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“The most beautiful experience we can have is the mysterious - the fundamental emotion which

)

stands at the cradle of true art and true science.’

Albert Einstein
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Mojum pooumevuma
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3AXBATHHAILA

Kaxo oe6a oucepmayuja npeocmasma nnoo Oyzocoduwirbee pada u capaorwe ca
npoghecopuma u Koie2ama, 080M NPUIUKOM HCeaUM 0a ce HAJUCKpeHUje 3axX8anum ocobama Koje

cy me I’lO()p.?de@dﬂe, nomocjiie mu u 6eposajie y MeHe. Benuko xeana

Mom menmopy, op Braouyu Cumuhy, eanpeonom npogpecopy Ilpupoono-mamemamuuxoe
gaxynmema, Yuusepzumema y Kpacyjesyy, Ha naxc/ougom u Cmpumou8oM ycmepasarwy y paoy u

npogecuoHanHom passeojy.

Ilp 3opany Mapkosuhy, pedosnom npoghecopy Ilomonpuspeonoe ¢axynmema y
beoepaoy, u

Jlp Mupjanu Jlenxapom, nayunom cagemnuxy Mncmumyma 3a OUOIOWKA UCMPAICUBAILA
., Cunuwa Cmankosuh, xeana Ha KopeKmHO] NpopecuoHannoj capaorwu U KOPUCHUM

cy2ecmujama moKom nucara 00Kmopcke oucepmayuje.

Ip  Bypahy Munowesuhy, Ooyenmy Ilpupoono-mamemamuuxoz  paxyimema,
Vuueepszumema y Huwiy, mom eenuxom npujamesny u Hajorudxicem capaoHuxy Xeand Ha cagemumda

u nomohu y ceum ¢hazama uspade 0okmopcke oucepmayuje.

/p Braoumupy Panhenosuhy, pedosnom mnpoghecopy Ilpupoono-mamemamuuroe
gaxynmema, Ynusepsumema y Huwy, xeéana nHa noocmuyajy u noopuiyu mMoxKOM C8UX HUOd

cmyouja.

Xeana Axeapujymy  Ilpupoono-mamemamuukoe gakynmema, Yuueepsumema y
Kpazyjesyy, na ycmynmwenoj umnosanmuoj 6azu nooamaxa 3axeamsyjyhu kojoj oea oucepmayuja

HOCU noceban 3Haydj.

Cawu bpanxosuhy, uxmuonozy 3asooa 3a 3awmumy npupooe y Huuiy, 3axeamyjem ce Ha

nomohu moxkom mepeHcKkoe UCmpaxXcusaroa U NPUKyn/bara Mamepujaa.



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

3axsamyjem ce ceum ronecama Jlenapmmaua 3a 6uono2ujy u exonoeujy Ilpupoono-
mamemamuukoe gaxyimema, Yuueepzumema y Huwiy, na pazymesarsy u unmepecosary 3a moj

pao.

Ilocebny 3axsarnocm Oyeyjem mom eeruxom npujamesny, Op Tadeusz Penczak,
npogpecopy emepumycy uz Jloha, Ilomcka, Koju me je ygeo y ceem 8eutmaukux Heypo Mpedicd.

Xeana my na mpyoy u sxesmu 0a Mu npeHece coje 3Harbe U UCKYCmeo.

lp Andrzej Kruk, npoghecopy @axynmema 3a buono2ujy u 3auimumy dHcusomue cpeouHe,
Vuueepszumema y Jlohy, Ilomcka, 3axeamyjem ce Ha KOHKPEMHO] NOMOAU NPUTUKOM AHATU3E

nooamaka u KOPUCHUM cagemuma y npuMenu camoopeanusyjyhux mana.

Konauno, eenuxy 3axeannocm oyeyjem mojoj nopoouyu 3a HeusmepHy /6y0as, Cmpn.berbe

u pazymesarse 3a Moj pao.

Munuya Cmojrosuh Ilunepay
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Mopea 3a kopumheme puda y cucreMy OMOTHYKHX HHIEKCA 1 F-eT0Ba YJIOra y NPOLEeHN KBAJINTeTa
U eKOJIONIKOT cTaTyca Tekyhux Boga

Pe3ume:

[lo3HaBame qucTpUOYIMje BPCTa KA0 U YCIECUIHOCT NpeABrl)ama lHUXOBOT IPUCYCTBA, O TOCEOHOT je
3HaYaja 3a ynpaBJbambe aKBATHYHUM OMOJAMBEP3UTETOM H MPOLIEHY MHTEH3UTETa aHTPOIOTEHOT yTHIlaja Ha
BolleHe ekocucTeme. [locnmenmux aeneHdja, MoTpeba 3a pecTaypaldjoM H OYyBambeM aKBaTHUYHUX
eKOocHTEeMa, JOBeNa je 10 pa3Boja e(DUKACHUX EKOJIOIIKUX MPHCTyNa, Oa3upaHuX Ha OHOJIOIIKHM
nojaluMa, 3a TPOIEHY EKOJNOIIKOT cTaTyca y MHOTHM 3eMibama cBera. [Ipema EBporickoj OKBHPHO]
Hupextusu o Bogama (WFD) dayna puba ce cMarpa HEM30CTaBHOM TPYIIOM aKBAaTHYHHUX OpPTraHH3ama y
MPOIIEHH EKOJIOIIKOr cTrartyca Tekyhux Boga. 300r Tora, OMOTHYKM MHJEKCH 3aCHOBAHU Ha 3ajeIHUIIU
puba OuBajy y cBe uemniioj MpUMEHH Yy TPOICHM M MOHHMTOPUHIY EKOJIOIIKOI CTaTyca aKBaTHUHHUX
EKOCUCTEMA.

[uspeBrn OBOr WCTpakMBama OWIIM Cy: aHaliM3a MPOCTOPHE JWHAMUKE 3ajelHuIle pubda, MpoleHa
3Hayaja CPeIUHCKHUX (pakTopa y CTPYKTYpHpamy 3ajelHHIIe U TECTUPAmE EKOJIOIIKE PEIeBAHTHOCTH a
priori wranudukamnuje craHWITa MOMONY CpeIMHCKUX Bapujabnu kopuihewmeM uxTHODayHE Kao
Oouornuke komroHeHTe. KoHayHo, kao mocebaH IMJb HCTUYE Ce JIePUHHUCAEE BPCTa HMHIMKATOPA
KBaJIUTETa BOJIC U CTAHMINTA, Ka0 H (OpMyJiallija HOBOT IPUCTYIA 3a MPOIEHY KBAJIUTETa U EKOJIOIIKOT
cTaTyca TeKyhmx Boma, KopumihemeM puOa Kao OWOMHAMKATOpA, KOJH OfpakaBa PETHOHATHE
cnerupuunoctu Cpouje.

VY3o0puu cy cakymbenn y nepuony ox 2003. go 2011. rogune, Ha 124 nokanuTera pacrnopeljeHux myK
cmmBoBa Bemmke Mopase u pune (LlpHomMopcku ciuB), U 7 JIOKQJIWTETa HAa peKaMa KoOje TPHITanajy
Erejckom ciamBy. 3a rpymucame y3opaka kopumrheHa je Meroma Bemraukux Heypo Mpexka, Koxoneore
camoopranmu3yjyhe mamne (enr. self-organizing map (SOM)), koja ce, mpeMa JocajaliblM CTyaHjama,
MmoKasalia BeoMa MOoy3JIaHOM 3a MPUMEHY Y SKOJOIIKUM CTYIHjaMa.

3a medumHUCAmE MPOCTOPHE OpraHU3aIMje PUOJBPHX 3ajeHHIA ITOCMAaTpPaHH Cy JIOKAJIUTETH ca
ciuBHOT mozapy4vja Bemmke Mopase. Tom mpunnkom, COM aHanmm3a je, Ha OCHOBY Omomace puOJbHX
BpCTa, yKasajia Ha MPHCYCTBO JABe Tpyme y3opaka, X u Y. I'pyna Y ce cacToju on JTOKaIUTETa CMEIITEHUX
Ha JOBMM TOKOBHMA peKa, JIOK je rpyna X [majke mojaesbeHa Ha moarpyme X1 (cpemmu TOKOBU peka) u X2
(ropmu TOKOBH peka). PesynraTtu cy mokazanu na kracuukanija puOspix 3ajeJHAIA Y BETUKOM CTEIEHY
oAropapa a priori kiacuuKalMji Ha OCHOBY CPEIMHCKHX INpOMEHJpMBUX. IlojeniHa oOfCTymama
MocaenuIla ¢y HHTEH3UBHOr JeI0Bama anTpornoretor ¢gaxropa. Knacupukanmona caara (CS) uma Behe
BPEAHOCTU Kaja ce pagu O rpymnama JIOKaJUTeTa MnoaesbeHuX Ha ocHoBy COM aHanmse y oIHOCY Ha a
priori nedunucane rpyne. CpemvHCKH Iapamerpu, HAJMOpPCKa BHCHHA W JOMHHAHTHH CYICTpAT,
MOKa3aJii Cy ce Kao (akTopu O MoceOHOr 3Havaja 3a CTpyKTypupame 3ajennune. Takohe, COM ananmza
je y OBOM paly NpUMEHEHa je M ca LUUJbeM IpyHHcama JIOKAIUTETa Y KapaKTepHCTHYHE EKOJIOLIKE
SHTUTETE, TUIIOBE PEKa, Y 3aBUCHOCTU O]l TWIIA cTaHuIITa. JloOMjeHr THIIOBH peKa cy TOKOM Jajbe o0paze
nojaraka, y3 nomoh k- Means kiacrtep aHalu3e, TPYNUCAHU Y YETUPH Tpylle, IPH YeMy CBaka rpymna
ofoBapa oxpeheHOM eKOJIOUIKOM cTamwy. MHAnKaTopcke BpeTe cy AeuHICaHE 32 CBAKY TPYILy HAa OCHOBY
IUX0BE KOHCTAaHTHOCTH M jAoMuHaHTHOCTH. ['paamjent Ha COM wMpexu je mnpaheH 3a jemaHaect
MeTpuukux ocobuHa. Ox ykyHor Opoja mocMaTpaHMX METPUYKMX OcoOMHa, MOKa3alo ce Ja JIEeBeT
nokasyje jacan rpaaujenT Ha COM wmamu, nok cy Kruskall-Wallis ANOVA u Mann-Whitney tect
yKasalli Jia ce caMO TPU METPHUUKe OCOOMHE CTATUCTHYKH 3HaYajHO Pa3siuKyjy u3mel)y cBUX rpyma.
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PesynTatu oBor ucTpaxuBama NpUKa3yjy MPOCTOPHY OpraHU3alMjy puOBIX 3ajeJHHUIA [ITO 3HAYAJHO
MOXe JJOIPUHETH HUXO0BO] MMILIEMEHTALNjU Y Iporpame ouonpoiieHe. Ha ocHOBY ogaOpaHiX METPUYKHX
ocoOMHa U MHIMKATOPCKUX BPCTa, AT je MOAEIN, 3aCHOBAH Ha 3ajeJHUIU pHOa, 3a MPOLEHY €KOJIOIIKOT
cratyca Tekyhux Boga Cpouje (fBNBI). 3nauaj oBor pana nexu y unsbenuiy aa je FTBNBI npBu nokyiaj
npunarohaBama MBbU-a (Muanekca buornukor UnTerpurera) pernonainonM crnenupuunoctama Cpouje,
Koju 6u omoryhno mpoleHy ekonomkor cratyca Tekyhux Boma CpOuje u AeTeKIHjy BOIOTOKOBA KOjU
3axTeBajy 3allTHTy U pecTaypauujy. KoHauHo, kako OM ce mocTuria moys3iaHa u cBeoOyxBaTHa MpoleHa
exonomkor crata, BNBI u fBNBI 61 Tpebaio npumMemnrBaTi HCTOBPEMEHO.
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A model for including fish communities in biotic indices and its role in assessing the water quality
and ecological status of lotic systems

Summary:

Knowledge of a species’ distribution and the capacity to predict its occurrence are considered essential
for managing aquatic biodiversity and assessing the anthropogenic alterations in river environments. In the
last decades, the necessity of the restoration and maintenance of healthy aquatic ecosystems has led to the
development of practical and effective ecological tools based on biological data in many countries.
According to the European Water Framework Directive (WFD), fish fauna is considered as a mandatory
group of aquatic biota in the evaluation of the ecological status of running waters. Therefore, fish biotic
indices have become common tools for measuring and monitoring the ecological status of aquatic
ecosystems.

The aim of the study was to analyze spatial variation in the fish assemblages, to investigate the
importance in environmental factors in structuring the community and to test the ecological relevance of
the a priori landscape classification using fish as biological data. Finally, our specific goal was to define
indicator species for each group of water and habitat quality class and to develop the first fish-based
model for stream quality assessment in Serbia taking into account the regional specificity of the country.

Fish samples were collected between 2003. and 2011. at 124 sampling sites, distributed along the
Great Morava and Drina river basins (Black sea drainage basin) and 7 sites belonging to Aegean Sea
drainage basin. The fish samples were patterned using an Artificial Neural Network (ANN) technique, the
Kohonen self-organizing map (SOM), which is considered to be efficient tool in determining patterns of
aquatic ecological assemblages.

To explore spatial variaion of fish assemblages, only sites belonging to Great Morava river basin are
considered and were patterned using the self-organizing map (SOM) based on fish biomass data. The
SOM analysis distinguished two main clusters of samples collected on the Great Morava river basin, X
and Y. The Y concerns the downstream areas, while the X was subdivided to the sub-clusters X1 (mid-
stream areas) and X2 (upstream areas). Generally, the classification of the fish assemblages derived by
SOM is in accordance with the a priori landscape classification to a greater extent. The significant
anthropogenic influence is responsible for the misclassification of some particular sites. The classification
strength (CS), derived from the fish community classification obtained by SOM, was higher than for a
priori defined groups. Environmental parameters, which the landscape classification is based on, such as
altitude and dominant substrate, are found to be very important for community structure. Also, the self-
organizing map (SOM) was employed in order to group samples into their characteristic ecological
entities (river types) depending on the character of the habitat they came from. Then, the k-means cluster
analysis classified samples into four groups, each describing a particular ecological condition. The
indicator species were presented for each group based on their constancy and dominance. Gradients over
the SOM map were sought for eleven fish community metrics. Out of the total number of tested metrics,
nine showed a clear gradient over the SOM map, but the Kruskall-Wallis ANOVA and Mann-Whitney
tests pointed out that only three significantly differ among all groups.

The results of this study reveal the spatial organization of fish communities which could help their
implementation in rapid bioassessment programs. On the basis of the fish community metrics and selected
indicator species, we proposed a fish-based index for the assessment of the ecological status of running
waters in Serbia (fBNBI). The significance of our work lies on the fact that fBNBI is the first attempt
regarding IBI (Index of Biotic Integrity) adjustment to the regional-specificity of Serbian running waters.
It would be a clear benchmark to judge the ecological quality of lotic systems in Serbia and to identify
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waters most in need of protection or restoration. Finally, to assure the reliable and comprehensive
assessment of ecological condition we feel that the BNBI and fBNBI should be employed simultaneously.
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je: DO—xonnentpanuja pactBopeHor kuceonuka; NO3-N—konnenrpanuja aszora u3 Hurpara; PO4-P—
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1. YBoa
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AKBaTHYHU EKOCHCTEMH, a MOCEOHO peKe cMaTpajy ce EKOCHUCTEeMHMa KOjU Cy TOJ
HAJUHTEH3WBHUJUM YTHLIajeM doBeka. Tekyhe Bosie kopucte ce Hajuenihe 3a TPaHCHOPT, JOBOJ
nujahe Boje, CTBapame ENEKTPUYHE EHEpruje ald W Kao KOJEKTOPH KOMYHAIHUX W
uHAyCTpHjckuX Boja. Kao pesynrar Tora, y MHHIYCTPHjCKH BUCOKO Pa3BUjeHHM 3eMJbamMa Kao |
OHHM Y Pa3BOjy, MOBPIIMHCKK BOJAOTOKOBU OHMBajy 3HA4ajHO AETPAIMPAHH Yy MOTJIEAY KBaJIUTETa
BOJIC W CTaHMINTA, IITO JaJbe BOAM Ka HapYIICHy OMOAMBEP3UTETa U MHTETPUTETA TPUPOIHUX
exocucreMma. Kao pesynrar 4oBeKkoBe aKTUBHOCTHM Hajuenrhe JoJjia3zu 10 MOIU(UKaALUje PEeUyHOT
KOpHUTa, perynainuje Toka u ¢parMeHranuje, onrtepehema HHAUCTPUJCKUM U KOMYHATHUM
3arahuBaunMa. CBe OBe IpPOMEHE JI0BOJE A0 JaKe EKOJIOUIKE JAerpajaluje, 4ume ce ryou
MOTyhHOCT TpaBWIIHOT (DPYHKIIMOHUCAKka W OJPKUBOCTH aKBATHYHHX E€KOCHCTEeMa (MOTOpIIAmke
KBaJIUTETa BOJIC, NMPOMEHE y IUCTPUOYIHjU U CTPYKTypu xuapoOuonara utn.) (Crmuka 1.).
VBuhame HEraTMBHUX TMOCIENWIIA IO pEYHE EKOCHUCTeME TOKPEHYJIO je WHHUIHMjaTHBY 32
pecTaypanujy HapylmieHuX BOJOTOKOBa. Y Be3m ca TuM, EBporicka Yuuja 2000. roguHe yBOIM
Oxsupny JlupekruBy o Bomama (WFD, enr. Water Frame Directive, EU Directive 2000/60/EC).
[Ipema OxBupnHoj upektuBu o Bomama cBe 3emsbe EBpome cy y o0aBe3w Ja U3BpIIE
pecTaypanujy U ycrocTaBe A00ap eKOJIONIKA CTaTyC CBUX BOJICHHX ekocructeMa 1o 2015. ronune,
npahemeM XuapoMOpPEOIIONIKUX, XeMHJCKIX M OMOJIOMKNX Kapakrepuctuka. C Tora, mmbs WFD
je He caMo OYyBame aKBaTUUYHMX CUCTeMa, Beh u yHanpelene HapylieHHX Kako OU ce moBpaTuie
€KOJIOIIKA CTPYKTYpa, GYHKIIMja U UHTETPUTET MPUPOJIHUX €KOCUCTEeMHMA. TEepMUH ,,eKOJOIIKH
cTaTyc OIMHCYje CTPYKTYpPYy M (YHKIMOHHCAHE aKBAaTHYHOI €KOCHUCTEMa, y3uMajyhu y o03up
Xuaposoiike, Mopdosomke, ¢GU3NYKE W XEMHJCKe KapaKTepUCTHUKE CTaHUIITA, Kao U
kapakTepuctuke omonomkux 3ajeauuna. Ox 2000. rogune, ctynamem Ha cHary WFD, nporena
CTamba OHMOJIOIIKE KOMIIOHEHTE IOCTaje OCHOBA 3a YCHENIHY HMIUIEMEHTAlU])y MOHUTOPUHT
nporpama. Haume, mporieHa crama OuoTe, ca uibeM npahema HHTErpuTeTa MOBPUIMHCKUX BOJIA,
OCHOBa j€ 3a pa3yMeBame OIPXKHMBOCTH OHMOJOIIKMX cucTeMa. UumeHuna na cy jkuBa Ouha
npuiarojeHa KUBOTY Yy TayHO ojpeheHUM TpaHullaMa BapHpama OUOTHUKHX M aOMOTUYKUX
(akTOpa Mokaszyje KOJUKO je BEMKU 3Hayaj OKycHpama Ha MPOLEHY OMOJIOIIKE KOMIIOHEHTE
IIpU YTBphHBamy €KOJOLIKOT CTaTyca BOJAECHUX €KOCHCTeMa. YTIOTpeba OMOIOMIKUX eleMeHaTa y
MOHUTOPHUHT MPOrpaMHMa MMa 3HayajHe MPETHOCTH HaJ TPAJUIMOHAIHUM METOJaMa IMpOIeHEe

GU3MYKUX M XEMHJCKHX TapaMmeTrapa, Koje Mpykajy YBHJ caMO Y TPEHYTHO CTame €KOCHCTeMa.
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HacynpoT Tome, ucniuTHBame 3ajeJHHIE )XKUBUX Onha, Koja KOHTHHYHPAHO KHBE y aKBaTHYHHM

cpearHaMa, Ha HajlIoy3JaHHji HaYuH pedIeKTyje cTame )KUBOTHE CpEeIUHE TOKOM BPEMEHA.

— AHTponoreHo genoBake AHTponoreHe aKTMBHOCTH
- MoauduKaLmja peuHor KopuTa
- Perynauwja Toka “— I
- NoBnayew-e Boae
- Mcnywrane edinyenata ExoHoMcKa KOpMUCT
- VIHTpoaykumja epcTa

- CnopTcku 1 Komepuujandmn pubonos

— HapyuwasBare eKocucTeMA

- CTpyKTypa CTaHuITa

- IaBopw eHeprije

- Pexum Toka

- KeanuteT Boag

- Buonouwke wHTepakumje
- [NpekomepHK pubonoe

. HoGpa u ycnyre
+»  xTHoUueHO3e eKocHcTemMa

- BoratcTBO BpCTa

- Komnaoanumja BpcTa
- AbyHaaHua T

OYHKUMOHUCaHE eKOCUCTEMA

Cauka 1. Besa I/ISMCI’_)y AKTUBHOCTH YOBCKa U IMPOUCCa Y aKBATUYHUM CKOCUCTEMHUMA - IIPEY3CTO
u3 Tejerina-Garro et al. (2005)
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IIpema OxBupHnoj AupextuBu o Bogama, nxtuodayHa ce cMarpa HEM30CTaBHOM T'PYIIOM
XHJIPOOMOHATA Y MPOIICHH EKOJIOIMIKOT CTaTyca KOMHEHUX BOJa. 3Hauaj puda, Kao OMOJOUIKUX
MH/IMKATOpa KBAIUTETA TIOBPIIMHCKUX BOJIOTOKOBA, HCTAKHYT je y BEIUKOM Opojy JOcCalalImbux
crynuja (Karr, 1981; Oberdorff & Hughes, 1992; Hugueny et al., 1996; Ganasan & Hughes,
1998; Angermeier & Davideanu, 2004; Breine et al., 2004; Kruk & Penczak, 2013) u nexu y
HBUXOBO] MOOWMJIHOCTH, JYrOBEYHOCTH, PAa3HOBPCHOCTH y ToOTjeny (DYHKIHOHAIHUX Tpyna |
OCETJbUBOCTH Ha HIMPOK CIEKTap aHTPOIOTEHUX CTpecopa ykJbydyjyhu oprancko 3araheme,
anuauHUKaKjy ¥ Aerpaganujy XuapoMopdosIomKiuX KapakTepuctuka Bogotokosa (Wootton,
1990; Tancioni et al., 2006). Hawkes (1975) tBpau na 3ajeanuiia puba BepoBaTHO Ha HajOOJbH
HauuH pe(UIeKTyje CTame JIOTHYKHX CHUCTeMa jep ce cMaTpa Ja Ce OHa Hala3W Ha BpXY
aKBAaTMYHUX JIaHAIla WCXpaHe MW, 300T Tora, MOXE YyKa3aTH Ha EKOJIOIIKO CTambe YHTaBOT

C€KOCHCTEMA.
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1.1 IlpocTopHa qucTpuOyuuja 3ajeqnuue puda y JOTHYKUM CHCTEeMUMA

1.1.1 JloHrutyauHaJ Ha 30HaUMja

CBe OMOTHYKE KJIACHM(HUKAIMOHE IIEME MPETIOCTaBJbajy /a MOCTOjU MPEABUINB OJTHOC
n3Mely akBaTUYHUX OpraHu3aMa U TeoMOP(OIIOMKUX B XHIPOJIOMKKIX (pakTopa KOju Jenyjy Ha
BosieHe ekocucteme (Jackson et al., 2001). C o63upom Ha TO Ja ce BpcTe puba IpyMmUILy Iy
rpagijeHTa CpeAMHCKUX (PakTopa y JIOTUYKUM CUCTEMHMMA, MIOCTOJU BEIUKU Opoj Kiacudukanuja
Tekyhux Boja, Ha OCHOBY puOJpMX 3ajenHuiia. [IpBu mokymiaj aeduHUCama JIOHTUTYIUHATHE
30HanMje y pekama mgat je ox crpane Shelford (1911), xoju TBpau ga Cy JIOHTHTYIUHAHE
MIPOMEHE y 3ajeHUIIH puda YCIOBJEHE TEOJIOIIKOM CYKIECHJOM JIOTHUKHMX cucTema. Haume,
npema Shelford-osom konmnenty "pusuorpadeke cykuecuje" 3ajeanuna puba, y oapehenom aemny
peKe, MOJIBPTHYTA je CepHjH MPOMEHa MOYeB O/ EKCTPEMHUX yCIIOBa y U3BOPHUINTHMA I1a CBE 10
nomux TokoBa peka. Kacumje, Trautman (1942; 1981) je mnpeacTtaBuO KOHIENT PEYHOT
rpaaujenTa 3a nojapydje CeBepHe AMepUKe Kao MPEIUKTUBHUA MOJIEN 0 KOME Ce 3ajeJHUIa prbda
Mema o1 u3Bopa ka ymihy. Komauno, Huet (1959) je, Ha OCHOBY pe3yirara COICTBEHHX
UCTPaXHBamWa, Ka0 W OMKCA JIPYTUX ayTopa, MPEUIOKUO KOHIICTIT JIOHJUTYINHAITHE 30HAIHje 3a
noapydje EBpome. OH je kinacudukoBao peyHEe CUCTEME M MPEICTABUO JIOHTHTYIWHAIHY
30HAIM]jy pUOJBUX 3ajeIHUIA, HA OCHOBY IIPHCYCTBA KJbYYHUX BPCTa MOYEB OJ1 H3BOpA Ta CBE JI0
JOKUX TOKOBAa paBHUYAPCKHUX peka. Pubibe 30HE okapakTepucaHe cy CreluGpUIHIM SKOJIOIKAM
ycnouma (Op3uHa Boje, HAarub TepeHa, NIMPHHA M TyOMHA KOPUTA, THI MOJIOTEe U CEIUMEHTA,
TemIepaTypa, 3aciheHOCT KMCEOHHMKOM, Bererarmja u ci.). [lpena3u uzmel)y 30Ha 4ecTo HHUCY
jacHO OorpaHMYeHH. Bpcre Mo Kojuma Cy Ha3BaHEe TOjeJMHE 30HE MOCEOHO Cy mpuiiaroheHe
€KOJIOIIKUM yCJIOBMMa YHyTap mux. [Ipema Tome, BehnHa peka cpeame u 3ananHe EBpone ce
TEOPETCKH MO’KE€ MOJAEIUTU Ha YEeTHUPU 30HE OJ M3BOopa 10 yirha, U TO: 30HA MAacCTPMKe, 30HA
JWIUUbaHa, 30Ha MpeHe u 30Ha aeBepuke (Cmuka 2.). Ca apyre cTpaHe, y pekama jyxHe EBpore
30Ha JIMIIJbE€HA YECTO M30CTaje, Te OHa OMBa 3aMeHmEHa 30HOM IOTOYHE MpeHe. Y OBY HOJeny
MoJipy4je M3BOPUILITA HUjE YKIbYYEHO, IJle pruba MM HeMa WJIM Cy 3acTYNJbeHEe YHU(OPMHUM
3ajeTHUIIaMA.

30Ha macTpMke oOyxBaTa OpJCKO-IUIAaHMHCKE MOTOKE M Majie peKke ca KaMEHUTHM U

IIJbYHKOBUTUM JTHOM. 3axBasbyjyhu Benmmkom HaruOy, BOJEHa CTpyja je jaka, a BoAa je 300r
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Opojuux TypOyneHija oboraheHa kuceoHwkoM. TemmepaTypa BOJE y OBOj 30HM HHKAJa HE
npenasu 20 °C. TunuyHe BpcTe OBe 30HE Cy morouHa mactpmka (Salmo trutta), mem (Cottus
gobio) u iujop (Phoxinus phoxinus).

30Ha JIMIJbEHA TIPEJCTaBJba MpENla3Ho mojpydje u3Mely motoka u peka. J[HO je mame
KaMEHHTO, a BHIIIEC IIJbYHKOBHTO. Haruo je Mamu HEero y 30HH MacTpMKe, I1a je CTOTa U TOK BOJIE
Hemro criopuju. [Ipocedna roaumma TeMnepaTypa BoJe MOKe OMTH HEIITO BHIIA OJf OHE Y 30HH
nmacTpMke, anu u naske He npenasu 20 °C. V3 mumubena (Thymallus thymallus) yooudajeHne BpcTe
cy S. trutta, C. gobio, P. phoxinus, peuna mpena (Barbus barbus), xmen (Squalius cephalus),

ckobasb (Chondrostoma nasus) u kpkyma (Gobio gobio).

g SR
p

v —~—

SR TR RETTTOY

30Ha nacTpmke 30Ha NnMn/beHa 30Ha MpeHe 30Ha aesepuke
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30Ha MpeHe 00yxBara rOpHkE TOKOBE PeKa M HACTaBJba C€ HU3BOJHO Ha 30HY JIMILJBCHA.
Tok peke je cmopwju, KOPUTO je HMpe W AyOsbe, alu je BOJa W Jajbe XJajHa, OoraTa
KHCEOHHUKOM. Y3 peuHy MpeHy yobuuajere cy Bpere S. cephalus, C. nasus, jaz (Leuciscus idus),
oymos (Leuciscus aspius) u kienuh (Leuciscus leuciscus). Ha genoBuma rje je mpoTok Bojae Op3,
a BOJIa JIOBOJHHO aepucaHa MOT'Y Ce CIOpaaiyHO HahM U MacTpMKa U JIUTJbEH.

30Ha JIeBepuKe 00yXBaTa Cpe/ibe M JIOme TOKOBE peka. [IHO je yriiaBHOM MECKOBHUTO U
MYJBEBUTO. PedHO KOpHUTO je MUPOKO W TyOOKO, JOK je Op3uHa Boje Maina. TemmepaTypa Boje
TOKOM JIETa je BHCOKa, uecTo Bumia o 25 °C. V3 neBepuky (Abramis brama) decte BpcTe y 0BOj
30au cy 6omopka (Rutilus rutilus), npsennepka (Scardinius erythrophthalmus), S. cephalus,
mrapan (Cyprinus carpio), mumak (Tinca tinca), com (Silurus glanis), mryka (Esox lucius) u cmyh
(Sander lucioperca) (Huet, 1959).

OBe 4eTupH 30HE MPECTaBIbajy JBa MXTHO(MAYHUCTUYKA PETHOHA: TOPHHH PETHOH XJIaIHE
BOJIC WM CAJIMOHHUJHU PErHOH (30HA MACTPMKE U JIMIIJCHA) M JIOFHM PErHOH TOIUIC BOJE WM
LUTIPUHUIHU PETHOH (30Ha MpeHe U JieBeprke). Mel)yTuMm, ca cTaHOBHINITa Op3uHE pEeYHE CTPY]e,
30Ha TACTPMKe, JIMIJbaHA W MPEHE C€ MOTY MOCMAaTpaTH Kao jeJHa IEeIHHA OKapaKTepHcaHa
peodmiTHEM BpcTama, JOK je 30Ha JIEBEPHUKE MPEICTaB/bEHA YIIIaBHOM JMMHOQWIHUM BpcTama
puba (Huet, 1959).

Taxohe, Huet (1959) je nedburmcao m MOpPOMETPHjCKE MMapaMeTpe 3a CBaKy O]
MOMEHYTUX 30HAa Iy)XX JIOHTUTyIuHAIHOT mpodumia peke. Hawme, kao jegaH ol OCHOBHHX
napameTapa M3JIBOjeHA je HaJMOpPCKAa BHUCHHA, KOJU MCTOBPEMEHO, JIUPEKTHO WM WHAWPEKTHO
yTh4Ye Ha BENIMKH Opoj Ipyrux ¢akropa oJ H3Y3eTHOT EKOJIOIIKOT 3Haudaja 3a UXTHO(dayHy
(Op3uHa Boze, TeMIepaTypa, TUI CyICTpara M BEreTalldje, CTPYKTypa MOoIylaluje OEHTOCHUX
3ajennuna). [lopex HaMOpcKe BUCHHE, BeOMa BakaH (aKTOpP jeCTe W IIUPHUHA pEKe, 3a KOjy ce
cMmarpa Jia y MHOroMe yTude Ha gayHy puba. Tako Ha npumep, JTUIJbaHa U MPEHY je TeIIKO Hahu
y pekaMa ca IIMPUHOM KOPHTa MamOM O] SM MaKo Cy HaJIMOPCKa BUCHHA M OCTAJIM MapaMeTpu

oxrosapajyhu (Ciuka 3.).
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Camka 3. Besa u3melyy rpagujeHTa U IMpUHE PEKe U JJOHTUTYANHAIHE 30HaIje uXTHo(ayHe y

pekama - npeyseto u3 Huet (1959)

Vipkoc Beoma dectoj ynorpedbu Huet-ose 3onanumje (Lasne et al., 2007), ykaszaHo je u Ha
U3BECHE HEHE HejocTaTke. HamMe, I71aBHM HEJOCTAaTak ce OJHOCH Ha TOCTOjare OJIBOJEHHUX
eHTHTeTa (PeYHUX 30HA), IITO YECTO OMBa TEIIKO MPUMEHHBO jep mpena3u u3Mely 30Ha, "30HE
TpaH3uyje" Mopajy OuTH y3ere y 003up y TakBoM kiacudukaiponom cucremy (Penczak &
Mann, 1990; Verneaux et al., 2003; Lasne et al., 2007). Takole, Heke 0J Mpenpeka MPUIHKOM
KiacuuKaluje 0JJHOCE ce U Ha OJICYCTBO HEM3MEHCHHUX, pedepenTHux yciosa (Vannote et al.,
1980), oncycTBO MHAMKATOPCKUX BPCTa, HAa YMjeM MPUCYCTBY je cama 30HalWja UM 3aCHOBAHA,
300T OrpaHUYEHOCTH BUXOBOT npupoaHor apeana (Park et al., 2006) u cenektuBHOCTH amapata

3a y3opkoBame pude (Casselman et al., 1990; Glowacki & Penczak, 2005; Miranda & Raborn,
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2000). Crora mpuMmeHa OBOT THIa KiIacH(pHKALHUje MOXKE OMTH OTEeXKaHa M MpoOJIeMaTUYHA, W
CXOJJHO TOME, 30HAIIMOHM IPUCTYN ce MOoHekaa cMarpa HemnpaktuunuMm (Miranda & Raborn,
2000). V Bes3u ca tum, y HoBHje Bpeme MHoru ayropu (Olden & Jackson, 2002; Olden et al.,
2006; Park et al., 2006; Lasne et al., 2007) kopucte MeToj/ie Kao IITO j& OPAWHAIIMOHU METOJ
Bemtaukux Heypo Mpexa (ANN, enr. Artificial Neural Networks), ca mumbem ycnemHor
NPUKa3WBabha JIOHTHTYAWHAIHE AUCTPUOYIMje HXTHOICHO3a W oJpehuBama WHAMKATOPCKUX
BpCTa Iy’ KOMIUIEKCHOT CPEIMHCKOT rpajaujeHTa. Takohe, 30HAIMOHM KOHIIENT Ce 3aCHHMBA Ha
MOCTOjamby TayHO Je(PUHUCAHUX WHIUKATOPCKUX BPCTa, IITO YeCcTO OMBa oTekaBajyha OKOJIHOCT,
jep ce nemiaBa Ja HeKe OJ1 ’bHX MPHUPOHO HE HACEIhaBajy peKe MOjeIMHUX Ireorpa)CKUX peruoHa,
1a 0Baj MPUCTYN Y TOM ciy4yajy OuBa HempuMmemwuB. To je moce6Ho cimydaj ca CpOujoM jy»KHO O
WBamuuke Mopasuiie, Tie je 30Ha JHMIJbCHA 3aMemheHA 30HOM NoTouHe MpeHe. C apyre cTpaHe,
01 HEJaBHO je oTBopeHa MoryhHocT kopuinhema HOBHX MeTOJa Kao IMITO je AHaiuza
Wumukaropckux Bpcra (enr. Indicator Species Analysis; The Indicator value method - IndVal)

npeutokena ox crpane Dufréne & Legendre (1997).

1.1.2 JloHruTyaMHa/JHA CyKIecHja puO/bUX BPCTA YK PEYHOT TPaJiljeHTa

[TpunukoM mpoyvaBama €KOJOrHje pUOJBbHX 3ajeHUIA, BEOMa je BaXKHO pa3yMeBambe
MexaHH3aMa OJrOBOPHHX 32 CMCHHBAaKEe BPCTa AYXK JIOHTUTYJMHAIHOT TpajujeHTta. Y
JIMTEpaTypu Ce HABOJE [JBa OCHOBHA MO/JIeJIa JIOHTUTYMHAIHE CYKIechje pruba U TO: MeXaHHu3aM
cyncrurynuje Bpera (Huet, 1959) u mexanuzam nonaBama Bpcra (Sheldon, 1968). Takohe, Heku
ayTopy cMaTpajy la je JIOHTMTYAMHalIHA CYKIECHja BpCTa IOCIEIUIa KOCr3HCTHpama 00a
mexanu3ma (Rahel & Hubert, 1991; Petry & Schulz, 2006). [Ipema mMexaHu3My CYNCTHTYLH]E
BpCTa, pubsbe BpcTe OMBajy 3aMemeHe JPYTUM BpcTaMa, Y cBakoj cienehoj 30HH 1yK TOKa peke,
Kao TOCIIeInIa MpoMeHa cpeMHCKuX (akTopa. [Ipema Tom mMozeny, HajBehn TUBEp3UTET BPCTa
61 610 y cpeIlbUM JIeIOBUMA TOKa PeKe.

CynpoTHO MeXaHH3My CYINCTHTYIMje BPCTa, MEXaHN3aM JI0JaBamka BPCTa C€ 3aCHUBA Ha
YHI-CHUIM J1a ToBehame AMBEP3UTETa CTAaHHUINTA, UAYhH O TOPHHUX Ka JOHBHM JIEIOBHMA TOKa,
JIOBOJIM JI0 MOTYWHOCTH HCTOBPEMEHOT jaBJjharhba BpCTa Ca Pa3IMYUTUM 3axXTEBUMa IpemMa
CT@HHIITY, IITO JaJbe BOAU Ka MAaKCHMAaJIHOM OOTaTCTBY BpCTa y JOKBMM TokoBuMa (Angermeier
& Schlosser, 1989; Rahel & Hubert, 1991). V pekama mamer pena, MambH JUBEP3UTET CE jaBJba
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Kao TOCJEeIUIa PEIAaTUBHO BHUCOKE BapujaOMIIHOCTH CpeauHCKuX ycioBa. C apyre crpahe, y
peKama BHIIIET pefia, TIe je MOBPIIMHA CIMBHOT TOJpy4ja Beha a XuApOJIONIKe BapHjallije Mame,
YCIIOBU CTAHHMIITA Cy CTAOWMITHUjH Ta 3ajeqHuIle Beher auBep3uTeTa MOTy Ja er3ucTUPaj]y TOKOM
Jy’KEr BPEMEHCKOT Nepuoja. MaKCHMalHU IUBEpP3U3ET j€ KapaKTepPUCTHKA JIOKAIUTETa ca
BEJIMKOM pa3HOBPCHOIINY MHUKPOCTAHUINTA M jaKUM HWHTEPCHENMJCKUM WHTEepaKifjaMma, mTo je
MoCJIeInIa OCpeber creneHa Aerpaganuje cranumra (Resh et al., 1988).

KoHTuHyHpaHO 10IaBame BPCTa, OJ M3BOPHUINTA MAIHMX IJIAHUHCKHUX MOTOKA JIO0 JOHUX
TOKOBAa PaBHUYAPCKUX peKa, yoOHMUajeHO je 3a peKe yMepeHOr W Tporckor mojaca (Matthews,
1986).

1.1.3 V¥YcaraameHocT OHOJOIIKMX H CPEIUHCKUX KJIACH(PUKANUOHUX MeETOoHa
JIOTHYKHUX CHCTEMA
dopmynucame JOTUYHOT U KOH3UCTEHTHOT CHCTeMa 3a KJIaCH(HKANN]y peYHUX Xaburara
ONlyBEK je TMPEICTaB/bAJI0O H33a30B MHOTHM XHAPOOWOJIO3MMAa W WXTHOJO3MMa. [lo3HaBame
TUCTpHOYITHje BpcTa U MOTyhHOCT mpenBuhama BUXOBOT MIPUCYCTBA CE€ CMaTpa HEOINXOJHHUM 3a
yIpaBJbakhe AKBATUYHUM OWOJMBEP3UTETOM M TPOIICHY AHTPOIOTCHO H3a3BaHHMX IMPOMEHA Y
peunum exocuctemuma (Pont et al., 2005). Kiacubukanmonu cHCTEMH Cy 4ecTo KopuiheHun y
Oopranu3oBamy HH(pOpMaIHja 0 SKOJOIIKUM CHUCTEMHUMa U CMaTpajy ce OJi CYyIITHHCKOT 3Hayaja
3a pasyMmeBame IUCTpHOYyNHje aKBaTUYHHMX opraHu3ama. CBH KIACH(HKAIMOHH CHUCTEMH,
IIPEUTOKEHHN 10 cajia, WK ce 0asupajy Ha a Priori kmacuduKamnuju 3aCHOBaHO] Ha CPEIUHCKHM
nmapamMeTpuma WM Ha a posteriori wiacudukamuju Ouonomkux 3ajenHuna (Angermeier &
Schlosser, 1995; Angermeier & Winston, 1999). Mehyrum, He TMOCTOjU TeHepaiHa
KiIacu(uKalmoHa nemMa 3a JIOTHYKE eKOCUCTEME U3 BUIIIE pa3jiora:

1. wumajyhu y Buay Ja cy KHBOTHHU YCJIIOBU Y JIOTHYKUM CHUCTEMHMA YCJIOBJbEHH BEJIUKHUM
OpojeM (akTopa 3a Koje ce 3Ha Ja MMajy YTHIa] Ha kuBa Ouha, oJBajame pa3IMUUTUX
xabuTaTa Ha OCHOBY jeIMHCTBEHOT (pakTOpa je HEMPaKTHUYHO;

2. 300T XeTeporeHOCTH CPEeOUHCKHUX (akTopa ayxk M Mehy pekama, HE MOXE ce jacHO
MIpEeIBUJIETH 3aXTE€BaHU OpOj Ki1aca XxabuTarta 3a aJlekBaTaH OMKC JaTOT MOApYyYja;

3. MpoMeHe CPEeIMHCKUX IapaMeTrapa Cy 4YecTO IOCTENeHE y MPOCTOpY M BPEMEHY, LITO
JIOBOJIU JI0 CMETH:U MPUIMKOM AepuHMCcama Kiaca xaburara; u

4. TUI ¥ pe30yIyja Kiacu(puKaluje 3aBUCH 0] CIISM(PUUHOCTH UIIH LUJba UCTPAXKHUBAMA.
10
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VY Be3u ca THM, OCTOjU BEJIIMKU OpOj CKOPAIIBUX CTYAHja KOje IPOoIeHhYjy ycariameHoCT
u3Mel)y peyHux 3ajeqHuia U KiIacuuKanyja Ha OCHOBY CpeIMHCKUX mapamerapa (Hawkins et
al., 2000; Van Sickle & Hughes, 2000; Heino & Mykrid, 2006; ER6S, 2007; Ilmonen et al., 2009).
Yupkoc TOMe, oO0jekaT HWCTpaKMBama cy y HajBehem Opojy ciydajeBa Owmie OCHTOCHE
MaKpOMHBEpTeOpaTe, MOK je BeoMa Majio JOCTYIHHUX IOJaTaka O yCarjialleHOCTH MXTHOILIEHO3a
ca kjIacupuKalMjaMa Ha OCHOBY CPEIMHCKUX NMPOMEHJbUBUX. Kako roj, OMIITH 3aKJbydaK KOju
clieny W3 pe3yaTaTa OBUX CTyAHja j€ Ja MaKO PEYHE 3ajeHHIIE YeCTO MOKa3y]y CTaTUCTUYKH
3HauajHe paznuke m3mehy a priori gedpuHHcaHMX Kiaca, Kiacu(UKAIMOHA CHara, Kao Mepa
YHyTaprpymHe XoMmoreHoctd u Melyrpymae pasmmuuroctu (Van Sickle & Hughes, 2000),
obuuno 6uBa cimada (Hawkins et al., 2000). Pasmor Tome je mTo pedyHe 3ajeIHUIIC WIH TTOKa3yjy
HUCKY YHYTap KJIaCHY CIIMYHOCT WJIM HUCKY Mel)yKJIaCHY Pa3IUuUTOCT, HIIH MaK 00a. Y CyIITHHH,
Heino & Mykrd (2006) cmatpajy na Ou ce Tako HHCKa KiacHu(UKalMOHAa CHara Ttpebana
WCKOPUCTUTH Kao IOJa3Ha OCHOBA 3a CJIOKEHH]E€ TMPHCTYIE KOJU C€ OJHOCE Ha TpeaBubame
CTPYKTYpE 3ajeTHUIIe TTOMONY ceTa JIOKAIUTET-CIeNU(PUIHIX CPETUHCKUX ITapaMeTrapa.

Pasnuunti THIOBH @ Priori kinacudukaiyja HeIaBHO Cy MPEII0KEHH Ka0 MOTEHIMjATHN
cyporaru 3a ympasibarbe ouoausepsuterom (Hawkins et al., 2000; Van Sickle & Hughes, 2000).
Knacudukanmone meme Ha OCHOBY CpPEIMHCKMX TMapameTrapa Cy 3aCHOBaHE Ha CIUBHUM
noapydjuma (Seaber et al., 1987), exopernonuma (Bailey, 1980; Omernik, 1987), unmu ob6a
(Maxwell et al., 1995). /la 6u O6una xkopucHa, a priori kiacudukaija Tpeda 1a caapKu Maju
Opoj Ki1aca, 3aCHOBaHUX Ha MEPJHHBO] IPOMEHH CPEAMHCKUX aTpuOyTa y IMPOCTOpY, a KOjU Cy
Ba)KHHU CKOJIOIIKU (akTopu 3a akBatuuHe opranusme (Hawkins et al., 1993). 3a pasnuky ox Tora,
a posteriori kmacuUKalMOHK MOJCIU KOPHCTE METOJC KIacTepoBama Iojaraka Kako Ou ce

OMOJIOLIKY CIIMYHU Y30PIIH CBPCTAIH y oApeheHe y rpyme.
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1.2 YTnuaj cpeIMHCKHUX NapaMeTapa Ha CTPYKTYPY 3ajeHuIe puda
[Ipoy4yaBame eKOJOMIKUX 3ajeAHUIA U CPEANHCKUX (haKTOpa KOjU YUECTBY]Y Y lbUXOBOM
CTPYKTyHpamy UMa BeoMa JAyry U KOMIUIEKCHY UCTOpH]jy. Benuku O6poj cTynuja cBejoun 0 ToMe
Jla BpCTe HUCY HACYMHUYHO pacriopehere y mpocropy, Beh ma mocroju Be3za uzmel)y 3ajeqHuma u
cpenuHCKUX (akTopa y mHXoBoM okpyxkemy (Jackson et al., 2001). IIpuiukoM HCTpakuBarba
puOIBUX 3ajeIHUIIA, UCTPAXKMUBAUM TI0JIA3€ O] MPETIOCTaBKE /1a C€ BPCTE jaBibajy y oapehenum

acolfgjaijaMma ycie aejioBamba aOMOTUYKUX, OMOTUYKKX (DaKTopa Wiu KoMOuHaIuje oba.

Jenan on Haj3HayajHUjUX abUOTHUYKKUX (PakTopa je Temmneparypa Boje. CMarpa ce J1a OBaj
CPEIMHCKH TapameTap Moke OuTu nuMmMuTHpajyhu ¢axTop 3a pacnpocTpameme BpcTa Kako Ha
mmpem (Shuter et al., 1980) Tako n Ha mamem reorpadcekom moapydjy (Grossman & Freeman,
1987). Haume, BUCOKE TemIiepaType MOTY yTHIIATH Ha 3ajeIHUILYy BHIIECTPYKO, moBehaBajyhn
¢dbu3noNOmKe 3aXTeBE OpraHW3aMa M TOCIECAWYHO WX JOBOAM Y CTame cTpeca. Bucoka
TEMIIEpPATypa MEHa U OCTalie CPEMHCKE mapamerpe (CMameme 3aCHNeHCTH BOJIE KHCEOHUKOM),
IITO UHIUPEKTHO MOXKE YTULIATH Ha uxtuodayny. Ca apyre cTpaHe, HUCKE TeMIlepaTrype, Takohe
Mory Outh numutupajyhu Qaktop W yTHUIIATH HA CTPYKTypy 3ajeanune. JlyxuHa mepuojma
HUCKUX TemIiepaTypa AUPEKTHO yTHUYe Ha Tpajambe U JeOJbHUHY JIENEHOT cj0ja Ha MOBPILIWHU
BOJIe, IITO oHeMoryhaBa pa3MmeHy racoBa, u3Mel)y ocranor u KuceoHuka, ca armochepom. Ila
UIaK, OBAaKBH UCXOJU Cy 4ellhy Ha M3BOPUIITHMA aJICKUX U OOpeaTHHX peka HEero ILITO je TO
ciydaj y gomuM  TokoBuMa peka (Jackson et al, 2001). Takohe, xmapomopdoJorike
KapaKkTEepUCTUKE pEKe Ce OJipakaBajy Ha JIMHAMUKY TOKa, IITO Jajb€ AUKTHpA CHEelU(pHYHE
yCcIOoBE Ha KOje BpcTe MOry Outu mpunarohene wiu He. Tako Ha mpumep, AyOWHA BOJE je
HEraTMBHO KopefnmcaHa ca MoryhHomrhy 3aMmp3aBama, HEJOCTaTKOM KHCEOHHKA U BHCOKHM

Temmapatypama Tokom Jieta (Schlosser, 1987).

Kao HajBaXHMjU XeMM]CKU MapamMeTap, KOju yTHuYe Ha CTPYKTYpy 3ajelHHIle, UCTHYE Cce
KOHIIEHTpallija pacTBOPEHOI KHceoHMKa. I[lnuTku, crmopoTekyhnm CEeKTOopu peka Cy CKIOHH
[OpacTy TeMIapaType M CMamelmy KOHLEHTpalHje KUCeOHHKa ycies mnoBehamwa mnporeca
pasnarama MaTepHje, ITO CTPECHO yTHYE Ha MpUCyTHE jenuHKe. KomOnHanuja TeMnepaTypHor 1
KHCEOHUYHOT CTpeca MOXKE JJOBECTH JI0 €ITUMMHAIM]e OCETJbUBUX BPCTA, KAO IITO Cy MAacTPMKE

(Jackson et al., 2001).
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buotnuku ¢axkropu Kao MmMTO Cy MNPEAATOPCTBO M KOMIICTHIUja JUPEKTHO WU
WHIUPEKTHO HCIOJhbaBajy BeoMa 3HauajHe edekte Ha 3ajeqnuiie puba. Tako Ha mpumep,
NPUCYCTBO Ipenaropa MOXKE Jia MMa YTHIAj HAa M300p CTAaHWIITA BPCTa KOje Cy HHXOB IUICH
(Power et al., 1985), mto Moxe moBecTu 10 Tora aa oapeheHe 3ajeqHuiie OMBajy MPUCYTHE HA
HEKHUM JIOKAJTUTETHMA a J]a C€ BPCTE KOje MPEJCTaBIbajy HUXOB IUICH MIOMEPajy Ha MECTa Mamber
pusnka. MHoOTe Apyre CTyauje, Takohe moTBphyjy na ce BpcTe KOje Cy IUICH MpPeMemTajy y
xaburare Tae je 3amrTuta on npemaropa curypauja (He & Kitchell, 1990; Schlosser &
Angermeier, 1990). C apyre crpaHe, Mako IOCTOje ONPEYHA MUILbCHA 10 THTAkBY YIIOTe
MHTEpPCIENJCKEe KOMIETUIIN]E Y CTPYKTYpHUpamhy UXTUOLEHO3a, OPOjJHU CY JIUTEepaTypHH MOAaLU
KOJU YKa3yjy Ha TO Jia KOMIETHIIMja UTpa BaKHY yJOTY y OpraHU3alllju JIOKAIHUX 3ajeTHUIA
(Ross, 1986). Mehyrum, u najbe OCTaje OTBOPEHO MHTamke 1a JiM, 300T BapHjaOMITHOCTH
cpenuHCKuX (akTtopa, MoHamame, Mopdosonike ¥ (U3HOJOLIKE aJanTalyje Urpajy MHOIO

3HaYajHU]y YJIOTY OJf HHTEPCIEINjCKIX MHTEpaKirja Kao mTo je kommeruirja (Grossman et al.,
1998).

VY HoOBHje BpeMe, MHOTH XHAPOEKOJO3M CMaTpajy Ja je 3a CTPYKTyHUpPame JIOKATHHX
3ajelHAIIA OJTrOBOpHAa KOMOWHanMja aOMOTHYKMX U OMOTHYKHX (akTOopa 3ajeqHO ca

pErHOHAIHMM KapakTeprcTukama moapydja (Angermeier & Winston, 1998).
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1.3 Ilpumena nuxTuodayHe y NPOLEHH €KOJOUIKOI CTATYCA KONIHEHUX BO/AA

1.3.1 3nauyaj puda Kao OMOJIOIIKUX HHIANKATOPA

Kako cy mepema OHOJONIKMX KOMIOHEHTH Oa3upaHa Ha >KMBMM Ouhuma koja cy
aJariTHpaHa Ha YCIOBE CpPeOUHE Yy KOjOoj J>KMBE, OHOJIOIIKOM IPOIEHOM C€ MOXE TOOUTH
KyMYJIaTUBHA CJIMKA YTHIIaja )KUBOTHE CpEIUHE, YKJbydyjyhu xemujcke, (pu3ndKe M OHOIOIIKE
KapakTepucTuke. Bpcre, OMOJIOMIKN MHIUKATOPH, Cy JEAMHCTBEHH IMOKA3aTeJbH CTamba KHUBOTHE
CpeanMHe, KOjU Jajy CHUTHaJl O eKOJIOIIKOM CTaTycy BOJEHUX ekocuctema. Kopumrheme
OMOMHJIMKATOpPA Kao 3HaKa pPaHOT YIo30pema Ha 3araljeme mim Jerpajaiujy eKoCUCTeMa, MOXKe
nomohu y ouyBamy KpUTHYHHX pecypca. HAMKAaTOpH cTama )KUBOTHE CPEIWHE TPEACTaBIbajy
OpojuaHe BPEAHOCTH JOOHMjEHE MEPEHEM TPEHYTHOT CTamka W YCIOBa CpeauHe ojapeheHor
reorpad)CKoOr Mojpydja, YUME C€ PEMPE3CHTYje HETroBO cTame. [IpunukoM n3bopa WHIUKATODA,

Tpeba BOAUTH pauyHa Ja Oyny UCTIyHeHH ciiefiehu Kputepujymu:

1. WNunukatop Mopa OMTH KOPHCTaH, TaKo JIa aje OJroBOp Ha MOCTABJLEHO MMUTAHE
2. Nunukatop Mmopa OuTh 00jeKTHBaH, IPEICTaB/LEH HA MPEIM3aH U jacaH HAYUH
3. Nunukatop mMopa OMTH HaydHO pejieBaHTaH Tj. Aa 00e30elyjy TauHy mnporieHy

KJbYYHOT (hakTopa

4, KoncranTHa MCPJbUBOCT Tj. MEPEHEC Ca BUCOKO IMOHOBJBMBUM CTAaHOAAPAN30BaHUM

MCTOJaMa U Ca MUHUMAJIHUM I'pCHIKaMa ITpU MEPCHY

5. Nunukatop 6u tpebaso na obe3dehyje MakcuManHy KOJIUMYMHY MHGOpManuja y

OJIHOCY Ha YJIOXKCH TPy

6. [IpenopyussuB uHAMKaTOp 60U Tpebano na Oyne oarosapajyhu Tj. na oGe3denu
paHy JeTeKIHjy MpoMeHa M MOTyhHOCTH Jla perucTpyje CTeneH KoJjiebama JIyxK

CKaJe.

Hctopujcku rienaHo, ynorpeba MakpomHBepTeOpara y NMpOIEHHM KBAaJUTETa BOJE MMa
u3y3eTaH 3Hayaj. MelyyTuMm, y HOBHUje BpeMe, Y Ty CBPXY C€ CBE BUIIIE KOPUCTE MOJIAIM 100UjeHH

MIPOYy4YaBakbEM CTPYKTYpe pubibe 3ajeJHULIE.
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Pubama ce Moke mpumucaTd MHOTO CBOJCTaBa KOj€ MX YMHE MOY3JaHUM WHAMKATOPUMA

pu OuoJIoIIKoj nmporeHu kBaiutera Boje (Fame Consortium, 2004):
1. Pube cy mpuCyTHE Y CKOPO CBUM IOBPIIHHCKHM BOJAMa,;

2. IbuxoBa uneHTH(UKAIN]A je PETATUBHO JIaKa, FPUXOBU CKOJIOMIKH 3aXTEBH U )KHBOTHH

LHUKIYCH Cy JT0OpO MO3HATH;

3. HyxwuHa XMBOTa MHOTHX BpcTa oMoryhaBa NpoleHy OCeTJbMBOCTH Ha mopemehaje

CUCTEMa KpO3 PEIaTHBHO YT BPEMEHCKH TEPUOI;

4. OceTJpbUBOCT Ha MOjeIuHE (PaKTOpE je Mmo3HaTa KOJ BETUKOT Opoja BpCTa Kao U lbUXOB

OJITOBOP Ha CTpEC;
5. Paznuuut cTeneH TosiepaHIMje y 3aBUCHOCTH O] KOJIMYMHE U BPCTE IMOJIyTaHATa;

6. Pazmmuute BpcTe prba Hamaze ce Ha Pa3sIUYUTUM TPOPUIKMM HUBOMMA: OMHHUBODH,

XepOMBOPHU, HHCEKTUBOPH, MNIAHKTUBOPHU, TUCIIUBOPH;

7. XuBe y pa3IMYUTHM THUIIOBMMa CTaHUINTA: OEHTOCHE, MeJarujajiiHe, peoduiHe,

JTUMHO (pHITHE;

8. Cmameme nnu nosehame OpOjHOCTH TOMyNalMje ce JIaKo MPOIEHYje U OJpa’kaBa

BPEIHOCT CTPECHOT (pakTopa; u
9. Jlako ce cakymnsbajy kopuirhemem oaroapajyhe onpeme.

Mehytum, kopumhewe puba kao OUOMHAMKATOpa KMMa M H3BECHHX HEJOCTaTaka

(Grabarkiewicz & Davis, 2008):

1. Tlotpeba 3a pamHOM cHaroMm (3a MpaBUIHO U 0e30eIHO Y30pKOBame je MmoTpeOHa

TpOo4YJlaHa CKI/IHa);

2. Murpaiuje ¥ HUXOBa BelMKa MOOWIHOCT (Kperame puba MOXKE HABECTH Ha

MOTPEIIHE 3aKJbYUKE); U

3. Ipenpacyne npuinkoMm Kopuihema pa3IMuyuTHX METO/1a Y30pPKOBamba.
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1.3.2 Hcropuja pa3Boja Unnexca buoruukor Unrerpurera

Wunexc ouornukor unrerpurera (MBU) npeu je ocmucimo James Karr (Karr, 1981) ca
LIUJbEM TMPOLEHE U OINUCHBaKba EKOJIOIIKMX YCIOBAa MambUX PEUHUX EKOCHUCTEMa LEHTPATHOT
WNnunonca u Mumujane (CAl). Cam u3pa3 "OMOTHYIKN HHTETPUTET" IOMHILE CE TIPBU MYT Y AKTY
o yuctuMm Boaama (eur. Clean Water Act) 1972. roaune, KOjU ce OIHOCH Ha pecTaypaiujy u
OuyBamb€ XEMMJCKOT, (QU3MYKOr M Ouosoumkor uHrerpurera Boja. Ilox "unTerpuretom" ce
M0/ipa3yMeBa HEMPOMEHEHO CTame WM KBAJTUTET cpeAuHe. buotnuku uHterpurer ce 6aszupa Ha
MPETIOCTABIM /1A j€ CTamhe KUBUX OMha TUPEKTHO W HAJIpElU3HU]e MEPHUIIO MHTETPUTETA BOJA.
buoTnuku uHTErpUTET ce cTora MoXe JAeUHHCATH Kao CIOCOOHOCT OJpraBama 3ajeJHHULIE
XKUBUX Ouha, ca cenu@UUHOM CTPYKTYPOM M (PYHKIIMOHAIHOM OPraHM3allijoM, Yy CKIIaay ca
yCIIOBMMa CTaHMILITa JAaTtor reorpadckor pervonHa. Kao pesynrar Tora, y MpOLIEHH CTama
BOJICHMX €KOCHCTEMa, OCUM XEMHUJCKOT KBAJIUTETa BOJIE, MPOILCHUBAHO j€ U CTamke OHOJIOIIKE

KOMIIOHCHTC.

JlaHac ce JeTeKIHja NMPOMEHa OMOTHYKOT HMHTETPUTETa IMOBPIIMHCKUX BOJA CMaTpa
n3y3eTHO Toy3aanuMm mnpuctynoMm. Hamme, MBU je nu3ajHupan kao jenaH MYJITHUMETPUUYKH
WHJIEKC MOMOhy Kora ce MOTY MPOIICHUTH MPOMEHE y PHOJbUM 3ajeHuIaMa. MyITHUMETPUYKH
WHJIEKCH TIPECTaBJbajy MOCCOHE aHATMTHUYKE MPHUCTYIE KOJU TeXe Ja 00e30ene CIUKY CTama
OMOJIOIIKE 3ajeHHUIIE MEPEHEeM BPEIHOCTH BEIHMKOT Opoja METpUYKHUX ocoOmHa. MeTpuuke
0COOMHE Cy KapaKTepHUCTHUKE 3ajeTHUIIC )KMBUX Ouha, unje ce BPeIHOCTH MEHajy Ha MPEIBUIUB
HAYMH YCIie] JeJioBama aHTpororeHor ¢gakropa. Takole, yHanpes je TI03HATO Ja T BPEIHOCTH
METPUYKHX OCOOMHA PAcTy WM C€ CMamyjy ca noBehameMm cTereHa jaerpaaanuje. Meroa ce
0a3upa Ha MPOLIEHU OCHOBHMX KApaKTEPUCTHKA 3ajeHUIA: KOMIIO3UIMja U OOraTcTBO BpCTa,
MPUCYCTBO HMHIUKATOPCKHX BpCTa, Tpo(dUYKa OpraHM3aldja 3ajeqHHIe, pPErpOIyKTUBHO
MOHaIIawke, a0yHJaHIa, KOHAUWIMOHO cTame. OpuruHanHa Bep3uja MBU-a (Karr, 1981) ce

3acHUBA Ha 12 MEeTpUUKUX OCOOMHA!
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10.

11.

12.

Ykynan 6poj Bpcra (BpeaHOCT OBOI mapamerpa 3aBUCH 0] Ouoreorpadckor

M0JIpy4ja, BEIMYUHE PEYHOT TOKA U CE30HE)
YkynaH 6poj unauBuaya (cMamermhe KOJTMYUHE pude yKasyje Ha 3araljerne)

Bpoj Bpcra u3 ¢pamuamje Percidae (6entocHe pube, oceT/bUBe Ha KOJCOAmE

yCIIOBA CpEINHE)

Bpoj Bpcra n3 pamuimmje Centarchidae (HerosepanTHe Ha MPOMEHE Y YCIOBHMA

CpeauHe, UCKJbY4Yjyhy macTpMCcKoOr rpreva)

Bpoj Bpcra u3 ¢amuauje Catostomidae (myroxkusehe BpcTe, oceTsbHBE Ha

MMPOMEHY YCJIOBA)
Bpoj ocersbuBHUX BpcTa (BPCTE HHINKATOPH BUCOKOT KBAJIUTETA BOJIE)

3actymibeHoct Bpere Lepomis cyanellus (tonepanTHa Ha MPOMEHE KBAJUTETA

BOJIC)

3acTym/beHOCT OMHUBOPHMX HMHAMBHAya (yKa3yjy Ha TMOTOpINAmke YyCIoBa

CTaHUIIITA)

3acTym/beHOCT MHCEKTHBOPHUX HUNPHHHAA (yKadyje Ha JOBOJbHY KOJHMUYHHY

WHBepTadpara Kao U3BOpa XpaHe)

3acTym/beHOCT NHUCHUBOPHUX HHAMBHAYa (TON TperaTopu jaBibajy ce y

n30ajaHCHpPaHUM €KOCHCTEMHMA)

3actymbeHoct xubpuaa (6poj xubpuna ce moBehaBa Kako CTEINEH Jerpajaluje

CpearHe pacTe)

3acTynsbeHocT 60JiecCHMX puda, NPUCYCTBO TYMOPA M Apyre aHOMaJInje
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Iupoka nmpumena B -a moBena je 10 pa3Boja pa3Iu4UTUX Bep3Hja, mpuiarohasajyhu ra
3a ynorpedy y pa3iuduTuM reorpadcKkuM peruoHnMa. PermonHamHe Moaudukaiuje WHAeKca
OTIHMCaHEe Cy O]l CTPaHe BEJMKOT Opoja HAyYHHKA W OTJIEAajy Ce Mpe cBera y n30opy METPUYKHX
ocobuna koje ce npumemnyjy (Leonard & Orth, 1986; Moyle et al., 1986; Hughes & Gammon,
1987; Miller et al., 1988; Steedman, 1988; Lyons, 1992; Simon & Lyons, 1995; Lyons et al.,
1996; Simon, 1999; Simon, 1991). Ilpu u300py METPUUKUX OCOOMHA TEKUIIO CE Ka TOME Jia Ce
KOpHUCTE OHE NOMONy KOJUX ce Ha HajOOJbM HAaYMH MOJKE carjieflaTh CTamke pUOJbUX 3ajeHHUIIA.
Csakoj ce ponesbyje oapehenu Opoj OGomoBa mpema KpuTepujymMHUMa Koju cy yTBpheHu Ha
oarosapajyhum pedepeHTHUM Taukama. /[oOujeHe BpeIHOCTH MapaMmerapa MOTY Y MamOj WU
Behoj MepH J1a 0/ICTyIajy 0/ OYeKHMBaHE BPEIHOCTH, T1a C€ Y 3aBUCHOCTH O] Tora 60ayjy ca 5, 3,
nmu 1. CymupameMm 0oj0Ba 100HMjajy ce BpeIHOCTH HWHAECKca y pacmony on 12 mo 60. Ha
pedepentHoj Tauku 30up 6omoBa je 60, M yKOIMKO je cyma 00q0Ba Ha MCIUTHBAHO] TAYKH
O5ucKa OBOj BPEIHOCTH, KBAJIUTET CPEIMHE je ouyBaH. AKo je 30up 00a0Ba OJIM3aK MUHUMYMY,

pazy ce 0 BEIMKOM CTETICHY JIeTpaialnje.

1.3.3 Metpuuke ocoonHe

Metpuuke ocoOuHe, Koje cy neduHucane y opuruHainHoj Bep3uju MbM-a u npensuhene
3a mojapy4yje Mnmonuca, mojajerie cy W3MEeHaMa pajad NMPUMEHE Y Pa3IMYUTUM TeoTrpaCKuM
pernonnMa mmupom ceta (Tabema 1.). YV cBakoj 01 HOBUX Bep3uja, JUCTa METPUYKHX 0COOMHA je
BHUIIIC WM Makbe U3MEHHBAHA Y CKIIQAY ca KapaKTepHCTUKaMa IUJbaHOT PETUOHA WM THIIA PEKe.
Heke on mux ce kopucre y cBUM Bep3ujama (Opoj BpcTa, MpOIeHAT OMHHUBOPA, 3aCTYIIJBEHOCT
omrehewa u Oonect), anu BehuHa je mnpuiaroheHa KapakTepuUCTHKama HXTHOdayHe
npoy4yaBaHor mnojpydja. Ilo3HaBame (QYHKIMOHHMCAKa W CKOJONIKMX 3aXTeBa HXTHO(ayHE

UCIIUTHBAHOT PErHOHA je OCHOBHU IpeayciioB 3a pa3Boj MBH-a (Noble et al., 2007).
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Ta6ena 1. Metpuuke ocobune pubsbe 3ajeanuiie u3 opuruHanne sepsuje MbM-a (Karr, 1981) u

BUXOBE MOAM(UKALIMje pasy IPUMEHE Y Pa3INYUTUM PETHOHIMA

Kareropuja Merpuuke ocoonne  Moauduxanuje paau npuMeHe y
OpPUTMHAJIHE Bep3Hje Pa3IHYUTHM PerHOHUMA
HNBHU-a (Karr, 1981)
VYxynan Opoj BpcTa 1. Yxynan 6poj ayroxtonux Bpcra (Karr
et al., 1986; Leonard & Orth ,1986;
Moyle et al., 1986; Hughes & Gammon;
1987; Miller et al., 1988; Steedman,
1988; Simon, 1991; Lyons, 1992; Simon
borarcrso
& Lyons; 1995; Lyons et al., 1996; Teels
BpcTa

et al., 2004)

2. Y3pacHe Ki1ace CaTMOHUIHUX BpCTa
(Moyle et al., 1986; Hughes & Gammon,
1987)

bpoj BpcTa u3

damunuje Percidae

1. Bpoj Bpcra u3 dhamuiuja Percidae u
Cottidae (Steedman, 1988)

2. Bpoj Bpcta u3 ¢pamuimja Cottidae
(Hughes & Gammon, 1987)

3. Bpoj 6entocHux BpcTa puda (Karr et
al., 1986; Leonard & Orth ,1986; Moyle
et al., 1986; Hughes & Gammon, 1987;
Miller et al., 1988; Steedman, 1988;
Simon, 1991; Lyons, 1992; Simon &
Lyons, 1995; Lyons et al., 1996)
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4. bpoj Bpcra u3 pamunuje Percidae

uckibyuyjyhu tonepanthe Bpcre (Gatz &
Harig, 1993)

bpoj BpcTa u3
Komnosuuuja  pamunmie

BpcTa Centarchidae

1. Bpoj Bpcta u3 pamunuje Centarchidae,
ykibyuyjyhu u pox Micropterus (Karr et
al., 1986; Simon, 1991; Hoefs & Boyle,
1992; Lyons, 1992)

2. Bpoj Bpcra u3 pamuiuje Cyprinidae
(Hoefs & Boyle, 1992)

3. bpoj Bpcra u3 hamunuje Centarchidae
u Salmonidae (Steedman, 1988)

4. bpoj nenarujanaux Bpcra puda (Miller
et al., 1988; Oberdorff & Hughes, 1992)

5. Bpoj Bpcra y m3Bopuintiuma (Simon,
1991)

bpoj BpcTa u3
hamunuje

Catostomidae

1. Bpoj Bpcra u3 pamunumje Catostomidae
u Cyprinidae (Hoefs & Boyle, 1992)

2. bpoj Bpcta u3 pamunmje Catostomidae
u Ictaluridae (Steedman, 1988)

3. bpoj Bpcra u3 pammauje Cyprinidae
(Hughes & Gammon, 1987; Simon,
1991; Hoefs & Boyle, 1992)

Bbpoj HeronepanTHUX

BpCTa

1. Bpoj amdudujckux Bpcra (Moyle et
al., 1986)

2. IlponieHTyasHa 3aCTYIJbEHOCT
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Tosepanumja

noTouHe 3maroBuniie (Salvelinus

fontinalis) (Langdon, 1989)

3. bpoj mactpmckux Bpcta (Moyle et al.,
1986; Simon, 1991)

4. bpoj ocersprBux Bpcta (Karr et al.,
1986; Leonard & Orth ,1986; Moyle et
al., 1986; Hughes & Gammon, 1987,
Miller et al., 1988; Steedman, 1988;
Simon, 1991; Lyons, 1992; Simon &
Lyons, 1995; Lyons et al., 1996)

[Ipouentyanna
3aCTYIIJBEHOCT BpCTE

L. cyanellus

1. IlpoueHTyaiiHa 3aCTyIUbEHOCT BPCTE

C. carpio (Hughes & Gammon, 1987)

2. IIponieHTyanHa 3aCTym/bEHOCT
tonepantHux Bpcta (Karr et al., 1986;
Leonard & Orth ,1986; Moyle et al.,
1986; Hughes & Gammon, 1987; Miller
et al., 1988; Steedman, 1988; Simon,
1991; Lyons, 1992; Simon & Lyons,
1995; Lyons et al., 1996)

3. IIporeHTyaHa 3acTyI/bEHOCT
anoxtonux Bpcra (Hughes & Gammon,
1987)

4. IIponieHTyaaHa 3aCTYIJBEHOCT BPCTE

R. rutilus (Oberdorff & Hughes, 1992)

[Iponentyanna
3aCTYIJBEHOCT

OMHHBOPHHX

1. IlpouieHTyanHa 3aCTyIJbEHOCT
OMHHBOPHUX U XepOMBOPHUX UHUBHya

(Overton, 2001)
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WHJIMBH]lya

2. IlpouieHTyasiHa 3aCTYIJBEHOCT BPCTa
renepanucta (Karr et al., 1986; Leonard
& Orth ,1986; Moyle et al., 1986; Hughes
& Gammon, 1987; Miller et al., 1988;
Steedman, 1988; Simon, 1991; Lyons,
1992; Simon & Lyons, 1995; Lyons et
al., 1996)

Tun ucxpane [MpouenTyanHa

3aCTYIUbEHOCT
NHCCKTUBOPHUX

OQUIIpUHKUIA

1. IIpoueHTyasiHa 3aCTYMJBEHOCT
WHCEeKTUBOpHUX nHAMBHaya (Hughes &
Gammon, 1987; Miller et al., 1988;
Simon, 1991; Lyons, 1992; Hoefs &
Boyle, 1992; Oberdorff & Hughes, 1992)

2. IIponieHTyanHa 3aCTym/bEHOCT

CHEIHjaIn30BaHUX UHCEKTHBOPA

(Leonard & Orth,1986)

3. [IpoueHTyanHa 3aCTyNJbEHOCT

6entocuux nncekrusopa (Teels et al.,

2004)

[Ipouenryanna
3aCTYIJbEHOCT
MUCIIUBOPHUX

UHAUBHUIYA

1. HpoueHTyanHa 34CTYIIJbEHOCT JIOBHHUX
canmonna (Karr et al., 1986; Leonard &
Orth ,1986; Moyle et al., 1986; Hughes &
Gammon, 1987; Miller et al., 1988;
Steedman, 1988; Simon, 1991; Lyons,
1992; Simon & Lyons, 1995; Lyons et
al., 1996)

2. IporieHTyaIHa 3aCTYIIJBEHOCT
nuonupckux Bpcra (Karr et al., 1986;
Leonard & Orth ,1986; Moyle et al.,
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1986; Hughes & Gammon, 1987; Miller
et al., 1988; Steedman, 1988; Simon,
1991; Lyons, 1992; Simon & Lyons,
1995; Lyons et al., 1996)

Yxyman 0poj

WHIWBHIya

AOyHIaHIIa

1. I'yctuna unauBuaya (Karr et al., 1986;
Leonard & Orth ,1986; Moyle et al.,
1986; Hughes & Gammon, 1987; Miller
et al., 1988; Steedman, 1988; Simon,
1991; Lyons, 1992; Simon & Lyons,
1995; Lyons et al., 1996)

2. buomaca pu6a (Hughes & Gammon,
1987)

[Ipouentyanna
3aCTYMJBEHOCT

xubpuaa

PazMmHoskaBame
¥ KOHAUIIUOHO

CTalbC

1. [TporieHTyanHa 3aCTYMJBEHOCT
UHTpoIyKoBaHuX Bpcra (Karr et al.,
1986; Leonard & Orth ,1986; Moyle et
al., 1986; Hughes & Gammon, 1987,
Miller et al., 1988; Steedman, 1988;
Simon, 1991; Lyons, 1992; Simon &
Lyons, 1995; Lyons et al., 1996)

2. [IpouenTyanHa 3aCTyI/bEHOCT
auroduna (Simon, 1991; Lyons, 1992;
Hoefs & Boyle, 1992)

3. bpoj BpcTa ca KaCHUM MOJIHUM

caspeBamem (Teels et al., 2004)

4. ITponieHTyanHa 3aCTYNJBEHOCT BPCTa

ca Bue crapocHux rpyma (Overton,
2001)
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[Ipouentyanna
3aCTYIIJBEHOCT
UHAMBHYya ca
aHOMasMjama u

nepopmuTeTIMa

1. IlpoueHTyasiHa 3aCTYIJbEHOCT
WHAUBUIYA, TEITKO HHPHUIIMPAHUX

napaszutom Neascus (Steedman, 1988)
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Kommno3unuja u 6orarcreo Bpcra
Oga rpyma ocoOuHa 3acHUBA c€ Ha oJipehuBamy CTPYKType 3ajeJHUIIC pruoda.
1. ¥Ykynan 6poj BpcTa
* VYkymnan Opoj ayTOXTOHUX BPCTa
* VYkyman 0poj Bpcta, HckJbyuyjyhu Bpete u3 hamununje Salmonidae
* VY3pacHe Kjace CAIMOHHMJIHHUX BPCTa

OBa ocoOuHa mozpa3ymMeBa JeAHOCTABHO TMpedpojaBame CBUX BpcTa MpoHaleHWx Ha
HEKOM JIOKaTUTETy. XUOPHIM, TMOJIBPCTE M AJIOXTOHE BpPCTE ce He y3umajy y o03up. Kako ce
noBehaBa cTemeH aerpajaiyje CTaHMINTA, TakKO Opoj BpcTa omaaa. Y HU30pHUINTHMA, TAC je
MPUCYTHO CaMO HEKOJIMKO BPCTa, 3aCTYMJBEHOCT BHUIIE CTAPOCHUX Tpyla MOXKE YKa3zaTH Ha

mo100HOCT ycitoBa 3a Mpenihere u y3roj puba (Barbour et al., 2002).
2. Bpoj Bpcra u3 pamuiauje Percidae
* bpoj Bpcra u3 pamunuja Percidae u Cottidae
* bpoj Bpcra u3 pamunuje Cottidae
* bpoj Bpcra u3 pamunuje Percidae, nckipyuyjyhu Togaepantre Bpere
* bpoj 6enTocHux BpcTa
*  Vkynan Opoj unauBuaya u3 gpamunuje Cottidae
* bpoj HHCEKTUBOPHUX OEHTOCHUX BPCTA

OBe BpcTe cy BeoMa OCeT/bMBE Ha Jlerpajalfjy yclioBa CTaHMUIITA Koja pe3yiTupa y
CMamelhy KOJMYMHE KHUCEOHHKAa Ha JHY, YMME Cy JIMIIEHE CBOJUX OCHOBHHMX 3axTeBa 3a
penponaykimjy u ucxpany. IlpeacraBuunu pamunuje Percidae cy HajmomecHUju mokasaresbu 3a
noapydje Mucucunuja, 1ok npeacraBauim Gpamunuje Cottidae 3ay3umajy ucre Hule Ha 3ananry
Amepuke. 3a Mame MOTOKE Ha aTJAHCKO] CTpaHM 3eMJbe Kao IoKa3aTesb padyyHa ce Opoj
MHCEKTUBOPHUX OeHTOCHMX BpcTa, Cottidae mim Percidae (Barbour et al., 2002).
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3. Bbpoj Bpcra u3 pamuauje Centrarchidae

* bpoj Bpcra u3 pamunuje Cyprinidae

* bpoj Bpcra u3 pamunuje Salmonidae

* bpoj Bpcra u3 pamunuja Centarchidae u Salmonidae

* bBpojBpcTra KapaKTepUCTUYHUX 33 U3BOPUILIHY 30HY

* bpoj BpcTa Kkoje xkuBe y c1000HO] BOIU

» bBpoj Bpcra u3 pamunuje Centarchidae, usyses poxa Micropterus

OBe BpcTe Cy OoceT/bMBe Ha 3araleme, ma BUXOB Opoj ormaja ca MopacToM MHTEH3UTETa
3araljema. Behnna cy 3HadajHe BpcTe 3a CIOPTCKH puOOJIOB. YTBphEeHO je na je 3a CIUB peke
Mucucumu HajupuKiIaaHuje mocMaTpatu 6poj Bpcta u3 Gpamunuje Centarchidae, melhyrum ako cy
OHE OJICYTHE WJIM PETKe, 3a MPOLIEHY Ce y3uMa HeKa Jpyra oJ HaBeJeHUX ocoOmHa. Ha 3amany
Amepuke, y TOTOIIMMA XJIaJHE BOJIE, Y O03Up Ce y3UMajy IUIPUHUIHE BPCTE, JIOK C€ 3a MPeaeo
jyxuHor OHTapuja y3uma mapametep 6poj Bpcra u3 damunuja Centarchidae u Salmonidae. Kako
npeacraBaui Gamuimje Salmonidae 3ay3uMajy HCTy €KOJIOMIKY HHIIY Kao BPCTE U3 (haMHIIHje

Centarchidae, To oBa aBa mapamerpa Mory 3aMmeHuTH jeaan apyru (Barbour et al., 2002).
4. Bpoj Bpcra u3 pamuauje Catostomidae
* bBpoj Bpcra u3 pamunuje Catostomidae u Ictaluridae
» bpoj Bpcra u3 pamunuja Catostomidae u Cyprinidae
» bpoj Bpcra u3 pamunuje Cyprinidae

Benmuku 6poj Bpcra u3 damunmje Catostomidae cy ocerspriBe Ha MPOMEHE YCIOBa, U
MHOT€ OJ1 ’bUX UMajy AYT )KUBOTHHM BEK, Ma /1ajy AyrOTOAULIbY CIIMKY CTamha )KUBOTHE CpPEeJIUHE.
Cyprinidae, koje nMajy clu4He KapaKTepPUCTHUKe, MOTY OMTH 3aMeHa oBoM mapametpy (Overton,
2001). TonepantHe Bpcre n3 pammmje Cyprinidae ce He y3umajy y o63up (Niemela & Feist,
2000).
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Nuaukaropcke Bpecre
5. bpoj HeTo1epaHTHHX BpcTa
* bpoj amdpubujckux Bpcra
» TlpouenryanHna 3actymbenoct S. fontinalis
* bpoj Bpcra u3 pamunuje Salmonidae

[Tomohy oBe MeTpruKke 0coOnHE HajO0OJbE Ce MOKE HAlPAaBUTH pasiivKa n3Mel)y BUCOKOT U
Cpelmer craTyca y KBaJIMUTETY BOJE, jep ce Oa3upa Ha BpcTaMa Koje Cy HajoCeTJbUBHjE Ha
MIPOMEHY XEeMHUJCKUX U (Qu3ndkux ycioBa. OceTsbUBe BpCTE IMPBE HECTajy MOJ JEI0OBaHEM
cTpeca. Bpcre koje ce kimacudukyjy Kao HeToJepaHTHe, Tpebaso Ou jma mpexacraBibajy 5-10
MpoLieHaTa O] CBUX KOje Cy MOJUI0OXKHE YTHUIIajy, 1a OM HaBe/leHa KapaKTepHUCTUKa UMajla CMHUCIIA.
Bpcre, kanmumatu 3a oBaj mapamerep ce Oupajy Tako INTO c€ KOpHUIIhemeM JuTeparype o
uxTruodayHu AATOT MOJpy4Yja W3/ABajajy OHE KOje Cy Hekaaa Ouiie MHUPOKO pacipocTpameHe, a
YHje je MPHUCYCTBO JaHAaC OrpaHHYEHO caMo Ha Boje BUCOKOr kBaiurera. Moyle et al. (1986)
npeaiaxe kopumrthewe ampubuja 3a mnoapydje ceBepHe Kamudopuuje, 300r mHHUXOBE
oceT/pMBOCTH. 3a mojapydje Onrapuja, Steedman (1988) cmatpa ma ce Kao 3HavajaH mapamerep

MO’K€ Y3€TH MPOIIEHTYAITHO yuernhe IOTOYHe 3JIaTOBYHIIE.
6. IIpomenTyajna 3actymbeHoct Bpcre L. cyanellus
 IIpouenryanna 3acrymsbeHocT Bpere C. carpio
 IIpoueHTyaiHa 3aCTyIJBEHOCT TOJEPAHTHUX BPCTa
» TlIpouenryanHa 3actymbeHoct Bpere R. rutilus
» TlpomueHTyanHa 3aCTyIJBEHOCT HHTPOYKOBAHUX BPCTa

HacynpoT nperxoHoj, momohy oBe 0cOOMHE MOXKe ce HallpaBUTHU pasiivka umely jomer
U CPE/IbEer CTamba KBAJIUTETa Bojie. ToJepaHTHE BPCTE Cy OHE KOje Cy YeCTO MPUCYTHE y BOJaMa
JIOUIMjer KBAJIMUTETA, U KaKo Mpoliec Jerpajaiuje pacte bUxoBa OpojHOCT nocTaje Beha y oaHOCY

Ha JIpyre oceTJbuBHje BpcTe. JIOMUHAHTHE Cy Y yCIOBUMa XeMUJCKOT 3aral)ema, XpOHUYHO HHUCKE
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KOHIICHTpAIIMje PAcTBOPEHOT KHCEOHWKA, BHCOKE KOHIICHTpAIMjeé aMOHHWjaKa U APYrHX
tokcnuHux cyocraniu (Niemela & Feist, 2000). Bpcra L. cyanellus je najnoromnuja 3a mame
MOTOKE Ha cpelmbeM 3amany Amepuke, 1ok je C. carpio momecuuju 3a pexy Operos. [la Ou ce
u30eryio onpehuBame 3aCTYIUbEHOCTH KOHKPETHE BPCTE, Cyrepuilne ce Kopuiheme muper

napameTpa moj HasuBoM "[lporieHTyanHa 3acTyrJbeHOCT TosiepanTHUX Bpcra" (Barbour et al.,
2002).

Tpodguuxku cacras 3ajeqHune

Cnenehe Tpu MeTpUUKe OCOOMHE KOPHUCTE€ CE€ y TPOICHH CTENeHa OJCTymama O]l
OYEKHBaHE MPOAYKIIHje puOJbe 3ajeTHUIE Y yCIOoBUMA Jaerpaaupane cpeaure. OCHOBHU pas3jior
n3MeHa y Tpo(HUUKO] CTPYKTYpH pUOJbMX 3ajeIHUIa, y cMepy moBehama Opoja OMHHBOpa a
cMamema Opoja HMHCEKTHBOpa, je mNoBehawme KOMMUMHE HyTpHjeHaTa. Mehyrtum, y Hekum
cilydajeBUMa Moke Jgohu 10 moBehama NpPOIEHTyallHE YYeCTalOCTH WHCEKTHBOpPA, MOCEOHO

CyHUYaHHIIE, Hako je boraheme Boje HyTpHjeHTHMa H3paxeno (Overton, 2001).
7. TlpomeHTyaJjiHa 3aCTYIUbeHOCT OMHHBOPHHUX HHINBHIYA
» IIponeHTtyanaHa 3acTyM/bEHOCT OMHUBOPHHX M XePOUBOPHUX WHINBUIYa
» IIponeHTtyanaHa 3acTyMJBEHOCT rEHEPAIHNCTA

[IpomieHaT OMHHBOpPA y 3aje[JHUIM PAaCTe€ KAKO CE IMOTOpPIIaBajy (HU3MYKH M XEMH]CKH
ycioBH ctanuiTa. CrocobHocT Kopuiihemha pa3InduTUX THIIOBA XpaHe, MOMYIITa OMHUBOPHMA
Ja TMpH HemocTaTtky jeaHor npely Ha apyru tun xpane. Leonard & Orth (1986) naBonme na y
obiacTiMa Tje caMo HEKOJIMKO BPCTa OJroBapa MpaBMM OMHHBOPHMMA, PBOOMTAH Iapamerap ce

MOYE 3aMEHUTH MTPOIIEHTYATHOM 3acTyIUbeHOIIYy renepanucta (Barbour et al., 2002).
8. IlpoueHTyajiHa 3aCTYN/bEHOCT MHCEKTHBOPA
» IlIpomeHrtyanHa 3aCTyM/beHOCT OEHTOCHUX HHCEKTHUBOPA
» IIponeHTyanaHa 3acTyIJbEHOCT HHCEKTUBOPHUX BpcTa U3 damunuje Cyprinidae

Kako ce 6poj mHBepTeOpara, Ka0 OCHOBHOI M3BOpa XpaHE MHCEKTHUBOpA, CMambyje MO

yTUIIajeM CTpecHUX (pakropa cpeauHe, TO ce IMPOMNOopIHja MHCEKTHBOPA CMamyje y KOPHCT
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OMHHMBOpPA. BEHTOCHM WHCEKTUBOPH OCETJBHMBU Cy Ha MPOMEHE yCJIOBa JHA, Ma JIErpajaiujoM
OCHTOCHUX cTaHMIITa HHUXxoBa OpojHocT omaxa (Niemela & Feist, 2000). WucektuBopu cy
JOMHHAHTHA TpOo(HUUKa rpyna moBpmuHCKUX Boaa CeBepre Amepuke. [Tomto cy npeacTaBHUIN
damunuje Cyprinidae noMuHAaHTHA MHCEKTUBOpHA rpyma puba y Boaama Iby Ilepcuja, To ce y

OBOM CITy4ajy JIaTH IapaMeTep MOKe KOHKPETH30BaTH.
9. IlpouenTyajiHa 3aCTYIUbeHOCT MUCHHBOPA

[Tomohy oBe MeTpuuke OCOOMHE MOXKE C€ HampaBUTH pasziuka u3Mely BUCOKOT U
CpEelmer cTama y KBaIUTETy Boje. Boae ca HUCKUM 10 CpelmHM KBaJIUTETOM, T€HEpaHO
caJp>xe caMO HEKOJMKO TpenaTopckux Bpcra puba. [locrojame OApKUBHUX TOIyJNIAIHja

MUCIIMBOPA HMHAYKYje 3[paBy, Y TPOGHUKOM CMHCITY pa3sHOBCHY 3ajeanuily puoda (Niemela &
Feist, 2000).

AOyHIaHIA, PeNPOAYKTUBHE KAPAKTEPUCTUKE M KOHTUIIMOHO CTaH€

Tpu mocnenme 0COOMHE WHAMPEKTHO OLCHY]y CTamkbe NOomyJalje, MOPTaIUTET,
KOHIUIH]Y U TycTuHY. OBHU IapaMeTpy KOHCTAHTHO BapHpajy, 1a je moTpeOHO MHOTO BpeMeHa 3a
JeTajbHy mporeHy. Hacympor Tome, HBUXOBa WHIMPEKTHA IPOILEHA CE€ MHOTO Op)Ke MOXKe

U3BPIINTH yIBphuBameM cieaehux mapamerapa (Barbour et al., 2002).
10. Ykynan 6poj unauBuaya
* VOB 10 jeIMHUIIMA HAMOpa, UCKJbYUyjyhu ToJiepaHTHE BPCTE
* buomaca puda

VYxynan 6poj puba, Takohe, omama kako ce moBehaBa CTemeH Aerpajalije CTaHMIITA.
MehyTtum, y HEKUM cilydajeBuUMa, rnoBehame HyTpHjeHaTa MM JAerpajalija )KMBOTHE CpeiuHe,
MOJKE€ YaK JI0BecTH Ji0 moBehamwa Opoja puba. Hajuenthe, cmameHn Opoj MHAMBHIYya yKa3yje Ha
TOKCHYHO 3araljeme, unHehn mputoM oBaj mapamerep BeoMa noysaanuM. Hughes & Gammon
(1987) cy mpemnoxunu ga ce y Behum pekama, rae je BapHjaOWIHOCT y Opojy puba jako
U3pakeHa, KOPUCTH yKyITHa OMoMaca puba Kao HajupuKIaJHUJHU apaMeTap WK 4ak Kao J0JaTHa

meTpruka ocobuna (Barbour et al., 2002). Takohe, ocmunsben je u tako3Banu Uunexc Joopor
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Crama (enr. Index Of Well-Being), koju ce 6a3upa u Ha mporeHn aOyHIAHIE U Ha MPOICHU
ouomace (Barbour et al., 2002).

11. TlpouenTyasHa 3aCTYNJbEHOCT XUOpHUIA

» IlponeHTtyanHa 3acTy/bEHOCT IUTO(DMIIA

» [IlponeHrtyanHa 3aCcTyIJbEHOCT BpCTa ca BHILIE CTAPOCHUX IpyIia
* bBpoj BpcTa ca KaCHUM MOJIHUM Ca3peBabEM

* IlponenryanHa 3aCTyIJb€HOCT MHTPOIYKOBAaHUX BpCTa

OBOM KapaKTepUCTHKOM C€ TpOIEHYje CTENeH pPeNnpoAyKTUBHE H30Jalnje Kao W
MOTOJTHOCT YCIIOBA CTAHUINTA 32 HCIYHaBamkhe PENPOAYKTHBHHX 3aXTeBa. YKOJIHMKO CE€ CTEIEH
nerpananvje mosehasa, mporeHaT XxuOpuIa ¥ HHTPOJIYKOBAHUX BPCTa PACTe, a JIMTO(HIIA OMaja.
MelhytuMm, nemaa ce ga ce XuOpuau MoTy mpoHahu M y Bojama BHCOKOT KBaJUTETa, a Jla UX
HEMa y 3Ha4ajHO HAPYIICHUM CTaHUINTHMA, KA0 U TO Ja je XUOpUIU3aIHjy TEIIKO YCTaHOBHUTH.
300r Tora, mpeIaXke ce Ja Cce KOPUCTH TPOIEHTyaIHA 3aCTyMJbEHOCT JHUTOQWIA WIH
3aCTYyIJBEHOCT MHTPOAyKOBaHUX Bpcrta (Barbour et al., 2002). Uecro kopumihen mapamerap je u
MPOICHTYaIHAa 3aCTYIJBEHOCT BPCTA Ca BUIIE CTAPOCHHUX Ipyna. 3a CBaKy BpCTy ce, momohy
IUCTPUOYIUje TOTATHHUX MY)XKHHA, MOTY OJIDSIUTH CTapOCHE Ipyle, a CaMHM THM U CTEICH
penpoaykruBHor ycnexa (Overton, 2001). Bpoj BpcTa ca KaCHUM IOJHHAM Ca3peBambEM y3HUMa Y

003up BPCTE 32 KOje je HOPMAJIHO Jia ce He MpecTe 10 cBoje Tpehe roaune (Teels et al., 2004).

12. IlpoueHTyaiHa 3acTyIUbeHOCT 0OJIeCHUX pHOAa, NPHUCYCTBO TymMopa W Jpyre

a”HoMaJImje

OBa ocoOnHa yka3yje Ha 37paBJbe U KOHAWIIMOHO CTame cBake pube. OBakBUX MOjaBa
HEMa WIM Cy BeOMa peTKe Ha OYyBaHUM pedEepeHTHUM JIOKAUIUTETHMa, a BeoMa YecTe Y
obmactiMa ca BHCOKOM KOHIIGHTpalujoM TOokcuYHuMX Marepuja (Barbour et al., 2002).
[Tapazutcke uH(peEKuMje ce HE y3UMajy y O003up, jep OHE HHUCY 00aBe3HO y KOpenauuju ca

kBanmuTeroM xkuBoTHE cpenune (Niemela & Feist, 2000).
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1.3.4 PedepeHTHH yCI0BH AKBATHYHUX €KOCHCTEMA

Behuna nHziekca Koju ce 3aCHHMBAjy Ha MPOICHM 3ajeJHUIle pruda, MPEAIOKESHH 10 Cala,
oclamajy ce Ha MocTojame pedepeHTHHX OJHOCHO HeHapyiieHux jokanurera (Oberdorff et al.,
2002; Pont et al., 2006; Schmutz et al., 2007). PedepenTre Tauke cy OHE KOje HAKOH U3BPIIECHUX
(U3HYKHAX, XEMHJjCKMX ¥ OHOJIONIKMX aHajdu3a 3aJ0BOJbaBajy CTaHaapjae npeaBuheHe 3a
neTeknujy pepepentHux ycinona. [Ipema Arenuuju 3a 3amrury Kusotne Cpeaune (EPA, enr.
Enviromental Protection Agency), 3a cBe MNOBpIIMHCKE BOJE, 0€3 WM ca BeOMa MallUM
IIpOMEHaMa y BPEAHOCTUMA XUAPOMOPPOJIOMIKUX, (U3HUKHX, XEMHUJCKMX M OMOJIOUIKHUX
rapamerapa, y OJJHOCY Ha OHE KOJ€ C€ jaBJba]y Yy OJCYCTBY aHTPOIIOTEHOT HapyllaBama, MOXE Ce

cMaTpaTH Ja y \bbuMa Biaaajy pedepeHTHH yCIOBH.

Pedepentno crame je HEOmXoaHO AedUHUCATH KAaKO OM Ce MOTJIO BPIIUTU TOpeheme
BpPEJAHOCTH MapamMeTapa Ha Mpoy4yaBaHOM JIOKaIUTETy ca pedepentHuM. [Ipema npojexry WFD,

na 61 HeKka Tavka Ousa pedepeHTHA MOpa UCITymhaBatu cieache kputepujyme:
* buoJsomku ycjioBu

- OncyctBo Behmx omrTehema akBaTUYHUX 3ajeHUIIA TOJ JI€JCTBOM

aHTPOIIOTE€HOI' YTHLaja UM HaceJbaBakha HHBA3UBHUX BpCTa

- Mopa OutH omoryheHa penpoaykuuja CBUX BOJAEHUX OpraHu3ama

- HeomnxoaHo npucycTBo BpcTa cienn(uyHuX 3a JaTo MoJApydje
*  DU3NYKH YCI0BH

- MunHumanHe npomMeHe (GU3NYKUX IapameTapa
*  XeMHjCKH yCJIOBH

- MuHMMaIHe MPOMEHEe XeMH)CKUX ITapameTapa

- Konnenrpanuja nomyranata aHTpONOr€HOT TIOpekiia OI1McKa HyIH
*  XuapoMop(oJI0LIKH YCIOBH

- IIpuponan cnen porahaja naTor noapydja TOKOM TOAUHE
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- OAcycTBO aHTPOIIOTE€HOT HAPYILIABamka

- CaMmo 3a Mame BOJICHE EKOCHCTEMHME Cy IPUXBATJBUBU MambU ePEeKTH

JIOKAJHOT 3aralema

Mehytum, oapehuBame pedepeHTHHX YCIOBa je OOMYHO TEMIKO M HEMOY3JaHo 300T
HETI03HaBamka MUCTOPHUjCKUX ycioBa. OcuM TOTra, OCHOBHHU MPOOJIEM je y TOME IITO HEHAPYIICHH
JIOKAJTUTETH BEPOBATHO BHUIIIE W HE MOCTOje Y MHOTHM 3emibama (Brown, 2000; Aparicio et al.,
2011), a HApOUMTO Kaja ce paay O JIOHUM TOKOBHMA peKa, T je JOKAIUTETE Ca HeU3MEHCHOM,
npupoaHoM payHoMm puba Ttemko npoHahu (MiloSevi€ et al., 2012). V Be3u ca TuM, nocrojame
WHJIEKCa 3a TPOIEHY EKOJIOIIKOT cTaTyca KOIMHEHHX BOJA, KOjU HHUje AUPEKTHO 3aCHOBAH Ha

MOCTOjaky pedepeHTHUX JIOKAJIUTAaTa, yMHOTOME OM OJIAKIajo U YHAIIPEIUIIO HETOBY MPUMEHY.

1.3.5 Ilpumena UbU-a y EBponu u u300p METpHYKHUX 0COOMHA

Ha ocHOBY HaBeneHOT mperiena MEeTpUYKHX O0COOMHA M HUXOBUX BapHjallrja, MOXE Ce
3aKJBYYMTH J1a CBaKa OJ HHX MMa 3a 33/IaTak Ja MPOIICHW HEKH O acliekaTa (yHKIMOHHCAHha
3ajenHuIle puba amyd Ha paznuuute HadyuHe. [IpunukoMm wn3060pa HauMmHa Ha Koju he ce
MPUCTYIUTH MEpemy Tpebda BOAUTH padyHa Ja ocobnHa Oyje MpUKIaIHA 3a 3ajeTHUIY Koja ce
poy4aBa U JOBOJFHO OCETJBHBA Jla Y HOj MOXE Ja JETEKTYyje MPOMEHE Y KapaKTEepUCTHKaMa U
bynkumonncamy. M3abpana MeTpuyka 0coOMHA MOpa OUTH Y CKIIAy ca MPETIIOCTABKOM KaKo ce
IEHE BPEIHOCTH MEHaAjy y YCIOBHMA Jerpajanuje ¥ Mopa oMoryhutu aa ce momohy mwe mMory

0o10BaTH 100MjeHE BPEHOCTH Mepera y oHocy Ha ouekuBane (Noble et al., 2007).

VYnorpeba puba, kao OHONOWIKUX HWHAWKaTOpa y EBpomu Ouna je MHOro Mame
pacripocTpameHa y oaHocy Ha Amepuky. Tek HenaBHo, HayyHuuu y EBopmu Hactoje na
npunaroge MBU 3a ynotpeOy y cBojum 3emsbama (Benejam Vidal, 2008). Belliard et al. (1999)
u3Hoce mpemior 3a agantaiuyjy UbM-a y Bomama @paHiycke, y CTyAuju Cilydaja Ha MpUMeEpY
peke Cene. Ha ocHOBY pe3yarara cTynuje, ayropu mpeiaxy kopuinhewme 10 MeTpHUUKHX
ocoOMHa y TIPOIIEHH eKoJIoIKor cratyca Bojga ®paniycke. Takohe, Belpaire et al. (2000) u
Breine et al. (2004) nedunucanu cy myarumerpuuke MHaekce OMOTUYKOT HHTEIPUTETa 3aHOBaHE

Ha 3ajeHUIM puba 3a MPUMEHY Y NMPOLIEHU E€KOJIOLIKOT cTaTyca NOBPUIMHCKUX Boja benruje. O
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BEJIMKOT Opoja METPHUUYKUX 0COOMHA, KOje cy neduHucane Kao KaHaAuaaTu npu pauyHamy MbH-a,

n3abpaHe cy OHe Koje Haj00Jbe OATr0BaPajy UCITUTUBAHOM MOAPYY]Y.

Y PymyHnuju, ca nuibeM KoHuunupama MbU-a, ucnutano je 35 nokanutera JlyHaBcKOT
ciuBa. Kao 3akipydak oBe cryauje, Angermeier & Davideanu (2004) npemiaxy [Ipenumunapau
Myntumerpuuku Muaneke (IIMU) 3a koju je m3abpaHo Mo ceqaM METPHYKHX OCOOMHA 3a 00a

MpoyyYaBaHa PeruoHa, OpJICKM PETUOH U IJIAHUHCKH PErHOH.

VY cBa Tpu HaBeneHa mpumepa, kpajwa Bpeanoct UBU unaekca pauyHa ce mo mpUHIUITY
06010Ba. Y mpBOM Cilyyajy, HauuH 00Jl0Bama UCTHU je Kao U y opuruHainHoj Bep3uju MbU-a. Ha
npumepy benrujckor MBbU-a, koHauHa BpeaHOCT HMHAEKCa A00Hja Ce payyHalEeM Cpeambe
BpEIHOCTH cyMe 00710Ba cBake ocoOnHe. OBaKBHM MPHUCTYIIOM MOCTUTHYTO je J1a ce M3padyHaTH
WBU jaBrpa y rpanumama ox 0 mo S5, mto omoryhaBa meroBo CBpCTaBame y jeIHY OJ MeT Kiaca
BoJie, yrBphennx OkBuUpHOM aupekTHBOM O Bojama (Breine et al., 2004). IIpuctyn GomoBamy,
MPUJIMKOM ajjanTalyje nHaekca y PyMyHuju, mperpmneo je u3BecHe MPOMEHE, Tla CKOPOBH KOJHU Ce
noiesbyjy uMajy BpeaHoctu 3,2,1, a yKymHM WHIEKC ce kpehe y rpanunama ox 7 mo 21
(Angermeier & Davideanu, 2004). Hosu mpuctyn 6070Bamy, T3B. TEXHHKY 000Bama MoMohy
KkBapTHia, ocmucauan cy Kamaacku mayunmnu Long & Walker (2005). Haume, npunnmum ce
3aCHUBA Ha TOME JIa C€ CBE JOOHMjeHE BPEIIHOCTH, 3 CBAKY O]l METPHUYKUX OCOOMHA, PAaHTUPA]y IO
BEJIMYUHHM U Ja ce TOOWjeHH HU3 MoJIaTaKa MO/ M Ha YSTHPH jeTHAKA JieJia KaKo OU ce YTBpIHIIe
BpenHocTH npBoT M Tpeher kBaptuia. 3a oapeheHy METPUYKY OCOOWMHY, 3a JaTH JIOKAIIUTET,
nonesbyje ce 1 0Ol YKOJIMKO Ce HheHAa HM3MEpPEHa BPEIHOCT Halla3u WCIOJ TPAHUIIE MPBOT
kBapTwia. Ha cinuan HauuH, 5 GomoBa ce nobuja ako n0OHMjeHa BPEAHOCT Mpesia3u T'paHUIly
Tpeher kBapTmia, a ako ce u3MepeHa BpenHocT Hahe u3mel)y oBe jaBe rpanuie, Hocu 3 Ooja.
Pasnor nponanakema HOBOT MPUCTYNA 00JI0Bamby OMO je HEJAOCTaKaK MCTOPUJCKUX IMOJaTaKa O

BapHjaOMITHOCTU HEKOI €KOCHCTEMa, a CaMUM THM M HeMmoryhHocT neduHucama pedepeHTHUX

ycnosa (Long & Walker, 2005).

V Ilnanuju je passujena nosa Bep3uja MBU-a 13B. IBICAT (Sostoa et al., 2003). V
OCHOBHM OBOT HHJEKCAa OCTao je KJIachuyaH cHucTeM O00J0Bama ald Cy METPHUYKEe OCOOMHE
npunarohene reorpapckom noapydjy Kartamonmje. Mehyrum, kako ce 0Baj MPUCTYN MOKa3ao0

HEToy3/IaHuM, ycien Opojuux motemkoha mpumukom mpumene (Benejam et al., 2008), kao u
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Aparicio et al., (2011) npeanaxy HoBu unHaekc 3a oBo noapyudje (IBl-Jucar). Haume, oBaj uHaekc
HHUje 3aCHOBaH Ha NOCTOjamby pepEepeHTHHX JOKAJIUTETa, IITO 3HAYAJHO OJIAKIIaBa HHETOBY
MIPUMEHY, HE KOPUCTH METPUIKE 0COOMHE Oa3upaHe Ha CKOJIOIIKUM IrpylaMa jep je ayTeKoIoruja
MHOTHX MEIUTEPaHCKMX BpCTa HEMO3HaTa M oMoryhaBa MpoLeHy eKOJIOIIKOT —craryca
BOJIOTOKOBA T/Ie C€ 3ajefHHIa puba MPUPOTHO CACTOjH OJ Mayor Opoja Bpcra. MeTpHuke
0coOMHE KOje ce KOpHCTE y NMPOILECHU 3aCHUBAjy C€ Ha MPOIECHHM HUXTHO(ayHe Ha TPH HHUBOA
CKOJIOIIKEe  OpraHu3andje. WHAUBUAYyaTHOM  (TIPOLIEHTyaJlHa 3aCTYIJbEHOCT  OOJIeCHHX
WHIUBUYA), OMYJIallMOHOM (CTapOCHA CTPYKTYpa ayTOXTOHHUX MOIYyJalyja) 1 HUBOY 3ajeTHUIIE
(rycTHa ayTOXTOHHMX BpcTa puba, Opoj MHTPOIYKOBAaHMX BPCTa M HECTAHAK ayTOXTOHHMX BpPCTa)

(Aparicio et al., 2011).

Momundukosanun bW nactao je u y CpOuju, Kao pe3ynTar jeHe CTyI1]je BPIIEHE Y [UJbY
npoHaiaxkewa Kopenamnuje usmely BpenHoctu HMBM-a u crome Tanoxkemwa ceaumeHara y
JEeHTUYKUM cuctemuma. Hawmme, npumarohenn WBU xopumhen je 3a mnpaheme crama
uxtruodayHe y akymynanuju Mehyspiije, kako OW ce OApeauo CTENeH JAerpaaalrje >KMBOTHE
cpenuHe, TOKoM Buie o 45 ronunHa. Kako Huje Omio gocTymHUX mojaaraka 3a “ bpoj o6onenux
jemuHKH” W YIOB 1O jeAMHHUIIM Hamopa”, TO je 3a padyHame HHiAekca KopumiheHo 10
METPHUYKHUX 0COOMHA Koje cy MoauduKkoBaHe y ckiany ca npojekrom ®AME: 1. bpoj anoxTonux
Bpcta, 2. bpoj TonepanTHux BpcTta, 3. IIporeHTyallHa 3aCTYIIJbHOCT OCHTOCHUX WHIWBHYA, 4.
[IpouentyanHa 3acTynjbeHOCT peodMIHUX uUHAUBHAYA, 5. IlponeHTyanHa 3acTYIJbEHOCT
eypUTONHUX uHAMBHAYa, 6. IlpoleHTyanHa 3acTynJ/b€HOCT OMHUBOPHUX UWHAMBHAYya, 7.
[IpoueHTyanHa 3acTYNJb€HOCT KApHUBOPHUX WHIuBHIYa, 8. IlpoleHTyanHa 3acTymsbeHOCT
¢butodumna, 9. IlpouentyanHa 3actymbeHocT iutoduina, 10. IlpomeHTyanmHa 3acTyMJbEHOCT
HETOJIEPAHTHUX HWHIMBHUAya. bomoBame je BpIIEHO TEXHHKOM O0oJ0Bama MOMONy KBapTuia
npema Long & Walker (2005). OBom cTyaujoMm je Mmoka3aHO Ja ce 3a MPOICHHUBABE CTama

akymynanuja ca ycriexom moxe npumennt UBU (Lenhardt et al., 2009).

1.3.6 EBponcku mHaekc 3a pude

EBpornickn mnzaekc 3a pube (EFI, enr. European Fish Index) pasBujen je xao pesynrat
npojekta EBporicke Yuuje moa Hazusom ®AME (FAME, enr. Development, Evaluation and
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Implementation of the Standardised Eish-based Assessment Method for the Ecological Status of

European Rivers).

[luse oBor mpojekTa, y Kora je ykJbydeHo 25 3emasba EBporicke YHuje, 6o je pa3Boj
HOBOT' METOJIa 3a IMPOIICHY EKOJIOIIKOT CTaTyca BOJa, Oa3upaHOT Ha 3ajeHHUIM prbda, Koju ce

3acHuBa Ha IbU-y.

Opn 3emasba 4JlaHUIA, 3aXTeBa CE Ja MPOILIEHE €KOJIOIIKH CTaTyC CBUX BOJa Ha OCHOBY
XUJIPOMOPQOJIOMKHX, (PU3HUUKHUX, XEMU]JCKHUX U OHOJOWIKUX ereMeHaTa. OKBHpHA JUPEKTHUBA O
BOJlaMa Tpunucyje cieaehe kopake mpu MporeHu eKoJIomKor craryca Bojga (Fame Consortium,

2004):
* KiacugukoBame cBUX TUIIOBA peKa

* 3a cBaKM TUN YTBPIUTH pedepeHTHE ycloBe 0e3 WM ca He3HATHUM HM3MeHama ycies

JIeTIOBakba aHTPOIIOTEHOT (pakTopa

*  VYTBpAUTU CTENEH OJICTyNama ojpeheHor JoKamuTeTa y OJIHOCY Ha pedepeHTHO

cTame
*  OppehuBame KBaJIUTETA BOJIC

I'enepanno, EFl ce 6a3upa Ha Moxaeny koju omoryhaBa na ce NMpoleHH U KBaHTU(DHKY]e
CTETIEH OJICTyNama JOOMjeHUX BPEIHOCTH HA OJpeheHOM JIOKAIMTEeTy y OJHOCY Ha OYECKHBaHE
(petdepentne). Exonomku cratyc ce yrBphyje y 3aBHCHOCTH OJi BPEIHOCTH HHJIEKCA, KOJU Ce

kpehe y rpanuiiama o1 1 (BUCOK eKOJIOMIKU cTaTyc) g0 0 (01l eKOJIOIIKH CTaTYC).

[IpBoOuTHO, neduHMCcaHO je 58 MeTpUYKUX OCOOMHAa KOje YKa3yjy Ha pa3inyuuTe
CTPpYKTypHE M (YHKIMOHAJIHE acrekre pulsbe 3ajennunie. [lomohy mpenns3HO OCMHUIIIBEHOT
CTaTUCTMYKOT MOJIeNIa 32 CBAaKy OJI HHMX TeCTUpaHa je MOryhHOCT yKa3uWBama Ha €BEHTYyalHe
IIpOMeHe y ycioBuMa cranumTa. Ha Taj HaumH n3aBojeHo je 10 KoHauHUX METPUUKUX OCOOHMHA
(Pont et al., 2006). EFl xopucti ocobutne koje ce Oaszupajy Ha cieaehum (yHKIMOHATHHM
rpynama: Tpoduyka CTPYKTypa, pPENpoIyKTUBHE Tpyle, THUI CTaHHMIITa KOje HacesbaBajy,

MUTPATOPHO MOHAIIAKE, CIOCOOHOCT TOJIEPAHIIHje Ha IPOMEHY yCIoBa. 3a CBaKy o]l 0ocoOuHa je
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M03HATO KaKaB OJIrOBOP Jaje YCIe JeI0Bamkba aHTPOTIOI€HOT MPUTUCKA (12 I BPEAHOCTU pacTy

WK CE CMambY]jy).
1. T'ycTMHA MHCEKTHBOPHHX BpCTa
2. I'yctuHa OMHUBOPHHUX BpCTa
3. I'ycruna ¢puroduanux Bpcra
4. PenaruBHa a0yHAaHUa JUTOPUIHUX BPCTa
5. bpoj 6enTocHux BpcTa
6. Bbpoj peodpuannx Bpcra
7. TIpoueHTyaJHH y/1e0 HETOJIEPAHTHUX BPCTA
8. IlpoueHTya/IHH yJeo TOJIepAHTHUX BPCTa
9. bpoj 1uaagpoMHuX BpcTa
10. bpoj moraMoaApOMHMX BpCTa

3a cBaky 0/ METPUYKUX OCOOMHa, IpeaBul)eHe Cy TEeOopeTcke, OYEKMBAHE BPEIHOCTH,
nomohy MyATWIMHEapHE perpecuje. Y Ty CBpXy, MOCMaTpaHo je JeceT (akropa cpeauHe
(HamMoOpcka BHCHMHA, MPUCYCTBO WIIM OJICYCTBO IMPUPOTHHUX je3epa Y3BOAHO, YIAJbEHOCT OJI
W3BOpa, BOJAHHU PEXHUM, IIMPUHA KOPHUTA, T'EOJIOIIKE KapaKTEPUCTHKE, MPOCeYHa TemIepaTrypa
Ba3jayxa, HaruO, BEIMYMHA CIIMBHOT MOJApYyYja, PETHOH KOME peKa IMpUIiaga) U TpU Koja ce 0JHOCe

Ha METOJ1 y30pKOBamba (CTpaTeruja y30pKoBama, METO/ ] U MOBPIIMHA KOja je Y30PKOBaHa).

Jla Ou ce kBaHTM(UKOBAO HHBO JErpajaliije, pauyHa ce pasjiuka u3Mel)y aoOujeHux
BpEIHOCTHU MapaMeTapa U OUYeKMBaHUX. BpeqHocTH 100MjeHNX OcTaTaka 3a CBaKy OJl METPUUYKUX
0coOMHa, pacumajy ce OKO OYeKHBaHE BPETHOCTH. BpeaHOCTH ca JoKaquTeTa KOjU MOJUICKY
3HauYajHUjeM YTHIajy Jerpajainuje, mokasyjy Behe ojncTymame o1 OdeKHBaHE BpPEIHOCTH, 3a

Pa3MKy OJ1 OHUX TJIe YTHLaja HEMa WIH je YTHIa] BeOMa MaJIH.
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N3mepene BpeAHOCTH MOCMaTpaHUX ocoOWHA ce 100ujajy y pa3InIUTHM jeIMHUIIaMa, T1a
WX je MOTpeOHO CTaHAapAU30BaTH Kako Ou Owie yrmopenuse. [lomTo HeKe 011 CTaHAapAM30BaAHIX
BPEIHOCTH pacTy a HeKe Omaaajy y clydajy HapyliaBama yclioBa cpeaumHe, Tpeba ux
Tpanchopmucaru y "BepoBaTHOhy". 3axBasbyjyhui TOME, CBE BPEIHOCTH BApHPajy y MHTEPBATY
on 0 no 1, ynmme ce ykasyje Ha BepoBaTHOhyY Jla ce mpoydyaBaHa Tauka nmpuOIMKaBa peepeHTHOM
cramy. [la 6u ce mobuna koHauHa Bpeanoct EFI -a, cBe BepoBaTHOhe ce cabupajy u momepe 3a
JeruMany, Kako o ce kpajiu 0poj Hamao y uatepBainy oa 0 mo 1. [Ipema OxBupHoj JupexkTuBu
o Bomama, pa3nukyjy ce metr HHBOA €KOJIOMIKOT CTaryca Boja. Y 3aBHUCHOCTH OJl TOTa Y KOjU
OTICET ce yKJiama BPEeIHOCT MHIEKCa, OUYMTaBa ce K0joj KiIach BOJE MpOoydyaBaHA Tayka MpPHUIIAIa

(Fame Consortium, 2004).

Orpannuema y kopunihewy EFl-a omHoce ce Ha moapydja rie 3ajennuiie puda 3HaA4ajHO
OJICTYTIa]y OJT HICTUX Yy TECTUPAHUM oOJacTUMa., ITO Ce Mpe CBera OJHOCH Ha peke MenuTepaHa
KOje caJpke BEJHMKH yIe0 CHISCMHYHHX BPCTa, Ka0 W Ha jyroucrouHu neo EBpome, mro ce
nmoceOHO oAHOCH Ha bankaHCko TONyoCcTpBO, Tne ce HXTHOodayHa 3HAYAJHO pa3IuKyje Yy

KOMIIO3HITH]H BPCTA.

VY muipy mpeBasmwiaxkema nocrojehux orpanudema EFl-a, momuto je mo pasBoja HoBor
npuctymna mnoj HazuBoMm EFI+. OcnoBHum 3amarak EFI+ mpojekta Omo je ma ce wuchnura
npuMeHJpbrBOCT EFl-a 1 na ce mob6oJspmia pagu MmoryhaHoctu ynorpede y Ilentpannoj u Mctounoj
EBponn u Menurtepany. 3a EFl+ nedunucana cy nsa mumekca. Bpempnoct mHIekca ce pauyHa
3aBHCHO OJI TOTa KOM THITYy PeKe MpHIajia MpoydyaBaHu JIOKaIUTeT. Peke cy kiacudukoBaHe y jBa
TUMNA: CAJIMOHUJHM M LUNPUHUAHU TUN peke. CBaku MHIEKC CacTOjU Cc€ OJ MO JBE METPHUKE

ocoOuHe.

° CaJ'[MOHI/I}lHPl HHJICKC 3a pnﬁe (paqua CC 3a JIOKAJIUTCTC A€ NJOMHUHAHTHC BPCTC Yy

3ajeJHUIM puda MpHIaaajy CaTMOHHIaMa)

° HI/Il'lpI/lHI/II[HI/I HHJICKC 3a pnﬁe (paqua CC 3a JIOKAJIUTETC I'’I€ NOMUHAHTHEC BPCTC Yy

3ajeIHULM puba MpUIaaajy UMIpUHUAAMA)
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CanMoOHMIIHM WHACKC ce padyHa mo (opmymu: (TyCTHHa BpPCTa HETOJCPAHTHUX Ha
Jerpaialjy craHuimTa Mamux o 150MM (ToTanHa qykuHa) + rycTHHA BPCTa HETOJICPAHTHHUX HA

CMambeHE KOJMIMHE KICCOHUKA) / 2.

Hunpuauaaun wHAGKC ce pauyHa: (Opoj peodmiHHMX BpcTa + T'ycTHHAa BpCTa KOje Cy

JTUTO(GUIM ITPeMa PEIPOTYKTUBHUM 3axTeBuMa) / 2.

Jenna meTpuuka ocobMHa je U3pakeHa MpPeKo Opoja BpPCTa, JOK Ce OcTalie TPU OJTHOCE Ha
ryctuny. J[Be ce 06a3upajy Ha CHOCOOHOCTH TOJIEpaHIIM]j€ a JBE Ha 3aXTEBUMa IpeMa THUITY
cTaHuITa 3a NoTpede penpoaykuuje. CBe 4eTUPH OCOOMHE Jajy HEraTHBaH OJTOBOP yCIen

ACIOBalka aHTPOIIOTCHOT IMTPUTUCKA.

Paznuka n3mely oBa jBa THma peka 3acHHMBA C€ Ha PeNlaTUBHO] a0yH/IaHIIM BPCTa KOje Cy
KapaKTepUCTUYHE 3a CaJIMOHUIHE 3ajeHHIC. 3a CBE OBE BPCTE€ 3ajeJHMYKO je Ja Cy
HETOJIEpAHTHE HAa CMameHmhe KOJMYMHE KUCEOHHMKA W JIerpajaljy CTAaHUIITA, 3aTUM Ja Cy
CTEHOTEPMHE, JIMTOMWUIN WM CleaeoPiim MO HAYMHY pa3MHOXaBamka W peoduin mpema
3axXTeBUMa y CTAHUIUTY. 3a HEHapyIleHE CAJIMOHHUIHE THUIOBE peKa KapaKTepUCTUYHO je Ja
JOMHMHHpPAjJy caaMoHuaHe Bpcre ca Buie o 80%. HacympoT Tome 3a, TUMHMYHE, O4YyBaHe

LUUIIPUHKUIHE TUIIOBE peKa pelaThBHA adyHaHIla OBUX BpcTa je Mama o1 20%.

Kaxko ce moz aenoBameM aHTPOTOTEHOT (aKTopa CTPYKTypa 3ajefiHUIe Mema, Hemoryhe
je DMpeKTHO, HAa OCHOBY pHOJbE 3ajeHUIIE, PA3TMKOBATH CAJIMOHUIHU OJl LUIPHHUAHOT THIIA.
[Ipema mpojekty FAME, nomohy 7 cpenunckux mapamerapa moryhe je pa3nukoBatu 15 Tunosa
peka, koje ce y cnyuajy EFl+ rpynumy y nBa rimaBHa Tuma, y3eBIIN y 003Up KPUTEPUjYM KOjU c€

OJIHOCH Ha pPCIIaTUBHY a6sz[aHuy CAJIMOHHUAHHUX BPCTA.

3a CBaKy MCTPHUUKY 0C06I/IHy, 3a JOaTu JIOKaJIUTCT, HOMOhy CTaTUCTHYKOTI MOJCJIa

npenasulha ce leHa BPEHOCT Y OUyBaHUM, pePEPEHTHUM YCIOBUMA.
Bbpoj 6o10Ba koju ce moaesbyje cBakoj o1 ocoOuHa no6uja ce Ha cneaehn HauuH:

((ouexnBaHa — 100MjeHa BPEIHOCT) — MEMjaHa pa3linka OYeKUBAHUX U JOOHjEeHUX BPEIHOCTH 32

CBaKH JIOKAJHUTET KOjU MpHUNaia JaToM THILy peke opeheHor perroHa) / cranaap/aHa JeBHjaluja

38



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

pas3rKa OYEKHMBAaHMX M JOOMjEHUX BPEIHOCTH 3a CBAKU JIOKAJTUTET KOJU IMpHIIaZa JATOM THUITY

peke onpeleHor peruoxa.

JloOujera BpeIHOCT MHJCKCA yKazyje Ha Kjacy BOJE KO0joj MpOy4YaBaHa Tadka IMPHIIaa
(EFI+ Consortium, 2009).

Mehytum, ynpkoc Tpyay Aa ce Aa ce (GopMmynuIile YHHUBEP3aJHH HHICKC 32 MPOIECHY
€KOJIOIIKOT CcTaryca, KOju Ou MpeBa3HIllao OrpaHuYema y MOryhHOCTH Kopulihema y 4MTaBo)]
EBpomnu, nienrannu neo bankanckor nosyoctpsa (Exopernon 5), a camum tum u CpOwuja, je oBora

MyTa U30CTaBJhEH U3 Ipolieca popmynanuje u kanmobpamuje EFl+ nanekca.
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1.4 ExoJomka ucrpa:xkupamwa nxruogayne y Cpouju

Benuku neo mocamanimuX MUXTHOJOMIKUX MCTPAXKHBAKA y HAIO] 3€MJbH, OKPEHYT je Ka
3Ha4yajy puba Kao MHAMKATOopa y MPOLEHW KBanuTeTa Tekyhux m crajahmx Boma. o cana,
kopuitheme pubda y meromama Ouonporiere y CpOuju, 3aCHOBAHO je MCKJbYYHMBO Ha MPUMEHH
canpo6uosomkux merona (Budakov et al., 1988; Maletin et al., 1994; Sori¢, 1998; Maletin et al.,
2001; Kosti¢ et al., 2000). Takohe, npoy4yaBaH je W 3Ha4a] MOjJeAMHUX BPCTa Ka0 WHIUKATOpA y
nporeHn kBanutera Boje (Budakov & Maletin, 1982; Ivanc et al., 1997). Jlocanamima eKoJIomKa
HUCTpaXUBamba 3ajeHUIE puOa JIOTHYKUX cucTeMa Ha mpocTtopy CpoOuje jyxHo on [lyHasa,
VIJIaBHOM C€ 3aCHHBAjy Ha MpOydYaBamby WXTHOIICHO3a IMOjeIMHAYHUX peKa ciuBa peke Benmke
Mopage, ca moceOHUM OCBPTOM Ha ekojorujy oxapehennx takcona. C o0G3upom ma je oOmact
UCpaKHBamka eKoyioruje puba Omia orpaHuueHa Ha TJIaBHE TOKOBe peka Bemuke u 3amanne
Mopage 1 HEKOJIMIIMHY PUTOKA, JI0 CaJia HUje MpHKa3aH peasiaH 00pasall MpOCTOPHOT BapHpama
3aje/IHUIIE Y OKBHPY IIEJIOKYITHOT CIMBHOT mojapy4ja Bemmke Mopase, koja uynHU Oko 50%

teputopuje CpoOuje.

HemoBosbHO MO3HAaBame MPOCTOPHE TUHAMUKE MXTHOIICHO3a, KA0 M YTUIAja CPEAMHCKUAX
rmapamMerapa Ha 3ajeHUIlY, YCIOBHJIO j€ HEeMOTryhHOCT HMIUIEMEHTalje puda y MeToje
OunomnpoIieHe ekoJIomKor craryca Tekyhux Bojna Cpouje. [Ipema OxBupHoj dupextuBu o Bogama,
CBE 3eMJbC CY y 00aBe3H 3a M3BPIIE MPOIIEHY EKOJIOMIKOT CTakha BOJCHUX EKOCUCTEMa HA OCHOBY
OnoTruke KoMIoHeHTe. MelyTuM, jacHO je HarjameHo Ja ce He Npenopydyje mpumeHa Beh
nocrojehux EBpornickux muaekca 3a pude (EFl u EFl+) na texyhe Bone bankana, jep ekopernon
5, xome mnpunana bankaHcko momyocTpBo, HUje yBpiiheH y Qopmynanujy ¥ KaiauOpauujy
WHJIEKCA, a CMarpa ce Ja cacTaB M CTpyKTypa ¢ayHe puba 3HA4YajHO OJCTyNa OJf OHE Y
UCIIUTUBAHUM pernoHuma. [lo3HATO je Ja cBakM PErMOH MOpa MPUJIATOJUTH MHIEKC JIOKATHUM
ycioBuMa garor mojapydja (Smogor & Angermeier, 1999; Angermeier et al., 2000; Aparicio et
al., 2011). Taunwuje, na O6u ce npaBWIHO (HOPMYIHCAO HHICKC, HEOMXOJHO je Y3€TH Yy 003up
peruoH-cnenuuyHe MpUPOJHE OICEre BapHpama METPUUYKMX OCOOMHAa M PErHOH-crenupUYHe
aHTPOTIOTeHE YTUIIaje Ha BOJIEHE €KOCUCTEME, Ka0 U pernoH-crnenuduyHe OMOTHYKE 0ArOBOpE Ha
HoBoHactajie npomene (Oberdorff et al., 2002; Angermaeier & Davideanu 2004; Pont et al.,
2006).
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[MpBu mHIekc koHummupan 3a noapydje Cpouje, bankaH buotnuku Uupexc (BNBI), je
OMOTHYKY WHJCKC 0a3upaH Ha 3ajeJHUIM OCHTOCHUX MaKpOWHBepTeOpara, GopMyIHCaH TaKo Ja
oJipakaBa KBAJUTET BoJe W crnenuduuHe acriekre ¢ayHe nHa y pernoHy banmkana (Simi¢ &
Simi¢, 1999). BNBI npouemwyje ekosomku cratyc kopuctehn WHACKCE TUBEP3UTETA 3ajeIHUIIC
3ajeqHO ca OMOWMHIMKATOPCKUM OCOOMHaMa KapaKTepHCTHYHUX TaKCOHA OCHTOCHE 3ajeIHUIIS.
ITo ce Twue 3ajeanmie puda, IpeMa JAOCTYIHO] JIMTETATYpH, NMPBU U jSJUHH IOKYIIA] Ja Ce
WNBU npunaronu Ha pernoHanHuM crienuduanoctuma Cpouje 10 caaa, je MpeasioxKeH 0J CTpaHe
Lenhardt et al. (2009). Mehyrum, oBa cTyauja je CnpoBejaeHa y HHUJbY TpolieHe u mpahema

CKOJIOIIKOI' KBAJIUTETA JCHTUYKHUX CUCTEMA.
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C 003upoM Ha YHILEHUIy Ja j€ eKojoruja puOspux 3ajenuuna y CpOuju cmabo
HUCTpaXXHMBaHa, MoJalu O BpCTaMa HWHAHWKATOpPHUMA KBAJIWTCTA BOAC W CTaHUIITA OCKY/JIHHU, a
nmoTpeda 3a MOCTOjalkbeM PEeruoH-CHEIU(UIHOT MPUCTYIIA 3a MPOIEHY E€KOJIOIIKOT cTaTryca BoJa

Ha OCHOBY MXTHO(dayHe UMIIepaTHB, Y OKBUPY OBOT paja AedrHUCaHU Cy cliefehr nIbeBU:

1. Ilpuka3zuBame KBAJIUTAaTUBHUX U KBAaHTHUTATUBHUX KapaKTEPUCTHKA M oapehuBame
MPOCTOpHE AMHAMUKE 3ajeHHIIe puba Ha cIuBY peke Bennke Mopage;

2. VcnutuBame yjiore CpeAMHCKUX (akTopa y CTPYKTyHpamy UXTHOIEHO3E CIUBa peKe
Benuke Mopage;

3. Tecrtupame €KOJOIIKE PEICBAHTHOCTH a Priori xianudukaiuje CTaHUINTa MOMOhy
CpPeIMHCKUX Bapujabiu, mopehemeM CTerneHa ycaryiameHOCTH ca KIacH(PUKaIUjoM
cTaHuITa 6a3upaHoj Ha UXTHO(GAyHH Ka0 OMOTHYKO] KOMIIOHEHTH;

4. Jlepunucame BpcTa MHAUKATOPA KBAJIUTETA BOJIE U CTAHUILTA U

5. dopwmynairja HOBOT MPUCTYNA 32 MPOLIEHY KBATUTETA U €KOJIOLIKOT cTaTyca TeKyhux
BoJa, Kopuinhemem puba kao OUOMHIMKATOpa, KOjU OJpa)kaBa pPEruoHaIHe

cneunpuynoctu Cpouje.
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3.1 loapyyje ucTpakuBama

Tepuropuja CpOuje ce Hala3u Ha MEHTPATHOM Jeny bamkanckor moisryoctpBa. IIpema
KapaKkTepHCTUKaMa pesbeda, jaCHO ce MOXKE IMOJACTUTH Ha JiBa perHoHa — [[aHOHCKY HU3H]Y H
Op/CKO-TNIAHMHCKH pernoH jy:xHo onx JynaBa. CpOmjy KapakTepulle BeJIHKa pPa3HOBPCHOCT
CpeaMHCKUX (aKTopa, MTO je YHHU jeJHUM O] HajKOMIUIEKCHUJUX peruoHa y EBponu y morneny

TUCTPUOYIHMje )KUBOT CBETA, YKIbY4dyjyhu u akBaTruHe opranmme (Paunovic et al., 2012).

[Tonpy4dje CpOuje oOyxBara 5 ekopernoHa, ainu HajehuM eoM npuraa eKopernoHuma
5 (Jdunapcku 3anamau bankan) u 11 (ITanoncka muswmja) (Paunovic¢ et al. 2012). Ckopo cBu
MOTOLM U peke ce ynuBajy y JlyHaB a camuM THM npunaziajy L[pHOMOpKOM CIMBHOM MOApYY)Y
(92% Ttepurtopuje Cpbuje), 1ok Mamu feo npunaga Erejckom u Jagpanckom ciauBy (Gavrilovic &
Dukic, 2002). TIpeamer ucTpakuBama OBE CTYAHje Cy OWJIM MOTOIM M PEKe Maje 10 CPEarbe

BEIUYMHE, Koje ynHe 4yak 80% BonoTokoBa Cpbuje.

3.1.1 Caus peke Besnke Mopase

Benuka Mopasa je HajBeha peka koja ce 1eTUM CBOJUM TOKOM MPOCTHPE HA TEPUTOPHJH
Cpbuje u mpencraBjba BeoMa 3HayajHy JecHy nputoky Jlynaea. Benmka MopaBa Hacrtaje
cnajameM Jyxxne u 3ananne Mopase kox Craaha va 129.4 m a ynuBa ce y JlynaB Ha 66.6 m
naamopcke Bucute (Gavrilovi¢ & Duki¢, 2002). IIpema Tome, ciuBHO noapydje Bemuke Mopase
Ce cacToju oJ] Tpu riaaBHe xuaporpadceke cekuuje: cauB Bennke Mopase (6242 km?), cimB Jyxne
Mopase (15,469 km®) u cius 3amagae Mopase (15,850 kmd). YKyHO CIHMBHO TOJIpydje
oOyxBata mnoBpmmHy ona 37,561 km?. Bemnka Mopasa, nayrauka 185 Km, je TtunuuHa
paBHUYApCKa peKa Koja MmpoTuye Kpo3 Hajryuihe HacesbeHe nenoBe Cpouje. [Ipoceuna BpenHocT
POTOKA BOJIE y KOPHTY M3HOCT 255 m*/s. JleBe mpuTOKe Cy GpOjHje 01 ICCHUX U Haj3HAYAjHU]E
peke cy: Jlyromup, benuna, Ocaonuna, Jlenenuna, Paua, n Jacenuna. Hajnyxa je Jacenuua (79
km) a ngpyre cy perko npeko 50 km. JlecHe nputoke cy: JoBaHoBauka peka, Llpuuna, PaBanuna,

PecaBa u PecaBwuiia.
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3.1.2 Caus peke 3anagne Mopage

Ncrouno on Iloxere, cnajameM Berune u [onujcke MopaBuje Hactaje peka 3amajgHa
Mopasa. 3a paznuky on Bemuke u Jyxne MopaBe, oBa peka pede y MpaBlly 3amaji-MCTOK
ayxuHoM o 493 km. 3amagna MopaBa npoTude Kpo3 KOMIIO3UTHY JOJUHY KOjy YMHE YETHPH
KOTJIMHE. Y KOTJIMHaMa peka Tede oOpa3yjyhu MHOTe MeaH/pe, mMTOo yCropaBa OTUIAE BETUKUX
BOJa, Mla C€ YECTO jaBJhajy MOBpEeMeHe moriaBe. [IpocedHa BpeIHOCT MPOTOKA BOJAE Y KOPUTY
usHocT 120 m¥/s, anu wecto o1asu To ekcTpeMHuX ¢uiykryanuja. Y 3anaaHy MopaBy ce ynuBa
ykynHO 85 nmputoka. Haj3nauajuuje nese npurtoke cy: Ckpanex, Kamenuna Yemepnuna u ['pyxa

a necue: MBamnuka Mopasunia, benuia, M6ap u Pacuna.

Hajnyxa n najeha nmpurtoka 3amagne Mopase je pexa Mobap. M6ap n3Bupe y uctouHom
neny Llpue ['ope, omakne Teue ka ceBepy, MpoJiazu mpeko Tepuropuje Kocosa m ynuBa ce y
3anagny MopaBy y nieatpasinoM neny Cpouje, y 6nusunu KpasbeBa. Jlyxuna Toka Mo6pa nzHocu
276 km, ok je moBpHIMHA CAMBHOT moapy4dja 8059 km?. [Ipocedna BpemHOCT MPOTOKA BOJAC Y
KOpUTy u3HOCT 60 m/s. HajBaxxnuje nese nputoke Mopa cy: Pamka, Ctynennna u Jlonatauma a

neBe: Jomannuka peka, ['Boxkmauka pexka u PubOnura.

3.1.3 Cuaus peke Jy:xne Mopase

Jyxna Mopaa Hactaje y Makenonuju, ceBepHo o1 Ckorba, crajambeM bunauke Mopase
ca IlpemeBckom Mopasuniom ko byjanoBna. Ox ykynHe noBpumHe ciuBa JyxHe Mopase
(15,469 km?), 14.372 km? (92,91%) namasu y Cp6uju, nok ce 1.097 km® (7,09%) mpocrtupe y
Bbyrapckoj (neo pexe Humage, najsehe necue npuroke Jysxue Mopase). Jy:xna Mopasa je Hekaaa
npejcTaBbaia aAyKy nputoky Bemmke Mopase, mehytum, ganac je ckpahena 3a ckopo 30 km,
Tako Ja je mocrana kpaha on 3amagHe Mopase. OBa kpaha mpuroka Bemuke Mopase, Teue y
IpaBILly OJ jyra Ka ceBepy M TO KpPO3 BEOMa KOMIUIEKCHO MOJpY4Yje CacTaBJbEHO 0] OpOjHUX
KIMcypa u aenpecuja. [Ipoceyna BpeTHOCT MpOTOKa BOJIE Y KOpUTY U3HOCT 121 m®/s. Ox YKYIIHO
157 nputoka, Haj3Ha4YajHU]e JeBe MpUTOKe cy: Jabnanuna, Berepuuna, Torumna u Ilycra Peka a

necHe: Biacuna, [lencka peka, Cokobamacka Mopasuna u Hurasa.
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Pexa Humaga je Hajayxa u Haj3HauajHUja npuToka JyxxHe Mopase, uiju ciuB o0yxBara
BEIMKH OpoOj peKka, Kao MmpuToka mpBoT, aApyror u Tpeher pena. HajsnauajHuja neBa mpuToka
Humage je peka Jepma, a gecHa peka Temmmia ca cBojuM mnpuTokama mpBor (Bucouura) u
apyror pena ([ojkuHauka u JemoBauka peka). Jly:kuBa peke je 218 Km, a moBpiirHa CIMBHOT
noapydja 3950 km?, ox xojux je 1237 km? y Byrapckoj a 2713 km® y Cp6uju. IIpoceuna
BPEIHOCT IIPOTOKA BOJE Y KOPUTY m3HOCT 36 M*/s. [IpomackoM kpo3 CpGujy, Humasa tede kpos
cucteM pnosmHa (ITuporcka, benomamanauka, Hwumika KoTiMHA) M KIKCypa OJ KOJUX je

Haj3HayajHuja CuheBauka KiIucypa.

3.1.4 Caus peke /Ipune

Pexa JlpuHa je Hactaje cmajambeM peka Tape u IlmBe. OBa peka, ayra 346 km,
MpesicTaB/ba HajIyKy MpUTOKYy peke CaBe u camMuM TuM mpunaga JlynHaBckom cnuBy. CIMBHO
noapydje Jpune obyxBata moBpmuHy ox 19,570 km?. [Ipoceuna BpeaHOCT MPOTOKA BOJE Yy
KOpUTY HW3HOCH 125 m*/s ua yimthy peke hexorune mo 370 m/s npe ynmuBa y Casy. Jlpuna
npoTH4e Kpo3 OpojHe Kiucype 10 cBor yirha y CaBy U O/UIHKYje c€ BETUKUM OpOjeM IMPHUTOKA OJ1
KOJUX Cy Haj3HayajHU]je JecHe npuToke: hexotuHa, JIlum, P3aB, Poraunma, Tpemmuna u Janap a

neBe Cyrtjecka, bjenasa, buctpuia, Xena u JIpumaya.

Hajpaxxauja nputoka Jlpune je pexa Jlum. Jlum usBupe y Llpuoj I'opm, y Onm3uHu
rpanunie ca Anbanujom. Peka tede Ha npoctopy Lipue 'ope, Anbanuje, bocue u Xepierosune u
Cpbuje, ayxurom ox 220 km. Jlomuna Jluma je mposkeTra je BeIMKHM OpojeM KiMcypa |
JeTpecyja U MpeAcTaBba MOCEOHO BayKaH MOJBONPUBPEIHU U HHAYCTPHjCKU peruoH. [loBpminHa
YKYIIHOT CITMBHOT Mozpydja m3HocH 5963 km’. Hajsmauajumje mpurtoke JIiMa Ha TepHTOpHUH

Cpbuje cy peke YBai 1 MunernieBka.

3.1.5 Peke Erejckor camuBa

Peka ITuuma u3Bupe y Cpbuju, a Hajsehum jgernoM cBor Toka ce Hanasu y PemyOmuim

MakeoHHjU TZie ce Kao JieBa NMPHUTOKa ynuBa y peky Bapaap u camum TuM npupana Erejckom
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ciuBy. [Tunma HacTaje 01 HEKOJIMKO MambHX MOTOKA Y OJM3MHU IUIaHUHE J[yKaT y jyroucTO4HOM
nemy Cpbuje. Peka y TopmeM TOKy Tede KpO3 TEIIKO MPOXOJHY KIHCYPY, YHje Cy CTpPaHE MO
BCJIMKUM JICJIOM JIerpajupaHoM OyKOBOM IIyMOM M marimarmMma. [locime 45 Km Toka kpo3
Cpbujy, peka ynasu y Makenonujy. HermocpenHo npe mHamymrama Teputopuje Cpouje, [Tunma ce
npobuja m3mely manmHa Koszjaka u Crapua, ycenajyhu my0oKy, TEHIKO MPOXOAHY KIHCYPY.
TMoBpiIkBa CIMBHOT moApydja u3Hock 3140 km?® ox xojux ce 1247 km? namasu y Cpouju a 1893

km? y Makenonuju. TIpocedna BpeHOCT POTOKA BOJE y KOPUTY H3HocH 14 m?/s.

Peka J[lparoBumTuiia Hactaje cnajameM boxuuke u JbybOarcke peke y Onu3uHU
Bocunerpana y jyroucrounom aeny Cpouje Ha 787mM HaaMOpcKe BucuHe. J[y)KMHa TOKa OBE peKe
u3Hocu 63 Km, xoju je cBojum Hajehum gemom y CpOuju (52m) a mMamuM y 3amagHoM JIeny
byrapcke, rae ce u ynusa y peky Ctpymy. [loBpmmuBa peunor cimBa nzHocu 868 km?, ox uera je
688 km® y Cpbuju. IIpocedan roaumnimu MPOTOK OBE PEKE HA CPIICKO-0yrapckoj rpanuii je 5,8
m?/s. [IpoTtox /[lparoBumrtuiie je Hekama O6mo Behu, jep je maHac A€o0 BOJE W3 HEHOT CIUBa

npeBesieH y Bimacunacko je3epo, oqHocHO cinuB JyskHe Mopase.
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3.2 MeToe NpUKYIUbakha Y30PaKa, KApaKTepUCTHKE U Kiacupukanmja

JJORAJIHUTETAa

3.2.1 Mertono0ruja u nepuoja y3opKoBama

VY3opkoBame uxtuodayHe je cupoeneHo y mepuoay ox 2003. mo 2011. roguHe TOKOM
ucTe ce30He (aBryct — centembap). Jlokanureru cy OMpanu ca MHUJbEM Jia ce 00yXBaTH mTO Behn
OTICeT Pa3HOBPCHOCTH yciioBa craHumTa. Takohe, BoleHO je pauyHa Ja JOKaJIuTeTH Oyny

pacniopel)eHn Ha pexkama pa3IHYUTOT pejia.

3a moTpede TpHUKa3uBamka MPOCTOPHE MUCTPUOYIIMje HXTHUOLIEHO3a, u3abpaHo je 99
nmokanuTeTa, pacnopehenux nayx ciuBa Bemmke Mopase (Cnuka 4.). Toxom mepuona
HCTpaXuBamwa, 0] YKymHO 99 nokanurtera, 66 je OMIO y30pKOBaHO jeAaHmyT, 28 nBa, 2 Tpu a 3
getupu myta. C 003UpOM Ha TO Ja je MPHIMKOM aHAM3€ IMoJaTaka CBAKM y30paK cMaTpaH

MOCeOHUM EHTUTETOM, KOHa4YHA MaTpulia caapskana je 140 y3opka puba.

[IpuirkoM KOHIUIUPaka HHIEKCA 3 MPOLEHY KBAJIUTETa U €KOJIOLIKOT cTaTyca TeKyhux
Boma CpOuje, mojapydje HUCTpakwBama je mnpormupeHo. Hawmme, 3a dopmynanujy wHIekca
kopunthenn cy nojganu ca 131-or nokanutera, pacropehennx myx ciuBa Benmwke Mopase (ca
noaciuBoBuMa Jyxkae u 3amagne Mopase), lpune, [Tuume u Jparopumrune (Cnuka 5.). dyx
OBa YETUPH CIMBHA MOJpYyYja UCTpakeHa je 61 peka (Tabena 2.). Ox ykynHo 131-or okanurera,
84 je y30pKOBaHO jeIaHITyT TOKOM MCTPaXMBAHOT Tieproja, 41 nBa myra, 3 Tpu nyTa U 3 4eTUPH
myTa, TO YKynmHO u3Hocu 187 y3opak. Mehytum, ¢ 063upom na y 3 y3opka HHje KOHCTATOBAaHO
MPUCYCTBO puba, OHU HHUCY Y3€TH y O03Up 3a Jajby CTAaTUCTUYKY aHAIHM3y MOJaTaka, ajld Cy

I/IH(bOpMaI_[I/IjC 0 nmapaMeTpuMa KBAJIMTETA BOJAC Ca OBUX TadaKa JOCTYIIHC.
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Ciauka 4. Mamna HUCTPAXKUBAHUX JIOKAJIUTETA Ha CIIUBY Benuke MopaBe, KOpI/II_HheHI/IX 3a IIPUKA3UBALC JIOHTUTYJUHAIHC

TUCTPUOYITHje pUOIBUX 3ajeTHUIIA. O3nake JIOKaIuTeTa ca Ha3MBUMa  peKa JaTe cy Tabenu 2
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Cauka 5. Mana uctpaxuBaHux JokanuTera Ha nojpy4jy CpOuje jyxHo on JlyHaBa, kopumrheHHX 3a JepHHHCAmE HHIEKCA 3a

MPOIIEHY EKOJIOIIKOT cTaryca. 3aaebibaHe LpTe O3HauyaBajy Haj3HauajHUje OpaHe y OKBUPY HCTpaXMBaHOT mojpydja. O3Hake

JIOKAJINTCTA Ca HA3UBUMA PCKa NaTEC Cy Tabenu 2
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Tabena 2. Onuc UCTpKUBAHUX JIOKATUTETA.

Peka y kojy ce yainsa

O3Haka JioKaJIuTeTa Peka
*1,%2,*%3,*4 *5,*6 3amagaa Mopasa
*7,%8,%9,%10,*11,*12,*13 Jyxxna Mopasa
*14,*%15,*%16,*17,*18 Benuka Mopaga

Benuka Mopasa

Benuka Mopasa

AyHas

CauB Benuke Mopage

C1, C2 Hpaumna

CG I'p3a

Rsl, Rs2 Pecasa

Lg Jlyromup

LgD1, LgD2 Hynenka

Lel, Le2 Jlenenuna

LeGl1, LeG2, LeG3 ['porraua

LeP1, LeP2 [TerpoBauka peka
01, 02 OcaoHuna

Js1, Js2 Jacenuna

Bennka Mopasa
Hpuuma
Benuka Mopasa
Bennka Mopasa
Jlyromup
Benuka Mopasa
Jlenenuna
Jlenenuna
Benuka Mopasa

Benuka Mopasa

Caus 3anagne Mopase

Gl, G2 I'pyxa
GB1, GB2 Bbopauka peka
Ral, Ra2, Ra3, Ra4, Ra5, Ra6 Pacuna

3amagHa Mopasa

I'pyxa

3amagHa Mopasa
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11,12, 13

IS1, 1S2, 1S3, 1S4, 1S5

ISB

IBr

1J

IR1, IR2

IRM

IRS

IRD

Im1, Im2

ImD

ImR1, ImR2, ImR2

ImRm

Dj1, Dj2, Dj3
DjS

IRal, IRa2
IRuB

1JG1, 1JG2
IG

IL1, IL2

Hoap
Crynenuna
bpeBuna
bpeenuna
Jomrannuka peka
PubGnua
Mexkamauia
Cokospa
JlexeBcka peka
NBamwuuka Mopasuiia
Janhka peka
Benuku P3aB
Manu P3aB
Hernna
Ckpanex

Pamika

bapcka peka
I'oGesbcka peka
I'Bokauka peka

JlonatHuna

3anagHa MopaBsa
Nbap

Crynenuna

Noap

Noap

Noap

PubGHuma

PubGHuma

Pamka

Noap

NBamwnuka Mopasuia
NBamwuuka Mopasuia
Benuku P3aB
3anagna MopaBa
3anagHa MopaBa
Noap

Pynnuna

JomaHnyka peka
Nbap

Nbap

53



Munuya Cmojrosuh Ilunepay

Jlokmopcka oucepmayuja

IBs Bpecnuuka peka Nbap

Caus Jy:xxne Mopage

M1, M2, M3 Cokobamcka Mopaswuiia Jyxna Mopasa
N1, N2, N3, N4 Humasa Jyxna Mopasa
NJ1, NJ2 Jepma Humasa

NT1, NT2 Temmuma Humasa
NTV1, NTV2 Bucounra Temmmra
NTVD JlojkuHayka peka Bucounna
NTVJ JenoBauka peka Bucounna
VI, VI2, VI3 Bnacuna Jyxxna Mopasa
Vel , Ve2 Berepnura Jyxna MopaBa
Jbl, Jb2 JaGnanuna Jyxxna Mopasa
P1, P2 ITycra peka Jyxna MopaBa
T1, T2, T3, T4 Torumna Jyxna MopaBa
TL JlykoBcka peka Tomnwuia

B bamcka peka Tormmua

JT JactebOauka peka Jy:xxna Mopasa
Caus /Ipune

DrCr pau P3aB [puna

DrR Paua puna
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DrL1, DrL2 Jlum Hpuna

DrLG I'pauanuna Jlum

DrLM MuenieBka Jlum

DrLUV1, DrLUV2 Bana VBarng

Erejckm cius

Pcl, Pc2, Pc3 [Muumwa Bapnap

D1, D2 HparoBumtuiia Crpyma

DB boxwnhka peka Hparosuinruiia
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VY30pKkoBame uXTuodayHe CIPOBEIEHO je METOJoM elekTpoprbosoBa. CBaku y30pak je
CaKylnJb€H Ha WCTH HAa4MH W TO: 1) jeAHMM MOTE30M eJIeKTpopuOojoBa Ha 0a3u 1Ba TUIA
jemuuuiie Harmopa (CPUE, enr. Catch Per Unit Effort) (my:x 50m obGane Ha MamuM pekama,
X0JIlalbeM Y Y3BOJHOM ImpaBily, u 200m myx obaje BelIMX peka Y3BOAHO MoMohy yamia); 2)
TOKOM HCTE CE30HE, y epuoay aBryct — cenremoOap; 3) y3 nomroBame bekiemuiieBor npasuia
(eur. Beklemishev’s rule). Ilpema oBOM mpaBmiy, [IOBOJbHA Y)KHHA CEKTOpa pEKe 3a
peNpe3eHTaTHBaH Y30paK je OHa KaJa ce ca JajbuM noBehameMm AyXKHHE CeKTopa KOju ce
n30BJbaBa He moBehaBa Opoj Bpcra puba (Backiel & Penczak, 1989). ITomohy beksiemuriesor
npaBuiia, ojapehena je MUHMMaTHA Ay)XKMHA o0aje 3a y30pKOBame, Koja oMoryhaBa JETEKIU]y
Hajseher Opoja BpcTa Koje ce Ty Hanaze. MeToma enekTpopuOoJioBa je M3BpIICHA y3 MOMOh

TpouslaHe ekuIre KopuihemeM enekTpoarperara “Aquatech” IG 1300 (2.6 kW, 80-470 V).

AOyHaHIIa TIOTyJaIMje je MpeacTaBJbeHa mpeko ouomace pubda. Cmarpa ce Jia ce 3Hauaj
oapehenHe momynaiuje y eKOCUCTeMY Ha HajooJbM HAYMH MOXKE MPUKA3aTH MPEKO MPOIICHE HheHe
eHeprercke BpenHoctd. C 003upoM Ha TO Ja MOTEHIMjaTHA €HEepPruja HEKOT €KOCHUCTEeMa HHje
paBHOMepHO aucTpuOympana mely Bpcrama (Odum, 1980), a Ouomaca je 3HaTHO OJFIKa
€HEepruju, yKyIHa Onomaca ojpehene pubspe BpCcTe ce cMaTpa MHOTO MOY3AaHHjUM TTOKa3aTe/heM

ox 6poja nuauBuaya (Kruk et al., 2007; Penczak, 2011a; Penczak et al., 2012).

Jenan neo TepeHCKUMX HCTpakuBama Y OKBUPY OBE CTyIHjE je CHPOBEICH Y OKBUPY

ITporpama 3a ympaBibame pubspuM moapydjuma (Simi¢ & Simié¢, 2006a; b; ¢; 2008).
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3.2.2 Tunosorusamnuja Bog0TOKOBA
CucteMm 3a TUMNOJOTH3aNMjy MOBpIIMHCKUX Bojga y CpOuju cacroju ce ox 30 Tumosa

cranumTa. OBakBa 10/eNa je 3aHOBaHa Ha MMOCMAaTPamy HEKOJIHMKO TapaMeTapa U To:

1. Haamopcka BucHHA (YETHPH KaTEeropuje):

- paBHuyapcke peke (10 200 m HagMOpPCKE BUCHHE),

opacko-manuacke peke (200-500 m HagMopcke BUCHHE),
- tuanuHcke peke (500-800 m HaxMopcke BUCHHE) U
- BHcOKoruianuHcke peke (m3Hax 800 m HaxMopcke BUCHHE);

2. TloBpruHa pedHOT cirBa (T KaTeropuja):

® [IOTOIH,
e Malle,
® cpenme,

® BeJHKE U
® BeOMa BEJIMKE PEKE;
3. T'eonomka motora (Tpu KaTeropuje):
® CWIHIH]YM,
e KapOOHATH H
® OpraHcka IoJJIora;
4. TumoBu TOMUHAHTHUX CYIICTpaTa (TPH KaTeropuje):
o Yo,
® CpelmH U
e (UH CeUMEHT.
Ha ocHOBY CBUX HaBEJICHUX TapameTapa, a Kako OW ce THUITOJIOTH3allH]ja M0jeTHOCTaB/IIa, TeKyhe
Bojie y CpOuju cy mojiesbeHe Ha 6 pa3amyuTux TUoBa BojoTokosa (Paunovié et al., 2011):
1. paBHMYApCKe, BeJIHKE peKe ca JOMHHALNMjOM (PMHOT CyNCTpAaTa,
2. BeJIHKe peKe ca JOMHHAINjoM cpelme (PHHOT CYNcTpara,
3. maJje 10 cpeame peke, 10 500 MeTtapa HaAMOpPCKe BHCHHE €A JOMHHAIUjOM

rpyoor cyncrpara,

57



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

4. mane 10 cpeame pexke, mnpexko 500 merapa HagMOpcKe BHCHHE ca
AOMHHAIMjOM rpyoor cyncrpara,
5. paBHHMYAPCKe peKe Koje He MPHUIaAajy BOAOTOKOBUMA Tuna 1, u

6. kaHau

3.3 MeTtoae mepema u oapehuBama cpeIMHCKUX MapaMeTapa
(xuaposaomke, GU3MYKe U XEMHjCKe KapaKTepUCTHKeE)

Ymopeno ca cakympameM y3opaka puda, MEpEHO je HEKOJHUKO XUIAPOMOP(OJIONIKUX,
GUBUYKHUX W XeMHjCKUX mapamerapa. O mapaMerapa KOjU OINHCY]y KapaKTEPUCTHKE PEYHOT
KOPHTa M BOJIOTOKA OETIEKEHH Cy TOJIAIH O:

e HaaMopckoj Bucuan, momohy GPS-a (GARMIN’s eTrex” Legend),

® IIMPUHH PEYHOT KOPHTA, IIOMONY JIACEPCKOT JaJbHHOMETPA,

® TIPOCEYHOj TYOMHU BOJIE, HA OCHOBY CPEAHBUX BPEIHOCTH Y3aCTOITHUX MEpeHa JyOnHe Ha
JIEBOj M JIECHOj 00aJIM | y JIeTTy ca HajjauoM CTPYjOM BOJIC.

On Qu3MUKHX KapakTepUCTHKA BOJE, IUPEKTHO Ha TEPEeHY Cy MepeHH cy cieaehu
napameTpu:

e Ttemmeparypa Boje (t)

e ciekrpornpoBoaibuBoct (EC)

O6a mapameTrpa cy MepeHa kopuinhemeM conae amapara Photometer-System PC
MultiDirect (Lovibond®) u3 komiieTa TepeHcKe 1aboparopuje.

AHanmm3a XeMHjCKHX IapaMmerapa JeJIOM je M3BPIICHA JUPEKTHO Ha TEPEHY a JIEJIOM Y
nabopaTtopujckuM ycioBuMa. McnutuBanu cy cienehu xemujcku napameTpu:

e rxoHieHrpamuja kuceoruka (DO-mg/l) je ompehena momohy ypehaja WTW multi 340i
probe (WTW GmbH, Weilheim), nupextHum MepemeM Ha TepeHy,

e Konnenrpamumje nutpara (NOs-N), oprodochara (POs-P) u amonmjaka (NHz-N) cy
MepeHe CIeKTPOPOTOMETPHJCKHM MeToama KopHuiihemem crekrpodoromerpa Shimatzu
UV-Vis y naboparopuju.

KBanurer cranuiTa mpeacTaB/beH je moMohy Tpu mapaMerpa Hapyliema: XHUIPOIOIIKO

Hapymewme (HA), kanamucame BomoToka (CA) u uckopumiheHoct 3emspuinra (LU). Ha ucru
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HauMH Kao 1To je ypaheHo y crymmju Angermeier & Davideanu (2004), cBaku JIOKaJUTET je
CBPCTaH y jeJJHy OJ TpPH KaTeropHje KBAIMUTETa CTAHUINTA 332 CBAKW OJ OBa TPU IPOLECH-CHA
napameTpa. XHUIPOJIOIIKO HApYIICHE je MPOIEHEHO Ha OCHOBY Opoja OpaHa y3BOJHO O]
HCIIUTUBAHOT JIOKAIMTETA, KA0 U IbUXOBE yJaJbeHoCTH o1 JokanuTeTa (Ciuka 5.). JlokanuteTnma
Cy nojesbuBaHu 00/0BH 1, 2 WU 3 YKOJIMKO je JETEKTOBAaHO CJIa00, OCPEIhe MM O30HMJBHO
XAJPOJIONIKO Hapylieme, penoMm. KBaHTH(HKanMja CTENeHa KaHAJTUCAHOCTH BOJOTOKA H
uckopuirheHocTH 3emibuInTa npeysera je ox Paunovié et al. (2011). Haume, nokamurerima cy
nonesbuBaHu 0070BH 1, 2 wim 3 YKOJWKO j€ JETEKTOBAaHO cJabo, OCpedme WM TOTIIYHO
KaHanucame, peqoM. Kama je ped o creneHy HCKOPUINNEHOCTH 3E€MJBHINTA, JOKATHTETUMA CYy
noaespbuBaHu 00/10BU 1, 2 win 3 y 3aBUCHOCTH O] MPOIIEHTA YKJIOWHEHE MPUPOJIHE BEeTeTalje y
KOpPUCT YypOaHUX, MHIYCTPUJCKUX M TOJHONPHUBPEIHUX 00JaCTH. YKOJIHUKO AaHTPOIOTEHE
AKTUBHOCTH HHCY JICTCKTOBaHE, JOKAIUTETY je JoAesbeH 1 00, 10K je nokamuteTnma ca <7/0%

i >70% ykiomeHe BereTaiyje, puapykeHo 2 wim 3 00/1a, peioM.

3.4 Onabup MeTPpUYKHUX O0COOMHA

Cpaka pubspa BpcTa je Kareropm3oBaHa y ojaHocy Ha 11 wmeTpuukux ocoOwHa,
KOpUITNEHHUX Yy OBOj CTY/IHU]H, KOj€ CE YIIIaBHOM 3aCHHUBAjy Ha TOJIEPAHIIHjH, TpedeprupaHoM TUITY
CTaHUIITA, TPOPUUKUM W PENpOAYKTHBHHM rpyrnama. CBpcraBambe puba y €KOJIOIIKE TpyIie
U3BPIIEHO j¢ Yy CKiIaay ca momenoMm mpeyseroMm u3 EFI-a (Fame Consortium 2004), kao u Ha

OCHOBY CIIPOBEJICHOT HcTpaxkuBama (Tabena 3.).

Ilopexno. Tlpema mopekity, BpcTe MOTY OUTH ayTOXTOHE M aJOXTOHE. Y OBOj CTYAHjH
nocMmarpan je 6poj amoxrouux Bpcta (#AS) jep ce cmarpa ma y CpOuju mocroju 3HaTaH Opoj

MHBA3MBHUX BpcTa puba KoOje HCIOJbaBajy HeraTuBHE e(eKkTe Ha ayTOXTOHE IOIynaluje

(Lenhardt et al., 2011).

Tun ucxpane. On 0ocobMHa Koje ce TUUY TpoUUKe CTPYKType 3ajelHUlle, IpOoleHhUBaHe
cy cruenehe: NpOIEHTyalHa 3acTYIUbEHCT OMHHMBOPHMX, HHCEKTUBOPHUX M KapHHUBOPHUX
unmuBuaya (OMN, %INS, %CAR), kako Ou ce HampaBuia jacHa pasiuka u3Mely BpcTa

CHCL[I/IjaJ'II/BOBaHI/IX 3a OﬂpebCHI/I TUII XpaHC U OHUX Ca IIUPOKUM CIICKTPOM.
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Penpooykmusna cmpameeuja. llponiewrBana je penatuBHa adynaanmna guroduia (%LIT)
u penaruBHa aOyHaanna ¢urodpuna (YoPHY). Takohe y3er je y 003up 1 IpoIeHAT BPCTa Ca BUIIIE
crapocuux rpymna (YSMAG) jep ce cMarpa Ja ce Ha Taj HAYMH MOKE HCTOBPEMEHO ITPOIICHUTH U

MOTOTHOCT CTAHUIIITA 32 PETPOIYKIN]Y Ka0 M CTEIIEH PEIPOAYKTHBHOT yCIIeXa.

3axmeeu npema muny cmanuwma. Kopumihene cy 1Be ocoOMHE W TO: peJaTHBHA
aOynmanma peopmwra %RHE (crenujanucty mo THMY CTaHHWINTA) W pejlaTHBHA aOyHIaHIA

eypurorna %EUR (renepanuctu no TUIY CTAHUILTA).

Tonepanyuja. Bpcte ™mory OuTH oOkapakTepucane kao TtojepantHe (#TOL) wm

nerosiepantHe (%0INT) Ha nerpananujy KBajJuTeTa BOJIC U CTAHHIITA.
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Tabena 3. CepcraBame pUOJBMX BpPCTa y €KOJIOIIKE IpyIe Mpema IMOpeKiy, TUITy HCXpPaHe,

PENPOAYKTUBHO] CTPATETHjH, 3aXTEBUMA IPEMa THITY CTAHUIITA W TOJICPAHIIH]H .

Bpcra Ilopekno  Tun Penpoaykrusna Tun Tonepanumja
ucxpane cTpareruja CTAHMINTA

Alburnoides Aytoxtona MWucektuBop Jlutodun Peodun OcetpHBa

bipunctatus

Alburnus alburnus  Ayroxtona OMHUBOD Eypuron  Tonepantna

Barbatula AyTOXTOHA JIutodun Peodun

barbatula

Barbus balcanicus Ayroxtona JIutodun Peodun

Barbus barbus AyTOXTOHA JIutodun Peodun

Carassius gibelio  Amoxtona  OMHHBOD durodun Eypuron  Tonepanrna

Chondrostoma AyTOXTOHA Jlutodun Peodun

nasus

Cobitis elongata AyTOXTOHA

Cobitis taenia AyTOXTOHA durodun

Cottus gobio AytoxTtona MWucektuBop Jlutodun Peodun OcetspuBa

Cyprinus carpio AyroxtoHa OMHHBOP durtodpun Eyputon TonepantHa

Esox lucius Ayroxtona KapuuBop — ®urodun Eyputon

Gobio gobio AyTOXTOHA Peodun

Lepomis gibbosus ~ Anoxrona  MHcekTHBOP TonepantHa

Leuciscus aspius ~ Ayroxrona KapuuBop  Jlutodua Peodun

Leuciscus idus Ayrtoxtona OMHUBOpP Peodun OcetsprBa

Leuciscus AytoxtoHa OMHUBOD JIutodun Peodun OcetspuBa

leuciscus

Oncorhynchus AstoxToHa Jlutodun Peodun OcerspuBa

mykiss

Perca fluviatilis AyroxToHa OMHHUBOpP Eypuron  TonepaHtHa
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Phoxinus phoxinus
Pseudorashora
parva
Romanogobio
kesslerii

Rhodeus sericeus
Rutilus pigus
Rutilus rutilus
Salmo trutta
Salmo
macedonicus
Scardinius
erythrophthalmus
Squalius cephalus
Silurus glanis
Thymallus
thymallus

Vimba vimba

Zingel zingel

AyToxToHa

AJI0XTOHA

AyToxToHa

AyToxToHa
AyTOXTOHA
AyTOXTOHA
AyTOXTOHA

AyTOXTOHA
AyTOXTOHA
AyTOXTOHa
AyTOXTOHa

AyTOXTOHa

AyToXTOHa

AyToXTOHa

OMHuBOD

OMHuBOD

OMHUuBOD
HNucexkTuBop

HNucexTuBop

OMHMBOD

OmHUBOp

Kapuausop

NHucexkTuBop

Jlurodun

Jlurodun

JIutodun

JIutodun
dutodun
Jlutodun
durtodpun

Jlutodun

Jlutodun

Jlutodun

Peodun

Peodun

Peodun
Eypuron
Peodun
Peodun

Peodun
Eyputon
Peodun

Peodun
Peodun

TonepanTHa

OcerspuBa
TonepanTHa
OcertspuBa

OceTipuBa

OceT/puBa

OceT/puBa

OceT/puBa
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3.5 EneMeHTH CTPYKTYype 3ajeqHuue puda

Ca usbeM aeduHICakba HHINKATOPCKUX BPCTA 32 U3BOjCHE TUTIOBE CTAHUIITA a KACHH]E

U KJace KBaJHTETa BOJIE, MPOIEHECHO j€ HEKOJIMKO elleMeHaTa CTpYKType puOJbe 3ajemHure. 3a

CBaKy BPCTY M3padyHara je ieHa JOMHUHAHTHOCT U KoHcTaHTHOCT 1o meToau (Tischler, 1951).

JIOMUHAHTHOCT HEKe BpCTe y 0Jipel)eHoj rpynu MpOLEHEHA je Ha OCHOBY IIETOCTEIIEHE CKaJIe:

1.

2
3
4.
5

HNomunantHOCT > 10% - EynoMuHaHTHE BpcTe
JomunanTtHOCT 011 5 10 10% - JloMrHaHTHE BpcTe
JomunanTtHOCT 011 2 110 5% - CyOmoMHUHAHTHE BPCTE
JomunantHocT o 1 10 2% - PenienentHe Bpcre

JomunanTHOCT < 1% - CyOpereneHTHe BpCTe

KoHcTanTHOCT BpcTa y oapel)eHo) rpynu NpolLemheHa je Ha OCHOBY Y€TBOPOCTEIIEHE CKaJIe:

1.

2
3.
4

®pexBeHTHOCT 75 — 100% - KoHCcTanTHE BpCcTE
®pexBeHTHOCT 50 — 75% - CyOKOHCTAaHTHE BpCTE
®dpekBeHTHOCT 25 — 75% - AKiiecopHe BpCTe

®pexBeHTHOCT 0 — 25% - AKITUICHTAIHE BPCTE

Camo BpcTe KOje cy MpolemheHe Kao JOMUHAHTHE U 4Mja je KoHcTaHTHOCT Beha on 50%

ce cMarpajy penpe3eHTaTUBHUM 3a JaTy rpyny JIOKaJuTeTa. 3a CBE JOMUHAHTHE U KOHCTaHTHE

BpCTE U3pauyHaT je Opoj y3pacHUX Kiaca Koje ce Hamaze y Bume of 50%. Crapoct puba je

MPOIICH-CHA Ha OCHOBY JAUCTPHOYIHje TY)KUHCKMX (PEKBEHIN jequHKU y y30pKy (Cassie, 1954).
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3.6 AHaJIM3a mogaTaKa

3.6.1 Camoopranusyjyhe mane

TokoM TOCTENHUX HEKOJIUKO JICICHW]ja, BEIUKH Opoj HCTpakuBavya NPHUMCHY]e
pa3nuunTe MYATHBApHjaHTHE MPHUCTYIE Ca IHJBEM BU3YaIU3allHje MPOCTOPHE TUCTPUOYIHje
puba xao u crpykrype 3ajenuunie (Matthews, 1998; Jackson et al., 2001; Olden & Jackson,
2002). Hayunuim koju ce OaBe HCIHUTHBAIHEM JIOHTHTYAWHAIHE 30HATHOCTH Y JOTHYKHM
CHCTEeMHUMa, YIJIaBHOM KOPHUCTE TPaJlMjeHTHE aHaIM3€e Kao MITO Cy: AHAIN3a IJ1aBUX KOMIIOHCHTH
(PCA), Kanonmjcka xopecnongentna ananmsa (CCA) (Palmer, 1993; Penczak et al., 2002;
Penczak et al., 2000) u kmactep ananu3a (enr. Cluster analysis) (Penczak et al., 2000), ca nubem
MpUKa3uBamba BapujaOUIHOCTH y BPEJHOCTHMA EKOJIONIKMX Iapamerapa AyX rpaaujeHta. Cse
HaBeJ/ICHE aHAIN3€e, NMajy H3BECHA OTPAHNYCHA YCIIOB/hCHA HETMHEAPHOM MPHPOJIOM €KOJIOTIKUX
MoJIaTaka M MPHUCYCTBOM EKCTPEMHHX BPEIHOCTH y 0azama Tojaraka Koje ce THIy OMOJIOMIKHX
3ajennuiia (Chon et al., 2000). Takohe, umajyhu y Buay na yinasHe Marpuiie, Koje caapie
MOJIaATKE O MPUCYTHOCTH BpCTa, OOIYHO cajpyke JocTa Hyna (Kaga BpPCTa HHjE MPHCYTHA),
WHTEpIpeTalja mojaTtaka MmoMohy HaBEICHMX MYJITHBApPHjaHTHUX METOJa MOXE OUTH
Heroy3gana (MiloSevi¢ et al., 2013). ¥V HOBHje Bpeme, ca IWJbEM MpeBa3WIaXema Mpodiaema
BE3aHUX 3a KOMILICKCHOCT €KoJIomKux moaaraka, Chon et al. (1996), Olden & Jackson (2002), u
Lek et al. (2005) npenopyuyjy npumeny merojae Bemraukux Heypo mpeka (ANN, enr. Artificial
Neural Networks). 3a pa3iuky o ocTanux, 10 caja MPUMEHUBAHINX KOHBEHI[HOHATHUX METO/Ia,
Bemrauke HeEypoHCKE Mpeke ce YHHE HAjIOrOJHHjUM 3a MPHUMEHY HaJ] KOMIUIGKCHUM U
HEJIMHEAPHUM EKOJIOIIKUM TM0JIalliMa, a Takohe W 3a MpeBasWiIakeme MpodlieMa Be3aHUX 3a
eKCTpeMHe BpeaHocTH. Mely pasnuuuntim TexHukama y okBupy ANN, Koxoneose
camoopranusyjyhe mane (COM, enr. Self Qrganizing Maps; (Kohonen, 1982; 2001) ce cmatpajy
HajeukacHUjUM y oapehuBamy KapakTepUCTHKA aKBATUYHHUX CKOJIONIKUX 3aje/iHuIA. Pe3ynratu
BEJIMKOT Opoja MOCalallllbUX CTYAMja MOKa3yjy Ja ce OBa METOJAa ca BEIUKHUM YCIEXOM MOXKE
KOPHCTHTH 3a BU3yallM3allijy NPOCTOpHE AUCTpuOynuje Omosomkux 3ajenuuia (Park et al.,
2005a; Park et al., 2006; Penczak et al., 2005; Kruk et al., 2007), 3a uctuname 3Hauaja
oJpeheHnx cpeMHCKUX (paKTopa y CTpYKTyupamwy U opranmszanuju 3ajennuna (Kruk et al., 2007,
Park et al., 2005a; Park et al., 2006; Joy & Death, 2005), 1 kao nmpeaUKaTHBHA MOJEIU 3a
notpede paznuuuTrx Merona ouomnporeHe (Joy & Death, 2005; Scardi et al., 2005).
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Ca uuibeM TpHKa3WBamka NPOCTOpPHE aucTpuOynuje puba u goOujama yBUOA Y
KOMILJIEKCHOCT MCITUTHBAHKUX T0JIaTaka O pUOJBUM 3ajeTHUIlaMa, Y OBOj CTYIHjH KOpHIIheHe Cy
KoxoneoBe camoopranusyjyhe mame (COM) Kohonen (1982; 2001). Kako ce oBa TexHHKa
cMmarpa moce0HO MOroJHOM 3a NMPUMEHY Haj BeNIMKHM cKyrnoBuMma mogaraka (Kruk et al., 2007;
Chon, 2011; Penczak, 2011a; Penczak et al., 2012), n360p MeToze je y MOTIYHOCTH ONpaBaH, C
00M30M Ha TO J1a je KOJIMYMHA M0JIaTaKa y OBOj CTYAMjU U3y3€THO OOMMHA.

COM wMerona mpesicTaB/ba OpPAMHAIMOHY TEXHHKY 32 BEOMa IMOY3IaHO MOJICIIOBAmE U
BU3yanu3anyjy (IpeciuKaBame) TUHEAPHUX W HEJIMHEAPHHUX BE3a, Y BUCOKO JUMEH3MOHAIHOM
CeTy MoJaTaKa, y BUIy HUCKOJIUMEH3HOHAIHOT TipocTopa (Heypompexe). Ctpykrypa COM-a ce
cacToju u3 JBa cioja: ynasHu u KoxoHeo, wiu usnaszuu cioj (exr. layer) (Crnuka 6.), mpu yemy
J€ CBaKHM cacTaBJbEH U3 Mpolecyupajyhux jeJuHuIa — HeypoHa.

Haume, yma3Hu cimoj ce cactoju w3 HeEypoHa 4YHju Opoj 3aBUCH 0J Opoja yJIa3HHX
MMPOMEHJPUBHUX KOj€ C€ KOPHUCTE y aHaM3W. YBOheHmE MojJaTaka y aHaJM3y Ce€ BPIIM MOMOhy
yna3ne matpuile. [IppoObuTHa yina3Ha mMaTpuIla 3a MPUKA3UBamkHE MPOCTOPHE TUCTPUOYyIHje prbda
caapxana je 41 Bpcty. Mehyrum, ox tor O6poja BpcTa yak 12 BpcTa ce jaBJballo y CaMoO JeTHOM
Y30pKy M TO ca 1-2 jenuHke, a Cy OHE CMaTpaHe PETKUM U 300T Tora U3y3eTe U3 Jajbe aHalln3e.
Tako nma ce KOHayHa yja3Ha MaTpuia cactoju o 29 Bpcrta puba (komone) um 140 y3opaka
(pemoBu). Ilomamm o penatuBHOj Omomacu cy log-tpandopmucanu (log (x+1)), 3atum
HopMayi3oBaHu M ckaympanu ox 0 no 1. Kama cy momanu o 3ajennunm yHetn y COM mpeko
ylla3HE MAaTpHIle, MMOYUILE MPOIeC TPEHUpama Mpexe. TpeHUpame, OJHOCHO YYeHe MPEXE ce
orjieJa y CEKBEHIIMOHAIHOM YKJbY4YHMBaWYy YJa3HHX BekTopa (y oBoM ciy4dajy Bpcta) y COM
Mpexy. UuM ce yna3sHu BekTop (X) MpOIYCTH KpO3 MPEXKY, OH Ce MpeciiikaBa y ojapehenu
HEYPOH H3JIa3HE MPEXKE padyyHameM CIUYHOCTH u3Mel)y TEKUHCKOT BEKTOpa W W yia3HOT
BeKTOpa X. M3/1a3HM HEYPOH KOjU €€ OJIIMKYje MaKCUMAIIHOM CIIMYHOIINY TEKUHCKOT BEKTOPA U
yJIa3HOT BEKTOpa M Has3uBa ce nobOemHmuku HeypoH (eHr. best matching unit — BMU). Csaku
W3JIa3HU HEYPOH HOCHU oJipel)eHr Mojed MCIHUTHBAHUX MojaTaka. V31a3Hu HEYpOHU Cy, Y BUIY
XEeKCaroHaJHe pelleTKe, MpUKa3aH! Ha JBOJAMMEH3MOHAIHO] Maly, 3apaj jacHe BU3YNalu3aluje,

KOja YjeJHO MpeCTaBIba U3Ja3Hu clioj (eHr. output layer).
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Y3sopuu

YnasHu cnoj

Cauxa 6. Crpykrypa camoopranusyjyhe mame (COM). Tauke mpencraBibajy HPOMEHIbHUBE
HEypoHe ynasHor cioja. JIuHuje mpeacTaBibajy TEKHHCKE BEKTOpE, KOJU C€ INPECIUKaBajy y

W3JIa3HU CJ10j HeypoHa - npey3eto u3 Chon (2011).
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Hakon wu3BpIIeHOT TMpolieca TPEeHUpPama MpeXe, CBU JIOKAIMTETH CY J10JICJbCHH
onrosapajyhum HeypoHuma. JIOKaqTuTeTH CIMYHU MO0 CTPYKTYPH 3ajeAHULE puda Cy CMEIITEHH Y
HCTOM M3JIa3HOM HEYPOHY WJIM TMaK Yy HBEMY CYCEeIHHM HeypoHuMa. JIoKanuTeTu ce 3Ha4ajHo
pa3nuKyjy y moriiexy uxrtuodayHe, ako ce Haja3e y IITO YIaJbeHHjUM HEYPOHHMa Ha MPEKH
(Chon et al., 1996; Park et al., 2003; Park et al., 2006; Kruk, 2007a; Kruk et al., 2007; Penczak et
al., 2012). Mojenu U3 CBHX HEypOHAa HW3Ja3HOI CJI0ja MPEICTaB/bajy PEalHy BapHjaOHIIHOCT
nojaraka U3 ynazHe matpuue. ['pyne cauuHux JokanuTeTa neduHucaHe cy momohy ,x-means”
KJacTep MeToJie Ha mperxoaHo Tpenupanoj COM wmanum (Jain & Dubes, 1988). V Be3u ca tum,
CyCEeIHH HEYpOHHU C€ 3HA4YajHO Pa3iMKy]y JEAMHO YKOJIMKO TPUIANAJy Pa3IuduTHUM Tpyrnama
(Penczak et al., 2006).

[IpunukoM cmpoBohema OBE aHamW3e, BeOMa j€ BaXXHO MpaBUIIHO AeduHUCATH Opoj
M3JIa3HUX HEYpOHA OJTHOCHO BEITMYMHY MpeKe, Kako OW TpaKeHU pe3yaTaTd OWJIHM MPeICTaB/beHN
Ha HajIOy3/JaHMju HauuH. HanMe, yKoImKko je Opoj M3a3HUX HEypOHA IIpeMalid, MOXe JIohu 10
ryouTKa JaparomneHux nHpopmaiyja o BapujabUIHOCTH MoAaTaka u3 yiaasHe marpuie. Ca npyre
CTpaHe, aKo je Mpeka CyBHIIIE BeJMKa, 3Ha4ajaH Opoj HeypoHa OMBa HETIOIYH-CH, T1a j€ pa3jiuka y
MOJIeNMMa ToJ1aTaka TENIKO YOubHMBA. Y BE3W cCa THUM, TMOCTOje JBa Hajuemhe KopuirheHa
npaBuia 3a oapehuBame ONTHMATHOr Opoja HeypaoHa y m3nasnoj mpexu (Park et al., 2003,
Vesanto et al., 2000). ITpema Vesanto-som xeypuctrukom mpasuiay (Vesanto et al., 2000), 6poj
M3Ia3HUX HEypoHa Tpeba ma Oyme Gimsak 5Vn, rae je N Gpoj TpeHmpanmx ysopaka. Hacympot
tome, Park et al. (2003) mnpemopyuyjy pauyHame MuHHMyMa KBaHTH3amuoHe (QE) u
tonosioru3anone rpemike (TE). Ha nmpumepy vcnuTHBaHKMX MojaTaka, KBaHTH3alMOHA TPEIIKa
(QE) m3uocu 0.775 a tomosorusaimona rpemka (TE) 0.007. Konauan u300p BETHYHMHE MPEKE
MOTIIOMOTHYT je o0eMa MpaBHjiMMa ajH je YIPKOC TOME M3abpaHa Mama Pe30JIylHja MPEXe 01
npenopydene (6x5), yciea MpUCycTBa BEIHKOr Opoja Mpa3sHUX HEYpOHA. YIPKOC HABEIACHUM
MpaBWIMMa, WMAK Ce€ cMaTpa Ja He TMOCTOjH TEOPETCKH MPUHIUI MPUIHKOM ofpehuBama
ontumainHe BenuunHe Mpexe (Céréghino & Park, 2009).

COM ananmu3a mpyxa MOTyhHOCT BH3yalM3allMje 3HA4YajHOCTH BpCTa y JIOOMjEHUM
U3Ja3HUM MOJeIUMa y BHJy MOCEOHMX TrpaduKoHA — KOMIOHEHTHHX TIpaduKoHa (E€HT.
component planes). Pa3nuunte HUjaHCe cuBe 00je yHyTap HEypoHa yKa3yjy Ha MPHCYPTBO H
BpeHOCT y OMOMacu cBake BpCTe, ¢ TUM IITO je HajTaMHMja HHMjaHCa CUBE MmoucToBeheHa ca

MakcuMaliHOM BpenHolihy 6uomace nare Bpcre (Penczak, 2011a).
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COM ananm3a je y OBOj CTyOWju KopuiiheHa M 3a KiIacH(HKAIWjy THUIIOBA PEUHUX
CTaHUIITA TPUIMKOM KOHLMIIMpPamka HHJEKCA 3a MPOLEHY KBAJUTETAa M EKOJOLIKOI cTaryca
tekyhux Boma. Y oBOM ciydajy, 0a3a mojaTaka 3a yla3Hy MaTpHIly cacTaBJbeHa je oa 36
poMeHJbMBHX (KOJIoHE) U 184 y30paka (penoBu). Y KoJioHaMa Cy JaTH MOJaly O BPEAHOCTUMA
o6uomace 3a 32 Bpcte puba u 4 cpeMHCKa apameTpa KOju OMHUCYjy KapaKTePHCTUKE CTaHUIITA
(HagMOpKca BHCHHA, TEMIIEpaTypa BOJe, TyOWHA U IIMPHUHA KOPHUTA PEeKe). Y OBOM Cily4ajy, Kaja
Jj€ yna3Ha MaTpuila KoMOMHOBaHa (cacTaBJbeHA O] JIBa THUIIA MOJIaTaka), MOpa C€ UMATH Y BUIY Jia
U Cpe/IMHCKE BapHjadiie y MojelHaK0j MepH YTH4y Ha KOHa4yHy kiacudukanujy (Andrzej Kruk,
JTUYHA KOMyHUKanuja). M3abpana pesonyiuja COM Mpexke 3a 0By aHAIH3Y je 8X7.

VY crnenehem kopaky oBe aHanm3e, n3abpaHe METPUUIKE OCOOMHE W CPETMHCKH TTapaMeTpH
KOjH Cy TIOCJeIuIla Hapyllema M ontepehema CTaHWINTA, MACHBHO Cy YBEIEHH Y TPETXOIHO
TPEHUPAHY MPEXY, ITO HE YTUYe HAa OpPAWHAIMOHE W KIIACH(PHUKAIIMOHE Tpollece, 3aCHOBaHE Ha
aktuBHUM mnpomenspuBuM (Park et al., 2003; Milosevi¢ et al. 2013). Metpuuke ocobune u
CpeAVHCKN TlapaMeTpu cy aonaesbeHn COM Mmpexu, pauyyHameM CpPelmhe BPEIHOCTH 3a CBaKy
MMPOMEHJPMBY 3a CBAaKW W3JIa3HW HEYPOH, IITO j€ OKYNMHPAaHO Oap jeTHUM YIa3HUM BEKTOPOM
(Park et al., 2003). Busymanuzanuja IucTHOYIHMje OBHMX IapaMmerapa, Takole je mpukaszaHa
MoMohy KOMITIOHEHTHHUX TpadUKOHA.

KonauHo, cpenme BpeTHOCTH CPEMHCKHUX TTapameTapa, KOju Cy MOCIenIa Hapyllemha U
ontepehema CTaHUIITA, TPOLCHEHE 32 CBaKW THII CTAaHWINTA, UCKOpPUIINEHE Cy Kao yiaa3Ha
Mmarpuiia y K-means kmactep aHanM3M, Kako OW ce JeHUHHUCAaHW THUIOBH Tekyhwuiia

KJ'IaCI/I(bI/IKOBaJ'II/I Yy 3aBUCHOCTHU O[] CTCIICHA AHTPOIIOI'CHOT YTI/II_Iaja.

COM ananusza je ypahena y mporpamy Matlab ver. 6.1.0.450 algorithm interface
(http://www.cis.hut.fi/projects/som-toolbox), a k-means kmacrep anamuza y codTBepy
STATISTICA version 8.
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3.6.2 MyJaTuBapHjaHTHH M YHHBAPHjaHTHU T€CTOBHU

Kako COM ananu3a He Ipyka HUKAKBEe KBAaHTUTATHBHE MH(OpMaIMje O 3Ha4ajy BpCTa
koje monpuHocte noaean COM mpeske Ha kinactepe (Park et al., 2005b), criposezena je Ananusa
Wuaukaropckux Bpennoctu Bpera (IndVal, enr. Indicator Values; Dufréne & Legendre, 1997).
Park et al. (2005a) mpemraxy kopuiiheme OBe METOJC 3a KBaHTH(HKAIIM]y 3HAadyaja CBaKe
MIPOMEHJbMBE Y U3/Bajamy rpyna Ha Mmanu COM-a. ¥V Be3u ca TUM, BEITUKU OpOj MCTpakuBayva
MpUMeYyje OBy METOJYy Ha MoJaTke o puOJb0j 3ajeIHUIM Kako OM ce Ha HajO00JbM HAYWH
uHpernpetupanu exkojomku moxanu (Lasne et al., 2007; Penczak, 2009; Penczak, 2011la;
Penczak, 2011b; Penczak et al., 2009; Penczak et al., 2012). Takolhe, mpermocraBjba ce aa
WHJIMKATOpCKa BpCTa HE Mopa OWTHM JOMUHAHTHA y ojapeheHoj rpymu, Beh 3Ha4ajHO
aOyHmaHTHHja y oaHocy Ha apyre rpyme (Penczak, 2009). Ilpema Dufréne & Legendre (1997),
makcumaina Bpeanoct IndVal (100%) ce jaBiba kaja Cy cBe HHAWBUIYE HEKE BPCTE JETEKTOBAHE
Ha CBaKOM JIOKaJIUTETy ojapehene rpyme. MuaukaTopcke BpCTe ce cMarpajy 3Ha4ajHUM YKOJIHKO
je IndVal Bpeanoct > 25, mTo 3Ha4M 1a ce OHE jaBJbajy Ha HajMame 50% JoKaTUTeTa Y OKBUPY
jenHe, mocMmaTpaHe rpymne, U a Ta rpymna caapxu HajMame 50% ykynHe aOyHJaHIle JaTe BpCTe
(Dufréne & Legendre, 1997). Mehyrum, ykonuko Bpcra uma IndVal Bpeanoct mamwy ox 25%, a
cratucTHuky je 3Hadajua ( p<0,05), takohe ce mHTEpIpeTHpa Ka0 BaXkKHA 3a MMOCMATPaHy TPyIy,
aJli caMmo 3a TOjeJIMHe HEYPOHE, IMa Ce YCIJIeJ HUCKE pellaTMBHE (DPEKBEHIIE HE MOYKE CMAaTpaTh
pernpe3eHTaTuBHOM, Beh caMo BaKHOM 3a JaTy TpyIy.

WNupukaropcke BpPEIHOCTH BpPCTa Cy IMpopadyHaTe 3a CBaKy BPCTY 3a CBaKy TIpyIy
JIOKAJIUTETa, HA OCHOBY HETpaHCPOMHUCAHE MATpPHIIE ca MmojanumMa o opojuoctu puda. Kopunrhen
je Monte Carlo tect ca 1000 mepmyranuja 3a yrBphHBame PENpPe3cHTATUBHUX HHIMKATPOCKHX
Bpcra. IndVal metoza je cniposenena kopurhemem nporpamckor nakera PC-ORD 4.0 (McCune
& Mefford, 1999).

Ca mnubeM yTBphHBama pEEBAaHTHOCTH a Priori kmacuduukaiyje, mopeheHa je
kiacucudukarmona cuara (CS, enr. Classification Strength) rpymucama jgokanutera Ha OCHOBY
CPeIMHCKUX TapaMeTapa (@ priori) ca moaenoM 100HMjeHOM Ha OCHOBY OMOTHYKE KOMITOHEHTE (@
posteriori). Metoma Mepema KiIaCH(pHUKAIIMOHE CHAre MPEICTaBJba AITCPHATHBHH HAYWH 32
onpehuBame KOPUCHOCTH HEKOT MoJena Kiacu(HuKaiuje, 3aCHOBAHOT Ha CPEIUHCKUM
NPOMEHJBHBHM, y TIPOLIEHH CTENeHA BapHjaOMIIHOCTH yHyTap Omosomike 3ajequuie (Hawkins &

Norris, 2000; Van Sickle, 1997). Knacudukannona cHara je u3padyHara 3a obe, u a priori
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nedunucane rpyne u a posteriori oapehene kmacrepe, modujeHe Ha ocHoBy COM ananm3e.
Knacudukaimona cHara je oapelena kopumihemem npuctyna ,,cpeame camunoctu (Van Sickle
& Hughes, 2000), mpu dyemy ce pauyHa pa3nuka wusMmel)y cpelame BPEIHOCTH CBHUX
yHytaprpynaux cimunoctd (W) u cpenmwe mehyrpynae cimanoctu (B) (CS=W-B). lenaporpam
Cpeame CIMYHOCTH Oa3upaH je Ha SOrensen-oBoM Koe(pUIMjeHTy CIMYHOCTH, YHje C€ BPEIHOCTH
Haymaze y omcery usmelhy O (mormyHa pasmuumroct) u 1 (uaentwune 3ajeanuiie). OBo Ou
npenu3Huje 3Hadmwio na ykoimko je CS=0, tama je W=B u Hema cnmunoctu m3mely rpyma, a
ykomuko je CS=1, paznuke melyy rpynama He noctoje (W=1 u B=1). CS ananm3za je cnpoBeneHa
kopuirthemem ,,Multiresponse Permutation Procedure® (MRPP) anammse y oxBupy PC-ORD 4.0
coprepa (McCune & Mefford, 1999) u MRPP ekcrensuje (MRPPCONV .exe) koja je mocTymHa
y HajHoBHjoj Bep3uju MEANSIM 6 nporpamckor makera (Van Sickle & Hughes, 2000).

Konauno, kako 6u ce motBpauia epukacHoct COM Merose y KinacupuKanuju puodsbux
3ajeTHHIA, CPE/Ebe BPEAHOCTH MEPCHHX CPEIMHCKUX Iapamerapa Cy H3padyHaTre 3a CBakd
usnasau HeypoH. Hemapamerapcka ANOVA, Kruskal-Wallis-oB tect je xopumrhen ca muibem
WCTIMTHBAKkA Pa3jiiKa y CPEIHUM BPEIHOCTHMA CPEAMHCKUX mapameTapa u3mely rpyma. [Tomohy
Mann-Whitney-eBor Ttecta wusBpiieHa cy mopehema usMeljy cBake aBe Tpyrne MOHA0CO0.
Bennuuna edexra (enr. effect size) cpemamuckux mapamerapa Ha CTPYKTYPY 3ajeIHUIIC
IIpOLIeEeHA je eTa KBagpatoM (1°), dmja ce BpeaHocT kpehie y omcery ox 0 1o 1. Y 3aBrCHOCTH 011
BPEAHOCTH €Ta KBaJpaTa, CPEIUHCKH Iapamerap Moxe uMati ciab (1°=0,01), cpexsu (1°=0,06)
i jaxk (n°=0,14) yruuaj Ha crpykrypy 3ajenuune (Cohen, 1988). Takole, Kruskall-Wallis-os
tect 1 Mann—Whitney-eB moct Xok TecT KOpUIIhieHH Cy 32 UCIIMTHBAE CTATUCTUYKH 3HAYaJHUX
pa3iivKa y CpellHUM BPEIHOCTHMA METPUYKHX OCOOMHA, Ka0 M NapaMeTapa KBaJHWTETa BOJIE,
nu3Mely nperxoHo neUHUCAHUX I'PYyIa, Kiaca eKOJOMIKOT KBAIUTETa, IPUIMKOM KOHIICTIIH]je
uHgekca. CaMo OHE MeTpHUYKe 0COOMHE KOje TOKa3yjy OYCKHMBAHHU OJTOBOP Ha CTPEC M 4YHje ce
BPEJHOCTH CTATHCTHYKHU 3HA4ajHO pa3nuKyjy usmely nepunucanux rpyma, y3ere cy y 003up 3a
JlaJby aHaasy.

Cse ananuze 3acHoBaHe Ha ANOVA TtecTy cripoBefieHe cy y porpaMckom nakety SPSS
version 15.0 (SPSS Inc, Chicago, IL, USA).
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3.7 Konuenmuja f-BNBI nnnekca

Konawyan f-BNBI unnekc je ¢opmynucan Ha OCHOBY Ofa0paHUX METPHYKUX OCOOMHA,
KOje IMMOKa3yjy MPaBHUIHOCT IMPOMEHE y 3aBHCHOCTH OJ] CTCTICHA JeTpajaluje CTAaHWINTA, Kao U
o1abpaHuX MHIUKATOPCKUX BpCcTa. Y3uMajyhu y 003up KOMIOHEHTHE rpaduKoHE AUCTPUOYIIH]je
puOJEMX BPCTa, KA0 ¥ IbHMXOBY KOHCTAHTHOCT U JOMHUHAHTHOCT, HHIUKATOPKE BPCTE Cy M3abpaHe
3a CBakM JleMHUCAHU HUBO JIerpajalyje CTaHUILITa, oJpel)eH Ha OCHOBY BPEAHOCTH M3a0paHUX
a0MOTHYKHUX TIapaMeTapa, 1 J0/ieJbeHe oaroBapajyhoj kinacu kpanurera. Takole, 3a cBaky Kiacy
KBaJINTETA, Ae(PUHNCAH je U OICEr BapHpama BPEIHOCTH U3a0paHuX METPUUKUX ocoOuHa. Orncer
BapHujaOUIHOCTU YHYTap ojpeheHe Kiace je u3padyHaT Tako IITO je MHTepBal u3Mel)y meaujana
CYCEHUX TpyIia OJIEJheH MPOMOPIIMOHATHO KBAPTHITHOM pacnony oarosapajyhux rpyma. ['opma

(Uj) m noma (L;) rpanuma 3a oapeheHy kiacy KBaquTeTa M3padyHara je MpUMEHOM cienehux

dbopmyna:
Ui = Medi + Med . - - Med VT MaKCUMAJTHA BPEIHOCT MOCIIEHE TPyIIe
i= i (Qe,,i—Medi)+(Medi+1—Q1,i+1) pen )| pyIe,
Qs.i — Medi
Li = Medi — Med: — Med; _: WJIM MUHMMAJIHA BPEITHOCT MIPBE TPYyIIe
. I (Q3,i—1—Medi—1)+(Medi—Q1,i) pea pB€ rpyme,
Medi — Q1

rae je Med; meaujana i-te rpyme, a Qi u Qs BpemHocTH npBor u Tpeher kBapTHia i-Te rpyie.

VY 3aBUCHOCTM OJI BPEIHOCTH METPHUUKHUX OCOOMHA M BpcTa HHAMKaTOpa NpoHaleHHX Ha
OJipeheHOM JIOKaIUTETy, CBAKOM HCIIUTHBAHOM IapaMeTpy ce H0JeJbyje aleKBaTtaH Opoj 6omoBa
(5 6omoBa pedekTyje BUCOKH EKOJOIIKH KBAIUTET, 4-7100ap, 3-ymMepeH, 2-JOl KBaJIUIUTET).
Jlokanurety ce nonespyje 1 601 yKoJIMKO HUjeHA jeAHKa puba HUje AeTEeKTOBaHa, yKazyjyhu Ha
BEOMa JIOII EKOJIOIIKM cTaryc. KoHauHa BpelHOCT MHJEKCa ce padyHa CymMHpameM 0010Ba
NO0OHMjeHUX Ha OCHOBY BPEJAHOCTH METPUYKHX OCOOMHA M MHIMKATOPCKUX BPCTA, HAKOH Yera ce

cyma 0oJtoBa Jienu ca OpojeM mapameTapa KOpHIIheHUX y aHalu3u mpeMa ciieaehoj popmynu:
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N
> Bi
f —BNBI =12,
N

rze je Bj 6poj 6010Ba 10/1€Ip€H CBAKOM TOjeTMHAYHOM MapaMeTpy, a N ykynan Opoj mapamerapa

KOpHUIITheHNX y aHaJIHI3H.

Knace f-BNBI-a panrupane cy ox 1 10 5. OapeljeHoj Kiaacu eKOJOMIKOT KBATUTETa J0JCIbEH je
onrosapajyhu 6poj f-BNBI 0GomoBa, o1 Beoma jomier (pube HHCY MPHCYTHE) OO OJUIUMYHOT
kBanutera. [ pannune Bpennoctu f-BNBI kinaca npeysere cy o Simi¢ & Simi¢ (1999) kako 6u

ce moryhuso nopeheme pe3yaraTa U ycarjiameHocT ca nperxoaHo nepuaucanum BNBI.
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4.1 KBaIuTATHBHM CACTAB UXTHOIIEHO3€e UCTPAKUBAHOT MOAPYYja

Tokom mepuoja ucTpaxuBama, YKYMHO je cakymibeHo 187 y3opaka ca 131 nokanurera,
ox xojux je 117 6mmo pacnopeheno myx cimBa Benmke MopaBe, 10K je 8 mpumanano CIUBY
Hpune a 6 Erejckom cnuBy. M3noBsseno je ykymuo 19.220 jenunaku puba npeacraBibeHux ca 13
damunuja, 33 poma u 43 Bpcre (Tabena 4.). Hajseha pa3sHOBpPCHOCT 3a0eiiexeHa je Y OKBHPY
damunuje Cyprinidae (24 Bpcte), 3atum ciieau Gamuiuja Percidae ca 4 u pammumje Salmonidae
u Cobitidae ca mo 3 Bpcre, 10K je y OKBHpY OCTanuX (paMuiirja KOHCTaTOBaHA caMo IO jeJHa

BpCTA.

Tabesa 4. Cniricak KOHCTaTOBaHMX BpcTa pubda y TekyhriiaMma HCIUTUBAHOT Topyyja

Bpcra Bpcra

damvuimja Salmonidae
Oncorhynchus mykiss
Salmo trutta

Salmo macedonicus
damvuiauja Thymalidae
Thymallus thymallus
damuiuja Esocidae
Esox lucius

damuiauja Cyprinidae
Abramis brama

Alburnoides bipunctatus

Rutilus pigus

Rutilus rutilus

Scardinius erythrophthalmus
Squalius cephalus

Vimba vimba

®amuauja Cobitidae
Cobitis elongata

Cobitis taenia

Sabanejewia aurata
damuauja Baltoridae

Barbatula barbatula
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Alburnus alburnus
Barbus balcanicus
Barbus barbus
Blicca bjoerkna
Carassius gibelio
Carassius carassius
Chondrostoma nasus
Cyprinus carpio
Gobio gobio
Leuciscus aspius
Leuciscus idus
Leuciscus leuciscus
Phoxinus phoxinus
Pseudorasbora parva
Rhodeus sericeus
Romanogobio kesslerii

Romanogobio uranoscopus

®amuauja Siluridae
Silurus glanis
damuauja Ictaluridae
Ameiurus nebulosus
damvuiauja Gadidae
Lota lota

damuauja Percidae
Perca fluviatilis

Sander lucioperca
Zingel streber

Zingel zingel
damuauja Centrarchidae
Lepomis gibbosus
®damuauja Gobidae
Neogobius fluviatilis
®amuauja Cottidae

Cottus gobio
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4.2 TlpocropHa aucTtpulOyumja 3ajegnuue puda

[IpocropHa nuHamuiKa 3ajefHuIle prba MpHKa3aHa je HA MPUMEPYy CTyAWje ciaydaja Ha
ciuBy peke Benuke Mopase. Mcniutusano je 99 nokanurera (140 y3opaka) (Ciuka 4., Tabena 5.)
Ha KOjUMa je KOHCTAaTOBaHO YyKymHO mnpucyctBo 41 pubiee Bpcre. Mehyrum, mnpuimkom
CTaTUCTHYKE 00pajae Mojaraka, y3eTe Ccy y 003Mp caMo OHEe BpCTe Koje Cy 3abajnexeHe Ha
HajMame JiBa JIOKAJIUTETA, HITO je pe3ylITHpao YKYIHUM OpojeM of 29 BpcTa pubda yKIbY4EeHUX y
ananu3y. CBM MCITUTUBAHM Y30PIH pacriopel)eHn cy y HeypoHe JABOIMMEH3HOHATHE Mpeske (6X5)
npeMa CIMYHOCTH Yy KBAJUTATUBHOM W KBAaHTUTAaTUBHOM cactaBy 3ajenuuie (Cruka 7.). OBom
OpJMHAIMOHOM TEXHHUKOM H3JIBOJUIIE CY C€ JBE IIaBHE rpyme y3opaka X (94 y3opaka) u Y (46
y30paka), Ipu 4emy je rpyma X aasbe mojesbeHa Ha ase moarpyme X1 (51 y3opak) m X2 (43
y3opaka) (Cnuka 7.). Jasba mojmena HHje y3eTa y 003up Kako OM ce OCHUTypao J0BOJbaH OpoOj

y30paka 1o rpyrnamMa 3a CTaTUCTHYKE aHAJH3e.

VY rpynu Y U3ABOJUIIH Cy C€ y30pILH CaKyIJbEHH Ca JOKAIUTETa CMEIITEHUM Ha TJIaBHUM
tokoBuMma Bemuke (6), Jyxxue (11) u 3anagae Mopase (7), ka0 U y30plH ca JIOKaJTUTETa KOJU
MpUMaaajy 10BUM TOKOBHMA BUXOBUX Hajehux nputoka (Cnuka 4., 7). Y nopehemy ca a priori
knacudukanujom, 06azupaHo] Ha CpeAUHCKUM Bapujabmama, 63.04% y3opaka u3 OBe TIpyle
MpuIajga TANOBUMA BOJIOTOKOBA 1 1 2, nok npeocranux 36.96% npunana tuny 3. [loarpyna X1
caJip>kH YrIIaBHOM Y30pKe ca JIOKaJIUTeTa Ha MpuTokama kako Bemnmke, Tako u JyxxHe u 3anagHe
Mopage. Y3umajyhu y o03up a priori knacudpukauujy (Tabena 5.), yak 80.39% y3opaka koju
YHHE OBY MOJArpyIy mpumaja 2 tumy BogoTokosa. Konauno, noarpyna X2 npeacraBibeHa je, 0e3
M3y3eTakKa, y30pIuMa CaKyIJbEHHUM ca JIOKAJUTETa Ha IUIAaHUHCKUM mnotouuma (31) u ropmum
TOKOBUMA MamHX nputoka Benuke, Jyxune u 3anagne Mopase (12). Ckopo cBH y30pIu KOju Cy

cBpcTaHu y oBy noarpyny (90.69%) cy a priori xknacudukoBanu kao 4 TUI BOJIOTOKOBA.
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Cauka 7. QuctpuOyuuja 140 y3opaka ca 99 nokanurera Ha ABoguMeH3noHanHO] COM mpexu. Y npoaykeTKy mudpe JoKaluTeTa,
HarjaleHa je ToJMHa y30pKOBama. Y30pIH ca JIOKAIUTETa KOJU Cy Y30pPKOBAaHHU BHILE IyTa HOCE UCTYy MIHU(PY anu ce pasiukyjy y
O3HAllM KOja O3Ha4yaBa IOJMHY Yy30pKOBama. VcrpekunaHa M MyHa JMHUja AeQUHUILY Tpyne, YTBpheHe XujepapXHjcKOM KiacTep
aHanu3oM kopuithemeM EykinnoBe nucTaHiie Kao Mepe CIMYHOCTH, 03HauaBajyhy BUIIM U HIKU XUJEPAPXH]CKH HUBO, PEJIOM.
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Tabena 5. 4 priori knacudukanyja MICHUTUBAHKUX JIOKAIUTETA Ha ciiBy Bennke Mopase

O3Haka JIoKaJIMTeTa Tun O3Haka JIoKaJIuTeTa Tun
BO/I0TOKA BO/IOTOKA

3anagna MopaBa IRM 4
*1, *2, *3, *4,*5 2 IRS 4
Jyxna Mopasa IRD 4
*6, *7, *8, *9, *10, *11, *12 2 Im 4
Beaunka Mopasa ImD 4
*13, *14 2 ImR1 4
*15, *16, *17 1 ImR2 3
CauB Besuke Mopase IG 4
C1, C2 3 IL1 4
CG 4 IL2 3
Rsl 4 IBs 4
Rs2 3 Caus Jy:xne Mopase

Lg 3 M1, M2, M3 3
LgD1, LgD2 3 N1, N2, N3 3
Lel, Le2 3 N4 2
LeG1, LeG2, LeG3 3 NJ1 4
LeP1, LeP2 3 NJ2 3

01, 02 3 NT1, NT2 4
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Js1, Js2 3 NT2 3
Caus 3anagne Mopase NTV1, NTV2 4
G1, G2 3 NTVD (4) 4
GB1 4 NTVJ (4) 4
GB2 3 VI1(4), VI2(4), 4
Ral 4 VI3 3
Ra2, Ra3, Ra4, Ra5, Ra6 3 Ve 3
11, 12 2 Jbl, Jb2 3
IS1, 1S2, 1S3, 1S4 4 P1, P2 3
IS5 3 Tl 4
ISB 4 T2, T3, T4 3
IBr 4 TL 4
1J 4 B 3
IR1, IR2 3 JT 4

COM ananu3a, takohe, nmMa MOryhHOCT Ja NpUKake ¥ AUCTPUOYIIMOHU oOpasall CBake
BpCTE MOHA0CO0 Ha IBOAMMEH3MOHATHO] Mpexku. OBakBa BU3yeNnu3alinja JUCTPUOYIMje BPCTa 1Mo
HEYpOHHMA TPEJCTaB/beHA j€ y BUAY KOMIIOHEHTHHX TpauKOHa 3a CBaKy BPCTY, YKIJbYUEHY Yy
aHanusy, nojenuHauHo (Cnuka 8. a-i). Takohe, oBu rpadukoHH Aajy 3Ha4YajHE MOJATKE O

OmoMacH cBake BpPCTC, LITO je MMPEACTABJbCHO PA3JIMUUTUM UHTCH3UTCTOM CHUBC 60je.
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Ccarp (3500) —qs Eluci (1020)

o a

1.09 Ggobi (810) Z322 Laspi(526)

1.29
HOSM% H‘I.Q % H0647
4.36e-007 0.0157
d d d

1.86e-007 8.13e-008

Lgibb (175) 2036 Lleuci (4222) g139 Omyki (515) go7igPfluy (2440) 15 gg
% H‘”% % H“Qs% Hm HM
4.94e-009 5.46 0.00988
q 0.000184 d € q e g
Pphox (140) _s676

6)
d

0.000362
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Pparv (6) Rseri (60) Rpigu (555)
0.101 1.29 0.552
% HOOSOS W H - -
) 3.06e-005 ) 0.000502 F 5.53e-007
Rruti (1100) Strut (2831) Seryt (535)
457 6.05 113
2.29 M H 3.03 0.564
r 0.00225 . 0.00105 . 1.31e-007
Sglan (9400) Sceph (3800) Vvimb (954)
366 3.92
1.83

3.68e-005

6.5
w HS45 )
0.355 0.00667
d d
Zzing (156)
0.47
0.235
L)
4.69e-007
d

Cmmka 8. (a—u) Juctpubyrmonu obpasai 29 Bpcta Ha COM mpexu. MHTeH3uTeT cuBe 00je
yKazyje Ha OMomacy mocMmarpaHe BPCTe, U3paXEHy y I'paMHMa, y y30pLuMa KOjH IMpUIAAajy
ozpeheHoM HeypoHy. 3a CBaKy BPCTY je IPHUKa3aHa U MaKCHUMaJHa BPEIHOCT OMoMace y 3arpaju.
Ca gecHe cTpaHe AUCTPUOYLIMOHE MpEKE CBAaKe BPCTE, BEPTUKAIHO j€ MOCTaBJbEHA CKajla Koja
OpojuaHo neduHuIIe HHTEH3UTET cuBe Ooje. iMeHa BpcTa cy npezacTaBibeHa ckpaheHuliama Koje
notudy oj JlatuHckor umena Bpcre. Ckpahenuiie cy 100HjeHe Tako MITO je UCKOpUITheHO MpBO
CJIOBO MMEHA poJia U MpBa YETUTH CJIOBA MMEHA BPCTE, U3 pasJiora IITO MporpaM He MojpKaBa
BUIIe 0/ 5-6 KapakTepa Ipu UMeHOBamy Bapujabiu. [lyHa naTuHCKa MMEHa BpcTa Hajase ce y

Tabenub.
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Ha ocHoBy 0BHX rpaduKoHa ce jaCHO BHJIM J1a Y30PIH KOjU Cy CBpCTaHu y rpyne Y u X2
noka3yjy Hajsehe pasnuke y morieqy KBaJUTaTUBHOT W KBAaHTUTATHBHOT CACTaBa 3ajeTHHIIC.
Bpcre ykmuja Alburnus alburnus, L. aspius, B. barbus, 6adymka Carassius gibelio, C. nasus, C.
carpio, E. lucius, cynuumia Lepomis gibbosus, L. leuciscus, rpreu Perca fluviatilis, R. rutilus, S.
erhythrophtalmus, S. glanis, nocapa Vimba vimba u Benuku Bperenap Zingel zingel nmpucyrhe cy
UCKJbY4HBO y Tpynu Y a oacytHe y X2, nok cy Bpcre C. gobio, O. mykkis, P. phoxinus u S. trutta
KapaKTEepPUCTUYHE CaMoO 3a TMOArpyny X2 W HH Yy jJeJHOM cly4dajy ce He jaBjpajy y rpymu Y.
[Moarpyma X1 uma uHTEpMEaUjaTHU KapaKkTep W MPEACTaB/beHa je€ BpcTama Koje je jaBjhajy U y
rpymamMa Y u X2 Kao MmTO Cy JABompyracra ykinuja Alburnoides bipunctatus, moTodHa MpeHa
Barbus balcanicus u 6pkuia Barbatula barbatula, anu ce ceojom Bpennomihy y Guomacu uctuay

Haza MpETXOJHO HaBaJICHUM Ipynama.

4.3 UHauKaTOpCcKe BPeTHOCTH BpCTa

Yrpkoc MoryhHOCTH &1a jacHO BH3yalu3yje AUCTpuOymHjy Bpcra mo rpymama, COM
aHajM3a HeMa MOTYhHOCT Ja KBaHTU(UKYje MHANKATOPCKE BPEIHOCTH BPCTA KOje Cy AOTPUHENES
nonenu oux rpyma. Crora, kopumnihewmem IndVal ananusze omoryheno je nma ce u3aBoje oHe
BpPCTE KOj€ Cy ca CTaTUCTUYKOM 3HauyajHOLINY OATrOBOPHE 3a M3/IBajalbe OBUX rpyma. Pesynrtatu
OBE aHalIM3e Cy I[OKa3anu Ja Opoj BpCTa, ca CTATUCTUYKH 3HAYQJHOM HMHAUKATOPCKUM
BpenHomhy, Bapupa usmely rpyma (Tabema 6.). I'pyma Y oxapakrtepucana je ca 10 Bpcra ca
BUCOKMM M CTAaTUCTHYKHU 3HauajHUM BpeaHoctuma IndVal. Mehyrum, mehy oBux 10, detupu
BpPCTE MMajy HHAUKATOPCKE BPeIHOCTH Mame o 25% (8.9-23). One ce takohe Mory cMmarparu
CBAKHMM M 3Ha4YajHUM, aqu camo 3a ozapehene neypone (E. lucius, S. erythrophthalmus, L.

aspius, P. fluviatilis).
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Tabena 6. Bpcre koje cy u3/1BOjeHE Kao CTAaTUCTUYKU 3HauajHe kopuiheweM IndVal ananuse 3a
rpyny Y u moarpyne X1 m X2. Bpcre nHanucane 3aae0sbaj M CIIOBUMa MpPEICTaBIbajy

WHIUKATOpe cBake rpymne/moarpyne ca IndVal Bpexnonthy Behom o 25%.

Y IndVal X1 IndVal X2 IndVal

Rutilus rutilus 75.0 *** Barbus 52.6 *** Salmotrutta 86 ***
balcanicus

Alburnus 61.8 *** Alburnoides 40.8 *** Cottus gobio  12.0 *

alburnus bipunctatus

Chondrostoma 59.8 *** Barbatula 34.4 *** Oncorhynchus 10.0 *

nasus barbatula mykiss

Barbus barbus 50.0 *** Cobitis elongata  21.3 **

Squalius 45.0 **

cephalus

Carassius gibelio  39.6 ***

Vimba vimba 38 ***
Gobio gobio 36.0 ***
Silurus glanis 36.0 ***

Rhodeus sericeus 33.0 ***
Perca fluviatilis 23.0 ***
Leuciscus aspius ~ 11.1 **

Scardinius 9*

erythrophthalmus
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Esox lucius 89 *
Cobitis teania

Cyprinus carpio

Lepomis gibbosus

Leuciscus

leuciscus

Pseudorashora

parva
Rutilus pigus

Zingel zingel

* Vka3yje Ha HuBO 3HadajHocTd: <0.05; ** Vkasyje Ha HuBo 3HadajHocT: <0.01; *** Vka3yje Ha HUBO

snauajHocTH: <0.001.

Tpu wHaj3Hauajuuje Bpcte 3a moarpymy X1 cy: A. bipunctatus, B. barbatula u B.
balcanicus (IndVal>25). Takohe, Cobitis elongata je cpcrana y oy moarpymy anu ca IndVal
Bpennomhy ucrmox rpanuune (21.3), mTo je W3aBaja Kao 3HAYajHy aaM caMoO 3a ojapeheHu
Heypos. Konauno, camo jenna Bpcra, S. trutta, ca n3y3eTHO BUCOKOM HHANKATOPCKOM BPEIHOCTH
(86), omucyje moarpymy X2. Bpcre C. gobio u kamudopuujcka mactpmka Oncorhynchus mykiss
Cy ce TaKkohje U3/BOjHJIe Kao BaXKHE, YIPKOC HBHUXOBUM HHIMKATOPCKHUM BPEIHOCTHMA MAFmbUM O]

25%, onucyjyhu Heypone ca o3Hakama A3 u A5, B5, perowm.

4.4 Cpenuncku GaKkTOpH U KIacM(PUKANHOHA CHATA

Kruskall-Wallis ANOVA Ttect moka3zao je J1a ce CBH MEPEHU CPEOUHCKH (aKTOpH
CTaTHCTUYKU 3Ha4ajHO pa3nukyjy melhy rpynama (Tabenma 7.). Y3 momoh Mann-Whitney tecra
yTBpheHo je u3Mmel)y Kojux rpyna mocToju CTaTUCTUYKU 3HA4YajHa Pa3iiMKa 3a CBAaKU CPEAUHCKU
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napamerap. I'pyne Y u X2, He caMo Ja ce y MOTIYHOCTH Pa3IMKY]y Y CTPYKTYpH 3ajeTHUIle , Beh
ce Pa3NuKyjy U y CBUM UCHHUTHUBAHUM cpeauHckuM mapamerpuma (Tabena 7.). Hacympot Tome,
noarpynie X1 m X2 He moka3syjy 3HayajHe pasiHKe y BPEJHOCTHMA TEMIIEpaType BOJAE U
pPacTBOpPEHOT KUCEOHWKa, AOK cy rpyne X1 m Y ciawuHuje y moryieqy KOJMYWHE HUTpaTra u
CIIEKTPONPOBOUBMBOCTH Boje. Konawro, BpemHocr eta kBampar (n°) ykasama je ma dak 7
CPEIMHCKHUX TapamMmeTapa Mmokasyje jaky Be3y ca CTPYKTypoM 3ajeqaurie. Mely muma, HaMOpCKa
BHUCHHA U JOMMHAHTHU CYTICTpPAT C€ UCTUUY KAao Haj3HA4YajHUJU, U UMa]y HajBUIIE BPEIHOCTH €Ta

kBajpata (Tabemna 7.).

Pesynratu ynopehuBama kinacudukanmone cHare uMmely mojene no0HjeHE Ha OCHOBY
COM ananmse u kinacu(uKaimje Ha OCHOBY CPEAMHCKUX MapameTapa MoKa3ajid Cy Jia Cy ce Ha
ocioBy COM amnamuse y3opuum Oosbe rpymucanu. Kiacudukammona cHara a posteriori
nebunucanux rpyna (CS: 0.173) je Beha wero 3a a priori nedunucane rpyne (CS: 0.129).
Takohe, cpemme BpPEAHOCTH CPEIUHCKHUX TapaMeTapa, KOpuUIINeHWX MpHIMKOM a Priori

Kki1acuuKalje, CTATUCTHYKK CE 3HAYajHO pas3iuKyjy u3Meljy a posteriori moOujeHux rpyma.
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Ta6esa 7. Cpenme BpeIHCTH + cTaHAapHA JIEBHjalldja CPSIMHCKUX TTapaMeTapa 3a CBaky Ipymy/moarpymny. BpengHoctu koje y unctoMm

peJly He HOCe UCTH CYNEPCKPUIIT Cy CTaTHCTHYKHU 3HauajHo pasauuute: © p<0.05.

I'pyna
CpenuHcku nmapaMmeTpu KW p n2
Y X1 X2
Hanmopcka Bucuna (M) 70.492 *Fxk o 238.98+£129.255 352.84+170.391 654.47+208.559 0.50
[Inpura kopura (M) 54369  ***  33.92+10.511 11.3311.440 6.87+3.417 0.39
Jy6una (m) 50.635 folelal 1.861+1.2427 0.731+0.4335 0.499+0.3243 0.36
Temmeparypa soxe (°C) 10.004  ***  20.585+5.1159  17.059+6.1023%  15.960+44.0511°  0.13
Esnexrponposowbusoct (uS/cm?)  47.351  ***  450.80+153.780°  398.55+163.026"  230.47+108.089 0.34
Konrnenrpanuja kuceonnka (mg/l)  18.243 *xxk o 85702+1.56431  9.6696+1.48374%  9.7665+1.29876%  0.13
JIOMUHAHTHHU CYHCTpAT 69.806  ***  2.3043+0.5914 2.9804+0.14° 3+0.00° 0.50
NOs-N (mg/l) 18792  ***  5441£34527°  4.367+3.8101°  2.869+1.7960 0.13
PO4-P (mg/l) 53.462 foleled 0.7898+0.81724 0.3039+.36449 0.13032+0.15109  0.38
NH4-H (mg/1) 25.841 foleled 1.6024+1.12196 0.8748+0.96109%  0.6019+0.78892° 0.18

*** Ykasyje Ha HuBO 3Ha4ajHoctu: < 0.001.
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4.5 Knacupukanuja MCnMTHBAHUX JIOKAJMTETA HA OCHOBY H3a0paHNX

a0MOTHYKKMX MapaMeTapa U CTPYKType UXTHOLIEHO3e

[Ipumenom Mmerome camoopranmdyjyhux mama (COM) wm3BpiieHa je Kiacudukaiuja
WCIIUTHBAHUX Y30paKa y KapaKTePHCTUYHE EKOJIOIIKE CHTUTETe — TUMOBE peka. Ha m3mazHom
ciojy COM mpexe U3aBOjUiI0 ce 8 Tpyla — THIIOBA peKa HAa OCHOBY CTPYKTYpPE MXTHOIICHO3E U
kapakrepuctuka cranumrta (I — VIII; Ciuka 9.). I'pyma | oOyxBaTa Maiie, BUCOKOIUTAHHHCKE
notoke u peke oa 900 no 1300m nagmopcke Bucune. Y rpyme |1, Il u IV cBpcrane cy mane peke
ox 300 mo 900m HamMopcke BHCHHE, TOPHH TOKOBH peka cpeame BemmumHe (200-700m
HA/IMOPCKE BUCHHE) U CPEIbH U TOBU TOKOBH MaUX peka 10 S00m HaaMopcKe BHCHHE, PEIOM.
JIokanuTeTH KOju MPHUIIaajy OBUM TPHMa TpylaMa yrilaBHOM Cy CMEIITEHH Ha pekama OpacKo-
MJTAHWHCKOT THIa. Majie peke Ha MambUM HaJAMOPCKUM BrcuHama (10 300m HagMOopcKe BUCHHE)
npunanajy rpynu V, nok rpyne VI u VIl oOyxBarajy nokanutere Koju NpUnaaajy CpelmbuM U
TOHKUM TOKOBHUMA peKa CPebe BETMUUHE U TOPHE TOKOBE BEIMKUX PAaBHUYAPCKHUX PEKa, PeIoM,
06e 10 300m magmopcke Bucuue. Konauno, y rpymy VIl cBpcTanu cy JTOKaTUTETH ca CPeamBUX
U JOKUX TOKOBA BEJIMKHX paBHUYAPCKUX peka. ['pajujeHT HaAMOpCKE BUCHHE je JaCHO YOUJbUB
Ha COM wmpexu, oxn rpyne | nmpeko rpyna I1-VII xa rpynu VIII, npahen npomenama y mupuHu
Koputa, nyounn u temmnepatrypu Boae (Cmmka 10.). 3a cBaky ox 8 M3[BOjeHHMX Tpyma jaara je
aHaJlu3a KOHCTAaHTHOCTH U JOMHUHAHTHOCTU pUOJBUX BpCTa, KA0 M CPEAE BPEIHOCTU

napamerapa koju pediiektyjy antponorenu yrumnaj (Tabena 8.).
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Cauka 9. Ilpepacnonmena nokanuteta y wu3iazHe HeypoHe COM wmpexe. Ilopen mmdpe
JOKAJIHUTETA CTOJU TOJIMHA Y30pKOoBama. JIOKaTUTETH KOjU Cy Y30pPKOBAHH BHIIE ITyTa HOCE UCTY
mudpy anu ce pa3IuKyjy mpeMa TOJUHH KaJla Cy UCITUTUBAHU. 3a rpynucame CIMYHUX HEYpOHa
Ha COM Mpexu nmpuMerbeH je k-means meto1. TaukacTa npHa JIMHKja O3Ha4aBa TpaHuile uamely
nebunucanux THmoBa peka (I-VIII). Tlyna 1pHa nuHHjA TpeacraB/ba TpaHuile usMmely

pasnmuunTHX Kiaca kBanutera (A, B, C u D).
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Temnepartypa

0.4
0.35
0.3
0.25

3.9-20,6 *C

Camka 10. Bwmsyanuzamumja auctpuOymnuje ogaOpaHux cpeauHCkux rmapamerapa Ha COM  wMpexu, ca TPUKa30M OIicera

BapHujaOUIITHOCTHU 3a CBaku. BepTukanHa HymepucaHa ckajia 3a CBaKy Maly IpeJcTaB/ba MepeHe BpeIHOCTH mapameTapa. MHTensurer

1pHe 00je TUPEKTHO je MPOTOPIIMOHATaH MaKCUMAITHUM BPEIHOCTHHA KOPHUITNEHUX IapameTapa.
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Tadena 8. KOHCTaHTHOCT M IOMUHAHTHOCT PUOJbUX BPCTA Y M3/IBOJEHUM IpylamMa CTAHMIITA M CPEIEb-e BPSAHOCTH Mapamerapa Koju
yKa3yjy Ha uHTeH3uTeT aHTponoreHor yrunaja (rae je: NO3-N — konnentpamnuja Hutpara; PO4-P — xonnentpamuja oprodocdara,
NH4-N — konnenrpamumja amonujaka; HA — xuaponomko Hapymeme; CA — kaHanucame BogoToka, LU — nckopunrheHocT 3eMipHITa;

DO — xoHIeHTpaIHja paCTBOPEHOT KHCEOHUKA).

I'pyne cranumra

Bpere | I 1 \Y, v VI Vil VI
Alburnoides bipunctatus R *12-3 *) 2 *11 R R
Alburnus alburnus R *1 *112 *12-3
Barbatula barbatula R *11 *11 R R R

Barbus balcanicus *I1'3 *112-3 *12 *12 *2 *2 R
Barbus barbus R R R R *1
Carassius gibelio R R R *12
Chondrostoma nasus R R *112-3 R *1-2
Cobitis elongata R R R R

Cobitis taenia R R

Cottus gobio R R R

Cyprinus carpio R
Esox lucius R
Gobio gobio R * 2 *| 2 R *1-2 *1
Lepomis gibbosus R R R
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Leuciscus aspius R
Leuciscus idus R
Leuciscus leuciscus R
Oncorhynchus mykiss R R R

Perca fluviatilis R * 2
Phoxinus phoxinus R R R R

Pseudorasbora parva R

Rhodeus sericeus R R R R R
Romanogobio kesslerii R

Rutilus pigus R
Rutilus rutilus R *1-2 | *I2-3
Salmo trutta/Salmo macedonicus *13-4 | *I2-3 *12 R

Scardinius erythrophthalmus R
Silurus glanis R *[1-2
Squalius cephalus *12-3 | *I2-3 *] 2 * 2 * 2 *1'1
Thymallus thymallus R

Vimba vimba R R *1'1
Zingel zingel R
ITapamMeTpu MHTEH3UTETa AHTPONOICHOT YTHLAja

NO3-N (mg/l) 2.34 2.66 2.38 3.92 5.50 6.64 5.40 5.14
PO4-P (mg/l) 0.05 0.18 0.25 0.39 0.49 0.68 0.82 1.29
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NH4-N (mg/l) 0.48 0.52 0.82 1.29 1.27 2.04 2.65 2.45
HA 15 1.36 1.43 1.33 1.6 1.7 1.87 1.13
CA 1.08 1.28 1.6 2.09 1.95 2.29 2.43 2.59
LU 1.12 1.36 1.47 1.95 2.34 2.17 2 2.22
EsnexrpomnpoBosuoct (uS/cm?) 172.7 280.28 312.82 323.09 409.21 403.76 410.59 478.75
DO (mg/l) 11.48 10.23  10.29 9.59 8.13 7.79 7.31 5.66

* — koncrantHa Bpcra (>50%), R — perka Bpcra (<50%), Il — Bpcta momuHanTHa y Buiie ox 50% y3opaka, | — Bpcta TOMUHAHTHA Y

mame 07 50% y3opaka. 3a cBaKy BPCTY 4Hja je KoHcTaHTHOCT Beha ox 50%, npukaszan je Opoj crapocHux rpymna y Bumie ox 50% of

y30paka. YOKBUpPEHA 110Jba 03HAa4YaBajy MHANKATOPCKE BPCTE.
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4.6 Knacupuxanuja nepuHUCAHUX IPyNa CTAHUIITA NPEeMa ja4YUHH

AHTPOIOreHOr YTHIIAja
JlaJbOM CTaTUCTUYKOM aHaIuM30oM, y3 momoh K-means kiactep MeTOJe, MPeTXOJHO
U3/IBOjEHE TPYIE CTAaHUIITA TPYIHCAHE Cy HA OCHOBY BPEIHOCTH Hapamerapa KOoju pedIieKTyjy
AHTPOTIOTEHU YTHIA] U cBpcTaHe y yerupu kimace (rpyme A, B, C u D) xoje mpejacraBibajy

KaTeropuje kBaiurera Bojie u ctanuimTa (Cnuka 9.).

I'pyma A je mnpencraBjbeHa CTaHMIITUMA CKOpO O€3 HKakBOI Hapyllema (HUCKe
BPEIHOCTH TMapaMeTapa aHTPONOTeHOT Hapyliema), ca HUCKUM MHHEPAJTHHM CacTaBOM (HHCKE
Bpeaqnoct  NO3-N, PO4-P  u  enexkTpomnmpoBOIHMBOCTH) W HUCKOM  KOHIIEHTPAIMjOM
aMOHHU]JyMOBOT jOHA, a ca Apyre crpaHe BeoMa J1o0po aepucanoM BojioMm (Cnmka 11.). I'pyny B
6naro Hapyuiewme ctanumTa. Caapikaj MUHEPAIIHUX COJIM Y OBOj TPYIH je Takohe HHU3aK, CIMYHO
rpynu A, anu je eJIeKTpONpOBOIBUBOCT Beha JI0K je KOHIEHTpalllja KUCEOHUKa y O1arom mnamy.
OBe rpyme o0yxBaTajy YHCTE BOJIE Ca BHCOKHM EKOJIOIIKMM CTaTyCOM M YHCTE BOJE Ca CaMo
MPUPOIHO TTOBEhaHOM KOHIICHTPAIM]OM TOJEMHUX JOHA, OKapaKTeprcaHe Kao BOJE ca 0OpuM
eKOJIOIIKUM CTaTycoM, peloM. 3a o0e rpyne MpoUeHkeHe Cy WHANKATOPCKE BPCTE HAa OCHOBY
BUXOBE KOHCTAHTHOCTU M JIOMUHAHTHOCTH, IITO j€ W MOTPB)EHO KOMINOHEHTHHM TpaduKOHNMA
(Tabena 8., Cnumka 12.). Mehyrum, Bpcra S. trutta ce, mpema cB0OjOoj] KOHCTAHTHOCTH H
JOMHHAHTHOCTH, TIOKa3aja Kao KapaKTepHCTHYHAa BpCTa 3a 0o0e oBe rpyme. YIPKOC BHCOKO]
JTOMHHAHTHOCTH OBE BpcTe y rpynamMa A u B, pasznuka mel)y muMa ce jacHO MO)ke IpHUKa3aTu
mpeko Opoja y3pacHUX Kiaca Koje cy 3actymnmeHe y yzopuuma (TaGena 8.). Takobe, jenna ox
IJIaBHUX pa3idka u3Mel)y OBHM rpymama jecte u Onaro cMameme NMPOICHTa BPCTa ca BHUINE
CTapOCHHMX TIpyna, T'YCTHHE WHCEKTHBOpa M HETOJEpaHTHHX BpcTa a mnoBechame TrycTuHE

OMHHMBOPHHUX MHAUBHUIYa y Tpynu B y omHocy Ha rpyny A (Tabena 9., Ciuka 13.).
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Ta6esa 9. Cpenme BpeJHOCTH + cTaHIapAHA JEBUjallM]ja 3a CBAKY OJ1 HICIIMTHBAHNX METPUUKUX

ocoOunHa 3a CBaKy rpymy n1o0ujeHy Ha ocHOBY Kiactep aHanuse (A, B, C u D). Bpeanoctu koje y

HCTOM Py HEe HOCE UCTU CYIIEPCKPHUIIT CY CTATUCTUYKH 3HAYAJHO Pa3IUINTE: ab p<0.05.

Merpuuka Ipyna

oco0uHa P A B C D

# AS 34.451 *** (.13+0.33° 0.06+0.24° 0.23+0.54° 0.64+0.58
% OMN 98.724  *** 1.56+7.65 9.99+13.50 39.01%+£22.10  43.95°+27.41
% INS 115.884 *** 96.98+8.83 39.51£24.70  11.89+15.56 2.49+6.43
% CAR 105.377 *** (° 0° 0.240.96 7.61+13.85
% LIT 94.628 *** 97.74+8.24*  97.00+5.89° 76.92+22.02 59.92+25.12
% PHY 113.636 *** 0° 0.16+1.47°2 5.02+7.81 33.06+£22.64
% RHE 92.507 *** 98.41+£7.65% 98.75+£3.13%  85.24+18.94 63.15+£24.94
% EUR 112.332 *** (Q° 0.23+1.50° 8.82+13.67 34.11£22.96
#TOL 114.655 *** 0° 0.05+0.21% 1.04+1.11 3.18+1.33
% INT 81.987 *** 97.12+10.60 90.84+16.58  72.41+£25.92 19.53+£29.53
% SMAG 65422 *** 100+0 72.82+£20.07  61.70+£20.35 49.55+17.99

*** Ykasyje Ha HEBO 3HauajHOCcTH: <0.001.
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800
600
400
200

0.3-25.99 mg/1 0.007-2.8 mg/1
DO

3.39-11.78 mg/1

Cauka 11. Buzyanuzanuja nuctpuOyludje mapamerapa KBaluTeTa BojAe Ha mperxogHo TpeHupanoj COM mpexu (rme je: DO—
KOHIIeHTpauuja pacTBopeHor kuceoHuka; NO3-N—xkoHuenTpaimja a3zota u3 Hutpata; PO4-P—xoHuentpanuja ¢ocdopa us
oprodocdara; NHA-N—koHueHTparmja a3ota u3 amoHujaka) u cranumra (rae je: HA—xunpomnoriko Hapymiemhe; CA— KaHaIUCambe
BoJ0TOKA, LU—wuckopumhenocT 3eMIbHINTa), Ca IPUKa3aHUM OTICETOM BapHjaOWIIHOCTH 3a CBakW mapamerap. VlHTeH3uTeT cuBe 6oje

y1<a3yje Ha BPCAHOCTU UCIIMTUBAHUX ITapaMeTapa.
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Abipu (510) Aalbu (1148) Bbarba (99) Bbalc (16640) Bbarbu (14792) Cgibe (1774) Cnasu (9488) Celon (465)
80 12
e

Lidus (1060)

Rruti (2803)

!

Clusters

Sceph (38000)

H
H
Hm
A H

Cauka 12. Buzyanuzanuja quctpubyuuje 32 Bpete pudba Ha COM mpexu. CkpaheHulle JaTHHCKUX UMEHA BPCTa Cy KpEUpaHe TaKo
IITO MPBO CJIOBO O3HA4aBa MMOYETHO CIOBO MMEHA POJa, IOK MpeocTalla 03HauaBajy MpBa 4YETHpPHU cioBa uMeHa Bpcte, jep COM
aruIMKaluja mpuxBaTa HE BUIIE Of 5-6 KapakTepa 3a uMeHa Bapujabmu. [lyHa nmatuHcka MMeHa BpcTa mpuka3aHa cy y Tabemu 8.
NuTensurer cuBe 0oje ykazyje Ha OuomMacy puba mnpukazany y rpamuMa (y 3arpajzama cy JaTe MakCHMallHe BPEIHOCTH Ouomace 3a

CBaKy BPCTY) Ha JIOKAJIMTETUMA Y OKBHpY jenHor HeypoHa. [Ipasna COM mpexa y 1omeM JeBoM yriy nojceha Ha noneny y rpyre.

97



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Hacympot oBum nBema rpymnama, rpyne C u D o0yxBarajy ToKamuTeTe KOjU CY U3TI0KEHU
3Ha4YajHUM aHTPONOTeHuM yrunajuma. ['pymy C kapakrepuine ymMepeHO Hapylleme Xxaburarta u
ymepeno 3araheme Bome (Tabema 10., Cnmka 11.). IlpemMa KOHCTaHTHOCTH W JOMHUHAHTHOCTH,
IIecT BpcTa puda je mpolemeHo Kao nHaukaropu ose rpyme (Tabema 11.). Melhyrum, Tpu Bpcre
(A. bipunctatus, B. balcanicus u S. cephalus) cy ce u y rpynu B u3nBojuie ka0 MHINKATOPCKE
BpCTE, Ca TOM pa3lMKOM Ja cy y rpynu C mpucyTHe ca HE BHUIIE O] JBE CTapOCHE Tpyle y
nonynanuju. ['pyna D mpencraBsba JOKAIUTETE ca HajBehUM CTETIEHOM Hapyllielkha CTaHUINTA U
3Ha4ajHUM 3arahemeM Boje, ykazyjyhu Ha jomr exkonomku craryc. lllect MHANKATOPCKUX BpCTa
3a OBy TpyIly, IIPOICHEHO j€ Ha MCTH HAYMH Kao W 3a MPETXOJHe M npukazaHo y Tabemu 11.
Konauno, y3opuu koju HUCY OWJIM MOJBPTHYTH CTaTHCTUYHO] 0OpaaM IMojaTaka, jep HHjelHa
WH/IMBHya HUjE W3JIOBIHCHA YCIIe] BEOMa TEHIKOT 3araljerma BOJE W Hapyllelka CTAaHWIITA, CYy

cBpctanu y rpymny E (Ta6ena 10.).

Behnna mocmarpaHux METpUUYKHX OCOOMHA je TOKa3aja jacaH TPaJMjeHT Yy MPOMEHU
cBojux BpeaHoctu Ha COM mpexu. Kpehyhu ce kpo3 COM many on rpymne A nipeko rpyma B u
C xa rpynu D, Bpemnoctu %INS, %INT, %LIT, %RHE u %SMAG onanajy, 10k BpeaIHOCTH
%OMN, %PHY, %EUR u #TOL pacty. lllta Bume, meTpuuke ocobuHe kao mto cy %INS,
%INT, %OMN 1 %SMAG cy nokazajne jaky OCETJbUBOCT M IOCTEIICHY MPOMEHY y BPEIHOCTH
Iy rpaadjeHta kBanurera cpeante (Tabdema 9, 10, Cnuka 11, 13). Ca apyre crpane, Bapupame
BpenHocTu MeTpuukux ocoomna %LIT, %RHE, %PHY, %EUR u #TOL Huje jacHO yOo4JbMBO
n3mehy kimacrepa A u B, mTo je y ckiiaqy ca HE3HaTHUM IMpPOMEHaMa y KBAIUTETY BOJC U
cranummta u3Mmel)y mux. [IpomeHe y BpeIHOCTHMMa OBHX METPUYKUX OCOOMHA IMOCTale Cy
eBujieHTHe Beh y kiacrepy C, rnie je W 3a0ajie)KeHO 3HAYajHO IMOTOPIIAKE CBUX IMOCMATPaHUX
napamerapa KBanutera Boje U cranumTa (Tabena 9). Hajsnauajuuju nax y Bpeanoctuma %LIT,
%RHE, %INT u nmopact %PHY, %EUR u #TOL yowsus je usmelhy kinactepa C u D, ykazyjyhu
Ha 3HAyaj KOHLEHTpaluje pacTBopeHor kuceoHuka, PO4-P, NH4-N u cremena nerpanaiuje
peuxor kanana (Cnuka 11, 13). HacynpoT Tome, MeTpuuke ocobune kao mro cy %CAR u #AS
He MMOKa3yjy BUAbHB rpaaujeH npomene Ha COM mpexu (Cruka 13.). Kruskall-Wallis ANOVA
TECT je TOTBPAMO Jla CE€ BPEIHOCTH METPUYKHMX OCOOMHA CTATHUCTUYKH 3HAUYAJHO DPA3IIUKY]Y
usmely rpymna, a Mann—Whitney post hoc tect je mokaszao koje ce rpyre CTaTUCTUYKH 3HAa4ajHO

pa3NuKyjy y nmorjeny cBake HCIUTUBaHe MeTpuuke ocooune (Tabemna 9.).
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Tabena 10. Cpenme BpeAHOCTH + cTaHAapHA JEBHjallHja 3a CBAKH OJf UCIIMTUBAHUX MapamMeTapa KBAIUTETAa BOJE 32 CBAKY IPYILY
no6ujeny Ha ocioBy kiactep ananuse (A, B, C u D). I'pyna E oGyxBara y3opke rjae puda Huje 6mio. BpenHoctu Koje y KCTOM peay

HE HOCE UCTH CYNEPCKPUNT CY CTATUCTUYKHU 3HAYAJHO PA3JIUYUTE! ab p<0.05.

I'pyna

[Tapamerap

A B C D E
NOs-N (mg/I) 2.34+1.59° 2.99+2.01° 5.85+3.88" 5.14+2.1° 4.73+0.45°
PO4-P (mg/l) 0.05+0.07 0.28+0.33 0.66+0.56 1.29+0.38 2.80+0.12
NHz-H (mg/l) 0.49+0.42 0.88+0.82 1.99+1.27 2.45+0.8 7.46+0.48
EnexkrpornpoBoiybuBOCT ! "

) 172.70+£78.13 305.40+117.8 407.85+178.11° 478.754+98.07 435.33+10.01%

(uS/em?)
Konuenrpanuja

11.48+0.7 10.04+1.07 7.74£1.72 5.65+1.42 3.66:0.31

kuceonnka (Mg/l)
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%SMAG

100 100

50

Cauxa 13. BpenHocTH MCIUTHBAHHX METPHUUKUX OcCOOMHA Ha mpeTxoaHo TpeHupaHoj COM wpexu, ca MpHKa3oM oOIcera

BapHjaOMITHOCTH 3a cBaKy. IHTeH3HUTET cuBe 00je yKa3yje Ha BpeJHOCTH CBaKe UCIIMTUBAHE METPHUKE OCOOUHE.
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Ha ocHoBy oBux pesynrata, camo Tpu MeTpudke ocobune (%INT, %INS, %SMAG)
MOKa3yjy CTaTHUCTHUYKH 3HauYajHy pa3iuky m3mel)y cBux rpymna (TaGema 9.), Te cy jeawmHO OHE

NPOLICH-CHE Ko MOT0IHE 32 (GUHANHY Tpe3eHTalujy nnaekca (Tadema 11.).
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Ta6ena 11. Marpuna bankaH buotnukor Munekca 3a Pube (f-BNBI). BpenHoctu y 3arpagama

03HayaBajy Opoj y3pacHHX KJ1aca MHIUKATOPCKHUX BPCTA.

HNuaukaropcka Bpera

Bpoj Exonomxku
% INT % INS % SMAG
(domunanTHOCT >10%0) Goxosa craryc
Salmo trutta/Salmo Brcox
100 100 100 _ 5
macedonicus (>3) 4.6-5
Alburnoides bipunctatus (>2)
Barbatula barbatula
Barbus balcanicus (>2) Hobap
89-99.99 19-99.99 69-99.99 4
Salmo trutta/Salmo 3.6-4.5
macedonicus (<3)
Squalius cephalus (>2)
Alburnoides bipunctatus (<2)
Alburbus alburnus
Barbus balcanicus (<2) YmepeH
45-88.99 2-18.99 57-68.99 3
Chondrostoma nasus 2.6-3.5
Gobio gobio
Squalius cephalus (<2)
Barbus barbus
Jlom
<45 <2 <57 Carassius gibelio 2
1.1-25

Perca fluviatilis
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Rutilus rutilus
Silurus glanis

Vimba vimba

Hewma puba

Beoma yom

Exkosomiku cratyc

N
> Bi
f —BNBI =12
N
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5. luckycuja
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5.1 luBep3utet nxTuodayHe HCTPAKUBAHOT MOAPYYja

CnaTKOBOJIHY €KOCHCTEMH TPOIICKE 00JIACTH IMPE/ICTaBIbajy HajBehe IeHTpe AUBEp3UTETa
uxtro(ayHe, MTO je carjlaCHO HAjIO3HATHjeM MOJICTY Y €KOJOTHJH MO KOME C€ JUBEP3UTET
BpCTa cMambyje 0]l TPOICKHX Ka mosiapHuM obnactuma (Pianka, 1966; Rohde, 1992; Hillebrand,
2004). Kana je peu o ymepeHoM Tojacy, Hajsehe 6orarcTBo BpcTa pruba OEleku ce y BIaKHUM,
ymepennm obOiactuma CeBepre Amepuke (Chapin et al.,, 2001). ®dayna ciaTkoBOIHHX prOa Y
CBETYy je mpenctaBibeHa ca 11.952 Bpcre, mro mpexacraBiba 43% ykynmHOT Opoja BpcTa
yKJbyuyjyhu u oHe Koje HacesbaBajy mMopa u okeane (Nelson, 2006). Ox tora je na EBporickom
KOHTHHEHTY npeMa casHamuma Kottelat (1998) perucrposano 358 Bpcra, pacnopehenux y 86
pomoBa u 27 dammnuja. Mehyrum, Lundberg et al. (2000) y cBom pamy mctuuy ga ce Opoj
JETEKTOBAaHMX BpcTa puba cBake roJuHe 3HATHO MoBehaBa. OCHOBHU pasyior TOME je IITO je y
paHujeM TepHo/Iy MOMKUC CIATKOBUIHMX pUOa ayTOPU30BaH OJ1 CTPaHEe MXTHUOJIOTA M3 ICHTPATHE
u cesepHe EBpore, Te je Beoma yecto ojbarmBaHa MOTYHHOCT MocTojakba HOBHUX BpCTa Ha

nopydjy jyxkue u uctoune Espone (Kottelat, 1998).

ITpema momganmma Simonovi¢ (2001), y akBatnuauM exocuctemuma CpOuje 3abernexeHo
je mpucyctBo 89 Bpcrta puba u 5 Bpcra kojoycta. Kako Hajeehy moBpIuHy Hallle 3eMJbe 3ay3uMa
cmuB peke JlynaB (Gavrilovic & Dukié, 2002), T0 je y OBOM CIMBHOM IMOJAPY4Yjy MOTIIYHO
OUYCKMBAHO HPUCYCTBO uyak 79 Bpcta puba u 3 Bpcre konoycra (Jankovié & Krpo-Cetkovié,
1995). Bpacko-miaHuHCKE peke ciuBa JprHe, Kao M IMOjeHE peke ciauBa 3amagHe Mopase
MMajy TIOCEOHO BEJIWMKM 3Hayaj 3a auBep3uTeT uxtHodayne Cpbuje 300r mpHUCycTBa
canMoHMIHKMX Bpcrta: S. trutta, mimamuma Hucho hucho u T. thymallus. Hacympor J{yHaBckom
ciuBy, peke Erejckor ciuBa 3ay3umajy Beoma Maiy noBpimHy CpOuje u okapakTepucaHe Cy
CHelU(pUIHOM CTPYKTYpOM HXTHOdayHe, IITO C€ Yy OBOj CTYAUjU JOKa3yje MPUCYCTBOM
MakeZoHcke mactpmke Salmo macedonicus. Tokom mnepuona uctpaxkusawma (2003-2011), Ha
nospy4jy Cp6uje jyxxno on [lynaBa, 3a0enexeHo je mpucyctBo 43 BpcTe pubda, IITO MpesICTaBIba
HEILTO Mame O] MOJIOBUHE YKYIHOT AuBep3uTera uxtuodayne y Cpobuju. BaxkHo je Harimacutu
J1a cy MpenMeT MCTpaKUBamba OBE CTyAMje OMIIM UCKJbYYMBO JIOTUYKHM CUCTEMU U TO YIJIaBHOM
MOTOIIM M peKe Maje 10 cpeame BennunHe. KoHnauHo, 3Havyajan Opoj mpeacTaBHUKA UXTHO(ayHe
CpOuje MCKJbYYHMBO HacTamyje peke BojBoauHe w/wim riaBHM TOK peke J[yHaB, OJHOCHO

JOKaJIHUTETEe KOje HUCY oOyxBaheHu y okBupy ose crymuje (Simonovi¢, 2001).
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Ocum ayToXTOHHMX BpcTa, y Bojgama CpOuje 4ecTo Cy NPUCYTHE U aJOXTOHE KOje
npunanajy cinenehum ¢amunumjama: Centrarchidae, Ictaluridae, Gobiidae, Odontobutidae,
Polyodontidae, Cyprinidae, Salmonidae, Sygnathidae. ITpeacraBuuium damuiuje Ictaluridae,
Ameiurus nebulosus u Ameiurus melas untponykoBanu cy u3 CeBepue Amepuke y EBpomy, u
JaHac ¢y yecte Bpere y HamuM Bojgama (Cvijanovi¢ et al., 2005). Takole, u3 CeBepHe AMepuke
MOpEeKJI0 BoJe M MHOre npyre Bpcre u To: L. gibbosus wu Micropterus salmonides
(Centrarchidae), O. mykiss u S. fontinalis (Salmonidae), Polyodon spathula (Polyodontidae).
Bpcra P. spathula npsu niyt je y Cpouju otkpuBena maja 2006. roaune y Herotutckoj Kpajunu,
a MpeTIoCTaBJba ce Ja je Ty nocnena u3 Pymynuje u byrapcke, rie je uaTpoaykoBana jour 1990
roguae (Simonovi¢ et al, 2006a). M3 uctoune Asuje muTtpomykoBane cy Bpcre C. gibelio,
Pseudorasbora  parva, Ctenopharyngodon idella, Hypophthalmichthys  nobilis,
Hypophthalmichthys molitrix (Cyprinidae), u Percottus glenii (Odontobutidae). Bpcra P. parva
je JaHac IMPOKO pacrpocTpameHa y HammM pekama (Cakic et al., 2004). Mcrouno-Asujcka
Bpcra P. glenii, ox xaga je 2003. roauue npBH MyT npoHaljeHa, CBE Ce BHIIE IIMPH y BOJAaMa
JynaBa (Simonovi¢ et al., 2006b). Bpcre poma Neogobius (Gobiidae), takohe, excreH3uBHO

mmpe cBoje apeasie y Cpouju mocineanux aenenuja (Simonovic et al., 2001).

Ha ucrpakuBaHoM ciuBy 3abeneskeno je 6 maropaykoBanux Bpcra (O. mykiss, C. gibelio,
A. nebulosus, L. gibbosus, rimaBou nmeckap Neogobius fluviatilis u P. parva) mro mnpeacrasiba
35,3% on yKymHOT Opoja perucTpoBaHUX MHTpoAyKoBaHUX BpcTa y Cpouju. Mehyrtum, Bpcte A.
nebulosus u P. parva cy nerexktoBaHe Ha caMo JBa JOKAIUTETa, TE C€ 300T TOra CMaTpajy PETKUM
U HHUCY y3€Te y 003Up MPUIMKOM CTAaTUCTUYKHMX aHamu3a. [Ipema momaruma Simonovi¢ (2001),
Bpcre C. gibelio, L. gibbosus u P. parva ce xapakTtepwuiy apeaioM pacipocTpameHa, Koju je
u3y3eB BojBoauHe, OrpaHMYeH yriIaBHOM Ha TJIaBHE TOKOBe peka Benwmke, JyxHe u 3anaaHe
Mopage, ITO je carjacHO CBpCTaBamy JOKAJIUTETa, Ha KOjUMa Cy OBE BpPCTE JETEKTOBAaHE, y
wiacrep Y (Cnuka 7, 8a-u). Bemuka OpojHoct Bpcre O. MyKiSS Ha HCTpaKMBaHOM MOJPYY]jy
HajBepOBaTHU]E je MOCJIeANIIa U3y3eTHOT KOH3YMHOT 3Hayaja OBE BPCTE, TE€ CE OHA MHTEH3MBHO
raju y puOmbauykuM CUCTEMHMMa, OJlakiie 0OMYHO U JIO0CIeBa y MPUPOIHE BOJAOTOKOBE (Simonovic,
2001, Lenhardt et al., 2011). Tlpema Simonovi¢ (2001) Bpcta N. fluviatilis, koja ce unaue
KapakTepuIlle OTpaHHYEHUM pachpocTpamemeM y Cpouju (peke BojBoawmHe UM TIaBHH TOK

JlyHaBa), mocieamHuX roIMHa IIMPH CBOj apeai M Ha mpuToke, u3mel)y ocranor u pexe Benuka n
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3ananHa Mopasa (Simonovic et al., 2001; Djikanovi¢ et al., 2013). OBakaB Tpena je notBphen u
pesyiraruma oBe ctyauje rae je Haiaz N. fluviatilis 3a6enexen Ha TOKATUTETY HA CPEABEM JCTy

ToKa peke Benuke Mopase.

CBe HamoOMEHyTE QJIOXTOHE BpPCTE WMajy BEIWKH YTHIA] HA KBAJUTATUBHO-
KBAaHTUTATHBHU CacTaB NXTHO(dayHe MOBPIIMHCKUX BOJA HAIlle 3eMJbe, MIPEICTaBIbajyhu jeHy o1
IJIaBHUX TMPETHH MO ayToXTOHY uxtuodayny CpbOuje. Heke on mHX cTynajy y KOMIETUTHBHE
OJIHOCE ca ayTOXTOHOM MXTHO(ayHOM, Y IOIJIey XpaHe, IpocTopa U Apyrux pecypea. Bpere P.

parva u L. gibbosus cy npenaropu npema jajuma u pubsp0j Mitahu ayroxtonux Bpcra (Lenhardt
et al., 2006).

5.2 IlpocTropHa nucTpudyumja 3ajeqHule puda

HcnutuBame mpocTopHE IUCTpUOYIMje prba y OKBHPY YMTABOT PEUHOT CIIMBA, MpyXkKa
3HaYajHE MOJaTKE O TOME KakKO C€ 3aBHCHOCT u3Mel)y 3ajelHuIle U CPeAUMHCKUX (aKTopa
CTaHHUIITA MCHa YK JIOHTUTYIHHATHOT rpaaujeHTa peka (Fausch et al., 1994). V Be3u ca tum,
Mpoy4aBame MPOCTOPHE AMHAMUKE PHOJBUX 3ajeJHHUIA ¥ TIOTCHIUjATHUX Y3POUHHX MeXaHH3ama
KOjU JI0 TOTa JOBOJE, jeJlaH je O] Hajuemhe HCTpaKUBAaHUX MOJIENA Y €KOJIOTHJH CJIATKOBOJHHUX
exocucreMa (Erds & Grossman, 2005; Penczak et al., 2005; Lorenzoni et al., 2006; Lasne et al.,
2007; Kruk et al., 2007). Y oBoj cryauju, npema pesyararuma COM aHamuse, Ha OCHOBY
CIIMYHOCTH y OMOMacu BPCTa, HA MPBOM XH]jEpapXHjCKOM HUBOY kiacudukanuje (kiacrepu X u
Y), ykasyje ce Ha jacHe pa3inke u3Mel)y JlokaauTeTa Koje KapakTepuiie peoduiiHa 3aje[HUa O
OHHX Ca YIJIaBHOM €ypPUTOIHUM BpcTama puba, IITO je y Ckiaay ca pesyararuma Lasne et al.,
(2007). OBaj pesysnrar je carjiacaH Mojeld Ha mojapydje puTpoHa u motamona mpema (lllies &
Botosaneanu, 1963) u 30HAIMOHMM KOHIIENITOM MpPeMa KOME y TOPHUM JIeIOBHMa TOKOBA peKa
JOMHHHpPAJy TMacTpMCKe a Yy JOHmHUM IapaHcke Bpcte puba. IlpeunsHuje, Ha NOpBOM
XHjepapXujCcKOM HHUBOY KiIacudukaluje, y kiaacrepy X goMuHupa Bpcta S. trutta ca mpatehum
BpCTaMa, JIOK je Kiactep Y oKapakTepucam BeIUKUM OpojeM mapaHckux Bpcra (Cnuka 7, 8a-11.).
[la wmak, Ha HWKEM XHUjepapXHjCKOM HHUBOY, Kiactep X c€ Ja/be MOXE TMOJCTUTH Ha
nonknactepe X1 u X2, nok nozaena knacrepa Y Ha MOJAKJIACTEpE HUjE y3eTa Y pa3MaTpame Kako
Ou ce 3aapxao J0BOJbaH Opoj JOKaTUTeTa MO TPYyNu 3a Jajbe CTaTUCTHUKe aHaimusze. U3
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HaBeneHor cienu na je COM aHanu3a, y OBOj CTYAMjH, YKa3alia Ha MOCTOjalke TPH THIA PUOITEUX
3ajeqauna. JloOujeHa monena yriaBoM pediekTyje JIOHTUTYIWHAIHU TpaJdjeHT, Kako Yy
kommno3unuju Bpcra (Cruka 7, 8a-11.) Tako U y IpoMeHama CpeJMHCKUX Kapakrepuctuka (Tabemna
7.). Ilpema 0Boj Kiacu(pHKaIKj1, TUIIOBH PHOJBHX 3ajeIHUIA CY OKapaKTEPUCaHH Kao: 3ajeHUIIA
JOUX TOKOBA WIIM PaBHUYAPCKHX peka (kimactep Y), 3ajeanulia cpeamux Tokosa (kiaacrep X1) u
3ajelHHIla TOPHMX TOKOBA WIIM BHCOKOIUIAHWHCKHX MOTOKa (kimactep X2). CiauyHy moneny u
KapakTepusalujy puosbux 3ajennuiia, kopumhemwem COM anroputma, npeacraBuian ¢y u Kruk

et al. (2007) nyx cnuBa peke Hapes y ITosbckoj.

CBH JTIOKQJIMTETH MCIMTHBAHOT TOJPYyYja, KOjU Cy CMEIITEHN Ha TOPHHM TOKOBHUMA PeKa
Y BHCOKOIITAHMHCKUM TIOTOIIMMA, jaBJbajy ce y KiacTepy X2 M OKapaKTepPHCaHU Cy TMPUCYCTBOM
Bpcre S. trutta (Muaukaropeky BpeaHocT Buaetu y Tadenu 6.) u mpatehux Bpcra (Jackson et al.,
2001; Pont et al., 2005; Lasne et al., 2007). Ilpema BpeaHOCTHMa MEPEHUX CPEIUHCKUX
rmapamerapa, y OBOM KJIacTepy Cy CMEIITCHH CBH HeHapyiieHu jJokanutetu (Tabemna 7.). Takohe,
OBa Tpyla je OKapakTepHcaHa JIOKaJUTeTHMa ca HajBehrM HAaJIMOPCKUM BHCHMHAMa WU BHCOKOM
KOHIICHTPAIIMjOM KHCEOHHKA Yy BOJAM, HACYNPOT HHCKHM BpPEAHOCTUMA TEMIIEpaType H
MuHepaaHux matepuja (Tabena 7.), mTo omoryhasa mpucyctBo Bpcte S. trutta u mparehux Bpcra
(Jackson et al., 2001). V3 1o Tpeba Hanomenytu aa je IndVal ananusa ykaszana na je u Bpcra C.
gobio Takohe 3Hauajan 3a OBy rpymy, anu camo 3a oapehene Heypone (Bumetu Ciuky 80.).
VYrpkoc cirnyHMM 3axTeBrMa npema Haruoy tepena (Pont et al., 2005; Lasne et al., 2007), Bpcre
S. trutta u C. gobio umajy pa3auduTe €KOJIOIIKE BaJCHIIE Y MMOTJIeay TeMieparype. [Iperusauje,
pacnpoctpamere C. gobio je orpaHMYeHO HA CTAHWINTA Ca HUCKOM TEMIIEPAaTypoOM BOJE, JIOK S.
trutta uma mmpy exoJoniky BajieHIy npema temmeparypu (Pont et al., 2005). V Be3u ca tum, y
0BOj cTyaMju, qrucTpudymmja S. trutta je snavajuo mupa Hero C. gobio, mTo je jacHo BUIJBUBO Ha
COM wmanu (Crnuka 811.). MeljyruM, Kao 3Ha4ajHa BpCTa 3a 0Baj KiacTep u3/Bojuia ce u Bpera O.
mykiss, amu camo 3a HeypeoHe A5 u BS. C o063upom Ha To mga O. mykiss mma wusyseran
KOMepILjaiHy 3Havaj y Hamoj 3emsbu (Lenhardt et al., 2011), moTnyHO je OYEKHBAHO J]a TOKOM
OBOI' UCTpaXKUBamba OyJe JETEeKTOBAHO MPHCYCTBO BEIUKOT Opoja MaIMX MAaCTPMCKUX pUOHaKa
Y3BOJIHO OJ] MCITUTUBAHUX JIOKAJIIMTETA OJaKJie U3BeCTaH Opoj MHANBHYa KOHCTAHTHO JIOCTIEBA Y
npupoaHe BogoTokoBe. Hajsehu Opoj macTpMmckux pubmaka 3alenexeH je Ha peuu Bracuuu

(Tabena 2, Cnuka 4.). Hajpehu npouenar nokanurera u3 kiactepa X2 npumnaza a priori tumny 4,
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gak 90.69%. IIpeocranux 9.31% ce ogHOCH Ha JIOKAIUTETE KOJU MPUPOJHO MpUIaaajy a priori
tuny 3, amu je mpucyctBo S. trutta, xao KibydHE MHIHMKATOPCKE BpPCTE, HajBEpPOBATHH]E
OJI'OBOPHO 32 HHXOBO YKJbYUHBame y OBaj kiactep. Ha mpumep, nokamurer M3 Ha peuu
Coxkobamckoj MopaBuiy, Koju Tipunaga a priori tuny 3, je rpymnucaH 3ajeiHo ca JOKaIUuTEeTHMa
u3 a priori tuna 4, ycien nepMaHeHTHOT mopubsbaBama BpcroMm S. trutta. Hacympot ocramum
nokaymteruma Ha penn Cokxobamckoj Mopasumu, M1 u M2 (Tabena 2, Ciuka 4.), HalmoMeHyTa
Tayka C€ Hajla3W HU3BOJHO OJ1 OpaHe akymynamuje boBaH, mTo omoryhaBa morojiHe YCJIOBE

CTaHUIITA 32 Pa3B0Oj OBE BPCTE.

VY xnactrep X1 BehuHOM Cy CBpCTaHM JIOKAIUTETH Ca TOPHUX U CPEIbUX TOKOBA HajBehnx
nputoka Benuke, Jyxxae n 3anagne Mopagse, okapakTeprcanu GUHHAJOM CTPYKTYPOM CYIICTparTa
aJld joIl yBEK Beoma J00po aepucaHu ca HUCKOM TemiepaTypoM Boje (Tabema 7.). Cyaehu mo
dayan puba W BpPEAHOCTHMA CpPEIWHCKHX IIapaMerapa, OBa Tpyna je TpeAcTaBbeHa
JOKaTUTeTHMa HWHTEPMEINjapHOT Kapakrtepa. Bpcre ca craructuukd 3HadajuuMm  IndVal
BpenHOCTHMa y 0BOj rpymu cy: A. bipunctatus, B. barbatula u B. balcanicus (Ta6ema 6.).
Kapakrepuctuke cranumTa Jokaiutera u3 kiactepa X1 103BoJbaBajy MCTOBPEMEHO jaBJbamhe
Bpcre S. trutta (jorr yBek mpuCyTHa Ha HW3BECHOM OpOjy JIOKAJIHWTETa, aad 0e3 CTaTHCTHYKE
3Havajuoctd, BuaeTH Ciuky 811.) ca peodrIHUM IUIpUHUAaMa Kao mTo ¢y A. bipunctatus u B.
balcanicus, 3ajenno ca B. barbatula (Huet, 1959; Whitton, 1975; Lasne et al., 2007). Jackson et
al. (2001) cy ucraxiu ga O6MOTHYKHM (PAKTOPH Kao IITO CY KOMIIETHIIM]ja U IPEAaTOPCTBO UMajy
moceOHO jak yTHIa] Ha puOJbe 3ajeHMIC M, 300T TOTa, HAjBEPOBATHU]EC WUTPajy BEOMa BAKHY
yJIOTY y JIOKQJIHOM CTPYKTyHpamy 3ajefnuna. Tako Ha npumep, Nilsson & Persson (2005) tBpae
Ja BeluKa aOyHJAaHTHOCT TMOTOYHE IACTPMKE MKCIOJbaBa HEraTUBHE e(deKkTe Ha pacT |
aucTpubynjy Bpere B. barbatula. ¥V Besu ca tuMm, B. barbatula ce BepoBatHo nosauu y aenose
JIOWEr PUTpPOHA U ropmer noramoHa. Hajgehu 6poj nokanurera ose rpyme (80.39%) npumnazna a
priori Tuny 3, a npeocranux 19.61% a priori tunty 4. Umajyhu y Buay npencraBbeHe pe3yarare,
BEOMa je Ba)KHO HArJaCUTH Ja je CaIMOHM/IHA 30HA y OBOj CTYIMjU 3HATHO Kpaha y nmopehemy ca
pe3yiTaTuMa MpeTXOJHUX CTYyIHja, CIPOBEAECHUX Ha UCTOM CIMBHOM mnojpydjy 1960-tux/1970-
tux (Markovi¢, 1962; Jankovic & Cakic, 1982). C 003upoM Ha TO Aa CpeAWHCKH (PaKTOpU
YMHOTOME yTHYY Ha CTpyKTyupame 3ajennune (Jackson et al., 2001), oa ynmeHHIIa MOXE OUTH

o6jan1H>eHa Kao 1nocjicaula Imnopacrta TEMIICpAaType YCICH noBehama 3araljeH,a BOAC H
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KJIMMAaTCKUX MpoMeHa. 300r Tora, 3Ha4yajan ynaeo Bpcre B. balcanicus, kako y cmuciny 6pojHOCTH
TaKo ¥ OMoMace, Ha BEJTMKOM OpoOjy JIOKaJUTeTa a Priori negunucaHux kao Tum 4, BEPOBATHO je

JI0BEO JI0 BbUXOBE MOTrPEIIHE TPyIalKje ca JoKaIuTeTuMa a priori tuna 3.

Ha aay COM wmpexe usnsojer je wmacrep Y (Cnmka 7.), yrilaHOM TpEICTaBJbCH
JIOKaJIUTETUMA ca IIaBHUX TokoBa Benuke, Jyxune u 3anagHe Mopase u ymha npuroka, anu u
JIOKaJIUTETUMA ca CPeAUX JIeoBa TOKa BUXOBUX Hajehux mputoka. He camo aa je 6oraTcTBo
Bpcta y oBoj rpynu HajBehe, Beh je m IndVal ananmsa ykaszama Ha Benmku Opoj BpcTa Koje
omnucyjy oBaj knactep (Tabena 6.). Hajsehu Opoj 3abenexeHnx BpCTa y TOKBUM TOKOBHMA je Y
NOTIYHOCTH OYeKHMBaH MMajyhu y BuAy noOpo Mo3HAT MexaHum3aMm JojaBama Bpcra (Sheldon,
1968). Ilox mpeTmocTaBKOM Ja Ce AMBEP3WTET CTaHWINTAa HU3BOAHO moBehaBa, Opoj BpcTa Ha
yuihy 6u Tpebamo ma Oyme najsehm (Schlosser, 1991; Matthews, 1998; Lasne et al., 2007,
Jackson et al., 2001). YkymHo 10 BpcTa ce mokaszano 3HaYajHUM y OMHCHUBamy oBe rpyme. Ila
unak, gerupu Bpcre (E. lucius, S. erythrophthalmus, L. aspius, P. fluviatilis) umajy IndVal
BpEeIHOCTH Mamy o1 25% (8.9-23) u penpe3eHraTuBHE Cy camo 3a aBa HeypoHa (F4 u F5). 360r
TOTa, HaBeJCHE BPCTE MOTY OMTH JeMHUCAHE Kao KapaKTepUCTHKA TIaBHUX TOKOBa Bemuke,
3anagae u Jy:xae Mopase, 300T lUXOBE BEJIMKE YUECTAJIIOCTH jaBJbakha HA THUM JIOKAIUTETHMA.
Benuku Opoj nokamurera u3 rpyme Y mpumaza a priori tumoBuma 1 m 2. Mehyrum, Huje
3aHeMapJbUBa YHHGCHUIIA J1a U3BECHH JIOKATUTETH CBPCTAHH Y OBY TPYITy IIPUPOIHO MIPUTIAIAjy a
priori tummy 3. Ilpema Lasne et al. (2007), nmokamuTeTn Ha KojuMa je yCTaHOBJbEHA THIIMYHA
3ajeIHUIIA TIOHUX TOKOBA, a OYEKUBaH je Behu Opoj peoduia, Mmory ce cmaTpaT HapyiieHuM. [1a
TaKO, HEKOJIMKO JIOKAIUTETa CMEIITCHUX Ha CPEIbUM TOKOBHMA peKa, KOju MpHIiaaajy a priori

THUITY 3, NpUAPYKECHU CY OBOM KIIACTEPY, KAa0 IIOCIICANIA BbUXOBOT" HAPYHICH:A.
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5.3 3Hauaj cpeIUHCKUX MapaMeTapa y CTPYKTYUPamby 3ajeTHUlle U
peJieBaHTHOCT & Priori kiacudukamnuje

Benuku Opoj nocamamimHHUX CTyOMja, CHPOBEACHMX HAa YaK YEeTUPU KOHTHHEHATa,
CBEZIOYM O IMOCTOjalby jaKOT YTHIIaja CPEAMHCKHX TapamMeTapa Ha CTPYKTYpYy 3ajeqHuIe puda y
notuykumM cuctemuma (Grossman et al., 1990; Przybylski, 1994; Hugueny et al., 1995; Matthews,
1998; Oberdorff et al., 1998; Oberdorff et al., 2001; Mérigoux et al., 1999). JloururyauHaiau
npodui peka 0OMYHO je MOBE3aH ca rPaJiMjeHTOM CpPeAMHCKUX (aKTopa Kao MITO Cy HaJMOpCKa
BHCHHa, Op3uHa Boje U ayouna (Jackson et al. 2001). Ose TBpame Cy BUIJBUBE U Y Pe3y/ITaTUMa
OBE CTy/HM]e, TJ€ j€ IOCTOjame JIOHTUTYAUHAIHOT IpajijeHTa NOTBpH)eHO He caMo CHelHMPUUIHOM
CTPYKTYpOM 3ajenHulle oapeheHux pedyHux 30Ha, Beh M MPOMEHOM CpEAMHCKHX MapameTrapa
(Tabena 7.). I'pamujeHT HAAMOPCKUX BHCHHA HABOJIM C€ Kao jeldaH OJ Haj3HAYAJHHJUX
nmapameTapa y cTpykryupamy 3ajeanuiie (May & Brown, 2002), mto je cariacHO pesyiraTuma
oBe cryauje (Tabema 7.). Takohe, BaXHO je W HANMOMEHYTH Ja MPOMEHA HAIMOPCKE BUCHHE
JMPEKTHO YTHYE HA MPOMEHY MHOTHX JPYTUX (PU3MUYKUX U XHUIAPOJOUIKKX mapamerapa (Vannote
et al., 1980), ma crora Brown (2000) TBpau aa ce HaAMOpPCKa BUCHHA MOKE CMAaTpaT Cyporarom
3a BeaWKH Opoj mapaMerapa Kao INTO Cy: MPOTOK BOJE, AOMHHAHTHH CYIICTpaT, MyOWHaA M

IIUPUHA PEKe.

CTpyKTyupame HMXTHOLICHO3a JyX JOHIMTYIMHAJIHOI TpaJUjeHTa IOJ YTHIAajeM je He
caMO MPHUPOJHE BAPHJaOMIHOCTU CPEIMHCKUX (akTopa, Beh M IOJ pasIMYUTUM CTEIEHOM
anTpororeHor yrunaja (Grossman et al., 1998). 36or Tora, mocrojame Bese usmel)y cTpykrype
UXTUOLIGHO3€ U KBaJUTeTa BOJE M CTaHMIITAa UMa MOCEOHO BEIMKM 3Haya] y MpPOLEHH
OCETJBUBOCTH OJIHOCHO TOJIEPaHIlje pubJbUX BpCTa Ha jAerpanaiujy cranuira. Maceda-Veiga &
De Sostoa (2011), y cBojoj crymuju, nehHHUIIY KBAJIUTET BOJAC Ha OCHOBY BPEIHOCTH IET
mapamerapa W TO: KOHILIEHTpalWja aMOHHMjaka, HUTpUTa, HUTparta, ¢ochata U
enekTponpoBobuBOCT. [Ipumenom Kanonujcke Kopecnnonaentne Ananuse (CCA), ayropu cy y
3aBHCHOCTH OJ1 BPEJIHOCTHM HAaBaJeHUX Napamerapa JAe(dUHHCAIM CTENEeH TOJEPaHTHOCTH Ha
MOTOpIIake KBAJINWTATa BOJE 3a BEIMKU Opoj BpcTa puba MeaurepaHcke oOmacTH. Y HCTO]
CTY/W]jU, TPOLCHHUBAHA je U OCETJHUBOCT PUOJBHMX BpPCTa HAa Hapyllewe CTaHUIITa npahemem
NIPOMEHA y CTPYKTYpH 3ajeTHHIIE Kao OJIrOBOp Ha CTpeC M3a3BaH MPOMEHaMa y BPEAHOCTH,
OJIHOCHO MHTEH3UTeTy cieaehux mapaMerapa KBajlUTeTa CTaHMINTA: CTPYKTypa CTaHMIITA,
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puIapujaiHa BereTanyja U KaHanucame pedHor kopura. Ca npyre crpane, Meador & Carlisle
(2007) cy ucnuTHBaNIM HE CaMO TOJEPAHTHOCT BPCTa HAa KyMYJIATUBHH YTHIIA] MapaMerapa
KBaJIMTETa BOJIC Beh M MHIUKATOPCKE BPEIHOCTH TOJICPAHIIM]E 32 CBAaKH MCIIUTUBAHH TTapaMeTap
nmoHaoco0. PesynraTu HaBeneHe crymuje, nooujenn Ha ocHoBYy PCA ananmu3se, ykasaiau cy Ja ce
pasnuke u3Mel)y ToNiepaHTHUX M HETOJECPAHTHHX BPCTa MOTY HAjIOy3JaHUje OJIPEIUTH Ha
OCHOBY TOJIepaHIlFje BpcTa Ha moBehame KOHICHTpamuje xJopunaa, ¢ocdopa, CycreHI0BaHUX
YeCTHIIAa M EJICKTPONPOBOJBMBOCTH, JIOK MPOMEHE Yy TEMIepaTypu U KOHICHTpPAIMjU
pacTBOPEHOr KHCEOHMKA MOTY WHJIMKOBATH (DMHUJE pasziuke, U OMOTYhHTH H3/IBajare€ OHUX

BpCTa ca HHTEPMEIUJapHUM CTEIIEHOM TOJIEpaHIIH]e.

AHTpPOIIOTEHN YTHIIA] j€ MOCEOHO YOUJbMB Ha JIOKAJIMTETUMAa KOju NMpunajaajy rpynu Y,
r7Ie BPEIHOCTH XEMHUJCKUX IMapaMerapa WHINKY]y TMPHCYCTBO opranckor omnrtepehema (Tabema
7.). Ypkoc Ynm-CHHIN Ja je cIuB peke Beawke MopaBe y MameM CTENECHY JerpaaupaH HEro
IITO je TO CIIy4aj ca APYrUM pEYHUM CIMBOBMMa y EBpomu, 300T mama wayCTpHCKOT pas3Boja
TokoM 1990-Tux, rimaBHu TOkKOBM peka Benuke, JyxkHe m 3anmagHe MopaBe cy U Jajbe MOA
3HaYajHUM YyTHIIajeM YpOaHHX ¥ TOJFONPHUBPEIHUX aKTUBHOCTH. OBa UMIbEHUIIA J€ Y CKIIAy ca
MPEACTaBbEHUM BPEAHOCTUMA CpeIuHCKUX mapamerapa (TabGema 7.). Hucka KoHIeHTpamuja
KHCEOHUKa, noBehame TeMmieparype BOJE, €EeKTPONPOBOJIJBUBOCTH U MUHEPAIHOT calipikaja,
nocieauia je anrpornorenux akruBaoctu (Pinto et al., 2009), koje cy meTeKTOBaHE Ha BEIUKOM
Opojy JIokanuTeTa U3 Kiacrepa Y. Bpcre koje cy M3/IBOjeHEe Ka0 MHIUKATOPH KOjU MPEICTaBIba]y
OBY Ipyny JokanuTeTa BehuHOM Ccy Kiacu]ukoBaHe Kao €ypUTOINH U TOJIEPAHTHE Ha MIPOMEHE Y

KBAJIUTCTY CTaHUILITA.

Pesynratu oBe cTyauje cy mokasaiu Aa IpOCTOpHA TUCTpUOyIMja 3ajequuie prubda 60ospe
oaroBapa a posteriori kimacudukanuju, T00HjeHOj HAa OCHOBY OHOJIOIIKHMX II0JaTaka, HEro a
priori mojenu Ha OCHOBY CPEIMHCKUX MPOMEHJbMBHX. [la Wak, Ha OCHOBY pe3yJiTara jacHO ce
MOXK€ YOUMTH Ja Cy CPEAMHCKH (DaKTOpH Kao IITO Cy HAJAMOpPCKAa BHUCHMHA M JIOMHUHAHTHH
CYIICTpaT, Ha OCHOBY KOjUX je, u3Meljy ocrayor, a pPriori ximacudukaiija ¥ 3acCHOBaHa, BeoMma
3HAYajHU y CTPYKTYHpamy 3ajefHuna (BUICTH BPEAHOCTH eTa KBajpara, Tabema 7.). OBu
pe3ynTaTu cy cariacHu pesyinraruma May & Brown (2002) koju moceOHO MCTUYY HAMOPCKY
BHUCHHY a 3aTUM U JIOMMHAHTHHM CYIICTpaT Kao Haj3HavajHUje (paKTope KOjU OMUCY]y Be3y usmelhy

CPeIMHCKHX Mapamerapa M 3ajequuue. Takohe, mpema cryauju Walters et al. (2003), cmatpa ce
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71a TeOMOP(QOIIOIIKY ITapaMeTpH, a MoceOHO Harub TepeHa U JOMHUHAHTHH CYIICTpPAT, Ha HajOOJbH
HauuH onpel)yjy CTpyKTypy puOJBMX 3ajeqHHIIa HA cIUBHOM noapy4jy Ilujenmonta. V Besu ca
THM, PE3YATATH OBE CTyIHje Cy cim4HU U 3aksbyuruma Walters et al. (2003), ¢ 063upom Ha ToO 1a
je oKa3aHo ja je Harub TepeHa MO3MTHBHO KOpENIHcaH ca HaaMopckoM BucuHOM (Lorenzoni et
al., 2006). Ilpema Tome, pe3yiTaTH OBOT HCTpaXKMBaJba jaCHO yKa3yjy Ha 3Ha4ajaH yTHIIA]
CPEIMHCKHX TlapaMerapa, KopuiiheHux y a Priori xiacudukanuju, Ha CTPYKTYpY 3ajeIHHUIIC
puba. Ila wnak, a posteriori kiacudukanuja ce cMaTpa HaJIOY3IAHHJUM TPHCTYIOM Y
KJ1acu(UKOBawy OMOJIOMIKUX Ipyna, UMajyhu y BUy YMHCHUILY J]a C€ Y TOM Cllydajy KOpHUCTE
OMOJIOIIKM TIOJAlK 3a TeHEpHCame Ipyma, u 300T Tora, pasyMJbHBO, Ha HajOOJbM HAYMH MOTY
NPEJICTaBUTH TpoMeHe y crpykrypu 3ajeanuie (Gordon, 1987). Illta Bumie, a posteriori
neduHucane rpyne, Takohe, MOTY yKa3aTH M Ha JIPyre y3pOUHUKE BapHjaOMITHOCTH Y CTPYKTYpH
pubspUX 3ajeTHUIA, TOCEOHO OHE M3a3BaHE aHTPOIMOTEHOM aKTHBHOCTH, Kao IITO je pPHOOJIOBHU
NPUTHCAK, IITO HUje Ciiydaj ca a Priori kmacuukajuoHuM meMama. M3 tora najbe npousuiasu
na kiacudukalyja 3acCHoBaHa Ha OMOJIOIIKUM TMOJalMa MOXe TIPYXUTH ToJaTHE nH(popMmalmje

0 KBAJIUTETYy CTAHHUIIITA, KOje CE HAXKaIOCT ryde MPUMEHOM a Priori KiacupHUKaujHOHHX MIEMa.

KonauHo, He3aHEMapJbHUB CTETICH YCarialleHOCTH KIIACH(HKAIIH]je JOKAJTUTETa Ha OCHOBY
OMOJIOIIKE 3ajeJTHHIIC U OHE HAa OCHOBY CPEIMHCKUX IapaMmerapa, Ipyxka WHpopMalmje O
nmoceOHOr 3Hadaja 3a 00Jbe pasyMeBame€ NMPOCTOpHE opraHusanuje 3ajeqnunia. lllra Bumre,
YKOJIMKO je CTPYKTypa 3ajelHHIle Yy CKJIaay ca a priori kmacuukaiujoM Ha OCHOBY
KapaKTepPUCTUKa CTAHMIITA, 0Ja0Up MPHOPUTETHUX OOJACTH 3a KOH3epBalWjy OWBa OJaKIIaH,

ITO OH JaJb€ BOAMIIO Ka MaKCI/IMI/ISaHI/IjH 3aIllITHUTC 6I/IOI[I/IBCP3I/ITGT3..
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5.4 Konuenuuja f-BNBI| u ungukaTopcke Bpcre KBajauTeTa Bojae 1

CTAHUIITA

CmaTpa ce ja OCHOBa NpaBHJIHE NPUMEHE W (POPMYIHCAma jEAHOT MYITHUMETPUYKOT
WHJICKCa, 3a oApeheHo reorpad)Ccko mojpydje, JIOKH Y YNECHUIN J1a C€ METPUIKE 0COOMHE Koje
ce rmocMaTpajy, Kao U CUCTeM 000Bama, MOPajy MPUIIATOAUTH PETHOHATHUM CHEHU(PHUIHOCTAMA
uctpaxusanor nojapydja (Hering et al., 2006), u 1a He MOry OMTH CaMO TMO3ajMJBEHU OJ HEKOT
Beh moctojeher unmexca (Hughes et al., 1998; Angermeier et al., 2000). 36or Tora, Benuku Opoj
ayropa uUcTHYe 3Hayaj Gopmupama crnenu@uuHux MOJeNa, 3a CBAKO MpPOy4aBaHO reorpadcko
nojpy4yje, Kako Ou ce Ha Taj HaUMH 00e30e/nsa HajpealiHuja CIIMKa CTalkba BOJIEHUX €KOCHUCTEMA
(Hughes et al., 1998; Angermeier et al., 2000, Angermeier & Davideanu 2004, Aparicio et al.,
2011). Uneja o cTBapamy yHHBEP3AIHOT MOJEa 3a MPOICHY cTamba Tekyhux Boga Espone, EFI
unnekc (FAME Consortium 2004), y mojenuHuM ciiydajeBUMa ce MoKa3aja Kao HEeIOBOJHHO
noy3aana (Ferreira et al., 2007; Benejam et al., 2008). Ynpkoc mokyrrajy ma ce Hemocranu EFI
uHaekca mpesasul)y ¢dopmynammjom HoBor EFI+ wmmmecka (FAME Consortium 2009),
HEKOJIMIIMHA ayTopa M JaJbe Tpara 3a BUIIEC TOY3JaHHUM MPHUCTYIOM Yy TPOIEHU EKOJIOIIKOT
CTama JIOTHYKUX CHCTEMAa Yy HUXOBUM pETHMOHHMMA, INTO C€ IMpEe CBEra OJHOCH Ha 3eMJbC
Memutepana (Aparicio et al., 2011). ITpuaukom kounemimje BNBI-a, Simi¢ & Simi¢ (1999),
Takohe Harmamapajy HemoryhHocT (opMupama YHHUBEP3aJTHOT OMOTHYKOT HWHICKCA KOju Ou
MPHUKA3MBA0 PEATHO CTamhe aKBAaTMYHHX C€KOCHCTEMA Y PA3JIUYUTUM TeorpadCKUM MOIPYdjHUMa.
OBa koHcratanmja ymyhyje Ha motpeOy Ja ce y HapeIHOM IEpPHOaY HM3BpIIE KOMIApaTHBHE
aHaM3¢ YHUBEP3AIHUX M PErHOH CHElU(PHUYHMX HWHJAEKCAa 3a MPOIEHY EKOJOIIKOI CcTaryca
tekyhux Boga y Cpbuju jep ce cmaTpa Aa OM ce MOIJIe jaBUTH HOTEHIKohe YKOJUKO Ou ce Kao
CTaHJap/iHa METOoJia MPHUCBOjUO HekH Beh moctojehn mHIecka 3a MpoleHy eKOJIOMIKOT CTaryca

Tekyhux Boja.

Merononoruja npuMemeHa npuwimkoM KoHmnupama f-BNBI nnmekca ce paszmukyje o
JPYruxX MHJEKCa 3aCHOBAHUX Ha 3ajeHUIM puba. Ympkoc npenopykama WFD u HoBujer EFI+,
KOjU pa3iuKyje JBa TUMa peka (CAIMOHUIHE W LUIPUHHUIHE PEKe), THI-CrelupUIaH MPUCTYII
HUje KopHuiIheH y 0BOj CTYIHjH, Ma Cy n3abpaHe METPHUUYKE OCOOMHE UCTE 33 TOPHE U 32 J0HE
TOKOBE peKa CIM4YHO Kao y cryamjama Pont et al. (2006; 2007) u Aparicio et al. (2011). Cmarpa
ce Jla MaKo THUI-CHeUU(PUIHH MPUCTYI MOXKE Jia MOO0JbIIAa OCETILUBOCT MHJIEKCA 300T OCTOjamba
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NPUPOJIHE BapHjaOMIIHOCTH JIyX JIOHTHUTYMHAIHOT rpajaujeHTa peka (Vannote et al., 1980; Lasne
et al., 2007), Tume ce Hamehy Bemtauke rpanuie. Takohe, Aparicio et al., (2011) uctuuy na 6u
ce KOPUCHOCT OBAaKBOT' MPHUCTYIa CMambHIIa KaJa Ce paJd O MMM peKama M MOTOLrMa, Kao IITO
je BehuHa npoyvaBaHuX y 0BOM UCTpaxuBamy. Cineneha pasnvka y oTHOCY Ha OCTaJie HHICKCE je
mro f-BNBI Huje eKCIIIMIMTHO 3acHOBAaH Ha IMOCTOjalby peDEepPeHTHUX JIOKAIUTETa Kao
crarnapaa. CKopo CBU MHJCKCH 3aCHOBAHM Ha 3ajeHUIM pubda, neuHUCAHU 10 caaa, 0a3upajy
ce Ha TMoCTojarby pedepeHTHHX OTHOCHO HeHapyiieHux jokamurera (Karr 1981; Karr et al.,
1986; Belpaire et al., 2000; Angermeier & Davideanu, 2004; Breine et al., 2004; FAME
Consortium, 2004; Pont et al., 2006; Benejam et al., 2008). Melyrum, ocHoBHEH mpoOIieM
MIPUJIMKOM OBaKBOT MPHUCTYIA jecTe MTOo je Y Behunu 3emasba Hemoryhe npoHnahu JiokaiauTere ca
HEHapyIIeHOM, NpupogHOoM ¢ayHoMm puba. IIpema nocajgamimbuM ca3HambUMa, JEUHH MOJENT
KOHIIUITAPAH TaKO Jia HE 3axXxTeBa MPETXOJHO NeQHHHUCAhE PEPEPEeHTHUX JIOKAIUTETA CY

npenoxum Aparicio et al. (2011).

f-BNBIl-a je dopmymucan mo yriaeay Ha Beh mocrojehm BNBI, crernujanusoan 3a
noapydje bankana (Stojkovi¢ et al., 2014). C 0063upomM Ha YHMILECHHILY /a j€ TIOY3AaHOCT OBOT
nHnekca notephena, BNBI je Beh ykibydeH y oduimjagHe METOIe MPOIIEHE €KOJIOMIKOT CTaTyca
y Cp6uju (Anonimus, 2011). 36or Ttora, m36op Mertomoioruje HoBOopopmymucanor f-BNBI
HHJEKCA je y MOTIYHOCTH ompaBaaH. Haume, konnennuja 1 Haund npumene f-BNBI ungekca,
3aCHOBAHOT Ha 3ajeqHuId puba, Beoma cy camuad BNBI-y (Simi¢ & Simi¢ 1999), amu y3
oapehene momudukanuje. Haume, rmaBHa pasnuka ce cactoju y Tome mto ce BNBI 6a3upa Ha
MPETIOCTABIM JIa JAMBEP3UTET BPCTAa OMaJa ca MOTOpIIakheM KBAJIMTETa CTAHUINTA, IITO HUjC
Cly4aj y OBOj CTyAMju, Te nprinkoM konrenije T-BNBI, unmekcu auBep3uteTa HUCY y3€TH Y
003Mp TOKOM HCHHUTHBaKka IMOTCHIMjaTHUX METPUYKUX OCOOMHA. YTPKOC YHICHUIM 13 je
JTUBEP3UTET OEHTOCHUX MaKpOWHBepTeOpaTa BeoMa Jo0ap mokaszaresb MPOMEHa CpelHe, TO HUje
cllydaj Kaja ce paad O 3ajeJHUI puda IJe ce yciea BeINKe MOOWIHOCTH jeUHKH MpOoMEHa
TUBEP3UTETA TEKE youaBa M MOCTaje jacHa TEK MOJl eKCTPEMHUM YIOBUMA HapyIIeHmha CTaHUIITA
(Rapport, 1998; Wichert & Rapport, 1998). Ca apyre ctpaHe, MeTpu4ke 0COOMHE 3aCHOBaHE Ha
EKOJIOIKUM TpedepeHIrjaMa, Kao KapaKTepUCTHKE 3ajeJTHHUIC KOje Ce Memajy Ha MpeABUINB
HAa4YMH ca I[OPAacTOM HMHTEH3WTETa aHTPOIMOTEHOT YTHUIlaja, cMaTpajy ceé BeoMa MOTOJHUM 3a

NPUMEHY Y CKJIONY BEIUKOT Opoja OMOTHMYKMX WHJAEKCa 3aCHOBaHMX Ha 3ajeanuim pubda (Karr
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1981; Karr et al., 1986; Belpaire et al., 2000; Angermeier & Davideanu, 2004; Breine et al.,
2004; Pont et al., 2006; Benejam et al., 2008).

VY 0BOj CTyaMjH, CKOPO CBE UCIIUTHBAHE METPUYKE 0COOMHE TIOKA3yjy jacaH TpajjeHT Ha
COM wpexu, uzyses kiacrepa A u B (Cruka 13.). OBu Ki1acTepu ce KapakTepHILy HPUCYCTBOM
canmMOHHUA 1 TpaTehnx BpcTa u, mpema pe3yinTaTuMa OBe CTYIHje, MOTY C€ Pa3lIMKOBATH jeMHO
nomohy wetupu metpuuke ocooune u To: %INT, %INS, %SMAG u %OMN (Tabemna 9; Cnuxa
13.). Benuka nomuHanmja Bpere S. trutta y kimacrepy A u B je TunmnvHa v OueKMBaHa 3a XJIQJHE U
I00po aepucaHe BOJE ca HUICKOM KOHIICHTpaljoM MUHEpaaHux marepuja (Jackson et al., 2001),
ykazyjyhu Ha BHCOK KBaJIMTET BoJie. Bpio mo0po je mo3HaTo Ja pa3Boj MOTOYHE MACTPMKE
YMHOTOME 3aBUCH O] CHenu(pUIHNX (PU3UYKHX KapaKTEepUCTHKAa cTaHWITa. Takohe, creneH
PETpPOYKTUBHOT ycIieXa OBE BPCTE je JAMPEKTHO BE3aH 3a MOCTOjale TMOTOJHOT CyICTpara 3a
MpECT, Ta ce 300T Tora cmarpa BeOMa OCETJHHMBOM Ha CBAaKy BPCTY MOP(OJIOIIKOT HapylIiema
cranumrra (Schiemer & Waidbacher, 1992; Cowx, 2000). ¥V Be3u ca THM, YIPKOC BEIHKO]
JOMHUHAHTHOCTH TOTOYHE MACTPMKE y KJIacTepy B © jomr yBeK BHCOKOM KBAJUTETY BOJIE,
OCHOBHA pa3iuka u3Mel)y kimactepa A U B jecte MamM MpoleHaT BPCTa ca BUINE CTaPOCHUX
rpyna y rpynu B, mTo ce mpe cBera oJHOCH Ha MOTOYHY MAcCTPMKY, 300T moBehaHOT creneHa
nerpanamnuje peunor koputa (Cmuka 11, 13.). Takohe, y kmacrepy B youeHn je Gmarm mopact
TeMIepaType u HI)Ka KOHIICHTpaIlMja PACTBOPEHOT KHCEOHHKA, MMTO OMOryhaBa KOCT3UCTEHIIN]Y
MMOTOYHE MacTpMKe (jOII yBEK 3HA4YajHO MPUCYTHA ajld ca MambUM OpOjeM CTapOCHUX Tpyma) u
peodmHMx munpuHHAa Kao mro cy A. bipunctatus, B. balcanicus u S. cephalus 3ajenno ca
BpcroMm B. barbatula (Lasne et al., 2007; Stojkovic et al., 2013). 36or Tora, mpucycTBO KJICHa U
OpkuIle je HajBepOBaTHUjE JOBEJIO JI0 CMambCHa MPOLEHTYAHE 3aCTYIJbEHOCT MHCEKTHBOPA Y
knactepy B (Cnuka 13.). Baxxno je Harmacutu na je Opkulla Mame OCeTJbHBa Ha 3araheme u
MOpGONIOLIKY JAerpajanujy cTaHuIITa o Apyrux peoduna (Siligato & Bohmer, 2002; Kruk,
2007a). Mehyrum, Maceda-Veiga & De Sostoa (2011) cmarpajy aa je Opkuiia HETOJIEpAaHTHA Ha
CMameHhe KBAUTETA BOJIE, ajlil CPEhe TOJIEPAaHTHA Ha (PHU3UYKO HAPYIIEHE CTAHMIITA, IITO j& Y
CKJIaay ca pe3yaratuma oBe cryauje. ['enepanno, B. barbatula ce cmarpa Bpcrom koja je
aJanTHpaHa Ja JXUBU y KaHaJIMCaHUM M u3MewmeHuM jaenoBuMma toka (Fischer, 2000), e

nogHoctu J1oOpo jaue 3araheme Bojge (Clark & Eraser, 1983). 30or Tora, mweHa BHCOKa
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yU4eCTaJIOCT TI0jaBJbUBama y kKiactepy B (mocebno y rpynama Il u 1V) je y cknagy ca 6marum

npomenama ctanuiira (Ciuka 11.).

Cpenme BpeIHOCTH XEMHJCKUX TapaMeTapa KBaiurteTra Boje y kimacrtepy C ykasyjy Ha
npucycTBo opraHckor 3arahewma (TabGema 10, Cnuka 11.). Takohe, ymepeHo KaHamucame
BOJIOTOKOBA M CPE/ItbH CTENEH KOPUIINEHOCTH 3eMJBHINTA Cy 3a0eNe)KEHH Y OBOM Kiactepy. Y
BE3W Ca TUM, IMIpaBalil KOJUM C€ BPETHOCTH METPUUKHX OCOOMHA MEHA]y Y 3aBUCHOCTH O]
MHTEH3UTETa aHTPOIIOreHOT (akTopa je y notnyHoct ouekuBan (Tabena 9, Cnuka 13.). Tako Ha
npuMep, Kako ce yciaoBu cranumrTa mnoropmanajy, %OMN pacre y kopuct %INS, jep
OMHHUBOPHE BpCTE HMajy MOTYNHOCT ajanTtaiuje HUXOBOT TPOPUYKOT PEKUMA Yy CIydajy
nopemehaja y peunum nannmma ucxpane (Karr, 1981, Pont et al., 2006). Takohe, Bpennoctn
%LIT u %RHE cy 3Ha4ajHO cMameHE Y OBOM KJIacTepy, IITO ¢ MOXKe 00jaCHUTH YHHJCHHUIIOM Ja
ryCTHHA JUTO(GUIHUX BpCTa Omaja ca moBehameM cTereHa JIerpajaliije CTaHUIITa Kao IITo je,
Ha TpuMep, KaHamucame BogoTokoBa (Brookes et al., 1996) mox je mam OpojHOCTH peoPHITHUX
BpCTa y CKJIaJy ca ryouTHOM oaroBapajyher tuma xaburara (Karr, 1981; Oberdorff et al., 2002).
Hexke on Bpcra, koje cy AeduHrcaHe ka0 HHAMKATOpH oBor kiacrepa (Tabena 8.), cy Bpio mo6po
MO3HATH MHIUKATOPH TMOTOpIIakba KBAJIUTETa BOJE W OMBAjy MpBE JOMHHAHTHE y HAPYIICHUM
BogoTokoBuma (Kruk, 2007a). Ha mpumep, Bpcra A. alburnus ce cmarpa ToiepaHTHOM Ha
Jerpajalivjy CTaHHIITA, MOCEOHO Ha Hapylieme MOP(DOJONIKMX KapaKTepHUCTHKA KOPHUTA
(Maceda-Veiga & De Sostoa, 2011). Bpcra G. gobio koja ce Takohe mokasana penpe3eHTaTHBHA
3a 0Baj KJIacTep, He MOJHOCH jako 3araljeme anu ca Jpyre CTpaHe MOKe OMTH JIOMHHAHTHA Y
yMEpEeHO KaHaMcaHuM jenoBuHa peunnx kopura (Kruk, 2007a). Konauno, nako ce A. alburnus
CMaTpa TOJIAPAHTHHjOM BPCTOM Ha IMOTOPINAMmE KBAIWUTETA BOJAE M CTAHHUINTA HErO IITO j& TO
ciyqaj ca G. gobio, Kruk (2007a; b) o6e oBe BpcTe yopaja y HHAMKATOPE YMEPEHO ACTPaupaHux
BojoTtokoBa. Illupoka muctpubymmja Bpcre S. cephalus ma COM Mpexu, a caMuUM THM M
MPHUCYCTBO Y MHOTHM KJacTepUMa, YKa3dyje Ha ICHY CYPUBAJICHTHOCT Yy moryieay BehuHe
cpearHCKUX (pakropa. YIpKoc TOMe, 0Ba BpCTa ce Takohe HaJla3y Ha JIMCTH MHIUKATOpa YMEpPEHEe
Kjace kBanuTera. Hamme, oBa BpcTa ce y JUTepaTypu HaBOAM Kao BPCTa OMOPTYHHUCTA KOja je
Beoma uecta y HajpaznmmuutujuMm cranumtuma (Oberdorff et al., 2002; Takacs et al., 2008;
Maceda-Veiga & De Sostoa, 2011). ITa unak, npema pe3yaraTiMa HCTpaxkuBama Belpaire et al.

(2000) m Segurado et al. (2011), S. cephalus ce moka3ao cpenme TOJEpaHTHHUM Ha MPOMEHE y
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KBJIUTETY BOJIC M CTAHUINTA, LITO jeé Yy MOTIYHOCTH CarjiaCHO pe3yiATaTMMa OBE CTYAUje.
Wmajyhu y Buay HaBeieHe 3akibydyke, YMEpeHO 3araljeme BoJe M HapylleHhe CTAaHUIITAa Ha
JOKAJIMTETHMa OBOT KJIacTepa J03BOJbaBa YECTO NMPUCYCTBO KieHa. MehyruMm, y mopeheny ca
NPETXOHUM KJIACTEpOM, OBa BpcTa je y kiacrtepy C mpHcyTHa ca MamuM OpojeM y3pacHUX
KJ1aca, MTO ce 00jallbaBa YNEHEHUIIOM Ja CY JIOKAJIMTETH OBE TPYyIe W3JI0KEHH BeheM CTeneHy
Mo udukaimje peunor koputa. Konauno, ocetsbuoct Bpere B. balcanicus je npunnyno HejacHa
ycJel ’beHOT MPHUCYCTBa Ha ckopo cBuM JsokanuteTrnMa (Cnuka 12.). Haume, Bpcta B. balcanicus
je enmemut bankanckor nmoayoctpsa (Kotlik et al., 2002) u, 36or Tora, KoJM4nMHa TOAaTaKa O
HCHUM EKOJIOIIKUM 3aXTE€BHMa je HeJJOBOJbHA 32 MI0Yy31aHy IPOIEHY OCETIHHBOCTH HA IPOMEHE y

YKUBOTHO] CPEJTUHHU.

Kiactep D mpencraBsba JOKaJIUTETE ca JOUIMM €KOJOMIKMM CTaTyCOM, OKapaKTepUCaHE
BHCOKHUM CaJp)kKajeM MHHEpPATHHX MaTepja a HUCKOM KOHIICHTPAIIMjOM KHCEOHHKA, MOTITYHHM
KaHAJINCAkhEeM PEYHOT KOPHTA M BHCOKHMM CTETNeHOM HckopuimrheHoctr 3emsbuinTa (Tabenma 10,
Cnuka 11.). CBe oBe KapaKTepHUCTUKE CPEAMHCKHUX IapaMerapa BOJIe Ka HAjBUIIUM OJTHOCHO
HAJHWKUM BPETHOCTHMA HCIUTHBAHUX METPHUYKUX OCOOMHA, Y 3aBHCHOCTH OJf OYCKHBAHOT
0JIr0OBOPA Ha MPOMEHE Ha CTAaHWINTY. To ce mocedHo ogHocu Ha MeTpuuku ocoouny %INT, jep
HETOJIEPaHTHE BPCTE, OCET/bHBE HA MOTOPIIAE KBAJMTETa BOJEC M CTAHMINTA, TOTOBO 1a CY
uiryessie y osom kiactepy (Table 4; Fig. 4b) (Pont et al., 2006). Muaukaropu oBe rpyme cy
HajBehnM mea0M mpeacTaBbeHn Bpcrama Koje ¢y eypuronu: C. gibelio, P. fluviatilis, R. rutilus u
S. glanis. Benuka MOMHHAHTHOCT €ypHTONA CE CMaTpa WHAMKAIIMjOM 3HAYajHOT HapyllIckha
kBanuteTa Boje u cranumrra (Pont et al., 2006; Lenhardt et al., 2009). Nmajyhu y Bumy 3Hauaj
KHCCOHHKA, Kao JTUMHUTHpPajyhier GpakTopa, 3aCTyJbeHOCT peO(UITHUX BPCTa y OBOM KIIACTEPY Ce
HArjIo CMamyje jep Cy BPEIHOCTH KOHIIEHTpAIWje PacTBOPEHOI KHCEOHHKA 3HATHO Mambe O
kputnune (<7 mg/l) (Kruk, 2007b). Ha mpucycTBo peoduaHMX BpCTa ce HajBUIIE OJpaxkaBa
HETaTHBHU YTHIAj HUCKUX KOHIIEHTpAIlMja KHCCOHUKA 300T HUXOBE CIEIHjaTn3allije 38 TauHO
oJpeleHe ycioBe CTaHHIITA MITO YK/bYUYje U 3aXTeBe MpeMa KOJTHYMHU PACTBOPEHOT KMCEOHUKA
(Hol¢ik et al., 1989; Mann, 1996). Ca apyre cTpaHe, y BEJIUKOM OpOjy paHUjUX CTY/IAH]ja, TOILIO
ce JI0 3aKJbydKa Ja BpcTe reHepanucTd, kao mro cy R. rutilus u P. fluviatilis, nomunupajy y

ACTpaaupaHruM YCJIOBHUMA I1a C€ YCCTO CManajy HHAWKATOPpUMA HAPYHICHUX CTAHUIITA U TCIIKOT

3arahema Bose (Pygott et al., 1990; Penczak & Koszalinska, 1993; Kruk, 2006; Kruk, 2007a;
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Kruk et al., 2007; Kruk, 2007b). Ilpeuusnuje, moka3zaHo je ga 0OJOpKa HE CaMoO Jia MOXKE
NpeXHUBETH, Beh ce U mheHa mpoayKiuja nosehasa y Temko 3arahennm Bojama (Verneaux, 1981;
Clark & Eraser, 1983). Takohe, kaHajgucameM BOJOTOKOBa CTBapajy ce MOTOJHU YCIOBH 3a
nomunaiujy rpreda (Wolter & Vilcinskas, 1997; Penczak & Kruk, 2005). Beoma je BaxHO
uctahu ma ce y OBOM KiIacTepy Kao MHIUKATOPCKa BpCTa M3JBOjUIa M 0alyilka, Kao jemHa O
HAJTOJICPAaHTHUJUX BpCTa Ha Jerpajanujy kBamurera Bojae u cranumra (Belpaire et al., 2000;
Angermeier & Davideanu, 2004). Ca napyre ctpane, Bpcta V. vimba ce Hamuta wmely
HHAUKaTopuMa oBe rpyre, a mpema FAME Consortium (2004) je nedunncana Kao HETOJIepaHTHA
Ha Jierpajganujy craHuimra. MelyTuMm, HEZaBHO Cy HCTpaXMBayd U3 CYCETHHX 3eMasba
KaTeropu30BaJId OBY BPCTY Kao TosnepantHy (Angermeier & Davideanu, 2004; Telcean & Cupsa,
2012), wTo je moTBpheHO pe3yaTatuMma oBe cTyauje. [la mmnak, moctoju motpeba 3a JajbuM,
JeTaJbHUJUM UCTpaKMBambUMa Koja 6u Omiia okycrpaHa Ha IPOLEHY OCET/BHUBOCTU MOJEIUHUX

Bpcta y CpOuju unju 0AroBOP Ha AaHTPOTIOT€HO HAPYIIEH-E OJCTYIa O] OYEKUBAHOT.

Konauno, y TabGemu 10. mpukazaHu cy mapaMeTpu KBaJIUTE€Ta BOJAC W 3a METYy KIacy
kBanuteTa (rpyna E). Jlokanmurern u3 oBe rpymne Hucy yBpmhenn y COM ananu3sy, jep 300r
BeOMa TeIIKoT 3araliema Boje M Hapyllema CTaHWINTA HUjeIHA jeMHKa puba HHUje M3JIOBJHEHA
ToKOM ucTpaxkuBaHor mepuoga (Chapman, 1996). Haumme, KoOHIEHTpal@ja pacTBOPEHOT
KHCEOHMKA cMaTpa ce O] KpYIMjajJHe BaKHOCTH 3a OIICTaHAaK IOIyJalnja BEJIUKOT Opoja BpcTa
(Slavik & Bartos, 2001; Fladung et al., 2003; Kruk, 2007b). ¥ oBoj rpynu He camo J1a je
3a0eNe)keHa HajHMDKAa KOHIEHTpalMja PacTBOPEHOT KHCEOHMKa Beh W BPEIHOCTH OCTalIHMX
napameTpapa ykasyjy Ha MPHCYCTBO BeOoMa jakor opraHckor 3arahema Te rpyna E oarosapa IV
knacu kpanurera y BNBI unnekcy. ¥V oBako jako nerpaaupaHuM JoKaluTeTUMa puba HeMa, ajau
je abynmanna okcudoOHux nenopeopunnux u nenopuanux Oligochaeta u Chironomidae wiun

Diptera koje yaumry arMocdepcky KuCeOHHK BeoMa Brcoka (Simi¢ & Simic, 1999).

buoTHukn WHAEKCH 3aCHOBaHM Ha 3ajeJHULU puba Cy OJ €CEHIMjaJHOI 3Hayaja 3a
MEHAUMEHT W KOH3EpBallMOHY MOJUTHKY akBaTHUKuX ekocrctema (Belpaire et al., 2000). Crora,
3HA4aj pe3ynTara oBe cTyauje ce ornena y tome aa je f-BNBI mpsu mokymiaj npumarohasama
VNBbU-a pernonannum crnemuduynoctuma Tekyhux Boma Cpouje. IIpumenom f-BNBI-a
omoryhmrna Ou ce mpeuu3Ha MpoleHa EKOJOLIKOr cTaryca JIOTHYkux cucrema CpOuje u

uAeHTUHUKAIM]a IPUOTUTETHHUX MOIPYYja 3a 3alITUTY WK pecTayparujy.
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Ha ocHoBy pe3ynrTaTa cipoBeCHOT HCTPa)KMBamba MOTY C€ U3BECTH cieiehy 3aKIbydlu:

Ha noapyujy Cpbuje jyxHo ox [dyHaBa, ucnurtuBameM uxtuodayHe Ha 61-0j penu, ca
cnuBoBa Bennke Mopage (ca noacnuoBuMa JyxHe u 3ananne Mopase), [pune, [Tunme
u JlparoBumtuile, 3a0eleXeHo je MPHUCYCcTBO 43 BpcTe puba, MITO MPEICTaB/ha HEIITO
Mame O] TMOJOBUHE YKYIMHOT auBep3uTeTa mxtuodayHe y Cpowju. Ox ykymHOT Opoja
JETEeKTOBAaHUX BPCTa, YCTAHOBJHEHO j€ MPUCYCTBO 6 MHTpOIyKoBaHMX Bpcta U TO: O.
mykiss, C. gibelio, A. nebulosus, L. gibbosus, N. fluviatilis u P. parva. Pesynratu oBe
cTyauje Takohe moTBpl)yjy HHBa3UBHO MIMPEHE apealia paclpoCTPambEekha AIOXTOHE BPCTE

N. fluviatilis y Cpbuju, duje je mpucycTBO 10 CKOpa OWMJIO OIpaHHYEHO CaMO Ha PEKY

yHas.

3Havya] puba, Kao OHWOJIOMIKMX WHAMKATOPAa KBaJIMTETA IOBPIIMHCKUX BOJOTOKOBA,
HarjJameH je y BEJIMKOM Opojy mocajammux cTyadja. 30or Ttora, mpema OKBHPHO]
HupextrBu o Bogama, uxtrodayHa ce cMarpa HEM30CTaBHOM TPYIIOM XHJPOOHOHATa Y
MPOIICHH EKOJIOIIKOT CTaTyca KOMHeHUX Boja. [la wmak, xopunihewme uxtuodayHe y
Meronama OuomnporeHe y CpOuju, 10 caga ce HCKJbYYMBO 3aCHUBAJIO Ha MPUMEHH
carpobuosomkux Metona. C o63upom Ha To maa Fame Consortium He mpemopydyje
npuMeny Beh nocrojehux EBpomnckux muzaekca 3a pube (EFl u EFI+) na texyhe Bone
bankana, KOHIMNUpame pPETHOH-CIEUU(UYHOT OMOTHYKOT HMHJAEKCAa JONPHHOCH

UMIUIEMEHTaLUj1 prubda y MeToje OMOompolieHe eKOoIoMKor craTyca Tekyhux Boga Cpouje.

IIpumenom wMetone camoopranusyjyhux wmama (COM) omoryhena je edukacHa
Kiacudukalmja JoKaJuTeTa Ha OCHOBY 3ajeIHHIIe puba Kao U BU3yalu3aluja MpoCTOpHE

IMcTpuOyIMje CBUX MCIUTUBAHUX BpcTa. Mcra mMerona je y oBoM pany kKopuirheHa u 3a
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Kiacu(uKalujy TUIIOBA PEYHUX CTAHUIITA, IITO j€ MPBH KOPAK Y KOHIMIHUPAkY HHIIEKCA
3a IpOLEHY KBAJUTETa U EKOJOLIKOI CTaTryca TeKyhux Boja. AHaiu3a IOBE3aHOCTU
3ajeIHUIIE U BPEIHOCTH CPEIMHCKHUX MapaMeTapa, Kao U IPOMEHa BPEIHOCTH METPUUKHX
0ocoOWHa y 3aBUCHOCTH OJ] CTETIEHA aHTPOIIOTEHOr yTHIlaja, oMoryheHa je 3axBaspyjyhu
moryhaoctn COM-a na HMCTOBpEMEHO BHU3yaln3yjeé AKTUBHE W TACHBHO YBEXXEHE
npomensbrBe. MMajyhy y Buay KommunHy HHGOpMaIHja Koje Mpyxka, Kao U MPerjeTHOCT
MIPE3EHTOBAHMX pe3yJiTaTa, 3aKjbyuyje ce Ja je 0Ba MYJITHBapUjaHTHA BeoMma IOTroJHa 3a
MOJICTIOBAakb€ TOJaTaka Yy pPa3IMYUTAM aCTeKTHMa HCTPaXKHBamkba AaKBaTHYHHX

opraHusama, IMOCEe0HO Kaza €€ paan BCJIIMKUM CKYIIOBUMaA IMOAATaKa.

e limajyhu y Buay ga y CpOuju, mpemMa JOCTYIHOj JUTEpaTypH, 0 cajga HHUje MpUKa3aH
peanman oOpasalr] MPOCTOPHOT Bapupama 3ajeAHUIE Y OKBHUPY IEIOKYITHOT CIWBHOT
MmoJipydja, y OBOM pajy pa3MarpaHa je JOHTHTYAWHAIHA TUHAMHKA 3ajeTHHUIC puda Ha
cnuBHOM mopy4djy Bennke Mopase. Ha ocHOBY mpe3eHTOBaHUX pesynTara, yTBpheHo je
MOCTOjarkhe¢ JIOHTUTYJIWHATHE 30HalMje pUOJBMX 3ajeHHWIlA Ha CIMBY peke Bennke
Mopage. I[Ipumenom COM wmerozae neduHuUCcaHa Cy TpU TUNA pUOJbUX 3ajeqHHUIIA M TO:
3ajeqHUIa JOKUX TOKOBAa MM PaBHUYAPCKUX peKa, 3ajelHUIa CPEeImbUX TOKOBa H
3ajeqHUIa TOPHUX TOKOBA MM BUCOKOIUIAHMHCKUX MOTOKa. CTPYKTypa MXTHOILIEHO3A je
M0/ CHAKHUM YTHIIajeM CPEAMHCKHX MapameTapa, OJf KOjuX ce MoceOHO MCTHYEe 3Hauaj

HaIMOPCKE BUCMHC U TOMHWHAHTHOTI CyIICTpaTa.

e Takole, ucnuTuBaHa je W ycarjameHOCT a Priori kianudukanyje CTaHHIITa MOMONY
CPEIUHCKUX Bapujabmu ca Kiacu(UKalKjoM CTaHMIITa 0a3upaHOj HA MXTHO(AYHH Kao
OMOTMYKO] KOMIIOHEHTH, Kako Ou ce yTrBpawia MoryhHoct  kopuinhema
KJIacU(HUKAMOHUX IIeMa Ha OCHOBY CpPEIMHCKHX Iapamerapa Kao IOTCHLUjaTHUX
cyporara 3a ynpaBJbambe OMOJUBEP3UTETOM U MPOIIEHY aHTPOIIOTE€HO W3a3BaHUX NMPOMEHA
y pedHuM ekocucremuma. IIpoctopHa nuctpubynuja 3ajequuie puda 60spe oJrosapa a
posteriori knacudukaiuju, 1001UjeH0] Ha OCHOBY OHOJIONIKHX MOJaTaka, Hero a Priori
MOJIeNIM Ha OCHOBY CPEIMHCKUX Mapamerapa. MelyTum, Ba)KHO je HarjiacuTH Ja cy ce
napamMeTpu Ha KojuMa ce a Priori xiacugukanuja 3aCHUBa MOKa3all BeOMa BAKHUM Y
CTpyKTyHpamwy 3ajeinunia. Ha ocHoBy pesynrarta mopehema cTeneHa ycarjiameHOCTH a

priori u a posteriori knacupukamnmje, MoXe ce 3aKJbYUUTH Ja Kiacu(uKanuja 3aCHOBaHa
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Ha OMOJIOIIKKM MOJalMMa MPYyXa A0JaTHe HHPOpMAIHje O KBAIUTETY CTAHUIIITA, KOje Ce
ry0oe mpuMeHoM a Priori knacupukanujuoHuX mema. Mnak, He3aHEMapJbUB CTEICH
ycarjaieHoCcTd Kiacu(ukaiuje JJOKaIuTeTa Ha OCHOBY a Priori u a posteriori merona,
“Ma Toce0aH 3Hadaj ca acleKTa KOH3epBallHje jep OJjakmiaBa ogadup objacTu Koje cy

MIPUOPUTETHE 32 3aUTUTY U OYyBambe OMOMBEP3UTETA.

e [lopexn mpupogHe BapHjaOMIIHOCTH, CTPYKTypa HXTHOILIEHO3a IyX JIOHTUTYAWHATHOT
rpajiijeHTa je ¥ TOJ BEJIMKUM aHTPOIMOTEHUM YTHIajeM. YTIPaBo je TO pasjor 300T Kora
ce m3BecTaH Opoj JokanmTeTa, KiacudukoBanux y kinactepe X1, X2 u Y, He nokiiamna ca a
priori nepuHUCAHUM THIIOBHMA BOJOTOKOBA. AHTPOIIOT€HH YTHIIA] j€ TTOCEOHO YOUJHUB
Ha JIOKaJMTETUMa KOjU MpHUMaaajy Tpymnu Y, I/ie BPEAHOCTH XEMHUJCKUX IapamMmerapa

KBaJIUTETA BOJI€ MHAMKY]Y IIPUCYCTBO OpraHcKor onTepehema.

e KoHreniuja 1 HaunH npuMeHe HoBodopmysucaHor f-BNBI uHmekca, 3acHOBaHOr Ha
3ajenHun puba, BeomMa cy cimuHu BNBI-y koju pasmarpa enemMeHTe CTPYKType
3ajeTHAIIC ¥ WHIUKATOPCKE BPCTE MaKpOMHBEPTEOTapa, ca moceOHUM mpraroheHoctTuma
3a moapyyje bankana. Marpuna f-BNBI-a unak caap:xu uzBecHe MoauduKalimje Koje ce
yIJIaBHOM OJHOCE Ha MCIHUTHBAKE OJrOBOPAa M3a0paHUX METPUUYKUX OCOOMHA Ha CTpEC

H3a3BaH aHTPOIIOTCHOM aKTI/IBHOH_Ihy, YMECTO HHACKCA JUBCP3UTETA.

e [IpunukoMm popmynanuje UHACKCA NePUHUCAHO je 8 THIIOBA peKa Ha OCHOBY BPEIHOCTH
a0MOTHYKUX (HaIMOPCKa BUCHHA, TEMIIEpaTypa, 1yOWHAa U MIUPHUHA KOPUTA) U OMOTHUKUX
KOMIIOHeHaTa (3ajeHuiia puba, rae je abyHnaaHia oapehene nomynamnuje nmpeactaB/beHa
npeko Ouomace puba). Y u3IBOjeHMM TpynaMa Tekyhuila H3BpIIeHA je aHajau3a
JOMHUHAHTHOCTH M KOHCTAaHTHOCTH BpCTa, KA0 M MpoOceuaH Opoj CTapoCHUX rpymna 3a
CBaky BpcTy. Y cinenehem kopaky, AaJbOM CTaTHUCTHYKOM aHAIIU30M, H3IBOjEHE TPYIE CY
CBpcTaHe y 4 Kjlace KBaJlWTeTa BOJE U CTAHHUIITA, MpeMa CIUYHOCTU Y TMOTIEAy
WHTEH3UTETa aHTPOIIOTEHOT yTUIllaja. MUMO CBUX CTaTUCTUYKUX aHANIM3a U3/IBOjEHA je U
5. KJlaca KBalMTeTa KOjy KapaKTepHIlle OJCYCTBO puba ycien Beoma jakor 3aralhema.
Caka on 5 neduHHcaHUX Kaca KBaJMTETa OMHCAHA j€ CETOM HWHAMKATOCKHX BpCTa,
onpeheHUX Ha OCHOBY JOMHWHAHTHOCTH W KOHCTAHTHOCTH, U CHEUU(DUYHUM OICEeromM

BapHpama 04a0paHNX METPUUKUX OCOOHHA.
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On ykynHO 11 TecTupaHux METPHUUKHUX OCOOHMHA, 9 je Mmoka3zano MpaBUIHOCT MPOMEHE y
3aBUCHOCTHU O] MHTEH3UTETa aHTPOTIOTEHOT yTHIaja. 32 KOHAYHY MPE3CHTAILN]y MHICKCA
y 003up je y3eTO TpWU M TO: MPOICHTyallHA 3aCTYIJbEHCT HETOJEPAHTHUX WHIUBHIYA
(%INT), npoueHTyanHa 3aCTYIJEHCT UHCEKTUBOpPHUX MHAMBHAYa (%INS) u mporenat

BpcTa ca Buiie crapocHux rpymna (SMAG).

VY nocrtynky neduHACama MHANKATOPCKUX BPCTA 3a CBAKY KJIacy KBAJIUTETa, U3JIBOJCHO je
ykynHo 14 Bpcra puba. Kao wuHamkaTtop BoJa ca BHCOKMM €KOJIOIIKMM CTaTycoOM
W3/IBOjEHA je caMO je/IHa BpCTa, NMOTOYHA MAacTpMKa; Tekyhuile ca JOOpUM E€KOJIOUIKHM
CTaTyCOM HMHJIMKY]Y C€ MPUCYTBOM I€T MHIUKATOPCKUX BPCTa; KA0 MOKa3aTeJbl YMEPEHOT
W JIOUIeT €KOJIOMIKOT CTaTyca HM3/IBajuiio Ce MIeCT MHIMKATOPCKHX BPCTa, OK je Beoma
JIOII CTAaTyC OKapaKTepucaH oAcycTBOM puba. C 003upoM YHEEHUILY Jia Cy ce ojapeheHe
BpCTE TIOKa3ajie Kao HMHIUKATOPH y JIBE CYCEJHE KJIace KBAIUTETA, IMOCIAMTPAEHEM
CTapOCHE CTPYKType ToImyjanuje omoryheHo je neduHHCcame jaCHUX pas3iuka u3Melhy
kinaca. TOM TPWIMKOM JIOIMTO c€ 10 3ak/bydKa Ja je€ HEOMXOJHO CIIPOBECTH ajba
HCTpaXUBamka Koja OM TecTHpasa W YTBpAWIA PETHOH-CIeNU(PHYHE BPEIHOCTH
TOJIEpaHIMje HEKMX BpCTa, Kao 1mro ¢y B. balcanicus, S. cephalus, V. vimba, kako 6u ce

yHanpeauia noysaanoct f-BNBI urgekca y mpomeHu eKoJIOIIKOT CTaTyca.

Y npesentoBaHoMm o06muky, mnpumena f-BNBl-a y OnOMOHUTOpMHTY U TpOIEHU
eKOJIOIIKOT CTaTyca TeKyhMX Boja je OrpaHMYeHA Ha MOTOKE M PEKEe Maje U CpelIibe
BenuuuHe Ha noapydjy Cpbuje. JlocTymHOCT KOMIUIEKCHHje M mupe 0a3a mojartaka y

6y,[[y11HOCTPI ou JOIIPpUHCIIa ’bCTrOBOM aJallITHPAY 34 IIPUMCHY Y BCIUKHM pPCEKaMa Kao

uTo je JlyHas.

Merononoruja npumemeHa npu konuenuuju f-BNBI je moandukoBana u pasnukyje ce
O] IpyTUX, 10 €aJia MO3HAaTHX, MHJEKCa 3a MPOLEHY €KOJIOMIIKOT cTaTyca KOMHEHUX Boja
3aCHOBAHMX Ha 3ajelHUIM puba. Hamme, oBaj MHIEKC MPUIMKOM IpOLIEHE KBaJIUTETa
JOTUYKUX CHUCTEMa pa3MaTpa HE CaMO OJroBOp H3a0paHUX METPUUYKUX OCOoOMHA
3ajeqHUIE Ha JAErpajaljy CTaHUINTa, Beh U OMOMHAMKATOPCKE CHOCOOHOCTH PUOIBUX
Bpcra. Konauno, kako 61 ce 06e30eani1a noys3aaHa mpoleHa eKoJonkox crama, BNBI u

f-BNBI 6u ce Tpebany npuMemHHBaTH HCTOBPEMEHO.

124



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

/. Pedpepeniie



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Angermeier PL, Davideanu G (2004). Using Fish Communities to Assess Streams in Romania:
Initial Development of an Index of Biotic Integrity*. Hydrobiologia, 511: 65-78.

Angermeier PL, Schlosser 1J (1989). Species-area relationship for stream fishes. Ecology, 70:
1450-1462.

Angermeier PL, Schlosser 1J (1995). Conserving aquatic biodiversity: beyond species and
populations. American Fisheries Society Symposium, 17: 402-414.

Angermeier PL, Smogor RA, Stauffer JR (2000). Regional frameworks and candidate metrics for
assessing biotic integrity in mid-Atlantic highland streams. Transactions of the American
Fisheries Society, 129: 962-981.

Angermeier PL, Winston MR (1998). Local vs. regional influences on local diversity in stream
fish communities of Virginia. Ecology, 79: 911-927.

Angermeier PL, Winston MR (1999). Characterizing fish community diversity across Virginia
landscapes: prerequisite for conservation. Ecological Applications, 9: 335-349.

Anonimus (2011). Pravilnik o parametrima ekoloskog i hemijskog statusa povrSinskih voda i
parametrima hemijskog i kvantitativnhog statusa podzemnih voda. Sl. Glasnik RS, br.
74/2011.

Aparicio E, Carmona-Catot G, Moyle PB, Garcia-Berthou E (2011). Development and evaluation
of a fish-based index to assess biological integrity of Mediterranean streams. Aquatic
Conservation: Marine and Freshwater Ecosystems, 21: 324-337.

Backiel T, Penczak T (1989). The fish and fisheries in the Vistula River and its tributary, the
Pilica River. In: Dodge D (ed.). Proceedings of the International Large River Symposium.
Canadian Special Publication of Fisheries and Aquatic Sciences, Toronto, Canada, pp.
488-503.

Bailey RG (1980). Description of the ecoregions of the United States, US Department of
Agriculture, Forest Service, Ogden, UT.

Barbour MT, Gerritsen J, Snyder B, Stribling J (2002). Rapid bioassessment protocols for use in
streams and wadeable rivers: periphyton, benthic, macroinvertebrates and fish, United

States, Environmental Protection Agency, Washington.

126



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Belliard J, Dit Thomas RB, Monnier D (1999). Fish communities and river alteration in the Seine
Basin and nearby coastal streams. Hydrobiologia, 400: 155-166.

Belpaire C, Smolders R, Auweele 1V, Ercken D, Breine J, Van Thuyne G, Ollevier F (2000). An
Index of Biotic Integrity characterizing fish populations and the ecological quality of
Flandrian water bodies. Hydrobiologia, 434: 17-33.

Benejam L, Aparicio E, Vargas M, Vila-Gispert A, Garcia-Berthou E (2008). Assessing fish
metrics and biotic indices in a Mediterranean stream: effects of uncertain native status of
fish. Hydrobiologia, 603: 197-210.

Benejam Vidal L (2008). Fish as ecological indicators in Mediterranean freshwater ecosystems,
Universitat de Girona, Girona.

Breine J, Simoens I, Goethals P, Quataert P, Ercken D, Van Liefferinghe C, Belpaire C (2004). A
fish-based index of biotic integrity for upstream brooks in Flanders (Belgium).
Hydrobiologia, 522: 133-148.

Brookes A, Knight SS, Shields Jr FD (1996). Habitat enhancement. In: Brookes A , Shields D
(eds.). River Channel Restoration—-Guiding Principles for Sustainable Projects. John
Wiley & Sons Ltd, Chichester, UK, pp. 76-101.

Brown LR (2000). Fish communities and their associations with environmental variables, lower
San Joaquin River drainage, California. Environmental Biology of Fishes, 57: 251-269.

Budakov L, Maletin S (1982). Tempo porasta riba kao parametar kvaliteta vode. Zastita voda, pp.
221-224.

Budakov L, Maletin S, Kosti¢ D, Kilibarda P (1988). Ihtiofauna Jegricke kao saprobioloski
indikator. Vodoprivreda, 16: 314-316.

Cakic P, Lenhardt M, Kolarevic J, Mickovic B, Hegedis A (2004). Distribution of the Asiatic
cyprinid Pseudorasbora parva in Serbia and Montenegro. Journal of Fish Biology, 65:
1431-1434.

Casselman JM, Penczak T, Carl L, Mann RH, Holcik J, Woitowich WA (1990). An evaluation of
fish sampling methodologies for large river systems. Polskie Archiwum Hidrobiologii
(Pol. Arch. Hidrobiol), 37: 521-551.

Cassie RM (1954). Some uses of probability paper in the analysis of size frequency distributions.
Marine and Freshwater Research, 5: 513-522.

127



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Céréghino R, Park Y-S (2009). Review of the self-organizing map (SOM) approach in water
resources: commentary. Environmental Modelling & Software, 24: 945-947.

Chapin FS, Sala OE, Huber-Sannwald E (2001). Global biodiversity in a changing environment:
scenarios for the 21st century, Springer, New York.

Chapman DV (1996). Water quality assessments: a guide to the use of biota, sediments and water
in environmental monitoring, Chapman & Hall, London.

Chon T-S (2011). Self-organizing maps applied to ecological sciences. Ecological Informatics, 6:
50-61.

Chon T-S, Park Y-S, Park JH (2000). Determining temporal pattern of community dynamics by
using unsupervised learning algorithms. Ecological modelling, 132: 151-166.

Chon T-S, Park YS, Moon KH, Cha EY (1996). Patternizing communities by using an artificial
neural network. Ecological modelling, 90: 69-78.

Clark E, Eraser J (1983). The survival and growth of six species of freshwater fish, in tapwater
and diluted and undiluted effluent from sewage percolating filters. Journal of Fish
Biology, 22: 431-445.

Cohen J (1988). Statistical power analysis for the behavioral sciencies, Hillsdale, Erlbaum.

Cowx IG (2000). Management and ecology of river fisheries, Blackwell Science, London.

Cvijanovi¢ G, Lenhardt MB, Hegedis AE (2005). The first record of black bullhead Ameiurus
melas (Pisces, Ictaluridae) in Serbian waters. Archives of Biological Sciences, 57: 307-
308.

Djikanovié¢ V, Markovi¢ G, Skori¢ S (2013). New records of Neogobius fluviatilis (Pallas, 1814)
in the Danube River Basin (Serbia). Archives of Biological Sciences, 65: 1469-1472.

Dufréne M, Legendre P (1997). Species assemblages and indicator species: the need for a flexible
asymmetrical approach. Ecological monographs, 67: 345-366.

Dupli¢ A (2008). Slatkovodne ribe. Priru¢nik za inventarizaciju i pracenje stanja, Drzavni zavod
za za$titu prirode, Zagreb.

Efi+ Consortium (2009). Manual for the application of the new European Fish Index — EFI+. A
fish-based method to assess the ecological status of European running waters in support of
the Water Framework Directive. Available at http://efi-
plus.boku.ac.at/software/doc/EFI+Manual.pdf.

128


http://efi-plus.boku.ac.at/software/doc/EFI+Manual.pdf
http://efi-plus.boku.ac.at/software/doc/EFI+Manual.pdf

Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Erds T (2007). Partitioning the diversity of riverine fish: the roles of habitat types and non-native
species. Freshwater Biology, 52: 1400-1415.

Erés T, Grossman G (2005). Effects of within-patch habitat structure and variation on fish
assemblage characteristics in the Bernecei stream, Hungary. Ecology of Freshwater Fish,
14: 256-266.

Fame Consortium (2004). Manual for the application of the European Fish Index—EFI. A fish-
based method to assess the ecological status of European rivers in support of the Water
Framework Directive. Version 1. Available at

http://fame.boku.ac.at/downloads/manual Version Februar2005.pdf

Fausch KD, Nakano S, Ishigaki K (1994). Distribution of two congeneric charrs in streams of
Hokkaido Island, Japan: considering multiple factors across scales. Oecologia, 100: 1-12.

Ferreira T, Oliveira J, Caiola N, De Sostoa A, Casals F, Cortes R, Economou A, Zogaris S,
Garcia-Jalon D, I1héu M (2007). Ecological traits of fish assemblages from Mediterranean
Europe and their responses to human disturbance. Fisheries Management and Ecology,
14: 473-481.

Fischer P (2000). Test of competitive interactions for space between two benthic fish species,
burbot Lota lota, and stone loach Barbatula barbatula. Environmental Biology of Fishes,
58: 439-446.

Fladung E, Scholten M, Thiel R (2003). Modelling the habitat preferences of preadult and adult
fishes on the shoreline of the large, lowland Elbe River. Journal of Applied Ichthyology,
19: 303-314.

Ganasan V, Hughes RM (1998). Application of an index of biological integrity (IBI) to fish
assemblages of the rivers Khan and Kshipra (Madhya Pradesh), India. Freshwater
Biology, 40: 367-383.

Gatz AJ, Harig AL (1993). Decline in the index of biotic integrity of Delaware Run, Ohio, over
50 years. Ohio Journal of Science, 93: 95-100.

Gavrilovic L, Dukic D (2002). Reke Srbije, Zavod za udzbenike i nastavna sredstva, Beograd.

Glowacki L, Penczak T (2005). Species richness estimators applied to fish in a small tropical
river sampled by conventional methods and rotenone. Aquatic Living Resources, 18: 159-
168.

129


http://fame.boku.ac.at/downloads/manual_Version_Februar2005.pdf

Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Gordon AD (1987). A review of hierarchical classification. Journal of the Royal Statistical
Society, 150: 119-137.

Grabarkiewicz JD, Davis WS (2008). An introduction to freshwater fishes as biological
indicators, US Environmental Protection Angecy, Office of Environmental, United States.

Grossman G, Freeman MC (1987). Microhabitat use in a stream fish assemblage. Journal of
Zoology, 212: 151-176.

Grossman GD, Dowd JF, Crawford M (1990). Assemblage stability in stream fishes: a review.
Environmental management, 14: 661-671.

Grossman GD, Ratajczak J, Robert E, Crawford M, Freeman MC (1998). Assemblage
organization in stream fishes: effects of environmental variation and interspecific
interactions. Ecological monographs, 68: 395-420.

Hawkes H (1975). River zonation and classification. In: Whitton BA (ed.). River ecology.
Blackwell Scientific Publications, Oxford, pp. 312-374.

Hawkins CP, Kershner JL, Bisson PA, Bryant MD, Decker LM, Gregory SV, Mccullough DA,
Overton C, Reeves GH, Steedman RJ (1993). A hierarchical approach to classifying
stream habitat features. Fisheries, 18: 3-12.

Hawkins CP, Norris RH (2000). Performance of different landscape classifications for aquatic
bioassessments: introduction to the series. Journal of the North American Benthological
Society, 19: 367-369.

Hawkins CP, Norris RH, Gerritsen J, Hughes RM, Jackson SK, Johnson RK, Stevenson RJ
(2000). Evaluation of the use of landscape classifications for the prediction of freshwater
biota: synthesis and recommendations. Journal of the North American Benthological
Society, 19: 541-556.

He X, Kitchell JF (1990). Direct and indirect effects of predation on a fish community: a whole-
lake experiment. Transactions of the American Fisheries Society, 119: 825-835.

Heino J, Mykrd H (2006). Assessing physical surrogates for biodiversity: Do tributary and stream
type classifications reflect macroinvertebrate assemblage diversity in running waters?
Biological Conservation, 129: 418-426.

Hering D, Feld CK, Moog O, Ofenbock T (2006). Cook book for the development of a

Multimetric Index for biological condition of aquatic ecosystems: experiences from the

130



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

European AQEM and STAR projects and related initiatives. Hydrobiologia, 566: 311-
324,

Hillebrand H (2004). On the generality of the latitudinal diversity gradient. The American
Naturalist, 163: 192-211.

Hoefs NJ, Boyle TP (1992). Contribution of fish community metrics to the index of biotic
integrity in two Ozark rivers. In: Mckenzie DH, Hyatt DE , Mcdonal VVJ (eds.). Ecological
indicators. Elsevier, London, pp. 283-303.

Hol¢ik J, Bandrescu P, Evans D (1989). General introduction to fishes. In: Hol¢ik J (ed.). The
freshwater fishes of Europe. Aula Verlag GmbH, Wiesbaden, pp. 18-147.

Huet M (1959). Profiles and biology of western European streams as related to fish management.
Transactions of the American Fisheries Society, 88: 155-163.

Hughes RM, Gammon JR (1987). Longitudinal changes in fish assemblages and water quality in
the Willamette River, Oregon. Transactions of the American Fisheries Society, 116: 196-
209.

Hughes RM, Kaufmann PR, Herlihy AT, Kincaid TM, Reynolds L, Larsen DP (1998). A process
for developing and evaluating indices of fish assemblage integrity. Canadian Journal of
Fisheries and Aquatic Sciences, 55: 1618-1631.

Hugueny B, Camara S, Samoura B, Magassouba M (1996). Applying an index of biotic integrity
based on fish assemblages in a West African river. Hydrobiologia, 331: 71-78.

Hugueny B, Persat H, Bagliniere J, Boet P, Carrel G, Olivier J, Paugy D, Pont D, Traore K
(1995). Long-term variability in riverine fish assemblages: Results from French and West
African rivers. Bulletin Francais de la Péche et de la Pisciculture, 337: 93-99.

Illies J, Botosaneanu L (1963). Problémes et méthodes de la classification et de la zonation
¢cologique des eaux courantes, considérées surtout du point de vue faunistique.
Mitteilungen Internationale Vereiningung fuer Theoretische und Angewandte Limnologie,
12: 1-57.

IlImonen J, Paasivirta L, Virtanen R, Muotka T (2009). Regional and local drivers of
macroinvertebrate assemblages in boreal springs. Journal of Biogeography, 36: 822-834.

Ivanc A, Etinski M, Maletin S, Buki¢ N, Miljanovi¢ B, Pujin V (1997). Grgec kao test organizam
u proceni kvaliteta vode. Zastita voda ‘977, Zbornik radova, Sombor, pp. 253-257.

131



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Jackson DA, Peres-Neto PR, Olden JD (2001). What controls who is where in freshwater fish
communities the roles of biotic, abiotic, and spatial factors. Canadian Journal of
Fisheries and Aquatic Sciences, 58: 157-170.

Jain AK, Dubes RC (1988). Algorithms for clustering data, Prentice-Hall, Inc.

Jankovic D, Cakic P (1982). Prilog poznavanju ihtiofaune reke Moravice. Biosistematika, 8: 159—
165.

Jankovi¢ D, Krpo-Cetkovi¢ J (1995). Diverzitet slatkovodnih riba (Osteichthyes) i kolousta
(Cephalaspidomorpha) Jugoslavije sa pregledom vrsta od medunarodnog znacaja. In:
Stevanovi¢ V, Vasi¢ V (eds.). Biodiverzitet Jugoslavije sa pregledom vrsta od
medunarodnog znacaja. Bioloski fakultet i Ecolibri, Beograd, pp. 425-445.

Joy M, Death R (2005). Modelling of freshwater fish and macro-crustacean assemblages for
biological assessment in New Zealand. In: Lek S, Scardi, M., Verdonschot, P., Descy,
J.P., Park, Y.S. (ed.). Modelling Community Structure in Freshwater Ecosystems.
Springer, Berlin, pp. 76-89.

Karr JR (1981). Assessment of biotic integrity using fish communities. Fisheries, 6: 21-27.

Karr JR, Fausch KD, Angermeier PL, Yant PR, Schlosser IJ (1986). Assessing biological
integrity in running waters. A method and its rationale. Illinois Natural History Survey,
Champaign, Special Publication, 5.

Kohonen T (1982). Self-organized formation of topologically correct feature maps. Biological
cybernetics, 43: 59-69.

Kohonen T (2001). Self-organizing maps, Springer, Berlin.

Kosti¢ D, JuriSi¢ A, Popovi¢ E, Miljanovi¢ B (2000). Thtiofauna Specijalnog Rezervata Prirode
Zasavica kao saprobioloski indikator. 29. konferencija o aktuelnim problemima zastite
voda, Mataruska banja, pp. 169-174.

Kotlik P, Tsigenopoulos CS, Rab P, Berrebi P (2002). Two new Barbus species from the Danube
River basin, with redescription of B. petenyi (Teleostei: Cyprinidae). Folia Zoologica
Praha, 51: 227-240.

Kottelat M (1998). Systematics, species concepts and the conservation of freshwater fish
diversity in Europe. Italian Journal of Zoology, 65: 65-72.

Kruk A (2006). Self-organizing maps in revealing variation in non-obligatory riverine fish in

long-term data. Hydrobiologia, 553: 43-57.
132



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Kruk A (2007a). Long-term changes in fish assemblages of the Widawka and Grabia Rivers
(Poland): pattern recognition with a Kohonen artificial neural network. Annales de
Limnologie-International Journal of Limnology, 43: 253—-269.

Kruk A (2007b). Role of habitat degradation in determining fish distribution and abundance
along the lowland Warta River, Poland. Journal of Applied Ichthyology, 23: 9-18.

Kruk A, Lek S, Park Y-S, Penczak T (2007). Fish assemblages in the large lowland Narew River
system (Poland): application of the self-organizing map algorithm. Ecological modelling,
203: 45-61.

Kruk A, Penczak T (2013). Natural regeneration of fish assemblages in the Pilica River after a
reduction of point-source pollution. River Research and Applications, 29: 502-511.
Langdon R (1989). The development of fish population-based biocriteria in Vermont. In: Simon
LLH, Shepard Lj (ed.). EPA 905-9-89-003. Proceedings of the First National Workshop
on Biological Criteria. U.S. Environmental Protection Agency, Region 5, Environmental

Sciences Division, Chicago, Illinois, pp. 12-25.

Lasne E, Bergerot B, Lek S, Laffaille P (2007). Fish zonation and indicator species for the
evaluation of the ecological status of rivers: example of the Loire basin (France). River
Research and Applications, 23: 877-890.

Lek S, Scardi M, Verdonschot PF, Descy JP, Park YS (2005). Modelling community structure in
freshwater ecosystems, Springer, Berlin.

Lenhardt M, Hegedis A, Cvijanovic G, Jaric I, Gacic Z, Mickovic B (2006). Non-native
freshwater fishes in Serbia and their impacts to native fish species and ecosystems.
Geophys Res Abst, 8: 07727.

Lenhardt M, Markovic G, Gacic Z (2009). Decline in the Index of Biotic Integrity of the fish
assemblage as a response to reservoir aging. Water resources management, 23: 1713-
1723.

Lenhardt M, Markovic G, Hegedis A, Maletin S, Cirkovic M, Markovic Z (2011). Non-native
and translocated fish species in Serbia and their impact on the native ichthyofauna.
Reviews in Fish Biology and Fisheries, 21: 407-421.

Leonard PM, Orth DJ (1986). Application and testing of an index of biotic integrity in small,

coolwater streams. Transactions of the American Fisheries Society, 115: 401-414.

133



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Long JM, Walker DJ (2005). Small scale application and assessment of a Index of Biotic
Integrity for a large boreal river. Hydrobiologia, 544: 177-187.

Lorenzoni M, Mearelli M, Ghetti L (2006). Native and exotic fish species in the Tiber River
watershed (Umbria—Italy) and their relationship to the longitudinal gradient. Bulletin
Francais de la Péche et de la Pisciculture, 382: 19-44.

Lundberg JG, Kottelat M, Smith GR, Stiassny ML, Gill AC (2000). So many fishes, so little
time: an overview of recent ichthyological discovery in continental waters. Annals of the
Missouri Botanical Garden, 87: 26-62.

Lyons J (1992). Using the index of biotic integrity (IBI) to measure environmental quality in
warmwater streams of Wisconsin, US Department of Agriculture, Forest Service, North
Central Forest Experiment Station St. Paul, MN.

Lyons J, Wang L, Simonson TD (1996). Development and validation of an index of biotic
integrity for coldwater streams in Wisconsin. North American Journal of Fisheries
Management, 16: 241-256.

Maceda-Veiga A, De Sostoa A (2011). Observational evidence of the sensitivity of some fish
species to environmental stressors in Mediterranean rivers. Ecological Indicators, 11:
311-317.

Maletin S, Puki¢ N, Ivanc A, Miljanovi¢ B (1994). Diverzitet ribljeg naselja kao ocena kvaliteta
vode pojedinih deonica kanala hidrosistema DTD. Zbornik radova konferencije ,,Zastita
voda '94*, Igalo, pp. 221-226.

Maletin S, Miljanovi¢ B, Pukié N, Sipo§ S (2001). Zajednica riba kao indikator kvaliteta vode
Koviljskog rita. 30. Konferencija o aktuelnim problemima zastite voda, Arandjelovac, pp.
237-242..

Mann R (1996). Environmental requirements of European non-salmonid fish in rivers.
Hydrobiologia, 323: 223-235.

Markovi¢ T (1962). Ribolovne vode Srbije - vodi¢, Turisti¢ka Stampa, Beograd.

Matthews WJ (1986). Fish faunal ‘breaks’ and stream order in the eastern and central United
States. Environmental Biology of Fishes, 17: 81-92.

Matthews WJ (1998). Patterns in freshwater fish ecology, Chapman and Hall and Thomson
Publishing, New York.

134



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Maxwell JR, Edwards CJ, Jensen ME, Paustian SJ, Parrott H, Hill DM (1995). A hierarchical
framework of aquatic ecological units in North America (Nearctic Zone). General
Technical Report NC-176. St. Paul, MN.: United States Department of Agriculture, Forest
Service.

May JT, Brown LR (2002). Fish communities of the Sacramento River Basin: implications for
conservation of native fishes in the Central Valley, California. Environmental Biology of
Fishes, 63: 373-388.

McCune B, Mefford M (1999). PC-ORD: multivariate analysis of ecological data; Version 4 for
Windows;[User's Guide], MjM software design.

Meador MR, Carlisle DM (2007). Quantifying tolerance indicator values for common stream fish
species of the United States. Ecological Indicators, 7: 329-338.

Meérigoux S, Hugueny B, Ponton D, Statzner B, Vauchel P (1999). Predicting diversity of
juvenile neotropical fish communities: patch dynamics versus habitat state in floodplain
creeks. Oecologia, 118: 503-516.

Miller DL, Hughes RM, Karr JR, Leonard PM, Moyle PB, Schrader LH, Thompson BA, Daniels
RA, Fausch KD, Fitzhugh GA (1988). Regional applications of an index of biotic
integrity for use in water resource management. Fisheries, 13: 12-20.

Milosevi¢ D, Simi¢ V, Stojkovi¢ M, Cerba D, Mancev D, Petrovi¢ A, Paunovi¢ M (2013).
Spatio-temporal pattern of the Chironomidae community: toward the use of non-biting
midges in bioassessment programs. Aquatic Ecology, 47: 37-55.

Milosevié¢ D, Simié¢ V, Stojkovi¢ M, Zivi¢ I (2012). Chironomid faunal composition represented
by taxonomic distinctness index reveals environmental change in a lotic system over three
decades. Hydrobiologia, 683: 69-82.

Miranda LE, Raborn SW (2000). From zonation to connectivity: fluvial ecology paradigms of the
20th century. Polskie Archiwum Hydrobiologii, 47: 5-19.

Moyle P, Brown L, Herbold B (1986). Final report on development and preliminary tests of
indices of biotic integrity for California. Final report to the US Environmental Protection
Agency, Oregon.

Nelson JS (2006). Fishes of the World, Wiley, New York.

135



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Niemela S, Feist M (2000). Index of biotic integrity (IBI) guidance for coolwater rivers and
streams of the St. Croix River basin in Minnesota, Minnesota Pollution Control Agency
St. Paul.

Nilsson E, Persson A (2005). Do instream habitat variables and the abundance of brown trout
Salmo trutta (L.) affect the distribution and growth of stone loach, Barbatula barbatula
(L.)? Ecology of Freshwater Fish, 14: 40-49.

Noble R, Cowx I, Goffaux D, Kestemont P (2007). Assessing the health of European rivers using
functional ecological guilds of fish communities: standardising species classification and
approaches to metric selection. Fisheries Management and Ecology, 14: 381-392.

Oberdorff T, Hughes R (1992). Modification of an index of biotic integrity based on fish
assemblages to characterize rivers of the Seine Basin, France. Hydrobiologia, 228: 117-
130.

Oberdorff T, Hugueny B, Compin A, Belkessam D (1998). Non-interactive fish communities in
the coastal streams of North-western France. Journal of animal Ecology, 67: 472-484.

Oberdorff T, Hugueny B, Vigneron T (2001). Is assemblage variability related to environmental
variability? An answer for riverine fish. Oikos, 93: 419-428.

Oberdorff T, Pont D, Hugueny B, Porcher JP (2002). Development and validation of a fish-based
index for the assessment of ‘river health’in France. Freshwater Biology, 47: 1720-1734.

Odum EP (1980). Ecology, Holt-Saunders, London.

Olden JD, Jackson DA (2002). Illuminating the “black box”: a randomization approach for
understanding variable contributions in artificial neural networks. Ecological modelling,
154: 135-150.

Olden JD, Joy MK, Death RG (2006). Rediscovering the species in community-wide predictive
modeling. Ecological Applications, 16: 1449-1460.

Omernik JM (1987). Ecoregions of the conterminous United States. Annals of the Association of
American geographers, 77: 118-125.

Overton JR (2001). Standard operating procedures. Stream fish community assessment and fish
tissue, Department of environment and natural resources, North Carolina.

Palmer MW (1993). Putting things in even better order: the advantages of canonical

correspondence analysis. Ecology, 74: 2215-2230.

136



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Park Y-S, Céréghino R, Compin A, Lek S (2003). Applications of artificial neural networks for
patterning and predicting aquatic insect species richness in running waters. Ecological
modelling, 160: 265-280.

Park Y-S, Grenouillet G, Esperance B, Lek S (2006). Stream fish assemblages and basin land
cover in a river network. Science of the total environment, 365: 140-153.

Park Y, Oberdorff T, Lek S (2005a). Patterning riverine fish assemblages using an unsupervised
neural network. In: Lek S, Scardi, M., Verdonschot, P., Descy, J.P., Park, Y.S. (ed.).
Modelling Community Structure in Freshwater Ecosystems. Springer, Berlin, pp. 43-53.

Park Y, Gevrey M, Lek S, Giraudel J (2005b). Evaluation of relevant species in communities:
development of structuring indices for the classification of communities using a self-
organizing map. In: Lek S, Scardi, M., Verdonschot, P., Descy, J.P., Park, Y.S. (ed.).
Modelling Community Structure in Freshwater Ecosystems. Springer, Berlin, pp. 369-
380.

Paunovi¢ M, Simi¢ V, Simi¢ S, Vukovi¢ D, Petrovi¢ A, Vasiljevi¢ B, Zori¢ K, Tomovi¢ J,
Atanackovi¢ A, Markovi¢ V (2011). Biological quality elements in WFD implementation
in Serbia — typology, reference conditions and ecological status class boundaries, Institute
for Biological Research “SiniSa Stankovi¢”, Beograd.

Paunovi¢ M, Tubi¢ B, Kracun M, Markovi¢ V, Simi¢ V, Zori¢ K, Atanackovi¢ A (2012).
Ecoregions delineation for the territory of Serbia. Water Research and Management, 2:
65-74.

Penczak T (2009). Fish assemblage compositions after implementation of the IndVal method on
the Narew River system. Ecological modelling, 220: 419-423.

Penczak T (2011a). Fish assemblages composition in a natural, then regulated, stream: A
quantitative long-term study. Ecological modelling, 222: 2103-2118.

Penczak T (2011b). Usefulness of the SOM algorithm for estimation of species distribution and
significance in comparing habitats. Journal of Applied Ichthyology, 27: 1371-1374.
Penczak T, Agostinho AA, Gomes LC, Latini JD (2009). Impacts of a reservoir on fish
assemblages of small tributaries of the Corumba River, Brazil. River Research and

Applications, 25: 1013-1024.

137



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Penczak T, Glowacki L, Kruk A, Galicka W (2012). Implementation of a self-organizing map for
investigation of impoundment impact on fish assemblages in a large, lowland river: long-
term study. Ecological modelling, 227: 64-71.

Penczak T, Godinho F, Agostinho AA (2002). Verification of the dualism ordering method by the
canonical correspondence analysis: fish community samples. Limnologica-Ecology and
Management of Inland Waters, 32: 14-20.

Penczak T, Koszalinska M (1993). Populations of dominant fish species in the Narew River
under human impacts. Polish Archives of Hydrobiology, 40: 59-75.

Penczak T, Kruk A (2005). Patternizing of impoundment impact (1985-2002) on fish
assemblages in a lowland river using the Kohonen algorithm. Journal of Applied
Ichthyology, 21: 169-177.

Penczak T, Kruk A, Grzybkowska M, Dukowska M (2006). Patterning of impoundment impact
on chironomid assemblages and their environment with use of the self-organizing map
(SOM). Acta Oecologica, 30: 312-321.

Penczak T, Kruk A, Koszalinski H, Kostrzewa J, Marszal L, Galicka W, Gowacki L (2000).
Fishes of three oxbow lakes and their parent Pilica River: 25 years later. Polish Archives
Hydrobiology, 47: 115-130.

Penczak T, Kruk A, Park Y, Lek S (2005). Patterning spatial variations in fish assemblage
structures and diversity in the Pilica River system. In: Lek S, Scardi, M., Verdonschot, P.,
Descy, J.P., Park, Y.S. (ed.). Modelling community structure in freshwater ecosystems.
Springer, Berlin, pp. 100-113.

Penczak T, Mann R (1990). The impact of stream order on fish populations in the Pilica drainage
basin, Poland. Polskie Archiwum Hydrobiologii/Polish Archives of Hydrobiology, 38:
243-261.

Petry A, Schulz U (2006). Longitudinal changes and indicator species of the fish fauna in the
subtropical Sinos River, Brazil. Journal of Fish Biology, 69: 272-290.

Pianka ER (1966). Latitudinal gradients in species diversity: a review of concepts. American
Naturalist, 100: 33-46.

Pinto BCT, Araujo FG, Rodrigues VD, Hughes RM (2009). Local and ecoregion effects on fish
assemblage structure in tributaries of the Rio Paraiba do Sul, Brazil. Freshwater Biology,

54: 2600-2615.
138



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Pont D, Hugueny B, Beier U, Goffaux D, Melcher A, Noble R, Rogers C, Roset N, Schmutz S
(2006). Assessing river biotic condition at a continental scale: a European approach using
functional metrics and fish assemblages. Journal of Applied Ecology, 43: 70-80.

Pont D, Hugueny B, Oberdorff T (2005). Modelling habitat requirement of European fishes: do
species have similar responses to local and regional environmental constraints? Canadian
Journal of Fisheries and Aquatic Sciences, 62: 163-173.

Pont D, Hugueny B, Rogers C (2007). Development of a fish-based index for the assessment of
river health in Europe: the European Fish Index. Fisheries Management and Ecology, 14:
427-439.

Power ME, Matthews WJ, Stewart AJ (1985). Grazing minnows, piscivorous bass, and stream
algae: dynamics of a strong interaction. Ecology, 66: 1448-1456.

Przybylski M (1994). Are the fish communities persistent and stable in European rivers? Polskie
Archiwum Hydrobiologii/Polish Archives of Hydrobiology, 41: 365-375.

Pygott J, O'hara K, Eaton J (1990). Fish community structure and management in navigated
British canals. In: Van Densen WLT, Steinmetz B , Hughes RH (eds.). Management of
Freshwater Fisheries. Pudoc, Wageningen, pp. 547-557.

Rahel FJ, Hubert WA (1991). Fish assemblages and habitat gradients in a Rocky Mountain—Great
Plains stream: biotic zonation and additive patterns of community change. Transactions of
the American Fisheries Society, 120: 319-332.

Rapport DJ (1998). Biodiversity and saving the earth. Environmental monitoring and assessment,
49: 169-175.

Resh VH, Brown AV, Covich AP, Gurtz ME, Li HW, Minshall GW, Reice SR, Sheldon AL,
Wallace JB, Wissmar RC (1988). The role of disturbance in stream ecology. Journal of
the North American Benthological Society, 7: 433-455.

Rohde K (1992). Latitudinal gradients in species diversity: the search for the primary cause.
Oikos, 65: 514-527.

Ross ST (1986). Resource partitioning in fish assemblages: a review of field studies. Copeia,
1986: 352-388.

Scardi M, Cataudella S, Ciccotti E, Di Dato P, Maio G, Marconato E, Salviati S, Tancioni L,
Turin P, Zanetti M (2005). Optimisation of artificial neural networks for predicting fish

assemblages in rivers. In: Lek S, Scardi, M., Verdonschot, P., Descy, J.P., Park, Y.S.
139



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

(ed.). Modelling community structure in freshwater ecosystems. Springer, Berlin, pp. 114-
129.

Schiemer F, Waidbacher H (1992). Strategies for conservation of a Danubian fish fauna. In: Boon
P, Calow P, Petts G (eds.). River conservation and management. John Wiley, Chichester,
pp. 363-382.

Schlosser 1 (1987). A conceptual framework for fish communities in small warmwater streams,
University of Oklahoma Press, Norman.

Schlosser 1, Angermeier P (1990). Influence of environmental variability, resource abundance,
and predation of juvenile cyprinid and fishes. Polish Archives of Hydrobiology, 37: 267-
286.

Schlosser 1J (1991). Stream fish ecology: a landscape perspective. BioScience, 41: 704-712.

Schmutz S, Melcher A, Frangez C, Haidvogl G, Beier U, Bohmer J, Breine J, Simoens I, Caiola
N, De Sostoa A (2007). Spatially based methods to assess the ecological status of riverine
fish assemblages in European ecoregions. Fisheries Management and Ecology, 14: 441-
452.

Seaber PR, Kapinos FP, Knapp GL (1987). Hydrologic unit maps, U.S. Geological Survey,
Denver, CO.

Segurado P, Santos JM, Pont D, Melcher AH, Jalon DG, Hughes RM, Ferreira MT (2011).
Estimating species tolerance to human perturbation: expert judgment versus empirical
approaches. Ecological Indicators, 11: 1623-1635.

Sheldon AL (1968). Species diversity and longitudinal succession in stream fishes. Ecology, 49:
193-198.

Shelford VE (1911). Ecological succession. I. Stream fishes and the method of physiographic
analysis. Biological Bulletin, 21: 9-35.

Shuter B, Maclean J, Fry F, Regier H (1980). Stochastic simulation of temperature effects on
first-year survival of smallmouth bass. Transactions of the American Fisheries Society,
109: 1-34.

Siligato S, Bohmer J (2002). Evaluation of biological integrity of a small urban stream system by
investigating longitudinal variability of the fish assemblage. Chemosphere, 47: 777-788.

Simi¢ V, Simi¢ S (1999). Use of the river macrozoobenthos of Serbia to formulate a biotic index.

Hydrobiologia, 416: 51-64.
140



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Simi¢ V, Simi¢ S (2006a). Srednjoro¢ni program za unapredenje ribarstva na ribarskom podrucju
"Juzna Morava 1", Asocijacija OOSR "Veternica" i OOSR "Vlasina" Leskovac (2006-
2010).

Simi¢ V, Simi¢ S (2006b). Srednjoro¢ni program za unapredenje ribarstva na ribarskom podrucju
"Zapadna Morava 2-Kraljevo" ZSOR "Rasina", "Hristifor Perisi¢ Kic¢o" (2006-2010).

Simi¢ V, Simi¢ S (2006¢). Srednjoro¢ni program za unapredenje ribarstva na ribarskom podrucju
"Morava 2" OOSR "Magnum" Jagodina (2006-2010)

Simi¢ V, Simi¢ S (2008). Program upravljanja ribarskim podru¢jem "Srbija Jugozapad" OOSR
"Hristifor Perisi¢ Kico " Kraljevo (2008 — 2012).

Simon TP (1991). Development of ecoregion expectations for the index of biotic integrity (IBI)
Central Corn Belt Plain, U.S. Environmental Protection Agency, Chicago, Illinois.

Simon TP (1999). Assessing the sustainability and biological integrity of water resources using
fish communities, CRC Press, Boca Ration, Florida.

Simon TP, Lyons J (1995). Application of the index of biotic integrity to evaluate water resource
integrity in freshwater ecosystems. In: Davis WS , Simon TP (eds.). Biological
assessment and criteria—Tools for water resource planning and decision making: . Lewis
Publishers, BocaRaton, Florida, pp. 245-262.

Simonovic P, Paunovi¢ M, Popovi¢ S (2001). Morphology, Feeding, and Reproduction of the
Round Goby, Neogobius melanostomus (Pallas), in the Danube River Basin, Yugoslavia.
Journal of Great Lakes Research, 27: 281-289.

Simonovi¢ P (2001). Ribe Srbije, NNK International, Beograd.

Simonovi¢ P, Mari¢ S, Nikoli¢ V (2006a). Occurrence of paddlefish Polyodon spathula
(Walbaum, 1792) in the Serbian part of the lower River Danube. Aquatic Invasions, 1:
183-185.

Simonovi¢ P, Mari¢ S, Nikoli¢ V (2006b). Records of Amur sleeper Perccottus glenii
(Odontobutidae) in Serbia and its recent status. Archives of Biological Sciences, 58: 7-8.

Slavik O, Barto§ L (2001). Spatial distribution and temporal variance of fish communities in the
channelized and regulated Vltava River (Central Europe). Environmental Biology of
Fishes, 61: 47-55.

Smogor R, Angermeier P (1999). Relations between fish metrics and measures of anthropogenic

disturbance in three IBI regions in Virginia. In: Simon T (ed.). Assessing the
141



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

sustainability and biological integrity of water resources using fish assemblages. CRC
Press, Boca Raton, Florida, pp. 585-610.

Sostoa A, Caiola N, Vinyoles D, Sanchez S, Franch C (2003). Development of a biotic integrity
index (IBICAT) based on the use of fish as indicators of the environmental quality of the
rivers of Catalonia, Barcelona. a. Available at http://aca-web.gencat.cat/aca/.

Steedman RJ (1988). Modification and assessment of an index of biotic integrity to quantify
stream quality in southern Ontario. Canadian Journal of Fisheries and Aquatic Sciences,
45: 492-501.

Stojkovic M, Simic V, Milosevic D, Mancev D, Penczak T (2013). Visualization of fish
community distribution patterns using the self-organizing map: A case study of the Great
Morava River system (Serbia). Ecological modelling, 248: 20-29.

Stojkovi¢ M, MiloSevi¢ D, Simi¢ S, Simi¢ V (2014). Using a Fish-Based Model to Assess the
Ecological Status of Lotic Systems in Serbia. Water resources management, 28: 4615-
4629.

Sori¢ V (1998). Pollution of the Morava River (Danube basin, Serbia) and changes of the
ichthyofauna under its influence. Ichthyologia, 30: 51-70.

Takacs P, Csoma E, Eros T, Sandor NA (2008). Distribution patterns and genetic variability of
three stream-dwelling fish species. Acta Zoologica Academiae Scientiarum Hungaricae,
54: 289-303.

Tancioni L, Scardi M, Cataudella S (2006). Riverine fish assesmblages in temperate rivers. In:
Ziglio G SM, Flaim G (ed.). Biological monitoring of rivers: applications and
perspectives. John Wiley & Sons Ltd, Chichester, UK, pp. 47-69.

Teels BM, Mazanti LE, Rewa CA (2004). Using an IBI to assess effectiveness of mitigation
measures to replace loss of a wetland-stream ecosystem. Wetlands, 24: 375-384.

Tejerina-Garro FL, Maldonado M, Ibanez C, Pont D, Roset N, Oberdorff T (2005). Effects of
natural and anthropogenic environmental changes on riverine fish assemblages: a
framework for ecological assessment of rivers. Brazilian Archives of Biology and
Technology, 48: 91-108.

Telcean I, Cupsa D (2012). Principles of integrated biomonitoring in upper Tisa river and
tributaries (Maramures County, North Romania). Acta Biologica Debrecina

Supplementum Oecologica Hungarica, 27: 195-206.
142



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Tischler W (1951). Zur Synthese biozonotischer Forschung. Acta Biotheoretica, 9: 135-162.

Trautman MB (1942) Fish distribution and abundance correlated with stream gradient as a
consideration in stocking programs. In: Quee EM (ed.). Transactions of the Seventh North
American Wildlife Conference, Washington, DC, pp. 211-223.

Trautman MB (1981). The fishes of Ohio: with illustrated keys, Ohio State University Press
Columbus, Ohio.

Van Sickle J (1997). Using mean similarity dendrograms to evaluate classifications. Journal of
Agricultural, Biological, and Environmental Statistics, 2: 370-388.

Van Sickle J, Hughes RM (2000). Classification strengths of ecoregions, catchments, and
geographic clusters for aquatic vertebrates in Oregon. Journal of the North American
Benthological Society 19: 370-384.

Vannote RL, Minshall GW, Cummins KW, Sedell JR, Cushing CE (1980). The river continuum
concept. Canadian Journal of Fisheries and Aquatic Sciences, 37: 130-137.

Verneaux J (1981). Les poissons et la qualité des cours d'eau. Annales Scientifiques de
['Universite de Franche-Comté Besancon, 4. 33-41.

Verneaux J, Schmitt A, Verneaux V, Prouteau C (2003). Benthic insects and fish of the Doubs
River system: typological traits and the development of a species continuum in a
theoretically extrapolated watercourse. Hydrobiologia, 490: 63-74.

Vesanto J, Himberg J, Alhoniemi E, Parhankangas J (2000). SOM toolbox for Matlab 5, Neural
Networks Research Centre, Helsinki University of Technology, Helsinki, Finland.
Walters D, Leigh D, Freeman M, Freeman B, Pringle C (2003). Geomorphology and fish
assemblages in a Piedmont river basin, USA. Freshwater Biology, 48: 1950-1970.

Whitton BA (1975). River Ecology, Blackwell Scientific Publishers, Oxford, England.

Wichert G, Rapport D (1998). Fish community structure as a measure of degradation and
rehabilitation of riparian systems in an agricultural drainage basin. Environmental
management, 22: 425-443.

Wolter C, Vilcinskas A (1997). Perch (Perca fluviatilis) as an indicator species for structural
degradation in regulated rivers and canals in the lowlands of Germany. Ecology of
Freshwater Fish, 6: 174-181.

Wootton RJ (1990). Ecology of teleost fishes, Chapman & Hall, London.

143



Munuya Cmojrosuh Ilunepay Jlokmopcka oucepmayuja

Buorpaduja ca nydankanujama kanauaara

Mwmmna Crojkosuh [Tumeparn pohena je 24.07.1983. rogune y Humry rae je u 3aBpiinmia
OCHOBHY U Cpeamy mKoyy ca ommmyauM ycrexoM. Ilkoncke 2002/03. roauue, ymucana je
crymuje Ha [lpupomHo-matrematndykoM (akyiarery YHuBep3urera y Hwuimy, cryamjcka rpyma
Buosoruja ca exonorujom u mumiomupana 2008. ronuHe ca mpoceyHOM OIeHOM 9,62 U OIIeHOM
10 Ha TUTITIOMCKOM UCITUTY.

[Ikosicke 2008/09. roguue ymucana je TOKTopcke cryauje Ha [IpupoaHo-MaTeMaTHYKOM
dakynrery y KparyjeBiy, cMep XuapoOuosiorvja ¥ 3allITHTa BOJA U TOJIOXKHUJIA CBE HCIUTE
npenBuleHe nporpaMoM HajBUIIOM OLIEHOM.

On 2009. mo 2011. romamue Mumumna CrojkoBuh Ilumepary je Owiia CTHIICHIWCTA-
JNOKTOpaHT MuUHHCTapCTBa 3a HAYKy M TEXHOJOLIKU pa3Boj. Mapta 2012. roauHe npumsbeHa je
Ha PaJHO MECTO CapaJHWKa y 3Bamby acHCTEHT 3a 00jacT 3allTHTa >XUBOTHE CpeAWHE, Ha
Jlemaptmany 3a OHoJiorujy u exosnorujy, [lpuponHo-maremarnykor (akynrera YHHUBEP3UTETa Y
Humry, rie u3Boau npakTUyHy HacTaBy W3 mpeamera: Meroauka HactaBe Ouosoruje (OcHOBHE
akamemcke crtymuje BMOJIOIMJA), Metoauka mpakTHYHE HAcTaBe OHMOJIOTHjE Yy IIIKOJama
(Iumutomcke akamemcke cryauje BUOJIOT'MIJA), Exortokcukosoruja, XuapoOHOJIOTH]a,
Jlumuonoruja, buownaukamuje wu OumomMoHWTOpUHT (JlUTUIOMCKE aKaJgeMCKe CTyauje
EKOJIOTUJA U 3AIUTUTA IMTPUPO/IE). Ox 2011. rogune ydecTByje y pealu3aiiji HayqHO -
HUCTPAXUBAYKOT TIPOjeKTa TOJ Ha3WMBOM: ,,bBHOCEHCHHI TEXHOJIOTHje W TJI00aTHU CHCTEM 3a
KOHTUHYUpPaHa HCTPaKUBamkha M HMHTETPUCAHO YIPaB/balb€ EKOCHUCTEeMHMa, (UHAHCHpPAH O]l
cTtpane MuHHCTapcBa npocBeTe U Hayke Penmyonuke Cpouje (6p. M43002).
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Baxxna Hamomena

H3Boa

[MozHaBame aucTpuOynMje BpcTa Kao M YCHEIIHOCT mpeiBuhama HUXOBOI TPHCYCTBA, O]
NnoceOHOr je 3Hayaja 3a yIpaBJbarkbe AKBATHYHUM OHOIMBEP3UTETOM M TIPOIEHY HHTEH3UTETa
aHTPOIIOIeHOT yTHUIlaja Ha BojeHe exocucreMe. [locmenmux neneHuja, morpeda 3a pecTaypamnujoM H
OYyBameM aKBAaTHUYHMX €KOCHTEMa, JOBela je 10 pa3Boja epUKACHHUX EKOJOMIKHX IPHCTYIIA,
0a3upaHux Ha OMOJOIIKMM MOJAIMMa, 33 MPOLEHY EKOJNOMIKOI CTaTyca Y MHOT'MM 3€MJbaMa CBETa.
ITpema EBporickoj OxBupnoj JdupektuBu o Bogama (WFD) ¢ayna puba ce cmaTpa HEM30CTaBHOM
IpyIOM aKBaTHYHUX OpPraHU3aMa y MPOLEHU eKOJIOMIKOr craTyca Tekyhux Bozaa. 30or Tora, OMOTHYKH




WHACKCH 3aCHOBAaHM Ha 3ajeHULU puba OuBajy y cBe yemrhoj MpUMEHH Yy MPOLEHW U MOHUTOPUHTY
EKOJIOMIKOT CTaTyca akBaTHYHHUX EKOCHUCTEMA.

HuspeBr OBOr MCTpakMBama OWIIM Cy: aHaju3a MPOCTOpHE TUHAMHKE 3ajelHUIle puda, MporeHa
3Ha4aja CPEAMHCKUX (paKTopa y CTPYKTypUpaly 3ajeJHHIIC U TECTHPAhEe SKOJIOIIKE PEIEBAHTHOCTH a
priori xianudukanyje craHWIITa MOMONY CpeIMHCKUX Bapujabnu kopumhemeM UXTHODayHE Kao
OouoTnuke kKomroHeHTe. KoHauHo, ka0 moce0aH HW/b MCTHYE ce JeUHUCAkEe BPCTa HHAMKATOPA
KBaJIUTETa BOJAC M CTaHUINTA, Kao W (opMyJalMja HOBOT IPHUCTYNa 3a MPOICHY KBaJIHTETa H
EKOJIOMIKOI CcTaTyca Tekyhux Boja, KopuiihemeM puba kao OWOMHAMKATOpa, KOjU OApakaBa
peruonanse cnenupuanoctu Cpouje.

VY3o0puu ¢y cakymbenu y nepuony on 2003. go 2011. rogune, Ha 124 nokanurera pacnopeheHux
nyx cnmuBoBa Bemnke Mopase u [pune (LlpHoMopcku cimB), m 7 JOKalIWTeTa Ha peKama Koje
npunanajy Erejckom cimBy. 3a rpynucame y3opaka kopuiihieHa je Meroaa Bemraukux Heypo Mpexa,
KoxoneoBe camoopranu3syjyhe marne (enr. self-organizing map (SOM)), koja ce, npema qocaaiimum
CTy/Wjama, TIOKa3aja BeoMa MOy3JaHOM 3a IPUMEHY y €KOJIONIKHM CTy/ArjaMa.

3a nmeduHHUCamE MPOCTOPHE OpraHu3alidje puOJbUX 3ajeqHHIAa MOCMATPaHH CY JIOKAJIUTETH ca
ciuBHOT nojipyvja Bennke Mopase. Tom npunukom, COM aHanu3za je, Ha OCHOBY Ouomace puOJbUX
BpCTa, yKa3aja Ha IpPUCYCTBO JiBe Tpyme y3opaka, X u Y. I'pyma Y ce cacToju oj JIOKaquTeTa
CMEIITEHNX Ha JIOBhUM TOKOBMMa peKa, JOoK je Tpyna X aajbe mojesbeHa Ha moarpyne X1 (cpemmu
TOKOBH peka) U X2 (ropmH TOKOBM peka). Pesynratu cy mokasaiu Aa kinacuukanuja puOIbHX
3ajelHMIlA y BEIUKOM CTeleHy OAaroBapa a pPriori kmacupukanuMju Ha OCHOBY CPEIMHCKHX
npomeHJpMBHX. [lojeHa ojicTynama mociienuia Cy HHTEH3UBHOT JIelIOBamha aHTPOIOreHOoT (hakTopa.
Kiacudukarmona cuara (CS) uma Behie BpeHOCTH Kajia e pajii O rpynama JIOKaJuTeTa Mojae/beHuX
Ha ocHoBy COM anamm3e y ojHocy Ha a priori gebunucane rpyme. CpenuHCKH MapameTpH,
HAJMOPCKa BHCHHA W JOMHHAHTHHU CYIICTPAT, TIOKa3aJM cy ce Kao (akTopu oJ moceOHOr 3Hayaja 3a
cTpykTypupame 3ajemauiie. Takohe, COM aHamm3a je y OBOM pady NpUMEHEHA je U ca ITUIBEM
rpynucama JOKAJIUTETa Y KapaKTepUCTUYHE EKOJIOIIKE SHTUTETE, THITOBE PeKa, Y 3aBUCHOCTH O] TUIIA
cranumra. J[oOujeHn THIOBM peKa cy TOKOM Jajbe oOpaje mojaraka, y3 moMmoh K- Means kiacrep
aHaNM3e, TPYNUCAHN y YETHPH IpyIie, IpU YeMy CBaka rpyra ogoBapa oape)eHOM €KOJIOIMIKOM CTamby.
WNunukaropcke BpcTe Cy JedUHHCAHE 3a CBAaKy TIpylly Ha OCHOBY IHbMXOBE KOHCTAHTHOCTH H
nomuHaHTHOCTH. I'pamujert Ha COM Mpexu je mpaheH 3a jenaHaecT MeTpHIKUX ocodrHa. O yKyHOT
Opoja mocMaTpaHUX METPUUYKHX OCOOWMHA, ITOKAa3ajo Ce Ja JEBET MoKasyje jacaH rpaaujeHT Ha COM
maru, g0k cy Kruskall-Wallis ANOVA u Mann-Whitney tect ykaszamu ja ce caMO TPU METPHUYKE
0coOMHE CTaTUCTUYKH 3HAYajHO PA3NMKYjy U3Mel)y CBUX Tpyra.

Pesynratu oBor mcTpakWBama MpPHKa3yjy MPOCTOPHY OpraHW3aldjy PUOJEUX 3ajelHUIA IITO
3HAYajHO MOXKE JIOTNPWHETH HUXOBOj HMIUIEMEHTallMju y Tmporpame OuormporieHe. Ha ocHOBY
onabpaHNX METPUIKUX 0COOMHA M HHIMKATOPCKUX BPCTa, AT je MOJEN, 3aCHOBaH Ha 3ajeTHUIN pruoa,
3a MpOIIeHy ekomomiKor cratyca Tekyhux Boga Cpouje (FBNBI). 3navaj oBor pajia JIexd y YHbCHUIH
na je fBNBI mnpeu mokymaj npunarohaBamba WMBH-a (Mumekca buornukor WHTrerputera)
pernonamHoMM crieruuaaoctuma Cpouje, koju Ou oMoryhro mporeHy eKOJOMIKOT cTaTyca TeKyhux
Boma CpOwuje 1 JeTeKInjy BOIOTOKOBA KOjH 3aXTeBajy 3alITUTY U pecTaypanjy. KoHauno, kako 0u ce
MOCTUTJIA TIOy3/aHa M CBeoOyxBaTHa mporieHa ekonomkor cratba, BNBI u fBNBI 6u Tpebamno
PUMEBHBATH HCTOBPEMEHO.
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Abstract

Knowledge of a species’ distribution and the capacity to predict its occurrence are considered
essential for managing aquatic biodiversity and assessing the anthropogenic alterations in river
environments. In the last decades, the necessity of the restoration and maintenance of healthy aquatic
ecosystems has led to the development of practical and effective ecological tools based on biological
data in many countries. According to the European Water Framework Directive (WFD), fish fauna is
considered as a mandatory group of aquatic biota in the evaluation of the ecological status of running
waters. Therefore, fish biotic indices have become common tools for measuring and monitoring the
ecological status of aquatic ecosystems.

The aim of the study was to analyze spatial variation in the fish assemblages, to investigate the




importance in environmental factors in structuring the community and to test the ecological relevance
of the a priori landscape classification using fish as biological data. Finally, our specific goal was to
define indicator species for each group of water and habitat quality class and to develop the first fish-
based model for stream quality assessment in Serbia taking into account the regional specificity of the
country.

Fish samples were collected between 2003. and 2011. at 124 sampling sites, distributed along the
Great Morava and Drina river basins (Black sea drainage basin) and 7 sites belonging to Aegean Sea
drainage basin. The fish samples were patterned using an Artificial Neural Network (ANN) technique,
the Kohonen self-organizing map (SOM), which is considered to be efficient tool in determining
patterns of aquatic ecological assemblages.

To explore spatial variaion of fish assemblages, only sites belonging to Great Morava river basin
are considered and were patterned using the self-organizing map (SOM) based on fish biomass data.
The SOM analysis distinguished two main clusters of samples collected on the Great Morava river
basin, X and Y. The Y concerns the downstream areas, while the X was subdivided to the sub-clusters
X1 (mid-stream areas) and X2 (upstream areas). Generally, the classification of the fish assemblages
derived by SOM is in accordance with the a priori landscape classification to a greater extent. The
significant anthropogenic influence is responsible for the misclassification of some particular sites.
The classification strength (CS), derived from the fish community classification obtained by SOM,
was higher than for a priori defined groups. Environmental parameters, which the landscape
classification is based on, such as altitude and dominant substrate, are found to be very important for
community structure. Also, the self-organizing map (SOM) was employed in order to group samples
into their characteristic ecological entities (river types) depending on the character of the habitat they
came from. Then, the k-means cluster analysis classified samples into four groups, each describing a
particular ecological condition. The indicator species were presented for each group based on their
constancy and dominance. Gradients over the SOM map were sought for eleven fish community
metrics. Out of the total number of tested metrics, nine showed a clear gradient over the SOM map,
but the Kruskall-Wallis ANOVA and Mann-Whitney tests pointed out that only three significantly
differ among all groups.

The results of this study reveal the spatial organization of fish communities which could help their
implementation in rapid bioassessment programs. On the basis of the fish community metrics and
selected indicator species, we proposed a fish-based index for the assessment of the ecological status
of running waters in Serbia (fBNBI). The significance of our work lies on the fact that fBNBI is the
first attempt regarding IBI (Index of Biotic Integrity) adjustment to the regional-specificity of Serbian
running waters. It would be a clear benchmark to judge the ecological quality of lotic systems in
Serbia and to identify waters most in need of protection or restoration. Finally, to assure the reliable
and comprehensive assessment of ecological condition we feel that the BNBI and fBNBI should be
employed simultaneously.
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There is little information on how fish communities are in accordance with landscape classification.
In this study, we have chosen the Great Morava River system to characterize fish assemblages and to
assess how well they correspond to the landscape classification. Fish assemblage data was collected
during a period between 2003 and 2011 at 99 sampling sites. The sites were patterned using the self-
organizing map (SOM) based on fish biomass data. The SOM analysis distinguished two main clusters of
samples, X and Y. The Y concerns the downstream areas, while the X was subdivided to the sub-clusters X1
(mid-stream areas) and X2 (upstream areas). Generally, the classification of the fish assemblages derived
by SOM is in accordance with the a priori landscape classification to a greater extent. The significant
anthropogenic influence is responsible for the misclassification of some particular sites. The classification
strength, derived from the fish community classification obtained by SOM, was higher than for a priori
defined groups. Environmental parameters, which the landscape classificationis based on, such as altitude
and dominant substrate, are found to be very important for community structure. The results of this
study reveal the spatial organization of fish communities which could help their implementation in

Keywords:
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rapid bioassessment programs.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Knowledge of a species’ distribution and the capacity to pre-
dict its occurrence are considered essential for managing aquatic
biodiversity and assessing the anthropogenic alterations in river
environments (Pont et al., 2005). Classification systems have been
frequently used in organizing information about ecological systems
and are found to be an essential approach for understanding the
distribution patterns of aquatic biota. All classifications, proposed
by now, have either been based on the a priori landscape classi-
fication or the a posteriori classification of biological assemblages
(Angermeier and Schlosser, 1995; Angermeier and Winston, 1999).
However, there is no general classification scheme exists for lotic
ecosystems. Consequently, many studies have recently assessed
the correspondence between stream assemblages and landscape
classifications (Hawkins et al., 2000; Van Sickle and Hughes, 2000;
Heino and Mykra, 2006; Eros, 2007; Ilmonen et al., 2009).

Different types of a priori landscape classifications have recently
been suggested as potential surrogates for biodiversity man-

* Corresponding authors. Tel.: +381 652241763; fax: +381 18533014.
E-mail addresses: milicas@pmf.ni.ac.rs (M. Stojkovic), penczakt@biol.uni.lodz.pl
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agement (Hawkins et al., 2000; Van Sickle and Hughes, 2000).
Landscape classifications have been based on catchment drainages
(Seaber et al., 1987), ecoregions (Bailey, 1980; Omernik, 1987), or
both (Maxwell et al., 1995). To be useful, landscape classifications
should contain a small number of classes, based on a measur-
able variation in environmental attributes at spatial scales, both of
which are ecologically important factors for aquatic biota (Hawkins
etal,, 1993). By contrast, a posteriori classification models use clus-
tering to divide biologically similar samples into groups.

Itis generally recognized that fish are one of the most frequently
used organisms for measuring water quality worldwide (Karr,
1981; Oberdorff and Hughes, 1992; Hugueny et al., 1996; Ganasan
and Hughes, 1998; Breine et al., 2004; Kruk and Penczak, 2012).
Fish are considered as good and reliable bioindicators because of
their longevity, their mobility and their plasticity and ability to
adapt to habitat modification (Wootton, 1990). Also, the structural
and functional diversity of fish assemblages make them excel-
lent bioindicators in water quality assessment programs. Finally,
Hawkes (1975) claimed that fish assemblages probably best reflect
the ecological condition of lotic systems since they are presumed
to be at the top of the aquatic food chain and, therefore, reveal
the condition of the entire environmental system. In addition, fish
represent a diverse group with a wide range of life-history require-
ments. In inland freshwater ecosystems, fish communities vary in
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time and space, as a result of their different sensitivity to changes
in physical habitat and water chemistry parameters (Gorman and
Karr, 1978; Schlosser, 1982; Bhat, 2004; Habit et al., 2007), spawn-
ing demands (Balon, 1990) and the feeding strategy (Grenouillet
et al., 2002).

All biotic classification schemes assume a predictable rela-
tionship between the stream biota and geomorphological and
hydrological controlling factors acting on the system (Jackson et al.,
2001). Considering the fact that fish species arrange themselves
along environmental gradients in lotic systems, many classifica-
tions of running waters, based on fish assemblages, have been
proposed. For example, Huet (1959) attempted to classify river sys-
tems and then proposed the longitudinal fish zonation using the
occurrence of the key species as its basis, beginning with the head-
water and then going to the lowlands. Despite the very common
usage (Lasne et al., 2007) of Huet’s zonation (1959), some limits
have been pointed out. However, the main disadvantage refers to
the existence of discrete entities (zones), which is hardly applicable
since the transition zone has to be considered in such a classifi-
cation system (Penczak and Mann, 1990; Verneaux et al., 2003;
Lasne et al., 2007). In addition, some of the obstacles during the
classifying of assemblages pertain to the absence of pristine envi-
ronments (Vannote et al., 1980; Penczak, 1994), the absence of
indicator species, whose occurrence the zonation system is based
on (Park et al., 2006) and the selectiveness of fish sampling gears
(Casselman et al., 1990; Glowacki and Penczak, 2005). Hence, the
classification of sites could be fraught with difficulties and, con-
sequently, the zonation approach is sometimes considered to be
old-fashioned (Miranda and Raborn, 2000).

In the last century many multivariate approaches have been
used to visualize the pattern of fish distribution and structure
(Matthews, 1998; Jackson et al., 2001; Olden and Jackson, 2002).
Depending on the aim of the studies, researchers who deal with
zonation, to explain the variation of ecological data often used
technologies such as gradient analysis (PCA, CCA) (Palmer, 1993;
Penczak et al., 2000, 2002) and cluster analysis (Penczak et al.,
2000). All of these analyses have limitations affected by the non-
linear nature of ecological data and the presence of outliers in
community data sets (Chon et al., 2000). Recently, in order to avoid
these limitations and overcome the problem of complexity in eco-
logical data, the application of artificial neural networks (ANN) has
been proposed by Chon et al. (1996), Olden and Jackson (2002),
and Lek et al. (2005). In contrast to the previous analysis, artifi-
cial neural networks appeared to be a promising tool for dealing
with problems with non-linear and complex ecological data, plus
overcome problems with outliers. Among the ANN techniques, the
Kohonen self-organizing map (SOM) (Kohonen, 1982, 2001) is con-
sidered to be efficient in determining patterns of aquatic ecological
assemblages. Many recent studies have shown that it can be suc-
cessfully used to visualize distribution patterns (Park et al., 2005b,
2006; Penczak et al., 2005; Kruk et al., 2007), to indicate the rela-
tive importance of environmental factors in the organization and
structure of assemblages (Kruk et al., 2007; Park et al., 2005b, 2006;
Penczak, 2007), to predict stream assemblages for biological assess-
ment (Joy and Death, 2005; Scardi et al., 2005).

In this study, we have chosen the Great Morava River sys-
tem for the characterization of fish assemblages because it covers
37,561 km? (about 1/2 of the territory of Serbia). To obtain a general
image of the fish assemblage structure and distribution patterns in
such ariver system, we employed the Kohonen self-organizing map
(SOM), since a high number of collected samples can cause some
difficulties for the ordination of fish populations with conventional
statistical analysis (Kruk et al., 2007; Penczak, 2009). Therefore,
the aims of the study are to: (1) display patterns of fish species’
distribution in the Great Morava drainage area, (2) determine how
many fish assemblages can be distinguished, and (3) estimate the

importance of each fish species by adding a numerical measure
of the indicator value (IndVal). Finally, our specific goal was to
test the ecological relevance of the a priori landscape classifica-
tion using fish as biological data. Furthermore, we want to estimate
how strong these classifications are by measuring the classification
strength of both the a priori landscape division and the a posteriori
classification created by the SOM.

2. Methods
2.1. Study area

The territory of Serbia is predominantly a hilly and mountainous
country with heterogeneity of environmental factors what makes
it one of the most complex regions in Europe. Almost all rivers and
streams are tributaries to the River Danube, the second largest river
in Europe. The Great Morava River, the largest domestic river in
Serbia and also significant right-hand tributary of the Danube River,
is created by the confluence of the Southern Morava and the West-
ern Moravarivers (Fig. 1). Consequently, the Great Morava drainage
area consists of the three major hydrographic sections: the Great
Morava river basin (6242 km?), the Southern Morava River basin
(15,469 km?2) and the Western Morava River basin (15,850 km?).
The area of the whole Great Morava River system, along with
the component rivers forms, covers 37,561 km?. It flows into the
Danube, which itself eventually flows into the Black Sea. The Great
Moravais 185 km long, whereas with its longer branch, the Western
Morava is 493 km long. At the other side, the Southern Morava used
to be longer than the Western Morava, but due to the regulations of
the river bed and melioration, today it is much shorter. The Great
Morava drainage basin spreads over mid, western, southern, and
southeast parts of Serbia, characterized by diverse terrain, compris-
ing hilly and mountainous area (with altitude increasing toward
western, southern and south-eastern borders of Serbia), as well as
wide river valleys. The river network represents a wide range of
altitudes and includes zones between 67 and 2400 m. However, the
river itself flows at much lower altitudes, mainly between 200 and
500 m (Gavrilovic and Dukic, 2002). Mountainous and hilly parts of
the river basin feature forests and orchards, while river valleys host
agricultural lands.

The Great Morava River, as a typical lowland river, flows through
the most densely populated area of Central Serbia, the Morava River
valley. The average discharge of the Great Morava is 255 m3/s. The
Southern Morava River, the shorter headwater of the Great Morava,
flows generally in the south to north direction through the very
composite valley, consisted of series of gorges and depressions.
Its average discharge at the mouth is 100 m3/s. Unlike the South-
ern and Great Morava rivers (south to north) flow, the Western
Morava runs in an opposed, west to east direction, passing through
numerous mountain and hilly regions. The Western Morava has an
average discharge of 120m3/s, but it is characterized by extreme
fluctuations (Gavrilovic and Dukic, 2002).

The main channels of the Great, Western and Southern Morava
rivers are characterized as large rivers with bottom structure made
of medium fine sediments (sand, gravel, pebbles), with exception of
the Great Morava River section nearby the mouth where dominant
substrate become finer, made of clay, silt, sand and gravel. The bot-
tom structure in tributaries of the each of three Morava branches
is characterized by domination of rough substrate (gravel, pebbles
and cobbles, boulders) (Paunovic et al., 2011).

2.2. Sampling method

Our data set consisted of a network of sampling sites distributed
along the Great Morava River system, chosen because it includes a
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Fig. 1. Map of the Great Morava system and sampling sites. Site codes for studied streams are the same as in Table 1.

wide variety of habitats and different stream orders. Fish assem-
blage data was collected in the period between 2003 and 2011.
Electrofishing was conducted at 99 sampling sites (Table 1 and
Fig. 1). During the present investigation, out of 99 sampling sites,
66 were sampled once, 28 twice, 2 three and 3 four times. How-
ever, each sampling occasion was considered as a separate entity
in data analysis, finally presenting 140 samples. Each sample was
collected by one electrofishing run (pass), but to obtain relative
abundance (for IndVal calculation) and relative biomass (for SOM),
which were used for comparative analysis, we sampled fish: (1) in
the same season (August-20 September), (2) making runs that were
based on two types of unit effort (CPUE) (along 50 m of bankline in
wadeable streams, and along 200 m of bankline when drifting in a
boat), and (3) using Beklemishev’s rule (Backiel and Penczak, 1989)
to determine a minimum river bank length (it can be definite area
or time also), which allowed us to record the greater part of species
living there. Evidently we did not record all rare species on every
occasion, but to reduce this limitation the distances between sites
were small, which enabled us to catch a majority of rare species ina
givenriver. Each site was sampled by two people, each operating an
anode dipnet. To conduct the sampling procedure, DC electrofisher
“Aquatech” IG 1300 (2.6 kW, 80-470V), was used.

In the present study, we used fish biomass data to express the
population abundance. Energy units are considered to be the best
option for expressing the importance of populations in an ecosys-
tem. Since the potential energy of an ecosystem is not distributed
proportionally between species (Odum, 1980), and biomass is
much closer to energy, the latter therefore represents a more reli-
able variable than the number of individuals (Kruk et al., 2007;
Penczak, 2011a; Penczak et al., 2012).

The environmental variables, used for a priori classification, are
available for each site (altitude, width, depth, main substrate).
Also, water temperature, conductivity and dissolved oxygen were

measured at each sampling site with a WTW multi 340i probe.
We used the Spectrophotometer Shimatzu UV-Vis to measure
the concentrations of ammonia nitrogen, nitrate nitrogen and
orthophosphates.

2.3. Landscape classification

The Serbian typological system for surface waters consists of
30 running water (habitat) types. This division is created accord-
ing to a semi-hierarchical classification scheme, depending on the
following variables: (1) altitude (four categories: lowland (up to
200 m a.s.l.), submontane (200-500 m a.s.l.), montane (500-800 m
a.s.l.) and highland (over 800 m a.s.l.)); (2) the size of the catch-
ment’s area (five categories: creak, and small, medium, large, very
large river); (3) type of the bed material (three categories: siliceous,
calcareous, organic). Also, as an additional variable, types of the
dominant substrate material were included and presented in three
categories: rough, medium fine and fine sediment. Furthermore,
to simplify this typology, running water types are arranged into a
final six groups of watercourses (GOW): (1) lowland, large rivers
with a domination of fine substrate; (2) large rivers with a domina-
tion of medium fine substrate; (3) small to medium-sized streams,
up to 500 m a.s.l., with a domination of rough substrate; (4) small
to medium-sized streams, over 500 m a.s.l., with a domination of
rough substrate highland; (5) lowland streams, except those clas-
sified in type 1; (6) channels (Paunovic et al., 2011). In our study, all
of the investigated sites belong to the following four groups (GOW
1,2,3 and 4) (Table 1).

2.4. Statistics

In this study, we used the self-organizing map (SOM)
(Kohonen, 1982, 2001) to pattern fish communities and provide a



Table 1

Description of sited codes (GOW in parentheses) used in Fig. 1.

M. Stojkovic et al. / Ecological Modelling 248 (2013) 20-29

23

Site code

River

Receiving river

*1(2), "2(2), *3(2), "4 (2), "5 (2)
6(2), *7(2), *8(2), *9(2), *10(2), *11(2), *12 (2)
13(2), *14(2), *15(1), *16(1), *17(1)

Great Morava River system
C1(3),C2(3)

CG(4)

Rs1(4), Rs2(3)

Lg(3)

LgD1(3), LgD2(3)

Le1(3), Le2(3)

LeG1(3), LeG2(3), LeG3(3)
LeP1(3), LeP2(3)
01(3),02(3)

Js1(3),Js2(3)

Western Morava River system
G1(3),G2(3)

GB1(4), GB2(3)

Ral(4), Ra2(3), Ra3(3), Ra4(3), Ra5(3), Ra6(3)
11(2),12(2)

1S1(4), 1S2(4), 1S3(4), 1S4(4), IS5(3)
ISB(4)

1Br(4)

1j(4)

IR1(3), IR2(3)

IRM(4)

IRS(4)

IRD(4)

Im(4)

ImD(4)

ImR1(4), ImR2(3)

1G(4)

IL1(4), IL2(3)

IBs(4)

Southern Morava River system
M1(3), M2(3), M3(3)
N1(3), N2(3), N3(3), N4(2)
NJ1(4), NJ2(3)

NT1(4), NT2(3)

NTV1(4), NTV2(4)
NTVD(4)

NTV](4)

VI1(4), VI2(4), VI3(3)
Ve(3)

Jb1(3), Jb2(3)

P1(3), P2(3)

T1(4), T2(3), T3(3), T4(3)
TL(4)

TB(3)

JT(4)

Western Morava River
Southern Morava River
Great Morava River

Crnica

Grza

Resava

Lugomir
Dulenka
Lepenica
Gros$nica
Petrovacka River
Osaonica
Jasenica

Gruza

Boracka River
Rasina

Ibar

Studenica
Brevina
Brvenica
Jo3anicka River
Ribnica
Mekasnica
Sokolja
DeZevska River
Ivanjicka Moravica
Dajicka River
Rzav

Gvozdacka River
Lopatnica
Bresnicka River

Moravica

Nisava

Jerma

TemSica
Visocica
Dojkinacka River
Jelovacka River
Vlasina
Veternica
Jablanica

Pusta River
Toplica
Lukovska River
Banjska River
Jastrebacka River

Great Morava River
Great Morava River
Danube

Great Morava River
Crnica

Great Morava River
Great Morava River
Lugomir

Great Morava River
Lepenica

Lepenica

Great Morava River
Great Morava River

Western Morava River
Gruza

Western Morava River
Western Morava River
Ibar

Studenica

Ibar

Ibar

Ibar

Ribnica

Ribnica

Raska

Ibar

Ivanjicka Moravica
Ivanjicka Moravica
Ibar

Ibar

Ibar

Southern Morava River system
Southern Morava River system
NiSava

NiSava

TemsSica

Visocica

Visocica

Southern Morava River system
Southern Morava River system
Southern Morava River system
Southern Morava River system
Southern Morava River system
Toplica

Toplica

Southern Morava River system

comprehensive view on the complex input data. The SOM tech-
nique, an unsupervised learning algorithm, is the convenient
method for clustering, visualization and abstraction; particularly
when large data sets are included (Kruk et al., 2007; Chon, 2011;
Penczak, 2011a; Penczak et al., 2012). The SOM comprises two
layers, the input and output, each consisting of processing units-
neurons (Kohonen, 1982, 2001). The initial data matrix contains
41 species, from which 12 were present in one sample only and
represented by 1-2 specimens. As such, these were removed from
SOM and IndVal analysis. The input layer receives the values from
the reduced initial data matrix, and for the study it consisted of 29
species (columns) and 140 samples (rows). The relative biomass
data was log-transformed and then normalized and scaled from 0
to 1. We employed a batch training algorithm since it is significantly
faster and does not require the specification of any learning factor
rate (Cereghino and Park, 2009; Park et al., 2006). The output layer
consists of output units in a hexagonal lattice (neurons), usually
arranged into a two-dimensional grid to provide better visualiza-
tion. After the training process, all of the fish sites were assigned

neurons that symbolize a homogenous unit in the SOM environ-
ment. In addition, similar sites are located in a neuron and the
adjoining neurons, while significantly dissimilar sites are in distant
neurons, especially those belonging to two different clusters (Chon
et al,, 1996; Park et al., 2003, 2006; Kruk, 2007; Kruk et al., 2007;
Penczak et al., 2012). Also, it is particularly important to define the
map size, the number of output neurons, and to provide the most
accurate classification of the sites. To define the network size, two
approaches are available (Park et al., 2003; Vesanto et al., 2000).
According to Vesanto’s heuristic rule (Vesanto et al., 2000), the
actual neuron numbers should be close to 54/n, where n is the num-
ber of training samples. Alternatively, Park et al. (2003) proposed
the calculation of the quantization (QE) and the topographic (TE)
errors in order to assess the map size. The quantization (QE) and the
topographic (TE) errors in the present study were 0.775 and 0.007,
respectively. Our final decision on the actual number of output neu-
rons in the map was influenced by both the heuristic rule and QE
and TE error values. Despite the recommended rules, we accepted
a smaller map (6 x 5) due to there being a large number of empty
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output neurons (Penczaketal.,2012). However, Cereghino and Park
(2009) have recently declared that there is no theoretical principle
on how to determine the optimum map size. After the training pro-
cess of SOM, in order to define the clusters’ boundaries between
SOM units, we applied Ward’s linkage method by calculating the
Euclidean distance between the weight vectors of each SOM unit.
Furthermore, the neurons were clustered according to their simi-
larities using the unified distance matrix (Ultsch, 1993) as the basis.
In summary, the Kohonen algorithm recognized the structure of the
data set, distinguished classes, and assigned fish samples to them
(Lek et al., 2005). The learning process of the SOM and the cluster
analysis were carried out using the Matlab ver. 6.1.0.450 algorithm
interface (http://www.cis.hut.fi/projects/som-toolbox).

Since SOM analysis does not offer any statistical indications on
which species was cluster division based (Park et al., 2005a), in
order to show which species are responsible for the distinguished
clusters, the indicator value (IndVal) of (Dufréne and Legendre,
1997) was employed. This approach was proposed by Park et al.
(2005b) to quantify the meaning of each variable distinguished in
the SOM map. Thus, many recently published papers were also
devoted to the application of the IndVal to fish assemblages in
order to obtain a better interpretation of the ecological data (Lasne
et al., 2007; Penczak, 2009, 2011a,b; Penczak et al., 2009, 2012).
However, it is assumed that an indicator species should not neces-
sarily be dominant in the subcluster, although is significantly more
abundant than in other subclusters (Penczak, 2009). According to
Dufréne and Legendre (1997), the IndVal’s maximum (100%) occurs
when all individuals of a species are found at each site belonging
to the particular cluster. As suggested by Dufréne and Legendre
(1997), a threshold level of 25% (IndVal>25) should have been
taken into account, which indicates that the species occurs in at
least 50% of the sites adhered to the one, particular cluster, and
that this cluster contains at least 50% of the total abundance of the
species.

Indicator values were obtained for each species in each site
group using the original, untransformed data matrix that was based
on the number of fish, and were attributed to the clusters distin-
guished by the SOM. A Monte Carlo test with 1000 permutations
was applied to identify those species whose indicator value was sig-
nificant. The calculation of IndVal values was performed using the
PC-ORD 4.0 for Windows software (McCune and Mefford, 1999).
Finally, we compared the component planes (visualization tech-
nique) produced by the SOM for species importance with the
indicator values.

Next, we compared the classification strengths (CS) of the a
priori and a posteriori classifications. Classification strength (CS)
is provided as an alternative way of determining the ability of a
landscape model to estimate variation in the community composi-
tion (Hawkins and Norris, 2000; Van Sickle, 1997). Classification
strengths were calculated for both a posteriori clusters based
on SOM analysis and the a priori defined groups. Classification
strengths (CS) were assessed using the mean similarity approach
(Van Sickle and Hughes, 2000), calculated as the difference between
the mean of all the within-group similarities (W) and the mean
between-group similarity (B) (CS=W —B). Mean similarity den-
drograms were based on Sorensen’s similarity coefficient that
ranges from O (total dissimilarity) to 1 (identical assemblages).
Analyses were conducted using the MRPP analysis within PC-ORD
4.0 for Windows software (McCune and Mefford, 1999) and the
MRPP extension (MRPPCONV.exe), which is part of the newest
version of the MEANSIM 6 software package developed by Van
Sickle and Hughes (2000) and available from the USEPA, West-
ern Ecology Division website (http://www.epa.gov/wed/pages/
models/dendro/mean_similarity_analysis.htm).

Finally, to confirm the effectiveness of the classification of fish
samples performed by SOM, the mean values of the measured

environmental variables (not presented to the SOM) were com-
puted for each neuron. The Kruskall-Wallis ANOVA test and
Mann-Whitney as a post hoc test were employed to test the differ-
ences between the mean values of the environmental parameters
among the clusters. The effect size was based on the eta-square
(n?) value, which can range from 0 to 1.0. The value of the eta-
square can have a weak (n%=0.01), intermediate (n%=0.06) or a
strong effect (% =0.14) (Cohen, 1988). All ANOVA-based analyses
were conducted in SPSS version 15.0 (SPSS Inc, Chicago, IL, USA).

3. Results
3.1. Patterning fish assemblages

A total of 41 species were recorded at the 99 sampling sites.
Nevertheless, 29 species, occurring at least on two sites, were con-
sidered for the analyses. Based on the SOM analysis, the samples
were ordinated into a two-dimensional map (6 x 5 cells) (Fig. 2).
Two main clusters of samples, X (94 sites) and Y (46 sites), were
distinguished (Fig. 2). However, cluster X is further subdivided into
two sub-clusters named X1 and X2 that are composed of 51 and 43
sites, respectively. Moreover, the hierarchical cluster analysis con-
firmed this division and presented exactly the same clusters. No
further subdivisions were considered to ensure a sufficient number
of sites per cluster for statistical analysis.

Cluster Y is composed of the samples from the main channel of
the Southern (11), Western (7) and Great Morava River (6), and sites
belonging to the lower reaches of the largest tributaries of the each
of three Morava branches (Fig. 1). In comparison to the landscape
classification, 63.04% belongs to the GOW 2 and 1, while the rest,
36.96%, to the GOW 3. Sub-cluster X1 contains sites mainly from
the tributaries of each part of the Morava River, but also one sample
from the mid-stream area of the Western Morava River. Taking into
account landscape classification, 80.39% of the sites forming cluster
X1 belongs to the GOW 3. Finally, sub-cluster X2 mainly contains
sampling sites located on small streams (31) or upstream reaches
(12) from the smaller tributaries of each branch of the Morava River.
No samples from the Southern, Western and Great Morava River are
present, without exception. Almost all of the sites (90.69%) from
this cluster are a priori classified as GOW 4.

The component planes show the typical distribution patterns
of species on the SOM. Likewise, these graphs provide important
information on the biomass of each species using the connection
intensity of each species in the SOM units on a gray scale. We have
presented the component planes for each species included in the
analysis (Fig. 3a-c).

3.2. Indicator values of species

To identify the species responsible for the division of each par-
ticular cluster/sub-cluster, the IndVal application is employed. The
results indicated that the number of species with significant indica-
tor values differs among the clusters (Table 2). Cluster Y is described
by the following 10 species having high and significant IndVal val-
ues. However, four species with indicator values lower than 25
(8.9-23) were also considered to be important and significant, but
only for particular neurons (Esox lucius, Scardinius erythrophthal-
mus, Aspius aspius, Perca fluvistilis).

The three most representative species of sub-cluster X1 are:
Alburnoides bipunctatus, Barbatula barbatula and Barbus balcanicus
(IndVal > 25). Nevertheless, Cobitis elongata with an IndVal value
below the border (21.3) is found to be significant, but only for
a single neuron. Finally, only one species, Salmo trutta, with an
extremely high indicator value (86), was representative for sub-
cluster X2. Also, Cottus gobio and Oncorhynchus mykiss are found
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Fig. 2. Distribution of the 99 sampled sites (140 samples) on the SOM. After the each site code, abbreviation for year of sampling is included. Multiple sampled sites have the
same code, but differ in the year of investigation. Clusters of sites identified by the Ward linkage method using Euclidean distance measure are indicated by a dotted black

line (higher hierarchical level) and full black line (lower hierarchical level).

to be important, despite their IndVal values being lower than 25%,
describing neurons A3 and A5, B5, respectively.

3.3. Environmental factors and classification strength
All estimated environmental parameters significantly differ
between clusters/sub-clusters. In addition, the Mann-Whitney test

revealed where the cluster variables significantly differ for each

Table 2

estimated environmental parameter (Table 3). Clusters Y and X2
completely differ in fish fauna composition (Fig. 3a—c), but also in
all estimated environmental parameters (Table 3). Alternatively,
sub-clusters X1 and X2 did not differ in terms of water tempera-
ture and dissolved oxygen, whereas X1 and Y were more similar
in the observed amount of nitrate nitrogen and conductivity. Fur-
thermore, the eta square (n2) value indicated that 7 environmental
factors had a strong relationship with the community composition.

Species distinguished by the IndVal index, for cluster (Y) and sub-clusters (X1, X2). The bold letters indicate the species’ representative for the SOM clusters having IndVal
values more than 25%. The species without significant IndVal values are included on the end of columns.

Y X1 X2

Rutilus rutilus 75.0" Barbus balcanicus 526" Salmo trutta 86"
Alburnus alburnus 61.8" Alburnoides bipunctatus 40.8™ Cottus gobio 12.0°
Chondrostoma nasus 59.8" Barbatula barbatula 34.4™ Oncorhynchus mykiss 10.0°
Barbus barbus 50.0" Cobitis elongata 213" Phoxinus phoxinus

Leuciscus cephalus 45.0"

Carassius auratus 39.6™

Vimba vimba 38"

Gobio gobio 360"

Silurus glanis 36.0"

Rhodeus sericeus 330"

Perca fluviatilis 23.07

Aspius aspius 1117

Scardinius erythrophthalmus 9

Esox lucius 8.9

Cobitis teania
Cyprinus carpio
Lepomis gibbosus
Leuciscus leuciscus
Pseudorasbora parva
Rutilus pigus

Zingel zingel

" Indicates the significance level: <0.05.
" Indicates the significance level: <0.01.
" Indicates the significance level: <0.001.
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Table 3

Mean values =+ standard deviation of environmental parameters in each cluster of sites. Values not sharing a common letter are significantly different: *p <0.05.
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Variable Kw p Group n
Y X1 X2

Altitude (m) 70.492 238.98 + 129.255 352.84 + 170.391 654.47 + 208.559 0.50
Width (m) 54.369 33.92 + 10.511 11.33 + 11.440 6.87 + 3.417 0.39
Depth (m) 50.635 1.861 + 1.2427 0.731 + 0.4335 0.499 + 0.3243 0.36
Water temperature (°C) 19.004 20.585 + 5.1159 17.059 + 6.1023? 15.960 + 4.0511? 0.13
Conductivity (nS/cm?) 47.351 450.80 + 153.780? 398.55 + 163.026° 230.47 + 108.089 0.34
Dissolved oxygen (mg/l) 18.243 8.5702 + 1.56431 9.6696 + 1.483742 9.7665 + 1.298762 0.13
Dominant substrate? 69.806 2.3043 + 0.5914 2.9804 + 0.142 3 + 0.00? 0.50
NOs-N (mg/l) 18.792 5.441 + 3.45272 4367 + 3.81012 2.869 + 1.7960 0.13
PO4-P (mg/l) 53.462 0.7898 + 0.81724 0.3039 +.36449 0.13032 + 0.15109 0.38
NH4-H (mg/1) 25.841 1.6024 + 1.12196 0.8748 + 0.96109? 0.6019 + 0.788922 0.18

" Indicates the significance level: <0.001.

Among them, altitude and a dominant substrate are found to be the
most important, leading to very high eta square values (Table 3).

The assemblage division derived from the SOM performed
better than the landscape classification. Classification strength,
derived from the a posteriori division obtained by SOM, was clearly
higher (CS: 0.173) than for the a priori defined groups (CS: 0.129).
However, the mean values of environmental parameters used
in landscape classification significantly differ among a posteriori
derived clusters.

4. Discussion

According to the distribution similarities of a species’ biomass
data, 140 samples were patterned through the learning pro-
cess of the SOM, indicating the occurrence of three assemblage
types. The observed classification mainly reflected the longitudinal,
upstream-downstream gradient not only in a species’ composition
(Fig. 2) but also in terms of environmental characteristics (Table 3).
Based on this classification, fish assemblage types were defined as:
downstream or lowland areas (cluster Y), mid-stream or foothill
areas (sub-cluster X1) and upstream or mountain areas (sub-cluster
X2). All upstream and mountain sites emerged in the sub-cluster
X2 and were characterized by brown trout (for the IndVal value, see
Table 2) and accompanying species (Jackson et al., 2001; Pont et al.,
2005; Lasne et al., 2007). According to the measured environmental
parameters, the sub-cluster X2 was presented by undisturbed river
sites. This cluster was characterized by the highest values of altitude
and oxygen content, contrary to the lowest values of temperature
and mineral compounds (Table 3), which enable the appearance of
S. trutta and accompanying species (Jackson et al., 2001). Likewise,
IndVal analysis indicated that common bullhead is also important,
although only for particular neurons (see Fig. 3b). Despite the sim-
ilar requirements in terms of slope (Pont et al., 2005; Lasne et al.,
2007), brown trout and common bullhead have different ecologi-
cal valence in terms of temperature. More precisely, the occurrence
of common bullhead is restricted to habitats characterized by cold
temperature, while brown trout has wider temperature tolerance
(Pont et al., 2005). Consequently, in our study, the distribution of
brown trout is much wider than for common bullhead, which is
clearly noticeable in the SOM map (Fig. 3c). Additionally, rainbow
trout also appears to be significant for neurons A5 and B5 in sub-
cluster X2. However, the significant occurrence of this non-native
species corresponded with individuals escaped from a small fish
farm located usually upstream from the sample points, since this
species has the highest commercial significance in Serbia (Lenhardt
et al,, 2011). During the sampling period, we noticed a huge num-
ber of small fish farms along the whole course, especially for the
Vlasina and Jerma Rivers (Fig. 1). It is well known that rainbow
trout were introduced in Europe to increase fish production, and
caused direct competition with native populations of brown trout

(Kirchhofer and Hefti, 1996; Lenhardt et al., 2011). The percentage
of sites from sub-cluster X2, which belongs to GOW 4, is extremely
high (90.69%). The rest, at 9.31%, refers to the sites which natu-
rally belong to GOW 3, although the presence of S. trutta, the key
indicator species, was probably responsible for their inclusion in
sub-cluster X2. For instance, site M3, which belongs to GOW 3,
is clustered together with GOW 4 because of permanent stock-
ing with S. trutta species. Contrary to the other sites located on
the Moravica river, M1 and M2 (Table 1), the previously mentioned
sampling point is situated downstream from the dam, thus enabling
the convenient conditions and habitat requirements for breeding
this species. The same situation refers to the sites coded by C1, ImR1
and LeG1 (Table 1).

Sub-cluster X1 mainly contains sites from the upper or mid-
upper reaches of the largest tributaries of the Morava River system,
characterized by finer stream bed material but with a cool temper-
ature still and being well-oxygenated (Table 3). However, judging
by the fish fauna composition and environmental parameters, this
cluster is represented by an intermediate character of sites. Species
with significant IndVal values for sub-cluster X1 are A. bipuncta-
tus, B. barbatula and B. balcanicus (Table 2). The habitat features
observed in this cluster allow the co-occurrence of S. trutta (still
presentin a few sites, yet not significant, see Fig. 3c) with rheophilic
cyprinids such as A. bipunctatus and B. balcanicus, together with B.
barbatula (Huet, 1959; Whitton, 1975; Lasne et al., 2007). As sug-
gested by Jackson et al. (2001), biotic factors such as competition
and predation, have very strong effects on fish communities and,
consequently, are likely to play an important role in the local orga-
nization of communities. For instance, Nilsson and Persson (2005)
stated that a great abundance of S. trutta display negative effects
on B. barbatula growth and distribution. Presumably, B. barbatula
moves to the lower rhithron areas due to the lower abundance of S.
trutta. Furthermore, consistent with Lasne et al. (2007), all of these
species are found to be representative and common for the lower
rhithron and upstream potamal reaches. Similar to X2, a high per-
centage of sites (80.39%) in sub-cluster X1 belong to a priori GOW
3, while the rest are found to be in GOW 4.

Concerning this result, it is important to emphasize that the
salmonid zone in this study became much shorter in comparison
to the previous studies, conducted at the same drainage area in the
1960s/1970s (Markovi¢, 1962; Jankovic and Cakic, 1982). Bearing
in mind that environmental parameters greatly affect community
organization (Jackson et al., 2001), this could be explained as a con-
sequence of the increase in terms of temperature due to water
quality disturbance. Hence, the significant contribution of Barbus
balcanisus, with respect to the number and biomass at many sites,
the a priori defined as GOW 4, presumably led to their classification
as GOW 3.

At the bottom of the SOM network, in cluster Y (Fig. 2), there
are mostly samples from the main channels of the Morava Rivers
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Fig. 3. (a-c) Distribution patterns of 29 fish species on the SOM map. The intensity
of the gray color indicates species biomass in grams (in brackets, maximum values of
biomass) in sites located in a neuron. A vertical-bar measure is numerically scaled
to explain changes in grayness intensity. The small lowest right subfigure named
“subclusters” (a) reminds the reader about the division of the SOM into (sub)clusters,
and symbols of neurons are the same as in Fig. 2. Only abbreviations of Latin names
of fish species are used. The abbreviations were created using the first letter of the
genus’ name, and four letters of the species’ name, because the SOM program accepts
only 5-6 letters for variables’ names. Full Latin names of species for which IndVal
was calculated are in Table 2.

and the mouth sections of its tributaries, and also some sites from
the middle reaches of its largest tributaries. Not only was the
species’ richness the highest in this cluster, but also IndVal analy-
sis indicated the high number of species which describe this group
(Table 2). The highest number of species in downstream areas was
completely expected according to the mechanism of a species’ addi-
tion (Sheldon, 1968). Under the assumption that habitat diversity
increases downstream, the number of species in the mouth sections
also increases (Schlosser, 1991; Matthews, 1998; Jackson et al.,
2001; Lasne et al., 2007). However, four species (E. lucius, S. ery-
throphthalmus, A. aspius, P. fluvistilis) appear to be significant for
this cluster, yet have IndVal values lower than 25% (8.9-23). More
precisely, E. lucius, S. erythrophthalmus and A. aspius were present
only in two neurons (F4 and F5). Therefore, these species could
be acknowledged as representative for each branch of the Morava
River since they appear with high frequency on the main channels.
In addition, the majority of sites classified in this cluster, refer to the
GOW 2 and 1, while the rest belong to GOW 3. According to Lasne
etal.(2007), these sites are where typical downstream assemblages
were found, whereas the more rheophilic ones that were expected
may be considered as disturbed. As such, a few particular sites from
the middle reaches, originally defined as GOW 3, joined this cluster,
presumably as a consequence of disturbance. Despite the fact that
the Morava River system is considered to be less disturbed in com-
parison to other European rivers, due to the industrial decrease in
Serbia (MiloSevic et al.,2012), the main channel of the Morava River
and some parts of its tributaries are presumably impacted due to
agricultural and urban activities. This fact is in accordance with the
observed values of environmental parameters, where significant
changes in this cluster were detected (Table 3). The low oxygen
content, increased water temperature, conductivity, and mineral
compounds commonly appear as a consequence of human alter-
ation (Pinto et al., 2009), which was also the case with many sites
from cluster Y in our study.

The spatial variation of fish assemblages corresponds better to
an a posteriori classification derived from the species data than
to a priori landscape division based on environmental parameters.
Nevertheless, according to our results, environmental parameters
such as altitude and a dominant substrate, which the a priori
classification is based on, are established as being very impor-
tant for community structure (see the eta square value, Table 3).
Walters et al. (2003) indicated that geomorphic variables, particu-
larly the stream slope and the dominant substrate, best explained
fish assemblage composition within a Piedmont river basin. In our
study, the results were similar since the slope is considered as being
positively correlated with altitude (Lorenzoni et al., 2006), indicat-
ing that fish community composition is greatly influenced by the
environmental features included in a priori classification. However,
a posteriori classifications seem to be the best approach to classi-
fying biological groups when considering the fact that in such a
case the biological data is then used to generate the classes and,
thus, naturally, better represent variation in the community struc-
ture (Gordon, 1987). Furthermore, a posteriori classes also showed
that there are other sources of variability in assemblage structure
usually caused by human alteration and not related to the a priori
classification schemes. It then follows that the classification based
on community data may present additional information regarding
the quality of habitat that is not captured by the a priori classifica-
tion of sites.

In conclusion, this study contributes to the knowledge of fish
community distribution and diversity in Serbia, since no study
on fish species’ composition there has been recently conducted.
We observed different fish assemblages along the Morava River
range because the sites differed in altitude, the dominant substrate,
width, depth and other environmental factors. As expected, moun-
tain fish assemblages were characterized by rheophilic species and
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those in the lowland were characterized by lentic species. In addi-
tion, Lenhardt et al. (2011) indicated a high number of non-native
species in Serbia. However, in our study, a few non-native species
were also detected not only at lowland areas but also at moun-
tain sites presumably causing the negative effects on native ones.
We feel that further investigation should be focused on the other
river basins not included in this study in order to provide a compre-
hensive view of fish fauna composition in Serbia. Correspondence
between fish assemblages and habitat classifications could help us
to understand the reasons for the spatial organization of communi-
ties. Moreover, if communities correspond to a priori classification
based on the environmental features of the habitats, the selection
of priority areas for conservation could be simplified, which would
lead to the maximization of biodiversity conservation.
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Abstract Fish biotic indices have become common tools for measuring and monitoring the
ecological status of aquatic ecosystems. In this study, we aimed to develop the first fish-based
model for stream quality assessment in Serbia taking into account the regional specificity of
the country. Fish samples were collected between 2003 and 2011 at 131 sampling sites. We
employed a self-organizing map (SOM) in order to group samples into river types depending
on the character of the habitat they came from. Next, the k-means cluster analysis classified
samples into four groups, each describing a particular ecological condition. The indicator
species were presented for each group based on their constancy and dominance. Gradients
over the SOM map were sought for 17 fish community metrics. On the basis of the core
metrics and selected indicator species, we proposed a fish-based index for the assessment of
the ecological status of running waters in Serbia.

Keywords Biotic index - Fish community - Self-organizing map (SOM) - Indicator species -
Serbia

1 Introduction

In the last decades, the rise in concern regarding water quality and water availability has
encouraged many investigations to develop effective ecological tools capable of detecting the
extent of anthropogenic influence. Regarding the necessity to monitor water resource quality,
not only highly industrialized, but also developing countries are obliged to protect and restore
all their aquatic ecosystems in order for their water bodies to be in good ecological condition
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(EC 2000). According to the European Water Framework Directive (WFD), fish fauna is
considered as a mandatory group of aquatic biota in the evaluation of the ecological status of
running waters. Indeed, the significance of fish as biological indicators of stream habitat
quality has already been well documented (Karr 1981; Oberdorff and Hughes 1992;
Angermeier and Davideanu 2004; Breine et al. 2004) and relies on their longevity, mobility,
diversity of functional guilds and sensitivity to a wide spectrum of anthropogenic stressors
including organic enrichment, acidification and physical habitat degradation (Wootton 1990;
Tancioni et al. 2006).

The first attempt to assess the ecological status of fresh waters using a fish-based model
(Index of Biotic Integrity-IBI) was developed by Karr (1981) and Karr et al. (1986). The
original IBI was based on a multimetric approach and composed of 12 metrics. Since the
1980s, IBI has become widely used and adapted for application in various regions and
ecosystems. Generally, any new version has retained the majority of the original metrics,
though some of them have been adjusted to be more applicable to a particular region or stream
type (Oberdorff and Hughes 1992; Angermeier and Davideanu 2004; Breine et al. 2004;
Aparicio et al. 2011). In addition, as a result of the European Union project (FAME), the
European Fish Index (EFI) (FAME Consortium 2004) was developed to be applied in all
European country members (Pont et al. 2006). However, the FAME Consortium underlined
that the EFI should not be applied in areas where the fish fauna differ from those in the tested
ecoregions (Mediterranean rivers and rivers of south-eastern Europe). To overcome these
limitations, the project continued with an extended study area, resulting in a new European
Fish Index — EFI+, with improved performance in the Mediterranean region (EFI+ Consortium
2009). However, the Central Balkan Peninsula (Ecoregion 5) was again omitted in the
development and calibration of the index.

It is well known that each region should adjust the fish index to their local conditions and
history (Aparicio et al. 2011). More precisely, to properly formulate an index it is necessary to
consider region-specific natural ranges of variation in metrics and region-specific human
alteration of ecosystems, as well as region-specific biotic responses to alteration (Oberdorff
et al. 2002; Angermeier and Davideanu 2004; Pont et al. 2006). The first biotic index
formulated in Serbia, the BalkaN Biotic Index (BNBI), is a macrozoobenthos-based biotic
index, developed to reflect the water quality and specific aspects of the bottom fauna of the
Balkan region (Simi¢ and Simi¢ 1999). In terms of the fish community, the only attempt to
make any IBI adjustment to the regional-specificity of Serbia so far was that of Lenhardt et al.
(2009). However, that study was conducted with the aim of assessing and monitoring the
ecological quality of lentic systems.

The majority of fish-based indices proposed so far rely on the existence of reference or
undisturbed sites (Oberdorff et al. 2002; Pont et al. 2006; Schmutz et al. 2007). However, the
establishment of reference conditions is usually difficult and unreliable due to the lack of
knowledge of historical conditions. Furthermore, a fundamental problem is that undisturbed sites
are unlikely to exist in many countries (Brown 2000; Aparicio et al. 2011), especially in
downstream reaches, where watercourses with unaltered native fauna are difficult to find
(Milosevi¢ et al. 2012). Thus, we wanted here to formulate a fish-based index for ecological
status assessment in Serbia, defining four tasks within our study: 1) to group samples into
characteristic ecological entities (river types) 2) to classify previously defined river types
depending on the extent of anthropogenic alteration 3) to define indicator species for each group
of quality class according to their constancy and dominance and 4) to model ecological guild
variability in relation to habitat disturbance. Furthermore, we aimed to develop a fish-based
BalkaN Biotic index (fBNBI), formulated in such a way that it could be integrated into the BNBI
index (Simi¢ and Simi¢ 1999), enabling the comprehensive assessment of Serbian water bodies.
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2 Material and Methods
2.1 Study Area and Sampling

The territory of Serbia has parts of five ecoregions, but mainly belongs to ecoregions 5
(Dinaric West Balkan) and 11 (Pannonian Lowland) (Paunovi¢ et al. 2012). Almost all rivers
and streams are tributaries to the River Danube and consequently, belong to the Black Sea
drainage basin, while a minor part belongs to the Adriatic and the Aegean Sea basin
(Gavrilovi¢ and Duki¢ 2002). Most of the running waters in Serbia are streams and small
and medium sized rivers (80 %) (Simi¢ and Simi¢ 1999).

In the present study, we analyzed data from 124 sites in two sub-drainages (Great Morava
and Drina) of the Danube River basin in Serbia, as well as 7 sites from streams belonging to
the Aegean Sea drainage basin (Fig. 1). The total investigated area covers "2 of the lotic
systems in Serbia and belongs to ecoregion 5. The human population within the investigated
area is about 4.5 million inhabitants (Tockner et al. 2009). Land use is primarily forestry in the
mountainous and hilly areas and agriculture and urbanization at lower elevations. The study
area includes 14 dams, built to provide flood control and hydropower.

Field surveys were conducted between 2003 and 2011 during the same season (August-
September). The sites were chosen to encompass a wide range of habitat alteration and
different stream orders. The electrofishing procedure was conducted at 131 sampling stations
(Fig. 1), out of which 84 were sampled once, 41 twice, 3 three and 3 four times during the
investigated period, finally presenting 187 samples, since each sampling occasion is consid-
ered as a separate entity in data processing. Of the total number of samples, three were fishless
and consequently not considered in the further statistical analysis, but were included in water
quality assessment based on the organic pollution parameters. Fish were sampled using the DC
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Fig. 1 Map of the study area showing locations of sampled sites used for the development of the fBNBI.
Squares indicate the major dams in the studied region
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electrofisher “Aquatech” IG 1300 (2.6 kW, 80—470 V). A single electrofishing pass was made
in an upstream direction, along a 50 m transect for wadable streams and along 200 m when
drifting from a boat. Data on fish biomass were used in data processing as the expression of
population abundance (Penczak et al. 2012; Stojkovic et al. 2013). One part of the field
campaign was conducted within Fisheries management plans (Simi¢ and Simi¢ 2006a, b).
Simultaneously with the biological data, water and habitat quality variables were estimated
for each sample in order to characterize the extent of anthropogenic disturbance. Water
temperature, conductivity and dissolved oxygen (DO) data were available for each sample,
measured by a WTW multi 340i probe. Also, the concentrations of ammonia nitrogen, nitrate
nitrogen and orthophosphates were estimated using the Spectrophotometer Shimatzu UV—Vis.
Habitat quality was expressed by three disturbance variables: hydrological alteration (HA),
channel alteration (CA) and land use intensity (LU). Similar to Angermeier and Davideanu
(2004), each site was given a score of 1, 2, or 3 if slight, moderate, or severe alteration for each
habitat disturbance variable was observed. Hydrological alteration was assessed according to
the number of dams upstream of the site, as well as their distance from the site (Fig. 1). The
identification of channel alteration and quantification of land use intensity was used from
Paunovi¢ et al. (2011). With regard to the land use intensity, a site was assessed depending on
the percentage of natural vegetation removed in favour of urban, industrial and agricultural
areas. If no human activities were observed, a site was given a score of 1, while sites where
<70 % or >70 % of the natural vegetation was cleaned were scored as 2 or 3, respectively.

2.2 Fish Metrics

The metrics selection process was performed in three steps. At first, candidate metrics were
selected both according to previous efforts to assess biotic integrity in Serbia and its surround-
ing countries (Angermeier and Davideanu 2004; Lenhardt et al. 2009; Stojkovi¢ et al. 2011)
and the FAME Consortium (2004) (Online Resource 1). Secondly, we tested whether candi-
date metrics show the expected direction of response to environmental degradation. Finally, we
selected only those metrics (core metrics) that show regularity in change across a stressor
gradient and significantly differ among quality classes.

Each fish species found in the present study is categorized with regard to candidate metrics,
which are mainly based on the species composition, abundance, migration, trophic, habitat,
tolerance, and reproductive guilds. The assignment of fish species into ecological guilds was
based on the data developed for the EFI (FAME Consortium 2004), as well as our own
observations (Online Resource 2).

2.3 Data Analysis

A Kohonen self-organized map (SOM) (Kohonen 2001) was used to pattern fish assemblage
data (32 species) and four variables describing the environmental characteristics of their habitat
(elevation, mean water temperature, river depth and width) (Penczak et al. 2006). The SOM
technique, an unsupervised learning algorithm, is widely used in ecology for data ordination,
since it easily deals with non-linear and complex ecological data and is less affected by outliers
(Milosevi¢ et al. 2013). Finally, it is well documented that the SOM method is a powerful tool
for the clustering and visualization of large data sets (Penczak et al. 2012; Stojkovic et al.
2013) and was thus found to be the most appropriate tool for this study. A SOM network
consists of an input and output layer, each built of processing units (neurons) (Kohonen 2001).
The input layer receives data from the initial data matrix, which for this study consisted of 36
variables (columns) and 184 samples (rows). The variables were then log-transformed,
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normalized and scaled from 0 to 1. The ordination process resulted in the output neurons being
presented as a 2-dimensional grid to provide better visualization. In each output neuron,
samples were located on the basis of their similarity in terms of community structure and its
environment. Models in the neighbouring neurons were similar, contrary to the samples in
distant neurons which were significantly dissimilar, especially those belonging to different
clusters. Our decision on the number of output neurons (8x7) was influenced by the two most
frequently recommended rules proposed by Vesanto et al. (2000) and Park et al. (2003). The
cluster boundaries on the SOM map were defined using the k-means method (Jain and Dubes
1988).

In the second step of the SOM analysis, the candidate fish metrics and disturbance variables
were included as passive variables in the previously trained SOM, which do not influence the
ordination and clustering based on the active ones (Milosevi¢ et al. 2013). Fish metrics and
disturbance variables were assigned to the SOM by calculating the mean value of each variable
for each output neuron of the trained SOM, which was occupied by at least one input vector.
We used the component planes technique to emphasise the relationship between metrics,
disturbance variables and the SOM map. The distribution of fish biomass data, metrics and
environmental and disturbance variables was presented in the form of a greyness gradient. The
SOM analysis was carried out using the Matlab ver. 6.1.0.450 algorithm interface (http:/www.
cis.hut.fi/projects/som-toolbox).

Next, we identified indicator species in relation to their constancy and dominance for each
isolated river type (Online Resource 3). Constancy (C) was expressed as a percentage of
samples in which a given species was found, while dominance (D) was expressed as the
relative abundance of a species within a community (Tischler 1949). Constancy and domi-
nance were determined according to Tischler’s (1949) scale: C=75-100 % — euconstant,; C=
50-75 % — constant; C=25-50 % — accessory; C=0-25 % — accident; D>10 % — eudominant;
D=5-10 % — dominant; D=2-5 % — subdominant; D=1-2 % — recedent; D<1 — subrecedent.
Only species defined as dominant and whose constancy was greater than 50 % were consid-
ered as representative for each group. For these species, the age structure of the populations
was estimated by plotting their length to frequency distribution on probability paper (Cassie
1954). In the next step of the data processing, the mean values of water and habitat quality
variables were calculated for each habitat group. Those values were used as input data for the
k-means cluster analysis to classify previously defined river types according to their extent of
anthropogenic disturbance. The k-means cluster analysis was performed in STATISTICA
version 8.

As the third step of the metric selection process, we applied the Kruskall-Wallis ANOVA
test and Mann—Whitney post hoc test to explore the differences between the mean values of the
selected metrics, which showed the expected direction of response to human impact, among
previously defined ecological quality classes using software SPSS version 15.0 (SPSS Inc,
Chicago, IL, USA). Only metrics which differed in their range of values among all of the
clusters were selected as core metrics, appropriate for the further analysis (see Results). Also,
the Kruskall-Wallis ANOVA and Mann—Whitney tests were employed to verify differences
between the mean values of the water quality parameters among quality classes.

Based on the ecological guilds selected for their regularity in change depending on the
intensity of habitat deterioration, as well on the selected indicator species, we proposed a fish-
based index for the assessment of the ecological status of running waters in Serbia. Based on
both the component planes of fish species and their constancy and dominance, indicator fish
species were chosen for specific levels of habitat degradation and assigned to the appropriate
clusters. For each ecological condition, we defined ranges of the core metric data values as
well as the composition of dominant indicator species and then assigned an appropriate score
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(5 to reflect high, 4-good, 3-moderate and 2-poor ecological conditions). A site was given a
score of 1 if no fish were found, indicating bad ecological status. Scores for metric values were
assigned according to the range of metric variation within a particular class. This was
calculated by dividing the interval between the medians of neighbouring groups proportionally
to their quartile range. The upper (U;) and the lower (L;) boundary of the particular class were
calculated according to the following formulas:

Medj+1—Med,~

(Q3,FMedi) + (Medwl*Ql ,i+l)
Q311~_M€d1’

U; = Med; + or the maximum value for the last group,

Med,-*MedH
(Q3,i71_Medi*|) + (M@di_Ql,i)
Med~Q, ;

L; = Med;— or the minimum value for the first group,

where Med, is the median of group i, while O, ; and Q3 ; are the first and the third quartile of
the group . Finally, the newly proposed fish index (fBNBI) can be calculated according to the
values of scores for each core metric as well as scores derived from the list of indicator species.
The final score is then achieved by the sum of each score obtained, divided by the number of
parameters engaged (core metrics and indicator species) in the analysis. The fBNBI classes
ranged between 1 and 5. An ecological quality class was assigned to the fBNBI score, ranging
from dead water (no fish present) to a site with excellent quality. The threshold values of the
fBNBI classes were accepted from Simi¢ and Simi¢ (1999), in order to be comparable and
consistent with previously defined BNBI.

3 Results

The output layer of SOM distinguished eight groups of river types based on fish species
composition and the character of habitats they came from (I-VIIL; Fig. 2; Online Resource 3).
Group I includes small, cool-water streams at high elevations (500—1, 300 m a.s.l.). Groups II,
IIT and TV are characterized as small streams (300-900 m a.s.1.), upper reaches of medium sized
rivers (200700 m a.s.l.) and middle and lower courses of small rivers up to 500 m a.s.l.,
respectively. Small streams at lower elevation (up to 300 m a.s.1.) are in Group V, while Groups
VI and VII consist of sites belonging to the middle and lower reaches of medium sized rivers
and upper reaches of large lowland rivers, respectively, both up to 300 m a.s.l. Finally, Group
VIII is characterized by the middle and lower reaches of large lowland rivers, as well as some
sites belonging to medium sized rivers. The elevation gradient is clearly visible on the SOM
map, from group I via II-VII towards group VIII, followed by changes in river depth, width
and temperature (Fig. 3a; Online Resource 3). In further data processing, the groups were
clustered according to disturbance variables and merged into four classes (clusters A, B, C and
D) that represent categories of water and habitat quality (Fig. 2; Table 1).

Cluster A is composed of habitats with almost no observed habitat alteration while cluster B
is characterized by slight habitat disturbance (Fig. 3b). Those clusters encompass morpholog-
ically undisturbed systems with a high chemical status and slightly degraded habitats with only
natural pollution characterized as waters with a good chemical status, respectively. In addition,
indicator species for both of these groups are defined according to their constancy and
dominance, clearly confirmed by component planes (Online Resource 3; Fig. 4a).

@ Springer



Assessing the Ecological Status of Lotic Systems in Serbia 4621

D1-08
Dz1-03
DZ2-08

Dj211
SR e
154-03
ImR1-10
NT1-08
ImR1-11
NT2-11
ImRm-11
NTV2-06
154-08
NTV2-10 o e
Ra2-03
1.0
; JT-03 Trgfo
M3-08
I I I ‘ M1-10 NTV1-08 Joa I
NTV1-10
il NTVI-11 A
-1 g
ImR3-11
G IR2-03 DrCr-11 beos R108
b TB-08 GB1-11 orLe-0s R
NJ2-10
NJ2-1 R
verio ¢ -
calgs
11
IV 1103 ImR2-11
Js1-10
IR2-11
N1-11
N2-10 Lg-03
: T2-10
N2-11
NT2-10
208
1L2-03
VI3-08
DI
2-
185-10
PC3-05
DrL1-08 02-10
Ra3-03 IRa2-11
S T3-08 Ra4-08
T3.03
4-1 /‘/S-h\
V03 DrL2-08
DrLUV2-11
G109
G1-10
G2-10
S\2-03

Fig. 2 The SOM map with samples assigned into the output neurons. After each site code, the abbreviation for
the year of sampling is included. Multiple sampled sites have the same code, but differ in the year of
investigation. Dotted black lines point out different river types (I-VIII). Full bold lines indicate the boundaries
between quality classes (4, B, C and D)

Contrary to the clusters A and B, clusters C and D comprise the sites with considerable
anthropogenic disturbance. Cluster C is characterised by moderate habitat alteration and water
pollution (Table 1; Fig. 3b). Cluster D presents the sites with the highest degree of habitat
disturbance and heavily polluted water, indicating poor chemical status. Species which are
listed as the potential indicators of these groups are given in Online Resource 3. Finally, the
group of samples not considered for clustering, since no fish species was observed, are
characterized as very heavily polluted and severely degraded samples (Group E, Table 1).
According to the relevant literature, 17 metrics were selected as candidates (Online
Resource 1). Out of the total number candidate metrics, nine metrics showed a clear gradient
over the SOM map (Table 1, Fig. 4b) and were thus marked as the selected metrics. More
precisely, moving through the SOM network, from cluster A via cluster B and C towards
cluster D, percentage of insectivorous individuals (%INS), intolerant individuals (%INT),
species with multiple age groups (%SMAG), relative abundance of rheophilic (%RHE) and
lithophilic species (%LIT) decrease, while percentage of omnivorous individuals (%OMN),
number of tolerant species (#TOL), relative abundance of phytophilic (%PHY) and euritopic
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Fig. 3 a, b Visualization of a environmental variables and b the water quality variables (where: DO-dissolved
oxygen; NO3—-N-nitrate nitrogen; PO4-P-orthophosphate; NH4-N-ammonia nitrogen) and habitat quality vari-
ables (where: HA-hydrological alteration; CA-channel alteration, LU-land use) with the presented range of
variability for each parameter. The intensity of the gray colour indicates values of estimated parameters

species (%EUR) increase, showing a regularity in change depending on the extent of stress
conditions (Table 1, Figs. 3b and 4b). Moreover, metrics such as %INS, %INT, %OMN and
%SMAG showed a high sensitivity and gradually changed on the scale of any kind of
environmental stress (Table 1, Figs. 3b and 4b). In contrast, variations in metrics %LIT,
%RHE, %PHY, %EUR and #TOL were not clearly visible between clusters A and B,
supported by slight differences in water and habitat quality variables. The Kruskall-Wallis
ANOVA test confirmed significant differences among the clusters in terms of nine selected
metrics, but the Mann—Whitney post hoc test revealed which clusters are significantly different
for each estimated fish community metric (Table 1). According to these results, only three
metrics (%INT, %INS and %SMAG) were significantly different among all clusters (Table 1),
and consequently, became the core metrics, suitable to be employed in the final index
presentation (Table 2).

4 Discussion

The conception and mode of use of the newly developed fish-based index is similar to the
BalkaN Biotic Index (BNBI) (Simi¢ and Simi¢ 1999), but with certain modifications. The
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Fig. 4 a, b Visualization of a distribution patterns of 32 fish species in the previously trained SOM. The
abbreviations were created using the first letter of the genus name, and four letters of the species name, since the
SOM program accepts only 5-6 letters for variables’ names. Full Latin names of species are presented in Online
Resource 2. The intensity of the gray colour indicates species biomass in grams (in brackets, maximum values of
biomass) in sites located in a neuron. b Selected fish community metrics on the SOM map. The intensity of the
gray colour indicates the values of each metric

main difference is that the BNBI assumes that species diversity decreases with a decrease in
habitat quality, which was not the case in our study. We did not take the diversity indices into
consideration as a selected metric since it is well known that there is no linear relationship
between stress and species diversity of aquatic biota (Rapport 1997; Wichert and Rapport
1998). More precisely, these authors emphasised that this relationship is a complex function
where biodiversity often increases with stress and then declines under extreme conditions of
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Table 2 The matrix of the fBNBI method. The values in brackets stand for the number of age groups for some
indicator species

%INT %INS %SMAG  Indicator species (Dominance >10 %)  Score  Ecological quality
100 100 100 Salmo trutta (=3) 5 High
4.6-5
89-99.99 19-99.99  69-99.99  Alburnoides bipunctatus (>2) 4 Good
Barbatula barbatula 3.6-4.5

Barbus balcanicus (>2)
Leuciscus cephalus (>2)
Salmo trutta (<3)

45-88.99  2-18.99 57-68.99  Alburnoides bipunctatus (<2) 3 Moderate
Alburbus alburnus 2.6-3.5
Barbus balcanicus (<2)
Chondrostoma nasus

Gobio gobio
Leuciscus cephalus (<2)

45 2 57 Barbus barbus 2 Poor
Carassius auratus 1.1-2.5

Perca fluviatilis
Rutilus rutilus
Silurus glanis
Vimba vimba

No fish present 1 Bad

disturbance. On the other hand, fish metrics based on ecological preferences, as a characteristic
of community structure that changes in a predictable way with increased human influence, are
found to be suitable in many fish indices proposed so far (Karr 1981; Karr et al. 1986; Belpaire
et al. 2000; Angermeier and Davideanu 2004; Breine et al. 2004; Pont et al. 2006).

In our study, a clear gradient over the SOM map was visible for all nine selected metrics,
with the exception of clusters A and B. Those clusters were characterized by salmonids and
accompanying species and, according to our results, can be distinguished only by metrics
%INT, %INS, %SMAG and %OMN (Table 1; Fig. 4b). The high dominance of brown trout in
clusters A and B is typical for cool and well oxygenated waters with a low concentration of
mineral compounds (Jackson et al. 2001), indicating high water quality. Also, it is well known
that the brown trout is dependent on certain physical characteristics of its habitat due to its
requirement of a suitable spawning substrate (Schiemer and Waidbacher 1992; Cowx 2000),
and thus, is sensitive to any kind of water pollution and habitat morphology alteration (Siligato
and Bohmer 2002; Tockner et al. 2009). Despite the high dominance of brown trout in cluster
B, where the water quality is still high, the main difference from cluster A was the lower
percentage of species with multiple age groups, which mainly refers to brown trout, due to the
increase of channel morphology degradation (Figs. 3b and 4b). In addition, cluster B was
characterized by an increase in temperature and lower oxygen content, which allows the co-
occurrence of the brown trout (still largely present but with a lower number of age groups)
with rheophilic cyprinids such as Alburnoides bipunctatus, Barbus balcanicus and Leuciscus
cephalus together with Barbatula barbatula (Lasne et al. 2007; Stojkovic et al. 2013). With
regard to this, the presence of L. cephalus and B. barbatula contributed to the decrease in
proportion of insectivore species in cluster B (Fig. 4b). Also, it is important to emphasise that
the stone loach is less sensitive to pollution and river morphological alterations than other
rheophils (Siligato and Bohmer 2002; Kruk 2007a). In contrast, Maceda-Veiga and De Sostoa
(2011) presented the stone loach as being intolerant to water quality deterioration, but
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moderately tolerant to physical habitat destruction, which is consistent with our results.
Consequently, its frequent occurrence in cluster B (especially Groups III and IV) is in
accordance with slight habitat disturbance (Fig. 3b).

The mean values of water chemistry parameters in cluster C indicated the presence of
organic enrichment (Table 1; Fig. 3b). Also, moderate channel modification and land use were
evident. In this regard, the appropriate direction of the metrics’ response to the extent of human
alteration was observed (Table 1; Fig. 4b). For instance, as the habitat conditions get worse,
%OMN increases in favour of %INS, as omnivorous species are able to adapt their trophic
regime in response to an alteration in the river food webs (Karr 1981, Pont et al. 2006). Some
species, defined as indicators for this group (Online Resource 3), are well known as indicators
of water quality impairment which are first dominant in disturbed streams (Kruk 2007a). For
instance, Alburnus alburnus is considered to be tolerant to environmental degradation, espe-
cially river morphological alterations (Maceda-Veiga and De Sostoa 2011). In addition, Gobio
gobio a representative of cluster C, is absent in severely polluted streams but could be dominant
in some channelized reaches (Kruk 2007a). Although bleak is regarded as more tolerant to
water and habitat quality than gudgeon, both species could be considered as indicators of
moderately modified sites (Kruk 2007a; b). The species Leuciscus cephalus was also listed as
an indicator for this cluster, regardless of its wide distribution over the SOM map and presence
in many clusters. Chub is an opportunistic and common species in various habitats, with its
wider tolerance range (Oberdorff et al. 2002; Takacs et al. 2008; Maceda-Veiga and De Sostoa
2011). Nevertheless, our results are more consistent with Belpaire et al. (2000) and Segurado
et al. (2011) where chub shows medium demands on both water and habitat quality. Bearing
that in mind, the moderate character of environmental quality in cluster C still allows a high
presence of chub, but with a lower number of age groups, presumably due to a greater extent of
channel alteration in comparison to cluster B. Finally, the vulnerability of Barbus balcanicus is
quite unknown, so its presence at almost all sites (Fig. 4a) pointed out a questionable sensitivity
of this species to stress. Furthermore, B. balcanicus is an endemite of the Balkan Peninsula
(Kotlik et al. 2002), and thus, the amount of information regarding its ecological preferences is
insufficient for the reliable evaluation of its sensitivity to habitat disturbance.

In cluster D, the high concentration of mineral compounds, lower oxygen content, severe
channelization and land use (Table 1; Fig. 3b) led to the highest or lowest values of metrics
depending on the predicted response to degradation. This is particularly true for metric %INT,
since intolerant species, sensitive to habitat alteration, almost disappeared in this cluster
(Table 1; Fig. 4b) (Pont et al. 2006). The indicators of this cluster were mainly represented
by eurytopic species such as Carassius auratus, Perca fluviatilis, Rutilus rutilus and Silurus
glanis. The high dominance of eurytopic species is considered as an indication of significant
habitat and water quality alteration (Pont et al. 2006; Lenhardt et al. 2009). Many previous
studies have reported that generalist species, such as roach and perch, dominate in degraded
conditions and are often considered as indicators of the destruction of riverine habitats and
heavily polluted waters (Kruk 2006; Kruk 2007a, b). More precisely, it has been proven that
the roach not only can survive but can also increase its production in heavily polluted
watercourses (Verneaux 1981; Clark and Fraser 1983). Also, channelization can provide
favourable conditions for the dominance of perch (Wolter and Vilcinskas 1997). Finally,
C. auratus is one of the most tolerant species to water and habitat quality degradation (Belpaire
et al. 2000; Angermeier and Davideanu 2004).

Finally, group E was not derived by SOM analysis since the absence of fish species may
provide skewed results, but the water quality data for those samples are available (Table 1).
Those samples were fishless due to severely degraded water and habitat quality (Chapman
1996).
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In conclusion, fish biotic indices are an essential part of the management and conservation
policy of aquatic ecosystems (Belpaire et al. 2000). The significance of our work lies on the
fact that fBNBI is the first attempt regarding IBI adjustment to the regional-specificity of
Serbian running waters. It would be a clear benchmark to judge the ecological quality of lotic
systems in Serbia and to identify waters most in need of protection or restoration. The
methodology used to develop the fBNBI is modified and differs from other fish indices. We
proposed the fish-based index for assessment of ecological status of lotic systems emphasising
the bioindicator properties of fish species as well as fish community metrics. Finally, to assure
the reliable and comprehensive assessment of ecological condition we feel that the BNBI and
fBNBI should be employed simultaneously. Also, we suggest that future research should be
undertaken to verify regional-specific tolerance values for many species in order to enhance
the overall performance of the index.
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HIGHLIGHTS

» We proposed ESHIPPOfishing model for commercial fish species conservation.

* The model estimates the degree of sustainability of commercial fish populations.

* The results indicate the lowest degree of sustainability for sterlet and huchen.

* The ESHIPPOfishing model is formulated to be applicable to any kind of river basin.
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Recefvm 9 May 2014 and effective tools for the sustainability assessment and management of the target fish populations. The aim of
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fish population sustainability and indicate the conservation priorities. The existing ESHIPPO model was modified
by introducing a new Index of local sustainability of fish populations (ILSFP) which enables the selection of “key-
stone populations” and “keystone habitats/ecosystems” within the basin being investigated. We employed a self-
organizing map (SOM) in order to visualize the spatial distribution of the keystone populations and keystone
habitats/ecosystems for each fish species. Based on the ILSFP values, environmental specialization (ES) of a fish
species and local environmental factors (HIPPO factors), the model estimates the degree of sustainability (DS)
of commercial fish populations in the freshwater ecosystems of the western Balkan Peninsula. The results indi-
cate a low degree of sustainability for the majority of commercial fish species of the Middle Danube Basin, espe-
cially Acipenser ruthenus and Hucho hucho. The ESHIPPOfishing model presents a cost effective conservation
approach, formulated to be applicable to any kind of river basin. The application of the ESHIPPOfishing model pro-
vides a comprehensive insight into the viability of target fish populations, which would not only further improve
the selection of conservation priorities, but also facilitate the management of aquatic ecosystems.
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1. Introduction

The overexploitation of inland water biological resources leads to
their depletion, which is more intensive than in terestrial ecosystems
(Essl et al., 2013). Among aquatic biota, fish are the most endangered
group, being exposed to illegal and/or uncontrolled fishing (Cooke and
Cowsx, 2006; Maitland et al., 2007; Sumaila et al., 2007; Mota et al.,
2014). Previous studies indicate that intensive fishing strongly affects
the life-history, behaviour, physiology, and morphology of exploited
fish species (Laugen et al., 2014). This is especially true for commercial
fish species, particularly in developing countries where the restriction
of overexploitation is less efficient (Smederevac-Lali¢ et al., 2012).

* Corresponding authors. Tel.: +381 34300246; +381 18533015.
E-mail addresses: simic@kg.ac.rs (V.M. Simi¢), djuradj@pmf.ni.ac.rs (D. MiloSevi¢).
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0048-9697/© 2014 Elsevier B.V. All rights reserved.

Poor management and conservation policies and practice for the aquatic
ecosystems of Western Balkan countries have led to an increased risk of
extinction for important commercial fish species. The absence of an
appropriate bio-monitoring programme is the main obstacle to apply-
ing any of the commonly used methods for assessing the risk of extinc-
tion (IUCN (IUCN, 2013), Vortex system (Miller and Lacy, 2003), FISAT II
(Gayanilo et al., 2005)). In addition, the status of endangered fish popu-
lations is rapidly getting worse, overtaking the published assessment
results of the IUCN system (Rocha et al., 2013) which could also affect
the utility of conservation programmes.

Generally, the majority of studies so far have been focused on
models for assessing the sustainability and vulnerability of biological
resources and biodiversity for marine ecosystems (Musick, 1999; Béné
and Doyen, 2003; Cheung et al., 2005; Le Quesne and Jennings, 2012;
Burrow et al., 2013), whereas only a few studies have applied such
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models to the ecosystems of inland waters (Giam et al., 2011; Meixler,
2011; Linke et al., 2012). One such model, which assesses the state of
the biological resources in freshwater ecosystems, was proposed by
Simic et al. (2007). They presented the ESHIPPO model with the aim
of assessing the risk of extinction and conservation priority for endan-
gered species of macroalgae, macroinvertebrates and fish at a regional
level. The model consists of two main steps. The first step is to quantify
the ecological specialization of taxa—ES (including the global evolution-
ary adaptive characteristics of taxa, such as: adaptation to habitat,
nutrition, reproduction, life cycle, body size, endemism and level of frag-
mentation; Fisher and Owens, 2004). The second step is to calculate the
values of global factors of biodiversity endangerment, given in the
acronym HIPPO (including: Habitat alteration, Invasive species, Pollu-
tion, Population growth and Overexploitation; Brennan and Withgott,
2005). Finally, the sum of the values of the ES and HIPPO parameters
reflects the level of the risk of extinction and the conservation priority
for aquatic taxa in the investigated area.

The ESHIPPO method could indicate whether the target species
needs to be a conservation priority. However, this index does not pro-
vide any information regarding sustainability of the target population
(keystone-population) and habitats or entire ecosystems (keystone-
habitats/ecosystems). Applied to commercial fish species, the keystone
population and keystone habitats/ecosystems represent the basic units
of fisheries management and of the sustainable use and conservation
of fish resources. A similar model was presented by Chantepie et al.
(2011) and Chester and Robson (2013), in which they introduced the
concept of refuge in the management of freshwater biodiversity. More-
over, such information is crucial for the conservation management of
inland waters, which has to be cost-effective because of financial and
time constraints.

The aim of this study is to develop a new ESHIPPOfishing model
which would enable more efficient assessment of the sustainability of

commercial fish species populations. In accordance with this aim we
wanted to extend the ESHIPPO model by defining the indicators for
the assessment of the Index of local sustainability of fish populations
(ILSFP). Finally, we aimed to define the ecological, spatial, temporal
and functional bond between the keystone populations and keystone
habitats/ecosystems of target fish species.

2. Materials and methods
2.1. ESHIPPOfishing: assumptions and rationale

The model was tested in the fishing waters of the Middle Danube
Basin (Sommerwerk et al., 2009) in the territories of the Western
Balkan countries (70% in the territory of Serbia) (Fig. 1). In order to eval-
uate the degree of sustainability of commercial fish populations the
most important species are included in the model: sterlet Acipenser
ruthenus Linnaeus 1758, huchen Hucho hucho (Linnaeus 1758), gray-
ling Thymallus thymallus (Linnaeus 1758), brown trout Salmo trutta Lin-
naeus 1758, pike-perch Sander lucioperca (Linnaeus 1758), catfish
Silurus glanis Linnaeus 1758, pike Esox lucius Linnaeus 1758, carp
Cyprinus carpio Linnaeus 1758, bream Abramis brama (Linnaeus 1758),
barbel Barbus barbus (Linnaeus 1758), nase Chondrostoma nasus
(Linnaeus 1758), chub Squalius cephalus (Linnaeus 1758) and Prussian
carp Carassius gibelio (Bloch 1782). In this study, the term commercial
fish species applies not only to species harvested for profit purposes,
but also to species significant for recreational fishing.

In order to obtain the results of this study, a robust and heteroge-
neous data set was used and processed in two phases.

2.1.1. Phase 1—working database
Two databases were constructed using data from the professional
and scientific papers on fishing and fish resources in the Middle Danube
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Fig. 1. Sites under investigation of commercial fish species over the Middle Danube Basin.
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Basin of the Western Balkan countries for the period 1860 to 2012.
Database “A” was named Biodiversity in aquatic ecosystems in Serbia
(BAES) (Simic et al., 2006; http://baes.pmf.kg.ac.rs) and it contains the
following data: dominance and frequency of fish species in the aquatic
ecosystems of the basin being analysed, temporal and spatial distribu-
tion of fish species and the fragmentation and isolation of fish popula-
tions. The second database, database “B”, contains the routine (field)
parameters of fish stocks and the local environmental factors given in
the HIPPO acronym, which are the main threats affecting fish stock in
the study area (Habitat alteration, Invasive species, Pollution, Popula-
tion growth and Overexploitation) (Tables A1, A2 & A3 in Supporting
information). The parameters of fish stocks are presented as direct
parameters (length and weight of the body and sex structure) and
indirect parameters (the number of age classes, biomass (kg/ha), the
actual production (kg/ha/yr) (Chapman, 1971) and potential produc-
tion (kg/ha/yr) (Huet, 1964)). The data for matrix B were partly taken
from fish resources management programmes from 1955 to 2013
(statistical data in the report on the state of the environment in
Serbia, Bosnia and Herzegovina and Montenegro, Anonymous,
2006-2012). Additionally, the rest of the data include the results of
our own evaluation of fish resources for the period from 2000 to 2013.
Fish resources were surveyed at a total number of 166 sites along the
Danube Basin, once per three year period (Fig. 1, Table A4 in Supporting
information). The sites were sampled along 10 km of river length for
large rivers (over 100 m channel width), along 5 km of river length
for medium sized rivers (25-100 m channel width) and along 2 km of
river length for small rivers (up to 25 m channel width). The sites are
distributed at relatively equal distances from each other along the rivers
(40 km for large rivers, 10-20 km for middle sized and 5-10 km for
small rivers). The variation of distance between the sites in a given
range is directly related to the total length of the watercourse. The
classification of the river zone was carried out according to the commu-
nity structure and the dominant fish species in: epi-meta-hiporitron
and epi-meta-hipopotamon (lllies and Botasaneanu, 1963). The evalua-
tion of fish resources was conducted during low water periods (August,
September and October). Data on the fish community and fish livestock
were obtained using appropriate methodology for different river types.
Experimental fishing was carried out in large and middle-sized rivers
using electro-fishing and netting tools, and the catch of professional
fishermen and anglers was analysed. Netting tools were not used in
small sized rivers. Data obtained from different sampling techniques
were merged together and used for calculating the mean annual catch
for each specific river section. Furthermore, these values were used to
derive the parameters necessary for the construction of an input matrix.
Databases A and B in the model were used to derive the value of the
Index of local sustainability of fish populations (ILSFP). Such a modifica-
tion of the ESHIPPO model enables the assessment of the sustainability
and management of commercial fish species populations in inland
waters. The ecological base of the ILSFP is the fact that local populations
of fish develop specific adaptive characteristics, which are a result of
adaptation to the local conditions of the habitat (Schnell et al., 2013).
The population of fish with the highest ILSFP value is considered as a
keystone-population, and the habitats or entire ecosystems in a basin
inhabited by the fish species with the best ILSFP values for at least the
last 10 years are considered as keystone-habitats/ecosystems. To calcu-
late the ILSFP values, we used ARCGIS 9 (ESRI, 2004) and derived a geo-
differentiated map with net squares of 2 x 2 km.

2.1.2. Phase 2—the ES, ILSFP and HIPPO calculation

To evaluate the ecological specialization (ES) of commercial fish
species in inland waters, the same principle as in the ESHIPPO model
is used (Simic et al., 2007). The data for the evaluation of the ES model
elements were obtained from the databases: FishBase (Froese and
Pauly, 2013) and AQEM (AQEM, 2002). Indicators for each structural
ES unit were measured by a simple three-stage scale (Table 1).

The calculation of the ILSFP is a key modification in the model and is
based on the parameters which define the indicators of fish stock in
relation to the basic structural unit of ES (Table 1). The reliable evalua-
tion of the ILSFP of a commercial fish species requires a 10 year period
of survey.

The ILSFP indicators of fish populations at a particular site (habitat/
ecosystem of the basin) are named ILSFPsites. The 5-3-1 score system
is used to quantify the ILSFPsites (Eq. (1)):

ILSFPsites = 1 if > (d + f + bm + fsm% + sh% + nAge + Lmean)
+ > (epa% + ppa%) > 38

ILSFPsites = 3if » (d + f + bm + fsm% + sh% + nAge + Lmean)
+ > (epa% + ppa%) = 24—38

ILSFPsites = 5 if Z(d + f + bm + fsm% + sh% + nAge + Lmean)
+> (epa% + ppa%) <24 )

(abbreviations explained in Table 1).

The ILSFPsites value for each fish species along the whole length of
the investigated basin is called ILSFPbasin. It is defined as a percentage
of the total length of the basin according to the following formula

(Eq. (2)):
ILSFPbasin (%) = 3(ds5)/(dt) x 100 2)

where (ds5)-length/surface (size) of the sites of the river habitat (in km
and ha) where the ILSFP value for some fish species is equal to 5 (obtain-
ed by adding the 2 x 2 km-squares on the geo-differentiated map) and
(dt)-total length/surface (size) of the river habitat (in km and ha) in
which the fish species is present within the investigated basin.

The ILSFPbasin value is also presented in the 5-3-1 score system: 1
point for the highest value (>50%), 3 points for medium values
(20-49.9%) and 5 points for low values (<20%). It is used in the final
calculation of the ESHIPPOfishing model (Table 2).

The HIPPO factors on each investigated site of the basin are evaluat-
ed in relation to the defined indicators, using the 5-3-1 score system
(Table 3). Finally, the values of the ESHIPPOfishing model for evaluating
the sustainability of commercial fish species in a basin are presented in
the formula (Eq. (3)):

ESHIPPOfishing = 3(ES + ILSFP) + SHIPPO 3)

The priority of commercial fish species is determined by the final
results of the model. The final ESHIPPOfishing score represents the
degree of sustainability (DS) of the commercial fish species in the area
of the basin being evaluated (Tables 4).

2.2. Statistical analysis

To visualize the relatedness of habitats with sustainable charac-
teristics of populations of commercial fish species we used a
Kohonen artificial neural network (i.e., self-organizing map — SOM;
Kohonen, 1982; Kohonen, 2001). In comparison to other multivari-
ate methods, the SOM technique is a powerful tool for the clustering
and visualization of a large dataset, making full use of the available
ordination space (Stojkovic et al., 2013). The input matrix for this
analysis contained 166 rows, representing the investigated sites,
and 13 columns with the ILSFP values calculated for each fish species
at each investigated site (ILSFPsite) (Table A5 in Supporting informa-
tion). The ILSFP values were log-transformed. The output of the anal-
ysis is presented as an 8 x 7 two-dimensional grid of neurons (SOM
map) with ordinated sites along it. Sites with a similar ILSFP model
were assigned to the same or adjoining neurons while significantly
dissimilar sites were assigned to distant neurons on the SOM map.
The resolution of the SOM map was determined by following
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Table 1
ESHIPPOfishing model, indicators and scoring scale for the assessment of ecological specialization (ES) and the Index of local sustainability fish population (ILSFP).

Elements ES Code Indicators Point ES Elements ILSFP Indicators ILSFP" Value ILSFP  Point
code — ILSFP
range?®

Habitat h h1, h2, 1-(h)(d)(rs): low specialized, tolerant. Eurivalent Habitat Dominance (d) d>10% 5
h3, h4, h5 (euritope) for all or >3 indic. h. (d): d1. (rs): rs1.1, rs2.1, rs3.1, d 2-9.9% 3

1s3.2, 1s4.3, 1s5.1, 1s6.1, (Ic): Ic1.1, Ic1.3, 1c2.1, 1c3.1, 1c3.4, Ic4.1, d<2% 1
Ic4.4,1c6.2, (bs): bs1.1, (re): rel. Constancy f75-100% 5
3-(h)(d)(rs): Moderately specialized and sensitive. Stenovalent (frequency) (f) f25-749% 3
(moderate), for 1-3 indic. h. (d): d2. (rs): rs.1.1, 152.2, 153.3, 153.4; f<25% 1
Diet d d1,d2,d3 rs4.2;1s5.2; 1s6.2; 1s7.2; 1c1.2, 1c2.2, 1c3.2, 1¢3.5, Ic4.2, 1c4.5. (bs): Diet Biomass (bm) Increases 5
bs1.2; (re): re2. Stagnates 3
5-(h)(d)(rs): High specialized. Stenovalent (stenotope) for Declines 1
Reproductive rs rsl, rs2, all or >3 indic. h. (d): d3). (rs): rs1.3, rs2.3, 1s3.5, rs4.1, 1s5.3, Reproductive strategy Percentage of >30 5
strategy 1S3, 154, 1s6.3. (Ic): 1c1.3, 1c2.3, 1c3.3, 1¢3.6, Ic4.3, 1c4.6, 1c6.1, bs1.3. sexually mature 10-29.9 3
1s5, 1s6 (re): re3. females (fsm%) <10 1
Percentage of >1 5
spawning habitats =1 3
(sh%) <1 1
degradation
or not
present
Life cycle Ic Ic1, 1c2, Life cycle (history) Number of age >3 5
(history) Ic3, Ic4 classes (nAge) 2-3 3
<2 1
Body size bs bs1 Body size Average length fish Increases 5
stock (Lmean) Stagnates 3
Declines 1
Range re rel, re2, Range endemic Percentage of >70 5
endemic populations in the ~ 50-70 3
and islands protected area (pa) <20,orno 1
(epa%) and (ppa%) endemic
fish
Endangered status (global >70 5
and local IUCN or other 50-70
form of protection) <20,orno 1
protected
fish

¢ (h): h1) catchment region; h2) altitude (<200, 200-500, 500-800, 800-1500 and >1500), running water (crenon, ritron and potamon), standing water (litoral, sublitoral and pro-
fundal), pools, swamps, peat-bog, efemer water, brackish, pelagic, bentopelagic, demersal, rheofilic limnofilic; h3) morphometry of aquatic biotope: depth (m), bottom characteristic (%),
aquatic vegetation (%), water flux characteristic (m/s); h4) abiotic factors: temperature (°C), oxygen (mg/land %), pH, total hardness (dH), biochemical oxygen demand, BOD (mg/1); h5)
water quality (sensibility on particular chemicals, toxic or radioactive matter, trophic state (oligotrophic, mezotrophic, eutrophic, distrophic), saprobity (x, o, 3, &, p.)). (d): d1) Euriphagy-
omnivore; d2) euriphagy-herbivore, carnivore (zooplankton, bottom fauna and fish), specific morphological adaptations for feeding are present; d3) stenophagy (phytophagy, zoophagy,
benthophagy, detritophagy, saprophagy and lepidophagy), specific morphological adaptations for feeding are striking. (rs): rs1) Reproduction strategy and habitat (rs1.1, 1.2, 1.3 — no
specific, specific and strictly specific for substrate and/or velocity, respectively); rs2) spawning time and frequency: rs2.1) >1 per year or portion spawn, rs2.2) one per year, rs2.3) do
not spawn every year; rs3) female maturity (years) < 2 (rs3.1), 2-3 (rs3.2), 3-4 (153.3), 4-5 (r53.4), >5 (1s3.5); rs4) fecundity (no oocytes): <55000 (rs4.1), 55,000-60 000, (rs4.2),
>60,000 (rs4.3); rs5) incubation period (days): <7 (rs5.1), 7-14 (rs5.2),>14 (1s5.3); rs6) larval stage duration: <12 (rs6.1), 12-25 (rs6.2), >25 (rs6.3). (Ic): Ic1) life span (year) < 8
(Ic1.1),8-15 (Ic1.2),>15 (Ic1.3); Ic2) migration — no migratory (lc2.1), short or long migration to the spawning period or feeding (Ic2.2), migratory species (1c2.3); Ic3) social life: solitary
(1c3.1), gregarious, formed periodical aggregation (lc3.2), live in the flock, (Ic3.3), unterritorial (Ic3.4), sometimes territorial (1c3.5), permanent territorial (1c3.6); 1c4) presented care: not
exists (Ic4.1), exist spawning site and eggs and larvae (Ic4.2), exist caring for juveniles (1c4.3)), no sexual dimorphism (Ic4.4), sexual dimorphism during the spawning (Ic4.5), present
sexual dimorphism (I1c4.6). (bs): bs1) Body length, TL (cm):<20 (bs1.1); 20-39 (bs1.2),>39 (bs1.3). re): re1) No endemic; re2) endemic for one ecoregion or catchment region; re3)
stenoendemic for relatively small or very small territory (one ecosystem, one biotope) and island populations.

b d, f, bm, fsm%, sh%, nAge and Lmean: during the last 10 years.

Table 2

Final values of ILSFP for commerecial fish species in the middle Danube river basin.
Fish species Historical distribution in km or ha of the river Real present distribution in km or ha of ILSFPbasin = 5 >_ds5/dt x 100 ILSFP

the river (dt) > ds km or ha

Acipenser ruthenus 1211/26939 978/21027 0 0.00% (<20%) =5
Hucho hucho 467/4436 270/2565 0 0.00% (<20%) =5
Cyprinus carpio 1354/29111 1263/26574 0 0.00% (<20%) =5
Esox lucius 1325/28487 1254/26961 150/3225 11.96% (<20%) =5
Sander lucioperca 1325/28487 1208/25978 140/3010 11.58% (<20%) =5
Barbus barbus 1465/31497 1285/27627 180/3870 14.00% (<20%) =5
Salmo trutta 1008/3024 867/2601 130/390 14.60% (<20%) =5
Thymallus thymallus 478/3197 375/2437 60/390 16.00% (<20%) =5
Abramis brama 1354/29111 1263/27154 260/5590 20.58% (20-50%) = 3
Silurus glanis 1325/28487 1208/25978 270/5805 22.35% (20-50%) = 3
Chondrostoma nasus 1293/27799 1376/29584 490/10535 35.61% (20-50%) =
Squalius cephalus 1511/32486 1432/39788 570/12255 39.80% (20-50%) = 3
Carassius gibelio 1107/23800 1875/40312 1145/24617 61.00% (>50%) =1

(ds5)—length/surface (size) of the sites of the river habitat (in km or ha) where the ILSFP value for some fish species is equal to 5; (dt)—total length/surface (size) of the river habitat (in km
or ha) in which the fish species is present within the investigated basin.
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Characteristics and indicators for scoring the endangerment factors of the HIPPO acronym in the ESHIPPOfishing model. Threshold and scoring system refer to each HIPPO factor.

HIPPO factor Indicator — percentage of the river biotopes where the particular factor is manifested
% Point % Point % Point
Habitat alteration’
Changes, Destruction Fragmentation and isolation
Invasive species and/or inadequate stocking? >50 5 20-49.9 3 <20 1

Pollution®
Population growth?*
Overexploitation®

1 Stream regulation and reclamation, gravel extraction, excessive water use, including changes in most of the natural hatcheries, winter homes, feeding areas and migratory corridors of

the fish species.

2 Invasive species present (%) or natural populations stocked (%) with inadequate fish juveniles (fish from commercial fishponds, genetically not compatible) within the last

10-20 years.
3 Saprobity, toxicity, eutrophication or mixed pollution.
4 Population density over 150 cap km™2.

5 Statistically estimated annual catch of fish species greater than its real production within the last 10 years and/or reduction of the total biomass.

Vesanto et al. (2000) and Park et al. (2003). Finally, to subdivide the
SOM neurons into clusters on the SOM map, the k-means method
was used (Jain and Dubes, 1988). A more detailed description of
SOM methodology is presented in Stojkovic et al. (2013).

To present the distribution of keystone populations along the basin
and to determine keystone habitats/ecosystems, the visualization tech-
nique (known as component planes; MiloSevic et al., 2013), was applied
in the SOM analysis. This method visualizes the contribution of each
input variable (component) to cluster structures of the trained SOM.
As a result, each input variable is separately presented on the trained
SOM map using greyness gradient. More precisely, the variability of
ILSFP for each fish species is visualized using gradient method along
the SOM map, thus obtaining the distributional pattern of ILSFP values
along ordinated sites (SOM map).

3. Results

Based on the data from matrices A and B and following the method-
ology presented here, the scores of the ESHIPPOfishing model were
derived (Table 4). The results of this study show that the majority of
fish species have a very low or low degree of sustainability (DS)
(Table 4). The highest DS values in the river basin refer to huchen and
sterlet, and therefore, these two species have the highest priority.

According to the ILSFP values for the Middle Danube Basin, the
majority of the basin has low percentage of optimal habitats for the
development of sustainable populations of commercial fish species

(Table 2; Fig. 2). The lowest percentage of optimal habitat (<20%) in
the basin was recorded for 8 species, including a complete absence of
optimal habitat being observed for sterlet, huchen and carp (Table 2).
A moderate percentage of optimal habitat was estimated for 4 species,
and only one species (Prussian carp) had a level of optimal habitat
greater than 50%. According to the model, 2 of the 13 commercial fish
species being evaluated had a very low degree of sustainability (DS):
huchen and sterlet (Table 4). Eight fish species had the status of low
sustainability while the rest had a middle level of sustainability under
the given environmental conditions (Table 4). The comparison between
the DS results and the global sensitivity and vulnerability results
revealed a significant level of concordance (Table A6 in Supporting
information).

Based on the ILSFP values of target fish species in each investigated
sector of the basin, a trained SOM map, with six separate clusters, was
obtained (Fig. 3a). Cluster I is characterized by habitats of small river
basins with metarhithral characteristics. The habitats of small salmonid
rivers with the characteristics of metarhitron and epirhithron belong to
cluster II. Cluster IIl includes the habitats of small salmonid rivers with
epirhithral characteristics. Cluster IV includes river habitats, character-
ized as the hyporhithron of medium sized rivers, while Cluster V con-
tains habitats belonging to the metarhithron of medium sized rivers.
Finally, Cluster VI is composed of sites located on large lowland rivers,
mainly on potamal reaches.

The component planes show spatial distribution patterns of particu-
lar fish species, using their ILSFP values (Fig. 3b). The keystone habitat/

Table 4
Final values of the ESHIPPOfishing model for commercial fish species in the middle Danube river basin.
Fish species ES ILSFP HIPPO ESHIPPO
fish
Hb Dt RS LC Bs RE H 1 P P 0] (ES + ILSFP) + HIPPO DS
Cg Dr Fg
Huchen 5 3 5 3 5 3 5 3 1 5 5 3 3 5 29 + 25 54 viw
Sterlet 3 3 5 3 5 1 5 5 3 3 5 3 5 5 27 + 27 54 viw
Grayling 5 3 3 3 5 1 5 5 1 5 3 3 3 5 25+ 25 50 lw
Brown trout 5 3 5 3 5 1 5 3 3 5 3 3 1 5 27 + 23 50 lw
Pike 1 3 3 5 5 1 5 5 1 3 5 3 5 5 23 + 27 50 lw
Barbel 3 3 3 3 5 1 5 3 1 3 5 3 5 5 23 + 25 49 lw
Pikeperch 1 3 3 3 5 1 5 3 1 3 5 3 5 5 21 + 25 46 lw
Carp 1 1 3 3 5 1 5 5 1 3 5 3 5 5 19 + 27 46 lw
Bream 1 1 3 3 5 1 3 3 1 3 5 3 5 5 21+ 25 46 Iw
Wells catfish 1 1 3 3 5 1 3 3 1 3 5 3 5 5 17 + 25 42 lw
Nase 1 3 3 3 3 1 3 3 1 3 3 3 3 5 17 + 21 38 md
Chub 1 1 1 1 3 1 3 3 1 3 3 3 3 5 11 + 21 32 md
Prussian carp 1 1 1 1 3 1 1 1 1 1 1 3 5 5 13 +17 30 md

Hb—habitat; Dt—diet; Rs—reproductive strategy; Lc—life cycle; Bs—body size; FI-fragmentation and isolation (islands); Cg—changes; Dr—destruction; Fg—fragmentation; viw—very low,

Iw—low, md—medium.



V.M. Simic et al. / Science of the Total Environment 497-498 (2014) 642-650

19°E 20°E
1 1

647

21%E 22°E 23°E
1 1 1

46° N

45° N+

!
44° N \

43° N+

42° N

Legend

#  Prussian carp
= Chub

4 MNase -
Barbel
Bream
Carp

Pike
Pikeperch
Brown trout
Grayling
Huchen
Sterlet
Wells catfish r

B e » m - & @ + @

30 15 0 30 60

Kilometers

T T

T T

Fig. 2. Keystone population and keystone habitats/ecosystems for the commercial fish species investigated in the Middle Danube Basin. The circles A and B indicate a fish stock “hot spot”
for the cyprinid, esocid, percid species and A. ruthenus and a fish stock “hot spot” for the salmonid species (huchen, grayling and brown trout) respectively. The arrows stand for a broader

upstream area of conservation priority.

ecosystem has the highest ILSFP gradient value in the SOM map and the
population that inhabits them is the keystone population for a given fish
species. Component planes showed that the keystone population and
keystone habitat/ecosystem for most fish species (sterlet, pikeperch,
pike, carp, bream and barbel) are placed in the lower right part of the
SOM map. It corresponds to the habitats of large lowland rivers with
mainly potamal character (Danube, Sava and Tisa) and some lowland
reservoirs (Fig. 3a,b). In addition, component planes revealed that
salmonid species, such as huchen and grayling, showed a limited distri-
bution in the metarhithron zone of medium-sized rivers (Drina and
Lim; cluster V). On the other hand, the keystone population and key-
stone habitat/ecosystem for brown trout are located within cluster II,
and mostly in cluster III, which includes the epirhithral and metarhithral
parts of small mountain rivers (Fig. 3a, b).

The concordance between the distribution of ILSFP values on the
SOM map and the spatial distribution of nase and chub (Fig. 3b) clearly
indicates the existence of a large number of favourable habitats for the

natural sustainability of these species in the basin. These habitats belong
to clusters IV and I, which comprise mainly medium-sized rivers with
the characteristics of the hipo and metarhithron. The allochthonous
species, Prussian carp, inhabits the widest range of habitats within the
investigated area. This species was distributed throughout the entire
SOM map, with the exception of neurons that belong to the epirithron
of salmonid rivers (Fig. 3a,b).

4. Discussion

Defining an efficient method for assessing the risk of extinction and
conservation priority for commercial fish species is the main priority for
the management and conservation policies of water authorities. In this
study, the previous ESHIPPO method is modified to facilitate assessment
of endangered fish species and their habitats and to enable mapping of
keystone habitats/ecosystem and populations. Ricard et al. (2012)
constructed a database (RAM Legacy Stock Assessment Database) to
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Fig. 3. (a) Distribution of sites under investigation over the SOM map based on ILSFP values of commercial fish species. To cluster neurons on the map, the k-means method was applied.
Neurons with the same colour belong to the same group. The labels (codes), assigned to each neuron on the map represent different sites under investigation. The number of the code
defines a km of river length and the number of site respectively, while the letters stand for the particular river. (b) Visualization of distribution pattern for 13 fish species on the SOM
map. The bars for each map represent log-transformed ILSFP values. The greyness gradient indicates the variability of ILSFP value along the SOM map (shade of black for the highest

and lighter shade of grey for the lowest values).

achieve quick and reliable assessment of fish stocks and for the manage-
ment of fish resources in marine fisheries. Also, Chantepie et al. (2011)
presented a conservation method and used SOM analysis to cluster
waterbodies in the Loire floodplain depending on their conservation
priority. However, none of these methods focuses on defining the
most important populations and their habitats for conservation, which
could substantially diminish the extent of the object to be surveyed.

The ESHIPPOfishing model could be applied using the data available
in routine monitoring programmes established by water authorities, but
the benefits and utility of the model directly depend on the reliability of
the input data. The implementation of ESHIPPOfishing required a specif-
ic sampling design for the input database construction. The sampling
frequency (at least once in every three years) used in this study was
consistent with the temporal and spatial changeability of river ecosys-
tems, especially after major natural disasters (Geheber and Piller,
2012). Such a sampling strategy required high financial cost and
human resources. However, once a network of sites to be investigated
was established and keystone populations and habitats/ecosystem
defined, the method became much more cost-effective, reducing the
amount of sites under permanent monitoring. Furthermore, similarly
to Bombi et al. (2012), our model is based on geo-differentiated maps
which facilitate its application and provides precise calculation of the
ILSFP.

The most significant element of the model for the management of
commercial fish species is a review of the ILSFP value which determines
the keystone population and keystone habitats/ecosystems of the inves-
tigated basin. Bearing in mind the ecological importance of the concept
of keystone species and keystone habitats/ecosystems (Mouquet et al.,
2013), it appears that the degradation of the keystone population and/
or keystone habitats/ecosystems of some commercial fish species
leads to the decrease of their sustainability in the basin. Taking into con-
sideration the above fact and the different autecological characteristics
of the commercial fish species studied here, as well as the experience

gained during the field work, we consider the keystone habitats/ecosys-
tems of fish species as a complex system. This system includes micro-
habitats within a larger unit — the macrohabitat. A similar approach
based on the importance of macrohabitats for the preservation, priority
of conservation and management of populations on the river Lampreys
in Portugal is proposed by Ferreira et al. (2013). We believe that the
macrohabitat as keystone habitats/ecosystems (complex system) is
composed of biologically and ecologically important elements for fish
species (e.g. areas of day-night stay, areas of nutrition, natural
spawning sites, areas of dormancy and migratory corridors). Therefore,
the size of the keystone habitats/ecosystems system is directly depen-
dent on the biological and ecological characteristics of particular fish
species, where each element of the system is equally important. In
other words, the disruption or destruction of any of the links in the
complex system (keystone habitats/ecosystems) affects all the ele-
ments, reducing the sustainability of the population in the basin.
According to our result, it is also necessary to emphasize that a higher
degree of sustainability is reached by the populations of fish species
that inhabit the keystone habitats/ecosystems containing all the ele-
ments of the system undisturbed. It especially refers to the existence
of permanent natural spawning sites and their availability in the
spawning period. These elements are significant for potamodromous
species, which in our study refers to the huchen, which shows a very
low DS (Table 4).

A similar approach is presented by Ortiz et al. (2013) but related to
the keystone species complex. The authors note that in the coastal ma-
rine ecosystems of Chile, it is difficult to assess the keystone species for
the effective conservation of the entire ecosystem and ichthyocenosis.
The authors therefore conclude that better results in the conservation
and management of fisheries can be achieved if the preservation of
the complex of ecologically related species is worked on. Furthermore,
Brose et al. (2005) argue that the disappearance of keystone species
and/or complex keystone species leads to a gradual increase of negative
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effects on flora and fauna and ecosystems. In this regard, we believe that
the disturbance of any element of the complex system (keystone habi-
tats/ecosystems and keystone populations) in our study would cause
the same effect.

Improving the fish resources management by developing a network
of keystone populations and keystone habitats/ecosystems was also
done by Peterson et al. (2013), who proposed a model of dendritic
ecological networks (DENs). The DENs enable the reliable evaluation
of related changes of biotic and abiotic parameters that occur in spatially
complex systems, such as streams and rivers.

For the commercial fish species investigated, keystone habitats/eco-
systems differ in total physical size (Fig. 2). In this case, we would
propose defining a compromise in the sustainable management of fish
stock. More precisely, fish species whose total size of keystone habi-
tats/ecosystems is small in the basin should be strictly protected with
the appropriate conservation policy. An additional measure is to force
the use of traditional fishing techniques rather than contemporary
ones in those small areas. A similar compromise is presented by
Hamel et al. (2013) in the small island countries of the central Pacific.

The ESHIPPOfishing model presented here provides a comprehen-
sive view to the network of keystone populations and keystone habi-
tats/ecosystems in basins of various sizes. Also, it points out the extent
of habitat fragmentation and the isolation of populations, as well
as their sustainability at a particular rate of exploitation. The model
shows a decrease in the degree of sustainability of relatively abundant
populations of catfish and perch in a fragmented and isolated section
of the Danube (total length of 80 km) between “Iron Gate I and II”
dams. For the last 20 years, the populations in this part of the habitat
have not been able to naturally mix with other populations. Prior to
this, these populations were exposed to intense commercial and recre-
ational fishing in this part of their habitat. According to Schnell et al.
(2013), the populations with a low rate of migration have lower
sustainability in comparison to smaller populations with intensive
between-population migrations. Due to the lack of fish migration corri-
dors at the “Iron Gate I” hydroelectric dam (river km 943) and “Iron
Gate II” (river km 863), anadromous commercial fish species (Huso
huso, Acipenser nudiventris, Acipenser gueldenstaedti and Acipenser
stellatus) have become extinct from the middle course of the Danube
(Smederevac-Lali¢ et al., 2011).

The new ESHIPOfishing model could be also used for mapping the
ichtyological reserves along river basins. The conception and application
of these reserves in the management and conservation of commercial
fish species are similar to the concept of the Protected Area (PA)
(USA; Thieme et al., 2012) and to the model for determining areas for
conservation (Australia; Linke et al., 2012). More precisely, these areas
designated by our model present hot-spot areas with fish stock for the
whole basin. Following the results of our study, part of the Danube
River (upstream from 1298 km) is a fish stock “hot spot” for cyprinid
species and sterlet (Fig. 2). Being extremely important from the aspect
of biodiversity conservation, this sector of the Danube River has already
been declared as protected according to national legislation (special
nature reserve Gornje Podunavlje). Moreover, the WWEF has also recog-
nized the significance of this area and proposed it to be, together with
the Drava River and Mura River, declared as an international UNESCO
Biosphere reserve. On the other hand, regarding salmonid species,
ESHIPPOfishing has revealed the Sava river basin, especially the Drina—
Tara-Piva river system to be the hot spot areas of this group (Fig. 2).

5. Conclusions

In conclusion, the ESHIPPOfishing method, using ecologically mean-
ingful parameters (such as ILSFP values), presents a cost-effective tool
for the conservation management of commercial fish species. Applying
the concept of keystone species and keystone habitats/ecosystems
within the ESHIPPOfishing method facilitates the conservation process
for target species and/or target habitats/ecosystems, and it reduces

financial costs and human resources (Plantinga et al., 2014). It could
be applicable for all river types in temperate region because of their
specific commercial fish species composition. Moreover, it could be
applied to any climate region, since it is based on the routine parameters
used in any kind of fish population analysis. Finally, we believe that this
concept should be extended and applied to other aquatic biota, which
would enable the selection of river sections with the highest conserva-
tion interest and sustainable use of water resources.
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