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RAZNOLIKOST TRAVNJAKA NACIONALNOG PARKA SJEVERNI
VELEBIT

Antun Alegro i Vedran Segota

Botanicki zavod, Bioloski odsjek, Prirodoslovno-matematicki fakultet Sveucilista u Zagrebu,
Marulicev trg 20/11, Zagreb, antun.alegro@biol.pmf.hr

Dvije tisu¢e godina uzgoja stoke i transhumance na planinama isto¢nog Jadrana, pa tako i na
Velebitu, promijenilo je Sumski krajolik planina u mozaik razli¢itih otvorenih stanista. Duz
primorske padine Velebita dominira listopadna Sumska vegetacija s Quercus pubescens,
Carpinus orientalis i Ostrya carpinifolia na nizim i Fagus sylvatica na viSim nadmorskim
visinama. Najvisi Sumski, vazdazeleni pojas ¢ini klekovina bora krivulja (Pinus mugo).
Ovakav raspored pojaseva Sumske vegetacije slijede 1 razli€iti tipovi travnjaka. Osim
nadmorske visine u formiranju travnjackih tipova, njihove fizionomije i floristiCkog sastava
vaznu ulogu imaju 1 reljef, izlozenost vjetru i nacin odrzavanja travnjaka (ispaSa, kos$nja,
ratarstvo). Tijekom 2009. i 2010. godine duz visinskog gradijenta Sjevernog Velebita
napravljeno je ukupno 120 fitocenoloSkih snimaka. Na niZim visinama razvijeni su suhi
kamenjarski pasnjaci sveze Satureion subspicatae. Na visim nadmorskim visinama pod
utjecajem bure dominira zajednica Seslerio juncifoliae-Caricetum humilis. Na za$ti¢enim
zaravnima i terasama nalaze se travnjaci sveze Bromion te zapusStene obradive povrSine. U
vr$noj zoni velike povrSine prekriva zajednica Festucetum bosniacae, dok su travnjaci
Nardetum strictae i travnjaci busike (Deschampsia caespitosa) ograni¢eni na dna padeza.
Termofilni travnjaci vr$ne zone razvijaju se na plitkim tlima, a na njima dominiraju Bromus
erectus i Carex humilis. Novoopisana zajednica s dominacijom vrste Patzkea paniculata
zauzima JZ ekspozicije vrSne zone, a razvija se na dubljim, ispranim tlima. Napustanje
transhumance uslijed promjene zivotnog stila stanovniStva uzrokovalo je dramati¢ne
promjene na travnjackim staniStima. UzduZ visinskog gradijenta brzina promjene stanista, tj.
prijelaz prema klimazonalnoj, Sumskoj vegetaciji, opada. Gubitak bioraznolikosti na
Sjevernom Velebitu na razini vrsta, stanista, ali 1 krajolika viSe je nego ocit.

Kljuéne rije€i: travnjaci, transhumanca, vegetacijska sukcesija
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GRASSLAND DIVERSITY IN THE NORTHERN VELEBIT NATIONAL
PARK

Antun Alegro & Vedran Segota

Division of Botany, Department of Biology, Faculty of Science, University of Zagreb, Marulicev trg
20/11, Zagreb, Croatia, antun.alegro@biol.pmf.hr

Two thousand years of livestock breeding and transhumance along Eastern Adriatic
mountains, including Velebit Mt., changed the forest landscape into a mosaic of different
open habitats. Along the Velebit slopes, forest vegetation is predominantly deciduous, with
Quercus pubescens, Carpinus orientalis and Ostrya carpinifolia on lower and Fagus sylvatica
on higher elevations, while the uppermost belt is evergreen (Pinus mugo). Diverse grassland
types fallow altitudinal forest belts. Beside the altitude, topography, wind exposure and
management (pasturing, mowing and farming) play important role in forming physionomy
and floristic composition of grassland types. In 2009 and 2010, 120 relevés were made along
the altitudinal gradient of the Northern Velebit. On the lower elevation dry rocky pastures of
the alliance Satureion subspicatae prevail. On higher elevations, influenced by bura, ass.
Seslerio juncifoliae-Caricetum humilis dominates. On protected plateaus and terraces
Bromion-like grasslands and abounded arable areas occur. In the alpine zone large areas are
covered with Festucetum bosniacae grasslands, while Nardetum strictae and grasslands with
Deschampsia caespitosa are restricted to doline bottoms. Thermophilous alpine grasslands
developed on shallow soils are dominated by Bromus erectus and Carex humilis. Newly
described association dominated by Patzkea paniculata occupies SW slopes of the alpine
zone, on deeper and leeched soils. Abandonment of the transhumance due to change in
lifestyle, caused a dramatic change of grassland habitats. Along the vertical gradient the
velocity of habitat changes e.g. transition to climax forest vegetation decreases. The loss of
biodiversity on species, habitat and landscape level of the Northern Velebit grasslands is more
than evident.

Keywords: grasslands, transhumace, vegetation succession
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FLORA MAHOVINA NACIONALNOG PARKA SJEVERNI VELEBIT

Antun Alegro?, Vedran Segota! i Beata Papp?

!Botani¢ki zavod, Bioloski odsjek, Prirodoslovno-matematicki fakultet Sveuéilista u Zagrebu,
Marulicev trg 20/11, Zagreb, antun.alegro@biol.pmf.hr
2Botani¢ki odjel Madarskog prirodoslovnog muzeja, H-1476 Budapest, Pf. 222, Madarska

Flora mahovina je jedan od slabije poznatih aspekata biljne raznolikosti Hrvatske, no Velebit
je jedno od podrucja koje je najbolje istrazeno u hrvatskom kontekstu zahvaljujuéi nekolicini
istrazivada. Arpad Degen u djelu Flora Velebitica IIT (1938) vrlo opsezno obraduje floru
mahovina. Stovise, Degen se nije zaustavio na flori mahovina ve¢ je predlozio i prvu
biogeografiju velebitskih mahovina. No, iako je Degen obuhvatio cijelu planinu u svojim
istrazivanjima, materijal je sabirao veé¢inom uz tadasnje putove koji su vodili preko planine,
tako da je podrucje danasnjeg NP Sjeverni Velebit ostalo gotovo u potpunosti nepokriveno.
Drugi vazan istraZiva¢ mahovina na Velebitu je bio Ivo Horvat. On je u svom radu Grada za
briogeografiju Hrvatske (1932) objavio rezultate vlastitih brioloskih istrazivanja. lako su
njegova istrazivanja opsegom znatno manja u odnosu na Degenova, viSe zalazi u podrucje
sjevernog Velebita. Nova istrazivanja mahovina u NP Sjeverni Velebit zapocinju 2011.
godine i traju do danas. U tom razdoblju zabiljezeno je ukupno 200-tinjak vrsta, od ¢ega ih je
c¢ak 16 novih za floru Hrvatske, Sest ih se nalazi u Crvenoj knjizi mahovina Europe, a
dodatnih 18 se moZze smatrati rijetkim u jugoistocnoj Europi. S obzirom na florne elemente
dominiraju borealno-montane vrste, sa subarkticko-alpskim vrstama, a tek nakon njih slijede
temperatne i temperatno-montane vrste, tako da se moze re¢i da vrsni dijelovi Nacionalnog
parka Sjeverni Velebit imaju pravu planinsku floru s vrstama sjevernjacke rasprostranjenosti.
Na podruc¢ju Alana, koji je kao prijevoj najviSe pod utjecajem mora nalaze se 1
submediteranske vrste u Sirem smislu (tj. ukljucujuéi i submediteransko-oceanske |
submediteransko-montane vrste).

Kljuéne rije¢i: prave mahovine, jetrenjace, Crvena knjiga mahovina Europe, fitogeografija
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BRYOPHYTE FLORA OF THE NORTHERN VELEBIT
NATIONAL PARK

Antun Alegro?, Vedran Segota! & Beata Papp?

!Division of Botany, Department of Biology, Faculty of Science, University of Zagreb, Maruli¢ev trg
20/11, Zagreb, Croatia, antun.alegro@biol.pmf.hr
2Department of Botany, Hungarian Natural History Museum, H-1476 Budapest, Pf. 222, Hungary

Although bryophyte flora is largely understudied part of the Croatian floristic diversity, owing
to several botanists Velebit Mt. is one of the best researched area in Croatia in terms of
bryophytes. Arpad Degen extensivelly elaborates bryophyte flora within his work Flora
Velebitica I11 (1938). Moreover, besides his floristic approach he proposes the first bryophyte
biogeography of Velebit Mt. Although his research included whole mountain range, he
collected plant material mostly along the roads which at that time crossed the mountain.
Therefore, the area of the present Northern Velebit National Park was almost completely
floristically undersampled. The second important researcher of the Velebit bryophytes was
Ivo Horvat, who published results of his own bryological studies within his work Grada za
briogeografiju Hrvatske (1932). Although his field studies were performed on considerably
smaller area when compared to Degen, he worked more on Northern Velebit. Recent research
of bryophytes in Northern Velebit National Park started in 2011 and is still ongoing. In that
period, around 200 taxa were recorded, 16 of which being new for Croatian flora. Six are red-
listed in Europe, while 18 are considered rare in South-Eastern Europe. In terms of
geoelements, boreal-montane and subarctic-alpine taxa dominate, followed by temperate and
temperate-montane taxa, meaning that the alpine belt of the Northern Velebit exhibits real
alpine flora consisting of taxa with boreal area of distribution. In the area around mountain
pass Alan, which is under the maritime influence, sub-Mediterranean taxa in broader sense
(sub-Mediterranean-oceanic and sub-Mediterranean-montane taxa) appear.

Keywords: mosses, liverworts, Red Data Book of European Bryophytes, phytogeography
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POTENCIJALI | OGRANICENJA KAMPING TURIZMA U | OKO
NACIONALNOG PARKA SJEVERNI VELEBIT

Zeljko Bati¢! i Kre$o Culjak?

17eljko Ba¢i¢, Geodetski fakultet Sveugilista u Zagrebu, Kaciceva 26, Zagreb, zbacic@geof.hr
2Kreso Culjak, Grafik.net d.o.o., Odranska 1/1, Zagreb, kreso.culjak@grafiknet.hr

Nacionalni park Sjeverni Velebit predstavlja jedinstveni fenomen prirode koji zavrjeduje
posebnu paznju struéne i svekolike javnosti. Dok su na zastiti i o€uvanju fenomena Parka
osnivanjem Javne ustanove ucinjeni veliki pozitivni pomaci, dotle su preostale zadace
propisane Zakonom o zastiti prirode, odgojno-obrazovna i rekreativna funkcija Parka do sada
ostale znacajnim dijelom nedorecene. Baveci se neformalnim odgojem i obrazovanjem djece i
mladih kroz izvidacke aktivnosti koje su posebno usmjerene razvoju samostalnih i sposobnih
pojedinaca te izgradnji privrzenosti prema prirodi i njenoj zastiti kroz aktivnosti XV.
samostalne druzine izvidaca TORNADO iz Zagreba, Sjeverni Velebit je od 1980. godine u
fokusu naSeg zanimanja. Na osnovu iskustava viSednevnih logorovanja pod Satorima 2010.
godine na Apatisanu i 2016. godine u Stirovaci pokusalo se sagledati potencijale i ograni¢enja
ovakvog vida boravljenja u i oko Nacionalnog parka Sjeverni Velebit u kontekstu moguce
organizacije turistickih aktivnosti kamping turizma. U navedenu svrhu provedena je analiza
ulaznih ograni¢avajucih parametara koji utjeCu na predmetno sagledavanje, od reljefa, klime,
prometne povezanosti, policentri¢nog karaktera Parka glede njegovih atrakcija, raspolozivosti
komunalnih resursa i drugog. Isto tako sagledani su i potencijali razli¢itih oblika kamping
turizma, atraktivnosti Nacionalnog parka, moguénosti povezivanja morskog i planinskog
turizma te efekata takvih aktivnosti na sam prostor parka te lokalne zajednice koja zivi u
okruzenju oko Parka. Sve navedeno posebno je sagledano u kontekstu organiziranih oblika
odgojno-obrazovnih (8kola u prirodi) i rekreativnih (planinari, izvidaéi, sportasi) ,,turisti¢kih*
aktivnosti, odnosno specifi¢nih oblika kamping turizma.

Kljucne rijeci: rekreacija, turizam, kamping, izvidaci, potencijali, ograni¢enja
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POTENTIALS AND LIMITATIONS OF CAMPING TOURISM IN AND
AROUND NATIONAL PARK NORTHERN VELEBIT

Zeljko Bati¢! & Kreo Culjak?
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Northern Velebit National Park represents unique nature phenomenon which deserves special
attention of professional and general audience. While there are visible great steps forward in
the protection and conservation of the Park phenomena with the establishment of the Public
institution, meanwhile remaining tasks regulated by the Law of nature protection, educational
and recreative function of the Park have remained greatly undefined. Being involved in
unformal education of children and youth through the scout activities, which are especially
focused on development of independent and competent individuals, and devoted to the nature
and its protection, through the activities of the XV. independent scout company TORNADO
from Zagreb, the Northern Velebit is since 1980 in focus of our interest. Based on experience
of longer camping activities under tents in 2010 in Apatisan and 2016 in Stirovada an effort
has been made to consider potentials and limitations of such mode of staying in and around of
the National Park Northern Velebit in the context of possible organization of tourist activities
for camping tourism. For this purpose, an analysis has been conducted about limitation factors
which affect concerned evaluation, like relief, climate, traffic connections, polycentric
character of the Park regarding its attractions, availability of communal resources and other.
Even so potentials have been evaluated of different forms of camping tourism, attractivity of
the National Park, possibilities in connecting sea and mountain tourism, and effect of such
activities on Park space itself and on local community which lives in surroundings of the
Park. All this has been specially evaluated in the context of the organized forms of
educational (school in the nature) and recreative (mountaineers, scouts, athletes) ,,touristic”
activities, respectively specific forms of camping tourism.

Keywords: recreation, tourism, camping, scouts, potentials, limitations
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PRIMJENA BESPILOTNIH LETJELICA | COPERNICUS PODATAKA
ZA PRACENJE STANJA U NACIONALNIM PARKOVIMA

Zeljko Ba&ié, Danijel Sugar i Zvonimir Nevistié
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znevisitic@geof.hr

Nacionalni parkovi zbog svoje vrijednosti za CovjeCanstvo predmet su posebne pozornosti
struéne 1 svekolike javnosti. Metode snimanja iz zraka (aerofotogrametrijske) uvijek su
kori$tene za pracenje stanja na podrucju nacionalnih parkova. Danas su ove tehnike dobile
novu dimenziju uslijed razvoja metoda i sustava daljinskog istrazivanja sa satelita, kao §to je
europski sustav Copernicus, koje omogucuju brzo i periodi¢no pracenje velikih prostora,
odnosno koristenja bespilotnih letjelica, koje omogucuju visokoprecizna snimanja manjih
lokaliteta od posebnog interesa u optimalnim vremenskim razdobljima. Geodetski fakultet
Sveucilista u Zagrebu kao imenovani Copernicus Relay i Copernicus Academy predstavnik
Hrvatske i institucija koja se intenzivno bavi primjenom bespilotnih letjelica, u suradnji s
Javnom ustanovom Nacionalni park Sjeverni Velebit proveo je istrazivanja tijekom proljeca
2016. godine o moguénostima primjene bespilotnih letjelica u Nacionalnom parku. U okviru
izrade vise diplomskih radova koriStena je bespilotna letjelica s fiksnim krilom SenseFly eBee
za snimanje mikro lokaliteta doline Velikog Lubenovca i vrha Veliki Kozjak. 1z jednog leta,
koji je otprilike trajao 30 minuta, snimljena je 201 fotografija i dobiven oblak to¢aka. 1z njega
su izradeni proizvodi 3D model, digitalni model povrSine i1 ortofoto prikaz (,karta®).
IstraZivanje je bilo usmjereno na postizanje ocekivane tocnosti navedenih proizvoda, odnosno
definiranje kriterija kojima ¢e se osigurati ocekivane to¢nosti u dva bitno razlicita, za
snimanje kriti¢na, reljefna oblika, konkavnog (Veliki Lubenovac) i konveksnog (Veliki
Kozjak), §to je 1 postignuto. U sinergiji s daljinskim opazanjima dobivenim iz Copernicus
programa opazanja Zemlje razvijenog od strane Europske svemirske agencije, odnosno
Europske komisije, moguce je dobiti cjelovite, multispektralne i temporalne prikaze koji se
mogu primjenjivati u podrucju zastite prirode, pracenju klimatskih promjena i drugih bitnih
znacajki potrebnih za dobro upravljanje nacionalnim parkovima.

Kljucéne rije¢i: bespilotne letjelice, Copernicus program, daljinska istrazivanja, 3D model
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National parks due to their great value for the mankind are subject of special attention to
professional and general public. Methods of airborne survey (aerophotogrammetry) were
widely used for monitoring the state in National Parks. So far, these techniques have achieved
new dimensions as a result of satellite remote sensing methods and systems development, e.g.
the European Copernicus system which enables fast and periodic monitoring of vast areas.
Additionally, the usage of Unmanned Aerial Vehicles (UAV) has led to a highly precise
surveying of smaller areas which are of special interest in optimal time periods. Faculty of
Geodesy of the University of Zagreb as the appointed Croatian representative of the
Copernicus Relay and Copernicus Academy as well as the institution which intensively deals
with application of Unmanned Aerial Vehicles, has in cooperation with the Public institution
Northern Velebit National Park carried out the research in spring 2016 about possibilities of
application of the UAVs in the National Park. Within several diploma theses activities, the
fixed wing SenseFly eBee UAV was used for the aerial survey of the area of Veliki
Lubenovac and Veliki Kozjak. From one flight lasting for approximately 30 minutes, 201
photos were taken and a point cloud was generated. From that cloud were generated products
such as 3D model, Digital Surface Model, and orthophoto (“map"™). The study was focused on
the achievement of the expected accuracy of mentioned product, namely defining criteria that
will ensure the expected accuracy in two different, for surveying critical, relief forms,
concave (Veliki Lubenovac) and convex (Veliki Kozjak), which was achieved. In synergy
with remote sensing products obtained from the Copernicus programme for Earth observation
developed by the European Space Agency (ESA), and the European Commission (EC), it is
possible to get a complete, multispectral and temporal representations which can be applied
for nature protection, climate change monitoring as well as monitoring of other features
important for good management of National Parks.

Keywords: Unmanned Aerial Vehicle, Copernicus programme, remote sensing, 3D model
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Rooseveltov trg 5, Zagreb

Podzemna fauna Sjevernog Velebita je relativno neistrazena, prvenstveno uslijed
nepristupacnosti pojedinih podrucja, velikog broja dubokih speleoloskih objekata te objekata
sa snijegom i ledom. Temeljem dostupne literature i zooloskih zbirki sastavljen je popis
podzemne faune Sjevernog Velebita. Ukupno je utvrdeno 90-ak literaturnih navoda te je
analiziran materijal pohranjen u zbirkama sedam institucija. Prikupljeni su podatci o fauni
potpuno prilagodenoj $piljskim uvjetima (14 stigobionata i 63 troglobionata) iz 82 objekta.
Ovi podatci svrstavaju Sjeverni Velebit medu podzemnom faunom najbogatija podrucja u
Hrvatskoj. Brojem troglobionata dominira skupina skokuna (Collembola) s ¢ak 13 vrsta,
slijede kornjasi (Coleoptera) s 10 vrsta i lazistipavci (Pseudoscorpiones) s osam vrsta.
Vodenim stanistima dominiraju rakusci (Amphipoda) s ¢etiri vrste. Vecina utvrdenih vrsta su
endemi Dinarida, od ¢ega su 20-ak vrsta endemi Sjevernog Velebita. Tri nova roda (redova
Araneae, Isopoda i Collembola) i dodatnih 11 novih vrsta s podrué¢ja NP Sjeverni Velebit
Cekaju svoj znanstveni opis. Po broju vrsta najbrojnija je Lukina jama — Trojama (23
troglobionata i 13 stigobionata), ¢emu svakako doprinosi raznolikost staniSta, ali i najveci
sakupljacki napor u odnosu na ostale lokalitete. Podzemnu faunu NP Sjeverni Velebit
karakteriziraju visoko specijalizirane 1 za ovo podrucje specificne vrste, poput
higropetrikolnih kornjasa (Croatodirus casalei, Velebitodromus smidai) 1 pijavice
(Croatobranchus mestrovi), novog roda amfibijskog jednakonoznog raka (Trichoniscinae
Gen. nov. sp. nov.) i jedinog leteceg troglobiontnog dvokrilca na svijetu (Troglocladius hajdi).
Osim specijalizirane podzemne faune u speleoloskim objektima je zabiljezeno i pet vrsta
SiSmiSa. U vecini istrazivanih speleoloskih objekata vrSena su tek povremena biospeleoloska
istrazivanja, a mnogi objekti su jo§ uvijek neistraZzeni. Stoga provedena analiza predstavlja
preliminarne rezultate koji ¢e se sigurno upotpuniti buduc¢im istrazivanjima.

Kljucéne rije¢i: duboke jame, Lukina jama, bioraznolikost, endemi
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SUBTERRANEAN FAUNA OF THE NORTHERN VELEBIT MT.
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Subterranean fauna of the Northern Velebit is underexplored due to difficult access to
particular areas, numerous deep caves and ice caves. Using the available literature data and
zoological collections the checklist of subterranean fauna of Northern Velebit was made.
About 90 literature references were found, and collections from seven institutions were
examined. The fauna entirely adapted to subterranean habitats (14 stygobionts and 63
troglobionts) were recorded in 82 caves. This relatively high number of species positions
Northern Velebit as one of the richest areas with cave fauna in Croatia. The springtails
(Collembola) with 13 species is the richest group of troglobionts, followed by beetles
(Coleoptera) with 10 species and pseudoscorpions (Pseudoscorpiones) with eight species. In
aquatic habitats dominant group are Amphipoda with four species. The majority of the
recorded species are endemic to Dinarides, while about 20 species are endemic to the
Northern Velebit. Three new genera (from Araneae, Isopoda and Collembola orders) and
additional 11 new species from the Northern Velebit National Park are going to be described
as new to science. Lukina jama — Trojama has the highest species number (23 troglobionts
and 13 stygobionts). This is due to high diversity of its habitats but also the greatest collecting
effort comparing to other localities. The cave fauna of Northern Velebit is characterized by
highly specialized and for the area specific species, such as hygropetricolous beetles
(Croatodirus casalei, Velebitodromus smidai) and leech (Croatobranchus mestovi), amphibic
isopod (Trichoniscinae Gen. nov. sp. nov.) and the only flying troglobiotic Diptera
(Troglocladius hajdi). Beside specialized subterranean fauna, five species of bats are recorded
in caves. In the majority of caves biospeleological research were only sporadically carried
out, while many caves are still unexplored. Therefore, this analysis provided only preliminary
results which will be complemented by future systematic research.

Keywords: deep pits, Lukina jama, biodiversity, endemics
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Jama Olimp se nalazi na prostoru Nacionalnog parka Sjeverni Velebit na visini od 1370 m
n.m. Dubina jame je -537 m i trenutno je Olimp 12. na listi najdubljih u Hrvatskoj te Sesta po
dubini jama u NP Sjeverni Velebit. Jama je otkrivena 1998., ali su glavna istrazivanja
zapocela 1999. godine. Najintenzivnija speleoloska istrazivanja provedena su 2000. i 2006.
Jama je jednostavne koljencaste morfologije. Sastoji se od niza vertikalnih kanala i malih
polica izmedu njih. Najdublji vertikalni kanali duboki su 92 i 90 m, a prosje¢na dubina svih
vertikala u jami je 38 m. Dno jame je urusna dvorana. Ovdje je pronaden uski prolaz (6 m
dubine) izmedu urusnih blokova kroz koji dalje te¢e vodeni tok. U susnom razdoblju jama je
hidroloski aktivna od dubine od -300 m, dok se u vlaznijem razdoblju voda pojavljuje mnogo
vise. Gornji dio jame, do dubine od oko -350 m, oblikovan je od paleogenskih karbonatnih
Velebitskih breca. Donji dio jame formiran je u karbonatnim naslagama, starijim
gornjojurskim vapnencima i kasnodijagenetskim dolomitima. Ova razlika u gradi uzrokuje
manje izrazene, ali ipak primjetne razlike u morfologiji kanala. Tektonske pukotine koje su
imale utjecaj na genezu jame pruzaju se pravcima N-S i NW-ES. U radu ¢e takoder biti
prikazana najnovija mikropetrografska i stratigrafska istrazivanja donjeg dijela jame. Podaci
dobiveni u ovim istrazivanjima pomazu u geomorfoloskim i geolo$kim istrazivanjima Sireg
prostora Nacionalnog parka i cijelog Velebita.

Kljuc¢ne rijeci: Jama Olimp, krs, speleologija, geospeleologija, NP Sjeverni Velebit, Hrvatska
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Olimp pit is located in the Northern Velebit National Park at the altitude of 1370 meters
above sea level. The depth of the pit is -537 m and currently the Olimp is the 12" on the list of
the deepest caves in Croatia and also the sixth one in the Northern Velebit National Park. The
cave was found in 1998, but the main exploration began in 1999. The most intensive
exploration was conducted in 2000 and 2006. The cave is a simple knee-morphology. It
consists of a number of vertical channels and small shelfs between them. The deepest vertical
channels are 92 and 90 m deep, and the average depth of all verticals in the cave is 38 m. The
bottom of the pit is a collapsed hall. A narrow passage (6 m deep) between the collapsed
blocks was found and a watercourse flows through it. In dry season the cave is hydrological
active from the depth of -300 m, while in the wetter period water appears much higher. The
upper part of the pit, to a depth of about -350 m, is made up of the Paleogene “Velebit”
carbonate breccia, and the lower part of the cave was formed in carbonate, well layered rocks,
of the Late Jurassic age. This difference affects the less pronounced, but still noticeable
differences in the morphology of the channels. The tectonic fractures that had an influence on
the genesis of the cave have the directions N-S and NW-ES. In this work will also be shown
the latest micropetrographic and stratigraphic studies of the lower part of the cave. The data
obtained in this studies also helps in geomorphological and geological studies of the Park’s
wide area and whole Velebit Mt.

Keywords: Olimp pit, karst, speleology, geospeleology, Northern Velebit National Park,
Croatia
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Geomorfologija je znanstvena disciplina koja istrazuje reljef Zemlje, tj. njegova obiljezja,
nastanak, razvoj 1 dinamiku, a u istrazivanju reljefa koriste se morfografski, morfometrijski i
morfogenetski pristup. Na nastanak i razvoj reljefa sjevernog Velebita utjecali su geoloski i
klimatski uvjeti kroz geolosku proslost i u recentnom razdoblju. Izgled 1 obiljezja reljefa
istrazivanog prostora rezultat su aktivnog medudjelovanja endogenih i egzogenih procesa. Na
Sirem prostoru sjevernog Velebita razvijeni su ovi morfogenetski tipovi reljefa: krski,
fluviokrski, padinski, obalni te periglacijalni i glacijalni. Poseban naglasak u predavanju daje
se na geomorfoloSke tragove pleistocenske glacijacije. Uz pregled rezultata dosadaSnjih
istrazivanja u radu se daju i podaci novijih istrazivanja. Prikazuju se utvrdeni denudacijski
(egzarazijski) oblici (cirkovi, glacijalne ponikve, glacijalne doline, vise¢e doline i dr.) te
akumulacijski oblici (morene razlicitih tipova, drumlini, eraticki blokovi i dr.). Na temelju
ovih geomorfoloskih tragova pretpostavljeno je rasprostiranje ledenog pokrova. Takoder,
naglasak se daje na utjecaj pleistocenske oledbe na kr§ tj. obiljezja tzv. glaciokrsa.
Analizirane su znacajke postglacijalnog otjecanja u krSu te ulogu glacijacije na razvoj krskih
povrsinskih 1 podzemnih formi. Kao primjer utjecaja glacijacije na razvoj podzemnih oblika
prikazane su znacajke Spiljskih sedimenata na nekoliko primjera.

Kljuéne rije¢i: geomorfologija, glacijacija, glaciokrs, Velebit, Hrvatska

14



Znanstveno-strucni skup ,,0d istraZivanja k dobrom upravljanju Nacionalnim parkom Sjeverni Velebit”
// Krasno, 24-25. 05. 2017.

GEOMORPHOLOGY OF NORTHERN VELEBIT AND NEW INSIGHTS
OF PLEISTOCENE GLACIATION TRACES

Neven Bo¢i¢! & Mladen Pahernik?

University of Zagreb, Faculty of Science, Department of Geography, Division of Physical
Geography, Maruli¢ev trg 19/11, Zagreb, Croatia, nbocic@geog.pmf.hr

2Croatian Military Academy ,,Dr. Franjo Tudman®, Ilica 265b, Zagreb, Croatia,
mladen.pahernik@morh.hr

Geomorphology is a scientific discipline that explores the landforms of the Earth, ie. its
characteristics, origin, evolution and dynamics. In the landform and landscape studies
morphographic, morphometric and morphogenetic approach can be used. Geological and
climatic conditions through geological past and in the recent period have influence on the
origin and development of the landforms in the northern Velebit area. The characteristics and
features of the relief of the area are the result of active interaction between endogenous and
exogenous processes. In the area of the northern Velebit these morphogenetic relief types
have been developed: karst, fluviokarst, slope landforms, coastal and periglacial and glacial.
Emphasis in this lecture is given on geomorphological traces of Pleistocene glaciations.
Besides reviewing the results of previous researches we provide some results of new research.
Here we present denudational forms (cirques, glacial dolines, glacial valleys, hanging valleys,
etc.) and accumulation forms (different types of moraines, drumlins, glacial erratic, etc.).
Based on these geomorphological traces the spread of ice sheets is assumed. Also, emphasis is
given to the impact of Pleistocene glaciation on Karst ie. the characteristics of the so-called
glaciokarst. In this work we analyzed the features of post-glacial runoff in karst areas and the
role of glaciation on the development of karst surface and underground forms. As an example
of the impact of glaciation on the development of underground forms here we show some
characteristics of cave sediments on a few examples.

Klju¢ne rijeci: geomorphology, glaciation, glaciokarst, Velebit, Croatia
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Georaznolikost obuhvaca sve geoloske, geomorfoloske i pedoloSke pojave i procese.
Geobastina je po znacenju uzi pojam jer obuhvaca najvrjednije dijelove georaznolikosti Koji
se najcesce Stite razliCitim kategorijama zaStite definiranim Zakonom o zastiti prirode.
Kriteriji izdvajanja pojedinih elemenata temelje se na njihovom znanstvenom, funkcionalnom,
edukativnom, kulturnom i povijesnom znac¢enju. Sve navedene kategorije na temelju kojih se
obavlja vrednovanje geolokaliteta ili geoareala bitne su za ucinkovitu zaStitu prirode,
odrzavanje usluga ekosustava, temelj su ocuvanja bioloske raznolikosti i odrzivog turizma
zaSti¢enih podru¢ja. S obzirom na svoj geoloSki i geomorfoloski poloZaj temeljni fenomeni
georaznolikosti te s njima povezane krajobrazne raznolikosti Parka vezani su uz karbonatne
stijene (posebno velebitske brece), morfostrukturne 1 morfoloske odnose te njima uvjetovane
morfogenetske tipove reljefa: krSkog, fluviokrskog, glacijalnog i periglacijalnog. Medu
nabrojanima glavno obiljezje Parku, kao svjetski poznati fenomen, daje krski reljef s brojnim
krskim oblicima, posebno kukovima, ponikvama i uvalama razli¢itih genetskih i
geomorfoloSkih karakteristika, staniSnih uvjeta 1 kulturno-povijesnog znacenja. Drugo
prepoznatljivo obiljezje Parka su brojni speleoloSki objekti 1 posebno medu njima duboke
jame. U proteklih 20-ak godina geomorfolozi Geografskog odsjeka PMF-a iz Zagreba obavili
su niz istrazivanja na inventarizaciji, vrednovanju i interpretaciji procesa i oblika u svrhu
ucinkovite zaStite 1 odrzivog koristenja kroz edukaciju i turizam. Tijekom istraZivanja doslo se
do brojnih novih spoznaja o geomorfoloskim, geoloSkim, speleoloskim i1 geoekoloSkim
fenomenima koji namecu potrebu prosirenja Parka na okolna podru¢ja poput Lomske dulibe,
Rajinca, Velikog Kozjaka i dr. Tom cilju treba pridonijeti i jacanje suradnje na temelju
sporazuma potpisanog izmedu uprave Parka i Geografskog odsjeka PMF-a u Zagrebu.

Kljuéne rije¢i: georaznolikost, geobastina, inventarizacija, vrednovanje, reljef, Velebit
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GEODIVERSITY AND GEOHERITAGE OF NORTHERN VELEBIT
NATIONAL PARK

Nenad Buzjak, Neven Bo¢i¢ & Florijan Kvetek

Department of Geography, Faculty of Science, University of Zagreb, Croatia, Maruli¢ev trg 19/11,
Zagreb, nbuzjak@geog.pmf.hr, nbocic@geog.pmf.hr

Geodiversity includes geological, geomorphological and soil processes and phenomena.
Geoheritage includes the most valuable parts of geodiversity that is usually protected by
different categories of protection defined by the Protection of Nature Law. Criteria for
extrication of individual elements is based on their scientific, functional, educational, cultural
and historical significance. All the above categories that are basis of geosites or geoareals
evaluation are essential for effective nature conservation, maintenance of ecosystem services,
are the basis of biodiversity conservation and sustainable tourism in protected areas. Due to its
geological and geomorphological position fundamental geodiversity phenomena and
associated landscape diversity of the NP are associated with carbonate rocks,
morphostructural and morphological relations and by them caused morphogenetic types of
relief: karst, fluviokarst, glacial and periglacial. Among all listed the main feature of the NP,
as a world famous phenomenon, is karst relief with numerous karst formations, in particular
kuks (conical rocky hills and towers in Velebit breccia), dolines and uvalas of various genetic
and geomorphological characteristics, habitat conditions, cultural and historical importance.
Another distinctive feature of the NP are numerous caves and among them deep shafts. In the
past 20 years geomorphologists from Geographical Department of the Faculty of Science
from Zagreb conducted a series of studies on the inventory, evaluation and interpretation of
the processes and forms for the purposes of effective protection and sustainable use through
education and tourism. These researches led to many new insights about geomorphological,
geological, speleological and geoecological phenomena that impose the need for expansion of
the NP borders to surrounding areas such as Lomska duliba, Rajinac, Veliki Kozjak and
others. This goal should be strengthened by cooperation based on an agreement signed
between the National Park management and the Geographical Department of the Faculty of
Science in Zagreb.

Keywords: geodiversity, geoheritage, inventory, evaluation, relief, Velebit
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LEDENICE I SNIJEZNICE - VRIJEDNI SPELEOLOSKI
GEOLOKALITETI NP SJEVERNI VELEBIT

Nenad Buzjak?, Dalibor Paar?, Darko Baksi¢®, Neven Bo¢i¢! i Vinka Dubovedak®

!Geografski odsjek, PMF, Sveuciliste u Zagrebu, Maruli¢ev trg 19/11, Zagreb, nbuzjak@geog.pmf.hr,
nbocic@geog.pmf.hr

2Fizicki odsjek, PMF, Sveuciliste u Zagrebu, Horvatovac 102a, Zagreb,

dpaar@phy.hr

3Sumarski fakultet, Sveudiliste u Zagrebu, SvetoSimunska cesta 25, Zagreb, baksic@sumfak.hr
“Speleoloska udruga Krasevski zviri, Vladimira Nazora 23, Ivanec, vinka.dubovecak@gmail.com

Na podrucju NP Sjeverni Velebit trenutno je poznato 137 snijeznica i ledenica - speleoloskih
objekata s trajnim naslagama snijega i leda. Glavnina ih je na podru¢ju Hajduckih i Rozanskih
kukova. Ulazi su u visinskom pojasu 1210-1650 m pod utjecajem umjereno tople i snjezno-
Sumske klime. Osim nadmorske visine i klime na njihovu rasprostranjenost i znacajke utje¢u
morfologija terena i podzemnih Supljina, te brojne krSke udubine s Cestim inverzijama
temperature zraka. Uz snijeg i led u jamama i spiljama je zabiljezen i firn. Autohtone naslage
nastaju u samom speleoloskom objektu smrzavanjem vode i vodene pare ili transformacijom
snijega. U alohtone naslage spadaju snijeg i (u manjoj mjeri) led koji direktno iz atmosfere ili
s vegetacije i strmih padina upadaju kroz otvor. Firn je poligenetskog postanka jer nastaje od
debelih  visegodisnjih naslaga snijega tlacenjem, zbijanjem, taljenjem, ponovnim
smrzavanjem, te sublimacijom. U dubokima jamama Sjevernog Velebita speleolozi su na
dubinama u rasponu do gotovo 560 m dubine zabiljezili ove naslage $to je zanimljivost s
obzirom da podataka o takvoj dubini pojave snijega i leda za druge dijelove svijeta nema. Ove
naslage mogu biti riznica razli¢itih podataka. Poznavanje geografske rasprostranjenosti i
znacajki snijeznica i ledenica vazan je prinos proucavanju promjena u okolisu s naglaskom na
klimatske promjene i varijacije. Snijeg i led mogu konzervirati ostatke drveta, polen, kosti,
rogove i dr. koje je mogucée datirati. Obavljaju se analize izotopnog i kemijskog sastava.
Najstariji do sada analizirani uzorci leda stari su oko 550 godina.

Kljuéne rije€i: snijeznice, ledenice, mikroklima, geomorfologija
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ICE SHAFTS AND ICE CAVES - VALUABLE SPELEOLOGICAL
GEOSITES OF NORTHERN VELEBIT NATIONAL PARK
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“*Caving club KraSevski zviri, Vladimira Nazora 23, Ivanec, Croatia, vinka.dubovecak@gmail.com

In the area of Northern Velebit National Park, there are currently known 137 shafts and caves
with permanent deposits of snow and ice. The majority of them is in the area of Hajducki and
Rozanski kukovi. Their entrances are in altitude zone of 1210-1650 m under the influence of
temperate and snow (boreal) climate. In addition to altitude and climate for their distribution
and characteristics important are terrain morphology and morphology of underground
cavities, and numerous Kkarst depressions with frequent temperature inversions. Besides snow
and ice in caves, firn is also recorded. Autochthonous deposits form by freezing of water and
water vapor or by snow transformation. The allochthonous deposits originated from snow and
ice from the atmosphere directly or by falling from vegetation and steep slopes around
entrance. Firn is of polygenetic origin since it is formed from the thick perennial deposits of
snow by compressing, compacting, melting, re-freezing, and sublimation. In the deep shafts of
Northern Velebit cavers recorded deep deposits of ice at depths ranging up to 560 m deep.
These deposits are interesting as the deepest up to now known underground cave ice in the
World. These deposits can be a treasury of different data. Knowledge of their geographical
distribution and characteristics is an important contribution to the study of changes in the
environment with a focus on climate change and variations. Snow and ice can preserve the
remnants of wood, pollen, bones, horns, etc. that can be dated. The isotopic and chemical
analyses were done. According to currently available data, the age of underground ice is up to
about 550 years.

Keywords: ice caves, microclimate, geomorphology
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FLORA I EKOLOSKI CIMBENICI ULAZNIH DIJELOVA JAMA 1
SPILJA NA SJEVERNOM VELEBITU

Suzana Buzjak?!, Mirjana Vrbek? i Nenad Buzjak?

YHrvatski prirodoslovni muzej, Demetrova 1, Zagreb, suzana.buzjak@hpm.hr
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Tijekom speleoloske ekspedicije ,,Lukina jama 95 na Sjevernom Velebitu (srpanj, 1995. g.)
zapoceto je sustavno istrazivanje flore (papratnjaca i sjemenjaca) i ekoloskih ¢imbenika na
ulaznim dijelovima spilja i jama u Hrvatskoj. Odabrana su tri speleoloska objekta s razli¢itim
tipovima ulaznog dijela: jame Dvojama (Hajducki kukovi) i Ledena jama u Lomskoj dulibi te
spilja Vukusi¢ snijeznica. Popisivane su i sakupljane biljke koje rastu u neposrednoj blizini
ulaza i na razli¢itim dubinama i ekspozicijama. Od ekoloskih ¢imbenika, u Ledenoj jami i
Vukusi¢ snijeznici, mjerena su dnevna kretanja temperature i relativne vlage zraka izvan ulaza
i na donjoj granici rasta biljaka po godi$njim dobima (izuzev zime), a u Ledenoj jami mjerena
je 1 trenutatna osvijetljenost. ZabiljeZzene biljne svojte podvrgnute su taksonomskoj,
fitogeografskoj te analizi indikatorskih vrijednosti 1 Zivotnih oblika. Ukupno je zabiljeZeno
160 svoijti, a najvise svojti zabiljeZeno je u Ledenoj jami - 126. Najzastupljenije su bile biljke
eurazijskog flornog elementa, a od zivotnih oblika hemikriptofiti. Analize mjerenih ekoloskih
¢imbenika 1 indikatorskih vrijednosti pokazali su kako su mikroklimatska obiljeZja ulaznih
dijelova istrazivanih speleoloskih objekata uvjetovana, izmedu ostalog, razli¢itom
morfologijom i veli¢inom ulaza §to je utjecalo 1 na brojnost svojti biljaka te na udaljenost do
koje su rasle u unutrasnjost.

Kljuéne rijefi: speleobotanika, ekoloske indikatorske vrijednosti, mikroklima, Hrvatska
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FLORA AND ECOLOGICAL FACTORS OF THE ENTRANCE PARTS
OF CAVES ON THE NORTHERN VELEBIT

Suzana Buzjak?!, Mirjana Vrbek? & Nenad Buzjak?®

Croatian Natural History Musem, Demetrova 1, Zagreb, Croatia, suzana.buzjak@hpm.hr
2Ravenska 21, Zagreb, Croatia, mirjana.vrbek@hpm.hr

3University of Zagreb, Faculty of Science, Department of Geography, Maruli¢ev trg 19/11,
Zagreb, Croatia, nbuzjak@geog.pmf.hr

During the speleological expedition “Lukina jama 95” on the Northern Velebit (July 1995) a
systematic ecological and floristic research (pteridophytes and spermatophytes) of shafts and
cave entrances started in Croatia. Three speleological features with different types of entrance
parts were chosen: Dvojama (Hajducki kukovi) and Ledena jama shafts in Lomska duliba and
Vukusi¢ snijeznica cave. The plants that grow in the immediate vicinity of the features and at
various depths and expositions were collected and inventoried. In Ledena jama and Vukusi¢
snijeznica daily changes of air temperature and relative humidity were measured on the
surface and at the lower limit of the plant growth during seasons (except winter). In Ledena
jama momentary illumination was also measured. Recorded plant taxa were subjected to
taxonomic and phytogeographic analysis as well as analysis of ecological indicator values and
life forms. A total of 160 plant taxa were recorded, and most of them in Ledena jama — 126
taxa. The largest share of represented floral elements belongs to the Eurasian floral element,
and regarding life forms to the hemicryptophytes. Analysis of measured ecological factors and
ecological indicator values showed that the microclimatic characteristics of entrance parts of
researched features were, among other things, caused by different morphology and
dimensions of their entrance parts, which influenced also the number of plant taxa and the
distance inside the cave to which they grow.

Keywords: speleobotany, ecological indicator values, microclimate, Croatia
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KULTURNI KRAJOLIK SJEVERNOG VELEBITA: SUZIVOT
COVJEKA I PLANINE

Vedrana Glavas
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vglavas@unizd.hr

Iako je osnovno obiljezje Velebita oskudnost prirodnih resursa i su$nost, ljudi su na tom
prostoru oduvijek Zzivjeli 1 svojim aktivnostima oblikovali kulturni krajolik. Kretanje ljudi
kroz prostor, iskoriStavanje zemljista, gradnje i1 rusenja ocrtavaju nacin zivota i radnje ljudi na
prostoru sjevernog Velebita od prapovijesti do danas i dio su njegova kulturnog krajolika. Cilj
ovog rada je prikazati rezultate istrazivanja kulturnog krajolika sjevernog Velebita.
Istrazivanja obuhvacaju kulturne krajolike od prapovijesnih razdoblja do novog vijeka, a
usmjerena su na otkrivanje i dokumentiranje svih elemenata kulturnog krajolika te analizu
dinamike naseljavanja. Metodologija rada zasniva se na terenskim pregledima, daljinskim
istrazivanjima, analizi pokretnih i nepokretnih ostataka materijalne kulture te prostornim
analizama upotrebom GIS tehnologije. Rezultati istrazivanja pokazali su da je kulturni
krajolik Velebita uvelike rezultat ekonomskih aktivnosti. Te aktivnosti na Velebitu nisu bile
staticne ve¢ su podrazumijevale kretanja i eksploataciju resursa smjeStenih na razliitim
nadmorskim visinama: od najnizih, pa do vrSne zone. Takav obrazac zastupljen je u svim
povijesnim razdobljima Sto potvrduju rezultati prostornih analiza te pronadeni pokretni nalazi.
Intenzivnim iskoriStavanjem prostora ljudi su na Velebitu kreirali specificne stocarske 1
poljodjelske krajolike koje karakteriziraju prapovijesne gradine, terasirane padine, suhozidne
ograde, pastirski stanovi, ogradene lokve 1 sli¢no.

Kljucéne rije¢i: kulturni krajolik, naseljenost, upotreba prostora, GIS
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THE CULTURAL LANDSCAPE OF THE NORTHERN VELEBIT
COEXISTENCE OF MAN AND THE MOUNTAIN

Vedrana Glavas

University of Zadar, Department of Archaeology, Obala kralja Petra KreSimira IV. 2, Zadar, Croatia,
vglavas@unizd.hr

Absence of natural resources and drought is the main characteristic of the Velebit Mountain.
However, people have always lived in this area and shaped the landscape through their
activities. People's movement through landscape, land use, constructions, and destructions,
outline the way of their lives and acts from prehistory to the present and are part of the
Northern Velebit cultural landscape. The aim of this work is to present results of the Northern
Velebit cultural landscape research. The research encompasses cultural landscapes from
prehistory to the modern period, and it is focused on discovering and documenting all cultural
landscape elements, as well as on analysis of settlement dynamics. The research methodology
is based on field survey, remote sensing, analysis of portable material and architectural
remains as well as on spatial analysis by the use of GIS technology. Research results
demonstrated that the Velebit cultural landscape developed as a result of economic activities.
These activities on the Velebit mountain were not static but included movement and
exploitation of natural resources that were located on various elevations of the mountain:
between the lowest areas and the top of the mountain. Such patterns occur in all historic
periods, which is confirmed by results of spatial analysis as well as by discovered portable
finds. Specific livestock husbandry and agricultural landscapes were created by people on the
Velebit mountain, characterized by prehistoric hill forts, terraced slopes, dry-wall enclosures,
shepherds’ huts, enclosed ponds, etc.

Keywords: cultural landscape, habitation, land use, GIS
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DALJINSKA ISTRAZIVANJA PROMJENA ZEMLJISNOG POKROVA
U NACIONALNOM PARKU SJEVERNI VELEBIT IZMEDU 1986. 1
2011. GODINE

Ales Grlj! i Ziva Novljan?
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novljan.ziva@gmail.com

Nestajanje poljoprivrednih povrSina uobicajen je proces u europskim planinskim podrucjima,
pa prostor sjevernog Velebita s travnjacima koje su stvorili ljudi, nije iznimka. Ciljevi
istrazivanja bili su odrediti opseg promjena zemljisSnog pokrova u 25-godiSnjem periodu
izmedu 1986. 1 2011. godine upotrebom dviju razli¢itih metoda obrade daljinskih podataka i
potom utvrditi koja je metoda efektivnija pri tocnom detektiranju ovih promjena. Satelitske
snimke za obje godine preuzete su s Landsat 5 TM satelita. Prva upotrijebljena metoda je
neznatno modificirana Change Vector Analysis (CVA), koja upotrebljava koeficijent zelenila
i svjetlosti. Rezultati su vektori promjene za svaki piksel, koji nam definiraju magnitudu i tip
promjene u odnosu na njihovu duzinu i kut. Druga metoda je oduzimanje slike upotrebom
Infrared Percentage Vegetation indeksa (IPVI), koji usporeduje vrijednosti omjera izmedu
vidljivog crvenog i bliskog infracrvenog svjetla. Usporedbom rezultata ustanovljeno je da je
CVA metoda mnogo ucinkovitija nego IPVI metoda. Rezultat pokazuje da se znacajne
promjene, koje se mogu interpretirati kao promjene zemljisnog pokrova, pojavljuju na 0,62
km? (0,6% povrsine Parka) u 25 godina. Veéina promjena pokazuje povecanje vegetacijskog
pokrova, ili zarastanjem travnjaka ili ogoljele povrSine. Zaklju¢no, travnjaci sjevernog
Velebita obrastaju Sumom, ali je taj proces spor i pojavljuje se samo na malim predjelima
Parka.

Kljuéne rijeci: Change Vector Analysis, Infrared Percentage Vegetation Index, obrastanje,
travnjaci, GIS, detekcija promjene zemljisSnog pokrova
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Abandonment of agricultural land is a common process in European mountainous regions and
Northern Velebit with its man-made grasslands in no exception. The objectives of the
research were to determine the extent of the land cover changes in the 25-year period between
1986 and 2011 using two different methods of remote sensing data processing, and later to
determine which method is more effective in correctly detecting those changes. The satellite
images for both years were taken by the Landsat 5 TM satellite. The first method used is a
slightly modified Change Vector Analysis (CVA), which uses coefficients of greenness and
brightness. Its results are vectors of change for each pixel, which tell us the magnitude and
type of change regarding their lengths and angles. The second method is image subtraction
using the Infrared Percentage Vegetation Index (IPV1), which is a measure of the difference
between visible red and near-infrared light. Comparison of the results was made to recognise
that the CVA method is more effective than the IPVI method. Results show that significant
changes, which can be interpreted as land cover changes, only occurred on a 0.62 km? area
(0.6% of total National Park area) in 25 years. Most of the changes showed increased
vegetation cover, replacing either grasslands or bare surfaces. In conclusion, the pastures of
Northern Velebit are being overgrown by forest, but this process is slow and is only occurring
on a very small part of the Park's area.

Keywords: Change Vector Analysis, Infrared Percentage Vegetation Index, overgrowing,
grasslands, GIS, land cover change detection
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Medvjedica (Ursus arctos) je uhvacena i obiljezena GPS/VHF ogrlicom na podru¢ju Crnog
jezera kraj Otoc¢ca u Lici. Ogrlica je bila programirana da svaka dva sata biljezi geografske
pozicije. Tijekom 14 mjeseci prikupljeno je ukupno 5407 podataka o kretanju smjestenih na
zivotnom prostoru od 1039 km? (minimalna povrsina konveksnog poligona) $to ukljucuje i
podruc¢je Nacionalnog parka Sjeverni Velebit. Medvjedica je koristila (prema NKS RH) 22
razli¢ita tipa stanista ukupne povrSine 872 km?, a na podru¢ju NP Sjeverni Velebit 9 tipova
staniSta ukupne povrSine 19,33 km?>. Od ukupnog razdoblja prac¢enja, na podruc¢ju NP je
provela minimalno 32% vremena ukljucujuc¢i i brlozenje. Medvjedica se kretala unutar
visinskog raspona od 90 (Sv. Juraj) do 1670 m n.m (Mali Rajinac). NajviSe geografskih
pozicija (36,12%) je zabiljeZeno na nadmorskim visinama od 1251 do 1500 m, a najmanje
(1,75%) na visinama od 90 do 250 m. NajviSe se zadrZavala na terenu nagiba od 5-20°
(55,69%), a najmanje na terenu nagiba 0-1° (4,47%). Analizom geografskih pozicija prema
ekspoziji terena, najviSe je boravila na jugu (32,96%), najmanje na sjeveru (20,77%), a
podjednako na istoku i zapadu. Iako je pracena medvjedica imala posebno veliki areal
kretanja, od ¢ega mali dio pripada NP Sjeverni Velebit, znakovito je da je znaCajan dio
vremena boravila u Nacionalnom parku gdje je 1 brlozila. Telemetrijsko pracenje velikih
zvijeri omogucuje stupnjevanje vaznosti tipova staniSta te zoniranje zaSti¢enih podrucja,
posebice nacionalnih parkova.

Kljuéne rije¢i: smedi medvjed (Ursus arctos), GPS telemetrija, Nacionalni park Sjeverni
Velebit, stanista
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THE ANALYSIS OF BEAR MOVEMENTS USING GPS TECHNOLOGY
IN TERMS OF HABITATS, ALTITUDE AND EXPOSITION
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“Bioterra, Association for Research, Photographing and Conservation of Croatian Natural Heritage,
Grizanska 15, Zagreb, Croatia, lidija.sver@gmail.com

A female bear (Ursus arctos) was captured and marked with a GPS/VHF collar in Lika
region, in the area of Crno jezero near Otocac. The GPS/VHF collar was programmed to
record GPS positions every two hours. There were 5407 data recordings collected during 14
months. The estimated home range was 1039 km? which includes the area of The Northern
Velebit National Park. The bear used 22 different types of habitats (according to the National
classification of habitats of Croatia) in the area of 872 km? and 9 different habitats in the area
on the Northern Velebit NP (19.33 km?). The bear spent a minimum of 32% of time
(including denning) in the NP. The bear also moved within an altitudinal range from 90 m
(Sv. Juraj) to 1670 m (Mali Rajinac). Most of the geographical positions (36.12%) were
recorded at altitudes from 1251 to 1500 m, and the fewest (1.75%) at altitudes from 90 to 250
m. Most of the time, the bear was staying in areas with terrain inclination between 5-20° (55,
69%), and the least amount of time in areas with terrain inclination between 0-1° (4.47%).
According to the exposition of the terrain, the bear spent the most time in the southern slopes
(32.96%), the least amount of time in the northern slopes (20.77%), and an equal amount of
time in the eastern and western slopes. Although the marked bear had a particularly large
home range of which only a small part belongs to the Northern Velebit National Park, it is
important to point out that it spent a significant amount of time in the NP where it also
denned. Monitoring of large carnivores using GPS telemetry enables determining levels of
importance of different habitat types and zoning of protected areas, especially national parks.

Keywords: Brown bear (Ursus arctos L.), GPS telemetry, Northern Velebit National Park,
habitats
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PREGLED STANJA ISTRAZENOSTI FAUNE SISMISA SIREG
PODRUCJA NACIONALNOG PARKA SJEVERNI VELEBIT

Daniela Hamidovié¢! i Nikola Tvrtkovié?

'Hrvatska agencija za okolis i prirodu, Radni¢ka cesta 80/7, Zagreb, daniela.hamidovic@dzzp.hr
2Alagoviéeva 21, Zagreb, nikolatvrtkovic71@gmail.com

Prvi podaci o fauni SiSmisa Sireg podruéja Sjevernog Velebita potjecu iz XIX stoljeca od
Franje Dobijasa (alias Padewieth), trgovca prirodninama, koji je prikupljao i $iSmise te su
zavrsili u zbirkama prirodoslovnih muzeja u Berlinu, Budimpesti i Zagrebu. Sve do 1995.
godine biljezimo sporadi¢ne nalaze, kad su Slovacki speleolozi u dubokoj jami na Malom
kuku sakupili osteoloske ostatke vrste Myotis brandtii - tada nepoznate za Hrvatsku. Do danas
je u okviru nekoliko projekata djelomi¢no istrazivana fauna SiSmiSa, prvenstveno metodom
hvatanja mreZzama. Dio podataka prikupljen je zahvaljujué¢i porodici Vukusi¢, kao i
biospeleolozima prilikom istrazivanja Spilja i jama u okviru speleoloskih ekspedicija koje se
sustavno odrzavaju na podrucju Parka. Pregledom svih poznatih podataka u granicama
Nacionalnog parka do danas je zabiljeZzeno 11 vrsta $iSmiSa sa 7 istrazivanih lokaliteta: Rh.
hipposideros, Eptesicus nilssonii, Hypsugo savii, Myotis blythii, M. brandtii, M. myotis, M.
mystacinus, Pipistrellus nathusii, Plecotus auritus, P. macrobullaris i Vespertilio murinus.
Najces¢i su nalazi muzjaka §iSmisa, a samo su kod vrste P. auritus zabiljezene brede zenke. U
Siroj okolici Parka zabiljezeno je najmanje dva puta viSe vrsta SiSmiSa od kojih sve
potencijalno dolaze i na podruc¢ju Parka. Zasad su jedino iz podrucja Nacionalnog parka
Sjeverni Velebit poznati nalazi vrste E. nilssonii u Hrvatskoj. Vrijednost parka za faunu
§iSmisa nije moguce valorizirati na temelju sporadi¢nih istrazivanja, medutim vrlo vjerojatno
predstavlja vazno migracijsko podrucje 1 zimovaliSte. U budu¢em razdoblju potrebno je
provesti sveobuhvatna i detaljna istrazivanja faune §iSmiSa u svrhu valorizacije i lovnih
staniSta 1 skloniSta S§iSmiSa, te izrade programa monitoringa 1 ciljanih/specificnih mjera
o¢uvanja.

Kljuéne rije¢i: $iSmisi, Chiroptera, Nacionalni park Sjeverni Velebit
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OVERVIEW OF THE NATIONAL PARK NORTHERN VELEBIT
WIDER AREA BAT RESEARCH

Daniela Hamidovié¢! &Nikola Tvrtkovié?

Croatian Agency for Environment and Nature, Radnicka cesta 80/7, Zagreb, Croatia,
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First records on bat fauna of the wider area of Northern Velebit date from 19th century,
thanks to Franjo Dobijas (alias Padewieth), who as a natural history collector, gathered also
bats which are now part of Natural History Museum Collections in Berlin, Budapest and
Zagreb. Only sporadic bat recordings are available up to 1995, when cavers from Slovakia
collected osteological remaining of Myotis brandtii — species not recorded for Croatia till
then. Recently bat fauna was surveyed through several projects, mainly by mist netting. Part
of the data was collected thanks to Vukusi¢ family, and to biospelologists in the frame of
speleological expeditions that are held continuously in the Park. Overview of all known data
showed that 11 bat species from only 7 localities in the Park are recorded: Rh. hipposideros
Eptesicus nilssonii, Hypsugo savii, Myotis blythii, M. brandtii, M. myotis, M. mystacinus,
Pipistrellus nathusii, Plecotus auritus, P. macrobullaris i Vespertilio murinus. Male bats are
most common, while pregnant females are recorded only in P. auritus. In the wider area of the
Park more than double number of bat species is known and all are potentially expected to be
found in the Park. Up till know, the only finding of the species E. nilssoni in Croatia is from
the National Park. Based on sporadic research it is not possible to evaluate importance of the
Park for bat fauna. However, it possibly represents very important site during bat hibernation
and migration. Future systematic and detailed bat fauna research is necessary for evaluation of
bat hunting areas and roost preferences in the Park in order to develop monitoring programme
and identify specific and applicable conservation measures.

Keywords: bats, Chiroptera, Northern Velebit National Park
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GRADACIJA SMREKOVIH POTKORNJAKA U NACIONALNOM
PARKU SJEVERNI VELEBIT | REZULTATI FEROMONSKOG
MONITORINGA OD 2005. GODINE DO DANAS

Boris HraSovec

Sveuciliste u Zagrebu, Sumarski fakultet, Svetogimunska 25, Zagreb, hrasovec@sumfak.hr

Pocetkom 21. stolje¢a, u Europi su zaredale gradacije (prenamnozenja) potkornjaka potaknute
uglavnom ucestalim pojavama klimatskih ekstrema. Na sjevernom Velebitu prvi nagovjestaji
moguce gradacije smrekovih potkornjaka pojavili su se tijekom rekordno tople i susne 2003.
godine. Ve¢ 2005. godine na 12 pomno odabranih i reprezentatitvnih lokacija unutar granica
Nacionalnog parka Sjeverni Velebit, uspostavljen je trajni feromonski monitoring
dominantnih vrsta smrekovih potkornjaka, Ips typographus i Pityogenes chalcographus.
Zbirni rezultat prac¢enja brojnosti |. typographus u tjednim intervalima kroz proteklih 12
godina oslikava Cetiri razdoblja: porast gradacije od 2005. do 2007. godine, fluktuaciju
populacije u visokim brojnostima do 2012. godine, naglo opadanje do minimalnih vrijednosti
2013. i 2014. godine, te ponovni trend porasta u posljednje dvije godine. Kod vrste P.
chalcographus od pocetka monitoringa pa do 2009. godine ulovi imaju jasni trend opadanja i
osim jednog znacajnog porasta 2012. godine zadrzavaju se u trostruko nizim vrijednostima u
odnosu na pocetak monitoringa. ViSegodiSnja dinamika populacija predatora smrekovih
potkornjaka ukazuje na povezanost, ali i njithovu slabu ucinkovitost u redukciji potkornjaka.
Ulovi Thanasimus formicarius postigli su maksimum 2012. godine, a ve¢ Cetiri godine kasnije
pali su na niske vrijednosti s pocetka gradacije. Sli¢an trend je i kod ulova Nemozoma
elongatum, koji je kulminirao u 2008. i 2013. godini, ali se na koncu razdoblja spustio na
najniZe vrijednosti s pocetka gradacije. Dostupnost jo§ uvijek znacajne koli¢ine smrekovih
stabala na podruc¢ju Parka, ali najvaznije, niz klimatski povoljnih godina za njihov razvoj od
pocetka prenamnozenja, upucuju na zaklju¢ak da gradacija smrekovih potkornjaka jo$ nije
zavrsila te ¢e se po svojoj prilici nastaviti, kako je to slucaj i u drugim dijelovima Europe.

Kljuéne rije¢i: Ips typographus, Picea abies, feromonska klopka, populacijska dinamika
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THE OUTBREAK OF SPRUCE BARK BEETLES IN NORTHERN
VELEBIT NATIONAL PARK AND THE OUTCOMES OF
PHEROMONE MONITORING FROM 2005 UNTILL TODAY

Boris HraSovec
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At the onset of the 21% century, bark beetle outbreaks intensified in Europe, spurred mainly by
growing instances of climatic extremes. First signs of a possible bark beetle population build-
up in the area of Northern Velebit appeared in the infamously hot and dry 2003. Already two
years later, on 12 carefully chosen locations within the boundaries of the Northern Velebit
National Park, the long term monitoring of two dominant spruce bark beetles by pheromone
traps was established. Total catches of Ips typographus in weekly intervals during the period
of 12 years revealed four outbreak stages: outbreak start from 2005 till 2007, fluctuation of
the population in high densities until 2012, sudden drop in 2013 and 2014 and new population
rise in the last two years. Pityogenes chalcographus catches reflect a constant population drop
from the beginning of the monitoring since 2009, and with the exception of one-year rise in
2012 remain at one third of their population size compared with the trap catches at the
beginning of the outbreak since 2005. Multiyear monitoring of the two dominant predators of
spruce bark beetles illustrate their inability to make a stronger impact on the outbreak.
Thanasimus formicarius catches closely follow I. typographus population build-up and reach
a maximum in 2012, but four years later drop to their starting low values. Nemozoma
elongatum population dynamics show two peaks, in 2008 and 2013, and the trap catches have
also dropped to their starting values from the initiation of the monitoring. Availability of still
sufficient quantities of suitable spruce trees within the Park and, of foremost importance,
continuation of climatically suitable seasons for the bark beetle biology suggest that the
heightened populations of spruce bark beetles will remain and sustain the ongoing outbreak as
is the case in other parts of Europe.

Keywords: Ips typographus, Picea abies, pheromone trap, population dynamics
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OBNOVA PASTIRSKIH STANOVA NA VELIKOM LUBENOVCU -
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Krajem 2014. godine Javna ustanova “Nacionalni park Sjeverni Velebit” obnovila je Cetiri
pastirska stana na Velikom Lubenovcu, tada zasticenom lokalitetu kulturne bastine.
Predvideni primarno za povremeni boravak na terenu za potrebe parka, obnova prema
konzervatorskim smjernicama otvara njihov potencijal za interpretaciju kulturne bastine -
autenti¢no iskustvo tradicionalnih elemenata pastirskog zivota u vrhgorju. Ve¢ u procesu
planiranja obnove susrelo se s prvim konfliktima, izmedu Zelje za autenticnom obnovom
stanova 1 zahtjeva koriStenja te minimalnih zahtjeva za komforom. Tokom izgradnje stanova
odredeni zakonodavni, tehnoloski i trZiSni elementi suvremenog drustva u kojem Zivimo, nisu
omogucavali ili su znatno otezavali realizaciju nekih detalja u stanovima, a koji su prirodno
nastajali u povijesnom, tradicionalnom kontekstu. Samo koriStenje ukazalo je na razlike u
oc¢ekivanjima razli¢itih skupina korisnika, kao i ogranicenja u koriStenju stanova u razli¢itim
godi$njim dobima. Ovaj rad evidentira i prezentira sve spomenute konflikte u procesima od
planiranja 1 izvedbe do samog koriStenja te donosi prijedloge za buduce planiranje aktivnosti
u Lubenovackoj cjelini u svrhu optimalnog koriStenja stanova prema zadanim ciljevima.

Kljucéne rije€i: pastirski stanovi, obnova, legislativa, koristenje, interpretacija
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At the end of 2014, the Public Institution Northern Velebit National Park, has restored four
shepherds’ dwellings at the Veliki Lubenovac, cultural property at the time. Foreseen
primarily for onsite visits and stay in the Park for the Park employees, its restoration and
revitalization opens up the potential for the interpretation of cultural heritage as an authentic
experience of traditional elements of shepherds’ life in the vrhgorje. The first problems were
encountered at the planning stage, manly harmonizing the intention of restoring cultural
heritage and the demands of new function along with minimum comfort requirements. During
the restoration project for the dwellings, certain legislative, technological and economic
parameters of the modern society made significant and mainly negative impact. Weather it
impeded the project or severely complicated realization of certain construction details on the
dwellings which logically emerged in the historical, traditional and natural context. Finally,
the use has shown differences in the expectations of different user groups, as well as
restrictions on the use at different seasons. This presentation illustrates all of these conflicts in
the planning and execution processes to the very end of its use and provides suggestions for
future planning of activities in Veliki Lubenovac for the purpose of optimum use of the
dwellings according to the given goals.

Keywords: shepherds’ dwellings, reconstruction, legislation, use, interpretation
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POVREMENO | PRIVREMENO STANOVANJE U ZASTICENOM
PODRUCJU NACIONALNOG PARKA SJEVERNI VELEBIT

Helena Knifi¢ Schaps
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Propitivanje statusa povremenog i privremenog stanovanja i graditeljskog naslijeda puckog
graditeljstva u granicama Nacionalnog parka Sjeverni Velebit (NPSV) temelji se na
provedenim terenskim istraZivanjima u Sjevernom i dijelu Srednjeg Velebita te strucnoj
literaturi. Povremeno i privremeno stanovanje u pastirskim stanovima posljedica su
proizvodnih procesa autohtonog stanovnistva stalno nastanjenog u podru¢jima izvan granica
NPSV-a, a koje je te djelatnosti (stoCarstvo, pcelarstvo, mljekarstvo, mlje¢ni proizvodi,
sakupljanje bobicastog voca, ljekovitog bilja 1 dr.) obavljalo u visokom planinskom, danas
zaSticenom podrucju. Sve vrijednosti zastiCene 1999., naslijedene su kao rezultat simbioze
prirode i zivlja koji je u predjelima izvan dana$njih granica zastite (Podgorje, Gacka i Lika)
trajno, a u planini iznad 1000 m n.m. povremeno i privremeno, tisu¢lje¢ima obitavao. Upravo
depopulacija stalnih prebivalista i odumiranje proizvodnih aktivnosti vezanih uz neposredni
zivotni okoli§ u planini, rezultira u NPSV-u ugrozom odredenih ekosustava i nestajanjem
tradicijskog graditeljskog fundusa privremenog stanovanja, ¢ime i gubitkom materijalne
komponente etnogeneze Podgoraca, Gacana i Licana. Ciljano interdisciplinarno znanstveno
istrazivanje moglo bi odrediti granice sadrzajnih preklapanja karakteristicnih djelatnosti sa
suvremenim potrebama (npr. u turizmu). Stalni stanovnik rubnih podruéja proizvodno vezan
uz planinu, prirodno predstavlja najzainteresiranijeg partnera i saveznika u odrZivom
upravljanju zastiCenim podrucjem, te odlucuju¢i autoregenerativni potencijal za odrZanje
jezika, obicaja, stvaralastva i drugih elemenata nacionalnog identiteta. Obnova objekata
privremenog i povremenog stanovanja, pastirskih stanova i stanova u padezima, znacajna je
radi kvalitativne valorizacije, ali i osjetljiva u tretmanu vlasniStva. Na njoj se, u malom
mjerilu, mogu ispitati i isprobati dvije osnovne metodologije - ona faksimilne obnove, spram
rekonstrukcije za potrebe drugih mogu¢ih namjena.

Kljucne rijeci: pucka gradnja povremenog i privremenog stanovanja, odselidba, etnogeneza,
odrzivo upravljanje
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Analisys of the status of housing for occasional and temporary use and architectural heritage
of the vernacular architecture within the Northern Velebit National Park (NVNP) is based on
field researches in North- and part of the Middle Velebit, and specialized literature.
Temporary and occasional living in shepherds' dwellings is the result of the manufacturing
process of indigenous population permanently residing in areas beyond the borders of the
NVNP's. These activities (like farming, beekeeping, dairy, dairy production, collecting
berries, herbs, etc.) took place in now protected high mountain areas. Preserved values,
protected in 1999, are inherited as a result of the symbiosis of nature and the population
residing in Podgorje, Gacka and Lika (outside the recent protection boundaries), and only
temporarily in areas above 1000 m of altitude, for thousands of years. Depopulation of
permanent residences and disappearance of all production activities linked to the immediate
mountain environment, result in serious threats to the certain ecosystems in NVNP and in
destruction of vernacular buildings, leading to the degradation of ethnogenetic material
heritage of indigenous communities inhabiting Podgorje, Gacka and Lika. A targeted
interdisciplinary scientific researches could determine boundaries of overlapping of
characteristic traditional activities with the contemporary needs (e.g. tourism). Permanent
resident of the external area of NVPN, productively linked to the mountain, is the most
interested natural partner and ally in sustainable management of the protected area, and
present crucial autoregenerative potential for survival of language, customs, hand crafts and
other elements of national identity. Reconstruction of housing for occasional and temporary
use, including shepherds' and ,,padezi“ dwellings, is important for qualitative evaluation, but
also sensitive in property issues. In the small scale, it could represent the case studdy for two
different methodologies - facsimile renewal versus reconstruction for other possible uses.

Keywords: vernacular architecture of housing for occasional and temporary use,
depopulation, ethnogenesis, sustainable management
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Brojno stanje velikog tetrijeba u nas je bilo u porastu sve do 1900. godine. Od tada pa sve do
1945. godine zadrzava se na podjednakoj razini, a nakon toga slijedi stalni pad brojnosti.
Sustavna istraZivanja ove vrste u Republici Hrvatskoj uvelike su otezana veli¢inom areala
rasprostranjenosti (Risnjacki masiv, Velika i Mala Kapela, Velebit i Licka Pljesivica). Stoga
su istrazivanja uglavnom svedena na pojedinaéne inventarizacije pjevaliSta (tijekom 50-tih
godina 20. stolje¢a u Hrvatskoj su bila registrirana 64 stalna pjevaliSta). Medutim, kako je
divlja zivotinja nedjeljiva od okoliSa, suvremene tehnike ocuvanja vrsta temelje se u prvome
redu na izu¢avanju meduodnosa Zivotinja-staniSte. U tu su svrhu razvijene (i joS se razvijaju)
geostatisticke metode u procjeni stojbinskih uvjeta. Stoga ovaj rad predstavlja rezultate
geostatisticke analize stojbinskih ¢imbenika za obitavanje tetrijeba gluhana na podru¢ju Male
Kapele, Licke Pljesivice i ,,NP Sjeverni Velebit”. Podaci o nazocnosti tetrijeba (iskljucivo
pijevaca) sakupljani su od pocetka 2000. godine na ovamo 1 koriSteni kao zavisna varijabla.
Ukupno je analizirano preko 30 stani$nih varijabli, koje se mogu podijeliti na: topografske
(nadmorska visina preko 1 000 m, nagib, izloZenost te indeks topografske pozicije-TPI),
klimatske (mjesec¢na percentilna odstupanja temperature zraka i padalina), nacine koriStenja
zemljiSta (udio Suma, travnjaka, cesta) 1 taksacijske (struktura, tekstura i temeljnica Sumskih
sastojina). Analiza je nadinjena u programu Biomapper. Rezultati ENFA-e pokazali su visoku
globalnu marginalnost (M=1,197) sto ukazuje da se pozicije na kojima je tetrijeb bio nazoc¢an
razlikuju u odnosu na prosjecne uvjete u istrazivanom podrucju, odnosno da tetrijeb i na tim
nadmorskim visinama pokazuje relativno usku $irinu nise (5=2,348). Na temelju istrazivanja
dobivena je karta pogodnosti staniSta za obitavanje ove vrste u nas (kvaliteta staniSta je
podijeljena na Cetiri bonitetna razreda) Sto doprinosti optimizaciji upravljanja ovom vrstom.

Kljucéne rije¢i: veliki tetrijeb, Tetrao urogallus, Biomapper, ENFA, karta pogodnosti stanista
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HABITAT SUITABILITY FOR CAPERCAILLIE ON NORTHERN
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& lvica Serdar®
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“Croatian Forests Ltd, Forest Administration Senj, Department for Forest Inventory, Nikole Suzana
27, Senj, Croatia

SCroatian Forests Ltd, Forest Administration Gospi¢, Department for Forest Inventory, Budacka 23,
Gospi¢, Croatia

Until the beginning of the 20" century capercaillie was the most abundant in the mountain
part of Croatia. Until the middle of the 20" century the population was stagnating, but after
this period it started to decrease rapidly. Systemic investigations of capercaillie populations
were difficult to conduct due to its large area of distribution in Croatia (Risnjak, Velika i Mala
Kapela, Licka Pljesivica and Velebit). That’s why they have been restricted only to lek
monitoring (during 50-ties there were 64 registered leks in Croatia). However, modern
wildlife conservation concept is based on analysis and understanding of wildlife-habitat
interactions. For this reason wildlife managers have developed a number of geostatistical
methods to analyse habitat suitability. Therefore, this paper presents results of the
geostatistical analysis of capercailliec habitat on Mala Kapela and Licka Pljesivica mountains
and Northern Velebit National Park. Areas where capercaillie was present during the last 17
years were dependent variables. Total number of independent variables was over 30
including: topographical variables (altitudes over 1000 m a.s.l., inclinations, expositions and
Topographic Position Index-TPI), climate (monthly percentiles of air temperature and
rainfalls), land use data (amount of forests, grasslands and roads) and forest stands inventory
data (texture, structure and basal area). Data were analysed using Biomapper. The ENFA
results showed high global marginality (M=1,197) meaning that capercaillie sites had
significantly different habitat factors due to the average habitat factors of investigated area
and capercaillie niche was relatively narrow (S=2,348). According to the results a habitat
suitability map was developed (HS map) with four site classes which optimise capercaillie
management in studied area.

Keywords: capercaillie, Tetrao urogallus, Biomapper, ENFA, HS map
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FLORISTICKA ISTRAZIVANJA PREMUZICEVE STAZE NA
VELEBITU

Dario Kremer!, Marko Randié¢? i Ana Brkljaci¢®
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2Javna ustanova “Priroda”, Grivica 4, Rijeka, marko.randic@ju-priroda.hr
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Premuziéeva staza na Velebitu proteze se od Baskih Ostarija na jugu do podnozja Velikog
Zavizana na sjeveru u ukupnoj duzini od oko 50 km. Pri tome staza prolazi kroz neke od
najatraktivnijih predjela sjevernog i srednjeg Velebita i kao takva jedna je od turisticki
najprivlacnijih odrediSta na Velebitu. S obzirom na sve vece zahtjeve turista za aktivnim
odmorom za ocekivati je 1 porast interesa za pjeSacke i planinarske ture po Premuzi¢evoj
stazi. S ciljem upoznavanja biljnog svijeta uz Premuzicevu stazu od lipnja 2013. do lipnja
2017. godine provodi se floristicko istrazivanje u okviru kojeg se evidentiraju vaskularne
biljne vrste na samoj stazi i neposredno uz stazu te prikuplja fotodokumentacija. Do sada je
zabiljezeno oko 600 vrsta $to predstavlja oko jednu treéinu vrsta zabiljezenih na Velebitu. Na
temelju dobivenih rezultata i prikupljene fotodokumentacije bit ¢e moguce izraditi vodi¢ kroz
biljni svijet Premuziéeve staze na Velebitu, veci broj promotivnih letaka i poucnih tabli. Na
ovaj nacin obogatit ¢e se turistiCka ponuda Parka prirode Velebit, kao i1 jednog od dvaju
velebitskih nacionalnih parkova.

Kljuéne rije¢i: Velebit, Premuziceva staza, flora
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FLORISTIC INVESTIGATIONS OF PREMUZIC TRAIL ON MT
VELEBIT

Dario Kremer?’, Marko Randi¢? & Ana Brkljagié¢®

'Faculty of Pharmacy and Biochemistry, University of Zagreb, A. Kovacica 1, Zagreb, Croatia,
dkremer@pharma.hr

2Public Institution "Priroda", Grivica 4, Rijeka, Croatia, marko.randic@ju-priroda.hr
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Premuzi¢ Trail on Mt Velebit runs from Baske Ostarije in the south to the bottom of Veliki
Zavizan peak in the north in about 50 km length. The trail passes through some of the most
attractive parts in the north and middle section of Mt Velebit. Because of that, it is one of the
most interesting tourist destinations on Mt Velebit. As regard to the increased tourist interest
for active vacation, the more interest could be expected for walking and mountain-climbing
tour along the Premuzi¢ Trail. To get insight in the Premuzi¢ Trail flora the floristic
investigation has been conducted from June 2013 to June 2017. During this investigation
plant are recorded on the Premuzi¢ Trail and beside the trail. At the same time the
photographic documentation is collected. Approximately 600 plant species have been noticed
on the trial which represented about one third plant species of Mt Velebit. Based on the
obtained results and photographic documentation it would be possible to write an illustrated
guide through Premuzi¢ Trail flora, promotive brochures and instructive panels. In this way,
the tourist offer of Velebit Nature Park and one of two Velebit national parks will be enriched.

Keywords: Velebit, Premuzi¢ Trail, flora
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SPELEOLOSKA EKSPEDICIJA ,MEDUZA 2015 - OSVRT NA
GEOLOGIJU JAME

Tomislav Kure€i¢! 2, Ivan Misur! ? i Vlatko Br¢i¢?
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Tijekom ljeta 2015. godine na podruc¢ju Rozanskih kukova odrzana je speleoloska ekspedicija
,Meduza 2015“. Organizirana je pod vodstvom SO HPD Zeljeznidar iz Zagreba i pod
pokroviteljstvom Javne ustanove ,,NP Sjeverni Velebit”. Cilj ekspedicije je bio nastaviti
istrazivanje jame Meduze. Pored istrazivanja novih prostora i topografskog snimanja, izvrSena
su biospeleoloska te osnovna geoloska istrazivanja. Geoloski gledano, jama se razvila duz
rasjedne zone smjera pruzanja SI-JZ. Prvih 550 m jame nastalo je u Velebitskim bre¢ama. U
gornjim dijelovima jame brec¢e su kompaktne, dok s dubinom postaju izrazito tektonizirane,
trosne i lomljive. Granica izmedu Velebitskih breca i podloge koju ¢ine tamno sivi jurski
vapnenci, nalazi se unutar kaoti¢ne ispucane zone Siroke desetak metara. Na dubini od -580 m
jurski vapnenci postaju vidljivi i dobro uslojeni. Mogu se pratiti duz vertikale “560” sve do
dna jame. Uzorci stijena uzeti su s dubine od -600 m | -700 m. Mikropetrografskom analizom
utvrdeno je da vapnenac s -600 m predstavlja skeletno-bioklasti¢ni vekston do pekston s
ucestalim pojavama algalnih obraStanja i bentickim foraminiferama. Uzorak pripada
plitkomorskom taloznom okolisu, a stratigrafski razdoblju kimeridza (gornja jura). Uzorak s
-700 m je bioklasticni madston do vekston s rijetkim presjecima sitnih taumatoporela,
ostrakodnih ljusturica i dijelova benti¢kih foraminifera. Na temelju fosilnog sadrzaja nije
mogucée precizno odrediti njegovu stratigrafsku pripadnost. Od tektonskih elemenata
zabiljezena je subvertikalna rasjedna ploha pruzanja 160°-340° koja je uvjetovala blago
izduzeni oblik novog dna. Po zavrSetku terenskih istrazivanja konstruiran je shematski
geoloski profil jame. Meduza je ovom prilikom istrazena do dubine od -706 metara, a time je
postala sedma jama po dubini u Republici Hrvatskoj.

Kljucéne rije¢i: Meduza, RoZanski kukovi, ekspedicija, geoloski profil
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Speleological expedition “Meduza 2015, conducted during the summer of 2015, covered the
area of Rozanski kukovi, a part of the strict nature reserve Hajducki i RoZanski kukovi inside
the Northern Velebit National Park It was organized under the leadership of the Caving
Section “Zeljezniar* from Zagreb and funded by the Public Institution Northern Velebit
National Park. The main goal of the expedition was to investigate the unexplored corners of
the Meduza pit. Furthermore, besides the topographic survey, biospeleological and basic
geological research was performed. Geologically, the cave is developed in a fault zone along
the NE-SW direction. The first 550 m of the cave is situated in Velebit breccias. In the upper
part of the cave the breccias are compact, while with depth they become extremely tectonized,
weathered and brittle. The boundary between the Velebit breccias and the underlying rocks is
marked with a ten meters wide chaotic fractured zone. Layered dark gray Jurassic limestones
appear at the depth of -580 m. Jurassic limestones can be traced further along the vertical
profile to the bottom of the pit. Samples were collected at the depth of -600 m and -700 m.
Micropetrographic analyses showed that the limestone at -600 m represents skeletal bioclastic
wackestone to packstone, deposited in a shallow marine environment which stratigraphically
belongs to the Kimmeridgian stage. The sample from -700 m represents bioclastic mudstone
to wackestone with rare findings of thaumatoporella, ostracod shells, and fragments of benthic
foraminifers. It is not possible to determine the stratigraphic affiliation. Regarding the tectonic
elements a subvertical fault plane was recorded on the new bottom of the pit (strike direction
160°-340°). The schematic geological profile of the cave was constructed after the completion
of the field research. This expedition arrived to the new deepest point of the cave Meduza,
making it the 71" deepest pit in Republic of Croatia (-706 m).

Keywords: Meduza pit, Rozanski kukovi, expedition, geological profile
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PRIKLADNOST STANISTA ZA VELIKE ZVIJERI NA SJEVERNOM
VELEBITU

Josip Kusak, Slaven Relji¢ i Puro Huber
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Koliko svaka od tri vrste nasih velikih zvijeri koristi pojedine dijelove svojeg podrucja
rasprostranjenosti moguce je procijeniti iz baze podataka 32-godiSnjeg istrazivanja i pracenja
velikih zvijeri u Hrvatskoj. BiljeZenjem mjesta, vremena i vrste svakog dogadaja vezanog uz
velike zvijeri, a posebno telemetrijskim pra¢enjem, dobiveni su precizni polozaji pracenih
zivotinja tijekom svih razdoblja njihovog zivota. U razdoblju od 1981. pa do 2013. godine
istrazivaci s Veterinarskog fakulteta SveuciliSta u Zagrebu zabiljezili su 38.971 poloZaj
velikih zvijeri, od kojih je 91% (35.555) bilo telemetrijskih. Za modeliranje brlozista
medvjeda, uz 37 brloga od telemetrijski prac¢enih jedinki, dodatno je koriSteno i1 25 polozaja
brloga medvjeda utvrdenih terenskim radom na drugom projektu (Ugarkovi¢, D., Mikac, S.,
Tomaié, J., 2012). Time je ukupni broj opaZanja medvjeda bio 14.627, a svih velikih zvijeri
38.999. Izradene su karte za neposredno vrednovanje znacaja manjih jedinica prostora, u
smislu intenziteta koriStenja 1 vaznosti za pojedine zivotne funkcije svake vrste posebno na
lokalnoj razini. Nacionalni park Sjeverni Velebit i njegova Sira okolica prikladno su staniSte
za medvjeda, vuka i risa, a lokalni intenziteti koriStenja ¢e biti prikazani.

Kljucne rijeci: medvjed, vuk, ris, GIS, staniSte, Hrvatska, Sjeverni Velebit

42



Znanstveno-strucni skup ,,0d istraZivanja k dobrom upravljanju Nacionalnim parkom Sjeverni Velebit”
// Krasno, 24-25. 05. 2017.

HABITAT SUITABILITY FOR LARGE CARNIVORES IN THE
NORTHERN VELEBIT

Josip Kusak, Slaven Relji¢ & Puro Huber
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Data base derived from the 32-year study of large carnivores in Croatia enables us to estimate
the intensity of their habitat use within the total range of distribution of each species. The
records of site, time and type of event related to large carnivore species, and especially by
telemetry tracking, gathered were the precise locations of tracked animals in all phases of
their life. In the period 1981 to 2013 the researchers from the Veterinary Faculty of the
University in Zagreb recorded 38.971 large carnivore locations, 91% (35.555) of those were
from telemetry. For modelling of brown bear den sites we used 37 dens of telemetry tracked
bears and plus 25 den sites found by field work in a different project (Ugarkovi¢, D., Mikac,
S., Tomai¢, J., 2012). This made the sum of 14.627 bear records, and 38.999 of all large
carnivore records. Produced were maps that enable direct evaluation of value of smaller space
units in the sense of the intensity of use and respective importance for specific life functions
of each species on the local level. Northern Velebit National Park and its wider surrounding
are suitable habitat for bear, wolf and lynx where we show the local intensities of use.

Key words: bear, wolf, lynx, GIS, habitat, Croatia, Northern Velebit
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Prva sustavna istrazivanja gljiva iz odjeljka Ascomycota na podru¢ju Nacionalnog parka
Sjeverni Velebit koja provode autori zapocela su 2003. godine te traju jo$ i danas. Vecina
dotadasnjih podataka o nalazima gljiva askomiceta odnosila se na lihenizirane predstavnike
ovoga odjeljka koje su u prvoj polovici 20. stoljeca istrazivali uglavnom strani lihenolozi.
Novija istrazivanja obuhvaéaju nelihenizirane predstavnike razreda Leotiomycetes,
Pezizomycetes, Orbiliomycetes, Geoglossomycetes, Sordariomycetes i Eurotiomycetes, a u
posljednje vrijeme i Laboulbeniomycetes. Podrucje Nacionalnog parka pokazalo se izuzetno
vrijedno s obzirom na gljive radi mnogobrojnih stanista koja su mozai¢no rasporedena na vrlo
malom prostoru, od submediteranskog do alpskog pojasa na najviSim vrhovima Parka.
Mikoloska istrazivanja provedena su u svim bioklimatskim pojasevima, na razli¢itim
staniStima: starim Sumama i praSumama, prirodnim obalnim zonama slatkovodnih stanista,
travnjacima, kamenjarima i jamama ledenicama. U provedenom 10-godi$njem istraZivanju, na
podrucju Parka zabiljezeno je ukupno 308 vrsta iz 149 rodova te veéi broj potencijalno novih
vrsta za znanost od kojih je 2015. kao nova za znanost opisana vrsta Thecotheus
platyapiculatus. Deset zabiljezenih vrsta strogo je zaSticeno u Hrvatskoj. Veéi broj vrsta, pa i
neki rodovi, zabiljeZeni su do sada u Hrvatskoj samo na podru¢ju ovog Parka. Provedena
viSegodiS$nja terenska istraZivanja u razli¢itim staniStima i sezonama rezultirala su visokim
udjelom novozabiljezenih vrsta nakon svake pojedine provedene faze istrazivanja. U radu
dajemo pregled dinamike naSih istrazivanja te analizu odnosno evaluaciju stani$ta i1 lokaliteta
s obzirom na bioraznolikost 1 ugrozenost gljiva uvazavajuci trenutni stupanj istraZzenosti.

Kljuéne rije€i: bioraznolikost gljiva, ekologija, mikoloska istrazivanja, stanista
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TEN YEARS OF RESEARCH ON ASCOMYCOTA (FUNGI) IN THE
SJEVERNI VELEBIT NATIONAL PARK

Ivana Kusan!?, Neven Matocecl?, Du$an Mrvos®

LADIPA — Society for Research & Conservation of Croatian Natural Diversity, Orehovecki ogranak
37, Zagreb, Croatia, ivana.kusan@adipa.hr

2Ruder Boskovi¢ Institute, Bijenic¢ka cesta 54, Zagreb, Croatia, neven.matocec@adipa.hr

3Avenija Vukovar 224, Zagreb, Croatia, dusan.mrvos@gmail.com

The first systematic study on fungi from the phylum Ascomycota conducted by the authors in
Northern Velebit National Park started in 2003 and is still ongoing. Most of the previous data
on ascomyecetous fungi referred to lichenized fungi which were researched in the first half of
20th century mainly by foreign lichenologists. Recent study is focused on non-lichenized
fungi from the classes Leotiomycetes, Pezizomycetes, Orbiliomycetes, Geoglossomycetes,
Sordariomycetes and Eurotiomycetes, lately also Laboulbeniomycetes. National Park proved
to be extremely valuable concerning fungi due to numerous habitats mosaically arranged at a
very small area, from sub-Mediterranean to alpine zone at the highest peaks. Mycological
research was carried out in all bioclimatic zones, in different habitats: old forests and virgin
forests, coastal zones of freshwater habitats, grasslands, rocky habitats and ice pits. During 10
years of research, 308 species from 149 genera was recorded including the larger number of
species potentially new to science of which a new species Thecotheus platyapiculatus was
described in 2015. Ten recorded species is strictly protected in Croatia. A large number of
species, also some genera have been so far recorded in Croatia only in this Park. Long-term
field research conducted in different habitats and seasons have resulted in high proportion of
newly recorded species after each research session. In this paper we provide an overview of
our research dynamics together with analysis and evaluation of habitats and localities with
regard to biodiversity of fungi and threats to fungi taking into consideration the current stage
of exploration.

Keywords: biodiversity of fungi, ecology, habitats, mycological research
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SPILJSKI TIPSKI LOKALITETI PODZEMNE FAUNE NP SJEVERNI
VELEBIT - LUKINA JAMA-TROJAMA I SLOVACKA JAMA

Petra Kutle$al, Petra Bregovi¢!, Tamara Cukovi¢!, Andela Cukusié¢!, Dajana Hmural,
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S podru¢ja Nacionalnog parka Sjeverni Velebit znanstveno je opisano ukupno pet vrsta
potpuno prilagodenih $piljskim uvjetima. Prva opisana vrsta bila je stigobiontna pijavica
Croatobranchus mestrovi Kerovec, Kucini¢ & Jalzi¢, 1999 iz Lukine jame - Trojame ¢iji opis
je objavljen 1999. godine. Slijede opisi dva higropetrikolna kornjasa Croatodirus casalei
Giachino & Jalzi¢, 2004 i Velebitodromus smidai Casale, Giachino & Jalzi¢, 2004 iz Slovacke
jame te puza Zospeum tholussum Weigand, 2013 i dvokrilca Troglocladius hajdi Andersen,
Baranov & Hagenlund, 2016, jedinog troglobiontnog dvokrilca na svijetu, obje vrste iz
Lukine jame — Trojame. Zajednicko svim ovim vrstama je da su pronadene na dubinama
ve¢im od 500 m te da su endemi NP Sjeverni Velebit. Najvazniji podaci o ovim Spiljskim
vrstama i pripadaju¢im lokalitetima ve¢ su predstavljeni u prvom svesku Atlasa $piljskih
tipskih lokaliteta faune Republike Hrvatske. Ciljana biospeleoloska istrazivanja se u Parku
provode od 1993. kao sastavni dio speleoloskih ekspedicija. Kako su biospeleoloska
istrazivanja dubokih jama veoma zahtjevna, a Spiljska fauna ondje je rijetka, u vecini
slucajeva je za opis novih vrsta potrebno vise odlazaka na teren. Tijekom poslijednjih
ekspedicija u Lukinu jamu - Trojamu 2013. i Slovacku jamu 2016. otkrivene su brojne nove
vrste $piljske faune ¢iji su znanstveni opisi u pripremi. Velik broj nalaza novih vrsta ukazuje
na jo$ uvijek slabu istrazenost dubokih jama sjevernog Velebita, ali i izuzetnu bioraznolikost
Spiljske faune ovog podrucja. Za vrijeme biospeleoloskih istrazivanja sjevernog Velebita
pronadene su i brojne druge vrste Spiljskih Zivotinja, sve strogo zasticene zakonom, a
potvrden je i novi lokalitet za Natura 2000 ciljnu vrstu, $piljskog Skoljkasa Congeria jalzici.
Svi dosadasnji nalazi ¢e pridonijeti upravljanju i zastiti, ali i daljnjim znanstvenim
istrazivanjima ovih iznimno vrijednih podzemnih ekosustava.

Kljuéne rije¢i: Dinaridi, troglobionti, duboke jame, bioraznolikost, Natura 2000
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THE CAVE TYPE LOCALITIES OF SUBTERRANEAN FAUNA IN THE
NORTHERN VELEBIT NATIONAL PARK - THE PITS LUKINA JAMA
- TROJAMA AND SLOVACKA JAMA

Petra Kutle$al, Petra Bregovi¢!, Tamara Cukovi¢!, Andela Cukusi¢!, Dajana Hmural,
Martina Pavlek' 2 & Branko Jalzié¢!

ICroatian Biospeleological Society (CBSS), Demetrova 1, Zagreb, Croatia,
petrakutlesa01@gmail.com
2Ruder Boskovi¢ Institute, Bijeni¢ka cesta 54, Zagreb, Croatia

So far from the Northern Velebit National Park five troglobiotic species were described as
new to science. First cave animal described from the Northern Velebit is stygobiotic leech
Croatobranchus mestrovi Kerovec, Kuéini¢ & Jalzi¢, 1999 which was published in 1999 from
the Lukina jama — Trojama pit. Afterwards, two hygropetric beetles Croatodirus casalei
Giachino & Jalzi¢, 2004 and Velebitodromus smidai Casale, Giachino & Jalzi¢, 2004 were
described in 2004 from the Slovacka jama pit. In 2013 a gastropod Zospeum tholussum
Weigand, 2013 was described from the Lukina jama - Trojama pit and from the same pit in
2016 was also described a true fly Troglocladius hajdi Andersen, Baranov & Hagenlund,
2016, the only troglobiotic Diptera in the world. All of them have been found at the depth of
more than 500 meters and are endemic to the Northern Velebit National Park. The most
important data on these cave animals and their localities have been presented in the Cave
Type Localities Atlas of Croatian Fauna, Volume 1. Biospeleological researches in the
Northern Velebit are integral part of speleological expeditions since 1993. Biospeleological
researches of deep pits are extremely physically demanding and cave fauna therein is rare. In
most of the cases a couple of visits are needed before publishing a new species to science.
During the last speleological expeditions to the Lukina jama - Trojama pit in 2013 and to the
Slovacka jama pit in 2016 many new species of cave animals have been discovered so their
scientific descriptions can be expected in near future. This reveals that the deep pits of the
Northern Velebit are still underexplored. On the other hand it indicates their high biodiversity.
During biospeleological research in the Northern Velebit many other representatives of cave
fauna strictly protected by law have been found as well, also the new locality for Natura 2000
target species of cave bivalve Congeria jalzici. All those findings will improve conservation
management and further scientific research of these valuable subterranean ecosystems.

Key words: Dinarides, troglobionts, deep pits, biodiversity, Natura 2000
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KORAK PO KORAK... 15 GODINA ISTRAZIVANJA U
NACIONALNOM PARKU SJEVERNI VELEBIT

Svjetlana Lupret-Obradovi¢

Javna ustanova ,,Nacionalni park Sjeverni Velebit“, Krasno 96, Krasno, zastita@np-sjeveni-velebit.hr

Javna ustanova ,,Nacionalni park Sjeverni Velebit“ osnovana je 1999. godine, a pocela je
raditi u ljeto 2001. godine zaposljavanjem prva tri djelatnika — ravnatelja, stru¢nog voditelja i
glavnog nadzornika. S obzirom da, sukladno Zakonu o zastiti prirode, Nacionalni park ima
znanstvenu, kulturnu, odgojno-obrazovnu te rekreativnu namjenu, Ustanova je, od 2002.
godine nadalje pocela s inventarizacijom prirodnih vrijednosti na podrucju Parka. Pritom je
uspostavljena suradnja s brojnim znanstvenim 1 stru¢nim institucijama, pojedincima i
udrugama. U izlaganju je dan pregled znanstvenih i struénih istrazivanja provedenih u
organizaciji ili uz potporu Ustanove u razdoblju od 2002. do 2016. godine, s pregledom
financiranja i analizom odnosa prema ostalim segmentima upravljanja Parkom te vazeCem
Planu upravljanja. Prezentirani su i problemi s kojima se Ustanova u ovom segmentu
upravljanja susrece, te dani konkretni primjeri povezivanja rezultata istrazivanja s ostalim
upravljackim aktivnostima.

Kljucéne rije€i: upravljanje, zastita prirode, istraZivanja
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STEP BY STEP... 15 YEARS OF RESEARCH IN NORTHERN VELEBIT
NATIONAL PARK

Svjetlana Lupret-Obradovi¢

Northern Velebit National Park Public Institution, Krasno 96, Krasno, zastita@np-sjeveni-velebit.hr

Northern Velebit National Park Public Institution was established in 1999, and started to work
in the summer of 2001, with first three employees — director, conservation manager and head
ranger. According to the Nature Protection Act, National Park has scientific, cultural,
educational and recreational function, so from 2002 onwards Public Institution started the
inventory of the Park’s natural values, co-operating with numerous scientific and expert
institutions, individuals and expert societies. Overview of scientific and expert research in the
period from 2002 to 2016 is given in the presentation, together with the analysis of financing,
and relation to other segments of Park management and to the current management plan.
Problems that the Institution encounters concerning research activities in the Park are tackled,
and some examples of connecting the results of the research to other management activities
are given.

Keywords: management, nature protection, research
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PRVI NALAZ SPILJSKE GLJIVE Rhachomyces hypogaeus
(ASCOMYCOTA) NA PODRUCJU NACIONALNOG PARKA
SJEVERNI VELEBIT

Neven Matodec'?, Ivana Ku$an®? i Roman Ozimec!

LADIPA — Drustvo za istraZivanje i oGuvanje prirodoslovne raznolikosti Hrvatske, Orehovecki
ogranak 37, Zagreb, neven.matocec@adipa.hr, ivana.kusan@adipa.hr, roman.ozimec@adipa.hr
?Institut Ruder Boskovi¢, Bijeni¢ka cesta 54, Zagreb

Prema autorima dostupnim podacima, entomofilna komenzalna gljivlja vrsta Rhachomyces
hypogaeus ($piljska klasnica) iz reda Laboulbeniales je endemicna troglobiontna vrsta koja je
svojim arealom i simbiozom s kornjasima iz roda Typhlotrechus ograni¢ena na dinarsko kr§ko
podzemlje. Do danas je zabiljeZzena na svega nekoliko lokaliteta u slijede¢im regijama:
Notranjsko u Sloveniji, zatim Gorski kotar, Istra, Lika i juzni Velebit u Hrvatskoj te u Bosni i
Hercegovini kod Zepéa, tako da poznati areal ove vrste zahvaca podruéja sjeverozapadnih i
srediSnjih Dinarida. U radu prikazujemo morfoloske i ekoloske podatke o nalazu ove vrste
koja je 2005. g. po prvi puta pronadena na podru¢ju Nacionalnog Parka Sjeverni Velebit u
jami Olimp (podru¢je Begovackih kukova), pri ¢emu je vise jedinki Zivjelo na odraslom
troglobiontskom kornjasu Typhlotrechus bilimeki likanensis. Takoder, prikazani su i
biogeografski podaci s oznacenim svim poznatim lokalitetima na kojima je ova gljivlja vrsta
zabiljeZena.

Kljuéne rijeci: endemizam gljiva, entomofilne gljive, mikobiota sjevernog Velebita, $piljske
gljive, Typhlotrechus
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FIRST RECORD OF CAVE FUNGUS Rhachomyces hypogaeus
(ASCOMYCOTA) IN NORTHERN VELEBIT NATIONAL PARK

Neven Matocec!?, Ivana Kusan!? & Roman Ozimec!

LADIPA — Society for Research & Conservation of Croatian Natural Diversity, Orehovecki ogranak
37, Zagreb, Croatia, neven.matocec@adipa.hr, ivana.kusan@adipa.hr, roman.ozimec@adipa.hr
2Ruder Boskovi¢ Institute, Bijeni¢ka cesta 54, Zagreb, Croatia

According to the biogeographical data known to the authors, the troglobitic, endemic,
entomophilic and commensal fungus Rhachomyces hypogaeus (order Laboulbeniales) which
lives in obligatory symbiosis with coleopterans of the genus Typhlotrechus is delimited to the
Dinaric karstic underground. To date, this fungus is recorded only from several localities in
the following regions: Notranjsko region of Slovenia, Gorski kotar region, lIstria, Lika and
southern part of Mt. Velebit in Croatia and near Zep&e in Bosnia and Herzegovina. Therefore,
we could circumscribe the specie’s known geographical range into Northwest and Central
Dinaric Alps. In this paper we give morphological and ecological data about the recent
collection found in 2005 for the first time in the Northern Velebit National Park in Olimp pit
(the area of Begovacki kukovi). Several individuals lived on troglobitic coleopteran imago of
Typhlotrechus bilimeki likanensis. Biogeographical data on R. hypogaeus with all of its
known recent collections and localities superimposed on the map is given as well.

Keywords: cave fungi, entomophilous fungi, fungal endemism, mycobiota of Northern
Velebit, Typhlotrechus
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MONITORING SUMSKIH EKOSUSTAVA U NACIONALNOM PARKU
SJEVERNI VELEBIT

Jasnica Medak, Nenad Potoci¢, Ivan Seletkovi¢ | Tamara Jakovljevi¢

Hrvatski Sumarski institut, Cvjetno naselje 41, Jastrebarsko, jasnam@sumins.hr

Monitoring Suma, u svrhu pracenja oSte¢enosti od razli¢itih onec¢i$¢enja, kroz mreze trajnih
ploha dobiva izuzetan znacaj na europskom nivou u posljednjih 30-tak godina (ICP Forests).
Trajne plohe diljem Europe postaju terenski laboratoriji s ciljem prikupljanja Sto vise
razlicitih vrsta podataka koji ¢e u svojoj interakciji pruziti odgovore na pitanja o stanju
Sumskih ekosustava. Trajna ploha 105 ,,Zavizan“ jedna je od sedam ploha bioindikacijske
mreze UNECE-ICP Forests, intenzivnog monitoringa Suma razine II u Republici Hrvatsko;j.
Smjestena je u NP Sjeverni Velebit u pretplaninskoj bukovoj sumi Ranunculo platanifolii-
Fagetum (Horvat 1938) Marincek et al. 1993. Na plohi se prate slijede¢i parametri: osutost
kroSanja 1 prisutnost biotickih i abioti¢kih uzro¢nika oSte¢enja (godiSnje), kemizam biljnog
materijala (godiSnje) te prizemna vegetacija i biodiverzitet (svakih 5 godina). S obzirom na
otezanu pristupacnost, na plohi se ne prate neki parametri koji se prate na drugim plohama
intenzivnog monitoringa: depozicija, prirast, fenologija, otopina tla, koncentracija ozona
(dvotjedno), otpad sa stabala (mjese¢no) te meteoroloska mjerenja (kontinuirano). Osim §to je
pracenje stanja Sumskih ekosustava od velikog znacaja u istrazivackom smislu, uspostava
monitoringa u zaSticenim Natura 2000 podru¢jima, zakonska je obaveza Republike Hrvatske.
U izlaganju ¢e se predstaviti rezultati dosadasnjeg monitoringa na plohi ,,Zavizan* vezani za
globalne trendove u Europi, te ukupni znacaj uspostave pracenja Suma u NP Sjeverni Velebit

¢ij1 je pokrov veci od 90% povrsine Parka.

Kljuéne rije€i: monitoring Suma, parametri motrenja, ICP Forests
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FOREST ECOSYSTEM MONITORING IN THE NORTHERN VELEBIT
NATIONAL PARK

Jasnica Medak, Nenad Potoci¢, Ivan Seletkovi¢ & Tamara Jakovljevié¢

Croatian Forest Research Institute, Cvjetno naselje 41, Jastrebarsko, Croatia, jasnam@sumins.hr

In the last 30 years, forests monitoring programme (ICP Forests), which was established in
order to monitor forest ecosystem damage, became the largest biomonitoring network with the
great importance at the European level. Permanent plots across Europe became field
laboratories where many different types of data are permanently collected, in order to provide
answers to questions on the status of forest ecosystems. Permanent plot 105 "Zavizan" is one
of the seven intensive monitoring plots (Level Il) of the network UNECE ICP Forests in
Croatia. It is located in the Northern Velebit National Park in subalpine beech forest
Ranunculo platanifolii-Fagetum (Horvat 1938) Marinéek et al. 1993. The following
parameters are monitored on the plot: crown defoliation and the presence of biotic and abiotic
damage causes (annually), foliar composition (annually) and ground vegetation and
biodiversity (every five years). Due to the limited access, some parameters monitored on other
plots of intensive monitoring are not monitored on Zavizan plot: deposition, growth,
phenology, soil solution, ozone concentration (once every two weeks), litterfall (once a
month) and meteorological measurements (continuous). Beside the great importance of forest
ecosystems monitoring for the research community, the establishment of monitoring in
protected Natura 2000 areas is the legal obligation of the Republic of Croatia. The lecture will
present the results of the monitoring on the intensive "Zavizan" plot related to global trends in
Europe and the overall importance of establishing forest ecosystem monitoring in the
Northern Velebit National Park which has forest coverage of more than 90%.

Keywords: forest ecosystem monitoring, monitoring parameters, ICP Forests
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REVITALIZACIJA TRAVNJACKIH STANISTA NACIONALNOG
PARKA SJEVERNI VELEBIT NA PRIMJERU FAUNE DANJIH
LEPTIRA

Iva Mihoci, Antun Deli¢ i Martina Sasi¢ Kljajo

Hrvatski prirodoslovni muzej, Demetrova 1, Zagreb, iva.mihoci@hpm.hr

Raznolikost stanista Nacionalnog parka Sjeverni Velebit podrzava visoku raznolikost faune
danjih leptira. U sklopu projekta revitalizacije travnjackih staniSta Nacionalnog parka Sjeverni
Velebit provedena je inventarizacija danjih i1 noénih leptira, a kako bi se predlozile
svrsishodne mjere zastite ocuvanja travnjaka. Sastav 1 struktura danjih leptira kao pokazatelja
stanja 1 oCuvanosti posebice livada i travnjaka utvrdena je na 15 lokaliteta. Ukupno je
zabiljezena 71 vrsta danjih leptira tijekom dvogodis$njeg istrazivanja, od kojih su zakonom
zasti¢ene Phengaris alcon rebeli (Hirscke, 1904), Phengaris arion (Linnaeus, 1758), Papilio
machaon (Linnaeus, 1758), Parnassius apollo (Linnaeus, 1758) i Parnassius mnemosyne
(Linnaeus, 1758). Prema ekoloskom statusu, vrste su klasificirane u Cetiri skupine: travnjacke
ili livadne vrste, vrste grmlja, Sumske vrste te ubikvilne vrsta (ubikvisti) — karakteristi¢ne za
mnoga ili sva navedena stanista. Danji leptiri su dominantno vrste livadnih staniSta koje na
podrucju Parka treba ocuvati pod svaku cijenu te revitalizirati na nacin predlozen selektivno
za svako analizirano podrucje/staniste/lokalitet. Na livadnim predjelima nuzno je ocuvati i
grmovitu rubnu, tranzicijsku vegetaciju jer ekotonska podrucja podupiru raznolikost najveceg
broja vrsta.

Kljuéne rije¢i: danji leptiri, travnjaci, revitalizacija
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GRASSLAND REVITALISATION IN NORTHERN VELEBIT
NATIONAL PARK - BUTTERFLIES CASE-STUDY

Iva Mihoci, Antun Deli¢ & Martina Sagié¢ Kljajo

Croatian Natural History Museum, Demetrova 1, Zagreb, Croatia, iva.mihoci@hpm.hr

The variety of habitats of the Northern Velebit National Park is reflected in high butterfly
species diversity. The inventory of butterflies and moths has been carried out through the
Grassland habitat revitalisation project with the goal of proposing efective conservation
measures. Butterfly diversity has been researched on 15 localities. During two years we found
71 species including several protected species: Phengaris alcon rebeli (Hirscke, 1904),
Phengaris arion (Linnaeus, 1758), Papilio machaon (Linnaeus, 1758), Parnassius apollo
(Linnaeus, 1758) and Parnassius mnemosyne (Linnaeus, 1758). The results were analyzed
according to their habitat preferences. The species were defiened as grassland, shrub, forest or
ubiquist species - species that thrives in the most diverse ecological conditions. The analysis
of the ecological status indicated the dominance of species of preferred habitat types, which
coincide with the diversity of microhabitats on sampled sites. As butterflies are dominantly
grassland species proposed conservation and revitalisation measures should be made
following to the proposal for each studied locality with special attention to ecotones and
vegetation transition zones at the boundaries between patches as they support the highest
diversity.

Keywords: butterflies, grasslands, revitalisation
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ZNACAJ MONITORINGA U UPRAVLJANJU NACIONALNIM
PARKOM PAKLENICA

Marijan Milovac i Gordan Luka¢

Javna ustanova Nacionalni Park Paklenica, dr. Franje Tudmana 14a, Starigrad Paklenica, sluzba-
zastite@paklenica.hr

Istrazivanja ornitofaune Nacionalnog parka Paklenica odvijaju se kontinuirano od 1984. god.
do danas. Monitoring pojedinih skupina te osjetljivih i ugrozenih vrsta ptica moze unaprijediti
upravljanje zasti¢enim podru¢jem. Tako je suri orao odlican bioindikator ocuvanih krskih
staniSta. Jedan par je redovito zabiljezen od 1996. god. u nepristupacnim 1 slabo posje¢enim
dijelovima Parka. Sivi sokol je bioindikator oCuvanih staniSta stijena i litica u podrucjima
izvan zone penjanja. Tijekom 2017. godine, u kanjonu Velike Paklenice zabiljeZena su 2, a u
Maloj Paklenici 1 par. Osjetljiva vrsta na penjace je orao zmijar, koji se kao i sivi sokol
gnijezdi 1 zadrzava izvan penjacke zone u kanjonu Velike Paklenice. Vodenkos se redovito
biljezi od 1999 god., i odli¢an je indikator kvalitete vode u potoku Velike Paklenice. Uspjesno
se uz potok gnijezde 2-3 para. Monitoring djetlovki, posebno planinskog djetli¢a, crne i sive
zune, ukazuje na starost i o¢uvanost Sumskih sastojina u centralnom dijelu Parka. Zimska
opazanja ukazuju na znacaj Parka kao zimovaliSta za vrste kao zidar¢ac (Tichodroma
muraria) i alpski popi¢ (Prunella collaris). Prisutnost divokoza zabiljezena je od 1985.
godine, prema usmenim podacima i terenskim opaZanjima. Redovita terenska opaZanja
provode se od 1998. godine. Trenutna povrSina stanisSta procijenjena je na oko 4600 hektara.
Stalna prisutnost divokoza u turisticki najposjecenijim djelovima Parka pokazuje privikavanje
na Covjeka, pri ¢emu je bitno da se posjetitelji pridrzavaju pravila ponaSanja. U djelovima
Parka gdje nema turistickih aktivnosti, primjetne su razlike u ponasanju divokoza u odnosu na
covjeka.

Klju¢ne rije€i: suri orao, sivi sokol, orao zmijar, zidar¢ac, divokoza, Nacionalni park
Paklenica, monitoring
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THE IMPORTANCE OF MONITORING IN PAKLENICA NATIONAL
PARK MANAGEMENT

Marijan Milovac & Gordan Luka¢

Public Institution Paklenica National Park, dr. Franje Tudmana 14a, Starigrad Paklenica, Croatia,
sluzba-zastite@paklenica.hr

The ornithofauna research in Paklenica NP lasts continuosly since 1984 till today. The
monitoring of specific bird groups may improve protected area management, particularly in
case of sensitive and endangered birds species. Thus, the Golden Eagle is an excellent
bioindicator of preserved karst habitats. There is one couple regularly recorded since 1996. in
inaccessible and poorly visited Park area. The Peregrine Falcon is a bioindicator of preserved
rocky habitats in non-climbing areas. During 2017, there are two couples recorded in Velika
Paklenica canyon and one in Mala Paklenica canyon. The climber-sensitive species is
Eurasian Snake Short-toed Eagle, which nests and retains outside of climbing zone as well.
The White-throated Dipper, regularly recorded since 1999., is a great bioindicator of water
quality in the Velika Paklenica stream. There are 2-3 couples succesfully nesting along the
stream. The monitoring of woodpeckers (Piciformes), particularly White-backed, Black and
Grey Woodpeckers, shows forest stand oldness and preservation in central part of the Park.
Winter observations indicates Park importance as wintering site for species such as
Wallcreeper (Tichodroma muraria) and Alpine Accentor (Prunella collaris). The chamois
presence is recorded since 1985, according to personal communication and field observations.
Regular field observations are conducted since 1998. The chamois habitat surface area
currently covers 4600 hectares. The permanent chamois presence in touristically most visited
parts shows their habituation to humans, where the requirement is that visitors follow the
behaviour rules. In the Park areas where there are no tourist activities, differences of chamois
behaviour in relation to humans are noticeable.

Keywords: Golden Eagle, Peregrine Falcon, Eurasian Snake Short-toed Eagle, Wallcreeper,
Chamois, Paklenica National Park, monitoring
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DINAMIKA RAZVOJA SASTOJINA CRNOG BORA NA PODRUCJU
NACIONALNOG PARKA SJEVERNI VELEBIT

Stjepan Mikac!, Domagoj Trlin!, Anja Zmega¢&'2, Vinko Pauli¢! i Darijan Prugoveékil

ISveu¢iliste u Zagrebu, Sumarski fakultet, Zavod za ekologiju i uzgajanje $uma, Svetosimunska 23,
Zagreb, smikac@sumfak.hr
2Sumarski fakultet, Sveuciliste u Zagrebu, Laboratorij za dendroekologiju, SvetoSimunska 23, Zagreb

U ovome radu prikazujemo rezultate dendrokronoloskih i dendroekoloskih istrazivanja u
autohtonim sastojinama crnoga bora (Pinus nigra) na podru¢ju NP Sjeverni Velebit i to:
utjecaja klimatskih ¢imbenika na razvoj i dinamiku sastojina crnoga bora, moguénost uporabe
navedenih metoda u rekonstrukcijama klimatskih prilika te analizama dinamike pojavnosti i
frekvencije prirodnih pozara. Istrazivanje je provedeno na podrucju Borovi vrh na
submediteranskim padinama na uzorku od 80 stabala. Rezultati ukazuju na postojanje jakog
klimatskog signala povezanog sa temperaturom zraka, suncevim zracenjem i vulkanskim
erupcijama tijekom razdoblja instrumentalnih mjerenja te rekonstrukciju klimatskih prilika za
podruc¢je NP Sjeverni Velebit za razdoblje od 1800. godine. Dobiveni rezultati nam pruzaju
detaljan uvid u povijest i prirodnu dinamiku Suma na podrucju NP Sjeverni Velebit.

Kljuéne rije€i: crni bor, pozari, rekonstrukcija klime, Sirina goda, kasno i rano drvo
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GROWTH DYNAMIC OF BLACK PINE STANDS IN THE NORTHERN
VELEBIT NATIONAL PARK

Stjepan Mikac!, Domagoj Trlin!, Anja Zmega&'2, Vinko Pauli¢! & Darijan Prugovedkil

tUniversity of Zagreb, Faculty of Forestry, Department of Forest Ecology and Silviculture,
Sveto$imunska 23, Zagreb, Croatia, smikac@sumfak.hr

2University of Zagreb, Faculty of Forestry, Dendroecology Laboratory, Svetosimunska 23, Zagreb,
Croatia

In this work, we present results obtained with dendrochronological and dendroecological
research in autochthonous Black pine (Pinus nigra) stands in Northern Velebit National Park:
the influence of climatic factors on the development and dynamic of Black pine stand, the
possibility of implementation of new climate reconstruction methods and the analysis of
occurrence and frequency of natural fires. The research was conducted on the Sub-
Mediterranean slopes of Borovi vrh site. 80 trees were sampled. Results indicate the presence
of a strong climatic signal linked to air temperature, sunlight and volcanic eruptions measured
during instrumental periods as well as a reconstruction of climate conditions for the Northern
Velebit NP from the 1800s to present. Obtained results offer a detailed insight into the past
and the natural forest dynamic in the Northern Velebit National Park.

Keywords: black pine, fire, climate reconstruction, tree ring width, late- and earlywood
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POPULACIJSKE ZNACAJKE VRTNE STRNADICE
(Emberiza hortulana) U NP SJEVERNI VELEBIT

KreSimir Mikulié

Udruga BIOM, Preradoviceva 34, Zagreb, kresimir.mikulic@biom.hr

Vrtna strnadica (Emberiza hortulana) je ptica vrapcarka koja se nalazi na Dodatku I Direktive
o zaStiti ptica (2009/147/EC) 1 ciljna je vrsta oCuvanja za Podru¢je oCuvanja znacajno za
zastitu ptica (POP) Velebit. Na podru¢ju NP Sjeverni Velebit, vrtna strnadica se gnijezdi na
primorskoj padini kod planinarskog doma Alan zauzimajuci poluotvorena mozaicka stanista.
Jedna od glavnih prijetnji joj je sekundarna sukcesija staniSta. Stoga je Udruga BIOM
provodila pracenje brojnosti ove populacije od 2008. do 2016. koriste¢i metodu linijskog
transekta. Analizom podataka ustanovili smo populacijski trend vrtne strnadice te koje su joj
preferencije prema stanistu.

Kljuéne rije¢i: vrtna strnadica, monitoring, brojnost, Alan

60



Znanstveno-strucni skup ,,0d istraZivanja k dobrom upravljanju Nacionalnim parkom Sjeverni Velebit”
// Krasno, 24-25. 05. 2017.

POPULATION FEATURES OF THE ORTOLAN BUNTING
(Emberiza hortulana) IN THE NORTHERN VELEBIT NATIONAL PARK

KreSimir Mikulié¢

Association BIOM, Preradovi¢eva 34, Zagreb, Croatia, kresimir.mikulic@biom.hr

The Ortolan Bunting (Emberiza hortulana) is a passerine bird listed on Annex | of the EU
Wild Birds Directive (2009/147/EC) and a target species of the Special Protection Area (SPA)
Velebit. In the Northern Velebit National Park the Ortolan Bunting breeds on the coastal
hillside at the mountain hut Alan. There it breeds in mozaic and open habitats. The main
threat is secondary habitat succession. The Association BIOM has therefore conducted a
breeding abundance survey from 2008-2016 using the line transect method. By analysing data

we have assessed the breeding population trend as well as habitat preferences of the Ortolan
Bunting.

Keywords: Ortolan Bunting, breeding survey, abundance, Alan
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SADASNJA I BUDUCA KLIMA NACIONALNOG PARKA SJEVERNI
VELEBIT

Irena Nimac, Melita Percec Tadic i Ivan Guettler

Drzavni hidrometeoroloski zavod, Gri¢ 3, Zagreb, irena.nimac@cirus.dhz.hr

U Republici Hrvatskoj zasticeno je 420 prirodnih podrucja, a od osam nacionalnih parkova
dva se nalaze na Velebitu: Sjeverni Velebit i Paklenica. NP Sjeverni Velebit prema kartama
Klimatskog atlasa Hrvatske jedno je od najhladnijih, najkiSovitijih i jedan od krajeva s najvise
snijega u Hrvatskoj. Analiza klimatskih prilika Parka prema digitalnim kartama iz Klimatskog
atlasa Hrvatske upotpunjena je procjenom klimatskih promjena koje se mogu ocekivati na
podrucju Parka prema analizama regionalnog klimatskog modela. Unutar Parka, podno vrha
Vucjak, nalazi se glavna meteoroloska postaja Zavizan, najvisa postaja u mrezi Drzavnog
hidrometeoroloskog zavoda. U Sumama Velebita kre¢e se 1 jedan Copor vukova, a vrijeme
koje je kombinacija magle i kise ili snijega u narodu je poznato kao vucje vrijeme. Jedna od
osjetilnih komora novog Centra za posjetitelje Krasno omogucit ¢e posjetiteljima i doZivljaj
ovakvog vremena uz zvucnu kulisu zavijanja vukova, a analiza obiljezja i uCestalosti ovakvog
vremena na Velebitu bit ¢e prikazana u ovom radu.

Kljuéne rijeci: klima, klimatske projekcije, Nacionalni park Sjeverni Velebit, Klimatski atlas
Hrvatske, vucje vrijeme
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PRESENT AND FUTURE CLIMATE OF NORTHERN VELEBIT
NATIONAL PARK

Irena Nimac, Melita Percec Tadi¢ & Ivan Guettler

Meteorological and Hydrological Service, Gri¢ 3, Zagreb, Croatia, irena.nimac@cirus.dhz.hr

There are 420 nature protected areas in Croatia, with two out of eight national parks situated
on Mount Velebit: Northern Velebit and Paklenica. According to digital maps from Climate
atlas of Croatia, Northern Velebit NP is one of the coldest, rainiest and places with the highest
amount of snow in Croatia. Analysis of climate characteristics using digital maps is
accompanied with the estimation of climate change that can be expected in the area of the
Park according to analysis of regional climate model. Within the Park, beneath the peak
Vugjak, the main meteorological station Zavizan is situated which is the highest station in the
Meteorological and Hydrological Service network. There is one pack of wolfs living in the
forests of Velebit, while among the local people the weather which is combination of fog and
rain or snow is known as wolf weather. One of the sensory chambers of the new Visitors
information centre Krasno will enable visitors experience of such weather with background
sound of wolf howling. Analysis of characteristics and frequency of such events will be
presented in this work.

Keywords: climate, climate projections, Northern Velebit National park, Climate atlas of
Croatia, wolf weather
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ISTRAZIVANJE KULTURNE BASTINE SJEVERNOG VELEBITA
2006.-2016. REZULTATI I SMJERNICE NOVIH ISTRAZIVANJA

Boris Oluji¢ i Marijeta Rajkovi¢ Iveta

Filozofski fakultet Sveucilista u Zagrebu, Ivana Luci¢a 3, Zagreb, bolujic@ffzg.hr, mrajkovi@ffzg.hr

Ovim radom Zelimo predstaviti sustavna istrazivanja kulturne bastine na prostoru
Nacionalnog parka Sjeverni Velebit koja provodimo od 2006. godine. Tada smo se ukljucili u
aktivnosti Parka u okviru izrade podloge prostornog plana u cilju nastavka obimnog posla
sustavnog evidentiranja spomenika povijesne bastine na prostoru Parka. ViSe znanstveno-
istrazivackih projekata MZOS RH te projekata Ministarstva kulture RH, ¢ine znanstveni okvir
naSih istrazivanja. Tako su zapocCeta sustavna arhivska i terenska istrazivanja, koja traju 1
danas. Istrazivanja pocivaju na suvremenim metodama, pristupima i paradigmama povijesne
znanosti, arheologije, etnologije 1 kulturne antropologije. Jedno od teorijskih i prakti¢nih
polazista istrazivanja je da su prirodna i kulturna bastina neraskidivo povezani, isprepleteni te
da su covjek 1 okoli§ samo dijelovi izuzetno slozenih meduodnosa i1 procesa interakcije u
dugom trajanju. Medu osnovnim ciljevima istrazivanja od samog pocetka bilo je
razumijevanje sloZenosti kontinuiteta (i diskontinuiteta) ¢ovjekove prisutnosti na Velebitu,
njegovom primorskom podnozju — Podgorju, vr$nim dijelovima planine te kontinentskoj
unutra$njosti — lickom zaledu, od najstarijih vremena do danas. Rezultati istrazivanja ugradeni
su 1 u detaljan stru¢ni elaborat uredenja postava Centra za posjetitelje Nacionalnog parka
Sjeverni Velebit (Kulturna bastina, grupa X). Osim dosadasnjih rezultata ovim d¢emo
priop¢enjem problematizirati prioritete 1 smjernice ne samo buducih istraZivanja, ve¢ 1
prezentacije te upravljanja bogatom i ugroZzenom kulturnom bastinom (Sjevernog) Velebita,
mogucnostima prezentacije, vaznostima edukacije, njenim koriStenjem kroz ruralni 1 kulturni
turizam, odrzivi razvoj, te lifestyle migracije.

Kljuéne rijeci: Sjeverni Velebit, kulturna bastina, arheologija, povijest, etnologija
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RESEARCH OF THE CULTURAL HERITAGE OF NORTHERN
VELEBIT 2006-2016 — RESULTS AND GUIDELINES FOR NEW
RESEARCH

Boris Oluji¢ & Marijeta Rajkovi¢ Iveta

Faculty of Humanities and Social Sciences, University of Zagreb, Ivana Lu¢i¢a 3, Zagreb, Croatia,
bolujic@ffzg.hr, mrajkovi@ffzg.hr

With this work, we wish to present the systematic research of cultural heritage that we have
been conducting on the territory of the Northern Velebit Nationa Park since 2006. This was
the year when we became involved in the Park’s activities with the creation of a spatial
surveying map that aimed to continue with the extensive task of recording the monuments of
historical heritage on the territory of the Park. The scientific framework of our research is
provided by several research projects of the Ministry of Science, Education and Sports of the
Republic of Croatia and projects of the Ministry of Culture of the Republic of Croatia. This
marked the beginning of systematic archival and field research, which is still in progress
today. The research is based on contemporary methods, approaches and paradigms from the
science of history, archaeology, ethnology and cultural anthropology. One of the theoretical
and practical starting points of our research is the thesis that natural and cultural heritage are
inextricably linked and intertwined, and that man and the environment are but parts of
exceptionally complex interrelationships and interaction processes that have been unfolding
for a long time. Since the very beginning of the research, one of our fundamental research
aims was to gain understanding of the complexity of the continuity (and discontinuity) of
man’s presence on Velebit, its foothills by the coast (Podgorje), the peaks of the mountain and
its continental hinterland (Lika) since ancient times up to today. The research results have also
been incorporated into a detailed plan for the organisation of an exhibition at the Visitor
Centre of the Northern Velebit National Park (Cultural heritage, group X). In addition to the
research results obtained so far, this report will also problematise priorities and guidelines
both for future research and for the presentation and management of the rich and endangered
cultural heritage of (Northern) Velebit, which includes opportunities for its presentation, the
importance of education, its use through rural and cultural tourism, sustainable development
and lifestyle migrations.

Keywords: Northern Velebit, cultural heritage, history, archaeology, ethnology
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PAUCNJACI NACIONALNOG PARKA SJEVERNI VELEBIT:
STIPAVCI (SCORPIONES), LAZISTIPAVCI (PSEUDOSCORPIONEY),
PAUCNJACICI (PALPIGRADI) I LAZIPAUCI (OPILIONEYS)

Roman Ozimec!23

LADIPA — Drustvo za istraZivanje i o¢uvanje prirodoslovne raznolikosti Hrvatske, Orehove¢ki
ogranak 37, Zagreb

2HARD - Hrvatsko arahnolosko drustvo ,,Narcis Damin®, Gaj$¢ak 4 A, Zagreb

SHBSD - Hrvatsko biospeleolosko drustvo, Demetrova 1, Zagreb

roman.ozimec@adipa.hr

Razred paucnjaka (Arachnida) pripada koljenu ¢lankonozaca (Arthropoda), unutar kojih s
opisanih preko 112.000 vrsta ima najvecu bioraznolikost nakon kukaca (Insecta). U ovom
radu obradeni su redovi paucnjaka: Stipavci (Scorpiones), laziStipavei (Pseudoscorpiones),
paucnjacici (Palpigradi) i lazipauci (Opiliones), dok su pauci (Araneae) i podrazred grinje
(Acari), obradeni dijelom, u sklopu 3piljske faune. Svi paucnjaci, osim nekih vrsta grinja,
predatori su na vrhu prehrambene piramide. Istrazivanja paucnjaka sjevernog Velebita
zapocinje krajem 19. stoljeca, a isti€u se inozemni 1 domaci biolozi: Kornel Chyzer (1836.-
1909.), Edmund Reitter (1845.-1920.), Otto von Mbollendorff (1848.-1903.), Lajos Biro
(1856.-1931.), Krunoslav Babi¢ (1875.-1953.), Giuseppe Miiller (1880.-1964.), Jovan Hadzi
(1884.-1972.), Ludovico di Caporiacco (1901.-1951.), Max Beier (1903.-1979.), Christa
Deeleman Reinhold, Tone Novak, Bozidar Cur¢ié (1946.-2015.), Branko Jalzi¢, te brojni
mladi istrazivaci. Na temelju objavljenih referenci, analize materijala 1z osam muzejskih
zbirki, zbirke HBSD-a te obrade materijala iz vlastite zbirke, utvrdeno je 35 vrsta, prema
redovima: §tipavci (2), lazistipavei (15), pauénjaciéi (1) i lazipauci (17). Cak 19 utvrdenih
vrsta (54%) su endemi Dinarida. Isticu se endemi Velebita: hrvatski Stipavac (Euscorpius
(Alpiscorpius) croaticus), lazipauk Platybunus spinossisimus, te ¢ak cetiri vrste laziStipavaca:
Neobisium (Neobisium) elegans, Neobisium (Blothrus) svetovidi, Neobisium (Blothrus)
velebiticum te Neobisium (Pennobisium) simargli. Barem Sest vrsta pauc¢njaka, je novo za
znanost. Veliki broj primjeraka sakupljen je prilikom biospeleoloSkih istrazivanja te su za
vec¢inu redova prisutni samo pojedina¢ni vanjski nalazi. Potrebno je provesti sustavno
istrazivanje 1 inventarizirati pau¢njake Nacionalnog parka Sjeverni Velebit, tim viSe S§to
dosadasnji nalazi ukazuju na njihovu iznimnu bioraznolikost i endemicnost. Potom treba
definirati eventualne ugroze te uspostaviti monitoring i mjere zastite za ugrozene vrste.

Kljuéne rije¢i: fauna, endemic¢nost, inventarizacija, monitoring, zastita
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ARACHNIDS OF NORTHERN VELEBIT NATIONAL PARK:
SCORPIONS (SCORPIONES), FALSE SCORPIONS
(PSEUDOSCORPIONES), PALPIGRADES (PALPIGRADI) &
HARVESTMEN (OPILIONES)

Roman Ozimec!23
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Class of arachnids (Arachnida) belongs to the phylum of arthropods (Arthropoda), where,
with more than 112,000 described species, it has the highest biodiversity right after insects
(Insecta). In this paper, the following orders are analysed: scorpions (Scorpiones), false
scorpions (Pseudoscorpiones), palpigrades (Palpigradi) and harvestmen (Opiliones), while the
spiders (Araneae) and the subclass mites (Acari), are processed partly within the cave fauna.
All arachnids, except for some mite taxa, are predators at the top of the food pyramid.
Arachnids research in Northern Velebit started at the end of the 19th century, stand out by
foreign and domestic biologists: Kornel Chyzer (1836.-1909.), Edmund Reitter (1845.-1920.),
Otto von Mollendorff (1848.-1903.), Lajos Biro (1856.-1931.), Krunoslav Babi¢ (1875.-
1953.), Giuseppe Miiller (1880.-1964.), Jovan HadZzi (1884.-1972.), Ludovico di Caporiacco
(1901.-1951.), Max Beier (1903.-1979.), Christa Deeleman Reinhold, Tone Novak, Bozidar
Curéi¢ (1946.-2015.), Branko Jalzi¢ and many other young researchers. Based on the
published references, material analysed from eight museum collections, CBSS collection and
my own collection, 35 species was recorded, by orders: scorpions (2), pseudoscorpions (15),
palpigrades (1) and harvestmen (17). Even 19 established species (54%) are endemic to
Dinarides. Taxa endemic to Velebit are: Croatian scorpion (Euscorpius (Alpiscorpius)
croaticus), harvestman Platybunus spinossisimus, and four pseudoscorpion taxa: Neobisium
(Neobisium) elegans, Neobisium (Blothrus) svetovidi, Neobisium (Blothrus) velebiticum and
Neobisium (Pennobisium) simargli. At least six species of arachnids are new for science.
Many specimens are collected during biospeleological research and for most orders only a
single external finding is recorded. It is necessary to proceed with a systematic survey and
inventory of arachnids in the Northern Velebit National Park, even more because the current
findings point to the exceptional biodiversity and endemism. Then it is necessary to define
potential threats and establish monitoring and protection measures for endangered taxa.

Keywords: fauna, endemism, inventory, monitoring, protection
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AGROBIORAZNOLIKOST NP SJEVERNI VELEBIT: TEMELJ ZA
REKONSTRUKCIJU TRADICIJSKE POLJOPRIVREDE 1 OCUVANJE
BIORAZNOLIKOSTI

Roman Ozimec i Marija Martinko
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Agrobioraznolikost obuhvaca tradicijske i moderne kultivare, uporabne divlje vrste, divlje
srodnike kultivara, te vrste poljoprivrednih ekosustava i prateée bioraznolikosti. Sorte
kulturnog bilja i pasmine domacih Zivotinja stvorio je Covjek. Njihovo ofuvanje moguce je
jedino odrzivim koriStenjem, a ne zasStitom podrucja. Agrobioraznolikost ima izniman znacaj
za zaSti¢ena podrucja, jer odrZava i potice bioraznolikost. Tradicijsko stocarstvo u prirodnim
krskim ekosustavima odrzava travnjacka i slatkovodna stanista. NP Sjeverni Velebit (NPSV;
Natura kod HR2000605) se od pamtivijeka koristi za poljoprivrednu proizvodnju, posebno
sezonsko (transhumantno) stocarenje primorskih i lickih stocara, kroz 3-5 ljetnih mjeseci.
Putove po masivu sjevernog Velebita, 5 popre¢nih i 2 uzduzna, utrli su stocari. Najveci
pasnjaci su bili na podru¢ju Lubenovca, Zavizana i Jezera. Obraduje se svaka prikladna
vrtata, a stoka napasuje cijelim masivom. Poljoprivredne krajobraze odlikuju elementi
tradicijske arhitekture: suhozidi, stanovi, dvori, jatare, torovi, dolci, krumpirista, lokve i
bunari. Nema znacajnijeg bilinogojstva, uzgajaju se povrtnice: kupus, grah, luk, cesnjak,
krumpir te Zitarice: pir, pSenica brkulja, proso i kukuruz. Tradicionalno se sakupljaju brojne
jestive divlje biljke. Stocarstvo dominira s izvornim pasminama: licka ovca, hrvatska Sarena
koza, licka buSa, licki konj, primorski magarac, mediteranska medna pcela te ovcarski psi.
Agrobioraznolikost je danas najugrozeniji segment NP Sjeveni Velebit, prvenstveno zbog
napusStanja stoCarstva. Tri travnjacka tipa podru¢ja su ocCuvanja vrsta i staniSnih tipova
(POVS) NP Sjeverni Velebit: Isto¢no submediteranski suhi travnjaci (Scorzoneretalia
villosae) (62A0), travnjaci tvrdace (Nardus) bogati vrstama (6230) te Suhi kontinentalni
travnjaci (Festuco-Brometalia) (6210). Potrebna je strategija te uspostava mjera i aktivnosti
ocuvanja 1 unaprjedenja agrobioraznolikosti, temelj rekonstrukcije tradicijske poljoprivrede,
preduvjeta o¢uvanja ugrozenih stanista i pratece bioraznolikosti.

Kljuéne rije¢i: sorte, pasmine, transhumantno stocarenje, bioraznolikost, ugroZenost
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AGROBIODIVERSITY OF NORTHERN VELEBIT NATIONAL PARK: BASIS FOR
TRADITIONAL AGRICULTURE RECONSTRUCTION AND BIODIVERSITY
PRESERVATION

Roman Ozimec & Marija Martinko
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Agrobiodiversity consists of traditional and modern cultivars, used wild taxa, wild relatives of
cultivars and taxa of agricultural ecosystems and companion biodiversity. Traditional
cultivars, sorts of cultivated plants and breeds of domestic animals were created by humans.
Therefore, their preservation is possible only through sustainable use, not through area
protection. Agrobiodiversity is extremely significant for protected areas since it supports and
enhances biodiversity. Traditional cattle breeding in natural karstic ecosystems is crucial for
grassland and freshwater habitats preservation. The Northern Velebit National Park (NPNV;
Natura code HR2000605) was historically used for agricultural production, especially for
seasonal (transhumant) herding by coastal and continental herders, during 3-5 summer
months. Paths of the Northern Velebit NP, 5 transverse and 2 longitudinal, were created by
herders. The biggest pastures being: Lubenovac, Zavizan and Jezera. All suitable sinkholes
were used, while the cattle grazed the rest. Landscapes are characterized by the agricultural
elements of the traditional architecture: suhozidi, stanovi, dvori, jatare, torovi, dolci,
krumpirista, lokve and bunari. There is no significant plant production, vegetables: cabbage,
beans, onions, garlic and potato and cereals: spelt, old wheats, millet and corn were grown.
Many edible wild plants were collected. Cattle breeding was dominant, with breeds: Lika
sheep, Croatian goat, Busha, Lika horse, Primorje donkey, Mediterranean bees and
sheepdogs. Agrobiodiversity is nowadays the most vulnerable segment of Northern Velebit
NP, primarily due to the abandonment of animal husbandry. Three grassland habitats are Sites
of Community Importance: Eastern sub-Mediterranean dry grasslands (Scorzoneratalia
villosae) (62A0), Species-rich Nardus grasslands, on siliceous substrates in mountain areas
(and sub mountain areas in Continental Europe) (6230) and Semi-natural dry grasslands and
scrubland facies on calcareous substrates (Festuco-Brometalia) (6210). It is necessary to have
a strategy and establish measures and activities for agrobiodiversity conservation and
enhancement, as the basis for traditional agriculture reconstruction for the preservation of
endangered habitats and supporting biodiversity.

Keywords: sorts, breeds, transhumance, biodiversity, vulnerability
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Od otkri¢a Lukine jame speleoloska istrazivanja intenzivno svake godine dopunjuju slagalicu
kompleksnih podzemnih krskih fenomena Sjevernog Velebita. To pred Park postavlja izazove
u vidu koordiniranja daljnjih znanstvenih i speleoloskih aktivnosti od kojih se ocekuju novi
svjetski znaCajni rezultati, do zahtjevnog zadatka prezentacije tih fenomena i izrade
interdisciplinarnih edukativnih programa. Osim §to stvaraju nove atraktivne sadrzaje koji se
kroz edukativne programe mogu prezentirati posjetiteljima, speleoloska i znanstvena
istrazivanja neprestano prikupljaju podatke 1 prate stanje u podzemlju koje je direktno ovisno
o uvjetima na povrSini. Neka od pitanja na koja se nastoji odgovoriti u okviru aktualnih
istrazivanja su koji je uzrok poviSenih koncentracija teskih metala i drugih elemenata na
velikim dubinama, kakav je kemizam vode i njena interakcija sa stijenama i sedimentima i
kakva je dinamika voda u podzemlju, tj. u vadoznoj i freatickoj zoni krskog masiva.
Prisutnost leda za koji postoje pretpostavke da se u jamama nalazi od zadnjeg malog ledenog
doba u Europi i kojeg nalazimo na prema svjetskim mjerilima znac¢ajnim dubinama (preko
500 m dubine) otvara brojne mogucnosti istrazivanja u okviru proucavanja klimatskih
promjena i mikroklime jama. Uz brojne geomorfoloske posebnosti dubokih jama Parka koje
ukljucuju najdublje jame Hrvatske i cijelog Dinarskog krSa uz svjetsku posebnost — preko
pola kilometra dugacke vertikale te dvorane na velikim dubinama, ustanovljena je
kompleksna geoloSka slika u kojoj su od srediSnjeg znacaja velebitske vapnenacke brece,
globalno znacajan geoloski fenomen koji je tema aktualnih geoloSkih studija. Ovo su samo
neka od znanstvenih pitanja na kojima se uz podrSsku Parka do sada radilo i koja dugoro¢no
mogu Park pozicionirati kao znanstveno-edukativni centar. UNESCO-va mreza geoparkova
po svojoj definiciji je okvir koji spaja znanstvene i edukativne komponente i razvija
mehanizme za njihov razvoj 1 implementaciju u programe 1 upravljanje. Zbog toga bi strateski
cilj Parka trebao biti uklju¢ivanje u tu mrezu uz daljnje poticanje speleolosSkih i1 pratecih
interdisciplinarnih  znanstvenih istrazivanja posebno usmjerenih na duboke jame i
geoznanstvena obiljezja na povrsini Parka.

Kljuéne rijeci: duboke jame, Velebitske brece, fizikalno-kemijska istrazivanja, geologija,
geomorfologija, hidrogeologija
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DEEP CAVES OF NORTHERN VELEBIT NATIONAL PARK -
SCIENTIFIC AND EDUCATIONAL CHALLENGES

Dalibor Paar

University of Zagreb, Faculty of Science, Department of Physics, Bijenicka 32, Zagreb, Croatia,
dpaar@phy.hr

Since the discovery of Lukina jama (pit), intensive speleological research each year
complement the puzzle of the complex underground karst phenomena of Northern Velebit.
This is a challenge for the Park to coordinate further scientific and speleological activities
from which new world-significant results are expected and to take demanding task of
presenting these phenomena and developing interdisciplinary educational programmes. In
addition to creating new attractive content that can be presented to visitors through
educational programmes, speleological and scientific research are constantly collecting data
and monitoring the underground conditions that are directly dependent on surface conditions.
The current research opens a question of the cause of elevated concentrations of heavy metals
and other elements in pits at high depths, water chemistry and its interaction with rocks and
sediments, understanding vadose and phreatic zone. The presence of perennial ice that is
probably located in the pits since the last little ice age in Europe and that can be found on
significant depths (more than 500 m) opens numerous possibilities of exploration in the
context of climate change and microclimate. In addition to the numerous geomorphologic
features of the deep pits of the Park, which include the deepest pits of Croatia and the entire
Dinaric karst with its world-specific features - over a half-kilometer long shafts and the large
and deep halls, a complex geological picture has been established in which the central
importance of Velebit limestone breccias, a globally significant geological phenomenon that
is the subject of current geological studies. These are just some of the scientific questions that
have been supported by the Park so far, and which in the long run can position the Park as a
science and education center. The UNESCO network of geoparks, by definition, is a
framework that combines scientific and educational components and develops mechanisms
for their development and implementation in programmes and management. For this reason,
the strategic goal of the Park should be to join this network and to continue support
speleological and accompanying interdisciplinary scientific researches specially focused on
the deep pits and surface geoscientific properties of the Park.

Keywords: deep pits, “Velebit” breccias, physico-chemical research, geology,
geomorphology, hydrogeology
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NP SJEVERNI VELEBIT - EDUKATIVNO SREDISTE

Dalibor Paar

SveuciliSte u Zagrebu, Prirodoslovno-matematicki fakultet, Fizicki odsjek, Bijenicka 32, Zagreb,
dpaar@phy.hr

Moderni prezentacijski koncepti kre¢u od interesa i potreba pojedinih skupina posjetitelja.
Brojna znanstvena istrazivanja nedvojbeno pokazuju da za razliku od klasicnog nacina
prezentacije (poucne table, broSure i sl.), sadrzaji prezentirani na zanimljiv, neobican,
neocekivan i Cesto interaktivan nacin uz prisutnost drugih elemenata koji su nekada bili
nezamislivi imaju neusporedivo ve¢i edukativni u€inak, posebice u smjeru stjecanja trajnih 1
primjenjivih znanja $to je jedna od glavnih problematika naSeg i svjetskih obrazovnih sustava.
Ovim radom bit ¢e predstavljene konkretne ideje koje bi se mogle realizirati u NP Sjeverni
Velebit, a koje bi se nadovezale na aktualne projekte i sadrzaje poput Kuce Velebita, uz opis
potrebnih tehnickih i kadrovskih rjeSenja. Visoka razina neistrazenosti krSkih fenomena Parka
otvara brojne moguénosti generiranja dinamiénih edukativnih sadrzaja koji se mogu
neprestano dopunjavati kroz kontinuiranu suradnju sa stru¢njacima. Sto je bolje za reklamu i
privlaenje posjetitelja nego da se periodicki objavljuju nova otkri¢a, ali i osmiSljavaju
programi koji pred posjetitelja postavljaju odredene izazove koji u njima pobuduju znatizelju,
poti¢u ith na samostalno istraZzivanje i ucenje kako bi ostvarili dobro definiran cilj.
Dinamicnost sadrZaja posjetitelje privlaci da vise puta posjete lokaciju, a edukativne ustanove
motivira da ucenicima ili studentima pruze direktan uvid u najnovija otkri¢a ili ih izloZe
poticajnom okoliSu. Otkri¢e neceg novog do tada nepoznatog, neobi¢nog i neocekivanog je
nesto $to uz odgovarajuée prezentacijske tehnike ucenicima i studentima moze pobuditi
interes za niz podrucja prirodnih znanosti.

Kljuéne rije€i: prirodne znanosti, edukacija, programi za $kole i fakultete
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NOTHERN VELEBIT NATIONAL PARK - EDUCATIONAL CENTER

Dalibor Paar

University of Zagreb, Faculty of Science, Department of Physics, Bijeni¢ka 32, Zagreb, Croatia,
dpaar@phy.hr

Modern presentation concepts range from the interests and needs of individual visitor groups.
Numerous scientific studies undoubtedly show that, unlike the classical presentation
(educational tables, brochures, etc.), the contents presented in an interesting, unusual,
unexpected and often interactive way with the presence of other elements that were once
unthinkable have an incomparably greater educational effect, in the direction of acquiring
permanent and applicable knowledge which is one of the main issues of our and international
educational systems. We will present some concrete ideas that can be realized in the Northern
Velebit NP, which would complement existing projects and facilities such as the Velebit
House. We will also discuss which technical and personnel solutions are needed. The low
level of exploration of karst phenomena in the Park opens numerous possibilities for
generating dynamic educational content that can be continuously supplemented through
continuous collaboration with experts. What is the better for advertising and attracting visitors
than to periodically publish new discoveries but also to create programmes that pose specific
challenges to visitors. Challenges that stimulate curiosity, stimulate them in individual
research and learning to achieve the goal set before them. The content's dynamism attracts
visitors to visit the site several times, and motivates educational institutions to provide school
children or students with a direct insight into the latest discoveries or expose them to the
stimulating environment. The discovery of something new, previously unknown, unusual and
unexpected is something that, with the appropriate presentation techniques, school children
and students can attract interest in many areas of natural sciences.

Keywords: natural sciences, education, programmes for schools and faculties
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KLIMA PARKA PRIRODE VELEBIT

Melita Percec Tadi¢

Drzavni hidrometeoroloski zavod, Gri¢ 3, Zagreb, melita.percec.tadic@cirus.dhz.hr

Park prirode Velebit dio je mreze s viSe od 400 zasti¢enih prirodnih podru¢ja Hrvatske. Park
se prostire na 2 035 kvadratnih kilometara Velebita i proteze se ve¢im dijelom Licko-
senjskom Zupanijom, ali zahvaéa i Zadarsku i Sibensko-kninsku Zzupaniju. Na podruéju Parka
nalazi se i1 nekoliko zaSti¢enih prirodnih podrucja drugog ranga zastite, ukljucujuéi dva
nacionalna parka, Sjeverni Velebit i1 Paklenicu. Zbog svog smjestaja, od obale do velebitskih
vrhova iznad 1 600 m nadmorske visine, Park pruza pogled u raznolikost klime Hrvatske "u
malom". Klimatska obiljezja podru¢ja predstavljena su na kartama Klimatskog atlasa
Hrvatske i usporedbom raspona vrijednosti klimatskih parametara na podrucju: (1) Sireg
podrugja triju Zupanija, (2) Parka prirode Velebit i (3) Nacionalnog parka Sjeverni Velebit na
sjevernom, vrsnom dijelu Parka. Poznavanje klimatskih prilika podrucja osnova je za razvoj i
unaprjedenje sportskih 1 turistickih sadrzaja na Velebitu, ali 1 dio postava novog Centra za
posjetitelje Krasno.

Kljuéne rijeci: klima, Park prirode Velebit, Klimatski atlas Hrvatske
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CLIMATE OF THE VELEBIT NATURE PARK

Melita Percec Tadi¢

Meteorological and Hydrological Service, Gri¢ 3, Zagreb, Croatia, melita.percec.tadic@cirus.dhz.hr

Velebit Nature Park belongs to a network of more than 400 nature protected areas in Croatia.
The Park covers an area of 2,035 square kilometres on the Mount Velebit, mainly over the
area of the Lika-Senj county, but partly also belongs to Zadar and Sibenik-Knin county. There
are several areas of other protection status in the Park, including two national parks, Northern
Velebit and Paklenica. Due to the Park’s location, from the coast toward the Velebit tops over
the 1,600 meters above sea level, over this relatively small area one gets the insight in the
overall Croatian climate. Climate characteristics of the region are presented on the maps from
Climate atlas of Croatia and through the comparison of the climate parameters over the: (1)
larger area of the three counties, (2) Velebit Nature Park and (3) Northern Velebit National
Park situated on the northern, high elevated area. This overview of the climate characteristics
gives an insight into the possibilities for the development and improvement of the sport and
tourism facilities in Velebit Nature Park. Climate of the region will be part of the exhibition
area of the new Visitors information centre Krasno.

Keywords: climate, Velebit Nature Park, Climate atlas of Croatia
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MALI KRSKI RELJEFNI OBLICI SJEVERNOG DIJELA VELEBITA

Drazen Perica’, Kristina Krklec?, Natalija Andacié® i Irena Mrak*

1Sveuciliste u Zadru, Odjel za geografiju, Zadar, dperica@unizd.hr

2Sveuciliste u Zagrebu, Agronomski fakultet, Zavod za pedologiju, Zagreb, kkrklec@agr.hr
3Javna ustanova Nacionalni park Paklenica, Starigrad-Paklenica, natalija.andacic@paklenica.hr
*Visoka Sola za varstvo okolja, Velenje, Slovenija, irena.mrak@siol.net

Na karbonatnim stijenama koje pretezito izgraduju sjeverni dio Velebita razvijeni su
raznovrsni krski reljefni oblici. Na povrsini, svojom raznoliko$éu i ¢estinom pojave isti¢u se
»izjedline* ili grizine. Oblikovanje pojedinih tipova griZina, kao 1 ucestalost njihove pojave
posljedica je meduovisnosti geoloskih, klimatskih, hidroloskih, geomorfoloskih, pedoloskih i
vegetacijskih znac¢ajki ovog podrué¢ja. Medu grizinama, prema obliku izdvajaju se razni tipovi
zlijebova, Skrapa, kamenica, biokorozijskih udubljenja, krSkih bunara i krskih stolova.
Takoder, uoCavaju se dominantni procesi njihova oblikovanja: direktno pod utjecajem
atmosferske vode, subkutanom korozijom ili vodom koja je u tlu dodatno obogacena s CO>
biogeonog porijekla, kao i drugim organskim kiselinama.

Kljucéne rije¢i: grizine, kr§, Velebit
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SMALL KARST RELIEF FORMS ON NORTHERN PART OF
VELEBIT MT.

Drazen Perical, Kristina Krklec?, Natalija Andacié® & Irena Mrak*

tUniversity of Zadar, Geography Department, Zadar, Croatia, dperica@unizd.hr
2University of Zagreb, Faculty of Agriculture, Department of Soil Science, Zagreb, Croatia,
kkrklec@agr.hr

3Paklenica National Park Public Institution, Starigrad-Paklenica, Croatia,
natalija.andacic@paklenica.hr

“Environmental Protection College, Velenje, Slovenia, irena.mrak@siol.net

Due to carbonate lithology of northern part of Velebit Mt., various karst landforms are
developed. Surface of these rocks is dominated by various types of karren. Their forms, size
as well as the frequency of their occurrence depends on the interdependence of geological,
climatic, hydrological, geomorphological, soil and vegetation characteristics of this area.
These forms include different types of grooves, cracks, kamenitzas, biocorrosion pits, karst
wells and pedestals. As well, these forms show dominant process of formation: due to direct
exposure to atmospheric water, subcutaneous corrosion or by water in soil enriched with CO>
of biogenic origin or with other organic acids.

Keywords: karren, karst, Velebit
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"MEDVJEDI'" EKOTURIZAM: TRENUTNI STATUS U REPUBLICI
HRVATSKOJ I MOGUCNOSTI RAZVOJA U NP SJEVERNI VELEBIT

Slaven Relji¢', Petra Draskovi¢ Pelc?, Morana Zajec!, Marina Habazin!, Puro Huber?! i
Aleksandra Maji¢ Skrbinsek?

Weterinarski fakultet Sveucilista u Zagrebu, Heinzelova 55, Zagreb, sreljic@vef.hr
Biotehnicki fakultet, Sveuciliste u Ljubljani, Jamnikarjeva 101, Ljubljana, Slovenija

Danas je turizam najbrze rastuc¢a gospodarska djelatnost u svijetu, a ekoturizam je najbrze
rastuca sastavnica turizma. Serengeti doprinese oko 5,2 milijuna USD godiSnje. U Namibiji
72% ekoturista je voljno odvojiti dio sredstava za ocuvanje prirode. U Yellowstoneu 81%
turista sudjeluje u promatranju divljih Zivotinja, a 55% u promatranju medvjeda. U Britanskoj
Kolumbiji zabranio se trofejni lov jer je ugrozavao unosan ekoturizam; u prosjeku je dolazilo
oko 11300 promatraca medvjeda nasuprot 186 lovaca. U Europi je ,,medvjedi* ekoturizam
razvijen u Skandinaviji, Finskoj i Rumunjskoj. U Hrvatskoj i Sloveniji u okviru LIFE
DINALP BEAR projekta poti¢e se razvoj nepotrosnog ,,medvjedeg* ekoturizma. Objavljene
su smjernice ,,Nepotro$na upotreba smedih medvjeda u turizmu: smjernice za odgovorno
upravljanje“ u kojima su opisani razni ekoturisticki programi i oznaka ,,medvjedu
prijateljski®. U svrhu promocije 1 prodaje turistickih paketa vezanih uz medvjede osnovana je
i DiscoverDinarics.org internet stranica. Trenutno se u Hrvatskoj promatranje medvjeda moze
doZivjeti u NP Risnjak, zatim u posebno izgradenim promatra¢nicama kod lovozakupnika oko
Delnica 1 Gerova, te oko Gospica u organizaciji Rewilding Europe. U pripremi su 1 programi
promatranja, pjeSacenja, jahanja i voznje u terenskim vozilima na podrucju Velike Plane i
Udbine. Ograni¢avaju¢i ¢imbenici vezani uz ekoturizam su mogucénost prekomjernog broja
turista 1 ometanje medvjeda u njihovom staniStu zbog Cega treba razviti specifi¢ne planove
upravljanja. U NP Sjeverni Velebit mogao bi se primjeniti program ,,medvjedih staza“ gdje bi
vodene grupe imale priliku nai¢i na znakove prisutnosti medvjeda u stanistu: otiske stopala,
izmet, stabla za ¢eSanje te bi ih vodici upoznavali s osnovnim karakteristikama medvjeda kao
vrste. Takoder, moglo bi se razviti 1 promatranje 1 fotografiranje medvjeda, te ponuditi 1
strucna predavanja o istraZzivanju medvjeda u Hrvatskoj.

Kljuc¢ne rijeéi: smedi medvjed, ekoturizam, Hrvatska, NP Sjeverni Velebit
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»BROWN BEAR“ ECOTOURISM: CURRENT STATUS IN REPUBLIC
OF CROATIA AND ITS POTENTIAL IN NORTHERN VELEBIT
NATIONAL PARK

Slaven Relji¢', Petra Draskovi¢ Pelc?, Morana Zajec?, Marina Habazin', Puro Huber! &
Aleksandra Maji¢ Skrbinsek?®

Faculty of Veterinary Medicine, University of Zagreb, Heinzelova 55, Zagreb, Croatia, sreljic@vef.hr
2Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101, Ljubljana, Slovenia

Tourism is a fastest growing economic activity in the world and ecotourism is its fastest
growing component. Serengeti contributes 5.2 million USD annually. In Namibia 72% of
ecotourists are willing to spare funds for nature conservation. In Yellowstone 81% of the
tourists participate in wildlife watching and 55% in bear watching. In British Columbia trophy
hunting was forbidden representing threat to lucrative ecotourism; in average 11300 bear
watchers where coming in contrary to 186 hunters. In Europe ,,bear ecotourism is developed
in Scandinavia, Finland and Romania. In Croatia and Slovenia, in a scope of LIFE DINALP
BEAR project development of non-consumptive ,bear ecotourism is promoted. Different
ecotouristic programmes and ,,bear friendly* label were described in published guidelines
,Non-consumptive use of brown bears in tourism: guidelines for responsible practices®.
DiscoverDinarics.org webpage was established with a purpose of promotion and selling of
bear related touristic packages. Currently, in Croatia bear watching can be experienced in
Risnjak NP, in specially designed observation hides in hunting units around Delnice and
Gerovo, as well as organized by Rewilding Europe around Gospi¢. Programmes of watching,
hiking, horse-riding and field vehicles observations are in planning phase around Velika Plana
and Udbina. Limiting ecotourism factors could be over numerous tourists and disturbance of
bears in their habitat. Specific management plans need to be developed. In Northern Velebit
NP “bear trail” programme could be implemented. Guided tourists would have a chance to
find a signs of bear presence in habitat: footprints, scats, scratching trees with introduction of
brown bears characteristics by guides. In addition, bear watching and photographing could be
developed as well as expert lectures about brown bear research in Croatia.

Keywords: brown bear, ecotourism, Croatia, Northern Velebit National Park
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ISTRAZIVANJA SPELEOLOSKOG DRUSTVA , KARLOVAC“ NA
SJEVERNOM VELEBITU

Morana RoZman, Neven Bo¢i¢, Neven Ris, Zeljko Bac¢urin, Dinko Stopi¢, Goran Mandi¢
i Tin RoZman

Speleolosko drustvo ,,Karlovac®, Strossmayerov trg 8, Karlovac, speleo-karlovac@gmail.com

Sustavna istrazivanja sjevernog Velebita u organizaciji Speleoloskog drustva , Karlovac*
obuhvacala su isto¢ni dio Hajduckih kukova (Golubi¢, Begovacki kukovi), Mali Lom,
Begovadu i Kitu Gavranusu. Rekognoscirano i istrazeno podruéje povrsine je oko 15 km? te
se teritorijalno prostire kroz Nacionalni park Sjeverni Velebit (zapadni, visi dio) i Park
prirode Velebit (isto¢ni, nizi dio). Obuhvaéeno podrucje izgradeno je od paleogenskih
karbonatnih Velebitskih breca. Razdoblje speleoloskih istrazivanja zapocinje 1997. godine i
traje do danas. Istrazivanja su organizirana uglavnom kao ljetni speleoloski istrazivacki
kampovi (10 kampova do sada) te kao vikend akcije. Uz ovo sporadi¢no su istrazivana i druga
podrucja (npr. Smréeve doline, Balinovacka ponikva, Kozjak i dr.) Ukupno je istrazeno i
topografski snimljeno 140 objekata. Najdublja je jama Olimp (6. po dubini u Nacionalnom
parku Sjeverni Velebit), a od najznacajnijih objekata ¢ija je istrazivanja vodilo SD Karlovac,
istiCu se joS i1 Gavranova i Frankina jama, Karabitkin let 1 Terca te jama Zavizanka u
Botanickom vrtu. Jama Olimp prostire se ispod donje granice Velebitskih breca sto je Cini
najznacajnijim otkri¢em u geospeleoloSkom smislu, a najznacajnije biospeleolosko otkrice je
pronalazak pijavice Croatobranchus mestrovi, tada tek trece otkriveno staniste te vrste. U
istrazivanju sjevernog Velebita, uz ¢lanove Speleoloskog drustva ,,Karlovac* sudjelovali su 1
Clanovi brojnih drugih udruga iz Hrvatske i svijeta. Ove godine navrSava se 20 godina
uspjeSne suradnje s Javnim ustanovama Nacionalni park Sjeverni Velebit 1 Park prirode
Velebit.

Kljuéne rijeci: Jama Olimp, speleologija, SD Karlovac, NP Sjeverni Velebit, Hrvatska
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EXPLORATIONS OF THE SPELEOLOGICAL SOCIETY
"KARLOVAC" ON NORTHERN VELEBIT MT.

Morana RoZman, Neven Boci¢, Neven Ris, Zeljko Baéurin, Dinko Stopi¢, Goran Mandi¢
& Tin RoZman

Speleological Society "Karlovac", Strossmayerov trg 8, Karlovac, Croatia,
speleo-karlovac@gmail.com

Systematic explorations of the northern Velebit Mt. organized by the Speleological Society
"Karlovac" covered the eastern part of the Hajducki kukovi (Golubi¢, Begovacki kukovi),
Mali Lom, Begovaca and Kita Gavranu$a. Explored surface area is about 15 km? and is
territorially spreading through the Northern Velebit National Park (western, higher part) and
Velebit Nature Park (eastern, lower part). Covered area geologically consists from Paleogene
carbonate Velebit breccias. Explorations started in 1997 to this day. They are mainly
organized as a summer one to two week(s) Speleological exploration expeditions (10
expeditions so far) and explorations during weekend. With these explorations Speleological
Society "Karlovac™" also sporadically explored other areas of the northern Velebit Mt. (e.g.
Smréeve doline, Balinovacka ponikva, Kozjak etc.). In total, under organization of the
Speleological Society "Karlovac”, 140 caves were explored and topographically surveyed.
The deepest cave is Olimp (6" place on the list of the deepest caves in Northern Velebit NP),
and the most significant caves, explored by Speleological Society "Karlovac"”, that stand out
are: Gavranova jama, Frankina jama, Karabitkin let, Terca and Zavizanka. Zavizanka is one
of the last explored caves and it is situated in the Botanical Garden. Olimp with its geological
structure is going all the way down below the Velebit breccias what makes it as one of the
most significant discoveries in geological and geo-morphological terminology. Also, during
scientific bio-speleological exploration, in Olimp was found troglobitic leech Croatobranchus
mestrovi. At that time it was the third known habitat of that species. During explorations of
the northern Velebit, along with members of the Speleological Society "Karlovac" also
participated members of many other societies and organizations from Croatia and all over the
world. This year Speleological Society "Karlovac" marks the 20 years of the successful
cooperation with public institutions Northern Velebit National Park and Velebit Nature Park.

Keywords: Jama Olimp, speleology, Northern Velebit National Park, Croatia
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HIDROGEOLOSKA ISTRAZIVANJA KRSKIH TOKOVA VODE U
PODZEMLJU SJEVERNOG VELEBITA

Andrej Stroj

Hrvatski geoloski institut, Sachsova 2, Zagreb, Speleoloski odsjek PDS Velebit,
andrej.stroj@hgi-cgs.hr

Prva objavljena hidrogeoloSka razmatranja znacajki podzemnih tokova kroz krSki masiv
sjevernog Velebita, koji se prostire izmedu ponornih zona rijeka Like i Gacke na istoku 1
Velebitskog kanala na zapadu, datiraju s pocetka 20. stoljea. Od sredine 20. stoljeca
izvedeno je vise trasiranja podzemnih tokova na znacajnijim ponorima Like i Gacke. Rezultati
trasiranja ukazuju na izuzetno kompleksan i razgranat sustav podzemnih kr$kih kanala u
podzemlju masiva. Kompleksnost ovog sustava odrazava se vrlo §irokim podru¢jem izviranja,
od Novljanske Zrnovnice (juzno od grada Novi Vinodolski) na sjeveru sve do Karlobaga na
jugu. Takoder, ustanovljeno je preklapanje podrucja izviranja vode koja ponire u ponore
rijeka Gacke i Like, te potoka Brinjskog polja. Ovo ukazuje na Siroko prisutnu pojavu
grananja podzemnih tokova u podzemlju (bifurkacije), te dominantno cijevnu hidrauliku
teCenja kroz sustave krSkih kanala. Speleoloska istrazivanja dubokih jama omogucila su
izravna istrazivanja tokova vode duboko ispod povrsine terena. Opazanjem podzemne vode u
sifonu na dnu Lukine jame, uspostavljenim tijekom speleoloSkih ekspedicija 2010. 1 2011.
godine, utvrdene su znacajke dinamike podzemne vode u centralnim dijelovima krSkog
masiva, dok istrazivanja koja se provode i u ostalim dubokim jamama pruZaju uvid u znacajke
teCenja vode kroz vadoznu (nepotopljenu) zonu masiva. OpaZanjem podzemne vode u
ponorima i obliznjim buSotinama utvrdene su osnovne znacajke dinamike vode na ponornim
podru¢jima podno isto¢nih obronaka masiva, dok su istraZivanja priobalnih izvora pruZzila
uvid u mehanizme mijeSanja slane i slatke vode u kr§kom podzemlju velebitskog priobalja.
Unato¢ razmjerno obimnim istrazivanjima koja su do danas provedena, hidrogeoloski krski
sustav u podzemlju sjevernog Velebita jo$ uvijek je u najvecoj mjeri nepoznat, Sto ostavlja
prostora za buduca istrazivanja.

Kljuéne rije¢i: hidrogeologija, trasiranja, speleologija, sjeverni Velebit
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HYDROGEOLOGICAL STUDIES ON KARST WATER FLOW
THROUGH THE NORTH VELEBIT MT. UNDERGROUND

Andrej Stroj

Croatian Geological Survey, Sachsova 2, Zagreb, Croatia, Speleological section Velebit,
andrej.stroj@hgi-cgs.hr

First published hydrogeological studies on ground water flow through the North Velebit Mt.
karst massif, which spread among sinking zones of Lika and Gacka rivers on the east and
Velebit channel in the west, date back at the beginning of the 20" century. Since the mid-20™
century a number of tracing tests on the Lika and Gacka rivers main sinkholes were
performed. Results of the tracing tests proved existence of exceptionally complex and
branched karst conduit systems in the massif. System complexity reflects in a very wide
outflow area, which extends from Novljanska Zrnovnica springs (south of Novi Vinodolski
town) in the north to Karlobag town in the south. The outflow area overlapping the Gacka and
Lika rivers sinking waters, as well as Brinje karst polje sinking streams, was also confirmed.
This points to widespread occurrence of ground water flow bifurcations, and dominantly pipe
hydraulics of water flow. Speleological explorations of the deep pits in the massif enabled
direct study of water flows deep beneath the surface. Observation of the syphon at the bottom
of Lukina jama Cave, established during expeditions in 2010 and 2011, provided insight into
dynamics of ground water in the central parts of the karst massif. Research carried out in other
deep pits was focused on the vadose flows characteristics in the massif. Study of ground water
level in sinkhole caves and nearby boreholes determined the basic features of the water
dynamics in the area of the eastern foothills of North Velebit Mt., while the research of
coastal springs provide insight into mechanisms of salt and fresh water mixing in the coastal
karst aquifer. Despite relatively extensive research that has been conducted so far, the karst
system in the North Velebit Mt. underground is still largely unknown, which leaves room for
future research.

Keywords: hydrogeology, tracing test, speleology, Northern Velebit
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SURADNJA WWEF-a | NACIONALNOG PARKA SJEVERNI VELEBIT

Stella Satali¢, Marija Kukec i Kasandra-Zorica Ivani¢

WWEF Adria, Budmanijeva 5, Zagreb, kivanic@wwfadria.org

WWEF je u Hrvatskoj prisutan od 1999. godine kada je zapocela kampanja 10 najznacajnijih
Sumskih podrué¢ja u Mediteranskom bazenu (Top 10 Forest Hot Spots), kojom je Velebit zbog
karakteristika svojih Suma uvrSten medu prvih 10 u cijelom Mediteranskom bazenu. Iste
godine proglaSen je Nacionalni park Sjeverni Velebit. Godine 2001. WWF, Ministarstvo
zaStite okoliSa, Zelena akcija 1 Hrvatski Sumarski institut potpisali su sporazum o jacanju
posebne zastite Suma u NP Sjeverni Velebit. WWF je tom prigodom istaknuo Velebit kao
vazan doprinos zaSticenom podrucju cjelokupnog Mediterana i oznacio ga kao Dar Zemlji
(Gift to the Earth), inicijativu kojom se vlade, organizacije, korporacije i pojedinci obvezuju
Cuvati zdravlje naSeg planeta. Suradnja WWF-a i NP Sjeverni Velebit nastavlja se u okviru
inicijative Zeleni pojas (Green Belt) kojom se nastojalo osigurati nesmetano kretanje Zivotinja
od slovenskih Alpa do Pindosa u Grckoj, te kroz projekte ,,.Dinarska ekoregija — zaSti¢ena
podrudja za zivuci planet® i ,,Parkovi Dinarskog luka®“ (DAP). NP Sjeverni Velebit jedan je od
74 ¢lanova mreze zasti¢enih podrucja Dinarida — Parkovi Dinarida, a kroz DAP projekt
provedene su jednodnevne radionice procjene vrijednosti i dobrobiti (PA-BAT) u 58
zasticenih podrucja (ukljuuju¢i Sjeverni Velebit) u osam zemalja regije u kojima je
sudjelovalo 1300 predstavnika lokalne zajednice. Danas NP Sjeverni Velebit i WWF suraduju
kroz program ,,ZastiCena podrucja za prirodu 1 ljude”. WWF u NP Sjeverni Velebit, kao 1 u
drugim parkovima regije, primjenjuje svoju novu metodologiju za Procjenu suradnje
zasticenih podrucja i lokalnih zajednica, s ciljem prikupljanja informacija o ukljucenosti
lokalnih zajednica u rad zasti¢enih podrucja, ali i prikupljanje primjera dobrih praksi.

Kljuéne rijeci: WWF, parkovi dinarskog luka, PA-BAT, vrednovanje ekosustava, lokalna
zajednica
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COOPERATION BETWEEN WWF AND NORTHERN VELEBIT
NATIONAL PARK

Stella Satali¢, Marija Kukec & Kasandra-Zorica Ivani¢

WWEF Adria, Budmanijeva 5, Zagreb, Croatia, kivanic@wwfadria.org

WWEF has been active in Croatia since 1999, when Velebit Mountain, due to characteristics of
its forests, was selected among Top 10 Mediterranean Forest Hot Spots under the MedPO
Campaign. Northern Velebit National Park was declared in the same year. WWF, Ministry of
Environment, Green Action, and Croatian Forestry Institute signed an agreement on
strengthening special protection of forests in Northern Velebit NP. WWF under this occasion
emphasized that Velebit is a great contribution to the protected area network of the whole
Mediterranean and designated it as a Gift to the Earth, an initiative through which
governments, organizations, corporations and individuals committed to preserve health of
Planet Earth. Cooperation between WWF and Northern Velebit NP continued under the Green
Belt initiative that aimed at ensuring uninterrupted migration of wild animals, from Slovenian
Alps to Pindos Mountain in Greece, and through projects ,,Dinaric Arc Ecoregion — Protected
Areas for a Living Planet™ and ,,Dinaric Arc Parks* (DAP). Northern Velebit National Park is
one of the 74 members of Parks Dinarides network of protected areas. Through the DAP
project, in one-day workshops, values and benefits of the 58 protected areas (including
Northern Velebit NP) in 8 countries from the region were assessed in which 1300
representatives of the local community participated. Now day, North Velebit National Park
and WWF are cooperating in the ,,Protected Areas for Nature and People* programme. WWF
is implementing Community involvement assessment methodology in NP North Velebit, as in
other protected areas in the region, with the aim to gather information and collect best practice
examples on the cooperation between protected areas and their local communities.

Keywords: WWF, dinaric arc parcs, PA-BAT, ecosystem evaluation, local community
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ANALIZA SUSTAVA PUKOTINA | RASJEDA NA PODRUCJU NP
SJEVERNI VELEBIT: PRILOG REKONSTRUKCIJI TEKTOGENEZE
VELEBITA

Bruno Tomljenovié¢l, Bojan Matos!, Igor Vlahovié¢!, Dubravka Kljajo?
i Branimir Sajatovié¢?

1Sveuciliste u Zagrebu, Rudarsko-geolosko nafini fakultet, Pierottijeva 6, Zagreb,
bruno.tomljenovic@rgn.hr
2Javna ustanova “Nacionalni park Sjeverni Velebit”, Krasno 96, Krasno

Strukturno-geoloskim istrazivanjima naéinjenim tijekom 2013.—2015. godine prikupljeni su i
u GIS bazu podataka arhivirani podaci o orijentaciji i prostornom rasporedu pukotina i rasjeda
s 276 lokacija rasporedenih u 11 istrazivackih poligona u NP Sjeverni Velebit i okolnom
podrucju. Istrazivanja su provedena u cilju odredbe glavnih pukotinskih i rasjednih setova,
njihove relativne starosti i prora¢una rezima paleonaprezanja u kojima su nastali, kao
doprinos rekonstrukciji tektogeneze 1 morfogeneze Velebita. Medu pukotinama bez vidljivih
pokazatelja pomaka izdvojena su Cetiri dominantna seta. Najdominantniji set je pruzanja SZ—
J1, odnosno paralelno s pruzanjem slojeva u krilima Apatidanske i Stirovacke antiklinale. S
obzirom na pruzanje i prostorni raspored, taj set pukotina odgovara onom koji ocekivano
nastaje u zonama maksimalne zakrivljenosti antiklinala te dijelom i u njihovim krilima u
zavrsnom stadiju boranja zbog lokalne koncentracije vla¢nih naprezanja u konveksnim
dijelovima bora. Ovaj set pukotina je u pravilu otvoren i1 zjapeéi pa doprinosi izrazenijoj
koroziji i dubokom okr$avanju karbonatnih stijena. Izdvojena su i dva dijagonalna i jedan
popredan pukotinski set u odnosu na pruzanje Apatianske i Stirovacke antiklinale za koje se
pretpostavlja da su nastali ve¢ u pocetnom stadiju boranja naslaga i to dijagonalno, odnosno
paralelno pruzanju najveceg vektora regionalnog reZima kompresijskog naprezanja. Po
kriteriju kinematske kompatibilnosti, medu pukotinama s vidljivim pokazateljima pomaka
izdvojene su smicne pukotine nastale u kompresijskom, ekstenzijskom 1 transpresijsko—
transtenzijskom reZimu paleonaprezanja. Postanak smi¢nih pukotina u kompresijskom rezimu
naprezanja s najve¢im vektorom poprecnim na pruzanje ApatiSanske antiklinale
pretpostavljen je tijekom glavne tektonske faze u ovom dijelu Dinarida krajem eocena, dok za
smic¢ne pukotine nastale u rezimu paleonaprezanja koji obiljezava radijalna ekstenzija nije
pouzdano utvrdeno jesu li nastale kao posljedica sinorogenetske ekstenzije, gravitacije ili
postorogenetske ekstenzije koja je moguce uslijedila nakon glavne kompresijske faze u ovom
dijelu Dinarida.

Kljucéne rije¢i: pukotine, rasjedi, tektogeneza, Velebit
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STRUCTURAL ANALYSIS OF JOINT AND FAULT SYSTEMS IN THE
AREA OF THE NORTHERN VELEBIT NATIONAL PARK:
CONTRIBUTION TO RECONSTRUCTION OF MT. VELEBIT
TECTOGENESIS

Bruno Tomljenovié¢', Bojan Mato$!, Igor Vlahovié¢!, Dubravka Kljajo?
& Branimir Sajatovié¢?

tUniversity of Zagreb, Faculty of Mining, Geology and Petroleum Engineering, Pierottijeva 6, Zagreb,
Croatia, bruno.tomljenovic@rgn.hr
2Northern Velebit National Park Public Institution, Krasno 96, Krasno, Croatia

Several campaigns of geological and structural investigations were conducted during 2013—
2015 in the area of Northern Velebit National park and its surroundings. This research project
was aimed to provide insights into tectogenesis and morphogenesis of the Mt. Velebit. At 276
locations in 11 studied areas, data on joints and faults (e.g., orientation, spatial distribution,
etc.) were collected, organized and archived in GIS database. On that basis sets of joints and
faults in the study area were defined spatially and temporally, and associated paleostress
fields were calculated. Results show that within the study area four dominant joint sets could
be distinguished. The most dominant is NW—striking joint set correlative to the bedding strike
in both limbs of Apatisan and Stirova¢a anticlines. Based on its strike and spatial distribution,
it 1s considered to be formed in the final stage of folding, in the areas of fold’s maximal
curvatures and subordinately in their limbs due to the local tension stresses, NW-striking
joints are mostly open, resulting in deep corrosion and intense karstification of surrounding
carbonate rocks. Two diagonal and one perpendicular joint set were also identified, probably
formed in the earlier stage of folding parallel to the orientation of regional maximal
compressional stress tensor. Based on kinematic compatibility criteria, observed shear
fractures in the study area indicated compressional, extensional and transpressional—
transtensional paleostress regimes. Accordingly, presented results suggested that
compressional structures probably originated within stress regime with maximal stress tensor
perpendicular to the strike of ApatiSan anticline during the Late Eocene (i.e., during main
Dinaridic tectonic stage), whereas extensional and transpressional-transtensional shear
fractures are probably linked to palaeostresses characterized by radial extension related to
either sinorogenic extension, gravitation or postorogenic extension commenced after the main
compressional phase in this part of the Dinarides.

Keywords: joints, faults, tectogenesis, Mt. Velebit
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KARTIRANJE | EVALUACIJA GEORAZNOLIKOSTI U
NACIONALNOM PARKU SJEVERNI VELEBIT

Aleksandra Trenchovska i Borut Stojilkovié

Odjel za geografiju, Sveuciliste u Ljubljani, Askerceva 2, Ljubljana, Slovenija,
aleksandra.trenc@gmail.com, borut.stojilkovic@gmail.com

Zbog ponovnog interesa za ocuvanjem i evaluacijom abiotickih elemenata prirode tijekom
posljednja dva desetljeca, uveden je koncept georaznolikosti. Pojam georaznolikost obuhvaca
prirodnu raznolikost geoloskih (stijene, minerali, fosili), geomorfoloskih (reljefni oblici i
procesi) i pedoloskih pojava. Do sada su predstavljene razliCite metode evaluacije
georaznolikosti koje se uglavnom temelje na subjektivnim kriterijima 1 deskriptivnoj
interpretaciji rezultata. U ovom istrazivanju predstavljamo Kartiranje, evaluaciju i
interpretaciju georaznolikosti u Nacionalnom parku Sjeverni Velebit na temelju cjelovite
kvantitativne metode (Stepisnik, Trenchovska, 2017) i geografskog informacijskog sustava.
Ciljevi istrazivanja su bili evaluacija georaznolikosti, izracunavanje indeksa georaznolikosti te
definiranje vrucih toc¢aka georaznolikosti unutar Parka. U te svrhe koriSteni su digitalna
morfografska karta geomorfoloskih i hidroloskih elemenata, karta razgleda i karta indeksa
terenske ras¢lanjenosti. Na temelju prostornih i statistickih analiza definiran je indeks
georaznolikosti kojeg smo klasificirali u tri klase: niski, srednji i visoki. Podrucja visokog
indeksa georaznolikosti vruée su tocke georaznolikosti. One obuhvacaju 8% povrsine
Nacionalnog parka Sjeverni Velebit.

Kljuéne rije€i: georaznolikost, GIS, zastita prirode, kr$, Velebit, Hrvatska
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MAPPING AND EVALUATION OF GEODIVERSITY IN THE
NORTHERN VELEBIT NATIONAL PARK

Aleksandra Trenchovska & Borut Stojilkovié

Deparment of Geography, University of Ljubljana, ASkerceva 2, Ljubljana, Slovenia,
aleksandra.trenc@gmail.com, borut.stojilkovic@gmail.com

The concept of geodiversity has been introduced over the last two decades due to renewed
interest in the conservation and evaluation of abiotic elements of the natural environment. The
term ‘geodiversity’ comprises the natural diversity of geological (rocks, minerals, fossils),
geomorphological (landforms, physical processes) and soil features. Different methods for
geodiversity evaluation which are mainly based on subjective criteria and descriptive
interpretation of the results have been presented so far. In this research, we present mapping,
evaluation and interpretation of geodiversity in the Northern Velebit National Park based on a
holistic quantitative method developed by StepiSnik and Trenchovska (2017) and executed in
geographic information systems. The aim of the research was to evaluate the geodiversity and
calculate the geodiversity index within the Park. Geodiversity hot spots were defined as well.
For that purpose, we created a digital morphographic map of the geomorphologic and
hydrologic elements, a viewshed map and a map of the terrain ruggedness index distribution.
On the basis of spatial and statistical analyses, the geodiversity index was calculated. It was
then classified into three classes: low, medium and high. The areas of high geodiversity index
are also geodiversity hotspots. They cover 8% of the surface of the Northern Velebit National
Park.

Keywords: geodiversity, GIS, nature protection, karst, Velebit, Croatia
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ANALIZA KOMPLEKSNE DINAMIKE PRASUMSKIH SASTOJINA
DENDROKRONOLOSKIM METODAMA - DOBAR PRIMJER 1Z
PRAKSE

Domagoj Trlin!, Anja Zmega&'? i Stjepan Mikact

ISveutiliste u Zagrebu, Sumarski fakultet, Zavod za ekologiju i uzgajanje $uma, Svetoimunska 23,
Zvagreb, dtrlin@sumfak.com
2Sumarski fakultet, Sveuciliste u Zagrebu, Laboratorij za dendroekologiju, Svetosimunska 23, Zagreb

Razumijevanje dugoro¢ne dinamike te promjena u stani$nim i okoli§nim uvjetima klju¢no je
za donoSenju planova upravljanja zaStiCenim podrucjima. U radu se prikazuje primjena
dendrokronoloskih metoda u istrazivanju i razumijevanju kompleksnih odnosa klimatskih
prilika i reakcije populacije stabala na primjeru posebnog rezervata Sumske vegetacije
Prasnik. Rezultati ukazuju da je rast i razvoj populacije hrasta luznjaka izrazito ovisan o
klimatskim prilikama i to naro¢ito vodnom rezimu. Recentne klimatske promjene uzrokuju
kontinuirano slabljenje starih hrastovih stabala i to naroCito nakon 1980. godine §to se
pripisuje promjenama u vodnoj bilanci podrucja, a naro€ito povecanju evapotranspiracije u
vegetacijskom razdoblju. Novonastali, susi uvjeti s druge strane pogoduju mezofilnijem grabu
koji broj¢ano dominira u podstojnom dijelu sastojine. Analizom postotka promjene radijalnog
prirasta i dobne strukturne stabala utvrdena su tri razdoblja znacajnog odumiranja usko
vezana s povijesnim su$nim razdobljima (1949, 1895, 1850). Dobna struktura mladih stabala
se podudara s navedenim susnim razdobljima §to ide u prilog ¢injenici da je susa bitan
ekoloski ¢imbenik o kojem ovisi dinamika negospodarskih sastojina te da je susa pokreta
prirodne regeneracije ovih Suma. Buduci razvoj u uvjetima klimatskih promjena je upitan, a
sve dulja i ekstremnija su$na razdoblja znacajno ¢e utjecati na populaciju hrasta, samim time i
staniSta, te vezane bioloske raznolikosti ovih Suma. Ovaj rad financiran je sredstvima
Hrvatske zaklade za znanost, Projekt IP-2014-09-1834.

Kljuéne rije¢i: hrast luznjak, dendrokronologija, dendroekologija, klimatske promjene, susa
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ANALYSIS OF THE COMPLEX DYNAMICS OF AN OLD-GROWTH
FOREST WITH DENDROCHRONOLOGICAL METHODS - A GOOD
EXAMPLE FROM PRACTICE

Domagoj Trlin!, Anja Zmega&'2 & Stjepan Mikact

tUniversity of Zagreb, Faculty of Forestry, Department of Forest Ecology and Silviculture,
Sveto$imunska 23, Zagreb, Croatia, dtrlin@sumfak.com

2University of Zagreb, Faculty of Forestry, Dendroecology Laboratory, SvetoSimunska 23, Zagreb,
Croatia

Understanding long-term dynamics and changes in habitat and environmental conditions is
crucial for the adaptation of management plans for protected areas. This paper presents the
application of dendrochronological methods in investigating and understanding the complex
relations between climate conditions and reactions of tree populations in the case of special
forest reserve PraSnik. The results indicate that growth and development of populations of
Pedunculate Oak highly depend on climatic conditions and especially the water regime.
Recent climate changes cause continuous weakening of old oak trees, especially after 1980,
attributed to changes in hydrological balance, and in particular the increase in
evapotranspiration during the growing season. On the other hand, mesophilic Common
Hornbeam, which numerically dominates in the midstory of the forest stand, favours drought
conditions. The analysis of the percentage change in radial increment and age structure of
trees shows three periods of significant dieback which is closely linked with historical
droughts (1949, 1895, 1850). Age structure of younger trees coincides with these periods of
drought which supports the fact that drought is an important environmental factor which
decides the dynamics of non-managed stands and an initiator of natural regeneration of forest.
The future development in terms of climate change is questionable, and longer and more
extreme dry periods will significantly affect the population of oak, thus also affecting habitats
and associated biodiversity of these forests.

Keywords: Pedunculate Oak, dendrochronology, dendroecology, climate changes, drought
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SITNI TERESTRICKI KRALJEZNJACI NP SJEVERNI VELEBIT
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2Hrvatska agencija za okoli$ i prirodu, Radni¢ka cesta 80/7, Zagreb
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Sustavno prikupljanje faune Sjevernog Velebita prvi je zapoceo godine 1901. Franjo Dobijas
(M. Padewieth), entomolog i trgovac prirodninama iz Senja. Njegov nalaz tada jo$ nepoznate
gusterice u Stirovaéi potakao je niz stranih i domaéih znanstvenika da zapoénu istrazivanja na
Velebitu. Istaknuli bismo: austrijsku ekspediciju (O. Wettstein, 1926) koju je sponzorirao grof
Liechtenstein, istraZivanja gmazova na potezu Jablanac — Alan N. MrSi¢a (SAZU, 1971-
1978), istrazivanja sitnih sisavaca B. Puli¢ i N. Tvrtkovi¢a (Krasno — ApatiSanska duliba —
Vugjak, PMF Zagreb, 1974), visinski transekt Donja Klada — Vu¢jak s lovnim posudama za
sitne sisavce, te opazanjima gmazova i vodozemaca (HPM, 1976-1985), istrazivanja
velebitske gusterice N. De Luca (PMF Zagreb, 1985-1987), te istrazivanja terestricke faune
pretplaninske bukove Sume lovnim posudama na Velikom Zavizanu (HPM, M. Vukovi¢,
1995-1996). U prikupljanju podataka znacajno je pomogla porodica Drage VukuSi¢a iz
Gornje Klade. Uz podrucje Nacionalnog parka su tipski lokaliteti s kojih je opisana velebitska
gusterica Iberolacerta horvathi, te ilirski voluhari¢ Microtus liechtensteini, endemiéne vrste
zapadnih Dinarida 1 jugoisto¢nih Alpa. Sli¢nog rasprostranjenja je i reliktna gusterica Zootoca
carniolica, a Sj. Velebit je najzapadnije podruéje rasprostranjenja ugrozenog reliktnog
voluhara Dinaromys longipedis. Kod istrazivanih skupina su dosad poznati uglavnom samo
faunisticki sastav 1 visinska rasprostranjenost, ali je prostorna istraZzenost nedovoljna kao 1
poznavanje genetike 1 ekologije znacajnijih vrsta. Posebno nedostaju podaci za procjene
brojnosti i ostali elementi potrebni za procjene ugrozenosti. Ukupno16 vrsta (zelena krastaca,
Sest gusterica, Sest zmija 1 tri sisavca) je na listama Europske Direktive o staniStima.
Preporucit ¢e se vrste za istraZivanja i prac¢enje stanja.

Kljuéne rije¢i: vodozemci, gmazovi, kukcojedi, glodavci, povijest istrazivanja
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At the beginning of the 20™ century entomologist and natural history dealer from Senj Franjo
Dobijas (known under his trade name M. Padewieth) intensively collected various animals on
the Northern Velebit. His finding of an unknown lizard species from Stirovaca initiated
several foreign and national zoologists to start studying local small vertebrates. The most
important were: Austrian expedition (Wettstein, 1926) supported by count Liechtenstein,
research of reptiles between Jablanac and Alan Pass (Mrs$i¢, SAZU, Ljubljana, 1971-1978),
research of small mammals (Puli¢ & Tvrtkovi¢, Faculty of Science, Zagreb, Krasno —
ApatiSanska duliba — Vugjak, 1974), altitudinal transect Donja Klada — Vucjak with pitfalls
and observations of herps (CNHM, Zagreb, 1976-1985), study of Horvath’s rock lizard (De
Luca, Faculty of Science, Zagreb, 1985-1987), study of terrestrial fauna in subalpine beech
forest with pitfalls on Veliki Zavizan peak (CNHM, Vukovi¢, 1995-1996). A lot of important
data were collected by Drago Vukusi¢ and his family from Gornja Klada, too. Near the
National Park there are type localities of Horvath’s rock lizard Iberolacerta horvathi and
Eastern Alpine pine vole Microtus liechtensteini, endemic species of Western Dinaric Alps
and South-eastern Alps. Relict lizard Zootoca carniolica has a similar distribution, and
Northern Velebit is the westernmost distribution area of endangered relict Martino’s vole
Dinaromys longipedis. Regarding small terrestrial vertebrates only faunistical list and
altitudinal distributions are known, but more research is needed on distribution mapping,
genetic variability and ecology of target species. Important data for evaluation of degree of
threat are missing. Green toad, six lizards, six snakes and three rodents (16 species) are on the
European Habitat Directive lists. Species for research and monitoring will be recommended.

Keywords: amphibians, reptiles, insectivores, rodents, research history
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Za parkove u krSu su krSka morfologija, geoloski sastav, grada i pojave bili odlucujuéi za
stjecanje statusa nacionalnoga ili prirodnoga parka. Treba li ponavljati da je Dinarski kr$, ¢ija
je najveca povrsina u granicama Republike Hrvatske, prirodna posebnost svjetskoga znacenja
i prihvacen kao tzv. locus typicus krske morfologije. Ovo je temeljna Cinjenica i razlog da se
geologija i geomorfologija nadu na ¢elnim polozajima u tim javnim ustanovama. A kakav je
stvarni polozaj i stanje u prikazivanju i promidzbi tih javnih ustanova i kako se u njima
vrednuju te znacéajke i geoznanosti koje ih proucavaju? Prema onome $to se nalazi u pisanim
materijalima (uglavnom turistickim prospektima) i na elektronickim portalima prikazane su
najc¢eSce manjkavo, zalosno Sturo ili nikako! Iz ove negativne ocjene ne bi trebalo izuzeti ni
parkove koji nisu u krSu jer bi npr. ¢ak i u Kopackome ritu bilo mjesta za hidrogeologa.
Znakovito je da polozaj geoznanosti u tim institucijama pretezito zavisi o tome jesu li u
pojedinom parku zaposleni takvi stru¢njaci ili nisu te koliko pozornosti geoznanostima
posvecuju struéne sluzbe parkova u kojima ih nema. Ovom prigodom necu spominjati
negativne primjere (kojih nazalost ima), ve¢ otvoriti raspravu zasto u stru¢nim sluzbama
vecine parkova nema geologa i/ili geomorfologa. Nisu ni geostruke u tome nevine. Medutim,
ima parkova s geolozima u kojima je njihovo djelovanje nedopustivo zaprijeceno ili
marginalizirano. S ovim anomalijama treba svakako upozoriti i upoznati nadlezna lokalna i
drzavna tijela, prvenstveno ministarstva.

Kljuéne rije¢i: geologija, geomorfologija, nacionalni parkovi, parkovi prirode
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Dinaric karst has been recognized as the world-wide type locality of the karst morphology.
Consequently, all National and Natural parks in Croatian Dinarids were established mostly on
the basis of their karst morphology. But, within professionals of the most of Parks there are no
geologists and geomorphologists. On the other hand in some of them geoprofessionals are in
inferior, disproportional position contrary to biologists and/or ,.ecologists®. This situation
should be improved by employment of the geologists and/or geomorphologists.

Keywords: geology, geomorphology, national parks, nature parks
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Zrmanja je fluviokrska tekucica koja u svojemu toku tvori razlicite geomorfoloske oblike
sedrenih naslaga. Njezina prirodna vrijednost prepoznata je kroz zakonsku zastitu pojedinih
dijelova rijeke, koji se nalaze unutar PP Velebit i pripadaju Dinarskom krSkom pojasu. Cijeli
njezin tok uvrSten je u ekoloSku mrezu Natura 2000, no vrijednost sedrenih tvorevina nije
istaknuta na odgovarajuci nacin. Isto vrijedi i za Nacionalnu klasifikaciju stanista, koja sedru
popisuje kao stanisni tip, ali ne uvazava njezine geomorfoloske specifi¢nosti. Osim sedrenih
barijera u Zrmanji su zastupljeni i drugi oblici naslaga poput T-pragova, barijerica, brada i
podbradaka. Svojom atraktivno$c¢u, ljepotom i veli¢inom isti¢e se pet recentnih sedrenih
slapova i1 vodopada: Buk kod Palanke, Visoki buk, Ogari buk, Berberov buk 1 Jankovica buk,
a na nekoliko lokacija mogu se na¢i i naslage fosilne sedre. Za utvrdivanje vrijednosti
sedrenih naslaga u Zrmanji potrebno je provesti inventarizaciju i evaluaciju odabira
geomorfoloSkih lokaliteta. Znanstvena vrijednost ovih naslaga, njihovih oblika i procesa
kojima nastaju ili se degradiraju ocituje se kroz mogucnosti analize recentnih i fosilnih
uzoraka sedre pomocu kojih se mogu dobiti podatci o njihovoj starosti 1 vazne spoznaje o
paleookolisu, paleoklimi 1 antropogenom utjecaju na ekosustav cijeloga podrucja. Zbog
nedovoljnog znanja o vrijednosti, znacaju, uvjetnoj obnovljivosti i ugrozama sedrenih naslaga
kao geobastine, potrebno ih je dodatno zastititi. Stoga je cilj rada istaknuti njihovu vrijednost 1
ukazati na vaZnost zaStite odabranih geomorfoloskih lokaliteta na rijeci Zrmanji. Ovaj rad dio
je znanstvenog projekta HRZZ-IP-11-2013-1623, Reconstruction of the Quaternary
environment in Croatia using isotope methods — REQUENCRIM.

Kljuéne rije€i: sedrene naslage, Zrmanja, geomorfoloski lokaliteti
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Zrmanja is a fluviokarst stream whose flow forms various forms of tufa deposits. Certain parts
of the river are located within the Velebit Nature Park and which belong to the Dinaric karst.
Its entire flow is listed in the Natura 2000 network of protected areas. However, the value of
its tufa formations is still understated. Also, the Croatian National Habitat Classification
classifies tufa as a habitat type, but fails to recognize its geomorphological specificities. Five
recent tufa waterfalls and cascades are especially attractive: Buk kod Palanke, Visoki buk,
Ogari buk, Berberov buk and Jankovic¢a buk. Fossil tufa can also be found at a few locations.
To determine the quantities of tufa deposits in Zrmanja, inventory should be taken and
geomorphological localities selection should be evaluated. The scientific value of these
deposits, their forms and the processes that produce or degrade them is manifested in the
possibility of analysing recent and fossil samples of tufa, from which data can be obtained on
their age and important cognitions derived on the paleoenvironment, paleoclimate and the
anthropogenic impact. Because of the insufficient awareness of the value, significance,
conditional recoverability and the endangerment of tufa deposits as geoheritage, they must be
additionally protected. The aim of this paper is to underline their value and the importance of
protecting the specific geomorphological localities on the river Zrmanja. This paper is part of
the scientific project HRZZ-1P-11-2013-1623, Reconstruction of the Quaternary environment
in Croatia using isotope methods - REQUENCRIM.

Keywords: tufa deposits, Zrmanja, geomorphological localities

97



Znanstveno-strucni skup ,,0d istraZivanja k dobrom upravljanju Nacionalnim parkom Sjeverni Velebit“
// Krasno, 24-25. 05. 2017.

FLORISTICKE, MIKROKLIMATSKE, PEDOLOSKE I
GEOMORFOLOSKE ZNACAJKE BALINOVACKE PONIKVE NA
SJEVERNOM VELEBITU

Mirjana Vrbek?!, Nenad Buzjak?, Suzana Buzjak? i Boris Vrbek?

!Ravenska 21, Zagreb, mirjana.vrbek@hpm.hr, borisv@sumins.hr

2Geografski odsjek, Prirodoslovno matematicki fakultet, Sveuciliste u Zagrebu, Maruli¢ev trgl19/11,
Zagreb, nbuzjak@geog.pmf.hr

®Hrvatski prirodoslovni muzej, Demetrova 1, Zagreb, suzana.buzjak@hpm.hr

Duboki kr§ Velebita obiluje velikim ponikvama — krSkim depresijama u kojima je Cesta
pojava temperaturne inverzije ¢ija je posljedica vertikalna inverzija biljnog pokrova. Premda
prva istrazivanja datiraju iz pedesetih godina dvadesetog stolje¢a (Horvat 1952-1953), do
danas ponikve Dinarskog kr$a nisu sustavno multidisciplinarno istrazivane. Iz tog razloga su
tijekom 2008. 1 2009. godine provedena floristicka, mikroklimatska, pedoloska i
geomorfoloska istrazivanja Balinovacke ponikve na Sjevernom Velebitu. Cilj istrazivanja bio
je utvrdivanje korelacije izmedu flore, mikroklime, tla, geomorfoloSkih znacajki ponikve 1
odabranih ekoloskih ¢imbenika koji utje¢u na njen floristi¢ki sastav. Popisivane su biljke duz
profila sjever — jug. Na profilu je odredeno pet tocaka na kojima su istrazeni pedoloski profili
radi determinacije tla i prikupljanja uzoraka za laboratorijske analize. Obavljeno je i
kontinuirano mjerenje temperature i relativne vlaznost zraka u trajanju od godine dana. Radi
usporedbe s rezultatima laboratorijskih pedoloskih analiza i podacima izmjerenim na terenu
zabiljezenim biljnim vrstama su pridruZivane indikatorske vrijednosti odabranih ekoloskih
parametara prema Landoltu (1977). Rezultati istraZivanja potvrdili su pretpostavljenu
temperaturnu inverziju koja utjece na vertikalni raspored i sastav flore u ponikvi.

Kljuéne rijeci: Balinovacka ponikva, flora, mikroklima, tlo, geomorfologija, ekoloski
parametri
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A deep karst area of the Velebit mountain range is abundant in large dolines (sinkholes) —
karst depressions with frequent temperature inversions resulting in vertical inversions of the
plant cover. Although the initial research dates back to the fifties of the twentieth century
(Horvat 1952-1953), the dolines of the Dinaric karst have not undergone a systematic
multidisciplinary research until today. It is for this reason that floristic, microclimatic,
pedological and geomorphological research of the Balinovac doline on North Velebit was
carried out during 2008 and 2009. The research goal was to determine the correlation between
the flora, microclimate, soil, geomorphological features of the doline and the selected
ecological parameters affecting its floristic composition. Plants along the north-south profile
were listed, and five points were determined at which soil pits were analysed for the purpose
of determining the soil type and collecting samples for laboratory analyses. The temperature
and the relative air humidity were continuously measured for the period of one year. For the
purpose of comparison with the results of the laboratory pedological analyses and the field-
measured values, the recorded plant species were assigned indicator values of the selected
ecological parameters according to Landolt (1977). The research results confirmed the
presumed temperature inversion affecting the vertical formation and composition of the flora
in the doline.

Keywords: Balinovac doline, flora, microclimate, soil, geomorphology, ecological
parameters
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Dinarsko gorje dio je recentnog jugoistocnog areala smreke u Europi, njene najjuznije granice
rasprostranjenosti. Smreka na Velebitu pridolazi na nadmorskim visinama od 1200 - 1600 m
gdje bez konkurencije drugih vrsta drveca zauzima Stjenovite obronke, grebene, hladnije i
vlaznije vrtace, udoline i mrazista. Poznavanje utjecaja klime na varijabilnost rasta stabala od
presudnog je znacenja za razvoj dugoroCnih strategija u gospodarenju i zaStiti prirode,
posebice u kontekstu prilagodbe vrsta na klimatske promjene. Temperatura zraka i oborine
vazan su ¢imbenik koji utjece na rast i razvoj stabala posebice u ekstremnim uvjetima, kao Sto
su planinska podrucja. Dosadasnja istrazivanja su pokazala da je radijalni prirast stabala
smreke na sjevernijim podru¢jima i na veéim nadmorskim visinama pozitivno utjecan
temperaturom zraka i uglavnom limitiran niskim temperaturama tijekom vegetacijskog
razdoblja. Recentno povecanje temperature zraka uslijed promjena klime stimulira rast stabala
na hladnijim podru¢jima i ve¢im nadmorskim visinama. U ovome istraZivanju prikazujemo
utjecaj klimatskih ¢imbenika na dinamiku radijalnog prirasta smreke na gornjoj granici
vegetacije (populacije preko 1500 m n.v.) u NP Sjeverni Velebit koriste¢i dendrokronoloske
metode istraZivanja.

Kljuéne rije¢i: klimatske promjene, obi¢na smreka, dendrokronologija, dendroklimatologija
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Dinaric Alps constitute the southeast European distribution border of Norway spruce (Picea
abies (L.) Karst.). On Velebit mountain, Norway spruce elevation range goes from 1200 m up
to 1600 m where it grows without any competition on ridges and rocky slopes, in colder and
more humid sinkholes, valleys and frozen areas. Knowing the effect of climate on the tree
growth variability is of crucial importance for the development of long-term management and
protection strategies, especially in the context of species adaptation to climate change. Air
temperature and precipitation are key factors that impact the growth of trees especially in
extreme conditions such as mountain areas. Previous research have shown that radial growth
of Norway spruce on northern expositions and higher elevation is positively influenced by air
temperature and is mostly limited by low temperatures during the vegetation period. Recent
increase in air temperature as a result of climate change stimulates tree growth in colder sites
and higher elevation. In this research we show the impact of climatic factors on the growth
dynamic of spruce in the upper vegetation border (populations over 1500 m.a.s.l.) in the
Northern Velebit National Park using dendrochronological methods.

Keywords: climate change, Norway spruce, dendrochronology, dendroclimatology
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