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Abstract: The results of a comparative study of the changes in land use, population, number of
households and population density, erosion control works and the intensity of erosion processes
in the period from 1955 to 2016 confirm that besides the natural resources of the catchment
area, the human factor is the main cause of the change in the intensity of erosion processes.
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AncrpakT: Pe3ynrarn KoMmapaTHBHE aHajdM3€ NPOMEHa HauMHa KopHmIhema 3eMIBHINTA,
Opoja craHOBHHKa, JoMahMHCTaBa M TyCTHHE HACEJbCHOCTH, M3BEICHUX MPOTHBEPO3HOHHX
pazoBa W MHTEH3WUTETa €PO3MOHUX Tporeca y mepuoay 1955. - 2016. roguae notplyjy oa
je aHTponorenu (haxkrop, y3 HPUPOIHE NPEIHUCIIO3HLMje CIMBA, OCHOBHH Y3POK HACTAaHKA M
IPOMEHE HHTEH3UTEeTa epO3HOHUX MIpoLeca.

Kbyune peum: aHTpONOreHM yTHIaj, MHTEH3HUTET eposuje, Meron Ilorenunjana Eposwuje,
MIPOTUBEPO3NOHH PAJIOBH, CIIUB JKyKoBcke peke, nctouna Cpouja

Introduction

The interaction of climate, heterogeneous geological composition, topography, aspect, different
quality of forest ecosystems, as well as the adverse effects of human activity have caused the
development of intensive erosion processes and frequent torrential floods in the catchment
area of the Zukovska River. Inadequate land use has further contributed to the development
of erosion processes (Braunovi¢, Ratkni¢, 2012). Human activity in agriculture and forestry
has had harmful effects on the vegetation cover, soil structure and stability and thus intensified
the erosion. Because of the strong human impact, the rapid erosion is rightly said to be of
anthropogenic origin.

Human migration in the catchment area of the Zukovska River has been caused by historical
and economic factors: old people stay in the villages and they are engaged in agriculture, while
young people leave their homes in search for existence in the industry and other economic
activities. The villages have been sparsely populated, with the average population age around
70 years.

Material and methods

The map of land use and the map of erosion for the period before the erosion control works
were performed (in 1955) were created on the basis of the existing technical documentation and
the map of erosion from that period (Bilibajki¢, 2012). The erosion coefficients were calculated
after prof. Gavrilovi¢’s methodology for both periods (Gavrilovi¢, 1972). The field maps of
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the processes of excessive and severe erosion, satellite images and thematic (topographic,
geological, soil, land use, erosion, etc.) maps, as well as the climate characteristics and the
distribution of vegetation were used to determine the erosion coefficient (Z) for each of the
determined homogeneous plots.

Altitude zones
m a.s.L

I 230 - 300
I 200.1- 400
[ 400.1- 500
[ ] s00.1-600
[ ] e00.1-700
[1700.1-800
[ e00.1-900
[ 900.1- 1,000
I 1.000.1 - 1,100
B 1.100.1 - 1.200
B 1.200.1 - 1,300
[ 1.300.1 - 1.400
[ 1.400.1 - 1,500
[11.500.1 - 1,800

Figure 1. Altitude zones in the catchment area of the Zukovska River
Coamnka 1. Bucuncke 3oHe y cnuBy JKyKkoBcke peke

Table 1. Overview of the area by the altitude zones of the catchment area
Tabela 1. Ilpernen nospiiyHa npeMa BUCHHCKUM 30HAMA Y CIIUBY

Altitude zones (m a.s.l)

. . Low-mountainous Medium to high
Area ez terrain mountainous terrain
below 300 300-500 500-700 700-1000 above 1000
km2 1.42 18.73 37.10 39.50 7.71
% 1.4 17.9 35.5 37.8 7.4

The share of soil types and their spatial distribution are shown in Table 2. The most frequently
occurring soil type is brown soil: on shallow gabar (53.97%), on phyllite and shale (12.13%)

and on mica shist and gneiss (11.39%), etc.

Table 2. Distribution of the soil types in the catchment area of the Zukovska River
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Tabena 2. 3acTynbeHOCT TUIIOBA 3eMJBHIITA Y CIHUBY JKyKOBCKe peke
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Soil type Share (%)

Brown soil on shallow gabar 53.97
Brown acid soil on phyllite and shale 12.13
Brown acid soil on mica shist and gneiss 11.39
Brownised rendzina on hard skeletal limestone 11.05
Brown acid soil on the Miocene sands and clays 3.13
Rocky limestone 2.86
Ranker on gneiss 2.36
Brown acid soil on sandstone 1.24
Brown soil on gabar and flysch; Brown acid soil on granite; Brown forest soil; Alluvial <1.00
sandy non-calcareous sediment

The bedrock of the catchment area is composed of limestone, sandstone, green rocks and green
schist, gabar and granite. The spatial distribution of the bedrock and the shares of different
geological formations are shown in Table 3.

Table 3. Geology of the catchment area of the Zukovska River
Ta6esa 3. ['eonomku cactaB ciauBa JKyKOBCKe peke

Bedrock Share (%)

Pyroxene medium-grained gabar (a); pyroxene gabar (b) 46.21
Microgabar 11.78
Layered and thick-bedded limestone and dolomite (Valanginian and Hauterivian) 11.08
Limestone, argillaceous limestone, shale (Lower Urgonian facies) 7.64
Conglomerates, sandstones, sands; limestone (a) 4.29
Sandstones, shale, limestone (Upper Urgonian facies) 4.27
Biotite-amphibole and amphibole-biotite gneisses 3.31
Granodiorite-porphyrite of Aldinac 1.22
The lower river terrace 1.18
Green rocks and green schists 1.08
Arpphibplites and amphibole schist; gabro-porphyrites; sandstones, marls, chert, shale; <1.0
migmatites efc.

The vegetation cover is mainly composed of oak forests, beech and hornbeam forests,
introduced Austrian pine and locust forests, meadows, pastures and agricultural fields.

Table 4. Land use in the catchment area in 1955 and 2016
Tao6ena 4. Haunn xopuniherma 3emibuinra y ciauBy 1955. u 2016. rogune

in 1955 | in 2016

Land use i) ShareArea i) Share

in % (1] in % (1]
Bare land 34.74 33.26 1.82 1.74
Forests 30.55 29.25 51.41 49.22
Scrubs 6.58 6.30 0.41 0.40
Arable fields 19.12 18.30 0.79 0.75
Meadows and pastures 12.64 12.10 47.34 45.32
Vineyards 0.31 0.30 0.31 0.30
Orchards 0.52 0.50 0.13 0.12
Human settlements - - 2.24 2.15
104.46 100.00 104.46 100.00
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Figure 2. Map of land use in the catchment area in 2016
Canka 2. Kapra Haunna xopunihema 3emsbninra y cnuy 2016. roqune

According to data from 1955, barren land occupied 33.26%, forests 29.25%, arable fields
18.30% and meadows and pastures 12.10% of the catchment area. In 2016, forests covered
49.22%, meadows and pastures 45.32%, arable fields 0.75%, vineyards 0.30%, orchards
0.12%, bare land 1.74% and human settlements 2.15% of the total area (Table 4; Figure 2).

Compared to the land use in 1955, the share of forests increased from 29.25% to 49.22%, and
the share of barrens decreased from 33.26% to 1.74% of the total catchment area.

According to CORINE methodology (Table 5), the share of forested area increased to 70.54%
(by 41.29% compared to 1955).

Table 5. Land use in the catchment area of the Zukovska River — CORINE
Tabesna 5. Hauun kopumihema 3eMipHiTa y ciinBy JKyKOBCke peke

CORINE category (ilrﬁf) sn}ll?;:'

2.4.2. The complex of cultivated plots 2.82 2.70
2.4.3. Predominantly agricultural land with larger areas of natural vegetation 14.79 14.16
3.1.1. Deciduous forests 50.55 48.39
3.1.2. Coniferous forests 13.10 12.54
3.1.3. Mixed forests 1.18 9.61
3.2.1. Grassland 11.99 1.13
3.2.4. Transitional area between forests and underbrush 10.04 11.47

Total 104.46 100.00

The catchment area of the Zukovska River stretches in 10 cadastral municipalities (Figures 3),
at the altitude of 302 (CM Zukovac) to 694 m (CM Balinac and CM Drvnik). The population
of the catchment area decreased almost 17 times in the period from 1948 to 2011 (see Table 6,
Figure 4).
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Figure 3. Cadastral municipalities in the catchment area
Cuauka 3. Karactapcke ONmTHHE y CIUBY

Table 6. Population by census years
Ta6ena 6. bpoj cTaHOBHHKA IIpeMa IMOMMMCHUM T'OTHHAMA

Cadastral Altitude m Population by census years }zgesd;czt(l)(;ri

municipality | a.sl | 148 | 1953 | 1961 | 1971 | 1981 | 1991 | 2002 | 2011 %)
Strbac 246 741 719 622 582 453 379 246 153 78.7
Zukovac 302 427 419 349 280 216 169 114 63 85.0
Kandalica 394 256 251 223 174 129 88 52 25 90.0
Gradiste 501 189 184 162 128 73 37 31 22 88.0
Vidovac 502 228 230 207 150 116 73 45 23 90.0
Staro Korito 587 287 280 250 173 128 78 51 23 91.8
Pricevac 605 418 426 374 282 163 96 54 25 94.1
Aldinac 693 847 744 611 391 151 75 26 16 97.8
Dejanovac 693 492 466 392 262 106 51 27 15 96.8
Balinac 694 556 493 400 287 126 61 39 19 96.1
Drvnik 694 259 199 180 149 76 37 15 7 96.5
Total 4700 | 4411 3770 2858 1737 1144 700 391 91.1

Number of
inhabitants
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51 to 100

[ 101 to 300
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over 1000

in 1953 in 2011

Figure 4. The change in the population of the catchment according to census years
Camnka 4. TIpomeHa 6poja CTaHOBHHKA Y CIIMBY IIpeMa MTOMUCHUM TOiMHAMA
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The largest population reduction in the study period was in the cadastral municipalities above
500 m a.s.l. All the cadastral municipalities in the catchment area had a marked reduction in
the number of households and the average number of household members (2014). Population
density decreased from 44.9 inhabitants/km? in 1948 to 3.74 inhabitants/km? in 2011.

The analyzed demographic and socio-economic changes in the researched area have affected
indirectly to the regeneration of natural ecosystems (Braunovié¢, Ratkni¢, 2011).

Excessive erosion processes were the most dominant in the catchment area in 1955 (77.28%
of the total area). The processes of severe erosion accounted for 18.34%, moderate for 3.98%
and very weak for 0.4% of the catchment area (Table 7, Figure 5). The erosion coefficient was
Z = 1.14 (Bilibajki¢, 2012).
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Figure 5. Map of the erosion in 1955 Figure 6. Map of the erosion in 2016
Cimxa 5. Kapra eposmje 1955. ronune Cunka 6. Kapra eposuje 2016. ronune

Source: Bilibajki¢, 2012

The intensity of erosion was reduced by 2016. Moderate erosion affected the big part of the
catchment area (79.67%), followed by excessive erosion processes which affected 1.97%,
while severe erosion accounted for 15.74% and weak for 2.62% of the catchment area.

The areas affected by excessive erosion decreased by 35.31%, and the areas under moderate
erosion increased by 75.69%. The coefficient of erosion was Z = 0.61, which means that the
catchment area was dominated by the erosion processes of destructiveness category II1, i.e. the
erosion processes of moderate intensity (Table 7, Figure 6).

Table 7. Mean erosion coefficients (Z,, ) in 1955 and 2016
Ta6ena 7. Cpenma BpeTHOCT Koe(UIIMjeHTa epo3Hje (Zcp) 1955. u 2016. roqmae

) in 1955 in 2016

Erosion category 7 Area Share 7 Area Share

mean (km?) in % mean (km?) in %
Excessive 1.25 80.73 77.28 1.25 2.06 1.97
Severe 0.85 19.15 18.34 0.85 16.44 15.74
Moderate 0.55 4.16 3.98 0.55 83.23 79.67
Weak 0.30 0.42 0.40 0.30 2.74 2.62
Very weak 0.10 - - 0.10 - -
Total 1.14 104.46 100.00 0.61 104.46 100.00
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The works conducted in the period from 1956 to 1980 mostly included biotechnical and
biological structures as well as the construction of several dams in the riverbed. The catchment
area had 457,747.0 m’ of retention structures built (bench terraces, terraces, wattling, horizontal
walls, etc.).

Table 8. The planned and performed works of afforestation of the Zukovska River catchment
Ta6ena 8. 3Benenu u npeapul)eHn pajoBU Ha MOMIYMJbaBamy cirBa JKyKoBCKe peke

Performed | Planned

Watercourse ) Species Afforestation technique
a
Aldinacka reka 150,00 150,00 Austrian pine Bench terraces
Balinacka reka 1.610,00 | 1.610,00 Austrian pine Terraces
Pric¢evska reka 600,00 819,00 Scots pine, locust Terraces; Pit planting
Dejanovacka reka 300,00 400,00 Aus. pine, locust Dry stone dams; wattlework in gullies
Drvnicka reka 1.000,00 | 1.000,00 Aus. pine, locust Bench terraces; dry stone walls and
wattlework
Vitonjska reka 2.000,00| 2.000,00|  Austrian pine Terraces (on steeper slopes with

wattlework)

Kragujevacki potok 1.650,00 | 1.650,00 Austrian pine; Ditches, Terraces, dry stone walls,

wattlework
Leva reka 500,00 | 1.000,00 Aus. pine, locust Bench terraces
Kosmatica 47,91 147,91 Austrian pine Terraces
Sipkova reka 105,00 | 1.105,00 Austrian pine Terraces

Source: (2009a, 2009b)

Biological works were carried out on the slopes of the basin in order to check erosion or to
reduce its intensity, to achieve a certain volume of plant production and finally to preserve
and improve the environment. In other words, technical works carried out in the hydrographic
network of watercourses can solve acute problems, while biological works permanently solve
the problem of erosion on the slopes of a basin. The establishment of a vegetation cover creates
unfavourable conditions for the development of erosion processes (Kostadinov ef al., 2018).

Conclusions

The study of the anthropogenic effects in the observed period can explain both the favorable
and the unfavorable human activity in the catchment area. The high density of population
and livestock, inadequate land use on the slopes, conversion of forest into agricultural land,
disruption of the protective function of vegetation and soil structure in the fifties of the
twentieth century maximized the development of erosion processes. The works conducted in
the period from 1956 to 1980 mostly included biotechnical and biological structures as well as
the construction of several dams in the riverbed. Around 75% of the bare land was afforested
which halted further development of erosion.

The basic demographic processes in the rural area of the Zukovska River catchment are
characterized by a steady population reduction and a decline in the number of households and
household members. All the villages have been affected by the population aging. Consequently,
the farmland at higher altitudes has been abandoned, the livestock reduced and large areas of
the catchment have had the vegetation spontaneously regenerated. Together with previously
performed erosion control works, these processes have reduced the erosion and lessened its
impact.
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However, a considerable part of the catchment plantations was threatened by ice-breaks
in 2014. Inadequate rehabilitation of these areas (removal of damaged trees without new
afforestation) will create conditions suitable for the occurrence of erosion processes, which
often characterized this area in the past.

Figure 7: Austrian pine plantations Figure 8: Erosion processes in Austrian pine
damaged by ice-breaks in 2014 plantations in 2016
Cauxa 7: Kynrype upsor 6opa Cumka 8: [Ipouecu eposuje y Kyntypama
omrehene nemonomuma 2014. roqune pHor 6opa 2016. rogune
Photo: Braunovi¢ S. (2016) Photo: Ratkni¢ M. (2016)
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Parknuh Muxauno, bpaynosuh Coma, Musneruh 3opan, Parkuuh Tarjana,
Xanposuh Cabaxyanx

AHTPOIIOI'EHM YTHHAJU Y CJINBY )KYKOBCKE PEKE
WHucruTyT 32 mrymapcerso, beorpan

Pe3ume: [IpupoaHe kapakTepHCTHKE aHATM3UPAHOT CIMBA ITOBOJHHE CY 3@ Pa3B0Oj €PO3HOHHUX
npoueca. TepeH je MmpeTeKHO HUCKO IUIAaHWHCKH, ca MaguHaMa mpocedHor Haruba 30% u
pacmioHoM HaaMopcke BucuHe ox 246 mo 1000 m. T'eomomky mostory usrpalyjy ycioBHO
eponuOUIHE M BeoMa epOIUOMIIHE CTEHE, a HajBehy OBPIINHY C/IMBa TOKPHBA CMel)e 3eMIBHIIITE
wuTKo (53,97 %). Ilpema mogannma u3 1955. rogune roneru cy 3ay3umaie 33.25%, myme
29,25%, a nossoripuBpenne nospumze 21,90 %. Y ciausy je 2016. roguHe nporeHar noBpuiMHa
noxt mrymoM nosehan 3a 19,97% (y omgnocy Ha 1955 roauHy), a ydemnthe TojeTH je CMameHO
ca 33,25 % na 1,74 % noBpimHe cnuBa. Yeien 1eMorpad)cKor Mpaxmerha JIeNIoBa MoApydja
MPUCYTHO je HaIyITame 00paje OpaHMYHHWX IOBPIIMHA, HUXOBO 3aKOPOBJHABAKE HIIH
IpeTBapame y maiimbake. bpoj cranoBauka ce ox 1948. 1o 2011. rogrHe cCMambHO TPUOIHIKHO
17 nmyra. Hajsehe cmameme Opoja cTaHOBHMKA je y KaracTapcKuM ommiTHHama u3Hag 500
MeTapa HaJIMOpcKe BUCHHE. [ 'ycTHHA HAaCeJbeHOCTH je y aHAJTM3UPaHOM Ieproty onaja ca 44,9
craHoBHuka/km? Ha 3,74 cranoBHuka/km?. V cnuBy cy 1955. roquHe JOMHUHUpAIH MPOLECH
ekcuecuBHe eposuje (77,28 % MOBpUIMHE CIHBA), a CPEABU KOCUIMEHT epo3Hje M3HOCHO
je Zcp=1,14. Ilpema pesynratuma u3 2016. ronuHe TOMUHHPAjy MPOIECH OCPEAHE epo3Hje
(78,50%). IloBpmmHe mMOJ EKCIIECHBHOM €pO3HjOM IPacTHYHO Ccy cMameHe (3a 97,14%),
a cpelma BpeAHOCT KoeduijeHTa eposuje u3nocuia je Zcep = 0,61. YV nepuony ox 1956.
n0 1980. roguHe moumymibeHo je oko 75 % MOBpIIMHA TOJETH y CIUBY. YIIPAaBO MOAN3AHBEM
KYJITYpa 4OBEK je CAHMPAO M3PAa3HTO jaKy €pO3Hjy M yCIIOPHO JIaJbH Pa3B0oj €pO3HOHMX IPOIIeca.
[Mocnennue mrera n3a3Banux jegonomuma 2014. rogrHe y KynTypama 3a 3aIliTUTY O €pO3Hje
1 BbUXOBO HEa/ICKBAaTHO CaHUpamke oMoryhasajy pa3Boj kapuIiTa eposuje u Bpahame Ha CTambe
KapaKTepUCTHYHO 3a MPOLLIOCT OBOT HOApPY4Yja. AHaJW3a aHTPOIOIECHOT YTHIja y CIUBY
JKykoBcke peke o0jarimaBa JUPEKTHY 3aBUCHOCT POMEHA HHTEH3UTETa EPO3MOHHX Ipolieca
W aKTMBHOCTH YOBEKa, 3HAa4aj W HEOIXOJHOCT CIIPOBOhEma aJeKBaTHUX NPOTHBEPO3UOHHX
pazioBa M BbUXOBOT OJIp)KaBarba.
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