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3axeannuua

HctpaxnBamwa 00aBbeHa Y IUIbY U3PAJE OBE TOKTOPCKE JUCEPTALje pealn30BaHa Cy
y OKBHpY mpojekara ,EBoiynuja y XeTeporeHMM cpeluHama: MEXaHM3MM aJanTaiyja,
OMOMOHUTOPHHT M KOH3epBanuja ouoausep3utera” OU 173025 u ,,Mepeme u Monenupame
GU3NYKKX, XEMHUJCKHX, OHOJOMIKUX U MOp(OAMHAMUYKUX IapaMerapa peKka M BOJIHUX
akymynamja” TP 37009 MunucrapcTtBa mnpocBeTe, HayKe HM TEXHOJOIIKOT pa3Boja

Peny6mnuke Cpouje.

Y oBom pamy kopumtheHu cy momanyd W MaTepujal MehyHapoAgHHX TpojeKaTa:
AQUATERRA - Study on river-sediment-soil-groundwater pollution interaction, modeling,
monitoring tools; VYuecnmk mpojekta (EU 6th Framework Programme, No. 505428),
»3ajeIHIYK0 ucnutuBame JlynaBa 37, MelynaponHa komucuja 3a 3amTuty peke JlyHaB
(,,Joint Danube Survey 3”, ICPDR, International river expedition), ,,3ajeTHUYKO UCTIUTHBAIHEC
JlynaBa 27, Mehynaponna komucuja 3a 3amtuty peke Jynas (,,Joint Danube Survey 27,
ICPDR, International river expedition), ,IIpomena HrHBOA OMOKOHTaMHUHAIIMjE BEIMKHX peKa
XpBarcke n Cpbuje”, mpojekar OwiaTepanHe capaime ca XpparckoMm, [IpuponocioBHO-
mMaTeMaTHuku (pakynrer YHuBep3utera y 3arpeOy u MHCTHUTYT 3a OMOJIOIIKA MCTPAKUBAMHA
,,Cunnma Crankouh”, Yuausep3urer y beorpaay (0p. 451-03-615/2011-14/0224) u ,,Study
of the Biological Monitoring of the Rivers and Lakes/Reservoirs in Bosnia and Herzegovina”,
(RFP no: BA-PMT-QCBS/02/CS/08-BQS Water Quality Protection Project, Loan: GEF Trust
Fund Grant No.055265).

Kopumrhenu cy Takohe nmoganu u Marepujai Koju ¢y ycrynuie konere ca Mucturyra
3a Ouosormjy u ekosorujy IlpupogHo-marematnukor Qakyiarera YHUBEp3UTETa Y
Kparyjesiy.

Benuky 3axBagHOCT JyryjeM MOM MeHTopy Op Momupy Ilaynoeuly, HaydHOM
caBeTHUKY MHcTUTyTa 32 OHOJOMIKA HCTpakuBamwa ,,Cunuina CraHkoBuh® YHHBep3uTeTa y
beorpany, BeomMa caMm 3axBajlHa Ha BeIMKO) momMohu y cBUM (pazama H3paje JOKTOPCKE
JcepTalije, U3y3eTHOM 3aaramy, 0e3pe3epBHOj MOJAPIIIH U YKa3aHOM MOBEPEHY O] CaMor

nmoueTka. MokcH, XBaJjia TH 10 Heba 3a cBe!

Ip Bnaouyu Cumuhy, penoBHoMm mpodecopy IlpupomHo-maremaTudkor (axynrera
VYuusepsuteta y Kparyjeily, Ha BETUKOM HOBEpEHY KOj€ MU je yKa3zao, ujaejaMma MpHIUKOM

n300pa TemMe, Ha MOMONH U TMOAPIIIHN Y CBUM (pa3ama u3paje TOKTOPCKE qrcepTaiuje.



Jlp Hamawwu Ilonosuh, HaydHoMm capannuky MHCTHTYyTa 32 OMOJIONIKA UCTPAKUBaHA
»Cunuia CrankoBuh® YHuBep3utera y beorpany 3axBajbyjeM ce Ha CBUM CyrecTujama,
MpeyIo3rMa B KOpEeKIlHjaMa Koje Cy 3HaTHO MOMOTJIE M YHAIIpeausie u3ries oBor paaa. Hare,

MHOTO TH XBaJia, CBE je OWJIO JIaKIle OJAPATUTH Y3 TBOJY MOMON.

Hp Anu Ilemposuh, nonenty IlpupogHo-maTemMaTnukor ¢akyiarera YHUBEpP3UTETA Y
Kparyjesity, n3y3eTHo caM 3axBaJlHa IITO je MpuxBatuia aa oyne aeo Komucuje 3a oneny u
o10paHy IOKTOpCKE AucepTanuje. AHUH, y3 TBOJy MoMoh, cyrectuje, Mpeayiore U KOpeKIuje

CBC je HIIIJIO MHOTO JIaKIIIEC.

[Tocebny 3axBamHocT nyryjeMm Op Cuescanu Cumuh, BaHpemHOM mpodecopy Ha
[MpupoaHo-maremaTnykoM QaxkynTery YHuBep3uTera y KparyjeBiy, Ha pasymeBamy H

HeceOMYHO] MOMONK TOKOM TEXHHUYKE peasin3aliije OBe TOKTOPCKe JucepTaluje.

Jparum koneruHunama M Kosierama ca HMHcruTyta 3a OWONIOTH]Y U €KOJIOTH]Y
[Ipupogno- matematuukor Qaxynrera YHusepsutera y Kparyjesuy Hesenu, Anexcanopu,

Cumonu, Hamawu, Munenu, Munowy n Mapky BeIMKO XBaja Ha pa3yMeBamby U MOJPIIIH.

Heusmepno cam 3axBanmaHa KoJeruHunama u koserama ca Operbema 3a
xuapoekonorujy u 3amrury Boga MBUCC, Beremy, Maju, Jeyu T., Kamu, Anu, boacuyu,
Mapeapemu, Jeyu B., Mapu, Jeyu 4.A., Barou, Huxonu n Cmeghany Ha aparorieHoj nomohu
KOJy Cy MM MPYKUJHM KaJa je OMIo HajmoTpeOHUje, Ha BETUKOM MOJCTHUIIA]y U pa3yMeBamy,
Ha JIENO] capajiibi, Beceloj aTMochepru TOKOM CBUX TOJIMHA 3aj€JHMYKOT pajia, Ka0 U TOKOM
u3pajne aucepranuje. pyrapu, 6e3 Bac 6u pax Ha OBOM JOKTOpaTy 610 MHOTO Texku. CBU cTe

OWJIN O] BEJIMKE TIOMORH.

3axBasbyjeM ce MoM mpujaresby JKewky Bacuhy Ha 0JBOjJCHOM BPEMEHY M KOPHCHHUM

CaBeTHMa MPUITUKOM TEXHUYKOT cpelhjuBama OBOT paja.

Ha kpajy, Mokna u HajBehy 3aXBaJIHOCT AYTyjeM MOjOj MOPOAWIIM Ha CTPILUBCHY,

MIOJIPIIIY ¥ TIPE CBETa, BEJIMKO] JbyOaBU KOjy MU TIPYKa]y.

bojana Tyouh



TeCTnpa}Le PAa3sIMIUTUX ME€TOda Y30pKOBamba MﬂKpOﬁeCKI/l‘lMeH)aKa Y
BOJACHHUM €KOCHUCTEMHUMAa U MOI‘YhHOCTI/I CTaHnapun3aunje

Pesnwme:

3ajenHuUIIe BOJCHUX MaKpOOECKUIMEmhaKa UMajy 0CoOOMHE KOje UX CBPCTaBajy y no0pe
U TIOYy3/1aHe TT0Ka3aTeshe MPOMEHA EKOJIOMIKUX YCIIOBA KOJH BJIa/a]y M CYKIIECHBHO CE€ MEHAJy
y akBaTH4YHOM eKkocuctemy. IIpermenom mnpumeHe OKBUpHE AHUPEKTUBE O BojJama y
€BPOTICKUM 3e€MJbaMa, YOUEHO j€ Ja Cy, Y BehWHH ciydajeBa, BOJACHH MaKpOOECKUUMEHAIH
KopuilheHH Kao TpPUMapHH THUIOJIOMIKA OWOJIOIIKH €JIEeMEHT, Kao W Ja cy pedepeHTHU
yCIJIOBY 3aCHOBaHM, yTJIaBHOM, HA HCTPAXKHBAmBUMa IIOMEHYTE TPYyTIe XUAPOOHOHATA.

CaBpemena wuctpaxkuBawa y EBpomu Be3aHa cy 3a Hperyiel U INpPOHANAKEHE
(YHKIMOHATHUX METOJa Y30pKOBamba MaKpoOECKMUMEHaKa Yy IHJby HMILJIEMEHTAlHje
OxBHpHE TUPEKTUBE O BoAama. TepeHCKHU paj je MpeaycioB 3a CBE Jajbe aHAIM3E 3ajeIHULIE
MaKkpoOeCKMUMEemaKa, T€ je 0]l M3y3eTHOI 3aHayaja u300p epUKacHUX METO/a y OJHOCY Ha
TNl €KOCHCTeMa W Wb cTyamje. Hepocrarak (MHAHCH|CKUX W CTPYYHHX pecypca 3a
MOHUTOPHHT M NPUMEHEHA UCTPaKUBabha 3aXTEBajy Ja ce oJpelu epuKacHa METO0JI0ruja
3a IPUKYIJbabe OMOJIOIIKUX y30paKa U U3BPIIM XapMOHHU3alyja rpuctymna 30or moryhHoctu
nopehema nonaraka. [IpumemeHa UCTpakuBamba 3aBUCE O PACIONIOKHUBUX (HMHAHCH)CKUX
CpeJlicTaBa U HAy4YHOT LINJbA.

Y 0BOM pajy pa3MaTrpaHe Cy pa3lIM4uTe TEXHHUKE NMPUKYIJbamba y30paka 3a U3yuaBambe
3ajeJHMIIa BOJEHUX MaKpOOECKHUMEHmaKa, CIEeUU(PUIHOCTH BE3aHE 3a Y30pKOBaHE
NOojeIMHUX (PayHHUCTUIKO-€KOJIOMIKUX Tpyla, Kao M IMoTeukohe Be3aHE 3a HMCTPAXKHBAHKE
TUTIOBa BOJHHUX Tejla, MOHA0COO, Ha OCHOBY MaTepHjaia MPUKYIJbeHOT ca ykymHo 320
nokanuteta y nepuoay 2004-2016. Ha pa3sHOBpCHUM THUIIOBHMMA, IIpe cBera, Tekyhux Boaa y
Cpb6uju. [leo mogaraka Koju je pa3MaTpaH ca IUbeM yTBphHBama ePUKACHOCTU IMOjeAMHUX
METO/a OJHOCH ce W Ha JokanuTere BaH CpOuje — matepujan ca J[yHaBa (CexTop HyXHHE
2500 km, ox Perens6ypra no aenrte Jlynasa), CaBe (11eo TOK peke, y ay:kuHu ox 937 km) u
pexa HeperBa u bocHa ca nputokama (y bocHu u Xepuerosunn).

[pencraBibeH je AeTasbaH MPOTOKOJ MPHUKYIUbaka MaTepujalia ¥ nparehux mojaarTaka,
HITO MOJIPa3yMeBa OMUC METOIOJIOTHjE Y30pPKOBamka BOJCHUX MaKpOOSCKHUMEHmaKa, n300p u
KapaKTepHu3alujy JOKaJIuTeTa, MpHKa3 Mpolenype oOpaae marepHjaja, Kao W pa3Marpame
METO/Ia 33 aHaJIN3e pe3yJITara.

AHanmu3a pe3ynrara BpileHa je ynorpedom mporpamckux maketa ASTERICS 4.0.4
(AQEM Consortium, 2002) u "Statistica" Bep3mja 7 (StatSoft, Inc., 2004). Tlopeheme
pa3IMYUTX METOJA Y30PKOBamka BE3aHUX 3a 3ajeIHUILY BOJACHUX MaKpOOECKHMYMEHaKa, Kao U
3a TIOjeIMHAYHE Tpyrne MaKpoOeCKHIMEmaKa y OKBUPY OBE 3ajeHUIle, y3 Topeheme ca
MPEeTXOHUM MyONMKalHjamMa Koje pasmMaTpajy OBy MpoOjaeMaTHKy, Jallo je€ OATOBOPE Be3aHE
3a CTaHIapAU3aIHjy METOM0JOTH]e, YTUIIA] ITOjeMHAYHUX METO/Ia y30pKOBamka Ha pe3yiTare
UCTpaXKMBamka BE3aHE 3a PA3HOBPCHOCT M MPOCTOPHY JUHAMHKY 3ajeJHUIC BOJICHUX
MaKpOOECKUUMEHAKa Y PA3IMIUTUM BOJICHIM €KOCHCTEMIMA.

Ha ocHOBy noOujeHMX pe3yiTara W3BpIICHA j€ ONTHMHU3AIMja METOI0JIOTH)E
y30pKOBama BOJCHHX OecKMuMemaka 3a BoaeHe ekocucteme CpOuje, NpemyiokKeHa je
METOAOJIOTHja 3a onpeleHn TUN eKocucTeMa Kao M m300p aJeKBaTHUX MeTona 3a onpehenn



TUTl UCTpPaXMBama, Kao M 3a cnenuduuHy rpymy opraHuzama (IIKOJbKE) ca IMOCCOHUM
aKIICHTOM Ha BEJIMKE M BeoMa Bellnke peke (mo tumonoruju tekyhux Boma Cpobuje), koje
NPEe/ICTaBIbajy KOMIUIEKCHE €KOCUCTEME.



Testing different methods for sampling macroinvertebrates in aquatic
ecosystems and examination of the possibility for their standardization

Summary:

Aquatic macroinvertebrate communities possess certain characteristics which render
them as reliable indicators of environmental changes in aquatic ecosystems. In the review of
the application of the Water Framework Directive in European countries, it was observed that
in most cases water macroinvertebrates serve as the significant typological element, and that
the reference conditions are based mainly on the researched group of hydro-biota.

Current research in Europe is aimed at reviewing and establishing practical methods
for sampling macroinvertebrates in order to ensure the successful implementation of the
Water Framework Directive. Field work is the first step in every analysis of an
macroinvertebrate community and the choice of efficient methods with regard to the type of
ecosystem and goals of the study is of a great importance. Insufficient financial and technical
resources for monitoring and applied research require the establishment of an effective
methodology for collecting biological samples and a harmonized approach to insure data
comparability. Applied research depends on the available financial resources and the
scientific objective.

This paper presents different sampling techniques for the study of aquatic
macroinvertebrate communities. It examines the problems encountered during sampling of
specific faunistic ecological groups and different types of water bodies. The material was
collected at 320 sites located primarily along different running waters in Serbia, from 2004 to
2016. To establish the efficiency of a particular method, we used data that was collected at
sites outside of Serbia as follows: (i) the Danube River (a 2,500 km long sector from
Regensburg to the Danube Delta); (ii) the Sava River (the entire course of the river with a
length of 937 km); (iii) the rivers Neretva and Bosna in Bosnia and Herzegovina, including
their tributaries.

A detailed protocol for collecting material and supporting data is presented, including
description of aquatic macroinvertebrate sampling techniques, selection and characterization
of the sites, reviews of procedures used for the processing of the sampled material, as well as
a discussion of the methods employed for the analysis of the obtained results.

The results were analyzed with the software package ASTERICS 4.0.4 (AQEM
Consortium, 2002) and "Statistica” Version 7 (StatSoft, Inc., 2004). Comparison of the
different sampling methods for aquatic macroinvertebrate communities and specific groups
within  communities provided answers with regard to the standardization of the
methodologies, the effects of the individual sampling methods on the results related to the
diversity and spatial dynamics of the aquatic macroinvertebrate communities in different
aquatic ecosystems.

Based on the obtained results, we optimized the aquatic macroinvertebrate sampling
methodology for the aquatic ecosystems in Serbia. Also, methodologies for specific types of
ecosystems and appropriate methods of selection for specific types of research are suggested,
as well as methodologies best suited for a specific group of organisms (Mussels), with



emphasis on large and very large rivers (based on the National typology of running waters in
Serbia) which represent complex ecosystems.
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Bonenn makpoOeckuuMmemaly, ¢y OpraHu3MHu KOju, 0ap y jeIHOM ey >KHBOTHOT
IUKJTyCca, HaceJhaBajy BOJACHE eKocHcTeMe (JIHO, NETPUTYC, MakpohuTe, PriIaMEHTO3HE alire)
U KOjH Ce MOTY 3aXBaTHTH Mpexom Beiamuune okia >200 um (Rosenberg u Resh, 1993).
YecTo ce oBa rpymna opraHmzaMa nouctosehyje ca Makpo3000e€HTOCOM, MelhyTuM, TepMHUH
BOJICHM MAaKpOOECKHMUMEHmAalld Ta4yHHje OIUCYje OBY EKOJIOIIKY Tpymy OJ TEepMHHA
MaKpo3000eHTOC, Makpo3000eHTOH U (ayHa aHa (Paunovic¢, 2007a), Te he y oBom paay Outu
KopuitheH TepPMHH BOJICHU MakpoOecknuMemalu. Cmarpa ce J1a Cy Ha3uBH MaKpO3000€HTOC,
MaKpO3000€HTOH, OJHOCHO (ayHa JHa, TEPMHUHU KOjU C€ OJHOCE Ha OpraHu3Me Koju
HaceJbaBajy JHO BOJCHHUX €KOCHCTEMa, JOK TEPMHUH BOJECHU MaKpOOCCKHUMEH-AIM OIHUCYje
cBe OECKMUMEHAaKe KOJU HacesbaBajy BOJIEHU €KOCHCTEM, 0e3 0031pa Ha MUKPOCTAHMILTE 3a
KOj€ Cy Be€3aHH, IITO MOApa3yMeBa U HEYCTOH (OpraHu3Me KOjH HaceshbaBajy MOBPIIMHY BOJIE),
OeHToC (OpraHM3Me KOjU HacesbaBajy IHO) U emnuduopan (OpraHu3Me KOju HacesbaBajy
cyOMep3Hy BereTaiujy).

Bonenn makpobecknuMemwany oOyxBarajy BHILE (ayHUCTUUYKO-EKOJOLIKUX Tpyma
opranuzama pasnuuTHx GopMH, 01 Kojux cy Hajuemnhe: Insecta - Ephemeroptera, Plecoptera,
Trichoptera, Odonata, Coleoptera, Diptera, Heteroptera, Megaloptera u Neuroptera; Annelida
- Oligochaeta, Hirudinea u Polychaeta; Mollusca - Bivalvia u Gastropoda; Platyhelminthes -
Turbellaria; Crustacea - Isopoda, Mysida, Amphipoda u Decapoda kao u Heke Mame YecTe U
abynmanTHe rpyme - Nematoda, Hydracarina, Collembola, Porifera.

PacnpoctpameHocT MakpoOecKHUMEmaka Yy pekamMa OJJIMKyje Ce pPEeJaTHBHO
NpaBWIHUM TIPOMEHaMa KBAJIUTATUBHOT caTaBa 3ajelHUIlC U BeHe Ouomace, a KapakTep THX
NPOMEHA Pa3Kyje Ce OJ THIa PeKe M €KOJIOIMIKKX MPUIINKA y caMOM eKocucTeMy (Simié u
Simi¢, 2009).

Cam wu3Bop Tekyhuia, KpeoH, cmaTpa ce nocebHoM uenuHoMm. Omnmkyje ce
crabunHonthy BehmHe ekonomkux (akropa. 3ajeHUIa MaKpoOSCKHIMEHmaKa H3BOpa
cacTaB/be€Ha je OJf OKCHU(WIHHX M XJIaJHOCTEHOTEPMHHX mpejcTaBHUMKa (Simi¢ u Simic,
2009). Jleraspan mperiie 3ajeIHUIe MaKpoOecKHuMermaka y u3sopuma Cpouje maje Markovic
(1998). Ha ocHOBY OOMMHHX HCTpa)kMBamba MaKpOOECKHUMEH-aKa HM3BOpPA W HM3BOPHIITHHX
nenoBa tekyhuna CpOuje, Markovi¢ (1998) 3akipyuyje na ce Benmwku OpOj MCIIMTHBAHUX
CTaHWIITA OIMKyje cnenuduyauM 3ajenHunama. Mcrtu aytop umctuye Behy wmelycoOHy
CIIMYHOCT KPEUHhauKUX BpeJia y OJHOCY Ha M3BOPE ca APYTUM THIIOBUMA TEOJIOIIKE MOJIOTe.
beroB 3akipyuak je Ja CTPYKTypa MaKpOOSCKHUMEH-aKa WCIUTUBAHUX H3BOPCKUX
€KOCHCTeMa HajBHIIE 3aBUCH OJ THUINA CYICTpaTa, TEMIepaType BOAE€ U KOJIUYHHE

pacTBOPEHOT KUCEOHHUKA.
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[Toapydje puTpoHa HACE/LEHO j€ YTIIaBHOM pPeO(UIHUM >KHBOTHEHCKUM (opmama
MakpoOecKHUMemaka. [Opme JelloBe pEYHUX TOKOBAa HaceshbaBajy IMIpe CBera JiapBe
pasIUUMUTUX BpcTa WHcekata. Ha BehuM HaaMOpCKMM BUCHMHAMa IOpE] JIapBU HHCEKATa,
cpehe ce m Benmuku Opoj mpeacTaBHUKAa amMUIIOAHUX PAaKOBa, KOju mpedepupajy peke ca
BehnM caapikajem kpeurbaka. Markovi¢ u cap. (1997) ce 6GaBe muTameM pasjivKa H3BOPCKE U
notouHe QayHe MakpoOecknuMmemaka Ha Teputopuju CpOuje u pasmarpajy ¢akTope Koju
yTU4y Ha TpaHcopmalujy TuUIla OBE 3ajeJHHIe, ILITO IpyXa JAparoleHe IojaTKe 3a
TUTIOJIOTH]Y TeKyhux Boja. Y CpeamuM U JOHKUM JISJIOBHMA PUTPOHA Takohe cy HajopojHuje
JapBe MHCEKAaTa, ajli ce MOTY YOUHMTH M MPEACTAaBHUIIN APYTUX rpyma Kao mto cy Turbellaria,
Gastropoda, Crustacea, Oligochaeta (Simi¢ m Simi¢, 2009). Behuna momeHyTux rpymna
opranuzama npuiarohena je Ha BeJUKy Op3MHY BOJ€, KAMEHUTY IOJJIOTY, PEIaTUBHO HUCKY
TEMIIEpaTypy M BHUCOKY KOHIIGHTPAllKjy KHCEOHHKa. Mopdosomke, aHATOMCKE H
(GU3MONOIKE aganTanyje TMpeJCTaBHAUKAa MaKpOOSCKHUMEmaka Ha ITOMEHYTE EKOJIOIIKE
yCloBe ¢y crneruduyHe, a HAPOUUTO CE MCTHUYY aJanTaiuje Koje oMoryhaBajy OICTaHaK y
jakoj cTpyju Boje. Teno HeKHX opraHu3amMa je J0p30BEHTPAIHO CIUBOIITEHO, a Ha pyOoBHMa
YeCTO TPOIIMPEHO, 300r TPHUCHHUjEr KOHTakTa ca mnojiorom (mmp. Plecoptera wu
Ephemerpoptera). Ocum Ttora, nHeke Bpcte Jsyde ciay3 (Turbellaria) koja uM momaxe y
npuibyOJpuBamy 3a mozuory. Kox HEeKMX BpcTa MakpoOeCKMYMEHaka jaBjba C€ pasiiiKa y
BEJIMYMHH TUI0YA 32 MPUJbyOJbUBabE 3a MOAJIOTY Yy OAHOCY Ha ocTanu jaeo tena (Lymnaea sp.,
Ancylus fluviatilis). Bpcte koje kxuBe y Hajjaduoj CTpyju BOJE MOCEIyjy JCJIOBE Tela WM
noceOHe OpraHe 3a Kauewme W/WIN NpuiBpIThuBamke 3a OUIOTY WM OMJBKE W TUME CE IITHTE
on omuomiewa (Plecoptera, Ephemeroptera, Trichoptera, Diptera, Coleoptera). Heke Bpcre
napBu Trichoptera usrpalyyjy kyhuie ox pa3nuuuror marepujana, a HEKe H3Iy4yjy NoceOHy
JeTJbUBY MaTepHjy Kojom kyhwmiy mnpuuspmihyjy 3a momtory. Ilojenuam mpeacTaBHUIM
MaKpoOeCKHIMemaKa ce 01 Op3uX BOACHUX CTpYyja IMITHTE IMACHBHO, KOpUCTehN KaMeme Kao
3aKIJIOH.

bp3una ctpyjama Boje yTMYe W HAa HHU3 ajamnTanyja Be3aHHX 3a HCXpaHy
MakpoOeCKHYMemaKka KOjU JKMBE Yy TakBUM YyciloBuMa. Ha OCHOBY Tuma XpaHe KoOjy
KOH3yMHpajy, Tpalle yCHOT amapata W TOHAIIamka IMPH XPambemy MOXKEMO pPa3TUKOBATH
HEKOJIMKO (PYHKIIMOHAIHUX THUIIOBAa MCXpaHe (KUIauu, CaKyIJbaud, CTPYrauyd W MPEIaTOpH).
OpnpehuBame (QyHKIIMOHATIHUX THIIOBA MCXpaHE je 100ap MHIUKATOP KBAJIUTETa KOMHEHUX
Boga (Compin u Cereghino, 2007). Bpcte MakpobecknuMemaka Koje TPUIKA]y W KHIajy
obparnTaj uMmajy n100po pa3BujeH ycHH amnapaT. Koa npyrux npeictaBHHKa Cy YCHU amapatr v

IIpBU TIap CKCTPECMUTETA CHa6I[eBeHI/I JiladydiaMa Hu HpI/IJIaFObeHI/I Cy 3a CTpyrame Hu
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buntpupame XpaHBUBUX YECTHIIA, WA Cy MpHJIaroheHu 3a akTUBHO XBaTame riieHa. Koj
c1ab0 TOKpPeTJbUBUX, M TMPEICTaBHUKA MNPUYBPIINEHUX 3a TMOJUIOTY IMOCTOje IMOCEOHO
pa3BUjeHH OpraHu y BHUAY (DMHUX pasrpaHaTHX MPOJYXKETaka Ha EKCTPEeMUTETHMa H/WUIIH
aHTEeHaMa KOJH 3a/Ip>KaBajy XpaHJbUBE YECTHUIIE KOj€ HOCH BOJIa, TOK HEKe u3rpal)yjy Mpexe 3a
708 (mapse Trichoptera).

Exomnomuiku ycioBu y pekama oTaMOHCKOT TUIIA (CMamkeHa Op3uHa BOJiE, MEKaHO JIHO,
HIDKAa KOHLIEHTpAlMja KHUCEOHUKa, M3pakeHa Kojebama TeMmIepaType BOJAE M KOJIUYHHE
KHCEOHUKA) OJIpakaBajy Cce€ Ha NPUCYCTBO JApYyrauujux (GopMH MaKpoOeCKHUMEmaka, ca
JApyrayMjuM ajantandjama y oaHocy Ha putpoHcke ¢opme (Simi¢ m Simi¢, 2009). Tun
nojjore, Kao IITO je MyJb, Mecak, Haciuare (UHOT JETPUTyCa, YCIOBJbaBajy IOMHUHAIU]Y
npeosvkux ¢opmu u3 rpyne Oligochaeta (Tubificidae) u mapsu Chironomidae (Diptera).
KBanutatuBHM cacTaB OBE 3ajeIHUIIC YCIOBJbEH j€ KOJMUYMHOM XpaHEe M KHCEOHHKA.
[Ipeacrauunm  upBennx Chironomidae (Diptera) wmamak KuceoHuWKa HaaokHalyjy
MoCce0BakbeM TO0Cce0HEe BpCTE XEMOrNIoOMHa y KpBHOM TKHBY, KOjuU UM omoryhaBa
epuKacHMje Be3UWBamkEe M MCKOpHIIhaBame Maje KOJIM4YMHE KuceoHuka. [IpencraBHunn
Jpyrux rpymna kao mro cy Ephemeroptera, Odonata, Amphipoda u Gastropoda cpehy ce Ha
MECTHMA jader CTpyjarma BOJAe, KAMEHHUTO] U MIJbYHKOBUTO] MOJJI03U. KaMEHUTO-TIECKOBUTY U
MECKOBUTO-MYJHEBUTY MOJAJIOTY HacesbaBajy npeactaBHul Bivalvia (Unionida) u Gastropoda
u3 pogosa Theodoxus, Lithoglyphus, Bythinia. Cranuimra 6orara IeTpuTycoM, Koja Cy 4ecTo
oOpaciia MakKpOBETeTaljoM, KapakTepuiry ce mnpucyctBoM Amphipoda, Hydracarina,
Oligochaeta, Gastropoda (Viviparus sp., Lymnaea sp., Planorbis sp.), Hirudinea, nmapsu
Trichoptera u Odonata. IIpeacraBauiiu Ephemeroptera u Odonata umajy 106po pasBujeHe u
pasrpaHare IIKpre 3a yCBajame KUCEOHUKA. 300I cMameHe Op3uMHE BOJIE TaJIOKE CE BEJIMKE
KOJIMYMHE CeIMMEHTa Te€ MHOTU MPETCTABHUIM MMajy pa3BHjE€HE aJanTaiyje Koje WX IITHTE
O]l 3aCHITaba OBUM YECTHIIaMa.

[IpoydaBame MakpoumHBepTeOpaTa jeqHa je O] LEHTPATHHX TeMa XUIPOEKOJIOTH]je
(Allan, 1995). ITpema Wallace u Webster (1996) makpounBepTeOpate mpeacraBibajy 3Ha4ajHEe
KapHKe y JIaHIly MCXpaHe, Kao M M3BOp XpaHe 3a MHOre BpcTe puba. Mory umaru 3HavajaH
YTHIIA] HA KPYyXKEeHhe HyTpUjeHaTa, MpUMapHy MPOAYKIH]Y, JE€KOMIIO3UIU]Y U TPAHCIOKALN]y
Marepwuja.

3ajeqHMIIe BOACHUX MaKkpoMHBepTeOpaTa uMajy ocoOMHE KOje UX CBPCTaBajy y aobpe
¥ TI0y3/IaHe TOoKa3aTesbe MPOMEHAa EKOJIOIIKHUX YCIIOBA KOjH BIIaajy U CYKIIECUBHO C€ MEHajy

y aKBaTMYHOM €KOCHCTEeMY. 3a pa3liMKy OJ XEMHJCKHX I[apameTapa KBaJIUTeTa BOJE KOjU
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MpEACTaBJbajy ITOKa3aTe/be TPEHYTHOI CTamka y EKOCHCTEMY, OBE 3ajeHHIIC CBOJOM
CTPYKTYPOM IOKa3yjy TPEHJ IPOMEHA.

Mepeme QHU3MUKMX M XEMHJCKMX T[apaMerapa BOJIE Jaje CIUKY O TPEHyTHOM
3arahemy, aauM OHO Mopa OUTH KOMOMHOBAHO ca OMOMOHMTOPHUHIOM, jep >KMBH CBET
aKBaTUYHUX €KOCUCTEMa OJCIMKaBa KyMYJIaTHBHO M UCTOBPEMEHO JI€JCTBO CBUX E€KOJOLIKUX
¢dakTopa, uMje IpOMEHE HeKasla HHUCY JIOBOJbHE jayMHE M Y4eCTaJoCTH Ja Ou Morie OUTH
PETUCTPOBAHE METO/1aMa aHAJTUTUYKE XeMH]e.

3ajeqHuIle  aKBaTUYHMX MakpoumHBepreOpara cy Hajuemhe kopumtheHe y
ouomonuTopuHr nporpamuma (Rosenberg u Resh, 1993), nako cy uctopujcku riieiaHo, pBe
OMOJIOIIKE MPOLIEHE KBAJIWTETa BoJA OWile 3aCHOBAaHE HA IUIAHKTOHCKO] 3ajeHULHU Kao
UHUKaTopy (YIJIaBHOM y OKBUpY canpoOHHX cucTeMa). TakBa mpakca opikaja ce Hajryxe y
3emJbama HeHTpanHe EBpome. OcuM MakpomHBepTeOpara ¥ IUIAHKTOHCKHX 3ajeIHUIIA,
OpraHu3MHU KOjU C€ JaHac, Mame WM BHUIIC YCIEIIHO, KOPUCTE Y OKBUPY OHMOJIOMIKHX
MOHUTOPHUHTA Cy: Makpodute, hutodbeHToc, nepuduToHCKe 3ajeqHuie U nxruodayna. Kako
Rosenberg u Resh (1993) naBome 3a oBO mocrToje nBa pas3jiora, U TO Cy - OHOJIOIIKE
KapaKTEePUCTUKE TPYIa/BpCTa M MPAKTHYHH (TEXHUYKH) Pa3JIO3H.

On OMOJNOMIKMX KapaKTEPUCTHKAa MOTY C€ W3JIBOJUTH. cllaba MOKPET/BUBOCT BehuHe
opraHusama, AyT KUBOTHU LUKIyC y nopehemy ca qpyrum rpymnaMa BOJAEHUX OpraHu3ama,
OCETJPMBOCT BEJIMKOT Opoja TakcoHa Ha (hakTope CpeAHHE, IUPOKO PaCIpOCTPABEHE OBE
rpyre XuapoOHoHaTa Kao U cpa3MepHO BEITMKU Opoj BpcTa akBaTUYHUX MAaKpOMHBEpTEOpaTa.
VY ocHoOBH, cilaba MOKPETJHHUBOCT OBUX OpraHm3amMa oMoryhaBa aHaim3y yTuiaja (axropa
CpelMHEe M CTpeca, y IpOCTOpY, JOK PEeIaTUBHO Ayradak >XHBOTHM IHKIyc o0e30elhyje
UCIUTUBAkE MPOMEHA KOje, Kao IOCIeAMlla MPOMEHA Yy OKPYXeYy, HacTajy Y BpEMEHY.
KBanutatuBHO OOraTcTBO BOJCHMX MakKpoOecKMuUMemaka omoryhaBa mpaheme crekTpa
OJITOBOpA HA YTHIIA] CPEIMHE, JIOK MIUPOKa PACIIPOCTPALEHOCT U €yPUBAIIEHTHOCT I10jeINHIX
opraHusama J103B0JbaBa aHANIM3y YTHUIaja (PaKTOpa OKpyXemwa Yy MpocTopy — omoryhasa
aHaIU3y y pa3IMYUTUM THIIOBUMA aKBATUYHUX €KOCHCTEMA U CTAHUIITHMA Y OKBHPY HUX.

[IpakTnyHy (TEXHUYKH) Pa3lio3u, KOjU MOJPKaBajy TPEHI MHTEH3UBHOT Kopuinhema
MaKpouWHBepTeOpara y TPUMEHEHO] XUAPOOHOJOTHjH Cy METOJOJIOMKE MPUPOIE.
[Tpukynsbame y30paka BpLIM ce KOpUIINEHmEeM jeTHOCTaBHE, pENaTUBHO je(TuHE ompeme.
Takconomuja BehuHe rpyna g00po je mpoydeHa, a KJby4eBH 3a JIeTepMUHALN]y CY, Y BehuHH
cinydajeBa, Opojum u poctymam (Paunovié, 2007a). Merome y KojuMa ce BOJICHU

OeCcKUUMEH Al KOPUCTE Y UCTPAKHUBAKY YHarpelyjy ce U uMajy BUCOK CTETICH MOY3/IaHOCTH.
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OxaroBopu TmojeIMHUX OpraHu3ama Ha (hakTope CpeauHe, Kao INTO Cy THUM W HHTEH3UTET
cTpeca, Cy cnenuGUIHH U MPEu3HO JAe(UHUCAHN Y TIOJSTUHUM CITy4YajeBUMA.

Temkohe koje ce jaBibajy NMPHIMKOM HCTpPaXKMBamka BOJCHUX MaKpOMHBEpTeOpaTa
BE3aHE Cy 3a CJIIOKEHY U JIyTOTPajHy JE€TePMHUHALIN]Y TIOJ€AUHUX TaKCOHA; MIOCTOjU MOoTpeda 3a
PENaTHBHO BEJIUKHUM OpojeM mpoda; pe3ysITaTd Mory OMTH HEIOYy3aHu yciiel KOMOMHOBAHOT
JIeNioBaba MPUTUCAKA; KAapaKTEPUCTHUYAH CKJION EKOJOUIKMX YCJIOBa Ha JHY M Yy JOHBHM
CJI0jeBMMa BOJCHUX €KOCHUCTEMA MOXeE ce OMTHO Pa3JIMKOBATH OJ1 YCIIOBa Yy CI000IHO] BOJH -
YTHLA] KapaKTEPUCTHKA IMOJUIOre je JOMWHAHTAH; BEIUKU je OpOj MHUKPOCTAHHUINTA Koja ce
OUTHO pa3iMKyjy y KapaKTEepUCTUUYHOM CAacTaBy 3ajeJHMIIA U OTIOPHOCTU Ha 3araheme. [Jox
ce QU3MYKKU U XEMHjCKH MapaMeTpH MOTY H3Pa3UTH Kao arcoJyTHE BPEIHOCTH, TO j€ YeCTO
Huje Moryhe ca 6uonomkum noganuma (Guhl, 1987).

OxBupna aupexktuBa o Bomama — OJIB, Eespomrcke VYuuje (WFD 2000/60/EC)
Iponucyje okBupe y obnactu ypehema u npahema KBajauTeTa BoJie, yBaKaBaheM MPUHIUIIA
OJIP)KUBOT pa3Boja M MHTETPAIHOT YIpaBJbamka BOJaMa, ca IHMJbEM Jia C€ MOCTHTHE 100ap
CTaTyC CBMX BOJHMX Tesia Ha Teputopuju EY y poky ox 15 roauna (no 2015. rogune). Anekc
V mnocebOHO uctude cienehe OMOINOIIKE MapameTpe 3a KiIacHU(pUKaIM]y EKOJOMIKOT CTaTyca
peka: cactaB u OorarctBOo BojieHe duope, cactaB W OorarcTBO (ayHe BOJCHHX
MaKpoOeCKHUMEehaKa U cacTaB, OOraTcTBO W crapocT ¢ayHe puba. Kao ommru duzmdko-
XEMHU]JCKU €JIEMEHTH KOjH MpaTe OMOJIOIIKE eJIeMEHTE HaBOJIe ce: TeMIlepaTypa, KUCEOHUYHH
peXHM, CAaTMHUTET, KOHIIEHTpanrja HyTpujeHata u pH Bpemnoct. Tpeha rpyna mapamerapa
€KOJIOIIKOT cTaTyca oOyxBaTa XHAPOMOP(OJIOIIKE eIeMEHTE, OJHOCHO TapaMmeTpe KOju
oJipakaBajy HMBO (pU3WYKE Jlerpajalrje BOJACHOT eKochcTeMa, YKIbydyjyhu kopuTo, obane u
000/IHU TI0jac W TUIaBHY 30HY. Ha ocHOBY OHOOMIKOT, (PU3NYKO-XEMHUJCKOT 1 MOHUTOPUHTA
XHIPOMOPQOJIOUIKOT CTara, MOBPIIMHCKE BOJE je MOryhe OKapakTephucaTh HEKHM Of
crenehnx ekoyomKux craryca/moreniyjana: ogmryan (I), modap (I1), ymepen (I11), cnabd (1V)
u jom (V) craryc/morennujan (Sluzbeni glasnik, 2011).

[Ipernenom crama npumene OJIB y eBpornckuM 3emsbaMa, MpPU YEMY j€ aKIEHAT
CTaBJb€H Ha TIOJyHABCKE JpKaBe, YO4YCHO je 1a cy, y BehuHu cnydajeBa, BOJEHHU
MaKpoOeCKHIMEmald KOpUITheH! Kao MPUMapHU TUTIOJIONIKH OMOJIONIKH €JIEMEHT, Kao U Jia
Cy pedepeHTHH YCIOBH 3aCHOBAaHHM, YIJIABHOM, Ha WCTPOKUBAKBHMa IOMEHYTE TIpyIie
XHJIpoOHOHaTA.

OcuoBuu b OJIB je moctuzame A00por craTyca MOBPIIMHCKUX BOJHUX Teja IITO
o3HayaBa 700ap €KOJOMKH U J00ap XeMHU]CKH cTaTyc. 3a neUHHUCAmHE SKOJIONIKOT CTaTyca,

HCOIIXOJHO je OApCANUTH YCJIIOBEC W I'paHUIC KJlaCa 3a CBC H3a6paHe eJIEMEHTE OHOIOIIKOT
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KBAIMTETa, ald Ja OHe Takohe moapkaBajy (PHU3NUKO-XEeMH]CKE, XEMH|CKEe |
xuapomopdoromke eneMeHTe. HeomxomaHo je NpUKYNUTH JeTajbHe uWHGOpMaluje o
€JIeMEeHTHMa OWOJIOIIKOT KBAJIUTETa U npaTehuM enemMeHTHMa Aa O Ce MPOLIEHUO EKOJIOMIKU
CTaTyc, MPYXWIH TOJAld O NPUPOAHUM/peEepPEeHTHUM YCIOBUMA, HEU3MEHCHUM WIIH
OpUOIIKHO HEU3MEHEHUM YCJIOBMMA, KAa0 U MMOJALM O Pa3IMYUTOM CTENEHY HUXOBUX
IpOMEHa, Kako OM ce yKaszajo Ha 3Hauyaj aHTpoIoreHor yrtunaja. IIperxonHo momenyte
uHpopMalnyje ce Mory o0e30eqUTH jeWHO AETabHUM U J100pO MPUIPEMIBEHUM IUIAHOM
MOHHUTOPHHTA.

[Iporpam MonHuTOpHMHra Tpeba Ja caapXKM BakHE THUN creuuduyHe OuOJIOIIKe
eJIeMEHTE KBAJIUTETa U OcTalle Iparehe eeMeHTe Kao LITO Cy METOIe Y30pKOBamba, aHaJIu3e U
npoleHe craryca. EnemeHTH OHOJOMIKOr KBanuTeTa Je(UHHCAHU Cy CAacTaBOM TaKCOHa,
cacTaBoM M OpojHOIINY BpCTa U MOpajy pearoBaTH Ha BaKHE MpHUTHCKe/cTpecope. CBe oBe
KapakTepucTuke Tpanchopmucane cy y ¢dopmy mnapamerapa/unaekca. Ha ocHoBy mapamerapa
3a MPOLEHY EKOJOUIKOT CTaTryca, y pa3uYUTHUM €BPOICKUM 3emMJbaMma, KOPHCTH Ce
MYJITUTIApaMETaPCKU MPUCTYII, WIHM aHAIH3a MOjeMHAYHUX [TapamMeTapa.

Tun-cneunuyna mnpoueHa eKOJIOIIKOT CcTaTyca 3acHHBa c€ Ha ojpeheHuM
napaMeTpuma Koju ce TH4dy pedepeHTHHX, HEeM3MemeHuX CTpykrypa 3ajennuna (WFD
2000/60/EC). HajBaxxHuju 3axTeB 3a Ta4HO JedUHUCAHE OBAKBUX YCIIOBA j€ IMOCEI0BAHE
nojaTaka Koju ce OJHOCE Ha OHE JIOKAJIMTETe, y CBAKOM THIy BOJHOI Teja, y KOojuMa
OJICYCTBYj€ aHTPOTIOTCHH yTHIIA], WIH je OH MUHHManaH. [IpoieHa Tpeba HCTOBpEMEHO a

Oyne Tum-crenuduiHa u cTpecop-crenuduyHa.

1.1. llperjen 1OCTYNHUX TEXHUKA NPUKY/balkhba MaTepHujaaa
3a H3y4YaBame BOJEHUX MAKpPOoOeCKHYMemhaKa

HcTopuja MoJaepHOr OMOMOHHMTOPHMHIA TOYWE-e Y EBpomm y JBazeceToM BeKy, Y
BpeMe MHTEH3WBHOT pa3Boja MPHUMEHEHE OMONIoTHje, Kajaa Cy MmocTaje J0CcTynHe eukacHe u
100pO OCMHUIIJBEHE METOJIe OMOJIOIIKE OlleHEe KBAJUTETa KUBOTHE cpeaune. To je, yjeaHo, u
TIePHO] HHTEH3UBHOT HETATHBHOT JICjCTBA JbYJICKE IOMYJIAIije Ha Ha IPUPOJIHE SKOCHCTEME.

Konnent Ouonomkux mHaukaropa notude oa Kolkwitza m Marssona (1908, 1909)
KOjU Cy pa3BWIM HJIEjy campoOHOcTH (cTereH 3araljema) y pekama Kao Mepy CcTeleHa
KOHTAMHUHAIIM]j¢ OPTaHCKMUM MaTepHujama (IMPBEHCTBEHO OTIATHUM BOJamMa) M CMambCHhe

pacTBopeHor kuceoHunka. CanpoOHH CUCTEM MPOIIUPEH je U PEBUANPAH BUILIE ITyTa O] CTPaHe
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esponckux Hayunuka (Kolkwitz, 1950; Liebmann, 1951, 1962; Fjerdingstad, 1965; Sladecek,
1965, 1973; Bick, 1971; Foissner, 1988).

Ha oBy Ttemy HamoBesyje ce W mpobOieMaThka HayMHA Y30pKOBama BOJCHUX
MakpoOecKHMYMemaka, 0 K0joj Cy AMCKYTOBaJIM MHOTU ayTtopu jom 60-ux u 70-ux romuHa
nporwior Beka (Macan, 1958; Cummins, 1962; Mundie, 1971; Hynes, 1971; Mason, 1976;
Merritt u cap., 1978; Resh, 1979; Waters u Resh, 1979).

CaBpemeHna wucTpaxuBama y EBpomnu Be3aHa cy 3a mperyiei M IpPOHATIaKEHe
(YHKIMOHATHUX METOJa Y30pKOBama MakpoOecKMuMemaka, a y uuipy npumene OJIB.
EdukacHoct y30pkoBama MakpoOeCKHUMEHWaka U  CTaHAapAu3alja METO0JIoTHje
WHTEH3UBHO je mpoydaBaHa (De Pauw u cap., 1986; Resh u McElravy 1993; Resh u cap.
1995; Buffagni 2001; Davies u Tsomides, 2002; Garcia-Criado u Trigal 2005; Birk u cap.
2012a), anu umak oBO MUTAKkE OCTaje OTBOPEHO, HAPOUUTO Y MOTJICYy HEKUX THUIIOBA BOJTHHX
Tena - Benuke paBHuuapcke peke (Graf u cap., 2015). Birk u cap. (20120) najy npejior Buiie
HauMHA 3a MPOLEHY KBaJUTeTa MOBPIIMHCKUX BOJa Ha Teputopuju EBporme, kao u mperien
OMOJIOIIKUX METOJIa KOj€ C€ TPEHYTHO KOPHCTE.

300r pa3sHOBPCHOCTH BOJCHUX EKOCHCTEMa M JMHAMHKE IMOMyJaluja pa3iuduTHX
opraHusama y mHMa (JIHEBHE, CE30HCKE, MPOCTOPHE), MOHEKA]] je BEOMa TEIIKO MPUKYIHTH
noy3JlaHe mojaTke moTpedHe 3a npaheme U UCTPAKUBAKE TIOMEHYTUX €KOCHCTEMa, HAPOUUTO
BEJIMKHX peKa.

Y 3aBHUCHOCTH OJ] TOTa JIa JIK je IuJb cTyAuje mpaheme KBAIUTETa BOJE U €KOJOMIKOT
cTaryca, WM HCTPaXHWBamke, OAHOCHO aHajlW3a IUBEP3UTETa W/HWIM (PYHKIMOHATHOCTH
€KOCHCTEeMa, IMOCTOj€ Pa3IUYUTH MPUCTYNH Y30PKOBakhY U MPUKYIUbakhy JTOJaTHUX MOJaTaKa
(momamy o JOKaTUTETUMa Y30pKOBama, npatehu (QU3HMUKO-XEeMHjCKH MapaMeTpu M OIleHa
XHIIPOMOPGOJIOUIKOT CTaTyca JIOKAJUTETa Y30pPKOBama W CEKTOpa HCTpaKuBama). Tpeda
HAIIOMEHYTH Jla OTPaHMYEHH pECypCH 3a MOHUTOPHHT W TPHMEHEHA HCTPAXKHBAKHA
(HemocraTak (MHAHCHJCKMX M CTPYYHHX pecypca) 3axTeBajy Ja ce ojapeau edukacHa
METO0JIOTH]a 33 NMPUKYIJbake OMOJIOIIKUX y30paka. [IpuMemeHa ucTpakuBama 3aBHUCE OJ1
pacroyioKuBUX (PUHAHCH]CKHUX CpE/ICTaBa U HAYYHOT [IUJba.

[IpoTtokonu 3a MNpUKyIUbamkEe IMOAAaTaKa KOJH ,,MIOJp)KaBajy* OHMOJIOIIKE eIeMEHTE
KBaJIUTETa/cTaTyca, HUCY CTaHIapAU30BaHU U MOTPEOHO je YBECTH XapMOHU30BaH MPHUCTYII,
300r moryhHoctu nopehema nogaraka.

Kopumheme mapkoOecknumemaka y OHOJIOIIKOM MOHUTOPUHIY OoOyxBaTa cieneche

KOpake:
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. [Ipukympame MaTepujaia:

- u300p oaropapajyhux mokanurera y30pKoBama,
- npoleaypa y30pKoBamba,

2. O0pana maTepujaia:

- TpeTMaH y30paka,

- UIeHTU(HKAIM]a U YyBambe OpraHu3ama,

(8]

. AHanu3a pesynarara:
- YHOC [10/1aTaKa,

- MCTOJC IMPOLICHE CKOJIOIIKOI CTaTyca.

1.1.1. lIpukyn/bame MaTepujajaa
1.1.1.2. 360p oaroBapajyhux jokajurera y30pKoBama

MecTto y3opkoBama JIepUHHIIE ce TeK HaKoH oOmiacka TepeHa. Camo ce Ha JHIlY
MecTa MOXe MPOIEHHUTH JIa JIM je HEKO MECTO y30pPKOBama PEMpe3eHTAaTHBHO 32 JIE0 BOIHOT
Tena Koje Tpeda HCIHUTATH, Tj. JAa JIM TPEICTaBIba OMIITH KBAJUTET BOJHOT Tesa. Y30pKOBAHE
y Onu3uHM cnenuUYHMX TEXHUUYKUX obOjekara (MOCTOBa, Mperpaja, odanoyTBpia, OpaHa)
Tpeba m3beraBaTH, YKOJIUKO Apyrauvje HUje NePUHHUCAHO Yy LUJbEBUMA HCTpakuBama. OBH
00jeKTH yTU4y Ha IPOMEHE yCIIOBa MOAJIOre M OP3WHY TOKA, IITO MOXKE UMATH 32 MOCIETUILY
M3MEHEH CaCcTaB 3ajeHUIIE MaKPOOECKMUMEHhaKa, KOJU HHje PEeTPe3eHTAaTUBAH 32 J1aTO BOJTHO
TeNno. Y30pKOBamkeM Ha jeJHOM MeCTy, HapounTo kox Behux Texyhux Bomga, He Mory ce
JNOOMTH TOTHYHE MH(OpMalKje O CBOjCTBUMA IIEJIOKYIMHOI TOKAa, TAaKO J1a j€ HEOIXOJIHO
OJIPETUTH HEKOJIHMKO Tayaka y30pKOBama y3BOIHO Of ymha (MUHUMYM TPH - U3BOD, CPEAHU
neo Toka, ymrhe). Y3opiu He Ou Tpebano 1a ce y3uMmajy 3a BpeMe, WM HETOCPEIHO TOoCTe
noruiaBa, Beh 4eTupu 10 mecT Helesba HAaKOH TOTa, Kao M 3a BpeMe HIIM HETOCPEIHO TOCIIe
cyuie.

Hakon wu3bopa nokaiurera Ttpebano OU JOKYMEHTOBATH MECTa Y30PKOBamba
doTorpaducameM U TEKCTyaJHUM OIKCOM y TEPEHCKOM JHEBHHKY, Kao M ojapehuBamem
koopauHara momohy GPS ypehaja. HeonxoaHo je mpurmpemMuTH ompeMy 3a y30pKOBambe,
kanuOpucatn ypehaje 3a Mepeme Temmeparype, KuceoHuka, pH BpeaHoctn U

POBOJIJBUBOCTH, TIPUTIPEMUTH XEMHUKANIN]jE 32 KOH3EPBUPABE Y30paka U pacxjagHy TEXHHUKY
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3a BUXOB TPAHCIOPT, 0Ja0paTH IMOCY/A€ 3a Y30pKe MpeMa MaTepHjaly KOju Ce y30pKyje H
TPajHO UX 00ETIEHKUTH.

3anmucHUK Tpeba BOAWTH 3a CBako Yy3opkoBame. [lopen nmatyma U BpeMeHa
y30pKOBamba, y TEPSHCKH THEBHHUK Tpeda 3a0elIeKUTH CBa 3amakarba TOKOM Y30pKOBamba, Kao
U pe3yiTaTe Mepema CBHX Iapamerapa. YCIOBH M I0jaBe Koje Mory OWTH 3HaudajHe 3a
KaCHHU]y HMHTEpIpeTalnjy pe3ysiTaTa, Kao HIIP. BPEMEHCKHM YCIOBM, CYIICTPaT, MOpajy ce
takoh)e yHeTH y 3anmucHUK. CBpPCHUCXOJHO j€ Ja 3alMCHUK Oyne nomymeH (oTorpadujama
JOKaJIUTETA.

Jom jeman ox ycioBa 3a ycrmemaH paj Ha TepeHy je Kopuiiheme eduracHor u
IPEIM3HOT IPOTOKOJIA KOjU CapKH YETUPH pajiHe CTPaHE 32 NOMyHkaBambe MojaTaka (Ipujior
1), y xoju ce ynucyjy mojany o JOKJIUTETY U MPOLEIypH y30pKOoBamba. Yorpeda MmpoToKoia
oMmoryhaBa noOujame yHOpeOuBUX TIOAATaka ca pa3IMUUTUX JIOKAJIUTETa OJl CTpaHe
pa3IMYUTHX TUMOBA.

AnexkBaTHO o0eJekaBarke BeOMa je€ BakaH [0 Y30pKoBama. lIpemopydyje ce
o0enexaBame ca CHOJballlbe CTpaHe amOanaxe, Kao U y0aluBame NanupHe 03HAKe y Y30PakK.
ObenexaBame MOXe /a ce 00aBM Ha JIMIy MecTa oMohy ImepMaHEHTHOT MapKepa, WM Ha
NanvpHUM €THKeTaMa. AKO ce o0elexaBa Ha TANMPHO] €THUKETH, Mpenopydyje ce na ce
HOKpHje MPOBUAHOM TpakoM. O3HaKe Koje My Y CaM y30paK ce MUy IpaguTHOM OJIOBKOM
Ha Manupy BUCOKOT KBAJIUTETA.

ETtukera Tpeba na caapku oCHOBHE WH(OpMAIIHje O Y30pKY Kao IITO CY:

. Harym,

. Nwme peke,

. Wwme nokanurera,

. Bpoj y3opka/nokanurera.

EduxacHo n crannapin30BaHo MPUKYIJbake OMOJIOIIKOT MaTepjajga HEOIXOAHO je 3a
no0Hjame pernpe3eHTaTuBUX y30paka, MTo 00e30elyje mopenuBocT mojaTaka M KBaJIUTETaH
CHCTEM IIPOIIEHE CTaTyca/lIOTEeHNUjaa. Y3UMame Y30pKa IIPEICTaB/ba KJbYYHU KOpaK
IPUIIMKOM CIpOBOhema HMcTpakuBamwa. Tpeba uctahu na cy Apyru Kopauu y MOHUTOPHHTY

JUCKYTaOWIHM 6€3 MPUMEHE a/leKBaTHE MPOLEAYPEe Y30PKOBamba.
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M3naBajajy ce Tpu OCHOBHE TPYyIIE METO/Ia Y30PKOBAbA:
- KBanuratusne,
- CeMUKBaHTUTAaTUBHE,

- KsanTuraTtusHe.

1.1.2. llpoueaypa y3opkoBama

1.1.2.1. KBaauTaTHBHE MeTo/1€ Y30PKOBamba

KBanuraTuBHUM MeTOjaMa MPUKYIJhAjJy CE y30pLH ca CYIICTpaTa 4Mja MOBPIIMHA HHje
nepunucana. OOpagoM OBHX Y30paka [o0Hjajy ce MOoJalud O KBAJIUTATMBHOM CAacTaBy

3ajeIHuUIIe - OpOjy MPUCYTHUX BPCTA M IOHEKJIC O BBUXOBOM OPOjHOM OJHOCY Y Y30DPKY.
3a IpUKyIJbamkbe KBATMTATUBHUX Y30paKa KOPHUCTE Ce:

PyuHe GenTosomnike Mpexe: Mpexa obauka ciosa /[ - enri. D frame net (numensuja

30x30 cm), yerBopoyraona mpexa (aumensuja 30x50 ¢cm), Opurancka pydHa mMpexa (SHIIL.

British FBA pond net) u kick-net mpexe (mumensuja 1x1m) (cauka 1),

Crnuxka 1. TunoBu pyuyHuX OSHTOJIOUIKAX MpeXka a) Mpexka oonuka ciosa [[ 6) yerBopoyraona

Mpeka B) OpuraHcka py4Ha mpexa r) Kick-net mpesxa.
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VY30pKoBame PyYHOM MPEKOM IMOYHE-E HAa HU3BOJHOM Kpajy CEKTOpa M HacTaBJba Ce
y3BoaHO. [Ipnnnkom y3opkoBama, Mpexy Tpebda Ap)KaTH yIpaBHO HA TOK CTPYje, HU3BOJHO
on cronana. llogu3ame MaTepujana ca TOIJIOTE BPIIM CE€ JKYCTPUM IOKpETHMa HOTY,
3a0anBameM HOTY yHa3aJ WIM poThpajyhuMm mokpeThMa Iete 4ym3mMama ja Ou ce ¢ayHa
ocnoboauna w3 cyncrpata cioja aebssune 10-15 cm u cakynwia y Mpexy Koja je
OpHjeHTHCaHa y MpaBlly BoaeHor Toka. Kpynuuju marepujan (Behe kameme, o0iyIy, octanu
Ouspaka W JIp.) ce Tpe OJCTpamUBamba W3 MPEKE MOpa HCIpaTH, Kako Ou ce OIBOjUIIN
NpujeIubeHn opraHu3mu. [loBpmmHy MeKkor ceguMmeHnTta u (uHE OpraHcke marepuje Tpeda
Y30pKOBaTH JIaTaHUM TMOBJAYCHHEM PYyYHE MpEXKE Kpo3 MOBPIIMHY 2-5 cm cyrcTpara. 3a
Y30pPKOBamhE CEIMMEHTa y CIIOPOM TOKY, CYIICTpAaT ce MOXKe Moauhu cTBapameM CTpyje
nokpeTuma pyKy. MakcumarHa ayOrnHa y30pKoBaHOT JHa je 15 cm y cinydajy Beher kamema u

HEKOJIMKO cm y CclIy4ajy AHa ca (UHUM MaTepHjaIoM.

BeHTosorike Apeue: y3uMame y30paka IperioM mpyxka nHpopMaIije o JUCTPUOYIHjU

opraHuszama JIy>k MOIpeyHor Mpeceka peuyHor Kopura y 1y0JbuM JeloBUMa peKe.

Jlpeya ce cacToju OJf METATHOT, TPOYIJIACTOT, Ha3yOJbCHOT OKBHpA Ha KOJU CE HAJIOBE3Yje
Mpexka mpomepa okama 500 um (cnuka 2). Y3opkoBame aperiom 00aBiba ce y3 momoh

MOTOPOT YaMIIa.

Crnuxka 2. benronomika nperia (pey3eTo u npuiaroheHo nmpema

www.icpdr.org/main/activities-projects/jds3).

IloBnaueme ApErie BpHIin €€ y3BOAHO. HpBa 2 M kaHara 3a IOBJIauCHa Cy oA TCHIKOI
T'BO3ACHOI' JIaHIId, KaKO ou ce O6C36CI[I/IO XOPU3OHTAJIaH nononcaj " CTaJlaH KOHTAKT OTBOpPa

aperie ca qHOM. Tpeba ce TpyAHWTH Ja Ce yrao KOHOIIA OAPXH Ha Mame o 25° y TOKy
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Y30pKOBama, jep C€ OBaKO OPHJEHTHCAHOM JpelioM HajedrKacHHUje MPUKYIJba MaTepujall ca
JTHA.

Y30pkoBaH Mmatepujan ce omnaxe y kante. OO0muHo ce cakynu mo 10 nmrapa
Martepujana. TeopeTcku, momanu A00Mj€HH Y30PKOBAKHEM IPEIIOM CE€ MOTY CMaTpaTh CEeMU-
KBaHTUTATUBHUM. TPOYTJIACTH METATHH OKBUpP Jpeye aAcObuHe SM M mmpuHe 25 Cm
00e30enuhe y3opak 3anpemune 10 nurapa ako ce apua Byde oko 80cm mo aHy peke. OBa
noBpirHa (25x80 cm?) npencrasiba 0,2 m?. [TojenuHuHuM y30pak MOMHOXEH ca MeT Aaje 0poj

MHIMBUYa 110 METPY KBaJpaTHOM. Y30pKOBamke ce BpIIU Ha AyOnHama sehum ox 1,5 m.

Cura paznmuuntux npomepa okara (100 um, 250 um, 500 um, 950 um) npu yemy ce

Y30pKOBamWb€ BPIIHM JTUPEKTHUM MPUKYIJbakheM MaTepHjaiia y cuta (ciuka 3).

Crnuka 3. Cura pa3auuTHX poMepa okara (Tpey3eTo u npuiaroheHo npema
https://encryptedtbn?2.gstatic.com/images?q=tbn: ANd9GcT8nWFei9KwVVJAmN8DnbfJNmM?2
iHmwOIvUXHFtlsSp5n4AiHrhngQ).

1.1.2.2.CeMUKBAaHTUTATUBHE METO/e

CeMUKBaHTHTAaTUBHE METO/E MOJpa3yMeBajy Kopulllheme MCTe OoNpeMe Kao U 3a
KBaJIMTaTUBHO Y30PKOBAHE, C TUM IITO C€ BPILIM CTaHJIApAu3alyja NpUKyIJbamba MoAaTaka 1
TO:

- ne(pUHUCambEeM BPEMEHCKOT HHTEpBaJla y30pKOBamwba,
- JnepUHUCAmbEeM JYKUHE TPAHCEKTa,

- KopuIhemeM UCTOT “Hamopa y30pKoBamwa” (eHr. the same “sampling effort”).
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1.1.2.3. KBaHTUTATHUBHE TEXHHUKE

KBaHTHUTaTHBHE TEXHHMKE MOJPa3yMeBajy NpPUKYIUbAkE y30paka ca JaeduHHCcaHe
MOBPIINHE, TAKO Ja Pe3yJITaTh MOry OWTH M3pa’keHU Kao Opoj MHIMBUIYya WM Ouomaca 1o
JeIVHUIIM 3aIIPEMHUHE WU TIOBPIIMHE. 3a MPUKYIUbalkhe KBAHTUTATUBHUX y30paKa KOPUCTH CE

HCKOJIMKO THUIIOBA ajiaTa:

Mpexe:
- Stirber mpexa: mana - mumensuje 300 cm? (paxTop 3a mpepauyHaBame Ha m? je 33,33)
¥ BelmKa - quMensuje 1000 cm? (dakrop 3a npepadyHaBarme Ha m” je 10) (ciuxa 4),
- Hesse mpexa - cauuHa kao Siirber, MOXe OWTH pazIUYUTUX TUMEH3Hja, on Strber
MpeXe Ce pa3liMKyje Mo TOME IITO MMa JI0JIaTaK Ha paMy KOjH CIpevaBa yja3ak opraHu3ama

JIOHECCHUX BOJICHOM CTPYjoM y Mpexy (ciuka 4),

Cruka 4. a) Siirber mpexa 0) Hesse mpexa (nipeyseto u mpuiaarol)eHo nmpema
http://www.coleparmer.com/Product/Wildco Hess Stream Bottom Sampler 500 um EPA
Net/EW-05491-24).

Stirber Mpexa ce KOPUCTH 3a y30pPKOBamkE BOJICHUX MAKPOOSCKMUMEHaKa Y TUTUTKUM,
tekyhum Bosama. Boja koja Teue HOCH opraHusMe y Mpexy, 300T Tora cy 3a 0Baj y30pKoBay
HEeonxoJHe crenupuyHa ayOonHa u Op3uHa Boje Aa OU ce y30pKOoBame 00aBUIIO MPABUITHO.
VY30pkoBauM pa3IUYMTHX BelndMHa crenuduunu cy 3a oxapehene ycmoBe (Mpexe Behmx
JTUMEH3Hja MOTy Ja Cc€ KOpPHCTe y IyOJ/puM oOjacTuMa, JOK MpPEKe Mamux JUMEH3H]a
noHeKa [ 00Jbe QYHKIIHOHMIITY Y TUIATKAM TOKOBHMA Ca MajioM Op3uHOM Bojie). Stirber Mpexa
ce MOCTaBJjba HA MECTHMMA TJe je MyOMHa TOKa jeJHaKa WM HIXKa O]l caMOr' y30pKoBada, a

6p3I/IHa BOAC TaKBa Ja OpraHU3ME HOCHU Y MPCIKY. baza Y30pKOBayda CC 3apambaHa y noAjiory
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na OM CBM OpraHU3MH KOjU Cy C€ HAlIM YHyTap OKBHpa y30pKOBada OWMJIM NMPHUKYIUbEHHU Y
MPEKY U y30paK OMO perpe3eHTaTHBaH 3a JaTy MoBpuIMHY okBupa (ciuka 4). IIpBo ce ca
Beher kamema, YKOJIMKO ce Hal)e yHyTap paMa y30pKoBauda, py4HO, ITHHLIETOM MM YE€TKUIIOM
CKHJIa]y opraHu3MH U yOaiyjy y Mpexy (HajepuKacHH]e jeé TO paguTH YHyTap MpExe
y30pkoBaua). HakoH oJncTpamuBama KpyHHHUjET KaMmema, HOApYy4YHje YHyTap OKBUpa ca
CUTHHUJUM CYIICTPATOM IOMepa ce pykama Win HeKuM anatoM. OBako y3eT y3opak o0e36ehyje
HoJaTke O KBAHTUTATUBHOM CacTaBy 3aje€[JHHUIIE MHOXKEHEM N00HjeHe OPOJHOCTHU Y Y30PKY
rope HaBeICHUM KOE(HUIHjSHTOM.

Crajahe Bozie HE y30pKy]y c€ OBOM BPCTOM y30pKoBada. Takole, Bpio IIIUTKHU, CIIOPO
Tekyhu nenoBu moToka (YecTo ce Hajaze y M3BOPHUIITHUM JEJIOBHMa peKa) He Oum Tpebano
y30pKOBaTH OBHMM Y30pKOBaueM. AJITEpHATHMBHA KBAHTHUTATMBHA METOJAa 3a Y30pPKOBamE
NIOMEHYTHX THIIOBa BoJa je Hesse mpexa (Merritt u cap., 1996).

[Tonpyyja ca KpynHUJUM CYIICTpaTOM 3axTeBajy wiu Behe Sirber Mpexe wiu apyre

METOJ€ Y30pKOBamba.

Benrosormku 6arepu, oJ1 KOjuX Cy HajIIO3HATH)U:

- Van Veen - 3axBatna noBpmuHa 270 cm’ (dakTop 3a mpepauyHaBame Ha m? je 37)
(cruka Sa),
- Eckman - 3axBarha nopmmna 225 cm® (hakTop 3a mpepauyHaBame Ha m’ je 44,44)
(crmuka 50),
- Peterson - 3axatHa moBpmuHa 400 cm’ (dakTop 3a mMpepauyHaBame Ha m? je 25)

(cnuka 5B).
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Cnuka 5. TunoBu O6enTosomkux 6arepa: a) Van Veen, 6) Eckman (npeysero
http://www.dynamicagua.com/samplingequipment.htmIl#bottom)

B) Peterson (mpeysero http://www.geneg.com/en/environment/water/sampling-205/peterson-
grab.html).

CBu TunoBu Oarepa (ciauka 5) QyHKIIMOHHINY Ha UCTH HaduH. [Ipe coymiTama y BOLy
,»BUIINIIE Oarepa ce oTBOpe U (pukcupajy. barep, Be3an 3a kabi/KoHOMAL, CIyIITa C€ MOJIAKO
y BOJY Jia ce CIIpeuyd MpepaHo 3aTBapame (TEIIKO je clyluTaTu Oarep ca yamua/Opona y
MIOKPETY jep je Boja Taga y30ypkana). OcTamu ceIMMEHTa Ha CIIOJHHO] CTPaHH 3aTBOPEHOT U
rpa3aHor 6arepa ykasyjy za je 6arep 3aTBOpeH IpepaHo.

ITocroje mpopesu y ,,Buiule”, Tako Ja Ba3IyX M BoJa MOTY Ja Ipoly ok ce Oarep
CHymiTa Iy’ BojaeHor cryba. Yum Oarep noTakHe HO, BOJa M Ba3zAyX ce€ Kpo3 Ipopese
ocnobozne. Kaga ce Garep moByde KaHamoMm, IIMIIKE Y3 MOMOh edeKTa Moiyre ayToOMaTCKu
3aTBOpeE ,,BuHIe”. KonnunHa y30pKa yriIlaBHOM 3aBHCH O CTPYKTYpe MOJJIOTe.

Texxu Oarep y3uma Behu y3opak. 300r Tora cy onpeheHe Bep3uje Oarepa nojauaHe
teroBuma. Kabn mma TexxuHy na OM CMamHIO OJCTyHame OJf BEPTUKAIHOI CIIyIITamba Y
BOJ/IaMa Ca jaulM BOJCHHM CTpYyjaMa.

IIpenopydyje ce y3uMmame HajMame 5 y30paka ca CBAaKOT JIOKAJUTETa M Ha OCHOBY
NPUKYIUBEHOT MaTepjaia BpILM ce aHaiu3a 3ajenHuiie. OBO je MoceOHO BaXKHO ako je Ha
JIOKAJIMUTETY CTPYKTYpa MOJUIOTEe pa3IuyunTa.

YIpKkoc BENHMKO] CHIIM 3aTBapama, KaMeH WiH Jpyrd Behu o0jekTu Mory ma cmpeue
MOTIYHO 3aTBapame ,.BHWHIE” . Y TaKBUM CIydajeBUMa y30pak HHje pEnpe3eHTaTHBaH. Y

OBOM CIy4yajy Mame KOMIIOHEHTEe y30pka Ouhe m3ryOsbeHe JOK ce Oarep Baau M3 BOJE.
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Canpxaj Oarepa ce yOaiyje y Koy a peaykiyja caapikaja y30pka Bpiu ce mnehemeM Kpo3
cura npomepa okana 100 p mam 500 pm. 3a cBako HapeJHO Y30pKOBame Oarep Tpebda
UCTIPA3HUTH U OYHCTHUTH.

Van Veen Oarep ce MpBEHCTBEHO KOPHCTH 3a y30PKOBAaHkE€ MOPCKOT JHA alld je
aJlanTHpaH | 3a CIIaTKOBOJHE ekocucTteme. thume ce Mory y30pkoBaTu CylncTpaTd Kao LITO Cy
Hecak, IUJbyHAK, MyJb M TNIMHA. Ypama y nomiory 1o nyoune 5-7 cm. IlpenHoctu oor
y30pKOBaua je LITO Cce BWIMIE A0OpO 3aTBapajy M IOCTOjU MOTIYNHOCT y30pKOBama ca
pa3IMYUTHUX TUIOBa cyncrpara. Hegoctarak je mTo je Te)Kak M 3aXTeBa BEJIMKU yamall ca
JaKOM JTH3JTUIIOM.

Eckman Garep ciay»xu 3a NpuKyIbake y30paka U3 peka, jeaepa U akyMyJaiuja Koje ce
OJITUKY]y claOHjuM MPOTOKOM M MEKAaHUM CEAMMEHT, Kao IITO cy Heuuctohe u mMysb. OBaj
y30pKOBau je euKacaH caMO Ha MEKaHOM CEJMMEHTY alH JOJAaTKOM TeKHMHE MOXKe AyOJbe 1a
npojpe y hunn necak. Ca \BUM ce JIako pyKyje 0e3 muzanuiie. Moxe ce TypHyTH y CyIcTpaT
y muhuM BoZiama, a Bparta ca I1apkaMa Ha BpXY CIIpeuaBajy UCIHpambe.

Omnpema koja ce MOHTHpPA Ha OpoA

Peterson Garep cmyku 3a y30pKOBame y pekama, jesepuMa U aKymyJjamujama ca
NECKOBUTUM JIHOM, IIJBYHKOM M TirHOM. CTaHmapaHu Oarep je Te)Kak M 3axTeBa yamail ca
TU3aIUIOM. AKO ce CyBHIle Op30 CIyCTH Ha JHO ,,BHJIMIIE’ CE 3aTBOpE MpepaHo, Tako Ja ce
nyOsbe yKONaHU OpraHU3MH HE 3axBaTe, BHJIMIE CE€ YeCTO JIaKO OJIOKHMpajy AETPUTYCOM H
TaKO W3a3MBajy TyOMTaK Jena y30pka, MehyTHM TEIKo ce KOPUCTH TPU HEMOBOJFHUM

BPEMCHCKUM YyCJIOBHUMA.

Core y3opkoBauu

[Toctoju Bume TrmoBa COre y3opkoBaya pa3UYUTHX TUMEH3Hja, a Y HOBHjE BpeMe
Kopucte ce ypehaju koju ce cacroje u3 Buiie Tyba - multiple core y3opkosauu (exri. multiple

core sampler) (ciuka 6).
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Cnuka 6. a) Core y3opkoBau 0) multiple core y3opkoBau, npey3ero u npuiaroheHo mpema

https://www.icpdr.org/jds/files/ICPDR Technical Report for web low corrected.pdf.

Core y30pkoBauM ce KOpPHCTE 3a aHaJIM3y BEpPTHKAJIHE JAUCTpHOyLHje
MakpoOeCcKHUMemaka KOoju HacesbaBajy cenuMeHT. OBU y30pKOBaud Cy TEMIKH, IITO UM
oMoryhaBa na mpojpy y Hacjare ceJuMeHTa ca IyroM, OTBopeHoM IieBH. Oxumad 3aTBapa
BpX je3rpa LIEBH U 3aJp)kaBa y30pak Koju ce u3Biaud Ha Opon. Ilojenunauna jesrpa Core
Y30pKOBaua Ce MPOM3BOJC y PA3TMUNTHM BEIWYHHAMA y PacioHy o 3 cm® go 855 cm?,
Multiple corers cy nusajuupanu 1a cmarmbe Harop y3opkoBama (Flannagan, 1970; Hamilton u
cap., 1970; Hakala, 1971; Milbrink u Wiederholm, 1973; Carter, 1978). Core y3opkoBaue
Tpeba naraHo chmymTatd Ja Ou ce cmMamHo edekar ,JoBpaTHor Tanmaca”. OBa merozaa je

C(bI/IKaCHa 3a Y30pKOBambC HAa MECTHUMaA Ca (1)I/IHI/IM HaAHOCOM CCIHMMCHTA.

Air lift y3opkoBay

Air lift y3opkoBau npoaupe 20-25¢cm y noutory. [loBpimHa kojy 3axBaTa 0OUYHO je
415 cm? a maca y3opka oko 14 kg. Ilymma yOpusraBa KOMIpPECOBaHW Ba3IyX Ha JIHO
HCITyCTHE IIEBH Koja je ypomeH y momiory (Pehofer, 1998). KommnpecoBanu Ba3ayx ce Merna
ca caJpikajeM yHyTap IIEBH U YHHU Jla OBa cMemla Oyje Mame TycTa o] CyIcTpara OKO IIeBH,
mro omoryhaBa na ce amxe HaBuine (cnuka 7). [IpUKyIJbeHH y30pIM MPOMYINTAjy e KPo3

cuTa rnpomepa okana 100um.
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CEETVE

8043 ‘ / soA3

Cnuxa 7. Air lift y3opkoBad, npey3sero u npunaroheso npema Pehofer, 1998.

OBoM MeTOIOM Yy30pKOBama 3abenexxeHa je Beha aOyHIAHTHOCT BOJICHHUX
MaKpOOECKHYMEHhaKa 3a pa3jiMKy O]l APYTrUX JOCTYITHUX METOJa 32 Y30pKOBame JTYOOKUX U
Op3o Tekyhux Boma (Oarepu u freeze corers y3opkoBauu), Hako (GUHU CEITUMEHT OpP30 MOXKE
JIOBECTH 70 OJIOKUpama U IMyllama KOJEKTOpCKe TyDOe, MoceOHO ako je BeIMYMHA Ipomepa
okara Maja (Pehofer, 1998). Air lift meTona je Mame MOIOKHA YTHIA]Y JBYACKOT dakTopa y
OJTHOCY Ha Jpyre MeToJe, Ia caMMM THM Jaje Oosbe pesynraTe 3a mnopeheme, a u

BapHjaOMITHOCT YHYTap y30paka je CMambeHa y OJHOCY Ha APyre METO/e Y30pPKOBama TyOOKHX

Boja (Neale u cap., 2006).
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Xumpayanuau ,.polyp” 6arep

Cnuka 8. Y3opkoBame xuapaynaHum Polyp darepom ca uctpakuBaukor Opoja Apryc,

npeysero u npwiaroheHo npema Paunovié, 2007.

Meroma y3opkoBama momohy xwuapayiaudkHor pPolyp Garepa Bpim ce ca Opona, y
obylacTuMa rjie ce y 00aJICKOM PEerHOHy Halla3u BeJMKO Kamemwe (ciuka 8). M3ByueHo KaMeme
ce 100po M maxJpuBO ucnupa. OpraHu3Mu M YBPCTH OTMAIM CaKyIJbajy C€ Yy CUTO MpoMepa

okana 500 pum.

1.1.2. CtanpapaHa MeTO/10JIOTHja Y30PKOBamkha

[Moy3nana, cTangapan3oBaHa MpoleIypa y30pKoBama jeé 0OCHOBA €pUKACHOT IporpaMa
MoHuTOopuHra. [{nsb cakymbama momaTaka o aOyHIAaHIM Y 3ajeIHUIN MaKpoOeCKHYMEHaKa
Ha HUBOY BPCTa je, CIIMYHO Kao U 3a Jpyre OHWOJIOIIKE eeMEHTEe, Jia ce OMOoryhu mpolieHa
€KOJIOIIKOT cTaTyca BoaHuX Tena TokoM OJ/IB - KoMIuieMeHTapHOT MOHHTOPHWHTA, IITO Jaje
OKBHp 32 erIKacaH MEHAIMEHT PEYHUX TOKOBA.

Metozne y3opkoBama BOAECHUX OeckMuMemaka y Tekyhum u crtajahum Bomama ce
pa3nukyjy. Bbbuxoso npaheme oapeheno je mehynaponunum cranaaprom EN 27828: 1998.

IIpema eBpONCKOM CHCTEMY 3a IMPOICHY CKOJIONIKOT KBAJIMUTETa peKa M MOTOKAa Ha
OCHOBY 3ajeaHHIle MakpoOecKkruuMeraka (enri. Assessment System for the Ecological Quality
of Streams Rivers troughout Europe using Benthic Macroinvertebrates - AQEM) y3opkoBame

ca cBux noctynHux cranuiira (erri. Multihabitat sampling, MHS) je npenopyuena u 100po
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pa3BHjeHa MeToJa 3a Y30pKOBama MajMX peKa W peKa Cpelmhe BEIHMYMHE KOje Ce MOTY
nperazuti. OBa MeToJa je TMpEIUIOKEHAa M 3a BEIUKE, M BEOMa BEJIHMKE pEKe, alu je
Y30pKOBaWkE OrpaHUICHO Ha 00aiHy 30HY 10 1,5m myomne. MHS meromonoruja je 3acHoBaHa
Ha MPOTOKOIy 3a Op3y mporeHy (enrt. Rapid Bioassessment Protocols) (Barbour u cap.,
1999), mpoueaypu areHuuje 3a KMBOTHY cpeamHy Enrmecke u Benca (enrn. Environment
Agency of England and Wales) (Murray-Bligh, 1999), ayctpujckoM mpoTOKOJy 3a MPOLECHY
carnpoOHOJIONIKOT KBalMTeTa peka u nmotoka (enri. Austrian Guidelines for the Assessment of
the Saprobiological Water Quality of Rivers and Streams) (Moog u cap., 1999), 1SO 7828,
AQEM mpotokony (AQEM Consortium, 2002), AQEM u STAR mnpoTokoiy 3a JOKaJIuTeTe
(AQEM & STAR site protocol, 2002), Hemaukoj METOAOJOTHjH Kao IITO j¢ OMHCAHO Ha
www.fliessgewaesserbewertung.de u Ha aycrpujckum cranmapauma (Austrian Standards M
6119-2).

VY30pKkoBame y BEJIUKUM U BeOMa BEIUKUM pekama (Koje OIMKY]y AyOoKe 30HE Koje
HE MOTy Jla Ce Mperase) joul yBeK HUje yckialheHo Ha eBporckoM HHUBOY. OBaj METOIOIOMIKHI
npobaem pasmatpan je on ctpaHe ECOSTAT u crpyuHe rpymne 3a MHTEpPKaIMOpalujy 3a
Benuke peke (enri. Intercalibration Expert Group for Large Rivers) u3 asa yria: (1) meroze
y30pKOBamka M (2) ompema 3a TPOILEHY EKOJOIIKOT CTaTryca, KOJ Koje je mpobiieM Yy
NOCTaBJbakhy peEPEHTHHUX YCIIOBA Y CIMBOBHMA BEIMKUX HU3H]CKHX PEKa.

IIpe y3opkoBama Tpeba ypaauTH JAeTajbHY NPOICHY Yyjejda TUIOBa CYICTpaTa

(cranumTa) npema tabenu 1.

Tabena 1. Ilponiena yaena MUKpOCTaHUILITA HA MECTY Y30pPKOBamba

Opaxiyja/Tun MEKpoxabuTaTa BeauwinHa JOMHHAHTHNX
4ecTHIa/eTIeMeHaTa
KpynaH KameH/0JI0K0BH > 40 cm
KaMeH 00JyTaK 20-40cm
[JbYHAK 6-20 cm
KPYIHHUjH ITecaK 2-6cm
Mecax 0,2-2 cm
MYJb 6um-0,2cm
[JIMHA <6 um
ayire, MaxoBHHa, MakpoduTe OuspKe
JETPUTYC OPTaHCKH OCTaIH
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Haxon mporene, nmotpebHo je oapenutu Opoj Mojay30paka Ipema MPOIECHTYaTHOM
yAeny peJeBaHTHUX MHUKpPOCTAaHUINTA. JemaH mopmy3opak Tpeba na ce y3Me 3a cBakux 5%
NOKPUBEHOCTH, YKymHO 20 moay3opaka Tpeba pacnopenuTH Iy CEKTopa peke Ha KoM ce
y30pKyje (ciuka 9).

IIpema AQEM mportokony (AQEM Consortium, 2002), MHKpPOCTaHHUINTA KOja
MOKPHBAjy Mame 01 5% Hucy oJl MHTEpeca 3a y30pKoBame. OBa cTanuiTa Tpeba y30pKOBaTH
noceOHO U Jo0ujeHe moaTKe Tpeda KOPUCTUTH CaMO y CBPXY YIOTIYHhaBama JTUCTE TAKCOHA,

HE 32 TPOLICHY cTaTyca.

- kameH (55% = 11 nogysopaka - duHo3pHacT1 TMn (15% = 3 noaysopka)
[] wmynak (<5% = 0 noaysopaka) | aetputyc (5% = 1 nogysopak)
l:] necak (25% =5 nogysopaka) D nogysopak

Cmuxka 9. [Tpumep onpehuBama MUKPOCTAHUINTA Y TEOPHJCKOM UCTPAXKHBALY JTOKATATETA

npema MHS mertoau, nmpeysero u npuiaroroheno npema AQEM Consortium, 2002.

AQEM wmetona je 3acHoBana Ha MHS niporienypu koja je ocCMUTIUBEHA 32 Y30PKOBAHkE
IJIABHUX CTAHMINTA TIPOMOPIIMOHATHO HBUXOBO] 3aCTYIJbEHOCTH Y 30HH y30pKoBama (AQEM
Consortium, 2002). Bpoj momy3opaka ca CBakor Tuma mojaiore oapehyje ce mpema yaery
IJIaBHUX THIOBa cTaHumTa onucaHux y AQEM mpoTokony Ha CEKTOpPY peke KOju ce
UCTpaxyje. Y3opak ce cacrtoju u3 20 moay3opaka TPUKYIJBEHUX Ca CBUX THIIOBA
MUKPOCTAHHIITA Ha UCTPAKUBAHOM JIOKAIUTETY (CEKTOPY), OJl KOJUX CBAKW THI CTAHHIITA
uMa yaeo oa HajMawme 5% Yy OKBHPY y30pKOBaHOT cekTtopa. Ilomy3opak moapa3zymeBa
cranmonapHo y3opkoBame (0,25x0,25 m), koje ce 00aBba TaKoO INTO CE MOCTABU MpEka U
MPOTpece CYICTPaT Ha yAaJbeHOCTH KOja je jeJHaKa KBaapaTy MIMPUHE pama Y3BOJTHO O]

MpEeKe - CTaHIapaHa Mpexa ca mpomepom okara 500 um. Ykymao 20 peruka Tpeba aa Oyzae
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pacriopehleHO TpemMa yIeny MHKPOCTAaHUINTA. Y30pPKOBAaWkE C€ BPIIM YK MOMPEYHOT
npoduna.

Kao anrepnaruBa AQEM MmeTonu, KOPUCTH C€ jeTHOCTaBHHMja METOAA Y30pPKOBambA,
KOja Tojpa3yMeBa MoAN3akhe MaTepHjaia ca MoJyuIore MOKPETHMAa HOTY U HeTOBO CaKyIlJbambhe
y MpEXY KOja je OpHjeHTHCaHa y TpaBIly BOACHOT TOKa, KOj€é C€ BPIIM y IMPHOOATHUM
nenoBuMa peka ca cBux jgoctynHux cranumTa (Kick and Sweep merona - K&S) (Barbour,
1999). V3opkoBame Tpeba na Oyae cTaHIApAM30BaHO TaKO IITO C€ KOPUCTU jeHAK HAIop
IpY CBAaKOM Y30pKOBamy y Ae(pHHUCAHOM BPEMEHCKOM MHTEpPBay, OMIIO J1a C€ KOPUCTHU UCTa
Ty>KHHA Y30pKOBama, WM J1a C€ CIIPOBOJM MCTH OpOj 3amMaxa MPUIUKOM y30pKoBama. OBOM
IPOIICTypPOM TIPUKYTLIbAjy C€ CEMUKBAHTUTATUBHU y3opuu. [Ipemnopyuyje ce ynorpeda ucror
Opoja 3amaxa MPUIMKOM y30pKoBama — KiCK paamy moHoButu 5 myrta y ayxunu ox 3 m. Kick
paama mojapa3yMeBa IOMEpame YyHa3al y Y3BOJHOM cMepy (Y30pKOBambe MOYHEE Ha
HU3BOJHOM Kpajy CEKTOpa W HAcTaBJba C€ Y3BOAHO) M TOJHM3amke CyICTpaTa ca JHa
cronasimma. Mpexa Tpeba na Oyne mocTaBjbeHa HCHpe]] 0co0e Koja BPIIA y30PKOBAHKE U
JpXKHU Cce Tako Ja MaTepujasl KOjU je MOJUTHYT 3ajeJHO ca OpraHM3MHMA YJa3h y MpPExy.
Haxon Kick pamme, momatHe opranu3zme Tpeba CaKylHTH ca HEKOJHMKO IMOBpIIMHA MOMoOhy
MUHIETe WK CIHpamkeM/deTKamkeM U JIoAaTH HCTOM Y30pKy (Sweep paxama). JomatHe
TIOBPIIIMHE 32 Y30pPKOBamke SWeep pajmoM Mory OutH Behe kameme, MakpoduTe, Tpyna nedia
WIN Pa3IMYUTH NOTOIUbeHU 00jekTu. O0e omMcaHe MeTo/ie y30pKOBamha Ce€ MOTY KOPUCTHTH
Ha AyOuHu 10 1,5m.

MakcumanHa gyOnHa y30pKOBaHOT JqHA je 15 cm y ciry4ajy Beher kamema U HEKOJIUKO
cm y ciydajy qHa ca punum matepujanoMm. Cazpikaj pydHe Mpexe Tpeda peloBHO MPa3HUTH

y mocy1y J1a 6u ce n30erio HaroMuJIaBamke MaTepjaa.

Hakon y30pkoBama (0HOCH c€ Ha CBE IPOLEAYPE Y30PKOBamba), 3alIpeEMUHA y30paKa
Tpeba Ja ce cMambU YKIamkhabheM KPYITHHUJHUX JeNioBa, Koje Tpeda UCIpaTh y pyuyHO] MPEXH Mpe

YKIIakbabkba, aa ou ce 3aJIpiKaJii OpraHu3Mu KOjI/I cy OMJIM 3aKayeHH.

1.1.3. O6pana maTepujaaa

HaxkoH cakynspama MaTepHjajia, BEJIHMKe J1eJ0Be Tpeda YKIOHUTH U3 y30pKa (KaMeme,
napunhe apBera), y30pak Tpeba MpomyCcTHTH Kpo3 cuto okama 500 um na Ou ce yKIOHHO

MeKHu cequMeHT. OBaj MOCTYIIaK cMamYyje 3alpeMUHY y30pKa.
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buonomku Marepujan ce moroM mpedairyje y Oouwmiie 3a y3opke. Benmnmunna Gouuiie

3aBUCH 0[] 3anpeMuHe y3opka. Tpebamo 6u kopuctutu 60uuiie o 250, 500 u 1000 ml.

Ykonuko ce ouekyje na he 6poj y3opaka OMTH BEITMKH, 32 UyBAHE CE MOTY KOPUCTUTH
U3PKIbHBE IIACTUYHE Kece, a O ce cMamno moTpebaH MpocTop 3a oiarame. AKO ce
y30pIM YyBajy y IUIACTHYHMM KecaMa, 3a IMpe3epBalijy ce€ MOXKE KOPUCTH CaMo
dopmanaexus, 3aTo MWTO aJKOXO0J pasrpalyje miactuky. Y3opuu ce 4yBajy y hopmanaexumay
KoHIeHTpanuje 4% uian y eTun-ankoxoiy KoHieHtpamuje 70%. Mako ce mpemnopyuyje
ynorpeba eTwi-aaKkoxoJa, mpe3eppanuja marepujana 4% dopMmangexuaoM, je y HEKuM
CIy4yajeBuMa IOYy3/laHH]ja, HAPOYUTO aKO C€ y Y30pKy Hajila3u Beha KOJWYMHA OPraHCKOT
Marepujaia (IeTpuTyca, APBEHACTHX OCTaTaka OMJbaka) WM KPYIHH]e WHAUBUIYE (OOUYHO
IIKOJbKE WM MyXeBH). Y THM CiIydajeBHMa 3a Ipe3epBallyjy y30pKa MOTpeOHa je BeluKa

KOJINYMHA ETUJI-aJIKOXO0Ja, KOjy HUje MPAKTUYHO HOCUTH Ha TEPEH.

[IpenopyuspuBO je ma ce y30pHH 4yBajy y KyTHjama ca MOKJIOMNIEeM (HIp. PydHH

bprxuIep) TOKOM TPAHCIIOPTA, J1a OU ce 3alITUTUIN U J1a OU ce CIPEUIIIO HCIiapaBabe.

Heonxonan, Mmunumanan 6poj copTUpaHux jenIuHKd Tpeba na Oyxe 500 mo y3opky.
AKO ¥MMa TpeBUILNE jEIUHKH y Y30pKy, Tpeba ypaauTu IMOAy30pak — KOjU Mopa OuTH
XOMOTEHH30BaH M H3JBOjE€H Yy JlabopaTopHju TOMONYy OIpemMe 3a COpTHpame (ompema 3a

onpehuBame momy3opka) (ciuka 10)

A B Cc D E

Cmuka 10. Onpema 3a oapehuBame moay3opka - Sub-sampler, npeysero u npunaroheno

npema AQEM Consortium, 2002.
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Omnpema 3a oapehuBame moay3opaka - Sub-sampler, HampaB/beHa je O YETHMYHOT
pama 30x36 cm, ca MpexoM mmpomepa okana o 500 um, u3aesbeHor y 5X6 KBaIpaTHHUX 10Jba
(ykynso 30). M3 HacymuuHO ofaOpaHuX 5 KBaJpaTHUX I0Jba MPEHNOPYUHHBO j€ U3IIBOJUTH

Hajmamwe 500 opranuzama.

1.1.3.1. Tperman y3opaka

Kpynuuju matepujan Tpeda U3IBOJUTH U3 y30pKa Ha TepeHy. I'paHe u kamemwe Tpeda
OJICTPAHUTH HAKOH HCIHpama U MpoBepe Ja Ha HhHMMa HEMa CECHIIHMX WM 3aKaueHUX
opranuzama. Benuke u peTke opraHusMe KOju ce JaKo youaBajy M ACTEPMUHHUILY, Ka0 U OHE
KOjU Cy OCETJbHMBH Ha (PHKCAIWjy W TPaHCIOPT, Tpeba ymucaTh y IMPOTOKOJ Y30pKOBama U

BpPaTUTH )KUBE y BOY.

1.1.3.2. AnenTudukanuja u 4yyBame Opranuzama

[Ipe Hero mITO ce 3amoyHE aHalu3a Y30pKa, MOTPEOHO j€ OUYUCTUTH MaTepujal H
OJICTPAHUTH OCTaTKe CyIICTpaTa WM JeJoBe OMibaka. Y30pak Tpeba TeMeJbHO UCIIPATH BOJOM

Kako O ce y MOTIyHOCTH YKJIOHHO (PUKCATHUB.

Wnentudukanuja ce Bpmu KopuinhewmeM OWHOKyJIapHe Jylne W MHKpPOCKOMa, Y3
nomoh oxaroeapajyhux npupydyHHKa W/WiaM KJby4yeBa 3a uAeHTUUKanMjy. KipyueBu 3a
uaeHTudukanujy cy, Hajuemrhe, OprHU30BaHU MO CUCTEMY IHMXOTOMO TpaHaTUX TBPAHH. Y
KJbyueBUMa ce KopucTe oapeheHe ocoOMHe opraHmszamMa Koje MX OJBajajy o[ JIPYyIHX, T3B.
TaKCOHOMCKH Kapaktepu. Hajsehy BpeaHoCT MMajy OHHM KapakTepu KOjU Ha JaTOM HHUBOY
0J1Bajajy TaKCOH jelaH oj napyror. Tu kapakTepu Ha3uBajy ce TAKCOHOMCKE ocoOmHe. Mory
outu  mMopdomeTpujcku  (KOHTHHYUpPAHM) M MEPUCTUYKH  (JIUCKOHTHHYUPAHH).
MopdomeTpujcku KapakTepu Cy OHHM KOjU ce Mepe ojarorapajyhum jenununama, Hajuenthe
JyKUHA Tejla WIK MOjeAMHUX JIeJ0Ba OpraHu3sMa. MepHCTHUKH KapaKTepH Cy OHU KOjU ce
u3pakaBajy IequM OpojeBuMa - Opoj eKCTpeMuTeTa, Opoj JUlaka Ha BEHTPATHOM eIy
[JIaBEHE KarcyJje UTA. Y MpuIory 2 Aat je CIHcak KJbydyeBa KOju ce KopHucTe y 1adopaTopuju
Opnesbema 3a XUAPOEKOJIOTH]Y M 3alITUTY Boja, VMHcTuTyTa 3a OHOJIONIKA HCTpaXKHBamba

Cuuuiua Craukosuh.
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[IpenopywsuBa je mMTO NeTalbHUja HACHTH(HUKAIHMja MakpoOecknuMemaka. Jlucra
TaKCOHa WJICHTU(HUKOBAHUX JI0 HHMBOA BPCTE, MOXE Ja CE KOPHCTUTH 3a H3padyyHaBambe

pasHUX IapameTapa Be3aHHX 3a MOHUTOPHHI/UCTpakuBama Tekyhux Boja (Tabena 2).

Tab6ena 2. [Ipenopyuenr HUBO UACHTU(UKAIM]E TTPeMa TAKCOHOMCKHM T'pyIiaMa:

TakcoHOMCKa IIpenopy4yeHu HUBO TakcoHOMCKa IIpenopy4yeHu HUBO
rpyna uaeHTHGUKANH]je rpyna uaeHTHQUKANH]e
Turbellaria Bpcra Trichoptera Bpcra, pon
Oligochaeta Bpcra Odonata Bpcra, pon
Hirudinea Bpcra Megaloptera Bpcra, pon
Mollusca Bpcra Heteroptera Pon, Bpcta
Crustacea Bpcra Coleoptera Pon, Bpcra
Bpcra, pox (3a TakcoHe Bpcra, pox, cyo-
3a Koje MIeHTU]HKaIH]ja . ¢ammimja (Chironomidae
Plecoptera ) Diptera
JapBEHUX CTaUjyMa 1. u 2. napBeHor
HUje Moy3/JaHa) cTanujyma)
Ephemeroptera Bpcra, rpyna Bpcra, pon Hydracarina ITpucyctBo

3a pYTMHCKM MOHUTOPUHI, HEONXOJHO j€ Pa3BUTH ,,0NEPATUBHY JIUCTY TaKCOHA -
CIMCAaK TaKCOHAa KOjU c€ OOMYHO KOpHCTe y OMOJIOIIKOM MOHHUTOPUHIY. JIucra TakcoHa ce

MOXC (I)OpMI/IpaTI/I Ha OCHOBY NPCAJIOKCHOI' HUBOA TAKCOHOMCKEC HI[CHTI/I(I)I/IKaL[I/IjC.

Hakon o0Opajie marepujaia, y30piu ce O/JIaXy y ToceOHO mpuiiarol)eHe mpocTopuje

3a 4yBame MaTepujaia - 30upke.

1.1.4. AHaau3a nmoaaraka

1.1.4.1. Cakyn/bame noay3opaka u KBanHtTugpukanmja

Kako Ou mpukymseeHH mojanu OWiaM MOy3AaHH, HEONXOJHO je Jia MMUHUMAJIHU Opoj
jemuHKH y y3opky Oyme 500. V3opak moxe caapxkatu Mame on 500 jenuHKH, YKOJIUKO Ce
Y30pKOBam€ BPIIM HAW3Pa3UTO 3aral)leHNM pekama Wi y M3BOPHIIHAM PErHOHMMA IOTOKA.

VYkynan Opoj opraHnsamMa 3a IojeinHe TaAKCOHOMCKE TPYyIle C€ OJTHOCH Ha YKYIHY MOBPIIUHY
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y30pKoBama o 1,25 m? Ha OCHOBY 4era ce MOXe M3padyyHaTH Opoj jeTUMHKH 10 m?, OHOCHO

10 jeAMHUIY TTOBPLINHE.
3a kBaHTU(UKALH]Y TIperopydyje ce Kopuirheme Ba MpucTyna:
. KBanturaTuBHU NpUCTYM, OPOJHOCT ce U3pakaBa OpOjeM jeITMHKHU IO m?;

. CeMHU-KBaHTHUTATHBHU TPHUCTYI, OPOJHOCT ce M3pakaBa OpoOjeM jeIUHKH Y Y30PKY

WIN pelaTuBHOM OpojHoIhy Koja ce 3aCHMBA Ha CKaJli peslaTUBHE OpojHOCTH (Tabena 3).

AKO ce KOpPHCTH CEMH-KBaHTHTAaTUBHHM IPHUCTYH, y CIy4ajy BEJIMKHX peKa, peJaTUBHA
OpojHOCT ce m3pakaBa Kao Opoj jeAMHKHU Yy Y30PKY, 3aCHOBaH Ha MPOICHTYyAIHOM ydemhy u
KopumhemeM BpeAHOCTH Yy pacrnoHy 1-5 3a Opojuoct (Csanyi, 2002) wnm ckama 3a

u3pakaBambe peraTiuBHe OpojHocTH y pacrnony 1-9 (Pantle u Buck, 1955).

Ta6ena 3. [Ipenopyuena ckana penaruBHe OpojHoctu npema Csanyi, 2002

BpojHoct Omnuc Bpoj jenuHKH TIO Y30pKY
1. IIpucytue 1-2
2. Petke 3-4
3. Yecte 5-20
4. Yobuuajene 21-100
5. Bpio yoOuuajene, npucyTHe y MacH >100

Kopumrhewe ckana penatuBHe OpojHOcTH omoryhaBa mopeheme monataka MPHUKYIJbEHUX

pas3IMdUuTUM TCXHHUKaMa Y30PKOBakha, Ka0 U Y30PpIHU Y3C€THU U3 PA3IMYHUTHUX TUIIOBA PCKaA.

1.1.4.2. PykoBame U CKJAJUIITEHE MOJaTaKa

Cnenehu nogamnu ce Mopajy uyBaTH:

a) Onmrtu nojany (Ha3uB peke, JOKAIUTETa, KOOPAMHATE, 1aTyM y30pKOBama, MpOoIeHa
CyICTpara);
0) Cnucak BpcTa MaKpOMHBEpPTeOpaTa CBAaKOT IIOjeMHAYHOT Y30pKa ca Opojem

WHIMBHIya yHYTap CBake TaKCOHOMCKE Tpyme/BpcTe (Op. jeIMHKH 1O m°, pelaTHBHA
OpOjHOCT Mpema CKajlu peJaThBHE OpOJHOCTH MM Kao MPOLEHTyanHo yduemhe BpcTa y

3ajeTHHIIN)
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1) Wupekcn 3a mpepadyyHaBame MEPHUX CKana pesiartuBHe OpojHoctu (Csanyi, 2002;

Pantle u Buck, 1955).

[ToTpeOHO je HampaBUTH jeAMHCTBEHY 0a3y 3a CKIAJUINTEH-¢ OMOJOLIKUX I0/aTaKa.
baza 6u Tpebano na Oyne jeIHOCTaBHA Kako OW ce MOJAlM JIaKo YNMUCIUBAIMU a yjeJaHO Ou
Tpebasio Aa mpercraB/ba W edukacaH (GuiaTep KOju OM CIpedaBao YHOIICHE IOTPEITHHX
UMEHa BpCTa, Ja MMa MOryhHOCT jakor M3pauyHaBamka pEJIEBAHTHHUX MEpPHHMX cKajla U
ayTOMAaTCKy eBajlyallljy eKOJOUIKOI craTyca (cneuuduyHy 3a TUO BOAHOI Tena). basa
nojaraka Tpeba Ja caap>Ku KOHKPETHE MOJaTKe O JIOKAIUTETY y30pKOBama (THITY) U BpcTaMma
(omepaTHBHY JIMCTy TaKCOHa ca KOJIOBMMAa TaKCOHA, WH(pOpMAaIje O TAaKCOHY, MOJAaTKe O

OMOJIOTH]H TAKCOHA - ayTEKOJIOMIKEe HHPOPMAIIH]E).

1.1.4.3. N360p oaroBapajyhux MepHux ckaja u MeTo/1a NpoueHe
€KOJOLIKOI cTaTyca

Ha ocHoBy ananm3e oaroBopa Ha cTpec, TpebOa m3abpatu oarorapajyhe Ouoiomnike

napameTpe 3ajeJHUIe KOJU O/Ipa)kaBajy THUII U HUBO CTpeca y OKBUPY oapeheHor BogoToKa.

3a mpolleHy EKOJIOMIKOT CcTaTyca/moTeHlujana Hajuenthe ce y3umajy cienehu OHONOMIKU

napameTpu:

e AOynnanua (penaruBHa abyHJaHIa - OpOj JeAMHKH 110 Y30PKY H/HIIU aliCOIyTHA - Opoj
JEIMHKH TI0 mz);

e Campoonu unaekcu (Muaekc campooHoct — S (Pantle m Buck, 1955), CanpoGna
BasieHia - X (Zelinka u Marvan, 1961), Hemauku campoOHu cuctem, AyCTPHJCKH
canpoOuu cuctem, Yemku canpooru cucteM (AQEM Consortium, 2002)

e Uupexkcu nusepsurera (Shannon waaexc — H' (Shannon u Weaver, 1949), Simpson
unyeke - D (Simpson, 1949), Evennes unnexc — J (Pielou, 1966), Margalef ungexc —
d (Margalef, 1958)

e Opurunanau BMWP u ASPT ckop (Armitage u cap., 1983), win monudukoBanu
BMWP u ASPT ckop (AQEM Consortium, 2002)

e VkymnaH 0poj TakcoHa,

e bpoj Takcona yHyTtap oapeheHe TakCOHOMCKE rpyTie,

e PenatuBHa OpOJHOCT 0JipeheHNX TAKCOHOMCKHX TpyTIa,
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e [lIpomeHntyasHO TIpHCYCTBO TakcoHa Ephemeroptera, Plecoptera u Trichoptera - EPT
unexke (AQEM Consortium, 2002);

e [IponenryanHo yuemhe TakcoHa yHyTap ¢yHKImoHamHHX Tpyna y ucxpanu (FFQG)
(Cummins u Klug, 1979);

e bankan buotnuku Uunexc (BBN) (Simi¢ u Simi¢, 1999).

3a n3pauyHaBambe PeJIeBAHTHUX MEPHUX CKajla MOTpeOHHU cy 0a3a mojaraka o BpcTama
MaKpoOECKMUMEmhaka M HUXOBUM ayTEKOJIOIIKUM ocoOuHama. Moke ce KOPUCTHTHU
ASTERICS mnporpaMcku makeT Koju caapku Bume ox 150 MepHHMX ckaia Kao IITO Cy
carpoOHU WHJIEKCH, MEpE TOJEpaHIHje, MOKa3aTe/bl 30HATHOCTH, TPEHYTHE MpedepeHIle,
n300p MHKPOCTAHMILTA, MEpe AUBEP3UTETa, TUIl MCXpaHE, HAYMH KpeTama, MEpe cacTaBa
BpCTa, Mepe OorarcTBa BpcTama, abyHJIaHILy UTI.

ASTERICS mnporpamcku maker HyIu Kopumheme pa3HHX CanpoOHHMX HHIEKCa
pasBujenux 3a Hemauky, Ayctpujy, Yemky wiu XoJaHAHW]y, OPHUTHHAIHY BEP3U]Y
BMWP/ASPT unzaekca, kao ¥ MOAH(DHUKOBAHE BEp3Hje OBHX HHJIEKCA 3a PA3INYMTE CBPOIICKE
peruone. Kao ocHOBa 3a n3pauyHaBame MOMEHYTHX MHJEKCa, KOPUCTE Ce Pa3InYUTE yIa3He
JHCTe MHIMKATOPCKUX OpraHM3aMa ca MojanuMa O canpoOHUM BaJIeHIIaMa M HHIUKATOPCKUM
TexxnHama. Tpeda Harimacutu na cy mapamerpu y okBupy ASTERICS mporpamckor makera
pa3BUjeHH 3a paznuuuTe reorpadcke pernonHe. OBe jaHcTe Cy pa3BUjeHE 3a KOHKPETHE

obmactu u 'y 6yayhHocTH ux Tpe6a MoandUKoBaTH 3a ynoTpedy y HallleM PETHOHY .
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2. HUJBEBU UCTPAXKHNBAIHLA



l[u/beeu ucmpasicuearod

Cakyrubame MOy3JaHuX I0JaTaka O 3ajeJHHUI MaKpOOCCKUUMEHaKa, CIMYHO Kao M
3a Jpyre OHOJIOIIKE eIEeMEHTe, MMa 3a Wb JIa ce OMOryhu moy3aaHa oleHa pa3HOBPCHOCTH,
JMBEp3UTeTa M (YHKIMOHATHOCTH BOJACHHMX eKocucreMa. lloy3maHa u craHmapu30BaHa
HpoIeaypa y30pKOBamka OCHOBA je €(pHKACHOT UCTpaKWBama U MOHHTOpUHTa. [IpuMemeHn
aCIIeKT XHUIPOOHMOJIOMIKAX CTYJHja Orjiefa ce KpO3 IPOIECHY EKOJIOMIKOT CTaTyca BOIHUX
Tela, Ha OCHOBY DPYTMHCKOI MOHHMTOpPHMHra ycarjameHor ca mpenopykama OJIB (WFD
2000/60/EC), mTo naje okBHp 3a e(pUKACHO yNPaBIbAhE BOJIAMA.

Ha ocHOBY jiocafanimuX UCTPaXKMBAaKka M PACIIONIOKUBHX M0JIATaKa, NSPUHUCAHU CY
cnenehu nmibeBH, Kako OM ce OCTBapmiia OCHOBHAa HaMmepa y OBOM paigy — TECTHpambe
METOIOJIOTHje Y30pKOBama Jia Ou ce yTBPIWIO e(pUKACHO U CTaHAAPAU30BAHO MPHUKYILJbAKE
OMOJIONIKMX Yy30paka HEONXOJHO 3a J00Wjame PEernpe3eHTATUBHHUX IOAaTaKa M IOPEANBUX
pesynrara. Cakynubame y30paka MpeiCTaB/ba KJbYYHH KOPaK MCTPaKMBamba U yTHYE Ha CBE

octaiie (asze.

[{uspeBH OBE TOKTOPCKE qUcCEpTaluje Cy:

o OTKJIathahe HeI0CTaTaKa 10jeIMHAYHNX TEXHUKA,

o ONTUMH3AIIMja TEXHUKA Y30pKOBama 3a BojieHe ekocucteme Cpouje,

o CTaHJapAu3alija MeTOA0JIOTHje 3a OJpe)eH! THIl eKOCUCTEMa,

o n300p aZeKBaTHUX METO/A Y30pKOBama 3a oJipel)eHu TUM ucTpakupama, Kao u

3a cnenuduuHy rpyiy opraHuzama (IIKOJbKE) ca MOCEOHHM aKIIEHTOM Ha BEJIHMKE U BEOoMa

BEJIMKE PeKe KOje MpeACTaBbajy KOMIUIEKCHE €KOCHCTEME.
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3.1. Hoapyyje ucTtpakupama

Teputopuja PenyOmuke CpbOuje ce mnpema OINIITUM KapaKTepHUCTUKaMa MOXKe
NoJIeNUTH Ha nBa peruoHa: [laHoHcku OaceH (ceBepHo on [lyHaBa) u OpACKO-IIJITAHUHCKHU
peruoH (jyxxHo ox [lynasa). [Ipenazno noapyuyje ynHu cinuB peke CaBe, HU3BO/IHU IO CIIMBA
Hpune u neo ciauba KomyGape. bpacko-muiaHMHCKO MOJpydje je pasHOBPCHHUjE Yy MOTJIeLy
OMNIITUX NPUPOAHUX KapaKTEPUCTHKA Yy OJHOCY HA 3HATHO XOMOTEHH]y 00JacT CeBEpPHO O]
HyHaBa, mTo moroayje pacnpocTpamemy diope u ¢ayHe, yKbydyjyhu U BoJieHEe OpraHu3Me.
Peke CpbOwuje mpumnanajy cimoBuma Jagpanckor, Erejckor mmu Lpror mopa (Gavrilovié¢ u
Duki¢, 2002). Hajsehy nospruny y CpOuju nokpusa HpHOMOpcKH ciuB (92% Teputopuje
Cpbuje) u cBe Behe peke npunaaajy oBom OaceHy, a npeko JlyHasa ce ynusajy y LlpHo mope.
Janpancku cnmB 3axBata mpubamxkHO 5% mnoBpmuHe CpOuje — 3amaguu neo KocoBa u
Mertoxuje, nox Erejcku cinuB koju je HajMamM, 3axBarta npuOmmwkHo 3% Tepuropuje, u
npoctupe ce y jyxkHom geny CpOuje, oOyxBarajyhu cmmBoBe Jlemenamne, ITuume u

Hparosuirure.

3.1.1. bpacko - NJaAaHUHCKO NMOApPYYje
3.1.1.1.CnuB Beauke MopaBe

Benuka MopaBa HacTaje crajambem 3amagane u Jyxxue Mopase u ayxune je 175 km.
CnuBHO moapydje 06yxBata moBpiHHy 01 38.000 KM? ca cpemiM OIHIIEIM POTOKOM O
230 m?/s (kox Jbyouuesa y 6musunu yirha y Jlynas) (Gavrilovi¢ u Duki¢, 2002). O63upom na
MPOTHYE KPO3 T'YCTO HACEJbEHY 00JIacT, peKa je MOJl YTHUIlajeM pa3IndyuTUX TUIIOBa 3aralema
Kao IITO Cy opraHcko 3araljeme, 3araheme HYTpUjeHTHMa, 3araljeme HMHIYCTPHjCKUM U
KOMYHAJTHUM OTHaJO0M, Ka0 M TOJ YTHIajeM XHIPOMOp(OIOmIKUX H3MeHa (Mpocerama
MeaH/apa, U3rpajiibe KaHala, eKCIuloaTanuje NUbyHKa W mecka) (Markovi¢ u cap., 2011,
2014). Benuka Mopasa uma 32 nputoke (12 ca nee u 20 ca JecHe cTpaHe) o1 Kojux cy Behe

JoBanoBauka peka, Llpuuia, Papanuna, Jlenenuna, PecaBa u Jacenuria.
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3.1.1.2. Caus 3anagne Mopage

3amagna MopaBa Hacrtaje crmajameM peka [onujcke Mopasuiie U ‘Detumbe, a ceBepHO
on Cranaha cmaja ce ca Jysxuom Mopasom dopmupajyhu pexky Bemnky MopaBy. OGyxBata
cIMBHO moapydje ox 15.567 km?, mro wmmm 42,3% uenokymHor cimBa Bemmke Mopase
(Gavrilovi¢ u Dukié, 2002; Paunovi¢ u cap., 2010). [Ipoceyan roaumimu npotok usnocu 120
m®/s u Huje mwioBHa peka. Ha meHOM TOKy m3rpalieHe cy Gpane u (popMupaHe akyMylaLuje
[Tapmenan, Mehyspije u OBuap. YkynHo npuma Boxy u3 85 mputoka, a MGap npencraBiba
BeHy HajBehy W Haj3HadajHujy mnpuToky. [lopen mwera 3Hauajue cy m I['pyxka, Pacuna,

Kamenuna n YemepHuua.

3.1.1.3. Caus Jyxune Mopase

Jyxna MopaBa nacraje Ha Ckomckoj Ilpuoj Topu, y nanammoj pemyOaumm
MakenoaujH, a Ty>KWHA BeHOT Toka Kpo3 Cpoujy uznocu 246 km (Gavrilovi¢ u Duki¢, 2002;
MiloSevi¢, 2013). IloBpunaa meHor ciauBa je 15.469 km? ox kojux ce 92.91% wnanasu y
Cpb6uju. Jyxxna MopaBa uMa CIOXEHY AONHHY, Tj. YAHU jeé HAU3MEHUYHO CMEHHBAIHE
KIucypa 1 koriuHa. Mma 157 mpuroka o1 KOjUX Cy HajBaXHHU]E JIEBE MPHUTOKE JabiiaHuIa,
Berepunma, Ilycra peka, Tormia, Typuja u Pubapcka peka, a necue Bpma, [lencka pexa,
[Tpenejancka peka, Ko3apauka peka, Bracuna, Humasa (najay»xa) u Cokobamcka Mopasuiia.
JyxxHa MopaBa ma 3HadajaH MOTEHIIMjall 33 MMPOU3BOJIbY €IIEKTPUYHE CHEpTHje, alh ce OH
YOIIIITe He KOPUCTU. Bennku eHepreTcku cucreM carpalieH je y \eHoOM ciimBY, Ha Biacunu

(emextpane Bpina I-1V). ¥V uzBecHoj Mepu, leHa BOJIa CE KOPUCTH 32 HABOIHABAIHE.

3.1.1.4. Chue Humage

Humasa u3Bupe y byrapckoj ucnon Bpxa Kom Ha Crapoj manunu. M3Bopumire je y
onusunu rpanuie ca Cpoujom, Tako aa Tok Humase y Byrapckoj n3nocu cera 67 km, 6e3
Behux npuroka (Gavrilovi¢ u Duki¢, 2002).

Humasa npumnaga mpHOMOPCKOM CIIMBY, B€H CITUB MOKpHUBa TepuTopHjy o 3.950 km?
(1.237 km? y Byrapckoj, 2.713 km? y Cpbuju). Humasa qanac Huje MI0BHA peKa, y aHTHUIH je
To Omna. Humasa mma myHO MajauxX MPHUTOKA, Kao mTo cy Bucouuna ca mecHe u Jepma,
Ilpeena Peka, Koputhnuna, Kytuncka pexa u ['aGpoBauka peka ca sieBe crpane. Oko 10 km

3anagHo oa Huma (xox cena Tpynana) ynusa ce y JysxHy Mopasy.
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3.1.1.5. CauB TumMoka

CrnuB pexe Tumok ce cBojuM BehuM JieioM Haytasu Ha Tepuropuju CpOuje, y UCTOUHO]
peruju (4.607 km?, 98%), ok ce MawuM J1e0M npoctupe Ha Teputopuju byrapceke (93 km?,
2%). Pexa Tumok (mo3nara u kao Benuku Tumok) je mocneama npuroka Jlynasa 'y Cpouju, a
HacTaje crmajameM benor (koju Hactaje cmajameM CBpspumkor u Tproumkor Tumoka) u
Ipuaor Tumoka HU3BOAHO OJ Tpaja 3ajeyapa u ayxune je 85 km (Gavrilovi¢ u Dukié¢, 2002).
Haj3nauajuuja nputoka Tumoxa je bopcka (bena) pexka. BomoTouu oBor ciuBa ce, HaueHO,
OJITUKY]y CIOPHUM TOKOM, HECTaOWIHHMM HHUBOOM BOJE€ M HUCKHM XHJIPO-TIOTEHIIH]AJIOM.
[TosponpuBpeIHO 3eMIBMILTE 3ay3MMa 3HauajaH jaeo nospiiuHe ciauBa Tumoka (Paunovié u
cap., 2008a). Pymapko Tommonuvapcku OaceH ,,bop” je jemaH ox OCHOBHHUX (akTopa KOju
yTHYE Ha €eKOHOMU]Y U KUBOTHO OKpYXKeme oBe obnacTu. CuTyalinja Koja ce TU4€ OTHAJHUX
BOJla Y CIMBHOM IOJPYYjy j€ CIIOXEHa, 3aXBaJbyjyhu yTHIIA)y HEKOJMKO BehMx Hacesba W
OpojHHUX cela, Kao M MCITycTa OTHaJHE BOJE U3 TPU PYAHUKA U METAITYypPLIKOT KOMIUIEKCa, Y
KOMOMHAIMjU ca CaHUTApHUM OTHaaoM rpaga bopa m Hekonmko cenma. Lleo komruiekce

3Ha4yajHO yTHYE HA BOJIEHE EKOCUCTEME.

3.1.1.6.CauB Koaybape

Kony6apa Hacraje cnajamem pexa O6HuIle U Jabnanuie y3BoaHo oa BarkeBa u yTuue
y CaBy y O6penosiy (Stefanovi¢ u cap, 2009). YkynHa noBpminHa KodyOapckor OaceHa
u3Hocu oko 3.640 km? I'maBHe neBe mputoke jecy Kmamnuma, YO0 u TamnaBa, a nmecHe
I'panan, Jlenenuna, PuGnuna, Torumma, Jbur, Ilemran u Typuja ca bemanurmom. ['pag
OO6penoBary npoctupe ce ayx obana Case, ajau ce OTNagHe U KOMYHaJIHE BOJAE MCHYIITAJy y
Kony6apy 6e3 nperxoane oopane (RBC Report, 2007, Popovic u cap, 2015). Takohe, Benrka
NOBpIIMHA KoJyOapckor OaceHa TyCTO je€ HaceJbeHa, Y MaluM HaceJbMa He TOCTOjU
KaHAJIM3aI[MOHAa MpeXa, Ma ce yrnoTpebdsbaBajy cenTuyke jame. Y 0BOj 00JaCTH CMEIITCHH CYy
Y BaXXHHU MH]IyCTPHUJCKU U EHEPreTCKU LEHTPU Kao U 3HaUYajHa TpaHCTIOPTHA UHPPACTPYKTYypa,
a Ba)KHO je TIOMEHYTH Ja je pasBujeHa u nosbonpuspena (RBC Report, 2007, Popovié u cap,

2015).
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3.1.1.7. CauB [Apune

Npuna Hactaje kon Illheman Ilospa cmajameMm peka Tape u ITuse. JlyxkuHa Toka
JNpune m3nocu 346 km. Kox Bocancke Paue, JIpuna ce ynuBa y CaBy ¥ MpeICTaB/ba HEHY
HajBehy nputoky (Blagojevi¢ u cap., 2005). CousHo nonpyyje Jpune oOyxBaTa jyrozamnaiHu
u 3ananau neo Cpbwuje, ceBepuu neo Llpue I'ope u uctounu neo bocue m Xepreroune,
yKynHe moBpiuHe oko 19.926 km?. Behe npuroke ca nese crpane cy Cytjecka, buctpuia,

Hpumaua u Jama, a ca necue hexoruna, JIlum, P3aB, Jby6oBuha u Jagap.

3.1.1.8. Caus YBana

VBar je peka ayra 119 km koja mporude m3mel)y rutanuna 3imatuOop u 3marap u
npe/cTaBba jy)kHy rpanuiy 3narudopa (Gavrilovi¢ u Duki¢, 2002). Ha memy cy usrpalhene
xuapo — enekrpane Kokun Opox (20 MW) u Vearm (31 MW). U3Bupe jyroucTo4Ho of
JanoBuka, a Ha 3naTubop nonasu koj cena OjkoBulle, rae npuma nputoky Tucosunyy. Onatie
teue nopen cena Heroune, bypahe, Cjenumra, loOpocenuiie u Jabnanuue, mpumajyhu MHOTE
npuToke, a Heke o Behux cy: lllymbuna (ynusa ce y YBan y HerOunu), PacHuuku nmorox
(ymuBa ce y Pacaunm), Jlobpocenmuku u lllapancku norok (ynuBajy ce y JoOpocemuin).
VBar je rnaBHa nputoka peke Jlum. Hekonmko 3aamux KujaoMerapa, peka YBaill IpecTaBiba
rpanuny usmehy Cp6uje u Pemybnuke Cpncke, buX, ognocHo rpanuity onmrtusa [Ipu6oj u
Pyno. Peka VBar 3ay3uma nospuuny of 1.310 km? u npunana cnuBy Lipror mopa. [Ipoceuan

TOJMIIEBY MPOTOK Ha ymihy YBua y Jlum je 18 m¥/s.

3.1.1.9. Caus Muaase

Mnaga je myrauka 334 km u necHa je mputoka /lynaa. Hajseha mputoka Miase cy
pexe KipyuaBa u Ilek (Markovi¢, 1990). Pexka MunaBa je mo3Hara no pu0oJioBy, MIIOBHOCTH
3aamux 20 km o ymha u meHoj AenTH Kojy npasu nipu yuihy y Jlynas. MiiaBa HacTaje Kao
Tucuuna y Kyvajckum mnanunama y ucrounoj Cpouju, mon Bpxom Benuku Kpmr. Peka teue
Ha CeBep W MPOTHYE TOPE] NCTOYHHX TMaauHa TutaHuHe besbaHuIla, Kpo3 CKOpo HeHAaceJheHO
nonpyyje. Hakon mro cturne g0 XomoJsba, y TucHuily ce Ha Bucunu on 320 metapa yiauBa
jako JKaryGuuko Bpeso M OJf Te Tauke peKa je Hajajbe TMo3HaTa kao MmaBa. Mepehu on
JKaryOuukor Bpena, peka je qyrauka 232km. Crnus MitaBe 3ay3uma mospiuHy of 1.830km?

npunazaa ciuBy Lpror mopa. [Ipocedan npoTok y ronuan Ha yirthy Mumage je 14m?/s.
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3.1.1.10. Pexa Hepa

Hepa je peka y ob6nactu banarta, y Cpouju u PymyHuju, neBa je mpuroka [[yHasa.
Hepa je nyra 124 xunometpa (Markovi¢, 1990). Pexa Hepa uctuue u3 mnannna CeMEHUK y
pymyHckoMm banaty, 63y rpana Pemmna. [IpBumM nenomM Toka peka Tede jy»KHo, 1a Ou 3aTum
CKpeHyJa Ka jyro3amany npasehu knucypy msmely banarckux minanuna u Cemenuka. OBne
Hepa nmpuma rinaBHy nputoky Pynepujy, a 3aTum Mema mpasail Ka ceBeposamnany a0 Hajmamra
u Kycuha e nmocraje rpannuna peka usmehy Cpouje u PymyHnuje.

Tako Teue mapenuux 14 km no ymha y JlynaB xon banarcke [lamanmke. IToctoju
HEKOJIMKO MOTOKa Koju ce y ynuBajy y Hepy (Kycuhku, bykanos, JleckoBaukn). [Ipu ymhy

Hepa je mmpoxka uzmely 20 u 40 m.

3.1.1.11. CauB Erejckor mopa

Cnus Erejckor mopa o0yxBara camo 2,2% teputopuje Cpobuje. Bbbemy npunanajy pexe
Jlenenan, ITuumwa u [paroBuiruua, anyu caMo AEJIOBU BUXOBUX TOKOBA. Jlenenan u [Tunma
npenase Ha Teputopujy PemyOnmke Makenonuje u ynuBajy ce y Bapaap, a paroBumruna
oruue ka Ctpymu y HP Byrapckoj (Gavrilovi¢ u Dukié, 2002). Boae Jlenenuiie kopucre ce
3a HaBOIHaBAKE Y OKBUPY XUIPOMETHOPAIMOHUX cucTeMa ,,16ap — Jlenenan™, Ha [Tunmu je
MONUTHYTO BuIe BemrTaukux [lacTpMmckux pubmaka, Mok cy Boae bokauke u JbyOaTcke
peke, cacraBHuIla J[[paroBumiTuile, NpeTBOopeHe y BracuHCko jesepo pamu mobujama

eJIEKTpUYHE EHepruje.

3.1.2. Pexa [lynas

JlyHaB npezctaba jenHy o1 HajBehux U Haj3HAUYaJHUJUX €BPOIICKUX PeKa, ca YKYITHOM
noBpmmHOM ciauBa ox 817000 km? wu nyxuHe Toka on 2.857 km. Ha ocHoBy
reoMopdoJIOUIKUX KapaKTepucTuka Moxe ce noaenutu Ha 10 cextopa (Robert u cap., 2003):

1) Topmwu Tok Jynasa (rkm 2.786 — 2.581) koju HHje TUTOBaH.

2) 3amazHo - anmncko nmoaHoxje dynasa (rkm 2.581 — 2.225). ¥V oBom cektopy, JlyHas
uMa OJJIMKE alIcke peke, nporude n3mMely obmnactu IlIBancku Anb Ha ceBepy u baBapcke Ha
jyry. Ha xunponomike ojyMke 3HaTHO ytudy nputoke Mnep, Jlex u Uzap. Cekrop oOyxBata

Tok JlyHaBa cBe no yurha pexe UH.
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3) Uctouno - anmncko nmoauoxje Jynasa (rkm 2.225 —2.001). Hajsehu ytumaj y oBom
cextopy uMa mpurtoka MH. Ca mportokoM ox 737 m®/s UH 3HAaTHO yTuue Ha TeMmIeparypy,
MPOBUTHOCT U KOHIICHTPAIMjy cyclieHa0BaHuX marepuja y JlynaBy. Kpo3 unurtaB cektop, peka
je nperpahena 6pojuuM Opanama.

4) Homwu Tok amncko nmoanosxkja Jynasa (rkm 2.001 — 1.789,5). Hajsehu antpomnorenu
YTHUIIA] Y OBOM CEKTOpy umajy rpanoBu beu (1,7 munmnona craHoBHHMKa) u bpartuciasa
(450.000 craHoBHMKA) Kao W xuiapoleHTpasia [abumkoBo. Ycien mnperpahuBama peke
xunaponeHTpaiom ['abumkoBo, Gopmupana je akymyianuja, ma JlyHaB y OBOM Jely HMa
KapaKTEepHUCTUKE je3epa.

5) Mahapcku neo Toka JIynasa (rkm 1.789,5 — 1.497). ¥V oBom cekropy JlyHaB mojako
nonpuMa KapakTepUCTHKE paBHUYApCcKe peke. HajOuTHMja mpUTOKa Y XUIAPOIOMIKOM CMHUCITY
je Bax. Hajsehu anTponorenu ytunaj uma rpaa byamummnemra (1,7 MuiaroHa CTaHOBHUKA). Y
OBOM CEKTOpY C€ HaJla3u M HyKJIeapHa enekTpana [lakmr.

6) ITanoncku meo Jdynasa (rkm 1497 - 1075). Behu neo Ttoka kpo3 Cpoujy (588 km)
npunaga Ilanonckom Oaceny (358 km). /lyHaB y OBOM CEKTOpYy HMa KapaKTEPUCTHKE
paBHuYapcke peke. Hajsehu antpomorenm ytumaj mmajy rpagosu Hoeu Cax (150.000
CTAaHOBHHUKA) Kao U HajBehe Hacesbe Ha camo]j peuu rpaa beorpana (2 MuiroHa cTaHOBHUKA). Y
OBOM cekTopy JlyHaB mprmMa BeluKe KOJIMYMHE Henpepal)eHHX oTmajHuX Boja M (EKaTHOT
3aral)ema Koje ce ojjpakaBa Ha XeMH]jCKe KapaKTepucTHKe Bojie U Ha Ouoty. Hajeehe mputoke
cy JlpaBa, Tuca, CaBa ca cBojum nputokama ([purom, KomybGapom u bocyrom) u Benuka
Mopaga, Koje 3HaUajHO YTHUYY Ha FHETOBE XHUJIPOJOIIKE KapakTepucTuke. J[paBa HE peMeTH
MHOTO BOJHU PEXHM (CpeIb1 BHUIIECTOIUIIBLUA MPOTOK M3HOCH 2.355 m3/s). Hajeehu ytuaj
Ha peXuM Bojia uma peka Caa, jep CpeambU BUIICTOIUIIHN MPOTOK HU3BOJTHO OJ OBE PEKE
u3HocH 5310 m®/s, satum Tuca, ca CPEABUM BHIICTONMIIBAM IPOTOKOM o1 3690 mY/s, ok
Bennka MopaBa Hema OUTHOT yTHIIaja Ha MPOTOK JlyHaBa.

7) Bepnarncku neo dynasa (rkm 1.075 - 942). 36or 6pane xuapoenekrpane hepuan,
peKka y IpBOM Jielly CeKTOpa MMa YCHOpPEeH TOK KOjU c€ 3HAaTHO yOp3aBa IMpOJIAaCKOM Kpo3
‘Bepnancky kinucypy. Ha mpommpemnma y KIMCYypu CTBapajy ce akymynamuje. M3rpagma
opana XE "bBepman 1" u XE "bBepnan 2" y3pokoBaia je KOHCTAHTHO TaJOKEHE HaHOCA Ha
neny akymysanuje y ‘bepaarnckoj knucypu. JlyHas Hamymita Tepuroprjy Cpouje va 845 rkm.

8) 3amaaHo - mouTujcku neo Jynasa (rkm 943 — 375,5). Cekrop ce nmporexe o OpaHe
xuapornentpaie bepnaan 1 ma go age banra Mamomureju, Heqaneko oj HyKJIeapHe eJIeKTpaHe
Yepna Boma. Hajeehe mputoke y oBom neny Toka cy Tumox, Uckap, Onr, Jantpa u Apher, a

300r BHCOKOT crermeHa 3aralema (oTmamHe Boxe u3 rpaga Pyce — 260.000 craHoBHUKA)
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HEONXOJHO je TIOMEHYTH W Mamy NpHUTOKy Pycencku Jlom. Y 0BOM CEKTOpYy ce Hajazu H
HykJeapHa enektpaHa Kosnonyj. HusBonHo on ‘bBepnana, Ha camoj peun Bulle Hema OpaHa,
Tako Ja /lyHaB y OBOM CEKTOpy MMa clio00/1aH TOK.

9) Ucrounu Bnamko-uusujcku aeo Jynasa (rkm 375,5 - 100). V oBom cextopy JlyHas
uma cinobonan Tok. Benuke nputoke cy Cuper u IlpyT. ¥ oBOM cekropy ce Hama3u rpan
Bbpaunna ca 180.000 cranoBHHUKa.

10) Hdenra [dynaBa (tkm 100 - 7). [denra peke [lyHaB ce cacToju Ox TpH IJIaBHA
pykasua: Kwimma pykasan, Cynuna pykasan u pykasan, CBetu Dophe. I'maBuu pykaBuu cy
Mel)ycoOHO TOBe3aHM CHUCTEMOM KaHajla M MOYBapHUM 3eMibuinTeM. Ha Kpajy pykaBna

Kunuja Hanasu ce o3Haka 3a HyJITH KHJIOMETap peKe.

3.1.3. Pexa CaBa

Pexa Casa nHacrtaje cnajamem Cape Jlonmuuke n CaBe boxumke koa Mecra PagoBipuiia
y CrnoBeHujH, U MpeACTaBba jeJJaH Of] Haj3HAYajHUjUX CIIMBOBA Y peruony (Iy>kuHa Toka 940
km, cruBHO mogpydje mopumae 95.419 km?) (Gavrilovi¢ u Duki¢, 2002; Atanackovié u
cap., 2011). Kpo3 Cpbujy mporudue mweH a0mHu jaeo Toka (206 km). IIpoceunu roauinmu
npotok koa Cpemcke Mutposuiie usHocu oko 1.500 m°/s. Hajseha je mputoka JlyHaBa (1o
Jy’KMHYU ¥ BOAHOCTH) y Koju ce ynuBa y beorpamy (rkm 1170). ¥V ropmem Toky peka Casa je
10JT XUAPOJIOLIKUM TIPUTHCKOM, Ha CPE/IFbH TOK HajBHIIE YTHUE MHTEH3WBHA TTOJONIPUBPEIHA
aKTUBHOCT M eyTpo(dukaluja, a Ha JOBHU TOK UHIYCTPUjCcKO U ypbaHo 3arahemwe (Torsten u
cap., 2008; Milacic u cap., 2010). Jlomu aeo Toka peke (MOBpIIHMHE ciuBa oko 15.147 km?® u
nyxuHe Toka ox 206 km) mpormuye kpo3 CpOujy W MMa KapaKTEPUCTHKE THUIHYHOT

paBHUYapckor Bojgotoka. Hajeehe mpuroke pexe CaBe y Cpouju cy peke Jpuna u Komy6apa.

3.1.4. Pexe bocHe u XepueroBuHe

3.1.4.1. Pexa BocHa

Bbocha je peka y Penyonuim bocuu n Xepuerosunu (http://www.fhmzbih.gov.ba/latinica/O-

NAMA/FHMZ-reqistar.php). M3Bupe u3 kpamikux Bpena y ceny Bpytuu y 6nmsunu Wnure, y

noaHoXK]y mianuHe Mrman, Ha 500 m mHagmopcke BucuHe. [IpoTwde HEHTpaIHUM EIIOM
bocue, a ko bocanckor lllamua ce ynuBa y pexky CaBy Te mpuraja IPHOMOPCKOM CIIUBY.

Jlyra je 273 km ca cimBrnM mogpyunjem mospmmne 10.460 km?. TimaBre mpurtoke peke
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bocue cy: Kesmesnnna, Muparka, Kpusaja, Crpeua nu CraBma (necue nputoke), ®ojanuka
pujeka, JlamBa u Ycopa (JieBe mpuTOKe). Y TOPHEM TOKY, OJ M3BOpa A0 3€HHIIE, MPOTHYE
kpo3 CapajeBcko, Bucouko, Kakamcko u 3eHMYKO MOJbE KOja pa3aBajajy Kiucype. Y
CpeImeM TOKy ce mpoOuja Kpo3 KIHCype ycedeHe y uBpcTe cTeHe, Bpanmyk-Hemmna u
Marmnaj-/{060j. ¥ nowmem Toky, ox Jlo6oja mo ymha, bocHa npoTtnye HECTAaOMIIHUM KOPUTOM
KpO3 allyBHjaJHy paBHUILy I/Ie MMpaBU BUIE pyKaBala, aaa u okyka. Jlonuna pexe boche je
HajHacesbeHHja obnact bocHe u XeplieroBuHe U MHAYCTPH]CKU j€ LIEHTap ApsKaBe, IITO 3HAYU
J1a je 11e0 TOK MOJ| BEJIMKUM WHAYCTPHjCKUM M ypOaHUM MPHUTUCKOM. Y nonuHu bocHe Hanaze
ce rpamoBu CapajeBo, Bucoko, Kakam, 3enuna, 3aBumoBuhm, Kemue, Marmnaj, /10060j,

Moapuya u bocancku [llamarr.

3.1.4.2. Pexa HeperBa

Peka Hepersa ayra je 230 km, ca ciuruM moapyunjem mosprmie 10.380 km?, xoja
HajBehum nenom mportuue kpo3 bochny u Xeprerosuny (208 km), a Mamum zenom, npe ymrha
y Jagpancko mope, kpo3 PemyOmuky Xpsatrcky (22 km) (Trozic-Borovac u cap., 2011).
Hajnyxa je mpurtoka Janpanckor Mopa ¢ ucroune obane. M3Bupe ucnoj mianune Jabyke y
Bocuu u Xepiieropunu. 3ajelHO C MPUTOKaMa YMHU 3aceOHY MPUPOIHY IENIMHY U JeINHCTBEH
ekocucteM. M3Bupe y MIaHMHCKUM TIpeiesiuMa BUCOKE XepIEroBUHE U BehuM JIeJIOM CBOT
TOKa MMa OJIIMKE IUIAHWHCKE PEeKe J0 MPBOT Tpaja Kpo3 Koju mpotuye, Komuia, omakie
MocTaje peka paBHUYApPCKOT THMa. 300T THX OJJIMKA Ha BHOj Cy u3rpaleHe XuapoeneKkTpaHe
Jabmanuna, ['pabdosuima, CanakoBar, Bpamuuhu n Yanssuna. JlecHe mputoke HeperBe cy
3ypeBuha norok, Mehehaxk, Jezepanna wim Tarunak, I'opwu u Jowmu Kpyman, Juamonka,
bjemuvmuhka pwujexa, Crnatunanma, Paunmma, PakutHuma, Komwuka Jbyta, Tpemanuna,
Heperunia, Pama, Jlospanka, [Ipexanka, ['pabosuiia, Pago6osea, u Tpedwmxkar.JIeBe mputoke
HeperBe cy Xusamnuma, Jlahanuna, Kyncku Kpyman, Bykosuna, Iumruna, Mabap,
I'moromaumia, Mocrapcka bujena, byna, bperasa u Kpyna. HeperBa mpotude kpo3 rpauose:
Komwum, Jabmanuma, Moctap, Yanseuna u Ilouwtess. YnuBa ce y Jampancko mope y

xpBatckoM rpany [lmoue.

3.2. Martepujaa

Ha ocHoBy matepujana npukyrmbeHor y nepuoay 2004 - 2016 romune, IpUIUKOM

peanu3zanyje UCTpaKuBamba 00aBJbeHUX y OKBUpPY OJiesberha 3a XUAPOEKOJIOTH]Y U 3aIUTHTY
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Boja, WMHctuTyTa 3a Ounosomika ucrpaxuBama ,,Cunuma Crankouh™ (MBUCC) kao u
Opemema 3a xunpoekosiorujy Jlaboparopuje 3a XUIpOeKOIOTHjy U 3aITUTY Bojga MHCTUTYTa
3a Ouonormjy u ekonorujy IlpupomgHo-marematnykor Qaxyiarera YHUBEp3UTETa Y
KparyjeBity, Ha pa3HOBPCHUM THIIOBHMA, Ipe cBera, Tekyhux Boga y Cpouju pasmarpaHe cy
pa3inynTe TEXHUKE TMPHUKYIUbakha Yy30paka 3a UW3ydaBamke 3aje[JHHIA  BOJCHUX
MakpoOecKMUMemaKka. AHAIM3UpaHU ¢y nojauu ca ykynHo 320 nokanutera. Jleo mogaraka
y3€THX y pa3MaTpame, a ca IubeM yTBphHBama e(huKacHOCTH MOjeAMHUX METO0J1a, OJJTHOCH Ce

U Ha JTOKaMTeTe BaH okBupa Penmybnuke Cpouje.

Jeo marepujama koju je KopumiheH 3a aHajgu3y METOJOJIOTHjE Y30pKOBamba
pasInYuTUX OpACKO-IUIAaHMHCKUX BojgoToka CpbOuje mpukymbeH je y nepuoay 2005-2012
rogaune. [logamm o6yxBarajy Tun OpACKHX M MIIAHUHCKHUX PeKa, MaJIUX U CPEIbUX TOKOBA, ca
JIOMHHAIIMjOM KPYITHE IOJJIOre KOje MPHIaaajy BOJOTOIMMA THUIA 3-5 TpeMa THIOJIOTHjU
tekyhux Bogma Cpbuje (Paunovi¢ u cap., 2011). V ananusy cy ykJbydeHH mnoparu ca 93
Jokanutera (mpwior 3) YMjU je CKOJIOIIKM CTaTyC OICHEeH Kao J00ap u Beoma

nobap/ouyaH.

Marepujan ca [lyHaBa, NpuKyIJbeH je y OKBUpY mporpama McrpaxuBame JlyHaBa
AquaTerra (AquaTerra Danube Survey - ADS), nma nmemy Toka m3mely KiocrepHojOypra
(Ayctpuja, tkm 1942) u Bumun - Kanadara (Byrapcka-Pymynuja, rkm 795) y mepuomy
aBryct - centemoOap 2004. romuue, koje je o0OaBibeHO y capammu ca MehyHapoaHom
komucujom 3a 3amtuty peke [ynaB (International Commission for the Protection of the
Danube River - ICPDR). Matepujan je npukymbeH Ha ykynHo 30 nmokamurera (mpuior 3).
OCHOBHHU LIWJb OBE CTyAMje OMO je Ja ce Ha OCHOBY aHAJHM3€ pa3IMYUTHX HHUBOA OMOTE U
HbUXOBUX HMHTEpPAKIMja Cca OPraHCKUM M HEOPraHCKHMM MHKPOIOJYTAHTUMA Y 3EMJBHUIITY,

CEIMMEHTY U BOJH, YTBp/Ie OTEHIIMjaTHO PU3UYHE JIOKaluje 3arahema y oBom neny JlyHasa.

ICPDR cBakux 6 romuHa opraHusyje MehyHapoaHy eKCIeAUIH]y 3ajeTHUIKO
ucnutuBame JlyHaBa (Joint Danube Survey — JDS), y K0joj y4ecTBYjy HAyYHHIIH U3 CBHX
NOAYHABCKHUX 3eMajba. Y30pIM Cy NPUKYIJbAaHW ca IUIOBHOT Jena JlyHaBa, koju oOuxBara
cekrop nyxuHe ox 2500 km, ox Peren3Oypra no nenre. CakympaHu cy y30pLu
MakKpo3000eHToca, (puToOeHToCca, (PUTOIIIAHKTOHA, UXTHO(ayHE, MaKpOopHTa, Ka0 M Y30pLUHU
3a XeMHJCKy M MHUKpOOHOJOmKY aHanu3y. l{nip excriequiija je ma ce MPOIEHH TPEHYTHO

CTakbC PCKE HYHaB Ha OCHOBY aHaJin3a OMOJIOIIKUX eJeMeHaTa KBAaJIUTCTA, 3ajeI[HO ca
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XEMHJCKUM U XUAPOMOPGOIIOMIKUM aHaln3aMa. TecTUpame pa3TuuuTUX METOIa y30pKOBamba
BOJICHUX MakpoOecknuMemaka JlyHaBa, pal)eHo je Ha mokanuTeTiMa oOpahjuBaHUM y OKBHPY
JDS 2 u JDS 3 excnenuiyja.

Excnienuumja JDS 2 peanmsoBaHa je y mepuoay aBryct - centembap 2007. romune.
VY30pkoBaHo je Ha ykynmHO 109 nokanurera, 88 Ha TJIaBHOM Jely TOka M 21 JoKaiuTeT Ha
npuTokama (mpuior 3). Y30piu MakpoOeCKHIMemhaka MPUKYIUbEHHU Cy Ha 96 JIokaiuTeTa.

Excnenunuja JDS 3 peanuzoBana je y mepuofdy asryct - centembap 2013. roaune.
YKyIHO je y30pKOBaHO Ha 57 JIOKaJIUTeTa Ha TJIABHOM TOKY M 16 JoKaluTeTa Ha MPUTOKaMA.
MakpobecknuMemany NPUKYIIJbEHU Cy Ha 52 JIOKaJIWTEeTa TJIABHOT PEYHOT TOokKa W 16
JIOKaJMTeTa Ha IpUTOKaMa (mpuior 3).

UcrpaxxuBama ob0aBjbeHa y OKBUPY IpojekTa ,,IIporpam mpahema u ananuze mpoMeHa
KBaJIMTETa BoJe peke [lyHaB y cexTopy noj ycrnopom™ 3a 2014. roguHy ocTBapeHa Cy IMOJ
KoopauHanujoM MHCTHTYTa 3a BomompuBpeny ,.JapocmaB Uepnu” u3 beorpama. buomomika
HCTpaXMBama peayin3oBao je MHCTUTYT 3a Ouosionika uctpaxkuBama ,,Cuauma CtankoBuh”,
VYuusepsuretr y beorpany. b uctpakupama je MpolieHa CTamka BOJCHOI €KOCHCTEMa Ha
MOJIPYYjy KOje ce HaJla3| MoJ YTUIajeM XuIpoeneKTpana ,, bepaan 1 u ,,bepaan 2. Ctynuja
obOyxBaTta uctpakuBame JlyHaBa Ha cekropy on Jlemamuara (1262 rkm) mo Pagyjesma (851
rkm). JIBe cepuje y30pKkoBama, 00aBJbeHE Cy Y MEPHOAY HHUCKHX Boja (cenreMOap/okTodap u
HoBeMOap 2014. roauue), 10K cy apyTe ABe 00aBJbEHE y MEPHOAY BUCOKUX BOJA (alpuil U Maj
2015. rogune). JlokanuTeTH Koju cy o0yxBaheHrn mporpaMoM HCTpaKUBambha U aHAIN3UPAHH Y

OBOM pajy JIaTH Cy y TIPHIIOTy 3.

Marepujan ca peke Case (1eo TOK, y xykuHd o 937 Km) npukyrnbeH je 3a motpede
peanmzaiyje npojekTa OunarepanHe capaame ca Pemyommkom XpatckoMm (,,[IporieHa HUBOA
bruokontamunanuje Benukux pexa Xpsarcke u CpOuje), Tokom cenremoOpa 2011. u 2012.
TOJMHE. Y30pKOBamke MakpOeCKHIMEhaKa BPIICHO Ha 12 jokanuTeTa U 00yXxBara CeKTOp O

Bpxosa (CnoBennja) no beorpana (Cpouja) (mpuor 3).

Marepwujan Koju je MPUKYIJbEH y Tiepuoay okrodap/HoBembap 2008. ronnHe y OKBUPY
npojekta “Study of the Biological Monitoring of the Rivers and Lakes/Reservoirs in Bosnia and
Herzegovina” oOyxBarao je peke HeperBy u bocHy ca mpurokama. TepeHCKO y30pKoBame Ha
onabpaHuM BOJIHUM Teiauma y bocHu m XeprieroBuHu crpoeneHo je y oktoopy 2008. Ox
JIeCeT JIOKAJIMTETa Ha KOjuMa je 00aBJbEHO y30PKOBae, IIECT CE Hajla3u Ha pekama, a YeTUpHU

Ha je3epuMa/aKkyMmyialgjama (y30pLy Cy U3y3eTH U3 aHayn3e). AHAIM3UPAHU CY y30pLU peKe
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Hepetse — 1 nokanuteT, ko mecta JKuromucnuh u pexe bocHe ca 5 nokanutera, 3 Ha TJIaBHOM

TOKY peKke U 2 Ha leHUM npuToKama, LIpHoj pujenn u @ojuuukoj pujeru (mpuior 3).

3.3. MeTo10J10THja Y30PKOBakha

Y30pKoBame, aKOBamwe, Mpe3epBalfja MaTepujaia Kao U aHallu3a, BPIICHA je TpeMa
CBETCKUM M eBpornckuM cranmapauma: SO 5667-3:1995, EN 27828:1994, EN 28265:1994,
EN 1SO 9391:1995, EN 1SO 8689-1:1999 u EN ISO 8689-2:1999.

HauuH mpukyrspama MarepHjajia yCJIOBJBEH j€ THIIOM HCTPAXUBAHOT E€KOCHCTEMA.
VY30piu Cy NPUKYIUBCHH OCHTOJIOIIKOM MPEXKOM, Y CBHUM Cly4yajeBHMa IJIe je TO OWIo
Moryhe, kako 0u ce 00e30enunu mojany kKoje je moryhe mopeiuTd Ha aJeKBaTaH HAYWH.
Ocranu anatv 3a IPUKYyIJbake MaTepHjaia KOpUIIheHn Cy y cilydajeBUMa Kajia y30pKe HHje

O0m10 Moryhe mMpuKynuTH MpekaMma 300T BeJIMKe AyOruHe Wiiu Op3uHE TOKa.

3.3.1. MeToaoJoruja y3opkoBama OpACKO-MJIAHUHCKUX Tekyhuma

Marepujan, koju je KopuiiheH 3a aHaIM3y OpJCKO — IUIAaHMHCKMX Tekyhuna,
NPUKYIUBEH je KOpUIIhEeHmEeM JIBe METOJE Y30pKOBama, ceMUkBaHTUTaTuBHE K&S metone u
KBAaHTUTAaTUBHUM Y30pKOBameM noMohy Stirber mpexe.

K&S merona y3opkoBama je kopuirheHa y mproOasHoM peruony o 1,5 m mgyOune
kopuithemeMm oxarosapajyher cranmapaa (EN 27828:1994) mpema MHS mnpouenypw.
Marepujan je NpUKyIJbaH yNoTpeOoM pydHE OSHTOJIOIIKE Mpeke mpomepa okana 500 pm.
VY30pkoBame je BPIICHO KOMOMHOBAHOM TEXHUKOM II0/IM3alba MaTepujaia ca IMoJyIore
Tp3ajuMa HOTY M HETOBUM CaKyIJbamheM Y MPEXY KOja je OpHjeHTHCaHa Yy IMpaBIly BOJEHOT
TOKa W pPY4YHUM cakyiubamem ca mnomiore (EN 27828:1994), cemMu-KBaHTHTaTHBHUM
Y30pKOBambeM y Ne(HUHUCAHOM BPEMEHCKOM HHTEpBaly, NMPU YEMY j€ MPUKYIJbaHO Ca CBHUX
JOCTYITHUX  CTaHMIITA, TPOMOPLUMOHATHO  HHHXOBOj  3aCTYIJBEHOCTH. Y  IHJbY
CEeMHKBAaHTUTATHBHOT TPUCTYIA, YJIOXKEH jé MCTH HAmop MPHIUKOM CBaKOT y30pKOBamba.
[TpuukoM NPUKYIbaka y30paka y 003up je y3eT Jeo Bojgoroka ox oko 100 m ayxuHe, Ha
KOME je M3BpIlIEHA BHU3yelHa MpolleHa AOMHUHAHTHE MOJUIOre, MPOIeHA Cpelme AyOuHe U
IMIMPUHE TOKa, TIpolleHa IOKpOoBHOcTW/0OOpamTaja, a mnpema MHS mponenypu koja
NoJjpa3yMeBa MPOICHY PACIIONOKUBUX CTAHUINTA HAa TMOTE3y y30PKOBama M NPUKYIIbAE

Marepujajia ca CBUX JOCTYIHHX CTAaHUINTAa Koja Cy 3acTylybeHa ca Buiie o1 5% (AQEM
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Consortium, 2002). Busyenna kinacudukaiija cyrncrpara o BeIMYHHHA YeCTUIa je ypalheHa
npeMa cKalli 1aToj y aeny ¥eoo y tabenu 1.

KBanturatuBHO y30pkoBame Siirber mpexom, mnpomepa okama 500 um u pamom
BenmMuuHE 25X25 CM, U3BPIICHO j€ HAa MCTO] MEOHUIM rae je BpiieHo U K&S y3opkoBame.
CBako y30pKOBame€ YKJbydyje IET MOJay30pKa KOJH IMOKpPWBAjy MOBpIIMHY ox 3.125 cm?,
oxrocHo 0,3125 m?. TToxy30piH Cy IPUKYIUBEHH Ca JOMHHAHTHHX BPCTa MOUIOTE KAKO OH ce
00e30e110 penpe3eHTaTUBHY y30pakK 3a JIaTH JIe0 TOKA.

3a ouyBame Yy30paka MPHUKYIUBCHHX VY OpJCKO-TUIAHMHCKAM TeKyhuiama Kao

¢ukcatus je kopuurher 4 % popmangexu.

3.3.2. MeToaoJoruja y3opkoBama Behux paBHHYapCKHUX peKka — peka
dyHnas

Tokom ucrtpaxuBama JlyHaBa y OKBUpPY mpojekTa Aquaterra kKopumiheHe Cy TpH
METOJIC Y30pKOBama BOIcHHX MakpoOecknumemaka (Slobodnik, 2005).

VY cnyuajy kana je npumemeHa K&S merona, kopuithena je Oputancka pydHa Mpexa
(emrn. British FBA pond net) mpomepa okama Benumuwmne 950 pm. IIpuKymbeHH Cy ceMu-
KBAaHTUTATUBHU Y30PIM M TO TPHUMEHOM HCTOT ,Halopa Y30pKoBama U JIe(UHUCAHEM
BPEMEHCKOT MHTEpBajia 3a MpUKYyIUbamke y3opaka. K&S Merona je npuMemeHa U Ha JIeBOj U
Ha JICCHO] CTpaHU MpUOOATHE 30HE cBaKkor nmpoduia Ha AyouHu a0 1,5 M. OBOM TEXHUKOM je
y30pKoBaHO Ha cBux 30 nokanurera /[yHaBa.

MakpoOecknuMemaly cy TPHKYIUbaHH W pOWBEHEM Ha jJax. PydHa mpexa je
kopurtheHa cnuuHo kao koa K&S metoze. Ypamana je y moJuiory ¥ NpuKyIUbEH je MaTepujall
ca THa 3ajeqHo ca opranmsMuma. llIkospke cy Takohe MpUKyIJbaHE POHEHEM H CTaBJbAHE Y
Mpexxy. MakcumanHa ayOunHa 3apoHa m3Hocuia je 4 m. [Ipukyrbame y30paka pPOHmECHEM
MI0Ka3aJl0 ce Haje(PUKACHHjOM METOJIOM 3a Y30pKOBamkE MIKOJbKHA Ha BEhMHU JIOKATUTETa YakK
U Ha MambKUM JyOHHaMa.

Hpena je xopumhena y o0ajickoj 30HH Kao U AyOOKOj BOJIU y3 ynoTpedy MOTOPHOT
gamita. OBa MeTola y30pKOoBama je mpuMmermeHa Ha jaBa sokamutera (ADS 1 u 2). JlasbHa
ynotpeba napeye HHje Ouna moryha 300r HejgocTarka BpeMeHa W OOMMHOT IMporpama
y30pkoBama. [IpunkoM y3opkoBama KopuilheHa je apera ca TPOoyriacTUM U Ha3zyOJbeHUM
METaJTHUM OKBUpPOM, mpomepa okama 500 pum. Jlpeya je ByueHa kaHamom ayxkuHe 20 m ca

yamila, o JIHy peKe Ha AY>KMHHU o1 oko 10 m.
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Mertona y3opkoBama momohy xuapaynudykHor Polyp Garepa BpiieHa je ca Opojaa
»Apryc” Ha nokamutetuma of 1 no 18. Hu3BOAHO 01 OBHX JIOKAJIUTETA, Y JOHEM JACIy
JlyHaBa, TEIIKO ce Halla3W BEITUKO KaMeme y 00alcKoM peruoHy. M3ByueHo KaMeme je 100po
U TIQXJBUBO HcrpaHo. OpraHu3MH U YBPCTH OTIAIM CYy CaKyIJBEHU y CHTO IpoMepa oKara
500 um.

VY30puu BoieHUX MakpoOecKnIMemaka obenexxenu cy u puxkcupanu y 70% pactBopy
eTUJI-aJIKOXO0JIa.

3a cBaKy TEXHHUKY Y30pKOBama YJIOXKEH je WCTH ,HANmop Y30pKoBama’ 300r

MOryhHOCTH KBaHTHUTATUBHOT nopeheme noaaraka.

3.3.3. MeToaoJoruja y3opkoBamwa - JDS 2 ekcneanuuja

3a mnpukymbame (ayHe BOJACHHUX MaKpoOeCKMUMEWaka Ha ekcneaunuju JDS2
xopumthene cy Air-lift u Multicorer texnuke kao cranmapane merone. Ompema koja je
kopumheHa 3a 00e TeXHUKE y30pKOBama MOHTHpaHa je Ha Opox. [lopem Tora, yzopmu cy

y3eTH U y obaisickoj 3ouu K&S texuukom (Graf, 2008).

[Mpumena Air-lift/MHS/Multicorer metone y3opkoBama

Tokom JDS 2 uctpaxxuBama BOJICHU MaKpOOESCKHUMEHAITH CY Y30PKOBAHH Ca PEYHOT
nHa (Ha gyounu usmehy 1,2 mu 11,5 m; npocuna ay6una 4,9 m). Air-lift meromom (Prehofer,
1998) y3opum cy mpukymsbeHu ca 81 nokamurera. 300T HHCKOT BOJIOCTaja M BpJIO (puHOT
HaHOCa CEJMMEHTa Ha oJpeleHnM JIoKanuTeTHMa, Kao ajlTepHAaTHUBA, IPUMEHEHE CY METO/Ie
MHS y3opkoBama (9 Tadaka, yrinaBHoM Ha mputokama) u Multicorer y3opkoama (6 Tayaka).

VY3o0puu cy npukyrbeHu ca 96 nokanurera. Ha cBakom JIOKamMTeTy y3€TO je IO mecT
noay3opaka (TpH Ha JIEBOj M TPH Ha JIECHO] CTpaHM) KOjH Cy CIajaHu y jenaH y3opak. Ha
MECTHMa TJIe C€ cacTaB IMOJUIOre Wik Op3uHa TOKa OMTHO Pa3JMKYjy, Y30pIH ca JIeBE U JIECHE
CTpaHe YyBaHHU Cy OJIBOJEHO.

[TpukymibeH mMaTepHjall UCIIUpaH je Kpo3 Mpexy BelnduHe mpomepa okana 100 pm.
CakymbeHn y3opuu (GUKCHpaHu Cy W dyBaHu y (opmangexuny (4%), a 3atum oOpaheHu y

nabopatopujama BOKU unctuTyTa y beuy.
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[Tpumena K&S/npena meToie y30pKoBama

Y mnuTkoj, mpuoOanHoOj, 30HM TiIaBHOr Toka JlyHaBa (Ha 74 jokanuTeTa) W Ha
npuTtokama (Ha 9 jokanuTera) npuMermeHa je K&S merona y3opkosama (EN 27828:1994).
VY30pu cy NpUKYIJBEHH PYYHOM MpekoM mpomepa okarna 500um, ca aybune ox 1,5 m.
VY30pKoBame je BPIIEHO Ha CKOPO CBUM THIIOBUMA CTAaHMIUTA y MPHOOAIHO) 30HH.

300r MOBUIIEHOT HUBOA BOJIE HU3BOAHO 01 ,,Bepnana” 2 (nokanutetn JDS 65 na JDS
96 - ykymnHO 32 npoduna, ykipyuyjyhu u 6 mpuTOKa), Kao alTepHaTHBHA METOJa Y30PKOBamba,
kopuirheHa je apera ca TPOyIJacTUM YeIuYHUM OKBHpoM (mpomep orBopa 25 c¢cm). Csu
MoTy30pLu ca mpoduia (1IecHo, CpeiMHa U JIEBO) YyBaHU Cy 3a KaCHHje aHaJu3e Kao 3ace0HU
Y30pLIH.

Marepujan npukyrbeH K&S TeXHHKOM U JIpeioM UCHHUPAaH je KPO3 MPEXy Mmpomepa
okama 500 pm.

V3opuu cy uyBanu y ¢opmanaexunay (4%) u xacuuje obOpahenm na VITUKI

HNucturyry y bynumnemru.

3.3.4. MeToaoJaoruja y3opkoBamwa - JDS 3 ekcneanuuja

VY30pkoBame BOJCHUX Makpobecknumermaka TokoM JDS 3 uctpaxxupama 00aB/BEHO je

NPUMEHOM Pa3IMYUTHX METO/1a KOje ce MOTy TIOAeIUTH y Tpu ojaBojene rpyme (Graf, 2015).

[Tpumena MHS metona y3opkoBama

I'maBau mpuctyn Owma je crammapmaa MHS wmetoga 3a mpolieHy €KOJOMIKOT
craryca/motenijana y ckiany ca O/IB (AQEM Consortium, 2002).

VY30pKkoBamke BOJEHUX MaKpOOECKHYMEHaKa ca CICHUPUYHUX CTAaHUINTA Y
npuoOanHoj 30HU je obaBsbeHo je MHS mMpexxom aumensuja okBupa 25 x 25 cm. OBa cemu-
KBaHTHUTAaTUBHA MeToa 00e30ehyje y3opak o1 0,0625 m? mo jeAMHAUIIN TTOBPITUHE.

Ha cBakom nokamutety MHS meromom y3er je y3opak koju ce cacroju ox 20
Hojly30paKka MPUKYIUbEHUX Ca CBUX THIIOBA CTaHUINTA 4uju je ymeo Behu om 5% (AQEM
Consortium, 2002). Ilomy3opuu Cy 4YyBaHU OnBOjeHO. THIOBM CcTaHWIITa Cy W3aOpaHu
IPOIICHOM 00aBJLEHOM Ca MOTOPHOT Yamiia. Ha cBakom aeuHHUCAaHOM THITy CTAHHIITE Y3€TO
je 1o TmeT moay3opaka 300r JIakIile CTaTUCTHUKe oOpaje moaaraka (ciuka 11). 3a cBaky rpymy

noJy3opka ca oapehene mojiore oapehena je qyouHa Bojie U Op3uHE MPOTOKA. Y30pKOBaHE
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JEIMHUIIE ca CBAKOT CTAHWINTA Cy YyBaHE OJBOjEHO. Y Cydajy XOMOT'€HOT CYTCTpaTa, UCTH
TUI CYICTpaTa je y30pKOBaH MOKpEeTUMa pazU4MuTe CHare. Y30pKOoBaHO je ykymHO 20

MO/Iy30paKa ca HajMamke YeTUPH Pa3INUUTa THITA CTAHUIITA MO JTOKAIUTETY.

Moaysopuun 1-5
necak Moaysopum 16-20

BelWTa4yKa noasora

Moaysopuum 6-10
w/byHak (cnaba crpyja)

Mopysopum 11-15
WbyHaK (jaya ctpyja)

Cnuka 11. ITpumep y3umarma noay3opaka ca CBUX JOCTYIHUX CTAaHUIITA ca JeTHOT

JIOKaJMTEeTa, Mpey3eTo U npuiaaroroheno npema ¢otorpadu Momupa [laynosuha

Mertozomnoruja y3opkoBama y ayookoj Boau (enri. Deep Water Sampling - DWS)

3a MpUKyIUbake y30paka y AyOOKHM JIEIOBHMa pEKe INPHMEHCHA je TEXHUKA
y30pKoBama mnpoduna aperom. OBaj mpuctyn je xopumrheH 30or moryhHoctu mopehema
nojaTaka npukyubeHux Air-lift Texaukom 3a y3opkoBame AyOOKHX JeloBa peke, Koja je
npuMemeHa TokoM JDS 2 uctpaxusamwa 2007. roguse.

Y3umame y3opaka AperioM Mpyka HHPopMaIyje o JUCTPUOYIIUjU OpraHu3aMa IyK
MOTIPEYHOT TPECEeKa PEUHOT KOPUTA y TyOJBHM JIeTIOBHMa PEKe.

JlokanuTeTH Ha KOjUMa je y30pKOBAaHO JApEloM uMajy 3alesexeHe KOOpAMHATe ca
GPS ypebajem, mok je myOmHa Bome MepeHa coHapoM. Ha cBakoMm of JOKamuTeTa
NPUKYIUBeHO je 1o 10 nuTapa marepujana. a OH je OJJIaraH y KaHTE€ O3HAYCHE CEPHjCKUM
opojeuma 1-5, mayhm on necne ka neBoj obamu. dotorpadujama je JOKyMEHTOBaHA

pacroiena BelM4ruHe CyIcTpara y y30pKy (ciuka 12).
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Crnuka 12. Pa3nuuutu THIIOBY CyIicTpaTa y30pKoBaHu japerioM TokoM JDS 3 uctpaxuBama

(pororpaduja Joxxed Cekeper)

Teoperckn, momamm 10OWjEHH Y30pPKOBamEM JIpPElOM CE€ MOTY CMaTrpaTH CeMH-
KBAaHTUTATUBHUM: TPOYTJACTH METaJHH OKBHUp Jpere neObhHEe 5 CM U mupuHe 25 CM
00e30ehyje yzopak 3ampemune 10 mutapa ako ce apya Byde oko 80 cm mo mHy peke. OBa
nospinHa (25x80 cm?) mpexcrasiba 0,2 m?. [Toje HHYHN Y30paK IOMHOXEH ca TeT Aaje Gpoj
WH/IMBH/ya TI0 METPY KBaJpaTHOM.

VY30pkoBame je BpiieHo Ha ayounHama Behum ox 1,5 m. Hajeha ny6una Ha k0joj je

YCIIEITHO Y3€T y30pak apeyom je Beha ox 20 m (pykasarn Kuna).
[Mpumena K&S metone y3opkoBama

K&S y3opkoBame moapazymMeBa y3UMame y30paka PydyHOM MPEKOM y MPHOOAITHOM
peruoHy Kako O Tomamyd MOTJIM Ja ce mopene ca momammma JDS 2 wucrpaxkuBama
MPHUKYTIJBEHAM UCTOM TEXHHKOM.

K&S y3opkoBame (EN 27828:1994) oGaBiba ce y 00alckoM peruoHy Kopumhemem
pyuHe Mpeske rmpomMepa okara S00um y30piu cy NpUKYIUbeHH Y MTPHOOATHOj 30HU ca JyOuHe
1o 1,5m. Pomeme Ha max obOaBibeHO je Kako Ou ce ca Behe AyOMHE MPHUKYMWIN y30pIH
CIAaTKOBOJAHUX IITKOJbKH (10 4 M qyOuHe).

Hump xopumhewa K&S merone je na ce MHS momauum nomyHe, uzmel)y ocranor u

nojanyumMa o AMCTPUOYLIUjU IIKOJBKU Y TIPUOOATTHOM PETHOHY.
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Ceu y3opiuu cy bukcupanu 4% Gopmanaexuiom.

3.3.5. MeToaojoruja y3opkoBama Ha Depaanckom cekTopy
(akymyaanmmjm)

VY3opuu cy y3eTH KBaJIMTAaTHBHO, PYYHOM MpEXoM, mpomepa okama 250 pum, y
npuobanHoj 30Hu MeTogoM K&S ca cBux mpucytHux mukpocranumra (MHS - merona) u
Van Veen Garepom 3axBatse ropmmHe 270 cm?.

VY30puu BoJEeHUX MakpoOecKnuMemaka odenexkeHu cy u ¢pukcupanu y 70% pactBopy

CTHUII-aJIKOXOJIA.

3.3.6.MeTonoyoruja y3opkopama Ha peun CaBu

VY3opiu Cy NpUKyIUbeHH MoMohy pydHe mpexe (mpomepa okama 500 pum) Ha
noapy4jy 0,0625 m?, y nproGantom pernony (Ha myGuam og 1,5 M), ca CBEX PacIONIoKHBIX
BpCTa MHUKPOCTAHUIIITA/TIOUIOTa, KAKO ca MPUPOJHUX (IIM) - KaMEHa, IIJbyHKa, MeCKa, MyJba
TaKO W Ca BEIITAaYKHX CTPYKTypa (BI) - OpaHa, Hacuma M MocToBa. TOKOM NpPUKYIbarba
MaTepHjajia y3era cy y oO3up CBa NpPUCYTHA JOCTYITHAa MHKpOCTaHWIITa. bpoj y3opaka
CaKyIJbEHUX ca ojpel)eHOr MUKPOCTAHMIITA HA CBAKOM JIOKAJUTETY, OATOBapa PeIaTUBHOM
NPUCYCTBY OJIpel)eHOT MUKPOCTAHUIIITA Y OAHOCY Ha IEJIOKYITHY TOJUIOTY JaToT JIOKAJINTETA
(10% = 1 yzopak). ¥Y3eto je mo 10 moay3opaka ca MPUPOJHE U UCTO TOJMKO Ca BELITAYKE
MI0JJIOTe Ha CBAKOM JIoKauTeTy. OpraHu3Mu ca MOBPIIMHE KaMeha CaKyIUbeHU CYy THHIIETOM
U YKOJMKO je OmiIo MoTpeOHO, CTpyrameM 4YeTKHIoM. Pomeme Ha nax je kopumtheHo 3a
NPUKYIUbakhe MKOJbKH. [IpuOmkHa My KMHA UCTIMTUBAHOT TPAHCEKTa HA CBAKOM JIOKAJIHTETY
u3Hocuia je oko 100 m gyx npro6asHOT peruoHa.

3a 4yyBame y30paka MNPUKYIJBEHUX TOKOM OBOI HCTpPaKHMBama Kao (ukcaTus

koputthen je 70 % eTHiI-aaKkoxod.

3.3.7. MeToaoJoruja y3opkoBama Ha pekama HeperBa u bocua ca
NpUTOKaMa

VY30puu cy y3eTu ca CBUX JOCTYIHHUX THIIOBA CTAHUIITA KOJU MPEJCTaBIba]y BUIIIE O
5% yKymHe MOBpIIMHE CTaHUINTA HA UCTPAXXKUBAHOM TOKY. Y OBOM CIIyuyajy y30pKOBame je

usBefeHo npumeHoM K&S u AQEM wmeroma (AQEM Consortium, 2002), y mIHTKO]
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JWTOPAIIHOj 30HH, TOKOM mepuoaa HuckuX Boma (EN 27828: 1994). V oBom ciyuajy
pesyarare je Moryhe mOpemuTH Kao CEMHU-KBaHTHTATUBHE TIOJAaTKe C OO03UpOM Ha
Pa3HOJMKOCT YCIIOBAa. Y30pIM Cy MNPHUKYIUbEHH ca AyOouHe ox 1,5 M pydHOM Mpexom
npomepa okna 500 um . Behwna tumoBa craHumTa y nprOOaTHO] 30HU YKJbYYeHa j€ y
porpaM y30pKOBamba.

3a ouyBame NPUKYIJbEHUX y30paKa Kao ¢pukcaTus kopuirheH je 4% gopmanaexun.

3.4. Ananau3za pesyJrara

[porpamcku maker ASTERICS 4.0.4 (AQEM Consortium, 2002) xopuunthen je 3a
U3padyHaBame OMOJIOMIKUX rnapaMerapa. [lapameTpu y OKBUpPY OBOT IMPOrpaMCKOT MakeTa Cy
Pa3BHjEHHU 3a pa3IuuuTe reorpa)cke peruoHe.

OpaOpanu OHOJIOIIKM MapaMeTpu aHaJU3UpaHUd Cy YHIOTpeOOM CTaTHCTUYKOT
nporpaMckor makera ,,Statistica” sepsuja 7 (StatSoft, Inc., 2004). YrBpheno je ma HujeqHA
rpyna aHaJu3MpaHUX [apaMerapa HEMa HOpPMAaJHy pacmojely, Ma je 3a HpOLEeHY
CTaTUCTHYKUX pa3nuka Mmelhy muma kopumtheH Hemapamerapcku Man ButHu Tect (eHri.
Mann-Whitney U Test - MW-U Tect), kojum ce mopeae oaabpaHud OUOJOMIKK TMapaMeTpH
J0OMjEeHH aHAIM30M y30paKa MPHUKYIUBEHUX JBEMa Pa3IMuuTHM METo/aMa y30pKOBama, Koje
y OBOM CIIy4ajy MpeJICTaBJbajy He3aBUCHE Bapujalie.

N3 cratuctuuke aHanuze u3y3eTu cy Ouosomku napametpu ca ADS ucrpaxuBama,
jep je mopeheme TexHHKA Y30pKOBama OOYXBATWJIO MamH /10 MCIUTHBAHOT TOKA, Ma Ce
cMaTpa Jia CTaTHCTHYKH [TOKa3aTeJby He OM Jaj mpaBy CIUKY O ABe nopeheHe metoe.

Y 003up cy y3etu cneaehu 6HoNOIKK TapaMeTpHu:

. [Tapamerpu nauBep3utTera (yKynmHa aOyHIaHIA 3ajelHUIle, YKyHaH Opoj
TaKCOHA/BpPCTa, poJioBa M (amMHiIUja MO Y30pKY, Opoj OCETJPUBUX TAaKCOHA MO Y30pKy, Opoj
TaKCOHa YyHyTap TJaBHUX TAKCOHOMCKHX Tpyrna MaKpoOeCKHYMemaka I0 Y30pKy, Opoj
WHIVMBUAya YHYTap TJaBHHX TaKCOHOMCKHX Tpymna mo y3opky, EPT wunnmex, H' wazmekc
(Shannon u Weaver , 1949)),

. [Tapamerpu yHyTap (yHKOHMOHATHUX Tpyna (mpoueHtyanHo ydemthe FFG
(Cummins u Klug, 1979), nporentyanHo yuemrhe TakcoHa yHyTap (pyHKIIHOHATHUX IpyTia ca
nedunrcaHoM npedepeHIioM 3a oapel)eHr THIT MUKPOCTAHHUIIITA)

o [TponienTyanHo yuemhe TakcoHa ca OeUHHCAHOM CAanmpOOHOM BaJICHIIOM
(Pantle u Buck, 1955),

o CanpoOHa Basientia - X (Zelinka u Marvan, 1961),
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o BMWP u ASPT ckop (Armitage u cap., 1983).

YTpomak BpeMeHa 3a CBaKH aHAIM3HPAHH CET MOJaTaka, y3eT JBeMa pPa3InYuTUM
MeToJlaMa y30pKOBama Koje ce Mopese, MpukazaH je TabemapHo. Bpeme morpeOHO 3a
NPUKYIUbAKkE I[OoJIaTaka O JIOKanWTeTuMa (MOjJiore, IMMpUHE © JOyOWHE TOKa, HUBO
XuApoMOpQOJIONIKE Jerpananuje, HMTA) HHje Yy3eTO0 y pasMmarpame. Pa3smarpano je
MPUKYIUbAkEe y30paka, CMameme o0uMa y30paka (elMMMHUHAIMja KPYyIHHUJUX JIeJIOBa),
nakoBame Yy3opka u (ukcupame. EduxacHocT BpemeHa y3opkoBama peke CaBe HUje
pa3maTpaHa, jep ce y OBOM CIIy4ajy HOpeje MOJaly y3eTH MCTOM METOJOM Y30pKOBama ca
Pa3IUYHTOT TUTIA ITOJIOTE.

Kako 0u ce onenuina ¢puHAHCHjCKa €(UKACHOCT pa3MaTpaHUX TEXHHKA Y30pKOBama,
nopesi BPEMEHCKEe KOMIIOHEHTEe, aHAlM3WpaH je W MmoTpebdaH Opoj JbyAHW 3a MPUKYIIbamhE

y30paka, TPaHCIIOPT OMpeMe U JbYH, Kao U BpeMe MOTpeOHO 3a o0paay Marepujaa.
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4. PESVYJIITATHU



Pesynmamu paoa

Yy HapCIHOM ACITYy TCKCTA, NPHUKA3aHU CYy PC3YJITaTU UCTPpA)KHMBaba, CUCTCMATH30BaHU

nmpemMa UCIIMTUBAHOM TUITY €KOCUCTEMA U KOpI/IHIheHI/IM TCXHHUKaMa yY30pKOBama.

4.1. llopeheme MeTOA0/I0THje Y30PKOBaKha HA OPACKO-IIJIAHUHCKUM
Tekyhuunama
Ha ocHOBy mpHKyIJBEHOT MarepHjajia H3 MCIUTUBAHUX OPACKO-TUIAHMHCKHX
tekyhuna, unenrudukoBano je puie oa 270 BpcTa BOACHUX MakpoOecKnuMemaka. MHCeKTH
Cy HajpasHOBpCHHUja rpymna, a mehy muma ce m3nBajajy rpyme Ephemeroptera, Diptera u
Trichoptera, kao TJaBHE KOMIIOHCHTE 3ajeHHUIIC BOJCHHX MAaKpOOCCKHUYMEHaKa Y

UCIIUTHBAHOM THITYy Boza (ciuka 13).

W K&S

W Slrbermperka

nTocevaH 6[) TaKCOHa
Ok N Wbk U O~

Turbellaria
Gastropoda
Bivalvia
Oligochaeta
Hirudinea
Crustacea
Odonata
Plecoptera
Trichoptera
Coleoptera
Diptera

Ephemeroptera

Crnuxka 13. Ilpuka3 nmpocedHor 6poja TakCOHa yHyTap rpyna MakpoOecKHIMemaKa

npukysbeHux K&S meronom u Siirber Mpesxxom

Ha cnuuum 14 nat je npuka3 nmpocedaHor 6poja MHAMBHAYA Y OKBUPY JI€TEPMUHUCAHUX
rpyna MakpoOecKMUMemaka NPUKYIJbEHUX JIBEMa pPa3IMYUTUM TEXHUKaMa y30pKOBamba,
K&S wmeromom wu Siirber mMpexoMm, TAe ce MOTYy YOUYHTH pa3iuKe Yy OpOjHOCTH JBE
Haj3acTyIUbCHUjE MHCEKaTCKe rpyne, Ephemeroptera u Diptera. Pasnuke y npoceuHom 0pojy
TaKCOHa W TPOCEYHOM OpOjy MHIMBHIYa KOJ JIPYTHX TAaKCOHOMCHUX TpyMa, MPUKYIIJBEHUX

pa3IMYUTUM METO/laMa y30pKOBamba, HUCY 3HaYajHe.
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Crnuka 14. TIpoceyan 6poj HHAMBUIYa YHyTap rpyra MaKpoOeCKHUMEHhaKa MPUKYIIJbEHUX

K&S metonom u Siirber mpexom

Mely unentudukoBaHUM BpcTama NpPEBIaiaBajy opraHu3aMa KOju ykaszyjy Ha Oera-
MecocanpoOHU cTerneH opraHckor 3arahema (21,78%). Crneme rpyme, mokasaTesbu
omurocanpoonor (13,3%) wu andamesocanpoonor (8,3%) 3arahema. KcenocampoOHa u
noJjrcanpoOHa Tpyna OpraHM3aMa 3acTyIlJbeHa je ca Mame ol 5%. AHaIM3oM oJHOca Y
3ajelHULHU Y OKBUPY (DYHKIIMOHAIHUX Ipyla y UCXpaHH, HAj3aCTYIJbEHUJU Cy CAKYyIlJbayH ca
28,9% wu xumauw/ctpyraun ca 27,01%, mTOo je BuIe O TMOJOBHHE OJ YKYNMHOT Opoja
3abenexxeHnx Bpcta. OcraTak 4YMHE NPEACTaBHUIM Tpyla cekaua M Ipeaaropa 4dja je
nojeIMHAaYHa MPOIEHTYyalHa 3acTyIubeHocT uctoy 10%, mTo je OYeKHBaHO 32 OBAKaB THUII
TekyhuIla M y CKJIajy je ca KOHIIENTOM peuHor kontuHyyma (enrit. River Continuum Concept)
(Vannote u cap., 1980).

[Mapamerapu kopumihenu 3a nopeheme e(pUKACHOCTH JABa NPUCTyHA 3a y3UMambe
y30paka UCKJbYUYjy (pyHKIIMOHAIIHE TpyTe OpraHn3aMa Be3aHe 3a ojpel)eHu TN MoJyIore, jep
CBU aHAJTM3UPAHU JIOKAUIUTETH TPHIANajy UCTOM THITy, OpPICKUX W TUIAHWHCKUX, MAJIUX H
CpeIbHX TOKOBA, Ca TOMUHAIIM]OM KPYITHE TOJIOTE.

Ha ocnoBy pesynrtata MW-U Ttecrta, kojuMm Cy aHanM3UpaHe JBE TEXHUKE y3UMarmba
y3opaka (Ttabema 4), youaBa ce nga cienehuw mapaMeTpu TOKa3yjy CTaTHCTHUKHA 3HAYajHy
pasnuky (p <0,05): ykynHa abyHaaHIa, yKyman 0poj TakcoHa, 6poj dhamuinja U poaoBa, 6poj
OCETJbMBHX TaKCOHA, Opoj TakcoHa yHyTap rpyna Ephemeroptera, Coleoptera u Diptera kao u
6poj EPT-takcona, 6poj nnauBuaya y okBupy rpyna Ephemeroptera, Plecoptera, Coleoptera

u Diptera. IlponenTyanHu yneo Kujgaya M CTpyrada y OKBUPY JBE TEXHHKE Y30pKOBama je
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3Ha4yajHo Jpyraurja. OcTaiy aHaIM3UpPAHU NapaMeTPU HUCY MOKa3alu CTaTUCTUYKU 3HAYajHE

pasyiiKe y JiBa pa3IM4yKuTa ceTa y30paka.

Ta6emna 4. Pesynraru MW-U Tecta kojuMm cy mopeleHa aBa ceta mapamerapa J00H]eHUX
aHaiau3oM y3opaka y3etux K&S wmeroma um Siitber mpexom Ha OpICKO-TDITAHUHCKUM

tekyhuiama (LpBEHO — CTATUCTHYKK 3Ha4YajHe BpeaHocTH 3a P<0,05)

Buosomku napamerpu U z Bpeﬂ};oﬂ z BpE}Fl);IOCT
AGynnanna [ind/m?] 773,500 2,117985 0,034177 2,118024 0,034174
Bpoj Takcona 645,000 3,122269 0,001795 3,125559 0,001775
bpoj pammimja 670,000 2,92688 0,003424 2,93504 0,003335
Bpoj ponosa 677,500 2,86827 0,004128 2,87274 0,004070
bpoj ocetspuBHX TakcoHa (AycTpHja) 738,500 2,39153 0,016779 2,41107 0,015907
Canpo6uu unznekc (Zelinka u Marvan) 921,500 0,824696 0,409545 0,824702 0,409541
Shannon uuaekc auBep3urera 818,000 1,770198 0,076695 1,770204 0,076694
BMWP ckop 703,500 2,665066 0,007698 2,665513 0,007687
ASPT 806,000 1,863983 0,062325 1,864282 0,062283
bpoj takcona Turbellaria 897,500 -1,14887 0,250610 -1,51062 0,130887
Bpoj Takcona Gastropoda 943,000 -0,79327 0,427623 -0,91719 0,359043
Bpoj takcona Bivalvia 1034,500 0,07815 0,937705 0,25537 0,798438
Bpoj Takcona Oligochaeta 1010,000 0,26963 0,787443 0,29544 0,767657
Bpoj takcona Hirudinea 990,000 0,42594 0,670151 0,66794 0,504174
Bpoj Takcona Crustacea 1033,500 -0,08597 0,931490 -0,09559 0,923847
Bpoj Takcona Ephemeroptera 598,500 3,48569 0,000491 3,50332 0,000460
Bpoj Takcona Odonata 1032,000 0,09769 0,922176 0,16241 0,870986
bpoj takcona Plecoptera 819,500 1,75847 0,078668 1,80959 0,070360
Bpoj takcona Trichoptera 876,500 1,31299 0,189186 1,32425 0,185421
bpoj Takcona Coleoptera 791,500 1,97731 0,048008 2,06021 0,039379
Bpoj Takcona Diptera 560,500 3,78267 0,000155 3,82227 0,000132
EPT-Takconu 690,000 2,77057 0,005596 2,77500 0,005521
Bpoj urmusuaya Turbellaria 938,500 -0,82844 0,407424 -1,07924 0,280480
Bpoj unnuBumya Gastropoda 916,500 -1,00038 0,317129 -1,13426 0,256687
bpoj naauBHya Bivalvia 1034,000 0,08206 0,934597 0,26811 0,788618
Bpoj nnauBuaya Oligochaeta 981,000 0,49628 0,619697 0,52899 0,596813
Bpoj nnauBuaya Hirudinea 995,500 0,38296 0,701752 0,59850 0,549505
Bpoj urmusunya Crustacea 1018,500 0,20320 0,838978 0,21345 0,830973
Bpoj unauBunya Ephemeroptera 708,500 2,62599 0,008640 2,62634 0,008631
bpoj naauBuya Odonata 1035,500 0,07034 0,943924 0,11674 0,907067
Bpoj unauBuya Plecoptera 786,000 2,02029 0,043354 2,03422 0,041930
bpoj nnausunya Trichoptera 866,000 1,39506 0,163000 1,39710 0,162384
Bpoj uamusuaya Coleoptera 761,000 2,21568 0,026714 2,27089 0,023154
bpoj unnuBuaya Diptera 781,000 2,05937 0,039460 2,06022 0,039378
KceHocanpoOHU opranu3Mu [%] 955,500 -0,695574 0,486696 -0,696758 0,485955
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OJTUrocanpoOHu opranu3Mu [%] 1017,000 -0,214925 0,829826 -0,214929 0,829823
GeTame3ocanpoOHK opraHu3Mu [%] 1001,000 0,339972 0,733878 0,339972 0,733878
andamesocanpoObHu opranu3mMu [%] 1018,000 -0,207109 0,835925 -0,207110 0,835924
ronucanpoOHu opranm3mu [ %] 994,500 0,390772 0,695966 0,500690 0,616589
[%] Ctpyrauu 785,000 2,02811 0,042550 2,02812 0,042549
[%] Cexaun 948,000 0,75419 0,450736 0,75481 0,450364
[%] KoxexTopu 905,000 1,09025 0,275602 1,09025 0,275602
[%] ®untpaTopu 931,000 0,88705 0,375051 0,88745 0,374836

4.2. Tlopeheme MeTOoH0I0THje Y30pKoBama Ha peuu dynas (Aquaterra
eKcreaummja)

Ha npBa nBa nokanurera Aquaterra excrienuiyje MpUMEHEHE Cy CBE TPH HaBeleHE
meTtone y3opkoBawa (K&S, xuapaynumunu polyp ©Oarep u j1peya). Y30pKOBame
xuapayinaauM  polyp ©Oarepom u K&S wmeTomom y mpuobaiHOj 30HHM BpIIEHO je
HCTOBPEMEHO, JIOK CE Y30PKOBAkE APEIIOM BPIIIIO HAKOH 3aBpIIETKA IIPBE JABE MPOIEIype.

Ha tepeHy je 3ak/by4eHO je Ja je 32 Y30pKOBame JIPEIIOM MOTPEeOHO IMyHO BpEMEHa, U
na Ou TO yTHIANO HA METOKYIMaH MpOoIeC y30pKOBamka TOKOM OBOT UCTPaKUBama, TaKo J1a
HHUje KopuiheHO y JajbeM TOKY y30pKoBama Ha Jokamuteruma ox ADS 3 no ADS 30.
VY3opkoBame xuapayaudaaum polyp 6arepom n K&S Mertona npuMemeHe Cy HCTOBPEMEHO Ha
nokanutetuma ox ADS 1 no ADS 18. V nacraBky ekcneaunuje kopuiiheHa je camo K&S
metoza (Slobodnik, 2005).

Amnanu3sa y3opaka ca npsa jBa jokanutera (ADS 1- 2), npukybeHUX PUMEHOM CBE
TP TIOMEHYTE METOJAC Y30pKOBama, Toka3yje ma cy rpyne Crustace u Insecta,
HAj3aCTyIJbeHH]je U TaKCOHOMCKHM HajOoraTuje rpymne y ropmweM naeny JlyHaBa. Y oOkBHpY
WHCEKATCKUX IpyTa Ha J[Ba MCITUTHBAHA JIOKAIMTETA JOMUHHPAjy TakcoHH Diptera, moceOHO
Chironomidae, Trichoptera u Ephemeroptera. Cnene Mollusca y okBupy Kojux je rpymna
Gastropoda Opojamja ox rpymne Bivalvia. Octane 3a0enexeHe rpyrne cy Mame 3acTyIJbeHe
(Polychaeta, Oligochaeta u Hirudinea). EdukacHocT y30pkoBama Tpu TEXHHUKE MPUKA3aH €
Kao Opoj TaKCOHA Y OKBUPY MJIEHTH(UKOBAHUX Tpyma Ha cIuiM 15 u kao O6poj MHANBHUAYA Y
OKBHpPY HICHTH(HKOBaHMX Tpyna (ciuka 16). YouaBa ce 1a y30pKoBame IPElioM HUje OHMII0
HajeQUKacHUWja MeToJa Yy TMorjeny 3a0ele’KeHHMX WHCEKaTCKUX Tpylna Ha JaThM
nokanuTeTuMa. Y ciydajy K&S merone Opoj MOMEHYTHX TaKCOHA W MHAMBHUIYa y OKBUPY

OBHUX TaKCOHOMCKHX Tpyma 6uo je Behu.
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Cnuka 15. bpoj TakcoHa yHyTap rpyrna MakpoOecKknuMemaka NpukymbeHux K&S meronom,

JperioM U xuapayiudaaum polyp darepom (ADS 1-2)

K&S meronom y3opkoBama npukyIbeHo je ykynHo 10 takcona u3 rpyne Crustacea, a
aperioM u Oarepom 7 TakcoHa. K&S metogoM mpukyrnsbeHO je 12 MHCEKaTCKUX TAaKCOHA,
Oarepom 14, a aperiom camo 3 mpeacTaBHUKA OBE Tpyne. Y3umajyhu y 003up 6poj UHIUBHya
y OKBHpY rpymna cutyanuja je ciuuna. [Ipexo 200 nnauBumaya Crustacea je mpukymbeHo K&S
metoaoM, oxgHocHo 500 polyp Garepom. U3 apene je u3aBojeHO cBera 5 wHIUBHUAya. bpoj
uHauBHIya rpyne Mollusca Ouo je 3Ha4ajaHuju y CiIydajy y3opKoBama jpenioM (Gastropoda
99, Bivalvia 46). 3na4ajan Opoj MHIMBHIya MOMEHYTE Ipyre 3a0eieKeH je Y y30phuMa
npukymseHuM K&S metonom (Gastropoda 45, Bivalvia 16) u polyp 6arepom (Gastropoda 91,
Bivalvia 13) (cnuka 16).
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Cnuka 16. bpoj nnuBuaya yHyTap rpyna MakpoOecKnIMemaka NpuKymbeHux K&S metomom,

JpeioM U xuapayauaaum Polyp 6arepom (ADS 1-2)
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V30pkoBame aperioM je HajedukacHHje 3a mpukysbamke Gastropoda u Bivalvia, amu
Ha TpBa JBa JIOKAJIUTETa OBH OPTaHU3MHU HE IPEJACTaBJbajy 3HAuUajHE TpPyNe Y OKBHPY
3ajeJHUIIE BOJICHUX MaKpoOeCKHUMemaKa. 1o ce Moke 00JaCHUTH CaCTaBOM IOJIOTE Y OBOM
neny JlyHaBa, Koja ce cacToju YIJIaBHOM OJi TECKa, CHUTHHjET W KpPYIHHJET KameHa
(LIJbYHKOBUTA/KaMEHUTA), T€ HUCY 3aCTyIJb€HAa CTAHUIITA IIOTOJHA 3a IOMEHYTE TIpyIie
opraHuzama.

VY3opkoBame xuapayiuanum polyp 6arepom u K&S TeXHHKOM BpIICHO je mapajieiHo
Ha jokaimuretuma o ADS 1 no ADS 18. Pesynratu oBe nBe MeTojie y30pKoBama nopehern
Cy Kako OW ce aHanu3mpasna mHhxoBa edukacHoOCT. JleTasbHM pe3yiaTaTd O Opojy TakcoHa

NpUKa3aHu cy Ha ciauuu 17.
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Cnuka 17. Bpoj TakcoHa yHyTap rpyra MakpoOecKnuMemaka NpukymbeHnx K&S meronom u

xuapaymnaauM polyp 6arepom (ADS 1-18)

Ha cmumu 18 ce yowaBa na je K&S mertona edukacHHMja Kaj je y muTamy Opoja
TaKCOHa MaKpoOeCKHMUMEHmaKa y OKBUPY Haj3acCTYIJbEHUJUX TaKCOHOMCKHX rpyma. [loctoju
3HauajHa pa3liiKa y YKYIHOM Opojy TakcoHa m3Mel)y oBe JIBe METO/Ie y30pKOBama. YKYITHO
74 takcoHa je 3a0erekeH0 HAaKOH o0pajie y3opaka mpukymbeHnx K&S merogoM. Aranuzom

y30paka MpUKYIJbeHUX Oarepom 3aberrexkeHo je yKymHo 53 Takcona (ciuka 18).
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m K&S

m Polyp barep

Crnuka 18. Ykyman Opoj TakcoHa y y3opluMa npukyrbeHuM K&S merogom u

xuapayanaauM polyp 6arepom (ADS 1-18)

Hauenno, Moxe ce 3akibyuuTH Ja noctoju oko 10-20% pasnuke uzmely edpukacnoctu
OBE J[BA TEXHUKE Y30pKOBama, OCHM KaJ Cy y IHUTamy BpcTe W3 rpyma Bivalvia, jep je
epukacHoct K&S merone aymino Beha ox y3opkoBama OGarepoM. OBo ce Moke 00jaCHUTH
tuMe WTo je y3 K&S y30pkoBame 00aBIbEHO J101aTHO MPETPAKUBABLE TEPEHA POBECHEM, LITO
je BeoMa BakaH Jieo oBe MeTojie 300r cneunpuyne auctpudyuuje Bpcta u3 rpyne Bivalvia.

Ha cmumu 19 npukasan je Opoj HMHIUBUAYa Y OKBHPY HAj3aCTYIJbEHHJUX
TaKCOHOMCKHX TpyTa TJIe CE€ jaCHO yodaBa Jla HE IMOCTOje 3HAadajHEe pa3uKe y OpOjHOCTH
U/IEHTU(HKOBAHUX TAaKCOHOMCKHX TpyIla MPUKYIUbEHUX JBEMa TEXHUKaMa, OCUM KOJ Ipyre
Gastropoda. Tpu myTta BuIlle puMepaka je OuiI0 mpucyTO y y30puuMa npukymbeHuM K&S
TEXHHUKOM HEro y y30puuma npukyrbeHuM polyp Garepom. OBo ce Moxe 00jaCHUTH THMeE
IITO Haj3acTysbeHuja Bpcta Gastropoda y [lynasy, Lithoglyphus naticoides (Pfeiffer, 1828),
npedepupa MoaIOry ca MEKMM HAHOCOM CequMeHTa. barepom ce 3axBara mojjiora koja
CaJipkl YIJaBHOM KpYyIHO KaMmeme, Yy KO0joj Cy MpeJCTaBHUIM OBEe TIpyne craduje
3actymbeHu. [lomora 6orara ceTMMEHTOM HA4eTHO j€ HCKJbYYeHa U3 Y30paKa MPUKYIIJbeHUX
XUAPAYJIUIHAM OarepoMm, T€ y OBOM cliydajy y3opiu y3etn K&S meromom caapxke Buie

rpyIna oprasusama koje cy OpojHuje.
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Cnuxka 19. Bpoj uauBuya yHyTap Haj3acTYIUbEHUJUX IPyIia MaKpOOSCKUIMEHaKa

npukymbeHux K&S meromom u xuapaysaunaaum polyp 6arepom (ADS 1-18)

IMopen Gastropoda, Crustacea mnpencTaB/ba jeaHy OJ HAj3aCTYIUBCHHUJUX Tpyma
MakpoOecknumemaka y JlyHaBy. Hwuje 3abenekeHa 3HayajHa pasinuka y e(QHKaCHOCTH
y30pKOBamba OBE TPyIE y OKBUPY JBE UCIIUTHBAHE METO/E Y30pKOBamba.

Cmuka 20 mnycTpyje OpOjHOCT TaKCOHA y OKBUPY MHCEKATCKUX TpyIa y30pKOBAHUX
nBemMa MeTofama. Hwucy wuaeHTH(UKOBaHE 3HAYajHE pasMKe IOjeluHadyHe OpOjHOCTH Yy

okBHpY Tpyna cem kox Trichoptera u Ephemeroptera.
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Cmuka 20. bpoj TakcoHa yHyTap HHCEKaTCKUX Ipyrna MaKpoOeCKMUMEmaKa MPUKYIIJbEHUX

K&S metonom u xuapaynuunum polyp 6arepom (ADS 1-18)
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Temko je natm KOHKpETaH 3aKJbydaK O OJHOCY OBE TPU METOJE Y30pPKOBama 300T
YUBCHUIC Ja TIOCTOjEe BEIUKE pa3jiMKe BE3aHE 3a JIE0 PEKEe KOjHu Ce Y30pPKyje CBaKOM
metonoM. Iloganum 3a cBe Tpu MeTOAE MOCTOj€ cCamo ca JBa JIOKAIUTETa KOJU C€ Hajla3e Ha
Hajy3BOJIHUJEM JIeJly UCIHUTUBAHOI nojapydja peke Jlyna. Tpeba Harnacutu na je morpeOHa
npenu3Huja ¥ JIeTajbHHWja MPUMEHA Y30pPKOBama JApPENOM 33 aHAIM3HPame HEHUX
moryhHocTu. Y oapehennm ycnoBuma (moriaBe) oBaj MPUCTYI MOKE OUTH jeIMHA TPAKTUIHA

METO/Za Y30pKOBambha 3a UCIIMTUBALEC TAKO BCIIMKE PEKE KA0 ITO je J_IYHaB.

4.3. llopeheme meTonoa0ruje y3opkopama Ha peuu JAynas (JDS 2
eKCIeInIMnja)

AHamM30M CBUX Yy30paka TMpUKYIUbeHHMX TokoM JDS 2 wucrpaxkuBama CBUM
kopumrheHnM Meronama ysopkosama (Air-lift, Multicorer, MHS, K&S u npenia) 3abenexeH je
ykynHO 441 TakcoH BOJCHUX MakpoOecknuMmemaka. Air-lift/MHS/Multicorer meronmama

NpPUKYIUBEHO je 362 TakcoHa, a 220 takcona K&S/npeua meronama (ciuka 21).

H K&S/apeya
| Airlift/MHS/Multicorer

Cnuka 21. Ykynan 0poj TakcoHa y y3opiumMa npukyrsbennM K&S/npena u Air-
liftf MHS/Multicorer metogama (JDS 2)

Mely uaentudukoBaHUM BpcTama MpeBIaJaBajy opraHu3aMu KOju ToJiepuiry anda-
(66,83%) u OGera-me3ocanpoduu (20,36%) crenen opranckor 3araliema. KcenocampoOHa,
OJIUTOCAnpoOHa U MOJIMCAanpoOHa rpyIa OpraHn3aMa 3acTyIubeHa je ca Mame o1 10 %.

AHaM30M OJHOCA Y 3aje[HHIM, Y OKBUDPY (QYHKIMOHAIHHUX Tpyna y HCXpaHH,

CTpyrauu ce M3J/iBajajy Kao JOMHHAHTHA Ipyma ca MpoLeHTyalHuM ydeuthem o 67,82%, mox
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Cy OcTajie TpyIe rOTOBO IOJjeTHAKO 3aCTYIUbCHE y aHAIM3UPAHO] 3ajeTHUIN (TIpeaaTopu —
16,93%, cakyrmbaun -12,34%, cexauu — 11,74%).

HajpasnoBpchuje rpymne 6une cy Diptera (174 takcona) u Oligochaeta (53 takcona),
ciene rpyne Ephemeroptera (42 spcra), Trichoptera (35 takcona) u Mollusca (Bivalvia ca 26
takcoHna, Gastropoda ca 27 rtakcona). 3abenexene cy u rpymne Coleoptera (17 takcona),
Amphipoda (13 Takcona) u Hirudinea (11 Takcona). Octane HaljeHe Tpyne Cy Mambe
pasHoBpcHe. OBU MoJaly ce OJHOCE CE Ha MCIUTHBAHM [0 ToKa JlyHaBa, ¢ TUM Jia ce Opoj

MHCEKATCKUX IpyTa 3Ha4ajHO CMarbyje Uayhu HIU3BOIHO.
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Crnuka 22. bpoj TakcoHa yHyTap Haj3acTyIJbeHUjUX IPyTa MaKpoOeCKHUMemhaKa

npukymbeHnx K&S/npena u Air-liftfMHS/Multicorer meronama (JDS 2)

IMopehewem cera momaraka y y3opumma nupukymbserum Air-liftfMHS/Multicorer
MeTo/laMa 3a0eNiexkeH je BelIWKdu Opoj TakcoHa yHytap rpyma Oligochaeta u Diptera
(pamunmja Chironomidae ymnu Behuny 3abenexenux Diptera). Behwuna npyrux rpyma
Takohe je edpukacHO MPUKYIJbeHa oBUM MeTtofama. K&S/nmpenia meTone y3opkoBama Ouie cy

edukacHuje 3a npukybamwe rpymna Mollusca, Odonata u Heteroptera (ciuka 22).
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Crnuka 23. bpoj mHIUBHIya YHYTap Haj3aCTYIUBCHUJUX IPyTa MaKpOOECKHUMEmhaKa

npukysbeHnx K&S/apena u Air-liftfMHS/Multicorer metonama (JDS 2)

VYHyTap Haj3acTyIJbeHUjUX Tpyna 3alenexeHa je 3HayajHa OpOjHOCT WHAMBUIYA Y

okBupy Crustacea, Oligochaeta, Gastropoda u Bivalvia y y3opuuma npukyrmbeHum Air-

liftfMHS/Multicorermeronama y ogaocy Ha K&S/npena y3opke (ciuka 23).

[Mopehewe meroma Air-liftfMHS/Multicorer 1 K&S/npeya je Ttemko, jep ce naBa

NPUCTYIIa HE pa3lMKyjy caMO TeXHWYKH, Beh M y TOrieay y30pKOBama pazIHuUuTHX

IIPOCTOPHUX 30HA peKe IITo nokazyjy u pesyiaratu MW - U tecra npukazanu y tabenu S.

YouaBa ce Ja BehuHa AHaJIM3UPAHUX OHOIOIIKUX mapamMeTapa HOKa3Yje CTaTUCTHYKHU

3HavajHy pasnuky (p <0,05).

TaGemna 5. Pesynratn MW-U Ttecra xojuMm cy mopeleHa /1Ba ceTa mapaMmerapa J0OHMjeHUX

aHamu3oM y3opaka ysetux Air-liftfMHS/Multicorer u K&S/apeua - Jlynas JDS 2 (upBeHo —

CTaTHUCTUYKHU 3HauajHe BpeanoctH 3a P<0,05)

BuoJsiomkun napamerpu U Z Bpe;);mﬂ Z Bpe;);mﬂ
AGynanna [ind/m?] 262,000 -9,58664 0,000000 -9,58664 0,000000
bpoj Takcona 2564,500 0,93216 0,351252 0,93294 0,350852
bpoj pamunuja 2563,000 -0,93780 0,348347 -0,94135 0,346528
Bpoj ponosa 2782,500 0,11276 0,910219 0,11298 0,910047
Bpoj oceTspHBHX TakCOHA 1170,500 6,17183 0,000000 6,37096 0,000000
Canpo6uu unzekc (Zelinka u Marvan) 272,000 9,54905 0,000000 9,54912 0,000000
Shannon uHekc guBep3uTeTa 670,000 8,05307 0,000000 8,05307 0,000000
BMWP Ckop 1755,000 3,97485 0,000070 3,97661 0,000070
ASPT 840,500 7,41221 0,000000 7,41455 0,000000
bpoj Takcona Porifera 2550,000 -0,98667 0,323807 -2,02469 0,042900
Bpoj takcona Turbellaria 2812,500 0,00000 1,000000 0,00000 1,000000

63




Pesynmamu paoa

Bpoj takcona Nematoda 1875,000 -3,52381 0,000425 -5,45894 0,000000
Bpoj Takcona Gastropoda 843,500 7,40094 0,000000 7,50256 0,000000
Bpoj takcona Bivalvia 902,500 7,17917 0,000000 7,28255 0,000000
Bpoj Takcona Polychaeta 1575,000 -4,65143 0,000003 -5,46698 0,000000
bpoj takcona Oligochaeta 1972,500 -3,15733 0,001592 -3,17591 0,001494
Bpoj Takcona Hirudinea 2542,000 -1,01674 0,309280 -1,40824 0,159062
Bpoj Takcona Crustacea 1562,000 -4,70029 0,000003 -4,75018 0,000002
Bpoj takcona Ephemeroptera 2724,500 -0,33077 0,740820 -0,54868 0,583229
Bpoj Takcona Odonata 1896,000 3,44487 0,000571 4,24084 0,000022
Bpoj takcona Plecoptera 2775,500 -0,13907 0,889393 -0,57349 0,566314
Bpoj Takcona Heteroptera 2737,500 -0,28190 0,778017 -1,01022 0,312390
Bpoj takcona Megaloptera 2775,000 0,14095 0,887908 1,00000 0,317311
bpoj Takcona Trichoptera 2379,000 -1,62941 0,103228 -1,96608 0,049290
Bpoj Takcona Coleoptera 2036,000 -2,91865 0,003516 -4,67152 0,000003
bpoj Takcona Diptera 2783,000 -0,11088 0,911710 -0,11194 0,910872
Bpoj Takcona Bryozoa 2662,500 0,56381 0,572884 2,02044 0,043338
EPT-Takconn 2324,500 -1,83426 0,066616 -2,07065 0,038392
Bpoj uanuBuaya Porifera 2535,000 -1,0430 0,296927 -2,1376 0,032547
Bpoj nanuBuaya Turbellaria 2812,500 0,0000 1,000000 0,0000 1,000000
Bbpoj nnausuaya Nematoda 1875,000 -3,5238 0,000425 -5,4291 0,000000
Bpoj nanuBuaya Gastropoda 2172,500 2,4056 0,016147 2,4064 0,016109
Bpoj nunuBuaya Bivalvia 1779,500 -3,8828 0,000103 -3,8828 0,000103
Bpoj nunuBnnya Polychaeta 1353,000 -5,4859 0,000000 -6,1679 0,000000
bpoj nnnuBunya Oligochaeta 113,500 -10,1448 0,000000 -10,1617 0,000000
bpoj unaueunya Hirudinea 2463,000 -1,3137 0,188956 -1,8125 0,069914
Bpoj manuBuaya Crustacea 917,500 -7,1228 0,000000 -7,1233 0,000000
bpoj unausunya Ephemeroptera 2687,000 -0,4717 0,637127 -0,7820 0,434238
bpoj nanuBunya Odonata 2089,000 2,7194 0,006540 3,3084 0,000938
Bpoj nunuBuaya Plecoptera 2776,000 -0,1372 0,890878 -0,5657 0,571578
Bpoj unnuBuaya Heteroptera 2739,000 -0,2763 0,782344 -0,9899 0,322216
Bpoj uanuBuaya Megaloptera 2775,000 0,1410 0,887908 1,0000 0,317311
bpoj unaueunya Trichoptera 2247,500 -2,1237 0,033698 -2,5484 0,010823
Bpoj nanuBuaya Coleoptera 2032,500 -2,9318 0,003370 -4,6771 0,000003
bpoj unnuBuaya Diptera 1603,000 -4,5462 0,000005 -4,5713 0,000005
Bpoj uanuBuaya Bryozoa 2662,500 0,5638 0,572884 2,0204 0,043338
KCeHocanpoOHu opraHusmu [%] 1861,500 -3,57455 0,000351 -4,44353 0,000009
onurocanpoOHu oprann3mu [%] 867,500 7,31073 0,000000 7,31073 0,000000
OeTame3ocanpoOHN Opranu3Mu %] 158,000 9,97754 0,000000 9,97756 0,000000
andamesocanpoObHu opranu3Mu [%] 522,000 8,60937 0,000000 8,60937 0,000000
nonucanpoOHu opranu3mu [%] 2507,500 -1,14641 0,251626 -1,15016 0,250080
[%] Crpyrauun 364,500 9,20137 0,000000 9,20137 0,000000
[%] Cexaun 356,500 9,23144 0,000000 10,09247 0,000000
[%] Caxyrbaun 371,000 9,17693 0,000000 9,17693 0,000000
[%] ®untparopu 354,000 9,24083 0,000000 9,24083 0,000000
[%] Oprann3mu koju HacesbaBajy MyJb 687,000 7,989176 0,000000 7,989176 0,000000
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[%] Opranu3Mu Koju HaceJbaBajy TIUHY 876,000 7,278777 0,000000 7,284069 0,000000
[%] Opranu3mu Koju HacesbaBajy Mecak 444,000 8,902547 0,000000 8,902547 0,000000
[%] Opranu3mu Koju HaceJbaBajy KPYIHHU)HU MECaKk 2439,500 1,402006 0,160915 1,402014 0,160912
[%] Opranu3Mu Koju HaceJbaBajy IIJbYHAK/KaMEH 822,000 7,481748 0,000000 7,481781 0,000000
g?r]eoh‘;;i‘;ﬁﬁ: I;fi}fp‘;g;ff“ajy 1692500 | 4,209775 | 0,000026 | 4,210236 | 0,000026
gﬁlg%fiﬁi“gp‘;‘fﬁ'ﬂg‘;‘ce“’aBajy 1779,500 | 3,882766 | 0,000103 | 3882887 | 0,000103

4.4 Tlopehemwe MmeToq0JI0THje Y30pKoBama Ha peuu Jynas (JDS 3
HCTPa)KUBame)

AHanm30M y30paka y3eTux CBUM MeTojamMa y3opkoBawma (MHS, K&S merona, npena)
uaeHTHGHKOBaHO je yKynHo 460 takcona. MHcekTcka rpymna, ca 319 TtakcoHa, je JOMMHAHTHA
KOMITOHCHTa 3ajeIHUIle MakpoOecknuMermaka. Diptera ca 222 takcoHa je Hajpa3HOBpPCHH]ja
rpyma, ox Tora 200 Bpcra npumaga ¢hamuinju Chironomidae. Ocrane 3abenexene rpyme cy:
Oligochaeta (55 Takcona), Mollusca (43 takcona - Bivalvia 23 u Gastropoda 20), Trichoptera
(40 Takcona), Ephemeroptera (32 takcona), Coleoptera (15 Takcona), Amphipoda (15
takcona) u Odonata (13 Takcona). Jlpyre 3abenexxeHe TaKCOHOMCKE Tpyrie Ouie Cy Marbe
pa3HOBpCHE.

Bera-me3ocanpoOHN OpraHU3MHU Cy MPOLEHTYATHO HAj3aCTYIJbEHU]H Y aHAJTU3UPAHO]
3ajenHUIn MakpobOeckmumemaka (32,54%). I[pouentyanno yuemrhe anda-me3ocanpoOHUX
opraHu3amMa y WCIHTHBAHO] 3ajequuid je naymio wmame (15,81%) KcenocanpoOHa,
oNMrocanpoOHa U nmoaucanpoOHa rpymna opranuzama Ouia je 3acTymbeHa ca Mame o1 10 %.

VY okBUpY (YHKIHMOHATHUX TPYIa y UCXPAaHH OYEKHBAHO CY C€ U3/BOJUIIH CaKyIJbaul
Kao JJOMUHAHTHA Tpyla y OKBHPY aHAJM3UpPAHE 3ajeTHUIIE, Ca MPOIEHTyaTHUM yuemheM o1
67,44 %. Cnene crpyraum ca nporeHTyatHuM ydernthem ox 10,29 %, mok cy mpeagaropu u
CEKauH 3aCTYIJbEHH ca Mame 01 5%.

Mamu Opoj TakcoHa je 3abenexeH y nyOspiM 30HaMa peke (Ipena) Hero y yzopiumMa
U3 npuodaiHe 30He NPUKYIbeHUM K&S texnukom (cimka 24). OBO ce MOke 00jaCHHTH
YHBEHUIIOM J1a c€ TyOJbH JICNIOBH BEIIMKUX peKa OJUTHKYjy MamOM T'YCTHHOM M XOMOTE€HOM
Hacesbeolnhy, MTO je Y3pOKOBAaHO HECTaOWIHUM ycioBuMa ceaumenta (Moog u cap., 2000;

Csanyi u cap., 2012).
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mK&S

B 1peuya

Crnuka 24. Ykynan 0poj TakCoHa y y3opuuMa npukyrmbeHnM K&S metogom u aperiom
(JDS 3)

Ha cnumm 25 ce jacHo youaBa 5a cy, ceM rpymne Diptera, Trichoptera u Oligochaeta,
OCTaJId TaKCOHU TOTOBO jEJHAKO 3aCTYIUbCHU Y Y30pIHMMa MPUKYIUbEHUM JperioM u K&S

METOIOM.
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Crnuka 25. bpoj TakcoHa yHYTap Haj3aCTYIUbEHUJUX IPyIia MAaKpOOSCKUIMEHaKa

npukybeHnx K&S meromom u aperom (JDS 3)

WNHuTepecanTan je oqHOC yKynmHOT Opoja MHAMBHUAYA Y y30pLMMa ABe nopehene meroze

(cnuka 26). Y y3opipMa NPHKYIIJBEHAM IperioM 3abernesxeH je Behu Opoj HHIUBHIYA.
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mK&S
H [lpeuya

Crnuka 26. Ykyman 0poj HHAUBHIya Y y30pIuMa npukyrsbeHnM K&S Metoom u nperiom

(JDS 3)

To ce HapouynTo OJHOCH Ha OpojHOCT mpeactaBHuka rpyme Crustacea Koju cy
U3y3eTHO OpOjHU Yy y30pIuMa NPUKYIJBEHUM JPEIoM, JOK je Opoj MpeacTaBHHKA rpyma
Oligochaeta u Diptera Behu y y3opuuma npukymbenum K&S mertomom (cnuka 27). Kon
ocTranux 3aleleXeHUX Irpyna Huje 3alelexeHa 3HayajHa pasivka y Opojy MHAMBUAyaA Y

y30pLUHMa IPUKYIUBEHUM JIBEMA aHAIU3UPAHUM METOAama.
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Crnuka 27. bpoj nHAMBUIYa YHYTap Haj3aCTYIUBCHUJUX TPYIIa MaKpOoOEeCKHIMEHhaKa

npukymbeHnx K&S meromom u aperiom (JDS 3)

[Mopehemem momaTaka MOOMjEHMX TOKOM OBOT HCTPaKHWBamka IPUMEHOM JBa
MPHUCTYyTIa Y30pKOBama, Kao u y ciy4ajy JDS 2 mcrpakuBama, jacHO ce youaBa pa3jBajame

MeToAa, To cy noTBpAuau pesyiaratu MW-U tecta npukaszanu y Tabenu 6, y K0joj ce BUAU
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Ja BehrHa aHATM3UPaHUX OMOJIOMIKMX MapamMeTapa Mmoka3yje CTaTUCTHUKHM 3Ha4ajHy Pa3iuky
(p <0,05) mTo 3Ha4yM 1a ce cBakOM MeTOaOM 00e30eljyje y30pKoBame jeaAnHCTBEeHE (ayHe -

dayna ny0okux Boja - Apena) u (ayHa npuodanne 30He - K&S.

TaGema 6. Pesynraru MW-U Tecta kojuMm cy mopeheHa aBa ceTa mapameTrapa J00HjeHHUX
aHanmu30oM y3opaka y3etux K&S metonom u apenom - [lynas JDS 3 (1jpBeHO — CTaTUCTHUKU

3HavajHe BpeaHoctH 3a P<0,05)

Buonomku napamerpu U Z Bpel?}-lOCT Z Bpe;)}-locT
AGynnana [ind/m?] 1353,000 0,160228 0,872702 0,160229 0,872701
Bpoj Takcona 558,500 5,252270 0,000000 5,255145 0,000000
bpoj pammnuja 752,000 4,01211 0,000060 4,02732 0,000056
bpoj ponosa 443,500 5,98932 0,000000 5,99333 0,000000
Bpoj oceTibuBHX TaKCOHA 966,000 2,640555 0,008277 2,740012 0,006144
Canpo6uu unzekc (Zelinka 1 Marvan) 520,000 5,499021 0,000000 5,499092 0,000000
Shannon uamexc auBep3uTeTa 670,500 4,534449 0,000006 4,534496 0,000006
BMWP Cxkop 1054,000 2,076553 0,037844 2,077561 0,037751
ASPT 1356,000 -0,141001 0,887870 -0,141085 0,887803
Bpoj takcona Porifera 1272,000 0,67937 0,496906 2,04862 0,040500
bpoj Takcona Turbellaria 1164,500 1,36835 0,171205 2,32391 0,020131
Bpoj Takcona Nematoda 1300,000 -0,49991 0,617138 -1,73237 0,083208
bpoj Takcona Gastropoda 1256,500 0,77871 0,436153 0,78827 0,430537
bpoj Takcona Bivalvia 872,000 3,24301 0,001183 3,27282 0,001065
Bpoj takcona Polychaeta 1255,500 -0,78512 0,432386 -1,29436 0,195542
Bpoj Takcona Oligochaeta 397,500 6,28414 0,000000 6,32662 0,000000
Bpoj takcona Hirudinea 1260,500 -0,75307 0,451408 -1,23917 0,215282
bpoj takcoHa Crustacea 1339,500 -0,24675 0,805101 -0,24887 0,803461
Bpoj Takcona Ephemeroptera 1335,000 0,27559 0,782862 0,34718 0,728460
bpoj takcona Odonata 1012,500 2,34253 0,019154 2,66595 0,007677
Bpoj takcona Plecoptera 1377,500 0,00320 0,997443 0,01353 0,989201
Bpoj takcona Heteroptera 1139,500 1,52857 0,126371 3,14926 0,001637
Bpoj Takcona Planipennia 1351,500 0,16984 0,865135 1,00957 0,312702
Bpoj Takcona Trichoptera 935,500 -2,83603 0,004568 -2,90120 0,003718
bpoj Takcona Coleoptera 1245,000 0,85241 0,393986 1,97286 0,048512
bpoj Takcona Diptera 465,500 5,84832 0,000000 5,86092 0,000000
EPT-Takconu 1014,000 -2,33292 0,019653 -2,37522 0,017539
Bbpoj uaauBuya Porifera 1272,000 0,67937 0,496906 2,04847 0,040515
bpoj unnuBuaya Turbellaria 1158,500 1,40680 0,159487 2,38408 0,017123
bpoj unnuBuya Nematoda 1300,000 -0,49991 0,617138 -1,73221 0,083237
Bpoj nanuBuaya Gastropoda 985,000 2,51878 0,011777 2,51902 0,011769
bpoj unnuBurya Bivalvia 1037,000 2,18551 0,028852 2,18565 0,028842
bpoj nuauBnaya Polychaeta 1244,000 -0,85882 0,390440 -1,41156 0,158080
bpoj unnuBurya Oligochaeta 397,000 6,28734 0,000000 6,30406 0,000000
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Bpoj unausuya Hirudinea 1263,000 -0,73705 0,461094 -1,21201 0,225510
bpoj uanuBunya Crustacea 816,000 -3,60192 0,000316 -3,60199 0,000316
bpoj nunusnnya Ephemeroptera 1366,000 0,07691 0,938696 0,09659 0,923051
Bpoj nanuBuaya Odonata 1035,000 2,19833 0,027927 2,45809 0,013968
bpoj nnauBuaya Plecoptera 1377,000 0,00641 0,994886 0,02707 0,978406
Bpoj nanuBuaya Heteroptera 1139,500 1,52857 0,126371 3,14870 0,001640
Bpoj uanuBmumya Planipennia 1351,500 0,16984 0,865135 1,00957 0,312702
bpoj nuauBnaya Trichoptera 653,000 -4,64661 0,000003 -4,69600 0,000003
Bpoj uamusuaya Coleoptera 1244,000 0,85882 0,390440 1,98670 0,046956
bpoj unnuBuaya Diptera 655,500 4,63059 0,000004 4,63188 0,000004
KCEHOCANpOoOHU opraHu3mMiu [%] 1308,500 0,445434 0,656007 0,565331 0,571849
oIMrocanpoOHu opranusmu [%] 1233,500 0,926117 0,354386 0,926120 0,354385
6erame3ocanpoOHu opranumu [%] 1365,000 0,083318 0,933598 0,083318 0,933598
andamezocanpodbHu opranu3Mu [% ] 634,000 4,768382 0,000002 4,768382 0,000002
HOJIMCANPOOHH OpraHu3Mu [%o] 301,000 6,902617 0,000000 6,904819 0,000000
[%] Crpyrauu 1070,000 1,974008 0,048382 1,974008 0,048382
[%] Cexaun 1114,000 1,692006 0,090646 1,692099 0,090628
[%] KonexTopu 445,000 5,979705 0,000000 5,979705 0,000000
[%] ®untpatopu 429,000 6,082250 0,000000 6,082250 0,000000
[%] IIpenatopu 1314,000 -0,410183 0,681672 -0,410186 0,681670
[%] Opranusmu koju HacesbaBajy MyJb 431,000 6,06943 0,000000 6,06945 0,000000
[%] Opranu3mu Koju HacesbaBajy TIMHY 870,500 3,25263 0,001144 3,25312 0,001142
[%] Opranu3mMu Koju HaceJbaBajy mecak 410,000 6,20402 0,000000 6,20406 0,000000
[%] Oprannsmu kKoju HacesbaBajy KPYIMHHU)H TecaKk 532,500 5,41891 0,000000 5,41972 0,000000
[%] Opranu3mu Koju HacesbaBajy HIJbYHAK/KaMEeH 1164,000 -1,37155 0,170204 -1,37155 0,170204
E:f’r]eohﬁ;i‘;’;;l‘g ‘ﬁ’ifp‘:gjf;”ajy 884,500 | 316290 | 0,001562 | 3,16291 | 0,001562
[%] Opranusyun koju nacemasajy 699,500 434858 | 0,000014 | 4,34861 | 0,000014

¢uHO3pHACTY ppakumjy

4.4.1.1Mopeheme pesyarara 100MjeHUX AaHAJIU30M Pa3JHYUTHX MeTOAA

y3opkoBamwa TokoMm JDS 2 u JDS 3 excneauuuje

[Topehemem pesynrara JOOHJEHUX aHAIM30M PA3TUYUTHX METOJIa Y30PKOBamka TOKOM

JDS 2 u JDS 3 ucrpaxuBama, y3opuu npukymberu Air-liftfMHS/Multicorer metonama (JDS

2) moka3syjy Behy CIMYHOCT ca y3opiuMa npukyrsbeHuM japeriom (JDS 3), mok cy momanu o

daynu, npukymbenn K&S meromom (JDS2 u JDS 3), y ckiiagy ca YnmbeHHUIIOM Ja ce (ayHa

nyOJpHMX JIeoBa peke pasiukyje on npuodamne dayne. Airlift, Multicorer u apeua, omHoCHO

DWS metone mokpuBajy opranusme ayosbe peuHe 30He, 10Kk K&S Merona mokpuBa dayHy

npuobasba (cnuka 28). P3nuka y ykynmHoM O0pojy TakcoHa npuKymbeHux TokoM JDS2 u JDS 3

UCTpaXKHMBama, Kao U m3Mel)y y3zopaka npukymbenunx K&S/mapya merogom (JDS 3) u K&S

texuukoMm (JDS 3) Huje 3HauajHa, ajau mocMaTtpajyhu mMerone mojearHavYHoO, yodaBa ce J1a je
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Hajsehu Opoj TakcoHa 3abenekeH y ysopiuma mnpukymbenuMm Air-liftt MHS/Multicorer

TEXHHKOM y30pKoBama (JDS 2).

JDS 3 YKynHo

JDS 2 YKynHo

JDS 3 Opeya

JDS 3 K&S

JDS 2 Air lift/MHS/Multicorer

IDS 2 K&S/apeua

0] 100 200 300 400 500

6poj TakcoHa

Cruka 28. Ipuka3 nopehema pesynarara qoOHjeHUX pa3IMuuTUM METOJamMa Y30pKOBamba

tokoM JDS2 u JDS 3 ucrpaxuBama

4.5. Tlopeheme MmeToa0I0THje y30pKkoBama Ha peuu [Aynas — BDepaancku
ceKkTop (akymyJaanuja)

Ha ucnutuBanum nokanureruma JlyHaBa y mepuoy HUCKUX (cenmTemOap/okTobap u
HoBeMOap 2014. roamue) ¥ BUCOKMX Bojaa (ampwmin u Mmaj 2015. romune), 3a0€ekKEHO je
yKynHO 156 TakcoHa y okBUpPY 16 TaKCOHOMCKO-EKOJIOIIKUX Ipyna.

[Ipema exomomikoj kKIacupUKaIMji TAKCOHA, Y OJHOCY Ha campobHy Baneniy (Moog
2002), youaBa ce na 3a rotoBo 50% opranmuzama Huje onpehena canpoOHa BaneHna. Ocratak
aHaNM3MpaHe 3ajeIHule punaaa 6eramezocanpodbuum opranusmmuma (20,73%). [pubnmxao
je cnuuHa OPOJHOCT MPOIEHTYaIHOT yuentha andame3ocanpoouux (13,4%) u monucanpoOHUX
opraam3ama (13,1%) koju Tonepumny Behm cremen opranckor 3arahema. [IporeHtyanHo
ydemhe oJIMrocampoOHUX OpraHu3aMa, KOju Tojepuiry ciabo opraHcko 3araheme, je
u3y3eTHO Majo (4,7%)

3a ucnutuBaHu Jeo JlyHaBa, KOjU je TMOTAMOHCKOT THWIIA, OYEKHBAH j€ BEIUKH
nporeHat ydemha cakyIlybaya y aHAJIM3WPAHO] 33j€JHHUIM BOJCHUX MaKpOoOeCKHUMEemaka U
uzHocu 80,57%. [Ipouentyanno yuenthe crpyraua y 3ajelHUIIM U3HOCU MPUOMHKHO 8%, JOK
Cy mpenaTopH 3acTymubeHH ca 3%. OBakaB cacTaB 3aje[JHHIIC Y OKBUPY (DYHKIIMOHAITHUX

rpyna y UCXpaHH IMOKJIamna ce ca KOHIIETOM peyHor KoHTuHyMa (Vannote u cap., 1980).
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4.6. ITopeheme MeTON0/10THja Y30PKOBaWkha y NePUOAY HUCKHMX BOJa HA
peuu Jlynas - BDepaancku cekTop (akymyJjgaunuja)

Tokom aHanm3e y3opaka BOJCHHX MaKpoOecKHnIMemaka NpukymbeHnx K&S meromom
u Van Veen Garepom, y mepuoay HUCKHX Boja (centemOap/okTobap um HoBeMOap 2014.
roauHe), 3abenexxeHo je ykynao 102 takcona y okBupy 14 TakcoHomckux rpymna. Ha ciumm

29 je mpuKa3aH yKyIaH Opoj TaKCOHA MPUKYIIJbEHUX PA3IHYUTHM TEXHUKaMa y30pKOBamba.

B K&S_2014
B Van Veen_farep_2014

Cmuxka 29. Ykymas 0poj TakcoHa y y3opuuMa npukymbeanM K&S metonom u Van Veen

OarepoM y nepuoay Huckux Boja ([yHnas — DBepaar)

VY y3opuuMa npuKkyIbeHUMY TEpPHOAY HHCKHX BOJa oO0eMa MeTojama 3a0eliexeHa je
HajBeha pasHoBpcHocT: Diptera ca 36 3abenexeHa TakcoHa, Mel)y KojuMa je Haj3HAuYajHHUjU
yaeo pamunuje Chironomidae ca 25 takcona Hajopojuuja, Oligochaeta ca 22 u Crustacea ca
12. Cnenu rpyna Gastropoda ca 9 takcona, JOK ce ocTaje rpyle OJJIUKYjy MPHCYCTBOM
Mamer Opoja Takcona (Heteroptera, Bivalvia u Odonata ca 4, Trichoptera u Ephemeroptera ca
2 u Hydrachnidia, Hirudinea, Polychatea, Nematoda u Turbellaria ca mo 1 3abenexeHum
TaKCOHOM).

Ha coumm 30 je mpukaszan Opoj TakcoHa yHyTap rpyna y y30plHMMa HPUKYIJbEHUM
pa3IMUUTHM MeToJama y Tepuoay HHCKHX Bojaa. 3HauajHo Behu Opoj Takcona Diptera,
Gastropoda n Oligochaeta npukymber je K&S Meromom. Octanu 3a0eiie)xxeHl TAKCOHH, HaKO

Mambe OpOjHM YIJIaBHOM Cy 3aCTYIUbEHUJU Y Y30pLUMa MPUKYTIJbEHN! OBOM TEXHUKOM.
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Cmuxka 30. Bpoj TakcoHa yHyTap rpyma MaKkpoOeCKHIMEmhaKa y y30plruMa IPUKYIJbEHUM

K&S metomom u Van Veen 6arepom y nepuoay Huckux Boja (JyHnas — Hepaam)

Wntepecantan je  ogHOC

opoja

WHJIUBUIYA

yHyTap 3a0elexeHuX Tpyma

MakpoOeCKHMYMemhaKka y y30plHMa NPUKYIUbEHUM Pa3IndUTUM MeToJama. Y ouaBa ce BeJIHKa

pasnuka y 6pojy unnuBuaya Crustacea y yzopuuma npukymbeHuM K&S metonom y omHocy

Ha y30pKe IpuKyImsbeHe Van Veen Garepom, Kao M ye€0 MHCEKAaTCKe KOMIIOHEHTE, IITO je U

OYEKHBAHO jep ce Y30pKOBambe OBOM METOJOM BpPIIM y NMPHOOATHOM JIey TJe Ce M Hajase

CTaHUINTa Koja mpedepupajy oBe Tpyle opraHusama. Y y30pIuMa MPHUKYIJBEHUM Oarepom

Opojuuju cy neno- u aprunoduiHu npeacraBauiy rpymna Oligochaeta, Gastropoda u Bivalvia

(cnuka 31).
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Cnuka 31. bpoj uHIUBHUAYa yHyTap TpyIa MakpoOeCKHUMEemhaka y y30piyuMa NpUKyIUbEHUM

K&S meromom u Van Veen 6arepom y nepuoay Huckux Boaa ([lynas — ,, hepmamn’)
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[Topehewem ceroBa momaraka AOOHJEHHX aHAIM30M Y30paka MPUKYIUBCHUX ¥

Hepuoly HUCKUX BOJIa INPUMEHOM JIBa MPUCTYINa Y30pPKOBamka jaCHO CE€ yOdaBajy pasiHKe,

mro cy notBpawin pesyiaratd MW-U tecra npukazanu y Tabenu 7, y K0joj ce BUIH J1a JOCTa

aHaAJIM3UPaHUX OMOJIOIIKKX IMapaMeTrapa MoKas3yje CTaTUCTUIKH 3HaudajHe pasnuke (p <0,05).

TaGena 7. Pesynratu MW-U Ttecta xojuMm cy nopehena aBa ceta mapaMerapa A0O0HMjeHUX

aHanmu3oM y3opaka ysetux K&S meromom m Van Veen Garepom y mepuogy HUCKUX BOAA

([dynaB — ,,hepaan”) (upBEeHO — CTATUCTHYKHU 3HaYajHe BpeaHocTH 3a P<0,05)

buosomxn napamMerpu U z p-BpeaHoct z p-BpeaHocT
AGynnanna [ind/m’] 82,5000 1,71485 0,086374 1,71516 0,086317
Bpoj Takcona 64,5000 2,39325 0,016701 2,39875 0,016452
Bpoj damummja 65,5000 2,355557 0,018496 2,369496 0,017813
Bpoj ponosa 67,0000 2,299024 0,021504 | 2,307498 | 0,021028
Bpoj oceTsbuBuX TakcoHa 92,0000 1,35680 0,174845 1,59260 0,111252
Canpo6uu nuzexc (Zelinka u Marvan) 46,0000 -3,09049 0,001998 -3,09077 0,001997
Shannon nuznexc auBepsutera 82,0000 1,73369 0,082974 1,73385 0,082946
BMWP Cxop 73,0000 2,07289 0,038183 2,07976 0,037548
ASPT 55,0000 2,75129 0,005936 2,76092 0,005764
Bpoj takcona Turbellaria 128,0000 | 0,000000 1,000000 | 0,000000 | 1,000000
Bpoj Takcona Nematoda 128,0000 | 0,000000 1,000000 | 0,000000 | 1,000000
Bpoj rakcona Gastropoda 95,0000 1,243734 0,213598 1,323248 0,185754
Bpoj Takcona Bivalvia 125,5000 | -0,094222 0,924933 | -0,109974 | 0,912430
Bpoj rakcona Polychaeta 120,0000 0,301511 0,763025 1,000000 0,317311
bpoj Takcona Oligochaeta 111,5000 | 0,621867 0,534030 | 0,629411 | 0,529081
Bpoj takcona Hirudinea 112,0000 | 0,603023 0,546494 | 1,052209 | 0,292705
bpoj Takcona Crustacea 50,5000 2,920891 0,003491 | 2,982763 | 0,002857
Bpoj Takcona Ephemeroptera 112,0000 | 0,603023 0546494 | 1,437591 | 0,150551
Bpoj rakcona Odonata 87,5000 1,526401 0,126911 2,122777 0,033773
Bpoj Takcona Heteroptera 104,0000 | 0,904534 0,365713 | 1,788214 | 0,073742
Bpoj rakcona Trichoptera 127,5000 0,018844 0,984965 0,044901 0,964186
Bpoj Takcona Diptera 66,5000 2,317868 0,020457 | 2,365159 | 0,018023
Bpoj takcona Hydrachnidia 128,0000 | 0,000000 1,000000 | 0,000000 | 1,000000
EPT-Takconu 119,0000 | 0,339200 0,734459 | 0,670580 | 0,502489
Bpoj nnausupya Turbellaria 128,0000 | 0,000000 1,000000 | 0,000000 | 1,000000
Bpoj nuzmerya Nematoda 122,5000 0,207289 0,835784 0,252503 0,800652
bpoj nuaunaya Gastropoda 93,0000 1,319112 0,187133 | 1,393649 | 0,163425
bpoj nnauBnaya Bivalvia 128,0000 | 0,000000 1,000000 | 0,000000 | 1,000000
bpoj unmemya Polychacta 120,0000 | 0,301511 0,763025 1,000000 | 0,317311
Bpoj nuanennya Oligochacta 123,5000 | -0,169600 0,865325 | -0,169678 | 0,865264
Bpoj numennya Hirudinea 111,5000 0,621867 0,534030 1,083278 0,278686
Bpoj unnuBnaya Crustacea 41,0000 3,278936 0,001042 | 3,330300 | 0,000868
bpoj unausnzya Ephemeroptera 112,0000 | 0,603023 0546494 | 1,436842 | 0,150764
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Bpoj nnausnaya Odonata 88,0000 1,507557 0,131669 | 2,083683 | 0,037190
Bpoj unauBnaya Heteroptera 104,0000 | 0,904534 0,365713 | 1,788214 | 0,073742
Bpoj nuzmennya Trichoptera 127,5000 | -0,018844 0,984965 | -0,044901 | 0,964186
Bpoj nnausnaya Diptera 73,0000 2,072890 0,038183 | 2,085350 | 0,037038
Bpoj mameunya Hydrachnidia 128,0000 | 0,000000 1,000000 | 0,000000 | 1,000000
KCEHOCANPOOHH OpraHu3Mu [%o] 90,0000 1,43218 0,152094 1,97950 0,047761
OTUrOCANPOOHH OpraHm3MH [%o] 26,0000 3,84427 0,000121 3,84780 0,000119
GeramesocanpobHi opraHusmH [%] 58,0000 2,63822 0,008335 2,63847 0,008329
angamesocanpobHu opraHu3MHu %] 39,0000 -3,35431 0,000796 -3,35585 0,000791
TIONHCANPOOHH opraHusMu [%] 49,0000 -2,97742 0,002907 -2,97879 0,002894
[%] Crpyraun 86,5000 1,56409 0,117797 1,56928 0,116585
[%] Cexaun 56,5000 2,69476 0,007044 2,73645 0,006211
[%] Konexropu 33,5000 -3,56160 0,000369 -3,56520 0,000364
[%] @urrpaTopu 33,0000 3,58045 0,000343 3,59199 0,000328
[%] Ilpenatopu 52,0000 2,86436 0,004179 2,87917 0,003987
[%] Opranm3mu Koju HacesbaBajy MyJb 46,0000 -3,09049 0,001998 -3,09106 0,001995
[%] Oprasusmu Koju HacesbaBajy TTHHY 124,0000 0,15076 0,880169 0,15487 0,876924
[%] Opranusmu Koju HacesbaBajy Mecak 50,0000 -2,93974 0,003285 -2,94108 0,003271
[%] Oprasm3smu Koju HacesbaBajy KpyIHH]H MecaK 93,0000 1,31911 0,187133 1,35524 0,175343
[%] Opranusmu Koju HacesbaBajy LIJbYHAK/KaMeH 101,0000 1,01760 0,308868 1,02286 0,306373
Ej’f’r]eoﬁi';;‘:‘g 'ig:p‘(‘)ﬁff“ajy 705000 | 216711 | 0030227 | 222625 | 0,025998
[70] Oprammswn koju nacemasajy 111,5000 | -0,62187 | 0534030 | -0,62671 | 0,530850

¢uHO3pHACTY ppakumjy

4.7. ITopeheme MeTOA010THja Y30PKOBakba y NepHOAY BUCOKHMX BOJAa HA
peuu Jlynas - BDepaancku cektop (akymyJianuja)

VY y3opiuma BOJIEHHX MaKpOOECKHUMEHmaKa MPUKYIIJBEHUM Y TIEPHOAY BHCOKUX BOJA

tokoMm (ampmi-maj) 2015. romuue, 3abenexkeH je 71 TakcoH y okBupY 10 TaKCOHOMCKHX

rpymna.

CianyHO Kao u y nepuoay HUCKUX BOOA, YKYIIaH 6p0J TaKCOHA 3a0elIeKeH Yy nepuony

BHCOKMX BOJIa, /IBEMa HaBEJICHMM METOJaMa Y30pKOBama, MOKa3yje 3HauajHy pa3iIUKy y

xopuct K&S metoze (ciuka 32).
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Cnuka 32. YkymaH 0poj TakcoHa y y3opuuMa npukymbeanM K&S metogom u Van Veen

Oarepom y nepuoy Bucokux Boja ([ynas — ,, Bepnamn™)

Hajopojuuje rpymne omne cy Diptera ca 29 takcona (mpu yemy je 27 TakcoHa u3
damumuje Chironomidae), Crustacea ca 17 u Gastropoda ca 10 takcona, JOK ce ocraie
3a0enexeHe TpyIe OUIHKYjy IIPUCYCTBOM Mamer Opoja TakcoHa (ckuka 33). CinyaH je 0aHOC
Opoja TakcoHa yHyTap Tpyla aHaJM3HPaHUX y30paka NPHKYIUBCHUX JBEMa MeTojaama, y
NepuoJly HUCKUMX BOJa Kao KOJ| Yy30paka MpPUKYIUbEHHX Y HEepUOy BHUCOKMX Boja. Y
y30piuMa npukyrbeHIM K&S MeTonom npuMeTHo cy OpojHHju TakcoHH U3 Tpymna Diptera u
Crustacea y 0THOCY Ha y30pKe y3eTe Oarepom.
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Cnuxka 33. bpoj TakcoHa yHYTap rpyrna MakpoOeCKHIMEmhaKa y y30plruMa IpUKYIJbEHUM

K&S meromom u Van Veen 6arepom y nepuoy Bucokux Boja (ynas —,, hepaamn™)
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Ha cnmumm 34, Ha k0joj je mpuka3zaH yKynaH Opoj MHIMBHAya NMPHUKYIJBEHUX JBEMa

pasIMYUTUM MEeToJlaMa y30pKOBama. YoudaBa ce Ja je 3HadajHo Behu Opoj MHIAMBUAYya U3

rpyne Oligochaeta npukymsen K&S meromom. Crnene rpyme Gastropoda, Diptera wu

Crustacea, ko kojux je Takohe Behu Opoj nHAMBHIYa 3a0€ICKEHY y30pLIHUMa MPUKYIIJEEHUM

K&S wmerogom. Ocrane wuaeHTH(PUKOBAHE TpyIle Cy 3acTyIUbEHE ca MamHhM OpojeM

UH/IMBUYA Y Y30pLKMMa NPUKYIJbEHUM 00eMa TeXHUKaMa.
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Crnuka 34. bpoj uHANBHUIya YHYTap Tpymna MakpoOeCKHUMEHaKa y Y30pIUMa MPUKYTIHCHIM

K&S metogom u Van Veen Garepom y neproay Bucokux Boaa ([lynas — ,, hepmamn’™)

Pesynratu MW-U tecta xojum cy mopeheHa nBa ceta OMOJOIIKMX Mapamerapa,

IIPUKYIUBEHUX Pa3IMYUTUM TEXHUKAMa y30pKOBama y IEpUOAY BHUCOKUX BOJA, IMPHUKA3aHAU

cy y Tabenum 8. YouaBajy ce CTaTUCTHYKH 3HAuYajHE pa3IMKe KOJ BEJIUKOT Opoja

AHAJIM3UPAHUX IMapaMeTapa CIIMYHO Ka0 U y IIEpuoAy HUCKUX BOJA.

TaGemna 8. Pesynratn MW-U Ttecta xojuMm cy mopeleHa /1Ba ceTa mapaMerapa J0OHMjeHUX

aHanu3oM y3opaka yzetux K&S merogom m Van Veen GarepoMm y mepuody BHCOKHX BOJa

(dyna — ,,Bepaan”) (1jpBeHO — CTATUCTHYKH 3Ha4ajHe BpeaHocTh 3a P<0,05)

Buonomku napamerpu U Zz Bpegm" z BpCE];OCT
AGynnana [ind/m?] 99,0000 1,99323 0,046237 1,99362 0,046195
bpoj Takcona 63,5000 3,11640 0,001831 3,13298 0,001731
bpoj dbamunuja 86,5000 2,388714 0,016908 2,413378 0,015806
Bpoj ponosa 60,5000 3,211318 0,001321 3,227979 0,001247
Bpoj oceTibUBHX TakcOHA 153,5000 -0,26893 0,787985 -0,30429 0,760907
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Canpo6uu unzekc (Zelinka u Marvan) 110,0000 -0,35725 0,720906 -0,35743 0,720772
Shannon uxnexc auBep3ureTa 66,5000 3,02149 0,002516 3,02363 0,002498
BMWP Ckop 86,0000 2,40453 0,016194 2,41278 0,015832
ASPT 101,0000 1,92995 0,053613 1,93645 0,052814
Bpoj takcona Gastropoda 161,0000 0,031639 0,974760 0,03376 0,973070
Bpoj takcona Bivalvia 134,0000 -0,885881 0,375682 -1,06502 0,286869
Bpoj Takcona Polychaeta 153,0000 0,284747 0,775838 1,00000 0,317311
Bbpoj Takcona Oligochacta 135,0000 -0,854242 0,392971 -1,24568 0,212882
Bpoj Takcona Crustacea 71,0000 2,879113 0,003988 3,04994 0,002289
Bpoj takcona Ephemeroptera 144,0000 0,569495 0,569021 1,43486 0,151328
Bpoj takcona Odonata 144,0000 0,569495 0,569021 1,04583 0,295643
Bpoj takcona Heteroptera 144,0000 0,569495 0,569021 1,43486 0,151328
bpoj Takcona Trichoptera 153,0000 0,284747 0,775838 1,00000 0,317311
Bpoj takcona Diptera 40,0000 3,859909 0,000113 3,96059 0,000075
EPT-Takcouu 144,0000 0,569495 0,569021 1,43427 0,151495
Bbpoj nanuBuaya Gastropoda 138,5000 0,743507 0,457175 0,765028 0,444256
bpoj nnauBuaya Bivalvia 143,5000 -0,585314 0,558337 -0,699520 0,484228
bpoj nanuBuya Polychaeta 153,0000 0,284747 0,775838 1,000000 0,317311
Bpoj uamuBmnmya Oligochaeta 121,0000 1,297183 0,194569 1,301967 0,192929
bpoj unauBuaya Crustacea 67,0000 3,005667 0,002650 3,179181 0,001477
Bpoj unmusuaya Ephemeroptera 144,0000 0,569495 0,569021 1,434860 0,151328
bpoj nuauBuaya Odonata 144,0000 0,569495 0,569021 1,045825 0,295643
Bbpoj nuanuBuaya Heteroptera 144,0000 0,569495 0,569021 1,434274 0,151495
Bpoj nnauBnaya Trichoptera 153,0000 0,284747 0,775838 1,000000 0,317311
Bpoj unausuaya Diptera 36,5000 3,970644 0,000072 4,018775 0,000059
KCeHOCanpoOH! opranu3mi [%] 117,0000 1,42374 0,154524 2,36748 0,017910
0JIMrocanpoOHu opranusmu [%] 91,0000 2,24634 0,024683 2,26389 0,023582
Oetame3ocanpoOHu opranu3mMu [%] 109,0000 1,67685 0,093574 1,67901 0,093151
andamezocanpodHu opranuzMu [%] 104,0000 1,83504 0,066501 1,83752 0,066134
nojucanpoOHu opranu3mu [%] 132,0000 0,94916 0,342541 1,37361 0,169565
[%] Ctpyrauun 93,0000 2,18306 0,029032 2,18447 0,028928
[%] Cexaun 74,5000 2,76838 0,005634 3,04107 0,002358
[%] Konekropu 105,0000 -1,80340 0,071326 -1,80352 0,071308
[%] ®untparopu 78,5000 2,64182 0,008247 2,65639 0,007899
[%] Mpenatopu 99,0000 1,99323 0,046237 2,08678 0,036909
[%] Opranusmu koju HacesbaBajy MyJb 103,5000 -1,85086 0,064191 -1,85336 0,063831
[%] Opranu3mu Koju HacesbaBajy IIIHHY 159,0000 0,09492 0,924382 0,10600 0,915583
[%] Oprann3mu Koju HaceJbaBajy Imecak 64,0000 -3,10058 0,001932 -3,10558 0,001899
[%] Oprann3mu Koju HacesbaBajy KPYIHHUjH IecaKk 87,0000 -2,37289 0,017650 -2,37841 0,017388
[%] Opranu3mMu Koju HaceJbaBajy IIJbYHAK/KaMEH 104,0000 -1,83504 0,066501 -1,83563 0,066413
5 - -
gﬁfﬁi‘;ﬁ;ﬁ: ‘;’i}fp‘;?{)’;’;a“ajy 143,5000 | 0,58531 0,558337 0,64292 0,520277
5 - -
[%0] Opranusmun koju nacemasajy 119,0000 | 1,36046 0,173685 1,38630 | 0,165655

¢dunHo3pHACTY hpaKiujy
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AHanm3oM y30paka NpUKYIUbeHHX Ha JlyHaBy yTBpheHO je nma mocToje 3HayajHe
pasiimke y Opojy TakCOHa y y30pIMMa NMPHKYIJBCHHM PYYHOM MPEKOM U y30paka y3eTHUX
Oarepom (ciuka 35). Moxe ce 3ak/byuyuTH Ja OOJbM NpPUKA3 CTamba 3ajeJHHIIE BOJIECHUX
MaKpoOeCKHYMEaKa Ha HCIIUTUBAHOM CEKTOPY J1ajy Y30PILHU MPUKYILUBEHH PYYHOM MPEIKOM,
T€ je cTora 00jeKTUBHO Pa3MHUIILBATH Jia C€ y30plH y Oyayhe y3umajy camo KBaJUTAaTHUBHO.
OmnpaBlaHo je MUIUBEHE J1a CAKYIJbEH MaTepHjall He Jaje MpaBy CIMKY O KaBAIUTETy BOJC U
€KOJIOIIKOM CTaTyCy 300T BaHpeIHE CHTYyalldje U IMOIUIaBa KOje Cy MPEAXOAMIIC Y30pKOBambYy
(maj, 2014. rogune), jep HUje OMIIO TOBOJHHO BPEMEHa J1a ce OOHOBH U CTa0MIIN3Yje 3ajeTHHIIA

BOJCHHX MaKpO6eCKI/I‘IM€H>aKa.
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Crnuka 35. Ykynan Opoj TakcoHa yHyTap Tpyra MakpoOeCcKHIMemaka y y30puumMa

npukyrubeHnM K&S metomom u Van Veen 6arepom y meproay HUCKHX M BUCOKHX BOJa

(HyHaB - nT‘)epHaH’ ,)

4.8. Ilopeheme MeToA0T0THja y30pKOBamka Ha peun CaBu

Ha ocnHoBy Matepujana mnpukymbseHor K&S wmeromom, ca nBe Bpcre mojiora
(mpupogHa — nn U BemTauka — BI) TokoMm 2011 m 2012. roaune, aHanu3upaH je cacTaB
3ajeJHMIIa BOJEHUX MaKpoOecKMuMemaka. AHalM3MpaHH CceT [oJaTaka MpeacTaBiba
penpe3eHTaTUBHU /€0 KOMIUJIETHO NMPHUKYIJbEHOI MarepHjajia. 3abenexeHo je yKymHo 227

TaKCOHA y OKBHPY UCTpaxkuBaHOT cekTopa (177 — mm u 60 — Bm) (ciuka 36).
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Cnuxka 36. YKymaH Opoj TakCOHa y y30piuMa MpUKyIUbeHHM K&S MeTo10M Ha IPUPOTHO] U

BelTaukoj noanosu (Casa)

CacraB 3ajeHHIIE MAKPOOECKUUMEHaKa j€ OYEKHBAH M THIIMYaH 32 OBAaKaB THUII PEKE.
YT1BpheHo na BOJACHU MHCEKTH YMHE TJIABHU /€0 3ajeaHuIle ca 157 3a0enekeHnX TaKcoHa
(113 —nm u 30 — Bn) (cimka 37). Mebhy uncekruma, pen Diptera 6uo je najopojuuju ca 70
UICHTH(UKOBAaHUX TaKCOHA, OJ Kojux 52 Takcona mpunaga Qamumimju Chironomidae.
WHcekarcke rpyne ca 3Ha4ajHUM OpojeM uaeHTH(UKOBaHMX TakcoHa, Trichoptera (35),
Coleoptera (23) wu Ephemeroptera (15), Ttakohe wumHe BakaH €0 3ajeTHHIIC
Makpobecknumemaka. Behe 6orarcTtBo TakcoHa 3a0enexeHo je y okBupy rpymne Mollusca - 27
(Gastropoda 19 u Bivalvia 8) u Annelida - 24 (Oligochaeta 18, Hirudinea 5 u Polychaeta 1).

[Mopen paznuka y ykymHOM Opojy 3a0eneXeHUX TaKCOHA, pa3lInKe YHyTap 3ajeIHHuIla
yo4aBajy ce W JyX PeuHOr KOHTHHyMa 1O o4yekuBaHOM oOpaciy (Vannote u cap., 1980).
Cakymybauu Cy MpOLEHTYaJHO Haj3acTymsbeHuju, ca 33,38%, ox Tora MOJIOBUHY YUHE
aktuBHM Quntpatopu (15,78%). Cnene crpyraun ca NpOLEHTYyaJHOM 3acTyIUbeHOLINy O]
15,91%, nmok cy mpematopu U ceKadyM 3acTylubeHH ca Mame on 10% on ykymHor Opoja
3a0eIeKEHUX MaKPOOECKIUMEHhaKa.

On opramm3ama KkojumMa je onpehena campoOHa BajieHra, BehuHy dYuHE
OetamesocanpoOnn  npencraBuuim  (29,54%).  Andamesocanpodnn  (12,27%) wu
nonucanpobuu (7,49%) opraHu3Mu, KOjU TOJEpHUILNY BHUIIM CTENEH OpraHckor 3aralema
UMaJIH Cy Mamy 3aCTYIUBEHOCT Y aHAIM3UPAHO] 3a)¢/THHULIH.

CMmameme Opoja TakcoHa mpeacTaBarka Ephemeroptera u Trichoptera gy Toka jacHo
oJlpaXkaBa IMpPOMEHE KapaKTepUCTHKa peke. Behe mpucycTBo oBHX HHCekaTa OOWYHO je
KapaKTEePUCTUYHO 32 TOPHEC M CPEIIEbE JICTIOBE peuHUX TOKoBa y mopehemwy ca nowmum (Allan,

1995). I'pyna Turbellaria 3a6enexena je Ha jgokanuTeruma 1-8. Bpoj TakcoHa yHyTap rpymna

79



Pesynmamu paoa

KOje cy KapakTepucTHuHe 3a Benuke paBHuuapcke peke (Oligochaeta, Bivalvia, Gastropoda,
Diptera u Odonata) Beha je Ha nokanuretuma 3-12 y ognocy Ha 1 u 2.

Ha comum 37 jacHO ce Buue pa3nuke Yy OpojHOCTH yHyTap 3a0elexeHHX
TAKCOHOMCKHX TpyIa MPHUKYIUbEHUX Ha JIBE BPCTE MOJUIOTE. Y30pIH ca MPUPOJIHE MOIIOre

OWIH cy 3HaYajHO OOMMHHM]H IIITO j€ ¥ OUYEKHUBAHO.

6poj TakcoHa
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Cnuka 37. bpoj TakcoHa yHyTap HajOpOjHHjUX TpyIia MAKpOOECKUUMEHhaKa y y30puuma

npuKkymbeHnM K&S MeTo10M Ha IPpHUPOJIHO] B BemTaukoj moaio3u (Casa)

Paznuke cy Owie m3pakeHHje Kaga ce aHamu3upa Opoj MHIMBHIya y Y30pIHMa
NPUKYIUBCHUM Ha Pa3IMYUTUM IOj0ramMa, Hapouuto koj rpyma Gastropoda, Oligochaeta u
Diptera (cnuka 38). OBe rpyme opranuzama mpedepupajy momiore ca (GUHHJUM HAHOCOM
CeMMEHTa IITO HHje ClIy4yaj KOJA BelTauke nojanore (OpaHe, HAaCHUIU, MOCTOBH) KoOja je

caCTaBJbCHA O KaAMCHUX 0JIOKOBA.
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Cnuka 38. bpoj unauBuya yHyTap HajOpOjHUjUX TPyIa MAKpOOECKHUMEHaKa Y y30pLuMa

npukymbeHnM K&S MeTo10M Ha IpUpOTHO] B BemTaukoj moao3u (Casa)
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Pesynratn memapamerapckor MW-U Tecta moka3syjy aa mapameTapkao ImTo cy Opoj
OCeTJPMBUX TAaKCOHa, Opoj TakcoHa yHyTap rpyna Bivalvia, Crustacea u Coleoptera Diptera,
Opoj mHnuBUAYya y okBupy Trpyma Coleoptera u Crustacea mokasyjy CTaTUCTHUYKH 3HAYajHY
pasmuka (p <0,05) (tabema 9). IlpomenTyanHu yaeo je 3HAYajHO JApyraddja KoOJ
KCEHOCANpOOHUX ¥ OJIUTOCANPOOHHMX OpraHM3aMa, cekada Kao W OpraHmzaMa Koju
npedepupajy mouIory oj IIMHe, KpyIHUjer Necka U NUbyHKa/KameHa. OcTainy aHaIu3upaHu

napaMeTpu HUCY IMOKAa3aJIM CTATUCTUYIKHU 3HaqajHe Pa3JIMKe y ABa pa3]IMYnTa CE€Ta y30paKa.

Tabema 9. Pesynratn MW-U Ttecra xojuMm cy mopeljeHa 1Ba ceTa mapaMerapa JOOHjeHUX
aHaIM30M y3opaka y3etnx K&S meromom ca mpuponHe u Bemrauke noaiore Ha peru CaBu

(LpBEHO — CTaTUCTUYKH 3HauajHe Bpeanoctu 3a P<0,05)

Buosomku napamerpu U Z Bpe;)}_mﬂ Z Bpeﬁ;’oﬂ
AGyHanma [ind/m?] 36,00000 | -1,33794 0,180917 -1,33794 0,180917
Bpoj Takcona 34,00000 1,47878 0,139201 1,48118 0,138559
Bpoj bamumja 33,00000 1,54919 0,121336 1,55171 0,120732
Bpoj ponosa 39,00000 1,12669 0,259876 1,12815 0,259257
Bpoj oceTsbUBHX TaKCOHA 11,50000 3,06318 0,002190 3,15355 0,001613
Canpo6uu unznekc (Zelinka u Marvan) 53,00000 0,14084 0,888000 0,14084 0,888000
Shannon uHekc auBep3uTeTa 45,00000 0,70418 0,481322 0,70418 0,481322
BMWP Ckop 29,00000 1,83086 0,067122 1,83205 0,066944
ASPT 44,00000 | -0,77460 0,438579 -0,77460 0,438579
Bpoj takcona Porifera 44,00000 -0,77460 0,438579 -1,52177 0,128067
Bpoj Taxcona Turbellaria 40,00000 1,05627 0,290847 1,73619 0,082531
Bpoj Takcona Nematoda 35,00000 1,40836 0,159026 2,06835 0,038608
Bpoj Takcona Gastropoda 45,00000 0,70418 0,481322 0,71185 0,476560
Bpoj Takcona Bivalvia 25,50000 2,07733 0,037772 2,16104 0,030693
Bpoj takcona Oligochaeta 42,50000 | -0,88022 0,378739 -0,90124 0,367459
bpoj Takcona Hirudinea 35,00000 1,40836 0,159026 2,05971 0,039427
Bpoj takcona Crustacea 26,50000 -2,00691 0,044760 -2,06116 0,039289
Bpoj takcona Ephemeroptera 30,00000 1,76045 0,078333 2,35852 0,018349
Bpoj Takcona Odonata 48,50000 0,45772 0,647157 0,46929 0,638865
Bpoj Takcona Heteroptera 45,00000 0,70418 0,481322 1,38170 0,167065
Bpoj Takcona Planipennia 50,00000 0,35209 0,724771 0,95346 0,340356
Bpoj takcona Trichoptera 44,50000 0,73939 0,459672 0,75576 0,449794
bpoj Takcona Coleoptera 25,00000 2,11254 0,034641 2,65091 0,008028
Bpoj Takcona Diptera 52,00000 0,21125 0,832689 0,21208 0,832044
Bpoj takcona Bryozoa 50,00000 0,35209 0,724771 0,95346 0,340356
Bpoj Takcona Hydrachnidia 45,00000 0,70418 0,481322 1,38343 0,166534
EPT-Takconu 39,00000 1,12669 0,259876 1,14582 0,251871
bpoj nnauBuaya Porifera 44,00000 -0,77460 0,438579 -1,52177 0,128067
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bpoj nunauBuaya Turbellaria 40,00000 1,05627 0,290847 1,73619 0,082531
Bpoj unnuBnmya Nematoda 35,00000 1,40836 0,159026 2,05544 0,039838
bpoj nunuBunya Gastropoda 51,00000 -0,28167 0,778196 -0,28167 0,778196
Bpoj unmusunya Bivalvia 45,50000 0,66897 0,503515 0,67006 0,502821
Bpoj unnusuaya Oligochaeta 39,00000 -1,12669 0,259876 -1,12742 0,259566
Bpoj uanueuaya Hirudinea 35,00000 1,40836 0,159026 2,05402 0,039975
Bpoj urmusunya Crustacea 7,00000 -3,38006 0,000725 -3,39109 0,000696
bpoj nnausunya Ephemeroptera 30,00000 1,76045 0,078333 2,35715 0,018417
Bpoj urmusunya Odonata 50,50000 -0,31688 0,751335 -0,31917 0,749599
Bpoj unnusunya Heteroptera 45,00000 0,70418 0,481322 1,38170 0,167065
Bpoj uamusunya Planipennia 50,00000 0,35209 0,724771 0,95346 0,340356
Bpoj unnusuaya Trichoptera 43,00000 0,84501 0,398103 0,85252 0,393926
bpoj nuaauBuaya Coleoptera 25,00000 2,11254 0,034641 2,64820 0,008092
Bpoj urmusunya Diptera 54,00000 -0,07042 0,943861 -0,07042 0,943861
bpoj nuaauBHaya Bryozoa 50,00000 0,35209 0,724771 0,95346 0,340356
Bpoj unmusuya Hydrachnidia 45,00000 0,70418 0,481322 1,38170 0,167065
KceHocanpoOHu opranu3mu [%] 27,00000 -1,97170 0,048645 -2,00856 0,044585
ONTUTOCapPOOHH OpraHu3Mu [%] 18,00000 -2,60546 0,009175 -2,60546 0,009175
Oerame3ocanpoOHu opraHu3Mu [%] 47,00000 -0,56334 0,573202 -0,56334 0,573202
angamesocarnpoOHu opranu3mMu [%)] 54,00000 -0,07042 0,943861 -0,07042 0,943861
ronucanpoOHu opranm3MH [ %] 43,00000 -0,84501 0,398103 -0,84501 0,398103
[%] Ctpyrauun 50,00000 0,35209 0,724771 0,35209 0,724771
[%] Cekaun 25,00000 2,11254 0,034641 2,11254 0,034641
[%] Konextopu 38,00000 1,19710 0,231267 1,19710 0,231267
[%] ®unTpaTopu 48,00000 -0,49293 0,622066 -0,49293 0,622066
[%] TIpenaropu 29,00000 1,83086 0,067122 1,83086 0,067122
[%] Opranu3mu Koju HacesbaBajy MyJb 44,00000 0,77460 0,438579 0,77460 0,438579
[%] Opranu3mMu Koju HaceJbaBajy TIMHY 13,00000 2,95755 0,003101 2,95755 0,003101
[%] Oprann3mu Koju HaceJbaBajy Imecax 40,00000 1,05627 0,290847 1,05627 0,290847
[%] Opranu3mMu Koju HaceJbaBajy KpyITHHUjH MecaKk 26,00000 2,04212 0,041141 2,04212 0,041141
[%] Opranusmu Koju HacesbaBajy MIJbyHaK/KaMeH 27,00000 -1,97170 0,048645 -1,97170 0,048645
S - -

[%] Oprammswn koju nacemasajy 33,00000 | 1,54919 | 0121336 | 154919 | 0,121336
aJire, MaxOBHHA, MaKpOuTe

S - -

[%o] Opranusmu koju nacemasajy 37,00000 | 126752 | 0204970 | 126752 | 0,204970
(dbuHO3pHACTY (ppaKimjy

Wmajyhu y Buy rope moMeHyTe pe3yiTare, Kao U YHEHUILY J]a OBO UCTPAKHUBAHE HE

oOyxBata neo CaBe y3BOAHO O]l MecTa XpPaCTHHK, KOJU C€ pa3luKyje Yy OIHOCY Ha
UCTIIUTUBAHU CEKTOp, OIpaBJaHO je OuYeKWBamke Ja je yKymaH Opoj TaKCcoHa
MakpoOecknuMemaka MHoOro Behu. To ce MOTBpAWIO MCTpakMBamuMa Koja Cy oOaBJbeHA
2014 wu 2015. rogune y oxBupy MehyHapogHor mpojekta ,,YopaBibame edexkTuma
BUILECTPYKUX CTpecopa y yciaoBuMma Hemocrarka Boxe” — GlobAqua, koju mnpumana

npojektumMa CeaMor OKBHUPHOT mporpama EBporicke YHHjEe 32 HCTPaKHUBAKE, TECXHOJIOIIKU
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pa3Boj u oraexne aktuBHoctd (FP7 mpojekar). OBO HMCTpakMBame OOYXBAaTHIIO j€ 110 TOK
CaBe, a Opoj 3alenexeHux TakcoHa Ouo je 243, ogHocHO 338 (HeoOjaBJbEHM MOAALN).
Honatau Opoj TakcoHa 3a0eeXeH je Ipe CBera y OKBHpY Ipyna MakpoOeCKMUMemakKa, Koje
YKJbYUyjy BpCTE KapaKTepUCTUUHE 3a Op3y BoAy U TBpAy nojajiory (EPT-rakconn).
Bpemencka eduxacHoCT KopuimheHHX METO/Ia y OBOM CIIy4ajy HHUje pa3MarpaHa, jep

cy HOpebeHI/I noganu y3€Tu HCTOM METOJOM Y30PKOBaka Ca pa3jiMuuTOr THUIIA ITOAJIOIT.

4.9. llopeheme MeTOM0I0THja Yy30pKoBamka HAa pekama HeperBu u bocHu
ca NpuTOKamMa

Ha 6 ogabpanux nokanurera Ha pekama Hepersu u bocHu ca nputokama, @ojHUIIOM
u lpuom pujekom y PemyOmmmm bocuum u XepueroBuHu, youeHa je Oorarta ¢ayHa
MakpouHBepTeOpara. YKyITHO je 3abesexeHo 136 takcona. 3abenexene cy rpyne Anelida (28
takcona Oligochaeta, 6 Takcona Hirudinea), Diptera (21 takcon Chironomidae u 11 Takcona
u3 apyrux rpyna Diptera), 20 Bpcra Trihoptera, 12 Bpcra u3 pena Ephemeroptera. Plecoptera
cy 3actymbeHe ca 8 Bpcra. Y rpynu Mollusca mpeosnanasane cy Gastropoda (10 takcona),
JIOK je 3a0enekeHa caMo jeaHa Bpcra mkosske Unio crassus (Philipsson 1788).

Mebhy wunentupukoBaHMM BpcTama IpeBiIajaBajy oOpraHuzamMa KOjU yKazyjy Ha
Oerame3ocanpoOHM CTereH opraHckor 3aralema (22,36%). Cnenme rpyme, MoKa3aTesbu
onurocanpoonor (11,55%) u ampamesocanpoodnor (9,86%) 3arahema. KcenocampoOua u
NoJIcanpoOHa TpyIa opraHi3ama je 3acTyIubeHa ca Mame o1 5%.

AHanu3oM oOJIHOCa y 3ajeHHIM y OKBHPY (YHKIHMOHATHUX Tpyla y HCXpPaHU
HAj3aCTyIUbCHHjH Cy cakyrubauu ca 35,73% u kunmaun/crpyraun ca 18,45%, mro je BuIe o
MOJIOBMHE YKYMHOT Opoja 3a0enexxkeHux BpcTta. OcTratak 4MHE MPECTaBHUIIM TpyNa cexadya u
npenaTopa 4mja je rnojeiMHayHa MpoLEeHTyalHa 3aCTyIJbeHOCT Omia mama on 10%, mro je
OUYCKMBAHO 3a OBAaKaB TUN TeKyhuIa.

WHcektn cy mpucyTHH y CBUM pekama mpu 4demy y LlpHoj pujerm m PojHHIM
Npe/ICTaBbajy MOMHHAHTHY TPYIy Yy OKBUPY 3ajennurie. CacrtaB 3ajeHHIIC je Beoma
pasHoBpcTaH y pekama HeperBa, Bpeno bocue n ®ojuunu e je cBUX IET IJIaBHUX Tpylia
3aCTYIJbEHO Ca HEKOJHKO BpcTa. Y pekama dojuuia u bocHa (HapO4nuTO Y HU3BOJHOM JIEITY
Toka, ko Moapuue) 3adenexeno je mpuommxao 1000 takcona Oligochaeta.

ToxoMm ucTpaxkuBama KopuiiheHe Cy pa3lUuuTe TEXHHKE y30pKOBama, 1a Ou ce
CaKyNWJIH PENPEe3CHTaTUBHU Y30pIM, YTBPAMIA TMPHUKIATHA METOJOJOTHja W YIOpeania

e(UKaCHOCT y30pKOBama.
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Y oBOM jeny HpeacTaB/beHH cy pesyiratu nopehema epukacHoctn AQEM n K&S
meToaa. O6aBIbEHO je MapajielIHO Yy30pKOBamhe Ha IIeCT Tayaka ca 00e TeXHUKe. YKymnaH Opoj
TAaKCOHA y3€THX DPa3JIMUUTUM METOAaMa y30pKOBama MpukazaH je Ha ciauuu 39. Mako ce
AQEM wmetonma cMmatpa JIeTajbHUjoM, OpOj TaKCOHA je TOTOBO WCTH Kao M y y30pluMa

npukybeHnM K&S mMeTonom, Koja ce cmaTpa jeTHOCTAaBHH]OM.

H K&S
HAQEM

Crnuka 39. Vkynan 6poj TakcoHa y y3opuuma npukymbeanM K&S n AQEM metomoama

(HepetBa u bocna ca npurokama)

HepetBa, llpHa pujeka u bocHa kox Moapude cy npumep r/e je Behu Opoj TakcoHa
3abenexen ymotpedbom K&S merone y3opkoBama Hero ymorpedbom AQEM mertome. OBo
yKa3yje Ja IpUMeHa peslaTUBHO JeTHOCTaBHH]e METOJE y30pKOBamba Npyka Takohe AeTasbHe
pe3ysTaTe Kao U CIOoKeHHja MeToa. Y TMhuM pekama Koje ce MOTY MperasuTH, Kao IITO je
Lpna pujexka, AQEM y3opaxk je neraspauju o K&S y3opka.

bpoj Takcona rpyme Oligochaeta je 3HauajHo BuCOK, 'y ®ojuuiu u 'y bocuu, anu je
OUHTIICIHA JIOMHUHAIIMja OBE TPyIe caMo y cirydajy peke bocHe, HapounTo HU3BOaHO (1.000

uaauBuaya y K&S y3opky u 500 unauBuaya y AQEM y3opky) (ciuka 40).
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Cnuka 40. Bpoj TakcoHa yHyTap rpyrna MakpoOeCKHIMEmhaKka y Y30pIruMa MPUKYTUbEHUM

K&S u AQEM metonoama (Hepera u bocHa ca mputokama)

WNHcekTu cy OUMM Haj3acTyIJbEHU]U Ha JokanuTteTuma Ha LlpHOj pujenn u DojHULN.
VY Hepetsu u llpnoj pujerin K&S metozom je 3abenexen Behu 0poj takcona (ciuka 40), amu
je Bue jenuuku cakyibeHo AQEM meronom (ciuka 41). Y3opuu ca Heperse u y3opuu ca
nokanurera Bpemo Bocue yzeru AQEM wmeromom caapike yrimaBHom japse Coleoptera
(Elmidae). V LipHoj pujeru cBe HHCEKATCKE IpyIe UMajy BUCOKY OpOjHOCT, IOK je y DojHumm
u bocuu, Beoma OpojHa Owmia rpyma Diptera, mapounto ¢amunuja Chironomidae. ¥ IlpHO]
pUjenu ocuM HMHCEKaTa, Ipyre rpyrne Hucy 3adenexeHe. Y DOjHUIM je NPUCYTaH U BEIIUKH
Opoj Takcona u BUcoka Opojuoct Chironomidae. Mollusca u Gastropoda nmajy HajBehu 6poj
jenuHku Ha nokanutery HeperBa (PKutomucnuh), HapouuTo y y30pKy NpUKyIJbeHOM K&S
METOJIOM KOju oOyxBaTa BWINE O0AJICKy 30HY, W TJI¢ je y BETeTalljcKoM Iojacy, Ouo
3acTyIUbeH Besimku Opoj Gammarida. Mctu onHoc 61o je u Ha sokanuteTy Bpeno boche, rie

cy y K&S y3opky nomunupare Gammarida.

85



Pesynmamu paoa

3500
3000
2500
2000
1500
1000

500

6poj uHguBuagya

Oligochaeta

Hirudinea

Gastropoda

Crustacea

Ephemeroptera

Plecoptera h

Odonata
Trichoptera M

Heteroptera

Diptera =

Coleoptera [l
Nematoda

Megaloptera

Turbellaria [
Hydrachnida

W K&S
B AQEM

Cnuxka 41. bpoj unauBUAYya YHyTap Ipyna MakpoOeCKMUMEHhaka y y30pLuMa MPUKYIIbEHUM

K&S u AQEM metonoama (Hepera u bocHa ca mputokama)

Ha ocnoBy pesynrara MW-U tecta youaBa ce Ja HeMa CTATUCTHYKH 3HAYAjHUX

pasnuka um3Mel)y ABa ceTa aHanM3MpaHUX TapaMmeTrapa J00ujeHuX oOpaJoM MaTepujalia

npukyiubambeHor npuMeHoM K&S u AQEM metone y3opkoBama (tabema 10). Camo Tpu

napamMeTpa I0Ka3yjy CTaTUCTUYKH 3HavajHy pasiuky: Opoj TakcoHa Trichoptera, Opoj

uHauBuaya Ephemeroptera u nporeHTyanHa 3acTybeHOCT (puiITparopa.

TaGema 10. Pesynratu MW-U Tecta xojuM cy mopeljeHa 1Ba ceTa mapamerapa J0OHjeHUX

aHanmu3oM y3opaka y3zetux AQEM u K&S meromama na pekama HeperBa m bocha ca

npuToKama (LPBEHO — CTATUCTUYKH 3HauajHe BpeaHoctu 3a P<0,05)

Buonomku mapamerpu U Z BpeE;OCT Z Bpeg;OCT
AGynanna [ind/m?] 22,00000 -0,06667 0,946847 -0,06667 0,946847
Bpoj Takcona 14,00000 -1,13333 0,257075 -1,13961 0,254449
Bpoj dammnnuja 14,00000 -1,13333 0,257075 -1,14600 0,251797
bpoj ponosa 14,50000 -1,06667 0,286123 -1,07377 0,282927
Bpoj oceTsbuBHX TaKCOHA 13,00000 -1,26667 0,205275 -1,30146 0,193103
Canpo6nu unnekc (Zelinka & Marvan) 15,50000 -0,93333 0,350649 -0,93436 0,350119
Shannon unpexc auBep3ureTa 18,00000 -0,60000 0,548507 -0,60000 0,548507
BMWP Ckop 14,00000 -1,13333 0,257075 -1,13333 0,257075
ASPT 19,00000 -0,46667 0,640739 -0,46667 0,640739
Bpoj takcona Turbellaria 16,50000 -0,80000 0,423711 -0,93095 0,351880
Bpoj takcona Nematoda 18,00000 -0,60000 0,548507 -1,34164 0,179713
Bpoj Takcona Gastropoda 19,50000 0,40000 0,689157 0,41051 0,681432
Bpoj takcona Oligochaeta 19,00000 -0,46667 0,640739 -0,47030 0,638142
Bpoj Takcona Hirudinea 21,00000 -0,20000 0,841481 -0,21438 0,830249
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Bpoj Takcona Crustacea 18,50000 0,53333 0,593803 0,57979 0,562054
Bpoj Takcona Ephemeroptera 19,00000 -0,46667 0,640739 -0,47509 0,634720
Bpoj takcona Odonata 12,00000 -1,40000 0,161514 -1,64391 0,100197
Bpoj Takcona Plecoptera 20,00000 -0,33333 0,738883 -0,37014 0,711275
Bpoj takcona Heteroptera 18,50000 -0,53333 0,593803 -0,67987 0,496588
Bpoj Takcona Megaloptera 16,00000 -0,86667 0,386125 -1,21633 0,223860
Bpoj Takcona Trichoptera 7,00000 -2,06667 0,038766 -2,22089 0,026359
Bpoj Takcona Coleoptera 17,50000 -0,66667 0,504986 -0,68818 0,491341
Bpoj takcona Diptera 15,00000 -1,00000 0,317311 -1,00778 0,313560
Bpoj takcona Hydrachnidia 20,00000 0,33333 0,738883 0,74536 0,456057
EPT-Takconn 13,00000 -1,26667 0,205275 -1,27795 0,201268
Bpoj nunuBuaya Turbellaria 15,00000 -1,00000 0,317311 -1,10893 0,267460
Bpoj unauBraya Nematoda 18,00000 -0,60000 0,548507 -1,34164 0,179713
Bpoj nanuBuaya Gastropoda 17,50000 0,66667 0,504986 0,66740 0,504517
bpoj unausumya Oligochaeta 15,00000 -1,00000 0,317311 -1,00442 0,315175
Bpoj nanuBuaya Hirudinea 20,50000 -0,26667 0,789726 -0,26814 0,788589
Bpoj nnnuBuaya Crustacea 18,00000 0,60000 0,548507 0,64072 0,521703
Bpoj uanuBuaya Ephemeroptera 5,00000 -2,33333 0,019631 -2,33590 0,019497
Bpoj naguBuaya Odonata 11,00000 -1,53333 0,125195 -1,79234 0,073080
Bpoj unauBuaya Plecoptera 20,50000 -0,26667 0,789726 -0,29532 0,767752
Bpoj nanuBuaya Heteroptera 16,50000 -0,80000 0,423711 -1,00554 0,314638
Bpoj nnnuBunya Megaloptera 15,00000 -1,00000 0,317311 -1,39443 0,163188
Bpoj nunuBnaya Trichoptera 10,00000 -1,66667 0,095582 -1,67219 0,094488
Bpoj nunuBuaya Coleoptera 17,00000 -0,73333 0,463356 -0,74488 0,456343
Bpoj uuausmaya Diptera 12,50000 -1,33333 0,182423 -1,33627 0,181461
Bpoj nanuBuaya Hydrachnidia 20,00000 0,33333 0,738883 0,74536 0,456057
KCEHOCAIpoOHHU opranusmu [%] 19,00000 -0,46667 0,640739 -0,46718 0,640371
onurocanpoOHu opranu3mu [%] 15,00000 -1,00000 0,317311 -1,00000 0,317311
OeTame3ocanpoOHN OpraHu3Mu [%o] 19,00000 -0,46667 0,640739 -0,46667 0,640739
andamesocanpoObHu opranu3Mu [%] 9,00000 -1,80000 0,071862 -1,80000 0,071862
HoJMcanpoOHu opranu3mu [%] 16,00000 -0,86667 0,386125 -0,86762 0,385603
[%] Ctpyraun 18,00000 -0,60000 0,548507 -0,60000 0,548507
[%] Cexauu 19,00000 0,46667 0,640739 0,46667 0,640739
[%] Konexropu 22,00000 -0,06667 0,946847 -0,06667 0,946847
[%] ®untparopu 4,00000 -2,46667 0,013638 -2,46667 0,013638
[%] Ipenaropu 12,00000 -1,40000 0,161514 -1,40000 0,161514
[%] Oprann3mu koju HacesbaBajy MyJb 19,00000 -0,46667 0,640739 -0,46667 0,640739
[%] Opranu3Mu Koju HaceJbaBajy TIHHY 17,00000 -0,73333 0,463356 -0,73658 0,461379
[%] Oprannsmu koju HacesbaBajy mecak 21,00000 -0,20000 0,841481 -0,20000 0,841481
[%] Opranu3mu Koju HaceJbaBajy KPYIHHjU MECaK 20,00000 0,33333 0,738883 0,33333 0,738883
[%] Oprann3mu koju HacesbaBajy MUUbYHaK/KaMEeH 9,00000 -1,80000 0,071862 -1,80000 0,071862
5 - -
[%] Oprammswn koju nacemasajy 17,00000 | -0,73333 | 0,463356 | -0,73333 | 0463356
ajire, MAaXOBUHA, MaKpoduTe
o - -
[%] Oprasuswu koju naceasajy 14,00000 | -1,13333 | 0257075 | -1,13333 | 0,257075

¢uHO3pHACTY ppakuujy
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4.10. AHanu3a 6poja y3opaka noTpeOHHUX 32 HCTPaKUBabe U
MOHHMTOPHHT

Kaxko 6u ce oapeano ykyman 0poj yzopaka (1oy30paka Wid peruinkKa) NOTPEeOHHX 3a
NPUKYIUbAkE IMOJaTaka O Pa3HOBPCHOCTH MaKpOOCCKMUMEH-aKa Ha jeJHOM CEKTOpy peKe,
aHAJIM3UPaH je KyMyJIaTUBHU OpOj BpPCTa y y30plUMa MPHUKYIIJBEHHM Y TOPHEM JIeNly TOKa
JyHnaBa. Y pa3marpame je y3eT CEKTOp KOjU je YjeJHayeH MpeMa OIMIITHM MPHPOTHUM
KapaKTepUCTHKaMa W NpEeJCTaB/ba UCTH HadelHU Tull peke (ropmu JynaB — Robert u cap.,
2003). YV ananm3y je YyKJ/BYYCHO YKymHO 56 y3opaka (ciauka 42), a W3 aHalu3e Cy
SJIMMUHKICAHU y30PIH KOjU MOTUYY Ca JIOKAIHUTETAa KOjU Cy 3HAYajHO JICTPAJOBAHH Y MOTIICTY

XUIPOMOPGOTIOUIKUX IPUTHCAKA.
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Op 0] peIUIHKa/ TIOY 30 aKa

Crnuka 42. Ilpukas KyMyJIaTUBHOT Opoja BpcTa HISHTH(OHUKOBAHKUX Y OJTHOCY Ha OpOj

NPUKYIUBEHUX y30paka y ropweM JlyHaBy

Kao mTo ce u3 ciuke 42 Moxe 3aKJbyYUTH, KyMyJaTUBaH Opoj MICHTU(UKOBAHHUX
TaKCOHa yjeJHayaBa ce€ HAaKOH JeceTor moay3opka. OBaj pe3yaTaT MHAMKYje Aa je Taj Opoj
ONTHMalaH 3a KapakTepH3alWjy CeKTOpa y OJHOCY Ha pa3HOBPCHOCT, IO IHTamy
MOHUTOPHHTA.

VYKOIIMKO je IUJb MCTPaXHBamkba M3pajia JIMCTE TAKCOHA, MOXKEJbHO j€ MPUKYIHTH U

Behu Opoj y30paka, jep y TOTOBO CBaKOM HAapeAHOM y30paKy HIeHTU(UKOBAH HOBH TaKCOH.
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4.11. E¢pukacHoCT MeTO1a Y30PKOBambha

Kako Ou ce ynopenuia eKOHOMCKa e(pUKacHOCT KOpUIINEeHUX METO/a, pa3MaTpaHo je
IPOCEYHO BpeMe MOTPEOHO Ja ce MPHUKYIH y30paK, Opoj Jbyau, TPOIIKOBU IPEBO3a ONpEeMe U
JbyJlU, Ka0 U JI0JIaTHA CpeACTBa MOTpeOHa 3a paJl Ha TepeHy (kopuiihewme Opoja, yaMia Uiu
miatpopme (tabenma 11). Ilomamm cy NpHKYIUbEHH Ha OCHOBY TEpPEHCKHMX 3ammca ca
UCTpaXXUBamka, 32 CBE THMOBE Tekyhux Boja, 3a nmepuos 2008-2014. TTogamu o MakCUMaIIHOM
Opojy Jokaiyja Ha KojuMma je Moryhe o0aBUTH HCTpaKHMBamkE€ y JEIHOM JIaHy YHOTpeOOM

NOjeIMHUX TEXHUKA oOpahBaHU Cy y IEpUOLYy aBrycT-centembap (300r ayxuHe 00MaHuUIIE).

TaGena 11. EdukacHOCT NpUKyIJbamka y30paka KoJl IB€ TECTUPAHE METO/Ie Y30PKOBamba

Makcumanan
IIpoceuno Bpeme Eos Joxatha 6001 GO
Merona Y30pKOBamba POl bpoj wynu POJ OpoJ
[min] Mepema ornpema JoKaluja 1o
JTaHy
K&S 14+5 50 2 8
AQEM 40+7 10 2 4
HEOIXO0JIaH
Polyp 45+10 10 5 6pon 4
HEONXOoJaH
Air-lift 50+10 20 5 OpoJ win 3
mwiatdopma
Stirber 3249 50 2 5

U3 Tabene 11 moxe ce 3akibyuntu aa je K&S MeTona HajnpuxBaT/bUBHja ca acleKkTa
cpelcTaBa MOTPEOHMX 3a Y30pKOBame. Y OJHOCY Ha Opoj MOTpeOHMX JbYAM Ha TEPEHy,
y3opkoBame polyp Garepom u Air-lift metoma cy ckymbe 2,5 myra y nopehemy ca K&S
meronoM. Kama ce y pasmaTtpame y3mMe u ymnorpeba Opoma wim 1iatdopme, Koja je
Heomnxo/Ha 3a y3opkoBawme Polyp u Air-lift MeTonama, kao 1 MakcuManan Opoj y3opaka 1o
naHy Koju je moryhe nmpukynutu (Tabdena 11), K&S merona 3-4 myra eKOHOMCKH UCIIIIATUBH]a
O]l IpyTe JIBe TEXHHUKE.

VY nopehemy ca AQEM texaukoM, K&S metona je 2 myTta edpukacHHja y TOTICIY
yTpollKka (PUHAHCH]CKHX CPEJCTaBa, ako pa3MaTpaMO MaKCHUMallaH Opoj JIoKalija Ha KojuMa

je moryhe 00aBUTH UCTpakuBame y jenHoM naHy. K&S mertona je eukacHuja u 'y nopehemy
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ca Siirber MpexxoM, ako pazMaTpaMO MaKCHMajlaH Opoj JHEBHUX JIOKAIMja — 0caM, OJTHOCHO

IICT.
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Meronosnoryuja y3uMmama y30paka BOJCHHMX MakKpoOeCKHMUMEmaka, y TeKyhum u
crajalium BogaMa U Jajbe je orBopeHo nutame (Csanyi u Paunovi¢, 2006; Brua u cap., 2011,
Graf u cap., 2015). HeonxoaHo je yJIOKUTH Hamop Kako OM ce MOCTUTIIA CTaHAapu3anuja
METOOJIOTHja Y30pKOBama IMPUMEHJBMBUX KaKO y Hay4YHE CBpXe, TaKO M 33 PYyTHHCKH
MOHHMTOPUHI CTaTyca/KBajJuTeTa Boja. Beoma je BaxkaHO ojJabpaTu HajUpUKIATHU]Y METOAY
y30pKOBamba BOJCHUX MAaKpOOECKHUMEHaKa, KOjU Ce KOPHCTE Kao OMOJIOIIKU €JIeMEHaTH 3a
onpehuBame KBaJIUTETa BOJAEC Y MOHUTOPUHT IporpaMuMa y ckiany ca 3axrtesuma OJ1B.

Hup xopumhema pa3iMyuTHX METOJa Y30pKOBama je oApehuBame HUXOBE
nojenMHayHe e(UKacHOCTH (BpeMeHCKe U uHAHCH]CKe), TpolieHa MoryhHocTu Kopumhewa y
CTaHJapJAHUM IporpaMUMa MOHUTOPHHTA, Kao U IpoleHa MOryhHOCTH nopehema 106ujeHnx

pe3yiiTata €ca NPECTXOAHUM UCTPpaAKHBaABHUMA.

V3opum BOACHHMX MakpoOeCKHMUMEmaka W3 OpJACKO-IUIAaHMHCKUX  Tekyhwuia,
NPUKYIUBCHU Cy y Tiepuoly npoiiehe - paHO 5eTo, Kako OM ce eIMMUHHUCcCANE Pa3lIuKe Y
3ajeTHULIM 0 KOJUX JI0JIa3u ycie] BpeMeHcke quHaMuke. OBaj nmepuos je u3abpaH 3a aHaIu3y
¢dayHe BOAECHHMX MaKpoOECKMUMEmaKa OBE Ipyle TeKyhHux Boja, jep je Taja pa3HOBPCHOCT
Hajeha (Markovié, 1995; Simi¢ u Simi¢, 1999; Paunovi¢ u cap., 1997, 1999, 2003, 2006a,
200606). Mnentudukanuja marepujaia MpUKYIJBEHOT y OBOM IEpPUONY j€ MOYy3/AaHuja, jep
Tajia TOMUHUPA]y KPYITHUjU JapBEHU U HUM(DATHU CTaJIUjyMH, 33 Pa3IUKy O]l EpruoJia KaCHO
JIeTO - jeceH, Kaja ce Oenekn 0CTa JIApBH Y NMPBOM U JPYTrOM CTaAHjyMy pa3Buha, HapOUUTO
npeacraBauka ¢amunuje Baetidae (Ephemeroptera) (Paunovi¢, 2006a), koje cy manux
JTMMEH3H]ja U YeCTO KOMIUTMKOBAHE 32 UICHTU(DUKAIH]Y.

[MpumenspuBoct K&S MmeTozne y3opkoBama BpJO je YECTO MOTIEHEHA Y OJHOCY Ha
BeHy eduKacHOCT. JeaH off TJIaBHUX HEAOCTaTaka OBOT IPHCTYNa jeé y TOME IITO ce
Hajuemnihie OBa METO/a CBPCTaBa y y rpymny kBanutatuBHuX Metozaa (Garcia-Criado u Trigal,
2005). OBa TexXHHKa C€ MOXE TPETHpPATH Ka0 CEMHKBAHTUTATHBHA, YKOIHUKO ce Ae(HHuUIIE
BPEMEHCKH MHTEpBaJl Y30pPKOBama, WM MPUMEHU YBEK HCTH HAIMOp Y30pPKOBama, YMME Ce
00e30elyjy mopenuBy Mo Ty MPOCTOPHOT W BPEMEHCKOT rpajaujeHTta. Hamm momarm
nokazyjy na je K&S ceMHKBaHTHTAaTHBHO Y30pKOBame epUKacHHje y OofHOCy Ha Sirber
y30pKOBamke 3a MPUKYIUbakhe WHPOpMAIMja O OIMIITeM JIHUBEP3UTETY TAaKCOHA, Kao W
TUBEP3UTETY YHYTap JOMUHAHTHHX TAaKCOHOMCKHX Tpyla y 3aje[JHHIHA MaluX U CPEHEHHX
TOKOBa ca JOMUHAIMjoM KpynHor kameHa (Tubi¢ u cap., 2016).

CanpoOHu MHACKC, ITapamMeTap KOju ce Hajuerrhe KOpUCTH 3a MPOIEHY cTaTyca BoJa

mmpom Esporne (Birk u Hering, 2006), Huje moka3ao 3HauajHy pasjiuKy pe3y/rata J00HMjeHUuX
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Ha OCHOBY MaTepHjajia MPUKYTJLEHOT MPUMEHOM JIB€ Pa3IMuUTe METOJE y30pKoBama. K&S
MeToNa je epuKacHUja 3a yTBphHUBame cacTaBa 3ajelHulla MakpoOecknmumemaka (Tubi¢ u
cap., 2016). TectupaHe TeXHUKE Y30PKOBamba Ce ca UCTOM epHUKacHOIINY MOTY IPUMEHUBATH
3a pyTHHCKO mpaheme exoyomkor craryca, anmu K&S meroma je Oosbe pememe 3a
HUCTpaXMBAYKEe CTYAHjE YMjU je IJb NPHUKYyIUbalbbenHpopMalnuja o nuBep3uTeTy. Ha ocHOBY
U3HETHX MOJaTaka MOXE C€ 3aKJbYYMTH Ja Ce JIBE METOJIe MOTY IOpPEAMTH y OJHOCY Ha
canpoOuu unuekc (Zelinka u Marvan, 1961), BMWP ckop u ASPT (Armitage u cap., 1983).
Cnuunu pesyntaru gooujeru cy nopehemem K&S mertone u y3umama y3opaka ,,U” Mpexom
(Brua u cap., 2011), rae je npoHal)eHa CIIMYHOCT y OJHOCY HA BPEIHOCTH IapaMerapa Koju
onapelyjy cacraB 3ajemuuiie. Y ciydajy HaBemeHe cryauje (Brua m cap., 2011) ysumame
y3opaka ,,U” mpexxoMm aaje Hemro Oosbe MOAATKE O AMBEP3UTETY U 300 TOra MOMEHYTH
ayTOpH Jajy MPETHOCT OBOj METOJU 3a aHAIM3Y OMOJMBEP3UTETA, UAKO j€ 3a MPUKYIIhAhE
y30paka Ha oBaj HauMH NoTpeOHOo Bulle BpemeHa. K&S Merona je edukacHuja y ogHOCY Ha
Stirber metony jep je MoTpeOHO Mame BpeMeHa 3a y30PKOBaKkE U EKOHOMCKH j€ UCIUIATHBH]EC.
Tpeba Harmacutu jAa je Mame BpeMeHa MOTpeOHO W 3a o0paay MaTepujajia IPUKYIJBEHOT
K&S metonom y oiHOCY Ha y30pKe MPUKYIUbEHE Siirber MpexoMm, alid U 'y OJHOCY Ha JIpyre
MeTolle y30pKoBama, Hmp. Polyp grab texunukom (Csanyi m Paunovié, 2006a), Air Lift
y3opkoBameM (Brua u cap., 2011) wiu nerassny AQEM metoxy (AQEM Consortium, 2002).
[Ipennoct Siirber MeTone je y ToMe IITO Jajeé KBAHTUTATHBHE MOJATKE O 3ajCTHUIIH
BOJICHMX MaKpOOECKHMYMEmaKa, IITO je BaXKHO, YKOJHMKO je IUJb UCTPaKUBAmha MCITUTHBAE
NPOJYKTUBHOCTH BOJICHHX EKOCHCTEMa, WIJIM TPOIEHAa TOCTYITHOCTH XpaHe 3a OCHTHBOpPHE

pube.

Amnanun3za y3opaka Ha u3abpaHuM BogHUM Tenuma y bocHu n XepueroBunu (peke Koje
Ce MOTy TIPETa3uTH U PeKe cpedme BelMnunHe) (PoKycHpaHa je Ha TecTHpame e(PUKaCHOCTH
nerasbHe MHS wmerone y3opkoBama, ca 20 momy3opaka pacropeheHux y onmHOCy Ha
3aCTYIUBCHOCT TNIaBHHX THUMOBa cTaHumnTa npema AQEM mnporokomy (AQEM Consortium,
2002) u K&S mertone y30pKoBama.

Ha ocHoBy ananmse y3opaka NpUKYILUbEHHX JBeMa mopeheHuM meromama, J00UjeHU
Cy TOTOBO HJICHTUYHH pE3YJTaTH, IITO je MOTBPIMIA U CTaTHCTUYKa aHanu3a. [loctaBipa ce
NUTakE KOJUHUKO j€ TIOAy30paKa HEeOMX0AHO J1a Ou ce 00aBUO PYTUHCKH MOHUTOPHUHT U I0OMO
penpe3eHTaTiBaH y30paK, KOjU JOBOJBHO IOOpPO OCIIMKaBa CacTaB 3aje[JHHUIE BOICHHUX
MaKpoOECKMUMEHhaKa HWCIUTHBAHOT TOJPYy4YHMja, HA OCHOBY KOra ce TIpolewhYyje

CTaTyC/MOTEHIIH]jal oJabpaHor BOIHOT Tela.
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Ha noxanurery Hepera (OKutomucnuh), Ha koMe je 3aCTYIUbEH BEreTAIH]CKH 10jac y
npruoOaTHOM PETHOHY, 3abenexeH je Benukd Opoj Gammarida, Hapouuto y K&S y30pky.
Cnnuna cutyanuja O6uia je u Ha Jokanutety Bpeno boche, rae je y K&S y3opky Ha cimuan
HAYWH JOMHHHUpaja rpyma Gammarida.

OBaj mojarak uje y Npujior YMIHEHULU Ja Tpeba oOpaTuTu maxmy Ha Tekyhwuie ca
IYCTUM MakpOo(HUTCKHM IOKpHUBaueM KOju Tpeba TpeTHpaTu Kao MOoceOHO MHKPOCTAHHUIITE.
TaxBa BOJHA Tesla Cy YecTa Ha IUIAHMHCKUM 3apaBHHUMA, Y TPECETHUM IOJAPYYjUMa, Kao U Y
MambHM HU3UjCKUM peKama.

Hepersa, Ilpna Pujeka u bocna kox Monpude cy mpumep Ti€ je BHIE TaKCOHA
3abenexeHo ynorpedbom K&S merone yzopkoBawa Hero AQEM meromom. OBo mokasyje na
IpUMeHa jeJHOCTaBHU]E€ METO/E Y30pKOBama Mpy’ka MCTO TaKO JeTajbHE pe3yiTare Kao U
KOMILUIEKCHHja MeTosa. Y miuhuMm pekaMa Koje ce MOTy mperasurty, kao mto je Llpaa Pujeka,
AQEM vy3o0pak je nmerasbHuju on K&S y3opka, yuMme ce Hariamasa YHIOTPEOJBUBOCT
neduHUCamba MPONOPLHje CTAHUIITA.

HeperBa, kao peka cpeame BeIMYMHE HAa KpalIKOM MOJPY4Yjy IpHUIaja CIUBY
Jagpanckor mopa. 3a BpeMe OBOT HUCTpaXKHBamka YOYECHE Cy HEKe TUl-crenuduaHe
KapaKTepUCTHKe 3ajeaauiie. To ce mpe cBera oHOCH Ha momyJjanujy Bpcte Emmericia patula
(Gastropoda) nponaljeny Ha nokanaurety JKutomucauh, Kao PBU Hajla3 y perHoHy. 3Ha4ajHO
je crioMeHyTH Ja je camo y K&S y3opuumMa perucTpoBaH 0Baj TAKCOH.

VY3eBmn y 003Up Tope NOMEHYTE MPEIHOCTH, KAa0 U MPETIIOCTaBKY Ja y30PKOBaWkE y
OKBHPY MOHHUTOPHHT Tiporpama Tpeba na Oyae BpeMEHCKH e(QHKacHO W EKOHOMCKH
omnpaBnaHo, K&S Meronma, kao mpolreaypa CEMHUKBAaHTHTATUBHOT Y30pPKOBamba PYyYHOM
MpPEXOM MOXKE Jla Ce Mpernopydd 3a Jajbe pa3MaTpame O MOTEHIMjaJHOj yHoTpeOu 3a

PYTHHCKH MOHHTOPUHT pPeKa KOje Ce MOTY MPETa3uTH.

Ananm3za dayHe BOJCHHX MaKpoOeCKHUMemhaKka Behnx paBHUYapCKUX peKa BpIIEHA je
y mepuoay centemOap - oktobap (Mepuo] HUCKUX BOJa) Kako O ce 00e30enuiIn mopeanBu
nojiaiy. Y TpUJIOT OBOME HJIE U YHUEHLEHUIIA /1A j€ Y30PKE U3 BEJIMKHUX PeKa JaKIIe MPUKYITUTH
y neproay Huckux Bojaa (Paunovié, 2007a).

[MpenycnoB 3a omabup aJxeKkBaTHE METOJOJIOTHje Y30pKOBama je ojapehuBame
NpPEIU3HUX IMJbEBAa HCTPAKMBAMKa. 3a TPOIEHY CTamka CIOXKECHHX EKOCHCTEMa BEJKUX
pPaBHHYAPCKHX peKa, Kao mTo je JlyHaB, HOTpeOHO je IPUKYITUTH PENpe3eHTaTUBHE Y30pKe ca
CBUX CTAHHUIITA Ha OAa0OpaHUM JIOKAIUTETHMA, INTO HHjE JaKO OOABUTH jETHOM METOJIOM.

Kopumheme koMOMHOBAaHMX METO/a 33 €KOJIOLIKY MpoIleHy ctatyca npema OJIB je u3a3os,
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jep Tpeba mpeBazuhu YHEEHUILY Ja c€ pePepeHTHH YCIOBH W €(DHUKACHOCT Y30pKOBamkba
peuHor JTHa U TpuoOaHEe 30HE Pa3MKyjy. Y OBOM pajy pasMmarpaHe cy U mnopeleHe roroBo
CBE JIOCTYIIHC METOJIC 3a Y30PKOBame¢ BEIMKHUX peka: Xuzapayauunu polyp Oarep, Air-lift,
Multicorer, [Ipeua, MHS, K&S u pomeme Ha ax.

Ha ocHoBy noOujenmx pe3synrara, nmopeheme MOMEHYTHX MeTo/na KOpUITheHHX Ha
TUIYy peke kao wmTo je JlyHaB, je TEIIKO, jep ce MOMEHYTH METOJOJIOIIKU MPHUCTYNH He
pa3iuKyjy camMO TEeXHHYKH, Beh W y MOTJeAy Y30pKOBama PAa3IUYUTHX MPOCTOPHHUX 30HA
peke. Ilpe cBera, Tpeb6a HAMOMEHYTH J1a je 3a MPBE YETHPU METOJE HEOMXOoJaH Opojy/4amair,
Ha KOJU Ce MOHTHpa ompeMa U 00aBjba y30pKOBaWE, IITO j€ M TEXHUYKU U (PUHAHCHU]CKU
3aXTEBHH]E, HACYNPOT y30pKoBamy pyuHuMm Mmpexama (MHS, K&S), koje nipe cBera, 3axTeBa
MHOTO J€THOCTaBHH]Y OIIPEMY.

VY3opkoBame momohy xuapayaudaHor Polyp Garepa Bpiu ce ca Opojga y 00anickom
pernoHy, y objacTuma TAe Cce Haja3d BEIWKO Kameme. Y gnemy JlyHaBa, HU3BOJHO O]
beneruina, peTko ce Hawia3W Ha OBaKaB THII TOJJIOTE, Ma CE MOXKE 3aKJbYYUTH Ja je OBa
MeTojia Bpio orpannueHa. Ha cekropy [lynaBa, koju oOyxBaTta 18 jokanuTuTa, Ha KOME je
00aBJbeHO TMapayieiHO y30pKoBame Polyp 6arepom u K&S meromom, 3abenexeH je 3Ha4YajaH
Opoj MHIWBHIya Y OKBHPY HCHUTHBAHE 3ajeHHIIC BOJICHUX MakKpoOeckmumemaka. Wmak,
K&S wmetoma ce moka3zana kao eduKkacHHja KaJl je y TUTamy Opoj TakKcoHa
MakpoOeCKMYMemaKka Yy OKBUPY Haj3acTyIJbEHHJUX TAKCOHOMCKHUX Tpyna. HadenHo, Moxe ce
3aKJbYUUTH JIa Cy pa3liuke y ePUKACHOCTH OBE JIBa TEXHUKE y30pkoBama oko 10-20%, ocum y
ciyuajy rpymne Bivalvia, jep je kao nogatak K&S meTtonn, 060aBIbeHO PETpaKMBame TEPEHa
POBEHEM Ha JIaX, IITO je BayKaH JIe0 OBE MeTojie 300T crieruduyHe AUCTPUOYIHje BpCTa OBE
rpyme.

IMpumenom K&S Texuuke u xuapayaudaaor polyp Oarepa oOyxBaheH MamH CEKTOP
Hynaga, 300r yera aHanusa u nopeheme 0BUX METO/1a y30pKOBamkha HUjE TOBOJFHO MOY3/IaHO.

Penpe3eHTaTHBHO y30pKOBamkE j€ TEIIKO U3BECTH y JOKM Jieny Toka /lyHaBa koje ce
nporexe o beorpaga no Depnmancke akymynamuje 1 u 2, 360r XuapoMopQoJOUIKUX
IPOMEHA.

['maBHU mpo0GsieM y30pKOBama y BETMKUM peKaMa je Ha KOJU HaYMH KBaHTHU(PHUKOBATH
OpraHu3Me pa3IMYUTHX BEJIMYWHA, KOJU MMajy JApyrauuje XHBOTHE IHKIIYyCE, pa3IMIUTe
exosomke 3axteBe (Canyi m Paunovi¢, 2006, Tubi¢ u cap., 2013). 3a penpe3eHTaTUBHO
y30pKOBamke MOTPEOHO je MPEHU3HO MPOICHUTH CTPYKTYpPY CTAHHINTA Yy BEIUKUM BOJIHUM

TeIMMa, YUMe O Ce YCHEIIHO PeIIMIN HeI0CTAalll IPOCTOPHUX U BPEMEHCKUX TUMEH3H]a.
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VY cnygajy JDS 2 u JDS 3 uctpaxkuBama KOpUITNEHH Cy CTaHIAPAN30BAHU MPUCTYIIH
y30pKOBamba MPHOOATHHX JEJI0Ba PEKE, 3ajeIHO ca METOJ[aMa 33 Y30pKOBamke IyOJbuX JelioBa
peKe 3a MpOLeHY eKOJOUIKOT CTaTyca, a BPIICHA je W MpOoIeHa mpedepeHnuje npemMa THITY
cranumra cneruduuHnx TakcoHa. [lopeheme MeTona 3a y3opkoBame TyOJbUX JEII0Ba peKe
(Air-lift/Multicorer/npeya) u Merona kopuiiheHux y npuodamHom peruony (MHS/K&S), je
TEILIKO, Jep Ce OBU NMPHUCTYIH HE PA3JIUKYjy caMo Y IOTIjery TeXHUKE, Beh ce bHMa Y30pKYjy
pas3In4yuTe IPOCTOPHE 30HE PEKeE, IITO je MOTBPHEHO U CTATUCTUYKUM aHAIM3aMA.

W3 pesynrara noOujeHux anHanmu3oMm y3opaka ca JDS2 wuctpaxuBama MOXe ce
3aKJbYUUTH Ja je BUIIEe TakcoHa mnpukymsbeHo Air-lift/ MHS/Multicorer metonama (362) y
nopehemwy ca K&S/apena meronama (220).

Y npusor oBoMe roBope 1 panosu Opojuux ayropa Aarefjord (1972), Drake u Elliott
(1982), Mackey (1972), Norris (1980) u Pearson u cap. (1973), koju ce ogHoce Ha niopeheme
Air-lift merome y3opkoBama ca JpYrUM JOCTYIIHUM MeTojama. Ha OCHOBY OBHX
UCTPaXKMBamha 3aKJbyueHO je 1a cy pasiaumuutd TunoBu Air-lift yzopkoBaua edukacuuju 3a
y30pKOBame (hayHe MaKpoOECKHUMEaka O] OCTAlIMX TECTHPaHUX MeTona (apeue, Oarepu).

Multicorer merona, kopumihena je kao anrepHaruBa 3a Air-lift merony (JDS 2) na
nemoBuMa Toka JlyHaBa ca BpiIo (UHMM HaHOCOM ceAMMeHaTa. Bpcra mojiore je
orpannvaBajyhu ¢akrtop 3a ynorpeOy oBe BpCTE Y30pKOBaya, Ma c€ HE KOPHCTH YECTO 3a
y30pKOBame, ajld Jaje peJaTMBHO TayaH cacTaB 3aje[JHHIe OCHTOCHHUX OpraHu3ama
y30pkoBaHuX oOxactu. OBo ce moceOHO onHOcH Ha 3ajenHully xupoHomuaa (Milbrink u
Wiederholm, 1973), npencrasuuka poma Chaoborus (Diptera) (Kajak u cap., 1978), Ha y30pke
y3eTe U3 BPJIO Te4HOT, (GuHO rpanynucanor ceaumenta (Giani, 1974) unu myssa (Gale, 1975).
OBa MeToJa HHMje TOTrOJHAa 3a y30pKOBame (ayHe MaKpoOecKHMUMemaka Koja HacesbaBa
KpymHHUje (paknuje CyrncTpara, cacTaBJbeHEe O]l MeCKa, CUTHHjer M KPYMHHjer HUbYHKa U
KameHa, kako HaBomu Prejs (1970). 3a mpeBasuiaxkerme oBor mpobiema ayrtopu Taylor &
Erman (1980) mpemmaxy aHraxoBame pOHHWJIAIIA Ca OMPEMOM, KOjH OHW PY4YHO 3apHBAJH
y30pKOBau y oBakaB TUMN nojjore. CINYHO OBOME, MOCTOjU MOTyhHOCT 3a py4Hy ynotpely
corer y3opkoBaya y IJIMTKHUM JICJIOBUMA TOKA.

360r HHCKOT BOJOCTaja Ha ojapeheHHM JIOKalIuTeTHMa (JIEBET Tadaka, YrJlaBHOM Ha
nputokama) Tokom JDS 2 uctpakuBama, kao antepHarusa Air-lift meToau, nmpumemeHa je
metona MHS y3opkoBama.

Air-lift MHS/Multicorer metome cy edukacHHje y TOIIEAy CTaHIAPIA30BAHUX

MoJ/IaTaka Kao KBaHTUTAaTUBHE METOJIC U MOKPUBA]y HajBehy MOBPIIMHY €KOCHCTEMA.
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Air-lift u Multicorer metoae cy edukacHuje 3a MPUKYIJbakbe MMoJaTaka o GayHu IHa
Ha BehuMm nyOvHama Ha CTaHIapAW30BaH HAuWH, MTO MOTBPYjy M pe3yaTaTtd oBOr pana. Y
y30pIMMa NPUKYIUBEHHM OBHM MeTojama 3alelexeHa je BeluKa OpojHOCT rpyna
Oligochaeta u Diptera (yrinaBHoM npeacraBHuka ¢pamminja Chironomidae), anu cy u npyre
rpyle opraHu3ama yCIeNIHO MPHKYIUbeHEe. AHAIM30M  y30paka MNPUKYIUBCHHX
moauduxoBanum FBA Airlift y3opkosauem (Pehofer, 1998), yrephene cy 3nauajHe pazmuke y
cacTaBy 3aje[JHMIE TyOOKMX 30Ha peKe M y30paka y3eTux Hesse Mpexom ca HIIbYHKOBHUTE
nojyiore y mpruo6anHoj 30Hu. OBO yKa3yje Ha TO Ja y30pLH Y3€TH caMO y MpruoOaTHOj 30HU
WM caMO y AyOOKHM JIeIOBHMa peKa He Jajy pEeNpe3eHTATUBHU IIPHKa3 MEIOKYITHEe
3ajeIHHIIC BOJICHMX MaKpOoOECKHMUMEHaKa y BEIMKUM pekama. To moTBphyjy u Neale u cap.
(2006) xoju cy mopenuwnu ePUKACHOCT U MOJOOHOCT JOCTYIHHX TEXHUKA 33 Y30PKOBAHC
BOJICHMX MaKpOOECKHYMEHaka y BEIIMKMM peKkama 3aCHOBAaHMX Ha CHCTEMY OLIEHE CTaTyca
Bemuke bputanmje (Airlift, npeya, y30pkoBaud NpHOOATHUX 30HA, pydHe Mpexe). OHu
npenopy4yjy Airlift ka0 HajIIOrOJHU]y METOIy, ald HCKJbYYHMBO 3a €(PHUKAacCHY HpOIEHY
KBaJIMTETa BOJIE y AyOJbUM JeNoBUMa peke. AKTMBHOCT Y30pKOBama Tpebda yCMEpUTH U Ha
nproOaHa CTaHUIITA jeTHAKO Kao U Ha {y0Jba CTaHUINTA pEKe.

K&S metona ce mokasana ce Kao ajeKBaTHa 3a MpoleHy (ayHe MaKpoOeCKUIMEHaKa
npruoOaHe 30He W aHAIIM3Yy Pas3IHMyYUT YyCJIOBa JIeBe M JiIeCHe o0Oaje. 300r MOBHUIICHOT HUBOA
BOJIe HM3BOAHO oj Depnama 2 (nokamurern JDS 65 no JDS 96), apeya je xopumiheHa xao
aJITepHaTUBHA METOJIa Y30pKOBama Ha yKymHo 32 npoduia (ykibyuyjyhu u 6 nputoka) Tpebda
UMaTH y BUAY Ja j€ 3ajelHHla MaKpoOecKHMUMemaka NpuoOaiHe 30HE MOJ YTHUIlajeM
xuaponomkux ycioBa. KomOunaimja o0e Meroze Aaje KOMIUIETHHjE pe3ysiTaTe 3a morpede
UCTpaKHBama MpHodaHe 30HE.

K&S y3opkoBame Tokom JDS 3 mcrpakuBama. cripoBefeHO je y AenoBumMa /lyHaBa
KOJU C€ MOTY TPETa3HTH, JIOK j€ Y30pKOBame AperioM (GOKyCcupaHo Ha ay0OJsba CTAaHUIITA KAKO
o6u ce no6ie mHpopMalMje 0 AUCTPUOYLIMJU OpraHM3aMa QYK MOMPEYHOT IMpeceka peyHoOr
KOpUTa. Y30pKOBame ayOJbUX JieioBa peke JpeyoM kopuitheHo je u 36or moryhHoctu
nopehema ca noganuma npukymbeHuM Air-lift Mmeromom, koja je npumemeHa 3a y30pKOBambe
ny0Jprx nenoBa peke TokoM JDS 2 ucrpakuBama 2007. ToauHE.

Muoru aytopu (Fast, 1968; Elliott u Drake, 1981a; Probert, 1984), cy mopemuiu
e(UKaCHOCT Y30pKOBamka pa3HUM THIIOBHMA Jpela ajud He U ca ApyruMm Meronama. [Ipema
nogaruma Drake-a u Elliott-a (1982) mpena je moromaHa 3a y3uMmame y30paka ca CyrncTpaTa
cacTaBJbeHUX O] IJbYHKA J0 Beher KaMmema, alli HUje TOroJHa 3a y3uMame y30paka ca

¢uHOr cyncrpara (MyJb, TJIMHE) Ka0 HU Ca CTAHUINITA ca KPyIHUM KaMEHOM (MaTH4YHa CTEHa).
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Hacymnpot Tome, Air-lift je moroman 3a ymorpeOy Ha cymcrpary cacTaBJbeHOM O] (DHHHUjUX
¢dpakuyja (MyJba U TIMHE) 10 HUbyHKA. OBe J1BE METOJIe Y30pKOBamba Haj00JbE je KOPUCTUTH
HCTOBPEMEHO KaKo OM ce OCUTYpajlo Ja Ce YMTaB CIEKTap CymncTpara y AyOOKHM pekama
00yxBaTH KBAJIMTATUBHUM Yy30pKOBameM. Pan Ha TepeHy je HajOoJpM HAYMH J1a ce OJpere
HajaJieKBaTHHje METOJIe Y30pKOBama Kao M Ja ce (opMHpa HPOTOKONI 32 Y30PKOBAE
onpehenor Tumna peke.

Benjamin (1998) xopucTH cTaHmapau3oBaHE METOJAE, KOje Ce NpUMEmYjy 3a
y30pKOBame (ayHe MaKpoOeCKHUMEmaka y IyOOKHM KaHaluMma, Aa OW yTBpAUO JAa JIK
METOOJIOTH]ja y30PKOBamkha yTHUE Ha pe3ysTaTe, a CaMUM THM H INPOLEHY KBAJIUTETA BOJE.
AHanu3upaHu cy pe3ylTaTH TPU TEXHHUKE y30pKOBama Ha JBa JIOKAJIUTETA, KOje YKIbYUY]y
kopuitheme pyuHe mpexe, apene u Oarepa. K&S meTtona u npeya cy TeXHHKE KOojuma je
NPUKYIUBCH HAjpa3HOBPCHUJU Y30paK ca BEIMKAM OpOjeM TaKCOHA Y OJHOCY Ha YJIOXKEHH
Harop y3opkoBama. OBe J1Be METO/E MMalle Cy M BHCOKE BPEIHOCTH OMOTHYKHX CKOPOBa
(BMWP u ASPT). HUnak, Ouio je 3Ha4ajHUX pa3jivKa y pe3yiTaTuMa JOOUjeHUM aHaJIM30M
oBHX MeToza. Pe3ynraru onpaBaaBajy ynorpeOy K&S merone y komOuHanuju ca JpeyioMm, jep
cy yTBplheHe 3HauajHe pasznuke (ayHu yHyTap y30paka MpUKYIUbEHUX OBUM METOJama, Ia je
3aKJbYyUEHO Ja j€ HEONXOJHO KOPHCTUTU 00e MeToJe Ja OM ce OCUTypao pernpe3eHTaTUBHU
y30paK LEJIOT BOJOTOKA.

OBo cyrepuie 1a y3opkoBame K&S MeTonom Tpeba 1a ce orpaHu4M Ha y30pKOBae
wmhux aenoBa peke U ja Tpeda KOPUCTHTHU APyre METOAE Kao aITepHATUBY 3a MPUKYIIhAmkhe
y30paka u3 AyOJpux JenoBa. YTBpheHo je Takohe aa je pydyHy MpPEKy TEIIKO KOPHUCTHUTH ca
opona/gamiia (Bass et al. 2000).

Anannzom y3opaka oO0yxBaheHMX OBHUM PaJOM JIOHET je CJIMYaH 3aKJbyyak, LITO Cy
NOTBPJMJIEC U CTATUCTUYKE aHAIIN3E.

Benuke peke cacTtoje of] 1Ba pa3IuuMUTa CTAaHUINTA: IPHOOaba U MHOTO NMPOCTPaHHU]erT,
nyOJsper aena, ca BehuM nmpoTokoM Boje. J[ok je pa3HOBPCHOCT CTaHUINTA y npruodasby Beha,
nyOJbH I€0 peKe Jaje KapakTep LeJIOM CIUBY.

Pesynrat noOuWjeHM aHATM30M CBHUX HAaBEJCHHUX MCTpaXKHBama O00aBJbEHHX Ha
JynaBy mnotBplhyjy na je onapehuBame mNpenu3HUX LUIJbE€BAa HCTpakMBama MPEayCcioB 3a
onabup ajeKBaTHE METOJOJIOTHje y30pKoBama. KomMOWHammja CBUX MpHCTyna Be3aHHX 3a
cnenu(rYHa CTAaHUINTA MpyXka cCBeoOyxBaTaH yBUA Yy cacTaB (ayHe Ha ozpeheHoM
JIOKAJIMTETY 3a BEJIMKE paBHUYApcKe peke. [[puMeHa KOMOWHOBaHMX METOAA y30pKOBama Ha

BEIIMKMM peKkaMa omoryhaBa ga uCTpakMBame jeIHAKO Oylie YCMepeHO Ha ojpehuBame
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€KOJIOIIIKOT CTaTyca, OMOAMBEP3UTETa, KA0 M Ha UCTPAKUBAKHE/PACIPOCTPAHCHE HHBA3UBHIX
BpCTA.

[lopehewem rnmaBHUX mpHUCTyna Koju cy mnpumewmeHn Tokom JDS 3 u JDS 2
HCTpaXMBamka Ha OCHOBY TAKCOHOMCKHX TpyMa YOYEHO j€ jaCHO pas/Bajare€ METOJa, IITO
3HA4YU J1a c€ CBaKOM MeToaoM o0e30el)yje y3opkoBame jequHcTBeHe (ayHe - payHe nyOoke
BoJIe U (payHe mpuobaiHe 30He.

Airlift y3opun nokasyjy Behy cnuuHOCT ca y30opiyMa NpPUKYIJBEHUM JAPELIOM, 0K CY
MHS u K&S meTone mokasane climyHOCTH jep 00e mokpuBajy (ayHy mpuodasba, mTo je y
CKJIaJy ca YME-CHUIIOM Ja ce (payHa myOspux JenoBa peke y oapeheHoj Mepu pasiukyje of
dayHe nprobantHe 30HE.

Ha mojenuHuM cexTopuMa JIOCTYIIHUM TUIIOBH CTaHUINTA Cy XOMOI'€HHM, JIOK Cy Ha
JpyTUM pa3HOBPCHUjU Ma OW y TaKBUM ciiydyajeBuMa npumena MHS merononoruje y3umama
y30paka Omio Haj00Jbe pelIeHe.

[Topeheme Opoja MHAMBUAYA Y OKBHPY TaKCOHA MMa OrpaHHYera. Ha nokanureTnma
rze je moryhe y30pKoBame ca CBUX PElpe3eHTaTUBHUX CTAHUINTA, OPOj MHAMBHUIYA Y OKBHPY
Hal)eHHX TaKCOHa ce MOXe MOpenuTH. Y APYTruM CiIydajeBuMa, Kajga Huje Moryhe yKiby4uTu
CBE PAcCIIOJIOKMBE TUIIOBE CTAHUIIITA Y MPOrpaM y30pKOBarma 300T BEIHKHX JTUMEH3Hja PEKe,
OBa] HAYMH aHAJIM3e y30paka MOXE JaTH MOTPEHIHy CIUKYy O OIHOCHMAa Yy 3ajCTHHIIN
(Markovi¢ u cap., 2012, Tubi¢ u cap., 2013).

[TocToju HEKOJMMKO JIOKAIHUTETa HAa TOPHEM H CpeAmeM TOKy JlyHaBa KOju HMMajy
no6po neduHHMCaH cacTaB CTaHUINTA. [IpUKYIUbeHM TOJAalM HAa OBHM JIOKAJIUTETHMA CY
pernpe3eHTaTuBHU 3a MelycoOHo mopeheme (u3mely akymynanuje ['aGuukoBo U
HynadonaBapa, ropmer u cpenmer Mahapckor nena Jynas) (Csanyi u Paunovié, 2006).

Y oBOM pajy cy aHAIM3UPAHU U Y30pIH Jo0ujeHn ynorpedbom Van Veen Garepa koju
je kxopurmrheH 3a y3opkoBame y cekropy JlyHaBa moj ycmopoM, y komOuHammju ca K&S
metogoM. OBe JBe METOJie Takoh)e MOKpHBAjy JBE Pa3JIMUMTE 30HE, T€ C€ M aHAIM3UPAHU
napaMeTpH 3ajeHUIE OUEKUBAHO PA3IIUKY]Y, ILITO j€ U CTATUCTHYKU NOTBphEeHO.

IIpema Elliot u Drake (198106), Oarepu He ocTBapyjy ao0pe pe3ysrare Ha TBPIAUM
MoJyIoramMa, HapoyuTO HAa MEeCTHMa Tie je nyounHa Boje Beha o 1 m a O6p3uHa cTpyjama Beha
on 0,5 m/s. Ocum Tora, u3 6arepa ce 4ecto ryou GuHU 1e0 Ppakimje CaKyIbeHOT MaTepjaia
NPUWIMKOM TI0/IM3amka, IITO MpeicTaBiba Tyoutak aena ysopka (Danielson, 2014). Ogaj
npobiemM ce moBehaBa YKONMKO KaMeH WM KPYIMHHJH TPEIMETH CIpede TPaBIHO H
KOMILIETHO 3aTBapame ,BwiHma“ Oarepa. OBH mpoOJieMH OrpaHUYaBajy Y30pKOBakbE

Oarepuma Ha moajore ca (UHUM CEAMMEHTOM, y CIOPHjUM TOKOBHMA U MCKJbYYyje HUX U3
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ynoTrpede y peIoBHUM OMOMOHUTOPHUHT MPOrpaMHuMa, TJI€ Y30pLHd MOpajy OUTH PHUKYTIJHEHU
ca pazIMuuTHX THIoBa moxiora. Ha JlynaBy y myOokoj Boau Benuke Op3uHe u Peterson
Oarep ce nome mokazao (Herrig 1975) y mopehemy ca Airlift u corer ysopxoBaunma
U3aJHUpaHUM 3a Y30pKoBame (ayHe Koja HacesbaBa CYICTpaT ca (UHUM HAHOCOM
cequMmeHnTa y ayoseum nenoBuma peke (Bretschko m Schonbauer, 1998). Cnuyanu pesynaratu
nobujenu cy u Ha peru Endu (Petermeier & Scholl 1996). O6e ctyauje He mpenopyuyjy
Oarepe 3a pyTUHCKO y30pKOBambe JyOOKHUX peKa.

PesynTatu cBUX MeToda y30pKoBama ce aonymyjy: MHS momanm ce xopucre 3a
NpOIIEHY CTaTyca, AOK METOJe 3a y30pKoBame ay0spux aemosa peke (Air-lift, Multicorer,
npena 1 Van Veen 6Garep) u K&S meronanajy Buiie wHpOpManuja 0 OMOAMBEP3UTETY U
HIPOCTOPHO - BPEMEHCKO] AUCTPUOYLIMjU TAKCOHA MaKpOOECKNUMEaKa ajli U O BEPTUKAIHO)]
TUCTPUOYIIMjU OpraHU3aMa.

Ha rpyny Mollusca tpeba mnoceOHO 00paTHTH Maxiy, 32 HUXOBO [IETabHO
UCTPAXKUBAKE HEOMXOJHO j€ CIPOBECTH JET/haH MOHHTOPUHI CHEIM(DUYHMX CTAHUIITA
Pomeme Moxke ga 006e30enu nonatHe HHQPOpMAIMje, HAPOUUTO O MOMYIAIUjHU IIKOJBKU KOje
xuBe y ay0spum obanunm 3ouama (Tomovié, 2015).

Bakan amexT je u Bpeme moTpeOHO 3a 00aBJbamkbe Y30pKOBamba ca Opojia Ha BEJIMKUM
pekama. Ako ce y3My y 003HMp CBE aKTUBHOCTH BE3aHE 3a y30pPKOBambe, KOje MOJIpa3yMeBajy
BpeMe MOTPeOHO 3a MPHKYIUbamkhe IMOJaTaka O JIOKAJUTETy (cacTaB MOAJIOre, IIMPUHA U
nyOvWHA TOKa, HUBO XHUIPOMOP(dOIIONIKe Aerpanaliyje UTa), HOLICHE ONpeMe, Y30pPKOBAHkE,
penykiuja y3opaka, COpTHpame, oOeleKaBame, KOH3EpBalHja W IAKOBAKE Y30paka,
noTpeOHO je MpoceyHo 2 caTa Mo CBakoM JokanuTery. Ha oBaj HaunH, Moryhe je y3opkoBaTH
JIBa, €BEHTYAJIHO TPH JIOKAIMTETA y TOKY JaHa, YKOJIWKO MyT u3Mel)y /Ba jokamuTeTa Tpaje
Mame 0J1 caT BpeMEHa.

O6pama y30opaka Tmojapa3ymMeBa JIBa OJIBOjeHa Kopaka: 1) wu3aBajame
MakpoOecKHYMemaKka U3 CyrncTpara u 2) uaeHTudukanujy u opojame. Bpeme notpebHo na ce
U3[IBOj€ W PAa3BPCTa)y HMHIUBUAYEC MaKpoOECKHMUMEHaKka M3 y30paka ca BEIHKUX peKa,
MPUKYTUBCHUX Pa3IMIUTHM METOJ/IaMa, 3aBHCH 01 0co0e koja oOpalyyje y3opak. Tpeba ucrahu
Jla BEJIMYMHA y30pKa BapHpa W y BEJIHMKOj MEPH 3aBHCH OJ METOJE Y30pKOBama M 0coOMHA
JIOKaIMTeTa, YOpPKOC MOKylIajuMa Aa y3opuu Oyny yHudopmuu. Ilopeheno je Bpeme
noTpeOHO 3a 00paay y30paka NPUKYIJbEHUX CTaHIapIHUM MeTonama. KonnmunHa marepujana
cakymbeHna apenoM u Airlift Mmetomom Huje Ouia Benuka, ajqM YKOJIHMKO jeé Ha HEKOM O]l
JokanuTeTa Ouo Behwm mporieHaT GuHOT HaHOCA, BpeMe 0o0paje y3opaka ce MPOJOHTHUPAIO.

Coprupame y3opaka yzetux Airlift meronom je BpeMeHCKH 3aXTEBHHjE Y OIHOCY Ha y30pKe
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y3ete aperiom u pyunoMm mpekom (Neale u cap., 2006). Tpeba wMatu y BHIy Ja MOpE
onabupa aJeKBaTHE METOJOJIOTHje Y30pPKOBamba M HHUBO TAKCOHOMCKE JETEpMHHAIIN]E
opraHu3ama y BEJHMKO] MEpH yTHUYe Ha pe3yJTare MpoleHe ekoyomkor craryca (Birk u cap.,
20126; Hering u cap., 2004).

HckycTBa M pe3ynTaTd OBUX HCTPAXKHMBaka MOTY 3HA4ajHO JONPUHETH Pa3BOjy

CBEOOYXBaTHE METO/I0JIOTH]€ Y3UMama y30paka y BEIMKUM peKama.

[Topeheme pesynTara 100MjeHUX TOKOM OBOT MCTPaKHBama OJHOCH CE Ha Y30pKe ca
pa3IMYUTOr TUMA TMoIore (MPUPOJHE M BEIITayke) y3eTe MCTOM METOJOM Y30PKOBamba,
PYYHOM MpEKOM Ca CBHX pPAacIllOJIOKMBUX MHKpocTaHumira. JloOujeHe pasnmke y Opojy
TaKCOHOMCKHX Tpyna, Kao U y Opojy MHIUBHAya Cy 3HauajHe M OYEKMBAHO J1ajy HPEAHOCT
npupoaHoj mouo3u. CTaTuCTHYKa aHalu3a, WIAK, HE TOKa3yje TOJIMKO 3Ha4yajHE pas3lIuKe
n3Melyy nBa THma mojjiore, mMTO C€ MOXe 00JaCHUTU TUME Ja Ccy mopeheHu y3opuu y3etu ca
UCTOT CEKTOpa, Ma je cacTaB 3ajelHUIla MaKpOOCCKHMYMEHaKa Ha pa3IMYUTHM IOJJIoraMa
CJINYaH.

300r pasnMUUTHX YTHIaja Ay’ TOKA, W3a3BaHUX PA3IMYUTUM OKpYKemeM (pebed,
reoJIolKa MoJjIora, HaAMOpPCKa BUCHHA, HArnO KOpuTa M KJIMMa), OBAa peKa jeé XeTeporeHa y
TIOTJIEAy OMINTUX YCJIOBA CTaHUINTA. 300T reorpad)CKor Mmojiokaja, pa3iuuTe KIMMe, caTaBa
CTEHa, MeA0JIONIKE PA3HOIUKOCTU U OpOrpa)CKUX KapaKTepUCTHKa, ciuB peke Case je jenan
0]l HajKOMIUICKCHUjuX y EBpomu mrTo ce Tude IucTpuOynuje OUIbHUX W KUBOTHECKUX
opranmzama (Lopatin u Matvejev, 1995). MHcrpaxuBame aucTpuOynHje BOJIECHUX
MaKpoOecKknuMemaka peke CaBe je KOMIUICKCHO ITHTakbE.

Mihaljevi¢ u cap. (1998) TOKOM I€BETOTOAMIIET HCTPAXXKMBaKka HA BELITAYKUM
nojyiorama y cpeamem ey Case uszapajajy Chironomidae u Oligochaeta xkao momunanTHE
rpyre, MTOo je y CKIaay ca pe3yiTariMa Hamle CTyAHje 3a cpenumu aeo Toka Case. ['pyma
Mollusca je Takohe jemaHa on TrJIaBHMX KOMIIOHEHTH 3ajeHUIIE MaKpoOeCKHUYMEmaka y
cpenmeM u omeM neny peke Case (Matonickin u cap., 1975; Paunovi¢ u cap., 20086, 2012;
Tomovi¢ u cap., 2010, Popovi¢ u cap., 2016) Mollusca u Oligochaeta npencrasibajy aBe
Hajeehe Tpyme MakpoGeckHuMemaka y BeIMKMM paBHM4YapckmM pekama (Sporka m Nagy,
1998; Paunovi¢ u cap., 2005, 2007a, 20076; Atanackovi¢ u cap., 2011), y omHocy Ha Opoj
UICHTU(HUKOBAHUX BPCTA U PEIaTUBHY aOyHIaHILy.

Ha ocnoBy namaza Urbanic¢a (2008) u Luci¢ u cap. (2015), peka CaBa mMoxe ce
NPEIMMHAHAPHO TOACTUTH y TET Pa3IiduTa CEKTOpa - allCKH, CyOasICKH, TOPHa MOCaBCKa

paBHMLA, cpeama CaBa u noma CaBa, IITO je Y CKJIAAy ca pe3yjiTaTUMa OBOI MCTPaKHUBamba,
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Ka0 ¥ Ca ONIUTHM TPHPOAHUM KapaKTepucTHKa peruoHa. lopmy CaBy (ropma
reomMop(oJIoNiKa jeJIMHUIA KOja 00yXBaTa ajlCKy, CyOallCcKy U TOpiY MOCABCKY PAaBHHUILY)
KapakTepUIlly CTpME MaJuHe, IIPUTOKE U TOMUHAIIMja o yiore ca rpyoom ¢pakuujom (SRBA,
2009; SRBMP, 2013). IIpema pacrmonokuBuM mofamnuma, a0 yinha Yae u Cucka JOMUHHpA
nubyHak. Ha more3sy m3mely Cucka m CnaBoHckor bponma y momio3u JOMHHHpPajy HMECK U
IUbYHAK, @ HU3BOJHO Necak U MyJb. Kako je mojuiora jenan oa Haj3HayajHUJUX BakTopa Koju
yTU4y Ha pacrojeny MakpoOeckmumemaka (Allan, 1995) kapakrep npomena y 3ajeqHuiu je

O4YCKHBaH.

5.1. OnTumMHu3aumja MeTo10J0THje Y30PKOBakha BOJAeHUX OeCKMUMemhaKa
3a BojeHe exkocucreme Cponje

Nmajyhu y Buay rope momMeHyTe YHECHUIIE M METOJOJIOIIKE MpobdjemMe Be3aHe 3a
y30pKOBamka BOJCHUX MaKpOOECKHMIMEHaKa, Y OBOM paay ce Mpemiaxy cieaehu mocTymu
Y30pKOBamba 3a pa3jinNynTa BOJIHA Tela!

3a peke Koje ce MOry IperasuTu Mnpernopyka je na ce kopuctu moaugpukoBana AQEM
MeTOoJla y30pKoBama. Kao mro je Buiie myra momeHyTo y oBoM pamxy, AQEM merona je
3acHoBana Ha MHS memwu, koja je nW3ajHUpaHa 3a Y30pPKOBamke TJIABHUX CTAaHUIITA,
IPOMOPIMOHATHO BBHXOBOM MPHUCYTBY Y 30HH y30pkoBama (AQEM Consortium 2002). Bpoj
pernka Ou Tpebano oApenuTH MpeMa MPOMOPIMjH INIABHUX THUIOBA CTAHUIITA ONUCAHUX Y
AQEM mnporokoiy. Y3opak 0u ce cacrojao ox 10 permka NpuKyIJbeHUX Ca CBUX THUIIOBA
MHUKPOCTAHHUINTA HA WCTPAXMBAHOM JIOKATUTETY, OJ KOjHUX CBAaKW 3ay3uMa Buiie on 5%
noBpiuHe. Ha ocHOBY mpukazaHux pesyirara y oBoM paay, 10 peruivka je mpolemeHo Kao
JI0OBOJbaH Opoj TOJy30paka 3a MpHKa3 PENpe3eHTATUBHOI cacTaBa 3ajeJHUIIE BOJECHUX
MaKpoOeCKMUMEHaKa.

Tpeba umatu Ha ymy ciefeha ynmbeHHIIe TOKOM y30pKOBamka ca MUKPOCTaHUIIITA!

. VY cnyuajy y30pKoBama MUPKOCTAHHUIITA ca BOJACHOM MaKpOBETETaIljOM, Y30PKYje ce

MOBpIINHA JTHA (25X25CM), 3ajeTHO ca BEereTaiujoMm,

. Opranu3mu ca y30pKOBaHe BETeTallije crpajy ce moMmohy mMpexe,

. VY y30pKoBame ce yKIbydyje ¥ MUHEepaHa MO JIoTa HCITUTHBAHOT TIOIPYyYH]a,
. droTaHTHA BereTalMja ce y30pKyje 3ajeJHO ca MaTepHjaioM ca JIHa;

. Y30pKoyje ce TOMUHAHTHA BEreTallnja.
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Ha ocHoBy moOujeHMX pe3yiTara BUIICTOAMIIBUX HCTPaXKUBamkba MOXe ce uctahum ma je
AQEM mnponeaypa y30pKoBama NPUMEHJBHBA CaMO 3a BeOMa IUTUTKA BojaHa Tena. M3pas
»800e Koje ce moey npeeazumu’ OATOBapa BOJAHHMM TeIMMa MakKcHMalHe nybuHe mao lm
(Y30pKOBIbE je PH3MUYHO, MOCEOHO y Op3uM pekama, Kako 300r jake CTpyje, Tako u 300r
KJIM3aBOT IMOKpHBaya O] ajrd Ha KamMewy W HectaOwiHOr nHa). Jla je morpeOHa Beimka
MPOBUIHOCT 33 BHU3YENHY MPOILIEHYy MHUKPOCTAHUINTA; MyTHE BOJE Cy MpoOieMaThuyHe 3a
AQEM vy3opkoBame, U Aa je y OyOOKMM W/MIM MYyTHUM BOJaMa HEOMXOIHO O30HJHHO
TEPEHCKO MCKYCTBO KaKo O ce CIpoBesia aJeKBaTHa CTpaTeryja.

K&S meTony, Koja je jeIHOCTaBHUja M €KOHOMCKHU UCIUIATHBH]a, TpeOa KOPUCTUTH Ko
antepHatiBy AQEM meronu 3a pyTHHCKM MOHUTOPHHT, HJIM Kao JIOJIATHY MPOIenypy, na Ou
ce 10o0Mo MITO MPEeNM3HUjU CIHUCAK TAaKCOHA MPWJIMKOM aHAJIM3€ 3ajeHUIE. Y30pPKOBAHmE
Tpeba na OyJe cTaHIapJM30BaHO HA TAaKaB HAYMH Ja C€ alPOKCUMATHBHO KOPUCTH jEIHAK
HAIop MPH CBaKOM Y30pKOBamy, OMIIO Jla C€ KOPHCTH HCTa AyXKHHA y30pPKOBamka WM Ja ce
CHPOBOJM MCTH OpOj 3aMaxa NMPUIMKOM y30pKoBama. OBako moctaBibeHa K&S mporemaypa

Jlaje CeMUKBAaHTUTAaTHBHE y30pKe. Y3eTe y30pKe Ha OBaj HAuuH Moryhe je mopeauTu.

Ha Benukum 1 Beoma BenmkuM pexama, mpumeHa AQEM metone y3opkoBama npema
MHS memu, 3axteBa apyraudju MOpHUCTYN, 300T JApyraudjer pasmaTpama TOIOJIOTH]E,
JMMEH3Mja peKe M CTaTUCTHuYKe oOpazae. Ha oBakBMM BOJHHUM TelnMMa, ca pe3epBoM Tpeda
tpetupat AQEM y30pkoBame Kao KBaHTUTATUBHY MeToay. [Iporiena Opoja MHAMBHIya 110
JEIVHUIM TOBPIIMHE (i/m2) HUje pelieBaHTHA y BehuM pekama, jep BEJIMKH JIe0 PEYHOr JTHa
HUje Moryhe mperasuTH U HUje JOBOJAHO MPOBUIHO 3a BU3YENHY IMPOLIEHY CBUX MocTojehnx
TUNOBa cTaHumTa. ['pyda mpolileHa MUKPOCTAHUINTA y TUIMTKOj OOAJCKO] 30HU MOXE ce
JOOHUTH TAXKEHEM YK CEKTOpa TIe C€ y30pKYje, THII MOJIIOre C€ MOXKE MPOIEHUTH Ha OCHOBY
ocehaja moj cTomanuma, a Takohe CeAMMEHT Ce MOXKE M3BaIUTH PYYHOM MPEXKOM TaKO J1a je Y
TOM ciy4ajy Moryhe M3BpIIMTH M BU3YENHY MpoleHy cequMmeHTa. CeKTop y30pKOBama
Tpebiio Ou a u3Hocu u3melhy 50 u 100m.

PenatuBHU yneo paznMUMTHX CTAaHHWINTA Yy IUIMNO] 30HM, y CIIy4ajy BEIHMKHX peKa
YECTO MOXKe OUTH camo Tpy0o MPOLCHEH, 300T Majie MPOBUIHOCTH U TYpOYJIEHTHOCTH. 300T
TOTa Ce€ 3a Cpe/ilbe€ U BEeIIMKEe HU3HMjCKE peKe Mmpeiaxke ynorpedba KOMOMHOBAaHUX METOoJa 3a
Y30pKOBamhE MaKPOOECKHUMEHaKa.

300r unmeHHNA A3 je 00aJICKU PErHOH CPEeNbUX, BEIWKHX M BEOMa BEJHMKHX peKa
HajHACEJHCHUJU U J]a UMa HajBehu TUBEP3UTET 3ajeTHUIIAa MAaKPOOESCKUIMEmhaKa, Mpernopyka je

Ja C€ mocebHa maXma yYCMEpHU Ha OBaj J€O0 BOACHOI' CKOCHUCTCMA. Hpez[noxceHa
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moaudukoBana AQEM mponenypa y3opkoBama (10 momy3opaka) je 3amoBosbaBajyha u
epukacHa 3a PYTHHCKY TMpOIEHy craTyca/moreHnyjana. Kao momyHy, 3a pyTHHCKH
MOHUTOPHHT, Ha 0Ja0paHMM MeECTHMa Y30pKOBama, Tpeba KOPUCTHTU M Jpelly, uuja ce
ynorpeba mpenopydyje caMo Ha oAa0paHMM MeCTHMa 3a Y30pPKOBamE€ Ha CEKTOpY TIe je
6e30e1H0 KOPUCTUTH MaJIHM YaMall ca MOTOPOM.

Kao u y ciauuauajy mamux peka Koje ce Mory nperasutu, K&S merony, Tpeba
KopucTuTU Kao antepHatuBy AQEM mertone 3a pyTMHCKM MOHUTOPHHI, WM Kao J0JATHY
IpoIeypy, 3a IeTaJbHHUja UCTPAKUBAIbA.

[Ipenopyuyje ce pomeme 6e3 onpeme Ha ayoune 10 4m. Jla 6u ce kBaHTHU(UKOBAIE
IIKOJbKE, jenuHKe Tpeba cakynutu ca mopmuHe 0,5X0,5m. 3a oxmpehuBame moBpmnHe 3a
y30pKOBambe, MOXKE Ce KOPUCTUTH uyequdyHu pam. Ilponenypy TpeGa MOHOBUTH HajMame 5
myTa.

3a HCTpaXMBAUYKM MOHUTOPUHT M Hay4YHa HCTPAKUBarka, HEOIXOTHO j€ MCIUTATH H
nyOspe JeloBe peke, Kako Ou ce mobwie uHpopManuje O IUBEP3UTETY W aOyHIaHIU
MakpoOecKHuMewmaka y 1y0Jb0j 30HU. [Ipenopy4/bHBo je 1a ce peZJOBHO UCIIUTY]e AyOJbU JI€0
peke, Majzia Mambe (PPEKBEHTHO, J1a OU ce TOOMIIM HEONXOAHH MOAALHU O JMHAMUIIM OBOT, YECTO
3HAYajJHOT JIeJia PeKe.

VY30pKOBame JAPEIOM Ce HCIIOCTAaBMWIIO Kao TEXHHYKM jEJHOCTaBHUja M E€KOHOMCKH
UCIUTaTUBHja METOAA y OJJHOCY Ha jpyre tectupane metoze (Airlift, Multicorer u 6arepwu), 3a

UCTpaKUBame TyOJpUX JETI0BA PEKeE.
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Saxkmwyuyu

> MHS wmertona, koja ce Bpmu npema AQEM mporokoiy, morogHa je 3a
€KOJIOIIKY TPOIIEHY CTaTyca KaKo peKa Koje c€ MOTY MPETa3uTH, TAaKO M CPEAbUX, BETUKUX U

BeOMa BEJIMKHUX peKa y epruoay HUCKUX BOJA,

> MHS wmetona je cranmapAu3oBaHa, CTpec-CrenuduvIaHa METoja, Be3aHa 3a
cnenu(UYHa CTAHUINTA, HA OCHOBY KOj€ C€ MOXKE YTBPIAUTH NpedepeHirja 3a CTaHUIITE

Pa3IMYUTUX BPCTA MAKPOOECKMUIMEHAKA,

> O/IB-komnatubunan MHS y3opuu, koju ce cactoje ox 20 (10) moay3opaka,

MOTY c€ KOPHCTUTH 3a CTaHJIap/JHe aHaIH3e (CampoOHOCT),

> K&S merona je HajnpuxBaT/buBHja, KaKO TEXHUYKH TaKO U €KOHOMCKH, 3a

PYTHUHCKU MOHUTOPUHT PA3JIMYUTUX BOAHUX TCJIA,

> YKONIUKO ce cTaHaapAuuiyje, KopulihemeM HCTOr Hamopa y30pKoBama U
BPEMEHCKOT MHTEpBaja, Mmojanu A00ujeHn y30pkoBameM K&S Meronom, MOry ce pauyHaTu

KaO0 CCMUKBAHTUTAaTUBHU U ITOPCIAUBHU CY,

> VY3opmu y3zetn K&S meromom ce Opke m sakmie oOpalyyjy ox y3opaka

MNPUKYIIJbCHUX OCTAJIMM HABCACHUM METOJaMa,

> Ha merome y3opkoBama ayoseux genoBa peke (Airlift, multicorer, mpera,
Oarep) He yTH4e HHBO BOJIE M MTOTOJHE CY 32 MPHUKYIbabe TOIaTaka ca CBUX AyOJbHX JIEI0Ba

" CTaHUIITA BCIIMKUX PCKaA,

> [TaXxJbUBUM PYKOBAmEM JIPEIIOM MOTY ce€ 00e30eIUTH CeMH-KBAHTHTATHBHU

MOJIAlH,

> Pomeme 00e30elyje nomarne nHopMaIHje HAPOUUTO O TOMYJIANUJU ITKOJBKA

KOje ’)KMBe y 1yOJpHM 30HaMa ropej odaie.

> JHerasbHO ucTpakuBama Tpyne Mollusca 3axteBa aeT/baH MOHUTOPUHT

CHGHI/I(bI/I‘IHI/IX CTaHHUIIITA.
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Stream morphology and hydrology at sampling site (¢ = one mark, ¥ = more than one mark possible)
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Hydrology and water chemistry at sampling site
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_ temporary side arms recently disconnected from the river/stream

_ permanent side arms recently disconnected from the river/stream

_ side arms abandoned years/decades ago in the process of silting up

_ standing water bodies located in the floodplain and fed by tributaries

_ other types (please specify)

.pAGE4- AQEMER)
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34000 Kparyjesau, Cpbuja

BakHa HanomeHa
UsBop,

3ajeHMIIE BOJEHUX MaKpoOeCKMUMEmhaKka UMajy OCOOMHE KOje UX CBPCTaBajy y 1o0pe
¥ TI0y3/IaHe TOoKa3aTesbe MPOMEHa EKOJIOIIKHUX YCIIOBA KOjH BIIaajy U CYKIIECUBHO CE MEHajy
y akBaTuyHOM ekocucteMy. [Ipermemom mnpumene OKBUpHE AMPEKTUBE O Bojaama Yy
€BpPOIICKUM 3€MJbaMa, YOUEHO je Ja Cy, y BehnHH ciydajeBa, BOJAEHH MaKpOOECKHUMEHaln
KOpUIIheHH Kao TPUMAapHU THIIOJOUIKK OHOJIOIIKM EIIEMEHT, Kao M Ja Ccy pedepeHTHU
YCIIOBH 3aCHOBAHH, YTJIaBHOM, Ha UCTPAKMBAbUMa MIOMEHYTE TpyIie XuApoOHnoHaTa.



CaBpeMeHa wucTpakuBama y EBpomm BezaHa cy 3a Tperyiell U NPOHAAKEHE
(YHKIMOHATHUX METOJa Y30pKOBama MAaKpOOECKMUMEWaKa y LHMJbY HUMIUIEMEHTAI)e
OxBHpHE TUPEKTUBE O BoAama. TepeHCKHU paj je MpeaycioB 3a CBE Jajbe aHAIMU3E 3ajeTHUIIC
MaKpoOEeCKHUMEmaKa, T€ je Ol M3y3eTHOI 3aHadaja u300p epUKacHUX METO/a y OJHOCY Ha
TUI €KocucTeMa W IWb cryauje. Hemoctarak (uHaHCHjCKMX M CTPYYHHMX pecypca 3a
MOHUTOPUHT W TIPUMEHCHA HCTPAKMBaMkha 3aXTEBajy Jla ce oApenu epuKacHa METO0JIOTH]a
3a MPUKYIJbakbe OMOJIOIIKUX y30paKa U U3BPILU XapMOHHU3alMja npucTyna 30or MmoryhHocTH
nopehema momartaka. [IpuMemeHa UCTpakUBamba 3aBUCE O PACTIONOKHBUX (DMHAHCH]CKUX
CpeZicTaBa M Hay4yHOTI LIWJba.

Y 0BOM pajy pa3MaTpaHe Cy pa3MuuTe TEXHUKE MPUKYIbabha y30paka 3a U3yyaBame
3ajelHMIa BOJEHUX MAaKpoOeCKMUMEewaKa, CIeHU(PUUHOCTH BE3aHE 3a Y30PKOBAIE
HOjeIMHUX (PayHHUCTUYKO-E€KOJIOIIKUX Tpyla, Kao M IMOTeukohe Be3aHe 3a HCTPaXHUBAHE
TUIIOBA BOJHHMX Teja, IOHA0CO0, HA OCHOBY MarepHjaia MPUKYIUbeHOr ca yKymHOo 320
nokanurera y nepuony 2004-2016. Ha pa3HOBpCHUM TUIIOBHMMA, Ipe cBera, TeKyhux Boja y
CpOuju. [leo momaraka Koju je pa3MaTpaH ca IWJbeM YTBphuBama €PUKACHOCTHU TMOJSTUHUX
METO/a OJITHOCHU ce U Ha jokanutere BaH CpOuje — marepujan ca JlyHaBa (CeKTOp AyxuHE 2
500 km, ox Perensoypra mo nenre Jlynara), Case (11eo TOK peke, y mykuuu ox 937 km) u
peka HeperBa u bocna ca npurokama (y bocau u XepiieroBunm).

[IpencraBibeH je neTajbaH MPOTOKOJ MPUKYIUbakba MaTepHujaia u nparehnx nojaraka,
IITO TOAPa3yMeBa OIMKMC METOJO0JIOTH]E€ Y30PKOBamha BOJCHUX MaKpOOECKHUMEmaka, u300p 1
KapakTepu3alujy JOKalIuTeTa, MpHuKa3 mpoleaype obpaae marepujana, Kao W pa3Marpame
METO/Ia 3a aHaJIN3e pe3yJITara.

Amnanmza pesynrara BpuieHa je ynorpedom mporpamckux maketa ASTERICS 4.0.4
(AQEM Consortium, 2002) u "Statistica" Bep3mja 7 (StatSoft, Inc., 2004). Ilopeheme
pa3IMYUTX METOJa y30PKOBamka BE3aHMX 3a 3aj€HUILy BOJICHHX MaKpOOECKHUMEmaKa, Kao 1
3a IojelMHayHEe TPyIe MakpoOeCKHUMEmaKa y OKBHPY OBE 3ajeIHUIle, y3 mnopeheme ca
MPETXOAHUM TyONuKamujama Koje pa3Marpajy OBy ImpoOJjeMaTHKY, AAJI0 j€ OJrOBOpE Be3aHE
3a CTaHAapAM3allijy METO/I0JIOTHje, YTUIla] TI0jeIMHAYHUX METO/Ia Y30pKOBamba Ha pe3yJraTe
UCTpaXKMBamka BE3aHE 3a Pa3HOBPCHOCT M TMPOCTOPHY IUHAMHKY 3aje[JHUIC BOJCHUX
MaKpOOECKNUMEaKa y pa3IMuuTUM BOJICHUM €KOCHCTEMUMA.

Ha ocHOBy noOujeHMX pe3yiTara U3BpIIEHA j€ ONTHMHU3AIMja METO/0JIOTH)e
Y30pKOBamka BOJICHHX OECKMUMEmaka 3a BojeHe ekxocucteme CpOuje, mpemioxkeHa je
METO0JIOTHja 3a oJpel)eHrn TN eKocucTeMa Kao M M300p aJeKBaTHUX MeToja 3a ojpeheHu
TUN MCTpaXMBama, Ka0 M 3a CHEHU(PUUHY TpyIy opraHu3ama (LIKOJbKE) ca MoceOHUM
aKIIGHTOM Ha BEJIMKE M BeoMa Beluke peke (mo tumonoruju tekyhux Boma Cpobuje), koje
NPeJICTaBIbajy KOMIUIEKCHE €KOCHUCTEME.

[aTtym npuxsatarba Teme og cTpaHe
HHB
Datym opbpaHe

MNpod. ap Bnaguuya Cumuh, npeacegHUK Komucuje
YnaHoBu Komucuje HayuHu capaaHuk gp Hatawa MNonosuh
DoueHT ap AHa MNetposuh
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Abstract

Agquatic macroinvertebrate communities possess certain characteristics which render
them as reliable indicators of environmental changes in aquatic ecosystems. In the review of
the application of the Water Framework Directive in European countries, it was observed that
in most cases water macroinvertebrates serve as the significant typological element, and that
the reference conditions are based mainly on the researched group of hydro-biota.

Current research in Europe is aimed at reviewing and establishing practical methods
for sampling macroinvertebrates in order to ensure the successful implementation of the
Water Framework Directive. Field work is the first step in every analysis of an
macroinvertebrate community and the choice of efficient methods with regard to the type of
ecosystem and goals of the study is of a great importance. Insufficient financial and technical



resources for monitoring and applied research require the establishment of an effective
methodology for collecting biological samples and a harmonized approach to insure data
comparability. Applied research depends on the available financial resources and the
scientific objective.

This paper presents different sampling techniques for the study of aquatic
macroinvertebrate communities. It examines the problems encountered during sampling of
specific faunistic ecological groups and different types of water bodies. The material was
collected at 320 sites located primarily along different running waters in Serbia, from 2004 to
2016. To establish the efficiency of a particular method, we used data that was collected at
sites outside of Serbia as follows: (i) the Danube River (a 2,500 km long sector from
Regensburg to the Danube Delta); (ii) the Sava River (the entire course of the river with a
length of 937 km); (iii) the rivers Neretva and Bosna in Bosnhia and Herzegovina, including
their tributaries.

A detailed protocol for collecting material and supporting data is presented, including
description of aquatic macroinvertebrate sampling techniques, selection and characterization
of the sites, reviews of procedures used for the processing of the sampled material, as well as
a discussion of the methods employed for the analysis of the obtained results.

The results were analyzed with the software package ASTERICS 4.0.4 (AQEM
Consortium, 2002) and “Statistica" Version 7 (StatSoft, Inc., 2004). Comparison of the
different sampling methods for aquatic macroinvertebrate communities and specific groups
within communities provided answers with regard to the standardization of the
methodologies, the effects of the individual sampling methods on the results related to the
diversity and spatial dynamics of the aquatic macroinvertebrate communities in different
aquatic ecosystems.

Based on the obtained results, we optimized the aquatic macroinvertebrate sampling
methodology for the aquatic ecosystems in Serbia. Also, methodologies for specific types of
ecosystems and appropriate methods of selection for specific types of research are suggested,
as well as methodologies best suited for a specific group of organisms (Mussels), with
emphasis on large and very large rivers (based on the National typology of running waters in
Serbia) which represent complex ecosystems.
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W3jasa o ayTopcray

Motnucann-a M?té‘é’ka He —7_.,;5;1' é

Epej ynuca

M3jasibyjem

A3 je AOKTOPCKa AMCepTaumMja nog HacnosoM

| ECT L PAHX rxliﬂum'mx AMETCLHA Yfﬂ;b.&aﬁc%%d M 45 i~
HhiE b D J IBoQ et ii M E£OCLHCTEN LRI m;fyéﬂxm CTHIE L23p DUYZSUH f©

s PEIYNTAT CONCTBEHOr MCTPAXWBAaYKOr pana,

* a NpegnoxedHa Avcepraudja y uenwHu Hu y aenoevMa nHuje Buna npegnoxeda 3a
actujare OBWMNO  Koje  Aunnome npeMa  CTyAWJCKMM  nporpaMuMa  apyrax
BWCOKODLUKONCKMX YyCTAHOBA,

* 03 Cy PEIYNTATH KOPEKTHO HABEAEHH W

« 3 HUCaM KpWWOo/na ayropcka Npaga ¥ KOPMCTHMO MHTENEKTYANHY CBOJWHY OAPYIMx
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M3jasa 0 NCTOBETHOCTH WTaMNaHe W ENeKTPOHCKE Bepanje AOKTOpCKoOr paga

MMe 1 npesume aytopa Eigif\“”r} _Ggr'l't

Bpo) ynuca Jo¥
Cryanjckn npurpan o e CT oL
Hacnos paga

MeHTop __Qf;:, m}&cﬂ‘u Gk (A /i
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NoTnucanm M/

MijasieyjeM Na je WTAMNaWa Bep3uja MOr AOKTOPCKOr paga WCToBeTHa ENeKTROHCKD)
Bepaujn Koy cam npenao/na  3a  ofjas/bwBare  Ha noptany  Oururandor
peno3nTopujyma YHuBepauTeta y Kparyjesuy.

Ao3eo/wasam aa ce oSjase MOJM AWYHW NOAaUM Be3au 3a AoBnjatbe aKafEeMCKOr 3Baka
ACKTOPA HAaYKa, Kao WTO CY WME W Npe3uMe, roduHa W MecTo pohera w aatym oabpade
pasaa.

OBu nuuHKM Nnogaum Mory ce OBjaBUTH Ha MPEXHUM CTPEHUUAME QWrUTanHe bubnwatexke, vy
BNEKTPOHCKOM KaTtanory v y nybnukaunjama ¥Yuueepsnwtera ¥ Kparyjesuy.
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OBPA3AL 3.

W3jasa o kopuwhery

Osnawhyjem YHMBEP3UTETCKY Bubnuoteky aa y Ourwtanyu PENOIUTODM]YM YHWMBEpIUTETA
¥ Kparyjesuy yrece MOy AOKTOpCKY AWcepTaun]y nog Hachosom:

CTYPIAE PASTIU YL TilY MHETENA OPEOEI A HOE Podtc ¥ tY A lis @
pdlepul) crocuce. LY i MarvEoiie CTATI L 32, :

oja je Moje ayropcko aeno.

Lucepraunjy ca ceum npunocsuma npeaao/na caMm y enekTpoHCKom opMaTy noroaHoM 3a
TR3JHO apxvBUparee,

Mojy aoktopcky AucepTtaumjy noxpatbeHy y [uratanym PENOIUTOPKIYM YHUBEpawTeTa y
Kparyjesuy mory aa kopucre cew KOl nowry)y oapenbe cagpwane y ogabpawom Tuny
NuueHue KpeatusHe sajeanuue (Creative Commons) 3a kojy cam ce oanyLuo/na.

@Aympcmn
2.

AyTopcTeo - HeKoMepuwnjanHo
- AYTOPCTBO ~ HEKOMepuWianHo - Ges npepane
. AYTOPCTBO - HEKOMEPUMIANHO - AENATH noa MCTHM Yonoauma
. AyTopcTeo - Bes npepane
- AYTOPCTBO = ABNUTH Mo WCTHUM YCnoBuMma

o oLt B

[(Manumo na 320KPYHUTE CaMO jeady o wect noHyhenux nuueHun, YKiW je KpaTak onuc
4aT je va obpacuy Gpoj 4.).

Mornwkc ayropa
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3aBpmmiia OcHOBHY 1Koy U ['mmHasujy. buonmomku dakynrer YHuBepsutera y beorpamy
(crymujcka rpyna buonoruja) ynucana je mkoscke 1993/1994 rogune u gumomupaia 2002.
ca MpoceyHOM O1leHOM 8,34 1 orieHoM 10 Ha TUIIIOMCKOM HMCIIUTY.

[xoncke 2008/2009. rogune ynucyje JIOKTOpCcKe akaaeMcKe CTyAuje OMOIorHje Ha
Wuctutyty 3a 6uosnorujy u ekosorujy [Ipuponno—maremaTnukor ¢pakyiaTeTa Y HUIBEp3UTETa y
Kparyjesuy.

On jyma 2003. bojana Ty6uh 3anocnena je Ha Onesbemy 3a XUIAPOCKOJIOTH]Y H
3amTUTy Boja MHcTuTyTa 3a OMosolKa ucTpaxuBama ,,Cunumia CrankoBuh™ y beorpany,
Kao MCTpaxuBad npunpaBHuK Y aeuemoOpy 2009. ronune pacnopehena je Ha pagHO MeCTO
Mmital)er aCUCTeHTa U CTUYE 3Balbe UCTPAKUBAY CapaJHHUK.

Bojana TyOuh 06aBu ce uCTpa)kuBambEeM pPa3HOBPCHOCTH U IPOCTOPHE JMHAMUKE
3ajeTHAIIC BOJICHUX OCCKHMUMEHhaKa, EKOJIOIIKM MHTEpaKIyjaMa BOACHUX MaKpOOeCKHIMEHaKa,
yTHILIajeM [apaMeTapa OKpyXKela Ha 3ajeHHLle BOJEHMX OpraHu3ama, Kao M IPUMEHOM
MaKkpouHBepTeOpara y OMOJIOLUIKOM MOHUTOPHHTY, YKIbY4YjyhH U pa3Boj HHAEKCA €KOJIOIIKOT
craryca 3a Tekyhe Boge CpOuje.

VY rtexkyhem mnpojektHoM mnepuony bojama TyOuh yuecTByje y peanusauuju JBa
npojexTa: ,,EBoiylija y XeTeporeHuM cpeinHamMa: MeXaHU3MH ajarnralyja, OMOMOHUTOPUHT
u KoH3epBauuja Ouomusep3urera OUM 173025 u ,,Mepewme u Moaenupame (GUINUKHX,
XEMH]CKUX, OMOJIOMIKUX U MOp(OAMHAMUYKUX NTapaMeTapa peka U BOAHMX akyMmyinanuja“ TP
37009 MuHucrapcTBa MpocBeTe, HaAyKe W TEXHOIOMKOr pa3Boja Pemybmmke Cpouje. Ocum
TOTra y4ecTByje y akTuBHOCcTUMa Tekyhenx mehynapoanux npojekara: GLOBAQUA - Cenmu
okBHpHHU miporpam EBporicke komucuje — FP7 (6p. 603629-ENV-2013-6.2.1) u STAWA —
[Iporena exomomkor craryca BogHuX Tena y ciauBy peke Cape. Ctpareruja EY 3a JlynaBcku

peruon, CTAPT - Jlynascku perronanau ¢ons 3a npojekre (ITosus 1, 6p. 09_PA04-C1).
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Abstract: The objective of this work is to analyze the effectiveness of two widely used methods for
collecting aquatic macroinvertebrate samples: the semiquantitative kick and sweep (K&S) and
guantitative Surber net (SN) techniques. Based on our data, the methods were fully comparable as regards
analysis of the macroinvertebrate metrics most often used in ecological status assessment
(sensitivity/tolerance parameters), while K&S was found to be more successful in the evaluation of
biodiversity. Thus, both methods could be used for routine monitoring of the status of water bodies,
according to the recommendation of the EU Water Framework Directive, while for research, K&S is
more advanced. K&S is also more effective timewise for material collecting. SN sampling is a
guantitative method and could thus be used in studies of aquatic ecosystem productivity.

Key words: aquatic macroinvertebrates; kick and sweep technique; Surber net technique; sampling
efficiency

INTRODUCTION

Aquatic macroinvertebrates are among the most frequently used biological quality elements in
the assessment of the ecological status of water bodies [1,2] according to the requirements of the
EU Water Framework Directive [3]. Selecting an appropriate sampling technique is a
prerequisite for effective research and a reliable monitoring of the status of aquatic ecosystems.
Sampling success significantly influences the overall results of a study, since it affects the
number of species identified by the investigation, the proportion of different species groups per
sample or target location [4-6], as well as proportions of indicator organisms. Thus, our capacity
to detect species richness of a target water body or to discover some rare species depends not
only on the sampling design, but also on the resulting indices which are used to assess water
status and that significantly rely on the choice of effective sampling techniques. Limitations in
the resources for monitoring and research (both financial and expert) have made the need for an
effective methodology for collecting biological samples all the more important. The
effectiveness of macroinvertebrate sampling and standardization of methodology has been
extensively studied [7-12], but the issue remains open, especially in respect to some water types,
such as large fluvial systems [13]. Sampling technique standardization is also important for
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studies on the relationship of biota and environmental factors, including analyses of the influence
of single and multiple stressors on aquatic macroinvertebrates assemblages [14].

In order to contribute to the process of selection of appropriate sampling technique, we
compared two widely used techniques of collecting macroinvertebrate samples in a wadeable
hilly and mountainous stream: the semiquantitative kick and sweep technique (K&S) and the
quantitative Surber net (SN) method [15].

MATERIALS AND METHODS
Sample collection

The material used in this study was collected in period 2005-2012 in different hilly and
mountainous watercourses in Serbia. A total of 40 sites on 17 watercourses was sampled using
two sampling techniques in parallel: the semiquantitative K&S technique using a standard hand
net with mesh size of 500 um, and a quantitative sampling using a SN with the same mesh size
and 25x25 cm frame. The time needed for sample collection was measured using a stopwatch for
100 sampling occasions (50 for K&S and 50 for SN sampling). The K&S sampling technique
was used in the shore region up to a 1.5-m water depth following the respective standard [16]
and multihabitat procedure. The same sampling effort was made on each sampling occasion.
About 100 m of the watercourse was taken into consideration for data collecting (visual
assessment of dominant bottom substrate, evaluation of mean depth and width of the stream,
assessment of shadow coverage, etc.) and sampling. Multihabitat sampling involves the
assessment of available habitats within a sampling stretch and collection of material from at least
5% of accessible habitats [17].

Quantitative sampling with SN was done along the same sampling stretch as in the case of
K&S. Each sampling occasion involved five subsamples, thereby providing a sample of 5
replicates with a surface area of 3.125 cm? (0.3125 m?). Subsamples were collected from
dominant substrate types in order to provide a representative sample for the stretch.

The visual classification of bottom substrate by particle size was performed using the
following scale: 1) fine substrate (silt-clay and very fine sand; grains imperceptible by eye;
<0.125 mm), 2) fine sand (grains perceptible by eye; 0.125-0.5 mm), 3) coarse sand (0.5-2 mm),
4) gravel (2-16 mm), 5) pebble (16-34 mm), 6) cobble (64-256 mm), and 7) boulder (>256 mm)
[18].

Data analysis

The initial dataset comprised 400 samples, of which 230 were collected by the K&S technique
and 170 by the SN method. To reduce any error that may be caused by analyzing data from
different watercourse types, only samples collected from sites with a domination of coarse
bottom type — classes 5-7 based on visual bottom substrate assessment, were included in the
analyses. In such a way, the dataset covered the type group of hilly and mountainous small- to
medium-sized streams with a domination of hard bottom substrate — types 3-5 according to
Serbian typology of running waters. Thus, in the second step of analyses, 243 samples were
included (133 collected by K&S and 110 by SN).

In the next step, out of 243 samples, 93 were selected (55 by K&S and 38 by SN) by the
elimination of sites exposed to moderate to high anthropogenic pressure, and thus involved only
the data from sites that were pre-assessed as possessing a good and better ecological status. This
step was done to minimize the influence of stress factors on output results. Pre-assessment of
ecological status (as identified in the EU Water Framework Directive [3]) was done based on
previous studies [19], using the criteria described in Table 1.



For comparison of sampling techniques, the following biological metrics were used: 1)
relative abundance parameters (total abundance of the community, abundance of principal
macroinvertebrate taxa groups, all expressed as number of individuals per sample); 2) diversity
parameters (total number of species, genera and families per sample, number of species in
principal macroinvertebrate taxa groups, number of Ephemeroptera, Plecoptera and Trichoptera
taxa — EPT Index, Shannon Diversity Index [20]); 3) functional traits (percentage share of
functional feeding groups — concept introduced by Cummins & Klug [21], and participation of
taxa with defined saprobic preference); 4) number of sensitive taxa, as well as widely used
indices, or tolerance/intolerance measures — saprobic index [22], biological monitoring working
party (BMWP) score and average score per taxon (ASPT) [23]. The complete list of tested
parameters is given in Table 2.

All mentioned parameters were calculated using the ASTERICS Software Version 4.0.4.
For the assessment of statistical differences between results obtained by the two sampling
techniques, the nonparametric Mann-Whitney U test (MW-U-Test) was used. FLORA Statistical
software [24] was used for the data processing.

RESULTS

Of the material collected, 478 species of aquatic macroinvertebrates were identified in the
investigated hilly and mountainous watercourses. Insects were the most diversified with 343
species belonging to 272 genera and 120 families. Trichoptera, Diptera and Ephemeroptera were
found to be the principal components of macroinvertebrate communities with 92, 82 and 64
species, respectively. The number of species per macroinvertebrate taxa-groups is presented in
Table 3.

Among identified species, organisms that indicate oligo- and beta-mesosaprobic conditions
prevailed (35.39%), while alpha- and polysaprobic indicators were represented with 11.25%. For
more than 50% of organisms, there were no data on saprobic preference. In respect to feeding
preference, scrapers/grazers, collector-gatherers and predators were almost equally represented
in the communities, with 21.39, 23.27 and 23.26% of the total number of detected species,
respectively.

All together 45 metrics out of numerous calculations provided by the ASTERICS Software
Version 4.0.4 were used for comparison of effectiveness of the two sampling approaches. Based
on the MW-U-test results (Table 2), the following metrics showed statistically significant
difference (p<0.05) when the two sampling techniques were analyzed: total number of
individuals, number of individuals of Crustacea, Ephemeroptera and Diptera, total number of
taxa, number of Crustacea, Ephemeroptera and Diptera species, as well as nhumber of families
(Fig. 1). In addition, the share of shredders identified by the two sampling techniques was
significantly different. The other metrics, including the widely used tolerance/intolerance
measures (saprobic index) [22], BMWP score and ASPT [23] did not show differences between
the sets of samples. After the reduction of the dataset, when only samples collected from sites
that have been pre-assessed as to having high or good status (93 samples; 55 collected by K&S
and 38 by SN), we obtained similar results using the MW-U-test for comparison of the
effectiveness, with the same set of metrics showing statistically significant difference, as well as
number of individuals and number of Coleoptera taxa.

The results of time effectiveness are presented in Table 4. The time needed for the
collection of data on the sampling sites (bottom substrate, stream width and depth, the level of
hydromorphological degradation, etc.) was not taken into consideration, but only the sampling



collection, reduction of sample volume (by elimination of coarse debris), sample packing and
fixation. As can be seen from the measurements, SN sampling was much more time-consuming
in comparison to the K&S technique.

DISCUSSION

The effectiveness of the K&S sampling method is very often underestimated. One of the major
shortcomings of this approach is that it is often considered as qualitative [8], whereas the
technique also allows for a semiquantitative approach (in defined time interval, or applying “the
same sampling effort”), thus providing the data that are comparable along spatial and temporal
gradients. Additionally, the sampling and processing of material collected by K&S are less time
consuming in compare to other procedures, e.g. the Polyp grab [4], airlift sampling [25] or a
detailed AQEM procedure [17]. Our data showed that K&S semiquantitative sampling in more
effective in comparison to SN sampling as regards general taxa richness and taxa richness within
the principal components of the benthic communities in the type of watercourse covered by the
study — small- to medium-sized streams with predominantly coarse bottom substrate. On the
other hand, the metrics widely used for status assessment across Europe [1] belonging to the
group of sensitivity/tolerance metrics, did not show significant differences in the resulting values
based on the material collected by the two different sampling techniques. In that K&S was more
effective in detecting the composition of the macroinvertebrate fauna, and that the tested
sampling techniques were found to be of the same efficiency in respect to the mentioned metrics,
indicates that both techniques are applicable in the routine monitoring of ecological status, but
K&S is a better solution for investigative studies aimed at collecting information on taxa
richness. Based on the data presented, the two methods are comparable in respect to
sensitivity/tolerance metrics — e.g. saprobic index [22], BMWP and ASPT [23]. Similar results
were obtained by comparing K&S with U-net sampling devices [26], where the methods were
found to be similar in the values of benthic metrics and community composition. According to
Brua et al. [26], U-shape net sampling provided slightly better data on diversity and thus the
authors recommended this technique for biodiversity studies, despite the more time needed to
complete sampling. It should be emphasized that K&S is much more efficient timewise than SN
sampling, which is reflected in its economic effectiveness.

The advantage of the SN method is that it provides quantitative data, which is important in
when dealing with the productivity of aquatic ecosystems, or if the aim of the research is to
assess food availability for benthivorous fish, for example.

The selection of the most appropriate method to sample aquatic macroinvertebrates always
depends on the particular goals, and there are several unanswered questions in this respect. Our
study tried to answer a specific question regarding two widely used sampling methods for
collecting appropriate faunistic information in small hilly water courses around Serbia.
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Table 1. Criteria for the indicative assessment of site quality (pre-assessed ecological status).

Reference or “near natural” site

No settlements or agricultural
surfaces detected upstream of the
site, or the influence is minor.
Hydromorphological degradation is
not detected in sampling stretch or
upstream. Biological communities
are not affected by human activities.

1 — high ecological status

Site under the insignificant influence

Only small settlements and
extensive agriculture present
upstream of the site.
Hydromorphological degradation
within sampling stretch or upstream
is local. The biological communities
are not adversely affected by human
activities.

2 — good ecological status

Site under moderate influence and
worse

The influence of human activities
could be detected within the sample
stretch or upstream; thus the
influence on biological communities
is evident.

3 — moderate ecological status and
worse




Table 2. Tested metrics and results of MW-U-Test.

U A p-level Z p-level

Total Number of ind./sample | 543350 3.44967 0.00056 3.44974 0.00056
Total Number of Taxa 5889.50 2.61361 0.00896 2.61583 0.00890
Saprobic Index (Zelinka & 6936.00 | 0.694885 | 0.487128 | 0.694890 | 0.487125
Marvan)

% of xenosaprobic taxa 703150 | 0519788 | 0.603211 | 0526394 | 0.598615
% of oligosaprobic taxa 710950 | 0376778 | 0706339 | 0.376801 | 0.706322
% of beta-mesosaprobic taxa | 725450 | -0.110925 | 0.911676 | -0.110925 | 0.911676
zg’xzf alpha-mesosaprobic 7187.00 | 0.234684 | 0.814454 | 0.234685 0.814453
% of polysaprobic taxa 704550 | -0.494120 | 0621222 | -0541611 | 0.588087
BMWP Score 6379.50 171521 | 0.086308 | 1.71536 0.086280
Average score per Taxon 7137.00 0.32636 | 0.744154 | 0.32640 0.744125
Simpson Diversity Index 7163.50 0.27777 0.781189 0.27778 0.781184
Isnh;:)?on Weaver Diversity | ge7950 | 116517 | 0243951 | 116517 | 0.243950
Evenness index 664150 | -1.23484 | 0216890 | -1.23487 0.216881
No. of sensitive taxa 6555.00 139344 | 0.163489 | 1.40414 0.160278
% of grazers and scrapers 6522.00 145394 | 0.145964 | 1.45396 0.145957
% of shredders 6109.00 | -2.21116 | 0.027025 | -2.21921 0.026473
% of gatherers and collectors | 6490.50 151170 | 0130612 | 1.51170 0.130612
% of filtrators 6292.50 187472 | 0060832 | 1.87510 0.060779
No. of taxa Turbellaria 7295.00 0.03667 | 0970749 | 0.05703 0.954524
No. of taxa Gastropoda 6817.00 | -0.91307 | 0.361208 | -1.07114 0.284107
No. of taxa Bivalvia 6935.00 0.69672 | 0485980 | 1.46294 0.143485
No. of taxa Oligochaeta 711300 | -0.37036 | 0711114 | -0.38473 0.700440
No. of taxa Hirudinea 725750 | -0.10542 | 0916039 | -0.15631 0.875788
No. of taxa Crustacea 6247.50 195723 | 0.050322 | 2.24106 0.025023
No. of taxa Ephemeroptera | 527550 373936 | 0.000185 | 3.75931 0.000170
No. of taxa Odonata 6609.50 129351 | 0.195835 | 1.89813 0.057680
No. of taxa Plecoptera 666350 | -1.19450 | 0232281 | -1.26036 0.207541
No. of taxa Trichoptera 691000 | -0.74255 | 0457752 | -0.75156 0.452315
No. of taxa Coleoptera 6485.00 152178 | 0.128065 | 1.64457 0.100060
No. of taxa Diptera 5686.00 298672 | 0.002820 | 3.01517 0.002569
No. of EPT taxa 6541.00 141910 | 0.155869 | 1.42129 0.155232
No. ind. — Turbellaria 7189.50 0.230100 0.818014 0.356524 0.721448
No. ind. — Gastropoda 693550 | -0.695801 | 0.486554 | -0.809359 | 0.418309
No. ind. — Bivalvia 693100 | 0.704052 | 0481401 | 1477452 | 0.139556




U A p-level Z p-level
No. ind. — Oligochaeta 7297.50 0.032086 0.974404 0.032983 0.973689
No. ind. — Hirudinea 7257.50 -0.105424 0.916039 -0.155718 0.876256
No. ind. — Crustacea 6334.00 1.798633 0.072078 2.016751 0.043722
No. ind. — Ephemeroptera 5306.50 3.682522 0.000231 3.689109 0.000225
No. ind. — Odonata 6601.00 1.309097 0.190503 1.916056 0.055359
No. ind. — Plecoptera 7178.50 -0.250269 0.802380 -0.261547 0.793671
No. ind. — Trichoptera 7246.00 -0.126509 0.899329 -0.127121 0.898844
No. ind. — Coleoptera 6352.50 1.764714 0.077613 1.892118 0.058476
No. ind. — Diptera 5626.50 3.095812 0.001963 3.098037 0.001948
Number of Families 6077.50 2.268918 0.023274 2.272.694 0.023045
Number of Genera 6248.00 1.956311 0.050429 1.958927 0.050122




Table 3. Number of species per macroinvertebrates taxa group.

Taxa group No. of species
Turbellaria 7
Nematoda 1
Gastropoda 28
Bivalvia 17
Polychaeta 1
Oligochaeta 53
Hirudinea 10
Crustacea 18
Ephemeroptera 64
Odonata 17
Plecoptera 39
Heteroptera 10
Megaloptera 2
Trichoptera 92
Coleoptera 37
Diptera 82



Table 4. Mean collection time for two tested sampling methods.

Method Mean time needed for sampling No. of measurements

1. K&S sampling 1415 50
2. SN sampling (five replicates) 3249 50



Figure Legends

Fig. 1. Box plots of the most important trait that reflects the differences between the
effectiveness of the two sampling methods (1 — K&S sampling; 2 — SN sampling (five
replicates)) widely used for collection of macroinvertebrate samples. Left side — number of
individual metrics; right side — other diversity metrics that showed statistically significant
difference (for p<0.05).
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Abstract: The aim of this study was to use the data on the distribution of aquatic macroinvertebrates obtained from 14
sites within a 413 km long stretch of the Danube River in Serbia to show the relevance of the bordering zone between
the Middle and Lower Danube. A total of 68 macroinvertebrate taxa were observed. Molluscs were the major component
with regard to species richness and relative abundance. Lithoglyphus naticoides (C. Pfeiffer, 1828) was the most abundant
species and Unio tumidus (Retzius, 1788) was the most frequent species. Product-moment correlation coefficients or Pearson
r coefficient was used to analyse the relation between the sites based on macroinvertebrate distribution. The data obtained
by product-moment correlation served as input for cluster analyses. According to a cluster analyses Danube River in Serbia
could be separated in the free-flowing sector, the stretch with a backwater effect and the area of the Iron Gate.

Key words: aquatic macroinvertebrates; bioindication; Danube River; Iron Gate; river section types

Introduction

As proposed by the Water Framework Directive (WFD
2000), a proper typology which is based on the principal
natural characteristics of water types, is an important
tool that serves as the basis for effective water man-
agement and for monitoring the ecological status. The
grouping of similar rivers is a prerequisite for follow-
ing the river-type specific approach of the WFD. Thus,
the identification of river types, as relatively homoge-
neous hydrological and geological systems, implies the
existence of linked biological communities.

The classification of biological and ecological sys-
tems with the aim of organizing information in order
to further develop management principles and prac-
tices, has a long history. Attempts to classify the lakes
in Europe (Thienemann 1928; Naumann 1932), based
mostly on experience in the typology of lakes in North
America (Stankovi¢ 1951), were initiated in the first
half of 20" century. The lake typology system pro-
posed by Naumann (1932) was widely accepted by the
scientific community at the time. However, there was
no general agreement as to the classification of run-
ning waters (Illies & Botosaneanu 1963). Running water
classification was extensively discussed after the 1960s
(e.g., Stankovié¢ 1962; Illies & Botosaneanu 1963; Van-

* Corresponding author

(©2013 Institute of Zoology, Slovak Academy of Sciences

note et al. 1980; Horne & Goldman 1994; Allan 1995).
In principle, two approaches could be distinguished:
spatial (which takes into consideration the large scale
character of a particular area, e.g., the ecoregions (Il-
lies 1978), bioregions (Moog et al. 2001) and hydro-
ecoregions (Wasson et al. 2002, etc.), and longitudinal
(which considers the longitudinal changes along the wa-
tercourse, a concept proposed by Vannote et al. (1980).
Until the WFD came into force, most attempts to clas-
sify running water focused on conceptual and regional
approaches to stream classification rather than on gen-
eral approaches, and thus remained applicable to nar-
row spatial areas.

The theoretical framework proposed by the WFD
is comprised of both the spatial and longitudinal ap-
proaches to river classification. The concept offered by
the WFD in regard to typology is complex. On one
hand it requires the classification of water according to
its functional entities, as characterized by the array of
common features that could be described by biological
traits. On the other hand, the system needs to be simple
enough to be applicable to effective management, which
also includes monitoring. Water typology, according to
the WFD principles, implies a certain simplification of
the relations in Nature, thus making it important to de-
termine and standardise the level of this generalization.
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Fig. 1. Map showing the sampling sites along the investigated part of the Danube River.

The situation regarding the typology of large lowland
rivers is also a complex issue. In an attempt to classify
the typological units of the Danube River spatial ty-
pology fails because large rivers exhibit a self-contained
development. Along the longitudinal gradient, a large
river absorbs a catchment’s characteristics that result
in a mixture of different influences (Robert et. al. 2003).

The peculiarity of the typology of large lowland
rivers was underlined in German typology. German
stream typology has distinguished between small and
mid-sized rivers in great detail (15 and 11 types have
been defined for both size classes, respectively), whereas
only seven and two types have been defined for large
and very large rivers, respectively (Pottgiesser & Som-
merhduser 2004).

The Danube river basin can be divided into three
broad sections, with the impressive delta representing
a separate and unique system. The Upper Basin ex-
tends from the source in Germany, to the mouth of
the Morava River, upstream of Bratislava (the so-called
Porta Hungarica). The Middle Basin is the largest and
is comprised of the part from the mouth of the Morava
River to the Iron Gate dams in Serbia and Romania.
The Lower Basin extends from the Iron Gate to the en-
trance of the delta, downstream of the confluence of the
Prut River. The Danube Delta is shared by Romania
and Ukraine.

Several studies have dealt with the sectioning of the
Danube (Lasz16ffy 1965; Literathy et al. 2002; Robert et
al. 2003; Moog et al. 2008; Vogel et al. 2002). Laszl6ffy
(1965) suggested sectioning the Danube River into four
sectors — Upper, Middle, Lower and the Danube Delta;
Literathy et al. (2002) defined nine geo-morphological

reaches, while Moog et al. (2008) divided the Danube
into ten section types.

Regarding the sectioning of the Serbian stretch,
Paunovic et al. (2007) indicated that three sectors of
the Danube river could be distinguished — the upper
(Pannonian), the Iron Gate sector and a sector repre-
sented by sites located at the entrance to the Iron Gate
sector. A similar conclusion was subsequently presented
by Paunovié et al. (2010). According to the authors, the
distribution pattern of aquatic macroinvertebrates sup-
ports differences between the Pannonian and Iron Gate
sections of the Danube.

Furthermore, Paunovic et al. (2005) have presented
evidence that the sector upstream from the Iron Gate
(rkm 1083-1071) i.e. the stretch situated at the en-
trance to the Iron Gate (Djerdap) Gorge can be consid-
ered as the border zone between two Danube types — the
Pannonian Plain Danube and the Iron Gate Danube.
The authors pointed out that the sector is under the in-
fluence of both the downstream sector (Lower Danube)
and the upstream zone (Middle Danube), as revealed
by the faunistic composition of macroinvertebrates.

Study area

Until the end of the 19" century, the Danube was a gen-
erally undisturbed system with a preserved lateral connec-
tivity along its large floodplain areas. The river was char-
acterized by its natural dynamics, huge natural purification
capacity and constant changes of its course. Since then, the
anthropogenic impact (mostly flood protection, agriculture,
energy production and navigation activities) has destroyed
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Table 1. Sampling sites along the investigated part of the Danube
River.

Mark Site name River km
1 Upstream Novi Sad 1262
2 Downstream Novi Sad 1252
3 Upstream Tisa confluence (Stari Slankamen) 1216
4 Downstream Tisa/Upstream Sava (Belegis) 1200
5 Upstream Pancevo/Downstream Sava 1159
6 Downstream Pancevo 1151
7 Upstream Velika Morava confluence 1107
8 Downstream Velika Morava confluence 1097
9 Stara Palanka — Ram 1077

10 Banatska Palanka — Bazias 1071
11 Irongate reservoir (Golubac/Koronin) 1040
12 Irongate reservoir (Tekija/Orsova) 955
13 Vrbica/Simijan, 926
14 Upstream Timok confluence (Radujevac) 849

over 80% of the Danube’s wetlands, floodplains and flood-
plain forests.

The Danube River Basin covers an area of about
801,000 km? and it is shared by 19 countries in Central
and South-Eastern Europe (Germany, Austria, Switzerland,
Italy, Poland, the Czech Republic, Slovenia, Slovakia, Hun-
gary, Croatia, Serbia, Romania, Bosnia and Herzegovina,
Macedonia, Albania, Montenegro, Moldova, Bulgaria, and
Ukraine), with more than 83 million people inhabiting the
area (Sommerwerk et al. 2009).

The investigated reach of the Danube extends over a
distance of 588 km, covering the middle and a part of the
lower 220 km long waterway. The major part of this sector
(358 km) belongs to the Pannonian basin. In this section the
Danube is a typical lowland river with a slope of 0.05-0.04
per thousand.

The Serbian reach of the Danube has been extensively
examined since the early sixties, (a review of the investi-
gations is presented in Paunovic et al. 2007). The sector
is under the influence of organic pollution and hydromor-
phological alteration. One of the most important problems
that affect the nature of the Danube is river regulation and
damming. In the Serbian part, due to dam construction
(rkm 943) near Sip, a large reservoir, Iron Gate (Djerdap)
was formed. Reservoir stretches 100 km in length, extending
from the dam to Golubac (Iron Gate). After the damming
of the Danube, the flow rate has slowed down upstream to
Slankamen (1215 rkm).

Material and methods

Macroinvertebrate samples were collected during the Aqua-
Terra Danube Survey (ADS — an investigation supported by
the EU FP6 Project AquaTerra, Contract N°505428) on the
River Danube between Klosterneuburg (Austria, 1942 rkm)
and Vidin-Calafat (Bulgaria-Romania, 795 rkm), between
19 August and 04 September, 2004 (Csanyi & Paunovic
2006). The material used in this work comprised data ob-
tained from 14 sites within the sector flowing through Serbia
(Table 1; Fig. 1). A 413 km long stretch of the Danube was
examined (1262-849 rkm).

Material was collected with a benthological dredge
(mesh size 1000 um) and hand net (mesh size 1000 pm),
using the Kick and Sweep technique. The fauna attached
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Fig. 2. Total and taxonomic richness of Mollusca at the sampling
sites.

to stone surfaces was collected with tweezers and, if neces-
sary, scraped with a brush. The sampling approach provided
semi-quantitative data since the same sampling procedure
was used at each sampling station.

The samples were preserved in 70% ethanol. Sorting
and identification of the material (when possible to the
species level) was performed in the laboratory.

The frequency of each taxa was calculated as the per-
centage of the taxa in all collected samples (F = No. of sites
where the particular taxa was found/total No. of sites). The
PCoA was used to analyse the relation between the sites
based on macroinvertebrate distribution. “Flora” (Karadzi¢
1998) was used for statistical processing of the data.

Results

The main faunistic features of the Danube recorded
during the ADS in the sector between Klosterneuburg
(Austria, 1942 rkm) and Vidin-Calafat (Bulgaria-
Romania, 795 rkm) have been presented by Csanyi &
Paunovic (2006). During the ADS, a total of 89 taxa
were detected within the investigated section. With re-
gard to species richness, Molluscs were found to be the
dominant group in the macroinvertebrate community
(35 taxa).

The present work is focused on the Serbian part
of the river in order to underline the peculiarity of
different stretches within the sector. The composition
of the macroinvertebrate community along the Serbian
stretch is presented in Table 2. A total of 68 macroin-
vertebrate taxa were observed within the 14 sampling
sites along the Serbian stretch. Molluscs were found
to be the principal component of the community in
regard to species richness (Fig. 2) and relative abun-
dance (Fig. 3). Gastropoda were represented with 16
species, while 10 species of Bivalvia were recorded. A
total of 18 taxa of Annelida (Oligochaeta 10, Hirudinea
7 and Polychaeta 1) and 17 species of aquatic insects
were identified. Chironomidae (Diptera) were found to
be the most important component within the insects
in regard to species richness, with seven recorded taxa.
Lithoglyphus naticoides (C. Pfeiffer, 1828) was the most
abundant species and its frequency of occurrence was F'
= 0.78. Unio tumidus Retzius, 1788 was the most fre-
quent species (F = 0.93), followed by Dreissena poly-
morpha (Pallas, 1771) (F = 0.86). Corbicula fluminea
(Miiller, 1774) was also frequent along the examined
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Table 2. Composition of benthic fauna of the Serbian part of the Danube.

Taxa name

1
MOLLUSCA
Theodozus danubialis (C. Pfeiffer, 1828)
Theodozus fluviatilis (L., 1758) 18
Viviparus acerosus (L., 1758)
Viviparus viviparus (L., 1758)
Lithoglyphus naticoides (C. Pfeiffer, 1828) 940
Microcolpia daudebartii acicularis (Ferussac, 1821)
Esperiana esperi (Ferrusac, 1823) 31

Holandriana holandrii (C. Pfeiffer, 1828)

Bithynia tentaculata (L., 1758)

Valvata naticina (Menke, 1845) 2
Valvata piscinalis (Miiller, 1774)

Lymmnaea auricularia (L., 1758)

Lymmnaea peregra var. ovata (Draparnaud, 1805)
Lymmnaea stagnalis (L., 1758)

Physella acuta Draparnaud, 1805

Planorbarius corneus (L., 1758)

Unio pictorum (L., 1759) 1
Unio tumidus Retzius, 1788 2
Anodonta anatina (L., 1758) 1

Anodonta cygnea (L., 1758)
Sinanodonta woodiana (Lea, 1834)

Pseudanodonta complanata Rossmassler, 1835 1
Dreissena polymorpha (Pallas, 1771) 15
Pisidium amnicum (Muller, 1774)

Sphaerium rivicola (Lamarck, 1799) 3
Corbicula fluminea (Miiller, 1774) 10
POLYCHAETA

Hypania invalida (Grube, 1860) 2
OLIGOCHAETA

Branchiura sowerbyi Beddard, 1892

Criodrilus lacuum Hoffmeister, 1845 2
Isochaetides michaelseni (Lastockin, 1937) 1
Limnodrilus claparedeianus Ratzel, 1868 1

Limnodrilus hoffmeisteri Claparede, 1862
Limnodrilus profundicola (Verrill,1871)

Limnodrilus sp. 1
Limnodrilus udekemianus Claparede, 1862
Psammoryctides albicola (Michaelsen, 1901)
Tubificidae Gen. sp.

HIRUDINEA

Glosstphonia complanata (L., 1758) 4
Alboglossiphonia heteroclita (L., 1761)
Alboglossiphonia hyalina (O.F. Miiller, 1774)
Piscicola geometra (L., 1761)

Dina punctata Johansson, 1927

Erpobdella octoculata (L., 1758) 10
Helobdella stagnalis (L., 1758) 1
CRUSTACEA

Limnomysis benedeni Czerniavsky, 1882
Corophium curvispinum (Sars,1895)
Dikerogammarus haemobaphes (Eichwald, 1841)
Dikerogammarus villosus (Sowinsky, 1894)
Obesogammarus obesus (Sars, 1894)

Astacus leptodactylus Eschscholz, 1823
EPHEMEROPTERA

Cloeon dipterum (L., 1761)

ODONATA

Calopteryz splendens (Harris, 1780)

Stylurus flavipes (Charpentier, 1825) 5
Erythromma najas (Hansemann, 1823)

Ishnura elegans pontica Schmidt, 1939
HEMIPTERA

Gerris sp.

Ilyocoris cimicoides (L., 1758)

Sigara sp.

TRICHOPTERA

Hydropsyche bulgaromanorum Malicky, 1977
Neureclipsis bimaculata (L., 1758)
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Table 2. (continued)

Taxa name

1 2
DIPTERA
Chironomidae Gen. sp.
Chironomus plumosus (L.,1758) 2

Cricotopus intersectus (Staeger, 1839)
Cryptochironomus sp.

Demicryptochironomus vulneratus (Zetterstedt, 1838)
Parachironomus arcuatus Goetghebuer, 1919
Procladius sp.
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Fig. 3. Total relative abundance and relative abundance of Mol-
lusca along the examined stretch.
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Fig. 4. The results of PCoA based on the abundance of taxa at
the sampling sites.

stretch (F' = 0.64). Other recorded species were found
less frequently.

Based on the data on the relative abundance at
the sampling sites, PCoA was performed. The results of
PCoA are presented in Fig. 4. According to the result-
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Fig. 5. Abundance of Lithoglyphus naticoides (C. Pleiffer, 1828)
along the examined stretch.

ing graph (Fig. 4), three sectors can be defined: (1) sites
1-5, the free-flowing section, (2) the Iron Gate reser-
voirs I and II section, sites 12 and 13 together with site
14, situated downstream of the second dam, (3) sections
with a strong back water effect.

This result is a consequence of the shift in the ben-
thic community, illustrated in Figs 2 and 3. A decline
of species richness and abundance was observed in the
Iron Gate sector (sites 12 and 13) as well as at the
site situated downstream of the dam (14) when com-
pared to the upstream sites. The relative abundance of
the benthic community was highest in the “free-flowing
section” (sites 1-5) upstream of Belgrade.

The change in the total benthocoenosis could be
effectively followed by the analysis of the shift in the
principal component — Mollusca (Figs 2, 3). The distri-
bution of particular mollusc taxa, selected according to
their participation in the abundance in the total com-
munity, is presented in Figs 5-7. L. naticoides (Fig. 5)
and Theodozus fluviatilis (L., 1758) (Fig. 6) were partic-
ularly abundant in the free-flowing section (sites 1-5),
while Theodozus danubialis (C. Pfeiffer, 1828) (Fig. 6)
was recorded only in the lower stretch (sites 9, 10,
11 and 14). Sphaerium rivicola (Lamarck, 1799) was
recorded exclusively within the “free-flowing section”
(Fig. 7, sites 1, 2, 4 and 5). Furthermore, Sinanodonta
woodiana (Lea, 1834) was not observed in the Iron
Gate sector (Fig. 7). Holandriana holandrii (C. Pfeiffer,
1828) was found with a higher relative abundance only
at site 14 (Table 2).
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Fig. 6. Abundance of Theodozus fluviatilis (L., 1758) and Theo-
dozus danubialis (C. Pfeiffer, 1828) along the examined stretch.

Discussion

Of the 89 species that were recorded along the en-
tire stretch during the 2004 Danube Survey (Csanyi &
Paunovic 2006), 68 species were detected in the Serbian
sector. The considerable decline in number of species
per site was observed in the Iron Gate reservoirs I and
II. A similar situation was observed in the upper sec-
tor, in the area of the Gabcikovo Reservoir (Csanyi &
Paunovic 2006). This result indicates that hydromor-
phological changes cause the deterioration of the status
of the river in the Iron Gate stretch, where the lowest
taxa richness was recorded.

The lower number of taxa detected during the
present study in comparison to the 2001 Danube sur-
vey (when Paunovic et al. 2007 reported 74 macroin-
vertebrate taxa), could be due to the lower number of
sampling sites within the same stretch.

299

A similar community structure, with respect to
the dominant macroinvertebrate groups, but with a
larger proportion of some taxa, was also observed in
the Hungarian (Nosek 2000; Oertel 2000) and Slo-
vakian stretch of the Danube (Elexova 1998; Sporka
& Nagy 1998). The Hungarian stretch is characterized
by the domination of Dikerogammarus villosus (Sowin-
sky, 1894), Corophium curvispinum (Sars, 1895), and
L. naticoides (Nosek 2000; Oertel 2000). According to
Elexové (1998) and Sporka & Nagy (1998), Oligochaeta
and Chironomidae (Diptera) were dominant in the side
arm of the Slovakian stretch. The same groups were
found to be dominant in the Hungarian sector in the
Réckevel (Sorokséri) Danube arm. This situation is
the result of the difference between the sectors, but
also due to the sampling methodology that was ap-
plied in our study. As we used a benthological dredge
and a FBA hand net with a mesh size of 1000 pum,
smaller animals, mostly belonging to Oligochaeta and
Chironomidae, could have been missed. Nosek (2000)
and Oertel (2000) described a community, based on
a 500 pm mesh size EU ISO-7828 type net (in addi-
tion, they applied qualitative and/or semiquantitative
concurrent sampling methods: kicking and sweeping,
and in some cases collection with a triangular shaped
dredge and by hand) that could have contributed to
a larger proportion of small-sized individuals in their
samples.

Considering the differences between the Slovak and
Serbian stretch of the Danube, the higher taxa richness
of Ephemeroptera and Trichoptera that was reported
by Elexova (1998) could be expected. Differences in the
dominant sediment types between the Slovakian and
Serbian stretches could be the main reason for the ob-
served differences. The Slovakian sector is distinguished
by a higher proportion of habitats with gravel, boul-
ders and stones (Elexovéa 1998), while the Serbian part
(Paunovic et al. 2007) is predominantly characterized
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Fig. 7. Abundance of five selected mollusc taxa along the examined stretch.
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by fine sediment particles (sand and mud) on the river
bed.

In general, the community structure that was ob-
served along the Serbian stretch was expected consid-
ering the watercourse type. In potamon-type rivers in
Serbia, molluscs and oligochaetes are typically the most
diverse and abundant groups, together with Chironomi-
dae (Paunovic et al. 2007).

According to the presented results, three different
sections could be distinguished within the investigated
Serbian stretch: (1) the Iron Gate sector which cov-
ers the stretch distinguished by a back-water effect and
part of the river situated downstream of the Iron Gate
dam; (2) the part from Belgrade to the Iron Gate and
the free-flowing stretch upstream of Belgrade. The re-
sults are similar to previous works on Danube River
sectioning (Litheraty et al. 2002; Robert et. al. 2003;
Vogel et al. 2002). All of the authors agree that the
Iron Gate is the border between distinct Danube types
i.e. between the Middle and Lower Danube. Based on
the data describing the qualitative composition of the
macroinvertebrate fauna, Paunovic et al. (2007) also
divided the Serbian stretch into three sectors. These
are the upper (Pannonian) sector, the Iron Gate sec-
tor and the entrance sector to the Iron Gate stretch.
During the 2001 study (Paunovic et al. 2007), a simi-
lar distribution pattern was observed along the Serbian
sector of the Danube River, i.e. a higher density of L.
naticoides and D. willosus in the upper stretch, while
T. danubialis, Esperiana esperi (Ferrusac, 1823), Val-
vata naticina (Menke, 1845) and Bithynia tentaculata
(L., 1758) were more abundant in the Iron Gate sector.
These results also demonstrate the differences between
the upper (Pannonian) sector and the Iron Gate sector.
According to the results of the 2001 study (Paunovic
et al. 2007), the species that were equally represented
in the Serbian sector [Tubifex tubifexr Muller, 1774,
Limnodrilus hoffmeisteri Claparede, 1862, Limnodrilus
claparedeanus Ratzel, 1868, Limnodrilus udekemianus
Claparede, 1862, Limnodrilus profundicola (Verrill,
1871) and D. polymorphal, were found to be ubiquitous,
and their distribution was less dependent on changes in
the environment.

According to the presented results, the sectioning
of the Serbian stretch of the Danube into three distinct
sectors represents an effective approach to define the
monitoring and management entities.

The upper (Pannonian) sector (from Belgrade,
1071 rkm up to the Hungarian border) is similar to the
Lower Hungarian stretch (Robert et al. 2003; Paunovic
et al. 2005) and these sectors are classified as the
same Danube type, referred to as the Pannonian Plain
Danube (Robert et al. 2003). A general similarity was
confirmed when comparing the macroinvertebrate com-
munity in the Hungarian (Nosek 2000; Oertel 2000) and
Serbian stretches (the present study, as well as those of
Paunovic et al. 2007, 2010).

In comparison to the upper stretch, the Iron Gate
sector is different with regard to hydro-morphological
conditions. The natural differences between the sectors
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that are situated upstream and downstream 1071 rkm
of the watercourse are illustrated by the fact that this
point has been identified as the border between the gen-
eral Danube sectors (Pannonian Plain Danube and Iron
Gate Danube), as well as the boundary between Middle
and Lower Danube (Robert et al. 2003).

According to previous studies (Paunovic et al.
2005), the stretch situated in the area of the entrance
into the Iron Gate sector was found to be specific in
regard to the macroinvertebrate community and could
be considered as a transitional zone between the Middle
and Lower Danube. This is an area of considerable di-
versity of macroinvertebrates in comparison to the up-
per (Jakovcev 1987, 1988; Djukic & Karaman 1994), as
well as downstream stretches (Djukic & Karaman 1994;
Simic et al. 1997; Simic & Simic 2004). The greater
species richness of the transitional zone is mostly sup-
ported by its considerable habitat diversity in compari-
son to other sections, and is illustrated by the fact that
Paunovic et al. (2005) reported 84 aquatic macroinver-
tebrate taxa in a short stretch of the river section (be-
tween 1083 rkm and 1076 rkm).

Proper sectioning or typology is a basic precondi-
tion for the establishment of an effective system of sta-
tus assessment according to the WFD. Defining typol-
ogy and designing a system of status assessment is gen-
erally a very complex process. It is particularly involved
when large lowland rivers are assessed, partly because
of their transboundary character. The system should
be harmonised between countries through the process
of intercalibration (Birk et al. 2009). Therefore, further
work aimed at defining a type-specific system for the as-
sessment of the ecological status in Serbia, should take
into consideration the general similarity of the fauna
in the Hungarian, Slovakian and Serbian stretches, as
well as the fine shifts within communities which point
to differences between stretches,.

Conclusion

We conclude that the free-flowing sector, the stretch
with a backwater effect and the area of the Iron Gate
can be separated according to their macroinvertebrate
communities. The results reveal differences between the
Lower and Middle Danube, and point out the peculiar-
ity of the stretches that are under the influence of the
Iron Gate dams. The findings support a typology of the
Danube that is based on selected abiotic parameters.
According to the presented Danube typology, the Iron
Gate area separates the Middle and Lower Danube.
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Abstract: Chironomid larvae respond rapidly to environmental changes in aquatic ecosystems, with different species
possessing different degrees of tolerance. Consequently, this group is considered an effective and reliable indicator of
the ecological status. In this study, the relation between larval chironomid assemblages and environmental variables was
examined at two sites on the Kolubara River. A nonparametric Mann-Whitney U test did not confirm significant seasonal
differences between samples. Correspondence analysis indicated that the study sites are distinguished by their commu-
nity composition. Based on forward selection analyses, 5 out of 28 analyzed water parameters and 3 out of 22 sediment
parameters displayed the highest levels of correlation with chironomid assemblages. Forward selection analysis revealed
that inorganic pollutants in the sediment (mercury, nickel and cadmium) exerted the greatest influence on the community.
Results of canonical correspondence analysis indicated that the sediment characteristics have a more significant impact
on chironomid communities than the analyzed water parameters. Our study confirmed that chironomids and sediment
analyzes should be obligatorily included in the monitoring of ecological status, since chironomids are often a dominant
component of benthic macroinvertebrate assemblages in freshwater ecosystems, with many species inhabiting the sediment
with a proclivity for intake of toxic and persistent pollutants.

Key words: Chironomidae; Environmental parameters; Water; Sediment; Pollutants prioritization

INTRODUCTION cal condition of aquatic habitats [11], and an impor-
tant tool in ecological and monitoring studies [12,13].
For bioassessment programs, it is very important to
estimate how environmental factors influence the chi-
ronomid community [11].

Chironomids (Insecta: Diptera, Chironomidae;
non-biting midges) are an important component of
freshwater ecosystems. They occupy a broad range of
habitats and have a wide geographical distribution [1].

Chironomids are an important component of food This study was undertaken to investigate which en-
webs, being the main prey for many invertebrates, fish vironmental variables of water and sediment have the
and birds [2,3]. most significant influence on chironomid assemblag-

es, as a part of activities within the GLOBAQUA EU
Seventh Framework Project [14]. The Kolubara River
is one of the largest tributaries of the Sava River, and

X one of the largest rivers in the Belgrade area (Fig. 1).
of the.s.edlm.ent and wate.r [4]. The larval stages of It is 86.5 km long, with a drainage area of 3,636 km?*
non-biting midges show different degrees of tolerance

[5-9] to changes in the environment, to which they
can rapidly respond [10]. Therefore, they are suitable
indicator organisms for the assessment of the ecologi-

The abundance and taxonomic richness of chi-
ronomid larvae strongly correlate with environmental
conditions and the physicochemical characteristics

and an average altitude of 206 m a.s.l. [15]. According
to national legislation [16), the Kolubara is classified
as a type 2 watercourse, which refers to large rivers
with predominantly medium-sized substrates in the
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riverbeds. The river along the investigated stretch is
exposed to various pressures, including organic and
nutrient pollution, from industry and due to hydro-
morphological degradation [17]. The protected zone
of the Belgrade water supply begins 10 km down-
stream from the confluence of the Kolubara into the
Sava River. This has imposed the necessity for effective
measures for improving the ecological status of the
Kolubara River.

MATERIALS AND METHODS

The study period was from 2007 to 2011. Samples
were collected from 2 localities on the Kolubara River:
near the village Celije (N44°22°36.17”, E20°12°35.24”)
and the town of Obrenovac (N44°39°12”, E20°13°27”)
(Fig. 1). These localities have been exposed to dif-
ferent types of anthropogenic pressure; the site near
Celije is exposed to pollution from the rural area,
while the site near Obrenovac to pollution from ur-
ban industrial and wastewaters.

Water sampling and analysis

Physical and chemical water parameters were meas-
ured monthly (March-October) at both sites. Water
samples were taken in Friedinger bottles (volume = 3
L), ata depth of 0.5 m, using standard methods (APHA
AWWA WEF 1995, SRPS ISO 5667/2008, SRPS ISO
7828/1997, SRPS ISO 5667-6: 1997, SRPSEN ISO
5667-3: 2007, SRPS EN ISO 5667-1: 2008).

206 20010E 006 20730

(OBRENOVAC

i
|
S
l ) 50KM
i

Fig. 1. Sampling sites on the Kolubara River.

The transparency of the water (m) was assessed
using a Secchi disk. Temperature (°C), pH values, con-
ductivity (uS cm™), dissolved oxygen (DO) (mg L' O,)
and oxygen saturation (O,%) were measured with a
Horiba W-23XD multiparametric probe (HORIBA
Instruments Incorporation, USA) in the field. The
biochemical oxygen demand for five days (BOD,)
(mg L*! Oz) (SRPS ISO 5813: 1994, SRPS EN 1899-2:
2009), chemical oxygen demand (COD) (mg L O,)
(SRPS ISO 6060: 1990), total organic carbon (TOC)
(mg L' C) (SRPS ISO 8245:1994), total phosphates
(mg L P) (EPA 207. Rev 5, SRPS ENISO 6878: 2008),
nitrites (NO,) (mg L' N) (PRI P-V-32/A), nitrates
(NO,) (mg L' N) (EPA 300.1), suspended solids (mg
L) (SMEWW 19" method 2540 D), total nitrogen (N)
(mg L") (ISO 10048:1991, SRPS EN 12260:2008), alka-
linity (Alk) (mg L' CaCO,) (EPA method 310.1), total
hardness (Tot H) (mg L' CaCO,) (EPA 130.2), resi-
dues obtained after drying at 105°C (mg L) (SMEWW
19th method 2540 B), ammonium ion (NH,*) (mg L
N) (PRI P-V-2A), chloride (mg L* Cl") (SRPS ISO
9297: 1994), sulphate (SO,*) (mg L") (EPA 300.1) and
the following metals (mg L): nickel (Ni), lead (Pb),
cadmium (Cd), zinc (Zn), copper (Cu), arsenic (As),
iron (Fe) (EPA 207. Rev 5, EPA 200.8), and mercury
(Hg) (EPA 245.1) were measured. Detergents (mg L)
(SMEWW 16th method 512 B), phenols (mg L™) (SRPS
ISO 6439:1997) and mineral oils (total hydrocarbons
C,,-C,) (mg L") (SRPS ENISO 9377-2:2009) were
measured at the Institute of Public Health, Belgrade.

Sediment sampling and analysis

Surface sediment samples were taken during the low
water level regime in September/October at both sites.
Sampling was performed according to the following
methods: SRPS ISO 5667-2:1997, ISO 5667-15:1999,
SRPS ISO 5667-12:2005, SRPS EN ISO 5667-3:2007,
SRPS EN ISO 5667-1:2008. Sediment samples were
prepared for analyzis using the wet fragmentation
method by separation of fractions smaller than 63
um. Sediment samples were analyzed at the Institute
of Public Health in Belgrade. The following param-
eters were analyzed: moisture content (%) (SRPS ISO
11465:2002), pH value (SRPS ISO 10390:2007), metal
content (mg kg™): As, Cu, Zn, Cr, Cd, Ni, Pb (EPA 3050
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B (method A) 1996, ISO 11466: 2004, EPA 200.72001)
and Hg (EPA 245.1); pesticides (ug kg"') DDT + DDE
+ DDD, lindane, aldrin, endrin, dieldrin, HCH (a, f,
d), heptachlor, heptachlorepoxid, alachlor, hexachlo-
robenzene, atrazine, simazine, propazine, trifluralin,
dihlorbenil (ISO 10382 2002); polycyclic aromatic
hydrocarbons (PAHs) (ug kg') anthracene, benzo(a)
anthracene, benzo(k)fluoranthene, benzo(a)pyrene,
chrysene, phenanthrene, fluoranthene, indeno(1,2,3-
¢, d)pyrene, naphthalene, benzo(g, h, i)perylene (ISO
18287: 2006). The total PAH refers to the sum of the
above-mentioned 10 polycyclic aromatic hydrocar-
bons. Acenaphthylene, acenaphthene, fluorene, pyrene,
benzo(b)fluoranthene, dibenzo(a, h)anthracene were
measured using standard methods (ISO 18287: 2006);
polychlorinated bisphenyls (PCB) (mg kg*): PCB 28,
PCB 52, PCB 101, PCB 118, PCB 138, PCB 153, PCB
180, and total PCB refers to the sum of the above-men-
tioned PCBs (ISO 10382: 2002); mineral oils were also
measured (total hydrocarbons C10-C40) (mg kg™).

Sampling, identification and chironomid
assemblages analysis

Samples of benthic fauna were collected during high
(May/June) and low water level regimes (September/
October) from 2007-2011, using a Van-Veen type of
grab with a sample area of 270 cm?. The organisms
were separated on site from the sediment with a 200
pm-mesh-size sieve and preserved in 4% formaldehyde.

Preparation of chironomid larvae for identifi-
cation was performed according to the method de-
scribed by Epler [18] and Orendt and Spies [19]. Iden-
tification was done to the lowest possible taxonomic
level (preferably species) using the following identifi-
cation keys: Hirvenoja [20], Lellak [21], Wiederholm
[22], Maschwitz and Cook [23], Epler [18], Moller
Pillot [24], Orendt and Spies [19].

Data analysis

The Shannon-Wiener diversity [25], density (ind.
m™), and species richness indices were calculated to
evaluate the structure of the chironomid assemblages.
Classification based on the functional feeding groups

and habitat type, was performed according to Moog
[26], Schmedtje and Colling [27] and Mandaville [28].

Seasonal differences between chironomid com-
munity structures during regimes of low and high wa-
ter levels were analyzed by the nonparametric Mann-
Whitney U test (p<0.05), using the PAST statistical
program, version 2.14 [29].

Correspondence analysis (CA) was used to com-
pare the main faunistic features, while canonical
correspondence analysis (CCA) was employed to
evaluate the correlation between chironomid taxa
and environmental variables of water and sediment
at the researched localities [30-33], using the statistical
program PAST, version 2.14 [29].

Forward selection analysis, based on Pearson’s
correlation test (p<0.05), and the Monte Carlo permu-
tation test (999 permutations, p<0.05) was performed
in order to identify the most influential environmental
variables in the water and sediment, using FLORA
software, version 2013 [32].

In the case of water parameters, the relation be-
tween chironomid assemblages and environmental
variables was assessed using two data sets of physical
and chemical parameters. The first data set included
the values of the water variables that were measured
at the time of fauna sampling from the riverbed. The
second data set included three-month average val-
ues of water variables, two months before and on the
month of sampling benthic fauna. The idea was to test
the strength of the correlation in both cases.

RESULTS

Results of environmental variable analyses: water
and sediment

The results of physicochemical analysis of the water
and sediment at 2 sites (upstream — Celije and down-
stream — Obrenovac) on the Kolubara River during
the five-year research period are shown in Tables 1.
(for water) and 2. (for sediment).
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Table 1. Minimal, maximal and average values of the physicochemical parameters of the water that were above the detection limit for
the used method, measured during the 5-year period (2007-2011) at the study sites on the Kolubara River.

Localities Celije Obrenovac

Parameters Min Max Average + SD Min Max Average + SD
Transparency of the water (m) - - - 0.15 1.20 0.46 +0.24
Water temperature (°C) 3.70 27.70 15.99 + 6.04 4.40 27.20 17.01 + 6.23
pH value 7.60 8.40 8.12+0.15 7.90 8.50 8.12+0.12
Electrical conductivity (uS cm™) 320 580 441.39 + 68 250 600 471.71 + 81.62
Alkalinity (mg L* CaCO,) 153.50 289.50 230.56 + 31.53 97 281 224.95 + 38.63
Total hardness (mg L' CaCO,) 176.80 298.90 241.85 £ 31.76 105.40 407.20 253.39 £49.71
Suspended solids (mg L") 2 428 73.44+211.3 4 734 55.91 + 132
Residue dried at 105°C (mg L") 224 390 300.79 £ 39.96 186 427 329.83 £ 63.28
Dissolved oxygen (mg L' O)) 5.70 11.60 8.78 £ 1.41 6 15.50 8.41 £1.94
Oxygen saturation (%) 62 102 68.78 £9.16 67 185 86.88 +22.38
BOD, (mgL'0O,) 0.30 9.70 2.88 £1.58 0.20 12.21 2.85+2.79
COD (mgL'0) 1.60 34.90 10.06 + 8.09 2.1 42.2 13.73 £10.73
NH,* (mg L' N) 0.05 0.85 0.30+0.2 0.06 1.06 0.36 +0.24
Nitrite (mg L' N) 0.008 0.193 0.06 = 0.04 0.014 0.23 0.08 +0.05
Nitrate (mg L' N) 0.70 6.10 1.92+0.9 0.70 3 1.70 + 0.47
Total nitrogen (mg L' N) 1.60 4.60 241 +0.7 1 3.68 2.33 +0.69
Total phosphate (mg L' P) 0.04 0.32 0.13 +0.08 0.04 0.30 0.12 +0.06
Total organic carbon (mg L") 1.88 36.21 422+58 2.48 8.29 4.35+1.26
Chloride (mg L' CI) 5.60 23.70 11.18 £ 4.5 6.30 24.40 13.98 £ 5.26
Sulphate (mg L' SO ) 16.70 36.90 21.79 +5.99 17.40 68.10 36.88 +17.33
Zn (mg L") 0.0008 0.0378 0.01 +0.009 0.001 0.21 0.03 +0.04
Cu(mgL?) 0.002 0.02 0.004 + 0.004 0.001 0.05 0.006 + 0.01
Ni (mg L?) 0.004 0.017 0.009 + 0.008 0.004 0.018 0.01 +0.009
As (mgL?) 0.001 0.007 0.002 +0.001 0.001 0.04 0.01 £0.01
Cd (mgL?) 0.0006 0.002 0.0006 + 0.0004 0.0006 0.002 0.0006 * 0.0004
Fe (mg L?) 0.008 2.58 0.25+0.51 0.002 2.34 0.44 + 0.66
Detergents (mg L") <0.02 <0.02 - 0.02 0.13 0.02 +£0.03
Phenols (mg L1) 0.001 0.003 0.001 +0.0008 0.001 0.002 0.001 + 0.0003

Table 2. Minimal, maximal and average values of parameters for the surface layer of the sediment that were above the detection limit for
the used method, measured during the 5 -year period (2007-2011) at the Celije and Obrenovac sites on the Kolubara River.

Localities Celije Obrenovac

Parameters min max average + SD min max average + SD
Pb (mg kg?) 24.10 41.20 31.97 +7.34 27.60 38.50 33.64 +3.94
Cd (mg kg) 0.20 0.70 0.35+0.24 0.30 1 0.56 £0.29
Zn (mg kg?) 43.20 86.90 63.82 + 19.50 60.20 78.50 72.80 +7.56
Ni (mg kg™) 45.90 179.40 117.57 £ 54.81 117.10 145.90 130.60 + 12.48
Cr (mg kg) 22.20 779.90 242.57 + 359.41 43.50 113.50 88.40 + 26.99
Hg (mg kg) 0.10 0.20 0.12 £ 0.05 0.10 0.60 0.24+0.21
As (mg kg™) 8.80 10.90 10.05 + 0.90 7.50 14 11.04 + 2.59
Cu (mg kg") 21.90 34.60 25.50 +6.10 22.70 34.20 28 +4.87
Total PAH (ug kg?) 85 251 133 £ 106.72 20 529 184.90 + 227.72
Naphthalene (ug kg™) 10 59 30.50 +21.42 10 28 12,60 + 11.21
Fluoranthene (ug kg) 16 24 16.50 + 8.35 29 72 23.70 + 28.93
Phenanthrene (pg kg™) 20 31 21£11.63 15 96 29.70 + 38.61
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Table 2 continued:

Benzo(a)anthracene (ug kg") 5 28 11.25+11.21 5 34 11.80 + 12.60
Chrysene (ug kg') 13 22 11.25+8.10 26 58 18.80 + 24.03
Benzo(a)pyrene (ug kg') 12 15 9.25 £ 5.06 26 140 35.20 £ 59.41
Indeno(1,2,3-cd)pyrene (ug kg™) 5 10 6.25 + 2.50 5 20 8+6.71
Acenaphthene (ug kg") 5 22 9.25 + 8.50 5 5 5
Fluorene (pg kg') <10 <10 - 14 24 9.60 +9.34
Pyrene (ug kg'!) 15 28 16.75 + 9.53 24 80 28.30 + 31.24
Benzo(b)fluoranthene (ug kg) 17 35 15.50 + 14.18 26 42 15.60 + 17.75
Total hydrocarbons (C, -C,)) (mgkg") 24.80 158 82.33 £ 55.40 52.82 189 86.184 + 58.20

Table 3. Autecological characteristics of chironomid taxa recorded in the Kolubra River at the Celije and Obrenovac localities during
2007-2011. Abreviations: pel - pelal, ar — argyllal, ps — psamal, lit - lithal, ph - phytal; c-g - gatherers, c-f - filtrators, shr - shreders, scr -
scrapers, pre — predators; S — saprobic valence (26]; T - taxon tolerance (28]; Hb — hemoglobin (24, 58, 59]; FT - feeding type according
to Moog (26]; Schmedtje and Colling (27]; Mandaville (28]; HT - habitat type by Moog (26]; Schmedtje and Colling (27]; MT - type of
microhabitat according to Schmedtje and Colling (27]; / - no data; Abbr — Abbreviation.

Taxon name Abbr S T Hb |FT HT MT
Einfeldia pagana (Meigen, 1838) Ein_pag 22 9 + |cg pot, rit pel
Dicrotendipes nervosus (Staeger, 1839) Dic_ner 2.7 8 + c-g pot, rit pel, ps, lit
Cladotanytarsus mancus (Walker, 1856) Cla_man 21 ] 5 + | f pot pel
Harnischia sp. Har_sp. / 8 | |c-g pre|/ pel, ps, lit
Polypedilum scalaenum (Schrank, 1803) Pol_sca 231 6 + |shr pot, rit pel
Polypedilum albicorne (Meigen, 1838) Pol_alb 0.8 6 + shr cre, rit pel
Polypedilum convictum (Walker, 1856) Pol_con 19 | 6 + |shr rit, pot pel
Polypedilum pedestre (Meigen, 1830) Pol_ped 271 6 + |shr pot, rit pel
Polypedilum nubeculosum (Meigen, 1804) Pol_nub 23| 6 + |shr pot, rit pel, ps
Chironomus gr. plumosus (Linnaeus, 1758) Ch_plu 3.6 | 10 + |c-g Pot pel
Chironomus riparius Meigen, 1804 Ch_rip 35| 10 + |cg pot, rit pel
Demicryptochironomus vulneratus (Zetterstedt, 1838) Dem_vul 23| 8 - lcg pot pel
Cryptochironomus sp. Cri_sp. / 8 + | pre pot pel, ar, ps
Cryptotendipes sp. Cry_sp. / 6 !/ |c-g / pel, ar, ps
Glyptotendipes sp. Gly_sp. / 10 + |shr / ph, pel, ps
Virgatanytarsus arduennensis (Goetghebuer, 1922) Vir_ard 20 | / !/ |c-g pot, rit /
Cladopelma lateralis (Goetghebuer, 1934) Cla_lat / 9 + |cg / /
Procladius sp. Pro_sp. / 9 - |pre / pel, ps
Cricotopus triannulatus Macquart, 1826 Cri_tri 22| 7 - shr pot, rit lit
Cricotopus sylvestris (Fabricius, 1794) Cri_syl 26 | 7 - |scr Pot pel, ph
Cricotopus bicinctus (Meigen, 1818) Cri_bic 2.5 6 - scr pot, rit /
Orthocladius sp. Ort_sp. / 6 - |cg / /
Eukiefferiella claripennis (Lundbeck, 1898) Euk_cla 2.3 8 - c-g rit, pot, cre /
Prodiamesa olivacea (Meigen, 1818) Pro_oli / 8 /| |c-g rit, pot ps, pel
In comparison to the values provided by the na- whereas according to the concentration of suspended
tional Ecological Quality Standards — EQS [16,34], solids and based on the national legislation [16,34], it
higher values of TOC, BOD, and nitrogen compounds can be classified as class V.
were occasionally recorded. According to these pa-
rameters, ecological status of the Kolubara River The contents of Cr, Hg and Ni in the sediment

can be classified as class IV for type 2 watercourses, exceeded the value of the given limit according to na-
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tional legislation [34] and international standards [35,
36]. The content of Cr was double than the remedia-
tion value. The value of Ni exceeded the maximum
allowable values, while Hg content exceeded the target
value. Based on the results of the sediment param-
eters, the Kolubara River in the Belgrade area can be
classified as a class IV watercourse [34].

Community analysis

At the Kolubara River study sites, 24 taxa of the family
Chironomidae were recorded and their autecological
characteristics are shown in Table 3.

The minimal density of the chironomid commu-
nity was recorded at Obrenovac (5,594 ind. m?), and
the maximal density (8,103 ind. m?) was observed at
the Celije study site. Among chironomids, Chironom-
inae was the dominant (61.70%) and the most diverse
subfamily, with 17 taxa belonging to 12 genera. Tany-
podinae (19.70%) and Orthocladiinae (17.32%) were
subdominant subfamilies. Former was presented only
by one, while the latter by 5 taxa within 3 genera. The
chironomid community structure at the investigated
sites is presented in Fig. 2.

Species richness and diversity (H”) were higher
at the Celije sampling site (20 taxa; 1.11 + 0.74) com-
pared to the Obrenovac site (12 taxa; 0.71 + 0.54).
At Celije the distribution of chironomid species was
more homogenous, without any taxa predominating.

Results of the nonparametric Mann-Whitney U test
(p = 0.36) showed that there were no statistically signifi-
cant differences between the samples collected during
regimes of low and high water levels at either site.

Based on community structure, CA showed
marked separation of the study sites Celije and
Obrenovac (Fig. 3). To perform the CCA, 5 out of 28
physicochemical water parameters were selected by
forward selection (FS) analysis [32], both for 3-month
average values, and for values recorded in the month
community sampling. Different factors were selected
from these two data sets. Factors with greater cor-
relation strengths were obtained from the 3-month
average value data set.
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Kolubara-Celije

Kolubara-Obrenovac

Prodiamesa olivacea
Eukiefferiella claripennis
Orthocladius sp.

Cricotopus bicinctus
Cricotopus triannulatus
Procladius sp.
Virgatanytarsus arduennensis
Glyptotendipes sp.
Cryptotendipes sp.
Cryptochironomus sp.

Demicryptochironomus vulneratus

Chironomus riparius
Polypedilum nubeculosum
Polypedilum pedestre
Polypedilum convictum
Polypedilum scalaenum
Harnischiasp.
Cladotanytarsus mancus
Dicrotendipes nervosus
Einfeldia pagana
Cricotopus sylvestris
Procladius sp.
Cladopelma lateralis
Glyptotendipes sp.
Chironomus riparius
Chironomus gr. plumosus
Polypedilum nubeculosum
Polypedilum albicorne
Polypedilum scalaenum
Harnischiasp.
Dicrotendipes nervosus
Einfeldia pagana

10.96

1.83

5.55
1.85
1.23
12.34
1.85
1.85
1.85

37.65

32.10

Fig. 2. Average percentage of chironomid taxa participation (%)

in the community in the Kolubara River during 2007-2011.
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Table 4. The results of FS analysis. Selected environmental factors with the greatest influence on chironomid communities (p < 0.05).
A - Water environmental factors for 3-month average values; B — water environmental factors for values recorded at the month of com-

munity sampling; C - sediment environmental factors.

Selected environmental parameters

A

B

C

Factor

Eigen value

F statistics

p

Factor

Eigen value

F statistics

P

Factor

Eigen value

F statistics

Fe

0.4768

1.7209

0.0000

NH,'

0.5969

2.2072

0.0000

Hg

0.3636

1.3637

0.0060

COD

0.4605

1.6566

0.0000

Total P

0.4203

1.4998

0.0000

Ni

0.4991

1.9842

0.0180

NH,*

0.4451

1.5962

0.0000

Tot H

0.3962

1.4071

0.0000

Cd

0.6178

2.5918

0.0300

BOD,

0.4361

1.5612

0.0000

Tem

0.3936

1.3971

0.0000

DO

0.4257

1.5208

0.0000

Alk

0.2500

0.8631

0.0380

ES analysis was also carried out for the sediment
variables; 3 out of 22 variables were selected as the
most influential. Selected parameters are shown in
Table 4. The first CCA was based on water environ-
mental factors that were selected from the 3-month
average values of variables. According to the first
axis, the distribution of chironomids at both sites
was the most influenced by the NH,* concetration.
NH,* showed positive correlation with COD, BOD,
and Fe (Fig. 4a). All of these variables were negatively
correlated with DO. It is important to point out that
COD, BOD, and NH_*, which are indicators of or-
ganic pollution, correlated highly with samples from
the Obrenovac locality. NH, " was positively correlated
with following taxa: Procladius sp., Polypedilum scalae-
num, P. albicorne, P. nubeculosum and Cladopelma lat-
eralis. Positive correlations with BOD,, COD and Fe
were found for Chironomus riparius, Ch. plumosus,
Cricotopus sylvestris and Harnischia sp. at the locality
Obrenovac. The taxa C. bicinctus, Glyptotendipes sp.,
Virgatanytarsus arduennensis, Prodiamesa olivacea and
P. convictum, recorded at Celije, displayed a negative
correlation with these parameters and a positive cor-
relation with DO.

The second CCA was based on the environmental
factors of the water that were selected from the val-
ues recorded in the month of community sampling.
According to the first CCA axis, the concentration of
NH,* had the greatest impact on the structure of the
chironomid community (Fig. 4b). The concentration
of NH,* was positively correlated with Ch. riparius, Ch.
gr. plumosus, C. sylvestris, C. lateralis and Procladius
sp. from the Obrenovac site. Positive correlation with

“Chi_plu
Crisyl

“ort_sp.

15

*Ein_pag .
Pro_ol
Fe KR Pol_con

“Har_si

cob
‘ko1007
BOD,~__
~

. Kos09
ogy] KC608 Cry_sp.
~xoss \ K GIY_5P-*ir_arg

“Cri_bic

909
. Dic_ner
KO510

~ 06 12 18 24
~

(¢]

KC908 “Kc1007

“chi_ip
2 Prosp. wesn o
_— koefP* oot
_— Pol_sc:
— 05
2 NH,

40 24 8

. KCe07
KO908 10
ko608 - KC510
“Cla_man
KC1011

“Pol_nub
“Cla_lat “Pol_alb

“Dem_vul

“Pol_ped

Axis 1

/
. Kosm/
it /

Kcoto /
Tot P “cii_sp.

/] Koot
//

Tot

"1 /) xos

H
K081
Pro_sp.

'k0608

“Pol_alb

05

15 20 25

10
K0908

“Chi_plu

510 Crizsyl

fo5 k0910 Kotoor

“Pol_nub ‘Chi_rip .
/ Cla_lat

" JPol_ped
£

“Gly_sp.

Avis 1

Fig. 4. CCA ordination triplot (matrix: 24 taxa x 20 samples x
5 environmental factors); a) selection of environmental factors
was based on 3-month average values displaying 63.71% of total
variance; b) selection of environmental factors was based on val-
ues recorded in the month of community sampling and which
displayed 57.66% of total variance.
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alkalinity was found for P. scalaenum, P. pedestre, P.
nubeculosum, D. vulneratus and Glyptotendipes sp. Our
results also revealed a positive correlation between
temperature and Cricotopus sp. and C. triannulatus.

For the selected environmental factors of the sedi-
ment CCA was also performed (Fig. 5). The identi-
fied taxa indicate that Cd (according to the first CCA
axis) and Hg (according to the second CCA axis) were
variables with the highest influence. According to the
tirst CCA axis, Ni also has a significant influence. At
the Obrenovac site, Ch. riparius and Procladius sp.
positively correlated with the content of Hg, and Ch.
plumosus; C. sylvestris positively correlated with the
content of Cd in the sediment. At the Celije site, chi-
ronomid species P. nubeculosum, P. albimanus, C. lat-
eralis and D. nervosus positively correlated with the
content of Ni in the sediment.

DISCUSSION

Many studies have examined the relations between
physical and chemical parameters of water and sedi-
ment and the composition and abundance of chi-
ronomid communities [8,37-39]. Our results are in
agreement with Janse et al. [40] who reported that
increased anthropogenic pressure reduces species di-
versity. Higher number of chironomid taxa and higher
diversity were recorded at the study site Celije than at
the downstream site Obrenovac. This observation in-
dicates that the latter site is exposed to greater anthro-
pogenic influence. The higher number of polysaprobic
taxa downstream (13.16% of total chironomid taxa),
compared to upstream site Celije (2.86%) confirmed
this statement.

A number of authors have highlighted the im-
portance of temporal dimension and its effect on
the seasonal pattern of chironomid distribution [41-
44]. These authors mainly studied communities in
mountainous rivers and/or habitats exposed to lower
anthropogenic pressure. Based on the results of the
Mann-Whitney U test, the seasonal dynamic of non-
biting midge assemblages in investigated river type
was not pronounced. In addition, there were no sig-
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Fig. 5. CCA ordination triplot (matrix: 24 taxa x 10 samples x 3
environmental factors), displaying 98.80% of total variance. Analy-
sis of the chironomid communities in Kolubara (Obrenovac — red,
Celije — green) and of selected physicochemical parameters of
the sediment.

nificant differences in community structure between
two sampling seasons. This could be explained by the
long larval period of common taxa or by appearance
of new generation [45].

The characteristics of the substrate and the pres-
ence of pollutants in the water affect chironomid dis-
tribution. Literature data show that the characteristics
of riverbed substrate, which are related to its physico-
chemical profile, are the principal factor influencing
chironomid distribution [42,46,47]. According to the
results of FS and CCA, the contents of Ni, Cd and Hg
in the sediment displayed the highest correlation with
the structure of chironomid assemblages. The samples
from Obrenovac, where increased values of inorganic
pollutants were observed, stood in significant correla-
tion with the elevated contents of Cd and Hg.

As pelophilous species were dominant, the impact
of sediment quality on chironomid communities was
expected [48]. Pelophilous species mix the upper part
of the sediment with water by bioturbation, thereby
increasing the availability not only of nutrients, but
also of other substances (including toxic matters) to
other members of the food web. Contamination of the
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sediment with inorganic and persistent organic pol-
lutants threatens the growth and survival of aquatic
invertebrate communities [49].

Chironomids that live in the sediment and feed
on detritus exhibit an adaptability to various pollut-
ants in the sediment and can accumulate heavy and
toxic metals [50,51]. The intensity of accumulation is
proportional to the content of metals in the surround-
ings [52]. Michailova et al. [53] suggested that the
chironomid genome is very sensitive to the presence
of trace metals, but that heavy metals do not affect
the diversity of chironomid species. Thus, it can be
concluded that changes caused by metal pollution are
not measurable by standard procedures at the com-
munity level. Most chironomids have hemoglobin in
their hemolymph, which allows them to live in the
suboxic sediment [54,55]. Studies have shown that the
presence of Cd in the sediment can reduce the size of
hemoglobin proteins in midges, and even its complete
denaturation. This aspect should be examined fur-
ther with the aim of developing a rapid bioassessment
method for the detection of Cd in the environment
[55,56]. Our results show that 54% of all 24 recorded
taxa have hemoglobin in their hemolymph; 29% do
not have hemoglobin (for 17% there are no data). At
the Obrenovac locality, 9 of the 12 recorded species
have hemoglobin. Based on these results we propose
the use of chironomids for preliminary detection of
Cd contamination of the sediment.

FS selected environmental variables (Fe, NH ,
BOD,, COD, and DO) based on three month aver-
age data set showed better correlation with chirono-
mid communities in comparison to variables (Alk,
Tot H, Temp, NH,* and Tot P) selected based on the
values obtained at the time of community sampling).
This indicates that in order to identify the influence
of pollutants, a more reliable approach is to compare
the mean values of longer time series of environmen-
tal parameters. In both cases (mean values and sin-
gle measurements of environmental determinants),
NH,* was found to be the principal factor determin-
ing the structures of chironomid assemblages in the
investigated river type. This variable showed signifi-
cant correlation with the species Cricotopus sylves-

tris, Polypedilum nubeculosum, Cladopelma lateralis,
Chironomus plumosus and Procladius sp, which were
dominant in the investigated communities (except
C. lateralis). BOD,, COD, DO were also found to be
defining factors of chironomid assemblages. These
variables reflect the level of organic pollution, which
together with nutrient input exert the greatest pressure
on Serbian Waters [57](SRBMP, 2013). Milosevi¢ et al.
[11] identified the same set of parameters as the most
important determinant of chironomid distribution.
These authors also described the significant influence
of PO,, NO, and electrical conductivity, albeit for a
large river with a hard substrate, and for small moun-
tain streams. Based on these findings, it can be con-
cluded that NH,*, BOD,, COD and DO have the most
influence on the distribution of non-biting midges.

Multivariate analysis revealed that chironomid
communities possess a high degree of correlation with
habitat conditions. The results of our study indicate
that the physicochemical characteristics of the sedi-
ment have a greater impact on chironomid commu-
nities than water parameters. Therefore, more effort
should be devoted to sediment analyses in routine
water-quality monitoring practice, especially to de-
termine long-term pollution in an ecosystem. Since
numerous chironomid species inhabit the sediment
and absorb and retain toxic and persistent pollutants,
they should be included in biomonitoring studies and
in assessments of the ecological status of water eco-
systems.
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Abstract: Water quality and status assessment of water bodies could be based on a large number of various param-
eters, including physical, chemical, hydromorphological, microbiological and biological. Often it is diffi-
cult to interpret the results of water status assessment when numerous quality elements are analysed, since
each may indicate different quality class. The Water Pollution Index (WPI) overcomes this problem by
providing a single assessment score. Previously, WPI was calculated using physical and chemical param-
eters combined with microbiological parameters. Biological quality elements are recommended by the EU
Water Framework Directive (WFD) as obligatory for the assessment of ecological status of water bodies.
For the first time in this study, the index was modified to include also biological parameters. Sampling
and field measurements were done in 2007-2011, at three sites on the Sava River in the Belgrade region.
According to the obtained WPI values, the river was assessed as polluted in 2007, moderately polluted for
the period 2008-2010 and slightly polluted (“pure”) in 2011. This result shows an overall improvement
of the water quality during the period of examinations. Our study demonstrates that the WPI could be ef-
fectively used as a metric for ecological assessment according to the requirements of the WFD. It should
be further elaborated to provide type- and stressor-specific assessment system.

KeyWords: Water Pollution Index, biological quality elements, ecological status, Sava River

Introduction

The quantification of water quality changes is inher-
ently problematic. However, there are a number of
specific indicators that represent different aspects
of water quality, which can vary in its significance
in different geographical regions (WaLSH, WHEELER
2012). Furthermore, it can be difficult to convey
relevant water quality information to policy makers
and the public (WaLsH, WHEELER 2012).

There is an array of indices used for the assess-
ment of water quality based on physical, chemical
or biological parameters, separately. Development
history of these indices is discussed by many au-
thors (e.g., ROSENBERG, REsH 1993, CHAPMAN 1996,
AQEM 2002).

"Corresponding author: natasa.popovic@ibiss.bg.ac.rs

Often, it is difficult to interpret the results when
numerous parameters are used for the evaluation of
water quality, especially considering that single pa-
rameters reflect the influence of diverse pressures
and could show different quality classes. On the
other hand, the use of one or few metrics reduces
the confidence of the assessment system. In practice,
in multimetric assessment systems, usually the pa-
rameter of the poorest quality is used as determinant
of the quality class (SiMmoNovi¢ et al. 2007). The EU
Water Framework Directive (Directive 2000/60/EC
— WFD), requires the evaluation of the water qual-
ity status through estimation of the ecological and
chemical status of the water bodies. Hence, there is
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a need to interpret the results in a simple, objective,
and realistic manner by combining a large data set of
physical, chemical and biological quality elements
into a single performance assessment.

The Water Pollution Index (WPI, Lyurko et al.
2001, FrLaTov et al. 2005) represents an arithmeti-
cal way of integrating parameters for assessing the
chemical and ecological status of inland waters.
WPI, based on physical and chemical parameters,
has already been used for rivers of Latvia (LyuLko et
al. 2001), Greece (NikoLAIDIS et al. 2008), and Serbia
(MILUASEVIC et al. 2011, Brankov ef al. 2012), as
well as for the White Sea (FiLatov ef al. 2005). These
studies show that the use of this index simplifies the
evaluation of the status and that it is suitable for ap-
plication for different water body types. The advan-
tage of the WPI index is that it allows combination
of different parameters; in addition, there is no limi-
tation in the number or types of the used parameters.
In our case, we included parameters derived from
the biological quality elements (BQE).

The Sava River is the biggest tributary of the
Danube River and it flows 62 km through the city
area of Belgrade. It supplies Belgrade with potable
water and it is a recipient of waste waters. One of
our study sites (MakiS$) is the main source of wa-
ter supply for Belgrade. According to the national
regulation, the Sava River belongs to type 1: low-
land watercourse with domination of fine sediment
(OrriciaL GazettE RS 74/2011). The river in the
studied stretch is under significant influence of vari-
ous pressures, including organic and nutrient pollu-
tion, industry and hydromorphological degradation
(Paunovic et al. 2012).

The aim of this article is to test a modification
of the WPI, in which for the first time biological in-
dices were included together with physical, chemi-
cal and microbiological parameters.

Materials and Methods

During the investigated period (2007-2011), samples
were collected at three localities along the Sava River
in the Belgrade region (Fig. 1): Zabran (N 44°40°06”
E 20°14°40), Duboko (N 44°44°06” E 20°18°14”")
and Makis (N 44°45°34” E 20°21°24™).

Physical and chemical water properties were
measured once a month (March-October) in situ and
in the laboratory of the Institute of Public Health,
Belgrade, Serbia. Water samples were taken with
Friedinger’s bottle, volume 3 L, from 0.5 m depth, at
all three localities, using standard methods (APHA
AWWA WEF 1995, SRPS ISO 5667/2008, SRPS
ISO 7828/1997, SRPS ISO 5667-6: 1997, SRPSEN
ISO 5667-3: 2007, SRPS EN ISO 5667—1: 2008).

Water pH, conductivity (uS/cm), dissolved ox-
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ygen (DO; mg/l O,), oxygen saturation (%), nitrites
(NO,, mg/IN; PRIP-V-32/A) and nitrates (NO,; mg/1
N; EPA 300.1) were measured with Horiba W-23XD
multiparametric probe (HORIBA Instruments
Incorporation, USA) in the field. We measured 5-day
biochemical oxygen demand (BOD; mg/l O,; SRPS
ISO 5813: 1994, SRPS EN 1899-2: 2009), chemical
oxygen demand (COD; mg/l O,; SRPS ISO 6060:
1990), total organic carbon (TOC; mg/l C; SRPS
ISO 8245:1994), total phosphates (mg/l P; EPA 207.
Rev 5, SRPS ENISO 6878: 2008), suspended par-
ticles (mg/l; SMEWW 19th method 2540 D), am-
monium ion (NH,; mg/l N; PRI P-V-2A), chlorides
(CL; mg/1 CL; SRPS ISO 9297: 1994) and metals Zinc
(Zn), Copper (Cu), Arsenic (As), Iron (Fe; ml/l; EPA
207. Rev 5, EPA 200.8).

Microbiological samples were taken once a
month and analyses were done at the laboratory of
the Institute of Public Health, Belgrade, Serbia, us-
ing standard methods (APHA AWWA WEF 1995,
SMEWW 2010, SRPS EN ISO 9308-1: 2010).
Macroinvertebrate samples were collected during
high (May/June) and low water levels (September/
October). Macroinvertebrates were collected from
the river bottom using Van-Veen type of grab with
sample area of 270 cm? (three replicates). The organ-
isms were separated from the sediment with a sieve
with mesh size 200 um. The samples were preserved
on site with 4% formaldehyde.

Biological material was processed in the Institute
for Biological Research “Sinisa Stankovi¢”, University
of Belgrade. Identification was done mostly to spe-
cies level or to the lowest possible taxonomic level
using the following identification keys: BRINKHURST,
JamiesoN (1971), Hirvenoja (1973), LeLLak (1980),
WieperHOLM (1983), Crort (1986), Uzunov et al.
(1988), HammonD (1997), Timm (1999), MAScHWITZ,
Cook (2000), PrLeger (2000), EpLer (2001),
KornmusHIN (2004) and MoLLER PiLLot (2009).

Ecological analysis of community structure
was done for each site. The number of taxa, ASPT
(Average Score per Taxon), BMWP (Biological
Monitoring Working Party score; ARMITAGE et al.
1983), a-diversity index (H’; SHANNON—WEAVER
1949) and the percentage of the family Tubificidae
(Oligochaeta) in macroinvertebrate communities
were calculated. Saprobic index (S) was used to
estimate the water quality class of the Sava River
(ZeLinkA, MaRVAN 1961), using bioindicator valenc-
es of each taxon (Moog 2002). All biological indices
were calculated using ASTERICS software package,
version 3.1.1. (AQEM 2002).

The modified WPI (MILUASEVIC ef al. 2011) was
used to estimate the water quality class.

The WPI is calculated as the sum of the ratio of
the measured annual average value 4i and the stand-
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Fig. 1.Sampling sites on the Sava River

Table 1. Water quality classification based on the Water
Pollution Index (WPI)

Water Quality Class WPI
I Very pure <03
II Pure 03-1.0
111 Moderately polluted 1.0-2.0
v Polluted 2.0-4.0
A% Impure 4.0-6.0
VI Heavily impure >6.0

ard threshold values T for each parameter, divided
by the number of used parameters (n):
Ai 1
WPI = - X
n=1

The standard threshold values for all param-
eters are specific for each country, given as national
legislative (OrriciaL GazettE RS 74/2011), which
should minimise the bias caused by ecological and
geographical differences.

The quality class according to WPI (LyuLko et al.
2000, MiLUASEVIC et al. 2011) are given in Table 1.

Results

Annual average values of physical, chemical, micro-
biological and biological parameters are shown in
Table 2. The majority of the measured physical and

chemical parameters were lower or near the thresh-
old values for I water quality class, recommended for
river type 1 (OrriciAL GAZETTE RS 74/2011; Table 2).
Slightly higher values were recorded for DO, oxygen
saturation, NO, and TOC. For these parameters ac-
cording to the national legislation (OFriCIAL GAZETTE
RS 74/2011), water quality corresponded to class II.
The number of coliform bacteria indicated III qual-
ity class (Table 2). The number of macroinvertebrate
taxa was lower than the recommended for this type of
river, which indicated III-IV water quality class. The
values of Zelinka-Marvan saprobic index (S) indicat-
ed alpha—mesosaprobic to polysaprobic conditions,
which is equivalent to III and IV water quality class.
The Shannon—Wiener diversity index (H’) indicated
[I-III water quality class while BMWP corresponded
to V class of quality and ASPT indicated IV class. The
percentage of Tubificidae in the macroinvertebrate
communities was much greater than recommended,
which indicated poor water quality (IV-V class).

The integrated water quality assessment using
WPI for the five-year period is shown in Fig. 2. Based
on our results, the Sava River had the poorest qual-
ity in year 2007 (IV class), with the WPI values 2.67
(Makis), 2.39 (Duboko) and 2.26 (Zabran). In the peri-
od 2008-2010, the WPI indicated mainly III class with
values ranging from 1.29 to 2.08 for Makis, 1.07-1.83
for Duboko and 1.06—1.45 for Zabran. In 2011 water
quality was assessed as II class, with WPI values 0.94
(Makis), 0.90 (Duboko) and 0.84 (Zabran; Fig. 2).
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Fig. 2. Water quality class according to WPI at three lo-
calities of the Sava River

Discussion

In this paper, we discuss the possibility of combin-
ing the results of water quality/status assessment by
different quality elements in a single value. Physical,
chemical, microbiological and biological parameters
are used to evaluate the status of the Sava River in
Belgrade area. This river stretch is appropriate for
testing the assessment of the lotic systems effective-
ness, since the area is under the influence of different
stressors, including organic and nutrient pollution,
influence of industry and hydromorphological deg-
radation (SMiC et al. 2015).

Physical and chemical analyses do not show
considerable deviations from I and II quality class ac-
cording to the national regulation (OFFICIAL GAZETTE
RS 74/2011). Minor organic pollution was detected.
On the other hand, high number of coliform bacte-
ria is the consequence of pollution with waste wa-
ters (KoLAREVIC ef al. 2011) since Belgrade does not
have a system for treating municipal waste waters
(Zivapmovic et al. 2010). Also, the results of assess-
ment based on BQE suggest worse ecological status.
According to the biological parameters, water qual-
ity of the Sava River varied in wide range from III
to V quality class. These results are consistent with
the fact that the Sava River in Belgrade area is pri-
marily under significant organic pollution pressure
(Paunovic et al. 2012, OcriNe et al. 2015). According
to the WPI values, the studied stretch in Belgrade
region could be assessed as polluted in 2007, moder-
ately polluted for the period 2008-2010, and slightly
polluted in 2011. Considering the WPI results, the
Sava River shows tendency of overall water quality
improvement (Fig. 2). The WPI reflected combined
results of single assessments by physical, chemical,
microbiological and biological water status assess-
ment and provided more reliable evaluation of the
status of the water body. As described above, single
assessment based on physical and chemical param-
eters indicated better status than expected, having

in mind the known pressures occurred regularly in
investigated stretch of the Sava River (OGRINC et
al. 2015), while microbiological and biological pa-
rameters provided more realistic status assessment
results. This clearly underlines the need for further
calibration of threshold values for the ecological sta-
tus class boundaries for physical and chemical pa-
rameters, and confirms the necessity of multimetric
approach in water monitoring, including biological
and microbiological metrics.

Biological parameters are essential assessment
tool since they can represent long-term influence of
pollution (Dorn 2007). BQE are mandatory to be
used in assessment of the ecological status accord-
ing to the requirements of the WFD and the national
legislation of all EU countries and a considerable
number of non-EU countries (e.g. Serbia, Bosnia
and Herzegovina, etc.).

Our results show that the WPI is useful tool for
integrating the assessments results based on different
quality elements; adding biological quality param-
eters can improve the confidence of the assessment.
There is a need for further development of the WPI
and the index should be tested for different water
body types to verify its applicability. However, our
study is based on quantitative sampling approach
only, which could lead to underestimation of the spe-
cies richness, but can also overestimate the influence
of stressors (Csanyi, Paunovic 2006, Csanyi et al.
2014) and thus could reflect worse ecological status
than the actual state. The index should also be tested
for other BQE and different sampling methods. This
approach should be harmonised with other meth-
ods of assessment of water body status, which were
developed based on the requirements of the WFD.
Hence, the index should include (river) type specific
threshold values, as well as stressor specific metrics
(relevant for hydromorphological degradation, or-
ganic, hazardous and other chemical pollution). Any
future use of the WPI should encompass the use of
final score presented through a 5-class assessment
result, as required by the WFD. Furthermore, for the
purpose of harmonisation, the WPI values should
range from 0 to 1, so that the Index of Ecological
Status (ecological potential in the case of heavily
modified and artificial water bodies) could be ex-
pressed as a single value, comparable with other as-
sessment systems provided across Europe.
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Abstract: Results of the investigation of the aquatic macroinvertebrate fauna along a 504 km stretch of the Danube River
in Serbia are presented. A total of 74 macroinvertebrate taxa were observed during a 2001 survey. Oligochaeta and Mollusca
were the principal components of the community with regard to species richness and abundance. Based on data on the
qualitative composition of the macroinvertebrate fauna, a correspondence analysis divided the investigated stretch in three
sectors — upper (Pannonian), Iron Gate sector and entrance sector to the Iron Gate stretch. The distribution patterns of
certain species supported the division of sectors defined by correspondence analysis.

Key words: aquatic macroinvertebrates; the Danube River; Iron Gate; Pannonian Danube; Serbia

Introduction

During the ”Joint Danube Survey” (JDS) the Serbian
part of the Danube River was also investigated. A sur-
vey was organized in summer 2001 by the International
Commission for the Protection of the Danube River
(ICPDR) aimed at producing comparable, accredited
water quality information for the whole length of the
Danube. For the Serbian national team, involved in
JDS along the Serbian sector, it was a nice opportunity
to collect good-quality data on aquatic macroinverte-
brates along a considerable stretch of the Danube (504
km). The aim of this paper is to present those data.
The community composition and diversity of macroin-
vertebrates were observed. The data were also used to
underline the differences among distinct sectors of the
Danube. The border between two Danube types, Pan-
nonian Plain Danube and Iron Gate Danube (Robert et
al. 2003; Paunovic et al. 2005), is situated within the in-
vestigated sector at stream km 1071 (Bazias, sampling
site 64).

The effort of numerous institutions focused on the
investigations of the Danube is understandable. The
Danube is one of the largest European rivers and un-
doubtedly one of Europe’s most important waterways.
It travels 2,857 km from the Black Forest to the Black
Sea. Seventeen countries and about 165 million people
border this powerful river. The Danube flows through
numerous industrial and urban centres and receives
significant amount of pollution. The steady degrada-
tion of the Danube’s environment destroyed much of
the biodiversity. The river is a recipient of urban and

(©2007 Institute of Zoology, Slovak Academy of Sciences

industrial wastes as well as of agricultural land runoffs.

The Danube river basin can be divided into three
sub-regions: the upper, the middle and the lower basin
with the Danube Delta. The Upper Basin extends from
the source (Germany) to Bratislava (Slovakia). The
Middle Basin is the largest and comprises the part from
Bratislava to the Iron Gate dams (Serbia/Romania).
The Lower Basin extends from the Iron Gate to Sulina
(mouth of the Danube to the Black Sea) and it includes
a huge river delta.

The Serbian reach of the Danube extends over a
distance of 588 km that covers the middle and a part
of the lower, 220 km long waterway, being a natural
frontier between Serbia and Romania. The major part
of this sector of the Danube (358 km) belongs to the
Pannonian basin. In this section the Danube is a typical
low-land river with a slope of 0.05-0.04 per thousand.

One of the most important problems that affect the
nature of the Danube is river regulation and damming.
In the Serbian part, due to the dam construction at Sip
(943 km), a large artificial lake, Djerdap, was formed.
This lake stretches 100 km in length, extending from
the dam to Golubac (Iron Gate). After damming of
the Danube, the flow rate is slowed down upstream to
Slankamen (1215 km).

The Danube watershed in the territory of Serbia
and Montenegro has 390 protected areas of national and
international importance. This part of the Danube has
particular importance for the preservation of biological
diversity.

The Serbian reach of the Danube has been exten-
sively examined since the early sixties (Liepolt 1967;
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Table 1. Sampling sites along the Serbian part of the Danube River.

Site Code Sampling site River km Sampled bottom habitats
45 Batina/Bezdan 1429 St
46 Upstream of Drava confluence 1384 St
49 Dalj 1355 M, Sd
50 Ilok/Backa Palanka 1300 M, Sd, St
52 Downstream Novi Sad 1252 M, Sd, St
58 Downstream Pancevo 1151 M Sd, MF
63 Stara Palanka/Ram 1077 Sd, St, M, MF
64 Bazias 1071 M, G, St, MF
65 Golubac/Peskari 1040 M, Sd
66 Tekija/Orsava 955 M
67 Mala Vrbica/Simijan 925 M, Sd, FA

Key: St — stones (boulders >256 mm); G — gravel and pebble (2—

— macrophytes; FA — filamentous algae.

256 mm); Sd — sand (0.125-0.5 mm); M — silt-clay (<0.125 mm); MF
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Fig. 1. Map showing the sampling sites along the investigated part of the Danube River.

Petrovic 1971, 1973, 1975, 1978; Jakovcev 1987, 1988;
Jankovic & Jovicic 1994; Martinovic-Vitanovic et al.
1999; Simic et al. 1997; Simic & Simic 2004; Paunovic
et al. 2005; Jakovcev-Todorovic et al. 2005). The results
of a 1986 study referring primarily to water pollution
problems (Jankovic & Jovicic 1994) showed that wa-
ter quality in the Serbian reach of the Danube deterio-
rated compared to the 1960-1970 period. The long-term
damaging impacts resulted mostly from the increase in
untreated industrial and communal effluents originat-
ing from rapidly growing cities along the river banks,
from leaching and erosion of extensively fertilized agri-
cultural soils, as well as from the changes in the hydro-
logical regime induced by damming of the Danube and

the creation of the hydropower reservoirs Djerdap (Iron
Gate) I and II.

Study area, material and methods

The investigation of the Serbian section of the river was
performed in August and September 2001 at 11 stations
(Table 1, Fig. 1) along 504 km of the watercourse (stream
km 1429-925). The examined stretch could be divided into
three sub-sectors — upper sub-sector (1429-1151 km) with
sampling sites 45 to 58 (sites belong to Pannonian Plain
Danube), Iron Gate sub-sector (sites 66 and 67; 1039-925
km) and transitional sub-sector (1071-1039 km) between
upper (Pannonian) and Iron Gate sub-sector (sites 63-65).

Material was collected by a Hydraulic Polyp Grab,
FBA hand net (mesh size 950 pum), benthological dredge
(mesh size 250 pum) and a Van Veen grab (270 cm?) in the
shore region. In the case of samples collected with Polyp
and Van Veen grabs animals were separated from sediment
with a 200 pum sieve. The fauna attached to stone surfaces
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Table 2. Composition of the benthic fauna of the Serbian part of the Danube at the sites selected by the national JDS Program.

Sampling site 45 46 49 50 52 58 63 64 65 66 67

Hydrozoa
Hydra sp. +
Nematoda + + +
Turbellaria
Polycelis tenuis Ijima, 1884 + +
Dugesia lugubris (O. Schmidt, 1861) +
Polychaeta
Hypania invalida (Grube, 1860) + + + + +
Oligochaeta
Naididae
Aulophorus furcatus (Miiller, 1773)
Nais communis Piguet, 1906 +
N. pseudobtusa Piguet, 1906
N. elinguis Miiller, 1773
Ophidonais serpentina (Miller, 1773)
Stylaria lacustris (L., 1767)
Dero obtusa D’ Udekem, 1855
D. nivea Aiyer, 1929
Specaria josinae (Vejdovsky, 1883) +
Tubificidae
Aulodrilus limnobius Bretscher, 1899
Branchiura sowerbyi Beddard, 1892
Limnodrilus claparedeianus Ratzel, 1868
L. hoffmeisteri Claparede, 1862
L. udekemianus Claparede, 1862
L. profundicola (Verill, 1871)
Psammoryctides albicola (Michaelsen, 1901)
Potamothriz hammoniensis (Michaelsen, 1901)
Tubifex tubifex (Miiller, 1774)
Lumbricidae
Lumbricidae sp.
Hirudinea
Glossiphonia complanata (L., 1758)
G. heteroclita (L., 1761)
Helobdella stagnalis (L., 1758)
Piscicola geometra (L., 1761)
Erpobdella testacea (Savigny, 1822)
E. octoculata (L., 1758)
Mollusca
Gastropoda
Viviparus viviparus (L., 1758) +
V. fasciatus (O.F. Miiller, 1774)
Valvata naticina (Menke, 1845)
V. piscinalis (O.F. Miiller, 1774)
V. cristata (O.F. Miiller, 1774)
Bithynia tentaculata (L., 1758) +
Acrolozus lacustris (L., 1758)
Lymnaea peregra (Miiller, 1774) +
Physa acuta (Draparnaud, 1805)
P. fontinalis (L., 1758)
Lithoglyphus naticoides (C. Pfeiffer, 1828) + +
Esperiana acicularis (Ferussac, 1823)
Esperiana esperi (Ferussac, 1823)
Theodozus danubialis (C. Pfeiffer, 1828)
T. fluviatilis (L., 1758) +
Bivalvia
Unio tumidus Philipsson, 1788
U. pictorum (L., 1759)
Anodonta anatina (L., 1758) +
Sinanodonta woodiana Lea, 1834
Sphaerium rivicola (Lamarck, 1818)
S. corneum (L., 1758)
Sphaerium sp. (juveniles)
Corbicula fluminalis (Miiller, 1774)
C. fluminea (Miiller, 1774)
Corbicula sp. (juveniles) +
Dreissena polymorpha (Pallas, 1771) + + +
Crustacea
Isopoda
Jaera sarsi Valkanov, 1936 + +
Asellus aquaticus (L., 1758) + + +
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Sampling site 45 46

49 50 52 58 63 64 65 66 67

Amphipoda
Dikerogammarus villosus (Sovinsky, 1894)
D. haemobaphes (Eichwald, 1841)
D. bispinosus Martynov, 1925
Obesogammarus obesus (Sars, 1894)
Corophium curvispinum Sars, 1895
Mysidacea
Paramysis lacustris (Czerniavsky, 1882)
Talitridae
Hydracarina
Odonata
Gomphus vulgatissimus (L., 1758)
Pyrrhosoma nymphula (Sulzer, 1776)
Ephemeroptera
Heptagenia sp.
Cloen dipterum (L., 1761)
Caenis gr. horaria
Hemiptera
Trichoptera
Hydropsyche bulgaromanorum Malicky, 1977
Diptera
Diptera (unidentified larvae)
Ceratopogonidae
Chironomidae + +

++ 4+

+
+ +++
+
++
+ o+t
++
++

++

++

+++
+
+

No. of taxa 26 20

15 46 21 27 42 35 30 24 22

was collected with tweezers and, if necessary, scraped with
a brush. The sampling with the FBA hand net is performed
using the kick and sweep technique for multihabitat sam-
pling.

The samples were preserved with 4% formaldehyde.
Sorting and identification were carried out using binocu-
lar magnifiers (5-50 x) and stereomicroscopes (10 x 10 and
10 x 40). The study included the qualitative and quanti-
tative analysis of the benthic community. The number of
observed taxa, Shannon diversity index H’' (Shannon &
Weaver 1949), Evenness index E (Pielou 1984) and com-
munity abundance (number of individuals per square meter
— ind. m~?) were analyzed in order to illustrate the distri-
bution of the invertebrates along the sector. The frequency
of taxa was calculated as percentage of taxa in all samples
collected (F = No. of findings/total No. of samples). In ad-
dition, quantitative composition has been discussed accord-
ing to the mean percentage of groups at sampling site level
and mean percentage of groups in samples with the aim to
describe the sector investigated.

A Correspondence (Reciprocal Averaging) Analysis
(Pielou 1984), performed on a matrix of 71 (taxa) x 11
(presence/absence of taxa on sampling sites) revealed the
main faunistic features that characterised the sampling
sites. Chironomidae, Nematoda and Hydracarina are ex-
cluded from statistical analyses due to the fact that they
were not identified to the species level. ” Statistica for Win-
dows 5.1 (Edition ’97)” was used for statistical processing
of the data.

Results

A total of 74 macroinvertebrate taxa were found during
the investigation (Table 2). The highest taxa richness
was observed among molluscs (Mollusca) — 15 species
of snails (Gastropoda) and 9 species of mussels (Bi-

valvia). Aquatic worms (Oligochaeta), with 19 species,
were also one of the principal components of the com-
munity. Other invertebrate groups were less diverse.

The number of taxa observed at each sampling site
varied between 15 (sampling site 49) and 46 (sampling
site 50).

The most frequent species along the examined
part of the Danube were Limnodrilus hoffmeisteri,
L. claparedeianus, (F = 85.29%), Tubifex tubifer (F
= 70.59%), Limnodrilus udekemianus, L. profundicola
(55.88%) (Oligochaeta, Tubificidae), Dikerogammarus
villosus (Amphipoda) and Dreissena polymorpha (Bi-
valvia) (F = 52.94%). Lithoglyphus naticoides was
found in half of the samples (F = 50%), while the fre-
quency of occurrence (F) of Corophyum curvispinum
was 36.24%. The frequency of occurrence of Limnea
(Radiz) peregra was 8.82%.

The abundance of macroinvertebrates varied be-
tween 703 (site 49) and 42,661 specimens m~? (site 52)
(Fig. 2).

Oligochaeta (mean percentage per site ranged be-
tween 7.73% at site 46 and 83.82% at site 51; mean
percentage in pooled samples 51.73%), Mollusca (mean
percentage per site: 0.24% at site 49; 50.04% at site
52; mean percentage in pooled samples 21.80%), Am-
phipoda (mean percentage per site: 0.21% at site 67;
41.94% at site 63; mean percentage in pooled samples
18.33%) and Chironomidae (mean percentage per site
up to 26.96% at site 67; mean percentage in pooled
samples 7.11%) were the principal components of the
community with regard to relative abundance.

Within Oligochaeta, the following species belong-
ing to family Tubificidae and adapted to high organic
load (Moog 1995) dominated: T. tubifex, L. hoffmeisteri
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Fig. 3. Diversity (H’) and Evenness index (E) along the examined
stretch of the Danube River. Abbreviations: R — Right Bank; L
— Left Bank; numbers on the x axis correspond to sampling site
codes.

L. claparedeianus, L. udekemianus and L. profundicola.
Dense populations of these species were observed at all
sampling sites.

Among molluscs, D. polymorpha (Bivalvia), L.
naticoides, Theodoxus danubialis, Fsperiana esperi,
Valvata naticina and Bithynia tentaculata were the
most abundant. High densities of D. polymorpha were
recorded along the entire sector (up to 56.37% of to-
tal individuals at site 52, left side; mean percentage
in pooled samples 5.42%). L. naticoides was the most
abundant in samples belonging to the upper stretch (up
to 78.75%, site 58, right side; mean percentage in pooled
samples 6.46%). A high abundance of other snail species
was recorded in samples belonging to sites 66 and 67 —
Iron Gate stretch.

D. villosus was the most abundant species of Am-
phipoda. Dense populations of this species were espe-
cially observed at sites belonging to the upper (Pan-
nonian) stretch 45, 46, 49 and 50 (up to 47.21% of total
individuals in sample at site 50, left side; mean percent-
age in pooled samples 4.44%).

Diversity index (H') and Evenness indices (E) are
presented in Fig. 3. The diversity index (H') ranged
from 0.78 (site 58) to 2.1 (site 50), while the Evenness
(E) varied between 0.36 (site 58) and 0.93 (sample from
site 66, left side). The lowest H' and E values were
observed at sites 52 and 58. At those sites low num-
bers of taxa were observed (21 and 27 respectively); in
addition, a few species dominated — there was a high

M.M. PAUNOVIC et al.

abundance of Tubificidae: T. tubifex, L. hoffmeisteri, L.
claparedeianus, L. udekemianus. Site 58 was also char-
acterised by dense populations of L. naticoides (Gas-
tropoda) and D. polymorpha (Bivalvia).

It is interesting to underline that some alien, in-
vasive species were also found along the stretch ex-
amined. For example, Branchiura sowerbyi was found
with frequencies up to 35.29% and a relative abundance
of up to 33.77% in the sample from site 66, left side.
Synanodonta woodiana, Corbicula fluminea, C. flumi-
nalis and Hypania invalida were also found along the
investigated sector.

The position of sampling sites (squares) and taxa
(circles), obtained by correspondence analyses, is shown
in Fig. 4. The position of sampling sites is mostly deter-
mined by taxa that are common for the majority of sites
(full circles in Fig. 4): T. tubifez, L. claparedeianus, L.
hoffmeisteri, L. udekemianus, L. profundicola (Tubifi-
cidae, Oligochaeta), D. wvillosus, Obesogammarus obe-
sus, C. curvispinum (Amphipoda), as well as by taxa
that are found only at some site or group of sites. Sam-
pling site 45 is separated from other sites primarily due
to the presence of Glossiphonia heteroclita (Hirudinea)
and Dikerogammarus hemobaphes (Gammaridae) that
were not observed at other sites. Sampling sites 65, 64
and 63 are separated from others in relation to dimen-
sion 1 primarily due to the presence of species belonging
to genus Valvata and FEsperiana (Gastropoda). Ophi-
donais serpentina (Oligochaeta) was observed only at
sites 63 and 65, Dero nivea (Oligochatea) only at site
65, C. fluminea and Cloen dipterum only at site 63.
Further, the position of sites 65, 64 and 63 is deter-
mined by the presence of T. danubialis (Gastropoda).
Sampling site 58 is separated from others, in relation to
dimension 2, due to the presence of Aulophorus furca-
tus, Aulodrilus limnobius (Oligochaeta) and Heptagenia
sp. (Ephemeroptera), species that were not found at
other sites. Potamothriz hammoniensis (Oligochaeta)
was observed only at site 66, illustrating this particular
site with regard to dimension 2.

Discussion

During the sampling program 74 macroinvertebrate
taxa were observed. Bearing in mind that some taxa
(Nematoda, Chironomidae, Ceratopogonidae and Si-
mulidae) were not identified to species level, the total
number of taxa is certainly higher.

Oligochaetes and molluscs were the principal com-
ponents of the community with regard to number of
identified species, frequency of occurrence (F), as well
as with regard to relative abundance. Amphipoda and
Chironomidae were found to be important members of
the community with regard to relative abundance. The
community structure observed was expected at this wa-
tercourse type. In potamon-type rivers in Serbia mol-
luscs and oligochaetes are typically the most diverse and
abundant groups. A similar community structure was
observed by previous investigations of the Danube River
in Serbia (Nedeljkovic 1979; Jakovcev 1987, 1988; Dju-
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Fig. 4. Correspondence analysis performed on the matrix of 71 rows (taxa) x 11 columns (presence/absence of taxa at sampling sites).

kic & Karaman 1994; Arambasic 1994; Simic et al. 1997;
Martinovic-Vitanovic et al. 1999; Simic & Simic 2004),
as well as during the investigation of the Sava River
(Paunovic 2004) and the Tisza River (Csanyi 2002).

A similar community structure with respect to
dominant macroinvertebrate groups, but with a larger
proportion of some groups in samples, was observed
within the Slovakian stretch of the Danube (Ele-
xova 1998; Sporka & Nagy 1998). In both studies,
Oligochaeta and Chironomidae (Diptera) dominated.
Considering the differences between the Slovakian and
Serbian stretch of the Danube, the higher taxa rich-
ness within Ephemeroptera and Trichoptera that was
reported by Elexové (1998) was expected. Differences in
the dominant sediment type between the Slovakian and
Serbian stretch could be the main reason for the differ-
ences observed. The Slovakian sector is characterised
by a higher proportion of habitats with gravel, boul-
ders and stones (Elexova 1998) when compared with
the Serbian part.

A similarity of the macroinvertebrate community
was also found when compared with the Hungarian
stretch. Nosek (2000) and Oertel (2000) reported that
D. willosus, C. curvispinum, Limnaea (Radiz) pere-
gra and L. naticoides were among the most frequent
taxa at the examined sites along the Hungarian part of
the Danube. Those species were also found to be fre-
quent in samples collected along the Serbian part of the
Danube. The dissimilarity in principal species compo-
sition with regard to frequency between the Hungar-
ian (Nosek 2000; Oertel 2000) and the Serbian stretch

could be explained by distinct environmental conditions
in the two sectors of the Danube. The upper (Pannon-
ian) sector (from 1071 km up to the Hungarian bor-
der) is similar to the Hungarian stretch (Robert et al.
2003; Paunovic et al. 2005), therefore those sectors are
classified as the same Danube type — Pannonian Plain
Danube (Robert et al. 2003). The Iron Gate Sector
is different with regard to hydro-morphological condi-
tions. The intensity of natural differences between sec-
tors that are situated upstream and downstream 1071
km of the watercourse are illustrated by the fact that
this point has been identified as border between the
Danube types (Pannonian Plain Danube and Iron Gate
Danube), as well as the boundary between Middle and
Lower Danube (Robert et al. 2003). The difference in
macroinvertebrate community observed in the Hungar-
ian and in the Serbian stretch could be the result of
different sampling approaches and taxonomic resolu-
tion applied. Thus, Nosek (2000) and Oertel (2000) did
not analyse the Oligochaeta community in detail, while
Oligochaeta were observed to be a principal component
of the community in our study.

A high population density of T. tubifex, L. hoff-
meisteri L. claparedeianus, L. udekemianus and L.
profundicola (Oligochaeta, Tubificidae), all of them
adapted to high organic load (Moog 1995), indicate
organic pollution at the stretch investigated. Further,
an increase of those species in the period after the
damming of the Danube (Nedeljkovic 1979) indicate
higher sedimentation rates in the zone of back-water ef-
fects (up to 1215 km) favouring T. tubifex, L. hoffmeis-
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teri, L. claparedeianus, L. udekemianus and L. pro-
fundicola which can be characterised as pelophilous
species (Timm 1980, 1987).

The distribution patterns of L. naticoides, D. villo-
sus (higher density in upper stretch), T. danubialis, E.
esperi, V. naticina and B. tentaculata (higher density
in downstream stretch) demonstrate the differences be-
tween the upper (Pannonian) sector and the Iron Gate
sector. Species that are relatively equally represented
along examined sector (7. tubifex, L. hoffmeisteri, L.
claparedeianus, L. udekemianus, L. profundicola and D.
polymorpha) are ubiquitous (Timm 1980, 1987), and
their distribution is less dependent on a modification of
their environmental conditions.

The lowest values of Diversity (H') and Evenness
(E) (Fig. 3) were observed at sites 52 and 58. This
low diversity index and the small number of observed
taxa, combined with a domination of only a few species
(low values of E), indicate environmental stress within
the stretch (Allan 1995). Sampling sites 52 and 58 are
located in the area of influence of the urban centres
(Novi Sad, Belgrade and Pancevo) and industrial zones
of Novi Sad (Oil Refinery) and Pancevo (Oil Refinery
and Petro-chemical Plant). In addition, sampling site
58 is influenced by polluted tributaries (the Sava and
Tamis rivers).

According to the results of a correspondence anal-
ysis (Fig. 4) three groups of sites were distinguished
— upper sector (Pannonian), Iron Gate sector and sec-
tor upstream of the Iron Gate stretch (sector on en-
trance to Iron Gate, or transitional sector). Sampling
sites 63, 64 and 65 are separated from the other sites.
Those sites are situated upstream of the Iron Gate sec-
tor. Due to the changes of overall characteristics of
the river in the area, the sector links up two Danube
types, the Pannonian Plain Danube and the Iron Gate
Danube (Robert et al. 2003). According to our results,
this sector is characterised by a specific macroinverte-
brate fauna, too.

It should be underlined that introduced, invasive
species such as S. woodiana, C. fluminea, C. fluminalis,
H. invalida and B. sowerbyi were found within the in-
vestigated area. These species were also found within
previous investigations of the Danube in Serbia and
its upper sectors (Djukic & Karaman 1994; Simic et
al. 1997; Csanyi 1999; Berneth et al. 2002), as well as
in the main tributaries of the Danube in the area —
in the Tisza River (Csanyi 2002) and the Sava River
(Paunovic 2004). Due to the significant threat to the
aquatic ecosystem health that was documented (Mack
et al. 2000), the populations of invasive alien species
should be intensively observed with the aim to design
protective measures.

Conclusion

A total of 74 macroinvertebtate taxa were found during
the study. A fauna typical of potamon-type rivers in
Serbia was observed. Oligochaetes and molluscs were
found to be the principal components of the community
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with regard to number of species observed, frequency of
occurrence and relative abundance.

Based on data of qualitative composition (pres-
ence/absence of taxa) of the macroinvertebrate fauna,
a correspondence analysis (Fig. 4) divided the inves-
tigated stretch in three sectors — upper (Pannonian),
Iron Gate sector and a sector represented by sites lo-
cated at the entrance to the Iron Gate sector (sites 63,
64 and 65). The distribution patterns of certain species
supported this division of sectors provided by the cor-
respondence analysis. Thus, the distribution of L. nati-
coides, D. villosus (higher density in upper stretch) and
T. danubialis, E. esperi, V. naticina and B. tentaculata
(higher density in downstream stretch) point up the dif-
ferences between the upper (Pannonian) sector and the
Iron Gate sector.

Our investigations also pointed out the threat to
the Danube ecosystem induced by the presence of alien
invasive species — S. woodiana, C. fluminea C. flumi-
nalis, H. invalida and B. sowerbyi.

Acknowledgements

The work is supported by the Ministry of Science and En-
vironmental Protection of the Republic of Serbia, Project
No. 143023. The Serbian national team participated in the
Joint Danube Survey (JDS) mission due to the support of
the European Commission, International Commission for
the Protection of the Danube River (ICPDR) and Ministry
of Science and Environmental Protection of the Republic
of Serbia — Directorate for Environmental Protection of the
Republic of Serbia. We would like to express our thanks for
help provided by Core Team members of the JDS expedition
and crew members of ships “Szechenyi” and “Argus”. J. Slo-
bodnik (Logistic Officer of JDS), D. Tripkovic, M. Zivkovic,
M. Gavric and M. Mitrovic (Federal Hydrometeorological
Institute, Belgrade) provided special help to the team by
support from the shore.

References

Allan D.J. 1995. Stream Ecology — Structure and Function of
Running Waters. Chapman & Hall, London, Weinheim, New
York, Tokyo, Melburne, Madras, 388 pp.

Arambasic M. 1994. Composition and structure of mollusk fauna
of the Yugoslav part of the Danube and saprobity estimation,
pp. 124-130. In: Jankovic D. & Jovicic, M. (eds), The Danube
in Yugoslavia — Contamination, Protection and Exploitation,
Publ. Institute for Biological Research ”S. Stankovic”, Insti-
tute for Development of Water Resources ”J. Cerni”, Com-
mission of the European Communities, Brussels, Belgium,
Belgrade.

Berneth H., Tobias W., Stein S. & Turowsk S. 2002. Ecological
status characterisation — macrozoobenthos, pp. 33-64. In: Lit-
erathy P., Koller-Kreimel V. & Liska I. (eds), Joint Danube
Survey, Final Report, International Commission for the Pro-
tection of the Danube River.

Csanyi B. 1999. Spreading invaders along the Danubian high-
way: first record of Corbicula fluminea (O.F. Miiller 1774)
and C. fluminalis (O.F. Miiller 1774) in Hungary (Mollusca,
Bivalvia). Folia Hist. Nat. Mus. Matraensis 23: 343-345.

Csanyi B. 2002. Joint Danube Survey: Investigation of the Tisza
River. Institute for Water Pollution Control, VITUKI Plc.,
in cooperation with Secretariat of International Commission
for the Protection of the Danube River, Budapest, 135 pp.

Unauthenticated
Download Date | 10/6/16 11:36 AM



Macroinvertebrates in the Danube River in Serbia

Djukic N. & Karaman S. 1994. Qualitative and quantitative
structure of the bottom fauna with a special reference to the
oligochaeta community, pp. 124-130. In: Jankovic D. & Jovi-
cic M. (eds), The Danube in Yugoslavia — Contamination,
Protection and Exploitation, Publ. Institute for Biological
Research “S. Stankovic”, Institute for Development of Water
Resources “J. Cerni”, Commission of the European Commu-
nities, Brussels, Belgium, Belgrade.

Elexova E. 1998. Interaction of the Danube river and its left side
tributaries in Slovak stretch from benthic fauna point of view.
Biologia, Bratislava 53: 621-632.

Jakovcev D. 1987. Die saprobiologische Analyse der Donau im
Belgrader Gebiet anhand der Bodenfauna, pp. 529-532. In:
26. Arbeitstagung der IAD, SIL, Passau, Deutschland, Wis-
senschaftliche Referate.

Jakovcev D. 1988. Die saprobiologische Wasseranalyse der Donau
in der Belgrad Region aufgrund der Benthosfauna, pp. 265—
269. In: 27. Arbeitstagung der IAD, SIL, Mamaia, Rumanien,
Limnologische Berichte Donau.

Jakovcev-Todorovic D., Paunovic M., Stojanovic B., Simic V.,
Djikanovic V. & Veljkovic A. 2005. Observation of the quality
of the Danube water in the Belgrade Region based on benthic
animals during periods of high and low water condition in
2002. Arch. Biol. Sci. 57: 237-241.

Jankovic D. & Jovicic M. (eds) 1994. The Danube in Yugoslavia
— Contamination, Protection and Exploitation. Publ. Insti-
tute for Biological Research “S. Stankovic”, Institute for De-
velopment of Water Resources “J. Cerni”, Commission of the
European Communities, Brussels, Belgium, Belgrade, 220 pp.

Liepolt R. (ed.) 1967. Limnologie der Donau. E. Schweizer-
bart’sche Verlagsbuchhandlung, Stuttgart, 591 pp.

Mack R.N., Simberloff C.D., Lonsdale M.W, Evans H., Clout M.
& Bazzaz F. 2000. Biotic Invasions: Causes, Epidemiology,
Global Consequences and Control. Issues in Ecology 5, Eco-
logical Society of America, Washington, 20 pp.

Martinovic-Vitanovic V., Kalafatic V, Martinovic J.M., Paunovic
M. & Jakovcev D. 1999. Saprobiological analysis of benthic
communities in the Danube in Belgrade region, pp. 504-516.
In: 15 Congress of Ecologists of the Republic of Macedonia
with International Participation, Special issues of the Mace-
donian Ecological Society 5, Skopje.

Moog O. 1995. Fauna Aquatica Austriaca. Katalog zur autdko-
logischen Einstufung. Aquatischer Organismen Osterreichs.
Teil III B, Metazoa, Saprobielle Valenzen. Bundesminis-
terium fiir Land- und Forstwirtschaft, Wien, 200 pp.

Nedeljkovic R. 1979. Zoobentos Dunava u godinama posle izgrad-
nje brane u Djerdapu [Zoobenthos of the Danube in period
after the construction the dam in Iron Gate sector], pp. 1881—
1888. In: IT Kongres ekologa Jugoslavije, Zbornik radova, Za-
greb.

Nosek J.N. 2000. Macroinvertebrate Studies at the Hungar-
ian Danube Section 2. Spatial Pattern of Macroinvertebrate
Community. Int. Assoc. Danube. Res. 33: 263-270.

221

Oertel N. 2000. Macroinvertebrate Studies at the Hungarian
Danube Section 1. Fundamental and Methodological Ques-
tions of Biomonitoring. Int. Assoc. Danube. Res. 33: 271-
278.

Paunovic M. 2004. Qualitative composition of the macroinverte-
brate communities in the Serbian sector of the Sava River.
Int. Assoc. Danube Res. 35: 349-354.

Paunovic M., Simic V., Jakovcev-Todorovic D. & Stojanovic B.
2005. Results on macroinvertebrate community investigation
in the Danube River in the sector upstream the Iron Gate
(1083-1071 km). Arch. Biol. Sci. 57: 57-63.

Petrovic G. 1971. Ubersicht der wasserchemischen und physikalis-
chen Untersuchungen der jugoslawischen Donaustrecke. Arh.
Biol. Nauka 23: 65-71.

Petrovic G. 1973. Der wasserchemische Zustand der jugoslawis-
chen Donaustrecke bei Beograd. Arch. Hydrobiol. Suppl. 44,
Donauforsch. 5: 258-262

Petrovic G. 1975. Auswirkung der Stauanlage auf den Wasser-
haushalt des Stauraumes Djerdap. Arch. Hydrobiol. — Int.
Ver. Theor. Angew. Limnol. 44, Donauforsch. 5: 381-391.

Petrovic G. 1978. Hydrochemische Untersuchungen im Stauraum
Djerdap. Arch. Hydrobiol. Suppl. 52, Donauforsch. 6: 312—
322.

Pielou E.C. 1984. The Interpretation of Ecological Data — A
Primer on Classification and Ordination. Wiley-Interscience
Publication, John Wiley & Sons, New York, Chichester, Bris-
bane, Toronto, Singapore, 265 pp.

Robert S., Birk S. & Somenhaiiser M. 2003. Typology of the
Danube River — part 1: Top-down approach, pp. 51-59. In:
UNDP/GEF Danube Regional Project, Activity 1.1.6, Typol-
ogy of Surface Waters and Definition of Reference Conditions
for the Danube River — Final report.

Shannon C.E. & Weaver W. 1949. The Mathematical Theory of
Communication. The Univ. of Illinois Press, Urbana, IL, 125

pp-

Sporka F. & Nagy S. 1998. The macrozoobenthos of parapotamon-
type side arms of the Danube river and its response to flowing
conditions. Biologia, Bratislava 53: 633—643.

Simic S., Ostojic A., Simic V. & Jankovic D. 1997. Changes in
structure of plankton and benthos in the part of the Danube
from Veliko Gradiste to Prahovo (Serbia, Yugoslavia) during
the summer period. Ekologija 32 (2): 65-80.

Simic V. & Simic S. 2004. Macroinvertebrates and fishes in the
part of the Danube river flowing through the Iron Gate Na-
tional Park and possibilities of their protection under in situ
and ez situ conditions. Arch. Biol. Sci. 56: 53-57.

Timm T. 1980. Distribution of aquatic oligochaetes, pp. 55—77.
In: Brinkhurst R.O. & Cook D.G. (eds), Aquatic Oligochaete
Biology, Plenum Press, New York and London.

Timm T. 1987. Maloshchetinkovye chervi (Oligochaeta) vodoe-
mov Sevro-Zapada SSSR. [Aquatic oligochaeta of the water
bodies of northwestern part of the USSR]. Akademiya nauk
Ehstonskoi SSR, “Valgus” Tallin, 299 pp.

Received March 18, 2005
Accepted February 7, 2007

Unauthenticated
Download Date | 10/6/16 11:36 AM



Arch. Biol. Sci., Belgrade, 61 (4), 787-794, 2009

DOI:10.2298/ABS0904787S

AQUATIC MACROINVERTEBRATES OF THE JABLANICA RIVER, SERBIA

KATARINA S. STEFANOVIC!, VERA P. NIKOLIC?, BOJANA P. TUBIC!,
JELENA M. TOMOVIC!, ANA D. ATANACKOVIC!, V. M. SIMIC3, and M. M. PAUNOVIC!

ISinisa Stankovic Institute for Biological Research, 11060 Belgrade, Serbia
2Institute of Zoology, Faculty of Biology, University of Belgrade, 11000 Belgrade, Serbia
3Institute of Biology and Ecology, Faculty of Science, University of Kragujevac, 34000 Kragujevac, Serbia

Abstract — Research on the community of aquatic macroinvertebrates was carried out during 2005 and 2006 at four
sampling sites along the Jablanica River, a right-hand tributary of the Kolubara River. Fifty-seven taxa were recorded
in the course of the investigation. The most diverse group was Ephemeroptera, followed by Trichoptera and Plecoptera.
Members of the Rhitrogena semicolorata group were the most abundant. Our results could be the basis for evaluation of
the influence of damming of the Jablanica River on the status of its water and can serve as a model for studying the influ-
ence of hydromorphological degradation of aquatic ecosystems.

Key words: Aquatic macroinvertebrates, community composition, Jablanica River, Kolubara River, Serbia

INTRODUCTION

The aim of this work is to present the community of
aquatic macroinvertebrates at investigated localities
on the Jablanica River and to estimate the status of
the river. The results are of special interest because
of construction of a dam on the Jablanica River, near
the settlement of Rovni. Creation of the reservoir
will alter the aquatic biota and the water status.
Together with previous investigations (summarized
in Miljanovi¢, 2001), the data presented constitute
the basis for evaluation of the type and level of these
changes.

The Jablanica is a right-hand tributary of the
Kolubara River. The river is formed by numerous
mountain brooks flowing from the north slope of
MLt. Jablanik (1,274 m) and from the east side of Mt.
Medvednik (1,244 m). The river is 20 km long, with
a drainage area of 157.7 km?.

The investigated drainage area of the Kolubara
River (3,638.6 km?, according to Studija WED, 2005)
lies between Mts. Povlen, Maljen, and Suvobor (in
the south); Rudnik (in the southeast); Kosmaj and
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Bukulja (in the east); and Vlasi¢, Cer, and Medvednik
(in the west). As one of the largest right-hand tribu-
taries of the Sava, the Kolubara River is formed near
Valjevo by the confluence of the rivulets Obnica and
Jablanica (at an elevation of 190 m above sea level)
(Miljanovi¢, 2001). The Kolubara empties into the
Sava (the latter into the Danube at Belgrade) and
belongs to the watershed of the Black Sea.

MATERIAL NAD METHODS

Material was collected during 2005 and 2006 at four
sampling sites (Fig. 1), as follows:

Site No. 1 - the Jablanica, upstream from Bebica
Luka, elevation of 490 m above sea level, coordinates
of 44° 12’ 42.3” N latitude and 19° 43.04’ 4” E lon-
gitude. The substrate is mainly composed of stones,
predominantly large. Small stones are found to par-
ticipate with not more than 10% of the stretch area.
A small amount of gravel and fine sediment is also
present.

Site No. 2 - the Jablanica, hamlet of Mijaci, eleva-
tion of 390 m above sea level, coordinates of 44° 11’
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Fig. 1. Sampling sites.

25” N latitude and 19° 41’ 43.5” E longitude. The sub-
strate is composed of small and large stones, gravel,
and fine sediment.

Site No. 3 - the Jablanica, near Rovni Dam, eleva-
tion of 340 m above sea level, coordinates of 44° 14’
22.9” N latitude and 19° 41” 43.5” E longitude. The
substrate is composed of large stones. Small stones,
gravel, and fine sediment are present on a limited
surface area (up to 15%).

Site No. 4 - the Jablanica, 10 km upstream from
Valjevo (Malinovici), elevation of 310 m above sea
level, coordinates of 44° 15’ 35.0” N latitude and 19°
48.51’ 57 E longitude. The substrate is composed of
small and large stones, the rest consisting of gravel
and fine sediment.

Aquatic macroinvertebrate samples were taken
with a benthological hand net (mesh size 500 pm;
kick and sweep technique) and a Siirber net (mesh
size 250 pm). Samples were taken from all available
habitats represented with more than 5% of total
habitat area on the sampling stretch (multi-habitat
sampling procedure).

The community was analyzed using Shannon-
Weaver diversity index (Shannon and Weaver,
1949).

Estimation of the saprobic level was based on the
Pantle-Buck method (Pantle and Buck, 1955).

In order to determine the relation between
sampling sites in regard to the observed macroin-
vertebrate fauna, cluster analysis was carried out.
The analysis was performed on the correlation coef-
ficient obtained by Pearson product-moment cor-
relation analyses (Rodgers and Nicewander, 1988).
In addition, correspondence (reciprocal averaging)
analyses (Pielou, 1984), based on data on the relative
abundance of taxa at the sampling sites, was used
in order to define the relation of sampling sites and
faunistic assemblages. Statistica for Windows 5.1
(Edition '97) was used for statistical processing of
the data.

RESULTS

A total of 57 taxa belonging to eight groups were
recorded (Table 1). The most diverse group was
Ephemeroptera, with a total of 19 species, fol-
lowed by Trichoptera (14 species) and Plecoptera
(eight species). In the sense of species richness,
Oligochaeta, Diptera, Coleoptera, and Crustacea
were less significant. The number of recorded taxa
per sampling site fluctuated between 105 (sampling
site 4) and 270 (sampling site 2).
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Table 1. Macroinvertebrate community of the Jablanica River — 2005-2006 investigation.

Taxa/Sampling site 1 2 3 4

OLIGOCHAETA

Eiseniella tetraedra (Savigny, 1826) + +
Nais pseudobtusa Piguet, 1906
Enchytraeidae

Lumbriculidae

Haplotaxis gordioides Hartmann, 1821
CRUSTACEA

Gammarus balcanicus Schiferna, 1922 + +

ODONATA

Gomphus vulgatissimus (Linnaeus, 1758) + + +
EPHEMEROPTERA
Acentrella sp.

Baetis rhodani (Pictet, 1843) + + +
Baetis lutheri (Miiller-Liebenau, 1967)
Baetis pavidus (Grandi, 1949)

Baetis vardarensis (Ikonomov, 1962)
Baetis muticus (Linnaeus, 1758)
Caenis horaria (Linnaeus, 1758)
Ecﬁyonurus sp.

Ecdyonurus venosus Fabricius, 1775
Epeorus sylvicola (Pictet, 1865)
Ephemera danica (Miiller, 1764)
Ephemera vulgata Linnaeus, 1758
Ephemerella ignita (Poda, 1761) +
Heptagenia flavipes (Charpentier, 1825)

Heptagenia sulphurea (Miiller, 1776) +
Oligoneuriella poecile (Ikonomov, 1962)

Paraleptophlebia submarginata (Stephens, 1835) +
Rhitrogena fiorii Grandi, 1953 +
Rhitrogena semicolorata Gr. +
TRICHOPTERA

Athripsodes sp. +
Glossosoma sp. +
Goera sp.

Hydropsyche angustipennis (Kurtis, 1834) +
Hydropsyche instabilis (Kurtis, 1834)

Hydroptila sparsa (Kurtis, 1834) +
Limnephilus sp. +
Glyphotaelius pellucidus (Retzius, 1783) +
Philopotamus montanus (Donovan, 1813) +
Polycentropuf{ﬂavomaculatus (Pictet, 1834) +

Rhyacophila dorsalis (Kurtis, 1834) + +
Rhyacophila phylopotamoides McLachlan, 1879 + +

Sericostoma personatum (Kirby & Spence, 1826) +

Silo nigricornis (Pictet, 1834)
PLECOPTERA

Amphinemura sulcicollis (Stephens, 1835)
Brachyptera risi (Morton, 1896)

Capnia bifrons (Newman, 1839)
Siphonoperla torrentium (Pictet, 1834)
Isoperla ﬁrammatica (Poda, 1761)
Leuctra hippopus Kempny, 1899

Perla bipunctata (Pictet, 1833)
Protonemura meyer (Pictet, 1841)
DIPTERA

Chironomidae

Limoniidae

Antocha sp.

Tipulidae

Ibisia marginata (Fabricius, 1781)
Simuliidae + + +
COLEOPTERA

Elmis sp.

Limnius volckmari (Panzer, 1793) +
Riolus sp.

Number of taxa/Sampling site 209 270 242 105
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Table 2. Percentage participation of macroinvertebrate groups at the sampling sites.

Taxa group/Sampling site 1 2 3 4

Oligochaeta 0.92% 2.10% 25.70% 10.28%

Crustacea 14.68% 0% 2.17% 0%
Odonata 0% 1.05% 0.31% 6.54%
Ephemeroptera 48.62% 49.30% 58.20% 28.97%
Trichoptera 19.72% 17.13% 4.02% 5.61%
Plecoptera 12.84% 10.49% 4.95% 9.35%
Diptera 2.29% 15.38% 4.02% 35.51%
Coleoptera 0.92% 4.55% 0.62% 3.74%

The percentage participation of macroinverte-
brate groups at the sampling sites is presented in
Table 2. Insects were the most important compo-
nent of the community, participating with from
72.14% (sampling site 3) to 97.90% (sampling site
4). Ephemeroptera were found to be dominant
component within the insects, followed by Diptera
and Trichoptera (Table 2). The mean percentage
participation of Ephemeroptera in the total mac-
roinvertebrate community was found to be 46.28%.
Taxa of the Rhitrogena semicolorata group were the
most abundant, with 171 specimens.

At sampling site 4, in contrast to the other sites,
the group Diptera was found to be the most impor-
tant component of the community (35.51% of the
total community). Within the group, the principal
component in regard to relative abundance was the
family Chironomidae.

The mean percentage participation of Diptera at
all investigated sites was 14.30%.

Representatives of Trichoptera also made up a
significant part of the macroinvertebrate commu-
nity at sites 1 and 2 (19.72 and 17.13%, respectively).

Unweighted pair-group average
City-block (Manhattan) distances

Site 1

Site 3

Site 2

Site 4

10 1,2 14 16 18 20 22 24 26 28
Linkage Distance

Fig. 2. Cluster analyses based on correlation matrices - Pearson product-moment correlation coefficients (Rodgers and Nicewander, 1988).
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Oligochaeta were represented with 25.70% at site
3, while at the other sites this group was found to
be less abundant. The order Plecoptera was evenly
distributed at sites 1 (12.84%), 2 (10.49%), and 4
(9.35%), while Crustacea were one of the principal
components only at site 1, with 14.68%.

Sites 2 and 4 on the one hand and sites 1 and 3
on the other are characterized by faunistic similarity,
which is shown in Fig. 2. According to the results
of Pearson product-moment correlation analyses
(Rodgers and Nicewander, 1988), there is significant
correlation between data on relative abundance of
taxa at sites 1 and 3, as well as 2 and 4. According
to our results, 13 taxa are common to sites 2 and

4 and among them seven were found only at those
sites. Sites 1 and 3 are characterized by 20 common
taxa, five of which were found only at those sites.
Only three taxa (Ecdyonurus venosus, Isoperla gram-
matica, and Chironomidae) out of 57 were present
along the entire course of the river, at all four locali-
ties. The recorded distribution of the macroinverte-
brate community could be connected with substrate
type. A predominance of large stones was observed
at sites 1 and 3, while sites 2 and 4 are characterized
by a higher participation of small stones, gravel, and
fine sediment.

In order to present the main faunistic features
that characterize the sampling sites, correspondence

2,0 T T r T T T
Athripsodes sp.
Ecdyonurus sp. S.torrentium
E.venosus B.muticus
N.pseudobtusa B.lutheri )
. L. hippopus G.pellucidus O C.bifrons
@ 15T O.poecile Epeorus sylvicola .
< H.instabilis Silo nigricornis
E g’g:_)w a?r?s *r : 6—) 1 o Acentrella sp.
= E.vulgata bl o
Pflavomaculatus = j
= 10 f Elmis sp, Slte1 . G. balcanicus 4
o R.dorsalis
s E.ignita Glossosoma sp Br.risi
. - tisi
o Goora sp. - o O Limoniidae
= R:o!u_s sp. Limnephilus spO
@ 05 F [Eipeidae - A. sulcicollis R.fiori ;
i N o] o
© ) P.meyeri o)
A e H . o] B.vardarensis
) T .OS|te28.pawdus o o 5
=} = 1 L &
= o0 |l " S l.te 4 Qo O . Pbipunctata © R.phylopotamoides |
2 i 5 i) o ) ?gmmmaﬁca 5 E.tetraedra
3, e O “Simulidae© P submarginata o0 ; ;
o \ A - o] H.angustipennis
4l ' Y =T l.marginata ¢
N g5 | \ Antocha sp R.semicolor&ta group i
c I\ A
i L.volckmari ;
o C.horaria (o] E.danicaO H
) P.montanus " . Slte3
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Fig. 3. Results of correspondence analyses - relative abundance of taxa at the sampling sites.
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analysis was carried out. The sampling site’s position
on the resultant graph and the faunistic assemblage
that most influences such a position are shown on
Fig. 3.

The saprobic index (SI) (Pantle and Buck, 1955)
ranged between 1.46 (site 2) to 1.80 (site 4). This
result indicates that water quality varies between

categories I and II, according to national standards
(YUFROW, 1985).

The Shannon-Weaver (H’) diversity index
(Shannon and Weaver, 1949) ranged from H’ =
3.1766 (site 2) to H = 2.2288 (site 3).

DISCUSSION

Fifty-seven taxa of aquatic macroinvertebrates
were recorded in the course of the investigation.
The community structure was found to be typical
for highland rivers in the region (Filipovi¢, 1954,
1957, 1967, 1969, 1975, 1976; Jakovcev, 1983; Simi¢,
1996; Konta, 1997; Markovi¢ et al., 1997a, 1997b;
Miljanovi¢, 2001).

According to the results presented, the number
of species and Shannon-Weaver (H’) index decrease
along the longitudinal profile, from upper locations
toward the confluence. This situation is connected
with decline of habitat diversity and increase of an-
thropogenic influence in the same direction.

The Jablanica River was studied in detail by
Miljanovi¢ (2001), with special emphasis on the
Oligochaeta fauna. Along the entire course between
1991 and 1994, Miljanovi¢ detected 109 macroin-
vertebrate taxa at three localities. The dominant
group was found to be Chironomidae, followed by
Ephemeroptera. Oligochaeta was present with 22
taxa belonging to five families. In comparison with
the results presented by Miljanovi¢ (2001), our in-
vestigation revealed a less diverse macroinvertebrate
community. Mollusca, Collembola, Turbellaria,
Nematoda, Hydracarina, Aranea, and Hymenoptera
- which were detected by Miljanovi¢ (2001) - were
not found during our study. This could be a result of
deterioration of the environmental status.

The building of a dam on the Jablanica near the

settlement of Rovni is now in the final phase, so
the results presented by Miljanovi¢ (2001), together
with our results, could be the basis for evaluation
of the influence of damming of the river on the
status of its water during filling of the reservoir, as
well as in the following years. The results can also
be used as a model for studying the influence of
hydromorphological degradation on aquatic eco-
systems. In addition, the region of the Kolubara
catchment area is under the high influence of
gravel extraction, so the relation of different types
of hydromorphological pressures and aquatic biota
could be analyzed in order to define a sound system
for evaluation of degradation of freshwater ecosys-
tems. Hydromorphological degradation has been
recognized as one of four water management issues
of basin-wide significance for the Danube Basin
(Schwarz and Kraier, 2008). The lack of standard,
harmonized methodology for hydromorphological
survey and assessment has been underlined before
(Schwarz and Kraier, 2008), and this is an additional
challenge for anyone organizing multidisciplinary
investigations in the region of the Kolubara Basin.

In the present paper, the crucial influence of
substrate composition on macroinvertebrate fauna
is underlined. Thus, the obtained data could be used
for identification of the main typological parameters
and for compilation of a type-specific index of eco-
logical status for running waters in Serbia.

CONCLUSIONS

Fifty-seven taxa were recorded in the course of
the investigation. The most diverse group was
Ephemeroptera, followed by Trichoptera and
Plecoptera. In the sense of species richness,
Oligochaeta, Diptera, Coleoptera, and Crustacea
were less significant. The group Chironomidae
(Diptera) was not identified to the species level,
which means that species richness is probably high-
er than represented.

Composition of the community is typical for
highland rivers such as the Jablanica.

Along the river, in the downstream direction, the
number of recorded species and Shannon-Weaver
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index (H’) decrease, while the saprobity index (SI)
increases, indicating rising antropogenic influence,
especially organic pollution, as well as decline of
habitat diversity.

The presented results indicate that water quality
varied between categories I and II (national stand-
ards), which testifies to a good water status along the
investigated stretch.

The presented data can serve the basis for fur-
ther evaluation of the status of the Jablanica River in
light of the building of a dam along its course, near
the settlement of Rovni. The planned reservoir is
sure to influence the status of the river and its aquat-
ic macroinvertebrate community. Evaluation of the
level of this influence will be possible on the basis of
information from this and previous investigations.
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AKBATUYHN MAKPOBECKMYMEIbLAIIV PEKE JABJIAHUILIE Y CPBUJU
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JEJIEHA M. TOMOBI'R!, AHA [I. ATAHAIIKOBI'R!, B. M. CUMI'R* u M. M. TIAYHOBU'R!
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2Yncmumym 3a 300m02ujy, Buonowiku gaxynmem, Ynusepsumem y beoepady, 11000 Beorpap, Cp6uja
3SUncmumym 3a 6uonozujy u exonozujy, IpupodHo-mamemamuuku paxynmem,
Ynusepsumem y Kpazyjesuy, 34000 Kparyjepar, Cpbuja

VcTpaxmBamasajefHILe aKBaTUIHUX MaKpoOe-
CKMYMerbaKa BpiieHa ¢y TokoM 2005. n 2006. rogu-
He Ha 4eTMPHU JIOKA/IUTeTa peKe JabnaHuie, eCHOT
cacraBka Komybape. YKyIHO je 3a6enexxeHo 57 Tak-
cona. HajpasHoBpcHuje rpymne cy 6une Ephemerop-
tera, Trichoptera u Plecoptera. Haj6pojuuju Takcoxn

je Rhitrogena semicolorata Gr. [lJobujenu pesynratu
IIpE/ICTaB/bajy OCHOBY 3a IPOLEHY YTHIIaja U3rpaji-
e OpaHe Ha CTaTyc Bofie peke JaOmaHuLe U MOry
6uTy KopuitheHy Kao MOJierT 3a MCIINTYBAlbe Y THLA-
ja xupoMopOIOLIKMX IIPOMEHA Ha BOJIeHe eKOCH-
CTeMe yOIILITe.
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Abstract

The aim of this paper is to present the results of the ecological status assessment of the Danube River in
the Iron Gate Region (rkm 849 to 1077), based on the analysis of the macrozoobenthos community. The
investigation was performed in September 2011. The following metrics were used: Saprobic Index (Zelinka
& Marvan), BMWP (Biological Monitoring Working Party) and ASPT (Average Score Per Taxon) indices,
participation of Tubificidae (% Tubificidae), total number of taxa, number of gastropods and bivalves taxa
and Shannon’s Diversity Index. Based on the value of the selected metrics, the status of the Danube in the
Iron Gate stretch was assessed as moderate (class lll). A total of 61 macroinvertebrate taxa were recorded.
With regard to the taxa richness, the dominant components of the community were found to be Insecta,
Oligochaeta and Mollusca. With respect to the percentage participation/relative abundance, Molusca and
Crustacea were found to be the principal components.

Keywords: Danube River, Iron Gate, macrozoobenthos community, water quality

Introduction

The Serbian part of the Danube is 588 km long and
covers the middle stretch and a part of the lower
stretch. The major part of the Serbian sector of the
Danube (358 km) belongs to the Pannonian plain. In
this section the Danube is a typical lowland river with
a slope of 0.05-0.04 %o (Paunovi¢ et al., 2005). The
Iron Gate sector is transitional (between the middle
(Panonian) and the lower part of the Danube), and
in many aspects (geomorphology, hydromorphology,
etc.) is specific. Due to the dam construction at 943 rkm
(Djerdap I; 1970), a large, 100 km long, reservoir was
formed. After the damming of the Danube, the flow rate
was slowed down upstream to Slankamen (1,215 rkm).
In 1984, another dam (Iron Gate Il, 863 rkm) was built.

Besides hydromorphological pressures, the Iron Gate
sector is influenced by the urban waste waters from
numerous settlements within the stretch, as well as
by the Kostolac Power Plant. The Iron Gate Reservoir
therefore acts as adepository of sedimentand adsorbed
pollutants. Through water-sediment interaction, water
quality may also be affected, although its extent is yet
to be studied (Paunovi¢ et al., 2005).

UDK: 574.587(282.243.7.044)

The Serbian reach of the Danube has been
extensively examined since the early sixties (for
details see Paunovi¢ et al., 2007). The results
of studies referring primarily to water pollution
problems (Jankovic & Jovicic, 1994) showed that
water quality in the Serbian reach of the Danube
had deteriorated in comparison to the 1960-1970
period. The long-term damaging impacts resulted
mostly from the increase of untreated industrial
and communal effluents, originating from rapidly
growing cities along the river banks, from leaching
and erosion of extensively fertilized agricultural
soils, as well as from changes in the hydrological
regime induced by the damming of the Danube and
the creation of the hydropower reservoirs Djerdap
(Iron Gate) | and II.

The aim of this work is to provide results on the
ecological status assessment of the Iron Gate
(Djerdap) stretch of the Danube, based on the
national legislation (Sluzbeni Glasnik RS, 74/2011).
According to the national water body delineation,
the Serbian stretch of the Danube River covers nine
water bodies (Sluzbeni Glasnik RS, 96/2010) and
four of them are situated within the investigated
stretch-D_1,D _2,D _3and D_4.
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Material and Methods

Samples were collected in September 2011 at seven sampling sites (Figure 1, Table 1). The semi-
quantitative sampling was performed using a hand net (25x25 cm, 500 ym mesh size). The multi-habitat
sampling procedure (Hering, 2004) was applied. The samples were preserved using 4% formaldehyde
solution and further processed in the laboratory. The identification was carried out in accordance with the

recommendation on the required taxonomic level (Schmidt-Kloiber & Nijboer, 2004).
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Figure 1: Map of the sampling sites
Table 1: Sampling sites
Ram Golubac D. Milanovac Tekija B. Palanka Milutinovac Radujevac

Latitude  44°48.905 44°39.634° 44°28,518  44°41.167 44°27.908 44°33.066° 44° 14.813
Longitude 21°19.858" 21°40.331° 22°11.2777 22° 24.600' 22°27.097 22°34.368 22° 40.733

Altitude 68 66 63 56 / / 32

River Km 1077 1040 991 954 / / 849

Sector 6 7 7 7 7 7 8
Water Body D 4 D_3 D 3 D_3 D 2 D 2 D_1

The following metrics were used to evaluate the
ecological status: Zelinka and Marvan Saprobic
Index (Sl, Zelinka & Marvan, 1961), BMWP and ASPT
scores (Armitage, 1983), Shannon’s Diversity Index
(Shannon, 1948) and percentage participation of
Tubificidae in the total macroinvertebrate community
(% Tubificidae). The taxa richness parameters (total
number of species, number of species of bivalves
and number of species of gastropods) were also
considered as the metrics for the ecological status

assessment. The saprobiological analysis was
performed using a list of bioindicator organisms
according to Moog (Moog, 1995). The metrics
calculation was done using AQEM software (AQEM,
2002).

The indicative status assessment was performed
according to relevant national regulations (Sluzbeni
Glasnik RS, 74/2011).
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Results and Discussion

A total of 61 macroinvertebrate taxa were recorded
(Table 2). The overall recorded taxa richness is
slightly lower than in some of the previous (more
recent) investigations of the Danube River in Serbia
(84 - Paunovi¢ et al., 2005; 74 - Paunovi¢ et al.,
2007), as well as in some other similar watercourses
in Serbia (e.g. V. Morava River — 84 taxa; Markovi¢
et al., 2011). On the other hand, it is significantly
higher than in some other investigations (26 -
Jakovcev et al., 2005). Having in mind that only the
Iron Gate sector was taken into consideration during
our investigation, as well as having in mind that the
investigated sector is under considerable pressure
caused by nutrient and organic pollution, as well
as hydromorphological modification, the recorded
taxa richness could be characterized as high.
Similar community composition was recorded in the
Serbian stretch of the Sava River, with a total of 62
macroinvertebrate taxa (Paunovi¢ et al., 2008).

Theodoxus danubialis (C. Pfeiffer, 1828)

Theodoxus sp.

Theodoxus fluviatilis ( Linnaeus, 1758)

Esperiana acicularis (Ferussac, 1823)

Esperiana esperi (Ferussac, 1823)

Physa acuta (Draparnaud, 1805)

Bivalvia

Corbicula fluminea (Mdiller, 1774)

Dreissena polymorpha (Pallas, 1771)

Crustacea

Mysida

Paramysis lacustris (Czerniavsky, 1882)

Amphipoda

Corophium curvispinum (Sars, 1895)

Dikerogammarus villosus (Sowinsky, 1894)

Dikerogammarus haemobaphes (Eichwald, 1841)

Dikerogammarus sp.

Gammarus sp.

Chaetogammarus ischnus (Stebbing, 1899)

Obesogammarus obesus (Sars, 1894)

Table 2: Taxa recorded within the investigated stretch Igjeda
onata
TAXON NAME Aeschna mixta (Latreille, 1805)
Nematoda Ischnura elegans (Vander Linden, 1820)
Oligochaeta Ischnura pumilio (Charpentier, 1825)
Aulophorus furcatus (Oken, 1815) Ischnura sp.
Nais sp. Pyrrhosoma nymphula (Sulzer, 1776)

Nais bretscheri (Michaelsen, 1899)

Sympetrum fonscolombei (Selys, 1840)

Nais elinguis (Miiller, 1773) Ephemeroptera
Ophidonais serpentina (Mtiller, 1773) Baetis lutheri (Miiller-Liebenau, 1967)
Stylaria lacustris (Linnaeus, 1767) Baetis sp.

Branchiura sowerbyi (Beddard, 1892)

Caenis horaria (Linnaeus, 1758)

Limnodrilus claparedeanus (Ratzel, 1868)

Caenis luctuosa (Burmeister, 1838)

Limnodrilus hoffmeisteri (Claparede, 1862) Trichoptera
Limnodrilus udekemianus (Claparede, 1862) Hydropsyche sp.
Tubifex tubifex (Miller, 1774) Diptera
Potamothrix hammoniensis (Michaelsen, 1901) Ceratopogonidae
Psammoryctides barbatus (Grube, 1861) Pericoma sp.
Enchytraeidae Chironomidae
Lumbricidae Chaoboridae
Stylodrilus heringianus (Claparede, 1862) Limoniidae
Hirudinea Heteroptera
Glossiphonia sp. Mesoveliidae
Piscicola geometra (Linnaeus, 1761) Bryozoa
Mollusca Plumatellidae
Gastropoda No. of Taxa 61

Bythinia tentaculata (Linnaeus, 1758)
Holandriana holandrii (Pfeiffer, 1828)
Lithoglyphus naticoides (Pfeiffer, 1828)
Lymnea auricularia (Linnaeus, 1758)
Lymnaea stagnalis (Linnaeus, 1758)
Lymnaea sp.

Viviparus acerosus (Bourguignat, 1862)
Viviparus sp.

The dominant components of the community (with
respect to taxa richness) were found to be Insecta
(with 17 taxa), Oligochaeta and Mollusca (16
species). The diversity of other taxa groups was
significantly lower: Crustacea 8, Hirudinea 2, while
groups Nematoda and Bryozoa were represented
with only one species each. Among Insecta, the
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dominant groups were found to be Odonata (6
species), Diptera (5 species), and Ephemeroptera
(4 species). Among aquatic worms (Oligochaeta),
Tubificidae and Naididae were found to be the most
diverse families (with 12 taxa). Bearing in mind
that one of the most abundant taxa Chironomidae
(Insecta: Diptera) were not identified at the species
level, due to the complex identification process and
a possibility to identify only fourth instars larvae with
a high level of confidence, the taxa richness of the
investigated stretch is certainly higher.

With regard to the percentage participation/relative
abundance, Mollusca and Crustacea were found to
be the principal component of the community with

34.6 and 32.9 %, respectively. The most abundant
taxa were found to be Dikerogammarus villosus
(17.6%), Chironomidae (14.2%), Theodoxus
fluviatilis (12.3%) and Paramyysis lacustris (11.3%).
The Killer Shrimp (D.villosus) was found to be
presentin all samples and was particularly abundant
at the Donji Milanovac sampling site (67.8%). The
second most abundant taxa (Chironomidae) were
the most abundant at the Ram site (32.2%).

The values of used parameters and estimated
ecological status classes are given in tables 3 (for
sampling sites) and 4 (for water bodies, as well as
assessment for the investigated stretch, based on
each selected parameter).

Table 3: The values of examined parameters at sampling sites

SAMPLING Doniji i, Backa _— .
SITE Ram Golubac Milanovac Tekija Palanka Milutinovac Radujevac
Parameter values
No. of TAXA 30 18 16 7 14 24 23
No. of
Gastropoda 5 3 0 0 5 5 9
Taxa
No. of
Bivalvia 2 1 1 1 1 0 1
Taxa
Shannon's
Diversity 2.36 1.61 1.32 1.33 2.28 1.88 1.91
Index
S| (Zelinka
& Marvan) 2.38 1.99 2.10 1.98 1.97 2.67 2.01
BMWP
Score 47 24 19 20 48 67 26
ASPT Score 4.7 4 3.8 5 4.8 4.79 3.71
%
Tubificidae 0.36 0.25 0.08 0.02 0 0 0.08
Status assessment
No. of TAXA 1 1 2 4 2 1 1
No. of
Gastropoda S S F F S S S
Taxa
No. of
Bivalvia F F F F F F F
Taxa
Shannon's
Diversity 1 2 3 3 1 2 2
Index
Sl (Zelinka
& Marvan) 2 1 1 1 1 3 1
WP 2 4 4 4 2 1 4
core
ASPT Score 2 3 3 2 2 2 3
%
Tubificidae 3 1 1 1 1 1
Overal 3 3 3 3 3 3 3
status

Legend: 1 - very good ecological status; 2 - good ecological status; 3 - moderate ecological status; 4 - poor ecological
status; S - satisfy to meet criteria for good ecological status; F - fail to meet criteria for good ecological status.
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Table 4: The values of examined parameters with regard to water bodies covered by the investigation

Water Body D4 D3 D2 D1 Mean value for stretch
Parameter values
No. of TAXA 30 14 19 23 21.6
No. of Gastropoda Taxa 5 1 5 9 5
No. of Bivalvia Taxa 2 1 0.5 1 1.12
Shannon's Diversity Index 2.36 1.42 2.08 1.91 1.94
S| (Zelinka & Marvan) 2.38 2.02 2.32 2.01 2.18
BMWP Score 47 21 57.5 26 37.9
ASPT Score 4.7 4.27 4.79 3.71 4.37
% Tubificidae 0.36 0.12 0 0.08 0.14
Status assessment
Water Body D1 D2 D3 D4 Overall stretch assessment
No. of TAXA 1 2 1 1 1
No. of Gastropoda Taxa S F S S S
No. of Bivalvia Taxa F F F F F
Shannon's Diversity Index 1 3 2 2 2
Sl (Zelinka & Marvan) 2 1 2 1 2
BMWP Score 2 4 1 4 3
ASPT Score 2 2 2 3 2
% Tubificidae 3 2 1 1 2

Legend: 1 - very good ecological status; 2 - good ecological status; 3 - moderate ecological status; 4 - poor ecological
status; S - satisfy to meet criteria for good ecological status; F - fail to meet criteria for good ecological status.

Based on the analyses of all parameters, the
ecological status of the selected part of the Danube
River could be assessed as moderate (class Ill).

Although some of the tested parameters indicated
good ecological status and above in the majority
of cases (e.g. number of taxa, except for Tekija,
and Saprobic index, except for Milutinovac), other
parameters indicated the presence of stress
(Tables 3 and 4), which influenced the overall
status assessment for the investigated stretch. This
illustrates the necessity for using several parameters
to effectively evaluate the ecological status of water
bodies (Markovi¢ et al., 2011).

There is a need for further improvement of the
national status assessment system (Sluzbeni
Glasnik RS, 74/2011), in particular finding a way
to combine the metrics in one value, which would
involve the pondering of each parameter, based onits
significance for the specific water type assessment
as well as its indicator value for a particular group of
pressures.
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