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Abstract. The Dinara Massif range is the highest mountain range in Croatia, located in the southeastern part
of the country. During the last three years we conducted a butterfly survey on three mountains belonging
to the Dinara Massif: Dinara, Kame$nica and Troglav. We recorded 94 butterfly species; for the first time
exact localities were given for 46 of them, while two were entirely new records for the area. A comparison
with five other mountains belonging to the Dinaric Arc was performed using the Serensen similarity index,
which revealed that Blidinje (Cvrsnica & Vran complex) in Bosnia and Herzegovina, and Mt. Velebit in
Croatia have the highest similarity with the Dinara Massif. Several rare species were recorded during
this survey, of which Polyommatus ripartii (Freyer, 1830) represents the second record for Croatia. The
known ranges for Pieris balcana (Lorkovié, 1970), Polyommatus damon (Dennis & Schiffermiiller, 1775),
Polyommatus eros (Ochsenheimer, 1808) and Polyommatus ripartii in Croatia were much expanded.

Introduction

Butterflies are one of the best studied groups of insects in most of Europe, especially
in terms of their biology, distribution (Kudrna et al. 2011), ecology (Settele et al. 2009)
and conservation status (van Swaay et al. 2010). One of the commonly used tools to
unite all the data in one place are butterfly atlases, which are more the exception than
the rule in the Balkan region. Only a single butterfly atlas exists for the region, and it
covers the butterflies of Slovenia (Verovnik et al. 2012). In Bosnia and Herzegovina a
book covering butterfly diversity exists (Lelo 2007a) but covers only their general dis-
tribution, without precise localities. The same goes for the field guide to the butterflies
of Serbia (Popovi¢ & Puric¢ 2011). Aside from the 20-year old atlas that covers the en-
tire territory of former Yugoslavia (Jaksi¢ 1988), Croatia, Montenegro and Macedonia
do not have any recent atlases. The above mentioned old atlas (Jaksi¢ 1988) gives no
data for many areas, and many species were recorded only sporadically. In Croatia,
three main biogeographical regions exist: the Mediterranean, the mountain or Dinaric
region and the continental region (State Institute for Nature Protection 2011).

One of the most interesting areas for the global species diversity is the Dinaric
Arc. This is a south European mountain chain, spanning through Slovenia, Croatia,
Bosnia and Herzegovina, Montenegro, Serbia and Albania. It extends for 645 kilom-
eters along the coast of the Adriatic Sea (northwest-southeast), from the Julian Alps
in the northwest, down to the Sar-Korab massif in the south. The highest mountain of
the Dinaric Alps, Maja Jezercg, is 2694 m high. It is located in Mount Prokletije, on
the border between Montenegro and northern Albania. The mountain range itself was

Nota lepidopterologica, 20.12.2013, ISSN 0342-7536



110 Korexn & Laus: Dinara Massif —a new hotspot for the butterfly diversity of the Dinaric Arc

named after Mt. Dinara, located at the border of Croatia and Bosnia and Herzegovina.
The Dinarides contain a mosaic of Alpine, Continental and Mediterranean species and
habitats (Tvrtkovi¢ & Veen 2006). The geology of the Dinaric Arc mostly consists of
carbonate rocks (limestone and dolomite) with islands of clastic rocks and flysch rocks
(Gottstein-Matocec 2002). The Dinaric Arc is influenced both by Mediterranean and
the Continental climates (Tvrtkovi¢ & Veen 2006). In fact, the border of those two
zones lies along the mountain chain.

Butterflies were sufficiently surveyed only on several mountains belonging to the
Dinarides chain, including Ucka, Velebit and Biokovo in Croatia, Blidinje in Bosnia and
Herzegovina and Durmitor in Montenegro. The highest mountain in Croatia, Dinara,
is still a mystery in terms of biodiversity. Recently, an overview paper was published
(Tvrtkovic et al. 2012) in which all the known records for the area were compiled, in-
cluding literature records. Unfortunately, it lacks precise observation on localities and
clear division of literature and recent records. Before that, no systematic surveys were
ever carried out in this area, and literature data for the whole Dinara Massif are few
(Koren 2010b; Koren et al. 2010; Lorkovi¢ 2009; Mihoci et al. 2006; Mladinov 1973,
Mladinov & Lorkovi¢ 1985; Sijari¢ 1977; Stauder 1920/21; Tvrtkovi¢ et al. 2011).
A need for more systematic surveys is emphasised by the fact that for two butterflies,
Colias caucasica Staudinger, 1871 and Erebia triaria (de Prunner, 1798), the Dinara
Massif is the only known locality in Croatia (Lorkovié¢ 2009; Tvrtkovic et al. 2011).

The aim of this paper is to present newly collected data on the biodiversity of three
mountains in the Dinara mountain chain (Troglav, Dinara and Kamesnica), to give an
overview of all known butterflies of the region, to present remarks on some interesting
species and to compare them to other well-surveyed mountain regions of the Dinarides.

Materials and methods

Study area. The Dinara Massif is characterised by a diverse landscape covered with
miscellaneous habitats. All of the surveyed mountains share the same type of veg-
etation structure. Dinara, Troglav and Kamesnica are mostly covered with different
types of grasslands (Fig. 1). There are sub-Mediterranean and epi-Mediterranean dry
grasslands that develop on shallow calcareous soil, and occasional meadows on richer
brown soil. At higher altitudes are alpine and subalpine grasslands that grow above the
tree line. In the past these grasslands were used as pastures or hay meadows, but today
after abandonment of traditional outdoor livestock farming they are under severe suc-
cession. Dry grasslands are overgrown with scrubs and garrigue and eventually turn
into sub-Mediterranean, thermophilous forests and scrubs of Quercus pubescens Willd.
(Fagaceae), while alpine and subalpine grasslands are exposed to succession with dif-
ferent scrubs or Mountain pine (Pinus mugo Turra, Pinaceae). Beside these grasslands,
the second most represented habitat types are forests. These are mostly thermophilous
forests and scrubs of pubescent oak (Q. pubescens) in different degradation stages, and
at higher altitudes beech (Fagus sylvatica L.; Fagaceae) and pine (Pinus sylvestris L.
and Pinus nigra Amold,; Pinaceae) forests are present (Dumbovic et al. 2009).
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Data collection. All data presented in this paper are the result of a three-year study by
the authors. Dinara was visited in May 2010 and May 2012; Kamesnica in May 2010,
and July and August 2012; Troglav in July 2011. These visits covered the whole season
of butterfly activity. The visited area of Troglav is especially dangerous, because of
many land mines left after the last war twenty years ago. Aside from that, the road lead-
ing to the upper part of the mountain is inaccessible by an ordinary vehicle. All these
factors make researching this area very dangerous. The survey was carried out on 26
different localities (Tab. 1).

Butterflies were caught with entomological nets, identified, and released on the spot.
The sampling was mostly carried out using a transect method, when possible. Time
spent on each locality varied, but was at least half an hour per locality. In several cases
identification was not possible in the field, so the specimens were collected and the gen-
italia prepared by standard procedures. Exact coordinates and altitudes were recorded
using a Garmin GPS device, altitudes were double-checked in Internet mapping tools
(GoogleEarth, GoogleMaps). The taxonomy follows van Swaay et al. (2010).

Data processing. Recorded butterfly diversity was compared to five other, moderately
well-surveyed mountains of the Dinaric region. Three of them are located in Croatia —
Ucka (Rebel 1910), Velebit (Mihoci et al. 2007) and Biokovo (Mihoci et al. 2011), one
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Tab. 1. List of surveyed localities on Dinara Massif, with UTM fields, coordinates, altitudinal range and
habitat types. #Coordinates are set to GCS_Bessel_1841 geographic coordinate system.

* Habitat types: AG: alpine and subalpine grasslands, CS: cultivated surfaces, DG: dry grassland, FE: for-
est edge, HM: hay meadow, P: pasture, WB: water bodies.

Altitude
Locality UTM Coordinates* range Habitat*
(m a.s.l.)
Mt. Dinara
1. |Guge WJ98 | 44.06151 N | 16.24180 E | 245375 DG, FE, CS, WB
2. | Curkove staje XJ08 [44.07236 N | 16.27467 E | 525—-772 DG, HM, P, FE
3. |Mati¢a Guvno XJO08 |44.10240 N | 16.30711 E | 937-1012 |DG, HM, P, FE
4, | Brezovac valley XJ08 [44.10474 N [ 16.34611 E | 1006 AG, HM, P, FE
5. | Duler valley XJ08 [44.08503 N [16.36169 E | 1190—-1129 | AG, HM, P, FE
6. | Smiljina poljana XJ08 [44.07383 N |16.36294 E | 1221-1230 | AG, FE
7. | Mountain shelter Martinove | XJ17 |44.04841 N |16.41101 E | 1432 AG, FE
kosare
8. |Kobilovaca XJ17 |44.02824 N | 16.41162 E | 809—-1175 |FE
9. | Glavas XJ17 {44.00999 N [ 16.42508 E | 566 AG,P
Mt. Troglav
10. | Jankovo Brdo X127 |43.96625 N |16.54635E | 1573-1593 | AG
11. | Troglav peak XJ26 [43.94791 N |16.59702 E | 1611-1910 | AG
12. | Kati¢a Torine XJ36 [43.91892 N |16.61023 E | 1393-1530 | AG, FE
13. | Popovaca area XJ36 [43.87617 N |[16.65166 E | 1210 AG, FE
14. | Maglaj peak XJ36 [43.87659 N[ 16.67122 E | 1380—1400 | AG, P
15. | Mountain house Jakov XJ35 |43.85848 N |16.64602 E | 1000 P
Bitelié
Mt. KameSnica
16. | Ovrlja spring, at the base XJ43 [43.68173 N[ 16.75118 E | 260 DG, FE, WB, CS
17. | Roze settlement XJ43 [43.66345 N |16.83977 E | 772—945 DG, HM, P, FE
18. | Korita village XJ44 [43.70125 N | 16.81787 E | 688-786 DG, FE, WB
19. | Ruda staje XJ44 143.69164 N |16.85270 E | 1083 DG, FE, P
20. | Medugorje X154 [43.69300 N | 16.88528 E | 1350—1384 | AG, FE, HM, P
21. | Mountain shelter XJ53 |43.68595 N | 16.88976 E | 1208—-1348 | AG, FE
Sv. Mihovil
22. | Arkacdica settlement, XJ53 [43.66302 N | 16.91556 E | 1012—1030 | DG, HM, P, FE
Mt. Kamesnica
23. | Village Vostane XJ53 [43.64452 N | 16.90586 E | 865—-944 DG, HM, P, CS, FE
24. | Crno polje, Vostane XJ53 143.61592 N | 16.90107 E | 765 DG, P, FE
25. | Settlement Vrandolac, XJ53 [43.60055 N [ 16.89362 E | 640 DG, FE, P
Donja Tijarica
26. | Settlement Tarabnik, XJ52 [43.58835 N [ 16.90025 E | 625 DG, HM, FE
Donja Tijarica

in Bosnia and Herzegovina — Blidinje (Kucini¢ et al. 2005), and one in Montenegro —
Durmitor (Sijari¢ et al. 1984) (Fig. 2). For the comparison of faunal similarity, we used
the widely accepted Serensen similarity index (Serensen 1948). This similarity index
measures species composition between two different sites, and takes into account the
number of species shared by the two sites. The higher the value of the index, the higher

the similarity between sites.
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Fig. 2. The best surveyed mountains in the Dinaric region: 1. Mt. U¢ka, 2. Mt. Velebit, 3. Mt. Dinara,
4. Mt. Biokovo, 5. Blidinje, 6. Durmitor.

Results and Discussion

Faunistic data

A comparison of our data with the literature is somewhat challenging, due to the lack
of detail in a recent overview done by Tvrtkovi¢ et al. (2012). In that paper the authors
published data from their own survey stretching from the village Guge (250 m a.s.l.)
near Knin to the Sinjal peak (1831 m a.s.l.), but without any means of distinguishing
between parts of the transects. Additionally, species from a historically surveyed local-
ity near Knin (Hafner 1994) were included. These data are inconclusive due to the fact
that the city itself is not part of the discussed area as it is located in the karstic valley of
Kninsko Polje, with different geographical, geological, climatological and biodiversity
characteristics. The main problem is that Hafner (1994) did not research the mountain
itself, but only locations around the city. The best indication of this is the fact that not
a single mountain species (e.g., genus Erebia) was listed in that paper, even though
the survey lasted for several years, and an impressive number of species was recorded.
Therefore the main problem is how to distinguish the historical data coming from one
small area around the city of Knin, and recent data that include both the city area and
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the Mt. Dinara itself. In either case, without exact localities available, the number of
130 recorded species given by Tvrtkovi¢ et al. (2012) for the whole Dinara Massif
should be taken with caution.

During this survey we recorded 94 different butterfly species (Tab. 2). For 46 of
those species we provide for the first time their exact localities on the three surveyed
mountains. However, 43 of these species were previously mentioned by Tvrtkovi¢ et al.
(2012), and only three are mentioned for the first time: Pyrgus alveus (Hiibner, 1803),
Polyommatus ripartii (Freyer, 1830) and Hipparchia syriaca (Staudinger, 1871).
Looking at each mountain separately, we recorded 40 species on Dinara, 55 species on
Troglav, and 58 on Kamesnica. Of those species, two are for the first time recorded on
Mt. Dinara, 41 on Mt. Troglav and 30 on Mt. Kamesnica (Tab. 2).

With our newly collected data, and the literature data, the number of butterfly spe-
cies in the Dinara Massif reaches 128 (Tab. 2). Species listed by Tvrtkovic¢ et al. (2012),
which we have not recorded and were listed only for the Knin area, are excluded from
the list.

The results of the first study of the Dinara Massif show that the butterfly diversity
of this mountain is high and rank it among the richest regions in Croatia (Mihoci et al.
2011). In Croatia, only Mt. Velebit has more recorded species (Mihoci et al. 2007). The
butterfly diversity in the other regions of the country, like northern Croatia or Istria, is
significantly lower than in the mountain complexes. Mt. Velebit and the Dinara Massif,
for example, are influenced by different climate classes and contain numerous habitats,
which result in the variety of butterfly species that occur there.

The Serensen similarity index showed that the most similar areas to the Dinara
Massif are Velebit (82.26%), Durmitor (77.52%) and Blidinje (74.89%) (Tab. 3). This
could be expected due to the geographic position of Mt. Dinara, which lies between
those three areas. Mts U¢ka and Biokovo are more isolated from the main Dinaric Arc,
and thus have more different fauna.

Of the six compared mountain regions, Velebit and Durmitor have the highest num-
ber of recorded species (Tab. 3), probably resulting from more surveys in the past
(Mihoci et al. 2007; Sijarié¢ et al. 1984). Blidinje (Mts Cvrsnica & Vran complex) and
Ucka, with less than 100 recorded species, are probably still insufficiently researched.
The situation with Biokovo is probably somewhat different, as it lies outside the main
Dinaric chain, and is under a strong influence of the Mediterranean climate, so the 102
recorded species probably represent almost all butterflies present in the area. Although
the Dinara Massif in Croatia with its 128 species is probably sufficiently researched,
this number should not be considered as final. With our visits we did manage to cover
the whole season of butterfly activity, but not in all the different altitudes and habitats.
Our estimate is that one could probably expect at least 5—10% more species for the
whole Massif, and a larger number of species for both Mt. Troglav and Mt. Kame$nica.

Interesting records

Some of the 94 recorded species require special attention. Both Pyrgus sidae (Esper,
1784) and Pyrgus serratulae (Rambur, 1839) are considered to be rare and local in
Croatia, with only occasional records (Lorkovi¢ 2009). They do not depend strictly on
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