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Human-environment interactions in two Karst catchments
- Gradole (NW Croatia) and Ljubija springs (NE Slovenia)

Meduodnos covjeka i okolisa na slijevnim podrucjima
krskih izvora Gradole (SZ Hrvatska) i Ljubija (SI Slovenija)

Land use and settlement dynamics of two rural areas
defined by the contact karst spring is the subject of this
paper. The research area consists of the spring catchment
of Ljubija in the northeast part of Slovenia and Gradole,
the most water-rich spring in Istria (northwest Croatia),
have been surveyed in terms of environmental conditions,
and social and historic land use aspects.

We used Statistical data and Geographic Information
System (GIS) methods. Via a multidisciplinary approach
we discovered that: 1) environmentally, both areas are
actively managed due to drinking water resources—
Gradole has 9.8% and Ljubija 8.9% of protected area; 2)
data regarding social features showed that human pressure
has not negatively influenced the natural settings and
water supply vulnerability—the area of the Ljubija spring
catchment has lower population density compared to the
area of the Gradole spring catchment (1.4 inhabitants/
km? compared to 38.7 inhabitants/km?), but the Ljubija
area has more pronounced growth in the number of
households—L, , ... = 115 compared to I, .= 88.1
at the Gradole spring catchment; and 3) the limited
regeneration abilities of the karst water bodies have been
preserved by the prevailing share of forest—land use data

showed 84.8% for Ljubija and 34.4% for Gradole.

Key words: drinking water, karst spring, human impact,
land use change, Ljubija spring (Slovenia), Gradole
spring (Croatia)

U radu se analizira promjena koristenja zemljista i di-
namika stanovni§tva dvaju ruralnih podrudja definiranih
kontaktnim krskim izvorima, odnosno njihovim slijev-
nim podrucjima. Slijev izvora Ljubija u sjeveroisto¢nom
dijelu Slovenije i slijev izvora Gradole, vodom najbogati-
ji izvor u Istri u sjeverozapadnoj Hrvatskoj, istrazeni su
kroz okolisne, drustvene i povijesne aspekte koristenja
zemljista.

U analizi su koristeni statisticki podatci i geografski
informacijski sustavi (GIS). U okviru multidisciplinarno-
ga pristupa utvrdili smo: 1) oba podrugja su pod odre-
denim stupnjem zastite (upravljanja) zbog resursa pitke
vode, Gradole s 9,8 % i Ljubija s 8,9 % zasti¢ene povrsine;
2) podatci o drustvenim znacajkama pokazali su da ljud-
ski pritisak nije znacajno narusavao prirodne uvjete i ra-
njivost vodoopskrbe. Podruéje izvora Ljubija rjede je na-
seljeno od slijevnoga podruja izvora Gradole (1,4 stan./
km? prema 38,7 stan./km?), ali Ljubija ima izrazeniji rast
broja ku¢anstava—-1, .. =115 napremal, ... =881
kod izvora Gradole. Ogranicene regeneracijske sposob-
nosti krskih vodnih tijela sacuvane su 3) prevladavajuéim
udjelom $uma; podatci o koristenju zemljista pokazali su
84,8 % u podrucju Ljubije i 34,4 % u podrucju izvora
Gradole.

Kljuéne rijeci: pitka voda, kiski izvor, ljudski utjecaj,
promjena koristenja zemljidta, izvor Ljubija (Slovenija),

izvor Gradole (Hrvatska)
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Infroduction

To monitor “the past interaction of man with
his entire habitat”, historical geography observes
changes in the geographical environment since the
beginning of the Holocene, 10,000 years ago. En-
vironmental geographers are particularly engaged
with changes of the last 4,000 years, including re-
construction of change processes and exploring the
patterns and causes of changes in the landscape
(Han, 2017).

Due to the extreme susceptibility of karst to human
activities that may lead to the degradation of its excep-
tional aesthetic and environmental value, the altera-
tion of karst processes such as corrosion, endangering
of unique habitats and the quality of non-renewable
natural resources, it is necessary to define measures
for its protection at the national level (Kovaci¢ and
Ravbar, 2013). Numerous karst springs are an impor-
tant part of the region’s water supply, covering almost
half of Slovenia’s needs and 35% of Croatia’s (IMoni-
toring in ocenjevanje stanja povr$inskih in podzemnih
voda v Sloveniji, 2016; Hrvatske vode, 2016). In Cro-
atia, almost all spring water abstraction comes from
karst springs. It is also important to note that about
16% of the population in Croatia is not connected to
the public water supply system. These people mostly
use spring water and wells outside of the water supply
system for their daily needs (Oresi¢, Canjevac, 2020).
Regarding the water supply in Slovenia, karst springs
play an important role also. In Slovenia, 97% of the
drinking water supply comes from underground aq-
uifers (Monitoring in ocenjevanje stanja povrsinskih
in podzemnih voda v Sloveniji, 2016). In drought
periods, karst water resources provide two-thirds of
the drinking water supply (Bre¢ko Grubar and Plut,
2001). The water supply strategy is of crucial impor-
tance regarding the safety and self-sufficiency of any
state; water resources, including the system of collect-
ing and the use of the water. The strategic long-term
aim is to provide suitable drinking water quantity and
quality for the present and future population without
unacceptable environmental impacts. For the future
water supply the following steps are underlined: 1)
the protection of water resources; 2) to set up and
enforce the water-conservation measures with regard
to regional characteristics; and 3) rational water use
(Ravbar, 2010).
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Uvod

Za pracenje ,interakcije Covieka u proslosti s
njegovim ukupnim stanistem” historijska geografi-
ja bavi se promjenama geografskoga okruzenja od
pocetka holocena, prije deset tisuca godina. Geo-
grafi koji se bave proucavanjem okolisa posebno su
usredotoceni na promjene u posljednjih Cetiri tisuce
godina, ukljucujudi rekonstrukciju procesa promje-
na i istraZivanje obrazaca i uzroka promjena u kraj-

obrazu (Han, 2017).

Zbog izrazite osjetljivosti krsa na ljudske ak-
tivnosti koje mogu dovesti do degradacije njegove
iznimne estetske i okolisne vrijednosti te do pro-
mjene krskih procesa i ugrozavanja jedinstvenih
stanista i kvalitete neobnovljivih prirodnih resur-
sa potrebno je §to prije definirati mjere za njego-
vu zastitu na nacionalnoj razini (Kovaci¢ i Ravbar,
2013). Brojni krki izvori vazni su resursi regionalne
opskrbe pitkom vodom koji pokrivaju gotovo po-
lovicu potreba Slovenije i 35 % potreba Hrvatske
(Monitoring in ocenjevanje stanja povrdinskih in
podzemnih voda v Sloveniji, 2016; Hrvatske vode,
2016). U Hrvatskoj se gotovo sva izvorska voda crpi
iz krskih izvora. Takoder je vazno napomenuti da
oko 16 % stanovni$tva u Hrvatskoj nije prikljuceno
na javni vodoopskrbni sustav. To se stanovnistvo za
svoje svakodnevne potrebe uglavnom koristi izvor-
skom vodom i bunarima izvan vodoopskrbnoga su-
stava (Oresi¢ i Canjevac, 2020). Sto se tice opskrbe
vodom u Sloveniji, krski izvori takoder igraju vaznu
ulogu. U Sloveniji se 97 % stanovni$tva opskrbljuje
pitkom vodom iz podzemnih vodonosnika (IMoni-
toring in ocenjevanje stanja povr§inskih in podze-
mnih voda v Sloveniji, 2016). U susnim razdobljima
krski vodni resursi osiguravaju dvije trecine zaliha
pitke vode (Brecko Grubar i Plut, 2001). Strategija
vodoopskrbe od presudne je vaznosti za sigurnost i
samodostatnost svake drzave, a ona ukljucuje vod-
ne resurse, sustave prikupljanja i sustave koriStenja
vode. Dugoroéni strateski cilj trebao bi biti osi-
guravanje odgovaraju¢ih koli¢ina i kvalitete pitke
vode za sadasnje i budude stanovni$tvo bez Stetnih
utjecaja na okolis. Za buducéu vodoopskrbu isticu
se sljededi uvjeti: 1) zastita vodnih resursa, 2) po-
stavljanje i postivanje mjera o¢uvanja voda u okviru
regionalnih specifi¢nosti i 3) racionalno koristenje

vode (Ravbar, 2010).



'The paper aims to: 1) raise awareness of the natural
background of karst springs and their vulnerability; 2)
investigate historical human-environment interactions
and to explore the regional landscape characteristics of
two karst spring catchments, Ljubija in Slovenia and
Gradole in Croatia; and 3) to evaluate the data on
spring catchments features, population and landscape
dynamics, regarding drinking water supply and any
adopted human activities within the two researched
catchments. The features of Gradole and Ljubija study
areas are compared for the first time in this paper,
with special emphasis on the historic-environmental
point of view, using Geographical Information System
(GIS). The multi-faceted (natural settings, population,
and land use) analysis of chosen areas was discussed,
according to the indicators (Bell and Morse, 2000)
and including the comparative method to survey the
data regarding historical circumstances (comparison
of the 19 century and the 21 century).

The research areas and their environmental
characteristics

We considered the limits for the living and
working conditions in both presented study cases as
research issues connected with the specific natural
features, their vulnerability, actual conservation and
protection, e.g. significant sanitary protection zones
ensure long-term quality and quantity of water pro-
vision and prevent water sources from degradation
due to human pressure.

'The drinking water supply used to be the decisive
factor for settlement and land cultivation. The colo-
nization of the territory spread along water resourc-
es that were usually very important for the orien-
tation of the inhabitants and settlement of a given
area (Bezlaj, 1956), which has resulted in landscape
changes throughout recorded history (and certainly
before). Both areas (Figure 1), Gradole and Ljubija,
are important for their karst water springs, captured
as drinking water reservoirs: Gradole (catchment
area 236.4 km?) provides water for about 100,000
inhabitants of the Istrian Peninsula, as well as for
industrial facilities and tourist accommodations
in the area. Ljubija catchment (8.39 km?) supplies
water for about 30,000 people in the Salek Valley,
which extends 12 km (air distance) to the east.

Cilj je ovoga rada: 1) prikazati prirodnu poza-
dinu krskih izvora i njihovu ranjivost, 2) istraziti
povijesne interakcije Covjeka i okolisa te regional-
nih krajobraznih specifiénosti dvaju sljevova krskih
izvora, Ljubije u Sloveniji i Gradola u Hrvatskoj, 3)
usporediti i analizirati podatke o znac¢ajkama slijev-
nih podrudja izvora, naseljenosti i dinamici krajo-
braza u pogledu opskrbe pitkom vodom te ljudskim
aktivnostima unutar dvaju istrazivanih sljevova.
Prvi put usporedena su obiljezja istrazivanih pod-
rudja Gradola i Ljubije, s posebnim naglaskom na
povijesno-ckolosko glediste koristenjem geograf-
skih informacijskih sustava (GIS). Koristena je me-
toda analize videstrukoga pristupa (prirodni uvjeti,
stanovnistvo i koriStenje zemljista), slijede¢i kon-
cept pokazatelja (eng. indicators concept; Bell i Mor-
se, 2000) i ukljucujuéi metodu usporedbe podataka
koji prikazuju povijesne okolnosti (usporedba 19.
stoljeca i 21. stoljeca).

Istrazivana podrucja i njihova okolisna
obiliezja

Ogranicenja uvjeta Zivota i rada u obama pro-
matranim podrudjima razmatrali smo kao istrazi-
vacka pitanja povezana sa specifinim prirodnim
obiljezjima, njihovom ranjivo$éu, ocuvanjem i za-

Stitom.

Opskrba pitkom vodom nekada je bila odlucu-
juéi cimbenik naseljavanja i obrade zemlje. Nase-
ljavanje teritorija kretalo se duz vodnih resursa koji
su bili vrlo vazni za orijentaciju stanovnistva te vo-
doopskrbu naselja (Bezlaj, 1956), 5to je od davnina
rezultiralo promjenama krajobraza. Oba podrucja
(sl. 1), Gradole i Ljubija, bila su vazna zbog svojih
krskih izvora vode, kaptiranih kao spremnici pitke
vode: Gradole (povrsina slijeva 236,4 km?) opskr-
bljuje vodom oko 100.000 stanovnika istarskoga
poluotoka te industrijska postrojenja i turisticke
smjestaje u okolici. Slijev Ljubije (8,39 km?) opskr-
bljuje vodom oko 30 000 stanovnika Saleske do-
line, udaljene vise od 12 km (zra¢ne linije) prema
istoku.
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Fig. 1 Locations of the Ljubija and Gradole springs
SI. 1. Polozaj izvora Ljubija i izvora Gradole

Source: basemap ESRI, (2017)
lzvor: podioga karte - ESRI, (2017)

Gradole spring catchment

Gradole spring is an ascending, vauclusian karst
spring that emerges on the left edge of the Mirna
River Valley in northern part of the Istrian Peninsu-
la (Magdalenic¢ et al., 1993; Bonacci, 1996). It is the
richest Istrian spring used for water supply. Its mean
discharge is 2.01 m%s, but depending on meteoro-
logical conditions, the discharge can vary between
0.28 m*/s and about 10 m%/s during the year (Ru-
bini¢ et al., 2012). The meteorological conditions of
the catchment are not homogeneous. The average
rainfall is about 1,100 mm per year (Mlinari¢ et al.,
2016). The delineation of the spring catchment area
varies from author to author. It is hard to deline-
ate the catchment due to complicated groundwater
connections in the karst area. The study/catchment
area was defined according to Mlinari¢ et al. (2016),
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Sljev izvora Gradole

Izvor Gradole je uzlazni, vokliski krski izvor
koji izbija na lijevom rubu doline rijeke Mirne u
sjevernom dijelu istarskoga poluotoka (IMagdale-
ni¢ i dr., 1993; Bonacci, 1996). To je najizdasniji
istarski izvor koji se koristi za vodoopskrbu. Nje-
gov srednji protok (izdasnost) iznosi 2.01 m?/s,
ali ovisno o meteoroloskim uvjetima, moze vari-
rati od 0.28 m*/s do oko 10 m?/s tijekom godine
(Rubini¢ i dr., 2015). Meteoroloski uvjeti slijeva
nisu homogeni, ali moZe se procijeniti da prosjec¢-
na godisnja koli¢ina padalina iznosi oko 1100 mm
(Mlinari¢ i dr., 2016). Delineacija slijeva izvora
razlikuje se od autora do autora. Problem nastaje
zbog kompliciranih veza podzemnih voda u ovom
krskom podrudju. Slijevno podrudje definirano je
prema radu Mlinari¢ i dr., (2016), a podrudje se



which also coincides with the official sanitary water
protection zones of the Gradole spring. The catch-
ment area was delineated according to hydrogeo-
logical, geological and geomorphological features of
the area, as well as the water tracing results (Mli-
narié et al., 2016). Historical data and mentions of
the Gradole spring before 1969 and its connection
to the water supply system are sparse. The historical
maps of this area from the 19* century do not men-
tion the name of the spring (Arcanum maps). The
only visible feature is that of a water mill a dozen
meters downstream. Today, Gradole (in combina-
tion with other water sources) provides water to the
inhabitants of the entire western half of the Istri-
an peninsula, including cities/towns such as Umag,
Rovinj and Pula in Croatia, and Piran, Koper and
Portoroz in Slovenia (Ferenci¢, 2005).

Gradole spring is formed in the contact zone of
well-permeable Cretaceous carbonate rocks and
Quaternary clastic deposits in the valley of the Mirna
River (Mlinari¢ et al., 2016). According to the geo-
morphological regionalization of Croatia, the Grado-
le spring catchment is a part of the meso geomorphic
region of the South Istrian Plateau and Istrian High-
lands, which is part of the macro geomorphic region
of the Istrian Peninsula with the Kvarner coast and
archipelago within the Dinaric mega geomorphic
region (Bognar, 2001). Gradole spring catchment is
situated on the Cretaceous limestones and dolomites,
Paleogenic clastic deposits and limestones and Eo-
cene flysch (Figure 2). Parts of it are covered with
Quaternary alluvial deposits and terra rossa (Polsak
and Siki¢, 1973). Most of the catchment area is cov-
ered with dolines, which are a representative form of
well-developed karst relief. Dolines are only absent
in areas with low permeable flysch deposits on the
north-eastern edges of the catchment. In these im-
permeable areas, denudation and fluvial denudation
reliefs are formed. In addition to the dolines, there
are several caves in the karst part of the catchment
area, which are more than 100 meters deep. None of
them reach the phreatic zone, which indicates the ex-
istence of deep karst aquifers (Mlinari¢ et al., 2016).
Due to the high permeability of the area, there are no
permanent streams. Nevertheless, there are two im-
portant drainage holes (ponors), which have a proven
underground connection to the Gradole spring. The
investigations of Cize ponor and Tinjanska Draga

takoder poklapa sa sluzbenim zonama sanitarne
zatite voda izvori§ta Gradole. Slijevno podrudje
odredeno je prema hidrogeoloskim, geoloskim i
geomorfoloskim obiljezjima podrucja te prema
rezultatima trasiranja podzemnih voda (Mlinari¢
i dr.,, 2016). Povijesni podatci i spomeni izvora
Gradole prije 1969. godine i njegova prikljucenja
na vodovod su rijetki. Povijesne karte ovoga pod-
rudja iz 19. stolje¢a ne spominju ime izvora (Ar-
canum maps). Jedino vidljivo obiljeZje na kartama
jest vodenica desetak metara nizvodno od lokacije
izvora. Danas Gradole (u kombinaciji s drugim
izvorima vode) opskrbljuje vodom stanovnike
cijele zapadne polovice istarskoga poluotoka, uk-
ljucujuéi gradove poput Umaga, Rovinja i Pule u
Hrvatskoj te Pirana, Kopra i Portoroza u Sloveniji

(Ferencié, 2005).

Izvor Gradole nastaje na kontaktnoj zoni do-
bro propusnih karbonatnih stijena kredne staro-
sti 1 kvartarnih klasti¢nih naslaga u dolini rijeke
Mirne (Mlinari¢ i dr., 2016). Geomorfoloskom
regionalizacijom Hrvatske slijev izvora Gradole
dio je mezogeomorfoloske regije JuzZnoistarske
zaravni i istarskoga pobrda, koja je dio makroge-
omorfoloske regije Istarskoga poluotoka s Kvar-
nerskom obalom i arhipelagom unutar Dinarske
megamakrogeomorfoloske regije (Bognar, 2001).
Slijev izvora Gradole nalazi se na krednim va-
pnencima i dolomitima, paleogenim klasti¢nim
naslagama i vapnencima te eocenskom flisu (sl
2). Dijelovi su prekriveni kvartarnim aluvijalnim
naslagama i crvenicom (Polsak i Siki¢, 1973). Vedi
dio slijevnoga podruéja prekriven je ponikvama
koje su reprezentativan oblik razvijenoga krskog
reljefa. Ponikava nema samo u podrudjima sa sla-
bo propusnim naslagama flida na sjeveroisto¢nim
rubovima slijeva. U tim nepropusnim podruéjima
nastaju denudacijski i fluviodenudacijski reljefni
oblici. Osim ponikava u krskom dijelu slijeva na-
lazi se nekoliko jama dubokih vise od 100 metara.
Ni jedna ne dopire do freatske zone, §to upucuje
na postojanje dubokih krskih vodonosnika (Mli-
nari¢ i dr., 2016). Zbog velike propusnosti stijena
na istrazivanom podrudju nema stalnih vodotoka.
Ipak, postoje dva znacajna ponora koji imaju do-
kazanu podzemnu vezu s izvorom Gradole. Istra-
Zivanjem ponora Cize i ponora Tinjanske drage
utvrden je i dominantni smjer toka podzemnih
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Fig. 2 Geologic map of the Gradole spring catchment./Geoloska karta slijeva izvora Gradole
SI. 2. Geoloska karta slieva izvora Gradole

Source: made after Pleniéar et al., 1969; Poliak and Sikic, (1969)
lzvor: izradeno prema Plenicar i dr. 1969; Poliak i Sikié (1949)
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ponor have also determined the dominant flow di-
rection, SE-NW, parallel to the main fault structures
(Mlinari¢ et al., 2016). As part of the activities of the
Clean Underground initiative in the Gradole spring
catchment area, 18 polluted speleological objects
were recorded. The objects are polluted with garbage
and bulk waste (Novak and Butorac, 2020) and pose
a threat to underground water supplies, as they are
located in the area of medium or high permeability.
"Two of these caves have been cleaned by speleologists
supporting the initiative (Cisto podzemlje, 2020).

Over 90% of the area is situated at an altitude of
between 200 and 400 m a.s.l., and the lowest point is 2
m a.s.l. while the highest 479 m a.s.l. The morphomet-
ric parameters indicate that the majority of the study
area has relatively flat terrain, with the exception of the
north-eastern edges and the Tinjanska Draga Valley.

Ljubija spring catchment

'The study area, the Zaloka Valley, was delineated
by the topographic watershed. The karst nature of
the outflow makes the latter, of course, only illusory.
'The discharge point from the catchment was deter-
mined just before the Ljubija gorge widened at the
confluence with Kramarica Stream.

According to the natural background of the area
the following characteristics have been determined:
a) spring catchment is located in the subalpine
hill region of Karavanke in northeastern Slovenia,
b) following the Smrekovec (1,577 m a.sl.) fault
there is a geologic contact where the impermeable
Oligocene volcanic andesite and tuffs transition to
Mesozoic permeable carbonates (limestones) with
isolated karst characteristics (Kralj, 1997). Conse-
quently many local karst phenomenon natural val-
ues of the studied landscape have been registered,
e.g. (partially) dry valley, sinks (ponors), karst win-
dow, Vauclusian spring. Its mean discharge (Qs) is
0.3 m*/s (Slovenian Environmental Agency, 2020).
Long-term changes are related to climate change,
which have been seen as decreases in mean annual
discharges and, for most rivers, absolute minimum
and maximum discharges. At the same time chang-
es in discharge regimes have been recorded where
the snow component of monthly river discharges

voda, JI-SZ, paralelno s glavnim rasjednim struk-
turama (Mlinari¢ i dr., 2016). U sklopu aktivno-
sti inicijative Cisto podzemlje na slijevu izvora
Gradole evidentirano je 18 onecis¢enih speleo-
loskih objekata. Objekti su onecis¢eni smecem
i krupnim otpadom (Novak i Butorac, 2020.) te
predstavljaju prijetnju zalihama podzemnih voda
jer se nalaze u podrudju stijena srednje ili visoke
propusnosti. Dvije od ovih $pilja odistili su spe-
leolozi koji podrzavaju inicijativu (Cisto podze-

mlje, 2020).

Vise od 90 % povrsine nalazi se na nadmorskoj
visini izmedu 200 i 400 m, dok je najniza tocka
na svega 2 m, a najvisa 479 m. Morfometrijski
parametri pokazuju da je veéi dio istrazivanoga
podrudja relativno zaravnjena terena, s iznimkom
sjeveroisto¢nih rubova i doline Tinjanska draga.

Slijev izvora Ljubija

Istrazivano podrugje, dolina Zaloka, odredeno je
topografskom razvodnicom. Stvarno slijevno po-
drudje zapravo je vece ako se u obzir uzme priro-
da podzemnoga otjecanja u krsu. Tocka istjecanja
iz slijeva odredena je neposredno prije prosirenja
klanca Ljubije na uséu u potok Kramaricu.

Prema prirodnom okruzenju podruéja utvrde-
na su sljedeca obiljezja: a) slijev izvora nalazi se u
subalpskom brdskom podrudju Karavanki u sjeve-
roisto¢noj Sloveniji, b) nakon rasjeda Smrekovec
(1577 m n.v.) nalazi se geoloski kontakt gdje se
nepropusni oligocenski vulkanski andezit i tufo-
vi nastavljaju na mezozojske propusne karbonate
(vapnence) s izoliranim krskim obiljezjima (Kralj,
1997). Posljedi¢no tomu zabiljezeni su mnogi lo-
kalni krski fenomeni prirodne vrijednosti prouca-
vanoga krajobraza, npr. (djelomi¢no) suha dolina,
ponori, krsko okno i vokliski izvor. Njegov srednji
protok (Qs) je 0,3 m*/s (Agencija RS za okolje,
2020). Dugoro¢ne promjene povezane su s klimat-
skim promjenama. One se ogledaju u smanjenju
prosje¢nih godisnjih protoka i, za veéinu rijeka,
smanjenju apsolutnih minimalnih i maksimalnih
protoka. Istodobno su zabiljeZene promjene u re-
Zimima protoka gdje snjezna komponenta mjesec-
nih rije¢nih protoka (zadrzavanje snijega) postaje
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(snow retention) becomes less important compared
to rainfall (Frantar and Hrvatin, 2005; Kovaci¢ et
al., 2016; Hrvatin and Zorn, 2017).

Regarding the precipitation data (Slovenian En-
vironmental Agency, 2020), there was an average
value of 1,382.75 mm in the 1978-2019 period;
the peak year was 2014 (1,982.2 mm), the lowest
value of precipitation in the 1993 (1011 mm). The
marked June high values (208.7 mm in 1978 and
179.1 mm in 2020) proved the torrential nature of
the Ljubija stream and the continental precipitation
regime of the area researched (Speh et al., 2021).

According to the typeology of high mountain
karst in the Slovenian Alps (Kunaver, 1983) Ljubi-
ja water catchment belongs to Golte karst plateau,
border mountain (subalpine) karst under the treeline
and partly covered with the Pleistocene sediments
(1,000-1,500 m a.s.l.). Some regionalizations cate-
gorized the Ljubija catchment as a part of the Savin-
ja Alps (Melik, 1954), but there are geological expla-
nations defining Golte (Triassic limestone) as part of
Dinarides. Faninger (1978) determined Karavanke’s
eastern edge in the Alpine-Dinarides border zone.

The lithologic and petrographic boundary line fol-
lows Smrekovec fault, in a geologic-tectonic sense as
the border line between Karavanke and Savinja Alps
(Rakovec, 1956). The wider area of Ljubija spring wa-
ter resources is located at the bottom of impermeable
stone (andesite and tuff mostly) of Smrekovec hill
in contact with limestone rocks of Golska Mount-
ian (Golte) (Figure 3). The territory of the partly dry
valley is flat, located at 900-1,000 m a.s.L. The spring
of Ljubija (720 m a.s..) is situated in the steep and
narrow dry valley downstream, forming a considera-
ble gorge (Kranjc, 1979). Ljubija spring is a represent-
ative of the contact karst (spring) at the contact line

of permeable and impermeable rocks (Gams, 2003).

Data from Slovene Cave Registry shows the karst
characteristics of the Ljubija spring area. 53 (ponor)
caves and abbeys in the wider Ljubija spring area are
situated in the Triassic permeable zone (TZ’S) of the
spring (Slovene Cave Registry, 2020). The investi-
gation of the sediments was carried out in the Rupa
ponor cave (length = 60 m, depth = 26 m) at the rock
contact (Kranjc, 1979). Beside layers of gravel and

mostly sand there was little clay and no carbonates.
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manje vazna u usporedbi s kisom (Frantar i Hr-
vatin, 2005; Kovaci¢ i dr., 2016; Hrvatin i Zorn,
2017).

Sto se tice podataka o padalinama (Agencija RS
za okolje, 2020), prosjecna vrijednost padaline izno-
sila je 1382.75 mm u razdoblju 1978. — 2019. Naj-
vlaznija godina bila je 2014. (1982.2 mm), a najma-
nja vrijednost padaline zabiljezena je 1993. (1011
mm). Izrazene lipanjske visoke vrijednosti (208.7
mm 1978.1179.1 mm 2020.) dokazuju buji¢nu pri-
rodu potoka Ljubije i kontinentalni rezim padalina

istrazivanoga podrudja (Speh idr,2021).

Prema tipizaciji visokogorskoga kra u sloven-
skim Alpama (Kunaver, 1983), slijev Ljubije pripa-
da krskoj visoravni Golte, grani¢nom planinskom
(subalpskom) kr$u ispod granice rasta drveca i
djelomi¢no prekrivenom pleistocenskim sedimen-
tima (1000-1500 m n.v.). Neke su regionalizacije
slijev Ljubije kategorizirale kao dio Savinjskih Alpa
(Melik, 1954), ali postoje geoloska objasnjenja koja
definiraju Golte (trijaski vapnenac) kao dio Dinari-
da. Faninger (1978) odreduje isto¢ni rub Karavanki

kao alpsko-dinaridski grani¢ni pojas.

Litoloska i petrografska granica slijedi Smre-
kovecki rasjed, u geolosko-tektonskom smislu kao
granicu izmedu Karavanki i Savinjskih Alpa (Ra-
kovec, 1956). Sire podrudje izvorista Ljubija na-
lazi se u podnoZzju nepropusnoga brda Smrekovec
(pretezno andezit i tufovi) u dodiru s vapnenackim
stijenama Golske planine (Golte) (sl. 3). Podrucje
djelomi¢no suhe doline je ravno, nalazi se na 900
— 1000 m nadmorske visine. Izvor Ljubija (720 m
nad morem) nalazi se u strmoj i uskoj suhoj dolini,
tvoredi izrazeni klanac (Kranjc, 1979). Izvor Lju-
bija predstavnik je kontaktnoga krskog izvora na
kontaktu propusnih i nepropusnih stijena (Gams,

2003).

Podaci iz slovenskoga katastra $pilja i jama doka-
zali su krske karakteristike podrucja izvora Ljubija
— 53 $pilje i jame u Sirem podrudju izvora Ljubija

nalaze se u trijaskoj propusnoj zoni (T,,) izvora

(Slovene Cave Registry, 2020). Istraiivanj?sedime—
nata obavljeno je u ponoru $pilje Rupa (duljina =
60 m, dubina = 26 m) na kontaktu stijena (Kranjc,
1979). Osim slojeva §ljunka i uglavnom pijeska bilo

je malo gline, bez karbonata. Spiljaje bila ispunjena



1 Spring / izvor
@ cave/svilia
e Smrekovec fault / rasjed
e Tectonic fault / tektonski rasjed

m Tertiary volcanic rock/
tercijarne vulkanske stijene

Fig. 3 Geological characteristics
of Ljubija spring./Geoloska
obiliezja slieva izvora Ljubija

SI. 3. Geoloska obiliezja slijeva
izvora Ljubija

trijaske karbonatne
stijene

Triasic carbonate rock/

Source: Mio€ et al., (1983):
Osnovna geoloska karta SFRJ 1:
100 000, list Ravne na Koroskem.
Federal Geological Institute,
Belgrade, and the Slovene Cave
Registry

lzvor: Mio¢ i dr., (1983): Osnovna
geoloska karta SFRJ 1:100.000.
List Ravne na Koroskem. Savezni
geoloski zavod Beograd and
Slovene Cave Registry

The cave was filled with the sediments that were later
washed out. The upper layers contained a high per-
centage of organic matter (up to 36 %), a sign of slash
and burn agricultural methods to provide arable land
and charcoal. A parcel of toponym Leskosek bare
land above the only active farm in the Ljubija area is
proof of past process in rural land cultivation.

Research Methodology

The multidisciplinary methodology structure
was integrated by a) index method after collec-
tion of statistical data, and b) supported with Ge-
ographic Information System (GIS) as a mapping
and spatial analysis tool. The adopted indicators’
method (Bell and Morse, 2000) was introduced as
a sustainable measurement tool to compare features
of the areas researched. The main idea of the meth-
od’s integration was its objective and communica-
tive value. Additionally, it enables use of the raw
data and comparison within the study areas, for the
issues defined. We adopted indicators for features,
in order to chronologically illustrate the results of
past trends, represent the current state, and provide
future predictions (e.g. the scenario method).

The multipurpose land use issue was targeted
as the common characteristic of the catchments
Gradole and Ljubija. We observed: agriculture, and
forest land use since the first settlement. Further
on, the study areas’ features are discussed, from the
environmental, landuse and social aspect.

Ljubija spring

-

sedimentima koji su kasnije isprani. Gornji slojevi
sadrzavali su visok udio organske tvari (do 36 %),
§to je znak tradicije spaljivanja koja je osiguravala
obradivu zemlju i drveni ugljen. Toponim Leskoska
golet iznad jedine aktivne farme u ljubijskom kraju
dokaz je proslih procesa u obradi seoskoga zemlji-
sta.

Metode

Multidisciplinarna metodoloska struktura inte-
grirana je a) metodom indeksa nakon prikupljanja
statistickih podataka i b) podrzana Geografskim
informacijskim sustavom (GIS) kao alatom za pro-
stornu analizu. Metoda pokazatelja (Bell i Morse,
2000) osmisljena je kao odrzivi mjerni alat za us-
poredbu obiljezja istrazivanih podru¢ja. Glavna
ideja integracije metode bila je njezina objektivna i
komunikacijska vrijednost. K tomu, ona omogucuje
koristenje neobradenih podataka i njihovu uspo-
redbu unutar odabranih podrudja kao i usporedbu
definiranih problema. Usvojili smo metodu indi-
katora kako bismo kronoloski prikazali rezultate
proslih trendova, predstavili trenutno stanje i dali
buduca predvidanja (npr. metoda scenarija).

Problem viSenamjenskoga koriStenja zemljista
naveden je kao zajednicko obiljeZje sljevova izvora
Gradole i Ljubija. Promatrali smo: 1) poljoprivredu
i 2) koristenje $umskoga zemljista od prvoga na-
seljavanja. U nastavku se raspravlja o znacajkama
podrudja istrazivanja s ekoloskoga aspekta, aspekta
koristenja zemljista te drustvenoga aspekta.
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Statistical data, index method and indicator
method

To estimate the landscape vitality and perspec-
tives the population dynamics of the areas were
surveyed. The demographic features were observed
using the following characteristics: population
trends, household number change and the share of
the employees in the agriculture and forest activity.

Social features were set as follows: 1) popula-
tion change, period 1857/1869-2020, and gender
change, 1948-2020; 2) number of households and
population density; 3) share of the employed people
in agriculture; and 4) employees in the forest. We
used the index calculation method for demographic
trends’ estimation, and did the same to estimate the
land use change.

'The periods for the observation differed regard-
ing the data available from the Croatian Bureau of
Statistics (DZS, 2022) and the Statistical Office of
the Republic of Slovenia (SORS, 2022).

Analysis of land use change

A historical GIS method was applied to inter-
pret both landscapes, different in a scale. Donahue
(2008) stated, ‘based on experience, historical GIS
mapping can be of great service to conservation ef-
forts (of landscape)’. The method is also appropriate
to direct conservation land management, connect-
ing knowledge of past ecological change with cur-
rent management plans. It enables the connection
of information gained from historical research to
conservation efforts and creates a powerful tool
linking cultural (social) and natural resources
(Karle and Carman, 2020). The maps were made
with different data acquisition techniques taking
into account the development of cartography and
geodetic techniques in each historical period. A
very important factor in the quality of the certain
historical map is the purpose of use. It is general-
ly accepted that military cartography products are
more accurate than land mapping products for tax
collection purposes.

Historical maps and data sources from two
time periods for Ljubija and Gardole areas were
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Statisticki podatci, metoda indeksa i metoda
pokazatelja

U svrhu procjene vitalnosti krajobraza i njegove
perspektive ispitana je dinamika naseljenosti pod-
rudja. Demografska obiljezja promatrana su kroz
sljedeca obiljezja: kretanje stanovni$tva, promjena
broja kuéanstava i udio zaposlenih u poljoprivredi
i Sumarstvu.

Drustvena obiljezja postavljena su na sljede-
¢i nacin: 1) kretanje stanovni$tva prema broju za
razdoblje 1857./1869. — 2020. i spolu za razdoblje
1948. - 2020., 2) broj kuc¢anstava i gustoca naselje-
nosti, 3) udio zaposlenih u poljoprivredi i 4) udio
zaposlenih u Sumarstvu. Koristena je metoda racu-
nanja indeksa promjene za demografske trendove,
kao i za promjenu koristenja zemljista.

Razdoblja za promatranje razlikovala su se s ob-
zirom na podatke kojima raspolaze Drzavni zavod
za statistiku (DZS, 2022; 2024) i Statisticki ured
Republike Slovenije (SORS, 2022).

Analiza promjena koristenja zemljista

Primijenjene su GIS metode analize povijesnih
karata za interpretaciju obaju krajobraza, u razli-
Citom mjerilu. Povjesni¢ar Donahue (2008) ovako
kaze: ,, Temeljeno na iskustvu, povijesno GIS kar-
tiranje moze biti od velike pomo¢i ouvanju (kraj-
obraza)”. Metoda je takoder prikladna za usmjera-
vanje upravljanja zasticenim zemlji§tem, povezujuéi
znanje o proslim ekoloskim promjenama s trenut-
nim planovima upravljanja. Omogucuje poveziva-
nje informacija dobivenih povijesnim istrazivanjem
s nastojanjima za oCuvanje krajobraza te stvara mo-
¢an alat koji povezuje kulturne (drustvene) i prirod-
ne resurse (Karle i Carman, 2020). Karte su izra-
dene razli¢itim tehnikama prikupljanja podataka s
obzirom na razvoj kartografije i geodetske tehnike u
svakom povijesnom razdoblju. Vrlo bitan ¢imbenik
kvalitete pojedine povijesne karte bila je namjena
koristenja. Opéenito je prihvaceno da su vojni kar-
tografski proizvodi to¢niji od kartografskih proi-
zvoda za potrebe prikupljanja poreza.

Odabrane su povijesne karte i izvori podataka
iz dvaju razdoblja za podrudje Ljubije i podrucje



selected to identify changes in land use in differ-
ent time periods, the last one being from the 21+
century.

The main sources of research data for the are-
as’ survey were Austrian military maps (first and
second Josephine measurements) from the end of
the 18" century and second half of the 19" centu-
ry, topographic maps measuring 1:25,000 from the
middle and second half of the 20 century and vec-
tor data of the actual use of agricultural and forest
land in 2019 (Ministry of Agriculture, Forestry and
Food, 2020). There are two main disadvantages to
the studied maps. On the one hand, the maps are
systematic and include unusual object catalogues
(cartographic key), however, there are various forms
of mapping and a general lack of the projection and
the transformation parameters. The second problem
is evident in the rugged terrain and poor accuracy
and lack of captured details in the mountainous ar-
eas. Areas on the historical maps are rarely meas-
ured and poorly mapped. Those maps are more like
paintings than technical product. The myriad of the
shortcomings and the uncertainties in such maps
makes their interpretation difficult, especially if it is
necessary to compile a rich database in geograph-
ic information systems (GIS) from the given data

(Podobnikar and Kokalj, 2007).

Based on the scanned maps, land use maps were
drawn using ArcGIS software. To compare land use
between different time periods based on the histor-
ical maps, a uniform number of categories was de-
termined. Each land use map for each time period
was analysed separately.

Defining the boundaries between individual
land uses was very ambiguous in some areas—it is
necessary to choose the area taking into account
the degree of generalization, so that individual use
is not covered in too much detail or in too little
detail. On newer sources of larger scale, reading is
easier and the individual land use types are captured
with a greater accuracy, as the land use on the newer
maps are also determined more precisely. In doing
so, consideration should be given to the technology
and capabilities that were available in a particular
historical period. Moreover, maps often refer to the
same area, but in different scales.

izvora Gardole da bi se identificirale promjene u
koristenju zemljista u razli¢itim razdobljima, a po-
sljednje je iz 21. stoljeca.

Glavni izvori istrazivackih podataka za izmje-
ru podrudja bile su austrijske vojne karte (Prva i
Druga vojna izmjera) s kraja 18. 1 druge polovice
19. stoljeca, topografske karte mjerila 1 : 25.000
iz sredine i druge polovice 20. stoljeca i vektor-
ski podaci stvarnoga koristenja poljoprivrednoga
i Sumskoga zemljista u 2019. godini (Ministry of
Agriculture, Forestry and Food, 2020). Dva su
glavna nedostatka proucavanih karata. S jedne
strane, karte su sustavne i uklju¢uju neobi¢ne ka-
taloge objekata (kartografski klju¢), razlicite obli-
ke kartiranja te nedostatak projekcijskih i tran-
sformacijskih parametara. Drugi problem odituje
se u neravnom terenu, odnosno losijoj preciznosti
i nedostatku uhvacenih detalja u planinskim pre-
djelima. Podrudja na povijesnim kartama rijetko
su izmjerena i loSe kartirana. Te su karte ponekad
viSe nalik umjetnickoj slici nego tehni¢kom proiz-
vodu. Objedinjavanje podataka s ovolikom koli¢i-
nom nedostataka i nesigurnosti u ovakvim karta-
ma nije lak zadatak, pogotovo ako je potrebno od
zadanih podataka sastaviti bogatu bazu podataka
u geografskim informacijskim sustavima (Podob-

nikar i Kokalj, 2007).

Na temelju skeniranih karata izradene su karte
koristenja zemljista u programskom okruzenju Arc-
GIS. Za usporedbu koristenja zemljista u razlicitim
razdobljima na temelju povijesnih karata odreden
je jedinstveni broj kategorija. Svaka karta koristenja
zemljiSta za svako razdoblje analizirana je zasebno.

Definiranje granica izmedu pojedinih namjena
zemljista u nekim je podrudjima bilo vrlo nejasno
— potrebno je pri odabiru podruéja voditi ra¢una o
stupnju generalizacije kako se pojedina¢na namje-
na ne bi obradivala previse ili premalo detaljno.
Na novijim kartama ¢itanje je lakse, a pojedinacne
namjene zemljiSta to¢nije su odredene i kartograf-
ski prikazane. Pritom se mora uvaziti tehnologija i
vjestine koje su bile dostupne u odredenom povije-
snom razdoblju. Karte se odnose na isto podrucje,
ali u razli¢itim mjerilima.
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Georeferencing of historical maps

Historical maps were produced in a variety of the
projections, coordinate systems, and scales. Metric
quality is not homogeneous and not all maps are
equal. Generalization methods are unknown. Some
maps have marked coordinates on the edge of the
coordinate system (Podobnikar and Kokalj, 2007).
The principle of the georeferencing is based on
finding two identical points, which must match the
location as much as possible if we find them on the
old map and a new layer that needs to be georefer-
enced. These points are most often called control
points (Petek and Fridl, 2004). On old maps, it is
best to select points that have been triangulated, e.g.
churches or towers, bridges, river tributaries, cross-
roads, castles, or meanders. Characteristic points
can sometimes also be defined in terms of the topo-
nyms used in different languages on maps. It is also
good to look for recognizable details on old maps
as identical points in the whole area of the map,
as the local distortions are very large. This is some-
times difficult, as some areas lack tangible details.
'The quality of maps depends on the experience of
the cartographer and his semantic perception. To
transform such a mayp, it is necessary to determine
the style of the cartographer and cartographic ele-
ments, including the degree of generalization.

Identical reference points were selected on the
maps of a similar scale. When enough control
points have been selected, the map can be trans-
formed into the target coordinate system.

After the maps were properly located and trans-
formed, we performed land use analysis. We se-
lected and analysed the common categories of the
land use that were characteristic for Gradole and
Ljubija area, namely: meadows, forests and urban
areas. Due to different criteria and diversity of data
sources from the point of view of land use, in addi-
tion to the common categories of land use, we also
determined the categories that could be interpreted
and were specific to an individual data source. Ad-
ditional categories were determined in the map in-
terpretation of the data source of the Actual use of
agricultural land in 2019 (Ministry of Agriculture,
Forestry and Food, 2020). In the map of the First
Josephine Survey, the orchard category was omitted
due to interpretation problems, and the category
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Georeferenciranje povijesnih karata

Povijesne karte izradivane su u razli¢itim projek-
cijama, koordinatnim sustavima i mjerilima. Njiho-
va metric¢ka kvaliteta nije homogena i kartografski
su karte nejednake. Metode generalizacije su ne-
poznate. Neke karte imaju oznacene koordinate na
rubu koordinatnoga sustava (Podobnikar i Kokalj,
2007). Princip georeferenciranja temelji se na pro-
nalazenju dviju identi¢nih tocaka koje se moraju
$to bolje podudarati s lokacijom ako ih nalazimo na
staroj karti i novom sloju koji je potrebno georefe-
rencirati. Te se tocke najéesée nazivaju kontrolnim
tockama (Petek i Fridl, 2004). Na starim kartama
najbolje je odabrati tocke koje su triangulirane, npr.
crkve ili tornjevi, mostovi, rije¢ni pritoci, raskrizja,
dvorci ili meandri. Karakteristi¢ne tocke katkad se
takoder mogu definirati uz pomo¢ toponima koji se
koriste na razli¢itim jezicima na kartama. Takoder
je dobro traziti prepoznatljive detalje na starim kar-
tama kao identi¢ne tocke na cijelom podruéju karte
jer su lokalna iskrivljenja vrlo velika. To nije uvijek
lako jer nekim podrudjima nedostaju opipljivi de-
talji. Kvaliteta karata ovisi o iskustvu kartografa i
njegovoj semantickoj percepciji. Za transformaciju
takve karte potrebno je identificirati stil kartografa
i kartografske elemente, uklju¢ujudi i stupanj gene-

ralizacije.

Identi¢ne referentne to¢ke odabrane su na kar-
tama sli¢na mjerila. Kada se odabere dovoljno kon-
trolnih tocaka, karta se moze transformirati u Zelje-
ni koordinatni sustav.

Nakon sto su karte pravilno smjestene i tran-
sformirane, izvr$ena je analiza koristenja zemljista.
Odabrane su i analizirane zajednicke kategorije
koristenja zemljista koje su bile karakteristicne za
podrudje Gradola i Ljubije, a to su: livade, Sume i
urbana podrucja. Zbog razli¢itih kriterija i raznoli-
kosti izvora podataka sa stajalista koristenja zemlji-
$ta, osim zajednickih kategorija koristenja zemljista,
odredili smo i kategorije koje se mogu interpreti-
rati, a koje su specificne za pojedini izvor podata-
ka. Dodatne kategorije utvrdene su u kartografskoj
interpretaciji izvora podataka Stvarne namjene po-
ljoprivrednog zemljista u 2018. godini (Ministry of
Agriculture, Forestry and Food, 2020). U karti Prve
jozefinske izmjere izostavljena je kategorija vo¢nja-
ka zbog problema s interpretacijom, a kategorija



of vineyard in the Second Josephine Survey. The
area for each category of land use was calculated
for each historical period, based on the comparison
of changes of the individual land use area over the
time observed.

When analysing changes in the land use areas us-
ing historical maps, it is necessary to take into account
the thematic diversity and the differing criteria of car-
tographic sources. Analysing changes using historical
maps provides archival source material and a corre-
sponding GIS baseline dataset for the assessment of
the sustainable management of the landscape, working
with wider communities in the fields of preservation
as an important part of the rural heritage documenta-
tion (Karle and Carman, 2020). The methodology used
nicely shows the dynamics of changes in the individual
categories of land use over the time, while it is less suit-
able for accurately showing the magnitude of changes
in the areas of land use categories over the time, which
represents a challenge when comparing data.

Additionally, calculation of the land use change in-
dex for the selected land use categories was introduced,
also for the comparison of the investigated areas.

Environmental approach

Environmental approach was discussed in
terms of sanitary protection of the catchments’
areas due to water supply regulation. The current
land use state was observed as the approach’s ba-
sis.

Results

Historical socio-economic
settings

Gradole spring catchment

The Gradole spring catchment is part of the terri-
tory of 2 towns (the administrative units of Pore¢ and
Pazin) and 8 municipalities; in total more than 100
settlements. According to the last census (2021) the

vinograda u Drugoj jozefinskoj izmjeri. Povrsina
za svaku kategoriju namjene zemljista izracunata je
za svako povijesno razdoblje na temelju usporedbe
promjena pojedine povrsine namjene u promatra-

nom vremenu.

Pri analizi promjena u koristenju zemljista
koristenjem povijesnih karata potrebno je voditi
rauna o tematskoj raznolikosti i razli¢itim kri-
terijima kartografskih izvora. Analizom promje-
na pomocu povijesnih karata dobiva se arhivski
izvorni materijal i odgovarajuéi GIS skup poda-
taka za procjenu odrzivoga upravljanja krajobra-
zom jer se radi o vaznom dijelu dokumentacije
o ruralnoj bastini (Karle i Carman, 2020). Ko-
ristena metodologija lijepo prikazuje dinamiku
promjena pojedinih kategorija namjene kroz
vrijeme, dok je manje prikladna za tocan prikaz
veli¢ine promjena povr$ina kategorija namjene
kroz vrijeme, $to predstavlja izazov pri usporedbi

podataka.

Dodatno je uveden izracun indeksa promjene ko-
ristenja zemljiSta za odabrane kategorije koristenja
zemljista, takoder za usporedbu istrazivanih podrudja.

Ekoloski aspekt

Ekoloski aspekt analizirao se na temelju pristu-
pa zastiti okoli$a, odnosno u vidu sanitarne zastite i
regulacije slijevnih podruéja izvora zbog zastite vo-
doopskrbnih resursa. Kao osnova pristupa koristeno
je trenutacno stanje zastite.

Rezultati

Povijesne drustveno-ekonomske okolnosti
istrazivanih podrucja

Sljev izvora Gradole

Na podrudju slijeva izvora Gradole nalaze se dva
grada (kao administrativne jedinice — Porec¢ i Pa-
zin) i osam op¢ina; ukupno vise od 100 naselja. Pre-
ma posljednjem popisu stanovnistva 2021. (DZS,
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total population in the study area is 10,196 inhabit-
ants, which means that the population density is 38.7
inhabitants/km?. The Croatian average is 68.7 inhab-
itants/km”. The largest settlement in the study area, Sv.
Petar u Sumi, has 1,051 inhabitants, while the average
number of inhabitants per settlement is around 90.

There are no private houses near the Gradole
Spring. The spring is captured within the water sys-
tem complex. As mentioned above, the spring is lo-
cated on the edge of the valley of the Mirna River. The
Mirna River was canalized in its lower course as early
as 1631. The river valley was dried up and the area
was used for forestry and agriculture (Hrvatska en-
ciklopedija). It is likely that the spring water was used
for irrigation. From the edge of the valley the terrain
rises steeply (approx. 30°), from 5 m to about 150 m
a.s. L. above the spring. The slope above the spring is
forested, most of which is national property. There is
no human activity except non-extensive forestry.

Throughout history, until the late 20" century,
the main economic activity of the inhabitants of the
Gradole spring catchment was agriculture. Wine
and olive growing were, and still are, the main crops
in Istria, and the study area is no exception (Zupanc,
2001). Livestock breeding has also been an impor-
tant segment of agricultural activity throughout the
entire history of Istria. Although Istria had very
good conditions for agriculture, the processes of dea-
grarianization and depopulation hindered its further
development. The main agricultural producers have
always been small family farms. At the end of the
20™ century, the role of agriculture in Istria began to
decline rapidly. Today agriculture accounts for less
than 10% of the Istrian economy (Istrapedia, 2009a).

Population development numbers within the
Gradole spring catchment can be divided into 3 pe-
riods: 1) from 1857 to 1921; 2) from 1921 to 1991;
and 3) from 1991 to 2021.

Table 1 and Figure 4 present the first period
as demographic growth, which was strongest be-
tween 1880 and 1921. During this period, the
Gradole spring catchment population grew from
about 13,000 inhabitants to over 21,000, reaching
its peak. The reason for the population growth was
the fact that the majority of the Istrian population
worked in agriculture. During Austro-Hungarian

52

2022) ukupna populacija na podrudju istrazivanja je
10 196 stanovnika, $to znadi da je gustoca naselje-
nosti 38,7 st/km?. Hrvatski prosjek je 68,7 st/km?.
Najvece je naselje na podrucju istrazivanja Sv. Petar
u Sumi s 1 051 stanovnikom, dok je prosjecan broj
stanovnika po naselju oko 90.

U blizini izvora Gradole nema privatnih kuca.
Izvoriste je kaptirano u kompleksu vodovoda. Kao
§to je ranije navedeno, izvor se nalazi na rubu doline
rijeke Mirne. Rijeka Mirna u donjem je toku kana-
lizirana jo§ 1631. godine. Dolina rijeke je isusena, a
podrugje se koristilo za $umarstvo i poljoprivredu
(Hrvatska enciklopedija). Izvorska voda vjerojatno
je koristena za navodnjavanje. Od ruba doline teren
se strmo uzdiZe (nagib oko 30°),0d 5 m do oko 150
m nadmorske visine. Padina iznad izvora obrasla je
$umom, koja je najveéim dijelom drzavno dobro.
Nema ljudske aktivnosti osim neekstenzivnoga su-

marstva.

Kroz povijest sve do kraja 20. stoljeca glavna gos-
podarska djelatnost na podrucju slijeva izvora Gra-
dole bila je poljoprivreda. Vinogradarstvo i masli-
narstvo bile su i jo§ uvijek su glavne poljoprivredne
kulture u Istri, a podrucje istrazivanja nije iznimka
(Zupanc, 2001). Uzgoj stoke takoder je bio vazan
segment poljoprivredne djelatnosti kroz cijelu po-
vijest Istre. Iako je Istra imala vrlo dobre uvjete za
poljoprivredu, procesi deagrarizacije i depopulacije
zaustavili su njezin daljnji razvoj. Glavni poljopri-
vredni proizvodaci oduvijek su bila mala obiteljska
gospodarstva. Krajem 20. stoljec¢a uloga poljopri-
vrede u Istri pocinje naglo opadati. Danas poljopri-
vreda ¢ini manje od 10 % istarskoga gospodarstva

(Istrapedia, 2009a).

Kretanje broja stanovnika unutar slijeva izvo-
ra Gradole moze se podijeliti u 3 razdoblja: 1) od
1857.do 1921.,2) od 1921. do 1991.1 3) od 1991.
do 2021. godine.

Tablica 1 i slika 4 predstavljaju demografski rast
u prvom razdoblju, koji je bio najjaci izmedu 1880.
i 1921. Tijekom tog razdoblja broj stanovnika na
podrudju slijeva izvora Gradole narastao je s oko
13 000 stanovnika na vise od 21 000, dosegnuv-
§i time svoj vrhunac. Jedan od razloga rasta sta-
novnistva bio je taj da je vedina stanovnistva Istre
radila u poljoprivredi. Tijekom austrougarske vla-



Tab. 1 Population features (and calculated Indexes) of the Gradole catchment, and Bele Vode settlement (Ljubija spring catchment)
Tab. 1. Obiliezja stanovnistva (i izraCunati indeksi) slieva Gradole i naselja Bele Vode (slijev izvora Ljubija)

Share of Employees in | Employees in
GRSAuIr)ngLE ::;:;?;::n(i Male Female emplo?'ed Agziu);ltul"e Fl:)re};try' Househ(‘)lds
g / Broj / Muskarci / Zene /wa. /Z?pos.lenu? /?aposlem u {Bro_l
- - zaposlenih | poljoprivredi | Sumarstvu kucanstava
stanovnistva | stanovnika %) (%) %)
1857 12,943
1869 13,898
1880 13,286
1890 14,950
1900 16,359
1910 18,481
1921 21,675
1931 21,213
1948 17,439 8,633 8,806 3,538
1953 16,000 7,954 8,046 42.90 77.49 0.08 3,385
1961 13,835 6,885 6,950 43.45 71.06 0.18 3,221
1971 11,867 5,772 6,095 41.15 58.27 0.06 3,234
1981 10,878 5,385 5,493 * * * 3,055
1991 10,338 5,036 5,302 38.42 15.39 0.13 3,045
2001 10,288 5,066 5,222 * * * 3,117
2011 10,353 5,124 5,229 39.59 ** * * *
2021 10,196 5,094 5,102 * * * *
Loonises 73.36 Lopinon™ 59.01 Lopinon™ 57.9 s ; ; . L1104 = 881
are o Employees in | Employees in
ngrlile‘]yA ;:;::ll_’li)::n(i Male Female empl({yed Agzia)lrltul"e Fl:)re);try' Househ(.)lds
/ Popis / Broj / Muskarci / Zene /wa. /Z?pos.lenuf /?aposlem u {Bro_l
- . zaposlenih | poljoprivredi | Sumarstvu kucanstava
stanovnistva | stanovnika %) (%) %)
1869 499
1880 499
1890 465
1900 471
1910 422
1931 431
1948 425 212 213 80
1953 423 207 216 44.9 61 8.4 80
1961 360 187 173 43.6 61.8 10.2 79
1971 326 167 159 47.5 523 8.4
1981 262 137 125 28.2 1.4 17.6
1991 236 126 110 36.6 43.5 7.05 64
2002 286 147 139 38.5 373 92
2010 277 148 129 e ok ok
2020 275 141 134 e ok ok
2021 273 136 137
I 2021/1869 547 I2021 1948=64'2 I2021 194 =64.3 I2002 1948 = 115

Sources / zvori: FSO (1951; 1960a; 1960b; 1965a; 1965b; 1975a; 1975b; 1986); DIS (1991a; 1991b; 2002; 2012a; 2012b; 2022; 2024); Matricula register
(2020); SORS (2022)

* data for setflements are not available for active people in accordance to activity for 1981, 2001, 2011 and are not yet published for 2021 (DZS, 2022)
* datais calculated for the municipalities in the research area because the data for individual settlements is unavailable

** data for settlements are not available for active people in accordance to activity after 2002 (SORS)

* podaci za naselja nisu dostupni za radno sposobne osobe prema djelatnostima za godine 1981, 2001., 2011. i jos nisu objaviieni za 2021. godinu
(D18, 2022.)

** podaci su izracunati za opcine na podrucju istrazivanja jer podaci za naselja nisu dostupni

** podaci za naselja nisu dostupni za akfivne osobe prema akfivnosti nakon 2002. (SORS)
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rule, agriculture reached its highest development,
despite the crisis of grape vine diseases (Perono-
spora) and the wine clause. At the beginning of the
20" century, emigration of the Istrian population
overseas (to USA, RSA, Australia, etc.) began, but
the figures show that it was not a dominant demo-

graphic process (Zupanc, 2001).

In the second period, a strong depopulation
process took place. The study area lost over 50% of
its population and fell below 11,000 inhabitants
by 1981. After the losses of the First World War
and the beginning of Italian rule in 1918, Istrian
towns and municipalities experienced slowed eco-
nomic development and depopulation. Political
and economic reasons were the most important
factor in the strong emigration and changes in the
ethnic composition of Istria. Under Italian rule,
Istrian farmers had strong competition from Ital-
ian wine and olive production, which did not exist
during Austrian-Hungarian rule. Together with the
competition, restrictions in wine production were
introduced. Unfavourable taxes, debt incurred by
small farmers, land confiscations, unemployment
and many other negative factors caused negative
demographic trends. During World War II and
the arrival of Yugoslavian rule, depopulation con-
tinued and the Italian population was largely sent
into exile. After 1948, the consequences of the poor
economic (agricultural) conditions, the losses from
the Second World War and emigration led to a fur-
ther decline in population in the second half of the
20% century. Since the 1960s, the developing coast-
al towns have been attracting inhabitants migrat-
ing from the Istrian interior (Zupanc, 2004). In the
1991 census, the population of the Gradole spring
catchment was 10,848. We can also see the decrease
in the proportion of people working in agriculture,
which was caused by processes of industrialization
and later by the development of tourism. As the
study area is mainly agricultural, with small family
plots, these processes have not been able to stop the
negative demographic trends.

In the third period, from 1991 onwards, the Gra-
dole spring catchment shows population stagna-
tion, which tends to slow depopulation. It is impor-
tant to note that the population of the study area is
aging and that the proportion of the younger pop-
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davine poljoprivreda je dosegla svoj najveci razvoj,
usprkos krizi bolesti vinove loze (peronospora) i
vinskoj klauzuli. Pocetkom 20. stoljeca zapocelo
je iseljavanje istarskog stanovni$tva u inozemstvo
(SAD, Juzna Afrika, Australija...), ali brojke poka-
zuju da to nije bio dominantan demografski proces

(Zupanc, 2001).

U drugom razdoblju nastupio je snazan proces
depopulacije. Podruéje istrazivanja izgubilo je vise
od 50 % svoga stanovnistva. Broj stanovnika 1981.
godine bio je manji od 11 000. Nakon gubitaka
ljudskih Zivota u Prvom svjetskom ratu i pocetka
talijanske vladavine 1918. godine istarski gradovi i
opéine dozivjeli su usporavanje gospodarskoga ra-
zvoja 1 depopulaciju. Politicki i ekonomski razlozi
bili su najvazniji ¢imbenik u snaznom iseljavanju
i promjenama u etni¢kom sastavu Istre. S talijan-
skom vladavinom istarski poljoprivrednici stekli su
snaznu konkurenciju u talijanskoj proizvodnji vina i
maslina, koja nije postojala tijekom austrijsko-ma-
darske vladavine. Zajedno s konkurencijom uvede-
na su ogranicenja u proizvodnji vina. Nepovoljni
porezi, dugovi malih poljoprivrednika, konfiskaci-
je imovine, nezaposlenost i mnogi drugi negativni
¢imbenici uzrokovali su negativne demografske
trendove. Tijekom Drugog svjetskog rata i dolaska
jugoslavenske vladavine depopulacija se nastavila i
talijansko je stanovni$tvo u velikoj mjeri prognano.
Nakon 1948. posljedice losih ekonomskih (poljo-
privrednih) uvjeta, gubici od Drugoga svjetskog
rata i iseljavanja doveli su do daljnjega pada stanov-
nitva u drugoj polovici 20. stolje¢a. Od 1960-ih
obalni gradovi u razvoju privlace stanovnike koji
su migrirali iz unutra$njosti Istre (Zupanc, 2004).
U popisu stanovni§tva 1991. broj stanovnika slijeva
izvora Gradole bio je 10 848. Takoder je doslo do
smanjenja udjela ljudi zaposlenih u poljoprivredi
(tab. 1), §to je uzrokovano procesima industrijaliza-
cije, a kasnije i razvojem turizma. Kako je podrudje
istrazivanja uglavnom poljoprivredno, s malim obi-
teljskim parcelama, ti procesi nisu uspjeli zaustaviti
negativne demografske trendove.

U tre¢em razdoblju, od 1991. godine, prostor
izvora Gradole pokazuje stagnaciju stanovnistva, s
naznakama blage depopulacije. Vazno je napome-
nuti da populacija istrazivanoga podrudja postaje
starija i da se udio mladega stanovnistva smanju-
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Fig. 4 Population number changes regarding fotal number in the Gradole (Census Year 1857-2021, upper position) and Ljubija (Census Year 1857 -

2021, undermost position) spring catchment.

SI. 4. Promjene broja stanovnika - ukupni broj na podrucju izvora Gradole (1857. -2021., gore) i podrucju izvora Ljubija (1869. - 2021., dolie)

Sources / lzvori: FSO (195T; 1960a; 1965a; 1975a; 1986); DIS (1991a; 2002; 2012a; 2022; 2024); Matricula register (2020); SORS (2022)

ulation is decreasing (Zupanc, 2004). In 2021 (the
most recent census), the population of the Gradole
spring catchment was 10,196, which is only 47.04
% of the population in 1921, and 73.36 % of the
population in 1869.

je (Zupanc, 2004). U 2021. (posljednji popis sta-
novni§tva) slijev izvora Gradole imao je 10 196
stanovnika, §to je samo 47,04 % broja stanovnika
1921., odnosno 73,36 % od broja stanovnika 1869.
godine.
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The official census showed that the number of
households decreased in the 1948 to 1991 period
(I,6911904=86.1). After 1991, the number of house-
holds began to increase (Tablel), even though it
still had still not reached the number from 1948 by
2001 (12001/1948

tion change over the same period (I

=88.1). Compared with the popula-
2001/1948=5 8.94),
we can say that the number of households does not
follow the demographic changes. This indicates
that the number of inhabitants per household is
lower today than in the past.

Ljubija spring catchment

The wider area of Ljubija spring belongs to settle-
ment Bele Vode (White Water), named after anoth-
er spring which flows from under the white (lime-
stone) rock in the eastern part of the settlement. In
the case of Bele Vode, the population density was
11.3 inhabitants/km? (SORS, 2022). The Slovenian
average is 104.6 inhabitants/km? (SORS, 2022).

We can read the toponym Leskosek wasteland
from the topographic maps, named after the belong-
ing to the traditional farm and the clearing forest pro-
cess for provision of charcoal and food production in
past centuries. Data from the past life in the Ljubija
spring water catchment proved the charcoal and wood
of silver fir (Abies Alba) and beech (Fagus Sylvatica).
They were detected on the basis of *C analyses in the
abyss of Rupa cave sediments, and directly told the
environmental history of the area surveyed. Their age
was stated as between 153 and 166 years old. In that
short period a small brook has deposited about 1 m
thick layer of sediments and again had cut through
it and through older layers beneath in depth of 2.5
meters. Two main conclusions were made from the
data: 1) charcoal burning took place in past centuries
(people cut down forest and made charcoal from the
wood); and 2) slash and burn agriculture also created
fields and pastures from the forest land. The process
persisted nearly to World War II. Farmers cut the
branches and the trees dried. After that they were
burned, and people sowed rye. Later they used the
“burned land” for the pastures until the forest grew
up again. Then they moved to another piece of forest
land and repeated the process (Kranjc, 1979).
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Sluzbeni popis stanovni§tva pokazao je da
se broj kucanstava smanjio od 1948. do 1991.
(9911046 = 86,1). Nakon 1991. godine broj kucan-
stava poceo se povecavati (tab. 1) iako u popisu
stanovnistva 2001. jo$ uvijek nije dosegao broj iz
1948. (L1145
stanovnistva u istom razdoblju (I = 58,94)

2001/1948 —
mozemo reéi da broj kucanstava ne slijedi demo-

= 88,1). U usporedbi s promjenom

grafske promjene. To upuéuje na &injenicu da je
broj stanovnika po kuéanstvu danas niZi nego u

] P g
proslosti.

Sljev izvora Ljubija

Sire podrudje izvora Ljubija pripada naselju
Bele Vode, nazvanom po jo$ jednom izvoru koji
istjece ispod bijele (vapnenacke) stijene u isto¢nom
dijelu naselja. U slu¢aju Bele Vode gustoc¢a nase-
ljenosti u 2022. godini bila je 11,3 stan./km?. Slo-
venski prosjek prikazuje 104,6 stan./km? (SORS,
2022).

Na topografskim kartama vidljiv je toponim
Leskovskove pustote, nazvan po pripadnosti tra-
dicionalnom poljopriviednom gospodarstvu i
procesu uklanjanja Sumskoga pokrova za opskrbu
ugljenom i proizvodnju hrane u posljednjem sto-
lje¢u. Rezultat *C analiza sedimenata u jami Rupa
pokazali su koristenje ugljena iz drva srebrne jele
(Abies alba) i bukve (Fagus Sylvatica). Njihova
procijenjena starost je izmedu 153 i 166 godina i
izravno govore o povijesti okolisa na promatranom
podrucju. U relativno kratkom razdoblju maleni
potok natalozio je oko 1 m debeli sloj sedimen-
ta (s ugljenom?) te se potom usjekao kroz njega i
kroz stariji sediment u dubini od 2,5 metra. Dva
su definirana glavna razloga: 1) spaljivanje uglje-
na odvijalo se u proslim stolje¢ima (ljudi su sjekli
$umu svrhu dobivanja ugljena iz drva), 2) stvaranje
polja i pasnjaka iz Sumskoga zemljista spaljivanjem
$ume. Proces je trajao do Drugoga svijetskog rata.
Poljoprivrednici su rezali grane i stabla su se susila
nakon Cega su stavljena u vatru. Zatim su posijali
raz. Kasnije su spaljenu zemlju koristili za pasnja-
ke sve dok $uma nije ponovno izrasla. Potom su
preselili aktivnosti na novi dio Sumskoga zemljista

(Kranjc, 1979).



Regarding the maps available at the Historical
Map Portal Mapire (Arcanum maps) a very remote
household settlement has been determined in the
wider area of Ljubija spring catchment, Bele Vode
settlement, over the time observed (Arcanum maps).

Currently, four households are located above the
Ljubija spring: 2 households (7 inhabitants) are per-
manently inhabited, one is occasionally inhabited,
while the last one is abandoned. Only one of the
two farms has descendants and the opportunities for
further existence and development. In demographic
terms, the Ljubija water catchment area has followed
the trend of depopulation.

Regarding the change of the population, depop-
ulation processes are in progress in the whole settle-
ment of Bele Vode (Table 1, Figure 4). In spite of
good infrastructure (roads, water supply) the quality
of living environment is not attractive enough for
people to settle down in such a remote territory. The
comfort of urban residence seems to be more popular.
We collected data on the population available from
official censuses from 1869-2021.

The population trend in the observed period
showed a non-vital state. The total population num-
ber for the whole settlement of Bele Vode has almost
sounses=>4-7)- The of-
ficial census showed that the number of households
Sorges=115) (Table 1). The trend of
the total population for the same period, L . .0,.=64.7,
was slightly less unfavourable than in the 1869-2021
period.

halved in the period observed (I

was increasing (I

Evaluation of socio-economic
changes

Using the indicators method for the areas’ compar-
ison, the results exposed both similarities and differ-
ences between the two drinking water supply areas.

According to the collected (and available) cen-
sus data on population development for both
catchment areas in the period observed (Table
2), from the middle of the 19" century until the
beginning of the 21* century, the index value for
number of inhabitants show rather intensive de-
population process; in Gradole spring area 78.78

Na kartama dostupnim na portalu povijesnih
karata Mapire/Arcanum maps, koje se poklapaju
s promatranim razdobljem, utvrdeno je udaljeno
naselje u Sirem podrudju slijeva izvora Ljubija od-
nosno naselja Bele Vode (Arcanum Maps).

Trenutno su Cetiri kucanstva smjestena iznad
izvora Ljubija: dva kucanstva (7 stanovnika) traj-
no su naseljena, jedno je povremeno naseljeno, a
posljednji objekt vise nije naseljen. Samo jedna od
dviju farma ima potomke i moguénosti za daljnji
opstanak i razvoj. Podrudje slijeva izvora Ljubija,
demografski gledano, slijedilo je trend depopula-
cije.

Sto se tice promjene broja stanovnika, u cijelom
naselju Bele Vode prisutan je proces depopulacije
tab. 1, sl. 4). Unato¢ dobroj infrastrukturi (ceste,
vodoopskrba) kvaliteta Zivota nije dovoljno pri-
vla¢na da bi se ljudi trajno naselili na tako udalje-
nom podrudju. Cini se da je udobnost stanovanja u
urbanom podrucju popularnija. Podatke o stanov-
nistvu prikupljeni su iz sluzbenih popisa stanov-

nistva od 1869.—2021.

Kretanje broja stanovnika u promatranom raz-
doblju pokazalo je dosta nevitalno stanje. Ukupan
broj stanovnika za cijelo naselje Bele Vode gotovo
se prepolovio u promatranom razdoblju (L, .0 =
54,7). Sluzbeni popis stanovni§tva pokazao je da
2018/1948 115) (tab.
1), dok je trend ukupnoga broja stanovnika za isto
razdoblje L. ... = 64,7 manje nepovoljan nego u

cijelom razdoblju 1869.—2021.

se broj kuéanstava povecéava (I

Evaluacija socioekonomskih promjena
istrazivanih podrucja

Koristenjem metode indikatora za usporedbu
podrudja rezultati su otkrili sli¢nosti i razlike izme-
du dvaju istrazivanih podrudja.

Prema prikupljenim (i dostupnim) popisnim
podatcima o razvoju stanovni§tva za oba slijevna
podrudja u promatranom razdoblju (tab. 2), odno-
sno od sredine 19. stolje¢a do 21. stoljeéa, vrijed-
nosti indeksa za broj stanovnika pokazuju prili¢no
intenzivan proces depopulacije; u podrudju izvora
Gradole 73,36 (I 15511 (1 u irem

2021/18()9) 2020/18()9)
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Tab. 2 Population changes in the observed areas, 19-21% centuries

Tab. 2. Promjene broja stanovnika u razdoblju od sredine 19. st. do 21. st.

Employees in Emol .
Periods / Number of Share of Agriculture mproyees in
. . . Forestry 1991 | Households
Population | inhabitants Male Female employed 1991 / Zaveslen / Bro
/ Razdoblje / / Broj / Musko / Zensko /Udio / Zaposleni u B apos :1111 Jué r(:_]
Pokazatelj stanovnika | I | I zaposlenih | poljoprivredi " Suln(;;';S uIcans ava
stanovnistva Launses Lpranoss' 1991. %) oo
%) (%)
GRADOLE 73.36 59.01 57.94 92.3 15.39 0.13 88.1
Share of Employees in
employed agriculture, H(I)useholds
(Lyiosd) 2002 (%) 20021948
LJUBIJA 54.7 64.2 64.3 85.7 37.3 7.05 115

Sources / lzvori: FSO (1951; 1960a; 1960b; 1965a; 1965b; 1975a; 1975b; 1986); DIS (1991a; 1991b; 2002; 2012a; 2012b; 2022; 2024); Matricula register

(2020); SORS (2022)

*Data for the municipalities in the research area, the data for settlements is unavailable

*Podatci na razini opcina (podaci na razini naselja nisu dostupni)

(12021/1857) and 5511 (12020/1869
spring area (settlement Bele Vode). The number of

households shows an opposite trend. For Gradole
the household change index shows a lesser decline
88'1 (12001—1948
trend is positive since 1981. The household index
(1200271948
regulations and the low population, we could not
obtain more up-to-date data for Bele Vode. But in-
dexes indicate that there are fewer inhabitants per

) in the wider Ljubija

) but it is important to note that the

)in the Ljubija area was 115. Due to census

household compared to the past. The decrease of
male and female population in the Gradole area has
Soavrous=29-01 for male, and
L y1/1045=57.94 for female). In the Ljubija area, the
male population change index (66.5) is higher than
that of the female population (62.9).

similar index values (I

The census data for employment trend calcu-
lation were very limited for different time periods
for each area. Although we could find that the dea-
grarization and deruralization processes have been
taking place since the dataset accessed from 1953,
in Gradole (L, ,,.,=19.8), and as well as in the
wider Ljubija area (I, ,,,,=61.1) (Table 1 and 2),
but to a lesser extent. Generally, the share of the
employed people in both areas has been declin-
ing—the index for municipalities in the Gradole
area was 92.3 (I, ..) and 85.7 (L, ;) for the
Ljubija catchment area. The share of employees in
forestry did not vary significantly; in the Gradole
from 0.08 % (1953) to 0.13 % (1991) and from 8.4
% to 7.05 % (1953-1991) in the Ljubija area.
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podrudju izvora Ljubija (naselje Bele Vode). Broj
kucéanstava dokazuje suprotan trend. Za Gradole
indeks promjene broja kucanstava pokazuje ma-
nji pad 88,1 (12001/1948)’
da je trend pozitivan od 1981. Indeks kucanstva

(Lgon10s
popisnih propisa i maloga broja stanovnika nismo

ali je vazno napomenuti
) u podrugju Ljubije iznosio je 115. Zbog

mogli do¢i do azurnijih podataka. Indeksi pokazu-
ju da danas po kuéanstvu zivi manji broj stanov-
nika u odnosu na proslost. Pad broja muskoga i
Zenskoga stanovnistva na podruéju Gradola ima
podjednake vrijednosti indeksa (I, ,,,s= 59,01 za

musko i L, ..= 57,94 za Zensko stanovni§tvo).
Na ljubijskom podrudju indeks promjene musko-
ga stanovnistva (66,5) vedi je od indeksa Zenskoga

stanovnistva (62,9).

Popisni podatci za izracun trenda zaposlenosti
bili su vrlo ograniceni za razli¢ita razdoblja za oba
podruéja. Unato¢ tomu, usporedujuéi danasnje po-
datke s najstarijima koji su nam dostupni (1953.),
vidljivo je da procesi deagrarizacije i deruralizaci-
je na podrudju izvora Gradole traju od najstarijih
istrazivanih godina (I ., ...,=19,8), kao i na Sirem
ljubijskom podrugju (I, ,5,=61,1) (tab. 1 i 2), ali
u manjoj mjeri. Opéenito, udio zaposlenih u obama
podrué¢jima opada; indeks zaposlenosti za opéine
na prostoru izvora Gradole iznosio je 92,3 (1
te 85,7 (12002/1953
zaposlenih u Sumarstvu nije znac¢ajno varirao — na
podrugju izvora Gradole od 0,08 % (1953.) do 0,13
% (1991.) i od 8,4 % do 7,05 % (1953.—1991.) u

podrudju izvora Ljubija.

2011/1953)

) za slijevno podru¢je Ljubije. Udio



Land use changes

Gradole spring catchment

Land use changes in the Gradole spring catch-
ment were observed through changes in four land
use categories: agriculture (vineyards were distin-
guished if they were specified within the category),
forests, meadows, and built-up areas. The vineyard
area was analysed within the agriculture category
as data were not available for all periods. Land use
data for the 18" century were not collected because
no cartographic data were available (the first mili-
tary survey did not cover the study area because it
was under Venetian rule).

We can see that during, the period observed (Ta-
ble 3, Figure 5), agricultural land showed modest
growth (I, o =122.67). Such a result is not sur-
prising because, as mentioned above, most of the
population of the Gradole spring catchment has
always been involved in agriculture. Only in the
recent period, between 1980 and 2018, can we ob-
serve a slight decrease in the amount of land used
for agriculture. It is interesting to note the sharp de-
cline in vineyards. According to the data, between
1932 and 1980 more than 90% of the vineyards
have vanished. This can be partly explained by the
economic and political situation and processes at
that time. Namely, between the World Wars there
was a change of government, and wheat production
was imposed instead of viticulture. After the Sec-
ond World War, the former Institute of Agriculture
and Tourism in Pore¢ was abolished and would not
open again until 1984. In that period, family wine
production was marginalized, and the majority of
production was done by combines that produced
so-called industrial wines (Institut za poljoprivredu
i turizam, 2020). Despite this, production was not
accompanied by technological development, which
probably had an impact on the reduction of pro-
duction (Istrapedia, 2009b). Despite the aforemen-
tioned, the differences between the cartographic
sources used for this analysis should be highlighted.
Due to the differences in scale and types of car-
tographic sources, it is clear that the decline in the
area of vineyards in the mentioned period may have
been overstated compared to the actual situation.

Promjene koristenja zemljista

Sljev izvora Gradole

Promjene u koristenju zemljista na slijevu izvo-
ra Gradole promatrane su kroz promjene u Ceti-
ri kategorije koriStenja zemljista: poljoprivreda,
$ume, livade i izgradena podrudja. Podrugje vino-
grada analizirano je unutar kategorije poljoprivre-
da jer podatci nisu bili dostupni za sva razdoblja.
Podatci o koristenju zemljista za 18. stoljece nisu
prikupljeni jer kartografski podatci nisu bili do-
stupni (Prva vojna izmjera nije obuhvatila istra-
Zivano podrudje jer je ono bilo pod mletackom

vlaséu).

Vidljivo je da su tijekom promatranoga raz-
doblja (tab. 3, sl. 5) poljoprivredna zemljista ostva-
rila blagi rast,odnosno povecanje povrsine (I, 0,
= 122,67). Ovakav rezultat ne iznenaduje jer se,
kao $to je ranije navedeno, najveci dio stanovnistva
na podrudju slijeva izvora Gradole oduvijek bavio
poljoprivredom. Tek u posljednjem razdoblju, od
1980. do 2018. godine, moze se uociti blagi pad
povrsine koristene za poljoprivredu. Zanimljivo je
naglo smanjenje povr§ina vinograda. Prema po-
datcima, izmedu 1932.1 1980. vise od 90 % vino-
grada je nestalo. To se djelomi¢no moze objasniti
gospodarskom te politickom situacijom i proce-
sima u to vrijeme. Naime, izmedu dvaju svjetskih
ratova doslo je do promjene vlasti te je umjesto
vinogradarstva bila nametnuta proizvodnja pSeni-
ce. Nakon Drugoga svjetskog rata ukinut je tadas-
nji Institut za poljoprivredu i turizam u Porecu,
sve do 1984. godine. U tom razdoblju obiteljska
proizvodnja vina bila je marginalizirana, a veéinu
proizvodnje ¢inili su kombinati koji su proizvodili
tzv. industrijska vina (Institut za poljoprivredu i
turizam, 2020). Unato¢ tomu ta proizvodnja nije
popracena tehnoloskim razvojem, to je vierojatno
imalo utjecaja na smanjenje proizvodnje (Istrape-
dia, 2009b). Ipak treba istaknuti razliku izmedu
kartografskih izvora koriStenih za ovu analizu.
Zbog razlika u mjerilu te vrstama kartografskih
izvora jasno je da je pad povrsina vinograda u spo-
menutom razdoblju mozda prenaglasen u odnosu
na stvarno stanje.
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Tab. 3 Land use changes in the Gradole and Ljubija spring catchment, from the second half of the 18th century to 2018.

Tab. 3. Promjene koristenja zemljista na slijevnim podrucjima izvora Gradole i Ljubija, razdoblje od druge polovice 18. stolieca do 21. stolieca

GRADOLE 19" century 20% cen 20% centu 21% centur In share
Periods/Land use . (1821-1836) | =, century | 20 century | ZlFcentury | g ) Change
A R 18 century o (1932) (1980) (2018) o h
/ Razdoblje/Koristenje . . | /19.stoljece - - . . | /uudjelima | /Promjena
/18. stoljece /20. stoljece | / 21. stoljece | / 21. stoljece
zemljiSta (1821.- (1932.) (1980.) (2018.) (2018.) | I
(km?) 1836.) : : : (%)
Agriculture (vineyards) 115.48 114.38 122.67
/ Poljoprivreda (vinogradi) N.A. 93.24 (N.A.) | 101.7 (49.9) (3.94) (4.19) 48.39 (1.77) (NA)
Forest™
/ Sume* N.A. 75.25 67.22 72.78 81.21 34.36 0792
Meadows
e NA. 67.47 66.76 46.25 38.21 16.17 e
Built-up areas
/ Tngradens podsuia N.A. 0.41 1.41 1.83 2.55 1.08 o
Area total
. 236.4 236.4 236.4 236.4
/ Ukupna povrsina
;‘]UB(IIJ? In share Ch
eriods 18 century | 19 century | 20" century | 20" century | 21* century (2019) ange
Land use . By . . . . 1 / Promjena
/ Razdoblja/ /18. stoljece | / 19.stoljece | / 20. stoljece | / 20. stoljece | / 21. stoljece | / uudjelima I
. (1784-1785) | (1821-1836) | (1935 1941) | (1968-1979) (2019) (2019.) 2019/1821
Koristenje zemljista (%) 201971784
(km?)
Arable land
/ Obradeno zemljiste 0.003 0.0004 /
Forest
S 462 7.26 6.11 7.47 7.12 0.85 ot s
Meadow
/ Livade 3.76 1.13 2.28 0.91 12 0.14 1062.(319)
Orchard
/ Voénjaci 0.02 0.0026 ,
Built-up area 0.01 0.01 0.03 0.02 0.05 0.006
/ Izgradena podrudja ) ) ) ) ) ) 500 (500)
Water area
/ Vodene povrsine 0.001 0-0001
*including transitional shrub to woodland areas / *ukljucujuci prijelazni grm u Sumska podrucja
Area/Land use Change
/ Povriina/promjena forest meadow orchard Built-up area Water area
kori§tenja zemljista
GRADOLE 107.9 56.6 / 621.9 /
(1201 121)
LJUBDA (I, 98.1 106.2 / 500.0 /

Sources: Arcanum maps, Maps of Europe; McMaster University Digital Archive; Copernicus Land Monitoring Service, “Corine land cover”; vector data

of the Actual use of agriculfural and forest land in 2019.

lzvori: Arcanum maps, Maps of Europe; McMaster University Digital Archive; Copernicus Land Monitoring Service, Corine land cover; vektorski podatci

Actual use of agricultural and forest land in 2019.)

Forest areas show a moderate decline from the
first half of the 19" to the first half of the 20" cen-
tury. The decline in forests during this period was
logically accompanied by an increase in agriculture
and built-up areas. The area of meadows (and pas-
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Sumske povrsine biljeze umjereni pad od prve
polovice 19. do prve polovice 20. stolje¢a. Sma-
njenje Suma u tom razdoblju logi¢no je pratilo
povecanje poljoprivrednih i izgradenih povrsina.
Povrsina livada (i pasnjaka) ostala je gotovo nepro-



A) Gradole spring N
LA

Land use categories /
Kategorije koristenja zemljista
I buitt -up areas / izgradena podrugja

[0 agriculture/ poljoprivreda
I meadows!/ livade
- forest/ Sume e

B) Gradole spring "
A

Land use categories
Kategorije koriStenja zemljista

Il built-up areas / izgradena podrugja
[ agriculture / poljoprivreda

777 vineyards /vinogradi

I meadows / livade

I forest / Sume

Fig. 5 Land use changes in the Gradole spring basin (A - 1836; B - 2018)

SI. 5. Promjene u koriStenju zemljista na podrucju slijeva izvora Gradole (A - 1836. god.; B-2018. god.)

Source : based on: Arcanum maps, Maps of Europe; Copernicus Land Monitoring Service, Corine land cover
Izvor: izradeno prema podatcima: Arcanum maps, Maps of Europe; Copernicus Land Monitoring Service, Corine land cover

tures) remained almost unchanged. Between 1932
and 2018, the area of meadows decreased signifi-
cantly. Increases in forest area are most marked dur-
ing this period, as with areas used for agriculture
and the built-up areas. It is clear that, with the lack
of population and livestock, vegetation succession
took place and transformed former meadows and
pastures into forests. Built-up (urban) areas show a
steady increase throughout the period under study.
Comparing the land use data of the 19% and 21*
centuries, it is clear that forest areas have increased
slightly (I),/,4,,=107.92). The areas used for agri-
culture have increased (I, ., =122.67), while the
area of meadows has almost halved (L, ... =56.63).
Built-up areas show the largest relative increase
(1 p18/1521=621.96), although they account for only
1.08 % of the total study area.

mijenjena. Izmedu 1932. i 2018. povr§ina livada
znatno se smanjila. Sumske povrsine se u tom raz-
doblju najizrazitije povecéavaju, kao i povrsine koje
se koriste za poljoprivredu te izgradena podrudja.
Jasno je da je s nedostatkom stanovnis§tva i stoke
doslo do sukcesije vegetacije koja je nekadasnje li-
vade i pasnjake pretvorila u Sume. Izgradena (urba-
na) podrudja pokazuju stalan porast tijekom cijelo-
ga promatranog razdoblja. Usporedujuéi podatke
o koristenju zemljista u 19. i 21. stoljecu, vidljivo
je da su sumske povrsine blago porasle (I .., =
107,92). Poljoprivredne povrsine su se poveéale
(L gi1s01 = 122,67), dok su se povrdine livada go-
tovo prepolovile (L ... = 56,63). Izgradena po-
drugja pokazuju najvedi relativni porast (I ... =
621,96) iako ¢ine samo 1,08 % ukupne povrine
istrazivanja.
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Ljubija spring catchment

Differences in land use area can be observed over
individual time periods. We can see trends of ris-
ing and declining areas of individual categories. The
area of forests increased from the 18" century to the
19% century, followed by a slight decline in the peri-
od before the Second World War, and then the areas
increased again. Urban and built-up areas increased
until the period before World War 11, followed by a
decline. The dynamics of changing urban and forest
areas coincide with the socio-demographic process-
es of this area. Throughout all periods there has been
a declining trend in population. Household declines
and emigration can be traced back to World War II
and lasted to the early 1990s. The process of agricul-
tural land being overgrown by the forest has begun.
People were looking for work in newly-established
factories in the cities in the valleys. The main prob-
lems in this period were the reduction of the pop-
ulation and population aging, the abandonment of
agricultural production and the deterioration of the
cultural landscape. Abandonment of agricultural
production has an impact on increased afforestation
and greening (Sajovic, 2005). Therefore, we can con-
clude that landscape transformation processes such
as afforestation and greening are connected with
depopulation and are less evident at the observed
area. In the period after 1991, there was a noticeable
increase in the number of households, built-up areas
and meadows, and a decrease in forest areas (Figure

5 and 6; Table 1,2 and 3).

Slijev izvora Ljubija

U pojedinim razdobljima mogu se uoditi razlike
u koristenju zemljista. Pojedine kategorije koriste-
nja zemljista biljeze trend rasta, a pojedine trend
pada. Povrsine Suma povecavale su se od 18. do
19. stoljeca nakon Cega je uslijedio blagi pad u raz-
doblju prije Drugoga svjetskog rata, a zatim su po-
vr$ine ponovno povecane. Urbane i izgradene povr-
§ine povecavaju se sve do razdoblja prije Drugoga
svjetskog rata nakon Cega slijedi pad. Dinamika mi-
jenjanja urbanih i Sumskih povrsina slaze se sa soci-
odemografskim procesima ovoga prostora. Kroz sva
razdoblja biljeZi se trend pada broja stanovnika. Pad
kucanstava i emigracija mogu se pratiti od Drugoga
svjetskog rata do ranih 1990-ih. Trenutno je aktivan
proces zarastanja poljoprivrednih povr$ina Sumom.
Ljudi su trazili posao u novoosnovanim tvornicama
u gradovima u dolini. Glavni su problemi u ovom
razdoblju smanjenje broja stanovnistva i njihovo
starenje, napustanje poljoprivredne proizvodnje
i propadanje kulturnoga krajobraza. Napustanje
poljoprivredne proizvodnje utjece na pojacano po-
$umljavanje i ozelenjavanje (Sajovic, 2005). Stoga
mozemo zakljuditi da su procesi transformacije
krajobraza poput posumljavanja i ozelenjavanja
povezani s depopulacijom, te su manje izrazeni na
promatranom podrudju. U razdoblju nakon 1991.
godine zamjetan je porast broja kucanstava, izgra-
denih povrsina i livada, a smanjenje Sumskih povr-

Sina (sl. 51 6; tab. 1,21 3).

A)

Land use categories /
Kategorije koristenja zemljista
[ Imeadows / livade

[ forest/ Suma

o 03 os 1 I built-up area / izgradene povr&ine

Fig. 6 Land use changes in the
Ljubija spring catchment (A -
1785, based on the Austrian first
military survey; B - 2019)

SI. 6. Promjene u koritenju
zemljista u slijevu izvora Ljubija
(A-1785. god., na temelju prve
austijske vojne izmijere; B - 2019.
god.

Source: based on: Arcanum
maps, Maps of Europe; vector
data of the Actual use of

agricultural and forest land in
Land use categories /

2019
Kategorije koristenja .
zemljista lzvor: izradeno prema

podatcima: Arcanum maps,
Maps of Europe; vector data
of the Actual use of agricultural
and forest land in 2019.
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Human interaction and land use

Forest index value for both catchments, Gra-
dole 107.9 (I, s,,) and Ljubija 161.6 (I, ,...)
indicate the afforestation process, which proves
to be prevailing land use trend, also characteris-
tic for Slovenian and Croatian rural areas. Ad-
ditionally, it coincides with depopulation, aging
process and decreasing number of the agriculture
employees.

Conclusion

In spite of the catchments’ natural vulnerability,
the management of both karst springs have success-
fully managed the water supply role and settlement
pressure including human activities. Beside legisla-
tion measures, the self-sufficient lifestyle of locals
enabled land cultivation and landscape conserva-
tion in accordance with limited natural capacity.
Gradole and Ljubija spring catchments present a
balanced interaction between human needs and en-
vironmental sensitivity. Both areas have kept an in-
hospitable, even backwards picture from the urban
(comfort) point of view, where tradition is present.
Additionally, the prevailing forest land use supports

stable water-ecological capacities.

According to actual comparison results of the
human-environment interaction in Gradole and
Ljubija spring catchments, we established the fol-
lowing findings within the three approaches:

1) Environmental approach - exposed the spring
catchment of Gradole since the whole area (100%)
has been under the sanitary protection of different
levels. In the wider Ljubija spring area only 8.9%
of the surface is protected due to water supply reg-
ulation. The land use category shares do not follow
the protected landscape picture: the least intensive,
forest land use presents 84.4% of surface in Ljubija
spring catchment, which could be connected to the
lower share of protected water area. In the Gradole
spring area, forests take up one-third of the area,
while the highest share belongs to arable land use
(46.6%), what means a strict obligation for land-
owners to adhere to spring protection regulations.

Ljudska interakcija i koristenje zemljista

Vrijednost indeksa povr§ina pod $umama za

podrucje Gradole (L, ..., = 107,9) upozorio je na
proces posumljavanja, tj. rast povrsina §uma, $to se
pokazalo kao prevladavajuéi trend koriStenja ze-
mljista. Istrazivano podrucje Ljubija pokazalo je u
istom razdoblju blago negativan trend (L, ., =
98,1). Inace je trend posumljavanja karakteristi¢an
za slovenska i hrvatska ruralna podrugja. K tomu,
poklapa se s procesom depopulacije, procesom sta-

renja i smanjenjem broja zaposlenih u poljoprivredi.

Lakljucci

Unato¢ prirodnoj ranjivosti istrazivanih slje-
vova upravljanje obama krskim izvorima ocuvalo
je njihovu vodoopskrbnu ulogu i ogranicilo pri-
tiske ljudskih aktivnosti. Osim zakonskih mjera
samodostatni nadin Zivota mje§tana omogudio je
obradu zemlje i oCuvanje krajobraza u skladu s
ogranifenim prirodnim moguénostima. Sljevovi
izvora Gradole i Ljubija predstavljaju uravnote-
Zenu interakeiju izmedu ljudskih potreba i osjet-
ljivosti okolisa. Oba kraja zadrzala su ruralnu, ¢ak
i nazadnu sliku s urbanoga (komfornog) gledista.
K tomu, prevladavaju¢a namjena $umskoga ze-
mljista podrzava stabilne vodno-ekoloske kapa-
citete.

Prema stvarnim usporednim rezultatima inte-
rakcije Covjeka i okolis$a na promatranim podruc-
jima unutar triju pristupa dosli smo do sljede¢ih
zakljucaka:

1) Ekoloski pristup otkrio je da je slijev izvora
Gradole potpuno (100 %) pod sanitarnom zastitom
razli¢itih razina. U §irem podrudju izvorista Lju-
bija samo je 8,9 % povrsine zasti¢eno regulacijom
vodoopskrbe. Udjeli kategorija koristenja zemljista
ne slijede sliku zasti¢enoga krajobraza: najmanje in-
tenzivno koriStenje Sumskoga zemljista predstavlja
84,4 % povrsine u slijevu izvora Ljubija, $to bi se
moglo povezati s manjim udjelom vodozastitnoga
podrugja. Na podruéju izvora Gradole Sume zauzi-
maju tre¢inu povrsine, dok najveéi udio ima poljo-
privreda (46,6 %), sto znaci obvezu vlasnika zemlji-
§ta na postivanje propisa o zastiti izvora. Kategorija
livada zauzima sli¢an udio u povrsini u obama pro-
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The meadow category is similar in both areas ob-
served, 14.3% in Ljubija and 16.7% in Gradole
catchment. Due to the climate and location there
is only 0.26% of orchard land use in Ljubija and
1.77% traditional vineyards in the Gradole spring
catchment. The built-up area shares are low in both
areas—1.08% in Gradole and 0.6% in Ljubija. Both
researched areas are still under the water protection
regime from the previous century, i.e. Gradole from
1967 and Ljubija from 1983.

2) Social features - showed poor development
prospects of the areas surveyed. A strong depop-
ulation trend has been taking place according to
the available census data starting after the Second
World War (Figure 4), i.e. from 1948 in Gradole
region (L, ..=78.78; L .=58.47 ), where-
as for the wider Ljubija spring area, settlement of
Bele Vode, the population data has been decreasing
from the first survey in 1869 (I, , .. =54.7). In the
Gradole catchment, the population has been de-
creasing steadily since 1921, whereas in the Ljubija
catchment there was a rise of inhabitants in 1991.
Although household number development is more
promising: I, . is 115 for Ljubija and 88.1
(Lyo1 1945) for Gradole. We estimated that today
there are fewer inhabitants per household than at
the time of the first census in the 19 century, in the
period of rural overpopulation. In recent decades,
the both catchments’ population is stagnating and
tends to be slowly depopulating, caused by a very
high proportion of elderly people. Aging could be
another typical process for Slovenian and Croatian
rural areas. The researched areas are also alike in
terms of rare and dispersed settlement types—1.4
inhabitants per km? were found in Ljubija and 38.7
inhabitants per km?in Gradole. The consequences
of demographic trends and population changes are,
in turn, reflected in the catchments’ land use de-
velopment. With the demographic decline and the
slow abandonment of active agriculture, forest areas
are increasing. Vegetative succession is overtaking
pastures, meadows and abandoned agricultural ar-
eas. However, it is important to note that there is
no decrease in total area under agriculture, as many
inhabitants are engaged in agriculture in addition
to their main occupation, which is also the case in
Gradole (46.6% of arable land). This is explained
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matranim podruéjima, 14,3 % na podrudju Ljubije
1 16,7 % na slijevu Gradole. Zbog klimatskih i lo-
kacijskih razloga na podrucju Ljubije je 0,26 % po-
vréina pod voénjacima, a tradicionalnih vinograda
u slijevu izvora Gradole 1,77 %. Udjeli izgradenih
(urbanih) povrsina niski su u obama podrudjima;
1,08 % u Gradolama i 0,6 % u slijevu izvora Ljubi-
ja. Oba su istrazivana podruéja pod rezimom zastite
voda od prosloga stoljec¢a, Gradole od 1967. godine,
a Ljubija od 1983. godine.

2) Drustvena obiljezja pokazala su slabu razvojnu
perspektivu promatranih podrudja. Prema dostu-
pnim podatcima popisa stanovnistva, od Drugoga
svjetskog rata odvija se snazan trend depopulacije
na prostoru izvora Gradole (I, ,, ... = 78,78; 1, .
= 58,47, sl. 4), dok za §ire podrugje izvorista Ljubija,
odnosno naselje Bele Vode, broj stanovnika pada od
popisa 1869. (L, ,¢0 = 54,7). Na podrudju slijeva
izvora Gradole broj stanovnika konstantno se sma-
njuje od 1921. godine, dok je u slijevu izvora Ljubija
doslo do povecanja broja stanovnika 1991. godine.
Broj kucanstava pokazuje drugadije trendove za po-
drugje izvora Ljubija I = 115. Za slijev izvo-

2002/1948
ra Gradole indeks kucanstava nesto je manji, 88,1

(12001/1‘)48
manje stanovnika nego u vrijeme prvoga popisa sta-

). Procijenili smo da danas po kuc¢anstvu Zivi

novnis§tva u 19. stoljecu, u razdoblju ruralne prena-
seljenosti. Posljednjih desetljec¢a stanovnistvo obaju
istrazivanih podrudja stagnira i ima tendenciju po-
lagane depopulacije, $to je uzrokovano vrlo visokim
udjelom starijih osoba. Starenje je jo$ jedan tipi¢an
proces za slovenska i hrvatska ruralna podrudja.
Istrazivana podrudja sli¢na su i po rijetkom i disper-
ziranom tipu naseljenosti; U Ljubiji je evidentirano
1,4 stanovnika po km?, dok je na podrudju slijeva
izvora Gradole prosjek 43,1 stanovnika po km?. Po-
sljedice demografskih kretanja i promjena stanov-
ni$tva obrnuto se odrazavaju na razvoj koristenja ze-
mljista u promatranim sljevovima. S demografskim
padom i polaganim napustanjem aktivne poljopri-
vrede povecavaju se Sumske povrdine. Vegetativna
sukcesija zahvaca pasnjake, livade i napustene po-
ljoprivredne povrsine. No, vazno je napomenuti da
nema smanjenja ukupnih poljoprivrednih povriina
jer se velik broj stanovnika uz svoje osnovno zani-
manje bavi i poljoprivredom, §to je slu¢aj u izvoristu

Gradole (46,6 % obradivih povriina). To se objas-



by the decreasing livestock activities, which is why
forests are emerging in the area of former pastures.
The share of the agriculture employees decreased
in both areas—from 77.5% to 15.4% in Gradole
(1953-1991) and from 61% to 37.3% (1953-2002)
in the Ljubija catchment. The share of people em-
ployed in forestry has not changed significantly:
from 0.08% in 1953 to 0.13% in Gradole and from
8.4% to 7.05% (1953-1991) in Ljubija.

3) From the Zand use point of view the process
of afforestation has been stressed according to the
index of landuse—in Gradole region there was
L0100, of 107.9 calculated for the forest cate-
gory. In the Ljubija area it was even higher for

2019/1784=161‘6)’
whereas the comparison of the same peri-

the whole accessible data series (I

od showed a slightly negative trend in Ljubija
(Lp1o/160,=98-1). Because of that trend we esti-
mated forestry to be a potential economic activity
within long term rural development: green jobs,
use of endogenous resources. During most of the
period under study, agriculture was the main oc-
cupation of the inhabitants of the Gradole area.
After the 1971 census, we noted a strong decrease
in the share of agriculture in the total economy,
which is a consequence of the economic transi-
tion. Nevertheless, agriculture seems to have kept
its traditionally sustainable role, catering to the
future needs of inhabitants of both areas. Addi-
tionally, there is considerable market potential in
agriculture. Vineyards and arable land in Gradole,
on the other hand, breeding (organic) livestock
for meat production in the Ljubija area. Tourism,
trade and production of organic products are op-
portunities for Gradole and Ljubija farmsteads in
terms of supplementary activities’ registration, a
viable option for the areas’ development and for
attracting younger residents. They could promote
their tradition and history (mills, saws, self-sup-
plied agriculture) completely environmentally
acceptable. The main obstacles are probably very
small and fragmented parcels of agricultural land
in Gradole and legal issues of ownership in both
areas.

According to the multidisciplinary approach we

established the following multi-aspect data base
(Table 4).

njava sve manjim stocarskim djelatnostima, zbog
Cega Sume nastaju na podrudju nekadasnjih pasnja-
ka. U obama podru¢jima smanjen je udio zaposlenih
u poljoprivredi — sa 77,5 % na 15,4 % na podrudju
izvora Gradole (1953. — 1991.) i sa 61 % na 37,3
% (1953. - 2002.) u slijevu izvora Ljubija. Udio za-
poslenih u Sumarstvu nije se znacajno promijenio: s
0,08 % 1953. godine na 0,13 % u podruéju Gradole
is8,4%na7.05% (1953.-1991.) u slijevu Ljubija.

3) S gledista koristenja zemljista prisutan je pro-
ces rasta povr§ina pod Sumom, prema indeksu ko-
soungan = 107,9.

Na podrudju Ljubije proces rasta sumskih povrsina

ristenja zemljista, u regiji Gradole I

jo$ je naglaSeniji za cijeli niz dostupnih podataka
(L1917 = 161,6), ali je blago negativan za usporedi-
vo razdoblje (L, ..., = 98,1). Zbog navedenih tren-
dova Sumarstvo smo procijenili kao potencijalnu
gospodarsku aktivnost u okviru dugoro¢noga rural-
nog razvoja: zelena radna mjesta, koristenje endo-
genih resursa. Tijekom vecega dijela promatranog
razdoblja poljoprivreda je bila glavno zanimanje
stanovnika podrudja Gradole. Nakon popisa sta-
novni§tva 1971. godine biljezimo snazno smanjenje
udjela poljoprivrede u ukupnom gospodarstvu, $to
je posljedica gospodarske tranzicije. Ipak, ¢ini se da
poljoprivreda zadrzava svoju tradicionalno odrzivu
ulogu s obzirom na samoopskrbne djelatnosti sta-
novni$tva. Posebno je to izrazeno na podrudju izvo-
ra Gradole, na kojem prevladavaju poljoprivredne
povrsine (46,6 % ukupnoga podrugja). Uz to postoji
i trzi$ni potencijal. Vinogradi i oranice na podrudju
slijeva izvora Gradole, a s druge strane uzgoj (organ-
ske) stoke za proizvodnju mesa u ljubijskom kraju.
Turizam, trgovina i proizvodnja ekoloskih proizvo-
da prilika su za seoska gospodarstva prostora izvora
Gradole i Ljubija u smislu registracije dopunskih
djelatnosti te su isplativa opcija za razvoj podrudja
i privlacenje mladega stanovnistva. Postoji mogué-
nost promoviranja tradicije i povijest (mlinovi, pile,
samoopskrbna poljoprivreda) na potpuno ekoloski
prihvatljiv na¢in. Glavne prepreke su vjerojatno vrlo
male i rascjepkane Cestice poljoprivrednoga zemlji-
§ta na podrudju izvora Gradole i pravni problemi
vlasni§tva na obama podruéjima.

Prema odabranom multidisciplinarnom pristu-
pu objedinili smo podatke razli¢itih gledista u bazu
podataka prikazanu u tablici 4.
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Tab. 4 Evaluation of the Environmental, Landuse and Social characteristics of the study areas (most recent data)

Tab. 4. Podatci o okolisnim, drustvenim te obiliezjima koristenja zemijista za istrazivana podrucja (recentni podatci)

§‘ ‘2 Environmental Landuse Social
B / Okolis / Koristenje zemljista / Drustvo
a~
Share of (water/spring) protected area: | Land use trends (prevailing) as Population trends: depopulation
8.9 % economic potential: Afforestation / Trend kretanja broja stanovnika:
/ Udio zasti¢enoga podrucja (slijeva): |/ Trendovi koristenja zemljista depopulacija
8,9 % (prevladavaju¢i) kao ekonomski Settlement type: sparsely
Share of land use categories: potencijal: rast Sumskih povrsina / Tip naselja: rastrkan i objekti
/ Udio kategorija koristenja zemljista: | Economic/production activities: Household trends: I, ,.=115
forest area / sume: 84.8% forestry, organic agriculture Trend kretanja broja kucanstava:
ﬂ arable land / poljoprivredna zemljista: / Gospodarske/ proizvoidne‘aktivnosti: Lyopions = 115
= |0.04% Sumarstvo, organska poljoprivreda Population density: 1.4 inhab/km?
2 | meadow / livade: 14.3% Agriculture/forest employees (green / Gustoca stanovnika: 1,4 stan./km?
— | orchard / vo¢njaci: 0.26% jobs): 50% Share of active (employed) people:
built-up area / izgradena podrucja : 0.6% | / Udio zaposlenih u poljoprivredi i 66.7%
water area / vode: 0.12% Sumarstvu (zelene djelatnosti): 50 % / Udio aktivnog (zaposlenog)
legal start year of water protection: 1983 | Spring capacity (number of (other) stanovnistva: 66,7 %
/ pocetak zakonske zastite: 1983. people for water supply/provision):
30,000
/ Kapacitet izvora (broj ljudi koje
opskrbljuje): 30 000
Share of (water/spring) protected area: | Land use trends as economic potential: | Population trends: stagnation/
100% of the catchment” agrarization, afforestation (succession) | depopulation
/ Udio zasti¢enoga podrucja (slijeva): |/ Trendovi koristenja zemljista / Trend kretanja broja stanovnika:
100 % (prevladavajuéi) kao ekonomski stagnacija/depopulacija
Significant protection: 9,8% (1stand | potencijal: rast poljoprivrednih povriina | Settlement types: villages and small
2nd zone of sanitary protection) i Suma (sukcesija) towns
Znacajnija zastita: 9,8 % (1.1 1. zona | Economic/production activities: / Tipovi naselja: scla i mali gradovi
sanitarne zastite) Trade, manufacture, tourism Household trends: I, ... = 88.1
3 | Share ofland use categories: / Gospodarske/proizvodne aktivnosti: |/ Trend kretanja broja ku¢anstava:
8 / Udio kategorija kori$tenja zemljista: | trgovina, obrtnistvo, turizam Loum0ss = 88,1
8 | forestarea/ sume: 34.36% Agriculture/forest employees (green | Population density: 38.7 inhab./km?
§ arable land / poljoprivredna zemljista: jobs): < 10% / Gustoca stanovnika: 43,1 stan./
O |46.62% / Udio zaposlenih u poljoprivredi i km?
meadow / livade: 16.67% sumarstvu (zelene djelatnosti): < 10% | Share of active (employed) people:
vineyard / vinogradi: 1.77% Spring capacity (number of people 39.6%
built-up area / izgradene povrsine: for water supply/provision): 100,000 / Udio aktivnog (zaposlenog)
1.08% (approx.) stanovnistva: 39,6 %
Start year of water protection: 2003** | / Kapacitet izvora (broj ljudi koje
(1967) opskrbljuje): 100 000 (procjena)
/ Poéetak zakonske zastite: 2003.
(1967.)

*The whole area of the Gradole spring catchment is under different levels of sanitary protection
** Starting year of protection in current state/area

/ *Cijeli je prostor slijeva izvora Gradole unutar razliitih zona sanitarne zastite

** Godina zastite U trenutnom opsegu

To conclude, both areas are extremely important
for drinking water provision, 30,000 people in Ljubi-
ja and 100,000 people from the Gradole area. Ac-
cording to the indicators of comparison of the Ljubi-
ja and Gradole environmental development balanced
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Zaklju¢no, oba podrudja izuzetno su vazna za
opskrbu pitkom vodom, 30 000 ljudi u slu¢aju izvo-
ra Ljubija i 100 000 ljudi u slu¢aju izvora Grado-
le. Prema pokazateljima usporedbe razvoja okolisa
Ljubije i Gradola utvrdena je uravnoteZena dje-



human interaction and strategic protection of the
land resources are present within strictly regulated
land use. To keep the landscape cultivated in such
areas, in addition to preserving the sensitive and vul-
nerable as karst landscape, an adjusted legislation and
financial support concerning the settlement and the
limited self-sufficient working activities are needed.
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