natrix longivertebrata. Dentale sin. lingual view
(Kohfidisch “IIT”’; Inv. Nr.. NHMW2004z0037/0004), scale bar
equals 1 mm.
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Figure 30: Natrix longivertebrata. Articulare sin. dorsal (a) and lateral (b) view (Kohfidisch “III unten”; Inv. Nr.. NHM-

W2004z0037/0005), scale bar equals 1 mm.

Natrix natrix also occurs in North-West Africa and Asia
east to Lake Baikal (ARNoLD & OVENDEN, 2002). Its distri-
bution is restricted to the Képpen'‘s climate types Cf, Cs,
Csa, and Df (MULLER, 1996; see chapters 5, 6).

Family Elapidae Boig, 1827
Genus Naja LAURENTI, 1768

Naja romani (HOFFSTETTER, 1939)
(Plate 9: e, 10: a-e; Table 2, 3, 4, 5, 6, 14;
fig. 31, 32, 33, 34, 37)

Synonyms:
1985 Naja austriaca sp. nov. — BACHMAYER & SZYNDLAR, p. 88,
Text-figs. 3-5; pl. 1: Figs. 4-6 ; pl. 2: Figs. 10-13.
Holotype: Université Claude-Bernard, Département des
Sciences de la Terre, Lyon, France, n° FSL 92856; rather
complete skeleton.
Type locality: La Grive-Saint Alban, Iseére, France.
Stratigraphical Age of the Type material: Middle Mio-
cene (Astaracian, MN7-8).
Range: Lower Miocene — Upper Miocene: Austria,
France.
Material: 10 palatina dext. 5 palatina sin. 3 pterygoidea
dext. 4 pterygoidea sin. 1 parietale sin. 2 parabasisphe-
noidea. 2 prootica. 7 quadrata dext. 2 quadrata sin. 27
maxillaria dext. 19 maxillaria sin. 44 maxillaria indet.
3 maxillaria dext. et veneno illiti dentes (AO: Inv.Nr.:
NHMW2004z0038/0001). 5 maxillaria sin. et vene-
no illiti dentes. 57 veneno illiti dentes (AO: Inv.Nr.:
NHMW2004z0038/0004, 0005). 35 dentalia dext. 23
dentalia sin. 4 articularia dext. 7 articularia sin. 8 axis
(AO: Inv.Nr.. NHMW2004z0038/0006). 45 vertebrae
cervicales. 6227 vertebrae praesacrales (AO: Inv. Nr..
NHMW2004z0038/0002). 118 vertebrae caudales. 481

costae (AO: Inv.Nr.. NHMW2004z0038/0003, 0007,
0008). (BM: Inv.Nr.: NHMW2004z0038/0009).
Description:

palatinum: A detailed description of the palatinum of
Naja romani from Kohfidisch is given in BACHMAYER &
SzYNDLAR (1987:32; fig. 4:7, 8) and SZyNDLAR & ZEROVA
(1990:57).

pterygoideum: A detailed description of the pterygoideum
of Naja romani from Kohfidisch is given in BACHMAYER &
SzyYNDLAR (1985:90; fig. 4:1, 2).

parietale: A detailed description of the parietale of Naja
romani from Kohfidisch is given in SzyNDLAR & ZEROVA
(1990:57; fig. 2: D).

parabasisphenoideum: A detailed description of the basi-
sphenoideum of Naja romani from Kohfidisch is given in
BAcCHMAYER & SzYNDLAR (1985:89; Plate 1: Figs. 7, 8; fig.
3) and SzYNDLAR & ZEROVA (1990:56; fig. 1).

prooticum: A detailed description of the prooticum of Naja
romani from Kohfidisch is given in SzyNDLAR & ZEROVA
(1990:56; fig. 2: A, B).

quadratum: A detailed description of the quadratum of
Naja romani from Kohfidisch is given in SZyNDLAR &
ZErovaA (1990:57; fig. 2: G).

maxillare: A detailed description of the maxillare of Naja
romani from Kohfidisch is given in BACHMAYER & SzyND-
LAR (1985: p. 90; fig. 4:7-10) and SZyNDLAR & ZEROVA
(1990:57).

maxillare et veneno illiti dens (Plate 9: e ; fig. 31. 32): A
detailed description of the maxillare et veneno illiti dens
of Naja romani from Kohfidisch is given in BACHMAYER &
SzYNDLAR (1985:90; fig. 4:7-10). See also comparison.
dentale: A detailed description of the dentale of Naja rom-
ani from Kohfidisch is given in BACHMAYER & SZYNDLAR
(1985: p. 90; fig. 4:3, 4) and in BACHMAYER & SZYNDLAR
(1987:31; fig. 4:5, 6).

articulare: A detailed description of the articulare of Naja
romani from Kohfidisch is given in BAcHMAYER & SZYND-
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LAR (1987:31; fig. 4:1-4).

axis (fig. 34): A detailed description of the axis of Naja ro-
mani from Kohfidisch is given in BACHMAYER & SZYNDLAR
(1985:90; fig. 5:7, 8). See also comparison.

vertebra cervicalis : A detailed description of the vertebra
cervicalis of Naja romani from Kohfidisch is given in
BAcHMAYER & SzYNDLAR (1985:90, 91; fig. 5:9).

vertebra praesacralis (Plate 10: a-d: Table 14): A detailed
description of the vertebra praesacralis of Naja romani
from Kohfidisch is given in BACHMAYER & SZYNDLAR
(1985: pp. 91, 92; fig. 5: 1-5) and SzyNDLAR & ZEROVA
(1990: p. 58; fig. 3: A-C). The measurements of the verteb-
rae praesacrales examined herein, are noted in Table 14.

vertebra caudalis : A detailed description of the vertebra
caudalis of Naja romani from Kohfidisch is given in
BACHMAYER & SZYNDLAR (1985:94; fig. 5:10).

costa (Plate 10: e): A detailed description of the costa of
Naja romani from Kohfidisch is given in SzynDLAR &
Zerova (1990:57; fig. 2:E, F).

Comparison: The pterygoidea, the parabasisphenoidea,
the maxillaria, the dentalia, the vertebrae cervicales, the
vertebrae praesacrales, and the vertebrae caudales correlate
to those already described by BACHMAYER & SZYNDLAR
(1985) as Naja austriaca, i. e. Naja romani from Koh-
fidisch. Beside again dentalia, BACHMAYER & SzZYNDLAR
(1987) have found palatina and articularia of Naja romani.
Their characteristics correspond to those of the material
examined herein. Palatina, parabasisphenoidea, maxil-
laria, and vertebrae praesacrales of Naja romani from
Kohfidisch are also described by SzyNDLAR & ZEroOva
(1990). For the first time, they define a parietale, prootica,
quadrata, and costae of the Kohfidisch material similar to
the one examined in this paper. Therefore, the elements
are referred to Naja romani.

BACHMAYER & SzYNDLAR (1985) have already described
the maxillare et veneno illiti dens of Naja romani from
Kohfidisch. The material described herein also contains
one maxillare et veneno illiti dens of the replacement
series (fig. 32). After Jackson (2002), teeth of snakes are
replaced continuously throughout life. The replacement
teeth are not attached to the dentigerous bone during their
development. When they replace the functional tooth,
their basal end establishes an attachment to the rim of the
shallow alveolus. With regard to members of the Elapidae,
the discharge orifice in replacement fangs has the same
size as in functional fangs. No sign of any infolding of
an open groove of the venom canal exists. Fangs of the
replacement series just differ in size from the functional
fang. These characteristics correlate to the “brick chimney”
hypothesis of fang development.

Bocert (1943) distinguishes between spitting and non-
spitting cobras by the size and the shape of the venom
discharge orifice of the veneno illiti dens. Likewise, Wus-
TER & THORPE (1992a) examine the difference of the fang
structure in the Asiatic species of Naja with regard to the
ability to spit. Especially males demonstrate, if they belong
to the group of spitting or nonspitting cobras. Independent
from the length of the fang, spitting cobras have smaller,
more rounded venom discharge orifices than nonspitting
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cobras (fig. 33). The fangs of the extinct species Naja
romani clearly show a long and broad venom discharge
orifice (fig. 31). Therefore, Naja romani very probably
belonged to the group of nonspitting cobras such as the
Recent species Naja naja and Naja oxiana.

With regard to the axis, a single one has already been
described from Kohfidisch by BACHMAYER & SzYNDLAR
(1985). The authors characterize the axis by a flattened
processus odontoideus and a short intercentrum III (hy-
papophysis) not protruding outside the condyle neck. One
of the 8 axis described herein is well preserved lacking
only its neural arch and the processus transversi (fig. 34).
Oval, broad and elongated, the lateral, anterior condyli are
orientated to anterolateral. Their ventral lobe is broad-oval
as well. Contrary to the single axis already described by
BacHMAYER & SzynDLAR (1985) from Kohfidisch, they
form a blunt and broad processus odontoideus (which
represents the centrum of the atlas) straightly directed to
anterior. The blunt and long intercentrum III (hypapophy-
sis) flattened laterally protrudes out of the condyle neck
and is directed to posteroventral.

Axis of Recent species of the genus Naja resemble the ones
of Kohfidisch described herein. Beside its characteristic
size, the processus odontoideus straightly directed forward
distinguishes the axis from members of the Colubridae and
Viperidae which altogether possess a processus odonto-
ideus directed slightly to dorsal.

Examining accurately the axis already mentioned by
BACHMAYER & SzYNDLAR (1985) from Kohfidisch, the so-
described “flattened” processus odontoideus as well as
the “short” intercentrum III (hypapophysis) are broken.
Therefore, the determination of the axis described in this
paper has resulted in Naja romani although its processus
odontoideus and centrum are relatively long.
Discussion: Originating from the Middle Miocene of La-
Grive-Saint-Alban in France, the extinct species Palaeo-
naja romani was first described by HorrsTETTER (1939).
The genus Palaeonaja was referred to the synonym of
the living genus Naja by SzyNDLAR & RAGE (1990). With
regard to the remains of Kohfidisch, BACHMAYER & SzyND-
LAR (1985) described them as the new extinct species Naja
austriaca. SZYNDLAR & ZEROVA (1990) synonymized Naja
austriaca with Naja romani based on special skull bone
features. After BACHMAYER & SZYNDLAR (1985), big simi-
larities between Naja romani and the living cobra Naja
naja exist. Comparing the fang structure of Naja romani
and Naja naja, both belong to the nonspitting cobras (see
above) which confirms their close resemblance. Formerly,
the Asiatic cobras altogether were assigned to the single
species Naja naja split into diverse subspecies. WUSTER
& THoRPE (1989, 1990, 1991, 1992b) have shown that
the Asiatic cobra complex comprises a total of at least
eight separate species with numerous areas of sympatry
between species pairs. Their investigations are based on
multivariate analyses of a large number of morphological
characters. However, the similarities shown by BACHMAYER
& SzyNDLAR (1985) in fact refer to Naja romani and the
species Naja naja and not to another one of the former
subspecies of N. naja.



TemprER, P.M., The Herpetofauna of the Miocene Locality

Naja romani from the Lower Miocene of Petersbuch
2 in southern Germany (SzZYNDLAR & SCHLEICH, 1993)
represents the oldest record of the species. In Austria, it
was present already during the Middle Miocene of Grund
(MikLAs-TemprER, 2003). The Upper Miocene locality
Gritsev of the Ukraine yields Naja romani as well (Szynp-
LAR & ZEROVA, 1990). Ivanov (2000) has described Naja
cf. romani and Naja sp. from the Lower/Middle Miocene
site Vieux Collonges in France. Naja sp. is present in
the Middle Miocene of Sandelzhausen in Germany (M.
BoHME, 1999) and in several other localities in Europe up
to the Pliocene.

Following Ivanov (2000, 2001), small representatives of the
family Elapidae such as Micrurus and Maticora most pro-
bably appeared in Europe somewhat earlier than the larger
ones. The small morphotype Elapidae A reported from the
Lower Miocene (MN?3) locality Merkur in Czech Republic
may represent the oldest record of the family. Members of
the genus Nagja immigrated from Asia and some Elapidae
in general perhaps also from Africa (Ivanov et al., 2000).
During the Quaternary, Elapidae disappeared in Europe
due to the deterioration of climate (Ivanov, 2001). Living
members of the genus Naja represent two separate phyletic
lineages inhabiting either Africa or Asia. Both living and
fossil African or Asiatic representatives of the genus may

Figure 31: Naja romani. Veneno illiti dens (Kohfidisch; Inv. Nr.:
NHMW2004z0038/0004), scale bar equals 1 mm.

Spitting cobra

Fang length—

Orifice length
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be differentiated from each other by a set of characters of
the basisphenoideum and of other skull bone elements.
Following SzZYNDLAR & ZEROVA (1990) and SzynpLAR &
RAGE (1990), Naja romani representing an old evolutiona-
ry branch of the genus Naja clearly belongs to the Asiatic
lineage although SzynprLArR & ScHLEICH (1993) point to
considerable differences from its living Asiatic relatives
with regard to the morphology of the hypapophysis in the
posterior trunk vertebrae.
Ecology and Climate — living relatives: Members of the
genus Naja, the poisonous cobra, are restricted to tropical
areas today, where they inhabit dry places. Hunting for
small mammals, birds, reptiles, amphibians, and insects
during the night, they spend the day resting hidden in the
vegetation and crevices (PETzoLD, 1973; WELCH, 1988).
Flat country with high grass and scattered groves of trees
represents an optimum habitat. When alarmed, the cobra
typically flattens its neck (BrowN, 1979). The Asiatic
cobras may rest for 3-4 months in winter.
The Asiatic cobra Naja naja, close relative of Naja ro-
mani, inhabits India today and is therefore restricted to
the Koppen's climate types Af, Aw, BS, BW, Cs, and Cw
(MULLER, 1996; see chapters 5, 6).
Family Viperidae OppeL, 1811

Subfamily Viperinae OppeL, 1811

Figure 32: Naja romani. Veneno illiti dens (of replacement
series) of maxillare dext. lateral view (Kohfidisch; Inv. Nr.:
NHMW2004z0038/0005), scale bar equals 1 mm.

Non-spitting cobra

Discharge orifice

\— Orifice length

Figure 33: Fang structure in Asiatic spitting and nonspitting cobras: frontolateral view and longitudinal section (modified after

WUSTER & THORPE, 1992a).
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Genus Vipera LAURENTI, 1768

Vipera burgenlandica BACHMAYER & SZYNDLAR, 1987
(Plate 10: f, g; Table 2, 3, 4, 5, 6, 14; fig. 35)

Synonyms:

1985 Vipera sp. (= Daboia sp.) — BACHMAYER & SZYNDLAR, p.
96, fig. 6.

1993 Macrovipera? burgenlandica — RAGE [in:] GoLAY et al.,
p. 273.

Holotype: Natural History Museum Vienna, department
of Geology and Paleontology, Austria, Inv.No. 1986/3;
basisphenoideum (BACHMAYER & SzYNDLAR, 1987).
Typelocality: Kohfidisch, Austria.

Stratigraphical Age of the Type material: Upper Mio-
cene (Turolian, MN11).

Range: Upper Miocene: Austria.

Material: 10 veneno illiti dentes (AO: Inv.Nr.. NHMW
2004z0039/0001, 0003). 7 dentalia dext. 8 dentalia sin. 3
dentalia indet. 3 articularia dext. 1 articulare sin. 1 verte-
bra cervicalis. 1159 vertebrae praesacrales (AO: Inv.Nr.:
NHMW2004z0039/0002). 1 vertebra caudalis.

(BM: Inv. Nr.. NHMW2004z0039/0004).

Description:

veneno illiti dens (Plate 10: f: fig. 35): 10 exemplars of
either complete or nearly complete veneno illiti dentes are
present. They are slender and equally curved to posterior.
The venomous canal is closed and opens basally as an
entrance orifice for the venom duct. Apically, that canal
opens as a slit for discharging the venom. The suture con-
necting the entrance orifice with the discharge orifice is
almost invisible on the anterior surface of the tooth.
dentale: A detailed description of the dentale of Vipera
burgenlandica from Kohfidisch is given in BACHMAYER &
SzyNDLAR (1987:35; fig. 5:7, 8).

articulare: A detailed description of the articulare of Vipera
burgenlandica from Kohfidisch is given in BACHMAYER &
SzynpLAR (1987: p. 35; fig. 5:4-6).

vertebra cervicalis : A detailed description of the verte-
bra cervicalis of Vipera burgenlandica from Kohfidisch is
given in BACHMAYER & SzyNDLAR (1985:96; fig. 6:7).
vertebra praesacralis (Plate 10: g: Table 14): A detailed
description of the vertebra praesacralis of Vipera bur-
genlandica from Kohfidisch is given in BACHMAYER &
SzynpLAR (1985:96; fig. 6:1-6, 8) and BACHMAYER &
SzyNDLAR (1987:35-37; fig. 6:1-8). The measurements of
the vertebrae praesacrales examined herein, are noted in
Table 14.

vertebra caudalis : One vertebra caudalis is nearly comple-
tely preserved. The vertebra originates from the anterior
part of the caudal region because it is broad, short, and
nearly as large as the mean of the size of the vertebrae
praesacrales. Although the pleurapophyses are broken,
their bases flattened dorsoventrally are directed to an-
teroventral. The bifurcated haemapophysis is orientated
to ventrolateral. From ventral aspect, two foramina are
present closely anterior to the bases of the haemapo-
physis. The distinct subcentral grooves run between the
cotyle and the pleurapophyses. The postzygapophyses are
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round. Viewing from dorsal, the oval praezygapophyses
are directed to anterolateral. The neural arch strongly
constricted medially forms a distinct and relatively high
processus spinosus. It is longer than high and just slightly
overhanging posteriorly. Anteriorly, the anterior margin of
the zygosphene is trilobate. From posterior view, the lateral
margins of the neural arch are distinctly concave.
Comparison: BACHMAYER & SzYNDLAR (1985) already
described the vertebrae cervicales as well as the vertebrae
praesacrales of Vipera burgenlandica from Kohfidisch as
Vipera sp. In 1987, BACHMAYER & SZYNDLAR created the
new species Vipera burgenlandica also with regard to the
material formely referred to Vipera sp. based on dentalia,
articularia and vertebrae praesacrales.

Comparing the veneno illiti dentes of the two venomous
snakes of Kohfidisch, i.e. Naja romani and Vipera bur-
genlandica, the general difference between Elapidae and
Viperidae is clear. Both species have a basal entrance
orifice connecting the venom duct with the tooth canal
and a discharge orifice apically (Jackson, 2002). The
latter is narrower in Vipera burgenlandica, which ge-
nerally possesses a more slender veneno illiti dens. The
robust veneno illiti dens of Naja romani bends sharply
to posterior in the middle. As distinct difference between
members of the Elapidae and the Viperidae, the former
possess a visible suture along the anterior surface of the
fang connecting the entrance orifice with the discharge
orifice (Jackson, 2002).

The so-called proteroglyph Elapidae have small, fixed
front fangs. When they bite, they hang on and chew to
envenomate the prey. Contrary, the solenoglyph members
of the Viperidae possess movable front fangs folded back
into the mouth until they are needed.

Based on these differentiations, the determination of the
veneno illiti dentes has resulted in Vipera burgenlandi-
ca.

The vertebra caudalis features characteristics typical of
members of the Viperidae such as observed on Recent
material and published by BaiLon (1991). As no more
species of the Viperidae seems to be present in Kohfi-
disch, the vertebra caudalis has been referred to Vipera
burgenlandica.

Discussion: Based on the holotype parabasisphenoideum,
BacHMAYER & SzyNDLAR (1987) have defined the new
species Vipera burgenlandica from Kohfidisch. Formerly,
BAcHMAYER & SzyNDLAR (1985) had referred vertebrae
praecaudales together with one basioccipitale from Koh-
fidisch to Vipera sp. Following BACHMAYER & SZYNDLAR
(1987), Vipera burgenlandica belongs to the large-sized
members of the genus Vipera namely the so-called “ori-
ental vipers”. Bones of the lower jaw are almost identical
in all “oriental vipers” and the remaining bones except
the parabasisphenoideum of Vipera burgenlandica differ
little from those of other members of the group. Vipera
burgenlandica closely resembles the species Macrovipera
lebetina, Vipera palaestinae and Montivipera xanthina but
not Daboia russelii (sensu NIiLsoN et al., 1999), altogether
living large-sized vipers.

The old genus Vipera is an assemblage of at least five dif-
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ferent lineages. The lineages exhibit their own ecological
adaptions and taxa with similar reproductive systems are
further united by similar adaptions to climate and habitats
(NiLsoN & ANDREN, 1997). Formerly, OBsT (1983) related
the large-sized “oriental vipers” to the genus Daboia which
was not universally followed. HERRMANN et al. (1992) used
albumin immunology and blood serum electrophoresis to
examine the phylogeny of Eurasian viperines. They found
out that Vipera russelii occupied an isolated position. This
is why they proposed the revalidation of Daboia Gray,
1842 as a monotypic genus with Daboia russelii as the
only species. Vipera lebetina and related species were
assigned to the revalidated genus Macrovipera REuUss,
1927. NiLsoN et al. (1999) created the new subgenus Mon-
tivipera to separate the Vipera xanthina group from other
members of Vipera. It differs morphologically, genetically,
serologically, and ecologically and therefore represents
an evolutionary clade of its own. The phylogenetic posi-
tion of Vipera palaestinae still remains unsolved but it is
definitely excluded from the xanthina complex, i. e. from
Montivipera by NILsoN et al. (1999).

In 1993, RaGE placed Vipera burgenlandica so described
by BACHMAYER & SZYNDLAR (1987) in the genus Macrovi-
pera with reservation which refers to closer similarities of
the fossil species to the Macrovipera lebetina group than
to Vipera palaestinae or Montivipera xanthina.

The Miocene, Hungarian species Vipera gedulyi as well
as Vipera antiqua from the Lower Miocene of Dolnice in
the Czech Republic (SzyNDLAR, 1987) represent distinct
species well differentiated from Vipera burgenlandica
(BACHMAYER & SZYNDLAR, 1987). However, the maxillare
of Vipera burgenlandica is similar to the one of Vipera
gedulyi following SzynpLAR (1991b). After VENCZEL
(1994), corresponding characteristics of cranial bones
and vertebrae connect Vipera burgenlandica with Vipera
gedulyi similar to Macrovipera lebetina. VENCZEL (1994)
doubts the opinion of NiLson et al. (1999) who classifies
Vipera burgenlandica and Vipera gedulyi together with
Vipera maghrebiana from the Middle Miocene of Morocco
as members of the Vipera ammodytes lineage while Vipera
meotica from the Upper Miocene locality Cherevichnoie of
the Ukraine (SzZYNDLAR & ZEROVA, 1992) shows similarities
to Vipera aspis.

Together with Vipera antiqua, Vipera platyspondyla has
been found in the Lower Miocene locality Dolnice in the
Czech Republic (SzyNDLAR & ScHLEICH, 1993). ZEROVA
(1992) has described Vipera ukrainica from the Ukraine.
After NiLsoN et al. (1999), these fossil species belong to
the Vipera xanthina complex. SzyNDLAR & RAGE (2002)
update the fossil record of the true vipers.

In Austria, the extant species Vipera berus occurs in the
Middle Pleistocene of St. Margarethen in Burgenland
(RABEDER, 1977). Today, it is still present in the Austrian
Alps. The oldest members of the Viperidae originate from
the Lowermost Miocene of France (RAGE & AUGE, 1993)
and Germany (SzyNpLAR & RaGE, 1999). KINKELIN (1892)
first described Provipera boettgeri from the Lowermost
Miocene of Germany. In 1896, KINKELIN referred the spe-
cies to the Crotalinae. Following RacGe (1997), the Eurasian
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and Afro-Arabian plates collided during the Miocene and
viperid snakes appeared in Europe. Exchanges of terrestrial
forms between Europe and Asia were no longer hindered
by marine barriers.

Viperidae represent an especially variable group. While
some members are small and relatively innocuous (e.g.
Vipera berus, Vipera ursinii), others are extremely dan-
gerous such as Macrovipera lebetina and Daboia russelii
(BrRowN, 1979).

Ecology and Climate — living relatives: Recent vipers
showing close similarities to Vipera burgenlandica are
represented by Macrovipera lebetina, Vipera palaestinae
and Montivipera xanthina (sensu NiLsoN et al., 1999;
BACHMAYER & SzYNDLAR, 1987). The ecological prefer-
ences of Macrovipera? burgenlandica would differ from
those of Montivipera. While Montivipera inhabits rocky
habitats at higher altitudes and mostly in temperate areas
with a pronounced hibernation period, Macrovipera pre-
fers deserts, semi-deserts and steppe habitats (NiLsoN et
al., 1999). The preferred temperature ranges from 25°C
to 30°C during the day, and from 17°C to 20°C during
the night.

Macrovipera lebetina is distributed on Cyprus and the
Cyclades Islands through the Caucasus and Middle East to
Kashmir mainly belonging to the Koppen’s climate types
Cf and Csa (MULLER, 1996; see chapters 5, 6). Montivipera
xanthina occurs in the Caucasus Mountains, in North-West
Iran, West Turkey, and south to Israel and Jordan (BrRowN,
1979). This area mainly belongs to the Koppen’s climate
types BS, Cf, Csa, and peripherally to Ds (MULLER, 1996;
see chapters 5, 6).

Serpentes indet.
(Table 2, 3,4, 5)

Figure 35: Vipera burgenlandica. Veneno illiti dens (Kohfidisch
“Altbestand”; Inv. Nr.. NHMW2004z0039/0003), scale bar
equals 1 mm.

Material: 19 fragmenta capitis. 1 praemaxillare. 1 qua-
dratum. 16 fragmenta maxillarium indet. 67 fragmenta
dentalia indet. 3 dentes. 5 atlantes. 59 vertebrae cervicales.
6016 vertebrae praesacrales. 5925 vertebrae caudales. 4
vertebrae caudales coniunctae. 107 costae.

(BM: Inv. Nr.: NHMW2004z0040/0001).

Description and Comparison: The 12169 elements are
fairly fragmentary but the presence of another taxon of the
Serpentes than the ones described herein is not indicated.



202

They are referred to Serpentes indet.

4.3. Skeletal Anomalies of the described Material

Examining the herpetofaunal material of Kohfidisch, two
skeletal anomalies could be detected.

Two vertebrae praesacrales (Kohfidisch “Altbestand”;
Inv.Nr.. NHMW2004z0035/0007) of Elaphe kohfidischi
are fused. Their neural arch is broken. The anterior ver-
tebra seems to be slipped into the more posterior one. Its
praezygapophyses are separated by a thin slit from the ones
of the posterior vertebra. The size of the fused vertebrae
is remarkably reduced. Beside that fusion and reflecting
on the X-ray photograph (fig 36), the vertebrae show no
more anomalies. Very probably, they may be fused from
birth on.

The material of Naja romani contains a costa (Kohfidisch;
Inv.Nr.: NHMW2004z0038/0008) united after fracture.
The X-ray photograph (fig. 37) shows a thickened area
slightly distal from the caput costae consisting of a bone
structure typical of consolidated fractures (MARINELLI,
pers. advice).

4.4. Paleontological Aspect — an excerpt

Viewing the stratigraphical range (Table 15, 16) and
the possible evolutionary trends within the species, the
herpetofauna of Kohfidisch essentially supplements the
current state of the paleontological record, also in regard
to the FODs (= first occurrence dates) and LODs (= last
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occurrence dates). Among the present taxa, Triturus
(cristatus) sp., Bombina cf. bombina, Lacerta cf. viridis,
and Anguis fragilis show their FODs, and Latonia ragei,
Miolacerta tenuis, Edlartetia sansaniensis, and Typhlops
cf. grivensis their LODs in Kohfidisch. The snakes Vipera
burgenlandica and Coluber planicarinatus have only been
described from Kohfidisch as their type locality. As well,
Kohfidisch is the type locality of Elaphe kohfidischi.

As a member of the Caudata, Mioproteus caucasicus
stratigraphically ranges from the Lower Miocene to the
Upper Miocene of Central and Eastern Europe as well as
the Ukraine. In Austria, it is also present in the Upper Mi-
ocene localities Richardhof-Golfplatz (MN9; HARZHAUSER
& TEMPFER, 2004) and Gotzendorf (Uppermost MN9; Mi-
KLAS, 2002). Therefore, its record from the Upper Miocene
locality Kohfidisch numbers among the youngest ones.
The occurrence of Chelotriton paradoxus, which is pre-
sent from the Lower Oligocene to the Upper Miocene in
Western Europe, is not unusual in Kohfidisch. In Austria,
Chelotriton paradoxus existed in Gétzendorf (Upper Mi-
ocene, Uppermost MN9; Mixras, 2002). The older species
Chelotriton robustus of the Middle Eocene of Germany
can clearly be distinguished from Chelotriton paradoxus
by the density of tuberculation on the vertebrae (WESTPHAL,
1980). As well, Chelotriton pliocenicus of the French
Upper Pliocene represents a species well distinct from the
others (BaiLon, 1989). If these three representatives are
part of an evolutionary lineage within Chelotriton requires
further investigations.

The presence of Triturus cristatus (Triturus (cristatus)
sp. described herein) in Kohfidisch shifts its FOD into
the Miocene. Previously, the oldest record of the species

Figure 36: Elaphe kohfidischi. Skeletal anomaly (b) of a vertebra preasacralis in comparison to an intact (a) one (Kohfidisch “Alt-
bestand”; Inv.Nr.: NHMW2004z0035/0006, 0007). X-rayed by 50 kV, 0.50 min.

Figure 37: Naja romani. Skeletal anomaly (b) of a costa in comparison to an intact (a) one (Kohfidisch; Inv.Nr.: NHMW2004z0038

/0007, 0008). X-rayed by 50 kV, 1.20 min.
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dated back to the Upper Pliocene. As current state, Triturus
cristatus occurs from the Upper Miocene to the Upper
Pleistocene in Austria, Germany, Slovakia, Hungary, and
Poland. Today, it inhabits most of Europe, eastwards to
the Caucasus and Central Asia.

Triturus vulgaris (Triturus (vulgaris) sp. described herein)
is present from the Middle Miocene to the Pleistocene in
Austria, Germany, Slovakia, Italy, Greece, and Britain. The
Recent species Triturus vulgaris inhabits Europe and West
Asia. The two species belong to different groups based
on genetic similarities within the genus Triturus. While
Triturus cristatus represents a member of the “Large-
Bodied” species group, Triturus vulgaris numbers among
the “Small-Bodied” species group. Triturus roehrsi, an
extinct representative of the Lower Miocene to the Upper
Miocene of Austria, Slovakia and Hungary, cannot be
considered to be the ancestor of one of the two species
because its affiliation to the special group is still unclear.
While Estes (1981) classifies it into the “Small-Bodied”
group, SANCHIz (1998a) observes more similarities to the
“Large-Bodied” group.

As a member of the Anura, Bombina bombina (Bombina
cf. bombina described herein) has been known from the
Upper Pliocene of Poland and the Czech Republic to the
Holocene of Austria, Germany and Poland. Regarding the
Austrian record, it has been described from the Holocene
locality Sommerein by MArINELLI (2001). Today, it occurs
in Central and Eastern Europe. Bombina cf. bombina is
known from the Upper Miocene or Pliocene of Kazak-
hstan, the Upper Pliocene of Poland, and the Upper Plio-
cene and Pleistocene of Russia and Ukraine. The presence
of Bombina cf. bombina in Kohfidisch represents its strati-
graphically reliably oldest record. It is unclear, if Bombina
variegata from the Central European Upper Pleistocene
and Holocene directly derived from Bombina bombina
or both from an ancestral species (SANCHIZ & MLYNARSKI,
1979b). Following McCaLLuM et al. (1998), they are able
to produce together fertil descendants these days.
Latonia gigantea present from the Lower Miocene to the
Pliocene in Europe and Latonia ragei just known from the
Lower Miocene of Austria, Germany, France, and Spain
until now, both occur in Kohfidisch. Latonia gigantea
has been described - from the Austrian locality Gétzendorf
of the Upper Miocene (Uppermost MN9; MixkLas 2002)
and is also present in Richardhof-Golfplatz, Austria,
Upper Miocene (MN9; HARZHAUSER & TEMPFER, 2004).
Latonia ragei shows its LOD in the Upper Miocene of
Kohfidisch. It has just been described from the Lower
Miocene. In Austria, it was present in Oberdorf (MN4;
SaNncHiz, 1998a) and in Obergénserndorf and Teiritzberg
(MNS; M. BoumE, 2002b). The syntopical record of the
two species throws a new light on the hypothesis of RoCEK
(1994a) who discusses the possible evolutionary line of
the genus Latonia: As a lineage, the medium sized Latonia
vertaizoni of the Upper Oligocene continued as Latonia
ragei and, following the trend of “gigantism”, a medium
sized Latonia gigantea evolved in the Lower Miocene.
The latter increased in size and spread all over Europe,
perhaps even to North Africa. Although Latonia ragei
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existed longer than suspected, the quantity of Latonia
gigantea in Kohfidisch is disproportionately higher. The
larger and therefore more robust species Latonia gigantea
may have displaced Latonia ragei.

The oldest questionable record of Pelobates cultripes
(Pelobates cf. cultripes described herein) dates back to the
Middle Miocene of France. Confidently, it occurs in the
Middle Pleistocene to the Holocene of Western Europe.
Pelobates cf. cultripes of Kohfidisch raises the number
of the questionable, old records. Extinct and featuring
a combination of plesiomorphic characters, Pelobates
decheni of the Oligocene-Miocene boundary of Germany
represents the more primitive form to Pelobates cultripes
(W. BonMmE et al., 1982).

Bufo bufo existed from the Miocene to the Middle Pleisto-
cene and Holocene in Europe, Kazakhstan and Morocco.
The Austrian Lower Holocene yields Bufo bufo such as
noted by MarINELLI (2001). Today, it inhabits Europe,
North-West Africa and across the Palaearctic Asia to Japan.
Its occurrence in the Upper Miocene of Kohfidisch does
not appear unexpected.

Present from the Lower Oligocene to the Upper Pleisto-
cene in Europe, Turkey and Morocco, the existence of
Rana (ridibunda) sp. in Kohfidisch is not unusual. With re-
gard to the Austrian record, SaNcHIz (1998a) has described
Rana (ridibunda) sp. from the Lower Miocene of Oberdorf
(MN4), and M. BouMmE (2002b) Rana aff. (ridibunda) sp.
from the Lower Miocene localities Oberganserndorf and
Teiritzberg (MNS). Rana cf. ridibunda appears in the
Upper Miocene of Gotzendorf (Uppermost MN9; MikLAs,
2002). Rana ridibunda is present in the Lower Holocene
to Holocene Windener BiarenhGhle (MARINELLI, 2001).The
species can be found in Europe and Israel these days. The
determination as Rana (ridibunda) sp. comprises the fossil
waterfrogs of the European Cenozoic (SancHiz, 1998b).
Among the Reptilia, the lizard Lacerta cf. viridis shows
its FOD in Kohfidisch. RauscHER (1992) has described
Lacerta viridis from the Plio-/Pleistocene of Bad Deutsch-
Altenburg in Austria. In all, the fossil record of the species
Lacerta viridis and Lacerta cf. viridis dated from the Upper
Pliocene to the Upper Pleistocene of Austria, Slovenia,
Hungary, Rumania, Poland, Italy, Sicily, Monaco, and
France. Today, it inhabits Central and Southern Europe,
Asia Minor and South-West Russia.

Miolacerta tenuis was known from the Lower Miocene
of Czech Republik and the Middle Miocene of Germany.
The third record in all of this extinct species in Kohfidisch
represents its LOD.

Edlartetia sansaniensis, just described from the Middle
Miocene of France till now, shows its LOD in the Upper
Miocene of Kohfidisch. The definite attribution of the spe-
cies to the family of the Lacertidae is called into question
by Auct & RaGe (2000), because the tooth morphology
features similarities to the Teiidae as well as to a member
of the Anguinae.

The presence of Anguis fragilis in Kohfidisch represents its
FOD. Anguis fragilis also existed in the Plio-Pleistocene
locality Bad Deutsch-Altenburg of Austria (RAUSCHER,
1992). Beside Kohfidisch, it occurred from the Lower
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Table 15: Stratigraphical range: Amphibia of Kohfidisch.

Pliocene to the Upper Pleistocene of Austria, Hungary,
Poland, Rumania, France, and Spain up to now. The
species is distributed from Europe north to Finland, east
to the Caucasus and Iran and south to North-West Africa
these days.

Pseudopus pannonicus is known from the Upper Miocene
to the Pleistocene of Austria, Czech Republic, Hungary,
Poland, Rumania, and South-West Russia. More precisely,
the oldest remains of Pseudopus pannonicus date from the
Upper Miocene of Austria (Vosendorf, MN9: Papp & THE-
N1us, 1954; Richardhof-Golfplatz, MN9: HARZHAUSER &
TEMPFER, 2004; G6tzendorf, Uppermost MN9: BACHMAYER
& Mrynarskl, 1977; Eichkogel, MN11: THENius, 1952)
and the Ukraine (Estes, 1983). Therefore, Pseudopus
pannonicus of Kohfidisch ranks among the oldest records.

The Plio-/Pleistocene of Austria (Bad Deutsch-Altenburg:
RAUSCHER, 1992) yields the species as well. Pseudopus
pannonicus differs just in its bigger size from the extinct
species Pseudopus moguntinus (Upper Oligocene to
Upper Miocene) and the extant representative Pseudopus
apodus. Pseudopus laurillardi (Middle Miocene, MN6,
of Sansan in France) represents the smallest Glass Lizard
at all and shows osteological dignostic differences to
Pseudopus pannonicus and Pseudopus apodus. FEIERVARY-
LANGH (1923) suspects the series Pseudopus moguntinus
— Pseudopus pannonicus — Pseudopus apodus to be a
phyletic one. Due to insufficient discrimination, I would
synonymize the three species such as Estes (1983) and
MeryNARsk et al. (1984) proposed. The record of Varanus
cf. hofmanni of Kohfidisch ranks among the youngest
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Table 16: Stratigraphical range: Reptilia of Kohfidisch.

ones of the species. Thus, Varanus hofimanni and Varanus
cf. hofmanni have been described from the Middle to the
Upper Miocene of Austria, Germany, France, and Spain.
The relations and the taxonomy even of Recent members
of the Varanidae are discussed (BENNET, 1996).

The snake Typhlops grivensis was known from the Middle
Miocene type locality La-Grive-Saint-Alban in France

only. Typhlops cf. grivensis of Kohfidisch represents the se-
cond record and simultaneously the LOD of the species.
Kohfidisch represents the type locality of Elaphe koh-
fidischi described by BACHMAYER & SzZYNDLAR (1985).
Mikras-TemprER (2003) has afforded the oldest record
of Elaphe kohfidischi from the Middle Miocene locality
Grund (MN5S) in Austria. Altogether, it ranges from the
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Middle Miocene to the Upper Miocene of Austria. Cf.
Elaphe kohfidischi is questionably present in the Upper
Miocene of the Ukraine. Evolutionary differentiation is
visible at the three species Elaphe longissima — Elaphe
paralongissima — Elaphe kohfidischi. The extant species
Elaphe longissima inhabiting South and Central Europe
these days occurs in the Uppermost Miocene of Polgérdy in
Hungary. Elaphe kormosi of the same locality is probably
closely related to Elaphe longissima. Elaphe paralongis-
sima has been described from the Upper Pliocene locality
Weze II in South Poland (SzyNpLAR, 1984) and is also
present in the Lower Pleistocene of Hungary and Romania
(VENCZEL, 2000b). Although the three species of Elaphe
originate from geographically close territories, they are
clearly distinct (BACHMAYER & SZYNDLAR, 1985).
Coluber planicarinatus is known so far from the Upper
Miocene type locality Kohfidisch only. The parabasi-
sphenoideum closely resembles the ones of the Recent
Coluber najadum- Coluber rubriceps group (BACHMAYER
& SzZYNDLAR, 1987).

With regard to Austria, Natrix longivertebrata is present
in Kohfidisch only. In all, it is distributed from the Upper
Miocene to the Lower Pleistocene of Austria, Hungary, Po-
land, Moldavia, and France. Natrix longivertebrata shows
an important, perhaps the longest evolutionary stasis quite
unusual among snakes (RAGE & SzyNDLAR, 1986). Most
cranial bones except the compound bone and especially the
parabasisphenoideum are identical to those of the living
species Natrix natrix (SZyNDLAR, 1991b). The latter most
probably represents the direct descendant of the Neogene
species Natrix longivertebrata (SZYNDLAR, 1991c).

The distribution of Naja romani ranges from the Lower
Miocene to the Upper Miocene of Austria and France.
Beside Kohfidisch, the Austrian locality Grund of the
Middle Miocene (MN5S) yields Naja romani (MIKLAs-
TEMPFER, 2003). It closely resembles the living species
Naja naja (BACHMAYER & SzZYNDLAR, 1985). Due to their
fang structure, both belong to the nonspitting cobras. Fol-
lowing WUsTER & TrorpE (1989, 1990, 1991, 1992b), the
Recent Asiatic cobra complex comprises a total of at least
eight separate species with numerous areas of sympatry
between species pairs. Their investigations are based on
multivariate analyses of a large number of morphological
characters.

As the last member of the snakes, Vipera burgenlandica
has been described from its Upper Miocene type locality
Kohfidisch only. It belongs to the large-sized members of
the genus Vipera, the so-called “oriental vipers” Vipera
burgenlandica closely resembles the species Macrovipera
lebetina, Vipera palaestinae and Montivipera xanthina
but not Daboia russelii (sensu NILsoN et al., 1999) alto-
gether living large-sized vipers (BACHMAYER & SZYNDLAR,
1987).

5. Koppen‘s Climate Classification

The Koppen climate system (Koppen, 1923; KOpPEN &
GEIGER, 1930-39) represents one of the most clearly arran-
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ged classifications. Besides, e.g. TRoLL & PAFFEN (1964)
have constructed a more detailed climate classification
concentrating on vegetation and daily/seasonal differences.
I'have chosen Koppen‘s climate classification as the more
suitable one to make paleoclimatic conclusions by means
of vertebrates.

Koppen‘s climate formulas are easy to impress. Five
major climate types are based on the annual and monthly
averages of temperature and precipitation. Each type is
designated by a capital letter (STRAHLER & STRAHLER,
1984):

A Moist Tropical Climates are known for their high tempe-
ratures all year round and for their large amount of rain all
year round.

B Dry Climates are characterized by little rain and a very
high daily temperature range. Two subgroups, S - semia-
rid or steppe, and W - arid or desert, are used with the B
climates.

C  InHumid Middle Latitude Climates land/water differences
play a large part. These climates have warm, dry summers
and cool, wet winters.

D  Continental Climates can be found in the interior regions
of large land masses. Total precipitation is not very high
and seasonal temperatures vary widely.

E Cold Climates describe this climate type perfectly. These
climates are part of areas where permanent ice and tundra
are present. Only about four months of the year have above
freezing temperatures.

Further subgroups are designated by a second, lower case
letter which distinguishes specific seasonal characteristics
of temperature and precipitation.

f Moist with adequate precipitation in all months and no dry
season. This letter usually accompanies the A, C, and D
climates.

m  Rainforest climate in spite of short, dry season in monsoon
type cycle. This letter only applies to A climates.

s There is a dry season in the summer of the respective
hemisphere (high-sun season).

w  Thereis a dry season in the winter of the respective hemis-
phere (low-sun season).

To further denote variations in climate, a third letter was
added to the code.

a Hot summers where the warmest month is over 22°C
(72°F). These can be found in C and D climates.

b ‘Warm summer with the warmest month below 22°C (72°F).
These can also be found in C and D climates.

c Cool, short summers with less than four months over 10°C
(50°F) in the C and D climates.

d Very cold winters with the coldest month below -38°C
(-36°F) in the D climate only.

h Dry-hot with a mean annual temperature over 18°C (64°F)
in B climates only.

k Dry-cold with a mean annual temperature under 18°C
(64°F) in B climates only.
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Koppen‘s climate types

A Af Aw B BS BSh BSk BW BWh C Cf Cs

Csa Cw D Df Ds Dw

Lacerta sp. A (25)

Latonia sp. (9) / Discoglossus
Bufo bufo (9) X
Pseudopus pannonicus (6) / Pseudopus apodus
Elaphe kohfidischi | Elaphe longissima (6)
Naja romani (6) / Naja naja X X X X
Rana (ridibunda) sp. (6) / Rana ridibunda
Pelobates cf. cultripes (5) | Pelobates cultripes
Anguis fragilis (3)

Natrix longivertebrata (3) / Natrix natrix

Vipera burgenlandica (3) | Macrovipera lebetina
Montivipera xanthina X
Lacerta sp. B (2)
Varanus cf. hofimanni (2) / Varanidae X X X X
Coluber planicarinatus (2) / Coluber najadum
Triturus (cristatus) sp. (2) / Triturus cristatus X
Triturus sp. (2)

Edlartetia sansaniensis (1)
Typhlops cf. grivensis (1) / Typhlopidae X X
Typhlops vermicularis

Mioproteus caucasicus (1) / Proteus anguineus
Triturus (vulgaris) sp. (1)/Triturus vulgaris
Latonia gigantea (1)

Latonia ragei (1)

Scincidae indet. (0.8)

Hyla sp. (0.7) / Hylidae

Chelotriton paradoxus (0.5) / Tylototriton X X X X
Miolacerta tenuis (0.4)

Lacerta cf. viridis (0.3) / Lacerta viridis
Gekkonidae indet. (0.2)

Bombina cf. bombina (0.1) / Bombina bombina

x X X X X X X X X X
X X X X X X X X
x

x X X X

X X X X X X X
X

X X

X X X

X X X X X X
X X X

X X X X X

X X

Table 17: Koppen‘s climate types (following MULLER, 1996) set in relation to Amphibia and Reptilia of Kohfidisch (MN11) or their

closest relatives.

6. Paleoclimatic and -environmental
Conclusions, with special remarks on the
climatic changes during the Upper Miocene
of Austria

Which climate predominated in the Upper Miocene MN11
of Kohfidisch and therefore influenced the flora and fauna?
Amphibia and Reptilia and their Recent closest relatives
can help approaching a climatic reconstruction.

The Koppen‘s climate types (see chapter 5) of Eurasia
are set in relation to the Amphibia and Reptilia of Kohfi-
disch or their living, closest relatives respectively which
are listed in the percentual, descending frequency of the
Minimum Number of Individuals (Table 17).

Generally, each taxon without exception occurs in the
Koppen'‘s climate type C which designates humid Middle
Latitude Climates where land/water differences play a lar-

ge part. These climates have warm, dry summers and cool,
wet winters. The more frequent taxa require the Képpen‘s
climate types Cf and Cs. East Austria and Kohfidisch in
particular belong to the Koppen® s climate type Cf today
as Europe except the Iberian Peninsula and the Mediter-
ranean Area where Cs predominates. Therefore, it is not
unusual to find Amphibia and Reptilia of that climate in
the Upper Miocene of Kohfidisch. Nevertheless, the more
frequent taxa remarkably prefer Cs. Less frequently, Csa
and Cw are represented climate types. Csa can be found
in Turkey and Afghanistan today, while Cw is present in
North India and South China.

The next less frequently inhabited Koppen'‘s climate type
is represented by D which designates Continental Climates
found in the interior regions of large land masses. Total
precipitation is not very high and seasonal temperatures
vary widely. Df is more preferred than Ds and Dw. While
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Koppen‘s climate types

A Af Aw B BS BSh BSk BW BWh C Cf Cs

Latonia gigantea (44) / Discoglossus
Mioproteus caucasicus (31) / Proteus anguineus
Rana cf. ridibunda (9) / Rana ridibunda
Andrias scheuchzeri (4) | Andrias X X
Pliobatrachus cf. langhae (3)
Chelotriton paradoxus (2) / Tylototriton X X X X X
Pseudopus pannonicus (2) / Pseudopus apodus
Triturus roehrsi (1) / Triturus vulgaris

Trionyx sp. (1)

Testudo sp. (1)

Scleroglossa indet. (1)

Colubridae indet. (1)

Csa Cw D Df Ds Dw E
X X X
X X X
X X X
X X X X X X X
X X X
X X
X X X X X X

Table 18: Koppen'‘s climate types (following MULLER, 1996) set in relation to Amphibia and Reptilia of Gotzendorf (Uppermost
MNO9) or their closest relatives (range of distribution taken from ARNOLD & OVENDEN, 2002; OBsT et al., 1984).

Taxa (%)

Koppen‘s climate types

Latonia gigantea (25) / Discoglossus

Lacerta sp. (19)

Rana sp. (17)

Hyla cf. arborea (8) | Hyla arborea
Albanerpeton inexpectatum (6)

Pseudopus pannonicus (6) / Pseudopus apodus
Natricinae indet. (5)

Mioproteus caucasicus (4) | Proteus anguineus
Pelobates sp. (4)

Triturus sp. (3)

Colubrinae indet. (3)

A Af Aw B BS BShBSk BWBWh C Cf Cs Csa Cw D Df Ds Dw
X X X
X X X X X X
X X
X X X

Table 19: Képpen‘s climate types (following MULLER, 1996) set in relation to Amphibia and Reptilia of Richardhof-Golfplatz (Upper
MNO) or their closest relatives (range of distribution taken from ARNoLD & OVENDEN, 2002).

Df is typical of North Asia, Ds occurs in East Turkey and
West Iran. Dw is present in East Asia. The third frequent
species Bufo bufo occurs among others in the climate ty-
pes Df and Dw, and the fifth most frequent taxon Elaphe
longissima inhabits the climate types Df and Ds.

Nearly equally frequently, A and B are present. The former
characterizes moist Tropical Climates known for their high
temperatures all year round and for their large amount of
rain throughout the year. The climate type B typifies a dry
one featuring little rain and a very high daily temperature
range. Two subgroups, s - semiarid or steppe, and w - arid
or desert, are used with the B climates. Af is typical of
Indonesia, Malaysia, South-West Thailand, and Sri Lanka.
Aw is present in East India and Thailand. The sixth most
frequent species, Naja naja, can be found in these climate
types at present. The Varanidae and Tylototriton, arelative
of Chelotriton, are typical of Af and Aw. However, the taxa
do not represent limiting factors with regard to a Tropical

climate. Additionally, they occur in other climate types
such as Naja naja in Cs and Cw.

Climate Bs is typical of Central Iran and Irak east to Cen-
tral India. The climate type Bsh occurs as a narrow zone
in North-, Central-, and South Africa. Bsk is present as a
relatively narrow zone extending from West to East in Cen-
tral Asia. In Saudi Arabia, Iran and Pakistan, the climate
type Bw can be found, while Bwh is widely distributed in
North Africa and just little in East and South Africa. Bufo
bufo as third frequent species also inhabits the climate
type Bsk, Naja naja occurs in Bs and Bw. Remarkably,
the climatically insensible family of the Varanidae has
adapted to the climate types Bs, Bsh and Bwh.
Concluding, the mostly preferred Koppen’s climate type
Cs designates humid Middle Latitude Climates where
land/water differences play a large part with warm and
dry summers, cool, wet winters and a dry season in the
summer of the respective hemisphere (high-sun season).
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Table 20: Presence of herpetofaunal taxa in the Upper Miocene, Austrian localities Richardhof-Golfplatz (Upper MN9), Gotzendorf

(Uppermost MN9) and Kohfidisch (MN11).

The subgroup Csa includes hot summers where the warm-
est month is over 22°C. Contrary to Cs, today’s climate
type Cf of Kohfidisch has no dry season but adequate
precipitation in all months. It designates a moist climate.
Summing up, the climate in Kohfidisch was drier during
the Upper Miocene than today. Occurring on the Iberian
Peninsula and the Mediterranean Area, Cs is most prob-
ably typical of more southern regions today than during
the Upper Miocene.

Conceming the temperature, a higher minimum mean day
temperature than today during the active phase of the year
is indicated. Discoglossus as close relative to the second
frequent species Latonia sp. inhabits the warmest regions
of Europe and tolerates temperatures up to even 30°C.
Pseudopus apodus needs a temperature of 20°C to 26°C,
and the preferred temperature of Elaphe longissima ranges
between 20°C and 28°C. During the day, Macrovipera
lebetina is active at a temperature from 22°C to 30°C and
Montivipera xanthina at a temperature from 25°C to 30°C.
Although little frequent but representing limiting factors,
the Scincidae need a temperature ranging between 25°C
and 30°C, and the living genus Tylototriton prefers 22°C
to 28°C. Regions inhabited by Recent Gekkonidae are
characterized by a temperature between 20°C and 30°C. In
Austria, the mean day temperature during the year except
winter months ranges between 4.7°C and 19.9°C (MULLER,
1996). Some of the Amphibia and Reptilia of the Upper
Miocene of Kohfidisch tolerate this temperature. The more
predicative taxa which are unable to survive at such low
temperatures indicate a warmer climate than today.

For hibernation, frost free places are needed. The major-

ity of the Amphibia and Reptilia may hibernate during
winter months at a temperature above 0°C. Protected
under stones and leaves, Bujo bufo tolerates a temperature
of 1°C, Pseudopus apodus rests deeply burrowed in the
soil for hibernation. The fifth most frequent taxon Elaphe
longissima needs a temperature between 5°C and 12°C
during winter. Rana ridibunda hibernates at the bottom of
waterbodies where it does not freeze. The temperature for
hibernation of Pelobates cultripes ranges between 3°C and
4°C. Anguis fragilis as well needs frost protected places
in winter. As limiting factors, Tylototriton hibernates at a
temperature of 15°C, and the Gekkonidae require 20°C
for hibernation. Representing a remarkable exception,
Typhlops vermicularis even survives at a minimum tem-
perature of about -20°C. Summarizing and based among
others on the presence of Tylototriton and the Gekkonidae,
frost-free winters are indicated in Kohfidisch during the
Upper Miocene.

Reconstructing the climatic evolution of the Miocene in
Austria, the herpetofauna of Kohfidisch points to remarka-
bly dry conditions during the MN11 of the Upper Miocene.
Two main migration events of thermophilic ectotherms
at ~20.0 Ma and ~18.0 Ma (Lower Miocene) indicate the
beginning of the Miocene Climatic Optimum in Central
Europe (M. BonmME, 2003). With regard to the late Lower
Miocene (~18.0 Ma), subtropical climate with a minimum
mean annual temperature of 17°C and frost-free winters
implying a2 minimum cold month temperature from 3°C
to 8°C predominated (M. BouME, 2002b). HorMANN et al.
(2002) and MELLER (1998) as well predicted a subtropi-
cal climate of the late Lower Miocene with a minimum
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mean annual temperature of 14°C based on palynomorphs,
fruits and seeds. Following M. BonMmE (2003), the Central
European climax of the Miocene climatic optimum during
the Eggenburgian and Karpatian (Lower Miocene) was
accompanied by high humidity.

The Early Badenian of the Middle Miocene is character-
ized by probably unchanged temperatures but a seasonality
in precipitation with dry periods up to six months. Two ma-
jor seasonal phases are indicated by an immigration of dry
adapted taxa. During the Early/Middle Badenian transition,
a climatic cooling possibly with frost periods occurred
which led to the extinction of thermophilic groups such as
alligators, chameleons and giant turtles. The mean annual
temperature dropped to temperatures around 14.8°C and
15.7°C. A more distinct climatic zonation began.

Beside Kohfidisch, the Upper Miocene of Austria yields
further herpetofaunally interesting localities. They
represent additional links for a climatic reconstruction.
The locality Sandberg near Gétzendorf (henceforth
“Gotzendorf”) belongs to the Uppermost MNO (Table 1;
Daxner-Hock, 2004; RoaL et al., 1993). It is situated in
the vicinity of Mannersdorf am Leithagebirge in Lower
Austria. MixLAs (2002) describes the amphibian fauna
and HArRzHAUSER & TEMPFER (2004) discuss the Late Pan-
nonian wetland ecology based on the results obtained in
Gotzendorf. The herpetofauna of Gotzendorf (Table 20)
or their closest relatives are set in relation to the Képpen’s
climate types (Table 18).

Richardhof-Golfplatz is positioned close to the western
margin of the southern Vienna Basin near Modling, vi-
cinity Gumpoldskirchen in Lower Austria. Slightly older
than Gotzendorf, the locality belongs to the Upper MN9
(Daxner-Hock, 2004; Table 1). Its herpetofauna is given
in HARZHAUSER & TEMPFER (2004) referring to the Late
Pannonian wetland ecology (Table 20). The affiliation of
the described species or their closest Recent relatives is
given in Table 19.

Unfortunately, the fauna of the locality Richardhof-Golf-
platz nearly solely consists of genera or subfamilies and
not of species. Therefore, a comparison with Kobfidisch is
not possible. Comparing Kohfidisch with the Uppermost
MNO of Gotzendorf, the tendency towards dryer condi-
tions is indicated in the MN11 of Kohfidisch. The climatic
change towards aridity must have taken place between the
Uppermost MN9 and the MN11.

With regard to the temperature, the species or their close
living relatives of the Uppermost MN9 locality Gotzendorf
preferred lower temperatures than in the MN11 locality
Kohfidisch. Discoglossus as close relative to the most
frequent species Latonia gigantea tolerates temperatures
up to 30°C. Proteus anguineus inhabits lakes between 5°C
and 10°C. The third most frequent species Rana ridibunda
lives at temperatures around 20°C, and Tylototriton prefers
22°C to 28°C. Pseudopus apodus needs 20°C to 26°C,
while members of the genus Triturus tolerate temperatures
from 18°C to 22°C. In all, the climatic change between
the Uppermost MN9 and the MN11 should also have
influenced the temperature rising in the MN11.

In conclusion, the tendency towards aridity of the Upper
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MN11 represents a climatic change during the Upper Mi-
ocene compared with the Uppermost MN9 of G6tzendorf,
Very probably, the climate of the Middle Miocene Early
Badenian (MNS5), during which a seasonality in precipi-
tation with dry periods up to six months (following M.
BonMmE, 2003) existed, was interrupted by more humid
conditions. They predominated in the Uppermost MN9 and
changed towards aridity again during the MN11. Addition-
ally, rising temperatures with above all frost-free winters
of the MN11 may represent a warming climate in contrast
to the climatic cooling (following M. BoHME, 2003) from
the Early/Middle Badenian transition (MNS/MNG6) on.
Between the Uppermost MN9 and the MN11, a climatic
change took place.

ForTELLUS et al. (2002) observe a similar climatic change
during the Miocene. They study the fossil teeth of terres-
trial plant-eating mammals and their trend to hypsodonty
connected with aridity. During the Lower Miocene (24 to
15 Ma), humidity predominates, but increasing hypsodonty
including slightly more aridity is indicated in the later
part of the interval (later than 18 Ma ago). The Middle
Miocene (15 to 11 Ma) shows only little more evidence
of increasing aridity. A strong contrast between western
and eastern Europe develops. Hypsodont faunas begin to
evolve in northern China and Eastern Europe. The earlier
Upper Miocene (11 to 8 Ma) features a major strengthen-
ing of the hypsodonty in the present-day Mediterranean
region and in East-Central Asia. Iberia still remains an area
of predominantly low hypsodonty. The pattern changes
drastically in the later Upper Miocene (8 to 5 Ma). High
hypsodonty predominates all over Europe except parts of
Eastern Europe. In East Asia, hypsodonty levels remain
moderate and in North China, humidity increases. Dur-
ing the Lower Pliocene (5 to 2 Ma), Europe reverts to
lower hypsodonty similar to today’s conditions. Increasing
humidity after the terminal Miocene is also indicated by
non-mammalian evidence.

The extraordinarily rich herpetofauna of Kohfidisch is
suitable for a detailed and global paleoenvironmental re-
construction. The outcrop-situation indicates the presence
of a cave, fissures and kolks. Within the cave sediments,
bentonite has been discovered (P. Wieden; Chemical
laboratory Vienna) pointing to an acid volcanism which
may have caused the development of the cave. Due to
the cooling of the volcanic sediments, fissures may have
evolved. Just one profile eastern to the outcrop Kohfidisch
and above the quarry (“Steinbruch”) exists where fossils
are present in clay sediments (BACHMAYER & ZAPFE, 1969).
The sediments are not stratified. Therefore, they do not
indicate a permanent water body but however a stagnant,
damp environment.

Amphibia and Reptilia of Kohfidisch have been investiga-
ted by means of their or their living relatives* ecological
requirements (see chapter 4.: Systematic Part). Their order
in the text refers to their percentual, descending frequency
with regard to the Minimum Number of Individuals (Table
6). They divide into three groups: indicators of dryness
alternate with inhabitants of ponds and shallow waters.
The third group is represented by both dryness and humi-



TempreR, P.M., The Herpetofauna of the Miocene Locality

dity adapted animals. Homogeneously, the herpetofauna
of Kohfidisch prefers a well vegetated ground-cover and
open woods with shrubby vegetation. Spinose crevices as
well as stone piles offer opportunities to hide.

Mainly members of the Reptilia (%)/Recent relatives of
Kohfidisch need dry habitats such as Elaphe kohfidischi
(6)/Elaphe longissima additionally prefering sunny woods
with bushy vegetation for climbing. Naja romani (6)/Naja
naja and Coluber planicarinatus (2)/Coluber najadum
inhabit dry places offering vegetation and crevices. Both
mainly occur in open areas in woods with scattered groves
of trees. As burrower in barren areas, Typhlops cf. grivensis
(1) / Typhlops vermicularis occurs in dry and open habitats
with slopes and scattered stones.

Not only Amphibia (%)/Recent relatives but also Reptilia
(%)/Recent relatives of Kohfidisch represent inhabitants
of ponds, stagnant or slowly flowing, shallow waters.
Although presumably insensible concerning its ecology,
Latonia sp. (9) has more often been found in fluviolacus-
trine deposits. The aquatic species Rana (ridibunda) sp.
(6) / Rana ridibunda inhabits sunexposed waters such as
small ponds, ditches or streams, and Pelobates cf. cultripes
(5)/ Pelobates cultripes can be found on sandy coasts near
shallow water where it burrows itself into the soil. As rep-
resentative of the Reptilia, Anguis fragilis (3) prefers rather
damp, well vegetated environments offering an extensive
ground-cover. The aquatic newts Triturus (cristatus) sp.
(2) / Triturus cristatus and Triturus (vulgaris) sp. (1) /
Triturus vulgaris need stagnant or slowly flowing, shal-
low water such as ponds for breeding which have a good
submerged vegetation. Mioproteus caucasicus (1) most
probably represented an aerial olm contrary to its living
relative Proteus anguineus. Due to its fauna assotiation,
lotic conditions are indicated. As climbing frog on bushes
and trees, Hyla sp. (0.7) / Hyla arborea; Hyla meridionalis
inhabits ponds surrounded by low vegetation. The mainly
terrestrial living Chelotriton paradoxus (0.5) / Tylototriton
prefers wooded terrains. Its larvae need slowly running
water such as ponds or similar water bodies. Therefore, the
newt inhabits damp environments with dense vegetation.
The lizard Lacerta cf. viridis (0.3) / Lacerta viridis lives
in open woods offering bushy vegetation and sunexposed
places. Also damp environments are inhabited. Finally,
Bombina cf. bombina (0.1)/Bombina bombina as well
indicates the existence of shallow water and ponds for
breeding. It likes sunexposed watersides.

Indicators of both damp and dry conditions are represented
by Natrix burgenlandica (3) / Natrix natrix and the Scin-
cidae indet. (0.8). Swimming well and hunting in water,
the former inhabits damp places near water bodies but
may also be found in quite dry woods. The latter represent
ground-dwelling lizards which occur in dry habitats as well
as in damp meadows.

Summing up, the paleoenvironment of the Upper Mio-
cene locality Kohfidisch is reconstructed. The cave, the
fissures and kolks were situated in a sparse, dry wood
with a dense and bushy ground-cover. As a water body
with good weed growth requiring insolation is indicated,
no, or not exclusively a cave-lake existed. More probably,
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a non-permanent, stagnant, shallow pond near the cave
with sunexposed watersides for warming up offered the
opportunity to breed, swim and hunt.

A similar environment is required by the terrapin and
turtles described by BACHMAYER & MryNARskl (1983).
Mauremys aff. gaudryi/Mauremys is typical of stagnant
water bodies or slowly flowing rivers with a dense vegeta-
tion (DECKERT et al., 1991). The herbivorous turtle Testudo
burgenlandica/Testudinidae lives in a dry environment.
Not only areas with dense vegetation but also meagre
meadows are inhabited (for Testudo graeca: BUSKIRK et
al., 2001; for Testudo hermanni: CHEYLAN,s 2001).
Fishes as indicators of limno-fluvial ecosystems are re-
presented among others by the Cypriniformes Zinca sp.
and Silurus sp. (M. BOHME, pers. advice). Tinca tinca,
the former‘s Recent relative, occurs in shallow lakes and
slow rivers with dense ground-vegetation. The European
species Silurus glanis inhabits mainly warm lakes and
slowly running waters.

The sparse wood and the water body offered ideal living
conditions for diverse small mammals. Especially the
large flying squirrel Pliopetaurista cf. bressana (RABE-
DER, 1989) needs a stepped light wood for gliding. Large
mammals frequently visited the shallow lake for drinking.
Unfortunately, they easily fell victim to their predators
which retreated into the cave with their prey. Birds brought
pellets containing bones of Lower vertebrates into the
cave. Hyaenidae (RABEDER, 1989) frequented it and fed
on the carrion.
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APPENDIX

Taxa 0.Ang. Altb. cm a b 7 9 I 1II 1II 1t 1L IV. V. VI total
unten oben

Amphibia 451 149 31 — — — — 163 64 393 1714 330 64 1 — 3360
Reptilia 14156 2141 434 50 24 9 283073 1195 8760 12635 9006 384 2 62 51959
Amph. et Rept. 14607 2290 465 50 24 O 28 3236 1259 9153 14349 9336 448 3 62
Amphibia 3360
Caudata 362
Mioproteus caucasicus 7 4 2 1 4 8 33
Chelotriton paradoxus 8 2 5 2 3 3 23
Triturus (cristatus) sp. 45 6 5 11 2 12 62 22 4 1 170
Triturus (vulgaris) sp. 16 1 7 6 21 1 52
Triturus sp. 11 3 1 7 1 9 40 11 1 84
Anura 2998
Bombina cf. bombina 1 4 5
Latonia gigantea 11 1 2 3 27 2 46
Latonia ragei 2 2 2 4 2 12
Latonia sp. 115 39 2 33 7 106 445 49 19 815
Pelobates cf. cultripes 42 10 3 6 5 31 161 37 6 301
Bufo bufo 85 43 7 37 28 80 360 101 23 764
Hyla sp. 1 2 2 1 1 14 3 2 26
Rana (ridibunda) sp. 45 9 3 18 8 29 279 28 8 427
Anura indet. 63 28 10 31 10 109 287 64 602

Table 2: Maximum Number of Individuals (MXNI) of Kohfidisch: Amphibia and Reptilia.

ZTETEEZZANIHh N HHHHHTHHIDHITIMNDUDODB]DJ]DB030GGG0G0J)
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Triturus sp.
Triturus (vulgaris) sp.
Triturus (cristatus) sp. [

Chelotriton paradoxus
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Diagram 1: Maximum Number of Individuals (MXNI) of Kohfidisch: Amphibia.



Temprer, P.M., The Herpetofauna of the Miocene Locality

225
It II1

Taxa 0.Ang. Altb.cm a b 7 9 I 1I unten  oben IV.V VI total
Reptilia 51959
Lacertilia 15883
Gekkonidae indet. 3 3
Lacerta cf. viridis 6 1 1 1 2 2 13
Lacerta sp. A 687 63 34 291 96 187 531 209 15 2113
Lacerta sp. B 18 16 9 10 12 6 71
Miolacerta tenuis 2 1 1 1 1 6
Edlartetia sansaniensis 15 5 12 4 36
Scincidae indet. 10 1 2 2 3 18
Anguis fragilis 257 53 69 34 35 117 937 164 28 1694
Pseudopus pannonicus 5177 321 6 4 3 1 931 192 790 2582 1725 32 62 11826
Varanus cf. hofmanni 12 1 19 9 14 15 8 78
Lacertilia indet. 6 1 1 1 13 3 25
Serpentes 36076
Typhlops cf. grivensis 5 1 4 3 1 1 10 2 27
Elaphe kohfidischi 2232 700 73 1 429 2223395 3977 2673 159 1 13862
Coluber planicarinatus 33 2 3 10 9 29 33 35 1 155
Natrix longivertebrata 278 44 3 51 21 330 451 273 27 1478
Naja romani 2939 280 113 37 21 6 22 806 189 954 687 1055 29 7138
Vipera burgenlandica 234 71 6 2 54 44 344 282 147 9 1193
Serpentes indet. 2245 604 104 7 1 6 429 3762580 3088 2698 84 1 12223

Table 3: Maximum Number of Individuals (MXNTI) of Kohfidisch: Reptilia.
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Hyla sp.

Bufo bufo [

Pelobates cf. cultripes
Latonia sp.

Latonia ragei

Latonia gigantea

Bombina cf, bombina N

Triturus sp.

Triturug (vulgaris) sp.
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200



226 Beitr. Paldont., 29, Wien, 2005

Taxa 0.Ang. Altb.cm a b 7 9 I II 1III I I IV.V VI total
unten oben
Amphibia 128 29 9 / [/ [/ / 48 24 101 290 109 15 1 / 754
Reptilia 331 18 286 3 2 3 1 146 65 195 264 187 14 1 1 1259
Amph. et Rept. 459 47 37 3 2 3 1 194 89 296 554 296 29 2 1 2013
Amphibia 754
Caudata 128
Mioproteus caucasicus 6 1 2 1 4 6 7 27
Chelotriton paradoxus 2 1 1 2 2 2 10
Triturus (cristatus) sp. 8 1 2 2 1 5 11 8§ 1 1 40
Triturus (vulgaris) sp. 5 1 5 7 1 19
Triturus sp. 7 1 1 1 2 4 8 7 1 32
Anura 626
Bombina cf. bombina 1 2 3
Latonia gigantea 6 1 1 3 17 2 30
Latonia ragei 2 2 2 4 2 12
Latonia sp. 48 4 1 13 3 32 63 16 2 182
Pelobates cf. cultripes 15 4 1 3 2 18 41 14 2 100
Bufo bufo 15 11 2 13 8 17 69 33 4 172
Hyla sp. 1 2 2 1 6 2 1 15
Rana (ridibunda) sp. 13 2 2 7 6 9 54 16 3 112
Table 4: Minimum Number of Individuals (MNI) of Kohfidisch: Amphibia and Reptilia.
Serpentes indet. [
Vipera burgenlandica ]
Naja romani ]
Natrix longivertebrata ]
Coluber planicarinatus | 315
Elaphe kohfidischi REReeeeas s T s tatasss s easasasaais STaRaestsss T s eiitetetatieasaiassasaassssss 1[”
Typhlops cf. grivensis |27
Lacertiia indet. |
Varanus cf. hofmanni ] M|
Pseudopus pannonicus | g On000Nn00000 1
Anguis fragilis ] N
Scincidae indet. | (111
Edlartetia sansaniensis ] 0l 3¢ i
4 !
Lacerta sp. B | [£i 71
Lacer!aspAA-'un'-'u':'n'n' ﬁjjm] ;
Lacerta cf. viridis |[.
Gekkonidae i- ;
0 2000 4000 6000 8000 10000 12000 14000 16000

Maximum Number of Individuals

Diagram 3: Minimum Number of Individuals (MNI) of Kohfidisch: Amphibia.
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Taxa 0.Ang. Altb. cm a b 7 9 I I I urllgn ogelzn IV. V. VI total
Reptilia 1259
Lacertilia 814
Gekkonidae indet. 3 3
Lacerta cf. viridis 3 1 1 1 6
Lacerta sp. A 159 5 8 75 30 52 106 60 2 497
Lacerta sp. B 11 3 6 10 9 5 44
Miolacerta tenuis 3 1 1 1 1 7
Edlartetia sansaniensis 8 4 11 3 26
Scincidae indet. 8 1 2 2 3 16
Anguis fragilis 14 1 2 5 4 12 13 14 2 67
Pseudopus pannonicus 37 2 1 1 1 1 10 6 16 16 18 1 1 111
Varanus cf. hofmanni 8 1 3 3 11 6 5 37
Serpentes 445
Typhlops cf. grivensis 3 1 2 3 1 1 4 1 16
Elaphe kohfidischi 17 3 2 1 10 5 30 32 20 2 1 123
Coluber planicarinatus 7 1 1 2 2 8 9 8 1 39
Natrix longivertebrata 11 1 2 5 3 13 18 15 1 69
Naja romani 30 2 5 1 1 1 1 15 7 22 22 19 4 130
Vipera burgenlandica 12 1 1 1 7 3 14 14 14 1 68
Table 5: Minimum Number of Individuals (MNI) of Kohfidisch: Reptilia.
Vipera burgenlandica 3333338353834 68
Naja romani 1
Natrix longivertebrata [ESEESSEsEedeI60
Coluber planicarinatus Mﬂ 39
Elaphe kohfidischi F¥3
Typhlops cf. grivensis 1
Varanus cf. hofmanni |
Pseudopus pannonicus. 1
Anguis fragilis
Scincidae indet, [T
Edartetia sansaniensis |7
Molacerta tenis |
Lacerta sp. B
Lacerta sp. A )
Lacerta cf. viidis |
Gekkonidae indet. [[F13
0 100 200 300 400 500 600

Minimum Number of Individuals

Diagram 4: Minimum Number of Individuals (MNI) of Kohfidisch: Reptilia.
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Reptilia (2) | 62%
Amphibia (2) § 38
£l Caudata
N Anura
] [d Scleroglossa
33333333333334%3)
Reptilia (1) 3333222233333333p 94% X Serpentes
Amphibia (1 9
mphibia (1) \\" 6%
0 10000 20000 30000 40000 50000 60000

Maximum Number of Individuals (1)
Minimum Number of Individuals (2)

Diagram 5: Maximum Number of Indivuduals and Minimum Number of Individuals of Kohfidisch: Amphibia and Reptilia.
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Diagram 6: Percental Minimum Number of Individuals (MNI (%)) of Kohfidisch in descending frequency

tilia.
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Taxa MNI Taxa MNI
Lacerta sp. A 25 Triturus (cristatus) sp. 2
Latonia sp. 9 Triturus sp. 2
Bufo bufo 9 Edlartetia sansaniensis 1
Pseudopus pannonicus 6 Typhlops cf. grivensis 1
Elaphe kohfidischi 6 Mioproteus caucasicus 1
Naja romani 6 Triturus (vulgaris) sp. 1
Rana (ridibunda) sp. 6 Latonia gigantea 1
Pelobates cf. cultripes 5 Latonia ragei 1
Anguis fragilis 3 Scincidae indet. 0.8
Natrix longivertebrata 3 Hyla sp. 0.7
Vipera burgenlandica 3 Chelotriton paradoxus 0.5
Lacerta sp. B 2 Miolacerta tenuis 04
Varanus cf. hofmanni 2 Lacerta cf. viridis 0.3
Coluber planicarinatus 2 Gekkonidae indet. 0.2
Bombina cf. bombina 0.1

Table 6: Percental Minimum Number of Individuals (MNI (%)) of Kohfidisch in descending frequency: Amphibia and Reptilia.

CL MH CL/MH MPW CL/MPW
Mioproteus caucasicus n 26 19 16 12 12
min 2.29 1.29 1.09 3.18 0.95
max 4.83 35 1.54 3.96 1.05
mean 3.45 2.63 1.23 3.64 0.98
stdev 0.575 0.702 0.139 0.331 0.047
KH WL WH PB GL GL/PB WL/WH
Chelotriton paradoxus n 18 16 16 9 12 9 16
min 2.25 2.63 1.08 3.17 3.83 0.88 2.21
max 3.54 571 2.04 4.96 6.5 1.45 4.29
mean 2.82 4.04 1.43 3.86 5.16 1.27 3.01
stdev 0.358 0.996 0.24 0.646 0.923 0.2 0.667
Triturus (cristatus) sp. n 33 35 33 27 24 24 33
min 1 1.63 0.38 1.21 1.75 1.32 2.62
max 1.87 2.96 1.12 2.17 3.38 1.75 5.45
' mean 1.32 2.29 0.97 1.68 2.63 1.51 3.85
stdev 0.162 0.397 0.102 0.253 0.421 0.12 0.644
Triturus (vulgaris) sp. n 32 30 30 28 26 26 30
min 1 142 0.46 1.33 1.88 1.41 29
max 1.38 2.61 0.75 2.04 3 1.75 4.1
mean 1.18 2.12 0.62 1.62 2.36 1.52 3.54
stdev 0.134 0.511 0.11 0.253 0.487 0.147 0.363
Mt sp, n 35 38 37 24 — — 37
min 0.88 1.25 0.42 1.13 — — 2.67
max 1.58 342 0.79 2.25 — — 4.98
mean 1.25 2.34 0.61 1.66 — — 3.87
stdev 0.176 0.562 0.661 0.462 — — 0.637

T
e 7 Me asurem,

lorn'ro" Parado,

ents (in mm) of the vertebrae praesacrales of Mioproteus caucasicus according to EsTes & ScHLEICH (1994) and of
xus, Triturus (cristatus) sp., Triturus (vulgaris) sp. and Triturus sp. following HALLER-PROBST & ScHLEICH (1994).
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KH WL WH PB GL GL/PB WL/WH
Bombina cf. bombina n 1 1 1 1 1 1 1
1.23 1.19 0.34 2.09 1.45 0.69 35
Latonia sp. n 44 56 55 46 44 44 55
min 2.08 1.75 0.75 1.54 2.63 1.02 14
max 3.79 3.96 2.25 4.38 438 1.71 3.73
mean 2.7 2.88 1.39 2.81 3.58 1.38 2.33
stdev 0.746 0.547 0.363 0.926 0.934 0.293 0.641
Pelobates cf. cultripes n 11 14 12 14 14 14 12
min 2.72 1.83 0.85 3.19 2.55 0.79 2.15
max 3.7 4.26 1.57 4.89 443 0.96 3.07
mean 3.15 3.25 1.16 4.17 3.62 0.87 271
stdev 0.339 0.907 0.241 0.628 0.613 0.066 0.289
Bufo bufo n 39 43 43 39 40 39 43
min 2 2.26 0.68 272 2.26 0.79 2.19
max 3.53 353 1.11 447 3.79 0.93 3.57
mean 2.52 275 0.95 3.34 2.8 0.86 2.93
stdev 0.497 0.388 0.14 0.528 0.464 0.042 0.395
Hyla sp. n 1 1 1 1 1 1 1
2.29 — 1.17 35 — - —

Table 8: Measurements (in mm) of the vertebrae praesacrales of Bombina cf. bombina, Latonia sp., Pelobates cf. cultripes, Bufo

bufo and Hyla sp. according to HALLER-PROBST & ScHLEICH (1994).

vertebrae:
Rana (ridibunda) sp. KH WL WH PB GL GL/PB  WL/WH
n 35 34 35 34 34 34 34
min 1.46 1.21 0.33 2.58 1.54 0.61 2.32
max 1.88 1.46 0.54 2.92 2.56 0.86 3.67
mean 1.74 1.33 0.48 2.78 1.87 0.67 2.86
stdev 0.165 0.116 0.087 0.167 0.432 0.126 0.574
ilia:
Rana (ridibunda) sp. a-a b-b c-C d-d e-€ a
n 18 17 14 15 19 15
min 0.21 1.17 2.58 1.17 0.83 43,5°
max 0.75 2.17 7.58 371 3.08 51,5°
mean 0.37 1.69 4.01 1.95 1.62 48,9°
stdev 0.185 0.327 2.391 1.006 0.841 3.229
maxillaria:
Latonia gigantea DL DZ Latonia ragei DL pz
n 28 13 n 12 12
min 1.04 133 min 0.79 157
max 1.92 5.04 max 2.08 32’:
mean 1.44 3.28 mean L
stdev 0.345 1.384 stdev 0302  0°F
ilia (according "’
Table 9: Measurements (in mm) of the vertebrae praesacrales (following HALLER-PROBST & SCHLEICH, 1994) and il 02

G. BonME & GUNTHER, 1979) of Rana (ridibunda) sp. Comparative measurements (in mm) of the max

between Latonia gigantea and Latonia ragei.

illaria (after MIKLAS: =
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CL CTH CTW NAW PO-PO PR-PO PR-PR
Gekkonidae indet. n 1 1 1 1 1 1 1
1.79 0.55 0.98 1.32 1.74 2.38 —
Lacerta sp. A n 42 42 42 41 37 38 38
min 2.63 0.83 1.13 2.08 2.54 2.79 2.33
max 3.79 1.13 1.58 271 3.54 3.79 342
mean 3.19 1.01 1.36 2.49 2.87 332 2.93
stdev 0.366 0.081 0.149 0.203 0.365 0.324 0.376
Lacerta sp. B n 7 7 7 7 1 1 —
min 145 0.38 0.64 0.98 —
max 1.91 0.85 1.19 1.7 —
mean 1.67 0.61 0.91 1.17 123 204 —
stdev 0.17 0.195 0.21 0.251 —
Scincidae indet. n 2 3 3 3 1 1 3
4.09 0.98 14 1.66 2.72 4.55 2.68
1.06 1.87 1.83 3.11
4.47 1.15 1.7 1.74 2.89

Table 10: Measurements (in mm) of the vertebra caudalis of Gekkonidae indet. and the vertebrae praesacrales of Lacerta sp. A,
Lacerta sp. B and Scincidae indet. following AUFFENBERG (1963).

vertebrae: CL CTH CTW NAW PO-PO PR-PO PR-PR
Anguis fragilis n 40 41 41 41 41 41 41
min 2.46 0.54 0.92 1.75 2.06 2.58 2.33
max 392 1.21 2.21 3.83 4.67 4.42 4.54
mean 2.76 0.74 1.45 241 2.76 3.11 291
stdev 0.436 0.233 0.394 0.669 0.813 0.613 0.745
Pseudopus pannonicus n 44 45 45 45 45 45 45
min 6.23 2.13 4.06 6.12 6.52 6.14 7.02
max 10.32 3.82 7.31 10.13 13.02 11.14 13.08
mean 8.62 2.81 5.29 8.35 9.91 8.82 10.21
stdev 1.015 0.486 0.808 1.223 1.686 1.326 1.591
Varanus cf. hofmanni n 26 27 27 27 23 24 25
min 8.01 3.02 4.59 5.1 8.32 10.04 9.25
max 16.74 7.52 12 16.21 19.18 21.55 20.54
mean 12.87 4.19 8.12 9.54 17.83 15.83 13.54
stdev 3.096 0.828 3.229 3.278 1.137 1.368 3.295
ossicula dermalia dorsalia medialia:
length width thickness
Anguis fragilis n 42 43 43
min 1.42 1.58 0.21
max 2.88 3.79 0.67
mean 2.19 2.76 0.35
stdev 0.579 0.832 0.149
Pseudopus pannonicus n 50 50 50
min 4.01 5.23 1
max 8.89 9.11 1.83
mean 6.19 7.01 1.46
stdev 0.743 1.299 0.271

Tflhle 11: Mea,
’N('u\y’ and Var
Pagilis ang ps

Surements (in mm) of the vertebrae praesacrales (following AUFFENBERG, 1963) of Anguis fragilis, Pseudopus panno-
anus cf. hofmanni. Comparative measurements of the osteodermalia (after FEJERVARY-LANGH, 1923) between Anguis
eudopus pannonicus.
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Typhlops cf. grivensis
CL CTH CTW NAW W PO-PO PR-PO PR-PR

n 27 27 27 27 25 22 22 24
min 1.11 0.26 0.51 0.68 0.72 1.12 1.15 1.06
max 2.04 0.64 1.06 1.02 0.81 1.66 1.71 1.7
mean 1.47 04 0.69 0.84 0.75 142 1.55 1.43
stdev 0.209 0.082 0.113 0.076 0.043 0.141 0.145 0.135

CL/NAW PO-PO/NAW CTW/CTH ZW/NAW PR-PR/PR-PO CL/ZW PR-PR/NAW
n 27 22 27 25 22 25 24
min 1.37 1.32 1.36 0.73 0.84 1.18 1.18
max 2.32 1.89 2.5 0.97 1.04 1.35 1.98
mean 1.75 1.72 1.74 0.88 0.91 1.31 1.74
stdev 0.216 0.149 0.261 0.106 0.054 0.083 0.233
Elaphe kohfidischi

CL CTH CTW NAW YA PO-PO PR-PO PR-PR

n 37 37 37 37 35 37 37 37
min 23 0.94 1.19 1.74 1.62 3 2.94 3.32
max 8.68 3.19 3.28 6.49 447 10.62 9.06 10.83
mean 4.58 1.66 1.82 3.07 2.69 5.12 4.78 5.37
stdev 1.994 0.798 0.712 1.193 0.974 2.046 1.954 2.183

CL/NAW PO-PO/NAW CTW/CTH ZW/NAW PR-PR/PR-PO CL/ZW PR-PR/NAW
n 37 37 37 35 37 35 37
min 0.85 0.14 0.9 0.47 1 1.08 0.96
max 1.71 2.03 1.36 1.12 1.31 2.14 1.95
mean 1.49 1.6 1.14 0.88 1.12 1.7 1.75
stdev 0.219 0.455 0.127 0.153 0.081 0.25 0.216

Table 12: Measurements (in mm) of the vertebrae praesacrales of Typhlops cf. grivensis and Elaphe kohfidischi according to Aur-
FENBERG (1963).

Coluber planicarinatus

CL CTH CTW NAW ZW PO-PO PR-PO  PRFR
n 34 34 34 34 32 32 32 32
min 34 0.94 1.36 2 1.74 3.57 3.57 3.83
max 4.68 1.74 1.87 2.94 2.55 5.24 4.98 5.88
mean 3.84 132 1.56 2.32 2.12 426 3.94 4.27
stdev 0.321 0.197 0.116 0.269 0.246 0.393 0.342 045

CL/NAW PO-PO/NAW CTW/CTH ZW/NAW PR-PR/PR-PO CL/ZW PR-PR/INAW

n 34 32 34 32 32 32 32
min 1.53 1.67 1.06 0.86 0.96 1.49 1.58
max 1.82 2.04 1.59 1.14 1.28 2.05 2.11
mean 1.67 1.88 12 0.93 1.09 1.81 1.89
stdev 0.092 0.137 0.141 0.081 0.085 0.164 0.164
Natrix longivertebrata

CL CTH CTW NAW W PO-PO PRPO  PRPR
n 36 36 36 36 35 36 34 34
min 2.68 0.85 L1 1.62 1.62 2.94 3.02 3-02
max 532 17 200 289 277 57 57 52
mean 3.96 132 1.42 2.36 2.13 4.26 422 e
stdev 0.743 0.242 0.277 0.382 0.299 0.696 0.791 0.

CLINAW PO-PONAW CTW/CTH ZW/NAW PR-PRPR-PO CL/ZW PR-PRINAW

n 36 36 36 35 34 35 34
min 1.51 1.62 0.8 0.79 0.86 1.49 1.54
max 1.96 2.08 1.35 1.08 1.1 2.16 2.21
mean 1.68 1.81 1.09 0.93 1 1.83 1.81
stdev 0.139 0.117 0.116 0.085 0.067 0.196 0.181

dini-' [
. L . vertebrata accor
Table 13: Measurements (in mm) of the vertebrae praesacrales of Coluber planicarinatus and Natrix longivert

AUFFENBERG (1963).
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Naja romani
CL CTH CTW NAW W PO-PO PRPO  PR-PR
n 40 40 40 40 40 40 40 40
min 6.82 2.99 3.12 3.96 4.09 8.56 8.01 9.12
max 12.1 5.92 6.34 13.19 8.98 18.13 15.09 18.92
mean 9.82 452 4.71 8.94 6.27 13.56 11.39 13.94
stdev 1.564 0.753 0.781 2.405 1.191 2.681 1.991 2.796
CL/NAW PO-PO/NAW CTW/CTH ZW/NAW PR-PR/PR-PO CL/ZW PR-PR/NAW

n 40 40 40 40 40 40 40

min 091 1.32 0.87 0.56 0.85 1.28 1.37

max 1.72 2.26 1.25 1.23 14 2.12 2.39

mean 1.14 1.56 1.05 0.73 1.22 1.58 1.6

stdev 0.199 0.206 0.111 0.139 0.12 0.198 0.225

Vipera burgenlandica

CL CTH CTW NAW ZW PO-PO PR-PO  PR-PR
n 40 39 39 40 39 40 40 40
min 3.74 1.45 1.49 2.31 2.11 4.55 3.96 4.26
max 8.1 35 4.98 592 5.08 10.09 9.88 11.8
mean 6.05 26 321 4.14 3.56 7.69 6.78 8.09
stdev 1.388 0.615 0.954 0.922 0.758 1.767 1.578 2.048
CL/NAW PO-PO/NAW CTW/CTH ZW/NAW PR-PR/PR-PO CL/ZW PR-PR/NAW

n 40 40 39 39 40 39 40

min 1.28 1.54 1.03 0.69 1.03 1.46 1.62

max 1.63 2.17 1.53 0.99 1.49 2.03 241

mean 1.46 1.86 1.22 0.85 1.19 1.73 1.95

stdev 0.107 0.175 0.131 0.086 0.104 0.147 0.182

Table 14: Measurements (in mm) of the vertebrae praesacrales of Naja romani and Vipera burgenlandica according to AUFFENBERG

(1963).
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PLATE 1

Mioproteus caucasicus
Fig.a  dentale sin. lingual view (Kohfidisch; Inv. Nr.. NHMW?2004z0009/0001).

Fig. b  vertebra praesacralis dorsal view (Kohfidisch “IIT oben”; Inv. Nr.. NHMW2004z0009/0002).

Chelotriton paradoxus

Fig.c atlas cranial view (Kohfidisch; Inv. Nr.. NHMW2004z0010/0001).

Triturus (cristatus) sp.

Fig.d  vertebra praesacralis dorsal view (Kohfidisch; Inv. Nr.. NHMW2004z0011/0001).

Triturus (vulgaris) sp.

Fig.e vertebra praesacralis dorsal view (Kohfidisch; Inv. Nr.. NHMW2004z0012/0001).
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PLATE 2

Bombina cf. bombina
Fig.a  os coccygis dorsal view (Kohfidisch “Altbestand”; Inv. Nr.. NHMW2004z0014/0001).

Fig. b  ilium dext. lateral view (Kohfidisch “III unten”; Inv. Nr.. NHMW2004z0014/0002).

Latonia sp.
Fig.c¢  praemaxillare dext. lingual view (Kohfidisch; Inv. Nr.. NHMW2004z0017/0001).
Fig.d ilium dext. lateral view (Kohfidisch “III unten”; Inv. Nr.: NHMW2004z0017/0002).

Fig.e ischium caudal view (Kohfidisch ,,III unten®; Inv. Nr.. NHMW2004z0017/0003).

Pelobates cf. cultripes
Fig.f  squamosum sin. dorsal view (Kohfidisch ,,IIT oben®; Inv. Nr.. NHMW2004z0018/0001).

Fig. g ilium dext. lateral view (Kohfidisch ,,III unten®; Inv. Nr.: NHMW2004z0018/0002).
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PLATE 3

Bufo bufo
Fig.a  coracoideum (Kohfidisch “IIl unten”; Inv. Nr.. NHMW?2004z0019/0001).
Fig.b atlas ventral view (Kohfidisch “III unten”; Inv. Nr.. NHMW2004z0019/0002).
Fig.c ilium sin. lateral view (Kohfidisch “Altbestand”; Inv. Nr.. NHMW2004z0019/0003).

Fig.d ischium lateral view (Kohfidisch “III’’; Inv. Nr.. NHMW2004z0019/0004).

Hyla sp.
Fig.e  vertebra praesacralis dorsal view (Kohfidisch ,,III unten; Inv. Nr.. NHMW?2004z0020/0001).
Fig. f  ilium sin. lateral view (Kohfidisch “III unten”; Inv. Nr..: NHMW2004z0020/0002).

Fig.g ischium caudal view (Kohfidisch “III unten”; Inv. Nr.. NHMW2004z0020/0003).

Rana (ridibunda) sp.

Fig. h  amphicoelous vertebra praesacralis (V8) ventrocaudal view (Kohfidisch “III”’; Inv. Nr.: NHMW?2004z0021
/0001).

Fig.i  ilium dext. lateral view (Kohfidisch “III unten”; Inv. Nr.. NHMW2004z0021/0002).
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PLATE 4

Gekkonidae indet.

Fig. a  vertebra caudalis ventral view (Kohfidisch “III”’; Inv. Nr.. NHMW2004z0023/0001).

Lacerta sp. A.
Fig.b pterygoideum dext. ventral view (Kohfidisch “III unten”; Inv. Nr.. NHMW2004z0025/0001).
Fig. ¢ praemaxillare lingual view (Kohfidisch “III unten”; Inv. Nr.. NHMW2004z0025/0002).
Fig.d dentale sin. lingual view (Kohfidisch; Inv. Nr.. NHMW?2004z0025/0003).
Fig. f  vertebra cervicalis ventral view (Kohfidisch “III oben”; Inv. Nr.: NHMW2004z0025/0004).
Fig. g vertebra praesacralis ventral view (Kohfidisch; Inv. Nr.. NHMW2004z0025/0005).

Fig.h  vertebra caudalis anterioris ventral view (Kohfidisch; Inv. Nr.: NHMW2004z0025/0006).

Lacerta sp. B.

Fig.e dentale sin. lingual view (Kohfidisch; Inv. Nr.: NHMW?2004z0026/0001).
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PLATE 5

Miolacerta tenuis

Fig. a  dentale dext. lingual view (Kohfidisch; Inv. Nr.. NHMW2004z0027/0001).

Edlartetia sansaniensis

Fig.b  dentale dext. lingual view (Kohfidisch; Inv. Nr.. NHMW2004z0028/0001).

Scincidae indet.

Fig.c  dentale dext. lingual view (Kohfidisch; Inv. Nr.. NHMW2004z0029/0001).

Anguis fragilis.
Fig.d dentale sin. lingual view (Kohfidisch ,,Altbestand”; Inv. Nr.. NHMW2004z0030/0001).
Fig.e  vertebra cervicalis ventral view (Kohfidisch “Altbestand”; Inv. Nr.. NHMW2004z0030/0002).
Fig.f  vertebrae praesacrales ventral view (Kohfidisch “Altbestand”; Inv. Nr.. NHMW20042z0030/0003).
Fig. g vertebra caudalis ventral view (Kohfidisch “Altbestand”; Inv. Nr.. NHMW2004z0030/0004).

Fig.h  vertebra caudalis (anterior part) anterior view (Kohfidisch “IV”’; Inv. Nr.. NHMW2004z0030/0005).
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PLATE 6

Pseudopus pannonicus
Fig.a  parietale dorsal view (Kohfidisch; Inv. Nr.: NHMW2004z0031/0001).
Fig. b  parietale ventral view (Kohfidisch; Inv. Nr.. NHMW2004z0031/0001).
Fig.c  palatinum dext. ventral view (Kohfidisch “III”’; Inv. Nr.. NHMW2004z0031/0002).
Fig.d praemaxillare lingual view (Kohfidisch “II”’; Inv. Nr.. NHMW2004z0031/0003).
Fig.e  maxillare sin. labial view (Kohfidisch; Inv. Nr.. NHMW2004z0031/0004).
Fig.f  maxillare sin. lingual view (Kohfidisch; Inv. Nr.. NHMW2004z0031/0004).
Fig. g dentale dext. labial view (Kohfidisch; Inv. Nr.. NHMW2004z0031/0005).

Fig.h  dentale dext. lingual view (Kohfidisch; Inv. Nr.. NHMW2004z0031/0005).
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PLATE 7

Pseudopus pannonicus
Fig.a  vertebra praesacralis ventral view (Kohfidisch; Inv. Nr.: NHMW2004z0031/0006).
Fig.b  vertebra praesacralis dorsal view (Kohfidisch; Inv. Nr.: NHMW2004z0031/0006).
Fig.c  vertebra caudalis ventral view (Kohfidisch “III oben”; Inv. Nr.. NHMW2004z0031/0007).
Fig.d osteodermale (ossiculum dermale caudale dorsale mediale) outer view (Kohfidisch “III unten”; Inv. Nr.:
NHMW?2004z0031/0008).
Varanus cf. hofmanni
Fig.e dens lingual view (Kohfidisch; Inv. Nr.. NHMW2004z0032/0001).
Fig. f  dens lingual view (Kohfidisch; Inv. Nr.. NHMW?2004z0032/0002).

Fig. g dentale dext. lingual view (Kohfidisch “I”’; Inv. Nr.: NHMW2004z0032/0003).
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PLATE 8

Varanus cf. hofmanni
Fig.a  vertebra praesacralis ventral view (Kohfidisch; Inv. Nr.. NHMW2004z0032/0004).
Fig.b  vertebra praesacralis dorsal view (Kohfidisch; Inv. Nr..: NHMW2004z0032/0004).
Fig.c  vertebra cervicalis ventral view (Kohfidisch “I"”’; Inv. Nr.. NHMW2004z0032/0005).
Fig. d vertebra cervicalis dorsal view (Kohfidisch “I”’; Inv. Nr.. NHMW2004z0032/0005).

Fig.e vertebra caudalis lateral view (Kohfidisch; Inv. Nr.. NHMW2004z0032/0006).
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PLATE 9

Typhlops cf. grivensis

Fig. a  vertebra praesacralis ventral view (Kohfidisch; Inv. Nr.. NHMW2004z0034/0001).

Elaphe kohfidischi

Fig.b  vertebra praesacralis ventral view (Kohfidisch; Inv. Nr.. NHMW2004z0035/0001).

Coluber planicarinatus

Fig.c  vertebra praesacralis ventral view (Kohfidisch; Inv. Nr.. NHMW?2004z0036/0001).

Natrix longivertebrata

Fig.d vertebra praesacralis ventral view (Kohfidisch; Inv. Nr.. NHMW2004z0037/0001).

Naja romani

Fig. e  maxillare dext. et veneno illiti dens anterior view (Kohfidisch; Inv. Nr.. NHMW2004z0038/0001).
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PLATE 10

Naja romani
Fig.a  vertebra praesacralis ventral view (Kohfidisch “I”; Inv. Nr.. NHMW2004z0038/0002).
Fig. b  vertebra praesacralis dorsal view (Kohfidisch “I”’; Inv. Nr.. NHMW2004z0038/0002).
Fig.c  vertebra praesacralis anterior view (Kohfidisch “I”’; Inv. Nr.. NHMW2004z0038/0002).
Fig.d  vertebra praesacralis posterior view (Kohfidisch “I”’; Inv. Nr.. NHMW2004z0038/0002).

Fig.e costa (Kohfidisch; Inv. Nr.: NHMW2004z0038/0003).

Vipera burgenlandica
Fig.f  veneno illiti dens (Kohfidisch ,,III oben*; Inv. Nr.. NHMW?2004z0039/0001).

Fig. g  vertebra praesacralis lateral view (Kohfidisch; Inv. Nr.. NHMW2004z0039/0002).
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