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Abstract. The southern part of Montenegro has been identified as an area with high diversity of herpetofauna. How-
ever, comprehensive studies of distribution and diversity patterns of reptiles on the country level are still missing. 
Such studies are essential in designating areas of special conservation importance and nature protection planning in 
a milieu of increased habitat loss and degradation due to rapid urbanization and tourism development in this small 
Mediterranean country. To make progress on this problem, we analyzed distribution and diversity patterns of the liz-
ards in Montenegro using a large database consisting of literature data and our unpublished records. We found that 
fifteen lizard species inhabit Montenegro, and two additional species may be present. The lizards were most diverse in 
the Maritime biogeographic region of Montenegro, while low diversity was found predominantly along the state bor-
ders in the Mountain-valley region. The identified pattern of lizard diversity is at least partly influenced by sampling 
bias. The eastern mountainous subregion had a distinct species composition compared to all other parts of the coun-
try. The East-Mediterranean chorotype was the most dominant, represented by seven species. The great diversity of 
the lizard fauna of Montenegro can be attributed to its specific topographic position with great influence of Mediterra-
nean climate, heterogeneity of biomes, complex geological history and diverse physiogeographic features. High lizard 
species richness in the Maritime region and a unique species composition in the eastern subregion of Montenegro 
indicate that these areas are of high conservation interest.
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INTRODUCTION

The number of studies of herpetofaunal distribu-
tion and diversity patterns in the Balkan countries has 
increased over the last decade (Jablonski et al., 2012; 
Cogălniceanu et al., 2013; Tomović et al., 2014; Steri-
jovski et al., 2014; Uhrin et al., 2016; Mizsei et al., 2017). 
They have been driven not only by the creation of large 
distributional databases resulting from intensive biodi-
versity surveys for conservation purposes (such as imple-

mentation of the Natura 2000 network, preparation of 
national Red Lists and books of threatened species) and/
or research of particular taxa, but also by the recognition 
that basic biogeographical studies have gained increased 
significance in ecological, evolutionary and systematic 
research (e.g., Jetz et al., 2011; Zachos and Habel, 2011). 
Such studies are especially important in areas of high 
conservation concern such as the Balkans, one of the 
main European centers of endemism and speciation with-
in some herpetofaunal taxa (Džukić and Kalezić, 2004). 
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The southern part of Montenegro lies within the 
Mediterranean belt, one of the globally recognized bio-
diversity hotspots (Myers et al., 2000). It has also been 
identified as an area of high concentration of reptile 
species (Crnobrnja-Isailović and Džukić, 1995; Džukić 
and Kalezić, 2004; Sillero et al., 2014). This has been 
further confirmed through studies on reptile distribu-
tion, intraspecific differentiation and speciation events in 
this area (Böhme et al., 2007; Ljubisavljević et al., 2007; 
Polović and Ljubisavljević, 2010; Polović and Čađenović, 
2014; Jablonski et al., 2016). However, despite the evident 
importance of herpetofaunal diversity of Montenegro, 
there have been no comprehensive and detailed studies 
of distribution and diversity patterns of reptile species for 
the country as a whole. 

The need for such studies is increasing due to 
newly described or discovered lizards in Montenegro 
(Ljubisavljević et al., 2007; Vergilov et al., 2016), recent 
nomenclatural (Sillero et al., 2014) and taxonomic chang-
es (Jablonski et al., 2016; Marzahn et al., 2016) and the 
necessity of updating the national list of protected species 
and preparation of the Red Book of threatened species, 
bearing in mind the growing negative influence of habi-
tat loss and degradation in recent years (Bataković et al., 
2014). 

In order to make progress and respond to these 
needs, we here present all available distribution data for 
lizards in Montenegro and analyze their patterns of diver-
sity. In doing so, we provide the first zoogeographical 
analysis of the most numerous reptile group in this coun-
try. In this way, our study presents a starting point for the 
consideration of the distribution and diversity of all rep-
tiles in the territory of Montenegro.

MATERIAL AND METHODS

Study group

Lizards (Squamata: Lacertilia) comprise over 6000 species 
worldwide, with over 80 species in Europe. Thirty-six of these 
(belonging to six families) occur on the Balkan Peninsula and 
adjacent islands (excluding Crete) (Speybroeck et al., 2016). The 
lizards of the Balkans are quite diverse in terms of morphology 
and lifestyle. They include small to large taxa, normal-legged 
(true lizards), tiny-legged (e.g., Ablepharus kitaibelii) and legless 
forms (slow worms), diurnal to nocturnal species (geckos), and 
those with conspicuous or rather cryptic behavior (e.g., most 
skinks and slow worms). There are ground-dwelling (e.g., Lac-
erta agilis and Zootoca vivipara), saxicoulous (e.g., Dalmatolac-
erta oxycephala and Dinarolacerta spp.) to semi-arboreal lizards 
(e.g., green lizards) with oviparous (e.g., wall and green lizards) 
and viviparous reproductive modes (e.g., Z. vivipara).

Study area

Montenegro is located in the west-central part of the Bal-
kan Peninsula, bounded by the Adriatic Sea to the south and 
Dinaric Mountains to the north. The total land area of Mon-
tenegro is 13,812 km2. Marković (1970) divided the territory 
of Montenegro into two main regions (Maritime and Moun-
tain-valley) and six subregions (Fig. 1). The Maritime region 
is divided into Mediterranean and sub-Mediterranean subre-
gions. The Mediterranean subregion of Montenegro is narrow 
coastal area (2–10 km wide), separated from the hinterland by 
the steep Dinaric Mountains (Orjen, Lovćen, Sutorman and 
Rumija). It is characterized by a typical Mediterranean climate 
with hot dry summers and mild wet winters (Matvejev, 1961). 
The sub-Mediterranean part of Montenegro includes valleys of 
the Zeta River and Skadar Lake, hilly areas in the western and 
central parts of the country and is bordered by high coastal 
mountains to the south. The climate in this subregion is modi-
fied Mediterranean with somewhat cooler and moister winters 
and long, dry and hot summers. The Mountain-valley region is 
divided into central, eastern, northern and western subregions 
according to geographic position. The Mountain-valley region is 
dominated by medium to high mountains intersected by deep 
canyons of the Tara and Piva Rivers in the northern subregion, 
the Morača River in the central and the valley of the Lim River 
in the eastern subregion. The western subregion is a largely high 

Fig. 1. Geographical regions and subregions of Montenegro 
(according to Stešević and Caković, 2013 and Vuksanović et al., 
2016). Maritime region (in light grey) with Mediterranean (M) and 
sub-Mediterranean (SM) subregions. Mountain-valley region (in 
dark grey) with western (W), central (C), eastern (E) and northern 
(N) subregions.
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dry karst area with scarce surface water bodies. The temperate 
continental climate in the Mountain-valley region, characterized 
by warm to hot summers and very cold winters, is often modi-
fied under the influence of high altitudes (mountain climate of 
the alpine type with short wet summers and long, cold snowy 
winters) or Mediterranean influence that spreads along the river 
canyons, gorges and valleys far inland (modified continental cli-
mate with milder winters) (Stevanović and Stevanović, 1995).

Methods

The dataset of locations in Montenegro where lizards were 
recorded consists of 1284 entries. The records were sorted by 
the year of observation (unpublished records), or the year of 
publication (literature records), and characterized as old or 
recent according to whether they were published/observed 
before or after 1990. This year was chosen in accordance with 
other similar studies of the Balkan herpetofauna (Cogălniceanu 
et al., 2013; Mizsei et al., 2017), and because more intense and 
systematic surveys of herpetofauna in certain areas of the coun-
try started after 1990.

The majority of our records were collected during field 
surveys in the last decade as results of independent projects or 
sub-projects on lizards (see Acknowledgements). A number of 
unpublished records came from the field databases of Dr. Miloš 
Kalezić, Dr. Georg Džukić and late prof. Dr. Gojko Pasuljević. 
All species were identified according to standard herpetological 
literature by visual inspection of diagnostic characters (Arnold 
and Ovenden, 2002). Regarding taxonomy and current nomen-
clature, we followed Sillero et al. (2014) and Speybroeck et al. 
(2016). Accordingly, Anguis fragilis and A. graeca were treated 
as a species complex, because the distinction between these 
two taxa and their precise distribution in Montenegro require 
further research (Sillero et al., 2014; Jablonski et al., 2016). The 
distinct lineages of Lacerta viridis-bilineata complex which, 
according to the newest study (Marzahn et al., 2016), occur in 
the Western Balkans including Montenegro but have not been 
taxonomically evaluated, were treated as Lacerta viridis com-
plex following Marzahn et al. (2016) and Mizsei et al. (2017). 
The distributions of two species with doubtful old records 
(Tarentola mauritanica and Podarcis tauricus), the presence of 
which has not been confirmed during recent decades, are pre-
sented in Table 1 and Supplementary material, but excluded 
from further biogeographic analyses. The geographic distribu-
tion of every lizard species in Montenegro was presented on 
the country map overlain by a 10 × 10 km UTM (Universal 
Transverse Mercator) grid (see Figs. S3-S7). Doubtful find-
ings were marked with a question mark (?). All georeferences 
are based on the WGS84 datum. The database includes the fol-
lowing locality information: site name, coordinates in decimal 
degrees, 10 × 10 km UTM square and data source type (see 
Table S1). A general distribution map of lizards in Montene-
gro (see Fig. S2 and supplementary data file) was constructed 
using the free DIVA-GIS 7.5.0 software (Hijmans et al., 2012), 
based on relationship between species records and the UTM 10 
x 10 km grid using the grid cell code as a common attribute 
(Cogălniceanu et al., 2013).

Similarities among biogeographic subregions of Monte-
negro were evaluated using the Bray-Curtis dissimilarity index 
(Bray and Curtis, 1957). Chorotypes were determined according 
to Vigna Taglianti et al. (1999). For the analyses and designation 
of centres of lizard diversity in Montenegro, we used an applica-
tion created in Visual Basic 6.1 in the program WinWord 2003 
(Niketić, 1999), using the method of Walter and Straka (1970), 
at National Grid UTM Reference for Montenegro 10 × 10 km.

RESULTS

The dynamics of publications on and data collection 
for lizards in Montenegro from the end of the 19th cen-
tury to 2017 are presented in Fig. 2. An increase in field 
research and publication effort is evident from the 1990s 
onwards. There were many more records dated after 1990 
than before 1990 (Table 1). The majority of the published 
and unpublished data came from the last seven years, 
when field survey activities have intensified. The increase 
in published data during the nineties of the last century 
may be attributed to the systematic research on the her-
petofauna, particularly lizards, of the Skadar Lake region. 
Unpublished records from the 1970s–1980s came from 
the unpublished notes of the late Prof. Dr. Pasuljević.

Fifteen lizard species from four families were con-
firmed to inhabit Montenegro (Table 2). The most diverse 
group were lacertid lizards (11 species). About 54 % of the 
UTM 10 × 10 km grid cells that cover the surveyed ter-
ritory contained only recent records of lizards, 34% con-
tained both old and recent records, whereas only 12 % 
of them contained only records from surveys performed 
prior to 1990 (Fig. S1). Roughly 63% of the total national 
UTM grid cells contained records of at least one lizard 

Fig. 2. Number of lizard records in Montenegro by year of collec-
tion (unpublished data) or publication (published data).
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species, of which 22% were located in areas not covered 
by previously published surveys. Consequently, 37% of the 
UTM grid cells were without records (Fig. S2).

Only potentially introduced species or those with 
doubtful records (Tarentola mauritanica, Podarcis tauri-
cus, P. siculus) had more old than recent records (Table 

1). Nearly all species, with the exception of Hemidac-
tylus turcicus, had more published than unpublished 
records. The species with the highest number of records 
was Podarcis muralis (240), followed by Dalmatolacerta 
oxycephala (139), Podarcis melisellensis (137) and Pseudo-
pus apodus (134). Ablepharus kitaibelii (1), Dinarolacerta 

Table 1. The list of lizard species in Montenegro with number of records. Old and recent records correspond to the publication/collection 
dates before and after 1990. (*) species with doubtful old records, the presence of which has not been confirmed in recent times.

Species Total records Published records Unpublished records Old records Recent records

Hemidactylus turcicus 45 20 25 12 33
Tarentola mauritanica* 1 1 0 1 0
Algyroides nigropunctatus 44 30 14 4 40
Dalmatolacerta oxycephala 139 99 40 39 100
Dinarolacerta montenegrina 14 13 1 0 14
Dinarolacerta mosorensis 123 119 4 37 86
Lacerta agilis 54 36 18 7 47
Lacerta viridis complex 90 58 32 9 81
Lacerta trilineata 112 66 46 18 94
Podarcis melisellensis 137 72 65 24 113
Podarcis muralis 240 166 74 34 206
Podarcis tauricus* 2 2 0 2 0
Podarcis siculus 8 8 0 5 3
Zootoca vivipara 22 19 3 7 15
Ablepharus kitaibelii 1 1 0 0 1
Anguis fragilis complex 118 70 48 22 96
Pseudopus apodus 134 77 57 14 120
Total 1284 857 427 235 1049

Table 2. List of confirmed lizard species in Montenegro with endemicity status for the Balkans, marginality and range fragmentation on the 
territory of Montenegro, extent of their occurrence in subregions, and UTM squares and chorotype classification.

Family Species Marginal 
zone

Balkan 
endemic

Fragmented 
range Subregion N of 

UTMs Chorotype

Gekkonidae Hemidactylus turcicus M,SM 14 Mediteranean
Lacertidae Algyroides nigropunctatus + M,SM,C 22 E-Mediterranean

Dalmatolacerta oxycephala + + M,SM,C,N,W 40 E-Mediterranean
Dinarolacerta montenegrina + + E 4 E-Meditrranean

Dinarolacerta mosorensis + + + M,SM,C,N,W 21 E-Mediterranean
Lacerta agilis + + C,E,N,W 21 Euro-Siberian

Lacerta viridis complex M,SM,C,E,N,W 39 S-European
Lacerta trilineata + M,SM 31 E-Mediterranean

Podarcis melisellensis + M,SM,W 38 E-Mediterranean
Podarcis muralis M,SM,C,E,N,W 70 S-European
Podarcis siculus + ? M 1 S-European
Zootoca vivipara + + E 9 Euro-Siberian

Scincidae Ablepharus kitaibelii + ? E 1 E-Mediterranean
Anguidae Anguis fragilis complex M,SM,C,E,N,W 45 Euro-Siberian

Pseudopus apodus M,SM 38 Turano-Mediterranean
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montenegrina (14) and Zootoca vivipara (22) had the low-
est number of records for the confirmed and native spe-
cies (Table 1).

Almost half of the confirmed species (47%) reaches 
the edge of their distribution in Montenegro, while 40% of 
them are endemic to the Balkan Peninsula (Table 2). Most 
of species that inhabited medium to high-altitude areas of 
Montenegro (Dinarolacerta mosorensis, Lacerta agilis and 
Z. vivipara) had fragmented ranges (Table 2, Figs. S4 and 
S5). Recent discovery (A. kitaibelii) and/or low number 
of confirmed records (P. siculus) precluded evaluation of 
range fragmentation in these species (Table 2). 

Podarcis muralis was the most widely distributed liz-
ard in Montenegro, inhabiting the territory covered by 
39% of the national UTM grid cells, followed by P. meli-
sellensis, P. apodus, L. viridis complex, D. oxycephala and 
A. fragilis complex which occurred in 21% to 25% of 
UTM grid cells (Figs. S4-S7). Podarcis siculus, A. kitaibelii 
and D. montenegrina were the rarest species, confined to 
fewer than 3% of the UTM cells covering the Montene-
grin territory (Figs. S4, S6 and S7). 

The highest numbers of species (eight to nine) were 
recorded in 10 UTM squares located along the Adriatic 
coast, in the Skadar Lake region, the Zeta River plain and 
around the capital of Montenegro (Podgorica). However, 
a great number of UTM squares (30) contained only one 
lizard species, while nearly one third of UTM squares 
that cover the territory of Montenegro were without any 
records. Most of the squares with no lizard species or low 
lizard diversity were located in the north-eastern border 
area and western part of the country (Figs. 3, S1 and S2).

In line with these results, species diversity was great-
er in the Maritime than in the Mountain-valley region. 
Mediterranean and sub-Mediterranean subregions were 
inhabited by 11 and 10 species, respectively, whereas cen-
tral, eastern and western subregions had seven species 
each (Table 2). The lowest number of species (six) was 
found in the northern, high mountain subregion. Three 
taxa (L. viridis complex, P. muralis and A. fragilis com-
plex) with both wide geographic and altitudinal ranges 
were distributed in all subregions.

According to our cluster analysis Mediterranean and 
Sub-Mediterranean subregions were the most similar to 
one another (Fig. 4). They formed a distinct cluster due 
to identical composition of 10 lizard species, with only 
one additional species (P. siculus) found in the Mediter-
ranean subregion. Northern, central and western parts of 
the Mountain-valley region formed another cluster, dif-
fering mutually by no more than one species. The eastern 
subregion was the most distinct due to the presence of 
three species (A. kitaibelii, D. montenegrina and Z. vivipa-
ra) that were not found in other subregions.

The lizards of Montenegro were classified into five 
chorotypes (Table 2). The most common chorotype was 
East-Mediterranean, represented by seven species. The 
Euro-Siberian and South-European chorotypes were rep-

Fig. 4. Cluster diagram of Bray-Curtis similarity index of lizard fau-
na for biogeographic subregions in Montenegro.

Fig. 3. Diversity of lizard species in Montenegro in the 10 × 10 km 
UTM grid. Colours and sizes of squares present numbers of lizard 
species per UTM cell (left-hand side of the legend), and colours and 
sizes of the rectangles present numbers of UTM squares with corre-
sponding numbers of lizard species (right-hand side of the legend).
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resented with three species each. The rarest chorotypes 
were Mediterranean and Turano-Mediterranean, repre-
sented with one species each.

DISCUSSION

With 15 species confirmed, Montenegro is amongst 
the countries with the highest diversity of lizards in the 
Balkans (e.g., Petrov, 2007; Krofel et al., 2009; Jablon-
ski et al., 2012; Cogălniceanu et al., 2013; Sillero et al., 
2014; Tomović et al., 2014; Uhrin et al., 2016; Mizsei et 
al., 2017). Furthermore, 10 recorded species are regional 
endemics, having marginal ranges in Montenegro or a 
fragmented range in it (Table 2), contributing to a high 
potential for further evolutionary diversification of the 
lizard fauna (Džukić and Kalezić, 2004).

A comparative analysis of the diversity of lacertid 
lizards among the Balkan countries showed a clear dis-
tinction between the western and eastern countries, with 
Montenegro grouping together with Bosnia and Herze-
govina, Croatia and Slovenia within the western Balkan 
cluster (see Urošević et al., 2015). This pattern remained 
the same when we included all lizards (results not 
shown). The lizard fauna of Montenegro is most similar 
to those of Bosnia and Herzegovina and Croatia, mostly 
owing to the presence of the western Balkan endemic 
lacertids Dalmatolacerta oxycephala and Dinarolacerta 
mosorensis in these three countries. Actually, the only dif-
ference in lizard fauna between Montenegro and Bosnia 
and Herzegovina is the presence of the endemic Dinarol-
acerta montenegrina in Montenegro. This points out the 
important impact of landscape features of the Dinaric 
Mountains in shaping biodiversity of the western Balkans 
(e.g., Redžić et al., 2011; Ivković and Plant, 2015).

A great diversity of lizard fauna inside the small-
est Balkan country can be attributed to its specific geo-
graphic position with great influence of Mediterranean 
climate, heterogeneity of biomes, complex geological his-
tory and diverse physiogeographic features ranging from 
high mountains in the north, through deep river canyons 
and valleys to the broad plain in the south (Matvejev, 
1961; Matvejev and Puncer, 1989). Macroevolutionary 
events, such as speciation within the genus Dinarolacerta 
(Ljubisavljević et al, 2007), or division of the “mainland 
clade” of Dalmatolacerta oxycephala (Podnar et al., 2014) 
took place in the Montenegrin mountains. Furthermore, 
heterogeneous mountain topography and proximity to 
the Mediterranean were important factors in shaping 
genetic diversity of two species complexes of lizards, the 
L. viridis complex and the A. fragilis complex (Böhme 
et al., 2007; Jablonski et al, 2016; Marzahn et al., 2016). 

Marzahn et al. (2016) revealed the existence of two dis-
tinct lineages of L. viridis complex in Montenegro, while 
Jablonski et al. (2016) identified contact zones between 
two lineages of Slow worms (A. fragilis complex) in 
southernmost part of the country.

Although the presence of five chorotypes points out 
the variability of zoogeographical links, the predomi-
nance of Mediterranean chorotypes clearly indicates a 
dominant influence of the Mediterranean. Higher lizard 
diversity in areas under the influence of Mediterranean 
climate is not surprising and is evidenced in other studies 
of reptile diversity of the Balkan countries (e.g., Jablonski 
et al., 2012; Urošević et al., 2015; Mizsei et al., 2017).

A great diversity of lizards, and herpetofauna in 
general, in the Skadar Lake region and coastal zone 
(Crnobrnja-Isailović and Džukić, 1995; Džukić and 
Kalezić, 2004; Polović and Ljubisavljević, 2010; Polović 
and Čađenović, 2014; this study) indicates that these are-
as are of particular conservation interest, especially bear-
ing in mind the trend of rapid urbanization and develop-
ment of touristic infrastructure in recent years. Although 
a wide range of EU policies and legislation which address 
specific problems evidenced in coastal environments were 
adopted in Montenegro, their implementation has been 
slow and represents a significant challenge for future con-
servation initiatives (Knežević et al., 2015). Furthermore, 
the presence of some endemic species (D. montenegrina) 
and species with scarce records at the periphery of their 
distribution (A. kitaibelii, Z. vivipara) in the eastern 
mountainous subregion indicate that this area should be 
also considered during conservation planning.

Observed patterns of lizard diversity in Montenegro 
could be influenced by the elevational gradient, which is 
correlated with temperature and mediated by precipita-
tion (McCain, 2010; Mizsei et al., 2017), but also by the 
so-called “Linnean shortfall” (the knowledge gap of the 
number of existing species) and “Wallacean shortfall” 
(incomplete knowledge about the geographical distri-
bution of species, which is usually related to variation 
in survey effort) (Lomolino, 2004; Hortal et al., 2015). 
The relatively recent discovery of D. montenegrina 
(Ljubisavljević et al., 2007) and the possible existence of 
still unidentified or undescribed taxa, e.g., within L. virid-
is complex (Böhme et al., 2007; Marzahn et al., 2016), A. 
fragilis complex (Jablonski et al., 2016) or D. oxycephala 
mainland clade (Podnar et al., 2014), may indicate that 
lizard diversity is subject to the Linenan shortfall. Large 
area without lizard distributional data in the Mountain-
valley region suggests that this pattern may be also affect-
ed by the Wallacean shortfall. For example, UTM squares 
that cover the areas of Durmitor Mt., Bjelasica Mt. and 
Krnovo mountain plateau have the highest number of 
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species in the Mountain-valley region and, at the same 
time, are hotspots of sampling effort. These mountains 
have been surveyed frequently during the course of dif-
ferent herpetological studies (Džukić, 1991; Tomović et 
al., 2004; Polović and Čađenović, 2013).

Nevertheless, considerably higher  sampling effort 
during the  recent period has contributed to reduce gaps 
in the knowledge of the distribution of lizards in Mon-
tenegro. New records extended national ranges for many 
species. The ranges of L. agilis, and the L. viridis and A. 
fragilis complexes were extended to the east and west, 
while the ranges of P. melisellensis and P. muralis were 
extended to the central and western part of the country. 
New data also helped to fill in some distribution gaps for 
H. turcicus, Algyroides nigropunctatus and D. oxycephala.

Among the confirmed species, only P. siculus, repre-
sented by the stenoendemic subspecies P. s. cattaroi could 
have anthropochorous origin (Ljubisavljević et al., 2005; 
Podnar et al., 2005). The Moorish gecko (T. mauritanica), 
a species with a doubtful record in Montenegro (Bruno, 
1988), is also easily transported by humans and consid-
ered to be introduced to the Adriatic coast and Greece 
(Krofel et al., 2009; Speybroeck et al., 2016).

Our results showed that distribution gaps still remain 
for most species, especially in the north-eastern and 
north-western parts of Montenegro. Survey efforts should 
be focused on lizards with high conservation concern 
such as Dinarolacerta spp. (Ljubisavljević et al., 2017). 
Distribution gaps in areas with suitable habitats for at 
least some of the wide-ranging species (e.g., L. viridis 
complex, P. muralis, A. fragilis complex) suggest that a 
scattered distribution pattern is rather a result of a lack 
of systematic field surveys than a consequence of specific 
ecological demands. Perhaps the best example of this is 
the recent discovery of A. kitaibelii, a species known from 
neighboring countries, in eastern Montenegro (Vergilov 
et al., 2016).

Other species, such as Mediodactylus kotschyi and 
Podarcis tauricus, known from border regions of north-
western Albania (Haxhiu, 1998; Mizsei et al., 2017), are 
also likely to be discovered in Montenegro in upcoming 
years, due to the presence of suitable habitats in south-
eastern Montenegro and lack of barriers to dispersal of 
these species. Furthermore, northern, western and north-
eastern areas of Montenegro should be of high priority 
for future systematic reptile field research.

ACKNOWLEDGEMENTS

Research was funded by Ministry of Education, Sci-
ences and Technological Development of Serbia (grant 

No. 173043) and by the Rufford Small Grants Foundation 
(grant nos. 14714-1, 19600-2, 19309-2). We would like to 
acknowledge the constructive reviews provided by Shai 
Meiri and anonymous reviewers that greatly improved 
interpretation of our data. We would like to thank Dr. 
Marjan Niketić and Dr. Gordana Tomović (Belgrade) for 
help with distribution maps and biodiversity analyses. We 
are grateful to Dr. Miloš Kalezić for sharing distribution 
data with us. Field data of late professor Gojko Pasuljević 
were also included in this paper. Also, many thanks to 
Milan Fatić, Nenad Preradović and Dejan Bogdanović for 
help in the fieldwork.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article 
can be found at <http://www.unipv.it/webshi/appendix> 
manuscript number 21327.

REFERENCES

Arnold, N., Ovenden, D. (2002): A Field Guide to the 
Reptiles and Amphibians of Britain and Europe. 2nd 
Edition. Harper Collins, London.

Bataković, M., Ćirović, R., Roganović, D., Vešović Dubak, 
N., Janković, M., Vugdelić,M., Vulikić, B., Jovović, J. 
(2014): The fifth national report to the United Nations 
Convention on Biological Diversity. Ministry of Sus-
tainable Development and Tourism of Montenegro, 
Podgorica. http://www.mrt.gov.me/ResourceManager/
FileDownload.aspx?rId=174998&rType=2.

Böhme, M., Fritz, U., Kotenko, T., Džukić, G., 
Ljubisavljević, K., Tzankov, N., Berendonk, T. (2007): 
Phylogeography and cryptic variation within the 
Lacerta viridis complex (Lacertidae, Reptilia). Zool. 
Scripta 36: 119-131. 

Bray, J.R, Curtis, J.T. (1957): An ordination of upland for-
est communities of southern Wisconsin. Ecol. Mon-
ogr. 27: 325-349. 

Bruno, S. (1988): The herpetofauna from the islands of 
Cres, Krk and Ada. Bull. Ecol. 19: 265-281. 

Cogălniceanu, D., Rozylowicz, L., Székely, P., Samoilă, C., 
Stănescu, F., Tudor, M., Székely, D., Iosif, R. (2013): 
Diversity and distribution of reptiles in Romania. 
ZooKeys 341: 49-76. 

Crnobrnja-Isailović, J., Džukić, G (1995): First report 
about conservation status of herpetofauna in the Ska-
dar Lake Region (Montenegro): current situation and 
perspectives. In: Scientia Herpetologica, pp. 373-380. 
Llorente, G.A., Montori, A., Santos, X., Carretero, 



10 Katarina Ljubisavljević et alii

M.A. Eds, Asociación Herpetológica Española, Barce-
lona.

Džukić, G. (1991): Vodozemci i gmizavci. Građa za faunu 
vodozemaca i gmizavaca Durmitora (Amphibia, Rep-
tilia). In: Fauna Durmitora 4, pp. 9-78. Nonveiller, G. 
Ed, Crnogorska akademija nauka i umjetnosti, Tito-
grad. 

Džukić, G., Kalezić, M. (2004): The biodiversity of 
amphibians and reptiles in the Balkan Peninsula. In: 
Balkan Biodiversity: Pattern and Process in the Euro-
pean Hotspot, pp. 1-26. Griffiths, H., Krystufek, B., 
Reed, J.M. Eds, Springer, Dordrecht. 

Haxhiu, I. (1998): The Reptilia of Albania: species com-
position, distribution, habitats. Bonn. Zool. Beitr. 48: 
35-57.

Hijmans, R.J., Guarino, L., Bussink, C., Mathur, P., Cruz, 
M., Barrentes, I., Rojas, E.  (2012): DIVA-GIS Version 
7.5.0. A geographic information system for the analy-
sis of biodiversity data. Available at: http://www.diva-
gis.org.

Hortal, J., de Bello, F., Diniz-Filho, J.A.F., Lewinsohn, T.M 
L., Lobo, J.M., Ladle, R.J. (2015): Seven shortfalls that 
beset largescale knowledge on biodiversity. Ann. Rev. 
Ecol. Evol. Syst. 46: 523-549. 

Ivković, M., Plant, A. (2015):  Aquatic insects in the 
Dinarides: identifying hotspots of endemism and spe-
cies richness shaped by geological and hydrological 
history using Empididae (Diptera).  Insect Conserv. 
Diver. 8: 302-312. 

Jablonski, D., Jandzik, D., Gvoždik, V. (2012): New 
records and zoogeographic classification of amphib-
ians and reptiles from Bosnia and Herzegovina. 
North-West J. Zool. 8: 324-337.

Jablonski, D., Jandzik, D., Mikulíček, P., Džukić, G., 
Ljubisavljević, K., Tzankov, N., Jelić, D., Thanou, E., 
Moravec, J., Gvoždík, V. (2016): Contrasting evolu-
tionary histories of the legless lizards slow worms 
(Anguis) shaped by the topography of the Balkan Pen-
insula. BMC Evol. Biol. 16: 99. 

Jetz, W., McPherson, J.M., Guralnick, R.P. (2011): Inte-
grating biodiversity distribution knowledge: toward a 
global map of life. Trends. Ecol. Evol. 27: 151-159.

Knežević, J., Mlakar, A., Berlengi, G., Marković, M., 
Marković, M. (2015): National strategy for integrat-
ed coastal zone management. Ministry of Sustain-
able Development and Tourism of Montenegro, Pod-
gorica. (http://www.oceanactionhub.org/file/1898/
download?token=ogIAejuw)

Krofel, M., Cafuta, V., Planinc, G., Sopotnik, M., 
Šalamun, A., Tome, S., Vamberger, M., Žagar, A. 
(2009): Razširjenost plazilcev v Sloveniji: pregled 
podatkov, zbranih do leta 2009. Nat. Slov. 11: 61-99. 

Ljubisavljević, K., Tome, S., Džukić, G., Kalezić, M.L. 
(2005): Morphological differentiation of isolated pop-
ulation of the Italian Wall Lizard (Podarcis sicula) of 
the southeastern Adriatic coast. Biologia 60: 189-195.

Ljubisavljević, K., Arribas, O., Džukić, G., Carranza, S. 
(2007): Genetic and morphological differentiation 
of Mosor Rock Lizards, Dinarolacerta mosorensis 
(Kolombatović, 1886), with the description of a new 
species from the Prokletije Mountain Massif (Monte-
negro) (Squamata: Lacertidae). Zootaxa 1613: 1-22.

Ljubisavljević, K., Polović, L., Iković, V., Vuksanović, S., 
Vukov, T. (2017): Habitat use of endemic Balkan Rock 
Lizards (Dinarolacerta spp.). Salamandra 53: 279-284. 

Lomolino, M.V. (2004): Conservation Biogeography. 
In: Frontiers of Biogeography: new directions in the 
geography of nature, pp. 293-296. Lomolino, M.V., 
Heaney, L.R., Eds, Sinauer Associates, Sunderland, 
Massachusetts.

Marzahn, E., Mayer, W., Joger, U., Ilgaz, Ç., Jablonski, D., 
Kindler, C., Kumlutaş, Y., Nistri, A., Schneeweiß, N., 
Vamberger, M., Žagar, A., Fritz, U. (2016): Phyloge-
ography of the Lacerta viridis complex: mitochondrial 
and nuclear markers provide taxonomic insights.  J. 
Zool. Syst. Evol. Res. 54: 85-105.

Matvejev, S. (1961): Biogeography of Yugoslavia 9. Bio-
logical Institute, Belgrade.

Matvejev, S., Puncer, I. (1989): Map of Biomes-landscapes 
of Yugoslavia. Natural History Museum, Belgrade.

Marković, M. (1970): Geografske oblasti Socijalističke 
Federativne Republike Jugoslavije. Zavod za 
udžbenike i nastavna sredstva Srbije, Beograd.

McCain, C.M. (2010): Global analysis of reptile elevation-
al diversity. Glob. Ecol. Biogeogr. 19: 541-553. 

Mizsei, E., Jablonski, D., Végvári, Z., Lengyel, S., Szabol-
cs, M. (2017): Distribution and diversity of reptiles in 
Albania: a novel database from a Mediterranean hot-
spot. Amphibia-Reptilia 38: 157-173. 

Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fon-
seca, G.A.B., Kent, J. (2000): Biodiversity hotspots for 
conservation priorities. Nature 403: 853-858.

Niketić, M. (1999): Softverske aplikacije za procenu ste-
pena ugroženosti taksona. In: Crvena knjiga flore 
Srbije I, pp. 404-405. Stevanović, V., Ed, Ministarstvo 
za životnu sredinu Republike Srbije, Biološki fakultet 
Univerziteta u Beogradu i Zavod za zaštitu prirode 
Republike Srbije, Beograd.

Petrov, V. (2007): Amphibians and reptiles of Bulgaria: 
fauna, vertical distribution, zoogeography, and conser-
vation. In: Biogeography and Ecology of Bulgaria, pp. 
85-107. Fet, V., Popov, A., Eds, Springer-Verlag, Berlin.

Podnar, M., Mayer, W., Tvrtković, N. (2005): Phyloge-
ography of the Italian wall lizard, Podarcis sicula, as 



11Lizards of Montenegro

revealed by mitochondrial DNA sequences. Mol. Ecol. 
14: 575-588.

Podnar, M., Bruvo Mađarić, B., Mayer, W. (2014): Non-
concordant phylogeographical patterns of three widely 
codistributed endemic Western Balkans lacertid liz-
ards (Reptilia, Lacertidae) shaped by specific habitat 
requirements and different responses to Pleistocene cli-
matic oscillations. J. Zool. Syst. Evol. Res. 52: 119-129.

Polović, L., Ljubisavljević, K. (2010): Herpetofaunal rich-
ness of the Skadar Lake region, Montenegro: a review 
and update. Scripta Sci. Nat. 1: 113-121.

Polović, L., Čađenović, N. (2013): The Herpetofauna of 
Krnovo (Montenegro). Nat. Montenegr. 12: 109-115.

Polović, L., Čađenović, N. (2014): The Herpetofauna 
of the Great Ulcinj Beach area including Ada Island 
(Montenegro). Turk. J. Zool. 38: 104-107.

Redžić, S., Bulić, Z., Hadžiablahović, S. (2011): High 
mountain vegetation of Dinarides (W. Balkan). Glas. 
Repub. Zavoda Zašt. Prir. Prir. Muz. u Podgorici, 
31-32: 7-46.

Sillero, N., Campos, J., Bonardi, A., Corti, C., Creemers, 
R., Crochet, P-A., Crnobrnja-Isailović, J., Denoël, M., 
Ficetola, G.F., Gonçalves, J., Kuzmin, S., Lymberakis, 
P., de Pous, P., Rodríguez, A., Sindaco, R., Speybroe-
ck, J., Toxopeus, B., Vieites, D.R., Vences, M. (2014): 
Updated distribution and biogeography of amphibians 
and reptiles. Amphibia-Reptilia 35: 1-31. 

Speybroeck, J., Beukema, W., Bok, B., Voort Van Der, J., 
Velikov, I. (2016): Field Guide to the Amphibians and 
Reptiles of Britain and Europe. Bloomsbury, London/
New York.

Sterijovski, B., Tomović, Lj., Ajtić, R. (2014): Contribution 
to the knowledge of the reptile fauna and diversity in 
FYR of Macedonia. North-West. J. Zool. 10: 83-92. 

Stešević, D., Caković, D. (2013): Catalogue of vascular 
flora of Montenegro I. Department of Natural Sci-
ences, Montenegrin Academy of Sciences and Arts, 
Podgorica.

Stevanović, V., Stevanović, B. (1995): Osnovni klimatski, 
geološki i pedološki činioci biodiverziteta kopnenih 
ekosistema Jugoslavije. In: Biodiverzitet Jugoslavije 
sa pregledom vrsta od međunarodnog značaja, pp. 
75-95. Stevanović, V., Vasić, V., Eds, Biološki fakultet 
i Ecolibri, Beograd.

Tomović, Lj., Ajtić, R., Crnobrnja-Isailović, J. (2004): 
Contribution to distribution and conservation of 
batrachofauna and herpetofauna on Bjelasica Moun-
tain in Montenegro. In: The Biodiversity of the Bio-
gradska Gora National Park I, pp. 140-148. Pešić, V., 
Ed, Department of Biology, University of Montenegro 
and Centre for Biodiversity of Montenegro, Podgorica. 

Tomović, Lj., Ajtić, R., Ljubisavljević, K., Urošević, A., 
Jović, D., Krizmanić, I., Labus, N., Đorđević, S., 
Kalezić, M.L., Vukov, T., Džukić, G. (2014): Reptiles 
in Serbia - distribution and diversity patterns. Bull. 
Nat. Hist. Mus. Belgrade 7: 129-158.

Uhrin, M., Havaš, P., Minařík, M., Kodejš, K., Bugoš, I., 
Danko, S., Husák, T., Koleska, D., Jablonski, D. (2016): 
Distribution updates to amphibian and reptile fauna 
for the Republic of Macedonia.  Herpetol. Notes. 9: 
201-220.

Urošević, A., Ljubisavljević, K., Tomović, Lj., Krizmanić, 
I., Ajtić, R., Simović, A., Labus, N., Jović, D., 
Golubović, A., Anđelković, M., Džukić, G. (2015): 
Contribution to the distribution and diversity of lac-
ertid lizards in Serbia. Ecol. Montenegr. 2: 197-227.

Vergilov, V., Hristov, G., Lukanov, S., Lambevska, A., 
Tzankov, N. (2016): First record of Ablepharus kitaibe-
lii (Bibron & Bory de Saint-Vincent, 1833) in Monte-
negro. Bihar. Biol. 10: 65-66.

Vigna Taglianti, A., Audisio, P., Biondi, M., Bologna, M., 
Carpaneto, G., De Biase, A., Fattorini, S., Piattella, E., 
Sindaco, R., Venchi, A., Zapparoli, M. (1999): A pro-
posal for a chorotype classification of the Near East 
fauna, in the framework of the western Palearctic 
region. Biogeographia 20: 31-59. 

Vuksanović, S., Tomović, G., Niketić, M., Stevanović, V. 
(2016): Balkan endemic vascular plants of Monte-
negro - critical inventory with chorological and life-
form analyses. Willdenowia 46: 387-397.

Walter, H., Straka, H. (1970): Arealkunde. Floristich-his-
toriche Geobotanik. In: Einfürung in die Phytologie 
III/2, pp. 1-478. Walter, H., Ed, Eugen Ulmer, Stutt-
gart.

Zachos, F.E., Habel, J.C. (2011): Biodiversity Hotspots - 
Distribution and Protection of Conservation Priority 
Areas. Springer-Verlag, Berlin-Heidelberg.


	Acta Herpetologica
	Vol. 13, n. 1 - June 2018
	Firenze University Press
	Species diversity and distribution of lizards in Montenegro
	Katarina Ljubisavljević1,2,*, Ljiljana Tomović3, Aleksandar Urošević1, Slađana Gvozdenović2, Vuk Iković2, Vernes Zagora2, and Nenad Labus4
	The first demographic data and body size of the southern banded newt, Ommatotriton vittatus (Caudata: Salamandridae)
	Abdullah Altunişik 
	Diet and helminth parasites of freshwater turtles Mesoclemmys tuberculata, Phrynops geoffroanus (Pleurodira: Chelidae) and Kinosternon scorpioides (Criptodyra: Kinosternidae) in a semiarid region, Northeast of Brazil
	Antonio Marcos Alves Pereira*, Samuel Vieira Brito, João Antonio de Araujo Filho, Adonias Aphoena Martins Teixeira, Diêgo Alves Teles, Daniel Oliveira Santana, Vandeberg Ferreira Lima, Waltécio de Oliveira Almeida
	Electric circuit theory applied to alien invasions: a connectivity model predicting the Balkan frog expansion in Northern Italy
	Mattia Falaschi1,2,*, Marco Mangiacotti3, Roberto Sacchi3, Stefano Scali2, Edoardo Razzetti4
	First report of Bufo bufo (Linnaeus, 1758) from Sardinia (Italy)
	Ilaria Maria Cossu1, Salvatore Frau1, Massimo Delfino2,3, Alice Chiodi4, Claudia Corti1,5*, Adriana Bellati4
	Natural history and conservation of the Nurse Frog of the Serranía del Perijá Allobates ignotus (Dendrobatoidea: Aromobatidae) in northeastern Colombia
	Hernán Darío Granda-Rodríguez1,2, Andrés Camilo Montes-Correa3,*, Juan David Jiménez-Bolaño3, Marvin Anganoy-Criollo4,5
	Exploring body injuries in the horseshoe whip snake, Hemorrhois hippocrepis
	Juan M Pleguezuelos*, Esmeralda Alaminos, Mónica Feriche
	How effectively do European skinks thermoregulate? Evidence from Chalcides ocellatus, a common but overlooked Mediterranean lizard
	Grigoris Kapsalas, Aris Deimezis-Tsikoutas, Thanos Georgakopoulos, Ismini Gkourtsouli-Antoniadou, Kallirroi Papadaki, Katerina Vassaki, Panayiotis Pafilis
	Thermal tolerance for two cohorts of a native and an invasive freshwater turtle species
	Jun Geng, Wei Dang, Qiong Wu, Hong-Liang Lu*
	Diet of a restocked population of the European pond turtle Emys orbicularis in NW Italy
	Dario Ottonello1, Fabrizio Oneto1,2, Monica Vignone2, Anita Rizzo2, Sebastiano Salvidio2,*
	Helminths of the lizard Colobosauroides cearensis (Squamata, Gymnophthalmidae) in an area of Caatinga, Northeastern Brazil
	Aldenir F. da Silva Neta*, Robson W. Ávila

