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Alterations in the reptilian fauna of Serbia:
Introduction of exotic and anthropogenic
range expansion of native species

Verdnderungen in der Reptilienfauna von Serbien: Einschleppung exotischer
und anthropogene Arealerweiterung einheimischer Arten

ALEKSANDAR UROSEVIC & LiLiaNA TomoviC & RASTKO AIJTIC
& ALEKSANDAR SIMOVIC & GEORG DZukIC

KURZFASSUNG

Diese Studie beschreibt Fille von Einschleppungen exotischer Arten und Arealerweiterungen heimischer
Arten in Serbien. Die vier wichtigsten Arten sind die eingefiihrte Trachemys scripta elegans, und die einheimi-
schen Arten Testudo hermanni, Mediodactylus kotschyi und Podarcis muralis mit Thren Arealerweiterungen.
Trachemys scripta elegans sollte als ein besonderer Fall gelten, da durch sie mehrere negative Auswirkungen auf
lokale Okosisteme bekannt wurden. Gelegentliche Freisetzungen von zwei auslidndischen (Pelodiscus sp. und
Hemidactylus turcicus) und zwei einheischen Arten (Podarcis tauricus und Vipera ammodytes) wurden auch auf-
gefiihrt. Am haufigsten konnten Einschleppungen in den stddtischen Einzugsgebieten von Belgrad und Novi Sad
dokumentiert werden. Zunahmen bei Verkehr, globalem Handel und Frachtsendungen, sowie eine grole Anzahl
von privaten Haltern exotischer Tiere machen die groflen Stadtgebiete anfillig fiir absichtliche oder unabsichtliche
Einschleppungen von Amphibien und Reptilien. Zunehmende anthropogene Verdnderungen der Lebensraume
durch Urbanisierung kénnen Korridore fiir die Arealerweiterung heimischer Arten entstehen lassen.

ABSTRACT

This study describes cases of introductions of exotic species and range expansion of native species in Serbia.
The four most important introductions are the alien, invasive Trachemys scripta elegans and native Testudo herman-
ni, Mediodactylus kotschyi and Podarcis muralis which expanded their ranges. Trachemys scripta elegans should be
of special concern, since introductions of this species can have numerous negative effects on local ecosystems.
Incidental introductions were documented for two alien (Pelodiscus sp. and Hemidactylus turcicus) and two native
species (Podarcis tauricus and Vipera ammodytes). The greatest number of introductions is concentrated around
urban areas, especially around the cities of Belgrade and Novi Sad. Increased traffic, trading and cargo shipment, as
well as a large number of people who keep exotic animals as pets, make large urban areas susceptible to accidental
and deliberate introductions of amphibians and reptiles. On the other hand, anthropogenic alteration and degradation
of habitats, along with increased urbanization, can provide corridors for the range expansion of native species.
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INTRODUCTION

Various human activities, such as  SCHULTE et al. 2012). Also, anthropogenic
global-scale transportation and environ-  habitat modification or degradation can
mental changes, as well as pet trade and lead to range expansions of native species
herpetoculture, can lead to the introduction  or previously established populations of
of exotic, potentially invasive amphibian introduced species (BAUWENS et al. 1986;
and reptile species (Kraus 2009a, 2009b;  SMiTH & ENGEMAN 2004; MESHAKA et al.
KRrOFEL 2009; PurinS & Pupina 2011; 2005, 2006; Astic 2009; GHERGHEL et al.
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2009). Intentional and unintentional intro-
duction of exotic species is considered a
serious risk for global biodiversity (But-
CHART et al. 2010), since it leads to a “bio-
logical homogenization of our planet”
(IUCN 2012).

Globally there are 678 amphibian and
reptile species that are documented as
introduced outside of their native range by
human activity, and at least 322 species
established alien populations in more than
1,060 cases (KrAus 2009a, 2009b).

The importance of introduction path-
ways and success varies temporally and
geographically. The greatest number of
introductions occurred in North America
and Europe, with various impacts and con-
sequences. Small islands have proven to
be the most vulnerable to introductions
(Kraus 2009a, 2009b; BOMFORD et al.
2009; REeED & KrAus 2010).

Species of amphibians and reptiles can
be introduced into new areas deliberately or
accidentally. In general, there are several
predominant ways of species introduction:
unintentional (via cargo shipment and nurs-
ery trade) or intentional (via pet trade, for
biocontrol use, for food or for “esthetic
enjoyment” (KrRAUS 2009a, 2009b). It has
been pointed out that unintentional anthro-
pogenic dispersal played a major role in the
spreading of some reptile species around the
Mediterranean region, especially on the
islands, during historical times (HARRIS et al.
2004; PODNAR et al. 2004; KAsaPIDIS et al.
2005). Intentional introductions were domi-
nant from 1850 to 1960, however, pet trade
has still remained the most important intro-
duction pathway, due to escapes and deliber-
ate releases. Many popular species have
been introduced repeatedly (BRINGSOE 2006;
KRrAUs 2009a, 2009b; WILLSON et al. 2011).

Exotic amphibian and reptile species
establish populations by achieving repro-
ductive success (CADI et al. 2004; PEREZ-
SANTIGOSA et al. 2008; WILLSON et al.
2011). Most introduced species are not
harmful to the local ecosystems, and some
can even be beneficial (NATIONAL INVASIVE
Species CouNciL 2008). However, exotic
species can have a great negative impact
on the local environment and these species
are considered invasive. In general, an
invasive species is defined as “an exotic
species whose introduction does or is like-
ly to cause economic or environmental
harm or harm to human health” (NATIONAL
INVASIVE SPECIES CouUNcIL 2008).  Al-
though a few species of invasive amphib-
ians and reptiles gained considerable scien-
tific and popular account due to the recog-
nition of threats originating from these
species, real or potential negative impacts
of the majority of introduced amphibian
and reptile species are still poorly under-
stood (REED & KrAUS 2010).

To date, the published data concern-
ing exotic reptile species introduced into
the republic of Serbia, as well as anthro-
pogenic enhancement of the spreading of
native species, is very scarce. Moreover,
the status of some species was assessed
only recently but was not monitored across
times (Dzuki¢ et al. 2008; Astic 2009;
LAZAREVIC et al. 2012; LIUBISAVLIEVIC et
al. 2013).

The aim of this paper is (1) to provide
a checklist of anthropogenic dispersals in
the Serbian herpetofauna, both for intro-
duced exotic species and for native species
which expanded their ranges, and (2) to
assess possible ecological risks to local
herpetofauna.

MATERIALS AND METHODS

The dataset for this study was collect-
ed using published literature data, the
authors’ unpublished records, specimens
deposited in the Herpetological collection of
the Institute for Biological Research “Sinisa
Stankovi¢” in Belgrade and the Aquarium of

the Faculty of Science in Kragujevac, field
observations, and data available on field her-
petology websites. The localities dataset in-
cludes site names, coordinates and eleva-
tions. The maps were created using DivaGis
7.5. software (HuMANS et al. 2001).
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Fig. 1: Records for the four most important introduced reptile species in Serbia.
Introductions according to data from the literature(solid circles), native species’ ranges (gray areas).
a) Trachemys scripta elegans (WIED-NEUWIED, 1839); b) Testudo hermanni (GMELIN, 1789);
¢) Mediodactylus kotschyi (STEINDACHNER, 1870); d) Podarcis muralis (LAURENTI, 1768).

For the native species, native ranges were given according to LIUBISAVLIEVIC et al. (2011, 2013)
for T hermanni; Aiti¢c & ToMmovIC (2001) for M. kotschyi, or according to our assumption
that native, non-synanthropic populations of P. muralis should be absent from the natural habitats
in the Pannonian plain north of the rivers Sava and Danube.

Abb. 1: Nachweise fiir die vier wichtigsten, eingeschleppten Reptilienarten in Serbien.
Beobachtungen von Einschleppungen nach Angaben in der Literatur (gefiillte Kreise)
sowie das angestammte Verbreitunggebiet der einheimischen Arten (graue Bereiche).

a) Trachemys scripta elegans (WIED-NEUWIED, 1839); b) Testudo hermanni (GMELIN, 1789);
¢) Mediodactylus kotschyi (STEINDACHNER, 1870); d) Podarcis muralis (LAURENTI, 1768).
Die Verbreitung der einheimischen Arten wurde nach folgenden Literaturnangaben dargestellt:
LyuBisavLIEVIC et al. (2011, 2013) fur 7. hermanni; AiTi¢c & Tomovi¢ (2001) fir M. kotschyi,
und entsprechend unserer Annahme, daf3 lokale Populationen von P. muralis,
die nicht als Kulturfolger gelten, in den natiirlichen Lebensrdumen der Pannonischen Tiefebene
nordlich von Save und Donau fehlen.
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RESULTS AND DISCUSSION

Trachemys scripta elegans (WIED-
NEUWIED, 1839) — Invasive

The Red-eared Slider is distinguished
from the indigenous European Pond Terra-
pin Emys orbicularis (LINNAEUS, 1758), by
yellow stripes across the head and a promi-
nent red patch behind the eye (ERNST et al.
1994; ARNOLD & OVENDEN 2002; BRINGSOE
2006). The native range of T. scripta ele-
gans comprises eastern and central parts of
the United States of America, namely the
Mississippi River watershed (ARNOLD &
OVENDEN 2002; BRINGSQE 2006).

The Red-eared Slider is very popular
species in pet trade, and it is among the 100
most dangerous invasive species, according
to SCALERA (2006). Dumping of adult ani-
mals into the wild by careless owners is still
considered the only effective spreading
pathway for this species (BRINGS@E 2006;
SCALERA 2006). Introductions are concen-
trated in urbanized areas (SCALERA 2006),
and there is a positive correlation between
population density of 7. scripta elegans and
concentration of human settlements (ARVY
& SERVAN 1996). In Europe, this turtle is
reported in almost every country (SCALERA
2006), among others Germany (KORDGES et
al. 1989; ERNST et al. 1994), Spain (DA SiLvA
& BLasco 1995; BRINGSOE 2001; PLE-
GUEZUELOS et al. 2004), France (ARvY &
SERVAN 1996; CADI et al. 2004), Italy (Lui-
SELLI et al. 1997; FErRRY & Soccini 2003),
Great Britain (BeLrz 2002), Denmark,
Russia, Finland, Lithuania, Poland, Sweden
(BRINGS@E 2006), Austria, Belgium, Bul-
garia, Croatia, Czech Republic, Greece,
Hungary, the Netherlands, Portugal, Ro-
mania, Slovakia (SCALERA 2006); Latvia
(PupiNS & PurinA 2007), Slovenia (KROFEL
et al. 2009), and Serbia (SCALERA 2006;
DzukiC et al. 2008; LAZAREVIC et al. 2012).
The introduced Red-eared Sliders can sur-
vive most of the west European winters,
with extended periods of temperatures as
low as -10 °C (Capy & JoLy 2004).

There are published records about
introduced populations of this species in
Serbia (DZUKIC et al. 2008; LAZAREVIC et al.
2012), and numerous unpublished field
records (Table 1, Fig. 1a). Introductions are

concentrated around the cities of Belgrade
and Novi Sad, mostly in urban and sub-
urban areas. The Red-eared Sliders are
present in ponds, canals and small artificial
lakes. In some cases, especially in small
scenic lakes in urban parks, introduction of
multiple specimens could have happened
deliberately, due to the “decorative” value
of the Red-eared Sliders. These populations
can be large, as the one in the Novi Sad city
park. Populations in the central and eastern
parts of Serbia were found almost exclu-
sively in lakes that are popular fishing spots
and weekend resorts. Various canals and
ponds in the lowland province of Vojvodina
have proven to be popular spots for dump-
ing unwanted pet turtles. The Red-eared
Slider is often seen together with native
European Pond Turtles competing for bask-
ing spots. Red-eared Sliders can start their
seasonal activity very early in the spring,
even in mid-February, before E. orbicularis.
In some cases of mixed populations, the
exotic turtles considerably outnumber
native turtles (SIMOVIC, personal observa-
tion). Of special concern are populations
introduced in the important protected reser-
vations of the Zasavica bog and the
Obedska swamp.

There are some important ecological
concerns about 7. scripta elegans introduc-
tion in Serbia. The Red-eared Slider has
numerous competitive advantages over the
native freshwater turtle, E. orbicularis,
which is registered as an endangered species
(Appendix II of the Bern convention) and is
strictly protected in Serbia (“Official Ga-
zette of the Republic of Serbia” No. 5/
2010). The Red-eared Slider has a larger
adult body size, higher fecundity and lower
age at maturity (ARVY & SERVAN 1998). In
addition, in its native range, the Red-eared
Slider often lives in syntopy with other tur-
tles (up to six species); this enhances its
competitive behavior and potentials (GIB-
BONS 1990).

Freshwater turtles can compete for
food, and egg laying or basking sites. The
Red-eared Slider can displace the European
Pond Terrapin from the native species’ pre-
ferred basking sites. Prolonged presence of
the alien species was observed to lead to
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reduced fitness of native turtles (CADY &
JoLy 2003, 2004).

As an omnivore, the Red-eared Slider
consumes a variety of aquatic plants and
animals (ERNST et al. 1994; PREVOT-
JULLIARD et al. 2007). It is known to exert
a considerable predatory pressure on native
amphibian larvae (PoLo-Cavia et al.
2010).

Another important concern about the
Red-eared Slider is that it is a known vector
of pathogenic strains of Salmonella and
Arizona bacteria. These strains can poten-
tially spread among the native turtles and
other wildlife, with disastrous results. The
salmonellosis can also be transmitted to
humans through captive animals (BRINGSOE
2006; SCALERA 2006). Because of the risks
they pose to human health, the Red-eared
Slider trade was severely restricted in the
USA since 1975. This led to closing many
commercial breeding turtle farms. How-
ever, export to other parts of the world con-
tinues. Millions of juvenile Red-eared
Slider were exported to Europe before 1997,
when the EU implemented a ban on the
import of 7. scripta elegans via Council
Regulation (EC) No. 338/97 on the
Protection of Species of Wild Fauna and
Flora by Regulating Trade (BRINGSOE
2006). After the ban, certain “substitute”
species and subspecies have become widely
available in pet trade (BRINGS@E 20006).
Despite legal regulations concerning pro-
hibited trade and import (“Official Gazette
of the Republic of Serbia” No. 99/2009),
Red-eared Sliders are still widely available
in pet stores in Serbia.

Testudo hermanni (GMELIN, 1789) —
Native, often translocated within
and beyond its native range

Hermann’s Tortoise was an important
commercial species harvested for consump-
tion, pet trade and traditional medicinal pur-
poses (SCHLAEPFER et al. 2005). From the
former Yugoslavia alone, during a continu-
ous 41 year period, 2,615 metric tons of tor-
toises (7. hermanni as well as T. graeca
LINNAEUS, 1758) were exported to 19 coun-
tries, mostly Italy, Belgium, Luxembourg,
Germany and Great Britain (LJUBISAVLIEVIC
et al. 2011).

Hermann’s Tortoise is still illegally
collected from nature and sold/kept, both
within and outside Serbia (KECSE-NAGY et
al. 2000).

There are some reports of 7. herman-
ni outside its native range that can be ex-
plained by escaped pet animals (BERTO-
LERO et al. 2011). Anthropogenic translo-
cations were recorded in Bosnia and
Herzegovina and Montenegro (LJuBI-
SAVLIEVIC et al. 2013). The total Slovenian
population of 7. hermanni was considered
to be of exotic origin (SAJOVIC 1913; TOME
1996; MRSIC 1997; KROFEL et al. 2009).
However, the populations near the Adriatic
coast are most likely native (FriTZ et al.
2006; BERTOLERO et al. 2011; LiuBI-
SAVLJEVIC et al. 2013).

In Serbia, 16 extralimital records of T
hermanni were reported from the regions
north and west of the native range (LJju-
BISAVLIEVIC et al. 2013) (Table 2, Fig. 1b).
These findings comprise all confirmed cases
of introductions, including expert observa-
tions without material evidence (voucher
specimens, shells, shell fragments or pho-
tos). In the case of the village Potocanje
near the town of Uzice (western Serbia),
local people confirmed that the tortoise
found was most likely one of the few that
had been brought from Montenegro and
escaped. The most drastic example of
anthropogenic translocation was the release
of more than 10 tons of tortoises near
Zrenjanin (Banat region) during the early
1970s. The anonymous carrier simply
dumped the whole shipment because the
retailer and exporter could not agree on a
price (DZuki¢, unpublished). Consequently,
over 30,000 tortoises from this single ship-
ment had been introduced north of their nat-
ural range, into inadequate habitat, and sub-
sequently perished. Unfortunately, dump-
ing tortoises, due to disagreements about
price and demand during the 1970s and 80s,
was a common practice that was often dis-
astrous for the captured animals (DZUKIC,
unpublished).

Hermann’s Tortoise is listed as a
near-threatened species by the IUCN (VAN
Duk et al. 2004). Major threats for this
species are habitat loss, pollution, urban-
ization and tourism, wildfires, collection
for pet trade and road mortality (STUBBS
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1989; WILLEMSEN 1995). This species was
particularly overharvested in Serbia, legal-
ly and illegally (LJUBISAVLIEVIC et al.
2011). The present scattered distribution
of T. hermanni in Serbia can be interpret-
ed as a result of local extinctions due to
overharvesting and habitat alteration
(LyuBISAVLIEVIC et al. 2013). Anthropo-
genic translocations of this species some-
times lead to the establishment of new
populations, as was the case in inland
Slovenia (KROFEL et al. 2009; Ljusi-
SAVLIEVIC et al. 2013). However, translo-
cation is more often disastrous for tortois-
es because they escape, or are dumped,
into completely unsuitable habitats.
Additionally, there is concern that released
pet tortoises can lead to uncontrolled gene
flow (“genetic pollution”) weakening
native populations, or spread of diseases
(vaN DuK et al. 2004).

Mediodactylus kotschyi
(STEINDACHNER, 1870) —
Native, expanding its range

The population of Kotschy’s Gecko
discovered in Prizren (Metohija, Serbia) in
1993 (AJTIC & ToMOVIC 2001) is considered
native, in acceptable agreement with the
distribution patterns of M. kotschyi and
other Mediterranean reptiles in Albania,
Serbia and FYR of Macedonia (HAXHIU
1998; Aitic & Tomovi¢ 2001; Astic 2004).
However, the Prizren population is isolated
from the rest of the species range (with large
parts of Albania and Metohija being data
deficient), its origin needs further consider-
ation, including genetic analysis, because it
could have also been introduced in histori-
cal times, e.g., via trading routes (AJTIC &
Tomovic 2001; Aiti¢c 2009; BOHME et al.
2009a). Native range boundaries of this
species are largely explained by the natural
spreading pathways along the Adriatic Sea
coast and the Vardar and Drim River valleys
(HaxHiu 1998; Aitic & Tomovi¢c 2001;
AJTIC 2009). This species is associated with
dry, rocky places and Mediterranean cli-
mate. In the northern parts of its range, this
gecko inhabits places with sub-Mediterra-
nean or even continental climate, and is
often associated with human settlements. It
is nocturnal but regularly active by day,

especially in the cooler parts of the year
(ARNOLD & OVENDEN 2002; AiTIC 2009).

Mediterranean geckos are well known
colonizers. For example, many populations
of the genera Tarentola and Hemidactylus
are considered to be of anthropogenic ori-
gin: in the southern USA (FLOWER 1933;
Davis 1974; CoNANT & COLLINS 1998), on
Madeira Island (JEsus et al. 2002), in
Spain, Portugal, Italy, Menorca, Crete and
Tunisia (HARRIS et al. 2004), and on the
Comoro Islands (RocHA et al. 2005).
Anthropogenic dispersal could also be
an important factor in distribution of
Kotschy’s Gecko on the Aegean Islands
(Kasapipis et al. 2005). 1t is also consid-
ered introduced in southeastern Italy
(BOHME et al. 2009a). There are two docu-
mented cases of deliberate introductions of
M. kotschyi in Hungary by amateur her-
petologists (in the cities of Siofok and
Budapest), and in both cases, small but
viable and reproducing colonies established
(FARKAS et al. 1999).

There are several populations of
Kotschy’s Gecko discovered in Serbia that
were presumably introduced (Table 3, Fig.
Ic). The population of Kotschy’s Gecko
recently discovered in Novi Sad (the capital
of the Vojvodina province — Backa region)
is of anthropogenic origin, and well estab-
lished, hence the introduction presumably
occurred a relatively long time ago (AJTIC
2009). Introduced populations were also
recorded in the towns of Belgrade (capital
city: Sumadija region) and Ni§ (eastern
Serbia) (AsTiC 2009). The established pop-
ulation in Belgrade was confirmed by field
observations in different parts of the city
(Table 3). In Nis, there is only one reported
sighting of Kotschy’s Gecko, in a local cof-
fee warehouse, but it lacks expert confirma-
tion. In the town of Smederevo (region
Pomoravlje: Table 3), the population inhab-
iting sections of the southern wall of the
medieval fortress has constantly been ob-
served from 2010 to 2014 (UROSEVIC,
unpublished). During that time, individuals
of all age classes were detected, usually in
the evening or at night, and even in the
afternoon in the shaded places. Animals in
this population are apparently able to sur-
vive winters and to reproduce. They can
start their seasonal activity as early as
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March 15, if the weather conditions are
favorable.

Important trading routes passed
through the Balkans for centuries, and many
Serbian cities including Novi Sad, Belgrade,
Smederevo, Ni§ and Prizren were (and still
are) important trading posts. The popula-
tions of Kotschy’s Gecko in these towns
could have originated by animals that had
been brought accidentally with cargo ship-
ments from the southern and eastern
Balkans (AJTIC 2009). However, the first
finding of Kotschy’s Gecko in Novi Sad
was reported in 2006 (N. RisTi¢ and J.
HusARIK, unpublished). The hypothesis of
early introduction proposed by AJTiC (2009)
cannot explain the fact that well established
urban populations of partially diurnal geck-
os in Novi Sad and Belgrade were not
noticed earlier. FARKAS et al. (1999)
showed that once introduced this species
can quickly establish breeding colonies;
therefore relatively recent (10-15 years ago)
simultaneous introduction into large urban
centers is not unlikely.

There are no known negative impacts
which M. kotschyi can have on native
ecosystems. It can share the habitat with
other species of gecko, as well as lacertid
lizards (ARNOLD & OVENDEN 2002; AJTIC
2009). Kotschy’s Gecko tends to be associ-
ated with human dwellings in the north-
western parts of its natural range; the popu-
lations in Skopje (FYR of Macedonia) and
Prizren (Metohia region) are localized in
urban and suburban areas (ARNOLD &
OVENDEN 2002; AiTic & TomoviCc 2001;
AJTIC 2009). The populations introduced to
Hungary managed to establish and repro-
duce, but there was no further spreading
(FArRkAS et al. 1999). The populations in
Novi Sad, Belgrade and Smederevo are
apparently restricted to urban and suburban
areas and do not spread to nearby natural
habitats.

Podarcis muralis (LAURENTI, 1768) —
Native, possibly expanding its range

In the north, the species’ range reach-
es France, southern Belgium and the south-
ernmost Netherlands, south-western Ger-
many, southern and eastern Austria, Slo-
vakia, Hungary and Romania. The southern

range limits are located in central Spain,
southern Italy and the southern Balkans.
Most literature records consider this species
to be native in the whole territory of Serbia,
due to favorable climate and its north-east-
ern border lying in Romania, Hungary and
Slovakia (RapovaNOVIC 1951; ARNOLD &
OVENDEN 2002; SCHULTE et al. 2012).

The Common Wall Lizard usually
requires sunny, rocky habitats; these are
mostly absent in the flat, moist lowlands of
the Pannonian plain north of the Sava and
Danube Rivers (except on the Fruska gora
and VrSacki breg mountains). Accordingly,
there is a gap in its distribution north of the
Sava and Danube Rivers (Vojvodina pro-
vince: Backa, Srem and Banat regions)
(GUILLAUME 2004). This species is also
absent in lowland parts of Hungary, Croatia
and Romania, which also belong to the
Pannonian plain (GUILLAUME 2004; SCHUL-
TE et al. 2012). In the Hungarian parts of the
Pannonian plain, P. muralis occurs only in
habitats with rocks, bare soil and scrub
(HerCZEG et al. 2007). However, it is absent
from the arid, sandy steppe areas of
Deliblato sands (Serbia, Banat region)
(Ham et al. 1981), which remained largely
unchanged by agricultural activities, unlike
the rest of the Pannonian plain in Serbia.
On the other hand, P. muralis is very oppor-
tunistic and adaptable, and occurs in urban
and suburban areas more often than any
other small lacertid (ARNOLD & OVENDEN
2002); it was even described as hemero-
philous or synanthropic “Kulturfolger”
(GruscHwITZ & BOHME 1986). The Com-
mon Wall Lizard is also an effective coloniz-
er, especially of habitats modified by human
activity. Introduced populations of P. mura-
lis were documented in Romania (CovAcIiu-
Marcov et al. 2006; STRUGARIU et al. 2008;
GHERGHEL et al. 2009), Germany, Austria,
Switzerland, France, Belgium, the Nether-
lands and Croatia (SCHULTE et al. 2012),
Great Britain (SMiTH 1951; STAFFORD 1989;
MICHAELIDES et al. 2012) and even in the
USA (BROWN et al. 1995). It was shown that
P muralis can use gravel railroad beds as
corridors for range expansion, as these artifi-
cial habitats offer shelter and quick thermal
adjustment (CovAaciuU-MARcCOV et al. 2006;
STRUGARIU et al. 2008; GHERGHEL et al.
2009; SCHULTE et al. 2013a).
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All populations of P. muralis in the
Serbian lowlands north of Sava and Danube
Rivers (Vojvodina province) are concen-
trated in urban and rural areas, or otherwise
modified habitats, often only on the north-
ern banks of the above-mentioned rivers
(Table 4, Fig. 1d). Exceptions are the pop-
ulations on the Fruska gora and VrSacki
breg mountains, which are found in unmod-
ified habitats. It is therefore assumed that
this species was introduced by human
activity (often brought accidentally with
building materials), or expanded its range
via bridges, railroad beds and river
embankments. Introductions could have
happened in historical times. Building
materials for Roman, Hungarian or Turkish
settlements and fortresses in the Pannonian
plain were often brought from quarries
south of the Danube River. Later, these
populations could have expanded via stony
or concrete river and canal embankments,
road shoulders and railroad beds. Recent
phylogeographic studies, which considered
a few native populations from Serbia,
assigned them to the Central Balkan clade
(SALvr et al. 2012; SCHULTE et al. 2012). A
more detailed phylogeographic analysis is
needed, which should include a greater
number of possibly introduced populations
north of Sava and Danube Rivers, as well as
native populations from Serbia and sur-
rounding countries, to correctly assess the
origin of these populations. Until then, the
assumptions about P. muralis being intro-
duced in the Vojvodina province remain
tentative.

There are some major concerns about
anthropogenic translocations of P. muralis.
This highly adaptable and opportunistic
species can have a strong competitive ad-
vantage over native lacertid lizard species;
e.g., in northern parts of Serbia (Vojvodina
province), lowland populations of Lacerta
agilis (LINNAEUS, 1758) and Podarcis tauri-
cus (PALLAS, 1814) might be at risk as cases
of competitive displacement have been
noted (SCHULTE et al. 2008, 2012). Native
populations of P. muralis are also at risk of
being “genetically swamped” by introduced
lineages (SCHULTE et al. 2008, 2012,
2013b). For instance, in areas colonized by
different lineages (MICHAELIDES et al. 2012;
ScHULTE et al. 2012), hybridization

Table 5: Records of Pelodiscus sp., Hemidactylus turcicus (LINNAEUS, 1758), Podarcis tauricus (PALLAS, 1814) (introduced population) and Vipera ammodytes

(LINNAEUS, 1758) (incidental findings). Obs - confirmed observation from the field (with voucher specimen or photo); Unc - Unconfirmed field observation; Lit - pub-

lished literature data; Coll - Specimen deposited in the Aquarium of the Faculty of Science in Kragujevac.

Tab. 5: Nachweise von Pelodiscus sp., Hemidactylus turcicus (LINNAEUS, 1758), Podarcis tauricus (PALLAS, 1814) (eingefiihrte Population) und Vipera ammo-

dytes (LINNAEUS, 1758) (Zufallsfunde). Obs - bestitigte Feldbeobachtung (Belegexemplar oder Foto); Unc - Unbestitigte Feldbeobachtung. Lit - Literaturdaten; Coll

- Exemplar ist im Aquarium der Naturwissenschaftlichen Fakultit in Kragujevac hinterlegt.

Informant, Collector/
Gewahrsperson, Sammler

Reference/
Referenz
Unpublished

Type/
Typ
Coll
Unc

Coordinates/
Koordinaten
45°39N 18°57E

Alt (m)/
Hohe (m)

Locality/
Untersuchungsort

Species/

Art

V. Smmi¢, G. Dzukic
T. VuKov
A. STAJFER
A. UROSEVIC
b. Miri¢
1. KrRIZMANIC
W. BECKER

Unpublished

Unpublished

Unpublished
Dzukic et al. 2005
Dzukic et al. 2005
Dzukic et al. 2005

Obs
Obs
Lit
Lit
Lit

45°11N 19°56E

44°49N 20°27E
45°16N 19°31E
44°42N 20°57E
45°40N 19°04E
45°14N 19°50E

80
70

83
71
84
74

91

Apatin — Danube, near the town
Belgrade — Danube, near the city
Backa Palanka - Celarevo
Kovin - Kovin bridge - embankment
Apatin - v. Prigrevica - Sveti Ivan
Novi Sad - City - Strand
Sremski Karlovci

Hemidactylus turcicus
Podarcis tauricus
Vipera ammodytes
Vipera ammodytes
Vipera ammodytes

Pelodiscus sp.
Pelodiscus sp.
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Fig. 2: Records of four more reptile species studied in Serbia; confirmed and unconfirmed introductions
and anthropogenic range extensions of native species. Solid circles — confirmed introductions;
empty circles — unconfirmed introductions; gray areas — native species’ range. a) Pelodiscus sp.;

b) Hemidactylus turcicus (LINNAEUS, 1758); ¢) Podarcis tauricus (PALLAS, 1814);

d) Vipera ammodytes (LINNAEUS, 1758). For the native species, known native ranges were given
according to BOHME et al. (2009b), modified according to MEHELY (1903), KARAMAN (1939),
RADOVANOVIC (1951, 1964), Dzuki¢ (1974) and Hawm et al. (1981) for P. tauricus
and AGASYAN et al. (2009) and JELIC et al (2013) for V. ammodytes.

L
-

Abb. 2: Nachweise fiir vier weitere untersuchte Reptilienarten in Serbien; bestétigte und unbestdtigte
Einschleppungen und anthropogene Ausbreitung der einheimischen Arten. Gefiillte Kreise — bestatigte
Einschleppungen; leere Kreise - unbestitigte Einschleppungen; graue Bereiche - angestammte Verbreitung
einheimischer Arten. a) Pelodiscus sp.; b) Hemidactylus turcicus (LINNAEUS, 1758); ¢) Podarcis tauricus
(PALLAS, 1814); d) Vipera ammodytes (LINNAEUS, 1758). Das Verbreitungsgebiet der einheimischen Arten
wurde gemél folgender Literaturangaben dargestellt: BOHME et al. (2009b), modifiziert nach MEHELY (1903),
KARAMAN (1939), RADOVANOVIC (1951, 1964), DZUKIC (1974) und HaMm et al. (1981) fiir P. tauricus,
AGASYAN et al. (2009) und JELIC et al (2013) fiir V. ammodytes.

between distinct lineages may, in the long  bility of the introduced populations (Mi-
term, affect establishment success and via-  CHAELIDES et al. 2012).
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Miscellaneous introductions
of single specimens
and incidental findings

Chinese softshell turtles, Pelodiscus
spp., are medium-sized carnivorous turtles.
They were formerly known as a single
species, Pelodiscus sinensis (WIEGMANN
1835) until recent research showed that “P.
sinensis” consists of four distinct species
(Fritz et al. 2010; StuckAs & FriTz 2011).
Chinese softshell turtles are the only soft-
shell turtle species introduced to Europe
(Somma 2013). However, the specific sta-
tus of imported animals is unknown, and
introduction of several species and hy-
bridization may be expected (FriTz et al.
2010; Stuckas & Fritz 2011). According
to the literature, Chinese softshell turtles are
found in Spain, Germany, Great Britain,
France and Latvia (BARBADILO et al. 1999;
KIRSCHEY 2000; LEVER 2003; KrAUS 2009b;
PupiN$ & Pupina 2011). The recent find-
ings in Slovenia, Croatia and Bosnia and
Herzegovina (BREJCHA et al. 2014) are the
first published findings of these species in
the Balkans.

A single specimen of the softshell tur-
tle was caught in the Danube River near the
town of Apatin (DZUKIC, personal commu-
nication). It had been kept alive in the
Aquarium of the Faculty of Science in
Kragujevac from 1999 to 2009, when it died
of unknown causes (SIMIC, personal com-
munication). It is now kept as a preserved
specimen. Another expert sighting of the
softshell turtle was reported near Belgrade,
without voucher specimen or photo (Table
5, Fig. 2a). Considering that Pelodiscus
spp. are the only softshell turtles introduced
in Europe, the findings near Apatin and
Belgrade were most likely these species.
Chinese softshell turtles are a popular
source of food in the traditional Asian cui-
sine and farm-bred for this purpose in high
numbers (FrITz et al. 2010). However, the
turtles in Europe originate from the pet trade
(KrAUS 2009b). Chinese softshell turtles
are considered invasive; they are predatory,
can negatively impact the local aquatic
fauna and could establish viable populations
(SommA 2013). Since only two sightings for
Pelodiscus have been reported (one with
voucher specimen), it can be recognized as

a potential threat at most. Further findings
of these possibly invasive turtles and the
possible establishment of local populations
in Serbia must systematically be reported
and monitored.

The Turkish Gecko, Hemidactylus tur-
cicus (LINNAEUS, 1758), is a small, nocturnal
gecko widespread throughout the Mediter-
ranean basin (ARNOLD & OVENDEN 2002).
This adaptable species is common in anthro-
pogenic habitats, including urban zones
(AGASYAN 2009a). Unintentional introduc-
tions of this species have been reported for
India and the southern United States of
America (FLOWER 1933; Davis 1974; CoN-
ANT & COLLINS 1998), Canary Islands, Cuba,
Mexico, Panama and Puerto Rico (AGASYAN
2009a).

The Turkish Gecko is not a native in
Serbia, and there are no published reports
on introduction of this species, although
unconfirmed amateur reports exist. A single
specimen of /. turcicus was photographed
by an amateur in Celarevo near Backa
Palanka (Backa, Serbia) (Table 5, Fig. 2b)
and identified by the first author. The ani-
mal was hiding among wooden palettes in
the local brewery’s warechouse. Those palet-
tes were brought from Montenegro, Greece
and Israel, and the animal was most likely
introduced from one of the countries.

Although the Turkish Gecko is an
adept colonizer, and it’s range is expanding
(NELSON & CAREY 1993; MESHAKA et al.
2000), it is often restricted to anthropogenic
habitats, and it’s spreading to the north is
limited by climate (MESHAKA et al. 2006).
Since only one incidental finding has been
confirmed, dispersal of this species in
Serbia is unlikely.

The Crimean Wall Lizard Podarcis tau-
ricus (PALLAS, 1814), has a very fragmented
range in Serbia (MEHELY 1903; KARAMAN
1939; RabpovaNovi¢ 1951, 1964; Dzuki¢
1974). Because it is associated with open
steppe habitats (ARNOLD & OVENDEN 2002),
its present range fragmentation could be
explained by habitat loss due to agricultural
development (BOHME et al. 2009b). On the
other hand, this species could benefit from
the anthropogenic habitat alteration. It can
colonize suitable habitats of anthropogenic
origin, particularly sandy, sparsely vegetat-
ed parts of river embankments (DZUKIC,
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personal communication). The present river
embankment on the Danube near the town
of Kovin (Banat region) was built after 1972
(DZukic et al. 2008). Prior to that, P. tauri-
cus had not been detected on that part of the
Danube bank. Instead, it was recorded fur-
ther to the north-east, in the Deliblato sands
(RabovaNovi¢ 1951; Dzuki¢ 1974, Dzu-
KIC, personal communication). The popula-
tion recently detected on the Danube bank
near the Kovin bridge (Banat region) (Table
5, Fig. 2c) is most likely a result of recent
migration along the river and canal embank-
ments. However, the population was detect-
ed within the species’ range (RADOVANOVIC
1951; Ham et al. 1981; CHONDROPOULOS
2004; LyuBISAVLIEVIC et al. 2010). There-
fore, the authors did not make further as-
sessments concerning P. tauricus.

There are also a few confirmed inci-
dental reports of the Nose-horned Viper
Vipera ammodytes (LINNAEUS, 1758) out-
side of the species’ north-western distribu-

tion range in the lowland province of
Vojvodina (RADOVANOVIC 1951; ARNOLD &
OVENDEN 2002; CRNOBRNJA-ISAILOVIC &
Haxniu 2004; DZukic et al. 2005). Individ-
ual specimens were found in the village of
Prigrevica (near the town of Apatin), Novi
Sad city (Backa region) and in the town of
Sremski Karlovei (Srem region) (DZUKIC et
al. 2005) (Table 5, Fig. 2d). Those speci-
mens were likely brought accidentally with
building materials (e.g., limestone) or wood.
The establishment of local viper populations
is unlikely in flat, moist lowlands which
lack adequate habitats for this species (Ra-
DOVANOVIC 1951; ARNOLD & OVENDEN 2002;
AGASYAN et al. 2009b; JELIC et al. 2013).
However, incidental introductions of
Europe’s most dangerous venomous snake
into human habitations in regions from
which it is generally absent, is of medical
and veterinary significance, and must be
reported and strictly monitored (DZUKIC et
al. 2005).
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