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Abstract: This study provides the first comprehensive review of the amphibian distribution and diversity patterns
in the Kosovo and Metohija Province, Serbia. Unpublished observations were combined with published
records and museum data to produce updated and detailed distribution maps of individual species. Our re-
sults show that the diversity of amphibians is very high, with 14 species inhabiting the Kosovo and Meto-
hija Province. The most widespread species inhabiting around 40% of Kosovo and Metohija Province are
Salamandra salamandra, Bombina variegata and Pelophylax esculentus complex. Rare species are Bufo
bufo, Rana graeca, Rana temporaria and Triturus macedonicus (found at 10-20% of studied area), while
Salamandra atra has extremely limited distribution (less than 5% of studied area). Based on updated dis-
tribution maps, we conclude that the distribution of many amphibian species may still be underestimated
and further studies are necessary, especially for the Metohija area. Maintaining up-to-date and realistic
geographical distribution maps of individual species is crucial for assessing and updating the conservation
status of species and populations. Data presented in this study are crucial for the ultimate goal: protection
of unique and sensitive amphibian species of the Kosovo and Metohija Province.
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omycosis, ranavirus disease, saprolegniosis and

Introduction Ribeiroia sp. infection, as well as introduction of in-

At the global level, amphibians are one the most en-
dangered groups of vertebrates today, with 32.5%
of them being endangered species and 43% of them
declining in numbers (STUART et al. 2004). Trend in
amphibian’s population decline has accelerated in
the last few decades. The leading causes of popula-
tions decline are loss and fragmentation of habitats,
climate change, infectious diseases like chytridi-
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vasive species (DAszaAk et al. 2003, CusHMAaN 2006,
FisHER et al. 2009, Gray et al. 2009, LEUENBERGER
et al. 2014). The species with limited distribution
are especially vulnerable and endangered (WAKE &
VREDENBURG 2008). Taking into consideration the
above-mentioned, it is necessary to take appropri-
ate measures urgently as they should reduce or stop
the further decline in amphibian species around the
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world. The first and essential step towards appropri-
ate biodiversity conservation is a precise knowledge
of the spatial distribution of all amphibian species
at both local and regional levels. Precise distribu-
tion maps will help to identify priority areas for
their conservation and management (MARGULES et
al. 2002). Regarding this, faunistic studies are be-
coming very important today as the good knowledge
of the taxon distribution is not important only for
the protection of biodiversity but it is also essential
basis for ecological, evolutionary and systematic re-
search (JETZ et al. 2011).

With 33 autochthonous species of amphib-
ians (9 of them endemic), the Balkan Peninsula has
been recognised as one of the hotspots of biodiver-
sity in Europe (Dzuki¢ & KaLEzi¢ 2004). With 21
autochthonous species, Serbia is one of the Balkan
countries with the highest diversity of amphibians
in the Balkans after Bulgaria and Greece (TzaNKOV
et al. 2016, VALAKOS et al. 2008). Serbia is very im-
portant for the diversity of amphibians not only in
the Balkan Peninsula but for the whole Europe, not
just because of (1) the presence of a large number of
species, but also because (2) this area is inhabited
by some relict species (Dzuki¢ et al. 2005), (3) as
many as 15 species distribution ranges end here, (4)
its the centre of the origin of some species (SOTIRO-
POULOS et al. 2007, IvaNoVIC et al. 2012) and cases
of paedomorphosis in newts are found (Dzuki¢ et
al. 2016). The territory of Kosovo and Metohija is
inhabited by 14 species of amphibians (Vukov et al.
2013), representing 2/3 of the total number of spe-
cies in Serbia. This diversity is very high, consider-
ing that the region represents only an eighth part of
the territory of Serbia.

The number of published studies on the dis-
tribution and diversity of amphibians in Kosovo
and Metohia is extremely low. The first such study
was published in the second half of the 20th cen-
tury (PASULJEVIC 1966) and shows the distribution
of Rana temporaria in the territory of Metohija. The
same author two years later (PASULJEVIC 1968) pub-
lished the first study of the diversity of the fauna
of the amphibians of Kosovo and Metohija, giving
a short list of the localities where amphibians were
found. In addition, two more papers were published
about amphibian fauna (KrizMaNIC 1997, 1998) but
they were focused on really small area of Kosovo
and Metohija. Until the emergence of a comprehen-
sive faunistic study of amphibians in Serbia (Vukov
et al. 2013), these four studies were the only ones
that presented some information about diversity
of amphibians in this province of the Republic of
Serbia. Although Vukov et al. (2013) have shown
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in their study the distribution ranges of species of
amphibians in Serbia (including Kosovo and Meto-
hija), they have not given information about precise
localities or UTM coordinates but only actual and
potential contour areas. The only study showing
more precise occurrences of some caudate amphibi-
an species at Kosovo and Metohija is that by Dzukié¢
et al. (2016).

Despite the fact that in the last several years the
dynamics of publishing faunistic data for amphibians
from the territory of Kosovo and Metohija has in-
creased, a large number of data is still unpublished or
published without discrete geospatial data presented
(Vukov et al. 2013), both for anurans and salaman-
ders. Therefore, the main goal of our study is to inte-
grate published and unpublished data and to present
amphibian species occurrences at a 10 x 10 km reso-
lution for the territory of Kosovo and Metohija.

Materials and Methods

Study area

Kosovo and Metohija is a province of the Repub-
lic of Serbia (Fig. 1) with the area of 10,887 km?
and range of altitudes between 297 m to 2656 m.
It is comprised of two geomorphological and bio-
geographical entities (MARKOVIC 1970) — Kosovo, a
plateau of a consistent relative height in eastern part
of province, and Metohija — a hilly area surrounded
by high mountains at west and south (BACEVIC et al.
2017). Climate is continental, with cold winters and
hot and humid summers. The climate of Metohija is
specific, with high precipitation during summers as
a consequence of Adriatic Sea proximity and influ-
ence of Mediterranean climate. The average annual
temperature is 10.3 °C while average annual rainfall
is 686.84 mm (BACEVIC et al. 2017).

Methods

In order to provide batrachological distribution and
diversity patterns of Kosovo and Metohija Province,
we combined distributional data from the literature
(see Supplementary Materials) with unpublished
data from several sources: (1) field trip records of
herpetologists, Dr Georg Dzuki¢ and Dr Gojko
Pasuljevi¢, (2) the Herpetological Collection of the
University of Pristina, Faculty of Science and Math-
ematics, and (3) original data of the present authors.
The identification of species was done according to
the standard herpetological literature (SCHNEIDER et
al. 1984, Ginter et al. 1991, Pacano & Jory 1999,
LobpE & PAgano 2000, ARNOLD & OVENDEN 2002,
KRrizMANIC 2008) using the newest taxonomy and
nomenclature (SPEYBROECK et al. 2016).
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All available records were mapped in the 10 x
10 km UTM (Universal Transverse Mercator) geo-
graphic coordinate grid system with separation of new
(unpublished), old-confirmed and old-unconfirmed
records for each amphibian species. The green frogs
distributional data was not presented at the species
level but as the Pelophylax esculentus complex. Even
all new findings of the green frogs in the studied area
were classified as Pelophylax ridibundus according to
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Fig. 1. Map of the Republic of Serbia with study area —
the Kosovo and Metohija Province (grey).

their morphology and mating calls (Zaxs et al. 2008),
many literature finding of green frogs from the stud-
ied area were identified as the Pelophylax esculentus
complex as they coming from the old wet (70% ectha-
nol) collection where morphological identification can
be inaccurate (PAGANO & Jory 1999). Chorotypes of
amphibian species were identified according to the
classification of VIGNA TAGLIANTI et al. (1999).

Results

In total, 628 georeferenced amphibian species oc-
currences were collected for Kosovo and Metohija
Province (Table 1), with 306 records from published
literature sources and 322 (51.2%) new unpublished
data records.

The lowest number of records (8) was col-
lected for the alpine salamander (Salamandra atra),
and the highest (114) for the green frog complex
(Pelophylax esculentus complex). High number of
records was collected for the fire salamander (Sala-
mandra salamandra) and the yellow-bellied toad
(Bombina variegata), while low number was col-
lected for the smooth newt (Lissotriton vulgaris)
and the European tree frog (Hyla arborea) (Table
1). The highest number of new unpublished records
was collected for the following species: Bufo bufo,
Pelophylax esculentus complex, Rana graeca and
Rana temporaria. The only species with just pub-
lished data and no new data was the alpine salaman-
der Salamandra atra (Table 1).

The most widespread species that inhabit
around 40% of Kosovo and Metohija Province are

Table 1. List of amphibian species in the Kosovo and Metohija province with their number of records, UTM squares

and chorotype classification.

| v Vot g, | Gl
Bombina variegata 89 45 44 49 Southern-European
Bufo bufo 54 15 39 26 Eastern-Mediterranean
Bufotes viridis 40 20 20 22 Turano-European
Hyla arborea 23 16 7 14 Turano-European
Ichthyosaura alpestris 28 17 11 15 European
Lissotriton vulgaris 20 12 8 15 European
Pelophylax esculentus complex 114 30 84 49 Eurasian

Rana dalmatina 34 18 16 21 Southern-European
Rana graeca 43 20 23 25 Southern-European
Rana temporaria 30 11 19 13 European
Salamandra atra 8 8 0 4 Southern-European
Salamandra salamandra 99 52 47 50 Southern-European
Triturus macedonicus 46 42 4 25 Southern-European
Total 628 306 322 328
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Fig. 2. Distribution maps of Hyla arborea (a), Bombina variegata (b), Bufo bufo (c) and Bufotes viridis (d) in the
Kosovo and Metohija Province (National grid UTM 10 x 10 km Reference). Red dots = new (unpublished) records,
red-black dots = confirmed old literature records, black dots = unconfirmed old literature records.

S. salamandra, B. variegata and P. esculentus com-
plex. Rare species are B. bufo, R. graeca, R. tem-
poraria and T. macedonicus (found at 10-20% of
studied area), while S. atra has extremely limited
distribution (less than 5% of studied area) (Figs.
2-4). The most of amphibian species were found
between 500-1000 m altitude, with exception of
R. temporaria, 1. alpestris and S. atra, which were
found above 2000 m (Table S1). First two high al-
titude species have fragmented distribution while S.
atra has very restricted distribution (Fig. 5). Zoo-
geographic analysis showed that amphibians of the
Kosovo and Metohija Province were classified into
five chorotypes (Table 1). The most dominant choro-
types were the southern-European with six species,
while the rarest was eastern-European with just one
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species. According to literature (SzaBOLCS et al.
2017), Pelophylax esculentus complex was classi-
fied as distinct chorotype, Eurasian.

Discussion

This paper presents the distribution of amphibians
inhabiting the area of the Kosovo and Metohija
Province based on combined literature and unpub-
lished data. Taking into account that the surface of
the territory of this province is only 10887 km?, we
can say that with 14 species, the diversity of am-
phibians is very high. For example, the same num-
ber of amphibian species inhabits 2.5 times larger
area of the Republic of North Macedonia (UHRIN et
al. 2016).
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Fig. 3. Distribution maps of Pelophyllax esculentus complex (a), Rana dalmatina (b), Rana graeca (c) and Rana tem-
poraria (d) in the Kosovo and Metohija Province (National grid UTM 10 x 10 km Reference). Red dots = new (un-
published) records, red-black dots = confirmed old literature records, black dots = unconfirmed old literature records.

The species richness of the Kosovo and Meto-
hija Province is undoubtedly the result of environ-
mental heterogeneity with favourable abiotic and bi-
otic conditions for amphibians. The environmental
heterogeneity is expressed through the wide range
of altitudes accompanied by high variation of the
land cover, vegetation, soil and climate. Amphibians
inhabit a wide variety of habitats, with most species
living within terrestrial, fossorial, arboreal or fresh-
water aquatic ecosystems but they always return
to the water to breed. Therefore, knowing that the
range of altitudes in Kosovo and Metohia exceeds
2000 m (average altitude is about 800 m), there is a
well-developed river network and 83% of the Koso-
vo and Metohija territory has a humid and extremely
humid climate (BACEVIC et al. 2017), it is clear that

the existing amphibian diversity is a direct conse-
quence of orographic and climatic characteristics.
The largest number of recorded data (114)
was for the taxon P. esculentus complex. Out of
the three species in this complex (P. ridibundus,
P lessonae and P. kl. esculentus), the presence of
P. ridibundus has been confirmed by field studies
of the present authors. For the pool frog, P. lesso-
nae, southern distribution limits are the Sava and
Danube rivers, thus the presence of this species is
highly unlikely for the Kosovo and Metohija re-
gion. The presence of edible frog (P. kl. esculen-
tus) has been confirmed by allozyme markers in the
close vicinity of Kosovo and Metohija (KrRizMANIC
& Ivanovi¢ 2010) but further studies are neces-
sary to confirm existence of this species in Kosovo
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Fig. 4. Distribution maps of Lissotriton vulgaris (a), Ichthyosaura alpestris (b), Triturus macedonicus (c) and Salaman-
dra salamandra (d) in the Kosovo and Metohija Province (National grid UTM 10 x 10 km Reference). Red dots = new
(unpublished) records, red-black dots = confirmed old literature records, black dots = unconfirmed old literature records.

and Metohija region. Though the low probability
of presence of populations of P. lessonae in this
region, the hybrid species P. kl. esculentus can be
present without its parental species (P. ridibundus
and P, lessonae) in so-called all-hybrid populations
(DuBky et al. 2019). A large number of findings of
green frogs are not surprising due to several caus-
es. Green frogs inhabit aquatic habitats throughout
the year, daily active and easily identified on the
basis of their advertisement calls (ARNOLD & Ov-
ENDEN 2002). In addition, they are well adaptable
to various freshwater habitats and survive even in
contaminated waters (Buccr et al. 2000). Due to
rapid development, they are also well adapted to
breed in temporary ponds. The negative effect of
the fish presence in their habitats is almost negligi-
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ble in comparison to other amphibian species, and
they disperse easily by crossing large distances us-
ing different aquatic habitats, expanding their dis-
tribution (FICETOLA & DE BERNARDI 2004).

A large number of recorded data exist for Sal-
amandra salamandra and Bombina variegata (99
and 89, respectively). The large number of findings
of B. variegata is not surprising as they are easy
to be visually noticed due to the specific abdomi-
nal coloration, activity throughout the day and fre-
quent intercourse in temporary ponds even on the
road (HARTEL 2008). Similar results for this species
have been obtained in some other Balkan countries
(CoGALNICEANU et al. 2013, SzaBoLcs et al. 2017).
On the other hand, such a large number of findings
of S. salamandra are unexpected. Although it is
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Fig. 5. Distribution maps of Salamandra atra in The
Kosovo and Metohija Province (National grid UTM 10
x 10 km Reference). Black dots = old literature records.

easy to be observed due to aposematic coloration,
this species is active mostly during the night when
it is rainy or humid, and easy to find only during
the breeding period when it is often found near wa-
ter. This species is widespread throughout Serbia
(Dzuki¢ et al. 2016) but the most important reason
for the large number of findings of S. salamandra
on the territory of the Kosovo and Metohija is the
in-depth study of this species in the region (LABUS
et al. 2012, 2013).

The Pelophylax esculentus complex, Bom-
bina variegata and Salamandra salamandra are
species with the largest number of findings and
also the largest spatial distribution in Kosovo and
Metohija. They inhabit more than 1/3 of the terri-
tory of the province. The rarest amphibian species
in Kosovo and Metohija, according the number of
findings and spatial distribution, is Salamandra
atra. The distribution range of this species is ex-
tremely small (around 3% of the Kosovo and Me-
tohija territory) and located on a hardly accessible
terrain at an altitude of 1980-2300 m (Table S1)
(LaBUS & KR1ZMANIC 2015). Small number of find-
ings (the last one before more than 20 years) is a
result of the inaccessibility of the terrain and the
specific life history of this species. This species is
critically endangered for Serbia as it inhabits ex-
tremely small area not exceeding ¢. 580 km? (La-
BUS & KrizmaNIC 2015).

The inability to carry out scientific research
due to security reasons in the last 20 years, pri-
marily in Metohija and in some areas of Kosovo,
has led to lack of detailed distribution schemes

of amphibian species for the whole Kosovo and
Metohija Province. The consequence of this is the
presence of areas in distribution maps without am-
phibian species, even for those places that have ap-
propriate habitats for amphibians. These “holes” in
distribution maps exist for Metohija but, for some
species such as Hyla arborea, Lissotriton vulgaris
and Rana graeca, the lack of data is obvious even
for Kosovo. Inadequate study of some areas in the
Kosovo and Metohija, apart from security reasons,
is due to the complex configuration of the terrain,
especially the Sar Planina Mountains and Prok-
letije as well as the lack of material conditions and
people. Bearing this in mind, one should not be
surprised why the largest number of new data (es-
pecially those after the year 2000) originates from
the northern and the smaller part of the eastern part
of Kosovo and Metohija.

However, regardless of certain shortcomings,
we believe that our study provides a very important
insight into the distribution of amphibians in the ter-
ritory of the Kosovo and Metohija Province. This is
the first detailed study of the distribution and diver-
sity of amphibian fauna in this area after 50 years. It
is a foundation for some future studies of amphibian
fauna of Kosovo and Metohija, which will contrib-
ute to better understanding of their distribution not
only in this area but also in the territory of Serbia
and the Balkans. In this regard, focus of future stud-
ies should be on distribution gaps that will confirm
if they are just consequence of insufficient field re-
search or an actual absence of species. Also, spe-
cial attention should be given to the distribution and
condition of the populations of Salamandra atra due
to its current conservation status.

One of the most important values of this study
is that it provides occurrence data essential for
more systematic and evidence-based conservation
approaches for highly endangered amphibian spe-
cies. Occurrence data are important for making ro-
bust conservation management decisions provided
by predictions of species occurrences derived from
environmental suitability models that combine bio-
logical records with spatial environmental data. Ad-
ditional faunistic studies are necessary in order to
protect unique and sensitive amphibian populations
of the Kosovo and Metohija Province.
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Supplementary Data

Table S1. Information on localities of amphib-
ians in Kosovo and Metohija Province, Serbia —
http.//www.acta-zoologica-bulgarica.eu/002329sd
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