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Abstract. Podarcis muralis is among the most successful European lizards in colonizing human-made habitats, a trait that has facilitated
its biological invasion both within and beyond its native range. Naturally associated with rocky habitats, it has adapted to human
settlements, occupying mineral-based constructions with nearby vegetation. In Romania, the species naturally occurs at higher
elevations in the southern and central Carpathians and their neighboring areas. However, isolated populations were recorded outside
this natural range, on railways, along road edges, or on river embankments. In 2023 and 2024, we identified large populations on a
flat plain in western Romania near the border with Hungary. In total, P. muralis was recorded in 5 localities in Romania and 3 localities
in Hungary. Numerous individuals were observed. With one exception, juveniles were present in each locality, proving that the
populations are reproducing. The new populations are forming a continuous distribution spanning eight settlements between
Biharkeresztes (Hungary) and Oradea (Romania). Thus, at least in Romania, the populations seem isolated from those in the species'
natural range, possibly connected to those in Hungary, which, in turn, are a new presence and were probably introduced. The absence
of a connection between the distribution ranges in Romania rules out a natural advance towards the plains in response to climate
warming. Thus, the possibility of both an eastward advance from Hungary and a human-mediated introduction (probably multiple
independent events, given the many localities) remains plausible. The newly established populations display distinct ecological
behavior compared to nearby mountain populations, suggesting possible differences in origin or genetic composition. Additional
research should assess the potential threats posed by this invader to native P. muralis from higher elevations and to other native
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lowland lizards, notably Lacerta agilis, which appears to be replaced in some habitat types, like cemeteries.
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Introduction

The common wall lizard, Podarcis muralis (Laurenti 1768), has
a Euro-Asian native range (Fuhn & Vancea 1961). In Europe,
it extends from Spain and France eastward to Romania and
Bulgaria, and from Germany, Austria, and Slovakia
southward to Italy and Greece (Sillero et al. 2014), but is also
present in north-western Turkey (e.g., Yasar et al. 2021).
Likely originating in Italy, the species expanded after the
Messinian salinity crisis, forming six major evolutionary
lineages: Western Europe, Southern Alps, Central Italy,
Southern Italy, Northern Balkans, and Southern Balkans
(Yang et al. 2021). The Balkan lineages comprise regional
haplogroups shaped by climatic oscillations and distinct
refugia during the Quaternary glaciations (Salvi et al. 2013).
One haplogroup is widespread in Romania and Bulgaria,
another in Slovakia and possibly Hungary (Oskyrko et al.
2020), while mixed foreign haplotypes detected in Romania
likely result from human-mediated introductions (Oskyrko et
al. 2022). The Romanian populations have been assigned to
several forms (P. m. muralis, P. muralis aff. maculiventris, P. m.
albanicus), but their morphology and genetics require further
revision (Sos 2008).

Podarcis muralis thrives in human-modified European
habitats (Speybroeck et al. 2016) and has produced ecological
invasions both within its native range (e.g. Bali 1982, Jablonski
et al. 2025) and beyond it - expanding along range margins
(e.g. Jablonski et al. 2019, Kolenda et al. 2020) and even far
afield, as in the UK (Michaelides et al. 2015), USA (Ferner
2004), and Canada (Engelstoft et al. 2020). Species of the genus

Podarcis are frequently introduced across different regions
(e.g., Mole 2010, Kolbe et al. 2013, Briggler et al. 2015,
Adamopoulou et al. 2025, Sacchi et al. 2026). Even in
Romania, Podarcis siculus (Rafinesque-Schmaltz 1810) was
recently introduced in two localities (see Iftime & Iftime 2021).
However, the Great Hungarian Plain lies outside the natural
range of P. muralis (Puky et al. 2005).

Recently, the species was identified at its northern
distribution range limit in Poland, where it was considered
introduced (e.g., Wirga & Majtyka 2013, Dudek 2014, Kolenda
et al. 2020). However, its relict status could not be entirely
ruled out (Kolenda et al. 2020). Nevertheless, recent data have
confirmed more cases of introduction in the region, indicating
that southern lineages could form viable populations at the
northern edge of the species' distribution range (Kowalik et
al. 2024). Also in Slovakia, where P. muralis is native and
occurs in the mountains, a plain population was recently
identified, likely introduced through horticultural trade from
the Balkan Peninsula (Jablonski et al. 2025). Thus, it appears
that, at the northern limit of its distribution range, human
activities created favorable niches and access routes for P.
muralis, allowing it to expand northward (Wirga & Majtyka
2015). It was also identified in the northern Czech Republic,
near the border with Poland, in a medieval castle (VI¢ek &
Zavadil 2019). Although Romania is situated southwards, a
part of the species' north-eastern distribution range limit lies
in the country (Fuhn & Vancea 1961). In Romania, its presence
is known from most parts of the Carpathians (except the
northern and north-eastern parts), from some neighboring
areas, and from Dobruja (Fuhn & Vancea 1961, Schliiter 2006,
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Coggdlniceanu et al. 2013). Podarcis muralis is particularly well
represented in certain protected areas of the Southern
Carpathians (e.g., Iftime et al. 2008, Covaciu-Marcov et al.
2009, 2020). Nevertheless, in Romania it was also identified
beyond its natural distribution range, but on railways and
their dependences (Covaciu-Marcov et al. 2005, 2006, 2009,
Lazar & Muset 2025), medieval fortresses (Torok 2001, Iftime
2005), road edges (Gherghel et al. 2009), or river
embankments (Sas-Kovdcs & Sas-Kovacs 2014, Ile &
Dumbravad 2020). Generally, in Romania, it was present in
atypical situations on railways, both abandoned (Lazdr &
Muset 2025) and used (Covaciu-Marcov et al. 2006, 2009),
where its presence has been attributed to migration on the
railway or transportation with ballast (Covaciu-Marcov et al.
2006, Lazdr & Muset 2025) as in other regions (Dudek 2014).

One of the previous records outside the species™ natural
distribution range was located near the city of Oradea; that
population was considered isolated on a river embankment
and introduced during past hydro-technical works (Sas-
Kovéacs & Sas-Kovécs 2014). Nevertheless, in 2023, an
accidental observation of some P. muralis individuals near
Oradea, at about 6 km from that previous record, provided
evidence of a new human-mediated introduction. Thus, we
hypothesized that this record reflects a local range expansion
rather than two independent introductions. Nevertheless, this
may be a new introduction or multiple new introductions,
because Oradea is one of the largest cities in Romania (N.L.S.
2024), and urban areas are known to be hot spots for
introduced reptile species (e.g., Clements et al. 2019). Even in
countries where it is native, P. muralis is often present in
localities outside its natural range (e.g., Strugariu et al. 2008,
Urosevié et al. 2016, Vukov et al. 2020).

To test this, we surveyed the distribution of P. muralis in
the area, reconfirming the previously reported population
and exploring potential habitats between the known and
newly identified sites, as well as other nearby suitable
habitats. Thus, our objective was to establish the distribution
of P. muralis in the plain area neighboring Oradea, to
determine its habitat and dispersal routes in the area, and to
assess its potential connection to its range in the higher areas
situated eastwards.

Materials and methods

The study area is located at the western limit of the Pannonian Plain
(Figure 1), near the point where the Crisul Repede (Sebes-Ko6rds) River
crosses the Romanian-Hungarian border. The field work covered
adjacent lowlands belonging to the Oradea Plain in Romania (Campia
Oradiei; Badea et al. 2011) and the Bihar Plain in Hungary (Bihari-
siksag; Pécsi & Somogyi 1967). As this is a plain region, it has an
average annual temperature higher than that of neighboring hilly and
mountainous regions, reaching 13°C (N.IS. 2024). The average
altitude in the region is approximately 125 m; the relief is flat, while
the region is mostly used for agriculture.

The first observation occurred in the spring of 2023 (March 12),
entirely by chance, during an urban bird survey. We recorded P.
muralis in the western industrial zone of Oradea, on the right bank of
the Crisul Repede River, approximately 550 m from the riverbed near
the wastewater treatment plant (Figure 2, point 1). After confirming
that the species had not spread eastward within the city and could not
have crossed the river to the south, we extended our survey
northward and westward along the riverbank and DN1 (E60), the
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main road connecting Oradea to the Hungarian border. This led to
targeted surveys conducted in the autumn of 2023 and the spring of
2024 (the first on September 16t and the last on May 4th). Thus, we
investigated 11 localities in western Romania and 8 in eastern
Hungary. Totally, we spent 7 days in the field. In all investigated
localities, we sampled more habitats; thus, we sampled a total of 91
locations from both countries. In each location, we conducted only one
survey. The field activity was carried out between 10:00 a.m. and 7:00
p-m. on warm, sunny days. In each case, we made pedestrian surveys,
using visual transects in appropriate habitats. The species was
identified directly in the field without capturing individuals. In some
cases, remote photography was used to confirm the identification. We
tried to count the observed individuals, but they were usually
extremely numerous (in some locations, tens of very active
individuals could be observed within a few minutes, making counting
difficult). Therefore, we only noted whether both adults and juveniles
were present at each location.

Pannonian
Plain

Carpathian
Mountains

Figure 1. Regional setting of the study area. Insets show study sites
in (1) Hungary and (2) Romania. Circles: cities; purple line:
boundary; hatched area: native range of P. muralis.

The survey routes followed major roads, the railway line, and the
right bank of the Crisul Repede River. This approach ensured
systematic coverage of the transport network in all directions,
progressing from one settlement to the next and reaching areas where
the species was no longer detected. In each locality, we inspected
mineral-based structures (concrete, brick, or stone) located inside or
near major green spaces, such as parks, cemeteries, and sports fields.
After the first detection of the species in a settlement, the search was
extended to all main streets.

Results

After the first record in the western industrial zone of Oradea,
the presence of the species was subsequently confirmed along
the riverbank segments within Santandrei and Girisu de Cris
localities, as well as along the DN1 sections crossing Santion
and Bors. These findings document P. muralis in five lowland
localities in western Romania, encompassing all the 38
mapped locations in this study (Table 1, Figure 2). The
confirmed sites align with four major linear features: 1) the
right bank of the Crisul Repede River (Oradea, Santandrei,
Girisu de Cris); 2) DN1 (Oradea, Santion, Bors; continuing as
Route 42 toward Biharkeresztes, Hungary); 3) the CFR 300
railway (Oradea-Bors; continuing as MAV 101 toward
Biharkeresztes); and 4) the local road DC74 connecting Girisu
de Cris and Bors (Figure 2).
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Figure 2. P. muralis sampling sites in the studied area of Romania. Circles: new
records; square: previously known site; purple line: boundary; orange line:
roads; black line: railway. The inset map shows all four previously recorded
lowland occurrences. Abbreviations in the inset: Ro, Romania; HU, Hungary;
SRB, Serbia; BG, Bulgaria; BS, Black Sea; MD, Moldova; UKR, Ukraine;
a, Bucharest; b, Giurgiu; ¢, Mofleni; d, Arad.

Table 1. Sampling sites of P. muralis in western Romania.

Localities ~ No. Coordinates Sites
01 47°4'47.89"N 21°52'45.96”"E ~ Water treatment plant and metal carpentry factory
02 47°5'38.45"N 21°52'2.01"E Restaurant and event venue
Oradea 03  47°546.93"N 21°51'46.14"E ~ Textile wholesale warehouse
04  47°5'53.79”"N 21°51'33.50"E ~ Transport and logistics center
05  47°5'59.07”"N 21°51'8.55”E Building supplies warehouse
06  47°6'5.76”N 21°50'27.22"E Football field
07  47°551.03"N 21°50'37.23"E ~ Cemetery
08  47°552.98"N 21°50'11.95”"E ~ Middle school sports field
09  47°6'1.02"N 21°49'29.96"E Pasture
Santion 10  47°549.13"N 21°49'39.77”E ~ Abandoned greenhouses
11 47°5'45.21"N 21°50'4.91"E Reformed church
12 47°536.13"N 21°50'10.83"E  Flower greenhouses
13 47°57.61”N 21°50'5.87"E Waste collection center
14 47°52.76”N 21°50'22.25"E Gravel pit
Santandrei 15  47°4'54.44"N 21°49'49.89”E  Crisul Repede main channel (rubble between embankment and road, access from Santion
16 47°4'52.05"N 21°48'56.44"E  Crisul Repede main channel (concrete pillar between embankment and road, access from Girisu de Cris)
17 47°6'23.47"N 21°49'25.32"E  Electronics components factory
18 47°6'29.39"N 21°48'45.19”"E ~ Residential housing complex
19 47°6'38.07"N 21°48'33.84"E ~ Vegetable greenhouses
20  47°6'40.26"N 21°48'50.81"E  Supermarket
21 47°6'48.41"N 21°48'46.09"E  Central park
22 47°6'50.57"N 21°48'39.49”E  Football field
Bors 23 47°6'55.27"N 21°49'17.61"E  Sports hall
24 47°6'58.32"N 21°49'53.66"E  Eastern railway crossing
25 47°771252”N 21°49'11.92"E  Central railway crossing
26 47°7'22.69"N 21°48'10.86"E ~ Western railway crossing
27  47°716.39"N 21°48'7.89"E Cemetery
28 47°7'5.20"N 21°48'2.96"E Gravel pit
29  47°6'55.70"N 21°47'51.63"E  Road freight transport company
30  47°6'14.29"N 21°47'21.27"E  Large gravel pit
31  47°552.10”"N 21°46’51.82"E  Small gravel pit
32 47°5'31.32"N 21°46'39.05"E  Agricultural field (edge of DC 74)
o 33 47°4'53.10”"N 21°48'46.98"E  Crisul Repede main channel (Santion Pond bank)
S:gis 34  47°5'3.51"N 21°48'7.03"E Crisul Repede main channel (between embankment and road near Murvai Pond)
35  47°520.98”"N 21°46'53.73”"E ~ Ruins (near Crisul Repede embankment, with DC 74 above on embankment)
36  47°519.27”N 21°46'4.33"E Concrete guardrails DC 74 (near Crisul Repede embankment, with DC 74 above on embankment)
37 47° 4'34.67”N 21°4523.69”E Bridge over Crisul Repede, right bank end
38  47°4'33.38”N 21°45'26.83"E  Bridge over Crisul Repede, left bank end
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Across the border, P. muralis was found in eastern
Biharkeresztes, along the Hungarian Main Road 42 (42-es
fout) and the MAV 101 railway linking to Romania, as well as
in Artand locality situated at the border crossing point. In the
surrounding area, the species was recorded only in Bedd, the
nearest settlement (Table 2, Figure 3).

No individuals were observed in nearby settlements
(Cheresig, Toboliu, T4rian, Palota, Santdul Mic, and Santdul
Mare in Romania; Nagykereki, Bojd, Péterd, Told, and
Berekbdszormény in Hungary) or along the CFR 300 railway
in Oradea. In Romania, the species crossed the Crisul Repede
only at the abandoned bridge in Girisu de Cris; no other
records were obtained on the southern bank.

Of the 19 localities investigated, P. muralis was present in
8 (42.1%) and not identified in 11 (57.89%). Totally, we
recorded 38 distribution points in Romania and 7 distribution
points in Hungary. The number of observed individuals
appeared to be large; in each location, we usually observed
tens of wall lizards. In most cases, they were present in
anthropogenic stony habitats built-up areas
(railways, roads edges, river embankments), but also in

outside
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similar structures within built-up areas (walls, stone and
concrete fences, bridges, cemeteries constructions, etc.).
However, wall lizards were also present in areas without such
structures, even directly on open soil or in areas with
herbaceous vegetation. With a single exception, at each
location we observed both adults and subadults of different
sizes, as well as juveniles (Figure 4A-C). The wall lizards were
active on sunny days, even in the warmest hours. They were
observed both in more remote areas without direct,
permanent human presence (cemeteries, etc.) and in the
centers of localities (walls, fences, sports halls) in sectors with
constant human presence (Figure 4D-I).

Several locations investigated in this study fall within
protected areas. In Romania, points 15-16 and 33-38 lie within
ROSCI0104 Lunca Inferioara a Crisului Repede, while points
35-38 also fall within ROSPA0103 Valea Alceului (Fig. 2). In
Hungary, no points occur within designated protected areas;
however, the species was observed along secondary road
4808 (4808-as mellékut), which crosses the Zomlini Drainage
Canal (Zomlini-csatorna) inside the Bihari Plain Landscape
Protection Area (Bihari-sik Tdjvédelmi Korzet) (Fig. 3).

Table 2. Sampling sites of P. muralis in eastern Hungary.

Locality No.  Coordinates Sites
01 47°7'17.26"N 21°46'59.46"E  Truck parking and vignette sales
02 47°7'34.69"'N 21°46'12.85"E ~ Cemetery
Artand 03 47°7'44.05"N 21°45'53.78"E  Railway crossing
04 47°7'41.07"N 21°45'29.03"E  Refrigeration equipment showroom and sales
05 47°7'34.51"N 21°45'15.95"E~ Homestead
Biharkeresztes 06 47°7'40.80"N 21°44'19.31"E =~ Homestead
Bed6 07 47°10'13.01'N 21°45'1.56"E ~ Cemetery

Biharkeregztes
administrative
territofy

I

1

Bedd
village

3 Bedé /
tadministrative.
territory

{ Nagykereki
/ administrative
4 territory

Artand
administrative
territory

village

Figure 3. P. muralis sampling sites in the studied area of Hungary. Circles: new

records; purple line: boundary; orange line: roads; black line: railway.

Discussion

In the agricultural lowlands along the eastern edge of the
Pannonian Plain, P. muralis is presently well represented in
both geographic range and population size. Not just that there
are numerous localities and distribution records, but they are
even more than in regions where the species is native and has
appropriate habitats (e.g., Iftime & Iftime 2011, Covaciu-

Marcov et al. 2014). Thus, in Romania, P. muralis is typically
associated with rocky habitats such as cliffs, screes, and
outcrops, or with masonry structures accompanied by
vegetation, which it climbs with ease (Fuhn & Vancea 1961).
It is therefore considered a montane species in Romania, but
it also occurs in hilly areas and, more rarely, in lowlands
(Fuhn & Vancea 1961, Cogalniceanu et al. 2013). Its ecological
preference for mineral-based substrates has facilitated its
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spread into human settlements along transport routes
(Gherghel et al. 2009). Through the transportation network, it
has been accidentally introduced into or near lowland
settlements (Covaciu-Marcov et al. 2006, Strugariu et al. 2008).
Lowland records include Arad city (Covaciu-Marcov et al.
2005, 2006), Mofleni village (Cruce 1971), Bucharest city
(Strugariu et al. 2008), Giurgiu town, and Gostinu village
(Torok 2001, Iftime 2005). However, in those cases, the wall
lizards inhabit railways and related structures, roads, and
fortresses (Covaciu-Marcov et al. 2005, 2006, Iftime 2005,
Strugariu et al. 2008). In the eastern part of the Pannonian
Plain, P. muralis was initially identified near the village of
Girisu de Cris in the Oradea Plain (Sas-Kovécs & Sas-Kovacs
2014). At that time, the population was considered isolated,
plausibly originating from hydrotechnical works along the
Crisul Repede River in the 1970s (Sas-Kovacs & Sas-Kovacs
2014). Our data show that the species has since become
widespread in the area, expanding from its initial habitat
along multiple dispersal routes, including the railway, roads,
and the right bank of the Crisul Repede River. As a result, it
is no longer possible to determine the first habitat. Its
continuous distribution within the floodplain (bounded by
the river and the right-hand levee) and its presence on soils
lacking rocks (e.g., sloping grassy banks of a lake, point 33 in
Figure 2) indicate that these populations may now be
interconnected rather than isolated.

Despite the above-mentioned, there are at least two
unclear aspects. First, was the record from 10 years ago (Sas-
Koviécs & Sas-Kovécs 2014) the first introduction of P. muralis
in the area? Also, did the species indeed spread in the region
in the meantime, or was it already well represented even
before then, but went unnoticed? The previous authors did
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not search for the species elsewhere except at the location
where they encountered it (Sas-Kovacs & Sas-Kovacs 2014),
so there is no guarantee that the species was not already
widespread since then; therefore, there is a possibility that if
other localities had been investigated, it would already have
been recorded. Thus, there is no evidence that the first
published locality (Sas-Kovadcs & Sas-Kovacs 2014) was
actually the first in which the species was introduced to the
region. The large occupied area and population size suggest
that the species had enough time to spread across the region.
Thus, it is quite possible that the species was previously
introduced elsewhere in the region and subsequently arrived
at the location where it was first identified (Sas-Kovacs & Sas-
Kovacs 2014). Because there is a large city (Oradea) in the
neighborhood, the introduction may have taken place within
the city or in its vicinity. Cities are hot spots of introduced
species (e.g., Borden & Flory 2021, Carlon & Dominoni 2024),
while even P. muralis originating from the Balkan Peninsula
was recently introduced with the horticultural trade in the
northern Pannonian Plain (Jablonski et al. 2025). It is possible
that the species was introduced directly by humans in the
past, as has occurred elsewhere (Michaelides et al. 2015). Even
in Oradea, there are cases of the introduction of other reptiles
(Dimancea 2013). Thus, in the absence of periodic monitoring
of the region in the past, it is difficult to know when, where,
and how P. muralis was introduced; only that it is now well
established in the eastern part of the Pannonian Plain is clear.
At the same time, populations appear to be expanding, with
high numbers of juveniles in almost all localities. In other
cases, the presence of juveniles was considered an indicator
of sustainable, expanding populations (Jablonski et al. 2025,
Lazar & Muset 2025).

e

Figure 4. Specimens and habitats of P. muralis. A, adult specimen on the foundation of the metal
carpentry factory hall in Oradea; B, subadult specimen on a gabion along the northern bank of

the Crisul Repede River in Girisu de Cris; C, juvenile specimen on the concrete fence foundation
around the football field in Bors; D, concrete fence foundation around the football field in Bors;
E, open concrete stormwater drainage channel at an industrial logistics center in Oradea;
F, concrete fence foundation around a restaurant and event venue in Oradea; G, Concrete fence
foundation around a textile wholesale warehouse; H, Concrete parking curb at a building
supplies warehouse in Oradea; I, concrete fence foundation around a gravel pit in Bors.
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Besides the above-mentioned issues, another open
question concerns the relationship between the plain
populations and the species' natural range, since this is no
longer a simple, sustainable introduction but rather an
extensive area occupied by numerous individuals. At present,
the plain populations appear to be isolated from the species'
natural range by approximately 40 km. We were unable to
identify the species further east in Oradea or outside the city.
Thus, the plain populations are not connected to the species'
natural range and do not appear to represent a range
expansion due to climate warming or human habitat
alteration, as in other cases (Sillero 2021). The species was first
mentioned in 1890 in a faunistic study regarding Oradea and
its surroundings, which also covered rural areas and smaller
neighboring towns, in what is nowadays Bihor County
(Kertész 1890), where, in higher areas, the species is well
represented (Covaciu-Marcov et al. 2003, Cogéalniceanu et al.
2013). Although this study does not specify localities or how
close to the mountains the sites where the species was
identified are, the ecological notes— namely that the species
occupies bare ground and shelters under stones —suggest that
the records did not originate from lowland habitats (Kertész
1890). A later survey of the region around Oradea failed to
detect the species (Covaciu-Marcov et al. 2000). The closest
published locality is at the boundary between hills and
mountains, in the villages of Pestis near Alesd and Varciorog
in the Pddurea Craiului Mountains (Covaciu-Marcov et al.
2003). This is also evident in the most recent national review
of reptiles, in which the species is reported only at higher
elevations in Bihor County (Cogdlniceanu et al. 2013).

In Hungary, the wall lizard was previously considered
sporadic, mostly confined to rocky and stony slopes of hills
and mountains, with occasional records on elevated loess or
clay banks or terrace walls (Dely 1978, Puky et al. 2005). This
explains the large gap from the Great Hungarian Plain, except
for the area near the Danube and Drava rivers and the isolated
volcanic remnants near Ukraine (Dely 1978, Puky et al. 2005).
Subsequently, the Herpetofauna Mapping Project, powered
by citizen science, recorded the species at over 50 sites across
the Great Hungarian Plain, almost all within settlements
(M.M.E. 2025); the nearest to our study area are Debrecen (43
km) and Piispokladany (50 km). The presence of the species
in artificial habitats such as railway embankments and old
masonry was also noted in the past (Dely 1978, Puky et al.
2005). Since then, P. muralis has become Hungary’s most
common city-dwelling reptile (Té6th-Ronkay et al. 2015). Even
in the past, some authors noted that the species mainly
inhabits artificial structures in the mountains, treating it as an
adventive element not characteristic of the local herpetofauna
(Bali 1982). Also in Serbia, wall lizards' habitats are absent
from the plains (which represent the southern parts of the
Pannonian Plain), as the species prefers sunny, rocky habitats
(Urosevi¢ et al. 2016). Thus, all plain populations from
northern Serbia appear to be situated in urban and rural areas
or in human-modified habitats, as they are considered to be
introduced or to represent expansions of the native range
facilitated by anthropogenic structures, transportation
networks, etc. (UroSevi¢ et al. 2016). Nevertheless, it is
possible that the introduction of those plain populations
occurred in historical times and that they subsequently
extended their range (UroSevic et al. 2016). A similar tendency

A.-S. Cicort-Lucaciu et al.

has also been reported in Bulgaria, where the species is
mainly associated with rocky and thermophilous habitats
rather than lowland areas (Stoyanov et al. 2011).

The P. muralis populations identified between Oradea and
Biharkeresztes display ecological traits closer to those in
Hungary than in Romania, where populations do not occupy
earthen slopes or walls (compare the ecology reported for
Romania in Fuhn & Vancea 1961, with that reported for
Hungary in Dely 1978). Dispersal along crushed stone
embankments of inter-settlement roads, such as DC74 (see
Figure 2), is absent in nearby native mountain populations.
Although such lowland roads are likely suboptimal habitats,
they can provide adequate conditions for short-distance
dispersal (a few kilometers) if within the species’ ecological
tolerance. Inter-settlement roads do not offer the same
conditions as settlement roads, as they often cross pesticide-
treated farmland (Schmidt-Loske 1997) and lack shaded
habitats provided by trees and buildings that facilitate
behavioral thermoregulation (Brafia 1991). Moreover, thermal
tolerance in P. muralis appears to increase progressively with
distance from the introduction site (Litmer & Murray 2019).

The colonization of the western part of the Pannonian
Plain represents a major range expansion of P. muralis
compared with previous data (Gasc et al. 1997, Speybroeck et
al. 2016). This process follows the stratified diffusion model,
in which human-mediated long-distance dispersal first
establishes satellite populations, which subsequently expand
through neighborhood diffusion (Shigesada et al. 1995).
Settlements function as artificial and suitable habitat islands
embedded in a matrix of unsuitable landscapes, connected by
communication corridors (roads, railways, rivers) that enable
coalescence via local diffusion within settlements and,
additionally, through coherent dispersal between settlements
(a dispersal category distinct from Shigesada’s model but
recognized by Wilson et al. 2009).

Introductions occurred most frequently along the Danube
- especially near Budapest - and the Drava, where terraces
provide favorable habitats, and river transport likely
facilitated accidental arrivals (Puky et al. 2005). On the banks
of the Danube in Romania and Ukraine, populations exhibit
mixed haplotypes from distinct haplogroups (Oskyrko et al.
2020, 2022). Multiple introductions can transmit genetic
variation from the between-population level in native ranges
to the within-population level in invaded areas, thereby
enhancing adaptability and invasion success (Kolbe et al.
2004). In the case of P. muralis, a strictly protected species
under the European Habitats Directive (C.E.U. 2006), such
admixture not only facilitates urban colonization but, through
introgression, also threatens the genetic integrity of native
populations (Schulte et al. 2012a, Beninde et al. 2018).

The spread of P. muralis into protected areas near Oradea
or into habitats occupied by the sand lizard Lacerta agilis
Linnaeus 1758 - another species under strict European
protection (C.E.U. 2006) - raises conservation concerns. In our
survey of nine cemeteries, the two species never co-occurred:
four cemeteries hosted only P. muralis, and five hosted only L.
agilis. Therefore, P. muralis may have the potential to replace
the native species in some habitats, particularly those
containing mineral structures such as cemeteries. In Serbia as
well, P. muralis plain populations are considered a threat to L.
agilis (UroSevié¢ et al. 2016). The mechanisms behind this



Records of Podarcis muralis in the western Pannonian Plain

process are not fully understood, but studies indicate possible
pathways: aggressive and territorial interactions of P. muralis
against Podarcis liolepis (Boulenger 1905), leading to
microhabitat segregation (Schulte et al. 2012b),
experimental evidence that Elgaria coerulea (Wiegmann 1828)
avoids cover objects harboring P. muralis based on chemical
cues, resulting in spatial segregation (Bertram 2004).
However, in some regions, no clear negative effects of P.
muralis on L. agilis have been detected (Heym et al. 2013). Even
in Romania, they sometimes appear together, as well as with
other lizard species (Covaciu-Marcov et al. 2020).

The genetic origins of P. muralis populations across the
Pannonian Plain would be necessary to be investigated.
Subsequent

and

invasion management and conservation

strategies should prioritize protecting native P. muralis
populations if non-native invasive populations of the same
species are identified. In another case, an invasive wall lizard
species prospered in human-modified habitats, while the
native species survived in natural habitats (Sacchi et al. 2026).
In that case, the native species was exactly P. muralis, a fact
clearly indicating the relativity of general interpretations, as
the invasion of the non-native species was context-dependent
and related to human alteration of habitats (Sacchi et al. 2026).
Probably, the scale of human habitat alteration in the eastern
areas of the Pannonian Plain explains the large distribution of
wall lizards outside their natural range and habitats.
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