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Abstract

A summary and discussion of the present knowledge of subspecific differentiation,
distribution, fossil history. and zoogeography of the European pond turtle. Enivs orbicularis,
1s presented. Special emphasis is given to Holocene range fluctuations. E. orbicularis
ranges from the Maghreb region in North Africa over the Iberian peninsula and most parts
of South and Central Europe and Asia Minor to the Aral Sea. This taxon is highly polytypic.
and |13 subspecies are now distinguished. However, most probably some additional
populations deserve subspecific rank. The highest subspecific diversity is found in the
southern areas of the species’ range, reflecting the Pleistocene extinctions and recolonisations
of the more northern areas from only few glacial refugia. E. orbicularis is the sole Old
World representative of the Emydinae, an otherwise exclusively Nearctic turtle subfamily.
Most probably, the ancestors of E. orbicularis reached the Palaearctis during the Middle
or Upper Tertiary over the Bering Bridge. This implies an Old World radiation of Fmvs
from East Asia to the West. In accordance with this assumption, the oldest known Emyy
fossils are from the Middle Miocene from the area of the former Turgai Strait in Central
Asia which separated Europe from East Asia until the Oligocene. With the exception of the
problematical Emys wermuthi Mrynarski, 1956 from Poland. all fossil taxa represent
chronospecies, leading to the recent £. orbicidaris. In the Mediterranean. the fossil record
1s quite incomplete, the oldest tindings dating only back to the Villatranca. The Holocene
distribution pattern of E. orbicularis is much influenced by man. especially in Central
Europe. The northern distribution limit is not a natural one. Instead, it reflects impacts over
the course of thousands of years in a heavily disturbed environment.
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Zusammenfassung

Der derzeitige Kenntnisstand hinsichtlich subspezifischer Differenzierung. Verbreitung,
Fossilgeschichte und Zoogeographie der Europidischen Sumpfschildkréte. Emys orbicularis,
wird zusammengefat und diskutiert, wobei die holozidnen Arealfluktuationen besondere
Beachtung finden. Das Verbreitungsgebiet von E. orbicularis erstreckt sich von der
nordafrikanischen Maghreb-Region iiber die lberische Halbinsel und den groBten Teil von
Siid- und Mitteleuropa sowie Kleinasien bis zum Aralsee. Es handelt sich bei dieser Art um
ein hochgradig polytypisches Taxon mit derzeit 13 anerkannten Unterarten. Wahrschein-
tich werden in naher Zukunft einige weitere hinzukommen. Die grofite Subspezies-
Diversitdt findet sich in den siidlichen Arealteilen. was bis heute die pleistoziinen Auslo-
schungen und Rekolonisationen von nur wenigen Glazialrefugien widerspiegell. E. orbi-
cularis ist die einzige altweltliche Form der ansonsten rein nearktischen Sumpfschildkréten-
Unterfamilie Emydinae. Hochstwahrscheinlich erreichien die Vorfahren von E. orbicularis
die Paldarktis im mittleren bis oberen Tertidr tiber die Bering-Briicke. was eine altweltliche
Ausbreitung von Ostasien nach Westen impliziert. Tatsdchlich stammen die dltesten
bekannten Emys-Fossilien aus dem Gebiet der ehemaligen zentralasiatischen Turgaj-Strafie
(mittleres Miozin). die bis zum Oligoziin Ostasien von Europa trennte. Mit Ausnahme der
problematischen Emys wermuthi Muynarskl, 1956 aus Polen stellen alle fossilen Emys-
Taxa Chronospezies dar. die zur rezenten Art E. orbicularis tihren. Im Mittelmeergebiet
ist der Fossilbericht ziemlich liickenhaft. Die iltesten Funde stammen erst aus dem
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Villafranca. Das holozine Verbreitungsgebiet von E. orbicularis wurde durch den Men-
schen stark beeinflufit, vor allem in Mitteleuropa. So stellt die heutige nérdliche Verbreitungs-
grenze keinesfalls einen natiirlichen Zustand dar, sondern vielmehr das Resultat eines seit
Jahrtausenden massiv gestorten Lebensraumes.

Schlagworter: Testudines: Emydidae: Emvs orbicularis; Zoogeographie.

Introduction

Until 1989 the European pond turtle, Emys orbicularis (LINNAEUS, 1758), was
considered a text book example of a wide ranging, monotypic species (e.g.
WerMUTH & MERTENS 1961, 1977, Bannikov et al. 1977, PriTcHARD 1979). With the
description of a very distinctive subspecies at that time (Emys orbicularis luteofusca
Fritz, 1989) 1 started a series of articles reporting the results of my morphological
research, now based on more than 1,600 preserved and living specimens of E.
orbicularis. 1 found out that in its vast range a great number of distinctive
subspecies occurs, exhibiting a complicated distribution pattern (Fritz 1989, 1992,
1993a, b, 1994, 1995a, 1996, Fritz & Opst 1995, Fritz et al. 1996). Here | present
a review of published results on taxonomy, try to incorporate palaeontological data
and to formulate a brief zoogeographical interpretation of the detected distribution
patterns. Thereby, special emphasis is given to the Holocene range fluctuations in
Central and North Europe.

Distribution

The European pond turtle inhabits one of the largest distribution areas among the
turtles of the world, comparable only to Chelydra serpentina and Trachemys
scripta sensu lato (cf. Ernst 1990). E. orbicularis ranges form North Africa north
of the Atlas Mountains over the Iberian peninsula and most of Europe and Asia
Minor fo the Aral Sea in Central Asia. All southern European peninsulas are
inhabited as well as Corsica, Sardinia, Sicily. the Balearic Islands Majorca and
Menorca, and lots of islands in the East Mediterranean (Fritz 1995a. 1996). In
Central Asia the easternmost populations were known from the Aral Sea. with an
outpost near the settlement Julek on the lower course of the River Syrdariya
(Kazakhstan, Paraskiv 1956). It is suspected that these populations are nowadays
entirely extinct, due to the human mediated deterioration and aridisation of the
whole Aral Sea region.

Subspecies and Subspecies Groups — an Overview

Currently, 13 subspecies are recognized (see below), and this count already
includes E. o. eiselti to be described later in this volume by Fritz et al. (1998).
Probably a few additional ones will be named in future using the results of modern
molecular techniques (cf. LeEnk et al. 1998), among them are some populations
which were treated earlier as morphological intermediates (intergrades) between
other subspecies. The individual subspecies as defined so far differ in size, shell
and head proportions, several colour and pattern characters of shell. soft parts, and
the iris colouration of males (Fritz 1989, 1992, 1993a, b, 1994, 1995a, 1996, Fritz
& Osst 1995, Fritz et al. 1996). 1 do not concur with Zurrt & BarLasina (1998)
that colouration is much influenced by environmental factors. During my former.
six-year employment at the Zoological Garden “Wilhelma”, Stuttgart. about 300
E. orbicularis of different subspecies and populations were captive bred and reared
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under differing indoor and outdoor conditions. All developed the same colour and
pattern characteristics typical of the subspecies and/or population of their parents.
However, colder reared specimens attain the adult colouration at a smaller size, a
fact apparently mistaken by Zurr1 & BaLLASINA,

Due to morphological similarities 1 grouped the 13 subspecies into several
infraspecific categories, namely into five subspecies groups and divided these into
a western and an eastern line (Fritz 1996). Figure | shows the distribution of these
subspecies groups. The western line was defined for the occidentalis and galloitalica
subspecies groups. sharing the same principal plastral pattern of dark blotches
along the distal seams of the scutes and a rectanguiar nuchal. Their close
relationship is well corroborated by molecular methods (LeEnk et al. 1998).
However, molecular systematics links with this group E. o. hellenica. too. Because

Fig. 1. Distribution of the subspecies groups of Emys orbicularis, modified from Fritz
(1996) with new distribution records (Pupiva & Puping 1996, Bringsee 1997) and results by
Fritz et al. (1998) and Lenk et al. (1998). According to Lenk et al., the southern Talian/
Sicilian population represents a distinct evolutionary lineage. 1: orbicularis group. 2:
hellenica group. 3: occidentalis group. 4: galloitalica group. 5: luteofusca group, 6: South
Italian taxon. Cross hatching: intergradation zones.

Verbreitung der Unterartengruppen von Emys orbicularis verdndert nach Frirz (1996) unter
Beriicksichtigung neuer Verbreitungsdaten (Pupina & Puping 1996, Brincsee 1997) und der
Ergebnisse von Fritz et al. (1998) und Lenk et al. (1998). Die siiditalienisch-sizilianische
Population stellt nach Lenk et al. eine eigene Evolutionslinie dar. 1: orbicularis-Gruppe,
2: hellenica-Gruppe, 3: occidentalis-Gruppe. 4: galloitalica-Gruppe. 5: luteofusca-Gruppe,
6: Siditalienisches Taxon. Sich tberlagernde Schraffuren: Intergradationszonen.
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of the different trapezoid shape of the nuchal 1 attributed this and two related
Transcaucasian subspecies (iberica, persica = hellenica group) to the eastern line
(Fritz 1996), which was defined as an unit for the hellenica, orbicularis, and
luteofusca subspecies groups. Interestingly, the males of hellenica share with the
western occidentalis and galloitalica groups the yellow or whitish iris colouration.
It would be interesting to know more on the molecular affinities of the above
mentnioned easternmost representatives of the hellenica group.

The westernmost occidentalis subspecies group exhibits an Ibero-Maghrebine
distribution pattern. The West Mediterranean galloitalica group occurs in and
around the Tyrrhenian Sea (Corsica, Sardinia, tyrrhenian coast of southern France
and Italy). The hellenica group shows a highly disjunct Eastern Mediterranean
distribution pattern found in lots of other herp taxa (Fritz 1996). The orbicularis
subspecies group, as redefined here with the new results of Lenk et al. (1998), has
a Balkanic-Pontic range, and the enigmatic /uteofusca group, represented by a
single subspecies, is endemic to the internally drained central basin of Anatolia. a
situation echoed by other aquatic biota in Asia Minor (e.g. BANAREScU 1992). We
have to add in future at least one additional, distinctive lineage. occurring on the
southern Italian peninsula and Sicily (Lenk et al. 1998). The populations from there
are characterized by a close morphological similarity to E. o. hellenica (Frivz
1995a).

However, this picture of higher infraspecific taxa can easily change if more
subspecies will be used for cladogram construction.

What is sure, reflected by traditional morphology and molecular systematics,
is that several clear cut evolutionary units exist within E. erbicularis. They would
be called full species by advocates of the phylogenetic species concept such as
CracrarT (1992). However, I adopt the biological species concept as defined ¢.g.
by Mayr (1963). By using this. there is no doubt that all taxa belong to the same
species, with the possible exception of the parapatric occidentalis group, because
we know of intergradation zones (Fritz 1992, 1995a, 1996, Fritz & Oss1 1995,
Lenk et al. 1998). A review of the different subspecies and subspecies groups
follows (cf. pls. 1-2).

occidentalis subspecies group (medium sized, large headed pond turtles with very
long intergular seams and a vermiform yellowish head pattern. Both sexes same
sized. Males with yellowish. white or seldom brownish iris):

E. 0. occidentalis Fritz, 1993, maximum shell length around 15 cm, is
distributed in the Maghreb region of North Africa and occurs in Mediterranean and
semiarid locations near sea level as well as up to 1,600 m in the Middle Atlas. A
generally dark coloured subspecies with mainly black plastron in most younger
individuals, often bleaching in older ones. Nuchal scute trapezoid or with parallel
seams.

E. 0. hispanica Fritz, KELLER & Buppe. 1996, maximum shell length 17 cm.
described from the Dofana region of Andalusia (southwestern Spain). Probably
most or all of the pond turtles in the Atlantic drainage systems of the Iberian
peninsula belong to this subspecies. It is similar to the North African subspecies,
but lighter coloured and has a mainly yetlow plastron with dark blotches along the
distal seams and a clearly shorter interhumeral seam compared with E. o.
occidentalis. Nuchal scute distinctly larger and with parallel seams.
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E. o. fritzjuergenobsti Fritz, 1993, maximum shell length |5 ¢m, is known from
the Mediterranean coastal area in eastern Spain. Closely related with E. o.
hispanica but with narrower carapace and a lighter colouration, plastron often
uniform yellow. Interfemoral seam longer than in £. 0. hispanica.

galloitalica subspecies group (small to medium sized pond turtles with narrow
nuchal scutes with parallel side seams. Males smaller than females and with
yellowish or white iris):

This subspecies group includes three taxa originally described within the
framework of one megasubspecies (E. orbicularis galloitalica Fritz, 1995). This
classification is congruent with the greater morphological similarity of these three
taxa to one another as compared with other subspecies. Lenk et al. (1998) found
no sequence differences in the mitochondrial DNA fragment analysed in contrast
1o the other studied subspecies. Both point to a younger differentiation age than in
the other taxa. However, the clear morphological and ecological differences justify
and reinforce the further treatment of galloitalica. lanzai, and capolongoi as
“microsubspecies” (for a discussion of the megasubspecies category see AMADON
& SHorT 1976, 1992, Boume 1982).

Interestingly, unequivocal fossils of £. orbicularis are known from the Tyrrhenian
interglacial of Sardinia (Cavor et al. 1981), which [eads to the speculation that a
period longer than 130,000 years is necessary to develop at least slight mitochondrial
DNA sequence differences in E. orbicularis (if, as supposed, the DNA evolution
rate is indeed the same). Lanza (1983) suggests that Emys reached Corsosardinia
during the Cassian regression (Middle Pleistocene), which would support a very
slow evolution rate.

E. 0. (g.) galloitalica Fritz, 1995, maximum shell length 16.5 cm (record size),
normally below [5 ¢m, is distributed from southern France along the Mediterrane-
an coast to the area of the Gulf of Policastro in southern Italy. It is a polymorphic
subspecies with light and dark coloured individuals in the same local populations.
However, the plastron usually is yellow, if a dark pattern is present, it resembles
the distal blotched pattern of hispanica or fritzjuergenobsti. It occurs in standing
waters as well as in fast moving streams.

E. 0. (g.) lanzai Fritz, 1995 attains a maximum shell length of at least 15 c¢m,
however. as a general rule the specimens grow on the average to a slightly larger
size than in galloitalica or capolongoi. This subspecies has a larger head than the
two other members of this group and is usually dark coloured. Specimens with a
mainly black plastral pattern occur. It is an inhabitant of still bodies of water on
Corsica, and avoids streams.

E. 0. (g.) capolongoi Fritz, 1995, is the Sardinian counterpart to E. 0. (g.)
lanzai. Its maximum shell length is 14.5 cm. It is a light coloured form with
predominantly yellow plastra with or without dark blotches near the distal seams.
Like the mainland E. o. (g.) galloitalica, it lives in ponds, creeks. and streams.

hellenica subspecies group (small to medium sized pond turtles with yellow
throats, often broad headed, and generally with a trapezotd nuchal scute. Males
with reticulate, females with spotted head pattern. Males are in this subspecies
group generally smaller than females):

E. 0. hellenica (VALENCIENNES, 1832) has a maximum shell length of about 17
cm, in the drainage system of the Dalmatian Neretva River, 19 cm may be reached.
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However. most specimens are below 14 or 15 ¢cm, and dwarfed local populations
with maximum shell lengths of 12 cm are known. Plastra mainly yellow, a faded
dark pattern may be present especially on the hind lobe. Males with yellowish or
white iris. This subspecies is distributed from the coastal area of the Po Plain
southwards over Istria and Dalmatia to the Peloponnese and Voiotia. Possibly the
pond turtles of western Asia Minor and of the Crimea belong to E. 0. hellenica or
to a closely related taxon.

E. 0. iberica EicawaLp, 1831 (E. o. kurae Fritz, 1994 is a junior synonym of
this name). Maximum shell length 18 cm, but normally below 16 cm. it is mainly
restricted to the drainage system of the central Caucasian Kura River. It is not
known from the Araxes River, but extends northwards to Daghestan. 1t closely
resembles E. o. persica, but the forelegs have more yellow. In the course of their
lives, most specimens change the colour of the carapace from dark to light. Plastra
yellow. Males with reddish jris.

E. o. persica Eiciwatp, 1831 (E. o. orientalis Fritz, 1994 is a junior synonym
of this name). Maximum shell length 8 cm. but normally between 10 and 15 cm.
This subspecies occurs along the southern coast of the Caspian Sea in northern Iran
and adjacent Turkmenia. It is similar to E. o. iberica, but most specimens retain
their dark carapace, often with lots of tiny yellow dots. during life. and sporadically
specimens with heavily dark patterned or entirely black plastra occur. Gular scutes
smaller than in all other subspecies, with the exception of E. o. eiselti. Males with
reddish (PrircHARD 1966) and/or yellowish iris?

In his “Zoologia specialis™ EicHwaLd (1831: 196) was already aware of the
distinctiveness of Transcaucasian pond turtles. He created for these populations
two new names, accompanied with short Latin descriptions. For his var. iberica the
exact Jocality of occurrence was not given, though EicHwaLp and contemporary
researchers called the central Caucasian area corresponding to the central Kura
River valley “Iberia” (cf. EichwaLp 1841: 47), a name which goes back to an
ancient people living there. The second population. from “Masanderan”. was
named var. persica by Eichwaclp (183 1). Both names were printed in italics, but not
published in juxtaposition with a generic name. Therefore they were overlooked by
subsequent authors like NikoLsky (1915), WerMmuTH & MEeRTENS (196], 1977) and
consequently by Fritz (1994). However. it can be interpreted from the Latin text
that iberica and persica are combined with the generic name Emys in the sense of
varieties of Emvs europaea. Hence, Emys europaea var. iberica ElcHwWALD, 1831
and Emys europaea var. persica ElcHwaLp, 1831 are available (International Code
of Zoological Nomenclature 1985: article 11, iii, 2) and senior synonyms of £. 0.
kurae Fritz, 1994 and of E. o. orientalis Fritz. 1994, respectively.

Later, EicuwaLp (1841) even specified the distribution of both taxa. He gave for
iberica the marshy valleys of Iberia and all tributaries of the Kura River. and
extended the range of persica to the “warm springs of Ghilan”. However, in
contrast to EicuwaLp (1831) the quite exact description of iberica in the 1841 book
is seemingly in error, fitting much better the nominate subspecies which is treated
immediately before.

orbicularis subspecies group: In this subspecies group several cryptic taxa are
hidden, as it turned out by the molecular research by PeTer Lenk (cf. LEnk et al.
1998). Some of the populations formerly thought to represent intergrades with £.
o. hellenica (Fritz 1992, 1996, Fri1z & OBsT 1995) from the Danube area and the
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eastern Balkans proved to possess discrete, unique mitochondrial haplotypes,
pointing to a long separate evolutionary history. The southern representatives from
Bulgaria and adjacent areas, presently lacking a name, are quite small specimens,
in contrast to the medium sized to large turtles from the Danube and more northern
and eastern areas. As originally defined by Fritz (1995a), the orbicularis group
comprises populations with dark coloured pond turtles. generally with a trapezoid
nuchal scute. The plastra are often predominantly black, in males frequently with
a highly distinctive speckled light-dark pattern. Males possess a reddish iris and are
smaller than females in the mean. The following subspecies are presently recognized:

E. 0. orbicularis (Linnagus, 1758). maximum shell length around 23 c¢m (but
see SzczerBAK 1998), 1s distributed from Central Europe far to the East. FriTz
(1995a, 1996) attributed to this subspecies all populations from Germany east to
the Aral Sea. As it is shown by Lenk et al. (1998), some populations within the
western part of this area share the same principle mitochondrial haplotype with the
Danube population, which is morphologically clearly distinct from the northern
conspecifics (FriTz 1992, Fritz & Osst 1995, Farkas et al. 1998). Further research
is needed to understand these findings better. If in future the Danube population
will be given subspecific rank, the name Emys europaea var. sparsa DUriGen, 1897
is available (Fritz 1992).

E. 0. colchica Fritz, 1994, is a highly problematic taxon (cf. Fritz et al. 1998
and Lenk et al. 1998). It was described from the Colchis area of the east Black Sea
coast, East Turkey, and the Turkish Biack Sea coast. In fact, in this subspecies most
local populations of eastern Asia Minor and the western Transcaucasus were
lumped together (with the exception of £. o. eiselti) which closely resemble each
other, being too small and too light coloured for E. o. orbicularis. Taking the
plentiful physiogeographic barriers of the Caucasian and eastern Turkish area into
account, E. o. colchica easily could be composed of several evolutionary units (cf.
Fritz et al. 1998).

E. 0. eiselti Fritz, Baran, Bubak & AMTHAUER, 1998, is described in this
volume and the details on distribution and characters are given there.

luteofusca subspecies group: Only a single taxon, E. o. luteofusca from the
internally drained Central Basin of Anatolia. belongs to this distinctive subspecies
group. New data on E. 0. luteofusca are given in Frirz et al. (1998) and Taskavak
& Remann (1998). The populations of E. 0. luteofusca are tight coloured and small
headed. Depending on environmental conditions, the local populations show a
considerable degree of variation in shell length. Besides dwarfed populations.
under better environmental conditions fair sized individuals may be found,
reaching about 20 cm shell length. Males are red-eyed.

The Genus Emys in the Old World: an Outpost of a Nearctic Family

E. orbicularis is the sole recent member of the Emydidae (sensu Garrney &
MevLan 1988), an otherwise exclusively New World turtle family (fig. 2). It is
generally accepted that the nearctic genera Emydoidea. Terrapene, and Clemmys
are the closest relatives of Emys. Emys, Emvdoidea, Terrapene, and Clemmys form
together the subfamily Emydinae, the sister group of the Deirochelyinae, the latter
consisting of the genera Chrysemys, Deirochelys, Graptemys, Malaclemys,
Pseudemys, and Trachemys (GarrNey & Mevean 1988, Burke et al. 1996).
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However, the status of the exact sister group relations within the Emydinae remain
unclear (cf. GAFFNEY & MEYLAN 1988, BickHaM et al. 1996. BURKE et al. 1996). The
most specialized genus Terrapene is known together with the primitive Emvdoidea
hutchisoni since the Barstovian (Middle Miocene) of Nebraska (HurcHison 1981,
Horman & Corner 1985, Houman 1987, 1995). Hence, it may be taken for sure that
Emyvs reached the Old World from North America.

Fossil Record and Zoogeography
Fossil Taxa

A quite exhaustive discussion of fossil taxa is given in Fritz (1995b. see also Fritz
& Farkas 1996). During the 19th century lots of fossil taxa were described
originally as members of the genus Emys or Clemmys sensu lato (cf. Kuun 1964).
However. in former times these genera were often used simply for lumping
together fossil aquatic turtles of unclear relationships. Mrynarskl (1969) was
already aware of this problem, but he still included in the genus Emys “about eight
fossil species”, among them the North American forms now recognized as
members of the genus Emvdoidea. A few years later the same author restricted
Emys to only two fossil species, Emys wermuthi MrLyNarskl, 1956 from the
Pliocene of Poland and the still extant E. orbicularis, known since the Villafranca
(Mry~arskl 1976). Today, three or four fossil taxa are regarded as valid within

Fig. 2. Distribution of the extant Emydidae and of Emys orbicularis (combined from Ernst
1990, Zuc 1993, Fritz 1995b and data presented in this study). The range of E. orbicularis
represents the Old World distribution part of the Emydidae.

Verbreitung der rezenten Vertreter der Familie Emydidae und von Emys orbicularis
(kombiniert nach Ernst 1990, Zuc 1993, Fritz 1995b und Angaben aus der vorliegenden
Arbeit). Das Areal von E. orbicularis stellt den altweltlichen Verbreitungsteil der Emydidae
dar. )
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Emys: E. tarashchuki (Crkrikvapze, 1980): Middle to early Upper Miocene of
Kazakhstan, E. sukhanovi Cukrikvapzg, 1983 Upper Miocene of East Europe, E.
orbicularis antigua KHosatzky, 1956: Middle Pliocene to Villafranca of East and
Central Europe, and E. wermurhi: Middle Pliocene of Poland. With E. o. antigua
closely related, contemporary forms are known from Georgia, Italy. and perhaps
Israel and Tunisia (Haas 1966, Fritz 1995b). With the exception of the doubtful
E. wermuthi, which could be no more than an individual aberration, all represent
most probably chronotaxa (fig. 3). leading to the recent E. orbicularis, which is
known from the Pleistocene onwards.

Figure 4 depicts the geographic distribution of the fossil findings. However, it
has to be stressed that this map clearly reflects areas ol intensive excavation
activities (e.g. Central Europe or mining areas in the former USSR). On the other
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Fig. 3. Stratigraphical distribution of the chronotaxa leading to the extant Emyvs orbicularis
and of Emvs wermuthi (modified from Fritz 1995b).

Stratigraphische Verbreitung der zur heutigen Emys orbicularis fiihrenden Chronotaxa und
von Emvs wermuthi (veriindert aus FriTz 1995b).
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side of the picture, areas with few or none fossil records are not necessarily
congruent with sparsely colonized areas or areas free of pond turtles at a certain
time. The lack of findings could be simply due to bad preservation conditions, a
lack of “appropriate”, contemporary layers, or even to a lack of excavations there.
Anyway, it is obvious, the oldest findings were made far in the East, whereas only
quite young fossils are known from the Mediterranean and Central Europe, dating
at best to the Pliocene or to the Plio-Pleistocene border (Villafranca).

Fig. 4. Geographical distribution and age of fossil records of the genus Emvs. Modified
from Fritz (1995b). The Villafrancan locality in the South. indicated with an arrow, is
“Ubeidiya in the Jordan Valley (Haas 1966). Further additional localities are from the
following sources (in alphabetical order): Croatia: HoLman (1998): France: CHrvian
(1998); Germany: Houman (1998); Great Britain: Houman (1998): ltaly: BonipicLio &
Insacco (1992), Conato et al. (1980). DeLrino (1994/95), Kotsakis (1982, 1996). SaLa
(1996): Yugoslavia (Montenegro): Houman (1998).

(a); Medial Miocene, (b): Upper Miocene, (¢): Lower Pliocene. (d): Medial Pliocene, (e):
Upper Pliocene, (f): Plio-/Pleistocene border (Villafranca/Villanyium), (g): Pleistocene
except Villafranca/Villanyium. (h): Pleistocene without exact dating. Due to different
reliabilities of sources and differences in the dating systems used inconsistencies in the
datings are possible.

Geographische Verteilung und Alter fossiler Funde der Gattung Emys. Verdndert aus Fritz
(1993b). Bei dem Fund aus dem Villafranca, auf den im Siiden mit einem Pfeil hingewiesen
wird. handelt es sich um *Ubeidiya im Jordantal (Haas 1966). Weilere zusitzliche Fundorte
sind lolgenden Quellen entnommen (in alphabetischer Rethentolge): Deutschland: Houman
(1998); England: Horman (1998). Frankreich: Cuevian (1998); Italien: BownirigLio &
Insacco (1992). CownaTo et al. (1980). Derkmvo (1994/95). Korsakis (1982, 1996), Sara
(1996): Jugoslawien (Montenegro): Hotman (1998): Kroatien: HoLman (1998).

(a): mittleres Miozin, (b): oberes Miozin, (¢): unteres Pliozan. (d): mittleres Pliozin, (e):
oberes Pliozin. (f): Grenze Plio-/Pleistozéin (Villafranca/Villanyium). (g): Pleistozédn mit
Ausnahme vom Villafranca/Villanyium. (h): Pleistozin ohne genaue Datierung. Aufgrund
der verschiedenen VerldBilichkeit der Quellen und Unterschieden bet den Datierungs-
systemen sind Unstimmigkeiten bei den Altersangaben nicht auszuschlieBen.
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Introduction to zoogeography and subspecific differentiation in Emvs orbicularis

Originally several of the fossil taxa treated here as members of the genus Emvs
(partially now regarded as synonyms, cf. Fritz 1995b) were described as or taken
for Emyvdoidea species (CrxHikvapze 1980, 1983, 1989). However. as demonstrated
in Fritz (1995b), there are no valid arguments for putting these taxa into
Emydoidea. All synapomorphies which are used for defining the extant genus
Emydoidea (cf. McCoy 1973, BRamBLE 1974, GarrnEY & MEYLAN 1988, BUrkE et
al. 1996) are not preserved in any Old World fossils.

It may be noted that there is no proof that any other emydid with the exception
of the chronotaxa of Emys ever reached the Old World at all. The famous Georgian
palacoherpetologist CHkHikvaDzE (1983, 1984, 1987, 1989, 1990) regarded numerous
Palaearctic Tertiary fossils as Emydidae, belonging to the genera Pseudochrysemys,
Zaisanemys, and Chrysemys sensu lato. However, the “Clirysemys species”™ from
Kazakhstan and Siberia possess in sharp contrast to the recent North American
“congeners” musk gland ducts (CukHikvapze 1989) like batagurids. In addition, the
reduction of the bony bridge in “Chrysemys” from Kazakhstan and Siberia
(CHkHIKVADZE 1989) does not speak for a close relationship with the recent (and
fossil) Emydidae from the New World. The same is true for the conspicuous
sculpturing of the bony shell in Zaisanemys (CHkmxkvapze 1989). Based mainly on
the above mentioned differences from the New World species, KHosatzky (in
Khosatzky & CHxuikvapze 1993) erected the new genus Baicalemys for the
Central Asian “Chrysemys”. The relationships of Pseudochrysenys remain unclear
at all. Cuxmikvapze (1987) assumed that this genus from the Palaeocene of

Fig. 5. Position of the seam between the
last vertebral and the supracaudal scutes
on the pygal and metaneural bones in
batagurids (a) and emydids (b). Ele-

,// ments of l}he bony shell are indicated by

% zig-zag lines. of the horny shell by

%// double straight lines. The pygal and the
second metaneural bone are hatched and
the pygal on the right entarged. Note
that the vertebral-supracaudal seam is
on the second metaneural in batagurids.
The pygal bears therefore only a longi-
tudinal seam groove. In emydids the
vertebral-supracaudal seam is positioned
on the pygal. This results in a T-shaped

W .]s;ﬁ.:am \ﬁrooyve‘onll9h766 latter (modified

,,// ,// rom MLYNARSKI ).

/j// Lage der Naht zwischen dem letzten
Vertebrale und den Supracaudalia auf
dem Pygal- und dem zweiten Metaneu-
ral-Knochen bei Bataguriden (a) und

Emydiden (b). Elemente des Knochenpanzers sind durch Zickzacklinien dargestellt, die des

Hornpanzers durch gerade Doppellinien. Das Pygale und das zweite Metaneurale sind

schraffiert und das Pygale rechts vergrofert dargestellt. Beachte, dal bei Bataguriden die

Naht zwischen dem Vertebrale und den Supracaudalia auf dem zweiten Metaneurale liegt.

Der Pygal-Knochen triigt hier nur eine longitudinale Nahtrinne. Bet den Emydiden hegt

dagegen auch die Vertebral-Supracaudal-Naht auf dem Pygale. wodurch dort eine T-

formige Nahtrinne entsteht (verdndert nach Mtyxarski 1976).

he=(
s

%N

o= SN,
Z/
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Mongolia is “perhaps” the ancestor of all emydids. The main argument for
CHKHIKVADZES allocation of all these turtles to the Emydidae is the position of the
horny seams on the bony pygal scute. In most cases, emydids and batagurids can
be diagnosed by the different positions of the seams (fig. 5. cf. MrLynarski 1969,
1976). However, there are exceptions, like the Chinemvs reevesii (Bataguridae)
figured in Mrynarski (1976) with an “emydid seam position”. Moreover, these
characters occur in other chelonian families, too (cf. the figures in MLYNARSKI
1976). so that an “emydid seam position” does not argue necessarily for belonging
to this family.

In addition to these examples. it becomes more and more obvious that the
generic allocation of the so called “Chrysemys species” from the Palaeogene and
Neogene of Central and West Europe is not appropriate. For example, Chrysemys
astrei Bercounioux, Ch. lachati (Sauvace), Ch. iberica BErGounioux and Ch.
elegans BErRGounioux belong all to the batagurid (?) genus Palaeochelvs. and
represent most probably not more than a single taxon (pE Broin 1977, Jinventz
Fuentes & MaRrTiN DE JeEsUs 1991). According to pe Broix (1977), Ch. germanica
(HummEiL) from the Eocene of Germany as well as the contemporary Ch.
testudiniformis (OweN) and Ch. bicarinara (Owen & BEeLL) from England are
Palaeochelvs, too. and tor Ch. bisbalensis BERGOUNIOUX 1t was shown by JiMeENEZ
FUeENTES & MARTIN DE JESUS (1991) that this taxon is a Mauremys (Bataguridae).
The same generic allocations may probably be proven for the remaining fossil
European “Chrysemys™ in future.

Palaeogeography

The only unequivocal Old World emydids are hence the above mentioned Emys
species. The oldest known fossil is a nuchal bone of Emys rarashchuki from
Kentyubek in central Kazakhstan (Middle Miocene, probably early Sarmatian.
described as Emydoidea tasbaka by Chxuikvapze 1989). Slightly younger fossils
of E. tarashchuki (upper Sarmatian) were found at the famous Ukrainian fossil site
Krivoi Rog and in the Caucasian republic of Georgia.

There is no reason to assume an earlier invasion of the Palaearctis by Emys than
in Middle or Upper Tertiary, what means that neither the Thule nor the De Geer
passage over the North Atlantic could have been used. In other terms: Because the
North Atlantic land connections did not exist so long (Digtz & Houpen 1970), Enivs
must have reached Eurasia from the East via the Bering Bridge. [ CHKHIKVADZE'S
(1989) opinion is correct that the Kentyubek fossil belongs to the so called
Prachipparion fauna, the pond turtle entered Eurasia even a little bit earlier than
the well known three toed horse Hipparion. Probably, the little piece of a carapace
from Kentyubek testifies to a westwards directed range shift of Emyy after the
Oligocene subsidence of the Turgai Sea which separated East Asia from Europe
after the Cretaceous (RusseL 1975). The pond turtle was forced at that time to
spread north of the Paratethys Sea, which covered a large area of the western
Palaearctis (fig. 6). Asia Minor was not connected with the Asian mainland until
the end of the Oligocene (RocL & STEININGER 1983, STEININGER et al. 1985), and
until now no old Emys fossils from there are known, so that a route via Asia Minor,
bypassing the Paratethys in the South, seems improbable. Obviously, Emys
vanished from its former range in East Asia (as well as in the New World) soon.
However, it is remarkable that the recently described fossil Emydoidea hutchisoni
Houtman, 1995 from the Barstovian of Nebraska still exhibits some “primitive”
characters reminiscent of Emys.

12



Introduction to zoogeography and subspecific differentiation in Emys orbicularis

Fig. 6a. Hypothetical immigration of Emys to Europe in the Middle and Upper Tertiary.
“Von Nordamerika” = “From North America”.

b. Radiation of the ancestors of the extant subspecies groups during the Messinian salinity
crisis. oc = ancestor of the occidentalis subspecies group, g = ancestor of the galloitalica
subspecies group. h = ancestor of the hellenica subspecies group, or = ancestor of the
orbicularis subspecies group. | = ancestor of Emys orbicularis luteofusca (from Frinz
1996).

a. Hypothetische Einwanderung von Emys nach Europa im mittleren und oberen Tertir.

b. Radiation der Vorldufer der heutigen Unterartengruppen wihrend der messinischen
Salinitdtskrise. oc = Vorldufer der occidentalis-Unterartengruppe. g = Vorldufer der
galloitalica-Unterartengruppe. h = Vorlaufer der hiellenica-Unterartengruppe. or = Vorldu-
fer der orbicularis-Unterartengruppe. | = Vorldauter von Emys orbicularis luteofusca (aus
Fritz 1996).

13
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[t is unknown when the more western parts of Eurasia were colonized by Emyvs.
The age of the known fossils from Central Europe and the Mediterranean (fig. 4)
seems to reflect the assumed westwards directed range shift. However, we cannot
exclude that Emys occurred much earlier there as documented by fossils. We know
that Emys was present in the Mediterranean region and in West Europe in the
Villafranca already, what points to a colonization of this area near the end of the
Tertiary. 1t is likely that several range expansions and restriction events occurred
already during the climatic and sea level fluctuations in the Messiman and
Pliocene. In Fri1z (1996) a model is elaborated that in this period the more western
and southern regions were reached over the intermittent Messinian and Pliocene
land bridges (fig. 6). In £. orbicularis, the general distribution pattern and higher
taxonomic units, namely the subspecies groups, were probably formed already by
the time the southern peninsulas were reached, as in other western Palaearctic
amphibians and reptiles (cf. SzynpLar 1984 for snakes). These were later modified
only by Pleistocene extinctions, range restrictions and expansions which resulted
in the definite formation of the recent subspecies.

Pleistocene extinctions are of special importance in the more northerly regions.
Taking the highly disjunct range of the hellenica subspecies group into account,
echoed by lots of other East Mediterranean herps, one has to suspect that no later
than the time of the first severe Pleistocene cooling the formation of the subspecies
groups was finished, resulting in a disjunct. patchwork-like distribution pattern in
these taxa (cf. fig. 1). However, in Fritz (1996) arguments are given for an even
slightly older separation of the North African subspecies E. o. occidentalis, a
remarkable fact in light of the genetic similarity of this race compared with the

’
‘
W44y
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Introduction to zoogeography and subspecific differentiation in Emys orbicularis

Iberian ones (Lenk et al. 1998). Unfortunately we know nothing about the genetic
similarity among the subspecies of the fiellenica group.

At least in the Holocene. and the same is probably true for older Pleistocene
thermal periods. most subspecies were not able to expand their glacial ranges
extensively. They are still restricted mainly to their former, small southern refugia
(fig. 7). Only the eastern orbicularis group colonized the more northern parts of
Europe again, a result already verified by morphological investigations (FriTz
1992, 1995a, 1996) and reinforced and refined by means of molecular genetics
(Lenk et al. 1998).

Fig. 7. Hypothetical glacial refugia of Emys orbicularis (modified from Fritz 1996).
Proglacial basins with short-lived lakes, meltwater drainage systems. deviating river
courses. and the Pleistocene location of the Black Sea-Mediterranean connection (“Sakarya
Bosporus™) not shown.

I: Ice sheets. glaciers or isolated areas with permafrost or long seasonal freezing

2: Southern boundary of continuous permafrost or long seasonal freezing

3: Pleistocene lakes and inland seas (1-3: maximum cooling of the last glaciation. about
20,000 to 18,000 yrs. BP)

Glacial coastline deviating from present day position

Refugia:

A: Subspecies of the occidentalis group

B: Subspecies of the gulloitalica group

C: Subspecies of the hellenica group
D
E
F

boy

 luteofusca refugium
¢ Subspecies of the orbicularis-group
. Refugium of South Italian taxon

The arrows stand for a hypothetical intergradation during temperate and warm interglacial
and interstadial phases. During Pleistocene cool phases. the East Mediterranean populations
were connected over Aegean land bridges between Greece and Anatolia.

Hypothetische Glazialrefugien von Emys orbicularis (verindert nach Fritz 1996). Gletscher-
rand-Stauseen, Urstrome. Anderungen von FluBlaufen und die pleistozine Lage des
~Sakarya-Bosporus™ blieben unberticksichtigt.

11 Eisschilder, Gletscher oder Inseln mit Permafrost oder langer jahreszeitlicher Gefrornis

2: Siidgrenze von geschlossenem Permafrost oder langer jahreszeitlicher Gefrornis

3: Pleistoziine Seen und Binnenmeere (1-3: letztglaziales Kiltemaximum, vor etwa 20.000
bis 18.000 Jahren)

4: Vom heutigen Verlauf abweichende pleistozine Kiistenlinie

Refugien:

: Unterarten der occidentalis-Gruppe

: Unterarten der galloitalica-Gruppe

. Unterarten der hellenica-Gruppe

luteofusca-Refugium

Unterarten der orbicularis-Gruppe

: Refugium des siiditalienischen Taxons

 TmO W

Die Pfeile symbolisieren eine hypothetische Intergradation wihrend temperater und war-
mer interglazialer und interstadialer Phasen. Die ostmediterranen Vorkommen waren in
pleistozinen Kaltzeiten iiber dgdische Landbricken zwischen Griechenland und Anatolien
verbunden.
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Holocene Range Fluctuations in Central and North Europe

Already the classic works by Kurck (1917), IsBerG (1929), Paaver (1958). and
DecerBoL & Kroc (1951) demonstrated that E. orbicularis reached its distributional
maximum early in the Holocene with flourishing populations in Denmark, southern
Sweden and Estonia in the Boreal, Atlantic, and Subboreal periods. [n addition, the
pond turtle 1s known from Flandrian deposits in East Wretham, Norfolk (Great
Britain. Stuart 1979, cf. fig. 8). These early authors attributed, like most later
ones, the retreat of the species, starting at the latest with the beginning of the
Subatlanicum, to climatic changes. Indeed, the picture is much more complicated.

A Preboreal/Priiboreal. ca. 8500-8000 BC/v. Chr.

@ Boreal. ca. 8000-6000 BC/v. Chr.

& Adlanticum/Atlantikum, ¢a. 6000-3000 BC/v. Chr.

@ Subboreal. ca. 3000-500 BC/v. Chr.

© Subatanucum/Subatlantikum. from 500 BC
onwards/ab 500 v, Chr.

@ Holocene subfossit find without dating/
Holoziner Subfossilfund ohne Datierung )

+ Roman or younger subrecent find. selected hi- »

storic records/Romerzeitlicher oder jungerer &

g

Fig. 8. Holocene subfossit finds of Emys orbicularis in Central Europe and adjacent areas
(modified from Fritz 1996. with new records in alphabetical order from the following
sources: Austria: PucHer in RossLer 1998: Czech Republic: Nréas et al. 1997: France:
CHEvLAN 1998, MarnivaL-VIGnE et al. 1989: Germany: CosLeEn7 & FritzscHE 1980, ELBURG
1994: Jtaly: Aivar & DELFINO in press. Box et al. 1991, Boscato & Sara 1980. b Grosst
Mazzorin 1988, Doria & Sarvipio 1994, Guerreschi et al. 1986: Netherlands: van
WUNGAARDEN-BAKKER 1996; Sweden: Persson 1992).

Subfossile Funde von Emvs orbicularis aus dem Holozin in Mitteleuropa und angrenzen-
den Gebieten (erweitert mit neuen Funden nach Fritz 1996. Zusidtzliche Quellen in
alphabetischer Reihenfolge: Deutschland: CosLEnz & Fritzsche 1980, Erpura 1994: Frank-
reich: CHEYLAN 1998, MaRNIVAL-VIGNE et al, 1989: Italien: Aimar & DELFiNO im Druck, Bow
et al. 1991, Boscato & SaLa 1980, pE Grossi Mazzorin 1988, Doria & Savrvibio 1994,
Guerrescr et al. 1986: Niederfande: van WiNGAARDEN-BakkER 1996: Osterreich: PUCHER in
RossLer 1998; Schweden: Persson 1992; Tschechische Republik: Ne¢as et al. 1997).
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as shown by Fritz (1996). The Holocene climatic changes in Central Europe are
by far not so impressive as thought by these early authors (FRenzeL 1978). After
a quick warming phase, a quite stable climate developed, with no unidirectional
temperature shift as earlier supposed (deterioration by a cooler, more oceanic
climate). This 15 especially true for the last 2,000 years (FrenziL et al. 1989), a
period in which the pond turtle disappeared from large parts of its former range.

Hence, the range regressions in Central and North Europe have to be understood
as a synergistic effect, caused by suboptimal environmental conditions and, more
important, direct and indirect disturbances by man. The latter are known to exist
to a considerable extent since Neolithic times in Central Europe (Fritz 1996).
Interestingly, CHeEyLan (1998) came to similar conclusions concerning the
distributional situation in southern France, a region with a much more favourable
climate for such a thermophilous chelonian.

Among the most important factors in Central and North Europe impacting the
pond turtle’s situation for the worse is surely the direct exploitation for food, which
is known since Mesolithic and Neolithic times. Holocene pond turtle fossils are
often found in trash of early man (e.g. TrRingHAM 1969, Murray 1970, Bogucki
1982, WiLLms 1986, Chevian 1998), and this tradition of turtle eating was
continued up to recent times (e.g. KinzeLsacH 1988, Fritz et al. 1993, Fritz &
GUNTHER 1996, CHEYLAN 1998). However, an even more influential factor brought
to attention quite recently is the succession of the plant cover (Fritz 1996). The
open, forest-steppe like vegetation in the early Holocene became the closed,
shaded forests of today, dramatically diminishing the number of nesting places
with suitable micro-climate. Together with a heavy human impact on the living
habitats and especially breeding grounds from the Neolithicum onwards, mainly in
southern Germany and adjacent areas, the pond turtle disappeared much earlier
from some regions with a still more favourable climate (southern Germany.
Switzerland, Austria, the Bohemian Depression with the adjacent Upper Elbe
region of Saxony) than from some areas sparsely populated by man where it is still
present (e.g. Mecklenburg and Brandenburg in northeastern Germany. northern
parts of Poland, Lithuania, even from Denmark and Latvia, from where BRrINGS@E
1997 and Pupina & Puping 1996 report recent sightings of probably native
specimens).

Hence. one has to keep in mind that the current or historic northern distribution
limit of E. orbicularis with its enigmatic distribution gap in western Central
Europe (fig. 1) does not reflect a natural border line according to biological
minimal climatic requirements of this species. Instead it reflects, as in lots of other
European animal species, a state achieved over thousands of years in a heavily
disturbed environment.
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Plate/Tafel |.

(a) Emys orbicularis occidentalis, female/Weibchen, surroundings of/Umgebung von
Sefrou, Morocco/Marokko (photo by H. BiLLING):

(b) E. o. fritzjuergenobsti, male/Miannchen, Ebro Delta/Ebro-Delta. Spain/Spanien (photo
by S. RomER):

(cy E. 0. fritzjuergenobsii. male/Minnchen, Valencia, Spain/Spanien:

(d) E. 0. (g.) galloitalica, female/Weibchen, Massif des Maures, France/Frankreich:

(e) E. 0. (g.) lanzai. female/Weibchen, Gulf of Sagone/Golf von Sagone, Corsica/Korsika:
(f) E. 0. (g.) capolongoi, female/Weibchen, Riu Toltu, Sardinia/Sardinien;

(g) E. 0. hellenica, male/Minnchen, Kephallenia. Greece/Griechenland:

(h) Males of/Miannchen von E. o. hellenica (left/links, Kephallenia, Greece/Griechenland)
and/und E. o. orbicularis (right/rechts, Balaton, Hungary/Ungarn);

(1} E. o. iberica, young female/junges Weibchen, Aserbaijan/Aserbaidschan (photo by U.
SATTLER);

(J) £. 0. iberica, aged female/altes Weibchen (holotype of/Holotypus von E. 0. kurae), Kura
Mouth/Kura-Miindung, Aserbaijan/Aserbaidschan;

(k) E. 0. persica, male/Minnchen. Sharlouk River/FluB3 Scharlouk, Turkmenia/Turkmenien
(photo by N. OriLov);

(1) E. o. orbicularis, male/Minnchen, Balaton, Hungary/Ungarn;
(m} E. 0. luteofusca, female/Weibchen (holotype/Holotypus), Eregli, Turkey/Tirkei;

(n) South Italian taxon/ Siditalienisches Taxon, male/Mannchen, Neto Mouth/Neto-
Miindung (Calabria/Kalabrien), Italy/Italien.
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Plate/Tafel 2. Ventral views of/Ventralansichten von

(a) Eynys orbicularis occidentalis, young female/junges Weibchen. surroundings of/Umge-
bung von Sefrou, Morocco/Marokko;

(b) E. 0. hispanica. females/Weibchen. Donana, Spain/Spanien (photo by M. Bunne);
(¢) E. o. fritzjuergenobsti, left/links: females/Weibchen. right/rechts: males/Minnchen,
Valencia, Spain/Spanien:

(d) E. 0. (g) galloitalica. left/links: males/Minnchen. right/rechts: females/Weibchen.
Massif des Maures. France/Frankreich:

(e) E. o. (g.) lanzai, leftlinks: male/Minnchen, right/rechts: female/Weibchen. L’Oso
River near Porto Vecchio/FluB L'Oso bei Porto Vecchio. Corsica/Korsika (photo by U,
KorperNICK);

(F) E. 0. (g.) capolongoi, left/links: male/Minnchen, right/rechts: juvenile/Jungtier, Budoni
River/Fluff Budoni. Sardinia/Sardinien:

() E. 0. hellenica. \eft/links: males/Minnchen, right/rechts: females/Weibchen, Kephallenia,
Greece/Griechenland;

(h) E. o. iberica. young female/junges Weibchen. Aserbaijan/Aserbaidschan (photo by U.
SATILER);

(1) E. 0. persica. male/Minnchen, Sharlouk River/Flull Scharlouk. Turkmenia/Turkmenien
(photo by N. Orrov):

(j)) E. o. orbiculuris, females/Weibchen. Kuculishkes. Lithuania/Litauen (photo by E.
SNIESHKUS):

(k) Males of/Minnchen von E. o. luteofusca (left/links, Central Turkey/Zentraltiirkei) and/
und E. o. orbicularis (right/rechts. Ukraine. photo courtesy of H. ArTnER),

(1) South ltalian taxon/Siditalienisches Taxon, females/Weibchen. Neto Mouth/Neto-
Miindung (Calabria/Kalabrien). ltaly/lItalien.
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