CPIICKA AKAITEMMUJA HAYKA 1 YMETHOCTHU




YTULA] MAJINX XVJPOEJIEKTPAHA
HA JXMBOTHY CPEIVIHY



SERBIAN ACADEMY OF SCIENCES AND ARTS

SCIENTIFIC MEETINGS
Book CLXXXVII

DEPARTMENT OF CHEMICAL AND BIOLOGICAL STUDIES
Book 17

ENVIRONMENTAL IMPACT
OF SMALL HYDROPOWER
PLANTS

Accepted at the 6" meeting of the Department of Chemical and Biological Sciences
on September 20, 2019

Editor
Academician
MARKO ANDJELKOVIC

BELGRADE 2020



CPIICKA AKAJEMUJA HAYKA M1 YMETHOCTU

HAYYHWM CKYIIOBMU
Kwura CLXXXVII

OIE/bELE XEMUJCKUX M BMOJIOIIKNX HAYKA
Kwnura 17

VTUIIA] MAJIX
XVIIPOEJIEKTPAHA
HA JKMBOTHY CPEIVHY

[Tpumspeno Ha VI ckyny Opepera XeMIjCKUX U OMOIOIIKMX HayKa, OGP>KaHOM
20. centrem6pa 2019. roguHe

YpenHnucx
aKajgeMMK
MAPKO AHBHEJIKOBIT'R

BEOTPAL 2020



Nspaje
Cpiicka akademuja HayKa u ymeiHOCIIU
Kuesa Muxanna 35, beorpap

TexHUYKM ypemHUK
Huxona Ciiesanosuh

JIekTOp M KOpPEKTOP
Becna Illy6uh

IIpeBop pesumea
Ayitiopu

Tupax: 400 mpumepaxa

ITamma
Colorgrafx, beorpan

© Cpricka akafieMuja Hayka 1 ymeTHoCcTH 2020



OPTAHM3ALIMOHM OIBOP

Axagemuk Mapko Anbenkosuh,| npencentnk

IIpod. op Anekcanpap JoBoBuh
ITpod. mp 3opan Hukmh
Ip ITaBne ITaBnoBuh, Hay4YHM CaBETHUK
JacMuHa JoBuh, moMohHVK MUHNCTpa 32 3aLITUTY IPUPOJE U KIMMATCKe IIPOMeHe

Bepa baruHa, cekpeTrap






CAJIPYKA]J

TIPEITOBOP .ottt 9
MAPKO AHBEJIKOBM'R

YTunaj Manux XuipoeneKTpaHa Ha XUBOTHY CPEIMHY .....cevveeererererenenesesesenn. 11
J3naramwe MUHICTpA 3aIITUTE )XMBOTHe cpefuHe Ap [opana TpusaHa........... 15
BEJ/bKO IMMUTPUJEBI'R

YTriaj Manux XuzipoenekTpaHa Ha peXXVM U BOJHM YCTIOBU

3a IbUXOBO MPOJEKTOBAILE M UBTPAIDY ceeverereninrererinisiesesinesesesiseseseeesesesesesesessenes 21
VELJKO DIMITRIJEVIC

The impact of mini hydropower plants on water system,

design and construction reqUIreMENts.........coveeeureeerrercrrecremrerersecesesesensesessesesnenes 40

B/IAIAH KAPAMAPKOBWR, PAJE KAPAMAPKOBUTE,

MIJIONII HMKOJIN'R, HEHAJI CTOJU'R

YTumaj Manux XuapoeneKTpaHa Ha ofgp>xuBy pa3soj Perry6oimuke Cpouje .......43
VLADAN KARAMARKOVIC, RADE KARAMARKOVIC,

MILOS NIKOLIC, NENAD STOJIC

The impact of small hydropower plants on the sustainable

development of the Republic Of Serbia.........cccveueuveeiriernineerineenicrircereereeieenes 66

BPAHVICJIAB B. LOPHEEB'R

EnepreTcKo, eKOOIIKO ¥ Pa3BOjHO BPEHOBAIbE MA/INX XUIPOCTIeKTPaHa......67
BRANISLAV V. DORDEVIC

Assessing the energy related, environmental and economic

impacts of small-scale hydroelectric power plants.........ccccooceeecureerierncrninicrnennns 90

VMBAH BOXWR, AJIEKCAHIAP [IETKOBI'R

YT1iaj mojeaHNX TEXHNYKUX pelllelba Ha OCTBapyBambe

€HEPreTCKMX M €KOJMIOMKUX IM/beBa MAJINX XULPOETEKTPAHA .cvevirienirveriiririanens 93
IVAN BOZIC, ALEKSANDAR PETKOVIC

The impact of particular technical solutions

on energy related and ecology issues of small hydropower plants.................... 106



PATKO PUCTU'R, UBAH MAJIYIHEBW'h, CMHUIIA ITOJIOBMHA,
BYKAIIIVIH MMJIYAHOBIW'R, BOPUC PAIIT'h

Marte XuapoeneKTpaHe JepUBALMOHOT THIIA: Oe3HaYajHa eHepreTcKa

KOPUCT ¥ HEMEP/BMBA €KOMOIIKA IITETA ..vvverreneruenseressenersentssessesessesessessosessesessens 107
RATKO RISTIC, IVAN MALUSEVIC, SINISA POLOVINA,

VUKASIN MILCANOVIC, BORIS RADIC

Small derivate hydropower plants: a negligible contribution to power
generation and an imparable adverse environmental impact .........cccecureunee. 132

CBETJIAHA CTEBOBU'R

Konnent nsrpagme MXE y cBeT1y KOHQIMKTHNX

VHTEPECA VI CHEPTY]CKMX PELICIDA covvuvrirircrriiisisensssssiisssssessssissssssssssssssssssssssses 135
SVETLANA STEVOVIC

SHPP construction concept in terms of conflict of

interest and Synergic SOIULIONS ..........c.ceveuvicuriiciniciricce s 167

I[TPEOPAT CMMOHOBIR

YTuiaj aepuBanoHuX Maaux XUApoeNeKTpaHa Ha 3ajefHnIe puba

U JpyTUX aKBaTMYHUX OPraHM3aMa eKOCHCTeMa IVIAHMHCKIUX peKa

PEIIYOIIKE CPOUE ....uveeeeirerecieiieicieiseieietetseiesse sttt sae s sesaenacs 169
PREDRAG SIMONOVIC

The impact of small derivative hydropower plants on fish species

and other aquatic organisms in the mountain river ecosystems

of the Republic 0f Serbia.......cccveuviuerciniuriericicirieicccreccc et seaenne 189

JEJIKA IPHOBPIHA-ICAVMJIOBIT'h

YTuiaj Manux XuspoeneKTpaHa AepyBalOHOT TUIIA Ha IOKa/IHe

TIOIy/IALj€ BOJO3EMALIA M TMM3ABALIA ..ecuvivnineieneniierenesesssessnssesensssssenesssssseneas 191
JELKA CRNOBRNJA-ISAILOVIC

The impact of diversion small hydropower plants on local amphibian

and reptile POPUIALIONS ......ccuveucireuciricieieieirecrce et seaeseeaenes 207
TVICKYCHA...oviiniiiniiiiiiiiii s s 209
3axpyuny OpraHyu3anyoOHOT OF00PA CUMIIOZUJYMA.....vucveerreerreacrescrmesenseacsens 223

Hecnarame ca nojegyuuM 3akbydruma OpraHusanyoHor ogdopa
CUMIIO3UjyMa ,, Y TUIIaj Ma/IuX XMAPOeTeKTPaHa Ha XMBOTHY CPEVIHY ........ 226



I[TPEOI'OBOP

Y 3aBU/IHO [yTOj TPaAuLVjy IOCTOjamba U pafa CpIIcKe aKafieMuje HayKa I
YMETHOCTH yBeK je IPUCYTHO HacTojarbe Ha aKTMBHOM Ipahemwy u y4emhy y ak-
TyelHUM forahamyMa U IpoHa/IaKewhy pelllerba MpobreMa OIIITeT LMBIIN3a-
IIVIjCKOT M/M/IM HAIIMOHATHOT 3Havaja. Y TOM CMUCIY je, lieHehn nHaue Bp1o mm-
POKy r106aHy mpo61eMaTuKy IpupoHe ¥ )KMBOTHE CPefiTHe 3Y3e€THO OMTHOM
¥ 33 Hallle IPYLITBO Ca IOMUTUYKOT, eKOHOMCKOT ¥ €TMYKOT acIeKTa, a HOCeOHO
y TOM OKBMPY M ca acmekTa 6ymyhHoCTH HOBMX reHepanmja, IIpenceqHumTBO
CAHY ocHoBano 1972. rogune Mehyonememckn ofdop ,HoBek 1 XMBOTHA Cpe-
[VHA®, KOjU cajja ersucTpa U pajy Kao AKageMujcku og6op ,JoBek 1 >KMBOTHA
cpenuna“. Pag Onbopa onBujao ce 1 ofsuja paay npaherma akTyenHe IpobaeMa-
THKe Y 06/macTy 3amtuTe 1 yHanpehema sxnBoTHe cpenyae y Perry6mum Cp6ujn,
Y KOHTEKCTY I706aHe po6reMaTiKe TOT aclleKTa, 1 Y3 aKTMBHO ydenrhe y yka-
3MBamby Ha aKTye/lTHe IpobJieMe 1 IPOHaIaXKehe OfroBapajyhx npuxsaT/biBIUX
U palMOHaHUX peera. CXofHO ToMe, wiaHoBu Onbopa cy Ha HEKOIUKO ca-
cranaka Op6opa yKka3uBa/y Ha CBe IIPUCYTHU]y aKTUBHOCT Y 00/IaCTV M3rpajiibe
manux xugpoenekrpana (MXE) u cBe ydectanmje peakuuje pro et contra, Kako y
KpPYyrOBMMa CTpy4YIbaKa TaKO U Y HIMPO]j APYIITBEHOj jaBHOCTH. Ha ocHOBY THx
casHamwa, Onbop je Ha CBOjoj cemHUIM, ofpXKaHoj 17. merem6pa 2018. ropuHe,
TOHEO OIJIYKY Jla OPTaHM3Yje CUMIIO3UjYM ,, Y TUIIj MalINX XUPOETEeKTpaHa Ha
XKVMBOTHY CpeIMHY", KOju je ofpskaH 6. jyHa 2019. ronuse y Ceyanoj cami CAHY.

OCHOBHM LIW/b CKYINa OMJIO je HAYYHO M CTPYYHO IpPe3eHTOBame 00jeK-
TUBHMX YMIbEHUIIA, IPBEHCTBEHO U3 OrOBapajyhux TeXHMYKUX UM OMOTOLIKIX
06macTy 1 OUICIIIUIMHA KOje ce O[JHOCe Ha M3rpajiiby U ekcioaranujy MXE, kao
U IbMXOB KPaTKOPOYHM ¥ IyTOPOYHY YTULAj HA )KUBOTHY CPEAMHY Y Y>KEM U LIN-
peM OKpYXXelby. Y TOM CMUCILY je, Y CKIa[y ca IPUHIUIIOM ,IIpefilaBama 1o Io-
3UBY", Ipy>KeHa IIPUJINKA jefTHOM OpOjy CTpy4YHbaKa IIpOBepeHe KOMIIETeHTHOCTH
U3 OfroBapajyhux AyucumIviMHa M3 OKBMpa Ipo6reMaryKe CKyIa Ja CaoIIIITe
CBOja pecreKTab1THa 3Hama ¥ ICKYCTBA, Kao 1 Jja IIpefyIoKe Moryhe mpaBsije pe-
IIea aKTyenHuX npobnema. CKy je 6110 OTBOpEH 3a jaBHOCT, C LIW/beM IIOA-
3ama HMBOA 00ABELITEHOCTI O HaBe[eHoj pobaeMaruiiy, kao 1 omoryhasama
V3HOIIEHha MHANBULYATHUX MUIIbEha KPO3 JUCKYCHUjY KOja je ofp>KaHa HaKOH
usnarama pedpepara. OBa MOHOTpadumja cap>Ku TeKCTOBE 0CaM ayTOPCKUX pa-
JIOBa KOjU CY, Y HEIITO Ca’keTujeM OOMMKY, OMIM M3TI0’KeHN TOKOM OffpyKaBarba
CHMIIO3MjyMa, a KOjU CY PelleH3MpaHM Off CTpaHe eKCIlepaTa 3a ogropapajyhe o6ma-
CTU, Kao u roBope Jp lopana TpuBaHa, MMHNUCTpA 32 3aIITUTY )KMBOTHE CPefiHE
y Brnagu Peny6nuke Cp6uje n akagemuka Mapka Anbenkosuha, mpexncennuka
Axapemujckor opi6opa ,JoBeK ¥ XIMBOTHA CpeAIHA", KOjJ Cy Oip>KaHU Y OKBUPY
oTBapama CuMIosujyma.
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Y nmaHen-AMCKYCHUjM OffpXKaHOj HAKOH M3/Iarama pedepara y4ecTBOBAJIO je
jemaHaecT muckyTaHara. Illect AucKyTaHaTa ce OfjasBajo IIO3UBY U y IpenBube-
HOM POKY HOCTaBWIO CBOje AMCKyCHUje Y MUCAaHOM OONUKY, IIpeMa yTBpheHuMm
Iporos3niMjama, Tako Jia Cy u oHe yBpirheHe y oBy MoHorpadujy. Ha ocHoBy
u3noxeHnx pedepara, OpraHn3anoH ofOOp CUMIIO3UjyMa ,, Y TUIIAj MaJIVX XU~
[IpOeTIeKTPaHa Ha )XMBOTHY CpeAMHy  (GOpMy/Ncao je 3ak/byuke CKyIa KOju Cy
y6MKOBaHM Y OKBUPY OBe MOHOrpaduje.

Yetupu ayTopa Koja Cy ofipxkajia Tpu pedepara y OKBUPY HaBe[eHOT CUM-
II03MjyMa, M3 CBOjMX NMYHUX PA3jIora, JeIMMUYHO Cy Ceé Orpajuia Of OILITe
dbopMynmucaHNX 3aK/bydaKa, LITO je TaKohe /JaTo y OKBUPY OBe IybnmKaryje.

Y beorpapny, 20. HoBeM6pa 2019. ropyae
Axanemuk Mapko Anbenkosnh



VTUIIAJ IEPVBAIIMOHUX MAJINX XUTPOETEKTPAHA
HA 3AJEQHULIE PVIBA U IPYTUX AKBATUYHMX
OPTAHM3AMA EKOCHMCTEMA TUIAHMHCKMX
PEKA PEITYBJIMKE CPBMJE

[TPEOPAT CMUMOHOBUR"

Caxerak - Cpbujyommnkyje Many IpWInNB MafaByIHA, CA MaJIOM KOTMYNHOM
TOMMLIMIHKX BOJA KOje Y/He MaXxoM OYjU4HI BOJOTOLM HeyjeHaueHOT IPOTHLIaja,
ca M3pa)keHUM MOBOMIbVIMA U MOIIABHMM Ta/lacuMa, Behe rycTuHe peuHe Mpexe ca
MambJM IPOTUIIAjUMA Y BOJOLIMMA Ha IIOfII03M Off CEPIIEHTUHUTCKIX ¥ MarMaTCKMX
CTeHa y OIHOCY Ha Kpe4madyKy Hopiory. Ibuxos BogHM peXXUM je HMBa/JIHO-IITY-
BUjaJIHM, Ca MaKCUMYMOM BOJIOCTaja KpajeM mponeha 1 MUHMMYMOM KpajeM JeTa u
TIOYETKOM jeCeHM, Kao U Ca YeCTUM JIETHUM IIOBOAIMA 360T TOKaTHNUX HEIOTOfIa.
Y 3ajepHunaMa puba ropmer u Cpefmber pUTPOHa IVIAHNHCKUX U OPICKO-TIIaHNH-
ckux pexa y Cpbuju mommuupajy macrpmcke spcre (f. Salmonidae), ca nspasuro
BE/IMKMM ¥ 300T BUX0Be HOCeOHOCTH M3Pa3sUTUM KOH3ePBALMIOHVM 3HaYajeM y eB-
POIICKMM U CBETCKMM pasMepama. ¥ TOM IIOITIefly, HajBUIIE je IPOydYeHa M UCTUIe
ce motoyHa mactpmka Salmo cf. trutta L., 1758, xao n mmaguia Hucho hucho (L.,
1758), koja je rmobamHo yrpoxena Bpcra (EN), 3a Kojy je usrpapma xuppoeHep-
FeTCKMX MTOCTPOjerba IIaBHNU yrpoxkaBajyhu dakTop. 3aK/byuak JOHECEH HAa OCHOBY
TPEHYTHO JJOCTYNHUX IOfaTaKa O CTPYKTYPU 3ajefHNUIIA €KOCUCTEeMA IIJTAHMHCKIX
peka u cramy $OH/A MOTOYHE ITACTPMKE HAaKOH M3TPajiibhe U IOoYeTKa eKCIUIoaTa-
Iyje JepuBallMOHNX MaiX XMAPOeNeKTPaHa HEIOOUTHO FOBOPY O HIXOBOM M3-
PasnTO IITETHOM YTHIAjy Ha MacTPMCKM (POHI M €KOCKCTeM IUIAaHMHCKUX peKa y
nemay. OBaKaB OYeKMBAHY YTUIIAj IPBa je MOTBPAa HeMoryhHOCTH fa ce popmar-
HIM, 3aKOHOM IIpefiBul)eHrM MepaMa HeraTVBHY eeKTV KOHCTPYKIMje M eKCIIIOo-
aTalyje JepMBalMOHMX MalIuX XUApOeNeKTpaHa yOIaxe 300r caMyx O/IMKa THUX
eKOCHCTeMa, KaKO abMOTNYKMX (BOHI PEXIM, IIPe CBera), TaKO ¥ OMOTUYKIUX, U
ayTEKOJIOIIKMX — eKOJIOUIKMX OZ/IMKa ITOTOYHE ITACTPMKe Kao BPCTe, ¥ CUHEKOJIOMI-
KIX Of/IMKa CTPYKType U AMHAMIKe aKBaTUIHUX 3ajefHNUI[A, T0ceOHO p1ba y muMa,
Y HApOYMTO MOTOYHMX MACTPMKI KaO HajU3PASUTHUjUX U HajOObe IPOyUEHNX erle-
MeHaTa eKOCHUCTeMa IUVIAHMHCKMX peka. Te ommuke ofpehyjy aunammky ¢yHKumo-

* Yuusepsurer y Beorpany, Buonoukn paxynrer, Crysentcku tpr 16, Beorpan; Yausepsu-
TeT y Beorpagy, VIHCTUTYT 3a 6107I0IIKa MCTpaXkuBama ,,Cuanina Crankosuh®, Bynesap gecnora
Crecdana 142, Beorpap, umejr: pedja@bio.bg.ac.rsa
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HICalba eKOCUCTeMa 4uje Cy morpebe y IMOIMefy BOe KaO0 OCHOBHOT pecypca U
IPYTUX pecypca Koju Cy BOFHUM PeXVMMOM YC/IOB/bEHMU [VjaMeTpPanHO CYNpOTHe
3aJI0BO/bEIY MOTpeba pexyma pajia Malux XUApOeNeKTpaHa BOIOM Kao M3BOPOM
enepruje. OBO HEJIBOCMIC/IEHO YII030paBa Ha BUIIECTPYKe HeraTVBHe MOC/efuIie
U3rpajitbe U eKCIIoaTaluje MalauxX XUAPOeIeKTPaHa M0 eKOCUCTeMe MIaHMHCKMX
peKa, a moce6HO Ha OHe MOMYJIAIMje MOTOYHE ITACTPMKe Koje MMajy M3pasut 61o-
JIOLIKO-KOH3€PBaIlMOHN 3HAYaj.

biyuHe petdu: TOTOYHA MACTPMKA, IVITAHUHCKE PEKe, MUHAMMKA €KOCUCTEMA, 610-
JIOIIKO-KOH3€pBallIOHN 3Haqaj

YBO/[,

Cp6uja ¥Ma MepuVIOHATHN TIOTI0XK3j Y LIeHTPATHOM feny bamkaHcKor 1mo-
JIyOCTPBA, jeHOT Off YeTUPU MEJUTEPAHCKa jy)KHOEBPOIICKA IIOTyOCTPBa; CaMo
CBOjIM CEBEPHMM JIeJIOM 3ajla3ll y CpefmbOeBPOICKy pernujy. leomommrmyxu,
ozpebyjy je xao semmy jyroucroune EBpome u 3amaguor bankana. IIpetexxHo je
OpACKO-TIAHMHCKA 3eM/ba, Ca MaJIOM TOIVIIOM KOJIMYMHOM I1a/JaBMHA HEPAaBHO-
MepHe IPOCTOPHO-BPEMEHCKe pacrofiesie U pebepoM Kao ITIABHUM HPUPOTHUM
xupponomknuM ¢akropuma. C 0631poM Ha yMepeHy KOHTMHEHTA/IHY KIMMY HH-
XMX, OPJICKO-IUIAHMHCKIX JIeJIoBa CeBEpHOT fiena LeHTpanHe Cpbuje, KomrdnHa
arMocdepcKyX BOfia je Iie/ie TOfVHE Majla, ca MaKCMMyMOM KpajeM mponeha. ¥V
IUVIAaHMHCKMM HOAPYYjUMa, Ha BUIIVM Ha[MOPCKVM BMCMHAMa CPasMepHO MajIoT
HOfIpyYja IPOCTUpaba IPeoBIaiaBa IVIAaHMHCKA-A/IIMjCKa KM U yTUIIaj 00uI-
HJX CHEe)KHUX IaJiaBMHA VI CHEXXHIIIe Ha XMIPOJIONIKE OfIVKE peKa Ty je 3HaTaH.
Ocum reorpadckor nonoxaja, pebeda u excrosunyje, Ha kmumy Cpouje yruday u
HPOIOPY IOJIAPHUX ¥ CYNITPOINCKMX Ba3AyLIHNX Maca KOjU MOTY JOHETH M BJIaXK-
He U cyBe nepuope. IIpoceuna ropuima KommdrnHa najasuta y Cpouju usHocu
734 mm, mTO IpeAcTaBba 36,5% y OMHOCY Ha TOOUILBLY IpoceK MafasyHa Lpue
Tope [1]. Topyiuma kommunHa mafasyHa y Cpouju onajia 1o rpajyijeHTy 3anaj—yc-
TOK, Ca CTOIIOM omaziama off 1,11 mm km™ BogeHor tasnora [2]. Tepuropuja Cpbuje
cafipXk11 MOBPIIMHCKE BOfie Koje NpMIIajajy TpuMma camBoBuMa: LIpHOMOpCKOM,
nospuyHe 81,703 km?* (92,4% tepuropuje); JappaHckom, nospumHe 4,732 km?
(5,4%) un Erejckom, nospiunte 1,926 km? (2,2% teputopuje). Toanima komdnHa
cornctBeHNx Bopia Penry6rmke Cp6uje usnocu 5,83 x 10> m*s™ wm 1,84 x 102 km?,
IOK TpaH3UTHe Bofe [lyHaBa I leroBUX IIPUTOKA IPoHOCe Kpo3 CpOujy momaTHuX
5,85 x 10° m’s™ wm 1,85 x 10° km’ Boge ropumme [3]. Of fOMMUIUTHKUX BOAQ, ¥
nenTpanHoj Cpouju nma 4,16 x 10> m’s™, mro maje 1,31 x 10> km® Boge ropumme
[1]. To roBopy 0 OrpaHNMYEHOCTY ZOMULIMIHNX BOJIA, 110 YeMy Cy y EBporm camo
Xomanauja, benrwja, Mabapcka, Ilobcka, HYemka u CroBauka CUpOMallIHNje Of,
Cp6uje. Tonuumy poTuiaj jako je HeyjemHa4eH U 0OMITyje TIOBOIMA M TIOII-
JIaBHVMM Ta/IaCHIMa Ha IIPeTeXXHO OyjUYHNM BOROTOLVMIMA. [yCcTHHA peyHe Mpexe
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HajMama je y MOfpydjuMa KpeumadKe U JIeCHe IOfyIore, a HajBeha Ha mopnosu
CauNIbEHO] Off CepIEeHTVMHNTA I MarMaTCKMX CTeHa [2]. 3a ey TepuTopujy LieH-
tpanHe Cpbuje nporemeHa je Ha 870 m km?, ca oxo 48,5 x 10 km BogoTOKOBA.
Bpacko-mmanuncka nogpydja Cpouje ca KpedmadkoM MOfIoroM obyxsarajy 8,5%
tepuropuje Cpbuje u ofuKyjy ux 6e3BofHe IoBpIIY, 6e3 U3BOpa U BOJOTOKO-
Ba 11 [yOOKO ycedeHe pedHe JJOMMHE KalbOHCKOT THIIA, ca M3BopuMa. BogoTokose
Ha CepIIeHTVHUTIMA Vi MarMaTCKVM CTeHaMa OIMKYje I'ycTa pedHa Mpexa (Ipe-
ko 1.500 m km?, ca makcumymom op 3.492 m km™ y usBopuiury PubHuie, cnus
/6pa), anmy He3HATHUX IIPOTHUIIAja. ByjudHM KapakTep BOJOTOKA HajU3PasUTHjU
je y cnuBy JyxHe Mopase, Iie OHOC allCOTYTHOT MMHMMAIHOT ¥ MAaKCUMa/HOT
npotunaja usHocu 1:1775 ca Hajsehum ogHocoM kop bunauke Mopase op 1:7240,
TIOK je KOJi Be/IMKUX BOIOTOKOBA Kao mTo ¢y JlyHas, Casa u Tuca Taj ogHOC Mambu
op 1:30 [2]. 3a akBaTMyYHe eKOCKCTeMe, HajBKHMja XMPOJIOIIKA OJIMKA peKa
je Tpajame HojenHNX (aza BOTHOT PEeKMMA: BEIMKMX BOJA Ca BEIMKUM IIPOTH-
I[ajiIMa ¥ MaJINX BOJQ, Ca Ma/IM IPOTUIjUMA. Y OP/ICKO-IUIAHMHCKVM BOZIEHUM
€KOCUCTEMIMA, Ha MAaKCUMYM Be/IMKIX BOJA U Tpajarbe HajBUILE yTUYY TOI/bEbe
3UIMM aKyMY/IMPAHOT CHeTa 1 Jiefia Koje Jaje CHeKHMUILY, y HallleM IOfHeO/bY TOKOM
nporneha, Wy COYHNILY, Y a/IINjCKUM IIpefie/liMa TOKOM JieTa. Y HYDKVUM, OpfCKIM
MIOAPYYjUMa, TIOPEN, OBOTa, HEKAJ, Ce jaB/ba U IPYTM MaKCUMYyM HAcTao C jeCEHN U
TOKOM 3UMe 300T OOVM/THUX KMIIHKX [TafiaByHa. [lopey; OBUX BeIMKIX BOJA, KUIIHN
MIOBOAY HACTA/IN Y NMEPUOAIMA Ma/IMX BOAA JIETU V/IM 3VIMM YCIel, MU3HEHATHNX
OOWIHMX IafjaBMHa Mory noBehaTy KpaTKOTpajHO BOJOCTAj Ha IOjeVHUM Jero-
BIIMa C/IMBa, JIOKAJTHO WM By TokoBa. Hajsehu 6poj mnannHckux pexa y Cpbujn
MMa HUBAJIHO-IUTYBMjaJIHM PEXUM TOKA, CA MaKCMyMHUMa BONOCTaja Y MapTy U
anpuIy M MMHYMYMMMA y aBTYCTY U CENITeMOpYy.

3ajemHuie prba y akBaTMYHIM eKOCUCTeMyMa Tekyhux Bofa — pexa IeH-
tpanHe CpOuje y IVIaHMHCKUM OMOMUMa Pas/INKYyjy ce IPYINYHO MAJIo Y IIoje-
AVHUM peKaMa I y IojefyiHuM noppydjuma. ITporpamu ynpasspama pubapckum
noxpyyjuma y Cpbuju caipxe fieTa/bHe IIOJAaTKe O CTPYKTYPY TUX 33ajeHUIIA,
aJIu je pelaTUBHO May 6POj JOCTYIIHE Hay4YHE eKOJIOLIKO-0OIIeHO/IOIIKE JINTe-
parype [4, 5,6, 7, 8,9, 10, 11, 12, 13, 14], BepoBaTHO 360T JIOKQ/IHOT MJI/ PETYO-
Ha/THOT 3Hayaja OBMX UCTpaKMBama. VIcTpakuBama KapaKTepusalyje 3ajeHNLIA
puba pahena cy npumenom Exonomkor unpexca E, [15] koju ce mokasao nperm-
3HIUM Y TIOIVIefly pa3/iBajatba OCHOBHIUX TUIIOBA 3ajefHNIIA puba Ay peyHNX TO-
KOBa I KOH3MICTEHTHOCTH Y KapaKTepu3alyjyi OUYeKMBaHO CIMYHMX 3ajelHNLIA U3
pasmMYUTUX BogoToKoBa. Ha 6a3m Tor nHpieKca Cy ¥ CBe 3ajeHUIIe ITAaHMHCKNX
peKa Koje puIaziajy TUITy ropiser puTpoHa nopehene. [leta/pHo objalmerme u3-
pauyHaBama E, Moxe ce morneatu y [12].

OcHOBHU LIM/b OBOT pajia je /ia ce Ha OCHOBY PAacIIONIOKMBMX IIOfIaTaKa O
cramy (oHAa puba, mpe cBera MOTOYHE MACTPMKE y 3ajefHMUIIaMa IIAHMHCKIX
peKa Koje Cy IOfi TPEHYTHOM eKCIUIoaTauujoM Manux xuapoenekrpana (MXE)
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YTBpHe CTBapHU epeKTy BUXOBOT paja. [lopen Tora, Ha OCHOBY ITO3HATUX YMIbe-
HUIIA O OMOJIOTYjU TIOTOYHE NAaCTPMKe, Y OBOM Pajly pa3MOTPEHM Cy OYeKMBaHU
edextn MXE Ha ¢onp Te BpcTe. KoHawuHO, TOKYIIAHO je pajy LieJIOBUTE CIUKE O
CTalby KOH3€PBAIL[MOHO 3HAYAjHMX (POH/I0BA IOTOYHVX IIACTPMKI JIa Ce Cariefiajy
YKYIHM eeKTI IeJIoBamba OCTalINX yrpoxkaBajyhux gaxropa y crpesn ca feno-
BameM 1 ca epextrma MXE jep cy y mojenyiHuM cTyayjaMa OHU IpefCTaB/baHu
6/1arOTBOPHUM WM HEYTPA/THUM, 6e3 TOKYMEHTOBaba pea/HIM IT0Ka3aTe/bMa.

IVIBEP3UTET Y 3AJETHUITIAMA PUBA BEPJCKO-IUVIAHMHCKHMX PEKA

[Totouna mactpmka Salmo cf. trutta Linnaeus, 1758 Hajuspasutuju je
IpefCTaBHMK 3ajeHMLIAa TOPHEr PUTPOHA Y IUIAHMHCKMM M OpACKO-IUIAHUH-
cknum tekyhyum Bosama Cpbuje. MHore Mame Tekyhe Bojie INTaHMHCKMX 610Ma,
0Ce6HO y M3BOPUIIHYUM JIeIOBUMA — BOZOTOLMMA NIPBOT U JPYTOT pefa cajip-
Xe y cebu camMo moTouHy nacTpMky. Ca nosehameM BolmyMeHa — IIMpUHE U [y-
OuHe BOJOTOKA pacTe M OpOj BpCTa y 3ajeHNUILIM, 1A Ce Y3 MOTOYHY MACTPMKY
jaBpajy u nemt Cottus gobio L., 1758 xao Hajuernhu mparuai, a 3aTuM 1 6pkua
Barbatula barbatula (L., 1758), nujop Phoxinus phoxinus (L., 1758) u noro4na
MpeHa Barbus balcanicus Kotlik, Tsigenopoulos, Rab & Berrebi, 2002. Cranumra
3ajefHUIIe TOPHEr PUTPOHA YC/IeN CHAXHOT TPajiijeHTa TOKa, Tj. BEIMKOT Iaja
Off TIpeKo 5% OIMKYje CTEeHOBUTO ¥ KaMEHUTO HHO y Op3aluMa ca peTKUM,
MamVM HIbYHKOBUTVM VIV CTEHOBUTUM BYPOBUMA, OOMYHO Y OKBUPY TepecT-
pUYHMX 61OMa IVTAHMHCKYX IIyMa M caMO Ha BUIIVIM HaJMOPCKJM BJMCHHAMa y
OKBUpY OMOMa BIUCOKOIUTAHMHCKIX MBajia U pyauHa. Bopa je xmanHa (4-12°C),
6oraTa pacTBOpeHMM KyceoHnKoM (10-16 mg 1), 6e3 3HaTHMjer OPraHCKOT OII-
tepehema, camo usyseTHO cmabo Kiucene o HeyTpanHe peakuuje (pH 6.5-7.0),
obuyHO crmabo 6asHe peakunmje (pH < 8.5) u ca MUHepanTHUM CacTaBOM 3aBMU-
CHIM O THIIA IIOJJIOTe I10 KOjOj TeKy, ca nmposobusouihy ox 60 1o 100 uS cm™
Ha CepIeHTMHUTNMA, of, 100 go 250 uS cm™ Ha MarMaTcKuM CTeHaMa, IO IIPeKo
400 uS cm™ Ha Kpe4mauykyM nogorama. IIpoBoa/BMBOCT je CHA)KHO KOpenycaHa
ca MPOAYKIVjOM, HOCeOHO IIpeKo Op3uHe U MHTEeH3UTeTa MHANBUYaTHOT pacTa
MOTOYHMX ITACTPMKU, C TUM Jja ¥ CBU OCTa/IV €KOJIOIIKY (PAaKTOPY CTAaHUIITA (Be-
NNYMHA, TeMIepaTypa Bofe, pH) cuHeprujcku yTudy Ha IpofyKTUBHOCT QOHIA
IACTPMKM y MOjeAVIHUM pekama [16]. Y ma/puM HUSBOZHMM CeKliMjaMa BOZOTO-
KOBa BUILET pefia ca moBehameM BelMnmdnHe BOJOTOKA M CMalbebeM TpafiijeHTa
TOKA, 3ajeffHM1Ie TOPbeT PUTPOHA ITOJIAKO IIpefase y 3ajeJHUIle Cpefilbel pUTPOHA
Y KOjiMa IIpeTXOffHe BPCTe IOCTYIHO CMewYjy KineH Squalius cephalus L.,1758,
mucka Alburnoides bipunctatus (Bloch, 1782), xpkymra Gobio gobio (L., 1758) u
Bujyau Cobitis elongata Heckel & Kner, 1858, C. elongatoides Bacescu & Mayer,
1969 u Sabanjejevia aurata (de Filippi, 1863). Y 6p>xuM ceKijyjama BeIUKI YAeo
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y 3ajeqHMLIM U Iajbe MMa IIOTOYHA MpeHa KOja je 4eCTO y CMHTOIM)U ca CKoOabeM
Chondrostoma nasus (L., 1758) n mamum BpeTeHapoM Zingel streber (Siebold,
1863), a y Behum monmHCcKkmM pekama U y CUMIIATpUju ca MpeHoM Barbus barbus
(L., 1758), mnorunom Rutilus pigus (Lacepede, 1803), mumbenom Thymallus
thymallus (L., 1758) u mmapguom Hucho hucho (L., 1758).

AyTOXTOHU JVIBEP3NUTET IOTOYHe MacTpMKe y Cpbuju MammpaH je y 1o6poj
MepH, y3 ynoTpeby npsux 580 bp (5 kpaj) KOHTpO/IHe pernje MUTOXOHIPUjCKe
IHK (CR mtDNA) xao monekynapsor mapkepa. IIpema [17], ayToxToHe moTou-
He IacTpMKe u3 Tpu cnBa CpOuje mpunazajy ABeMa XaliorpynaMma-MoeKyaap-
HuM nmHyujama [18]: nynasckoj (DA) n jagpanckoj (AD). OpuruHamzo, HOTOYHE
nactpmke DA nunuje S. cf. labrax (Pallas, 1814), Hactamwyjy peke LlpHoMOopckor
CNIMBa, a MacTpMKe S. macedonicus Karaman, 1924 u S. farioides Karaman, 1938
AD nunuje xuBe y pekama Erejckor u JajpaHckor ciuBa, pecrieKTuBHO. [1aBa-
trna S. marmoratus Cuvier, 1817 mocroju camo y periu Mupyum y Meroxuju [19,
20]. YV najsehem pmeny [lyHaBckor cimmBa, KOJ MOTOYHE IMACTPMKe KaO ayTOXTOH
JOMMHUpPa HMIMPOKO pacrnpocTpawen Dal xamrmorun (mpucrynuHu 6poj (#) y
GenBank #AF32200). Y momynanmjama e nocToju pub0OIOBHA aTpaKTUBHOCT
3HAYajHO je HapyLIeHOT KapaKTepa HeOAroBapajyhuM KOPUCHUYKMM U afMUHNA-
CTpaTuMBHMM ympasbameM [11, 21]. [TopubpaBame ce Bpum Heoproapajyhum
MarepujaioM, 6e3 IocTojama 1 HaMepe yBohemwa KOHTpOJIe MaTepyjaia 3a I10-
pubmaBame 1 eeKkTUBHe 0O6aBe3e KOPUCHNKA fia Ta Bplile Ha ofiroBapajyhu Ha-
uyyH. OrmeT, 6pojHe Iomyalyje y TeIKO AOCTYIHUM IUVIAHWMHCKUM 061acTuMa
jOlI yBeK MMajy 4MCTe IOIy/aluje HoToYHe nacTpmke Dal xanmoruna, rna tTume
U 3HaTaH KOH3epBalMOHM 3Ha4aj. Y CpOuju y 130/10BaHMM IOIYy/IALMjaMa I10-
CTOje IOTOYHe NMacTpMKe MoceOHNX DA XamoTuoBa Be/IMKOT KOH3ePBaIJIOHOT
3Hauaja. Hexn nmajy npepauxn kapaxrep: Da’Vr (#DQ318125) u3 M3BOPUIIHOT
nena Bpre, Da"Dz (#DQ318124) us ropmer Toka [lencke pexe (cnuB Jy>xHe Mo-
paBe) u Da-s6 (#]JF795537) u3 u3BOpUIIHMX OrpaHaka Tormononcke peke (cnms
Humage) [18, 22]. ¥ usBopuiinom aeny Bracune Hamasm ce caBpeMenn, usBe-
feHn u jegmHcTBeH Xamwtotun Da"Vl (#DQ318123) Bemukor KOH3epBaI[OHOT
3Hauaja. [Tocmenmy TakaB jequHcTBeH Xamwiorun Da23c (#KC630984) nspenenor
KapakTepa OTKPUBEH je y usBopuiiHuM penosuma Lpror Tumoxa [23] u y Ko-
>y, 3natuny, Manoj bomernnckoj peny, 3aMun u BpaTau xoje ce y moppydjy
Heppancke xmucype ynusajy y lynas [24]. Y okBupy AD nunmuje, y cmBy peke
bBoxxutie, npuroke CTpyMme, Ifie je IMPOKO pacpOCTPAbEeH M3BEAeHN XaIJIOTUIL
Adcs1 (#AY836330), otkpuBeH je jequncTBeH xamnotun Ad'Boz (#DQ318128)
IpefayKor KapakTepa, y peryu TpunymHuim y u3sBopuinHoMm geny Ilunme n y
ITpuspenckoj buctpuun naben je nspenenn xarmmorun Ad Prz (#DQ318129),
ay [lehkoj Buctpuu nssegenn xannotun AdPe (#DQ318126), nox je y cu-
By benor JIpuma mmpoxo pacnpocrpamen xamrotun Adcsll (#AY836340).
KoHnsepBanyoHu cTaryc u Mepe 3allTHTe HOMMHATHNX BPCTa HACTPMKIU Pasin-
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KYjy ce y 3aBUCHOCTU Off IIPMMer-eHe MeTONOJIOTje 1 CKajle IIPOLIeHe, U Off Ha-
MeHe (Tabema 1).

Tabena 1. IUCN (I'), rmobanuu [47] u IUCN (H), nanmonanuu [48] KoH3epBalmoHu
craryc ypabenu mo IUCN MeTomonoruju, CTaTyc 3alllTUTe YCTAaHOB/bEH HAIVIOHATHOM
nerucnatusoM 3aiutute npupope (3311 I13uC3B) [28] u pubapcTBeHe 3amITUTHE Mepe
(HM3uOP®) [49] 3a mojenute BpcTe puba y eKoCUCTeMMMa IVITAHNHCKIUX U OPACKO-TIIa-
HUHCKUX peKa (*, mpeMa [47], Huje ITpeno3HaTa Kao HOMMHAJIHA BPCTa U Huje joj ofpeben
r106a/THI KOH3ePBALOHN CTATYC; , eHleMUYHe 3a IVIAaHNHCKe peke Erejckor cnmBa)

IUCN IUCN 33I1

B HM3uOP®
e (I) (H) I131C3B "
Salmo trutta LC LR (nt) 3B
Salmo cf labrax LC LR (nt) 3B JloBOCTaj, MMHUMA/THA
Salmo macedonicus* DD LR (nt) 3B AO3BO/bCHA IYIKIHA,
1 . I03BOJbEH [HEBHU

Salmo farioides NE LR (nt) 3B /OB, THEBHO Tpajame
Thymallus thymallus LC LR (I¢) 3B pubonosa
Hucho hucho EN VU 3B
Salmo marmoratus LC EN C3B
Oxynemflchezlus LC DD C3B Tpajun '
bureschit JIOBOCTAj
Barbus strumicae* LC DD C3B

U nmuubeH v MIayna, MpefcTaBHULIY 3aje[fHILIA CPefiEbeT PUTPOHA, IIPef-
CTaB/beHU Cy Ha noxpy4jy Cpbuje ayTOXTOHUM IOIy/IalujaMa jacHo audepeH-
IypaHuM y oksupy EBpome [25, 26]. Mnapuiia je rmo6anHo yrpoxkeHa BpCTa.
Hben ncropujcku apean pacpocTpamerba Beh je ;pacTu4HO cMarbeH U3TpajihoM
XUZIpOeTIeKTpaHa U eHe nonynanuje y Cpouju cByaa cy y onagamy [27]. Mia-
AU U TAIUbEH y TOpIeM TOKY JVI6pa Ha jy>KHOj Cy TpaHMLIM CBOT apeasa pac-
npocrpamwema. Ponp Mrapue u muibeHa y Cpouju crenydnyaH je reHeTUIKN
u Beh je yrpoxen nperpahusamem V6pa, JIuma u dpune. [Japa pparmenTanuja
CTAHMIITA U3TPATHOM XUIpOeTeKTpaHa 6110 KOT THIIA JOBe/Ia 611 BpeMEHOM 10
ryOuTKa BUXOBE OPUTMHATHE TeHeTHYKe CTPYKTYpe U O HOTIIYHOT M3yMUpamba.

Ocum puba, crporo 3amruhene BpcTe XUBOTHIA [28] Y ekocmucTeMuma
IIaHMHCKMX notoka Cpbuje cy: Buapa Lutra lutra, Bogomap Alcedo atthis, BopeHu
xoc Cinclus cinclus, 6enoyiuka Natrix natrix, pubapuna Natrix tessellata, »xyToTpou
Mykad Bombina variegata, rpuka >xaba Rana graeca, Kao v TPy BPCTe jeTHOJHEBKU
(Ephemeroptera), mo ocam Bpcra kamemapku (Plecoptera) n Tynapama (Trichoptera)
u aBe BpcTe pakoBa (Decapoda), a meby samrruhenym Bpcrama cy cemam Bpcra
BwmHux Komuua (Odonata), Tpu Bpcte kamemapku (Plecoptera), met BpcTa
tynapauia (Trichoptera) u jenna Bpcra jenHopHeBKM (Ephemeroptera).
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EKOJIOIIKE OIJIMKE BPCTA Y EKOCUCTEMVIMA IVIAHMHCKHMX
PEKA U YITPOXABAJY RN ®AKTOPU

CBM aKBaTMYHM OPraHM3MM €KOCUCTEMA IJITAHMHCKMX peKa MMajy CIMYHe
€KOJIOILKe 3axTeBe U ofiinKe. ONTUMYyM eKOJIOIIKMX YC/IOBa 33 BbUX NpefCcTaB/ba
BOJa Majlor opraHckor omrepehema, Hucke Temmneparype (o6muno mo 15°C)
KOja je y CTamy Jja ce 6p30 M CHaXKHO 3aCUTV PacCTBOPEHUM KMCEOHMKOM [0
KOHIleHTpauyje npeko 10 mg I, Hexag u no 16 mg 1. Ilopen Temmepatype,
BaKaH IIPEeJYCIOB OCTBapema BMCOKOT cafipkaja KMCEOHMKA je BENMKMU Taf
TOKa IIPeKO JHA KOpuTa rpybe rpaHy/lIalyje KOjer 4uMHe CTelme U KPYIIHO
KaMeme y Op3anuma, ca Kackajiama, CJIallOBMMa 1 BOJONAMMA. Y3 IIOCTOjame
JTaMMHApHUX ¥ TYpOY/IEHTHUX CTPyja, IIPEKO BeNIMKe KOHTAKTHE IOBpIINHE
X/IaJiHe BOJie ¥ Ba3[yXa BpIIY Ce pacTBapambe KiceoHrkKa. CeleHTapHU O@HTOCHU
OpraHusMM — ITy>KeBMU, IIKO/bKe, aKBaTWYHe JIapBe MHCceKara 1 pube, mocenyjy
ozrosapajyhe Mopdornolike (Zop30BeHTpaTHO CI/BOLITEHO TEJO, 37jenacTa rpaha
Yl CHOKHM, MAaCUBHM €KCTPEMUTET 1 APYTU OpTaHy 32 IPUIINjalbe 3a IIOAJIOTY) 1
OuxeBMOpasIHe afialiTalllje 3a XXMBOT Y BOJEHOj CTPYju (1360p MUKPOCTAHUIITA
ca IIOBPAaTHMM TOKOM /I ,,MPTBOM BofioM ). [ToTOuHe macTpMKe U ipyre BaruiHe
BpCTe puba BpeTeHACTOT Tesa (IMjopu, IUIICKe) M300pOoM CIIOPUjUX IAMIHAPHUX
clojeBa BOAie Ha NpenyBMMA M Op3aluMa Jp)Ke ce Y BOJIEHOj CTPYjl TOKOM
Xpamema, a YTPOIIaK eHepruje onTuMusyjy 6opasehm y menoBuMa craHMIITa
criopujer Toka. 3a pasaMKy Off CMHTOICKUX IUTO- U PUTOPWIHMX IIapaHCKMUX
BpCTa (IIOTOYHA MpeHa I IIjop) Koje ce MpecTe Off CpefiHe WM Kpaja mporneha,
IIOTOYHE NAaCTPMKe MpeCTe ceé TOKOM JIpyTe IO/IOBMHE jeceHM U 3uMme. Tama cy
y pekaMa HMBaJIHO-IUTYBMjaJIHOT PeXMMa BOJOCTAj ¥ NMPOTOK HajCTabWIHMjU
U HajyMepeHMj! IpM 3MMCKOM MajIOM BOJIOCT3jy, a OICTAHAK IIOJIOXKEHEe MKpe
u usBajbeHe Myahu HajBepoBaTHuUju. EMOproHanHm mnepmoy OHTOTeHMje ca
¢dasama omnobene nkpe, eMOprMoOHa i1 0V0 U U3Ba/BEHOT, CTOOOTHOT eMOpIOHA
HAjoCeT/BUBUjM je Ieo XXMBOTHE UCTOPMje MOTOYHUX NMACTPMKI. TOKOM JIeTHBUX
MUHJMAa/THUX BOJIOCTAja, jefHOrOANIIbA M/Ial) TOTOYHe MacTPMKe Y jyBeHVTHOM
je mepuopy >kxuBoTa 1 ¥Ma MopdosoKe 1 GU3MOOIIKe IPERYC/IOBe fla C€ HOCH
ca CMambeHUM HUMBOOM KMCEOHMKA y 3arpejaHOj BOAU M CMameHMM IIPOTOKOM
BOJle Y KOPUTMMA PeKa, Kao U Ca eBeHTYa/IHUM JIETHUM IIOBOJBbIMA.

AyTOXTOHe IIOTOYHE ITACTPMKe 3alafIHOT Jiefla bajkaHcKor momyocrpsa
u Cpbuje KapakTepuile MOHOAPOMHUja — IOCTOjarbe UCK/BYYUBO Pe3NJCHTHE,
noroyHe (peuHe) GopMe Koja 11e0 )XMBOTHY BeK IIPOBOAN Y VICTOM CTAaHUILTY.
[ybutak MUTpPAaTOPHOT WMHCTMHKTA IIOC/IENUIIA je WM30/Malyje O MOPCKMUX
6aceHa, HacTaJsie TOKOM JYTOT IepMofa eBOTYTHBHE MCTOPYje Y OBOM IOAPYYjY.
HOyx LlpHoMopcke obane y Byrapckoj u Typckoj oppikane Cy ce MUTPaTOpHe,
MOpCKe IacTpMKe (,I[pPHOMOPCKM 710COC“) KOje yIase y peke ha ce MpecTe ca
pe3sVieHTHMM MOTOYHMM IIaCTpMKaMa. Y HOBHje BpeMe, Y INTAHMHCKUM peKaMa
Cpbuje morBpheno je mpucyctBo mactpmku AT xamtorpyme, XammoTuma
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Atl (#AF321990) kapakTepuCTUYHOT 3a puOIbauke, y3rOjHE JIMHUje IOTOYHE
IIaCTPMKe, I1a ce IIpeMa JOCTYITHUM IOAaIIMa O TopuO/baBambliMa CMaTpa ja Cy OHe
yHeTe 11 ia Cy anoxToHe [21, 23]. MpecToM ca ayTOXTOHMM IIOTOYHIM ITACTPMKaMa
DA xannorpyre Bpiiy ce HeCMeTaHa MHTPOTpecHja reHoMa TIOTOYHUX TacTpMK AT
xamorpyre [11, 21]. Tume ce moBoam y muTarmbe OUyBabe reHeTMYKOT MHTeTPUTEeTa
HOCWJIAalla ayTOXTOHMX Xartotunosa DA xammorpyne. OBa oIacHOCT [IOJATHO je
U3pakeHa 300T OJICYCTBa MUTPATOPHOCT U 3aBUYAjHOT eeKTa Kao MeXaHM3aMa
yBehamwa edekTUBHe BelMuMHe IOIy/IALMje M Ofp>Kamba OPUTMHAIHE T'eHeTUYKe
crpykrype [29, 30], a mHaue CBOjCTBEHMX MHOIVIM IIOIy/IALlMjaMa IAaCTPMKM
AT n camo mojepuaum nonynanujama DA u AD [31] xammorpyma. Y ofcycTBy
THX PETyIAIMOHNX MeXaHM3aMa, CMamele ePeKTVBHE BeM4MHe Pe3neHTHNX
HOIy/Ianyja norouHe nactpmke DA xammorpyte 360r cMamema GU3IIKOr 06uma
CTAHUILTA YC/Iel XUAPOTEXHNYKIX KOHCTPYKIIMja M3y3€THO je IITETHO.

MATEPHUJATI 1 METOJE

[Tomary Koju Cy pasMaTpaHy Ipey3eTy Cy U3 HayuHe U CTPy4YHe JIUTepa-
Type U BOoOMjeHN Cy MeTOROIOIMjOM OIMCAaHOM Y M3BOPHMM pafoBuMa. [Toganm
0 CTamy MacTpMCKOT GpoH/a (M3paXKeHOM Y BUAY pe/laTiBHe 61i0Mace MCKa3aHe y
kg km™ peunor Toka) y nojenuuum pekama Cp6uje cy 13 mporpama yrpasbarma
- »pMOONIOBHMX OCHOBA“ I MOHUTOPVHIA yIIpaB/baba PUOAPCKUM HOApPYydjuMa
ox 2003. rogmHe o faHac. OHY ce IpeMa JIeTUCTATUBY 3alITUTe U Kopuiihemwa
pubmer ponzna pazie 3a pubOIOBHE BOJie IO Yje[JHAY€HO] METOZOIOT MY Y30PKO-
Bama. Ha ocHOBY mux, pasmarpanu cy epexru paga MXE y pu6onoBHIM Bofama
Cp6uje u3 nepropa mpe (2003. n 2008. ropuHe) 1 HAKOH BUXOBe U3rpagmwe (2015.
n 2018. ropuHe). AHaMM3UpPaHU CY Kao Ipecek (,,cross-section model®) crama 3a
CBaKy peKy, Ha MICTMM MeCTVMa Y30pKOBama 00aB/beHMX MCTOBETHO: €leKTPO-
pn60I0BOM XOfjaltbeM KpO3 peyHa KOpUTa, ca puOOIOBHMM HANlOPOM Y IIOIIe-
Iy AY>KVHe TOKa ¥ BpeMeHa pajia MPOIOPLVIOHATHUM e(eKTy YI0Ba, Tj. CTamby
pubmer ¢poHza 1 06yXBaTakeM CBYUX TUIIOBA MUKPOCTAHNIITA ITAHMHCKE PeKe:
6p3axa, BUpOBa, IIpenBa 1 MMMaHa. VI Ko peka Koje Cy o7 yTULajeM fepyuBa-
nyja (Bnacuna, PecaBa u Jouranuia) u Kox oHuX rje Huje 6o usrpagme MXE
(PacuHa, JIomHuma u 3710TcKa peka) y MepuoAy CaKkylUbama Iojaraka yTBphe-
HY Cy TPEHJOBM KpeTama BPeJHOCTU MCKa3aHU KPO3 BPEJHOCTYU KOpPeIaljIOHNX
Koe¢uuujeHara (mapameTapckor Pearson-oBor, r 1 HellapaMeTapCcKor Spearman-
OBOT, p pabeHor 36or Masor 6poja JOCTYIIHUX OIaXKama BPegHOCT! OmoMace),
K0 ¥ MHTEH3UTET 3aBMCHOCTY TMHEAPHOM PErpecijoM MPeKO PerpecroHNX KO-
ebunujenara (b + SE,), a onpa cy t recrom mehyco6no ynopehenn. Cee ananuse
pabene cy y craructuukom nporpamy R Bepsuja 3.4.3 (,,Kite-Eating-Tree®) na
x86_64-apple-darwin15.6.0 mardopmu.
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EOQEKTU M3T'PAIIBE V1 PAIA MVIHN-XVJJPOEJIEKTPAHA
HA CTAIBLE ITACTPMCKOTI ®OHIJA

CBe peke Ha Kojuma cy ucnuruBauu edextu usrpahenux MXE nmajy
sajefHuIly pu6a ropmer putpona (E, < 2) ca jeffHOM Jio TIeT BpCTa puba u moToy-
HOM IAaCTPMKOM Kao jeAVHOM MM JOMUHAHTHOM BpcTOM (Tabena 2). 3m0Tcka
peka umara je 2003. rofgyHe y 3ajeSHULM M BPCTE TUIIMYHE 34 CPEIbY PUTPOH:
KJIeHa, KPKYIIY U IUVTMCKY U MpeficTaB/balla je Mpenas Ka cpefmbeM puTpony Lip-
Hor Tumoka y koju ce ynmusa. MebyTum, y 3ajegHuriy cy jou yBex 6mm gomMu-
HaHTHM IIOTOYHA IACTPMKA, IIMjOP U Ielll KOjy Cy JOIPUHENN TOPIOPUTPOHCKO]
KapaKTepusalyju pubsber Hace/ba 37I0TCKe peKe.

Tabena 2. KapakTtepusaiuja 3ajefHuIIa eKOCUCTEMA ITAHMHCKIX peKa ca BPeFHOCTIMA
€KOJIOLIKOT MHJeKca E, ¥ MHAMKANMjoM MOCTOjaha MUHU-XUAPOETEKTPaHa (MXE) Ha
ByMa (-, OCYTHE; +, IOjefMHAYHO [IPUCYTHE; +++, IPUCYTHe Y BeheM O6pojy fyX TOKa;
3Be3MIla TIOpef MMeHa peKe O3HadaBa KOH3epBalMOHO 3HAa4ajHy TOMy/Nalljy IOTOYHE
IacTpMKe) 1 KoepuimjeHTrMa Kopenanuje (r, Pearson-osor u p, Spearman-oBor) u nu-
HeapHe perpecuje (b - koedurmjent perpecuje, SE, — cTanjiapaiHa rpenika koepuijenra
perpecuje) yrBphete penatuBHe 6momace Ha pekama ca usrpaberarm MXE u 6e3 wux.

Pexa MXE Bli)l’c‘;L E r 0 b+ SE,
Bnacuna* +++ 1 1 -0.837 -0.5 -2.18 + 1.418
PecaBa + 2 1.1 0.339 0.5 1.74 £ 4.842
Jomanuia +++ 3 1.3 -0.070 0.4 -0.22 £ 2.232
Pacuna - 4 1.5 0.951 0.8 4.47 £1.029
JlomHu112 - 1 1 0.934 1.0 2.72£0.734
3norcka* - 5 1.6 0.832 0.9 1.74 + 4.842

Kop cucrema op Hexkonnko MXE Ha MCTOj IIaHMHCKOj penyt, Hu3 Meby-
co6HO Mambe-BuIlle 30/T0BaHKX OaceHa cTajahe Bofe ca IieBMMa M KPAaTKUM [e-
oHuIama TeKyhe Bofie 3Ha4ajHO ce Pa3/MKyje Off HeIPeKMHYTOT TOKa BOfie KPO3
HEHaPYIIEHO KOPUTO MPUPOSHOT CTAHUINTA TOT eKOocucTeMa. Vismene y pexu-
My TOKa Off CYLITMHCKOT Cy 3HaJaja 3a akBaTW4YHe opranmsme [32, 33]. Ousny-
Ko-XeMujcke (Temmeparypa, AybmHa, pH, XemmsaMm, eneKTpOIpOBOJ/BMBOCT,
IPOBUIHOCT M fIp.) 1 OmosoliKe ofyKe (CTPYKTypa 3ajeHUIIa )KMBOT CBETa,
JIOCTYIIHOCT, KBaJIMTET U1 KOIMYMHA XPAaH/BYBUX MaTepuja u Ap.) crajahux u re-
Kyhux Bofa 1 BUXOBMX 06asia IIyHO Ce Pa3/INKyjy, Kao U OI/IMKe CTAaHUIITa [34]
u 3ajegHnIle [35] Ay MOjeAMHAYHIIX TOKOBA KOje ce 110 ofpeheHoj mpaBmIHOCTH
cMemYjy of n3Bopa mo ymha. ITogany us nporpama ynpasjbamba TOBOpe O I10-
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Behamwy doHa macTpMKe Ha pekama Ha KojuMma HUCy usrpabeHe gepuBanyone
MXE (cnuka 1). Hacynpor Tome, Ha pekama rie cy MXE usrpabene, eBuentan
je Bemmkum map (1 mo 80%) 6momace moTouHe mactpMke. [lomany o KommamHM
IOTOYHE IACTPMKE Y3€eTH Cy Ca MCTOBETHNUX TadaKa y30pKOBama, Kako 6y 61
nopenyBM 3a nepuop npe (go 2015. rogyuHe) U OC/Ie MOYeTKA U3TPpajbe U eKc-
mwroaranyje MXE. Jenuno Ha Jomanunu, rae je usrpaheno 15 MXE y Husy, mo-
CTIefIbY Y3€TH Y30pLM MXTHO(ayHe HIUCY TIpey3eTH ca MPeTXOfHO KopuIIheHnx
JIOKa/INTEeTa Y30pPKOBalbha Y3BOAHO Of JollaHmdke Oame, Beh HU3BOZHO Of He.
To je BepoBaTHO pasjIoOr NPMKA3aHOT YABOCTpydYema O61oMace IOTOYHE MACTp-
MKe Ha 0BOj peny of 2016. mo 2017. rogure. V1 nopex Tora, 6momaca HOTOYHE
nactpMke y Jomanuny 2017. rogyHe BUIIE je HETO JBOCTPYKO Marba y OHOCY
Ha 2008. roguny, npe nsrpaawe MXE. Vimajyhu y Buny xaksu cy epexru MXE
Ha VI3BOPMIIHUM JienioBrMa BriacuHe, rje je of Hekajjaurmer crajaher gpoupa mo-
TOYHE IIACTPMKe OCTasIO jegBa OKo 20%, BpegHOCT OoH/Ia IOTOYHE MACTPMKe Y
Jomranuny npouemeHa MOHUTOpUHIoM 2016. ropyuHe y3BOZHO Of JoLIaHMYKE
Oame manexo peamuctuyHuje npukasyje epexar MXE. VMako ce pagu o pena-
TMBHO MaJsioM Opojy Iofaraka, OIIITa IPUCYTHOCT TPeHJa olajama 6ruomace
IIOTOYHE TTacTpMKe (MCKa3aHOT KoepuuMjeHTUMa Kopenanuje, Tabena 2) He Jjaje
IPOCTOP 3a APYraunjy 3aK/by4ak jep je 3aBUCHOCT Ollafiama 6uomace of yTuIlaja
MXE yrBphena nmuHeapHOM perpecujom notepheHa crarucTiakom sHavajHoIhy
pasmuke (¢ = 2.307, df = 4, P < 0.05) usmeby pexa rae uuje 6uno usrpagme MXE
(b =2.98 + 1.323) u onux rge je 6uno (b = -0.22 + 1.131). Benuka oxcrynama
ofi yobudajeHOT BOAHOT pe>kuMa (HIp. oHa u3 2014. rogyHe) WM aHTPOIIOTeHN
yTuiaju (HIp. KpMBOIOB Wi 3araherme) MOTY MMaTu CIMYaH YTHULAj HA QOHJ
HOTOYHE IACTPMKe, a/IM CY OVIN IPUO/IVKHO MCTY Y TOCMAaTPaHOM NEPUOAY U
HIICY MIMa/ly 3HATHUjM YTULAj, LITO Ce BUAY IO KpeTawy BPegHOCTH 6uomace
npe usrpagmwe MXE. [TokasaTe/pyu mapamerapa CTaHUINTA (TeMIIepaType BOfE,
€/IeKTPOIIPOBOJI/BMBOCTM, KOIMYMHE PacTBOPEHOT KuceoHnKa u pH BpegHocTn)
OWIN Cy Y TOM IIEPMOAY UCTO yjeTHadeH . JefiiiHa M3pa3uTa IpOMeHa Koja ce Taja
moronua je Usrpajitba BOJ03axBara 1 JepuBalija Bofie U3 KOpUTa IJIAHMHCKNUX
peka KojuMa je IPEeKMHYTO KpeTame puba M CMambeHa BeIMYMHA Y HAPOUYUTO
KBaJIUTET HbYIMa JOCTYIIHOT CTaHUINTA.

I[TokasaHe TIpoMeHe y IOITIefly 610oMace MOTOYHE IIACTPMKe He JIajy 4uBp-
CTO YIOPUIITE OLIEHN Jja XUpOeHepreTcKa MOCTPojerba Ha IBe Majle IUIAHMHCKe
peke y ITapky npupope ,,[onmuja“ Hemajy HeraTuBaH yTuIlaj Ha IIOTOYHE ITACTPMKe
[36]. Ayropnm yruiaj MXE oneryjy HO3SUTMBHNM, TYMe IITO TBpAe Aa he: ,,... wiu-
POnCcKY 3axX6alH Y3POK08ATHU OKANHU YCTOp Koju Hehe umattiu yimiuyaj Ha pexcum
{OKA ... U HA CTUPYKIIYPy épciiia xudpobuouerosa, éeh he ymuyaitiu oa ce iioseha
6poj opianuzama Koju upedepupajy MUpHujy ciapyjy u ieu4ano u mypesuitio 0Ho',
Te a he ,006pa3oBame penaTuBHO Behe moBpuIMHe aKyMynupaHe Bofe o6e36e-
JUTY TIOTOJJHA CTAHUIITA 33 KPYyIIHe TACTPMKe, IOK je 3aBpILIeHM fIe0 yCIopa Io-
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EdeKTh manmx XuapoeneKTpaHa Ha NacTPMCKMK
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Cruka 1. PenaruBHa 6uomaca noroune mactpmke (u3 IIporpama ympasmama pubapc-
KVM HOfpy4juMa, uspaxena y kg km peynor Toka) y nepuopy mpe (2003. u 2008. ropu-
Ha) ¥ HaKOH M3rpajiibe ¥ NYIITamkha Y paj MUHI-XUApoeneKkTpaHa (2015-2016. roguHa)
Ha eKOCHCTeMMMa IUTAHMHCKUX peka Cpbuje (IIyHOM JIMHUjOM IpYKa3aHe Cy INTAHUHCKe
peke ca usrpabheHrM MUHU-XUPOETEKTpaHaMa, a MCIPEKUAAHOM peKe 6e3 MUHU-XN-
IPpOeNeKTPaHa; 3Be31lia Iopesl MMEHa PeKe YKa3dyje Ha BeNMMKM KOH3ePBaLMOHY 3HaYaj
BEHOT ITacTPMCKOT poHpa kao Hocuora CR mtDNA xannoTtumna crenyduyHOr caMo 3a

TY pexy)

TOIHO MPECHO IOfipyyje (IOTpelIHO HaBefieHe BPCTe) MOTOYHe macTpmke'. Ocum
mTO je HeMoryhe fia ce moseha 6poj 6mI0 KojUX OpraHMsaMa a jja ce He IPOMeHM
CTPYKTypa aKBaTMYHMX OMOIIEHO3a, TIECKOBUTO VI MY/BEBUTO IHO Y IVITAHMHCKUM
peKama M3y3eTHO Cy PeTKM, T1a Cy HBUXOBe aKBaTW4He 3ajefHuIle ManobpojHe u
HIICY PaCIIpOCTpabeHe NYX IVIAHMHCKUX peka. Crora Te 3ajelHuIle ¥ CTaHMIITA
IJie KMBe He IPefiCTaB/bajy MoJie 3HaUajaH XpaHUIOEHN Pecypc, I1a je OYeKuBambe
KPYIHIX IIACTPMKM CaMO 360T yOyHe BOJIEHOT CTAHMIITA KOJ TUPOJICKOT 3aXBa-
Ta (Hajonmaxke pedeHo) HepeanHO. bp3yHa pacTa MacTpMKM M3Pa3NUTO je 3aBUCHA
OJl KONMMYMHE PacTBOPEHOT KMCEOHMKA, XeMIU3Ma BOJie U KONIMYMHE HyTpUjeHaTa
KOjM YCTIOB/baBajy MPOAYKTMBHOCT CTAHUIITA Y TIOITIeRy WuxoBe xpaHe [17]. Ha-
fiajbe, ITACTPMKeE Ce He XpaHe pyjyhit 1o IIeCKOBUTO-MY/beBUTOM JIHY, Beh aKTMBHO
xBarajyhu IjleH y BOfieHOj CTpyju Ha MeCTMMa T7ie BOJAa TOHOCU XPaHYy, 110 Ipa-
BITY Ha pa3/lmBuMa Mame gyouHe [17]. Ta Mmecta Mory 6utu mipu gHy, Y BOGEHOM
cTyOy WIM Ha NMOBPUIMHY BOJIe Y 3aBUMCHOCTH Off TUIIA XpaHe KOjy je TPEHYTHO
HajIOCTYIIHYUjU, HA MECTMMA I7ie TPOIlle HajMarbe eHepruje fia je yxsaTe. Ouexu-
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Bame JJOOMTKA ca YCIIOpPOM TOKA Y BUAY MPECHMX HOpydja IeCKOBUTE MOJIOTe
taxobe je norpemnrno. ITorouHe macTpmMke MpecTe ce mpaBehn Tpia Ha IJ/BYHKOBY-
TO-KaMeHITOj TTOJI03Y, Ha PEaTUBHO MaJIoj AYOMHMU U Y YjefHAYeHOM, MUPHOM
TOKY IVIATKUX IIPe/IVBa, IIPU CTAOMTHOM 1 yMepeHOM BopiocTajy. Ha kpajy, y pamy
0 KOMe je ped He pasMaTpa ce caM yTuUliaj iepyBaLyje Ha CMamberbe BeImIuHe-1y-
KVMHe IOCTYITHOT CTQHMINTA, Ka0 11 Ha KBA/JIMTET CTAaHNIITA y KoMe he HM3BOIHO
Off lepUBalMje IOTOYHE MaCTpPMKe OUTH. VICTM je OHOC M TpeMa TBPHIU: ...
6pojHoCT 1 6uomaca macTpMke 611a je Beha y ienmy Toka Koju je 610 oy yruijajem
6MI0JTOIIKOT MUHMMYMa y OJHOCY Ha JIeo TOKa KOjJi Hije 610 IO OBUM YTHIajeM
Kao 1 fia je ,O6pojHOCT 1 61oMaca nactpMke 6mta Beha y ogHocy Ha nepuop 2013.
Ha ucitiom Oesy peKe, a Koju iada Huje 610 ©00 yiiuyajem OUOTOUIKOT MUHUMYMA
MXE ,Ilopeuje®, jep ona wada nuje 6una usipahena“ [37]. Ayropu objammasajy
HaBeJIeHO YVMIbEHUIIOM Jla CMambere Op3uHe TOKa Oyju4aByX peKa y fiely TOKa
107;, OYOIONIKYIM MMHYMYMOM BHIIIe IIOTOAIyje jeflMHKaMa MacTpMKe Jia Ce XpaHe
U 1a Mame TPOlIe eHeprujy 3a ofipKaBame y (BOfIeHOj) CTpyju, 3akpydyjyhu ma
TaKBe Iperpajie MMajy MO3UTUBAH YTHULAj HA ,ONPXKMBOCT IOIy/IaLja IIOTOYHE
IacTpMKe, a/m U Apyrux nparehux Bpcra puba“. Vako ce nokasano ga mogudu-
Kallije CTaHMIITA KojuMa ce yBehaBa BIXOBA CTIOKEHOCT U Pa3HOBPCHOCT MOTY
noBehaTyt MHAVBUAYaTHYU PaCT, IPOAYKLUjy U YOP3aTy CTULakbe IIOTHE 3PeOCTH
HOTOYHE IAaCTPMKe IIPY KOHCTAHTHOj TYCTMHU IoIynanyje (IITO IoApasyMeBa
KOHCTaHTaH IpoTOK) [38], cTaB o Behoj 6moMacy y Mam0j KOMMYMHA BOJE Y Je-
JIOBYIMA TOKa IIapasieTHUM JiepMBalliji He Helyje BepofocTojHUM. [lepuBariija
He UCK/bYYyje Oyjuily; ako IoBofam Hanbe, cBe IIpeKo KalalnyuTeTa puxBara jie-
pMBAIVOHE L[eBYU OJ/Ia3¥l Y KOPUTO peKe Kao OyjudHM Tajmac, Ia HeMa pasynke y
THoITIefly yTpollKa eHepruje. Y cnenehem craBy, mpensuba ce ma ycnen HedyHK-
nyoHanHocty nocrojehe pubspe crase yasogue MXE ,,Jlannmre” ,,Mmoxe gohu mo
nmaga 6uomace moroyHe mactpMmke, ontuManto (!!!) 15%, a makcumanto 25% y
00HOCY Ha cadawirpy™ VI TIpeJIaxKe ,aleKBaTHO Nopub/paBame pafy HafokHabu-
Bama IpepBubenor ryoutka 6uomace” [37]. Vimajyhu y Buny oncycTBo Murparop-
HOT MHCTMHKTA Pe3VUJEeHTHNX OTOYHNX ACTPMKI U HECBPCUCXOJHOCT PUOBUX
cTasa 3a OTK/Iamame edekara gepusauuje Boe kog MXE, jacHo je ma cy pasyo-
31 OYEeKMBAHOT I1afja 6POJHOCTI PMBNIKO CMarberbe CTAHMINTA U KOTIMYMHE BOZie
JIOCTYIIHe Y IbeMy. PrbapcTBeHa 610sorija He O3Haje M0jaM ,OITUMATHOT T1ajja
ouomace“ pubmer poHpa, yKbydyjyhu u GOHI OTOUHe MacTpMKe. Y HACTaBKY
»CTYIUje, IpefIaxKe ce Ja ce Taj OYeKMBAHY IaJl OPOJHOCTY IIOTOYHE ACTPMKe
ybmaxxu ,,afjleKBaTHUM * TIopu6/baBarbeM (IITO je TUIIMYHO 32 MHOTE CTYAuje Ipo-
I[eHe YTHIIaja), MAaKo ce 3Ha i je TO Hepea/IHo ¥ HeOCTBAPUBO jep ce y mpensube-
HU ,,0MO/IOMIKY MYHUMYM " WIN Y TIPasHo, 6€3BOJIHO KOPUTO peKe YK JepuBa-
I1je He MOXKe YHETH MCTa KOJIMYMHA IIOTOYHe MAaCcTPMKe Kao npe usrpanmwe MXE,
HUTY TIOCTOjY MaTepyjasl 3a afleKBaTHO ITOpMO/baBabe, OCEOHO Kajl Cy y IUTakbY
KOH3€epBAI[IOHO BPEIHY jeAMHCTBEHN XartoTunosu. IIporeHa pusuka o yHoca
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QJIOXTOHUX JIMHUja IOTOYHe IACTPMKe M3 y3roja Ha OCHOBY HajOoJbe JOCTYIIHE
CBETCKe KOH3epBallMOHe IpaKce MMIUIEMEHTVPaHe y pubapCTBEHO yIpaB/bambe
[21] HarnamaBa OMACHOCT Of MOTEHLIMjaTHOT I'yOUTKA ay TOXTOHMX XaIlJIOTUIIO-
Ba-HOCMIaa 6nonysepsureTa. [Jo oBora je Beh 10/1a31/10 Ha HAIIMM TACTPMCKUM
pexama (Ipapan, Jepma, Ilerncka peka) ycien HecMeTaHOT YKpLITama (Tj. IOTITY-
HOT OZICYCTBa PeNpOAYKTMBHe 1M30Manyje) u3Mely IMOTOYHMX MACTPMKM OPUTH-
HAJTHUX, CIIeL(UIHIX XaIUIOTUIIOBA Ca MTHTPOAYKOBAHUM, JOMECTU(PNKOBAHNM,
amoxToHuM xartotunosuma [10, 11, 21, 39]. Crora HukakBe pubapcTBeHe Mepe
Kao KOMIIeH3al1ja mreTa no GpoHp norouHe nmacrpmke 36or MXE He cMejy nma-
TV IPUMAT HaJ| OYyBambeM ayTOXTOHOT OMOMBep3NUTeTa, IOCeOHO Ha peKaMa 6e3
MKaKBe prOOIOBHE aTPAaKTUBHOCTM 1 jABHO MIHTEPECAaHTHOT €KOHOMCKOT 3Ha4aja.

MOI'YhHOCTU YBJIAJKABAIbA V1 KOMIIEH3AIIMJA HETATMBHUX
EOQEKATA JEPVIBAIITMOHNX MVIHU-XVJJPOEJTEKTPAHA

IlITeTa yunmeHa USTPALHOM XUAPOETEeKTPaHa Ha IVTAHMHCKIM peKaMa He
MO>Ke 6MTH yO/IaXKeHa M3Ipa/ilboM pUOBUX CTa3a jep MX HY ITOTOYHA, HU MaKe-
JIOHCKa IIACTPMKa, HUTY JIUIUbEH ¥ MIafinia He Kopucre. CBe BpCTe MaCTPMKU
Cy TepUTOpMjalHe U He Mocenyjy murparopan nHCTUHKT [40]. Kpehy ce Toxom
laHa y OKBMPY BeOMa OTPaHMYEHOT IIPOCTOPA Y CBOM CTAHMIITY, Off MecTa 3a
CKpMBame ¥ OffMapame JJO MeCTa 3a Xpamembe, a Ce30HCKM ce TIOMepajy o 00-
JIVDKIbYX MIOTONHUX MeCTa 3a MpecT. [Ipyre BpcTe puba, HIIp. CKobaby 1 MpeHe
U3 Cpeibe-PUTPOHCKIX 3ajeJHUIIA Y CTAHUIITIIMA HU3BOJHO Off TACTPMCKUX Jie-
JI0Ba TUIAHMHCKUX peKa Morie 0¥ KOPUCTUTK pubsbe mponase, amy ehuKacHOCT
TUX IIpoj1a3a yTBpheHa je caMo 3a MUTpalyje y AeJIoBe BOZOTOKA KOjIi Ce Haase
y3BofHO of OpaHa. EdukacHOCT pnbmpux cTasa 3a HU3BOAHE MMUTpaluje Ofpa-
CIVIX jemyHKY 1 Toce6HO Mmabhy BehuHe BpcTa prba MHOTO je Mama, 3pakaBa ce
jenHOLMPEHNM IPOLIEHTNMA, ¥ TO He HONMPUHOCK 3Ha4ajHO foOpobuTy BehnHe
BpcTa puba 3a koje cy msrpahene. [la 6u MurparopHe BpcTe Ipero3Haje yias
y pub/by cTasy, OHa MOpa MMAaTy JOBOJ/BHO jaKy M3/Ia3Hy CTPYjy Bofe (,yl1asHu
curHan“) fa 6u je pube Halule, IpernosHae u yuule y wy. To Hamehe nmorpeby
3a jaKuM IIPOTOKOM 3HaTHe KOMM4YMHe Bofie Kpo3 pubmy crasy. Vimajyhu y Buny
JOCTYIIHY KOIMYMHY BOJie IVITAHMHCKUX peKa HMBATHO-IUTYBUja/THOT THUIIA U T10-
Tpebe pepusaunonnx MXE 3a BogoMm, ogroBapajyhm ,,ynmasum curHan Hemoryhe
je 06e36enMTI Y O4eKMBAHOM PEXUMY eKCIIoaTaluje.

[IpucTyn ¢popMaTHOT UCIyHaBaba YCIOBa 33 U3TPaJby XUAPOETeKTpaHa
IPUMEHOM ,,eKOJIOLIKY IIPUXBAT/BMBOT IIPOTOKA“ (,010/TOLIKOT MUHIMYyMa“) He-
OZIP)KUB je 3a eKOCUCTeMe IUVIAHMHCKMX peKa Koje Hace/baBa IIOTOYHA ITaCTPMKa
ca pepuBanyonum MXE. CBaky off macTpMcKux BopoTokoBa y Cpbuju Beh je
Ha 6MO/IOIIKOM MUHUMYMY Bojie TokoM Beher fenma romnse 360r Maje reorpad-
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CKe LIMPMHE ¥ HAJMOPCKe BUCUHE, MaJie KOMMYMHe aTMOChepCKIX MaJaBuHa U
TeoJIOIIKe IMOfIore. AKO TOMe JOAaMO HMBATHO-IUTYBUja/THU TONVILIEBY BOJHU
PEeXMM ¥ Majly BEIMYMHY HAIIMX MAaCTPMCKMX BOJOTOKOBA ITOTOJHMX 3a XKU-
BOT IACTPMKH, ofiBpahabe BOJje BaH peYHOr KOPUTA OBOAM Y INMTare OICTa-
HaK CBUX OpraHyu3aMa TOT BOJIEHOT CTAaHMIITA. Y BOLOTOKOBMMa ceBepa EBpome
u CeBepHe AMepuKe, I7ie je Ha IIPOCTPAHO] TEPUTOPUjU pe/bed BUCOK, a KIMMa
XJIaJIHVja, TACTPMCKY J€/IOBY BOJOTOKOBA IIPOTEXY Ce CTOTMHAMA KIJIOMeTapa.
Ha Bankany, macTpMcKe peke Ayre Cy MaxoM JI0 iBajieceT Kumomerapa 36or Op-
30T 3arpeBama BOJE U IIPOMEHEe CBMX APYTUX CPEIMHCKUX YCTIOBAa HEOIXOJHMX
3a ONCTaHAK IMACTPMKM ¥ JPYIMX BPCTa 3ajeflHUIle TOpHer pUTpoHa. Ibuxos
JKUBOTHM IIPOCTOP V ITAaHMHCKUM pekama Cpb6uje je mamu. TokoM eBOyTHBHE
ucropuje, nacTpMke bankana omncrane cy mpu nocrojeheM roguirmeM BOJHOM
PEeXMMY TaKo LITO Ce MpecTe TOKOM 3MMe, KaJja je HUBO BOJe HU3aK M BeoMa
crabumad. Y TOM IEepUOAY, eHepreTcKe MoTpebe CTAaHOBHUIITBA (MIPOM3BOAA
elleKTpUYHe eHepruje) Cy BelMKe U OueKyje ce [ja BelMKI Jeo BOofie Koja Tede KO-
PUTOM IAaCTpMCKe peke Oyne 3axBaheH u cripoBefieH 1o Typ6uHa. Vi3melnrame
BOJle 113 PEYHOT KOPUTA Y AY>KMHY Off HEKOMKO KM/IOMeTapa y IEePUOLy MpecTa
KaJja IOTOYHe ITacTPMKe VIMajy moBehaHo pelpoRyKTUBHO ylarawe 0CTaBUIO 6u
TpJIa ca OIIO)eHOM MKpPOM Ha CYBOM M M3a3Bajlo BUXOBO yrubame. Y mepuony
JIeTHeT MIHMMYMA, eHepreTcKe morpebe cy 300r MacoBHe yroTpebe pacxiafHux
ypebaja u kopumrhemwe BogHOr moreHnujana Takohe Bemmku. KuBoTHn nukiyc
HIOTOYHE TTACTPMKE, KOja je Tajia y epMofy Ca3peBarba IMOHIX XK/Ie3/ja 1 ,HajIN-
Bama“ MKpe XYMaHIIETOM, M3PA3NUTO je 3aBUCAH Off KOMMYMHE JOCTYIHE XpaHe
KOjy uMHe 6ecKuuMemaly ¢ayHe fHa 1 MHCeKTH. OHM Ce Y OBOM IIePUOLY pas-
MHOXaBajy 1 00/IMIIMMa IOHAIIaka IT0CTAjy KA0 XpaHa ZOCTYIIHY MacTPMKaMa.
To omoryhaBa fa macTpMKe HakKyIie pe3epBHY eHeprujy Kojy he ynoxxutu gupexr-
HO y MeTabo/IM4Ke Ipoliece CHMHTe3e XXyMaHIeTa 1 y mpect. Oxspahame Boe 13
KOpUTa 13a3BajIo OM HU3BOZIHO Off BOJ03axXBaTa IaJ] IPOAYKLMje TapBYU BOJEHUX
IIBETOBA, KaMeWapKy, Ty/lapalla ¥ JpyruxX BOJEHNX opraHusama. Tume 6u om-
CTaHaK II0TOYHe MACTPMKe I APYTUX BpcTa puba 6uo yrpoxkeH u 360r maja mpu-
pofHe IPOAyKIHje, 1 360T IIPOMEHe HBIXOBe TeHeTUYKe CTPYKType (TeHeTUIKN
npudT, edpexaT yckor rpia, rybuTak cCaMOCBOjHE XeTepO3UTOTHOCTI).

CasHama 0 pasHOBPCHOCTH IIOTOYHE ¥ MaKefoHCKe macTpMke y Cpouju
(17, 18, 22, 23, 24] n 0 MmaguIy U MUIUbeHY [25, 26] yKasyjy Ha CHaXKHY TOTpedy
3a 3aLITUTOM OfpeheHNX IIaHMHCKMX BOJOTOKOBA U BUX0BO n3ysehe n3 rpabe-
BMHCKMX aKTuMBHOCTH. Kaja ce carnema KoH3epBalMOHa BPeJHOCT JIOKA/THUX
HOIy/Ialyja CBUX BPCTa MACTPMKMU U HEMOTYhHOCT yMamema edekaTa gepuBa-
iyonux MXE pubeum crazama, nsrpajima gepupannonnx MXE Ha macTtpMckum
pekama bankana Huje Moryha. OBO He 3Hauu /ja HeMa IPYTMX IPUXBAT/bUBNX pe-
IIema 3a Jobujare ena 0OHOB/bYBE eHeprije 13 XUAPOIIOTeHIIMjasia, a/li He Ha
Ha4MH KaKo je U Ha MeCTVMa IJie je TO cajia INTaHupaHo u paheno. Ompenenbeme
3a fepusanuone MXE ex/lTaTaHTHY je IpUMep yIpoXKaBamba €eKOCUCTeMa IITaHVH-
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CKMX peKa y IJXOBJM Hajy3BOLHVjUM JeloBUMa 300T 3aHeMapuBamwa Mehycek-
TOpPCKe capajiibe U IOHOIIeha OITyKa 6e3 yBaXkaBama JPYIUX pelleBaHTHNUX UH-
Tepeca 1 notpeba. Y3 msrpanmy OpaHa paau 3ajp)kaBarma MOBPLIMHCKMX BOJA
3a moTpebe BogocHab/ieBama 1 Heofropapajyhe Mepe pnb6apcTBeHOr yrpas/bama
nacTpMcKuM GOHIOM HeopiroBapajyhum nopubpaBamuma 6e3 yBakaBama bi-
XOBOT KOH3€PBaLIMOHOT 3Ha4aja I 04yBatba Ay TOXTOHOT KapaKTepa, OIpeie/berbe
3a MXE HajBuile JONPUHOCU YrpoXKaBawy OpUTMHAIHE OMONIOLIKE Pa3HOBP-
CHOCTM U OoraTcTBa ImacTpMcKor ¢oupa. Ilopes KoH3epBaLMOHe BpefHOCTH,
nacTpMcKu GOHJ Herfie MMa U pubapcTBeHY BPeJHOCT 360T Benke pubONIOBHe
aTpaKTUBHOCTU. To ;OZaTHO TOBOPU Y IPIMJIOT OUYBakby €KOCUCTEMA IVITAHIHCKIX
peka Koje IOTOYHe ITacTpMKe Hace/baBajy. O 3Ha4ajy 6110/I0IIKe pa3HOBPCHOCTH,
He CaMo eKOJIOIIKOM HeTo 11 €KOHOMCKOM, TeK offHefiaBHO ce y CpOuju e u
rosopu (41, 42], u popcupamwe noprb/paBama HaCyNpoOT HETOBUM [JOKA3aHUM
HeraTuBHYM edeKkTrMa [21] Moxe ce 06jacHUTH caMO HaMeTareM HMaplyjaTHUX
eKOHOMCKIX VIHTepeca y4ecHUKa rnopubpaBama (n3pahusaum nporpama ympa-
B/bamba, IPOM3Bohaun Marepujana 3a Mopub/paBame U KOHIECHOHAPY HacTPM-
CKMX BOJIa) ¥ CTaB/barbeM JCIpe] IoTpebe ouyBama KOH3epBAaIYIOHO BPEJHMX
nacTpMcKux nomnynanuja [41]. bpoj crporo samtrhennx u samrnheHnx guBpux
Bpcra (1 camux cranuinta) y Cp6uju je Benuku (28], a MHOTM Off Boux 3amutuhe-
HU cy U Ha MehyHapopHoM HUBOY [43, 44]. MHore of MOKanuja Ha KOjuMa Cy
MXE usrpabhene nnm mrannpase Hamase ce y IofpydjuMa Koja cy Beh samruhe-
Ha, a y IUIaHY je NpoI/allaBambe BeJIVKOT Opoja HOBUX 3amITHeHNX IpUPORHIX
noppydja. Ha croTMHaMa IaHMHCKUX peKa IUIaHMpaHa je Usrpajima mnpexo 850
MXE, a Ha MHOrMMa je npesubena usrpagma puime MXE y Husy. ¥V crygujama
yTHUIIaja Ha )KUBOTHY CPEIMHY He Y3UMajy ce Ha 3a/j0BOJbaBajyhy HauyH y pasMa-
Tpame HU eeKTy IojefHAYHNX OpaHa, HUTU KyMy/IaTUBHM e(PeKTH y3acTOIl-
HIUX aKyMy/IallMja 1 JepMBalyja Bofie Ha €KOCCTeMe IVTAHNHCKIX peKa, EKOTOHA
Ha o0ajlaMa 11 TepeCTPUYHIUX eKOCUCTeMa Y OKpY>Kemy, Koju cy Behu o mpocTor
30Mpa HUXOBMX IOjeAVHAYHNX yTHLaja 32, 45]. KymynaTuBau edextn Mory ce
ofipakaBaTy Ha u3HeHabyjyhe BeMK1M ya/beHOCTIIMA Off BOJO3axBara 1 OpaHa
[34]. YTuuaj Beher 6poja Manux xuapoenekTpaHa 1 mpaTehnx BogosaxsaTa Moxe
6uty Behm op yTuIaja nojenMHaYHNX Be/IMKIUX ITOCTPOjeba, I1a ce pajy Iopenn-
BOCTH IIpeNopydyje IpopadyHaBambe YTHUIIadja IOCTPOjerba [0 0ffabpaHoj jenHu -
1y npousseneHe eHepruje — KW wmum MW [45, 46]. [Tpunnkom opryunBama o
MXE pepMBalMOHOT TUIIA HA EKOCUCTEMMMA IJIAHMHCKUX PeKa ITITABHO TEXXMIITE
MOpa OUTH Ha eKOCUCTEMIIMA, A 3aTUM Ha COLMOIOLIKIM, KY/ITYPOJIOIIKIM, €KO-
HOMCKIUM U JPYTY aclIeKTMMa, Ca aHTa)KOBambeM He3aBYCHUX CTPYUlbaKa U3 CBUX
HEOIXOOHUX 06/1acTN.

Ho capa cy patudukoBanu MHOIM MehyHapogHM CrIopa3yMn Koju ce T4y
3alITHTe IpUpOfie U yrpabenn y 3akoHe 1 MOA3aKOHCKe aKTe. V3rpanma mojenu-
Hux MXE u cTBapame iepuBanuja, moce6Ho Bumectpykux 3a MXE y Husy, mpo-



184 [Ipenpar Cumonosuh

MeHMhe cTaTyc TakBUX BOJZHUX Tena y cMUCIY ofipebema garor OKBUPHOM [iy-
pexTuBOM o Bosfama EY, of mpupopHor Ka 3HayajHO u3MemeHoM. To he cHaxxHO
yTULATV Ha ITOTOPIIaH €KOMOIIKY IOTEeHIMjal y OfTHOCY Ha OPUTMHA/IHY, OfIN-
JaH eKOJIOIIKM CTAaTyC OBUX €KOCHCTeMa 3a 4ije yTBphuBame, Kajia Cy y IUTABY
pedepeHTHe 3ajefHuIe puba, mocToje cBy norpebHn nopgauy. Haxanocr, ommra
CBECT 0 NoTpeby ovyBamwa npupoze y Cpbuju Beoma je HUCKa, TAKO I 3aLITUTA
YKMBOTHE CpeJjiHe VI TI0CeOHO MPUPOJHMX BPEHOCTH Off HajBeher KOH3epBaIo-
HOT 3Hayaja FOTOBO HUKAJ HUje Y XKIVDKM pasMaTpamba Ipy IOHOILIEHY OfIyKa Y
Be3u usrpagme MXE. To je HenmpuxBaT/bUBO, jep MOCTOje ¥ APYIY HAYMHI 33 JI0-
Oujambe eleKTpUYHe eHepruje U3 0OHOB/BYMBIX U3BOPA, JOK 3aMeHe 3a U3Ty0O/beHe
IPUPOJIHE BPETHOCTY Off CBETCKOT U HAI[MOHA/THOT 3Ha4aja HeMa. TakBu ryouim
CY HEIIOBPaTH!U ¥ HEHAJIOKHAIVIBIL.

3axBayHMUIIA

3axsaspyjeM JIparann [leneuh u bobany Crojanosuhy ns Munncrapcrsa
3aIITUTE KMBOTHE CPeflHe Ha MPUCTYIy MOfjAllMa O CTamby MacTPMCKOT (HOH/A
y pub0IOBHUM BofiaMa yTBpheHoM y TekyheM mepuopy kopuirhema prbéapckux
noapyyja. [Ip Anexcanpap Xeregym u ap Comwa Hukomnh nomormm cy Hanakemem
pe/IeBaHTHMX IMTEPAaTyPHYX M3BOPa, HAa 4YeMy UM TaKohe 3axBasbyjeM.
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Predrag Simonovic¢

THE IMPACT OF SMALL DERIVATIVE HYDROPOWER
PLANTS ON FISH SPECIES AND OTHER AQUATIC
ORGANISMS IN THE MOUNTAIN RIVER ECOSYSTEMS
OF THE REPUBLIC OF SERBIA

Summary

Serbia features a small amount of precipitates, with the scarcity of domicile
water coming mainly from torrential water flows of uneven flow rate, with
prominent flood waves. It features great river network density and low flow rate in
streams situated on the serpentine and magmatic rock beads, compared to those
on the limestone rock beads. Their flow regime is nival-pluvial, with the maximal
water levels at the end of the spring and the minimal ones at the end of the summer
and beginning of the autumn, with frequent summer torrents coming from local
storms. Trout fish species (f. Salmonidae) dominate in fish communities of the
upper and middle rithron in the streams of the mountain regions of Serbia.
Their conservational significance is great in both European and global ranges,
due to the uniqueness of their local, specific strains ascertained using the Control
Region (i.e., the D loop) of the mitochondrial DNA as a molecular marker. The
most prominent in that sense is the brown trout Salmo cf. trutta, as well as the
Huchen Hucho hucho (L., 1758), which is a globally endangered species (EN). The
construction of hydroenergetic facilities is recently their main threatening factor.
The inference drawn on the currently available records about the fish community
structure in the ecosystems of mountain streams, as well as on the shape of the
brown trout stocks after the construction of small hydropower plants of the
derivative type unequivocally points to the prominently adverse impact. Such
data implicate to impossibility of reducing harmful effects by fulfilling the formal



190 [penpar Cumonosuh

legal measures issued to compensate adverse effects from exploitation of small
derivative hydropower plants. That is determined by characteristics of ecosystem
of mountain streams, both abiotic (especially the water flow regime) and biotic,
autecological ones featuring brown trout, and synecological characteristics of the
structure and dynamics of fish communities. Brown trout is the most prominent
fish species of that type of aquatic ecosystem. All characteristics determine the
dynamics and functioning of mountain stream ecosystem, whose demands for
water and other related resouces are completely opposite to those of derivative small
hydropower plants and energy production. That clearly warns to multiple kind
of harmful consequences of construction and exploitation of small hydropower
plants for mountain streams, especially for those brown trout populations in them
that have extraordinary conservational value.



