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Tragovi vidljivosti koji reprezentiraju potpovrsinski kontekst, kao Sto su tragovi u tlu
(soil marks) i usjevima (crop marks), uobicajena su pojava kojom se detektiraju arhe-
oloski lokaliteti primjenom metode daljinskih istragivanja — zracne arbeologije kroz
medij kose zracne fotografije. Razlilite rasprave i opcenito primjena metode zracne ar-
heologije, vecinom je ogranicena na podrulja kontinentalne klime koja sadrze obilje
kultivirane zemlje i tla. Arheoloski lokaliteti u krskom su krajoliku primjenom metoda
daljinskib istrazivanja vidljivi vecinom kao povrsinske strukture, a ne kao potpovr-
Sinski arbeoloski kontekst koji je reprezentiran ili posredovan tragovima u usjevima
ili w thu. U ovom radu se predstavijaju rezultati zrainog snimanja koje je obubvatilo
planinu Velebit i dio sjevernodalmatinske zaravani i obrovacke zaravni u Hrvatskoj. U
tu svurhu provedena je analiza snimljenih kosib zracnib fotografija u svrbu sistematiza-
cije indikatora vidljivosti arheoloskih lokaliteta u krajoliku dinarskog krsa. Indikatori
vidljivosti koji omogucéuju otkrivanje arheoloskih lokalitera su meduovisni o krskom
reljefu, submediteranskoj klimi i vegetaciji Sikara. Utvrdeno je da su arbeoloski loka-
liteti primjenom metode zracne arheologije vidljivi kroz indikatore kao Sto su sjena,
tekstura, boja i vegetacija. Definirani indikatori u krikom kulturnom krajolitu kojima
su detektirani arheoloski lokaliteti rijetko se pojavljuju samostalno. Arheoloski lokalireti
su vedinom vidljivi kroz kombinacije vise pojedinacnih indikatora.

Visibility traces that represent subsurface context, such as soil marks or crop marks,
are common phenomena for detecting archaceological sites by using aerial archaeology
as one of remote sensing methods, through the medium of oblique aerial photography.
Various discussions and use of aerial archaeology method in general are mostly limit-
ed to regions with continental climate that contain an abundance of cultivated soil.
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Remote sensing methods reveal archaeological sites in karst landscape mostly as surface
structures, and not as subsurface archacological context that is represented or mediated
by soil marks and crop marks. Results of the aerial survey of Velebit mountain, a part
of the North Dalmatian plateau and the Obrovac platean in Croatia are presented
in this paper. Analysis of oblique aerial photographs was conducted with the aim of
systematization of visibility indicators for the archaeological sites in the Dinaric karst
landscape. Visibility indicators that enable discovering archaeological sites depend on
karst relief, sub-Mediterranean climate and scrub vegetation. It has been determined
that archaeological sites can be recognized by indicators such as shadow, texture, col-
our and vegetation by using the method of aerial archaceology. Defined indicators in
cultural landscape in the karst area thar were used for detection of archaeological sites
are rarely represented independently. Archaeological sites are usually visible owing ro
combination of several individual indicators.
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UvOD

Danas je opéeprihvaéeno znacenje zracne ar-
heologije kao metode daljinskih istrazivanja za
otkrivanje i dokumentiranje nepoznatih arhe-
oloskih lokaliteta, ali i kao metode arheologi-
je krajolika.! Istrazivaci O. G. S. Crawford u
Engleskoj i A. Poidebard na Bliskom istoku,?
bili su prvi koji su provodili zra¢na snimanja i
time primijenjivali i razvijali metodu. Raspra-
ve u okviru zra¢ne arheologije ve¢inom su bile
usmjerene na problematiku vidljivosti arheolo$-
kih lokaliteta iz zraka kroz razlicite tipove danas
konvencionalnih indikatora vidljivosti kao sto
su tragovi u usjevima, tragovi u tlu, sjene i tra-
govi u snijegu/ledu. Indikatori vidljivosti ovise
o brojnim ¢imbenicima kao $to su godisnja
doba, tip usjeva, tip tla, dubina tla, tip lokalite-
ta i sl.> Definiranje razlicitih tragova vidljivosti
kao medija otkrivanja arheoloskih lokaliteta se
razvijalo paralelno s razvojem arheologije krajo-
lika kao zasebne i jedne od najmladih disciplina
u arheologiji.* Tako zra¢na arheologija ima sto-
ljetnu tradiciju, tijekom vremena je tehnoloski
oplemenjena jednako kao $to je i njezina svrha
promijenjena u skladu s teorijskim i paradi-
gmatskim promjenama i potrebama u arheolo-
giji. Medutim, potrebno je naglasiti da je sama
metoda kao takva, u smislu njezina razvoja, koji
ukljucuje metodologiju i definiranje indikatora
vidljivosti ve¢inom bila ograni¢ena na podruéja
kontinentale klime i drugih vrsta reljefa, pri-
mjerice, fluvijalnih. Na taj su nadin definirani
indikatori vidljivosti, koji posredno reprezenti-
raju razli¢ite tvorevine kroz primjerice tragove u
tlu ili u usjevima. Indikatori koji posreduju vid-
ljivost arheoloskih lokaliteta su definirani kao
proksi indikator jer reprezentiraju potpovrsinski
kontekst.> Bez obzira na to o kojem je podrucju
rije¢, geologija, reljef, klima, vegetacija i koriste-
nje zemljista klju¢ni su ¢imbenici iz kojih pro-

M. BARBER, 2011; I. A. HANSON, W. S. OLTEAN, 2013.
J. A. UR, 2013.

R.J. A. EVANS, R. JONES, 1977; I. A. HANSON, 2005.

B. THOMAS, J. DAVID, 2008.

D. STOTT etal., 2015, 1595-1596.
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INTRODUCTION

At present aerial archaeology is recognized as
a valuable remote sensing method for discover-
ing and documenting unknown archaeological
sites, but also as a landscape archacology meth-
od.! Researchers O. G. S. Crawford in England
and A. Poidebard in the Near East,> were the
first to conduct aerial survey thereby applying
and developing the method. Discussions within
the framework of aerial archaeology were most-
ly focused on problems of visibility of archaeo-
logical sites from the air on the basis of different
types of what are today conventional indicators
of visibility such as crop marks, soil marks,
shadows and snow/frost marks. Visibility indi-
cators depend on a number of factors such as
seasons, crop species, soil type, soil depth, site
type etc.’ Definition of various traces of visibil-
ity as a medium for discovering archaeological
sites developed parallelly with the development
of landscape archaeology as a separate archae-
ological discipline, also one of the youngest.*
Although aerial archaeology has a centennial
tradition, over time it has been technologically
improved and its purpose has been modified in
accordance with theoretical and paradigmatic
changes and needs in archaeology. However, it
is worth emphasizing that the method itself, in
terms of its development that includes meth-
odology and definition of visibility indicators,
was mostly limited to the continental climate
regions and other kinds of relief, such as fluvial.
Thus visibility indicators are defined, that indi-
rectly represent various features by marks in soil
or crops for instance. Indicators that mediate
visibility of the archaeological sites are defined
as proxy indicators since they represent subsur-
face context’> Regardless of the field, we can
list geology, relief, climate, vegetation and land
management as crucial factors that offer possi-

M. BARBER, 2011; I. A. HANSON, W. S. OLTEAN, 2013.
J. A. UR, 2013.

R.J. A. EVANS, R. JONES, 1977; I. A. HANSON, 2005.

B. THOMAS, J. DAVID, 2008.

D. STOTT etal., 2015, 1595-1596.
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izlaze mogu¢nosti i nadini otkrivanja arheolos-
kih lokaliteta metodama daljinskih istraZivanja,
u ovom sluéaju metodom zra¢ne arheologije.
Podrudja koja sadrze tlo, kultivirane, orane ili
obradivane povriine preduvjet su za postojanje
konvencionalnih ili tipi¢nih tragova vidljivosti
kao $to su tragovi u tlu, usjevima, snijegu, ledu
koji posredno reprezentiraju potpovrsinski kon-
tekst. Medutim, najée$¢i indikatori vidljivosti
koji su definirani za podrudja kontinentalne kli-
me nisu zabiljeZeni na podruéju krskog reljefa
submediteranske klime. Problematku vidljivo-
sti arheloskih lokaliteta u bilo kojem reljefu, pa
tako i krSkom, moguce je svesti na jednostavan
princip. Indikatori arheoloskih lokaliteta su na
op¢oj razini meduovisni o geologiji, klimi i ve-
getaciji.

Tehnoloski napredak zajedno sa stoljetnom
tradicijom primjene metode zra¢ne arheologije
znanstvene su i stru¢ne rasprave o disciplini zrac-
ne arheologije udinili irelevantnima na nekim
podru¢jima Europe. Medutim, primjena i ra-
zvoj metode zra¢ne arheologije te problematika
koja proizlazi iz nje tek je na pocetku u regijama
s krskim reljefom, submediteranskom i medite-
ranskom klimom, vegetacijom Sikara i makije.
U tom kontekstu vazno je naglasiti da krski re-
ljef zauzima 20 % zemljine povrsine® i 50,5 %
hrvatskog teritorija.” Stoga je primjena razlicitih
metoda daljinskog istrazivanja u krskim podrud-
jima (uklju¢ujuéi i metodu zra¢ne arheologije
kao pocetnu tocku) tema od iznimnog znacenja,
u kontekstu Hrvatske, ali i svijeta.

U tu je svrhu provedeno istrazivanje primje-
nom metode zraéne arheologije na podrudju
rasprostiranja reljefa dinarskog krsa koji uklju-
Cuje planinu Velebit, dio sjevernodalmatinske
zaravni i Obrovacke zaravni u Hrvatskoj (SL.
2) koji predstavlja studiju slucaja. Stoga, ovaj
rad nastoji predstaviti nadine vidljivosti arhe-
oloskih lokaliteta iz zraka, te sagledati pro-
blematiku otkrivanja arheoloskih lokaliteta iz
perspektive daljinskih istrazivanja za kr$ke kra-

¢ D.C.FORD, P. W. WILLIAMS, 2007, 5.
7 M. MATAS, 2009, 21-26.
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bilities and ways of discovering archaeological
sites by using the remote sensing methods, in
this case the aerial archaeology method. Areas
containing soil, cultivated, plowed or tilled, are
a precondition for presence of conventional or
typical traces of visibility such as marks in soil,
crops, snow, frost that indirectly represent sub-
surface context. However the most common
indicators of visibility that were defined for the
continental climate areas have not been record-
ed in the karst relief area with sub-Mediterrane-
an climate. Problems of visibility of archaeolog-
ical sites in any relief, including the karst one,
can be reduced to a simple principle. Indicators
of archaeological sites are generally interde-
pendent on geology, climate and vegetation.

Technological progress together with cen-
tennial tradition of using the aerial archaeol-
ogy method have made scholary and profes-
sional discussions about the discipline of aerial
archaeology irrelevant in certain parts of Eu-
rope. However, use and development of the
aerial archaeology method and related prob-
lems are only nascent in the regions with karst
relief, sub-Mediterranean and Mediterranean
climate, and maquis and shrub vegetation.
In that context it is important to emphasize
that karst relief constitutes 20% of the Earth’s
surface® and 50.5% of the Croatian territory.’
Therefore application of remote sensing meth-
ods in the karst areas (including the method
of aerial archaeology as a starting point) is an
exceptionally important topic, not only in the
Croatian context but also worldwide.

To this end a research was conducted by using
the aerial archaeology method in the area of the
Dinaric karst relief including Velebit mountain,
a part of the North Dalmatian plateau and the
Obrovac plateau in Croatia (Fig. 2). Therefore
this paper aims to present manners of visibility
of the archaeological sites from the air, and to
pay attention to problems of identifying archae-
ological sites from the perspective of remote

¢ D.C.FORD, P. W. WILLIAMS, 2007, 5.
7 M. MATAS, 2009, 21-26.
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jolike. Dakle, istrazivanje koje je predstavljeno
u ovom radu primjer je primjene metode zrac¢-
ne arheologije kao komplementarne metode
arheologije krajolika na podrudju specifi¢nog
krajolika: reljefa dinarskog kr$a. Ujedno, istra-
zivanje je rezultiralo i preliminarnom interpre-
tacijom formacije i razvoja krskog kulturnog
krajolika, odnosno antropogenih utjecaja na
procese formacije povrsine krskih krajolika ti-
jekom proglosti.

Fizicka svojstva krskog reljefa utjecu na ma-
nifestiranje arheoloskih lokaliteta i formaciju
kulturnog krajolika. U krskim krajolicima
dominiraju povrsinske samostojeée struktu-
re koje su vedinom izgradene suhozidnom
tehnikom. Takve su strukture cesto i dobro
sa¢uvane te jasno vidljive na povrsini. Nedo-
statak mrvljenog materijala (regolita) i drugih
vaznijih depozita tla na povrsini kr$kog kra-
jolika implicira da potpovrsinski kontekst kao
fenomen uglavnom nije prisutan na podrugji-
ma dinarskog krskog reljefa, osim u onim geo-
morfoloskim oblicima koji sadrze tlo.® Tipi¢ni
krski fenomeni koji sadrze tlo ili sediment su
tipovi negativnih morfostruktura kao $to su
prvenstveno vrtace, kr$ka polja, odredene vr-
ste jaruga i kr$ke udoline (SI. 1).” Prisutnost
sedimenta na podru¢jima krskog reljefa, ¢ak
i na vrlo ograni¢enim povr§inama, implicira
postojanje potpovrsinskog konteksta koji bi u
skladu s tim mogao biti reprezentiran ili po-
sredovan kroz konvencionalne ili tipi¢ne indi-
katore vidljivosti, kao $to su primjerice tragovi
u tlu ili u usjevima. Medutim, konvencionalni
ili tipi¢ni indikatori vidljivosti jo$ uvijek nisu
zabiljezeni u dosadasnjim istrazivanjima koja
su provedena na podruéju kr$kog reljefa u Hr-
vatskoj.'” Nedostatak tragova u tlu i usjevima
moze se objasniti ¢injenicom da se i ionako
iznimno mali udio povr$ina koje sadrze sedi-
ment na podrudju dinarskog krsa danas rijetko

8 N. KULENOVIC OCELIC, 2019, 83; N. KULENOVIC,
2019, 260.

° D.C. FORD, P. W. WILLIAMS, 2007, 339-351, 359-377;
M. MATAS, 2009, 72-76, 85-93.

10y GLAVAS, R. PALMER, 2013, 22-23.

sensing for karst landscapes. Thus research pre-
sented in this paper is an example of applying
the aerial archaeology method as a complemen-
tary method of landscape archaeology in a spe-
cific landscape area: the Dinaric karst relief. At
the same time the research resulted in prelimi-
nary interpretation of the formation and devel-
opment of cultural landscape in the karst area,
that is anthropogenic influences on formation
processes of karst landscape surfaces in the past.

Physical properties of karst relief affect man-
ifestations of archaeological sites and forma-
tion of cultural landscape. Freestanding surface
structures mostly built in dry stone wall tech-
nique are dominant in karst landscapes. Such
structures are often well preserved and clearly
visible on the surface. Lack of crushed material
(regolith) and other more important soil depos-
its on the surface of karst landscape implies that
subsurface context as a phenomenon is most-
ly not present in the areas of the Dinaric karst
relief, except in those geomorphological forms
that contain soil.® Typical karst phenomena
that contain soil or sediment are types of neg-
ative morphostructures such as primarily sink-
holes, karst fields, certain kinds of ravines and
karst valleys (Fig. 1).° Presence of sediments in
the karst relief regions, even in very limited ar-
eas, implies presence of subsurface context that
accordingly might be represented or mediated
through conventional or typical visibility indi-
cators such as soil marks or crop marks. How-
ever conventional or typical visibility indicators
have not been recorded in the previous research
that has been conducted in the karst relief area
in Croatia." Lack of soil marks and crop marks
can be explained by the fact that already excep-
tionally small share of areas containing sediment
in the Dinaric karst area is rarely cultivated as a
result of deagrarization and deruralization (Fig.
1). Further on, areas containing sediment were

& N. KULENOVIC OCELIC, 2019, 83; N. KULENOVIC,
2019, 260.

9 D. C. FORD, P. W. WILLIAMS, 2007, 339-351, 359-377;
M. MATAS, 2009, 72-76, 85-93.

10V GLAVAS, R. PALMER, 2013, 22-23.
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SLIKA 1. Krsko polje Manastirske luke, Obrovac, na podrucju istraZivanja
F1GURE 1 Karst field Manastirske Luke, Obrovac, in the study area

poljoprivredno obraduje kao rezultat deagrari-
zacije i deruralizacije (SI. 1). Nadalje, podru¢ja
koja sadrze sediment tijekom proslosti su bila
previse dragocjena da bi bila koristena za bilo
koju drugu svrhu osim poljoprivredne.

Dakle, u krskim krajolicima za sada nisu utvr-
deni odnosi ili su vrlo rijetki u kojima konvenci-
onalni ili tipi¢ni indikatori vidljivosti posredno
odrazavaju potpovrsinske arheoloske lokalitete
jer arheoloski lokaliteti u kr$kom reljefu domi-
nantno predstavljaju povrsinski kontekst.

FIZICKI KRAJOLIK PODRUCJA
ISTRAZIVANJA

Velebit je najve¢i masiv Dinarida kojeg karak-
terizira krski reljef. Dinaridi tvore jedan od naj-
ve¢ih kontinuiranih krskih krajolika u Europi i
primjer su izvrsno razvijenog krskog reljefa koji
sadrzi sve tipove krskih povrsinskih i potpovr-
sinskih oblika."" Planina Velebit pruza se duz

I A. MIHEVC, M. PRELOVSEK, 2010, 6-8; A. MIHEVC,
2010, 30-42.
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too precious in the past to be used for any other
purpose except for agriculture.

Hence, so far karst landscapes have not
yielded evidence of relations, or exceptionally
rarely, in which conventional or typical indi-
cators of visibility indirectly reflect subsurface
archaeological sites since archaeological sites
in karst relief dominantly represent surface
context.

PHYSICAL LANDSCAPE OF
THE STUDY AREA

Velebit is the largest massif of the Dinarides
characterized by karst relief. The Dinarides
constitute one of the largest continuous karst
landscapes in Europe and they are an exam-
ple of exceptionally well-developed karst re-
lief containing all types of karst surface and
subsurface forms."" Velebit mountain spreads
along the Adriatic coast, that is along the Ve-

' A. MIHEVC, M. PRELOVSEK, 2010, 6-8; A. MIHEVC,
2010, 30-42.
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obale Jadranskog mora, odnosno duz Velebit-
skog kanala, od prijevoja Vratnika na sjeveru
do kanjona rijeka Zrmanje i Krupe na jugu i
jugoistoku. Velebit je dug 145 km i sirok od 10
do 30 km, s maksimalnom nadmorskom visi-
nom od 1757 m (SL. 2)."? Sjevernodalmatinska
zaravan nalazi se juzno od Velebita, a obuhva-
¢a podrudje od oko 3000 km*."? U istrazivanju
koje se objavljuje u ovom radu obuhvacen je
samo sjeverni dio sjevernodalmatinske zaravni
te Obrovacka zaravan, obje ogranicene kanjo-

2. D.PERICA, 1988; M. MATAS, 2009, 115-117.
3 M. MATAS, 2009, 100-102, 190, 213.

lebit channel, from the Vratnik pass in the
north to the canyons of the Zrmanja and
Krupa rivers in the south and southeast. Ve-
lebit is 145 km long and 10 to 30 km wide,
with maximum altitude of 1757 m (Fig. 2)."
The North Dalmatian plateau is located south
of Velebit, covering an area of roughly 3000
km?."? In the research published in this paper,
only northern part of the North Dalmatian
plateau and the Obrovac plateau were covered,
both bordered by canyons of the Zrmanja and

2 D. PERICA, 1988; M. MATAS, 2009, 115-117.
B M. MATAS, 2009, 100-102, 190, 213.
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nima Zrmanje i Krupe'* koji ujedno ¢ine juznu
granicu podrudja istrazivanja.

Osnovna karakteristika podru¢ja istrazivanja
krs$kog krajolika jest nedostatak povrsinskih te-
kucica i povrsinskih voda kao i znatan nedo-
statak tla. Podruéje istrazivanja karakterizira
izrazita geomorfoloska raznolikost krskog kra-
jolika. U skladu s tim, svi makro geomorfolos-
ki krski oblici dobro su zastupljeni kao sto su
krska polja, krske depresije, vrtace, urusene vr-
taCe, krske udoline, koni¢na brda, strmi vrho-
vi, spilje, duboke jame, jaruge itd., kao i mikro
geomorfoloski oblici poput Zljebova, kamenica
i skrapa. '® Vrtace, jaruge, krske udoline i krska
polja jedini su krski geomorfoloski fenomeni
koji sadrze sediment, medutim, debljina tla u
njima varira. Potrebno je naglasiti da je zastu-
pljenost takvih tvorevina niska na podrucju
istrazivanja, a povr§ina koju zauzimaju je zane-
mariva. Na niZzim nadmorskim visinama pod-
rudja istrazivanja prevladava ogoljeli vapnenac-
ki kamenjar gotovo bez prisutnosti sedimenta
s degradiranom vegetacijom. Debljina sedi-
menta povecava se paralelno s nadmorskom
visinom, iako vapnenacka stijena prevladava
na povrsini (SI. 3). Osnovni proces modelira-
nja krskog reljefa je kemijski process otapanja
vapnenca — korozija. Kako je rije¢ o komplek-
snom, ali i sporom procesu, posebice na po-
drudju istrazivanja, krski reljef se opisuje kao
konzervativan upravo zato jer se sporo mijenja.

Na Velebitu se pojavljuju tri razlicite klime:
submediteranska na primorskoj padini, alpska
iznad zone $ume te kontinentalna na unutras-
njim, tj. sjeveroisto¢nim padinama planine
(sjeveroisto¢ne padine planine nisu obuhvacene
ovim istrazivanjem). Kao posljedica toga, fizio-
nomija se Velebita mijenja ovisno o nadmorskoj
visini. Primorska padina je ogoljela i izrazito
okr$ena. Bududi da ova podru¢ja imaju rela-
tivno malo padalina,'® vegetacija se prilagodila
susnom okolisu i karbonatnoj podlozi. Prevla-

4 M. MATAS, 2009, 99-100.

15 A. BOGNAR, 1994, 3; D. C. FORD, P. W. WILLIAMS,
2007, 209-265, 321-381; N. Z. HAJNA, 2019, 358-361.

16 D, PERICA, D. ORESIC, 1999, 16-30.
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Krupa rivers' that also represent the southern
border of the study area.

The main characteristic of the karst landscape
research is lack of surface currents and surface
waters as well as a significant lack of soil. The
study area is characterized by distinct geomor-
phological diversity of the karst landscape. Ac-
cordingly, all macro-geomorphological karst
forms are well represented such as karst fields,
karst depressions, sinkholes, collapsed sink-
holes, karst valleys, conical hills, steep peaks,
caves, deep pits, ravines etc., as well as micro-ge-
omorphological forms such as grooves, solution
pans and karrens." Sinkholes, ravines, karst val-
leys and karst fields are the only karst geomor-
phological phenomena that contain sediment,
but the depth of soil in them varies. It is worth
emphasizing that there are few such formations
in the study area, and the surface they occupy
is negligible. At lower altitudes of the study
area bare limestone rocky terrain is dominant
almost without any sediment with degraded
vegetation. Sediment thickness increases paral-
lelly with altitude, though surface is dominat-
ed by limestone rock (Fig. 3). Basic process of
karst relief modelling is the chemical process of
limestone dissolution — corrosion. Since this is
a complex but also slow process, in particular in
the study area, karst relief is described as con-
servative exactly due to its slow alteration.

Three climate types are present on Velebit:
sub-Mediterranean climate on the littoral
slope, Alpine climate above the forest zone
and continental climate on the inner, north-
eastern slopes of the mountain (northeastern
slopes of the mountain were left out of this
research). Consequentially physical character-
istics of Velebit change depending on the alti-
tude. Littoral slope is bare and highly karsti-
fied. Since these regions receive relatively little

16

precipitation,'® vegetation is adapted to dry

environment and carbonate substrate. Vegeta-

14 M. MATAS, 2009, 99-100.

15 A. BOGNAR, 1994, 3; D. C. FORD, P. W. WILLIAMS,
2007, 209-265, 321-381; N. Z. HAJNA, 2019, 358-361.

16 D, PERICA, D. ORESIC, 1999, 16-30.
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SLIKA 3. Panoramski pogled na krski krajolik na podrucju Lukova, sjeverni Velebit
FIGURE 3 Panoramic view of karst landscape in the Lukovo region, northern Velebit

davaju zajednice vegetacije degradirane antro-
pogenim utjecajem, koje su tipi¢ne za dinarski
ke i submediteransku klimu. Do 950 m n.v.
prevladavaju zajednice Sikara. Takav tip raslinja
sastoji se od grmolikih stabala s razli¢itim tipo-
vima grmlja i $iblja."” Sikare su odraz klimato-
logkih i ekoloskih uvjeta. Taj tip zajednice ve-
getacije uvelike je pod utjecajem suhih uvjeta i
topline u ljetnim mjesecima i hladnode tijekom
zimskih mjeseci. Sikare se klasificiraju kao an-
tropogeno degradiran tip vegetacije i redovito
se nalaze na podru¢jima gdje je tlo degradirano
i plitko." Ono moze biti stanjeno ili skeletizira-
no te transformirano do ogoljele povrsine pod
ljudskim utjecajem, $to se ¢esto dogada i u dru-
gim mediteranskim krskim krajolicima." Krska
je podloga posebno pogodna za rast grmlja s
korijenjem koje prijanja u pukotine krsa koje

17 A. HORVAT, 1965, 109-112; A. ALEGRO, 2000, 4-7; J.
VUKELIC, 2012, 216-244.

1B A. ALEGRO, 2000, 8.

19 A. ALEGRO, 2000, 6-8; A. ATALAY, I. EFE, R. SOYKAN,
2008.

tion communities degraded by anthropogenic
influence are dominant, typical of the Dinaric
karst and sub-Mediterranean climate. Thick-
et communities are prevalent to 950 meters
above sea level. Such vegetation type consists
of bushlike trees with various types of shrubs
and bushes."” Thicket is a reflection of clima-
tological and ecological conditions. This type
of vegetation community is largely influenced
by dry conditions and warmth in summer
months and cold in winter months. Thicket is
classified as anthropogenically degraded veg-
etation type and it is regularly found in the
areas with shallow and degraded soil.”® It can
be thinned or skeletonized and transformed to
bare surface due to human impact, which of-
ten happens also in other Mediterranean karst
landscapes.”” Karst substrate is particularly

17 A. HORVAT, 1965, 109-112; A. ALEGRO, 2000, 4-7; J.
VUKELIC, 2012, 216-244.

18 A. ALEGRO, 2000, 8.

1 A. ALEGRO, 2000, 6-8; A. ATALAY, I. EFE, R. SOYKAN,
2008.
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sadrze tlo.** Na visim nadmorskim visinama s
ve¢om koli¢inom padalina, pojavljuju se Sume
hrasta i subalpski travnjaci.?! Medutim, na vi-
$im nadmorskim visinama takoder je prisutan
kameniti krajolik, odnosno, vapnenacka stijena
na povrsini.

KULTURNI KRAJOLIK
PODRUCJA ISTRAZIVANJA

Dosadasnja su arheoloska istrazivanja na
podru¢ju naseg istrazivanja uvelike bila foku-
sirana na arheolosku topografiju, na otkriva-
nje novih lokaliteta. Mora se istaknuti da su
istrazivanja razli¢itih vrsta posebno tijekom
posljednjeg desetlje¢a intenzivirana. lako se
stje¢e dojam da je provedeno mnogo istraziva-
nja** mora se naglasiti da je rije¢ o povr$inom
iznimno velikom podru¢ju (550 km?) koje je
uz to i vrlo zahtjevno za terenski rad stoga se
podrudje istrazivanja ne moze smatrati dobro
istrazenim. Najraniji tragovi ljudskog naselja-
vanja tog podrudja otkriveni su u $piljama i
datiraju u rani neolitik.” Iako iz tog razdoblja
nuzno moraju potjecati i povrsinske promjene
u krajoliku one do sada nisu otkrivene. Medu-
tim najraniji tragovi koji su izmijenili povrsinu
kr$kog kulturnog krajolika se datiraju u mladu
prapovijest (bron¢ano i zeljezno doba). Rije¢
je o suhozidnim konstrukcijama koje ukljucu-
ju kamene gomile i arhitektonske komplekse
monumentalnih dimenzija — gradine. Termin
gradina je vernakularan, a istrazivanjima je
utvrdeno da se upotrebljava za iznimno veliki
raspon razli¢itih arheoloskih struktura i njiho-
vih kombinacija.?* Takvi lokaliteti su obi¢no

20 A ATALAY, I. EFE, R. SOYKAN, 2008.

2 A ALEGRO, 2000, 25-26; J. VUKELIC, 2012, 213-216.

2 M. GLAVICIC, 1995; M. DUBOLNIC GLAVAN, 2006; V.
GLAVAS, 2010; T. SARLIJA, 2010; M. DUBOLNIC GLA-
VAN, V. GLAVAS, 2012; M. DUBOLNIC GLAVAN, 2015;
V. GLAVAS, A. GRLJ, 2016; G. LIPOVAC VRKLJAN et al.,,
2016; V. GLAVAS, M. GLAVICIC, 2017; A. KONESTRA et
al., 2018; M. VUKOVIC, 2018; V. GLAVAS, 2019; N. KU-
LENOVIC OCELIC, 2019; N. KULENOVIC, 2019.

2 S, FORENBAHER, P. VRANJICAN, 1985.

2 N.OCELIC et al,, 2014, 35.
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suitable for growth of bushes with roots adher-
ing to karst cracks containing soil.? At higher
altitudes with higher amount of precipitation,
oak woods and subalpine grassland appear.!
However, at higher altitudes we also find rocky
landscape, i.e. limestone rock on the surface.

CULTURAL LANDSCAPE OF
THE STUDY AREA

Previous archaeological research in the study
area has mostly been focused on the archaeo-
logical topography, and pinpointing new sites.
It is worth mentioning that various types of
research have been intensified especially in the
last decade. Although it might seem that a lot
of research has been conducted,” we have to
keep in mind that it is an exceptionally big
area (550 km?) that is besides very demanding
in terms of field research. Therefore the study
area cannot be considered well explored. The
earliest traces of human occupation of this
area were discovered in caves dating to the
Early Neolithic.”?® Although there had to be
surface changes in landscape in that period, so
far they have not been found. However, the
earliest traces that have changed the surface
of cultural karst landscape are dated to later
prehistory (Bronze and Iron Ages). These are
dry stone wall constructions that include stone
cairns and architectural complexes of monu-
mental dimensions — Aillforts. The term hill-
fort is vernacular, and the research has shown
that it is used for an exceptionally wide range
of various archaeological structures and their
combinations. Such sites are usually located

2 A ATALAY, L. EFE, R. SOYKAN, 2008.

2 A ALEGRO, 2000, 25-26; J. VUKELIC, 2012, 213-216.

2 M. GLAVICIC, 1995; M. DUBOLNIC GLAVAN, 2006; V.
GLAVAS, 2010; T. SARLIJA, 2010; M. DUBOLNIC GLA-
VAN, V. GLAVAS, 2012; M. DUBOLNIC GLAVAN, 2015;
V. GLAVAS, A. GRLJ, 2016; G. LIPOVAC VRKLJAN et al.,
2016; V. GLAVAS, M. GLAVICIC, 2017; A. KONESTRA et
al., 2018; M. VUKOVIC, 2018; V. GLAVAS, 2019; N. KU-
LENOVIC OCELIC, 2019; N. KULENOVIC, 2019.

2 S FORENBAHER, P. VRANJICAN, 1985.

2 N.OCELIC et al,, 2014, 35.
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smjeSteni na prominentnim mjestima kao $to
su vrhovi brezuljaka i/ili brda te drugim ista-
knutim lokacijama kao $to su rtovi.”® Iako se
je topografskim istrazivanjima i rekognoscira-
njima na prostoru Velebita otkrio veliki broj
lokaliteta tipa gradina, njihov broj se je pri-
mjenom metoda daljinskih istrazivanja, kon-
kretnije zra¢nom arheologijom, povec¢ao.?®

Razdoblje rimske uprave na podru¢ju istra-
zivanja obiljezava potpuno drukdiji obrazac
naseljavanja. Nova naselja sada su pravilno ras-
poredena ispod planinskih prijelaza. Prethod-
no rastrkan obrazac distribucije lokaliteta iz
mlade prapovijesti zamijenjen je dijametralno
suprotnim tipom obrasca naseljavanja u ko-
jem je inhabitacija koncentirirana na pojedine
lokacije, uglavnom uz obalu Jadranskog mo-
ra.”’ U dosada$njim istrazivanjima metodom
daljinskih istrazivanja uklju¢ujuéi zra¢nu arhe-
ologiju grani¢ni zidovi su jedini tip struktura
iz rimskog perioda koji su dokumentirani i
otkriveni. Razumijevanje ovih struktura, kao i
njihov broj, povecao se kroz primjenu metode
zra¢ne arheologije.”®

Naselja osnovana u rimskom periodu veéi-
nom su kontinuirano naseljavana u srednjo-
vjekovnom i kasnosrednjovjekovnom periodu
u novom vijeku.” Novi element u krajoliku
iz srednjovjekovnog i kasnosrednjovjekovnog
perioda te ranog novog vijeka jesu utvrde koje
su Cesto izgradene na lokacijama na kojima je
prisutna monumentalna suhozidna arhitektu-
ra gradina iz mlade prapovijesti. Brojne utvrde,
crkve i groblja evidentirani su i dokumentirani
razli¢itim istrazivanjima na prostoru primor-
ske padine Velebita.*

Strukture koje datiraju iz prapovijesnog, rim-

% Npr.S. BATOVIC, 1983; S. BATOVIC, 1987.

%V, GLAVAS, R. PALMER, 2013, 22-23; V. GLAVAS, M.
GLAVICIC, 2017, 120, 123.

27 M. DUBOLNIG, 2007; V. GLAVAS, 2015, 87; V. GLAVAS,
M. GLAVICIC, 2017, 120.

2§ VRKIC, 2014; V. GLAVAS, 2018.

» R.JURIC,I. SKORO, 2017; V. GLAVAS, 2019, 123-126.

% R. JURIC, 1995; Z. HORVAT, 2001; R. JURIC, 2002; R.
JURIC, 2003; M. BLECIC, 2006; V. GLAVAS, 2009; R. JU-
RIC, 2010; T. SARLIJA, 2012; R. JURIC, 2013; I. BRAUT,
K. MAJER JURISIC, 2017; R. JURIC, I. SKORO, 2017.

on prominent positions such as hilltops and/
or hills and other protruding locations like
capes.” Although topographic research and
field surveys in the Velebit region yielded a
number of sites of the hillfort type, their num-
ber has increased due to the application of re-
mote sensing methods, more specifically aerial
archaeology.”

The Roman period in the study area is char-
acterized by a completely different settlement
pattern. New settlements are now evenly dis-
tributed beneath the mountain passes. Previ-
ously dispersed pattern of distribution of sites
dating to later prehistory was replaced by dia-
metrically opposed type of settlement pattern
in which inhabitation was concentrated on
certain locations, mostly along the Adriatic
coast.” Boundary walls are the only type of
structures dating to the Roman period that
have been discovered in the research conduct-
ed by using the remote sensing methods in-
cluding aerial archaeology. Understanding of
these structures has been improved and their
number has risen owing to the use of the aerial
archaeology method.?®

The settlements founded in the Roman pe-
riod were mostly continuously settled in the
Middle Ages, late medieval and post-medieval
periods.”” New element in the medieval, late
medieval and early modern period are forts
that were often built on locations with extant
monumental dry stone wall architecture of
hillforts dating to later prehistory. A number
of forts, churches and cemeteries were record-
ed and documented in various research in the
area of the littoral slope of Velebit.*”

Structures dating to prehistoric, Roman and

%  E.g.S.BATOVIC, 1983; S. BATOVIC, 1987.

% V. GLAVAS, R. PALMER, 2013, 22-23; V. GLAVAS, M.
GLAVICIC, 2017, 120, 123.

27 M. DUBOLNIC, 2007; V. GLAVAS, 2015, 87; V. GLAVAS,
M. GLAVICIC, 2017, 120.

3§ VRKIC, 2014; V. GLAVAS, 2018.

»  R.JURIG, L. SKORO, 2017; V. GLAVAS, 2019, 123-126.

% R. JURIC, 1995; Z. HORVAT, 2001; R. JURIC, 2002; R.
JURIC, 2003; M. BLECIC, 2006; V. GLAVAS, 2009; R. JU-
RIC, 2010; T. SARLIJA, 2012; R. JURIC, 2013; I. BRAUT,
K. MAJER JURISIC, 2017; R. JURIC, I. SKORO, 2017.
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skog i srednjovjekovnog perioda vedinom su
prisutne na nizim nadmorskim visinama, blize
obali Jadranskog mora, ili, specifi¢nije, Velebit-
skog kanala.’! U ranom i kasnom novom vijeku
prisutan je drukdiji obrazac naseljavanja u ko-
jem su tragovi inhabitacije krajolika prisutni na
svim podru¢jima Velebita, od obale Jadranskog
mora, njegova podnozja do vr$ne zone Velebita.
Takav je obrazac nastao kroz transhumantno ili
polutranshumantno stocarstvo kao specifi¢ne
vrste ekonomske djelatnosti i kulture koja rezul-
tira brojnim sezonskim naseljima i suhozidnim
ogradama. Ograde kao iznimno dest element
krajolika izgradene su u razli¢ite svrhe kao $to
su poljoprivreda, granice pasnjaka ili kao gajevi.*

MATERIJALI I METODE

Daljinsko istrazivanje Velebita, dijela sjever-
nodalmatinske zaravni i Obrovacke zaravni
provedeno je u Cetiri faze: priprema istrazivanja,
provedba istrazivanja, obrada i analiza podata-
ka. Priprema istrazivanja ukljucivala je kartira-
nje poznatih lokaliteta upotrebom geoprostor-
nog softvera ESRI ArcMap 10.3.1. i planiranje
leta, odnosno zra¢nog snimanja. Rute leta pla-
nirane su s obzirom na karakteristike heteroge-
nog terena podrudja istrazivanja. Putanja leta
pratila je Velebit u smjeru istok-zapad kre¢udi
se na vise predjele prema sjeveru i obrnuto u
cik-cak obrascu. Svrha definirane putanje leta
jest prilagodba promjenama u visinskim zona-
ma i reljefu planine, odnosno reljefu visoke ver-
tikalne rasclanjenosti i stepenicastog presjeka.
Stoga je zra¢no snimanje provedeno okvirnim
kretanjem od juga prema sjeveru, od podnozja
prema vr$noj zoni planine. Svaki potencijalni
arheologki lokalitet fotografiran je upotrebom
ru¢nog DSLR fotoaparata.

3 M. DUBOLNIC GLAVAN, 2006; V. GLAVAS, 2014; V.
GLAVAS, 2016; G. LIPOVAC VRKLJAN et al,, 2016; V.
GLAVAS, M. GLAVICIC, 2017; N. KULENOVIC, 2019.

% S, FORENBAHER, 2011; I. RECHNER DIKA et al.,, 2011,
137-140; G. ANDLAR, E SRAJER, A. TROJANOVIC
2018, 761-762; V. GLAVAS, 2019, 120.
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medieval period are mostly found at lower alti-
tudes, closer to the coast of the Adriatic Sea, or
more specifically, the Velebit channel.’! In the
early and late modern period we have a dif-
ferent settlement pattern in which landscape
inhabitation traces are present in all areas of
Velebit, from the coast of the Adriatic Sea, its
foot to the peak zone of Velebit. Such pattern
was formed due to transhumant or semi-tran-
shumant herding as specific types of subsist-
ence activities and culture that resulted in a
plethora of seasonal settlements and dry stone
wall enclosures. Enclosures as an exceptionally
common landscape element were built for var-
ious purposes such as farming, pasture borders

or as groves.”

MATERIALS AND METHODS

Remote sensing of Velebit, part of the North
Dalmatian plateau and Obrovac plateau was
conducted in four phases: research prepara-
tion, implementation of the research, process-
ing and analyzing the data. Research prepara-
tion included mapping known sites by using
geospatial software ESRI ArcMap 10.3.1 and
planning the flight, i.e. aerial survey. Flight
routes were planned considering the charac-
teristics of heterogenous terrain of the study
area. Flight path followed Velebit in east-west
direction moving to higher areas northwards
and in the opposite direction in a zig-zag pat-
tern. The purpose of the defined flight path
was the adjustment to changes in height zones
and mountain relief, that is relief with high
vertical dissection and stepped cross-section.
Therefore aerial survey involved approximate
movement from the south to the north, from
the foot of the mountain to the peak zone.

% M. DUBOLNIC GLAVAN, 2006; V. GLAVAS, 2014; V.
GLAVAS, 2016; G. LIPOVAC VRKLJAN et al,, 2016; V.
GLAVAS, M. GLAVICIC, 2017; N. KULENOVIC, 2019.

# . FORENBAHER, 2011; I. RECHNER DIKA et al,, 2011,
137-140; G. ANDLAR, E SRAJER, A. TROJANOVIC
2018, 761-762; V. GLAVAS, 2019, 120.
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Pri zra¢nom istrazivanju koriStene su kame-
re Nikon D700, Nikon D7200, Canon EOS
1200D i Olympus C808WZ. Snimane su kose
fotografije kroz otvoreni prozor zrakoplova, a u
nekim slucajevima kroz Perspex. Autori su istra-
zivanje proveli tijekom ozujka 2012. godine i
prosinca 2018. godine. Za dokumentiranje pu-
tanje leta i u svthu naknadnog prostornog po-
zicioniranja kosih zra¢nih fotografija koristen je
ru¢ni GARMIN e-Trex 20 GPS uredaj. Nakon
obiju kampanja zra¢nog snimanja izradena je
arhiva fotografija upotrebom CataThumb sof-
tvera. Time je generiran Exce/ dokument koji
ukljucuje sljedeée podatke: Fotografija, Kame-
ra, ID fotografije, Koordinate, Toponim, Opis
i Datacija koji predstavljaju osnovne podatke o
istrazivanju i bazu podataka dokumentiranih i
otkrivenih arheoloskih lokaliteta.

Nakon primarne obrade prikupljenih poda-
taka uslijedila je analiza i interpretacija zra¢nih
fotografija, odnosno identifikacija, determina-
cija, interpretacija i okvirna datacija arheolos-
kih lokaliteta. Kako bi se potvrdila determi-
nacija arheoloskih lokaliteta, cijelo podrudje
istrazivanja usporedeno je s javno dostupnim
vertikalnim satelitskim i zra¢nim snimkama
(Google Earth, geoportal.dgu.hr, preglednik.
arkod.hr). Osnovna baza podataka — arhiva fo-
tografija je upotrebljena kao temelj za ukljudi-
vanje novih parametara u svrhu dodatne anali-
ze prikupljenih podataka. Osnovna analiti¢ka
jedinica baze podataka je arheoloski lokalitet,
a indikatori za otkrivanje lokaliteta predstav-
ljaju atribute osnovnim analitickim jedinica-
ma. Bududi da na jednoj fotografiji moze biti
vidljivo vise lokaliteta, nekoliko identi¢nih
fotografija iskoriSteno je u bazi podataka za
kvantificiranje razlic¢itih lokaliteta. Dodat-
ni parametri su uklju¢eni u bazu podataka u
svrhu analiziranja vidljivosti arheoloskih loka-
liteta do analize formacije krskog kulturnog
krajolika. Rije¢ je o slijede¢im parametrima:
indikator za identifikaciju — indikator; tip lo-
kaliteta; geomorfoloski tip; okvirna datacija.

Baza podataka osnova je za deskriptivne sta-
tisticke analize, a podatci u uzorku grupirani

Each potential archaeological site was photo-
graphed by a hand-held DSLR camera.

Cameras Nikon D700, Nikon D7200, Can-
on EOS 1200D and Olympus C808WZ were
used in the aerial research. Oblique photo-
graphs were taken through the open window
of the plane, or through Perspex in certain
cases. The authors conducted the research in
March 2012 and December 2018. Hand-held
GARMIN e-Trex 20 GPS device was used
for documenting the flight path and for sub-
sequent spatial positioning of oblique aerial
photos. After both campaigns of aerial survey,
photo archive was made by using Caza Thumb
software. Thus Excel document was generated
that includes the following data: Photography,
Camera, ID photographs, Coordinates, Top-
onym, Description and Dating that represent
basic information about the research and a da-
tabase of discovered and documented archae-
ological sites.

Primary processing of the collected data
was followed by analysis and interpretation of
aerial photos, that is identifying, determining,
interpreting and broadly dating archaeological
sites. In order to confirm the determination of
the archaeological sites, the entire study area
was compared to publicly available vertical sat-
ellite and aerial photos (Google Earth, geopor-
tal.dgu.hr, preglednik.arkod.hr). The main da-
tabase — photo archive was used as a basis for
adding new parameters with the aim of addi-
tional analysis of the collecetd data. Basic ana-
lytical unit of the database is an archaeological
site, and the indicators for discovering sites
represent attributes to basic analytical units.
Since several sites can be visible in one pho-
to, several identical photos were used in the
database for quantifying different sites. Addi-
tional parameters were added to the database
in order to analyze visibility of the archaeolog-
ical sites and the formation of cultural karst
landscape. These are the following parameters:
identification indicator — indicator; site type;
geomorphological type; broad dating.

Database represented a starting point for
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su prema individualnim karakteristikama ar-
heoloskih lokaliteta. Svrha razradene i opisane
procedure jest razumijevanje obrazaca antropo-
genih promjena u krskim krajolicima i identi-
fikacija indikatora za identifikaciju promjena
u krajoliku te utvrdivanje najvaznijih obrazaca.
Dakle, svaki identificiran arheoloski lokalitet je
opisan kroz brojne atribute, pocevsi s indika-
torom vidljivosti. Potom je statistickom anali-
zom izrazena frekvencija zastupljenosti svakog
pojedinog indikatora vidljivosti arheoloskog
lokaliteta te frekvencija kombinacija indikato-
ra. Nakon toga su provedene daljnje statisticke
analize koje su mjerile povezanost kombinacija
indikatora s tipom lokaliteta, okvirnom dataci-
jom i geomorfoloskim tipom. Ova procedura
provedena je kako bi se utvrdilo koji su nadini
vidljivosti lokaliteta i koje promjene krajolika
su specifi¢ne ili se mogu povezati s odredenim
povijesnim periodom. Veéina je arheoloskih lo-
kaliteta okvirno datirana metodom analogije na
temelju morfoloskih karakreristika i obrazaca,
kori$tenjem poznatih podataka o arheoloskim
lokalitetima prikupljenim razlic¢itim terenskim
istrazivanjima koja se kontinuirano provode od
2012. godine.”

REZULTATI

Prikupljanje podataka metodom zra¢ne ar-
heologije na podrudju Velebita i krske zaravni
trajalo je ukupno 11 sati leta. Zra¢nim snima-
njem zahvaéeno je okvirno oko 550 km? po-
vidine te je snimljeno 3.706 kosih fotografija.
Tijekom analize zra¢nih fotografija definirano
je 333 arheoloskih lokaliteta. Definiranje ar-
heologkih lokaliteta provedeno je u svrhu izra-
de baze podataka, kao osnovnih analitickih je-
dinica koji su osnova svih statistickih analiza.
Identifikacija arheoloskih lokaliteta se temelji
na osnovi temeljnih indikatora vidljivosti u da-

33 V. GLAVAS, R. PALMER, 2013; G. LIPOVAC VRKLJAN
etal, 2016; A. KONESTRA et al., 2018; V. GLAVAS, 2019;
N. KULENOVIC, 2019.
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descriptive statistical analyses, and the data
in the sample were grouped according to in-
dividual characteristics of the archaeological
sites. The aim of well-conceived and described
procedure was understanding of the patterns
of anthropogenic changes in karst landscapes
and recognizing indicators for identification
of changes in landscape and determining most
important patterns. Thus every identified ar-
chaeological site was described by a number
of attributes, starting from the visibility in-
dicator. Further statistical analyses followed
measuring connection of indicator combina-
tions with the site type, broad dating and ge-
omorphological type. This procedure was car-
ried out in order to determine what manners
of site visibility and what landscape changes
are specific orif they can be associated with
a certain historical period. Most archaeolog-
ical sites have been broadly dated by using
the analogy method based on morphological
characteristics and patterns, and using known
information about the archaeological sites col-
lected in various field surveys that have been
continuously carried out since 2012.%

RESULTS

Collecting data by using the aerial archaeol-
ogy method in the area of Velebit and the karst
plateau took 11 hours of flight. Aerial survey
encompassed roughly 550 km®. The total of
3706 oblique photos were taken. During the
analysis of aerial photo 333 archaeological
sites were identified. Defining archaeological
sites was carried out with the aim of creating
a database, as a basic analytical unit indispen-
sable in all statistical analyses. Identification of
archaeological sites is based on basic visibility
indicators in remote sensing: form, size, shad-
ow, tone or color, texture and association.?*

% V. GLAVAS, R. PALMER, 2013; G. LIPOVAC VRKLJAN
etal, 2016; A. KONESTRA et al., 2018; V. GLAVAS, 2019;
N. KULENOVIC, 2019.

¥ T.E. AVERY, G. L. BERLIN, 1992, 52-57.
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ljinskim istrazivanjima: oblik, veli¢ina, obra-
zac, sjena, ton ili boja, tekstura i asocijacija.**
Analizom zra¢nih fotografija definirani su
osnovni indikatori arheoloskih lokaliteta koji
se pojavljuju u krajoliku dinarskog kr$a, na
podrudju istrazivanja: Boja, Sjena, Vegetacija i
Tékstura. Tipovi lokaliteta koji su definirani na
podrudju istrazivanja su: Gradina; Gomila, Su-
hozid, Ograda; Zaselak; Gradina, Utvrda; Te-
rasa; Terasirana ograda; Put; Podjela zemljista;
Rudnik; Utvrda; Lokva; Kamenolom; Vojni
polozaj. Definirani geomorfoloski tipovi na ko-
jima se nalaze arheologki lokaliteti su: Dolina,
Padina, Brdo, Jaruga, Ravni teren, Polje, Polu-
otok, Udolina i Rt. Budu¢i da na veéini loka-
liteta koji su prisutni na podruéju istrazivanja,
a poznati su iz ranijih istrazivanja nikad nisu
provedena arheoloska iskopavanja, datiranje
je izrazeno vrlo okvirno, u $irim vremenskim
periodima primjenom metode analogije kori-
Stenjem topografskih i morfoloskih podataka
o poznatim arheoloskim lokalitetima otkrive-
nim terenskim pregledima i drugim arheolos-
kim istrazivanjima. Lokaliteti su klasificirani
prema periodima: prapovijest, antika, srednji
vijek, novi vijek (rani/kasni), moderno doba,
viSeperiodni, nepoznato. Prapovijest ¢ine raz-
doblja mlade prapovijesti (bron¢ano i zeljezno
doba), antika ukljucuje stoljeca 1. — 5., srednji
vijek ukljucuje stolje¢a 6. — 15., novi vijek (rani
i kasni) ukljucuje stolje¢a 16. — 19., a moderno
doba ukljucuje 20. stoljece. Primarna baza po-
dataka je nadopunjena s novim parametrima i
ukupno 2.664 nova ulazna podatka.
Karakteristike krskih krajolika, kao $to su
nedostatak tla i vegetacija prilagodena takvim
uvjetima, rezultirale su specifi¢nim procesom
formiranja arheoloskih lokaliteta. Arheoloske
tvorevine u krskim krajolicima veéinom su
vidljive kao povrsinske samostojeée strukture,
izgradene u suhozidnoj tehnici od amorfnog
lomljenog vapnenca.> Stoga se promjene u

3 T E. AVERY, G. L. BERLIN, 1992, 52-57.
% N.KULENOVIC, 2019, 267-270; N. KULENOVIC OCE-
LIC, 2019, 83, 88.

Analysis of aerial photos was used to de-
fine the main indicators of archaeological
sites that are represented in the Dinaric karst
landscape, in the study area: Color, Shadow,
Vegetation and Texture. Site types that were
defined in the study area are: Hillfort, Cairn,
Dry Stone Wall, Enclosure; Hamlet; Hillfore,
Fort; Terrace; Terraced Enclosure; Path; Land
Division; Mine; Fort; Pond; Quarry; Military
Emplacement. Defined geomorphological
types where archaeological sites were located
are: Valley, Slope, Hill, Ravine, Plain, Field,
Peninsula, Hollow and Cape. Since archaeo-
logical excavations have never been conducted
at most sites found in the study area, and they
are known from the earlier research, their dat-
ing is very broad, to very wide chronological
spans, by using the analogy method and topo-
graphic and morphological data about poorly
known archaeological sites discovered in field
surveys and other archaeological research. The
sites were classified chronologically: Prehisto-
ry, Classical Antiquity, Middle Ages, Modern
Period (early/late), Late Modern Period, Mul-
tiperiod, Uknown. Prehistory represents peri-
ods of later prehistory (Bronze and Iron Ages),
Antiquity refers to the Ist to 5th c., Middle
Ages refers to the 6th to 15th c., Modern Peri-
od (Early and Late) refers to the 16th to 19th
c., and the Late Modern Period refers to the
20th century. The primary database was up-
dated with new parameters and the total of
2664 new input data.

Characteristics of karst landscapes such as
lack of soil and corresponding vegetation,
resulted in a specific process of formation of
archaeological sites. Archaeological features in
karst landscapes are mostly visible as freestand-
ing surface structures, built in dry stone wall
technique of amorphous broken limestone.?
Therefore changes in karst landscape can be
defined also as changes in landscape surface.
Of course, this has a strong impact on man-

% N. KULENOVIC, 2019, 267-270; N. KULENOVIC OCE-
LIC, 2019, 83, 88.
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SLIKA 4. A: novovjekovne suhozidne ograde na prapovijesnoj gradini na podrucju Jablanca kod Senja, vidljive kao
sjena, tekstura i vegetacija u negativu, B: novovjekovna podjela zemljista na polju Krupa, Opcéina Obrovac, vidljiva

kao sjena, boja i vegetacija u negativu

FIGURE 4 A: postmedieval dry stone wall enclosures on the prehistoric hillfort in the area of Jablanac near Senj,
visible as shadow, texture and vegetation in negative, B: postmedieval land division in the Krupa plain, Obrovac
municipality, visible as shadow, colour and vegetation in negative

krskom krajoliku mogu definirati i kao pro-
mjene povrsine krajolika. Naravno, to ima
izraziti utjecaj na nacin vidljivosti lokaliteta
te implikacije za primjenu metoda daljinskih
istrazivanja na podrudju krskog reljefa.

Budud¢i da su u krskom krajoliku veé¢inom
prisutne povrSinske samostojee strukture,
kada sunce obasja strukturu pod kosim ku-
tom, nastaju sjene koje su vidljive iz zraka.
To omogucuje lako uocavanje razlike izmedu
povrsinskih samostoje¢ih struktura i okolnog
krajolika. Zbog toga jasno moze biti definiran
plan suhozidnih struktura (Sl. 4 A-B). Sjena
se kao indikator moze definirati kao posred-
ni ili proksi indikator samostoje¢e suhozidne
strukture.

Arheoloski lokaliteti takoder su vidljivi kao
razlike u teksturi $to je veé prepoznato kao zna-
¢ajno obiljezje lokaliteta primjenom Lidar teh-
nologije na krskom podru¢ju Slovenije.* Taj
indikator moze se opisati kao razli¢iti stupnje-
vi hrapavosti. Jale izrazena hrapavost povrsine
pojavljuje se na podru¢jima gdje je biljni po-
krov skroman i gdje prevladava stjenovita po-
vr$ina. Kao rezultat toga, isticu se suhozidne
konstrukcije (SI. 5). Manja stopa hrapavosti
kao tekstura indikativna je kod umjetnih de-

%6 D.MLEKUZ, 2014.
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ner of visibility of the sites and implications
for use of remote sensing methods in the karst
landscape area.

Since freestanding surface structures are
dominant in karst landscape, when sunlight
falls on a structure at an oblique angle, shad-
ows are created that are visible from the air.
This enables easy noticing of differences be-
tween the freestanding surface structures and
the surrounding landscape. Therefore the plan
of dry stone wall structures can be clearly de-
fined (Fig. 4A-B.). Shadow as an indicator can
be defined as an indirect or proxy indicator of
a freestanding dry stone wall structure.

Archaeological sites are also visible as dif-
ferences in texture that has already been rec-
ognized as an important characteristic of sites
by using Lidar technology in the karst area of
Slovenia.?®® This indicator can be described as
different stages of surface roughness. More dis-
tinct roughness appears in regions with mod-
est vegetation cover and dominant rocky sur-
face resulting in easily recognizable dry stone
wall constructions (Fig. 5). Less pronounced
roughness as texture is indicative of artificial
soil deposits present on terraces with dry stone
retaining wall or for identification of land di-

3 D.MLEKUZ,2014.
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SLIKA 5. A: prapovijesna gradina Dotlusa, Opéina Karlobag, vidljiva kao tekstura, B: kasnoanticki lokalitet Ploca

Kotorova, Opcina Obrovac, vidljiv kao tekstura

FIGURE 5 A: prehistoric hillfort Dotlusa, Karlobag municipality, visible as texture, B: late antique site of Plo¢a

Kotorova, Obrovac municipality, visible as texture

pozita tla prisutnim na terasama sa suhozid-
nim podzidom ili za identifikaciju podjele ze-
mlji$ta u vrtacama i krskim poljima.

Razlika u boji se kao indikator uvijek po-
javljuje u kombinaciji s drugim indikatori-
ma. Boja kao indikator arheoloskih lokaliteta
uglavnom je prisutna na lokalitetima na koji-
ma vegetacija oznacava, primjerice, granice su-
hozidnih struktura (SI. 6 A-B). To se posebno
odnosi na suhozidnu arhitekturu monumen-
talnih dimenzija ¢ije su dimenzije struktura
prepreka rastu vegetacije. Na taj na¢in nastaje
izraziti kontrast u bojama, primjerice izme-
du sive boje vapnenca suhozidnih struktura i
okolne zelene boje vegetacije.

S druge strane, vegetacija je takoder bitna ka-
rakteristika koja predstavlja indikator arheolos-
kih lokaliteta u krskim krajolicima. Vegetacija
suhozidnu strukturu reprezentira u pozitivu
(reprezentira cijeli plan i granice povrsinske
strukture) ili u negativu (reprezentira vanjske
ili unutrasnje granice samostoje¢ih struktura
na povrsini) i na taj na¢in ocrtava plan struktu-
re. Jednako kao i sjena, ovaj se indikator moze
opisati kao posredni ili proksi jer su suhozidne
strukture, posebno strukture monumentalnih
dimenzija, prepreka rastu i Sirenju vegetacije
te time utjecu na njihovu prostornu distribu-
ciju. Na taj je nadin plan suhozidnih struktura
posredovan kroz obrasce prostorne distribucije

vision in sinkholes and karst fields.

Difference in color as an indicator is regu-
larly accompanied by other indicators. Color
as indicator of archaeological sites is usually
present at sites where vegetation marks, for
instance, boundaries of dry stone wall struc-
ture (Fig. 6A-B). This refers in particular to
monumental dry stone wall structures whose
dimensions represent an obstacle to vegetation
growth. Thus distinct contrast in colors is cre-
ated, for example between grey color of lime-
stone that constitutes dry stone wall structures
and the surrounding green color of vegetation.

On the other hand, vegetation is another im-
portant characteristic that represents an indi-
cator of archaeological sites in karst landscapes.
Vegetation represents dry stone wall structure
in positive (represents the entire plan and
boundaries of the surface structure) delineat-
ing in that way the plan of the structure. Just
like shadow, this indicator can be described as
indirect or proxy since dry stone wall struc-
tures, in particular structures of monumental
dimensions, represent an obstacle to growth
and spreading of vegetation thus affecting its
spatial distribution. In that way plan of dry
stone wall structures is outlined by patterns of
spatial distribution of vegetation (Fig. 7A-B,
Fig. 8A-B).

Primary analysis of 3706 oblique photos re-
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SLIKA 6. A: viSeperiodna gradina Gradina u Modricu, Opéina Starigrad, vidljiva kao boja i tekstura,

B: novovjekovne ograde Zidine, Grad Senj, vidljive kao boja i tekstura

FIGURE 6 A: multiperiod hillfort Gradina in Modric, Starigrad municipality, visible as color and texture,
B: postmedieval enclosures Zidine, city of Senj, visible as color and texture

vegetacije (SI. 7 A-B, SI. 8 A-B).

Primarnom analizom 3.706 kosih zra¢nih
fotografija izdvojeno je 333 lokaliteta koji
¢ine uzorak za statisti¢cku analizu. Provedene
su razlicite statisticke analize po razli¢itim pa-
rametrima podataka. Prva analiza koja je pro-
vedena je frekvencija definiranih indikatora za
otkrivanje arheoloskih lokaliteta na podrucju
istrazivanja dinarskog kr$a. Kao $to je prika-
zano u Tablici 1, naj¢es¢i indikator lokaliteta
u krskom krajoliku jest tekstura nakon koje
slijede boja, vegetacija i sjena. Medutim, ovi se
indikatori rijetko pojavljuju samostalno sto je
vidljivo iz frekvencije svakog pojedinog indi-

sulted in identifying 333 sites that constituted
a sample for statistical analysis. Various statis-
tical analysis were conducted on the basis of
various data parameters. The first analysis that
was conducted is frequency of defined indica-
tors for discovering archaeological sites in the
Dinaric karst study area. As presented in Table
1, the most frequent indicator in karst land-
scape is texture followed by color, vegetation
and shadow. However these indicators rarely
appear together as visible from the frequency
of each individual indicator in relation to the
total number of defined archaeological sites.
Therefore statistical analysis was conducted

SLIKA 7. A: novovjekovni put, Kosa, Opéina Jasenice, vidljiv kao vegetacija i boja, B: novovjekovni put, Siki¢
glavica, Opcina Karlobag, vidljiv kao vegetacija u pozitivu i boja

FIGURE 7 A: postmedieval path, Kosa, Jasenice municipality, visible as vegetation and color, B: postmedieval path,
Siki¢ glavica, Karlobag municipality, visible as vegetation in positive and color
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SLIKA 8. A: prapovijesna gradina Gradina, Modri¢, Op¢ina Starigrad, vidljiva kao vegetacija, sjena, boja i tekstura,
B: prapovijesna gradina Patkin kuk, Op¢ina Jasenice, vidljiva kao vegetacija u pozitivu, boja i tekstura

F1GURE 8 A: prehistoric hillfort Gradina, Modri¢, Starigrad municipality, visible as vegetation, shadow, color and
texture, B: prehistoric hillfort Patkin Kuk, Jasenice municipality, visible as vegetation in positive, color and texture

katora u odnosu na ukupan broj definiranih
arheoloskih lokaliteta. Iz tog razloga je pro-
vedena statisticka analiza u svrhu utvrdivanja
frekvencije kombinacija indikatora.
Kombinacije indikatora su brojne, a kao sta-
tisticki znacajne za daljnju analizu su odabrane
i predstavljene one kombinacije koje se pojav-
ljuju u devet i viSe slucajeva. Razmatranjem
kombinacija indikatora koji su prisutni u de-
vet i viSe slucajeva je uzorak od 333 lokaliteta
sveden na 316 lokaliteta. Tablica 2. predstavlja
rezultate statisticke analize mjerenja frekven-
cija kombinacija indikatora arheoloskih loka-
liteta. Kombinacija indikatora arheoloskih lo-
kaliteta vegetacijaltekstural bojalsjena najvise je
zastupljena u uzorku, a nakon nje slijedi kom-
binacija wvegetacija/boja te teksturalsjena. Od
ukupno osam naj¢es¢ih kombinacija, samo
tri iskljucuju vegetaciju: kombinacije zekstural
bojalsjena, tekstural boja i teksturalsjena, a Cetiri
isklju¢uju boju: tekstura/sjena, vegetacija/tek-
stura, vegetacija/teksturalsjena i tekstura.
Frekvencija indikatora prema tipu lokalite-
ta pokazuje da su najces¢e kombinacije (ve-

with the aim of determining the frequency of
indicator combinations.

There is a number of combinations of in-
dicators, and only combinations represented
in 9 or more cases were selected as statistically
significant for further analysis and presented.
After considering combinations of indicators
present in 9 or more cases, the sample of 333
sites was reduced to 316 sites. Table 2 presents
the results of the statistical analysis of measur-
ing frequencies of combinations of indicators
of archaeological sites. Combination of indi-
cators of archaeological sites vegetation/texture/
color/shadow is dominant in the sample, fol-
lowed by the combination vegezation/color and
texture/shadow. Out of 8 most frequent combi-
nations, only three do not include vegetation:
combinations  texture/color/shadow, texture/
color and texture/shadow, and four do not in-
clude color: texture/shadow, vegetation/texture,
vegetation/texture/shadow and texture.

Frequency of indicators by site type suggests
that the most common combinations (vege-
tation/texture/color/shadow) are closely related

TABLICA 1. Frekvencija indikatora vidljivosti na uzorku od 333 arheoloska lokaliteta
TABLE 1 Frequency of visibility indicators on the sample of 333 archaeological sites

INDIKATORI VIDLJIVOSTI / VISIBILITY INDICATORS

Vegetacija / Vegetation

Tekstura / Texture

Boja / Color Sjena / Shadow

240 316

256 214
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Kombinacija indikatora vidljivosti Ukupno TaBLICA 2. F; r?kvencija kombinacija
Combination of visibility indicators Total indikatora vidljivosti na reduciranom uzorku
T 9 od 316 arheoloskih lokaliteta (T-tekstura,
S-sjena, B-boja, V-Vegetacija)
V/IT/s 1 TABLE 2 Frequency of combinations of
VIT 15 visibility indicators on the reduced sample of
T/B 27 316 archaeological sites (T-texture, S-shadow,
T/B/S 2 B-color, V-vegetation)
T/S 28
V/T/B 60
V/T/B/S 139
Ukupno / Total 316

getacijal tekstural bojalsjena) usko povezane s
naj¢es¢im tipom lokaliteta kao $to su: ograda,
podjela zemljista i zaselak. Ograde su najza-
stupljeniji tip lokaliteta (35,7%) na podrudju
istrazivanja te predstavljaju najée$¢u suhozid-
nu arhitekturu razlic¢itih funkcija (ogradene
vrtace, ogradeni pasnjaci, ogradeni gajevi itd.).

with the most frequent site type such as: en-
closure, land division and hamlet. Enclosures
are best represented site type (35.7%) in the
study area, as the most common dry stone wall
structures with various functions (enclosed
sinkholes, enclosed pastures, enclosed groves
etc.). Therefore it is not surprising that this site

TABLICA 3. Frekvencija kombinacija indikatora u odnosu na tip lokaliteta na reduciranom uzorku od 316
arheoloskih lokaliteta (T-tekstura, S-Sjena, B-boja, V-vegetacija)

TABLE 3 Frequency of combinations of visibility indicators in relation to the site type on the reduced sample of 316
archaeological sites (T-texture, S-shadow, B-color, V-vegetation)

Broj kombinacija indikatora vidljivosti

Number of combinations of visibility indicators
Tip lokaliteta / Site type T T/S T/B T/B/S | V/T | V/T/S | V/IT/B | V/T/B/S
Gomila / Cairn 1 1 3 10 2
Suhozid / Dry stone wall 6 1 1 2
Ograda / Enclosure 2 11 3 11 4 2 12 71
Utvrda / Fort 2 1 1
Zaselak / Hamlet 2 3 1 2 8
Gradina / Hillfort 3 3 5 3 13 5
Gradina, Utvrda / Hillfort, Fort 1 2
Podjela zemljista / Land division 1 3 4 1 2 8 32
Vojni polozaj / Military emplacement 2
Rudnik / Mine 7 2
Put / Path 3 1 11 4 1 10 1
Lokva / Pond 1
Kamenolom / Quarry 2
Naselje / Settlement 1
Struktura / Structure 1 1
Terasa / Terrace 1 1 1
Terasirana ograda / Terraced enclosure 1 3 12
Ukupno / Total 9 28 27 27 15 11 60 139
UKUPNO / TOTAL 316
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Stoga nije iznenadujuée da je taj tip lokaliteta
vidljiv kroz sve kombinacije indikatora kao i
podjela zemljista (15,9%). Znadajno zastu-
pljeni tipovi lokaliteta pripadaju mladoj pra-
povijesti (gradine 10% i gomile 5,1%). Iako
je ve¢inom rije¢ o monumentalnoj suhozidnoj
arhitekturi, suprotno oéekivanjima, sjena nije
znacajno zastupljena kao indikator vidljivosti
tih tipova lokaliteta. To se moze objasniti lo-
som ili slabijom sacuvanosti visine struktura
(Tablica 3, Graf 1) te takoder objasniti nize
frekvencije sjena kao proksi indikatora tih ti-
pova lokaliteta. Takvo objasnjenje vrijedi da-
kako za na$ uzorak. Naime, monumentalnost
gradinskih lokaliteta moze biti izrazena na
nekoliko nacina. Veli¢ina objekta ili povrsina
koju ograduje suhozidna arhitektura je jedan
od na¢ina. Osobine suhozidne arhitekture kao
$to su $irina i visina uru$enja su drugi oblik
monumentalnosti. Gradine s iznimno visokim
strukturama $to je razvidno iz visine uru$enih
suhozidnih struktura su na podrudju istraziva-

type is visible in all combinations of indicators
as well as land division (15.9%). Significantly
represented site types belong to later prehisto-
ry (hillforts 10% and cairns 5.1%). Although
it is mostly monumental dry stone wall ar-
chitecture, contrary to expectations, shadow
is not significantly represented as a visibility
indicator of these site types. This can be ex-
plained by poor or insufficient preservation of
the structures” height (Table 3, Chart 1) which
can also explain lower frequency of shadows as
proxy indicators of these types of sites. Such
explanation is valid for our example. Name-
ly, monumentality of the hillfort sites can be
expressed in several ways. Size of the structure
or area enclosed by dry stone wall is one of
the ways. Characteristics of the dry stone wall
architecture such as width and height of the
collapsed segments are another form of mon-
umentality. The study area yielded only few
hillforts with exceptionally high structures
which is evident from the height of collapsed

0,6%
0,9%

0,3%

12,0%

0,6%

1,2%

0,9%

M cairn / gomila
m drystone wall / suhozid
H enclosure / ograda
fort / utvrda
M hamlet / zaseok
M hillfort, fort / gradina, utvrda
| hillfort / gradina
W land division / podjela zemljista
W military emplacement / vojni poloZaj
mine / rudnik
M path / put
W pond/ lokva
M quarry / kamenolom
1 settlement / naselje
I structure / struktura
terrace / terasa

¥ terraced enclosure / terasirana ograda

GRAF 1. Zastupljenost tipova lokaliteta dokumentiranih zracnim istrazivanjem na ukupnom uzorku od 333

arheoloska lokaliteta

CHART 1 Presence of site types documented in aerial survey on the total sample of 333 archaeological sites
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nja rijetke.

Kombinacije indikatora koje isklju¢uju ve-
getaciju su teksturalsjena, teksturalboja i tek-
sturalbojalsjena. Strukture kod kojih nedostaje
vegetacija kao indikator ve¢inom potjecu iz
modernog doba te su povezane iskljucivo s po-
jedinim tipovima lokaliteta kao $to su putovi,
podjele zemljista, grani¢ni zidovi, vojni polo-
zaji, kamenolom i rudnik.

Analiza frekvencije kombinacija indikatora
prema razdoblju, odnosno, dataciji (Tablica
4) prikazuje sli¢nu tendenciju kao i rezultati
analize frekvencije kombinacije karakteristika
povrsine prema tipu strukture. Najéeséi tip
struktura, kao $to su ograda, podjela zemljista,
zaselak i sl. izrazito su povezani s najzastuplje-
nijim kombinacijama indikatora, a rije¢ je o
lokalitetima datiranim u rani/kasni novi vijek.
Lokaliteti datirani u novi vijek u uzorku su
zastupljeni sa 76%. Iste je moguce detektirati
kroz sve kombinacije indikatora. Iako se fre-
kvencije indikatora za prapovijest i rani/kasni
novi vijek ve¢inom preklapaju, ipak se mogu
identificirati razli¢ite tendencije ovisno o raz-
doblju (Tablica 4, Graf 2). Sjena kao indikator
vidljivosti manje je prisutna kod prapovijesne
arhitekture, dok su strukture iz modernog
doba vidljive kroz najmanje indikatora.

Usporedba lokaliteta prema dataciji u od-

dry stone wall structures.

Combinations of indicators that include
vegetation are fexture/shadow, texture/color and
texture/color/shadow. Structures that lack vege-
tation as indicator, mostly originate from the
late modern period and they are related only
to certain types of sites such as paths, land di-
visions, boundary walls, quarry and mine.

Analysis of frequency of combinations of
indicators in relation to period, that is dat-
ing (Table 4), presents similar tendency as the
results of the analysis of frequency of combi-
nations of surface characteristics by structure
type. The most common type of structures,
such as enclosures, land divisions, hamlets
etc., are in strnog correlation with the best
represented combinations of indicators, and
these are sites dated to the early/late mod-
ern period. Sites dated to the modern period
are represented with 76% in the sample, and
they can be detected by all combinations of
indicators. Although frequencies of indicators
for prehistory and early/late modern period
mostly overlap, still various tendencies can be
identified depending on the period (Table 4,
Chart 2). Shadow as a visibility indicator is not
as common on prehistoric architecture while
there are least indicators for the structures
from the modern period.

TABLICA 4. Frekvencija kombinacija indikatora u odnosu na dataciju na reduciranom uzorku od 316 arheoloskih

lokaliteta (T-tekstura, S-sjena, B-boja, V-vegetacija)

TABLE 4 Frequency of combinations of indicators in relation to dating on the reduced sample of 316 archaeological

sites (T-texture, S-shadow, B-color, V-vegetation)

Broj kombinacija indikatora vidljivosti / Number of combinations
of visibility indicators

Razdoblje / Period T T/S T/B T/B/S V/T | V/T/S | V/IT/B | V/T/B/S
Prapovijest / Prehistory 4 5 3 6 2 22 8
Antika / Classical Antiquity 2 1 1 1 1
Srednji vijek / Middle Ages 1 1
Novi vijek / Modern Period 5 18 22 19 6 5 36 126
Moderno doba / Late Modern Period 2 7 2
Viseperiodni / Multiperiod 2 1 2
Nepoznato / Unknown 1 3 1
Ukupno / Total 9 28 27 27 15 11 60 139
UKUPNO / TOTAL 316
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1,8%

B Antiquity / antika
Late Modern period / moderno doba
Medieval Period / srednji vijek

B Modern Period / novi vijek

B Multiperiod / viseperiodni

76,0% B N/A/ nepoznato

Prehistory / prapovijest

GRAF 2. Omjer lokaliteta dokumentiranih kroz zracno istraZivanje u odnosu na dataciju na uzorku od 333
arheoloska lokaliteta

CHART 2 Share of the sites documented in the aerial survey with regard to dating on the sample of 333
archaeological sites

nosu na geomorfoloske oblike na uzorku od Comparison of the sites by dating in relation
333 arheoloska lokaliteta (Tablica 5) pokazu- to geomorphological forms on the sample of
je da su svi geomorfoloski tipovi inhabitirani 333 archacological sites (Table 5) suggests that
tijekom ranog/kasnog novog vijeka. Sljede¢e | all geomorphological types were inhabited in

TABLICA 5. Inhabitacija krskih geomorfoloskih tipova prema periodu na uzorku od 333 arheoloska lokaliteta
TABLE 5 Inhabitation of karst geomorphological types by period on the sample of 333 archaeological sites

Geomorfoloski tipovi / Geomorphological types
Period Vrtaca | Ravan teren | Jaruga | Brdo | Kr$ko polje | Uvala | Poluotok Rt Padina
Period Sinkhole Plain Ravine | Hill | Karstfield | Cove | Peninsula | Cape | Slope
Prapovijest
Prehistory 10 29 2 3 6
Antika
Classical Antiquity 1 2 : 2 1
Srednji vijek »
Middle Ages
Novi vijek
Modern Period 78 27 10 22 2 1 1 1 111
Moderno doba 1 6 3 1
Late Modern Period
Viseperiodni 5 1
Multiperiod
Nepoznato
Unknown ! ! 2 !
Ukupno 80 45 10 65 2 1 5 5 120
Total
UKUPNO
TOTAL 333
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najzastupljenije razdoblje je prapovijest. Me-
dutim, za sada iz razdoblja prapovijesti nema
dokaza inhabitacije onih geomorfoloskih tipo-
va koji sadrze tlo (vrtace, jaruge, krsko polje i
krska uvala), odnosno, nije ih moguce utvrditi
metodama daljinskih istrazivanja, u ovom slu-
¢aju zracne arheologije.

RASPRAVA

Istrazivanje koje je provedeno primjenom
metode zra¢ne arheologije rezultiralo je defi-
niranjem i predstavljanjem indikatora za pre-
poznavanje arheoloskih lokaliteta u krajoliku
reljefa dinarskog kr$a. Istrazenih 550 km?
predstavlja dovoljno velik uzorak krajolika
dinarskog kr$a da se rezultati mogu smatrati
reprezentativnima. To se prvenstveno odnosi
na definirane indikatore za prepoznavanje lo-
kaliteta opéenito te na kombinacije indikatora
prema razdobljima i tipovima lokaliteta koje
su rezultat statisti¢kih analiza. Iako ée se u bu-
duénosti otkriti lokaliteti s podpovrsinskim
kontekstom zbog same c¢injenice da u feno-
mene krskog reljefa spadaju i geomorfoloski
tipovi sa sedimentom, smatramo da ¢e njihov
udio biti nizak, sukladno njihovoj niskoj za-
stupljenosti u reljefu prema brojnosti i povrsi-
ni koju zauzimaju. Stoga, rezultati ovog istra-
zivanja prvenstveno su prakti¢ne prirode te
mogu posluziti kao osnova i poticaj za daljnja
istrazivanja krskog krajolika metodom zra¢ne
arheologije. To se odnosi na poticaj za rasprave
u brojnim znanstvenim aspektima kao $to su
metodoloski, konceptualni, teorijski i sli¢no.
Medutim, dio rezultata statisti¢kih analiza kao
$to su zastupljenost tipova lokaliteta, omjer lo-
kaliteta prema razdoblju te inhabitacija krajo-
lika prezentirani prema tipovima morfostruk-
tura na kojima su lokaliteti iz razlicitih perioda
smjeSteni mogu Ciniti podlogu za raspravu
kada je istrazivani ili sadas$nji kulturni krajolik,
tj. krajolik kojega smo bastinili nastao te kada
je formiran.

Frekvencija indikatora prema dataciji i tipu
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the early/late modern period. The following
period with regard to the number of sites is
prehistory. However, so far there is no evidence
of inhabitation of the geomorphological types
that contain soil (sinkholes, ravines, karst field
and karst cove) dating to prehistory, that is
they could not be detected by remote sensing
methods, in this case aerial archaeology.

DISCUSSION

The research that has been conducted by us-
ing the aerial archaeology method resulted in
defining and presenting indicators for recog-
nizing archaeological sites in the landscape of
Dinaric karst landscape. The explored area of
550 km? represents a sample of Dinaric karst
that is large enough for the results to be con-
sidered representative. This refers primarily
to defined indicators for recognizing sites in
general and combinations of indicators by pe-
riod and site type that are the result of statis-
tical analyses. Although sites with subsurface
context will be discovered in future already
because of the fact that karst relief phenom-
ena encompass geomoprhological types with
sediment, we believe that their share will be
low, in accordance with their paucity in relief
concerning the number and the area they cov-
er. Therefore the results of this research are pri-
marily practical and they can be used as a basis
and impetus for further research of the karst
landscape by the aerial archaeology method.
This refers to impetus for discussions in many
scientific aspects such as methodological, con-
ceptual, theoretical etc. However some of the
results of statistical analyses such as the share
of the site types, the number of sites per period
and inhabitation of the landscape presented
after types of morphostructures in which sites
from various periods are situated, might be a
base for discussion about when the explored or
current cultural landscape, that we have inher-
ited, came into being.

Frequency of indicators by dating and site
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SLIKA 9. A: prapovijesna gradina Gradina, Jankoviéa buk, Muskovci, Opcina Obrovac, vidljiva kao vegetacija,
tekstura i boja, B: prapovijesna gradina Gradina, Muskovci, Opéina Obrovac, vidljiva kao boja, sjena, tekstura i

vegetacija

FIGURE 9 A: prehistoric hillfort Gradina, Jankoviéa buk, Muskovci, Obrovac municipality, visible as vegetation,
texture and color; B: prehistoric hillfort Gradina, Muskovci, Obrovac municipality, visible as color, shadow,

texture and vegetation

lokaliteta ukazuje da su sve kombinacije in-
dikatora povezane s ranim/kasnim novim
vijekom. Taj period predstavlja 76% svih de-
tektiranih lokaliteta u krajoliku. Drugi naj-
bolje zastupljen period je mlada prapovijest
koju predstavlja monumentalna suhozidna
arhitektura s udjelom od 15% svih detekti-
ranih struktura u krajoliku. Rezultati, dakle,
ukazuju da su se najznadajnije promjene koje
su imale presudni utjecaj na krajolik odvile

A

type suggests that all combinations of indica-
tors were associated with the early/late modern
period. This period represents 76% of all sites
detected in the landscape. The second period
in terms of number of the sites is later pre-
history represented by monumental dry stone
wall architecture with the share of 15% of all
structures detected in the landscape. Thus
the results indicate that the most significant
changes that crucially influenced landscape

SLIKA 10. A: prapovijesna gradina Prezida, Golubi¢, Opéina Obrovac, vidljiva kao vegetacija unutar i izvan
strukture, tekstura i boja, B: prapovijesna ograda i grobni humak u Ravnom Golubiéu, Opéina Obrovac, vidljiva

kao vegetacija unutar i izvan strukture, tekstura i boja

FIGURE 10 A: prehistoric hillfort Prezida, Golubié, Obrovac municipality, visible as vegetation inside and outside
the structure, texture and color, B: prehistoric enclosure and grave mound in Ravni Golubié, Obrovac municipality,
visible as vegetation inside and outside the structure, texture and color
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tijekom ranog/kasnog novog vijeka. Drugi
najznadajniji utjecaj na krajolik potjece iz
mlade prapovijesti. Tu tvrdnju podupiru i
ranija istrazivanja dinamike naseljavanja na
ovom podrudju.’” Vrijeme rimske uprave je
najslabije zastupljeno.”® Jedini tip lokaliteta
koji je vidljiv iz zraka na podrudju istraziva-
nja su grani¢ni zidovi. Osnovni razlog za sla-
bu zastupljenost lokaliteta iz perioda antike
na podrudju istrazivanja je promjena obraza-
ca naseljavanja u odnosu na prapovijesno raz-
doblje koje je tijekom antike koncentrirano u
urbanim centrima uz obalu Jadranskog mora.
Naselja iz vremena rimske uprave u pravilu
su smjestena ve¢inom uz uvale s poljoprivred-
nim zemljistem u blizini. Ve¢ina tih pozicija
je naseljena i danas te kao takva nije priklad-
na za daljinska istrazivanja.

Analiza povezanosti lokaliteta prema dataciji
u odnosu na geomorfoloski tip sugerira da su
svi geomorfoloski tipovi inhabitirani tijekom
ranog/kasnog novog vijeka. Nakon toga slijedi
period mlade prapovijesti u kojem su gotovo
svi geomorfoloski tipovi inhabitirani osim onih
koji sadrze sediment. Medutim, dosadasnja ar-
heoloska iskopavanja vrta¢a provedena izvan
podrudja istrazivanja, ali provedena u Hrvatskoj
i Sloveniji, pokazala su postojanje kompleksne
stratigrafije s kulturnim slojevima s pokretnim
nalazima. Najraniji slojevi i nalazi datirani su u
period mlade prapovijesti i istovremeni su mo-
numentalnoj arhitekturi gradina na regionalnoj
razini. Kontekst tih nalaza i slojeva nejasan je u
odnosu na obrazac naseljavanja krajolika u tom
periodu.”” Naime, pedoloske analize sastava
kulturnih slojeva koji datiraju iz mlade prapovi-
jesti pokazale su da su oni rezultat eolskih pro-
cesa, a interpretirani su na nacin dasu povezani
i da se odrazavaju u aktivnostima u Sirem kra-
joliku, izvan samih vrtaca.*” Medutim, tipi¢ni

% V. GLAVAS, 2019; N. KULENOVIC OCELIC, 2019.

3 M. DUBOLNIC, 2007; V. GLAVAS, M. GLAVICIC, 2017,
123-126; V. GLAVAS, 2019, 74-76; N. KULENOVIC,
2019, 274-276.

¥ A. BAVDEK, 2003, 285-287; S. VULIC, A. IVISIC, 2007,
545-547; B. OLUJIC, 2008, 556—560.

% T FABEC, 2016, 179-180.
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happened during the early/late modern peri-
od. The second most important influence on
landscape dates to later prehistory. This claim
is supported by the earlier research of the set-
tlement dynamics in this region.” Traces dat-
ing to the Roman period are least represented.®®
The only site type that is visible from the air
in the study area are boundary walls. The main
reason for a small number of sites dating to
classical antiquity in the study area is change
in settlement patterns in relation to prehistor-
ic period, that were concentrated in the urban
centers along the coast of the Adriatic Sea in
antiquity. Settlements dating to the Roman
period were usually located near coves with
farmland in the vicinity. Most of these posi-
tions are still settled, and as such inappropriate
for further remote sensing research.

Analysis of association of the sites with regard
to dating in relation to geomorphological type
suggests that all geomorphological types were
inhabited in the early/late modern period. Lat-
er prehistory period follows in which almost all
geomorphological types were inhabited except
for the ones containing sediment. However
previous archaeological excavations of sinkholes
carried out in Croatia and Slovenia but outside
the study area, have shown the presence of
complex stratigraphy with cultural layers con-
taining small finds. The earliest layers and finds
are dated to the later prehistory period and are
coeval with the monumental architecture at the
regional level. Context of these finds and layers
is unclear in relation to the settlement pattern
in that period.* Namely, pedological analyses of
the composition of cultural layers dating to later
prehistory have shown to be the result of aeoli-
an processes, and they were interpreted through
associations and reflections of activities in the
wider landscape, outside the sinkholes.* How-

7 V. GLAVAS, 2019; N. KULENOVIC OCELIC, 2019.

3 M. DUBOLNIC, 2007; V. GLAVAS, M. GLAVICIC, 2017,
123-126; V. GLAVAS, 2019, 74-76; N. KULENOVIC, 2019,
274-276.

% A. BAVDEK, 2003, 285-287; S. VULIC, A. IVISIC, 2007,
545-547; B. OLUJIC, 2008, 556-560.

% T FABEC 2016, 179-180.
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ili konvencionalni indikatori vidljivosti kao $to
su tragovi u tly ili tragovi u usjevima koji bi re-
prezentirali potpovrsinski kontekst na podrucju
krskih polja i vrtaca nisu otkriveni istrazivanjem
koje se objavljuje u ovom radu. Iako je eviden-
tno da takvi lokaliteti postoje, smatramo da
udjel prapovijesnog razdoblja u oblikovanju da-
nasnjeg krajolika neée znacajno porasti. Istrazi-
vanjima na podrudjima kao $to su vrtace, polja,
kr$ke udoline i neke jaruge, dokumentirane su
podjele zemljista iz ranog/kasnog novog vijeka.
To bi potvrdilo tvrdnje iz ranijih istrazivanja da
je sadasnji krski kulturni krajolik dominantno
formiran kao poljoprivredno-stocarski krajolik
u novom vijeku, s naglaskom na kasni novi vi-
jek. 4!

Karakteristike fizickog krajolika su na dije-
lovima podrugja istrazivanja takve da odrede-
ne arheoloske lokalitete gotovo i nije moguce
razlikovati od njihovog okolnog podruéja. Na
primjer, razlika izmedu okrSenog podrudja i
suhozidne ograde je vrlo slaba u ekstremnom
karstificiranom podrudju. Postoji nekoliko
primjera lokaliteta koji su otkriveni terenskim
pregledom, a koji nisu vidljivi iz zraka. To se
ponajprije odnosi na lokalitete kao $to su odre-
deni tipovi naselja i zaselaka iz srednjeg vijeka i
ranog/kasnog novog vijeka.* Brojni lokaliteti
koji su datirani u prapovijesni period tako-
der pripadaju ovoj kategoriji, kao $to su mo-
numentalna suhozidna arhitektura koja nije
vidljiva iz zraka.®® Stoga, potrebno je naglasiti
da je na podruéju istrazivanja prisutno mnogo
vise lokaliteta nego $to je ih je dokumentirano
i otkriveno metodom zraéne arheologije. To
se odnosi na slabije sa¢uvane lokalitete te one
smjeStene na izrazito karstificiranim podru¢-
jima te podrué¢jima sa sedimentom kao $to su
vrtade i kr$ka polja. Takve lokalitete je moguce
otkriti metodom terenskog pregleda, posebice
lokalitete sa sedimentom (vrtace, krska polja)
gdje je indikator lokaliteta distribucija pokret-

4T FABEC, 2016, 179-180.

2 N. KULENOVIC, 2019, 276-282.

# M. GLAVICIC, 1993, 101-102; V. GLAVAS, R. PALMER,
2013, 23.

ever, typical or conventional indicators of visi-
bility such as soil marks or crop marks that might
represent subsurface context in the area of karst
fields and sinkholes have not been discovered in
the research published in this paper. Although
it is evident that such sites exist, in our opin-
ion the share of prehistoric period in forming
current landscape will not increase significantly.
Research in the areas such as sinkholes, fields,
karst valleys and some ravines, offered evidence
of land division dating to the early/late modern
period. This would confirm claims from the
carlier research that present-day cultural karst
landscape was dominantly formed as farming
and herding landscape in the modern period,
with emphasis on the late modern period.*!
Characteristics of the physical landscape in
the parts of the study area are such that cer-
tain archaeological sites can hardly be distin-
guished from the surrounding area, For in-
stance, difference between karstified area and
dry stone wall enclosure is slight in extremely
karstified area. There are several examples of
sites discovered in the field survey, that were
not visible from the air. This primarily re-
fers to the sites such as certain types of set-
tlements and hamlets dating to the Middle
Ages and early/late modern period.** Many
sites that were dated to prehistoric period
also belong to this category such as monu-
mental dry stone wall architecture that is not
visible from the air.®* Therefore, we need to
emphasize that there are many more sites in
the study area than documented and discov-
ered by using the aerial archaeology method.
This refers to poorly preserved sites and the
ones located in extremely karstified regions,
as well as in the areas with sediment such as
sinkholes and karst fields. Such fields can be
discovered by using the method of field sur-
vey, particularly the sites with sediment (sink-
holes, karst fields) where indicator of the site

4T FABEC, 2016, 179-180.

2 N.KULENOVIC, 2019, 276-282.

4 M. GLAVICIC, 1993, 101-102; V. GLAVAS, R. PALMER,
2013, 23.
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nih povrsinskih nalaza koji reprezentiraju pot-
povrsinski kontekst.

ZAKLJUCAK

Specifi¢ne karakteristike krskog reljefa kao
sto su vapnenacka osnova, razvijeni krski re-
ljef, nedostatak tla i vode, submediteranska
klima i vegetacija koja je prilagodena aridnim
i semiaridnim uvjetima, klju¢ne su u konsti-
tuiranju specifi¢cnog kulturnog krajolika. Te
karakteristike reflektiraju se ve¢inom u nedo-
statku potpovrsinskog konteksta arheoloskih
lokaliteta. Razlicite arheoloske strukture koje
su stvarane tijekom povijesti u krskim krajo-
licima sac¢uvane su ve¢inom kao povr$inske
samostojece strukture izgradene u suhozid-
noj tehnici od amorfnog lomljenog vapnenca.
Samostojece strukture u krskom krajoliku ne
rezultiraju indikatorima vidljivosti kao $to su
tragovi u usjevima ili tragovi u tlu koje repre-
zentiraju potpovr$inski kontekst, $to je karak-
teristi¢no za kontinentalna podrudja.

Indikatori arheologkih lokaliteta u krikom
krajoliku definirani su kroz arheolosko istra-
zivanje primjenom metode zra¢ne arheologije
na podrudju Velebita, dijela sjevernodalmatin-
ske zaravni i Obrovacke zaravni te analizi kosih
zra¢nih fotografija. Arheoloski lokalitet koji su
dokumentirani na zra¢nim fotografijama ma-
nifestirani su kao razliciti indikatori vidljivosti
lokaliteta kao $to su: sjena, tekstura, boja i vege-
tacija. Navedeni indikatori rijetko se pojavljuju
samostalno, ve¢ se pojavljuju u razli¢itim kom-
binacijama $to ovisi o tipu lokaliteta, periodu i
geomorfoloskom tipu koji je inhabitiran. 772-
govi vidljivosti u konvencionalne smislu metode
zra¢ne arheologije ovise o nekoliko ¢imbenika
kao $to su tip usjeva ili tip oranja. Konvenci-
onalni tragovi vidljivosti koji su uglavnom
posredni ili proksi indikatori koji reprezenti-
raju potpovrsinski kontekst (karakteristi¢ni za
kontinentalnu klimu i kontinentalna podrudja)
nisu nuzno uvijek vidljivi. Njihova je vidljivost
ovisna o ¢itavom nizu uvjeta koji proizlaze iz
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is distribution of movable surface finds that
represent subsurface context.

CONCLUSION

Specific characteristics of karst relief such
as limestone base, developed karst relief, lack
of soil and water, sub-Mediterranean climate
and vegetation adapted to arid and semi-arid
conditions, are crucial in constituting specific
cultural landscape. These characteristics are re-
flected mostly in lack of subsurface context of
the archaeological sites. Various archaeological
structures that were formed over the course
of history in karst landscapes were preserved
mainly as freestanding surface structures built
in dry stone wall technique of amorphous bro-
ken limestone. Freestanding structures in karst
landscape do not result in visibility indicators
such as crop marks or soil marks that represent
subsurface context, which is characteristic of
continental regions.

Indicators of archaeological sites in karst land-
scape were defined in archaeological research by
using the method of aerial archaeology in the
Velebit region, part of the North Dalmatian pla-
teau and Obrovac plateau and analysis of oblique
aerial photographs. Archaeological sites docu-
mented in the aerial photographs were manifest-
ed as various indicators of site visibility such as:
shadow, texture, color and vegetation. Mentioned
indicators rarely appear independently, usually
they come in combinations depending on the
site type, period and geomorphological type
that was inhabited. Visibility marks in the con-
ventional sense of the aerial archaeology meth-
od depend on several factors such as crop type
or manner of plowing. Conventional visibility
marks that are mostly indirect or proxy indicators
that represent subsurface context (characteristic
of the continental climate and continental areas)
are not necessarily always visible. Their visibility
depends on a number of conditions related to
characteristics of the archaeological sources and
environment as well as various processes that af-
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karakteristika arheoloskih izvora i okolisa te
raznih procesa koji utje¢u na njih. Medutim,
indikatori arheoloskih lokaliteta u krskim kra-
jolicima konstantni su za razliku od prethodno
navedenih. Jednom kada se indikator formira,
gotovo uvijek je prisutan do trenutka dok loka-
litet nije unisten ili dok god se povrsina krajoli-
ka znacajno ne promijeni. Stoga, krski krajolici
pokazuju sporu stopu promjene uzrokovanu
sporim geoloskim procesima zbog cega se krski
reljef definira kao konzervativan. Upravo je
konzervativnost krskog kulturnog krajolika
manifestirana kroz najmanje povrsinskih karak-
teristika koji indiciraju lokalitete koji potjecu iz
modernog razdoblja, odnosno 20. stolje¢a. Ar-
heoloski lokaliteti iz tog razdoblja su jo$ uvijek
u procesu stvaranja primjerice vegetacijskih in-
dikatora. Fenomeni geoloskog, geomofoloskog,
klimatskog i ekoloskog konteksta neodvojive su
i isprepletene kategorije. Indikatori arheoloskih
lokaliteta koji se manifestiraju u kr$kom krajo-
liku ukorijenjeni su u interakciji izmedu svih
ovih fenomena.

ZAHVALE

Ovaj rad je sufinancirala Hrvatska zaklada
za znanost projektom Kulturni krajolik — mo-
del valorizacije, zastite, upravljanja i koristenja
kulturne bastine — ProHeritage (UIP-2017-
05-2152), Laboratorij za geoprostorne anali-
ze — GAL (UIP-2017-05-2694) i Sveudiliste
u Zadru. Vedrana Glavas zahvaljuje Rogu
Palmeru za njegovu pomo¢ pri prvim zrac-
nim snimanjima provedenim 2012. godine.
Zahvaljujemo Simi Vrki¢u za izradu arhiva
fotografija sa snimanja iz 2018. godine. Izni-
mno smo zahvalni Rogu Palmeru i Dimitriju
Mlekuzu na komentarima kojima su unapri-
jedili ovaj rad. Zahvaljujemo Jurici Grzunovu
za njegovu pomo¢ pri statistickim analizama.
Konacno, iznimno smo zahvalni anonimnim
recenzentima koji su takoder svojim konstruk-
tivnim komentarima i kritikama znacajno
unaprijedili ovaj rad.

fect them. However indicators of archaeological
sites in karst landscapes are constant as opposed
to the previously mentioned. Once an indica-
tor is formed, almost regularly it is present un-
til the moment the site is destroyed or until the
landscape is significatly altered. Therefore karst
landscapes manifest slow pace of change caused
by slow geological processes which is why karst
relief is defined as conservative. Exactly this
conservative quality of the cultural landscape is
manifested through least surface characteristics
that indicate sites dating to the late modern pe-
riod, that is 20th century. Process of creation of
the archaeological sites from that period is still
ongoing with regard to, for instance, vegetation
indicators. Phenomena from the geological, ge-
omorphological, climatic and ecological context
are intertwined and inseparable categories. Indi-
cators of archaeological sites manifested in karst
landscape are rooted in interaction of all these
phenomena.
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