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Abstract. In recent decades, many reptile species have been introduced outside their native ranges, either accidentally
through the transportation of goods and materials (e.g., plants, construction materials), but also intentionally through
the pet trade. As a paradigmatic example, the Italian wall lizard, Podarcis siculus, native to the Italian Peninsula, Sicily
and the north Adriatic coast, has been introduced in several nearby islands since historical times (Corsica, Sardinia,
Menorca). Besides these regions, scattered populations were later reported from the Iberian Peninsula, France, Swit-
zerland, Turkey, Greece, the United Kingdom and North America. Here, we provide molecular evidence regarding the
introduction and origin of P. siculus in six new populations outside its native range: Romania (Bucharest and Alba
Iulia), inland Croatia (Zagreb and Karlovac), Italy (Lampedusa Island) and Azerbaijan (Baku). Phylogenetic analy-
sis suggests that the Alba ITulia (Romania) population originated from a single clade (Tuscany), while the population
from Azerbaijan is admixed including two distinct clades, one similar to those found in Sicily and the other present
across the Tuscany clade. Samples from Bucharest also have admixed origins in Tuscany and the Adriatic clades. Less
surprisingly, samples from Zagreb and Karlovac are included in the Adriatic clade while those from Lampedusa origi-
nated from Sicily. Overall, our results further demonstrate that P. siculus is able to establish outside of its native range
even under different climatic conditions, not particularly from specific clades or source areas. Also, for the first time
in this species, our results indicate that repeated human introductions promote lineage admixture and enhance their
invasive potential.
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INTRODUCTION

Long dispersal movements of fauna constitute natu-
ral phenomena in the evolution of biological communi-
ties (de Queiroz 2005). However, the increasing degree of
anthropisation and human-mediated transport are lead-
ing to an enormous increase in the rates of animal trans-
locations. This has resulted in a major threat of biological
invasions - the process by which an alien species estab-
lishes, expands its geographic range and numbers, and
exerts ecological or economic impacts in a new area with
negative effects on the native biota (Brown et al., 2007).
Different steps are required for a species to become inva-
sive. The first step is transportation of the species from
its native range, then survive both the transportation and
the conditions within the new range, and finally, repro-
duce and spread, threatening native biota (Williamson
and Fitter, 1996). There are currently more than 14,000
alien species recorded in Europe (EASIN, https://easin.
jrc.ec.europa.eu/) with more than half originating from
outside the territories (Roy et al., 2019), and the number
of occurrences is rapidly increasing due to new introduc-
tions and due to the growing research and awareness on
this topic (Seebens et al., 2017). Evidence of the negative
impacts of many alien species (Pimentel, 2011), including
reptiles and amphibians (Shine, 2014; Kraus, 2015; Mea-
sey et al., 2016) is increasing. This has added urgency for
achieving a thorough understanding of factors mediating
success at different stages of the introduction-naturali-
zation continuum (Richardson et al., 2000; Blackburn et
al., 2011) in order to inform policies and reduce the risk
of further invasions. The Millennium Ecosystem Assess-
ment report (2005) showed that invasive alien species are
one of the five main drivers of biodiversity loss. There are
several mechanisms through which invasive alien spe-
cies threaten native biodiversity: direct interactions such
as predation/herbivory and parasitism, or in direct inter-
actions such as competition for food or other resources,
modifications of ecosystems, and introduction of new
parasites (Hendrix et al., 2008; Suarez and Tsutsui, 2008;
Kenis et al., 2009). However, there are alien species which
apparently have little or no detectable effects on their
new environment (Strayer, 2012), leading some authors
to consider these effects as positive (Sogge et al., 2008;
Chiba, 2010; Schlaepfer et al., 2011), although this view is
controversial (Simberloff et al., 2012; Richardson and Ric-
ciardi 2013; Cassini, 2020). In most instances the specific
source of an introduced population is not known, mul-

tiple undocumented introductions are always possible,
and putative routes of introduction and transport vectors
may not be reliable. Information on the origin and intro-
duction pathways is, however, crucial for determining
the degree of invasiveness and for implementing appro-
priate management policies. In this context, molecular
markers can help to reconstruct the history of an intro-
duction, identifying the number of native range source
populations, their geographic location and extent, and the
distribution of variation from these sources in the non-
native range, identifying those where negative effects on
native biota are taking place (e.g., Kolbe et al. 2004, 2013;
Fitzpatrick et al. 2012).

The Italian wall lizard, Podarcis siculus (Rafinesque,
1810), is one such reptile species that has been widely
introduced (Kraus, 2009). Previous studies have conclud-
ed that the pathways by which the species is being intro-
duced are multiple, ranging from the transportation of
materials and goods, especially plant materials like olive
trees (Valdedn et al., 2010; Rivera et al., 2011), to the pet
trade industry from where individuals escaped or were
released (Deichsel et al., 2010), to deliberate introduc-
tions as a biocontrol agent against pest insects (Rocha,
2021). It inhabits a wide range of habitats, from natural
areas to agricultural and urban environments, and often
uses man-made structures for refuge (Capula, 1994;
Corti, 2006). From its native distribution in the Italian
Peninsula, Sicily and the north Adriatic coast, this spe-
cies has been introduced in several other places, such as
the Tyrrhenian Islands, Corsica and Sardinia, Menorca in
the Balearics (Podnar et al., 2005; Senczuk et. al., 2017).
Besides these regions, scattered introduced populations
are also known from the Iberian Peninsula, Switzerland,
Turkey, Greece, United Kingdom and in the United States
(Deichsel et al., 2010; Schulte and Gebhart, 2011; Silva-
Rocha et. al.,, 2012; 2014; Kolbe et al., 2013; Garin-Bar-
rio et al., 2020). In some of these locations, the Italian
wall lizard has already been demonstrated to be harm-
ful to native species. For example, it outcompetes native
Podarcis species by being more aggressive (Downes and
Bauwens, 2002) and more adaptable to novel situations
(Damas-Moreira et al., 2019; Nicolic et al., 2019), feed-
ing earlier (Limnios et al., 2021), eating more and grow-
ing faster (Damas-Moreira et al., 2019) and being less
parasitized (Tomé et al., 2021), often resulting in spatial
exclusion of natives (Nevo et al, 1972; Ribeiro and S&-
Sousa, 2018). It may also hybridize with native, unrelat-
ed Podarcis species contributing to the dilution of their
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genetic identity (Capula, 1993, 2002; Capula et al., 2002),
and may undergo fast phenotypic shifts after introduction
suggesting great levels of adaptability (Herrel et al., 2008).

All this evidence suggests that the Italian wall liz-
ard is not only an effective colonizer but also a success-
ful invader. In this context, understanding its coloniza-
tion patterns provides the basis for delineating early and
more effective preventive measures (Dorcas et al., 2010).
In our study, we provide molecular evidence indicat-
ing the origin of P. siculus in six populations outside its
native range, from: Romania (Bucharest and Alba Tulia;
Stanescu et al., 2020; Iftime and Iftime 2021), Azerbai-
jan (Baku; Iskenderov et al.,, 2021), Lampedusa island
(Lo Valvo and Nicolini, 2001) and inland Croatia (Kar-
lovac and Zagreb; D. Lisi¢i¢ unpubl.). We investigated
the introduction process of P. siculus by means of mtD-
NA sequences in a phylogeographic framework. Clarify-
ing the origin of these alien populations is expected to
improve the picture of the colonization pattern revealed
by previous studies. We aimed to (i) determine the origin
of the introduced populations, (ii) infer the possible colo-
nization routes, and (iii) discuss the management impli-
cations from these findings.

MATERIAL AND METHODS

The sampling took place in July, August 2020 and
July 2021 in Romania, and June 2019 in Azerbaijan, Sep-
tember 2021 in Croatia and September 2005 in Lampe-
dusa island. In Bucharest, lizards were collected from the
Rose Garden of the University of Agriculture and Veteri-
nary Medicine, while in Alba Iulia they were collected on
the walls of the recently restored Alba Carolina Fortress.
In Azerbaijan, lizards were found on a private landhold-
ing located on the shores of the Caspian Sea in the village
of Turkan (administratively included in Baku). Specimens
from Karlovac and Zagreb in Croatia as those in Lampe-
dusa town were also collected in urban environments.

We collected a total of 16 samples (tail tips) from
these six localities (Table 1). The tail tips were removed
by applying light pressure and were then stored in 96%
ethanol. All lizards were released at the capture location.
The geographical coordinates were recorded with a hand-
held GPS. The geographic references are given in Table 1
and shown in Fig. 1.

DNA extraction was performed using the high-salt
method (Sambrook et al., 1989). Partial sequences of
520 base pairs (bp) of the cytochrome b (cytb) gene were
amplified using the primers GluDG-L and CB3H from
Palumbi (1991). Amplification of genomic DNA began
with an initial denaturation for 15 minutes at 94 °C fol-
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lowed by 94 °C for 30 s, annealing at 52 °C for 60 s with
34 cycles, and extension at 72 °C for 60 s. Products were
visualized with 1.5% agarose gel electrophoresis. The suit-
able amplicons were sent to external service (Beckman
Coulter Genomics) for purification and sequencing.

The sequences generated in the present study (Gen-
Bank accession numbers: ON365568-ON365583; Table 1)
were aligned with sequences downloaded from GenBank.
A total of 277 sequences from the Italian Peninsula, Cor-
sica and Sardinia (Senczuk et al., 2017), accession num-
bers: KY064841-KY065117 were downloaded. Addition-
ally, 41 published sequences from other introduced popu-
lations in Eurasia: 33 sequences from the Iberian Penin-
sula and Menorca (Silva-Rocha et al., 2012; Garin-Barrio
et al., 2020), accession numbers: JX072938-JX072960,
MW192534-MW192543; seven sequences from Turkey,
Greece, and United Kingdom (Silva-Rocha et al., 2014),
accession numbers: KP036396-KP036402. The samples
from Switzerland (Schulte and Gebhart, 2011) were not
included in the analysis because they were not available
in GenBank but the locations were added to the map
according to Silva-Rocha et al. (2014). One sequence
from Podarcis melisellensis from GenBank was used as
an outgroup (accession number AY185057), following
Silva-Rocha et al., (2014). Sequences were edited using
Geneious Prime v.2020.1 (https://www.geneious.com).
The alignment was performed with MAFFT v.6 (Katoh
et al,, 2019) and included 330 sequences + one sequence
outgroup. The best-fitting model was TIM2+I+G using
PartitionFinder2v. 2.1 (Lanfear et al. 2017). A Maximum
Likelihood (ML) tree was constructed using RAXML v.7.2
(Stamatakis, 2006) with 1000 pseudoreplicates to assess
the confidence of branches. Bayesian Inference (BI) anal-
ysis was carried out by MrBayes v.3.2 (Huelsenbeck and
Ronquist, 2001) with 5x107 generations and four chains,
and subsampling parameters and trees every 100 gen-
erations. Finally, 10% of the posterior samples were dis-
carded as burn-in. To inspect the mtDNA cytb haplotype
diversity, a 95% maximum parsimony haplotype network
was constructed using the TCS inference (Clement et
al., 2000) in PopART v.1.7 (Leigh & Bryant, 2015). The
resulting tree was annotated using FigTree 1.4.3 (Ram-
baut, 2014). Molecular diversity indices, including the
number of haplotypes (H), haplotype diversity (h), and
nucleotide diversity (m) were evaluated in R 4.2.0 (R Core
Team 2020) using the “pegas” package (Paradis, 2010).
Uncorrected genetic distances (p-distances) within clades
of were estimated with PAUP v.4.0a10 (Swofford, 2003).
Maps were created in QGIS 3.10.8 (QGIS Development
Team, 2020).
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Fig. 1. Network and maps of the natural distribution and introduced populations of Podarcis siculus in Eurasia. A. Networks of the seven

mtDNA clades identified by the phylogeny, colours according to Se
and each filled rectangle represents one substitution. The different

nczuk et al. (2017). Each circle size is proportional to their frequencies
colours within each network depict the principal identified clades. The

names of the locations of the introduced populations are highlighted in red and the locations from the natural range are highlighted in
black; Abbreviation: AZ — Azerbaijan, GB - Great Britain, GR - Greece, HR - Croatia, IB - Iberian Peninsula, IT -Italy, RO - Romania. B.
Geographic distribution of the mtDNA haplotypes in P. siculus and are coloured according to the main haplogroups identified by Senczuk et
al. (2017). The natural habitat is represented according to Crnobrnja-Isailovi¢ et al. (2009) but modified after Senczuk et al. (2017), namely
Corsica and Sardinia are highlighted in gray lines as the introduced area. Clade Al is indicated by the black arrows on the inlay map. C.
Map of the natural distribution with mtDNA haplotypes and introduced populations of lizards in Europe and Asia. Populations of unknown

origin are highlighted with white dots.

RESULTS

The final alignment included 331 sequences. The BI
consensus tree showed a similar topology to the ML tree.
The phylogenetic analysis supported the same topology
with five well-supported all clades: S1, S2, S3 Al, A2, A3
and T (Appendix 1, Fig. S1) following the terminology in

Senczuk et al. (2017). Clades were separated from each
other with high support values (1.00-0.98). We identified
three clades (S1, S2 and S3) within the Siculo-Calabrian
lineage. The central-northern lineage split approximate-
ly into two main groups that for simplicity we refer to
as “Adriatic” and “Tyrrhenian” The Adriatic group also
included two clades with a separation of the clades Al,
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Table 1. Novel sequences used in this study and their geographic position.

Genbank number Location Country Coordinates Clade Year of the first
Latitude Longitude report
ON365568 Bucharest Romania 44°470°N 26°065’'E A2 2019
ON365569 Bucharest Romania 44°470°N 26°065E A2 2019
ON365570 Bucharest Romania 44°470°N 26°065E T 2019
ON365571 Alba Iulia Romania 46°067’N 23°566’E T 2019-2020
ON365572 Alba Tulia Romania 46°067’N 23°566'E T 2019-2020
ON365573 Alba Iulia Romania 46°066'N 23°566'E T 2019-2020
ON365574 Alba Iulia Romania 46°066'N 23°566’E T 2019-2020
ON365575 Alba Iulia Romania 46°066'N 23°566'E T 2019-2020
ON365576 Baku Azerbaijan 40°363’N 50°212’E S3 2019
ON365577 Baku Azerbaijan 40°363’N 50°212’E T 2019
ON365578 Baku Azerbaijan 40°363’N 50°212’E S3 2019
ON365579 Karlovac Croatia 45°485’N 15°548’E A2 2021
ON365580 Karlovac Croatia 45°485’'N 15°548’E A2 2021
ON365581 Zagreb Croatia 45°796'N 15°976’E A2 2021
ON365582 Zagreb Croatia 45°796'N 15°976’E A2 2021
ON365583 Lampedusa Island Italy 35°508'N 12°593’E S3 2001

A2 and A3. The Tyrrhenian clade T was also clearly sepa-
rated from the others. Tree presented in Appendix 1 (Fig.
S1). The molecular diversity indices were demonstrated in
Appendix 1 (Table S1). The general sample size (n) is 330
and the introduction sample size (n;,) included 57. Also
the total number of haplotypes (H) is 106. The haplotype
diversity (h) and nucleotide diversity (m) were non-signifi-
cant for cytb but the values were similar to the Senczuk et
al. (2017). The uncorrected genetic distances among clades
are displayed in Appendix 1 (Table S2). The largest genetic
distances are between classes S1 and T (P = 0.0977). Clade
A2 had a lower distance to Clade Al (P = 0.0146). Overall,
the six studied populations of the Italian wall lizard were
assigned to three clades (S3, A2 and T). The phylogenetic
analysis suggests that the Romanian population from Alba
Iulia originated from the Tuscany region (clade T) and was
included in the haplogroup together with samples from the
Giannella and Feniglia (Italy). The population from Bucha-
rest (Romania) revealed admixture: one individual was
included in the clade T and close with the samples from
Pian della Rasa but the other two belonged to the Adriatic
clade (clade A2) and included in a large haplogroup with
samples from locations such as Rosa Marina, S. Domi-
no, Forest Umbra, R.N. Sale Tanagro, Melfi and Atrium
(Italy). The population from Azerbaijan (Baku) was also
admixed including two distinct clades, one similar to the
clade found in Sicily (clade S3). This is a large haplogroup
that also includes samples from Noto Lido, Florida, Saline
di Priolo and Sorciano (Italy). Other Azerbaijani samples
came from Pian della Rasa (clade T). The sample from

Italy (Lampedusa Island) was included in the clade S3 and
close with a sample from Mazzarino. The Croatian samples
from Zagreb and Karlovac came from the same haplo-
group with Romanian samples from Bucharest in clade A2.

The previously-studied sequences from alien popu-
lations of the Italian wall lizard were included in four
clades: S3, S2, A2 and T. The Tyrrhenian clade T includes
the largest number of samples of introduced popula-
tions (np, = 28, n = 66, H = 20), mainly distributed across
the north-central Tyrrhenian coast, included the largest
number of samples of introduced populations in Eura-
sia. In addition to Romania and Azerbaijan, this clade
was present in the Iberian Peninsula (Madrid, Getaria,
Cantabria and Lisbon) and the United Kingdom (Buck-
inghamshire). Clade A2 (ny, = 13, n = 71, H = 16), rang-
ing across the Adriatic coast (excluding clade A1 which is
restricted to the Curzolan Islands, Croatia), included two
samples from Bucharest (Romania) and Croatia (Zagreb
and Karlovac) as well as the published samples from
Greece (Palaio Faliro) and Iberian Peninsula (Bilbao).
Clade A3 (n, = 0, n = 10, H = 3) includes populations
from northern coastal areas of Calabria (Catena Costi-
era). This clade is more related to the Adriatic clade A2,
forming part of the central-northern lineage, than to the
other clades found in southern Calabria. We only failed
to find any introduced populations originating from the
clade A3. Clade S3 is the largest lineage that includes 54
haplogroups (n;, = 14, n = 154). Within this clade, we
identified five alien populations: two new samples from
Azerbaijan and the island of Lampedusa, and also the
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Fig. 2. Representative pictures of Podarcis siculus. A. P. siculus from
Alba Iulia (Romania); B. P. siculus from Bucharest (Romania). Pho-
tos by T. Sos.

published samples from Southern Iberia (Almeria), as
well as Menorca and Turkey (Mudanya, Gilizelyah, Iznik).
Clade S2 (n, = 2, n = 7, H = 7) included only samples
from one location (La Rioja, North Iberia). Samples from
southern Italy (such as Gerase, Maida and Mammola) are
also included in this clade. Clade S1 (n,, =0,n =17, H=
3) comprising populations from the southern part of the
Italian Peninsula was more related to clade S2.

DISCUSSION

This study adds new valuable data to the complex
picture of the invasion biology of P. siculus, a species with
a complex phylogeographic structure, which encompasses
multiple lineages across its range (Senczuk et al., 2017;
Fig. SI). The results indicated seven highly supported
clades within the eastern three-lined lizard (S1, S2, S3 A1,
A2, A3 and T). Possibly, the existence of complex topog-
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raphy and multiple refugia across the distribution range
of the subspecies have led to the present diversity and
distribution pattern of clades (Appendix 1, Table S2). As
such, the studied alien populations not only belonged to
different lineages as previously reported for other studies,
but also more than one lineage was found in two of the
introduced populations (e.g., Baku and Bucharest; Fig. 1).

Our results support previous claims that the intro-
duced Ttalian wall lizard populations have multiple and
even admixed origins within their native range (namely
the Italian Peninsula). In fact, P siculus may use both
vegetation and rocks for foraging, basking and find-
ing shelter (Corti, 2006). This probably allows it to be
unknowingly transported with construction materi-
als, plants or other materials associated with construc-
tion works, agriculture and gardening (Silva-Rocha et
al.,, 2014). In fact, the habitats of the populations from
Bucharest, Zagreb, Karlovac and Baku have all under-
gone gardening and plant importation (Iftime and Iftime,
2021; Iskenderov et al. 2021; D. Lisi¢i¢ unpubl,; Fig. 3, B
and C). While those in Lampedusa have undergone sig-
nificant reconstruction works during the past years (M.
Carretero pers. obs., respectively; Fig. 3, D). A similar
situation occurred in Alba Iulia (Romania), where liz-
ards were found after the reconstruction of the Alba
Carolina Fortress (T. Sos pers. obs., respectively; Fig. 3,
A). The distribution of this species to the east is associ-
ated with an increase in trade, namely the growth of
exports of plants from the Mediterranean (Kukushkin et
al., 2017). P. siculus was also found for the first time in
Sochi (southern Russia, see Fig. 1), which is a large port
city (Tuniyev et al., 2020). The origin of this population
is not known today, but the interesting fact is that this
population was found simultaneously with the population
in Baku, Azerbaijan (Iskenderov et al. 2021). Populations
from France are also of unknown origin, especially the
recent discovery of this species in the Gradignan Botani-
cal Garden, Gironde (Berroneau et al. 2021, Fig. 1). Simi-
lar pathways of introduction have been reported for the
congeneric P. muralis (Santos et al., 2019; Jablonski et al.,
2019) although the more saxicolous habits of this species
makes it less suited than P. siculus for using vegetation as
an introduction vehicle.

Because these pathways of introduction are human-
mediated, the biogeographic signal was expected to be
minimal (Helmus et al., 2014). Indeed, we found little
or no correspondence between the geographical location
of the populations and their phylogenetic lineages. The
only exceptions were the populations from inland Croatia
and Lampedusa island, which belonged to lineage closest
to the native populations (North Adriatic and Sicily, at a
distance of 100-200 km, respectively). The population on
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Fig. 3. Invaded habitats by Podarcis siculus in Europe and Asia: A. Alba Carolina Citadel, Alba Iulia (Romania); B. University of Agriculture
and Veterinary Medicine, Rose Garden, Bucharest (Romania); C. private garden in Baku (Azerbaijan); D. the island of Lampedusa (Italy).
Photos by T. Sos (A, B), T.M. Iskenderov (C), M.A. Carretero (D).

Lampedusa island was discovered in 2001. We collected
samples in 2005 and confirmed the existence of this
population on the island. Populations from Croatia (Kar-
lovac and Zagreb) were found quite recently (in 2021),
which requires further research to confirm the success-
tul introduction of populations. Other finds from Roma-
nia and Azerbaijan were reported for the first time in
2019-2020. However, lizards were repeatedly observed in
the following years in these localities and juveniles were
found, which confirms the successful breeding of lizards
in new areas (Stdnescu et al., 2020; Iftime and Iftime,
2021; Iskenderov et al.,, 2021). In its native range, the Ital-
ian wall lizard appears to be more thermophilic, but this
doesn’t seem to be reflected in the climates prevailing in
non-native areas. In particular, several introduced popu-
lations (Northern Iberian Peninsula, Switzerland, United
Kingdom, as well as North America, see Silva-Rocha et
al., 2014; here, Romania and Azerbaijan) clearly occur in
non-Mediterranean climates, with harsh winters. Moreo-

ver, there is no apparent correspondence between the lin-
eage subranges, although this should be further explored
with modelling evidence (Carretero and Sillero, 2016).

Another relevant result, reported here for the first time,
is the existence of admixed populations, namely in Bucha-
rest and in Baku, which were dense although localized. On
one hand, this already reveals repeated introductions from
different source regions with contrasting climate regimes
(Tuscany and Adriatic in Bucharest; Tuscany and Sicily in
Baku). On the other hand, potential hybridization between
those contacting haplogroups might produce novel phe-
notypes adapted to local conditions, hence, increasing the
invasive potential of the species (Kolbe et al., 2007), as it
has already been reported for P. muralis (Santos et al., 2019;
Michaelides et al., 2013; While et al., 2015).

These phylogenetic outcomes, added to the partial
but repeated evidence of functional negative interactions
between P. siculus (belonging to multiple lineages and in
multiple areas) and native Podarcis species, configure an
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invasion scenario. The timeframe and spatial scale of such
a threat should be uncovered by an assessment of P. sicu-
lus at a global level. Meanwhile, a principle of caution rec-
ommends at least early detection of any new alien popula-
tion and monitoring of existing ones (Carretero and Silva-
Rocha, 2015), particularly in potential invasion hubs such
as harbours and railways (Mollov, 2009; Tok et al., 2014).
Eradication actions should also be considered in the early
stages, when the chances of success are higher (e.g., Buck-
inghamshire, South East England Hodgkins et al., 2012;
Athens, Greece, Adamopoulou and Pafilis, 2019).

Overall, the results obtained here accumulated to
the previous evidence strongly suggest that the Italian
wall lizard P. siculus is an effective invader. Its success-
ful acclimatization to environmental conditions different
from those prevailing in its original Mediterranean range
increases the probability of becoming invasive.

ACKNOWLEDGEMENTS

We are grateful to C. Corti, P. Lo Cascio, O. Drigan
and S. T. Topliceanu for help during field sampling. The
project has been supported by the Portuguese Founda-
tion for Science and Technology (FCT) project 28014
02/SAICT/2017. Igor V. Doronin was supported by
the Russian Science Foundation (grant number 22-24-
00079) and Sabina E. Vlad was supported by the pro-
ject ANTREPRENORDOC in the framework of Human
Resources Development Operational Programme 2014-
2020, financed from the European Social Fund (grant
number 36355/23.05.2019 HRD OP /380/6/13 - SMIS
Code: 123847). Animals and DNA samples were collected
with permissions from the Comisia de Eticd a Facultétii
de Stiinte ale Naturii i Stiinte Agricole in Romania and
in Lampedusa Island were provided by Riserva Naturale
Orientata “Isola di Lampedusa” (management Legam-
biente) in 2005; in Republic of Azerbaijan we had all
require collecting permits from Institute of Zoology of
the National Academy of Sciences of Azerbaijan (Certifi-
cate No: 34-0/15). The mainland populations of P. siculus
are not protected in Croatia but we had permit for col-
lected animals from the Ministry of Economy and Sus-
tainable Development, Croatia (Class UP/I-612-07/21-
48/83; No: 517-10-1-1-21-3).

SUPPLEMENTARY MATERIAL
Supplementary material associated with this article

can be found at < ttp://www.unipv.it/webshi/appendix>
Manuscript number 12542.

Oleksandra Oskyrko et alii

REFERENCES

Adamopoulou, C., Pafilis, P. (2019): Eaten or beaten? Severe
population decline of the invasive lizard Podarcis siculus
(Rafinesque-Schmaltz, 1810) after an eradication project
in Athens, Greece. Herpetozoa 32: 165-169.

Berroneau, M., Mokuenko, N., Petit, et J. (2021): Décou-
verte du Lézard sicilien Podarcis siculus (Rafinesque-
Schmaltz, 1810) dans le sud-ouest de la France. Bull.
Soc. Herp. Fr. 179: 54-56. [in French]

Blackburn, T.M., Pysek, P., Bacher, S., Carlton, J.T., Dun-
can, R.P, Jaros$ik, V., Wilson, J.R.U,, Richardson, D.M.
(2011): A proposed unified framework for biological
invasions. Trends Ecol. Evol. 26: 333-339.

Brown, G.P, Shilton, C., Philips Benjamim, L., Shine, R.
(2007): Invasion, stress and spinal arthritis in cane
toads. PNAS 104: 17698-17700.

Carretero, M.A., Silva-Rocha, I. (2015): Lagartija italiana
(Podarcis sicula) en Peninsula Ibérica e Islas Baleares.
Bol. Asoc. Herpetol. Esp. 26: 71-75.

Carretero, M.A,, Sillero, N. (2016): Evaluating how spe-
cies niche modelling is affected by partial distribu-
tions with an empirical case. Acta Oecol. 77: 207-216.

Capula, M. (1993): Natural hybridization in Podarcis sic-
ula and P. wagleriana (Reptilia: Lacertidae). Biochem.
Syst. Ecol. 21: 373-380.

Capula, M. (1994): Population genetics of a colonizing
lizard: Loss of variability in introduced populations of
Podarcis sicula. Experentia 50: 691-696.

Capula, M. (2002): Genetic evidence of natural hybridi-
zation between Podarcis sicula and Podarcis tiliguerta
(Reptilia). Amphibia-Reptilia 23: 313-321.

Capula, M., Luiselli, L., Bologna, M.A., Ceccarelli, A.
(2002): The decline of the Aeolian wall lizard, Podar-
cis raffonei: causes and conservation proposals. Oryx
36: 66-72.

Cassini, M.H. (2020): A review of the critics of invasion
biology. Bio. Reviews 95: 1467-1478.

Chiba, S. (2010): Invasive non-native species’ provision of
refugia for endangered native species. Conserv. Biol.
24: 1141-1147.

Clement, M., Posada, D., Crandall, K.A., (2000): TCS: a
computer program to estimate gene genealogies. Mol.
Ecol. 9: 1657-1659.

Corti, C. (2006): Podarcis sicula. Lucertola campestre,
Italian wall lizard. In: Atlante degli Anfibi e dei Reittili
dTtalia / Atlas of Italian Amphibians and Reptiles, pp.
486-489. Sindaco, R., Doria, G., Razzetti, E., Bernini,
E, Eds, Societas Herpetologica Italica, Edizioni Polis-
tampa, Firenze.

Crnobrnja-Isailovic, J., Vogrin, M., Corti, C., Pérez Mella-
do, V., Sé-Sousa, P, Cheylan, M., Pleguezuelos, J., Sin-



New introduced populations of Podarcis siculus

daco, R., Romano, A., Avci, A. (2009): Podarcis sicu-
lus (errata version published in 2016). The IUCN Red
List of Threatened Species 2009: e.T61553A86151752.

Damas-Moreira, 1., Riley, J.L., Harris, D.J. and Whiting,
M.J. (2019). Can behaviour explain invasion success?
A comparison between sympatric invasive and native
lizards. Anim. Behav., 151: 195-202.

de Queiroz, K. (2005): Different species problems and
their resolution. BioEssays 27: 1263-1269.

Deichsel, G., Nafis, GHakim, J. (2010): Podarcis siculus
(Italian Wall Lizard) USA: California. Herpetol. Rev.
41: 513-514.

Dorcas, M.E., Wilson, ].D., Gibbon, JJW. (2010): Can
invasive Burmese pythons inhabit temperate regions
of the southeastern United States? Biol. Invasions 13:
793-802.

Downes, S., Bauwens, D. (2002): An experimental dem-
onstration of direct behavioural interference in two
Mediterranean lacertid lizard species. Anim. Behav.
63: 1037-1046.

Fitzpatrick, B.M., Fordyce, J.A., Niemiller, M.L., Reyn-
olds, R.G. (2012): What can DNA tell us about bio-
logical invasions? Biol. Invasions. 14: 245-253.

Garin-Barrio, L., Blanco, Y., Cabido, C., Carretero, M.A.,,
Fernandez-Arrieta, A., Izagirre-Egafia, A., Lopez-
Aizpuru, J., Mandiola E., Oskyrko, O., Silva-Rocha
I. (2020). Introduccién reciente de Podarcis sicula en
dos enclaves costeros del Pais Vasco. Boletin de la
Asociacion Herp. Esp. 31: 181-186.

Helmus, M.R., Mahler, D.L., Losos, J.B. (2014): Island
biogeography of the Anthropocene. Nature 513: 543
547.

Hendrix, PE, Callaham, M.A. Jr., Drake, .M., Huang,
C.Y,, James, S.W., et al. (2008): Pandora’s Box Con-
tained Bait: The global problem of introduced earth-
worms. Annu. Rev. Ecol. Evol. Syst. 39: 593-613.

Herrel, A., Huygue, K., Vanhooydonck, B., Backeljau,
T., Breuguelmans, K., Grbac, 1., Van Damme, R,
Irschick, D.J. (2008): Rapid large-scale evolutionary
divergence in morphology and performance associ-
ated with exploitation of a different dietary resource.
PNAS 105: 4792-4795.

Hodgkins, J., Davis, C., Foster, J. (2012). Successful rapid
response to an accidental introduction of non-native
lizards Podarcis siculus in Buckinghamshire, UK. Con-
serv. Evid. 9: 63-66.

Huelsenbeck, J.P.,, Ronquist E. (2001). MRBAYES: Bayesian
inference of phylogeny. Bioinformatics 17: 754-755.
Iftime, A., Iftime, O. (2021): Alien fish, amphibian and
reptile species in Romania and their invasive status:
a review with new data. Trav. Mus. Natl. Hist. Nat.

Grigore. Antipa. 64: 131-186.

155

Iskenderov, T.M., Doronin, I.V.,, Mustafayeva, G.A.,,
Kulieva, A.M. (2021): First record of the lizard genus
Podarcis Wagler 1830 (Reptilia, Lacertidae) in the
Caucasus. Biol. Bull. 48: 1319-1322.

Jablonski, D., Gvozdik, V., Choleva, L., Jandzik, D.,
Moraveg, J., Macdat, Z., Vesely, M. (2019): Tracing the
maternal origin of the common wall lizard (Podar-
cis muralis) on the northern range margin in Central
Europe. Mitochondrion, 46: 149-157.

Katoh, K., Rozewicki, J., Yamada, K.D., (2019): MAFFT
online service: multiple sequence alignment, interac-
tive sequence choice and visualization. Briefings in
Bioinformatics 20: 1160-1166..

Kenis, M., Bacher, S., Baker, R.H.A., Branquart, E.,
Brunel, S. et al. (2009): Ecological effects of invasive
alien insects. Biol. Inv. 11: 21-45.

Kolbe, J.J., Glor, R.E., Rodriguez-Schettino, L., Chamizo-
Lara, A., Larson, A., Losos, J.B. (2004): Genetic vari-
ation increases during biological invasion by a Cuban
lizard. Nature 431: 177-181.

Kolbe, J.J., Glor, R.E., Rodriguez-Schettino, L., Cham-
izo-Lara, A., Larson, A., Losos, J.B. (2007) Multiple
sources, admixture, and genetic variation in intro-
duced Anolis lizard populations. Conserv. Biol. 21:
1612-1625.

Kolbe, J.J., Lavin, B.R., Burke, R.L., Rugiero, L., Capula,
M., Luiselli, L. (2013): The desire for variety: Italian
Wall Lizard (Podarcis siculus) populations introduced
to the United States via the pet trade are derived from
multiple native range sources. Biol. Invasions. 15:
775-783.

Kraus, E (2009): Alien Reptiles and Amphibians: A Sci-
entific compendium and analysis. Springer, New York.

Kraus, F. (2015): Impacts from invasive reptiles and
amphibians. Annu. Rev. Ecol. Evol. Syst. Systematics
46: 75-97.

Kukushkin, O.V., Doronin, I.V., Tuniyev B.S., Anan-
jeva, N.B., Doronina, M.A. (2017): Introduction of
Amphibians and Reptiles at the Caucasus and the
Crimea: an overview and some actual data. Curr.
Stud. Herpetol. 17: 157-197. [in Russian]

Lanfear, R., Frandsen, P. B.,, Wright, A. M., Senfeld, T.,
& Calcott, B. (2017): PartitionFinder 2: New meth-
ods for selecting partitioned models of evolution for
molecular and morphological phylogenetic analyses.
Mol. Biol. Evol. 34: 772-773.

Limnios, A., Adamopoulou, C, Carretero, M.A., Pafilis, P.
(2021): Invasive Italian wall lizards outcompete native
congeneric species in finding food in a Y-maze. Acta
Ethol. 25: 43-55.

Lo Valvo M., Nicolini G. (2001): Presenza di una picco-
la popolazione di lucertola campestre Podarcis sicula



156

(Rafinesque Schmaltz, 1810) sull'Isola di Lampedusa
(Isole Pelagie). Naturalista sicil. 25(suppl.): 95-97.
Measey, G., Vimercati, G., Villiers, F, Mokhatla, M.,
Davies, S., Thorp, C., Rebelo, A.D., Kumschick, S.
(2016): A global assessment of alien amphibian impacts

in a formal framework. Divers. Distrib. 22: 970-981.

Millennium Ecosystem Assessment (2005): Ecosystems
and human well-being: current state and trends.
Chapter 3: Drivers of Ecostsystem change: summary
chapter. Washington, DC.

Michaelides, S., White, G. M., Bell, C. and Uller, T.
(2013): Human introductions create opportunities for
intra-specific hybridization in an alien lizard. Biol.
Invasions 15: 1101-1112.

Millennium Ecosystem Assessment (2005): Ecosys-
tems and Human Well-being: Synthesis. Island Press,
Washington, DC.

Mollov, I. (2009): A new locality of the Italian wall lizard
Podarcis siculus (Rafinesque -Schmaltz, 1810) from
Turkey. ZooNotes 6: 1-3.

Nevo, E., Gorman, G. C., Soulé, M., Yang, E.J., Clover,
R. & Jovanovic, V. (1972): Competitive Exclusion
between Insular Lacerta Species (Sauria, Lacertidae).
Oecologia 10: 183-190.

Nikolic, B., Josic, P, Buric, D., Tkalec, M., Lisicic, D.,
Blazevic, S.A., Hranilovic, D. (2019): Coexisting lac-
ertid lizard species Podarcis siculus and Podarcis meli-
sellensis differ in dopamine brain concentrations. J.
Comp. Physiol. A 205: 451-456.

Palumbi, S., Martin, A., Romano, S., Millan, W.O., Stice,
L., Grabowski, G. (1991): The simple fool’s guide to
PCR (ver. 2). University of Hawaii, Honolulu, US.

Paradis, E. (2010): Pegas: an R package for population
genetics with an integrated-modular approach. 2010.
Available: https://academic.oup.com/bioinformatics/
article lookup/doi/10.1093/bioinformatics/btp696

Pimentel, D. (2011): Biological Invasions: Economic and
Environmental Costs of Alien Plant, Animal, and
Microbe Species. Second Edition. CRC Press, New
York.

Podnar, M., Mayer, W., Tvrtkovi¢, N. (2005): Phyloge-
ography of the Italian wall lizard, Podarcis sicula, as
revealed by mitochondrial DNA sequences. Mol. Ecol.
14: 575-588.

QGIS Development Team (2020): QGIS geographic infor-
mation system. Beaverton, OR: Open Source Geospa-
tial Foundation.

Rambaut, A. (2014): FigTree 1.4. 2 Software. Institute of
Evolutionary Biology, Univ. Edinburgh.

Ribeiro, R., S4-Sousa, P. (2018): Where to live in Lisbon:
urban habitat used by the introduced Italian wall liz-
ard (Podarcis siculus). Basic Appl. Herpetol. 32: 57-70.

Oleksandra Oskyrko et alii

Richardson, D.M., Pysek, P., Rejmanek, M., Barbour,
M.G., Panetta, ED., West, C.]. (2000): Naturalization
and invasion of alien plants: concepts and definitions.
Divers. Distrib. 6(2): 93-107.

Richardson, D.M., Ricciardi, A. (2013): Misleading criti-
cisms of invasion science: a field guide. Divers Distrib.
19: 1461-1467.

Rivera, X., Arribas, O., Carranza, S., Maluquer-Margalef,
J. (2011): An introduction of Podarcis sicula in Cata-
lonia (NE Iberian Peninsula) on imported olive trees.
Bull. Soc. Catalana Herpetol. 19: 79-85.

Roy, H. E., Bacher, S., Essl, E et al. (2019): Developing a
list of invasive alien species likely to threaten biodi-
versity and ecosystems in the European Union. Global
Change Biol. 25: 1032-1048.

Rocha, 1. (2021). Podarcis sicula. In: Invasive Species
Compendium. Wallingford, UK: CAB International.
www.cabi.org/isc.

Santos, J., Zagar, A., Drasler, K., Rato, C., Ayres, C., Har-
ris, D.J., Carretero, M. A., Salvi, D. (2019): Phylo-
geographic evidence for multiple long distance intro-
ductions of the common wall lizard associated with
human trade and transport. Amphibia-Reptilia 40:
121-127.

Sambrook, J., Fritsch, F, Maniatis, T. (1989): Molecular
Cloning: a laboratory manual, 2nd. Cold Spring Har-
bor Laboratory, Cold Spring Harbor Laboratory Press.
New York, US.

Schlaepfer, M.A., Sax, D.E, Olden, J.D. (2011): The poten-
tial conservation value of non-native species. Conserv.
Biol. 25: 428-437.

Schulte, U., Gebhart, J. (2011): Geographic origin of a
population of the Italian Wall Lizard Podarcis siculus
(Rafinesque-Schmaltz,1810), introduced north of the
Alps. Herpetozoa 24: 96-97.

Seebens, H., Blackburn, T.M., Dyer, E.E., Genovesi, P,
Hulme, P.E., Jeschke, J.M. et al. (2017): No saturation
in the accumulation of alien species worldwide. Nat.
Commun. 8:14435

Senczuk, G., Colangelo, P, De Simone, E., Aloise, G.,
Castiglia, R. (2017): A combination of long term frag-
mentation and glacial persistence drove the evolution-
ary history of the Italian wall lizard Podarcis siculus.
BMC Evol. Biol. 17: 6.

Shine, R. (2014): A review of ecological interactions
between native frogs and invasive cane toadsin Aus-
tralia. Austral Ecol. 39: 1-16.

Silva-Rocha, 1., Salvi, D., Carretero, M.A. (2012): Genetic
data reveal a multiple origin for the populations of the
Italian Wall lizard Podarcis sicula (Squamata: Lacerti-
dae) introduced in the Iberian Peninsula and Balearic
Islands. Ital. J. Zool. 79: 502-510.



New introduced populations of Podarcis siculus

Silva-Rocha, 1., Salvi, D., Harris, D.]., Freitas, S., Davis,
C., Foster, J., Deichsel, G., Adamopoulou, C., Carret-
ero, M.A. (2014): Molecular assessment of Podarcis
sicula populations in Britain, Greece and Turkey rein-
forces a multiple-origin invasion pattern in this spe-
cies. Acta Herpetol. 9: 253-258.

Simberloff, D., Souza, L., Nuilez, M.A., Barrios-Garcia,
M.N., Bunn, W. (2012): The natives are restless, but
not often and mostly when disturbed. Ecology 93:
598-607.

Sogge, M.K., Sferra, S.J., Paxton, E.H. (2008): Tamarix as
habitat for birds: implications for riparian restoration
in the southwestern United States. Restor Ecol 16:
146-154.

Stanescu, E, Rozylowicz, L., Tudor, M., Cogélniceanu D.
(2020): Alien Vertebrates in Romania — A Review.
Acta Zool. Bulg. 72: 583-595.

Stamatakis, A. (2006): RAXML-VI- HPC: Maximum like-
lihood-based phylogenetic analyses with thousands
of taxa and mixed models. Bioinformatics 22: 2688-
2690.

Strayer, D.L. (2012): Eight questions about invasions and
ecosystem functioning. Ecol. Lett. 15: 1199-1210.

Suarez, A.V., Tsutsui, N.D. (2008): The evolutionary con-
sequences of biological invasions. Mol. Ecol. 17: 351-
360.

Swofford, D.L. (2003): PAUP: phylogenetic analysis using
parsimony, version 4.0 b10 .

Tuniyev, B.S., Shagarov, L.M., Arribas O.]. (2020): Podar-
cis siculus (Reptilia: Sauria: Lacertidae), a new alien
species for Russian fauna. Proceedings ZIN RAS 324:
364-370.

Tok, C.V.,, Cigek, K., Hayretdag S., Tayhan, Y., Yakin, B.Y.
(2014). Range extension and morphology of the Ital-
ian wall lizard, Podarcis siculus (Rafinesque-Schmaltz,
1810) (Squamata: Lacertidae), from Turkey. Turk. J.
Zool. 38: 1-7.

Tomé, B., Harris, D. J., Perera, A. and Damas-Moreira, I.
(2021): Invasive lizard has fewer parasites than native
congener. Parasitol. Res. 120: 2953-2957.

Valdedn, A., Perera, A., Costa, S., Sampaio, E, Carretero,
M.A. (2010): Evidencia de una introduccién de Podar-
cis sicula desde Italia a Espafia asociada a una import-
acion de olivos (Olea europaea). Bol. Asoc. Herpetol.
Esp. 21: 122-126.

Williamson, M., Fitter, A. (1996): The varying success of
invaders. Ecology 77: 1661-1666.

While, G.M., Williamson, J., Prescott, G., Horvathova, T.,
Fresnillo, B., Beeton, N. J., Halliwell, B., Michaelides,
S., Uller, T. (2015): Adaptive responses to cool climate
promotes persistence of a non-native lizard. Proc. R.
Soc. Lond. B 282: 20142638..

157



	Acta Herpetologica
	Vol. 17, n. 2 - December 2022
	Firenze University Press
	Cryptic diversity in pygmy chameleons (Chamaeleonidae: Rhampholeon) of the Eastern Arc Mountains of Tanzania, with description of six new species
	Michele Menegon1,2,*, John V. Lyakurwa3,4, Simon P. Loader5, Krystal A. Tolley6,7
	Preliminary genetic characterisation of Southern Smooth Snake Coronella girondica (Serpentes, Colubridae) populations in Italy, with some considerations on their alpine distribution
	Matteo R. Di Nicola1, Raffaella Melfi2, Francesco P. Faraone3,*, Daniel L. N. Iversen4, Gabriele Giacalone5, Giovanni Paolino1, Mario Lo Valvo6
	Species diversity and distribution of amphibians and reptiles in Sardinia, Italy
	Claudia Corti1,2,*, Marta Biaggini1, Valeria Nulchis2, Roberto Cogoni2, Ilaria Maria Cossu2, Salvatore Frau4, Manuela Mulargia2, Enrico Lunghi2, Lara Bassu2.
	The Italian wall lizard, Podarcis siculus campestris, unexpected presence on Gorgona Island (Tuscan Archipelago)
	Marco A.L. Zuffi1,*, Alan J. Coladonato2, Gianluca Lombardo3, Antonio Torroni3, Matilde Boschetti1, Stefano Scali4, Marco Mangiacotti2, Roberto Sacchi2 
	Molecular analysis of recently introduced populations of the Italian wall lizard (Podarcis siculus) 
	Oleksandra Oskyrko1,2,*, Lekshmi B. Sreelatha1,12,13, Iolanda Silva-Rocha1, Tibor Sos3,4, Sabina E. Vlad5,6,7, Dan Cogălniceanu5,6, Florina Stănescu6,7,8, Tavakkul M. Iskenderov9, Igor V. Doronin10, Duje Lisičić11, Miguel A. Carretero1,12,13
	Sunny-side up: ontogenetic variation in egg mass temperatures of the wood frog Rana sylvatica
	Ryan Calsbeek*, Ava Calsbeek, Isabel Calsbeek
	Ecological niche differentiation in the Anatolian rock lizards (Genus: Anatololacerta) (Reptilia: Lacertidae) of the Anatolian Peninsula and Aegean Islands
	Mehmet Kürşat Şahin1,*, Kamil Candan2,3, Danae Karakasi4, Petros Lymberakis4, Nikos Poulakakis4,5,6, Yusuf Kumlutaş2,3, Elif Yıldırım2,3, Çetin Ilgaz2,3
	Occupancy and probability of detection of the introduced population of Eleutherodactylus coqui in Turrialba, Costa Rica
	Jimmy Barrantes-Madrigal1,*, Manuel Spínola Parallada1, Gilbert Alvarado 2, Víctor J. Acosta- Chaves3,4. 
	One site, three species, three stories: syntopy of geckoes Euleptes europaea (Gené, 1839), Hemidactylus turcicus (Linnaeus, 1758), Tarentola mauritanica (Linnaeus, 1758) in a coastal area of southern Tuscany (central Italy)
	Giacomo Radi1,2, Marco A.L. Zuffi1,*
	Comparative cytogenetics on Zamenis lineatus and Elaphe quatuorlineata (Serpentes: Colubridae)
	Marcello Mezzasalma1,* , Elvira Brunelli1, Gaetano Odierna2, Fabio M. Guarino2

