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3AXBAJIHULIA

Yum cmo popmynmncany Temy, 3Hao cam Aa je npena MHOM AYr U TEeXKaK MyT UCTPaXKnBarba.
Cpehom, Ha Tom nyTy cy M1 MmHore ocobe npyxuae aparoueHy nomoh n nogpuwky. CeBnma ce osom

NPUINKOM HAjUCKPEHMje 3axXBasbyjem.

Mom meHTOpyY Ap Bragmnumn Cumuhy, BaHpegHom npodecopy MpupoaHo-maTeMaTUyKor pakynTeTa
YHuBep3uTeTa y Kparyjesuy, Ayryjem 3axBasiHOCT 3a nomoh npu n3bopy Teme U 3a UCKPEHY U

HenpeknaHy capafkby TOKOM UCTPaXKMBakba U M3page aucepraumje.

Op Momupy MayHosuhy, BMLEM HayYHOM capagHWKy MHCTMTYTa 3a BMONOLWKa UCTparkuBakba
,CnHuwa CraHkosmuh” y Beorpagy, 3axBasbyjem ce Ha MOMORU U KOPUCHUM CyrecTujama y CBaKoj

da3u n3page JoKTopaTa.

Op Oybpasku Yepba, goueHTy 3aBoga 3a eKkonorujy Boaa, [lenaptmaH 3a buonornjy YHusepsuteta
,Jocun Jypaj Wtpocmajep” y Ocujeky, XpBaTcKa, Ayryjem 3axBasHOCT 338 KOPUCHE KOHCynTauumje u

anjaTebeKe CaBeTe TOKOM nNnCakba AOKTOPCKE ,qmcepTau,Mje.

Muanum CrojkoBuh Munepay, acucteHTy MpupoaHo-maTeMaTuyKor dakynteta YHuMBepsuTeTa y
Huwy 1 mom Hajbosbem npujaTesby M AYrorogvilkb0j capagHuLmM, Ayryjem nocebHy 3axBasHOCT 33

nomoh y ekcnepumeHTanHoj Gasu UCTParKMBakba, KAo M TOKOM M3paje aucepTaumje.

Op Bnagumupy Hukuhy, BaHpegHom npodecopy [pupoaHo-matemaTMukor dakynTteTa

YHuBep3uTeTa y Huwy, 3axBasbyjem ce Ha nomohu y obpaaun matepujana U KOPUCHUM cyrecTujama.

EKcnepumeHTanHu aeo ose auceptaunje ypaheH je y nabopatopujama [enaptmaHa 3a 6uonorujy
n ekonorvjy NMMVI®-a y Huwy. Ha KoOHKpeTHO] nomohu, pasymeBaky M MHTEPECOBakY Ayryjem
BE/IMKY 3aXBa/IHOCT CBMM KoJsierama [enapTtmaHa 3a buonorujy u ekonorujy, nocebHo npodecopy

ap Bnagnmunpy Panhenosuhy.

3axBajsIHOCT Ayryjem Koseru v npujatesby daHunjeny Mutuhy Ha Herosoj CnpemMHOCTM 4a MU NPYKM

CBaKy BpPCTY nomohwu Kafj rog Cam TO Tpa*Kuo.

Konern Cawwn BbpaHkosuhy ayryjem 3axBa/iHOCT 33 /IOTUCTUYKY NOAPLIKY TOKOM UCTPaXKMBakba M

MHOrobpojHe cTpy4He caBeTe.
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3axBasbyjem Mwunenn [Opaxuh, npodecopy KHUKEBHOCTM U HOBMHApPY, 3a JIEKTOpUCarkbe OBOT

paja.

MN3y3eTHy 3axXBaNHOCT 3ac/yKyje moj, caga Beh sennkn npujatess, ap Henk Moller Pillot us
Tunbypra, XonaHauwja, CBETCKM MO3HATU CTpy4drbak 3a damuanjy Chironomidae. Op Henk K. M.
Moller Pillot je 36or meHe opraHM30Bao WMHAMBUAYAJHU KypC AeTepMUHaLMje Koju je BoAMO
3ajeaHo ca Henkom Vallenduukom. Tom npuankom mu je ycTynmo u CBY pefieBaHTHY AUTepaTypy,
notpebHy 3a OBO MCTparKMBakbe M KacHWje nomarao npuavkom obpage v aeTepmuHaumje

martepujana.

M, Ha Kpajy, 3axBaNHOCT Ayryjem CBOjOj MOPOAULM, KOja MU je CBE Bpeme Mpy»Kana BesINKy

MOAPLLKY M NOKa3ana pasymeBarbe 3a MOj Paa.

bypah Munowesuh
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Nwme u npezume: Bypah Mujomesuh

Jatym u mecto pohema: 04.08.1983. romune, Hum

Capmammse 3anocneme: Y HuBep3uTeT y Humy, Ilpupoano-maremMaTnuku pakyJirer,
JlemapTMaHT 3a OHOJIOTH]Y M €KOJIOTHjY, 3Balbe ACHCTEHT

Il lokmopcka oucepmauuja

Hacnos: Jlapse ¢pamuiuje Chironomidae (Diptera, Insecta) cimBa Jy:kne MopaBe 1 1-MX0Ba NPUMeEHA Y MPOLEHH
€KOJIOLIKOT cTaTyca TeKyhHnx BoieHHX eKocucTeMa

Bpoj crpannma: 132

Bpoj cnuka: 23 canke, , 16 TaGena

Bpoj 6ubnmorpadcknx nonaraka: 164

Ycranoa u MecTo r7ie je pag uspahen: Yuusep3urer y Kparyjesny, Ilpupoano-maremMaTrnyku pakyarer

Hayuna o6nmact (Y/K): Ommra exonoruja, buonenosaoruja, Xuapoduosaoruja, bBuoreorpadmuja (574). Ipupona.
H3yuyaBame u uyBame mpupoje. 3amTuTa npupojae u ;kuBor cera (502/504)

Menrop: IIpod. ap Baaguna Cumuh, YHusepsurer y Kparyjesuy, [Ipupoano-maremarnuku gakyarer

Il Ouena u ooopana

Jatym npujase Teme: 20.03.2013. rogune

bpoj ofutyKke U TaTyM TIpHXBaTama JOKTOPCKE ACEpTalHje:

KOMI/ICI/Ija 3a OLICHY HO)IOGHOCTI/I TEMC M KaHauJiaTa:

1. JOp Bnaguua Cumuh, Banpenuu npodecop IIpuponno-maremrarmuxor ¢akynrera y Kparyjesuy, HaydHa

obnact: Exonoruja, Guoreorpaduja u 3amrura >XHBOTHE CPEUHE;

2. JIp Mowmup IlaynoBuh, Hayunu capamuuk MHcTuTyTa 3a Ononomka uctpaxuBama ,,CuHuma CraHkoBuh” y

Beorpany, Hayana o6nact: buonornja,

3. Mp dybpaska Yepba, noueHT 3aBoja 3a eKOJIOrHjy Boja, JenaprMman 3a Guonorujy YHuBep3urera ,,Josip Juraj

Strossmayer” y Ocujeky, XpBarcka, HaydHa obnact: Omra GHOJIOTHja U eKONOorHja.

Komucuja 3a npernen 1 ondpaHy JOKTOpPCKE JicepTanuje:

Jp Bnanuua Cumuh, BaHpeau npodecop, MEeHTOp,
Ipuponno-maremarnuku akynrer, YHusepaurer y Kparyjesiy
Vika Hayuna obnact: Ekonoruja, 6uoreorpaduja u 3aiurura )XUBOTHE
cpeauHe

Jp Mowmup [aynosuh, Buiim Hayunu capaanuk MHcTuTyTa 32
Ouonoika ucrpaxkuBama ,,Cuauira Ctankosuh” y beorpany
Vika Hayuna obnact: buonoruja (Xuapoekonoruja)

Jp dybpaska Yepba, moreHT 3aBojia 3a eKOIOrHjy Bojia

enaprman 3a 6uonorujy, Yausepsurer ,,Josip Juraj Strossmayer” y
Ocwujexy, XpBarcka

Vika Hayana o6iact: Omiura GHONOTHja U eKOJIorHja

JaTtym onbpaHe JOKTOpCKE JucepTanyje:
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Jlapse ¢pamuimje Chironomidae (Diptera, Insecta) cimBa Jy:xne Mopase 1 lbMX0Ba IPUMeEHA y
MPOLEHH eKOJIOLIKOI cTaTyca TeKyhnx BoJeHHX eKkocrcTeMa

Pe3ume:

Xuponomuae (Chironomidae, Diptera), ka0 IIMPOKO pachpocTpame€Ha M Pa3HOBPCHA TIpyma
AKBaTUYHHUX OCCKUUMEHaKa, MOCEAYjy BEIMKU MOTCHIIMjajl y TPOIICHU CTama CEKOJIOIIKOr CcTaTyca
aKBaTHYHHUX eKocucTema. 300r KOHTPaJUKTOPHUX pe3yiTaTa O KOPHCHOCTH OBE Ipyle y MeToAaMa
OuonpoiieHe, BehwMHa pPYTHMHCKMX MOHHMTOPHMHI MporpaMa He VyKJbydyje JapBe ¢amuimje
Chironomidae. OBakBo cTame ymyliyje Ha HEONXOAHOCT IO3HABaka IMPOCTOPHE U BPEMEHCKE
JUCTPUOYIIM]E 3a]SHHUIIC XMPOHOMHM/IA.

LnsbeBr oBOT UCTpaKMBamba OWITU Cy: aHall3a CTPYKTYpe W IWHAMUKE 3ajeIHUIE XUPOHOMHIA U
neduHuCcame MojieNa IIXO0BE MOBE3aHOCTH ca a0MOTHYKUM MapaMeTPUMa, TECTUPAhE TOTSHIINjaTHIX
CTPYKTYPHHX OCOOWHA 3ajeJJHHIIC W MOTEHIIMjaJTHIX MHAUKATOPCKUX TAKCOHA Y TPOILEHH EKOJIOMIKOT
craryca aKBaTHYHMX €KOCHCTeMa U, KOHauHo, ojpehuBame HajHIDKEr TaKCOHOMCKOT HHBOA,
JIOBOJEHOT 32 MPUMEHY OBE IpyIie y MeToamMa OHONpoIIeHe.

Kako 0u ce mpejncraBuiia MyJITHIAMEH3UOHATHA CTPYKTYpa 3ajelHUIle XUPOHOMUIA M OJIpe/Iriia
Be3a ca mapaMerprMa cpeluHe, KopuinheHa je MyIATHBAapHjaHTHa METOJIa BEITAYKHUX HEeypoMpeka
(camoopranusyjyhe wmame, enri. Self organizing map - COM). CnocoGHOCT MOEIOBama
HENTMHEapHHUX Be3a, Marha OCETJFMBOCT Ha YTHIIA] EKCTPEMHUX BPEIHOCTH U YCIIEIIHO MPOIECYHPAhE
W BU3yalH3allija BeNUKOr Opoja mapamerapa v peruinKa, YMHH OBY METOJIy OJroBapajyhoM 3a aHau3y
CTYKTYp€ 3ajeJJHHIIC XHPOHOMHJIA KPO3 MPOCTOPHE M BPEMEHCKE TpaldjeHTe. 3a MpPEeICTaBIbame
3ajeqHuIle pamMuiidje XMPOHOMHK/ A KOPUIITHEH je MHIEKC MMPOCEUYHE TAKCOHOMCKE pasauuurtocT (delta+
(A")), unja je rIaBHA MPETHOCT MOTIYHA HE3aBUCHOCT O] METOJA M yUeCTalOCTH Y30pKOBaHa, IITO
oMoryhaBa mprMeHy OBe MeTo/ie y mopeljemy cTyauja 0e3 mojaraka o TEMITy U HAUHHY Y30PKOBaky U
TUIY CTaHUIITA.

HcrpaxkuBame je crmpoBereHo y mepuomy on Maja 2010. mo mapra 2011. rogmne, kKama cy
Y30pKOBaHE JIapBe XUPOHOMHAA Ha 28 JoKamuTeTa paciopel)eHux Iy 9uTaBor ciuBa JyxHe Mopase.
TokoMm ucTpakmBama, o YKymHO 35.185 aHanmm3upaHUX jeAMHKHA, KOHCTaTOBAHO je MpHuCycTBO 111
TaKCOHa y OKBUPY 65 pozoBa, auctpubyupanux y 5 nordamunmja (Orthocladiinae (51), Chironominae
(38), Tanypodinae (17), Diamesinae (3) u Prodiamesinae (2)).

COM aHanm3a je, Ha OCHOBY CTPYKType 3ajeqHHIle XHpPOHOMHIA, (GOopMHpana TpU TpyIe
nokanutera Ha COM mpexu. AHanmn3a nHauKaTopcekux Bpera (IndVal) je mpencraBuna nHauKaTopeke
TaKCOHE 3a JIB€ Tpyle JokaimuTera. [IBajecer TakCcoHa je TOKa3alo 3HAYajHy BapujaOMIHOCT Yy
aOyHIaHTHOCTH y OJHOCY Ha BpeMeHcKe jenuuule (Mecene). Bpere us nmordamunuje Chironominae u
Tanypodinae, perucTpoBaHe TOKOM OBOTI' MCTPa’KHBamba, IMOKa3alle Cy BPEMEHCKY BapHjaOHIIHOCT ca
MAaKCUMAaJIHUM CPEABUM PAHTOM y jyay U asrycry (ocum Polypedilum convictum), npencrasmbajyhu
netbe hopme, gok cy Orthocladiinae u Diamesinae mpezcraBibaie 3uMcke GhopMe y OKBHPY TPyIe
xupoHomuaa. Ox 15 MepeHux cpeauHckux mapamerapa, one way ANOVA je mokazana ga ce 10
3Ha4ajHO pas3iukyje u3mel)y rpymna jgokanurera nepunucannx COM merozom. Hagmopcka BHucHHA je
MMalla Haj3HA4YajHHUjH YTHIA] Ha CTPYKTYPY 3ajemHHIlEe, U Takohe je yTHIlaga M Ha ocTaje CPeAWHCKE
napamerpe. Ha ocHOBY pe3ynrtaTa, 3uMa M Mepruoj] BACOKUX BOJA CY CE MOKA3alH Kao TIIaBHH H3BOPU
npupoHe BapujadbuiHocTd. Y 0Boj cryauju Bpete Cricotopus bicinctus, Cricotopus triannulatus agg.
u Rheocricotopus chalybeatus cy ce moka3ane ka0 MHIUKATOPU OpPraHCKOr 3arahema. TaKCOHOMCKH
WHJCKCH JHMBEpP3UTETa Cy Ha MOApy4Yjy cnuBa JykHe MopaBe METEKTOBAU 3HAYAjHYy MPOMEHY
CTPYKTYpE 3ajeJHUIIE Y BPEMEHCKOM IMEPUOIy O]l TPH JCICHHje. AHAIM30M TJIABHUX KOMITIOHEHTH,
(PCA) je mpukaszaHo IoCTOjam€e JIMHeapHe Bese delta+ u TpaauIMOHAIHMX HHIEKCA JUBEP3UTETA Ca
rpagujeHToM KBamutera Boge. COM merona, 3ajeqHo ca aHanm3oM kinacupuxanmone cuare (CS) u
RELATE TecToM, OTKpmJIa je &a HHBO pOAa HajTaYHH]e AlPOKCHMHUpa CTPYKTYpPY 3ajeaHHIC Ha
Hajeehoj moryhoj Takconomckoj pesonyuuju. BIOENV anamu3za je mokasaia ga TaKCOHOMCKa cKajia
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O BPCTE /IO pOJIa HE yTHYe Ha Be3y u3Mely CTpyKType 3ajeqHuIe U CpeAMHCKUX napamerapa. IndVal
aHaJIM3a je MPEICTaBUIIa MHNKATOPE KBAIUTETA BOJIC HA TAKCOHOMCKOM HHBOY pojia Koju 00e30ehyjy
CKOPO MCTY KOJUUHNHY HH(POPMAIHja Ka0 U BPCTE HHIAKATOPH.

PesynraTu Hamier ucTpakuBamwa Cy MpUKa3aiid KBAJIMTATUBHYA M KBAHTUTATUBHHU CACTaB 3ajeIHUIIC
XHPOHOMU/IA Ha opyyjy ciuBa JyxxHe MopaBe u neduHHCAIN MOJIEN IPOMEHE CTPYKTYpE 3ajeIHUulle
Ha IPOCTOPHOM U BPEMEHCKOM T'PajiijeHTy, ITO JOIPUHOCH OIIITEM NO3HABamky (ayHe U eKonoruje
aKBaTHYHMX HHCEKaTa ¥ Mpyxkajy aomaTHe wHpopmanuje o Ouoamsepsutery CpOuje, bankana u
EBpore. OTkprBame ri1aBHAX W3BOpa MPUPOJIHE BapHjaOUITHOCTH CTPYKTYpE 3ajeIHUIIE, IPUKAZHBALE
MOCTOjarka INHEapHe Be3e MHJIEKCca TUBEP3UTETa Ca CTENCHOM HAPYIIEHOCTH aKBaTHUYHMX €KOCHCTEMa
u onpehupame ,,JIOBOJbHE TAKCOHOMCKE PE30NYIMje 3HAYajHO JONPUHOCU IPUMEHU (haMuimje
Chironomidae y mpoIreHu eKOoJIOIKOr cTaTyca TeKyhix BoJeHuX eKocucTema.
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Larvae of Chironomidae family (Diptera, Insecta) in Southern Morava river basin and
their application in assessing the ecological status of lotic systems

Summary:

The widely distributed family of the Chironomidae presents the most diverse group of
macroinvertebrate fauna and they are the prime candidate for the ecological status assessment of the
lotic ecosystems. Due to the contradictory results in previous studies regarding comprehensiveness of
the group in bioassessment, it has been a commonplace to exclude chironomids from the monitoring
programs. This further stresses the need for more studies concerning spatio-temporal pattern of the
Chironomidae community.

The aim of the study was to analyze spatial and temporal variation in the chironomid community,
to investigate the importance of variations in environmental factors and their influence on the
community pattern, and to test the strength of potential community metrics and indicator taxa in
assessing the ecological status of lotic systems. Finally, we wanted to determine the sufficient
taxonomical level of the chironomid community, which could provide reliable information for the
bioassessment.

To present multidimensional structure of chironomid community and to pattern it with
environmental factors we used Kohonen unsupervised artificial neural networks (Self organizing map
— SOM). The ability to treat nonlinear relationships, less sensitivity to outliers, successful processing,
and visualization of large data sets, make this method suitable for the community structure analysis.
To describe the chironomid community, the average taxonomic distinctness (delta+) was used. Its
main advantage is that it is largely independent of sampling effort with the implication that it can be
directly compared across studies with unknown or different sampling efforts.

The field campaign was conducted from May 2010. to March 2011, when larvae were sampled at
28 sites distributed along the whole Southern Morava river basin. During the study, a total of 35.185
specimens were recorded, distributing over 5 subfamilies, 65 genera, and 111 taxa (Orthocladiinae
(51), Chironominae (38), Tanypodinae (17), Diamesinae (3) and Prodiamesinae (2)).

The SOM analysis of the chironomid community data produced three groups of sites. The
indicator species analysis (IndVal) presented indicator taxa for two groups of sites. Twenty taxa
according to Kruskal-Wallis test showed the most pronounced differences among the temporal units
(months). The species of Chironominae and Tanypodinae recorded during this research, which showed
temporal variability, had the highest values of Mean Rank in July and August (except Polypedilum
convictum), representing summer forms, while Orthocladiinae and Diamesinae represent the spring
forms. Out of 15 measured environmental parameters, one way ANOVA pointed out that 10
significantly differ between the groups. Elevation had the most important influence on the chironomid
community, also affecting other environmental parameters. According to our finding, the winter
season and the periods of high water level are the main sources of natural variability. In this study,
Cricotopus bicintcus, Cricotopus triannulatus agg and Rheocricotopus chalybeatus could be
considered indicators of organic pollution. The indices of taxonomic diversity detected substantial
changes of chironomide community structure over three decades. Principal component analysis (PCA)
revealed the linear relationship between diversity indices (delta+ and traditional diversity indices) and
water quality gradient. The SOM method, together with Classification strength (CS) analysis and the
RELATE test, revealed that the genus-level most accurately approximated the species-level
community pattern. BIO-ENV analyses presented the same set of important environmental parameters
at species- and genus-level. IndVal analysis showed that indicator genera provide information very
close to that gained from species indicators.

The results of this study present the qualitative and quantitative structure of chironomid
community as well as its changes along spatial and temporal gradients in lotic systems of Southern
Morava river basin. Furthermore, this study contributes to the general knowledge of fauna and ecology
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of aquatic insects, providing additional information about biodiversity of Serbia, Balkan Peninsula and
whole Europe. Revealing the main source of natural variability, defining the linear relationship
between diversity indices and the extent of anthropogenic influence and presenting the sufficient
taxonomic resolution of chironomid community lead to the implementation of this group in assessing
the ecological status of lotic ecosystems.
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CranHu mopacT WHAYCTpUjaTH3aIMje U arpapHOT pa3Boja, MOTOTOBO Yy 3eMJbaMa y
pa3Bojy, 3HAYajHO yTHYE Ha MOBPIIMHCKE BOJOTOKOBE M MPEICTaBJba TIJIABHY IPETHHY
OMOAMBEP3UTETY U MHTETPUTETY MPUPOTHUX EKOCHUCTEMHMa. MHOTe aKTUBHOCTH YOBEKa Ha
CTaHWIITAMA OoratuM BpcTamMa (Ha TpUMEp, BOJAOIUIABHE pEKE) €€ YeCTO 3aBpIIaBajy
(dparMeHTanjoM W CTBapalkeéM HOBHX CTAHMINTA, CHPOMAIIHUX BpcTrama (KaHau,
pesepBoapu). Ilocieauma oBHX mporeca je Aerpagandja CpeiuHe. 3a CIpedaBambe Jajbe
Jerpajanrje U peBUTAIM3ALM]y CTaHUINTA Koja cy Beh 3HauajHO M3MemeHa MOTPeOHO je
YCIIOCTaBUTH e(hUKACHO yIpaBJbamke BojaMa. OCHOBHU €IEMEHT yIPaBJbama, KOJH MPETXO0A1
nebuHucaky onaroBapajyhux Mepa 3amrtute, je MOHUTOPUHT. Ommtu 1k OKBHpHE
mupektuBe o Bojmama (WFD, enr. Water Frame Directive) je ynampeheme craryca
MOBPIIMHCKUX BOJA, IITO je uUMIepaTuB 3a cBe 3emsbe EBpome. Hamme, mpema WFD
WHIIYCTPUJCKH pa3BHjeHE 3eMJbe, Ka0 U OHE Yy pa3Bojy, y obaBe3u cy ma mo 2015. roaune
ycriocTaBe 1o0ap €KOJIOIIKH CTaTyC CBUX BOJHUX Tena. TepMHH ,,eKOJIOIKH CTaTyc ™ OIHcyje
CTPYKTYPY U (PYHKIIMOHHCAHE aKBATUYHOT €KOCHCTeMa, y3umajyhu y o03up XUIpOJIOIIKe,
MopdoJonike, QU3INYKE U XEMHUJCKE KapaKTEpPUCTUKE CTAaHUIITA, KA0 U KapaKTEPUCTHKE
o6uonomke 3ajeauuie. CrtynamweMm Ha cHary WFD, Guosiomiku eneMeHTH y MOHUTOPHUHTY BOJa
no0ujajy 3Ha4YajHUjEe MECTO. AKBaTHYHE 3ajeIHUIIC TPE/ICTaBJhajy MPBU €IEMEHT KOJU OMBa
nopemMeheH yciea KBaTUTAaTUBHUX Moaudukaiuja Mopdoiaomkux, GU3NIKUX U XEMHJCKHX
KapaKTepHUCTHKA MOBPIIMHCKUX BOJA, YMME j€ WIYCTPOBAH 3Ha4yaj OMOJIOMIKOT MOHUTOPHUHTA.
Opx cBuUX rpyna CIaTKOBOJHHMX OpraHM3aMma Kojeé C€ KOpPUCTE Y pa3MYUTHM MeTojJamMa
MPOIICHE KBaJIUTeTa BOJE, OEHTOCHE MaKpOWHBepTeOpare ce Hajuyemhe mpemnopydyjy.
EBporicka perynatuBa koja oOyxBaTa 3allTUTy BOJa Takole 3axTeBa Ja ce y MpolieHama
EKOJIOIIKOT CTaTyca peka, IMOpel OCTAIMX AaKBaTUYHHX Ipyla opraHu3aMa, yKJbYy4d U
3ajeIHAIIA MAKPOMHBEpTEOpaTa.

®amunuja Chironomidae npencraBiba NIMPOKO paCpPOCTPAEHY U Pa3HOBPCHY IPYITY
aKBaTUYHUX OeckuuMmemaka. [lopen mmpoke pacmpocTpameHOCTH BEIMKOT Opoja TaKcoHa,
OBy TypIy KapaKTepUIly U CTEHOBAJICHTHE BpCTE (CENEeKTUBHOCT y morieay (Hakropa
OKpY)K€Ha, a TOCIeAUYHO W y Torjeny cTaHuinTta). HaBegeHe kapakTepucTHKe M Ayra
Tpaaulivja y UCTPAKUBAKy YWHE JJApBEHE O00JIMKE XUPOHOMHUIA BaXKHOM IPYIIOM MHAUKATOpa
cTama cpeauHe. M mopen Tora, oBa rpyna HHje CacTaBHH /€0 PYTHHCKHX MOHUTOPUHT
mporpaMa 3eMajba, Kako y EBpomu, Tako W Ha octanuM KoHTHHeHTHMa. llltaBumie, y
Hay4HUM KpYroBHMa HE€ IMOCTOJU jJEAMHCTBEH cTaB O 3Haudajy (amumimje Chironomidae y

IMPpOLNCHU CKOJIOMKOI' CTaTyCa AaKBATHYHUX CKOCHUCTCMA. Cnoxena wu I[yTOTpajHa
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uaeHTUHUKaIMja, Madl Opoj CTpydmaka Koju ce 06aBu oBoM (amunmjom Diptera, kao u
BeJIMKA MPUPOJHA BApUjaOUIHOCT Cy INIaBHU PA3JIo3U UCKJbYUHBaka XMPOHOMUA U3 Tpolieca
OMOJIOIIKOI MOHUTOPUHra CTaTyca BOJEHUX €KOCHUCTeMa. XHUPOHOMHUIE Cy YEeCTO
3all0CTaBJbEHE YaK M Yy HUCTPAKHUBAYKOM paay, M3 HUCTUX pasjora. KOHTpagTuKTOPHOCT
pe3yirara nocrojehux cryamja o 3Ha4ajHOCTH XMPOHOMHKA Kao OMOMHAMKaTopa ymyhyje Ha
HEOIIXOJJHO CIIPOBONEHEe HCTpaXMBama CTPYKType M TUHAMHUKE OBE TpyIe, Kao M aHAIN3e
eeKTa TaKCOHOMCKE pe30iylHje Ha KOJMYHMHY HH(pOpMaIyja KOjy OBa TIpyna IMpyxa.
UctpaxkuBawa Te Bpcre he oMoryhutu nobujame HEONXOJHUX HMH(OpMaIMja U ONaKIIATH

npumeny ¢pamminje Chironomidae kao MHIUKaTOpa y pyTHHCKUM MOHUTOPHHT IIpOrpamMuMa.

1.1 2KuBoTHu nukiayc ¢pamuianje Chironomidae

3a pasymeBame ekojiordje Bpcta u umraBe (pammimje Chironomidae ueomxomHo je
MO3HAaBaTU MWUXOB KUBOTHU IuKiyc. @Pamminja Chironomidae mnpeacraBmba Tpymy
opranusama y okBupy mojapeaa Nematocera (pex Diptera). be3 003upa Ha Benmnko 60rarcTBo
Bpcra y okBupy damwmiuje (Ferrington, 2008), cBu mpencTaBHUIM OBe Ipyle NpUNanajy
X0JIOMETa00JHUM OpraHu3MuMa Ipoja3zehu Kpo3 cBe ctagujyme pasBuha (jaje, napBa myna u

amynt; Cruka 1.).

agynt HenatTuHoO3Ha
maca jaja
lctynawe &

IV ctynams .
napsanHor cragujyma

lll crynars

-:—% *—-@u cTynam

Cimuka 1. XXusotau nukinyc pamunmje Chironomidae (mpeysero uz Walker (1987)).
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[Tocnenmwa nBa craaujyma pasBuha Tpajy BeoMa KpaTko, JAOK TyXKHHA Tpajamba CTaujyma
jajeta u JapBe MIUPOKO Bapupa oJ BpPCTe 0 Bpcre. JKUBOTHU IUKIYC TMOYUELE CTAIAjyMOM
jajera, Kaja >KkeHKa aaylIT, HAKOH KOITyJaluje, MOoJaXe jaja y )KeIaTHHO3HU MaTPUKC U YTHUHE.
Yuras nporiec Tpaje ox 10 MmunyTa 10 jeqHor cara. JKenmaTHO3HA Maca jaja je 0OMYHO Be3aHa
3a crabuiaH cyrcrpar (kameme, rpame, jake Ousbke) (Nolte, 1993). OBo Huje ciyuaj ca
BpcTama notdamunmje Telmatogetoninae, duje )KeHKE TOJIAXY jaja MOjeIMHAYHO, a HE Y Macu
(Armitage et al., 1995). O6nuk >kenaTHHO3HE Mace TUIMYaH je 3a nmotdamuiuje rae je 3a:
Tanypodinae kapakTtepucTuuad rioOyaapan o6auk, Diamesinae xonuactu, Chironominii
(Chironominae) munmunapuunu, a Orthocladiinae nuHeapHu MM 0OJIMK OBAIHOT TakeTwha.
Koxa ocranux rpyna je 3abenekeHa Belnka BapHjaOWIIHOCT oOiuka (Ha mpumep, Tanytarsini
(Chironominae)). Kapakrepuctruna mMopdosioruja jajera, Koja Bapupa OJ BPCTE€ 10 BPCTE,
oMoryhaBa HJeHTU(HKAILIU]Y TakcoHa YaK ¥ Ha oBoM craaujymy (Nolte, 1993). Bpoj jaja mo
MacH Bapupa, Kako u3Mmelyy BpcTa, Tako u yHyTap me. Y HajseheM Opojy cimydajeBa, 6poj jaja
ce kpehe uzmely 20 u 30. [lIto ce Tnue O6poja KeTATHHOZHUX Maca, yOOU4ajeHo je Ja jenHa
»KCHKa TI0JIaKe caMo jeHY JKeIaTHHO3HY Macy jaja. Meljyrum, Nolte (1993) je npumeTro ma
*eHke Bpcte Pseudochironomus prasinatus mosaxy u 10 6 01BOjeHUX KEITATHHO3HUX MEPJIH.

Jaja ce oOmuHO TONAXyY y3 00ay, HA MECTHMa TJi¢ TIOCTOjU pa3BHjeHa BereTalvja.
HenocpenHo HaKkoH moJarama, JKEJIaTHHO3HA Maca HEKO BpeMe IUTyTa Ha IOBPIIWHH, Kaja
MOXe€E y JOTHYKUM CHCTeMHMa, HollleHa apudToMm, na npehe oapeheny mucranmy. Hakon tora
JKETAaTHHO3HU MaTpHKC abcopOyje Boay u maca jaja Tone Ha aHo (Vallenduuk & Pillot, 2007).
Croma pa3Buha OBOT CTaJujymMa je BUCOKO KOpeJMcaHa ca MPOMEHOM TeMIlepaTrype BOJe W
Tpaje y mpoceky ox 2.5 10 6 naHa. YCJIOBJBEHOCT TEMIEpaTypOM JOBOJM M 1O CTajujyma
MHpOBama, TJIe je KOJ HEKHX BpCTa 3a0elieKeHa IojaBa aujamay3e (Hmp. Tanytarsus
holochlorus; Vallenduuk & Pillot, 2007).

Cnenehu cramujym pasBuha je JapBaiHH, Y KOjeM jeIUHKE T00Hjajy MOpPQOJIOIIKe
KapaKTePUCTUKE THUIIMYHE 3a TIpeACTaBHUKE HeMaropiepHux Diptera (HepeTpakTHUIHA
TJIaBeHa 4Yaypa, pa3BUjeHe MaHAuOylne Koje ce Kpehy caMo y XOpHU30HTalIHO] paBHU U
U3IY)KEHO CETMEHTHUCAHO TeJlo 0e3 TopakalHuX ekcrpemutera). C Ipyre cTpaHe, MPUCYCTBO
JOKHUX HOXKHIIA, HA MPBOM TOPAKATHOM U TOCICIHEM a0JOMHUHAIHOM CETMEHTY, Kao |
1ojaBa MpoIepKa ca alMKATHOM I'PYIIOM YEKHa, U3JIBajajy JIapBe XUPOHOMHUIA OJI OCTAIHUX
npencraBHuka Nematocera (Armitage et al., 1995). MeHTyM, BEHTpPOMEHTAIHE ILIOYE,
MaHauOyne, mpeMaHauOyiae W aHTeHE Cy CTPYKType KOje ce Hajla3e Ha CKICPOTH30BaHO]

IJIABEHO] Yaypu M TPeACTaBbajy IJIaBHE MOP(OJIOIIKE KapaKTepUCTHKE Ha KOjUMa Cy
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3acHoBaHM CBU wuiacHTH(uKaimonun kipydeBu (Wiederholm, 1983; Moller Pillot, 1984a;
Moller Pillot, 1984b; Schmid, 1993; Vallenduuk & Moller Pillot, 2007; Moller Pillot, 2009).
W3 jajera ce pa3Bujajy JapBe Koje Cy Ha MPBOM, OJ1 YETUPH CTyIba pa3Buha. C 003upom ja ce
npBu crynask Jape (larvulae) mopdoromku OWTHO pas3nuKyje OJ] KaCHUJUX CTYIIEHEBa
JapBaJHOT CTaaMjyma, uiaeHTH(uKanuja 10 HMBOA Bpcre HUje Moryha. Ha oBoM crymmy
nmapee, MehyruMm, Beh mocenyjy KapakTepuCTUYaH OOJWK TJIABE W TIOJIOKA] OYHjy KOjU
omoryhaBa WUXOBY WAECHTH(HKANK]y 1O HHBOA MOTGaMuivje. JEIUHKE y OBOM MHEPUOIY
UMajy ayre abJJOMUHATHE YEKUIb€ M YMHE KApPaKTEPUCTUUYHE MOKPETE y OOJIIMKY OCMHIIA, Y3
MOKa3MBambhe MO3UTUBHE (DOTOTAKCH]jE, IITO MPEICTaB/ba KapaKTEPUCTHKE OUTHE 3a HUXOBY
mucriep3ujy u ogabup cranummra (Vallenduuk & Pillot, 2007). Ha moueTky mpBOr CTyIliba,
JOK Cy y CI00OJHO] BOJM, WHIMBHIYE CE€ XpaHe CUTHHM 4YecTHIlama aerpuryca. M mopen
KapaKTepUCTHUKa KOje UM oMoryhaBajy KpeTame, UCTep3Hja JIapBU MPBOT CTYIHA j€ BEIIUKUM
JISJIOM TIPEMyIITeHa BOJEHO] CTPYjH MO TPEHYTKa [OK JeJUHKA HE JOTaKHE TOJIOTY
(Armitage et al., 1995). JlyxuHa Tpajama OpBOT CTyMba ce kpehe n3mel)y 2 u 8 nana, mok ce
10JT HEMOBOJAHUM YCJIOBHMMa TpoAykaBa W 1o 14 mana. Jlapse apyror crtymma pas3Buha
Moryhe je naeHTH(UKOBATH, C 003UPOM J1a TIOCEY]y CKOPO CBE MOP(QOJIONIKE U ayTEKOJIOIIKE
KapakTepe Koju cy cnenuduuam 3a BpcTy. MophOMETpPHjCKH OIHOCH APYror JapBEHOT
CTYIhA CE UMAK Pa3NIMKYjy O] OHUX Ha TpeheM M YeTBPTOM CTYIEY, IITO UACHTH(PHKAIIMOHE
KJbyueBe KOjU KOpHCTE Kapakrepe Tor tuma unuu Heepurkacaum (Vallenduuk & Pillot, 2007,
Orendt & Spies, 2012). Mopdosoiku KapakTepu, OUTHH 3a HACHTH(GHUKALN]Y, Y TOTITYHOCTH
Cy pa3BHjeHH TeK Ha TpeheM u 4eTBpTOM cTymmy. OcTayie KapaKepuCTUKe, MOMYT KOJTHYUHE
XeMOTJIOOMHa W 000jeHOCTH Tela, MOCTENEeHO IOCTajy CBE MHTE3MBHH]E, KAKO C€ JeIUHKE
NMpUOJIMKaBajy YETBPTOM CTyIBY pasBuha. Croma pacta y OBOM CTaaujyMm pa3Buha y
HajBehem cremeny 3aBucH o Temreparype u gocrynHoctd xpane (Vallenduuk & Moller
Pillot, 2007). CurypHo je ma u octanu (akropu (Ha mpuMep, KOHIEHTpalKja Kuceonuka, pH
u (oToneproau3aM) 3Ha4ajHO YTUUY Ha pacT u pa3Buhe, MehyTum, Manu je 6poj cTyauja Koje
cy Tectupaie e)eKTe BUXOBOT yTHUIIA]ja.

[Ipu kpajy 4eTBpTOr CTyIa, KajJa ce jeAUHKE Halaze y Melyctaaujymy Koju ce
Ha3WBa MpeIyma, J0Ja3u J0 3ajc0baBamba TOPAKATHOT U a0IOMHHAIHOT Jiesia Teja. Y Oop30
HaKOH TOTa jeJMHKa Mpejasd y KpaTak cTaaujyM myme (o] /JBa caTa 10 HEKOJHKO JaHa)
nponazehu kpo3 HU3 MOP(OJIOIIKUX TPOMEHA Ha IMYTY MeTaMop(o3€e A0 KOHAUYHOT aTyJITHOT
cragujyma (Vallenduuk & Moller Pillot, 2007). Jeaunke, Ha cramujymy myrme cy y OOJIHKY

3aneTe U UMajy yBehan medanoropakc koju je mop3oBeHTpaiiHO crubomTeH (Armitage et al.,
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1995). 3a oBaj cTaagMjyM je KapaKTEPUCTUYHO Ja jeIMHKEe Mehajy apuHUTETE MpemMa Cpe/IuHH,
IITO 3a MOCJEIUILY MMa U IpoMeHy MuKpocTanuinTa. Ha npumep, Chironomus plumosus nma
Behe 3axTeBe 3a KHCEOHHKOM Ha CTaJUjyMy Iyle Yy OJHOCHY Ha JiapBaiaHu cTanujym. Hakon
u3JeTama 13 BoJie (EKI031je), aayiITh Ce He XpaHe U xuBe kpahe ox jeanor nana (Vallenduuk
& Moller Pillot, 2007).

C o03upoM 1a TemmepaTypa MpeacTaBiba jeJaH OJ IJIABHUX MapaMeTrapa KOju yTHUe
Ha Op3uHY pacta W pa3Buha, oBaj (hakTOp JAeTepMUHUIIE OpOj reHepanuja 1Mo roauHu. bpoj
reHepanuja Bapupa, Kako u3Mely pa3InuuTHX BPCTa, TAKO U Y OKBUPY HCTE BpCTEe. AHATU30M
Beher Opoja cryauja, Tokeshi (1995) je morrao 10 3akibyuka jaa Hajsehu Opoj BpcTa peanusyje
JenHy WIH JB€ TeHepalije TOKOM ToauHe. BpcTe ca Tpu W BHIIE TeHepalvja, yriiaBHOM,
npunazaajy notdamunuju Orthocladiinae, mokx cy Chironominae, y najsehem 6pojy ciyuajesa,
OKapaKTepucaHe BpCTaMa ca jeJJHOM IeHepallijoM TOKoM rojuHe. bpoj rerepaiuja mnokasyje
oapeheHy MpaBUITHOCT M AYX IMPOCTOPHOT W BPEMEHCKOT TpaaujeHTa. Jlecerak crtymuja je
MOKa3ajio 3aBHCHOCT Opoja TreHepamuja oj Treorpadcke MIMPUHE, MPHUKA3aBIIUM HUXOBY
neratuBHy kopenaucanoct (Tokeshi, 1995). [Topex Tora, MpUCYCTBO FOAUINLUX (DIyKTyarmja
y TeMIepaTrypH, JOBOJAM U J0 MpPOMeHe Opoja TeHepanuja y OKBUPY ucTe BpcTe (Jankovié,
1971).

Kana nHacTymne HenmoBOJbHM YCIOBH, KO TipencTtaBHuka ¢amunuje Chironomidae je Ha
CTaaHjyMy jajeTa, JIapBe | IyIe 3a0enekena mojasa aujamayse (Grodhaus, 1980). Bpcre koje
HaceJbaBajy OOpesiaHu PEeruoH, Mope.l aujanayse, Kajua JiapBe APACTUYHO CMamkby]y UHTE3UTET
ucxpaHe, Takohe popmMupajy ¥ KOKOHE, KaKO OM MPEKHUBETe eKCTPEMHO HUCKE TeMIIepaType
(Danks, 1971). CynmpoTHO TOME, TOKOM JIETEHX MECEIH, Yy TPOICKHM H CYOTPOIICKHM
pErMoHKMMa, TIOjeIMHE BPCTE Y CTalby €CTUBAIUje TPEXKHUBIbABAjy Iyre U CyliHe nepuone. Uy

OBOM CJIy4dajy je 3abesekeHa mojaBa KOKOHA, Kao JIOJAaTHE 3alITHTE O]l HEMOBOJbHUX YCIIOBA

(Grodhaus, 1980).
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1.2 Ilpoctopua wu BpeMeHcka aucTpuOynuja Japsu damuianje

Chironomidae y sjoTuukum cucreMuma

[To3HaBame MPOCTOPHE U BPEMEHCKE AMCTPUOYIMjEe 3ajeHHIIC je TIaBHU IPETyCIIOB
3a YKJbyUMBamkE€ MaKpoOMHBEpTeOpara y MeETOJe MpPOIEHE EKOJOMIKOT CTaryca JOTHYKHX
cucrema (Park et al., 2003). Bpojuu ayropu cy HariamraBajid 3Hadaj yTHIlaja MPOCTOPHE U
BPEMEHCKE XETEpOTreHOCTH Ha AuHamMuKy nomynanuja (Lencioni & Rossaro, 2005). Onmabup
CTaHWINTA AaKBaTMYHMX WHCEKaTa HEKe BPCTE€ 3aBUCH HCKJBYYMBO OJf KOMOWHAIM]e
a0MOTHYKUX U OMOTHYKUX (haKTOpa KOjU MEPMAHEHTHO JeNyjy Ha jeauHke Te Bpcre. OBa
TBpAa, Takol)e Baxku u 3a jmapse pamunuje Chironomidae, kao jeaHe o1 HajIOMUHAHTHHJUX
rpymna akBaTHYHHX MakpowHBepTteOpaTta (Rosenberg, 1993). IlpoMene y OKBUpPY CTPYKType
¢damunmje Mory 00jaCHUTH MOCJIEIUIE KOjeé aHTPOIOreHe aKTHBHOCTH HMMajy Ha JIOTUYKE
cucreme (Armitage et al., 1995). ITopen Tora, 3ajeaHuIIa TPUPOIHO MEHA CBOjy CTPYKTYPY
TyX IPOCTOPHHUX M BPEMEHCKUX rpaaujeHata. [Ipumiukom Gopmynrcama MeToae OHOTpoIieHe
AKBaTMYHHX €KOCHUCTEMA jé HEOIXOJHO Je(UHHCATH MPUPOJHY BapHjaOMIIHOCT CTYKTYpe H
Pa3IMKOBATH j€ OJ1 BapHjaOMIIHOCTH M3a3BaHE aHTPOTIOTEHUM MTPOMEHaMa.

VY mouerky, Behu Opoj cTyamja Koje Cy mpoydaBaje AUHAMUKY JIapBU (pamuinje
XHpOHOMHIA Cy Omie ycpeacpehene Ha 3ajeanmiie y JieHTHukuM cuctemuma (Rosenberg,
1992; Lindegaard et al., 1995). Ca mpyre crpane, cTyauje Koje Cy ce OaBWiIe aHAIM30M
3ajeIHUIIE Y JIOTHYKUM CHCTEMHUMa, pa3MaTpaie cy, YriIaBHOM, BUCOKOIUIAHWHCKE, OOpeaHe,
MeauTepaHcke u Tporicke pernone (Lencioni & Rossaro, 2005; Helson et al., 2006; Calle-
Martinez & Casas, 2009; Punti et al., 2009). Pe3ynratu cryauja y CBUM HCTpaKHMBaHUM
obnacTuMa Cy MOKa3aliHM TOCTOjarheé KaKo MPOCTOPHE, TaKO W BPEMEHCKE MPABUIIHOCTH Yy
pacrpoctpamemny napu (amuanje Chironomidae. Rossaro et al. (2005) cy tBpauiau na je
CTpyKTypa Tpyle XUPOHOMHIA Yy peKaMa T0J CHaKHHUM YTHIajeM BpPEMEHCKE
BapujabunHocTu. McTo cy mokazanu u pe3ynraTu aHaiuse Kojy cy crposenu Kerans & Karr
(1994). BapujabuiHocT y penatuBHoj OpojHocTr damunuje Chironomidae, koja ce jaBipana
u3Mel)y IIBe y3acTONHE TOJMHE, je NMpeMalliuBaja BaphjaOWIIHOCT W3a3BaHy pa3jiuKaMa y
KBAJIUTETy CTaHMIITA. 300T Tora Cy ayTopu Owin npuHyheHH Ja OBY METPHUKY OCOOHMHY
(penatuBHA OPOJHOCT XMPOHOMHM/A) MCKIJbYUe M3 MyITHMeTpuukor uHaekca (Benthic Index
of Biotic Integrity). Ocum mpomeHa y KBaHTHTaTHBHOM cactaBy, Lenat (1983) je youwo
CE30HCKE NPOMEHE M Yy KBAIUTAaTHBHO] CTPYKTYpPH 3ajeJHMIE, perucrpyjyhu 3HauajHe
pasiuKe y JUBEP3UTETY BPCTa TOKOM pasnuuuTuX ce3oHa. Raunio et al. (2007) y cBojoj

CTyOMju TIpHKa3zyje Opoj BpcTa MO ce3oHamMa y OopeallHOM peruoHy, ca HajHIKUM
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BpenHocTUMa y mposiehe, Koje MOTOM pacTy, JOCTHXKY MaKCHMYM IOYETKOM JIeTa U TIOHOBO,
pU Kpajy JeTHE Ce30He mouMmy naa omanajy. CymporHo Tome, Rossaro et al. (2006),
npukasyje Hajsehu AMBEP3UTET BPCTA Yy AINCKUM JIOTUYKUM CHUCTEMHUMa TOKOM 3HUMCKHX
meceru. Lllto ce Tmue MemuTepaHCKe OONAacTH, W Ty je 3a0elieKeHa jacHa pasziuka u3mehy
KBJIUTATUBHOT M KBAHTUTATHBHOT CacTaBa XUPOHOMHUAA TOKOM mposieha u siera (Punti et al.,
2009). Ipwinkom u3pajie U MPUIPEME BPEMEHCKOT IIJIaHa Mporpama OHOIMPOIICHE KBAJIUTETA
BOJIC HEOIXOJHO je y3eTH y 003Hp 3HauajHe NMPOMEHE CTPYKType 3ajeHUIIe XUPOHOMHJIA
TOKOM Ce30Ha. Y CYyINpOTHOM, CHaXHA BapWjaOWIHOCT 3ajeHHIE, KOja Ce€ jaBjba Ha
BPEMEHCKO] CKaJIM, MOJK€ HaJjayaTd TIPOMEHE U3a3BaHE AaHTPOTNOTEHUM YTUIIAjeM.
[IpunarohaBame ydecTaqoCcTH U BpeMEHa MPUKYIJbakba MaTepHjajia jefaH je OJi HauhHa
NpeBa3ujaxkema MmpodieMa MmocTojamka 3HayajHe MPUPOJIHE BapHjaOUITHOCTH Y NPUMEHEHUM
uctpaxuamuma. OBaKkaB MPUCTYI YMamkemha yTHIja BapHjaOMITHOCTH Tpeuiaxy Raunio &
Muotka (2005) u obGjammaBajy ga ce Ay:K IpaadjeHTa HaAMOPCKE BHCHHE MCHAjy M JAPYrH
KJIMMAaTCKU MapaMeTpu. BpXyHal[ ekio3uje JapBu BPEMEHCKH C€ pa3iiiKyje Ha pa3IHduTHM
HA/IMOPCKUM BHUCHHAaMa, YIIPaBo ycie IPOMeHe KIMMAaTCKuX (hakropa.

[Topen ce3oHCKe BapHjaOMITHOCTH, 3ajeHHIIA XHPOHOMHUA MEHa C€ U YK PEYHOT
koutuayyma (Ward & Williams, 1986; Lindegaard et al., 1995). I'maBuu dakrop, Koju
YCIIOBJbaBa MPOMEHY W OCTAIHMX CPEAWHCKUX IapaMerapa YK pPEYHOT KOHTHHyyMa (Ha
nmpuMep, TpaHyJIOMETpHja IOJyIore, TeMmIlepaTypa BOJe, HaruO TepeHa, Op3wHa BOAEC U
MPUPOJHU CaAprKa] HyTpHjeHaTa) je HaaMopcKa BUCHHA. [IpoMeHe y CTYpKTypu 3ajeqHHIe
XHPOHOMHMJIA TIpaTe TPaJMjeHT HAIMOPCKE BHCHHE, 300T yera ce KiacuduKkanuje CTaHUINTA
3aCHOBaHE Ha OMOJIOIIKKMM U abHOTHYKUM mapamerpuMa moknanajy (Calle-Martinez & Casas,
2009). UcrpakuBaun Punti et al. (2009) y cTyauju XMpOHOMHAA Iy PEUHOT TI'PAJAMjCHTA,
aHanu3upajyhu CTpyKTypy 3ajeHUIIe, U3ABOJUIIA Cy TPH I'pyIe JOKAIUTETa KOje Cy Ce jacHO
pa3MKoBaje y OJHOCY Ha Kiace (pacroHe) HaJAMOpPCKUMX BHCHHA. HaBemeHW pesynraTu
yKa3yjy Ha 3Ha4yaj HaJIMOPCKe BUCHHE Kao (pakTopa pacipocTpamemna 0Be TpyIe OpraHu3ama.

Ha ocHOBY nocamgammuX HCTpaKMBama, MOXKE c€ JohM 10 3ak/bydka Ja Hema
JOBOJbHO HMH(GOpMAIMja O MPOCTOPHO] UM BPEMEHCKOj IUCTpUOyLUju JapBu (amunuje
XAPOHOMHJIA Ha TOJPYy4jy ymMepeHux peruoHa. C 003upoM Ja je MpUpoHA MPOMEHIBHBOCT
3ajeTHUIIE jeaH OJ] OCHOBHUX pa3liora CKJbYUHBama OBE BEJIMKE rpyle MaKpOUHBEpTeOpaTa
u3 BehrHe cTaHAapAHUX METOJa MPOIIeHe KBaTuTeTa BoJe, MOTPeOHO je Bulile nHpopmaiuja

O CTPYKTYpH 3ajeIHUIIE U HEHO] AUHAMUIIM YK IPOCTOPHOT U BPEMEHCKOT TpajiijeHTa.
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1.3 VYrTumaj cpeaMHCKHX mapaMerapa Ha CTPYKTYpy damuianje

Chironomidae

[IpomeHe cTpykType 3ajeqHHIle MaKpoOWHBEpTeOpaTa pe3yiTraT Cy Bapupama Kako
cpenuHcKuX (hakTopa, TaKo W MHTE3uTeTa aHTpororeHor yrumaja (Townsend et al., 1983).
[Ipema Tome, onpehuBame KbYYHUX (aKTOpa U FHHXOB CTENEH yTUIAja HAa CTPYKTYpPY
3ajeJHUIIC MaKpOWHBETEOpaTa, MPeACTaBiba JOIll jeAHYy HHPOpMaIujy OUTHY 3a jaeuHHCcamke
epukacHUX mponenypa omomonutopurra Boja. [locrojame jacHe Beze m3mely cpemmHCKHX
rpajujeHara U CTPYKType 3ajeHHIle oMoryhaBa mpumnpemMy NpeIUKTHBHHX MOJeNa, Kao U
epuKacHy TpOIeHY OMOAMBEP3UTETa XHUPOHOMHIA M CTPYKTYpE 3ajeJHUIE y aKBATUIHUM
exocucremrma perrona (Raunio et al., 2011). Jlocapamime crynuje pazmarpaie Cy BEIUYUHY
U CTpyKTypy cranmmTa, pH BpemHoct u mapamerpe opraHckor omnrepehema Kao
Haj3Ha4yajHUje MapameTpe KOju YTUUYy Ha KBaJIUTATUBHU M KBAHTUTATUBHU CACTaB 3ajeIHULIE
makpounBepredpara (Raunio et al., 2011). V ciydajy napBu XHpOHOMH/IA, TIOKA3aI0 Ce, Ha
OCHOBY aHAJIM3€ PA3TUIATUX KOMOWHANM]ja KIJbYYHUX TapameTapa Ha pa3InIuTUM TUTIOBHMA
CTaHMILITA, Ja Cy Haj3HA4YajHUjU (PaKTOPH KOjU yTHUUY Ha AUCTPHOYIIHMjy OBE Ipyle HaaMOpCcKa
BHCHHA W TeMmriepaTypHu pexkum. OBa nBa (akTopa OOJHKY]y CTPYKTYPY XUPOHOMHUIA Y
akBaTHUYHUM ekocructemuMa (Rossaro, 1991; Punti et al., 2009). Melyrum, Punti et al. (2009)
M3HOCE J1a TTOBE3aHOCT CPEIWHCKHX Iapamerapa ca OHWOJIOIMIKMM ToJaluMa HHUje 3HayajHa,
[IPH YeMyY CPEIUHCKH TTapaMeTpH, a Priori 03HaueHu Kao ,,K/bYYHH ", 00jalllibaBajy MamH €0
BapujaOMITHOCTH  CTPYKType  3ajeqHulle  XUpOHOMHIa. Pesynratu  oBe  cryamje
KOHTPAJMKTOPHHU Cy ca OCTaJINM CazHamkUMa, HITO MOKa3yje KOJIMKO Pe3yJITaTH UCTPaKUBamba
3aBHCE O] IPUMEH-CHE METO/I0JIOTH]E pajia.

[Tapametpu cpenuHe, Ha 4yuje IPOMEHE YTHYE YOBEK M KOJU HHAMKY]Y MPHCYCTBO
opranckor 3araljema y aKBaTHUHUM CHUCTEMHMa, OUTHO yTUYy Ha KBAJIUTATUBHE U
KBaHTUTATUBHE TIPOMEHE YHyTap 3ajeaHuile xupoHomuna. l[loTBpheHo je ma wusMeHe
KOHLIEHTpalyje amoHHjaka u Qocdara, ka0 U Bapupame eIeKTPONPOBOIJBUBOCTH U
nerojaHeBHe Owosomike norpoimke kuceoHuka (BITKS), mMory OWTHO yTHIlaTH Ha cacTaB
3ajeqHUIle XUPOHOMHMJA, INTO HAE Yy MPHIOT TBPAHBU Ja Cy XUPOHOMHJAE TMOYy3JIaHU

uHauKatopu opranckor 3araljema (Wilson, 1992; Calle-Martinez & Casas, 2009).
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1.4 TnBep3utet pamuauje Chironomidae

HIupoko pacrpocTpamena (amMuidja XMpPOHOMHUIA TPEACTaBba IPyly ca HajBehum
JMBEP3UTETOM M 4eCTO HajBehoM T'yCTMHOM 3ajeqHHIIe y OKBHpY Makpo3oOentoca (Marziali
et al., 2010). I'moGamuu muBep3uter ¢amuauje Chironomidae je mpeacraBiben ca 11
nothammwmja u 22 TpuOyca, y OKBHPY KOjuX je aumctpubympano 339 pomoBa m 4147
onucanux Bpcra (Ferrington, 2008) (Ta6ena 1., Cauka 2.). Ha ocHoBy monmatka u3 Fauna
Europaea (http://www.faunaeur.org), y Espomnu je mo cama 3abenexeno 1258 pasnuuutux
BpcTa cBpcraHux y 8 mnordgamunuja (Buchonomyiinae, Chironominae, Diamesinae,
Orthocladiinae, Podonominae, Prodiamesinae, Tanypodinae u Telmatogetoninae). Osako
BHCOK JIMBEP3UTET Yy CJATKOBOJAHWM E€KOCHCTEMHMa OMOTYhHo je XHpOHOMHAaMa Ja
OKYIHPA]y HMIUPOK OICET €KOJOMIKUX HUIIA, ca Pa3IMYUTUM BpCTama, Koje uMajy JApyraduje

exoJomke abpuHUTETE, YKIBbYydyjyhn u pasnmuumre HaunHe ucxpane (Bazzanti et al., 1997,
Franquet, 1999; Bazzanti, 2000).
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Tabena 1. [Tordpamunuje u Tpudycu pamunuje Chironomidae (Ferrington, 2008). *TpuGycu
HakHagHO nonatu (Moller Pillot, ntmuna komyHUKanuja).

Hordpamuimja Tpudyc
Telmatogetoninae

Usambaromyiinae

Aphroteniinae

Chilenomyiinae

Podonominae

Boreochlini
Podonomini
Tanypodinae
Anatopynyiini
Coelopuiini
Coelotanypodini
Macropelopiini
Natarsiini
Pentaneurini
Procladiini
Tanypodini
Buchonomyiinae
Diamesinae
Boreoheptagyiini
Diamesini
Harrisonini
Heptagyiini
Lobodiamesini
Protanypodini
Prodiamesinae
Orthocladiinae
Corynoneurini
*Eurycnemini
*Cardiocladiini
Metriocnemini
Orthocladiini
Chironominae
Chironomini
Pseudochironomini
Tanytarsini
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Wupexkcn nuBep3urera KOMOHMHYjy uH(pOpMaiuje o Opojy NMPHUCYTHHX TaKCOHA H
CTEICHY YjeIHaYeHOCTH AUCTPUOYyIHje jeAuHKH 1Mo Bpcrama. MMajyhu y Buay teopujy na ce
HEHapYIIICHE 3ajeIHUIIC KapaKTEePHIIy BETMKAM OOTaTCTBOM BPCTA, Y KOjUMa HUJjEaH TaAKCOH
HE JOMHUHHpA 1O OpojHOIIhy, MHACKCH JUBEP3UTETa Cy y IIMPOKO] NMPUMEHH Y METOoJaMa
MPOILIEHE EKOJIOLIKOT cTaryca akBaTuuHux cucrema (Jones, 2008). C 063upoM Ja XUpOHOMHU/IE
MoKa3yjy Hajehn muBep3uTET y OKBHUPY 3ajeHHIIC MaKpOWHBEpTeOpara, OueKyje ce /1a oBa
rpyna Oyae MMPOKO y yIHoTpeOW y MerojamMa Koje KOPUCTE TPaTUIMOHAIHE HHIEKCE
JIMBEp3UTETa 3a MPOIICHY CTENCHAa HApYIICHOCTH BOJCHUX craHuimTa. Mehytum, To HUje
Cly4aj y TpaKcH, Tlie Cy XHPOHOMHJE, YIJIaBHOM, MCKJbYYCHE M3 CKOPO CBHUX HIMPOKO
npuMemuBanux meroga (Raunio et al, 2007). Cmarpa ce ma ymorpeba XMpOHOMHAA Y
OMOMOHUTOPHHTY JIOTHYKUX CHCTEMa HE MOJKe Jla MPYXKH JIoJaTHe HH(OpMaIrje y OJHOCY Ha
CHUCTEM TJile¢ C€ KOpHUCTEe JApyre rpyne MakKpoOecKMUMemaka, 4ydja je MpUMEHa JalieKo
jennocraBHuja. Ta mpernocraBka ce, mel)yTuM, mokaszana kao HeTa4yHa, 300T OJCYCTBA WK
NPUWINYHO  cllabe  KopeJalyje pa3HOBPCHOCTH  XMPOHOMHUZA W OCTaIuX TIpyna
makpounBepredpara (Heino et al., 2009; Heino, 2010). C apyre cTpaHe, Kao ¥ KOJ OCTaIHMX
rpyna, TAKCOHOMCKH U (DYHKIIMOHAIHU TUBEP3UTET XUPOHOMUJIA Y JIOTUYKAM CHCTEMHUMA je
3HaYajHO MOJ yTUIlajeM HUBoA cpeauHcke nerpanaije (Koperski, 2009). Ha ocHoBy Tora ce
MOJKE 3aKJbYYHTH Jla JUBEP3UTET XUPOHOMHUAA (MHACKCH JWBEP3UTETA) MOXKE MPYKUTH
Jo1aTHEe WHQOpMaIIMje Y BE3HW ca KBAJUTETOM CTaHUINTA, KOje HHCY JOCTYIHE y oOpaciuma
JTUBEP3UTETa OcTanux rpymna. To 6u, Takohe, moehano moy3nanoct Beh nocrojehux metona y

IIPOIICHH E€KOJIOIIKOT HHTEIPUTETA akBaTHUHUX ekocrcrema (Diggins & Stewart, 1998).
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155/ 29

- 9/6

Camka 2. [InmoGamna auctpuOymmja auBep3utera ¢amunuje Chironomidae 1o
3ooreorpadckuM peruoHuma (Opoj Bpcra/Opoj poaoBa). CkpaheHuile o3HadaBajy WMEHa
3ooreorpadckux peruona (PA - Tlameapktuk, NA - Heapkrtuk, NT - Heorpomcku, AT -
Adpotporicku, OL - Opwujentanau, AU — Aycrpamjcku, PAC - Tlamupuuxku, ANT -
Awnrapkruukn) (mpeysero u3 Ferrington (2008)).

1.5 Ilpumena ¢pamunauje Chironomidae y MeTogama 6uonpoueHe

3a mpoIeHy CTama EKOJIOMIKOT CTaTyca aKBaTUYHHX eKocucTema, mpema OKBHPHO]
mupektuBr 0 Bogama (WFD) HeonxomHO je yKJbydUTH OMOTHYKY KOMIIOHEHTY. 3ajeHHIla
MakpOWHBEpTeOpara, TaKCOHOMCKAa KOMIIO3HIMja, TYCTHHA, OJHOC TOJIEPAaHTHHX U
HETOJICPAaHTHUX TaKCOHA, Kao W Behu Opoj Apyrux mapamerapa 3ajemHuile, 00aBe3aH Cy €0
OIICHE EKOJIOIIKOT cTaTyca. Y BE3W ca TUM, MYJITUBAPHUjaHTHU M MYJITHUMETPUYKH WHICKCU
MPEJCTaBJbajy HMHTETPATHBHY METOJOJOTH]Yy Y TPOIECY IMPOICHE EKOJOMIKOr CTaryca
BOJICHUX TEJIa UCTOBPEMEHO YKJbYUuyjyhu pa3sinyuTe acleKTe CTamba aKBaTHYHHUX 3ajeHUIA
(Hering et al., 2006).

JlapBe XupoHOMHAA WTrpajy TJIaBHY YJIOTY Y YKJbY4YHMBaWmy JETpPUTyca y Tpoliece
pEeIUKINpaka ayTOXTOHE W aJOXTOHE OpPraHCKe MaTepuje y aKkBaTUYHHM EKOCHCTeMHMa

(Hirabayashi & Wotton, 1998; Jones & Grey, 2004). Ha ocHOBYy TOora XHpOHOMHUIE Y
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JOTUYKUM CHUCTEMHMa MMajy 3Ha4YajHy yJOTYy y KpYKElhy MaTepHuje U MPOTULaky €HEpruje,
yuHehn Tako OuTaH jaeo jaHana ucxpane (Armitage et al., 1995). Kao 3nauajHa kapuka
(YHKIMOHATHOCTH €KOCHUCTEMa, XUPOHOMHUJIE NPE/AICTaBJbajy IJIaBHE KaHAMJATE 3a MPOLEHY
SKOJIOIIKOT CTaTyca JIOTUYKUX CHUCTEMa, KOJU TpYXkajy WH(POpMaNHje O KBAIUTETY BOJC
TOKOM JIyXET BPEMEHCKOT TIepHoaa, kKao W HuHpopmamuje o epeKTHMa NPUPOIHUX U
aHTPOTIOTEHUX TMporeca. M mopen Tora, y HaydHHM W CTPYYHHM KPYrOBHMa IIOCTOjE
MOJIEJhbeHH CTABOBU O YKJbYUMBABy XHPOHOMHJA Y MpOrpaMe OMOMpOLeHEe KOjU JETEKTY)y
Hajuenrhe cTpecope Kao MITO Cy: Oprancko 3araheme, anumudukanuja u MopdoonKa
Jerpajanyja cTaHuiTa. TpeHyTHO CTame je TakBo ja y BehumHu metonaa, koje cy Beh y
yIIOTpeOr y MHOTUM MOHHUTOPHHT MPOTpaMuMa Pa3IndUTHX 3eMalba, JapBe XHUPOHOMHA CY
WIM 3aHeMapeHe, WM yKJby4eHe Ha HHCKO] TakcoHOMcKoj pezonyuuju (Hilsenhoff, 1982;
Armitage et al., 1983; Pauw & Vanhooren, 1983; Metcalfe, 1989; Wright et al., 1998).
[Tocroju, MmehyTrm, HEKOTUKO WHJIEKCA KOJU KOPUCTE XUPOHOMHJIE HA HUBOY BPCTE WJIH PO/Ia,
yKJbYy4yjylin MX y pauyHawme (HHAITHOT CKopa kBamutera cranuira: River Oligochaeta-
Chironomidae Index (Paasavirta, 1990), ECO (Verdonschot, 1990), BNBI (Simi¢ & Simi¢,
1999) u canpo6uu unaexcu (Consortium, 2002). ApryMeHTH KOji Uay Y MPHUJIOT OBOj TPYITH
aKBaTMYHUX WHCEKaTa, Kao TWOTCHIMjaJHUX OHOMJHHKATOpa Cy HUXOBa MIIMPOKA
pacmpoCTpameHOCT, OOraTCTBO BpCTa M BeIMKa OpOJHOCT, MOCEOHO Yy HapyIIEHUM
exocuctemuma (Coffman WP, 1995; De Bisthoven et al., 2005; Ferrington, 2008). Jlapse
XAPOHOMHJIAa MOTY TIPEKHBETH CEKCTpEMHa Bapupama Ttemieparype, pH BpemHocTH,
KOHIICHTpallMje KUCEOHMKa M HuBoa 3aralema, KoJOHHM3yjyhu craHHWIITa pPa3InIUTHX
KapakTepUCTHKA (Ca pa3InYUTHM CYIICTPATOM, IIPOTOKOM U TipoaykTuButeToM) (Helson et al.,
2006). Panuje cryauje ykasaie cy Ha 3Ha4ajaH MOTEHIHjaa OB (aMHIIMje Ka0 MHIUKATOpa
MPEJCTaBUJIC YCIOBE O] KOjUM OHM ce€ XHUPOHOMHJE KOPHUCTHIIC y NETEKIUJU PA3ITUIUTHX
tunoBa onrtepehema cranumTa, yuMe OM ce moBehana NMPENU3HOCT METo/a 3a MPOICHY
kBanurera Bode (Lenat, 1983; Edward et al., 2001; King & Richardson, 2002; Janssens de
Bisthoven & Gerhardt, 2003; Waite et al., 2004a; Koperski, 2009).

CympoTHO OBHMM 4YHIbCHHUIIAMA, Jpyra Tpyla ayropa ykKasyje Ha TOTemKohe
kopuiihema oBe Tpyrne y OnoMoHuTOpWHry. [IpBa mpenpeka y NMpUMEHH XUPOHOMHA je
IPUPOJHA MPOMEHJBMBOCT CTPYKTYpE 3ajeHHUIle, KOja ce MeIla ca MpOMEeHaMa N3a3BaHUM
AQHTPOTIOTEHUM YTHUIAjUMa, Ma HUX je YeCTO KOMILTMKOBAHO MOJIEJIOBATH U MPOTYMAYUTH
(Ward & Williams, 1986; Kerans & Karr, 1994; Lindegaard et al., 1995; Langton & Casas,
1998; Rossaro et al., 2006). Ber & Hellenthal (1990) y cBom pany merasbHO aHaIM3Hpajy
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TJIABHE M3BOpE BapHjaOMIIHOCTH, YKa3yjyhu Ha OpojHE Ipelrke TOKOM MpoIieca Y30pKOBamba,
KOje MOTY IOCTaTH IJIaBHU M3BOP BapHjaOMIHOCTH MOJAaTaka. AyTopH Jajbe 00jalimbaBajy aa
ce MPWIMKOM TUIaHUpamkma Yy30pKOBamka MOpajy y3eTh y o03up ciexehu mnapamerpw:
MIPOCTOPHO-BPEMEHCKE KApPAKTEPUCTHUKE IMOIMYyJAlKje, XETEPOreHOCT MHUKPOCTAaHHINTA U
BPEMEHCKO Bapupame KOMIIOHEHTH, a TO M3UCKYyjeé OpraHHU30Bambe MPETUMHHAPHUX
ucTpaxuBama. llopen oBe cTyamje, MHOTH ayTOpH Kao JAPYTH MPOOJeM HCTUYY MPOIEC
oOpame MarepHjajiia, KOjH je BeoMa 3axTeBaH, JIOK j¢ YKJbyYHMBame EKclepara 3a
uneHtudukanujy ose rpymne HeonxoaHo (Raunio et al., 2011). Tpehu pa3snor koju ce HaBoaAM
y JUTEpaTypu je CIIOCOOHOCT TMpEJICTaBHHKA OBE TPyle Ja ce aJanTHpajy Ha MpOMEHe
cpenunckux yciona (Jernelov et al., 1981; Groenendijk et al., 1999).

Nucnmpucann mnortemkohama Koje Cy M3HETE y MPETXOJAHO TMOMEHYTHUM CTyIHjama,
Rabeni & Wang (2001) cy ucnuTHBaiM ga JH Cy XHPOHOMHJE, TMOPEA OCTAIUX Tpyra
MaKpOWHBEpTeOpara y MporpaMuMa IpOIeHE KBAIHWTETa JOTHYKUX CHCTEMa, HEOIXOMIHE.
AyTopu Cy IOUUTH 10 3aKJbydka Jia C€ YKJbyUHBambe€ XHPOHOMHJA Y METO/e OHOTPOIICHE,
MEpEeHO BpPEMEHOM M HOBIIEM KOjH C€ YTpOIIe 3a aHAJIU3y IMoJaTaka, He WCIUIATH, Kao U Ja
UXOBO UCKJbYYHBAIE U3 OCTaTKa OCHTOCHE 3aje/iHuIle Hehe 3HauajHO yMamUTH OCETIHUBOCT
Metona. Mehyrum, ayropu Takohe morBplyjy ma ce oBa rpyma Diptera mokasama BeoMma
YCIICIITHOM Yy METPHUYKAM OCOOMHamMa ca MalloM TaKCOHOMCKOM pesonynujoM. Ha mpumep,
OoJIHOC yKyInHe OpojHoctu japBu Ephemeroptera, Plecoptera u Trcihoptera (EPT rpyma) ca
JapBaMa XMPOHOMHJIA C€ TIPABUITHO MEHA0 ca MPOMEHaMa MHTE3UTETa aHTPOIIOTCHOT YTUIaja

(abynmantaoct EPT/Chironomidae; EPT/Chironomidae + EPT; % napsu Chironomidae y
Y30PKY).

1.6 TakcoHoMcKka pe3oayuuja

Mertoze mpolieHe KBaJUTETa aKBATUYHUX CKOCHCTEMa 3aCHHMBAjy CE HJIM Ha TAaKCOH-
crenu(pUIHOj TOJIEPAHTHOCTH Ha 3araljeme, 3ajejHo ca uHpopMaijama o 60rarcTBy BpcTa u
aOyHIaHTHOCTH (OMOTHYKM WHACKCH), WIA Ha MYJITHBApHjaHTHUM HHPOpMAIjamMa o
CTPYKTYpH 3ajefHulle (MyITHBapHjaHTHA U MyiaTuMmetpuuku uHaekcu) (Carter et al., 2006).
I'pyna koja ce Hajuenthe KOpUCTH Y OMOMOHUTOPHHTY aKBATUYHUX €KOCHCTEMA je 3ajeHHIIA
makpouHBepteOpara (Rosenberg & Resh, 1993). Osa rpyna je mnpoOmeMaTnyHa 3a
UACHTUUKAIM]y Ha OCHOBY MOP(OJOMIKHX  KapakTepa, TIne ©Opoj IOTpemHo
uIeHTH()UKOBAHUX TAKCOHA PacTe ca MOPacToM TakCOHOMCKe pesouyidje (Jiang et al., 2013).

To je mocebno Ttauno 3a ¢amunujy Chironomidae, koja mpeacTaB/ba TaKCOHOMCKH
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npobieMaTuyHy TPyIy M TAe y HEKHM cllydajeBUMa JAeTEepMUHAIMja 10 HHBOA BpCTE, Ha
JapBaHOM cTaaujymy Huje moryha (Armitage et al., 1995).

Y Hay4HMM KPYroBHMMa ITOCTOJU 3ajE€AHUYKH CTaB O TOME Ja MOJalH JCTCPMUHUCAHU
JI0 HUBOA BPCTE MPYXajy HajIoy3naHuje nHGopMaIuje 3a OpIuHAIN]y y30paKa CaKyIJbCHHX
Ha pa3lIMUYUTHM JoKalMjama u y pasnuuuto Bpeme (Lenat & Resh, 2001; Melo, 2005;
Verdonschot, 2006; Jones, 2008). Mehyrtum, Ferraro & Cole (1992) cmarpajy na je 10BoJbHA
BHCHMHA TAaKCOHOMCKE pe3oJylije neuHucaHa 3axTeBUMa 3a oJpeheHOM KOJIWYHHOM
nH(popmalyja, U JAa yriIaBHOM 3aBUCH O] HAyYHUX, (PMHAHCHJCKMX M JIOTUCTUYKHUX YCJIOBa
(King & Richardson, 2002). Ta4nuje, un/beBu cTyauje Ou Tpebajo Ja MOCTaBE T'PaHMIE
MPUXBAT/FUBE KOJIMUMHE M3ryOsbeHUX uHpopmanuja. bpojHe cy crymuje pahene y mpaBiy
TecThpama edekaTta TPOMEHE TAKCOHOMCKOT HHBOA Ha METpUYKe OcoOuHe, Hajuerrhe
kopuiiheHe y ctanaapiHuM OnomoHutopuHr nporpamuma (Jones, 2008). Ha npeom mecty je
TECTHpPAaHO Kako OOraTCTBO BpCTa M WHIEKCH IHBEP3UTETa, KAa0 Mepe EKOJOMIKOT
WHTETPHUTETA, pearyjy Ha TPOMEHE TaKCOHOMCKEe pe3oiynuje. Pesynratm cy mokaszanum naa
MOCTOjH 3HAYajHa Kopenalyja Ha TaKCOHOMCKO] CKaju, alk W Ja Koe(HIMjeHT Kopenaiuje
omajza ca CMamemeM TAaCKOHOMCKE pesoiynuje. M mopen mocrtojama Beze m3Mely MHIEKca
JMBEP3UTETa HA pPA3IMYATAM TAaKCOHOMCKMM HHUBOWMA, Tpyla ayropa cmarpa na ce
yIIOTpeOOM HHJECKCAa JWBEP3UTETa Ca HUCKOM TAKCOHOMCKOM pPE30JYIIHjOM TpPaBH BEIUKa
rpelika, YMju CTEIEH 3aBUCH OJ] TAKCOHOMCKEe KOHCTpyKIije rpyme (Jones, 2008). Taunuje,
yckial)eHOCT WHJIEKCa AMBE3WTETa Ha PAa3IMUYUTHM TaKCOHOMCKMM HHMBOMMA 3aBHCHheE O
Opoja wiaHOBa HIDKUX TAKCOHOMCKUX HHBOA, T ca MOPACTOM BHUXOBOT Opoja oraaa U HUBO
kopenanuje umuHaekca (Wu, 1982; Lenat & Resh, 2001). Kaxg ce pasmarpa obOpasail
TUCTPHUOYITH]e 3ajeTHUIIe KOpUITheleM MYyJATUBApHjaHTHUX METOJIa, MHOT€ CTY/IMj€ TTOKa3y]y
1a je motpebHO moctuhu MITO BUIIM HUBO TakcoHOMcKe pesoiyiuje (Hawkins et al., 2000;
King & Richardson, 2002; Verdonschot, 2006). Paszmor TakBoMm CTaBy je YHMIbEHHIA A
aHajM3a MaTtepujajia Ha rpy0JbeM TAaKCOHOMCKOM HHMBOY 3a MOCIECAUIly MMa TPUKPHBAE
MPOCTOPHO-BPEMEHCKE  BapHjaOMIIHOCTH  3ajeIHUIE, IOTO  JOBOJAM JO  Olajama
JMCKPUMHUHAIIMOHE CHAre y opJMHaIMOHUM mporiecuMa. U mopen tora, De Biasi et al. (2003)
u Metzeling et al. (2006) cy y pa3nuuuTiM UCTpaKMBambUMa JOOMIH CIMYHE pe3yiaTare, KOju
WAy y KOpUCT Kopuiihewmy HHUCKE TaKCOHOMCKE pe3oiiylije. Y o0a ciiydaja, CMamerme
TaKCOHOMCKOT HHBOA HUje MPHUKPUIO HWH(OpMAIKje O MPOCTOPHOM M BPEMEHCKOM 00Opaciry

UCIHUTHBAaHE 3ajeTHUIIe MaKpOUHBEpTeOpaTa.
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Jomr jegna OwrtHa wuHpOpManMja 3a OHOMOHHMTOPUHI IIporpame je U YTHUIaj
TAKCOHOMCKE pe30JIylihje Ha OJHOC CpPeJAMHCKUX mapamerapa u 3ajeanuiie (Heino, 2008).
Jlocanamme aHanmu3e TOTPBphyjy ma je yrunaj Ha MehycoOHH OJHOC a0MOTHYKUX U
OMOJIOIIKMX MAaTpHIa HU3aK M Ja HEe YTHYe 3HAuajHO Ha MPOMeEHy oOpasama Ha BHUCOKHM
takconomckuM Huouma (Hewlett, 2000; Waite et al., 2004b).

KonauHo, cBM OMOTHYKH MHIEKCH KOPHUCTE TOJEPAHTHOCT TAaKCOHA KAa0 MHIUKATOPA
crama cpeaune (Hilsenhoff, 1977; Rosenberg & Resh, 1993; Chessman, 2003). Ympkoc
YUEBEHUIIM J1a YHYTap rpyne (poa, notgamuinja U pamMuinja) eKoJIOMKN aQUHUTETH IIHPOKO
BapHpajy, MHOTH OMOTWYKH WHIECKCH KOPHCTE 3a yJla3Hy MaTpHUIly TOJaTKe Ha BHCOKOM
TaKCOHOMCKOM HUBOY — po, (Hilsenhoff, 1977), yak u pamunuja (Chessman, 2003)). Bpojuu
ayTOpH pAacHpaBJbald Cy O HHBOY TpelIke KOjy je T03BOJHEHO HANPABUTU MPHIUKOM
yroTtpe0be moaTaka ca MaJoM TakCOHOMCKOM pesoayiijom (Raunio et al., 2007; Bailey et al.,
2011; de-la-Ossa-Carretero et al., 2012). Jenunu wHauuH yTBphUBama HajHUXKET
YIIOTPeOJHPUBOT TAaKCOHOMCKOT HHMBOA j€ Jla C€ YK T'paJMjeHTa Jerpajalyje aKBaTHIHHUX
€KOCHCTEMa HWCTOBPEMEHO OJpeNd JUCTPUOYIIMOHH MOJET HHIMKATOPCKHX BpCTa Ha
Pa3IMYUTUM TaKCOHOMCKUM HHUBOMMA (BpCTa, POJl M MOThaMUIHja).

Kao mTo je Beh moMuUmBaHO y TEKCTy, TOKOM HACHTHU(HUKAIIMOHOT TpoIeca JIapBU
XAPOHOMHJIA HWCTPAXKHMBAYM C€ BPJIO YECTO CyouaBajy ca mnoremkohama, Kao ITO Cy:
rorpenrHa uaeHTudukaiyja, mpoodieM ca HOMEHKIATYpoM, Hemoryha naeHTudukaimja Bpcre
Ha HUBOY JIapBe, HeJIOCTaTaK WACHTU(UKAITMOHUX KJby4ueBa ojipeheHux reorpadckux oogactu
U YHMICHUIIA Ja je WACHTHU(HKAIMja JIApDBU XHPOHOMHIA BPEMEHCKH 3aXTEBaH IPOIIEC
(Armitage et al., 1995). 36or HemoBOJHHOr Opoja CTyAHMja KOj€ TECTUPAjy 3ajeqHHILY
XHUPOHOMU/IA, OBa Besnka (hammiivja Diptera je MOHOBO 3aHEMapeHa y Hay4HO] 1e0aTu y Be3u
TaKCOHOMCKe pe3oayiuje. O BeJIMKOM YTHIIAjy OBE TpyIe Ha 3ajeTHHUIly MaKpOUHBEpTeOpaTa
roBope u pesyararu cryadje King & Richardson (2002), xoju cy TectHpaiu pasjiuKe y
OpAMHAIMjA ¥ KIacH(PHKAIUjU JIOKAIUTETa ca yJa3HOM 0a30M IOJaraka Ha pPa3IHuduTHM
TAaKCOHOMCKUM HHUBOMMa (BpCTe, poaa u hamuirje). Y aHaiu3y je yKjbyueHa i KOMOMHOBaHA
MaTpHlla, Koja je caapkaja MoJaTKe pa3IU4hTe TaKCOHOMCKe pesonyiuje (damuinja
Chironomidae 10 TaKCOHOMCKOT HUBOA BPCTE a OCTaJie TPyle MaKpOMHBepTeOpara 10 HHUBOA
¢damunyje). YcarnameHocT MaTpHlia je orajaia ca MaJoM TaKCOHOMCKE Pe30Iyluje, LITO je
O6uno u ouekuBaHo. Mehyrum, kama cy ynopehuBaHe marpuie HajBehe TaKCOHOMCKe
pesonynje (HUBO BpCTE) ca KOMOMHOBAHOM MAaTpHUIIOM 3ajeIHUIIe MaKpOMHBepTeOpaTa

(XMpoHOMUIE HA HUBOY BPCTE @ OCTAJIM MPEJICTABHUIM Ha HUBOY (paMUIMje), HUje OTBpheHa
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3HAUajHa pa3uKa y pe3yiaTaTuMa OpJUHAIMje, IITO TOBOPH O JOMHUHAHTHOM YTHIA]y
XAPOHOMHJIA Y 3ajeJHUIM MakpouHBepreOpara. Mmajyhu oBy ummbeHHIly HA yMy, Mallo je
CTyAMja KOje ITUCKYTYjy O YTHIIa]y TAKCOHOMCKE CKalie Ha o0pasall 3ajelHUIe XUPOHOMHU/IA,
Tectupajyhu pa3inuuTe eKoJIOIIKe KapakrepucTuke oBe rpyne (Raunio et al., 2007; Greffard
et al., 2011). Greffard et al. (2011) cy TecTupanu pasjiuvke y MOJCIOBabY BapHjaOUIHOCTH
3ajelHHIIC JIAPBH XHPOHOMHJA HA PA3IMYUTHM TAKCOHOMCKMM HHBOMMA Y JICHTUYKHM
cuctemuma Kanane. JlogatHu 1usb Te cTyamje OMO je Ja ce yTBpAM Ja JIM ca MPOMEHOM
TAKCOHOMCKOT HMBOA JIOJIa3U ¥ JIO TIPOMEHE KJbYYHUX CPEIMHCKUX Mapamerapa, 0JrOBOPHUX
3a 00JMKOBamWe CTPYKType 3ajeanuiie. CnuuHe nusbeBe je mocraBuo u Raunio et al. (2007),
amy 3a 3ajeIHUIy XUPOHOMHJA Y JIOTUYKAM CHUCTEMHUMa, TJe Cy yMECTO JlapBU Ouiie
Y30pKOBaHE €r3yBuje mymna. ¥ o0e CTyauje je CTPYKTypa 3ajeHHIIE YCIICIIHO MPOICHhEeHa 1
Ha BHUIIIEM TAaKCOHOMCKOM HHBOY, y3 BEIIMKH CTEICH ycarjameHocTH u3Mmely mojaraka Ha

TaKCOHOMCKHMM HHUBOMMaA BPCTE U POJIA.

1.7 Uctpa:xkuBamwa jgapsu pamuiuje Chironomidae y Cpouju

HNako cy XHpoHOMHIE TIPEICTaB/beHE KAao KJbydyHa Tpyma y 3ajeHHIH
MakpouWHBepTeOpara M Ha3WBaHE HHKEHepUMa akBaTHUHUX ekocucrema (Hirabayashi &
Wotton, 1998; Jones & Grey, 2004; Olafsson & Paterson, 2004; Péry et al., 2004), mano je
nHpoManmja O HHUXOBO] KBAHTUTATUBHO] M KBaJUTATUBHO] KOMIIOZUIIM]U 3ajSTHUIIC
noctynHo. To je moceOHO TayHO 3a JoThuke cucteme y CpOuju, riie UCTpaXMBamke HA OBY
Temy Huje cupoBeaeHo nmyHux 30 roguHa (1981-2011). Ha cBum Behum cniuBoBuma y Cpouju
TokoM 70-ux u 80-uX TOAMHA NPONUIOT Beka pahjeHa Cy OICEKHA HCTPAXKHUBama (ayHe
XAPOHOMHJIA, IITO j€ PE3YJITUPATIO HU30M IyOJIWKalHja Koje c€ OJHOCE Ha HCTPAKUBAHHC
cactaBa W mpocTopHe muctpudOymnuje dhayna xuponomuaa (Jankovié, 1979; Jankovi¢, 1980;
Jankovi¢, 1982; Jankovi¢, 1983; Jankovi¢, 1985). HcTpaxuBama TakBOT TUIA Cy CIIPOBEICHA
Ha pexama Bemuka Mopasa, Jyxna MopaBa u batiaBa. OcuM y JIOTUYKMM CHCTEMHMA,
UCTPaXMBAaKkE OBOT' THIA je 00aBJLCHO M y JICHTUYKUM CHUCTEMHMa (aKyMysalHMoHa je3epa
OBuap Oame u Mehyspmija). [Topen Tora, y CpOuju je TecTUpaH M MOTEHIUjall JapBU
XUPOHOMHU/JIA Ka0 OMOMHIMKaTopa 3arahema y notuukuM cuctemuma. Jankovi¢ (1982) je, Ha
OCHOBY JIBOTOJMIIIHET UCTPAXKUBAKHA KOJUM Cy 00yxBaheHM CBU THIIOBU MOJUIOTE, MOKYIIaga
Ja TIPOLIEHU KBaNuTET Boje Benmmke MopaBe Ha OCHOBY 3ajenHulle XupoHOMUAa. HakoH
UCTpaKMBalkha YCTAHOBJAEHO je TMPHCYCTBO 35 BpCTa ca JAOMHHALMJOM MOThaMUInje

Chironomiinae. luctpuOymmja gapBu XMpOHOMHUAA TYX Pa3IMUUTHX Mpoduia 3aBucuia je,
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yIJIaBHOM, O/ Op3WMHE TOKa M KBAJUTETa MOIJIOTE, YAME j€ YOUEHO IMOCTOjame oJpeheHux
KOMIUIEKca BpcTa. YTBpheHe 3ajenHuIle Cy, OCMM Op3uHE TOKa M KBaJUTETa IOIJIOre,
pedexToBane M ocrane mocrojehe eKoJIOIIKe yCIoBe: MPUCYCTBO OPraHCKe Marepuje y
CeIMMEHTY, KOJHYUHY PACTBOPEHOT KHUCEOHWKAa y KOHTAKTHO] BOJHW, IITO CBE 3ajeJJHO
KapakTepuie canpoOHo crame ojpeheHor cranumra. Ilpema TOMme, yrBpheHn Mozen
TUCTPUOYIMje 3ajeIHHIa XUPOHOMHUAA Ha HCTPAKUBAHOM IMOJAPYYjy j€, OCHM CTEIeHA
opranckor 3aral)ema, TOKa3uBao M KBAJHUTET CYIICTpara.

VY nepuojy MHTE3UBHUX HUCTpakuBama (payHe xupoHoMuaa y CpOuju je yKJbydeH H
ciuB Jyxxae Mopase (Jankovi€¢, 1985). Tom npunmukom je y3opkoBaHo Ha JyxxHO] MopaBu u
ymhrMa TJIaBHUX TpUTOKAa. Tama je KOHCTaToBaHO NpHCYcTBO 60 BpcTa XHpOHOMHIA
pacriopehennx y Tpu mnotdamunmje (Chironominae, Orthocladiinae u Tanypodinae).
Pacniopen noxanurera Ha cIUMBY U (PPEKBEHTHOCT Y30pKOBama HUCY oMoryhunu gopmupame

KOMIUIETHE CJIUKE O TIPOCTOPHO] M BPEMEHCKO] AMHAMUIIM JIAPBH 3aj€THUIIC XHPOHOMU/IA.
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V3umajyhu y 003up 1a cy moaanu o mMpoCTOPHO] U BPEMEHCKO] TUHAMUIIM (paMUJIHje
Chironomidae y nutepatypu OCKyIHHU, a Ja cy HHGPOpMAIMje O TOTEHIH]aly HUXOBE
MPUMEHE Y TIPOIIEHN €KOJIOIIKOT CTaTyca JIOTUYKHX CHCTEMa KOHTPATUKTOPHH, JTehUHUCAHU
cy cnenehu nnibeBU UCTpaKUBaAHA:

1. CnpoBohewe KBanMTaTUBHE U KBAaHTUTATHBHE aHallu3e OCHTOCHE 3aje[HUIIE JIapBU
damunuje Chironomidae u oapehuBame MPOCTOPHE U BPEMEHCKE TUCTPUOYIHjEe OBE
rpyne y cnuBy Jyxxne Mopase.

2. HcnutuBame cTemeHa yTHIaja aOMOTHYKHUX TapaMerapa Ha CTPYKTYpy 3ajeqHHIe
XUPOHOMU/JIA y cIUBY Jy:kHE Mopase.

3. Tectupame NOTCHIHMJATHUX CTPYKTYPHUX OCOOMHA 3ajeIHUIIC XHUPOHOMHAA Y
MIPOLIEHU EKOJIOIIKOT cTaTyca TeKyhuia.

4. JlepuHucame NOTEHLUJATHUX UHAUKATOPCKUX TAKCOHA 32 MPOIICHY KBAJIUTETa BOJAE U

5. AHanu3za crereHa yTuIllaja TAKCOHOMCKE pe30jyllje Ha CBE TeCTUpaHe OHOJIOIIKe
napaMmerpe u JeuHucCamke HAJHUKEr TAKCOHOMCKOT HHBOAQ, JOBOJHHOT 32 MPUMEHY

OBE Ipyle y MeTojilama OUOoIpoIeHE.
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3.1 lloapyyje ucTpakuBama

Peka Jy:xna MopaBa, no3Hara u kao bunauka MopaBa, u3Bupe Ha miaHuHu CKoOICKa
Lpna ['opa, y Makenonuju, onakie otude nmpema cesepy. Ha ceom 49. kunomerpy ce, Ha 392
MeTapa HaJMOCKe BHUCHHE, cmaja ca IIpemeBckom MopaBunom u kao JyxHa Mopasa ce,
nociie 295 kwiomerapa, ynmuBa y Bemmky MopaBy, jemHy oa HajBehux IecHMX TpUTOKA
JynaBa. [Iyx toka Jyxna MopaBa npotuue kpo3 ['paenuuky kiaucypy (30 km), ynasu y
JleckoBauko mosee U mocie 48 Km ce, kpo3 KopBunrpazacky cyrjecky, cnymra y Humiko-
anekcuHauky KoTiuHy. Hakon 85 Km ynasu y xiaucypy ayraduky 20 Kuiomerapa ¥ HCIPe.
Cranaha ce craja ca 3anagaom MopaBoM. YKymHa MOBPIIMHA PEYHOT CiIMBa W3HOCH 15.469
KHJIOMeTapa KBaJpaTHHX, of Kojux ce 14.372 km? (92,91%) nanasu y Cp6uju, a 1.097 km?
(7,09%) y Byrapckoj (neo pexe Humage, Hajsehe mecue nputoke Jysxkae Mopase). ['maBHOM
JeNy CIMBa ce mpuapyxwuje ykymHo 157 mpurtoka (75 ca nmeBe m 82 ca JecHe cTpaHe), O
KOJUX 3HauajaH Opoj mpecyuryje TokoMm Jera. CrtanHe jeBe nputoke JyxHe Mopase cy:
Jabnanuna, Berepuuna, Torumna u Ilycra Peka. YkynHa moBpiinMHa ciiiBa OBHX HPUTOKA
Beha je oxg 500 km®. C gpyre crpaHe, o 3HAuUajHMX JECHHX NPUTOKA TpeGa MOMEHYTH:
Bnacuny, Coxobamacky Mopasuiy n Humapy, kao Hajayxy nputoky (Gavrilovi¢ & Duki¢,
2002). Ha ocHoBy Turonorusaumje Bogotokosa Cp6uje Behux ox 4.000 km® Ha JyxHO]

Mopagu cy uaentudukoana 2 tuma Bogotokosa (CS Tip 1.2 u CS Tip 1.3; Tabemna 2.).

3.1.1 Baacuna
Pexa Bnacuna OyjudHOT je kapatepa u BehuM J1e110M ToKa IpoTHYE KPo3 KIUCYPY, Kaj

KoJ MecTa BiacoTuHie ynasu y H0JIMHY, NMONpUMa KapaKTEPUCTUKE PaBHUYAPCKOI TOKa,
MeaHpupa U ynuBa ce y JyxHy MopaBy. TokoM cBOr TOKa NpuMa BEJIUKH Opoj MamHX
MPUTOKa Koje cy Takohe Oyjuuapckux omnuka. On 3HAYajHHjUX MPUTOKA Tpeda H3JBOJUTH
[Tycry peky, Jlyxuuny, Teromnuny u ['pagcky peky. YkynHa nospiimHa ciuba je 1.056 km?
a nyxxuHa 67,7 km. IIpema ycBojeHoj Tunosioruju pexa y Cpouju, y okBupy Toka Brnacune ce
MoOry Je(pHHHUCATH YETHPU THUIA BOJOTOKA: Cpeimbe OpACKe peKe ca CHIIMKATHOM I0/J0rOM
(CS_P3 V2 SIL), cpenme miaHuHCKe peke ca cuiaukatHoMm nojuorom (CS P3 V3 SIL),
Cpelme BHMCOKOIUIAHMHCKE peke ca cuiukatHoMm nojorom (CS P3 V4 SIL) u cpenme

BHCOKOIIJIAHUHCKE peke ca opranckoMm mnouiorom (CS_P3 V4 ORG; Tabena 2).
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Ta6ena 2. Tunosnorusanuja Bogotokosa y Cpouju (mpeysero u3 Paunovié et al. (2011)).
BonoTtokosu ca nospimnaom Behom ox 4.000 km*

Tun Onuc Tuma

CS_Tip_1.2 Bpno Benuke, HU3UjCKE peKe, CUIIMKATHA MOJIOTa,CPEIhH HAHOC
CS_Tip_1.3 Bpo Benuke, Opacke peke, CHIIMKAaTHA MOJIJI0ra, CPEeIbU HAHOC
CS Tip_14 Benuke, HU3MjCKe peKe, CHIIMKATHA TIOIJI0Ta, CPEIbH HAaHOC

BonoTtokoBu ca nopuinaoM MmamoMm o1 4.000 km*

Tun Tun HagMopcke Tun ciusa (P) Tum reonomke
Bucune (V) IoJyIore

CS_P2 V1 SIL <200 m n.m. 100-1.000 km® CHTHKATH
CS_P2 V2 SIL 200-500 m n.m. 100-1.000 km? CHTHKaTH
CS_P2_V2_CAR  200-500 m n.m. 100-1.000 km? KapGonaru
CS P2 V3 SIL 500-800 m n.m. 100-1.000 km? Cumkaru
CS_P2_V3_CAR  500-800 m n.m. 100-1.000 km? KapGonaru
CS_P2 V4 SIL >800 m n.m. 100-1.000 km® CHTHKATH

CS P3 V2 SIL 200-500 m n.m. 1.000-4.000 km? Crmkaru

CS P3 V3 SIL 500-800 m n.m. 1.000-4.000 km? Crmkaru
CS_P3 V4 ORG >800 mn.m. 1.000-4.000 km? OpraHcKo 110

3.1.2 Berepuuna

Pexa Betepuuiia Hactaje cnajaleM MaHacTUpCKOT M Je3epckor moToka U HakoH 63,5
km ce, y JleckoBaukoj KoTiinHH, yauBa y Jy:kHy MopaBy, popmupajyhu ciuB moBpiinHe
560,4 km®. l'opwu TOK peke mpoTHYe KIUCYpacTOM JIOJMHOM W TpuMa OpOjHE TPHUTOKE,
yriiaBHOM OyjudaBOT KapakrTepa, ol Kojux Tpeba m3nBojutu Bydancky peky m Cymuiy. C
0031poM J1a je y OBOj 00JIaCTH KapaKTepUCTUYaH MCTH TE€OJIOUIKU CyIcTpar, Ha BerepHuim
ce, ycien MpoMeHe HaJMOPCKE BHUCHHE, MOTY M3[BOJUTH CaMO JIBa THIIa BOJOTOKOBA: Malie
Opacke peke ca crukaTHOM noaoroM (CS P2 V2 SIL) u maiie 10 cpelibe MIIaHUHCKE peKe

ca curkataoM moorom (CS_P2 V3 SIL; Tabena 2.).

3.1.3 Tomuna

Opx HEeKONMKO peuuila Ha HCTOYHUM naanHaMa KonaoHuka Hacrajy nBa Beha BojioToka
(Bepexyma u JIlykoBcka peka), yujuM ce crajambeMm dopmupa Hajeha neBa MpUTOKa JyxHE
Mopage, Tomuna. Bben TOk yriaBHOM mpoJsia3d Kpo3 JOJUHY uyHja ce IupuHa Mema. Kon
[Ipokynspa Teye kpo3 KIucypacTy noiuHy ¥ HakoH 102,3 km ce ynuBa y Jyxxny Mopasy.
YKynHa MOBpmIMHA BOAOTOKa m3HocH 2197,9 km® On Behmx mnputoka wu3aBajajy ce
Jyr6ormanoBauka, Jomanmuka, Jlparymika, bauka, kao nee, u bejamnuna, Kocanwuia,

bamcka u JIykoBcka peka, kao jecHe nputoke. Ha ocHOBY TuIosiorusanuje u3iBojeHa cy asa
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THUIIA BOJIOTOKA: Cpelitbe Opicke peke ca cuukarHoM mojorom (CS_P3 V2 SIL) u cpenmwe

IUTAHUHCKE peke ca cuitnkatHoM nojyiorom (CS_P3 V3 SIL; Tabena 2.).

3.1.4 Ilycra peka

ITycra pexa Hacraje cmajameM Bumie moroka koxa cema [lomu CraToBan, onaxie
npoTHye Kpo3 AyOoKy nonuHy 1 'y JleckoBaukoj KOTIuHH ce, HakoH 50,7 kuioMerapa, yiauBa
y Jyxuy Mopasy, bopmupajyhu moBpmuHy cimBa o 576 km?®. Hajmyxa npuroxa ITycre peke
je Kamennuka peka, koja ce, Ka0 U peKka y KOjy c€ yJuBa, KapakTepuiie OyJUdHUM TOKOM.
[leo Tox mpumnaaa camo jeAHOM THITY BOJOTOKA (Majie OpJICKE PEKe ca CUITMKATHOM I10JJIOTOM;

CS_P2 V2 _SIL; Tabena 2.).

3.1.5 Cokobdamcka MopaBuna

Ha magunama mmanwae JleBuile W3BHpY /Ba MOTOKA KOjH, HA HAIMOPCKO] BUCHHU O]
450 merapa, dopmupajy Cokobamcky Mopasuily. CMemHUBambeM KIHCYpa W KOTJIHHA, peka
dopmupa Tok nyxune 57 Km u y Humko-anekcuHa4ykoj KOTJIHHU ce yauBa y JyxHy Mopagy.
Peka je ma 38. xmiomerpy y boBaHckoj kmmcypu mperpahena, m Ty je Qopmupana
akymynanuja boaH. YKymHa mMoOBpIIMHA KOJy TOKpHBa TOK peke Mopasuie je 606 km?.
ITopen Cecanauke peke, Koja MpeJCcTaBJba TJaBHY NMPUTOKY MopaBulle, 3HadajHa KOJWYHHA
BOJIC JI0J1a3u U3 OTOKa Bpena Mopaswiie. /[y JIOHTUTYAWHATHOT TPaJijeHTa peKe 0J1a3u 10
MPOMEHE CWJIMKATHE TOJJIore y KapOOHaTHY, 300T 4Wera ce MOry Npeno3HaTh TPHU THUMA
BOZIOTOKAa Ha MoOpaBHIIM: Malla HH3HjcKa peka ca cuiaukatHoMm mostorom (CS P2 V1 SIL),
Mayia Opjacka peka ca cunukatHoMm mommorom (CS P2 V2 SIL) u mama Opjacka peka ca

kapbonarnom motorom (CS_P2 V2 CAR; Tabena 2.).

3.1.6 Humaga

Pexa Hwumasa je Hajseha npuroka JyxHe MopaBe, Koja y OKBHPY CBOI' CIIHMBa
yKJbYydyje MPUTOKE MPBOT U Apyror pena. Humasa Hactaje crajambeM 1Be pexe (I'mHcka peka
u BpOunma), nHa 640 merapa HaJAMOpCKe BHCHHE, Ha Teputopuju byrapcke. Ha 67.
kuaomMetpy, 6 km on lumurpoBrpana ynaszu y Cpoujy, rae kpo3 cuctem kiucypa (Conorcku
TecHal, TecHal koj CB. Omna, CuheBauka kiucypa) m komimHa (IIuporcka koTiHMHa
DypheBnosscka koTiaMHa, benonananauka KoTauHA) Teue ka Humkoj KoTauHU U HaKoH 151
KujoMeTpa yauBa ce y JyxHy MopaBy. Hajseha kiucypa je CuheBauka, ayrauka 17 km u

nay6oka 1o 350 m. ¥V tom neny je peka mperpahena ca ase Opane. Kopuro pexe Hurase
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peryaucano je y naenoBuMa Koju mponaze kpo3 Ilupor m Hum. Hajsnauajuuje mputoke
Humage cy ca necue crpane Temcka ca Bucouuniiom (kao mpuToka Ipyror peaa) v ca JIeBe
ctpane Kyruncka, llpBena peka u Jepma. Ha ocHoBY Tumosorusaiuje BogotokoBa CpOuje
Behnx ox 4.000 km? na Humasu cy uaeHtudukoBaHa nBa tuna BojgoTokoBa (CS Tip 1.4 u

CS_Tip_1.5; Tabena 2.).

3.1.7 Temcka
Bogorok Temcke, ayxuHe 59,8 km, je mpexorpanmunu, ox uera ce 108 km? (18%)

Hanma3u Ha Teputopuju byrapcke. Behu neo mospmune cnuBa ce Hanmasu y CpOuju, rre
3ajesHO ca Bucounmom m3nocn 827,5 km?. Peka ce ymmBa y Humay xoj cena Cranuderse,
16 km HuzBoHO o [TupoTa. Ha ocHOBY THMOMNOTHjEe BOJIOTOKOBA, TeMcKa mpeacTaBiba Maty
opacky peky ca cuimkatHoMm moainorom (CS_P2 V2 SIL), mox Bucounrma ayx BoJoTOKa
Mema TeOoJIOMKY IMOJIOTY: Maja Cpelme-TUIAaHMHCKA peKa ca CHIMKATHOM  IT0JIJIOTOM
(CS_P2 V3 SIL) wu wMama cpenme-IJIaHMHCKa peka ca KapOOHATHOM  MOJJIOTOM
(CS_P2_V3_CAR; Tabena 2.)

3.1.8 Jepma

Jepma, kao Hajeha nmeBa mputoka Hwumame, Takohe je mpekorpaHudHa peka, Koja
W3BHpE HA UCTOYHUM maanHaMa Briacuue, anu ko cena CtpazuMupoBiH yinasu y byrapcky u
HakoH 27 xunometapa ce Bpaha y CpOwujy, ko cena Ileraunniu. BomoTok peke je OyudaHor
KapakTepa, Ia 4YecTo MpPOJyKyje BEJMKE KOJUYMHE HaHoca, 300T 4Yera je KOPUTO peke
n3pazuto HectabumHo. Jleo Bome Jepma moOuja m3 cBojux HajBehux mputoka: Jabnmanwure,
JImmxosune u IloraHoBcke pexa. Melyrum, oxpehena xommumna soge (0,05 m®/s) ce u
0JIBOJIM KaHaJioM ,,Jepma‘ y Biacuncko jesepo. Ha ocHOBY reosionike moajiore v rpajnjeHTa
HaJMOpCKe BUCHHE oapeleHa cy /1Ba TUIa BOJOTOKA y OKBUPY Jepme: mana Opicka peka ca
kapoonatHoMm mojaiorom (CS P2 V2 CAR), mana cpenmeIuiaHMHCKAa peKa ca CHIIMKaTHOM

momiorom (CS P2 V3 SIL) u mana BHCOKOIUIAHMHCKA peKa ca CHIIMKATHOM II0JIOTOM

(CS_P2 V4 SIL; Tabena 2.).
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3.2 llepuoa npuKyIUbakba MaTepujajia, KApaKTePUCTHKE U KJIacupukanuja
JIOKAJIUTETA
HctpaxkuBame je cipoBencHo y nepuony on maja 2010. o mapra 2011. roaune. Y

TOM TEpUOAY NMPHUKYIJbatkhe MaTepujana u nparehux mogaraka paheno je Ha 28 mokamuTera,
pacriopehenux ayx uutaBor ciuBa Jy:xue Mopase (Tabena 3.; Cnuka 3.). TokoM aBe roanHe
Y30pIIM Cy CaKyIUbaHHU JIBa IIyTa y CBakKoj ce30HM, ocuM mpoieha. [lepnox BuCOKHX Boaa
crpeuno je y3opkoBame TokoMm Mmaja 2010. ma nmokamuretuma 2, 8 u 28. Ha nokamurety 15,
300T BEJIMKOT CTENEeHa opraHckor onrepehema, HUCY TpoHal)eHe jeJMHKe JIapBH XUPOHOMHUIA
Y Y30pPKY Y CBUM Y30pPKOBaHHMM MecelluMa. 300T Tora je JIOKAIUTET 15 UCKIbYYEeH W3 aHau3e
MIPOCTOpHE M BpeMeHcke auctpudynuje pamunuje Chironomidae. Pacnopenom nokamutera
nyx ciuBa JyxHe MopaBe TeXHIIO ce 3aJ0BoJbaBamky JBa Kputepujyma. I[IpBu je Omo
YKJbYUHBaWke MITO Beher qUBEp3UTeTa CTAaHUILTA, YUMe OU T00HjeHH y30paK MOKPHO BEJIUKH
creneH mnpoMeHspuBOoCTH (ammmje Chironomidae. Jlpyru kputepujym 1o KoMme Cy
pacriopeheHn JOKaIMTETH € TPETXOJHO CHpOBEACHA cTyauja Ha (ayHu damuiuje
Chironomidae, koja je ykspyunBana 10 mokanurera pacnopehenux Ha JyxxHoj MopaBu u Ha
ymhuma cBux Behux mnpurtoka. M300p wuctux mnokanurera omoryhno je TecTupame
CIIOCOOHOCTH XHPOHOMUJAA Y NETEKIHUJU CPEIUHCKUX IPOMEHAa TOKOM Iyror BPEMEHCKOT
nepuoja (Tpu AeueHuje). Ysumajyhu y 003up 06a KpUTEpPHjyMa, MOHOBJHEHO j& Y30PKOBAkbE
Koje je obaBuna JankoBuh (1985) Ha mcTom TepeHy, anu ca TYIIhoM MpPEXOM JIOKAJIUTETa,

Koja je oOyxBaTajia uynutaB ciauB Jy:kae Mopase, ca aeser npuroka (Ciuka 3.).
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Tabena 3. Jlokanutern y3opkoBama Ha By JyxxuHe MopaBe ca peioM peke u reorpad)ckum
KoopanHaTama. JIokaiuTeTH ca 3Be3IUIIOM ce TIOKJIaIajy ca JIoKkaauTeruma u3 cryauje Jankovic

(1985).

Pexa Jlokaimutern Pen peke I'eorpagcke koopaunare
N E

Humaga 1 2 43° 00’ 50 22°48° 02
Jepma 2 1 43°03” 40> 22°41° 24>
Jepma 3 1 42° 56’ 41 22°37° 07
Bucouwnia 4 1 43° 07’ 127 22° 48 57
Temmmia 5 1 43°19° 217 22°39° 36>
Bucounta 6 2 43° 17 48” 22°36° 42>
Temmmia 7 2 43°15° 39 22°33° 06
Humaga 8 3 43°13° 25 22°25° 47
Humaga 9 3 43° 19’ 517 22° 04’ 24>
Jyxxna Mopasa 10* 2 42° 43° 56 22° 03 43>
Brnacuna 11 1 42° 47 47 22°19’ 58
Bnacuna 12 1 42° 50’ 54 22° 17 24>
Bnacuna 13* 2 42° 58’ 23 22°07° 08>
Berepawuia 14 2 42°50° 37 21° 49’ 34>
Berepawuia 15* 2 43°03° 14> 21°58 11”7
[Tycra peka 16 2 43°01° 517 21°42° 07
[Tycra pexa 17* 2 43°11° 36> 21°50° 47>
Torumna 18* 2 43° 12’ 46> 21° 50’ 05>
Jy:xna Mopasa 19* 3 43°12° 43> 21° 50° 48>
Torumna 20 2 43° 13° 56 21°36° 16
Jy:xna Mopasa 21* 4 43°40° 38 21°24° 55>
Cokobamcka MopaBuiia 22 1 43° 38’ 06’ 21° 5338
Cokobamcka MopaBuiia 23 1 43°39° 357 21°49° 51>
Cokobamcka MopaBuiia 24 1 43° 37 307 21° 42> 57>
Cokobamcka MopaBuiia 25* 1 43°32°09” 21°42° 49
Jyxua MopaBa 26* 4 43° 23’ 14> 21° 46’ 24>
HumraBa 27* 3 43° 49’ 20> 21° 52’ 21>
JIykoBcka peka 28 1 43° 09’ 52 21° 01 56>
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Camka 3. JlokanureTn UCTpakuBama Ha ciauBy JysxkHe Mopase. KBampatu (O0) obenexaBajy
nokanutete y3opkopane 1981, a kpyrosu (e) gokanutere u3 2010/11.
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Kako Ou ce cmammiIa MpUpOHa MPOMEHJBMBOCT, @ Priori kiacupuKalujoM JOKaIUTeTa
cy nepunucanu TUMOBM Tekyhuia. A priori kinacudukaiuja 3acHuBa ce Ha clieaehum
kpurepujymuma (Paunovié et al., 2011):

(1) Hanmopcka BucHHA (YETHPH KaTeropHje):

e pasHu4apcke (10 200 m HaAMOPCKE BUCHHE),

e Opacko-mianuHcke (200-500 m HagMopcke BUCHHE),

e mranuHcke (500-800 m HaxMOpCKe BUCHHE) U

e BHCOKOIUIaHUHCKE peke (peko 800 m HagMOpCKe BUCHHE);

(2) moBpurHa peyHoOT ciMBa (MET KaTeropuja):

® IIOTOK,
e Malle,
® cpembe,

® BEJHKE U
® BEOMa BEJIMKE PEKE;
(3) reomnomika mojyiora (Tpu KaTeropuje):
® CUIHMIHjYM,
e KapOOHATH U
® Oprascka IoJyiora,
(4) TMHIIOBM IOMUHAHTHHUX CyIICTpara (Tpu KaTeropuje):
e 1pyo,
® CpelmH U
e (UH CeMMEHT.
Ha ocHOBY CBUX HaBeIEHHX KaTeropuja, JIOTHYKUA cucteMu y CpOWju MOJe/beHH Cy Ha 5
Pa3IMYUTHUX TUTIOBA BOJIOTOKOBA:
(1) paBHMUapcke, BeUKE PeKe ca TOMHHALM]OM (UHOT CYIICTpara,
(2) Benuke peke ca JOMUHAIUjOM Cpeiibe (PUHOT CYICTpara,
(3) mane-cpename peke, 10 500 Merapa HaJMOpPCKE BHCHHE ca JOMHHAIMjOM TpyOor
CymcTpara,
(4) mane-cpenme peke, mpeko 500 meTapa HaJAMOPCKE BHUCHHE ca JOMHUHAIMjOM TIpydor
CyIcTpara u

(5) paBHMUapcKe peke Koje He MpuIaiajy BOAOTOKOBUMA TUMA 1.
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Y O0BOM WCTpaXHBamby CBU JIOKAIUTETH KIACU(PUKOBAaHH Cy y Tpu a priori
neuHICaHa TUTIA BOJOTOKOBA: TUI 2, 3 U 4.

Ha ocHOBy cremeHa aHTPONOTEHOT YTWIAja, CBU MCTPAKHUBAHU JIOKAUIUTETH CY
KJIacu(hUKOBaHU y IBE KaTEropuje: HAPYIIEHH U CKOpo-pedepeHTHH/pedepeHTHH, KopucTehu
MOM(PHUKOBAH MYJITUMETPUYKH UHJEKC 3a onpehuBame pedepentnux noxnutera (Koperski,
2010). V oxBupy OBOI' MHJCKCa YKJbYY€Ha Cy TPH CpeIuHCKa (akTopa: TUN Kopuiihema
3eMJBHINTA, JIETpajanuja punapujarHor cranumTa (%) U TUBep3UTET aKBAaTHYHUX CTAHUINTA
u 4Yetupu abuoThuke Merpuuke ocobuHe (xkoHaykrusurer (EC), KoHueHTpamumja
oprodochara (PO4-P), aurpara (NO3-N) u amonujaka (NH4-N)). Tlpunukom ykibydnBama
METPUYKHX OCOOMHA y MHJAeKC KopuinheH je 5-3-1 ckop cucteM, y CKIamy ca KBapTaaTHHM

orcezuma (Barbour et al., 1996).

3.3 Mertoge ™epewa u oapehuBama cpenmHCKMX mapaMeTtapa

(xuaposaomke, GU3MYKe U XeMHjCKe KapaKTepUCTHKeE)

ToxoMm cryauje mepenu cy cineaehu nmapamerpu Koju neUHUITY KapaKTEpUCTUKE PEYHOT
KOPHTa U BOJIOTOKA!

e HajMopCKa BHcHHA je oxpeljera momohy GPS-a (GARMIN’s eTrex” Legend),

® IIMPUHA PEYHOT KOPHUTA oapeheHa je macepckum JalbHHOMETPOM,

e TqpoceyHa AyOWHA je oapelleHa Ha OCHOBY CPEIlEhE€ BPEIHOCTH y3aCTOITHUX MEpEHa
nyOWHE Ha JICBOM, 3aTUM JECHOM JeNy BOJOTOKA M y JENy T/e je Haju3pakeHuja
BOJICHA CTpYja.

dwu3nuke KapaKTepUCTUKE BOJIE CY MEPEHE Ha TepeHy cienehum merogama:

e Op3uHa peuHe cTpyje je MepeHa op3uHomeTpoM Aquatech GMH 3330,

e Ttemmeparypa Boae (t) u xomaykruBurer (EC) cy MmepeHu coHaumpameMm momohy
ypehaja Photometer-System PC MultiDirect (Lovibond®),

e wMyTHOha (TypOuauTeT) Boze je Ha TepeHy oapehena nomohy dhotomerpa Lovibond PC
Checkit.

Xemujcke aHanuze cy paljeHe Ha TepeHy W y J1aOOPaTOPUjCKUM YCIOBHMA, a BOJa ca
TepeHa TpaHCIOpTOBaHa je 10 Jjabopatopuja Ha Temmepatrypu on +4 C°. Oppehenu cy
cieaehn xeMujCKy mapaMeTpu:

e BpenHoctu pH, koHuentpamuje kuceonuka (DO-mg/l) u carypammje (DO%) cy

onpehuBanu nomohy ypehaja WTW multi 340 I probe (WTW GmbH, Weilheim).
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e Konrnenrpanuje nutpata (NOs-N), oprodocdara (PO4-P) u amonujaka (NHz-N) cy
onpehuBanu CcreKTPO(HOTOMETPHJCKUM MeETOoJaMa KopuIIhemeM CHeKTpodoToMeTpa
Shimatzu UV-Vis.

e Vxymnna tBpaoha (H) je oapehuBana EJITA TuUTpanmoHOM METOJOM Y3 HPUCYCTBO
HMHJMKATOpa epuoXpoM LpHO T.

e buoxemujcka norpomma kuceonuka (BIIKS) je ompehena mpumenom cranmapaHe

metoje npema APHA (1999).

3.4 MeToje y30pKOBamba 1 uaeHTUGUKaINuje

Ha cBakom sokanurtey je mo u3Iacky Ha TEpPeH y30pKoBaHO Tpu myta, CypOepoBoM
MpexoM 3axsarhe nospiuuHe 0,0625 m? ca mpoMepoM okaua Ha Mpexu ox 250 um. Vsopuu
OeHTOCAa Cy CaKyIllJbaHH YHYTap cekmnuje peke oa 50 m, Ttako nma oOyxBaTe paszauduTe
CyIcTpaTe W MpOTOKe Boje. MeToj y30pKOBama je cTaHaapau3oBaH, Tako na je CypOepoBa
Mpeka IMOCTaB/beHa Ha TIOBPIIMHY CEJIMMEHTA, y3 TPOMHUHYTHO CHEPTUYHO Y3HEMHPABAME
MOBPIIIMHE CYIICTpaTa ucrpen Mpexe. CBa TpH y30pKa ca CBAaKOT JIOKAJIHUTETa (ca pa3IHIuTHX
CylcTpata) Cy OOjeIMIeHH Yy jelaH y30pak. Y30opiu cy Ha TepeHy duxkcupann 4%
dhopmanmexugaoM M TpaHCIIOPTOBaHU A0 Jabopartopuja [IpupoaHo-mMaremMaTnukor (akynTeTa
y Humy. ¥V maGopaTtopujckuMm ycliOBHMa JIapBe XUPOHOMHA Cy H3/BOJEHE OJ] OCTaTKa
aKBaTMYHMX OpraHu3ama u KoH3zepBupane y 70% eranouny.

Jlape XupoHOMHIA Cy HWIACHTU(PUKOBAHE JO HHBOA poOJa, MOJpPOJa U BPCTE,
ynoTpeOoM KJby4yeBa 3a HJACHTU(PHKAIM]Yy 3a CBaKy MNOTGaMWIN]y Tpyle XHPOHOMHIA
(Wiederholm, 1983; Moller Pillot, 1984a; Moller Pillot, 1984b; Schmid, 1993; Vallenduuk &
Moller Pillot, 2007; Moller Pillot, 2009). Wnpenrtudukanuja je cropoBedeHa TOMONyY
ounokynapse ayne Leica MZ — A16A Stereomicroscope ca kamepoMm Leica DFC320 Digital
Camera u mukpockona Leica System Microscope DM2500, ca aururaasHom kamepom Leica
DFC 490 Digital Camera. Takconomuja kopuirheHa y oBoj ctyauju je mpema Spies & Saether
(2004), y3 xopekiuje Moller Pillot (inuna komyHuKanuja). Pesynratu hayHe XMpOHOMHUIA U3

crymuje Jankovi¢ (1985) cy, Takolje, KopuroBaHnu npeMa HOBOj TAKCOHOMHUJH U HOMECHKJIATYPH

(Spies & Sather, 2004).
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3.5 Anaau3a noaaraka

3.5.1 Camoopranusyjyhe mane

Kako Ou ce mpeacraBuia MPOCTOPHO BPEMEHCKa MUCTpHOyNHja JapBU (aMuimje
Chironomidae u oapenno Mojen MOBE3aHOCTH 3ajeIHHUIIC Ca CPEIAUHCKUM (aKTOpHMa,
kopuiiheHe cy KoxoHeoBe BeliTauke HEYPOHCKE MpEKe, T[O3HATe joml M Kao
camoopranusyjyhe mamne (enr. Self Qrganizing Maps - COM; Kohonen, 1982). COM je
OpJIMHAIIFOHA METOJa KOja YCIEIIHO MOJeNyje W BH3yanu3yje (mpeciukaBa) JIMHEApHE U
HEJIMHeapHe Be3e, y BUCOKO JMMEH3UOHATHOM CETY M0/IaTaka, y BUYy HUCKOJMMEH3UOHATHOT
npocropa (HeypoMpexe). 300T Tora je 0Ba METOJIa IMOTOJIHA 33 MPEICTABIHAKBE MPOCTOPHUX U
BPEMEHCKUX CTPYKTypa 3ajeIHAIIa KOje Ce cacroje oi Benukor Opoja Bpcra. CTpykTypa

COM-a ce cacToju U3 1Ba cioja: ynasHu u KoxoHeHoB, win u3nasuu cioj (exr. layer) (Cnuka

4).
’HGVpOHM

BEKTOPMU

y/Na3Hu cnoj

Cauka 4. Ctpykrypa camoopranusyjyhux mamna. Tauke npezcraBibajy MIpOMEHIbHBE HEYPOHE
ynasHor cioja. JIuHuje mpencTaBibajy BEKTOpE, KOJU C€ CIMKajy y M3Ja3HH cJ0j HeypoHa
(mpeyzero u3 Kalteh & Berndtsson (2007)).
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VYna3Hu cnoj ce cactoju W3 HEypoHa YHMju Opoj 3aBuUCH o1 Opoja yima3HUX
mpoMeHJbMBHX. YHOC nojaraka y COM je opranu3oBaH y oOJIMKY yia3He MaTpHIlE Koja ce Yy
0BOj cTyauju cactoju ox 185 pemosa (y3opkoBanux jokanurera) U 110 xojoHa (TakcoHa).
PenaruBHa OpojHocT TakcoHa je log-tpandopmucana (log (x+1)) u HopmanuzoBana. Ha Taj
HAYMH Cy MPOMEHJBMBE 3aliTHheHe oj moceroBama Beher yrumaja y oJHOCY Ha ocraie
Bapujabne. Hakon mro je marpuma cnpemHa 3a ynaz y COM, mounme mporec ydema
(TpeHupama), KOju ce orjena y HUTEPAaTUBHOM (CEKBEHIMJATHOM) YKJbYYHBaWy CBAaKOT
yina3HOT BekTopa (pen (TakCOH) y yJa3HO] MaTpulM) Yy Mpexy. TOKOM OBOT camo-
oprauusyjyher nporeca (enr. self-organizing procedure), cBaku yia3HH BEKTOp MPECIUKaBa
ce y oapeheHn HeYpOoH u3ia3He Mpexe, popmupajyhu kapakrepucTiyaH Mojen nojaaraka (y
OBOM CIlyyajy 3ajeHuile xupoHomupaa). l[Iporec je Tako oOpraHu3oBaH aa J0JIa3H [0
ynopehuBama mpeacTaB/bEHOT yiIa3HOT oOpaciia mojaraka ca cBakuMm wuznazaum COM
HeypoHoM. HeypoH koju ce mpema mojeny, y HajpeheMm cTemneHy, Mmokiamna Mo BPEIHOCTH
EYKJIMIOBE JUCTAHIE ca YIa3HUM oOpaciieM, Ha3uBa ce MOOETHUYKH HEYpPOH, WU Haj00Jhe
ykinanajyhu HeypoH (enr. Best Matching Unit — BMU). U3na3suu ciioj je opraHu3oBaH y
00JIMKY TIBOJIMMEH3HOHAIIHE PEIIeTKEe, KOja C€ CacTOjU O] M3JIa3HUX XEKCAarOHAJIHUX HEypOHa.
Paznuike mojena koju cy J0/EJbeHH HEYpOHHMa PACTy ca MOpPACTOM HHXOBE JUCTAHIE Y
Mpexu. TauHuje, cyceqHa 1Ba HEypoHa he MMaTH CIWYHU]jE MOJIENe y OJHOCY Ha HEYpOHE
MO3UIIMOHUPAHE Ha CYNPHUTHUM KpajeBUMa Mpexe. YKYyIMHa BapHjaOUIIHOCT TMPUCYTHA Y
yJIa3HOj MAaTPHIIM I01aTaKa MOKPUBEHA je MojaearMa ca cBux Heypona (Penczak et al., 2006).
Kako Oum ce dopmupane rpyne CIMYHUX HEypoHa, KopuirheHa je merona ,,k-mean” Ha
tperupanoj COM wmanwu (Jain & Dubes, 1988).

Ha mperxogno tpenupanoj COM wmanu, NTacMBHO Cy VYKJbYYEHE CpPEIUHCKE
MIPOMEHJbHBE, YUMe ce oMoryhaBa TecTupame Be3e n3Mel)y CpeliHe ¥ CTPYKTYpe 3ajeTHHIIE,
a Jla TpPHUTOM CPEJWHCKU TapaMeTpu HeMajy HHUKaKaB yTUIA] HA OpIUHAIMOHE W
kiIacu(uKalmoHe mpolece, 3aCHOBaHE Ha OWMOJIOIIKMM Tmojarnuma. HakoH mTo je cBaka
CpeIMHCKa MMPOMEHJbHBA yBe3eHa y TpeHupaHy COM Mpeky, u3padyHarta je ’bbHXOBa CPe/Ibha
BPEIHOCT 3a CBAKH HEYPOH Y MPEXH, OKyIupaH O0ap jeanum yiasuum Bekropom (Park et al.,
2003). Besza wusmely cpeaunckux Bapujabniu u COM Mpexe je mpeacraB/beHa
BU3YAIN3al[MOHOM TEXHUKOM KOMIIOHEHTHHX TrpadukoHa (enr. component planes),
npukasyjyhu Ha ucTOj Mpexu IUCTpHOyLHOHEe oOpaclie CBake NPOMEHJbUBE IOjeAMHAYHO.
Axo mucTpuOynMja CpeAMHCKUX MapaMeTapa IoKa3yje jacaH rpaaujeHT (1pHo-Oene 60je) Ha

COM wMpexu, TO 3Haud Ja TH NapaMeTpu 3HAuYajHO JOMpUHOCE creunduyHoM obpaciy
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3ajeqauiie. C apyre cTpaHe, YKOJIMKO TPAJAMjEHT HUje BUIJBUB, YTHIIA] TAKBOT TapameTpa je
Oe3nayajan. KommoHeHTHH TpaduKOHM KOpUIIheHHM Cy M 3a BH3yalIM3aldjy TUCTpHOyLHje
TaKOCHAa Ha MPEXH Kako OM ce MpHKa3zao YTHIA] CPEIUHCKHX (hakTopa Ha TUCTPUOYIH]Y
onpehenux tackona (Milosevi¢ et al., 2013).

Bpoj HeypoHa y M3na3Hoj Mpexu (Pe30IylHja MpPEeKe) BeoMa je BakaH Mapamerap 3a
IITO BEpHHU]jE TPHUKA3UBAKE CTPYKTYPE 3ajeHHIIC HA TPaPUKOHY. YKOIHMKO je pe3oiyluja
MpeKe MOrpelHa, Ha IpUMep CyBUILE HUCKA, MOTyhe je 1a Ba)KHE pa3jivKe Y BapHjaOUITHOCTH
nonataka Oyny npukpuBene. C npyre cTpaHe, YKOJHMKO je Pe30JIyllija Mpexe MpeBucoka (rae
BEJIMKU OpOj HEYpOHA HeMa J0JIeJbeHE Y30PKE), Pa3IuKe y MoJelMMa T0/laTaka Cy U CYBHIIIE
Maie 3a TauHy wuHTepnperanujy (Céréghino & Park, 2009). Haxamoct, m0 cama HHje
HaIpaBJbEH TEOPHUJCKU METO/T 3a oJpehuBame Haj00Jbe ONITUMATHE PE30JIYIIH]E MPEXe. Y 0BO]
crymuju kopuiihene cy nBe, Hajuenrhe npenopy4yuBane merone (Vesanto et al., 2000; Park et
al., 2003). Y mpBom ciydajy, npemioxen je meton Vesanto et al. (2000), rae je onTUMamHu
6poj HeypoHa Ha MarmH Onu3y 5Vn, rie je n Gpoj TPEHWHT y30paKa. ANTepHATHBHA METOIA
(Park et al., 2003) oxapehyje omTumamHy pe30JyIHjy MMOMONY JIOKAJIHOT MHHHMYyMa
kBanTu3aimone (QE) u Ttomosorusarmone rpemke (TE). Kopuirhemem cumyntano o6e
METOJIe U M30eraBameM IPEBEIUKOT Opoja Mpa3sHUX HeypoHa (0e3 J0Je/beHUX JIOKAIUTETa;
Penczak et al. 2012), y oBoM ucTpakuBamy je oapeleHa onTrMaiHa BeIHYruHa MPEKe 011 8X7
Heypona. Matemarnuke ocioBe COM MeToie neramHo ¢y auckyroBane y Kohonen (1982).

[Iperxomne cTyamje Koje TpHKa3yjy MPOCTOPHM M BPEMEHCKH MOJIET 3ajeTHUIIC
KOPUCTE MYJITHBAapHjaHTHE TEXHUKE, Kao IITO Cy aHaimu3a riaBHUX kommoHeHTH (PCA),
KIacTep aHanu3e W kopecnonaeHTHa aHanm3a (CA). Mehytum, y mocienme Bpeme ce y
aHaJIM3W JUHAMUKE 3ajeqHuIle KopucTe u Bemrauke Heypompeske (Nijboer et al., 2005). COM
ce MpBO KOPUCTHO 3a oJpehuBame MPOCTOPHE W BPEMEHCKE TUCTPHOyIHMje OCHTOCHUX
3ajennuiia Makpounsepreopara (Chon et al.,, 1996). Ox taga Benuku Opoj ayropa KOPHCTH
COM 3a opauHanujy u xKiacudukaiujy, IpeauKkIujy U MOICIOBamke M0aTaka y pa3inyuTHM
acleKTHMa HCTpakhBama OeHTOoCHHMX MakpouHBepreOpara (Chon et al., 2000; Park et al.,
2003; Park et al., 2004; Verdonschot, 2005; Tang et al., 2010; Chon, 2011). COM ananu3a je
tTakohe Owmia kopumheHa 3a MOJICIIOBaWkE JUHAMHKE JIAPBU XHPOHOMHJIA HA Pa3IHUYUTHM
npodunmma cranumta (Penczak et al., 2006). I'naBua npearoct COM MmeToze je cnocoOHOCT
Ja MoJeinyje HeJIMHeapHy Be3y u3Mely Bapujabiu M Jla je Mame OCeT/bUBa Ha YTHUIIA]
exctpemuux Bpeanoctu (Park et al., 2004). Metona My aTHIMMEH3HOHAIHOT CKaMpama (CHT.

The Non-metric MultiDimensional Scaling — NMDS; Clarke & Gorley 2006) Takohe ce
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KOPUCTH y CTyAHMjaMa AWHAMHKE 3ajeIHUIla MAaKpOWHBEpTeOpaTa W YCHEIIHO IMpolecynpa
HenuHeapHe mogatke. Mehyrum, COM meTona HHje TMMHUTHpaHA Kajaa ce, 3a (GopMmupame
yJa3HUX BEKTOPa, KOPHUCTE BeNHMKe 0a3e mojaraka, KopucTehnm TOKOM BH3yalIM3allMOHOT
mporeca KOMIUIETaH JOCTYITHH TpOCTOp Ha 2n-mpexkn. OBO HHje cly4daj ca METOJI0M
MYJATHIIMEH3HOHATHOT CKaIMpama, Iae 2-1 WK 3-1 alpoKCHUMalrja BEJIMKOT ceTa IMojaTaka
MOXX€ CTBOPUTH TpaduKOHE KOjU Cy HEYHTJbMBH M HEMOY3JaHW 3a HWHTCPIPETAIH]Y
pesynrata. Ca mopactoMm Opoja Tmojaraka, HAPOYUTO Y CIydajeBUMa Kaja y yJa3HOj Tabemu
UMa JocTa HyJa (BpcTa HMje NMPUCYTHA), MHTEpIpeTalrja MojaTraka MOMohy HaBeIEHUX
MYJITHBAPHjAaHTHUX METOJa MOKEe OMTH HEToy3JaHa, ca BEJIMKOM TPEIIKOM (Ha MpUMep, KO
NMDS-a ca BHCOKHM ,,cTpecOM™ Kao MEpOM TOY3JaHOCTH/HEMOY3JaHOCTH aHAJIN3e, WJIH
MaJioM BapHujabuiiHonIhy Be3aHOM 3a Haj3HavyajHuje oce koa CA).

C o003upoM 1a je y OBOj CTYAMju CeT Mojaraka oOwiaH (ca BETHUKUM Opojem
rapameTapa M perinka), HellmHeapaH, T/ie BeIUKUA Opoj BpcTa Bapupa y CBOjOj TYCTHHHU KPO3
npocTopHe u Bpemercke rpaaujente (Chon et al., 2000), COM merona je oarosapajyha 3a
aHaJM3Yy M0/IaTaKa TakBe MPUPOJIC.

COM anammuza kopuinheHa je W NOPWIMKOM ylopehuBama ycarjaleHOCTH
OpAMHAIIMOHUX W KJIACU(PHUKAIMOHKUX IMPOIleca Ha Pa3IMYUTHM TaKCOHOMCKHM HHBOMMA. 3a
0Baj TecT (hopMUpaHe Cy TPU MOCEOHE yIa3He MAaTPHUIIE, TJE Cy Moaay o hayHu XUPOHOMHIA
MPECTaBJbEHN Ha TPH pa3iIMuMTa TAKCOHOMCKA HHUBOA. [IpBa MaTpuna je popMupana ox Tect
y30paka (peloBH y MAaTPUIIM) B TaKCOHa (KOJOHE) MACHTU(PUKOBAHUX, yIJIIaBHOM, O HUBOA
Bpcre. Y ocrane aBe Oasze mojaraka, rpylna XUPOHOMHJA je MPEICTaBJbeHa TaKCOHMMA
HUIeHTU(UKOBAHUM JI0 HHMBOA pojaa W notdamuiuje. BpemeHncka auctpuOyiuja y oBe Tpu
MaTpUIle TNpHUKa3aHa je€ CE30HCKH, MPOCEYHHM BPEAHOCTHMAa OpOJHOCTH Ha OCHOBY JIBE

peIUIMKe Y CBAKOj CE30HM, OCUM TTpoJicha, Kaja je y30pKOBaHO caMO jeTHOM (Maj).

3.5.2 MHaekcn nuBep3uTeTa

Wupekcn nuBep3uTeTa TPAIUIMOHAIHO CE€ KOPUCTE Yy TMPOLEHH Bapupama
OouomuBep3utTera u3Mel)y pedepeHTHHUX CTaHWINTA M CTAHWINTA JIETPAUpaHuX ycien
antponorexor yrumaja (Magurran, 2004). Behuna unIekca KOpUCTH OOraTCTBO TaKCOHA U
€KBUTAOMIIHOCT, Kao MapaMeTpe KOju Cy OCETJbUBH Ha METOJY Y30pKOBama U TUIl CTAHUIIITA.
OBakaB HeJIOCTaTaK MpeACTaB/ba 030UIbHY MPEMNPEKY Y CpoBohemy cTyArja Koje MOKPUBAjy
BEIUKE MPOCTOPHE M BpEeMEHCKe ckaie. MHaekcu TakCOHOMCKOT auBep3uTera Moryha cy

pemema oBor mpobiema (enr. Taxonomic distinctness index; Clarke & Warwick, 1998).
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BbuxoBa riaBHa NpeAHOCT je MOTIYHa HE3aBHCHOCT OJ] METOa M Y4ECTaJIOCTH Y30PKOBamba,
omoryhaBajyhu nmpumeny oBe mMeTojie y nopehemy crymuja 6e3 mojgaraka o TEMIy ¥ HAYUHY
y3opkoBawy u tuny cranuira (Clarke & Warwick, 1999). CynpoTHO TpaauiMOHATHUM
MHJICKCHMa CICIUJCKOT TUBEP3UTETa, MHACKCH TAKOCOHOMCKE Pa3JIMYUTOCTH 3aCHOBAHU CY
Ha (WIOTEHETCKOj, TAKCOHOMCKOj M (YHKIMOHAIHO] BapHjadMIHOCTH u3Mel)y BpcTa y
okBupy 3ajeanunie (Heino et al.,, 2005). Oaj koHIeNT HpPBO je pa3BHjeH 3a yHnoTpedy y
mapuHckum exocuctemuma (Warwick & Clarke, 1998; Rogers et al., 1999; Warwick et al.,
2002), mok ce maHac IEroBa NpUMEHAa TMPOMIMPUIA M Ha 3ajeJHUIE CIaTKOBOJIHUX
exocuctema (Heino et al., 2005; Abellan et al., 2006; Bhat & Magurran, 2006; Heino et al.,
2007; Marchant, 2007; MiloSevi¢ et al., 2012).

3ajeqHUIIa XUPOHOMHJIA j€ y OBOj CTYAUJH TIPEACTaB/bEHA ca JBa pa3iidnyuTa
TaKCOHOMCKa WHeKca auBep3utera. [IpBU je mpoceyHa TakcoHoMcKa paznuuutocT (deltat+
(%), xoju ce neduHMUIIEe KAaO MPOCEYHA TY)KMHA TAKCOHOMCKOT myTa u3mel)y Omino koje nBe
ciydajHo u3alOpane Bpcre, ciuenehum Linnae-oBy, wunm ¢uioreHeTcky Kiacupukauujy

noctymHor cera Bpcra (Clarke & Warwick, 1998). Delta+ ce pauyna Ha ocHOBY cienche

dbopmyme:

hIPIWC
A v i<j
m(m-1)/2
r7ie je M Opoj BpCTa a @ TeKUHA JI0/Ie/beHa MYTY KOjU MOBe3yje BPCTY | H j. 3a U3pauyHaBame
@ je HEOMXOaHO AeUHKICATH U J0ACIUTH oapehene Texkune (V) 3a CBaKy CEKIHjy myTa Koja
IpejcTaBba KOpak KOju MOBe3yje JBa cyceaHa TakcoHoMmMcka HuBoa (Cimka 5.). Y 0BOj

CTYIIU]JU je KOPUIITNEHO IMeT TaKCOHOMCKUX HHUBoa (hamuiuja, motdhaMmuivja, Tpuoyc, poa u

BpCTAa) TJIe je€ CBAaKOj CeKIMjU myTa u3Mel)y n1Ba HUBOA 0/e/bMBaHA TeKUHA V=1,
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b

Noapen

®amunuja

Pop,

BpcTa 12 3 4 56 6 7 2

Wog = Wga= Vy+ Vo +V, W = v1+v2+val Weg = ¥+ Vg

Cauka 5. Ilpumep (a) takconomckor, (0) ¢uaorenerckor crabdiaa U AePUHUCAHUX TEKHUHA
TaKCOHOMCKOT ITyTa (®jj) o Bpcte i dO Vrste j, 3a y3opak ox 7 Bpcta. [[yxuHa myra je jenqHaka
CYMH TyXXHHA TAKCOHOMCKHX KOpaka (V) 10 MPBOT 3ajeIHUYKOT YBOpa ojpeljeHor mapa Bpcra
y y30pKky. Cpe/ba BpeIHOCT AY)KHHE TAKCOHOMCKHX MyTeBa CBHX MapoBa BPCTAa Y Y30PKY
NpeJICTaBJba UHICKC TakcOHOMCKe pasnumuutocTu (deltat) (mpeysero u3 Clarke & Warwick

(2001b)).

Jlpyru MHIEKC TaKCOHOMCKOT TUBEP3WTETa KOpHIIheH y OBOj CTYIWjU je BapHjaHca
takcoHoMcke paznmuutoctH (lambda+ (AY)), koja oTkpuBa yjeaHaue€HOCT AUCTPUOYyIH]jeE
TaKCOHA JIy’K XHEPaPXHUJCKOT TAKCOHOMCKOT cTabJa.

Lambda+ ce pauyna kao:

. ZZiij (“’ij B a_)jz

m(m—1)/2

[Tpukasyjyhu kapakTepucTuke TakcoHOMCKe cTpykrype (Ciuka 6.), oBaj MHICKC
o0e30ehyje momarHe wuHbopMmalHje 0 HEpeaTHO MPEKOMEPHOM WIH YMambEeHOM YTULA]y

IPUCYTHUX TAKCOHA Y Y30DPKY.
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a b

MNoapena
33.33 33.33
Qamununja
33.33 33.33
Pop, Q
33.33 33.33
BpcTa

s=7 At = 66867, A" =0 AT = 66.67, A* = 634.9

Cauka 6. [Ipumep nBa crabma (a; 0) ca MCTUM BPETHOCTHMA IPOCEYHE TAKCOHOMCKE
pazmuuutoctu (deltat), amu ca pasnMUUTHM BpelIHOCTHMMA HWHIeKca lambda+ (BapujaHca
TaKCOHOMCKE Pa3JIMYUTOCTH), KOju peduiekTyje Behy HeyjemHadeHOCT CTpyKType ctabna 0 y
OJIHOCY Ha CTabJIo a, T/AE je CTPYKTypa MaKCUMAaTHO yjeaHadyeHa. J[y)kKuHa TaKCOHOMCKHUX
Kopaka (V) je craHiapAu3oBaHa Tako jAa je MakcumanHa BpenHoct =100 (IIpeyseto u3
Clarke & Warwick (2001b)).

Konycuu rpaduxonu (enr. funnel plot) ca rpanumiama 95% unTepBasia moBepema 3a
delta+ u lambda+ cy xonctpyncanu npema Warwick & Clarke (1998). Kako 6u ce oapenuie
ouekuBaHe BpenHoctd deltat m lambda+ Ha OCHOBY permoHasHOT CKyma BpcTa (Mactep
nucra), kKopuimheH je TecT paHmoMm3aije (ciaydajHor u3bopa). OuekuBaHE BPEAHOCTH
uHJIeKca oMoryhaBajy HpOIEeHY CTEIeHa OJICTyNama JOOHjeHUX OJf OYCKHBAHE BPEIHOCTH.
VYkoJmKko noOHjeHe BPEIHOCTH UCIajajy BaH rpanuna 95% wHTepBalia MmoBepema, cMaTpa ce
Ja Cy JIOKAJIMTETH Ca TaKO CMAmbCHUM BPETHOCTUMA TAKCOHOMCKE Pa3IMUUTOCTH H3JI0KCHU
onpeheHOM CTereHy aHTPOIOreHOT YyTHIaja (HIp. OpraHCKO W TOKCHYHO onTepeheme,
armandukanyja u MopdoJioKa HApYIIEHOCT CTaHUIITA). Y OBOj CTyAuju je (popmupana
KOMOMHOBaHa MacTep JIUCTa HAa OCHOBY HCTpakuBama crpoBeaeHux 1981. u 2010. roaune
koja campxu 109 Ttakcona. Takohe je KOHCTpyucaH JBOJAMMEH3MOHAJIHH TI'padUKOH ca
cUMynUpaHuM BpenHoctuma delta+ u lambda+, u3pauyyHaTux Ha OCHOBY MOJaTaKa U3 MacTep
mucTe. Busyanusanuja cUMyJIHpaHUX BPEIHOCTH HWHICKCA j€ KOHCTpyHMCaHa Kako O ce
TECTUPATIO TMOCTOjalbe YHYTpPAIIkhEe KOPETHUCAHOCTH, W3a3BaHE TAKCOHOMCKOM CTPYKTYPOM
mactep snucre (Warwick & Clarke, 2001). Kao u 'y 95% koHycHHM rpaduKOHHUMA, y CIIy4ajy

rpaduKOHa pacHulama CUMyIHpaHux BpegHoctu deltat u lambda+, enunce mnpukazyjy
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rpanune 95% wuHTepBana moBepema. [ paduKOHM pacunama MpHUKa3yjy CHUMYIHpaHe
BPEHOCTH Ca HYJITOM XHIIOTE30M Ja Cy Yy30pI BpCTa M3 MacTep JIMCTe (GopMHpaHd IO
MPUHLHUIY CIIY4ajHOCTH (CBaKa BpCTa U3 MacTep JUCTE UMa jeJJHaKy BepoBaTHONY na ce jaBu
Ha CBaKoM JiokanuteTy, y3opky) (Clarke & Warwick, 2001b).

Kako 6m ce yrBpmwio mocrojame Bese m3mehy deltat mHaekca u TpaaMIMOHATHHX
MHJICKCA CIICLHUJCKOT TUBEP3UTETA, 32 CBAKH JIOKAJIHUTET ojipeheHe cy BPeIHOCTH: YKYIIaH Opoj

Bpcra (S), Shannon-Wiener-oB unnekc qusepsurera (H’):

S

H’=-3" pilog pi

Simpson-ov unpekc (1-D):

s, 2
1-D=1-) pi

i
u Pielou-oB unaekc yjennauenoctu (J°):

. H

logs
rJie je pi mpoceuna 60pojHOCT BpcTe |, a S ykynan 6poj Bpcta (Dash, 2001).

3a padyHame MMOMEHYTHX HWHICKCAa JWBEp3UTEeTa KOpHUINhEeHa je MaTpHia ca TpH

peruInKe TOKOM JIBE€ Ce30He, JieTa (jyH, aBTycT) u jeceHu (centembap). M360p mecena je pahen
ca IMWJBEM Ja C€ CMamH BPEMEHCKa BapHjaOMIIHOCT KOja j€ KapaKTepUCTHYHA 3a OBY
dbamunujy (Bunmetu: Pesynratm, 4.2 IlpoctopHa m BpeMeHcka AWCTpuOyIuja (amumje

Chironomidae). OBako popmupana 6a3a mojaTaka oaroBapa epruoay y30pKaBama y CTYAUju

u3 1981. rogune, mro omoryhaBa BepHy KOMITapaiyjy pe3ysrara.

3.5.3 MyJTUBapHjaHTHU U YHHBAPHUjaHTHU TeCTOBH

buminor mnpeseHTanMja HOpPMATW30BaHE aHAIM3€ TIJIABHUX KOMIIOHEHATH (€HT.
Principal Component Analysis, PCA) uckopuiihieHa je kako Ou ce rpaduukd MpeacTaBuO
OJHOC W3Mel)y JIOKQJIMTETa W HbUXOBUX BPEIHOCTH, CPEIMHCKHX Tapamerapa M HHICKCa
delta+. Tlopex Tora, mcra aHanM3a je MPUMEHHEHA 32 TECTUPAE CTEMCHA MOBE3aHOCTH
CPEIMHCKHUX Bapujabid W TPaJAMIMOHAIHUX HWHAEKca auBep3urera (Shannon-Wiener-os
ungekc auepsutera (H’), Simpson-ov uugekc (1-D) u Pielou-oB mHIeKkc yjemaHaueHOCTH
(J)). Marpuna monmaraka koja je kopuinhena kao yna3 3a PCA merony campxaina je 11
cpequHCKHX TpoMeHJbuBHX — KoHueHTpaiuja Hutpara (NOs-N), oprodocdara (PO4-P),

amonujaka (NHs-N) u kuceonuka (DOmg/l), 3acuhenoct (carypanuja) kuceonnkom (DO%),
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tBpaoha Boxe (H), enexrpuuna nposossbuBocT (EC), pH BpeaHocT, neroaHeBHa OHOJIOIIKA
notpomimha kuceonuka (BITKS), Temmeparypa Boae (t) u myrHoha (TypOuauter). Yinasua
MaTpuna je Takohe campikama, y mpBoM TecTy BpenHoctu deltat wmHzaekca, kao mepy
CTPYKType 3ajeIHHIIC XUPOHOMHUIA. Y JPYroM TECTy je CTPyKTypa 3ajeHuie Owuia
MpEeACTaB/beHA TOpPE HABEACHHUM, TPATUIMOHAIHUM WHACKCMMA 1uBep3uTeTa. CBHX 12
MIPOMEHJBUBHX, Y TIPBOM CIIy4ajy, U 16 MPOMEHJbUBUX Y APYrOM, MPEICTABIHAIO je KOJIOHE
ylla3He MaTpulle, MepeHe Ha 28 mokanmrtera (pemoBu marpuie). C 003upoM aa Cy mojanu
KBaHTHTATUBHUA W Ja TIPOMCHJBHBE HUCY MPEACTABIHEHE Yy MCTHM jeIWHUIIAMA, MMPUITHKOM
aHaym3e Tmojaraka je kopumrhena Hopmaim3oBaHa PCA. Hopmanmusanuja mojaTtaka je

CIpoBeJieHa npema cieaehoj jeJHaunHu:

rje je Yi TpancopMucaHa BpeIHOCT MPOMEHJBUBE i, XI OpUTHHAIHA BPEIHOCT MPOMEHJBHBE,
cpemba BpeIHOCT Bapujabie | 3a cBe mojarke y y3opky u SDi je crammapaHa aeBHjanmja
Bapujabne i. Hakon ananuze, 1o0ujeHe BPEAHOCTH KOPAMHATA CBUX JIOKAJUTETA HA MPBOj U
apyroj PCA ocu cy crannapan3oBane (Ha Bpeanoctu usmel)y -1 u 1). BpenHoctu koopauHaTa
JIOKaJITeTa Haj3HAYaJHUJUX oca KopuinheHe Cy 3a KiIacu(puKanujy JOKaJuTeTa y rpymne, Ha
ocuoBy Ward-osor anroputma (Everitt et al., 2001). PCA u xiacrep ananusa paljene cy y
craructruukoMm makety ADE-4 software (Thioulouse et al., 1997).

C oO63upom mga COM ananm3a HE TpHUKa3yje CTATUCTUYKE WHAMKAIM]E BpCTa
OJITOBOPHUX 3a OJ[Bajalbe KiacTepa, JOJATHA WHTEpIpeTanuja IpHKa3aHuX oOpa3ana
CKOJIOIIKUX Tojaraka je cmpoBereHa npumenom IndVal merome (the Indicator Values;
Dufréne & Legendre, 1997). Jla 6u ce macHTH(UKOBAIE 3HAYajHE BPCTE Ca BPEIHOCTHMA
IndVal mapamerpa Behum on 25%, mpumemen je Monte Carlo Tect 3nauajunoctu ca 1000
nepMmyranuja. TakBe BpCTE Cy pENpPE3CHTATUBHE 3a TPYIY JIOKAIUTETa ca PEaTHBHOM
(bpekBeHLIOM U I'ycTHHOM He MawmoM of 50%. Bpcre koje umajy IndVal Bpeanoct mamy oa
25%, a cratuctuuku cy 3Hauajue ( p<0,05), mpencTaBspajy TaKCOHE KOjU CY BaXKHU 3a TPYyIY.
OBe Bpcte 00e30ehyjy momatHe mHboOpManMje O TPYNH, all HUCY PENpe3eHTaTHUBHE, jep
MMajy HUCKE BpeIHOCTH penaTuBHE ppekBeniie. Ananusa IndVal merone je cnpoBeneHa Tako
mwto ce kopuctuo PC-ORD 4.0 nporpamcku naker (McCune & Mefford, 1999).

Kako 6 ce TecTHpao yTHIIa] TAKCOHOMCKE pE30JylMjeé Ha WHAMKATOPCKY CHAary
TaKcoHa Y MPOILIEHHW YKYIHE Jerpajaiuje cTaHuirta, npumemena je IndVal merona nHa nBe

0a3e mojaTtaka ca pa3IMUYUTOM TAaKCOHOMCKOM PE30JYLHjoM (HMBO BpCTE M poja). Y MPBOM
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KOpaKy Cy JIOKUINTETH OpAuHucaHu u KinacupukoBanu COM wmeromom, Ha OCHOBY 15
cpeaMHCKuX mnapamerapa. Hakon Tora, IndVal merosma je mcroBpeMeHO NpuMemEHA Ha
MaTpullamMa ca nojanuMa Ha 00a TakCOHOMCKAa HHBOA, ca JUBHU3MOHUM OO0paciem,
3aCHOBAHMM Ha CPEIMHCKHM MapaMeTpruMa.

Kako 6u ce ynopeauia kiacu(pukanuoHa ClIOCOOHOCT Ha Pa3IMUYUTUM TaKCOHOMCKHM
HUBOMMA, KopuiheHa je MeToja npoueHe kiacudukairone cuare (Classification Strength).
OBa Merona mpolewmyje Kako Mojnenu (Kiacu(uKaluoHE IIeMe), JOOWjeHH Ha OCHOBY
MojJiaTaka Ha HUBOY poJa W HoTpammivje, MOTy Ja onuiny (IOKpH]y) BapujaOMIIHOCT Y
KOMITO3UIIMJU 3ajeJHUIle Ha HajbuHujeM MoryheMm TakcoHOMcKoM HHBOY. Knacudukannona
cHara je ojapeleHa 3a mojene JIOKaIMTETa, MpeMa MmoaaluMa Ha TP Pa3iIiuuTa TAKCOHOMCKA
nuBoa, noomjera COM wmetogom. Ilpema Van Sickle & Hughes (2000) CS je pauyHar
KopumihemeM TMpHUCTyIa ,Cpeame caudHocTh , npu demy je CS=W-B. YV oBoj jenHaunau
npoMensbuBe W 1 B nipescraBibajy cpeilby YHYTAprpyIrHy CIUYHOCT U CpeImby MehyrpynHy
CIIMYHOCT, PECMEKTHUBHO. JleHAporpam cpeame CIMYHOCTH Oa3upaH je Ha Sorensen-oBOM
koepunujenty cnuyHoctu (KaradZi¢ & Marinkovi¢, 2009), uuje ce BpeIHOCTH Hajnasze y
oncery usmehy 0 (Hema cimuHoctH) UM 1 (kommuieTHa ciuyHocT). Tauynuje, kaga je CS=0,
ouaa je W=B u nHema cimunoctu usmely kmaca. C npyre crpane, kaaa je CS=1, onga Hema
pasnmuke m3Mmely kmaca (y tom ciydajy je W=I m B=1). OBa ananmms3a je crpoBeacHa
kopumthemem ,,Multiresponse Permutation Procedure” (MRPP) amamusze y PC-ORD 4.0
programskom paketu (McCune & Mefford, 1999) u MRPP ekcrensuje (MRPPCONYV .exe)
koja je noctynaa y MEANSIM 6 (Van Sickle & Hughes, 2000).

Jla Ou ce mpukaszana ycarjaleHoCT u3Mely CTpyKType 3aje[JHHIIE Ha TaKCOHOMCKOM
HUBOY BpcTe, dammiauje u mnordamuauje, kopuiihena je RELATE amamuza (Clarke &
Warwick, 2001a), kommapaTuBHH TECT MaTpHIla CIMYHOCTH 3aCHOBAHMX Ha Spearman-0BOj
kopenamuju  (Karadzi¢ & Marinkovié, 2009). VYma3He wmaTpuie 3a OBY aHaIHU3y CY
KOHCTPYHCAHE 3a CBa TPU TAaKCOHOMCKa HHMBOA y BHIy Bray-CurtisS-oBux marpuiia CIIM4HOCTH
(Clarke & Warwick, 2001a).

3a ogapehuBame yTHIIAQja TAaKCOHOMCKE pE30JIyllije Ha OJHOC 3ajefHHIe ca
cpenuHCKUM (akTopuma HcTOBpeMeHOo je mnpuMemeHa BIO-ENV awammsza (Clarke &
Ainsworth, 1993) 3a cBa Tpu TakcoHOMCKa HuBOA. [lopen yna3HHX MaTpHIa CIHYHOCTH ca
OMOJIOIIKMM MOJAllMMa, OBA aHAJIN3a KOPUCTH U MAaTPUILIE €YKIUIOBUX AUCTAHIM CPETUHCKIX
napametapa. BIO-ENV ananuza ¢(yHKIMOHHUIIE Tako LITO MOPEIH OpAMHAIMjEe Ha OCHOBY

OMOTHMYKMX M CpeIMHCKHX KOH(Urypanuja, Tparajyhu 3a xopenauujom usmelhy Bray-Curtis-
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OBHX MaTpHlla CIMYHOCTH M MaTpHlla EyKIUAOBUX 1uctaHiu. Kao pesynrar aHammsza
MpHUKa3yje CeT CPeIUHCKUX TapaMeTapa koju o0e30ehyje Hajsehu crenen kopenamuje u3mehy
MaTpHIla 3ajeIHUALIC U CPeIUHCKUX (pakTopa. Y nuiby 00Jbe mHTEpHpeTaluje pezynrata BIO-
ENV anammze, COM aHamm3oM je MCTOBPEMEHO NpEeACTaBJbeHA IUCTPUOYIHja BPEIHOCTH
cpenuHCKUX mapamerapa koje je BIO-ENV mpukazao kao 3Ha4ajHe 32 CTPYKTYPY 3ajCIHHIIC
XUPOHOMHJIA.

Pearson-os kopemnaimonu Ttect (Karadzi¢c & Marinkovié, 2009) mpumemeH je 3a
KOpenaiujy pasIMuyuTuX WHAeKca auBep3uterd. OBaj TecT je Takohe kopuimrheH 3a
onpehuBame CTENeHa ycarJialleHOCTH OoraTcTBa BpCTa W WHJEKCA IMBEp3uTeTa m3Melhy
pPa3IMYUTUX TAKCOHOMCKUX HUBOA. Y LMJbY ojpehuBama paziuke usmely Bpennoctu delta+
nBe 6aze nonaraka, u3z 1981. u 2010., kao u u3mel)y HapyieHUX U peepeHTHUX JIOKAIUTETA,
kopuiihen je Student-os t Tect (Zar, 2009).

3HauvajHe pa3IMKe y CTPYKTYpH 3ajeHuIle XupoHoMmuaa u3Melhy ces3ona (mecerna) cy
onpehene momohy Kruskal-Wallis-osor tecta (Karadzi¢ & Marinkovi¢, 2009). 3a nopeheme
rpymna JokanuTeTa (opMUpaHUX Ha OCHOBY aOMOTHMYKHX IapaMerapa je Takole nmpumemeH
Kruskal-Wallis-oBor Tecra, mok je 3a mojenmHauHa mopehema rpyma kopuithen Mann-
Whitney-es Tectr (Karadzi¢ & Marinkovié, 2009). CremeH yTHmaja BpeMEHCKE
BapHjaOMITHOCTH j€ TIPOIICHEH €Ta KBaIpaToOM (nz), yyja ce BpenHocT kpehe y oncery ox 0 mo
1. OBaj mapaMerap WHAMKYje Ja BPEMEHCKAa BapHjaOMIIHOCT MOXKE€ MMaTH Ciiad (112=0,01),
Cpenmu (11220,06) WJTU jak (112=O, 14) yTuiiaj Ha KOMIIO3HUITH]Y 3ajeAHUIIE XUPOHOMUIA

Jennodakropcka ANOV A kopumrheHa je 3a TeCTUpame pa3inka CpeAMHCKUX (haKkTopa
usmel)y rpyma snokanuTtera GopMHpPaHUX HA OCHOBY OMOJIONIKKX MojaaTaka. Post hoc ananusa
je pahena momohy Tukey HSD rtecra (Zar, 2009). CBu yHHBapHjaHTHH CTATHCTUYKH TECTOBH

Cy MpuMemeHN TToMohy craTucTuukor nakera SPSS, Bepauja 15.
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4.1 TakcOHOMCKHM cacTaB (payHe XHPOHOMH/IA Ha ciuBYy Jy:kHe MopaBe
Tokom ucTpakuBama 07 YKynHO 35.185 aHanmm3upaHuxX jeJUHKH, KOHCTaTOBaHO je
npucyctBo 111 TakcoHa y okBupy 65 pomosa, auctpubyupanux y 5 nordamunuja (Tabena
4.). HajpazHoBpcHuja mnordammwivja y okBupy damuiuje Chironomidae Owuna je
Orthocladiinae, ca peructpoBanux 51 TakcoHom u nmotdamuiarja Chironominae, ca ykymuo 38
takcona. Hakou Tora cienu notdamunija Tanypodinae, ca 17 takcona, Diamesinae, ca tpu u
Prodiamesinae ca camo naBa 3abenexeHa takcoHa. Pox ca naBehum Opojem 3abenexeHUX
BpcTa TOKOM HCTpaxkuBama Ouo je Eukiefferiella (10 takcona). Hakon Tora ciemau
Polypedilum ca 8 u Cricotopus ca 5, gok cy pomosu Orthocladius i Corynoneura Guiu
MPUCYTHH ca MO 4YeThpu TakcoHa. On mpeocranux pojoBa, Hajsehu Opoj (44) je Oumo

3aCTYIJbEH ca caMo JeHOM BpcToM, 14 pojioBa ca 1o JiBe, a camo JIBa poJia ca Mo TPU BPCTE.
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Tabeaa 4. Takconomcku cacraB 3ajennuiie ¢amunrje Chironomidae KOHCTaTOBaH TOKOM
UCTpaXMBamka Ha MOApy4Yjy ciauBa Jy:xkae Mopase, y nepuoay on maja 2010. 1o mapra 2011.

TOJIUHE.

Takcon

Taxcon

IMordamunuja Tanypodinae
Ablabesmyia longistyla Fittkau 1962
Ablabesmyia phatta (Egger 1864)
Anatopynia plumipes (Fries 1823)
Apsectrotanypus trifascipennis (Zetterstedt
1838)

Arctopelopia barbitarsis (Zetterstedt 1850)
Conchapelopia melanops (Meigen 1818)
Krenopelopia sp.

Macropelopia adaucta Kieffer 1916
Macropelopia nebulosa (Meigen 1804)

Natarsia sp.
Nilotanypus dubius (Meigen 1804)

Procladius spp.

Rheopelopia sp.

Tanypus kraatzi (Kieffer 1912)

Tanypus punctipennis Meigen 1818
Thienemannimyia sp.

Zavrelimyia sp.

Potfamilija Chironominae

Chironomus spp.

Cladotanytarsus spp.

Cryptochironomus sp.
Demicryptochironomus vulneratus (Zetterstedt
1838)

Dicrotendipes nervosus (Staeger 1839)
Dicrotendipes notatus (Meigen 1818)
Endochironomus albipennis (Meigen 1830)
Endochironomus dispar (Meigen, 1830)
Glyptotendipes sp.

Harnischia sp.

Morpamumja Orthocladiinae

Brillia bifida (Kieffer 1909)

Brillia flavifrons (Johannsen 1905)
Cardiocladius fuscus Kieffer 1924
Corynoneura cf. antennalis sensu Schmid
(1993)

Corynoneura coronata Edwards 1924
Corynoneura lobata Edwards 1924
Corynoneura scutellata Winnertz 1846
Cricotopus bicinctus (Meigen 1818)
Cricotopus gr. sylvestris sensu Hirvenoja 1973
Cricotopus tremulus (Linnaeus 1758)
Cricotopus triannulatus agg. sensu Moller
Pillot 1984

Cricotopus trifascia Edwards 1929
Epoicocladius ephemerae (Kieffer 1924)
Eukiefferiella brevicalcar (Kieffer 1911)
Eukiefferiella claripennis (Lundbeck 1898)
Eukiefferiella clypeata (Kieffer 1923)
Eukiefferiella coerulescens (Kieffer 1926)
Eukiefferiella fittkaui Lehmann 1972
Eukiefferiella gracei (Edwards 1929)
Eukiefferiella ilkleyensis (Edwards 1929)
Eukiefferiella lobifera Goetghebuer 1934

Eukiefferiella minor (Edwards 1929)

Eukiefferiella tirolensis Goetghebuer 1938
Heleniella ornaticollis (Edwards 1929)
Krenosmittia sp.

Limnophyes sp.

Nanocladius dichromus (Kieffer 1906)

Nanocladius rectinervis (Kieffer 1911)
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Microchironomus tener (Kieffer 1918)
Micropsectra bidentata Goetghebuer 1921
Micropsectra sp.

Microtendipes pedellus agg. sensu Moller Pillot
(1984)

Parachironomus frequens (Johannsen 1905)
Paracladopelma laminatum (Kieffer 1921)
Paracladopelma nigritulum (Goetghebuer 1942)
Paralauterborniella nigrohalteralis (Malloch
1915)

Paratanytarsus austriacus (Kieffer 1924)
Paratanytarsus dissimilis (Johannsen 1905)
Paratendipes albimanus (Meigen 1818)
Phaenopsectra sp.

Polypedilum albicorne (Meigen 1838)
Polypedilum convictum (Walker 1856)
Polypedilum cultellatum Goetghebuer 1931
Polypedilum laetum (Meigen 1818)
Polypedilum nubeculosum (Meigen 1804)
Polypedilum pedestre (Meigen 1830)
Polypedilum scalaenum (Schrank 1803)
Polypedilum uncinatum Goetghebuer 1921
Pseudochironomus prasinatus (Staeger 1839)

Rheotanytarsus spp.
Saetheria reissi Jackson 1977

Saetheria sp.

Stempellinella brevis (Edwards 1929)
Stictochironomus maculipennis (Meigen 1818)
Stictochironomus pictulus (Meigen 1830)

Tanytarsus spp.

Orthocladius (Euorthocladius) sp.
Orthocladius (Orthocladius) spp.
Orthocladius frigidus (Zetterstedt 1838)

Orthocladius lignicola Kieffer 1914

Orthocladius rivulorum Kieffer 1909
Paracladius conversus (Walker 1856)
Paracricotopus niger (Kieffer 1913)

Parakiefferiella smolandica (Brundin 1947)

Parametriocnemus stylatus (Spaerck 1923)
Paratrichocladius rufiventris (Meigen 1830)
Paratrissocladius excerptus (Walker 1856)
Psectrocladius calcaratus (Edwards 1929)
Rheocricotopus chalybeatus (Edwards 1929)
Rheocricotopus effusus (Walker 1856)
Rheocricotopus fuscipes (Kieffer 1909)
Rheosmittia spinicornis (Brundin 1956)
Smittia sp.
Synorthocladius semivirens (Kieffer 1909)
Thienemanniella clavicornis (Kieffer 1911)
Thienemanniella majuscula (Edwards 1924)
Tvetenia bavarica (Goetghebuer 1934)
Tvetenia calvescens (Edwards 1929)
Tvetenia discoloripes (Goetghebuer &
Thienemann 1936)
Morpamuauja Diamesinae
Diamesa sp.
Potthastia gaedii (Meigen 1838)
Potthastia longimanus Kieffer 1922
IMorpamusmja Prodiamesinae
Odontomesa fulva (Kieffer 1919)

Prodiamesa olivacea (Meigen 1818)
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Kopurosau crucak Bpcta cryauje Jankovi¢ (1985) npukasyje nmpucyctBo 54 takcoHa

Koju cy, mo mnordammnujama, pacnopehennu crnenehum oOpacuem: Orthocladiinae ca 26,

Chironominae ca 20, Tanypodinae 6 u Prodiamesinae u Diamesinae ca mo jexHoM BpPCTOM

(Tabena 5.).

Tabena 5. Takconm xupoHomuma mnpucyrHu (X)/oacyTHu (-) y JABE OJIBOjeHE CTyAHM]je
crpoBezieHe Ha cnuBy Jyskne Mopase Tokom 1981. u 2010. rogune.

=N =N
TakcoH © Q TakcoH © Q
= o = O
Hordpamuanja Tanypodinae Morpamuanja Orthocladiinae
Ablabesmyia longistyla Fittkau . )
X X Brillia flavifrons (Johannsen 1905) - X
1962
Ablabesmyia phatta (Egger 1864) - X Brillia bifida (Kieffer 1909) - X
) ) ) Bryophaenocladius subvernalis
Anatopynia plumipes (Fries 1823) - X X -
(Edwards 1929)
Apsectrotanypus trifascipennis ) ) )
— X Cardiocladius fuscus Kieffer 1924 - X
(Zetterstedt 1838)
Arctopelopia barbitarsis X Corynoneura celeripes Winnertz X
(Zetterstedt 1850) 1852
Conchapelopia melanops (Meigen
X X Corynoneura lobata Edwards 1924 - X
1818)
) Corynoneura scutellata Winnertz
Krenopelopia sp. - X X X
1846
) ) ] Cricotopus triannulatus agg. sensu
Larsia curticalcar (Kieffer 1918) X - ] X
Moller Pillot 1984
Macropelopia adaucta Kieffer _ o _
— X Cricotopus bicinctus (Meigen 1818) X X
1916
Macropelopia nebulosa (Meigen N Cricotopus gr. sylvestris sensu NI
1804) Hirvenoja 1973
Nilotanypus dubius (Meigen 1804) — X Cricotopus tremulus (Linnaeus 1758) X X
Procladius sp. X X Cricotopus trifascia Edwards 1929 X X
) Epoicocladius ephemerae (Kieffer
Rheopelopia sp. - X - X

1924)
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Tanypus punctipennis Meigen 1818

Thienemannimyia sp.

Trissopelopia flavida Kieffer 1923
Zavrelimyia sp.
Iordpamuanja Chironominae

Beckidia zabolotzkyi (Goetghebuer
1938)

Chernovskiia orbicus (Townes
1945)

Chironomus sp.
Cladotanytarsus sp.

Cryptochironomus sp.
Demicryptochironomus vulneratus
(Zetterstedt 1838)

Dicrotendipes nervosus (Staeger
1839)

Dicrotendipes notatus (Meigen
1818)

Endochironomus albipennis
(Meigen 1830)

Endochironomus dispar (Meigen,
1830)

Glyptotendipes cauliginellus
(Kieffer 1913)

Harnischia fuscimanus Kieffer
1921

Micropsectra bidentata
Goetghebuer 1921

X

X

Eukiefferiella brevicalcar (Kieffer
1911)

Eukiefferiella claripennis (Lundbeck

1898)
Eukiefferiella clypeata (Kieffer
1923)

Eukiefferiella gracei (Edwards 1929)

Eukiefferiella ilkleyensis (Edwards
1929)
Eukiefferiella lobifera Goetghebuer
1934

Eukiefferiella minor (Edwards 1929)

Eukiefferiella sp.
Heleniella ornaticollis (Edwards
1929)

Hydrobaenus sp.
Limnophyes sp.

Nanocladius bicolor (Zetterstedt
1838)
Nanocladius rectinervis (Kieffer
1911)

Orthocladius (Euorthocladius) sp.

Orthocladius (Orthocladius) sp.

Orthocladius lignicola Kieffer 1914

Orthocladius frigidus (Zetterstedt
1838)

Paracladius conversus (Walker
1856)

X
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Micropsectra sp.

Microtendipes pedellus (De Geer
1776)

Parachironomus frequens
(Johannsen 1905)

Paracladopelma laminatum
(Kieffer 1921)

Paracladopelma nigritulum
(Goetghebuer 1942)
Paralauterborniella nigrohalteralis
(Malloch 1915)

Paratanytarsus austriacus (Kieffer
1924)

Paratanytarsus dissimilis
(Johannsen 1905)

Paratendipes albimanus (Meigen
1818)

Phaenopsectra sp.

Polypedilum albicorne (Meigen
1838)

Polypedilum convictum (Walker
1856)

Polypedilum cultellatum
Goetghebuer 1931

Polypedilum laetum (Meigen 1818)

Polypedilum pedestre (Meigen
1830)

Polypedilum scalaenum (Schrank
1803)

Polypedilum uncinatum
Goetghebuer 1921

X

Paracricotopus niger (Kieffer 1913)
Parakiefferiella gracillima (Kieffer
1922)

Parametriocnemus stylatus (Spaerck
1923)

Paratrichocladius rufiventris
(Meigen 1830)

Paratrissocladius excerptus (Walker
1856)

Psectrocladius calcaratus (Edwards
1929)

Pseudosmittia danconai (Marcuzzi
1947)

Rheocricotopus chalybeatus
(Edwards 1929)

Rheocricotopus effusus (Walker
1856)

Rheocricotopus fuscipes (Kieffer
1909)

Rheosmittia spinicornis (Brundin
1956)

Smittia sp.

Synorthocladius semivirens (Kieffer
1909)

Thienemanniella clavicornis (Kieffer
1911)

Thienemanniella majuscula
(Edwards 1924)

Tvetenia bavarica (Goetghebuer
1934)

Tvetenia calvescens (Edwards 1929)

X
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Pseudochironomus prasinatus
(Staeger 1839)

Rheotanytarsus sp.

Saetheria reissi Jackson 1977
Saetheria sp.

Stempellinella brevis (Edwards
1929)

Stictochironomus maculipennis
(Meigen 1818)
Stictochironomus pictulus (Meigen
1830)

Tanytarsus sp.

Tvetenia discoloripes (Goetghebuer

- X
& Thienemann 1936)
IHorpamuianja Diamesinae
Diamesa sp. X X
Potthastia gaedii (Meigen 1838) - X
Potthastia longimanus Kieffer 1922 - X
Morpamuanja Prodiamesinae
Odontomesa fulva (Kieffer 1919) - X

Prodiamesa olivacea (Meigen 1818) X X
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4.2 IlpocTopHa u BpeMeHcka qucTpudyuuja pamuiauje Chironomidae

COM ananu3a je, Ha OCHOBY I0JIaTaKa 3ajeJHHUIIC XHPOHOMUAA, popmupana 3 rpyme
nokammrera (A, b, II; Cnuka 7.). HuBo knacudukanuje oapeheH je Ha ocHOBY Opoja
JIOKaTUTeTa 10 KJIACTepy, JOBOJAHHUM 3a Jajbe cTaTucThuke aHaimm3e. IndVal anamusza je
BepudUKOBaTa pe3yinTare KiIacupHKaHoHe Meroje, uMajyhm 3a 1w Ja oapeau
WHINKAaTOpCKe TakcoHe cBake rpyne (A u b). Ha ocHOBy aHanm3e W31BOjeHH Cy TAKCOHHU ca

3HAYajHUM MHIMKATOPCKUM BpeaHocTuMa 3a jaBe rpyme (Tabena 6.).
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13-May 9-Jan

1-May 5-Jan

8-Jan 4-Jan

9-May 11-Jul

28-Nov -~ 11-Aug 28-Aug

3-May 11-May 11-Oct 2B

3-Jan 22-Nov 11-Nov 28-Jul —hei

22-May 6-May 11-Jan 12-Jul 4-Nov

24-May 11-Mar 12-Oct 12-Aug

24-Nov 12-Nov 4-Jul

7-May 12-Jan 6-Jul
6-Jan

7-Nov

22-Jul | 22-Oct 4-Aug AN
27-May 14-qul 14-Oct 14-Jan
26-Jul 9-Jul )

14-M
26-Now ’ 9-Oct N -
21-May 9-Nov |
10-May 7k 24-Aug .
13-Jan ) 24-Oct
25-May > ~ 24-Jan Ve
20-Nov S5-Aug
23-May o 7 Ot 5-Oct

g
i o 6-Nov
-Mar
26-May 9-Mar
10-Oct 3-Aug 3-Oct
17-May 2-Jul 3-Nov
23-Aug 3-Mar
23-Nov 16-Jan | §-Mar

3-Jul

Sl 2-Mar

—— 6-Oct
- 14-Aug

~ 7

27-Aug 17-Oct 27-Mar
19-Aug 4 17-Now 10-Mar
19-Oct 17-Mar 13-Mar
18-Oct 13-Oct 25-Mar
13-Jul ~ 13-Nov 1-Oct

25-Aug 23-Jan 8-Oct

23-Oct 20-Mar
16-Mar
23-Mar

Cimka 7. Busyanuzanuja mpocTopHe ¥ BpeMeHcke qucTpudyimje 3ajeanune Chironomidae y
ciuBy JyxxHe Mopase nomohy COM wmpexe. 3a KiacTepoBame HEYpOHA HAa MPEXH je
kopuirheHa k-mean metoja. Benuka ciosa (A, B u C) o3nHauaBajy paznunuure rpyne. Kogosu
Ha CBakOM HEYpOHY O3HAuaBajy pasziIUuuTe JIOKAJIUTETe, Y30PKOBAHE Y pa3IUYUTUM
MecenuMa. bpoj y xony o3HauaBa ojpel)eHM JOKalIUTeT, JOK TpU CJIOBa O3HA4YaBajy Mecell
y30pKOBama (Ce30HY).
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Tabena 6. Perrpe3seHTaTBHY U 3HAYajHU TAaKCOHU XUpoHOMUAA 3a rpyme (I'p) dopmupane
COM ananuzoM. [ToaBydeHO - TAKCOHH KOjH Cy PENPe3eHTATUBHU TAKCOHU I'pyIe U UMajy
IndVal Bpennoctu (INV) Behe o1 25%. Ocranu HaBeieHH TAKCOHM Cy 3HAYAjHH 3a TPYIY.

TakcoH I'p InV TakcoH I'p InV
Parametriocnemus stylatus B 56.1***  Cricotopus triannulatus agg. C 82.3***
Tvetenia bavarica B 53.8***  Rheocricotopus chalybeatus C 71.7%**
Epoicocladius ephemerae B 52.3***  Paratrichocladius rufiventris C 70.6***
Rheocricotopus fuscipes B 46*** Cricotopus bicinctus C 58.2%**
Prodiamesa olivacea B 34.9***  Polypedilum scalaenum C 57.6***
Orthocladius (E.) sp. B 31.2* Tvetenia calvescens C 50.4%**
Thienemannimyia sp. B 29.9*%**  Cryptochironomus sp. C 48.5%**
Paratrissocladius excerptus B 25.2*%**  Qrthocladius (O.) spp. C 43.5%**
Polypedilum laetum B 21.2* Synorthocladius semivirens C 42 4***
Brillia bifida B 20.9**  Thienemanniella majuscule C 4]1.4%>**
Corynoneura lobata B 20.6***  Microtendipes pedellus agg. C 41.1*
Heleniella ornaticollis B 19%** Rheopelopia sp. C 38.3**
Macropelopia nebulosa B 16.2**  Eukiefferiella lobifera C 37.5%**
Eukiefferiella brevicalcar B 15.9***  Chonchapelopia melanops C 36.6***
Odontomesa fulva B 15.1**  Rheotanytarsus spp. C 36.6**
Tvetenia discoloripes B 15.1* Chironomus spp. C 35.4*
Potthastia gaedii B 15* Cladotanytarsus spp. C 28.3%**
Orthocladius rivulorum B 12.1* Eukiefferiella ilkleyensis C 27.7%*
Orthocladius lignicola B 10.2** Cricotopus trifascia C 26.4%**
Rheocricotopus effuses B 10.1** Potthastia longimanus C 25*
Rheosmittia spinicornis B 6.5* Paratanytarsus dissimilis C 22.9%**

Cardiocladius fuscus C 21.3***
Phaenopsectra sp. C 21 ***
Eukiefferiella gracei C 20.2**
Dicrotendipes nervosus C 19.8**
Harnischia sp. C 19***
Polypedilum pedestre C 15**
Brillia flavifrons C 14 .4%**
Saetheria reissi C 11.6*
Polypedilum nubeculosum C 6.9*
Polypedilum cultellatum C 5.2*

*<0.05, **<0.01, ***<0.001 - HrBO 3HAYajHOCTH
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Hajsehe onctyname y CTpyKTypHu 3ajenHulie mojaBuio ce mamely rpyme b u I, xoje
Cy ce pa3iMKoBalie Kako ImpeMa a Priori wiacudukamuju, Tako M IMpeMa IPOCTOPHOM
pacriopeny nokanutera. (Ciuka 7.; Tabena 7.). [Ipema a priori kiacudukanuju, 73% (42 on
57) noxanurera rpyne b je mpunamano tumy 4, mok je ocrarak (27%) mpumamao tuiy 3.
IndVal meTona je 3a oBy rpymy npejicTaBuia 8 pernpe3eHTaTUBHUX TaKCOHA U 13 TakcoHa uuja
jé UWHIUKaTopcka BpemHoCcT Omna Mama on 25%, amum ca oapeheHOM CTaTHCTHYKOM

3nauvajuorrhy (Tabena 6.).

Tabena 7. A priori knacudukanuja JokanuTeTa Ha ciuBy Jyxne Mopase.

Peka JlokainTer A priori kiacupukanmja
Humasa 1 3
Jepma 2 3
Jepma 3 4
Bucouwnia 4 4
Temmuia 5 4
Bucouwnia 6 4
Temmmia 7 3
Humrasa 8 3
Humrasa 9 3
JyxHa Mopasa 10 2
Bnacuna 11 4
Bnacuna 12 4
Bnacuna 13 3
Berepuuna 14 3
Berepuuna 15 3
[ycra peka 16 3
[ycra peka 17 3
Toruuma 18 3
Jyxna Mopaga 19 2
Toruuma 20 3
Jyxna Mopaga 21 2
CokoBamCcKa 22 3
Mopasuua
CokoBamcKa 23 3
Mopasuua
CokoBamCcKa 24 3
Mopasuua
Cokobamcka 25 3
Mopasuua
CokoBamcKa 26 2
Mopasuia
Humrasa 27 2
JlykoBcka peka 28 4

CynpoTtHo rpynu b, y rpynu 1] cy ce yrnaBaowm (60,8%) Hanma3zuiam JOKaTUTETH TUIA

3, a priori knacudukanuje (35 ox 58 nokanurera). Ocratak JokaiauTeTa 6o je pacrnopeheH y
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ocraja jBa TuIa npema cieaehem oopacity: 34% je npunanano tumy 2 u 5,2% tuny 4. IndVal
aHanmm3a u3aBojuia je 20 3HAaYajHUX TAKCOHA, KA0 PENpe3CHTATHBHE WIAHOBE 3ajeTHHUIIE,
ormucyjyhu rpymy L (Tabena 6.). [Topen Tux Takcona je u3aBojeHo u 11 3HauajHUX TaKkCOHa,
aJIi ca HWHKOM PEeJIATUBHOM (DPEKBEHIIOM.

Ha xpajy, y rpyny A CBpCTaHH Cy JIOKUIMTETH KOJH YTJIABHOM MPHIIAAajy TUIY 3
(65,7%; 46 on 70 nmokamutera), mpema a Priori Kmacu(puKanujd, JOK OCTAIH JIOKAIUTETH
npunanajy tuny 2 (21,5%) u tany 4 (12,8%). IndVal ananuza Huje u3aBOjuiIa HU jedaH
3Hay4ajaH TaKCOH 3a OBY TPYyIYy.

Ilopex BepTHKATHOT  TpagdjeHTa JIOKAIUTETa  YCIOBEJHEHUM  Pa3IMIUTUM
reorpa)cKuM pacnope oM Iy JIOHTUTYIMHAIHOI TpajaujeHTa pedHor ciuBa, Ha COM
MpPEXH je OUMIJIelaH U BpEeMEHCKH oOpasall. JlokaiuTeTH, Kako OHM KOJU CY y30pKOBaHM
TOKOM 3MMCKHX MECEIH, TaKO M OHU TJe je 3a0enexkeHa HUCKA TeMIlepaTypa TOKOM CBHUX
ce30Ha, pacrnopehenn cy Ha kpajweM jgecHoM aeny COM mpexe (96%; 48 nmokamuteTra o1
ykynHO 50). CBH JIOKaTUTETH Y30pKOBAaHM TOKOM IpoJieha TpymucaHd Cy Ha JIEBOj CTpaHU
Mmpexe. Jlomu JieBH Jieo, (T1e Cy KOHCTaTOBaHE HajBHIIC BPeAHOCTH TeMieparype; Ciuka 8.),
kao u cpeamu geo COM mpexke, OKapaKTepuCaHU Cy MPHUCYCTBOM JIOKIUTETa KOJU CY
y30pKOBaHHM TOKOM JieTa u jecenu (Cruka 7.).

Kruskal-Wallis-oB Tect je mnpuka3ao yTHIaj Ce30HCKE BaphjaOMIIHOCTH Ha
KBaJIUTATUBHO-KBAHTUTATUBHY CTPYKTYPY 3ajelHUIC XHUPOHOMHJA Oy CBUX JIOKAINATETA.
JIBazmeceT TakCOHA TOKA3ajio je 3HA4YajHy Pa3IuKy u3Mel)y BpEMEHCKHX jequHUIA (MECEIH).
Mehytum, BpemeHCcKka BapujabuiaHOCT je y HajBehem cremeHy yrumana Ha 10 TakcoHa, ca

BpexnocTiMa 1)° Behum ox 0,14 (TaGena 8.).
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Tadena 8. Kruskal-Wallis-oB Tect mpencraBiba TakcoHe XMPOHOMHJA 4YWja CE peJIaTUBHA
6pojaoct 3HauajHo (p<0,05) pasinkyje u3mely Mecely, ca BpeHOCTHMA: eTa KBajpata (1),

x°, cteniena cinobose (df) u mecenuma ca Hajehum cpeamum panrom (Md*).

2

Mordpammauja Takcon n e df p Md*
Chironominae  Cladotanytarsus spp. 0.11 21.081 6 027 July-111,24
Chironominae  Polypedilum convictum 0.25 46.166 6 .000 March-110.31
Chironominae  Polypedilum scalaenum 0.07 14.096 6 .029  August-116.59
Chironominae  Saetheria reissi 0.19 36.786 6 .000  August-109.35
Chironominae  Tanytarsus spp. 0.09 16.839 6 .010  August-115.35
Diamesinae Diamesa sp. 0.19 36.337 6 .000 March-113.02
Orthocladiinae  Cricotopus tremulus 0.10 19.465 6 .003  July-104.69
Orthocladiinae  Cricotopus triannulatus agg. 0.26 48.653 6 .000  October-120.94
Orthocladiinae  Eukiefferiella ilkleyensis 0.26 48.693 6 .000 March-136.76
Orthocladiinae  Eukiefferiella lobifera 0.08 15.102 6 .019  March-112.20
Orthocladiinae  Nanocladius rectinervis 0.08 15.637 6 .016  Oct-104,76
Orthocladiinae  Nilotanypus dubius 0.08 15.405 6 017  Aug-112,13
Orthocladiinae  Orthocladius rivulorum 0.18 33.400 6 .000  March-116.22
Orthocladiinae  Orthocladius (E.) sp. 0.41 75.725 6 .000 March -159.81
Orthocladiinae  Orthocladius (O.) spp. 0.38 70.804 6 .000 March -161.19
Orthocladiinae  Parametriocnemus stylatus 0.17 32.540 6 .000 March -128.19
Orthocladiinae  Rheocricotopus fuscipes 0.08 16.452 6 .012  Oct-111.13
Orthocladiinae  Synorthocladius semivirens 0.21 38.979 6 .000 March -128.26
Orthocladiinae  Orthocladius lignicola 0.11 20.167 6 .003  March -106.67
Tanypodinae Conchapelopia melanops 0.07 14.283 6 .027  Aug-116.31

4.3 YTunaj cpequHckux GpakTopa Ha KOMIO3UIIUjY 3ajeJHULIE XUPOHOMMIA

Jennopaktopcka ANOVA je mnpukazama ga ce 10 cpeauHCKUX napamerapa

(HagMopcka

BHCHHA,

HIMPHHA

pedyHor

KOpUTa,

TeMIeparypa

BOJE,

CJICKTPUYIHA

MIPOBOJUBMBOCT, Typouauret, 6p3una, 1Bpaoha, NO3z-N, PO,-P u BIIK5) 3nauajHo pasznukyje

57



Bypah Munoweesuh dokmopcka oucepmayuja

usmelhy rpymna popmupanux ,,k-mean merogom y COM anammzu. J[ajboM aHanmu3om momohy
Tukey HSD Tecra, npukasane cy 3Ha4yajHe pasiuke usmel)y cake rpymne nmonaoco6 (Tabena
8.). COM wmerona je Takohe Bu3yanM3oOBajla IUCTPUOYLH]y BPEIHOCTH CPEIUHCKHX
napamerapa u abyHIaHIle MHAUKATOPCKUX TakcoHa (ca IndVal Bpegroctuma Behum o 25%)
(Cnuka 8.; Cnuka 9.). Bpennoctu cpenunckux napamerapa cy ce Ha COM Mpexu yriiaBHOM
Memalie y MpaBIly OJ JOHEr JIEBOI Ka TOpmeM JecHOM yriy. Hagmopcka BucuHa je Owmia
Hajeeha Ha TOpHmEM JIECHOM YTy Mpeke, OJaKie je omajaaia ImpeMa JOHmEM JICBOM Iy
MpeXe, JOYyK YCIIOCTaBJbeHOT rpamgujeHTa. C Jpyre cTpaHe, TeMmIiepaTypa, IIUPHHA,
koHayktuBuTeT, TBpAoha, NO3-N u POs-P cy ce Mewmanu myx HCTOr TpaBla, camo
CYNpOTHUM cMepoM, hopmupajyhu jacan rpaaujeHT Ha Mpexu. OcTaau MEpeHH MapaMeTpu
HHUCY TMOKa3anu youwbHB rpaaujent Ha COM mpexu (Crnuka 8.).

[IpahemeM riraBHOT TpaIdjeHTa CPEIUHCKUX MapaMeTrapa, U3JIBOjUiIe Cy ce IBE TpyIe
takcoHa. Ha jenHoj crpaHm, cBM WHAMKAaTOpcKkH TakcoHm rpyme b (Tabema 6.), ocum
Orthocladius (E.) sp., uMmanu cy Hajpehy OpOJHOCT y TOPHEM JIECHOM YTITy MpEke, omanajyhu
npeMa JieBoM nomeM kpajy (Cmmka 9.). IlpucycTBO OBHX TakcOHa KapakTEPUCTHYHO je 3a
TPYITY JIOKAJTUTETa KOjH Cy TMO3UIIMOHUPAHW Ha BehWMM HaJMOCKMM BHCWUHAMa M Ca HUCKUM
BpEIHOCTUMA TeMIleparype W mupuHe Koputa. OBH JIOKAIHTETH Cy, Takohe, He3araheHH
(uucke Bpemnoct BITK5 u PO4-P), ca Huckum caapikajeM coid (HHCKE BPETHOCTH
kouayktuButeta, NO3-N u TBpnohe) (Cnuka 8.; Tabena 9.). Ca apyre crtpane, CynmpOTHO
MPETXOTHOM AUCTPHOYITHOHOM oOpacily, 21 TakcoH je OMo HajJOPOJHUH Y TOHEM JIEBOM JIETY
mpexe. Ou Takconn, ocum Orthocladius (E.) sp., cy unaukaropu rpyme 11 (Ta6ena 6.), koju
YMHE KOMIUIEKC JIOKAJUTETa IO3UIIMOHUPAHUX HA HIDKAM HAJMOPCKHMM BHCHHaMa, ca
BHCOKUM BPEIHOCTHMA TeMIIepaType U mupuHe koputa. OBU JOKATUTETH Cy, Takohe, uMmaiu
noBehaHe BpeTHOCTH KOHIIGHTpalnje coyid (BUCOKE BPEIHOCTH TBpIOhe, KOHJAYKTUBHUTETA U
NO3-N), ca mnoBehanum cremeHoM 3araliema (Bucoke BpeaHoct BIIKS u  POy4-P).
JlokanuTeTH KOjU TpUIAAajy Tpynu A MpelncTaBibajy Cpeimy Tpylny Ha OCHOBY CBHUX
u3MepeHnx cpeanHckux napamerapa (Ciuka 8.; Tabena 9.), amu 6e3 MoceOHO H3IBOjEHUX

PCIPE3CHTATUBHUX TaAKCOHA.
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Ta6esa 9. Cpenme BpeqHoctu £1 crangapaHa qeBUjalMja mapamMmeTapa mo rpymama.

I'pyna
CpeanHCKU NapaMeTpu A B .

Haamopcka BrcrHa (M) 405.43+220.993 512.63£287.226 256.88+109.618
[lupuna pednor koputa (M) 14.56+10.511% 12.60+10.286% 19.84+11,368°
Temmneparypa sogue (°C) 12.990+6.058% 10.229+4.665° 13.641+5.864%
Kommykrusurer (nS/cm?) 362.12+160.498° 332.58+165.487° 471.14£151.385"
Typ6umurer (NTU) 11.1139+8.574%° 8.0458+5.42° 13.6562+12.40°
Bp3una (m/s) 0.679+0.298" 0.899+0.609% 0.859+0.392°
Tepmoha (N°) 169.428+67.983° 161.536+90.491% 206,230+68.168"
NO3-N (mg/l) 3.83707+3.924% 2.30451+1.754% 6.18217+5.511°
PO,4-P (mg/l) 0.24849+0.342% 0.12464+0.149% 0.46173+0.452°
BITK5 (mgO,/l) 4.342+1.260%° 3.966+1.381° 4.869+1.482°

BpennocTtu Koje y UCTOM peiy He Jieie WCTU CYNEPCKPHIT Cy CTATUCTUYKH pa3jindHTe: ab p<0.05.

AKO CYIEPCKPHIIT HEZIOCTaje, CBE BPEAHOCTH Cy MejyCOOHO CTATHCTHYKH 3HAYAJHO PA3JIMUNTE.
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HaJMOpPCKa BHCHHA

800

400

200

0

145-1120 m

0.9-70.0 NTU

BOD35

1.08-8.64 mg/l

IIHPHHA PETHOT KOPHTA

2.0-37.5m

tBpaoha

31.14-490.80 N°

NO3-N

0.038-25.997 mg/l

nyOuHa TEMIIepaTypa Bojie
1
0.3-4.0 m 2,28-26.70 °C
pH DO(mg/l)
m |4 m H
4.82-9.84 3.35-13.96 mg/l
PO4-p NH4-N

0.180-4.664 mg/l

0.002-1.288 mg/l

DO (%)

35.5-149.0 %

KOHIYKTHBHTET

70-923 uS/em?2

Cauka 8. Bumsyanuzanumja auctpuOynuje 15 cpeaMHCKMX mnapamerapa Ha mperxogHo TpeHupanoj COM wmpexu (rae je: DO(mg/1)—

KOHHCHTpaHI/Ija KHUCCOHHKA,

DO(%)-catypanyja;

NO3-N,

KOHIIEHTpalldja HUTpaTa;

PO4-P—xonuenrpauuja optodocdara,

NH4-N-

KOHIIeHTpauuja amoHMjaka). Ckajla 3a CBaKy Mally IpeJCTaBJba MEpEeHEe BpPEIHOCTH Mapamerapa. LlpHa 3aceHYeHOCT je 3a CBaku Mapamerep
BHUCOKO KOpEJIMCaH ca MAaKCUMalHOM BpeaHomihy 3abenexxeHOM TOKOM cTyauje. CBeTiHje HHUjaHCe WHAMKY]Y OMNaJame BPEIHOCTH

NpeACTaBJbCHUX ITapaMeTapa
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Cimka 9. Busyanuzanuja nuctpubynuje 28 mHaukaropckux takcona (ca IndVal sehum on
25%) ma COM wmamnu. Ckayia 3a CBaKy Mary MpeIcTaB/ba a0yHIAHTHOCT WHIMKATOPCKUX
TakcoHa ( y 3arpaju, MakKCUMaJIHU Opoj MHAMBHUIYa IO mz). [lpHa 3aceHYEHOCT je 3a CBaKH
TAaKCOH BHCOKO KOpEJHMCaHa ca MaKCUMaTHOM a0yHIAaHIIOM 3a0elie)KCHOM TOKOM CTYHje.

Ceetnyje HUjaHCE UHAMKY]Y OIMaJlabe TYCTHHE MPEICTaBJbeHUX TaKCOHA.
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4.4 TloreHuMjaiHe MeTPpHYKe OCOOMHE 3ajeJHMLIe XMPOHOMH/IA Y NMPOLEHH
€KOJIOLIKOI CTATYyCA JOTHYKHX CHCTEMA

Delta+ u lambda+ nokasyjy jaky HeraTuBHY KOPEJIMCAHOCT ca KOCPHUIIMJEHTOM OJ1 I=-
0,87 (p<0,01). OBakaB pe3yarar noTBpheH je Ha 2-1 rpaduKOHY, KOjU IPUKa3yje CUMYIIHPaHEe
BpenHoctu mapamerpa deltat+ u lamda+ (Cnuka 10.). Deltat+ je takohe Omo kopemucan ca

oorarctBoM BpcTa (S; p<0,05), 10K TO HHje OMO Cay4aj ca OCTAIMM MHICKCHMa JTHUBEP3UTETA

(Tabena 10.).

Tabena 10. Kopenanuja delta+ ca octanum uHIEKCHMa TUBEP3UTETA

HNuaexcu nuBep3urera Delta+
S 0.375
o i 0.316
1-D 0.236
J 0.225
Lambda+ -0.873"

BC 6es3 3nauajuocti,  p<0.05,  p<0.01
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Cauka 10. Ognoc delta+ n lambda+ auctpubynmje ca koHTypama 95% uHTEpBaia oBepema. BpeqHOCTH cy u3payyHaTe U3 OoIcera BpeIHOCTH
opoja Bpcra (S), ca 100.000 cumynanuja.
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JleBkactu rpadukoH ca 95% uHTEpBaIOM MoBepema je, 3a moaarke u3 2010. roause,
NpHUKa3ao cBe pedepeHTHEe JOKAIUTETe y OKBUPY HHTEpBalla IMOBEpema, 0e3 BUIJBHBE
TeHJIEHIMje Aa Oyay pacnopeheHM Ha HEKOj OJ CTpaHa OdYeKHBaHE BpeaHOCTH. [IBa
JIOKaTUTeTa, KOJU Cy TOJ| YTHLAjeM CTpeca, HCIajlu Ccy BaH TpaHuma 95% wuHTepBaia
noBepema (Cnuka 11. A, b).

Cpenma BpenHocT delta+ m3pauyHara 3a peepeHTHE ¥ HAPYIICHE JTOKAIUTETE HUjE Ce
CTaTHCTUYKHU 3Ha4ajHo paznmkoBana (t=1,690; p=0,103). To Huje 6uo cmyyaj ca nmopehemem
cpenmux Bpennoctu deltat y 2010. u 1981., xaga je deltat unmekc Omo 3Ha4ajHO BUILIHU Y
2010. romuumn (t=12,322; p<0,001). Ilopehemwe nmokanurera Ha ocHoBy deltat m lambda+
BpenHocT u3 2010. u 1981. je mpeacTaB/beHO Ha JeBKacTOM rpadukoHy ca 95% unTepBaiom
noBepera (Cimmka 12. A; b). Ha ocHoBy momaraka u3 1981., derupu nokamurera cy
MO3UIIMOHUPaHa BaH TpaHMIla HHTepBasia nmoBepema 95% (Cnuka 12. A; b).

Kao pesynrar ananuze rinaBHux komnoHeHtu (PCA), mpuMmemeHe Ha mojanuma o
CPEIMHCKUM TlapaMmeTpuma ©u OuoyiomkuMm mnojanuMma (delta+ 3ajemnuiie XupoHOMHA),
W3/IBOjUJIE Cy Ce TpBa W JApyra oca, koje oOjammaBajy 44% u 20% BapujaOuIHOCTH,
pecnektuBHO (Cnmka 13.). IlpBa oca je, y Hajeehoj mepu, nedunucana napamerpuma: deltat,
DO, DO% u POs-P (Couka 13.). Jpyra oca je, y BEIMKOM CTENEHYy, IOBE3aHa ca
MUHEPAITHAM CacTaBOM BOJIE, MPEICTABJbEHUM IMapaMeTpuMa, Kao IITO Cy KOHIYKTUBHTET,
tBpaoha u xonnentpaiija Hutpata (NO3-N). Typouauter u pH HUCY MOKa3aal CTATUCTUYKH
3HaYajHy KOpEJalnjy ca OCTaINM IapaMmeTpuma.

Ward-oB anropuram je moaenuo jokamurere y 4 rpyne (Cnmka 13., Tabema 11.).
JlokanuTeT! Koju Cy Npumajaid rpymu 1 cy mokasuBainu BHcoke BpeaHoctu delta+. 3a oBy
rpyIy je Takolje KapakTeprCcTHYHA BUCOKa KoHIeHTpanuja kuceonnka (DOmg/l u DO%), kao
u ojacycTBo opraHckor 3arahema (Hucke BpemHoctd BIIKS, PO4-P u NHz-N) u Hucke
koHneHTpamuje conmu (Hucke BpeaHoctn EC, H, NOs-N). I'pyma 2 je, ca apyre crpane,
oOyxBaTuja JIOKQIUTETe ca BHUCOKHM KOHIIEHTparujama cosim (Bucoke Bpeanoctu EC, H,
NO3-N) u cpeamum creneHom opranckor 3arahema (BITK5, PO4-P u NHy-N), kao u ca
BucokuM delta+. I'pyny 3 umHHO je camo jeaH JOKAIUTET, 15, KOju ce OJUIMKYyje HUCKUM
MUHEPAIHUM CacTaBOM, ald Ca BHUCOKMM CTEIIEHOM OpraHcKor 3araljema, (BeoMa BHCOKBE
Bpeanoctu BITK5, PO4-P u NH4-N) u ca muckm Bpeanoctuma kuceonnka (DOmg/l u DO%) u
delta+. Ocranu JoKaTUTETH TPUNAajy TPYNH 4, U OHU Cy Y aHAIHU3H MMO3UIIMOHUPAHU OJTH3Y

rentpa PCA KoOpAWHAaHTHOT CUCTEMA.
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Cauka 11. I'paduuku npuka3 TakKCOHOMCKE pa3nUuuTOCTH (A) M BapujaHce TakcoHoMcke pasnuuutoctd (b) moOujenux moparaka o dayHu
XxupoHomua Ha ciuBy Jysxae Mopage, Cpouja y 2010. roaunu u 6poja Bpcta. PedepeHTHH ¥ HApYIICHH JOKAIUTETH CY O3HAYEHH mpa3HuM (O)
U MyHUM KpyroBuma (), pecriekTuBHO. ['padukoH mpHKa3yje TEOPUJCKY Cpelby BpeAHOCT U 95% MHTepBai moBepema. [10y31aHOCT aHam3e
pacTe qyX BEpTHKAJIHE OCe ca IopacToM Opoja BpcTa.
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Cauka 12. I'paduuku npuka3z TaKCOHOMCKE pa3IMYUTOCTH (A) M BapujaHce TakcoHOMcke paznuuutoctd (b) moOujenux mopartaka o QayHu
XupoHoMHa Ha ciuBy JyxHe Mopase, Cpouja 3a 10 cenexroBanux nokanutera y 2010. roaunu (myHu tpoyriosu (A) u 3a 14 mokanurera u3
crynije u3 1981. (mpasuu tpoyrnosu (A ))(mpema Jankovic, 1985) u 6poja Bpcra. ['padukoH mprKasyje TEOPHJCKY Cpelmby BpemHOCT U 95%
MHTepBaJ Mosepemwa. [loy3nanoct aHanmu3e pacTe Ay BepTHKaIIHE OCe ca IopacToM Opoja BpcTa.

66



bypah Munowesuh 0OKmMopcKa oucepmayuja

Delta+ je mo3utuBHO kKopenucana ca DO (r=0,439, p<0,05) u DO% (r=0,433, p<0,05),
JOK je ca ocTaJiuM mapaMmerpuma, ocuM pH u TypOuaureTra, mokaszajna pa3IMYUT HHUBO
HeratuBHe Kopenauuje. On mux Tpeba n3nBojutH KoHaykTHBHTET U PO4-P ca Hajsehum
crerneHoM HeraTuBHE Kopenanuje o r=0,534 (p<0,01) u r=-0,.556 (p<0,01), pecriekTuBHO.

Kana je 3ajennuna xupoHOMHUAa OWjia MPENCTaBJbEHA TPAJAWIIMOHATHAM HHIEKCHUMA
JMBEP3UTETA, aHATTN3a TIIAaBHIX KOMIIOHEHTH je MPUKa3aia CIIMYaH pe3yaTar e cy ce Takohe
W3JIBOjWJIC TIpBa W Jpyra oca Koje oOjammanajy 44,61% wu 18,71% BapujabmiHOCTH,
pecnextuBHO (Cnuka 14.). IlpBa oca je u y oBOM ciyyajy JeuHKcala rpajiijeHT KBaJIUTeTa
BOJIE, JIOK je Apyra NpHKa3uBaja HEH MHUHEpadHH cacTtaB. VHAeKcH IuBep3uTeTa Cy ca
nmopactoMm kBanmutera Boje (mopact BpeaHoct DOmg/l u DO% u max Bpemnnoctu BIIKS,
NOs3-N, POs-P u NHs-N) mnokasuBamum mos3utuBaH pact. Kao y ciydajy ca WHICKCOM
TaKCOHOMCKe pa3nuuutocTu (deltat+), mHIekcu auBe3uTETa Cy OWUIIM BHUCOKO TO3UTHBHO
kopenucann ca DOmg/l u DO%. CynpotHo Tome, yKymHa aOyHAQHTHOCT jEAMHKH
XApoHOMHIa TioBehaBaja ce ca TMOTOpIIamkeM KBAIWTETa BOJE, OJHOCHO MOPacTOM

kourenTpanuja amounjaka (NHs-N) u oprodochara (PO4-P) (Criuka 14., Tabena 12.).
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Ta6eaa 11. Cpenma BpenHocT + | cranmapasa nesujanuja delta+ u cpennHckux mapamerapa

110 rpynama.

Grupa 1 Grupa 2 Grupa 3 Grupa 4
Delta+ 75.0£0.4  72.5+0.5° 70 72.7£0.5
Temneparypa soge (°C) 11.6£0.7°  13.9£0.8*" 14.9 13.5+0.5°
Konaykrusurer (uS/cm?) 183422 623+33 380 434+17
Typouaurer (NTU) 9.0+0.9° 12.2£3.4*  10.6 10.6+1.3%
pH 6.97+0.07%  6.92+0.12* 6.86 7.07+0.05%
DO (mg/l) 11.0£0.2  9.0+0.6 4.5 10.3+0.2
DO (%) 108+12 91+8%° 42 103+1°
BIIK5 (mgO,/1) 3.9£0.2° 4.7+0.3° 6.4 4.440.2%°
NO3-N (mg/l) 1.740.3 9.1+2.7° 2.4 4.4+0.5"
PO4-P (mg/l) 0.08+0.01  0.63+0.05  1.41 0.25+0.04
NH4-N (mg/1) 0.92+0.05  2.48+0.48  10.72 1.370.11
Tepaoha (N°) 98+13 26719 147 206+6
Bpeanoctu koje y UCTOM peAy He Jiele UCTH CYHEepCKPHUIIT CY CTaTUCTHUKHU PA3JIUYHUTE: ab
p<0.05
Tab6ena 12. Kopenanuja nHIEKCca TUBEP3UTETA Ca CPEIMHCKUM TTapamMeTpruma
HNupexcu 1uBep3uTeTa DOmg/l DO% PO4-P NH4-N
H’ 0.690** 0.714** -0.543** -0.699**
1-D 0.732** 0.763** -0.568** -0.777*%*
J’ 0.668* 0.681 -0.518** -0.655**

BC 6e3 3HauajaoCTH, : p<0.05, o p<0.01
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F2 lpyna 3

F1

No,-Nyy E€

Cauka 13. Pesynratm ananmmse rimaBHux kommnoneHtn (PCA) mokasyjy Besy wm3melhy
nmokanuTeTa (aparnckd OpojeBW), CpeauMHCKHMX Iapamerapa W deltat umHmekca kao mepy
ctpykrype 3ajeanuiie Chironomidae (Bextopu). CpeaMHCKH TapaMeTpH Cy. KOHIIEHTpaIuja
mutpara — NO3-N, oprodochpara — PO4-P; amonumjaka — NH4-N, kuceonmka — DO,
carypauuje - DO%, tBpaoha — H, xonaykrtuButer - EC m pH, Ouosomka mnorpouima
kuceonuka — BODS, temnieparype Bone — t u Typounutet - Tr. Kinacrepu, koju cy pe3ynrar
Ward-oBor ajropuTma, MpEICTaB/beHH Cy TMOJbUMa O0OjEHHM Pa3IHYUTOM HHUJAHCOM CHBE
60je.
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F2

1 e
NH4-N
-1 pH N :
DO = BODS5 IF 1

PO4-P

"
H Tr

EC

NO3-N

Cauka 14. Anamusa riaaBuux kommoHeHTH (PCA) cpeawHCKMX mapameTapa W HHIEKCA
muBepsutera  (Shannon-Wiener-oB  unpmexc  aguBepsutera (H’), Pielou-oB  ummekc
yjeanauenoct (J’), Simpson-ov unaekc (1-D) u ykymHa OpOjHOCT XMPOHOMHA Y Y30PKY
(N)). Cpenuncku mapameTpu cy: konnentpaiuja autpata — NO3-N, optodocdara — PO4-P;
amonujaka — NH4-N, kuceonuka — DO, carypauuje - DO%, tBpaoha — H, KOHAyKTHUBUTET -
EC u pH, 6uonomka norpourma kuceonuka — BODS, Temneparype Boje — t U TypOUIUTET -
Tr.
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4.5 TakcoOHOMCKA pe30Jyluja
4.5.1 YTHnaj TaKCOHOMCKeE pe30Jiyliije Ha CTPYKTYPY rpylne XMpoHOMHAA

Bpennoctu OorarctBa TakcoHa (S), m3padyHaTe 3a TPU Pa3IUUUTa TAaKOCHOMCKA
HuBoa (Bpcra, pon u mnordamuimja) Owie cy 3Hauajuo kopenucane (Tabema 13.).
KoedunumjeHT kopernamuje omaaao je ca MOPacTOM HHBOA TAKCOHOMCKE TMPEIU3HOCTH. Y
ClIydajy OCTAJIMX WHJACKCA TUBEP3UTETa, 3a0elekeHa Kopenamuja je Owmia BUCOKa u3Melhy
MaTpuia Ha TaKCOHOMCKHMM HHMBOMMa BpPCTC M poOJaa. Ha BumieM TakcOHOMCKOM HUBOY,
MaTpuild mnoTdaMuiIvje, HUje 3a0eNeKeHa 3HauyajHa Kopenaluja ca IMojaluMma Trae je

CTPYKTYpa 3ajeHHIle Ouia MnpeacTaB/beHa BpcTama.

Tab6eaa 13. Kopenamuja m3smel)y wHIeKca AMBEp3UTETa HA PATMYUTHM TAKCOHOMCKUM
HHUBOHUMA.

Bpcra-S  Bpcra-H’ Bpcera-1-D
Pon-S 0.962**
Pon-H’ 0.950**
Pon-1-D 0.928**
Hordamuianja-S 0.349**
Hordamuanja-H’ 0.149
Mordamuanja-1-D 0.173

BC-nuje 3navajuo, *-p<0.05, **-p<0.01

COM aHanu3a je Ha OCHOBY IOJlaTaka 3ajeHUIE XHUPOHOMHJA, Ca TaKCOHOMCKOM
PE30JIyLIMjOM JI0 HUBOA BPCTE, poja U moTdhamuiuje, Takohe dhopmupaina 3 rpyre JoKaaIuTeTa
(Cnuka 15.; 16.; 17.). IlpoctopHa u BpeMeHCKa AMCTpUOYIMja 3ajeHHIIE XHPOHOMHUIA Ha
HUBOY BpCTe M poja Ouia je CIMYHA U CauMbeHa O] KjacTepa CIMYHUX KOMIIO3MIIH]ja
nokanutera. Ha COM mpexu, T/ie je mpeacTaB/beHa CTPYKTypa Ipyle XUMpOHOME/Ia Ha HUBOY
pona, knactep A je caapxkao 72,1% nokanurera Koju cy Takole OUIM CBPCTaHU Y KJactep A,
knacudukaiuje cupopeaeHe Ha HUBOY Bpcte. [loknanajyhu oOpasar knacrepa b u 1] uznocuo
je 71,5% u 74%, pecnektuBHo. Kana je kinacugukanuja Ha HUBOY BpcTe Ouia MpolLemeHa Ha
HajBHIIIEM TaKCOHOMCKOM HUBOY (MOTdhaMuimje), CTerneH nokianama KOMIO3HUIHje KiaacTepa
M0 cacTaBy JIOKAUTETA, ABE pa3IMuUTe TAKCOHOMCKE pe3oiyluje (BpcTa U moTdamMuimja) je
6uo 3HatHO HIkH. COM Mpeka Ha HUBOY moTdamunuje caapxkana je kinacrepe A u L, ca mo

53,1% u 53,5% nokanureTra, pecleKTUBHO, KOJU Cy Npunazand uctuMm kiactepuma COM
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MpexKe, alli Ha TAKCOHOMCKOM HUBOY Bpcre. OOpasail mokianama kiacrepa b Ha HuBoy Bpcre
u nordammnuje 6uo je usHenalhyjyhe Bucok (76%).

[Mperxoauu pe3ynTar NOTBphEH je W aHAIM30M KiIacH(UKAIMOHE CHAre, TJie jeé HHUBO
notdaMuirje mokazao HajHmxkKy kinacupukaiuony cHary (CS: 0,034), nok je HMBO pojaa Ouo
3HavajHo BuM, ca BpeaHoctuma (CS: 0,088) mpuOmmxauM Kiacu(UKAIMOHO] CHA3W Ha
HajBehoj rakconomckoj pesosyruju (CS: 0,093).

Kopenanuja maTpunia CIMYHOCTH, Pa3IMYUTHX TaKCOHOMCKMX HHBoa, RELATE
aHAJIM30M je TMoKa3aja jacHy pasjiMKy y CTpyKTypama u3mely MaTpuiia Ha HHBOY BpPCTE U
notdamumje, ca HUCKMM KoedumujeHToM Kopenaruje (p=0,001; Rh0=0,259). CympotHo
TOMe, 3a0€JIeXKEH je BUCOK CTEICH yCarjalleHOCTH MaTpHIla CIMYHOCTH HAa HUBOY BPCTE U

pozaa (p=0,001; Rh0=0,259).
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13-Spr

N
;:gp[ 28-Sum
P 28-Aut
3-Spr 6-Spr 12-Sum
22-Spr 14-Spr 12-Aut
Zomsn 14-Aut

23-Spr

TSP 40-Spr

/J\ 25:Spr

27-Spr

26-Spr

19-Spr S5-Aut

20-Spr

23-Sum 5s
-Sum
6-Sum

;Sjﬁ{ 2-Sum 6-Aut

6-Win

27-Aut 14-Win

26-Sum
26-Aut 2-Win
10-Aut 14-Sum
18-Spr
23-Aut
18-Sum 8-Aut
21-Win
21-sum Y 27-sum Y 19-Aug Y 1 O-Win i
19-\Alin 13-Win
21-Aut 19-Sum 18-Aut .
10-Sum | 17-Sum | 18-Win T7-Aut 25-Win
17-Win 16-Win

20-Sum 13-Sum 25-Sum 13-Aut >3 Win

~_ ~_ ~_ 50-Win ~

Cuamka 15. IIpocTopHa u BpeMeHcka auctpuOynuja pamunuje Chironomidae Ha ciuBy JyxHe
Mopase. COM aHanu3a Ha OCHOBY OpOJHOCTH TaKCOHA MICHTU()UKOBAHHX JI0 HMBOA BPCTE.
CnoBa A, b u 1l o3HauaBajy pasiauuuTe Tpyrne HEypoHa, (GopMmHpaHe Kiacu(UKAIIOHOM
METOJIOM ,k-mean®“. O3Hake (KOJIOBH) Y OKBHPY HEYpOHa IMPEICTAaBIba]y pa3IHIUTe
JIOKAJTUTETE, Y30PKOBAaHE y Pa3IMYMTUM ce30HaMma. bpoj y OKBHpY KoJla 03HauaBa JIOKAIUTET,
JIOK TPpH CIIOBA 03HauYaBajy ce3ony (Spr-nposehe, Sum- nero, Aut-jecen, Win- 3uma).
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AN P 13-Spr
28-Sum S-Spr 1-Spr
28-Aut 11-Spr 9-Spr
11-Sum 12-Spr 3-Spr
11-Aut 6-Spr 22-Spr
12-Aut 14-Spr 24-Spr
7-Spr

9-Aut 26-Sum
22-Aut
10-Aut
24-Aut
24-\Win 18-Spr
g 20-Aut

i 27-Aut
A I 25Aut | 26-Aut
26-Win
21-Sum
10-Sum
18=8SUm
20-Sum
8-Aut 27-Sum
5-Sum 3-Sum ‘ 25-Sum 19-Sum
16-Win . 21-Win 21-Aut
6-Sum 123_;,\(,\{:]" 19-Win 199Aut
6-Aut 23 Win 18-Aut 17-Sum
6-Win 14-Sum 18-Win 13-Sum
14-Win 13-Aut 9-Sum
~~ ~~" ~~ ~~"

Cuamka 16. IIpocTopHa u BpemeHncka auctpudynuja pamuinje Chironomidae Ha cnuBy JyxHe
Mopase. COM ananu3a Ha OCHOBY OpOJHOCTH IpeJCTaBHUKA MojeAnHUX poaoBa. CioBa A, b
u L[ o3HauaBajy paznuuurte rpyne HeypoHa, ¢hopMupaHe KIacu(PUKAIIMOHOM METOJIOM K-
mean®. O3Hake (KOJOBH) Y OKBUPY HEypOHa TMpEACTaBJbajy pa3IUYUTE JOKAIHUTETE,
Y30pKOBaHE y Pa3IU4YUTUM ce30Hama. bpoj y OKBUpPY KoJa O3HayaBa JIOKAJUTET, JOK TPU
CJI0Ba 03Ha4aBajy ce3oHy (Spr-nposehe, Sum- iero, Aut-jecer, Win- 3uma).
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N
26-Win
25-Sum
9-Aut
24-Aut y 21-Sum
10-Sum
19-Sum
19-Aut
18-Sum
9-Spr
12-Spr

Camka 17. IIpocTopHa u BpemeHcka auctpudynuja pamuiuje Chironomidae Ha cnuBy JyxHe
Mopase. COM ananu3a Ha OCHOBY OpojHOCTH TpencTaBHuKa nmotdamunmja. Ciosa A, b u 1]
03HAYaBajy pa3IMuUTE Tpyle HeypoHa, (opMupaHe KIacu(PUKAIIIOHOM METOJIOM ,,K-mean®.
O3Hake (KOJOBH) y OKBHPY HEYpOHA IMPEACTaBIbajy PA3IUYUTE JIOKATUTETE, Y30PKOBAHE Y
pas3nuuuTUM ce3oHaMa. bpoj y okBUpY KOoJla 03Ha4YaBa JOKAIUTET, JOK TPU CJIOBa O3HAYaBajy
ce3ony (Spr-mponehe, Sum- neto, Aut-jecer, Win- 3uma).
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4.5.2 YTuuaj TakcOHOMCKe pe3oJiylHje HA NMOBe3aHOCT CPeIMHCKUX MapaMeTapa
u pamuimje Chironomidae

BIO-ENV ananu3a je mpukazana CTaTUCTUYKM 3HA4YajaH MOJIEN, W3JBOJUBIIM TPH
CpeAMHCKa MapaMeTpa, OJrOBOpHA 3a CTPYKTYHpame 3ajeHHIe XMpOHOMHUAA ca Hajehom
moryhoMm TakcoHomckoM pesoayijom (Rh0=0,499, p=0,.01; Ta6ena 14.). Uctu pesynrar
3a0eNeXeH je U 3a CTPYKTYpY TpyIle MPeICTaB/heHe Ha TAKCOHOMCKOM HHMBOY POJa, CaMo ca
HEeImTo HWXUM KoedpumujeHTnMa kopemamuje (Rh0=0,471, p=0,01). Ocum Haj3HaAUajHU]jET
Mojelia, ca TpU IpruKa3aHe cpeauHcke mpoMmensbuse, BIO-ENV je 3a 06a TakcoHOMCKa HHBOA
npeAcTaBuo Apyry u Tpehy Hajo0Jby KOMOUHAIIM]Y CPEAMHCKUX MapaMeTapa, ca J0JaTHUM, 32
rpyny 3Ha4ajHUM, CPEIMHCKUM Tapamerpuma y mojeny (Tabena 14.). V ciyyajy maTpuile Ha
TaKCOHOMCKOM HHBOY ToTdamunuje, popMupan je MOJIENI ca JAPyradyujoM KOMOWHAIIHMjOM
CPEIMHCKUX MapaMeTapa, ajll ca HUCKHM KOe(pHIIMJEHTOM Kopemnaiuje U 0e3 CTaTUCTUYKe
3Havajuoctu (Rh0=0,16, p=0,15). Juctpubymnuja BpeaHOCTH CBUX CPEAMHCKHUX IMapaMeTrapa
koje je BIO-ENV mnpencraBuo kao 3HauajHe 3a CTPYKTYpPY 3ajeIHUIIE XUPOHOMHIA, j€
BU3yaIln30BaHa KOMIIOHEHTHUM rpadukoHuMa mnomohy COM wmerone (Cnuka 18. u 19.).
OcuMm 3a Op3WHY TPOTOKA, TUCTpHOYyIMja CBUX MapameTpa IOoKa3yje jacaH TpajujeHT Ha
KOMIIOHEHTHUM TpaUKOHMMA, INTO HHIUKYje HHUXOB 3HA4Ya] y CTPYKTyUpamy TIpyme

XHUPOHOMU/IA.

Tabena 14. BIO-ENV ananmm3a: npBe Tpu Haj00Jbe KOMOWHAIIM]E BapHjadJid HA HUBOY BPCTE
1 poJia ca BpeHOCTHMa Spearman-oBor koedumnujenta kopenaiuje (Rho) u r.

Paur (HuBO BpcTe) I Rho Hajoosa koMOMHALMja TPOMEH/bUBUX

1 0.01 0.499 op3una; NH4-N; HaaMopcKka BUCHHA

2 0.01 0.470 op3una; NH4-N; HanMopcKa BUCHHA, IIHPHUHA

3 0.01 0.469 Op3uHa, KOHIYKTHBUTET; HAIMOPCKA BUCHHA; IIMPHHA

Paur (HuBO poja)

1 0.01 0471 Op3una; NH4-N; HaMopcka BUCHHA
2 0.01 0.444 Op3uHa, KOHIYKTUBHUTET; HAJIMOPCKA BUCHHA; IIHPHUHA
3 0.01 0.436 Op3una; NH4-N; HaMopcka BUCHHA
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Op3uHa HaJAMOpCKa BUCHHA UpHHA KOHIOYKTHBHTET NH4-N

! BBl BB

Cauxka 18. COM Bu3yanu3aiyja CpeIMHCKHX ITapaMeTapa, 3Ha4ajHUuX 3a 3ajeTHUIY XUPOHOMHUIa (TaKCOHOMCKH HHUBO Bpcte) mpema BIO-ENV
anamusu (NH4-N-amonujak). Ckana Ha CBakoj Mary MpeICTaB/ba MEPEHE BPEIHOCTH Mapamerapa. 3aCeHYSHOCT I[pHe 00je 3a CBaKH mapamerap
j€ BUCOKO KOpeJlMcaHa ca MaKCUMAJIHUM BpPEeJHOCTHMA y cTyauju. Omnagame cTereHa 3aceHYeHOCTH HHINKY]E W ONa/Iafhe BPEIHOCTH
napameTapa.
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Op3HuHa HAJMOPCKa BUCUHA IApUHA KOHIY KTHBHTET NH4-N

# gl w8l W 8

Cimka 19. COM Busyanu3aiyja CpeIMHCKUX MapaMeTapa, 3HauajHuX 3a 3ajeJHUIy XMPOHOMHU/IA (TAKCOHOMCKH HUBO poja) mpema BIO-ENV
anamusu (NH4-N-amonujak). Ckana Ha CBakoj Mary MpeICTaB/ba MEPEHE BPEIHOCTH Mapamerapa. 3aCeHYSHOCT I[pHe 00je 3a CBaKH mapamerap
j€ BUCOKO KOpeJIHCaH ca MaKCUMAaJIIHUM BPEIHOCTHMA y cTyauju. Onajame cTerneHa 3aCeHYeHOCTH MHANKY]E U OlaJlakh€ BPEAHOCTH IapaMeTapa.
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4.5.3 YTuuaj TakcoHOMCKe pe30ylHje Ha HHIMKATOPCKe TAKCOHE

COM ananu3a, 3aCHOBaHa Ha CPEIUHCKHM IapaMeTpuMa Kao yJa3HHUM BEKTOPHMA,
dopmupana je Tpu Tpyle JOKATIUTETa ca Pa3IMYUTHM NpoQHiinMa CPEIUMHCKHUX YCIOBa
(Tabema 15. u Cnuka 20.). I'pyna A caunmeHa je o1 JoKaiuTeTa 6e3 opraHckor onrepehema,
ca 3a0ene:KeHMM HUCKMM BpernHocTuMa KoHayktuButreTa, BIIKS5, POs-P i NHs-N. Ha
nokanuTeTuma rpymne b perucrpoBane cy nmoBehane BpeHOCTH OBUX IapameTrapa, IITO UX je
yrHUJIO yMepeHo 3araljennm. Konauno, rpyna L cagpikana je Beoma 3araljeHe JlokanuTere, ca
HajBUIIUM BpeaHoctuMa kKouaykTuBHuTeTa, BIIKS, PO4-P, m NHs-N. Ha o6a nHuBoa
TakCOHOMCKe ckajie (Bpcra m poa) IndVal anmamusa je maeHTrduKOBaIa MPEACTaBHUKE CBE
TpH rpyne gokanuteTa (Tabena 16.). Hajpehu Opoj MHANKATOPCKUX TaKCOHA Ha HUBOY BPCTE
je mpenacraBibeH 3a Tpyny A (12), unju je 6poj omagao 3a rpymy L[ (10) u b (2). Ciuuan
oOpa3zarll ce 1ojaBuoO U 32 UHIUKATOPCKE TAKCOHE Ha HUBOY poJa, re je Hajaehu O6poj poaosa
(11) 6uo HerosepanTan Ha opraHcko ontepeheme (MHAMKaTOpH rpyme A). I'pymna 1] je Ouna
npeacTaBjbeHa ca 8 WHAWKATOPCKUX pOJIOBAa, NIOK je Tpyma b wmmama camo jemHor,

CTaTHCTUYKHU 3HA4YajHOT TpejcTaBHuKa ca IndVal Bpeanoctuma mamwum o 25% (Tabena 16.).

Tabena 15. Cpeama BpemHocT = | cranmapiHa AeBHjallMja CPEAUHCKUX TapaMmeTapa Io
rpynama popmupanux COM aHanm3om.

I'pyne
[TapameTpu A B C
T 10.78+4.882 11.71+4.91%° 14.27+4.96"
\Y; 0.850+0.637° 0.869+0.463% 0.881+0.395°
Ep 187.73+£85.15  408.41+107.20  494.03+114.65
MyTtnoha 9.189+5.1442 11.56249.961*  11.609+6.136°
Ph 6.83+0.59° 7.02+0.43? 6.92+0.50°
O.mg 11.08+0.96° 10.49+1.342 10.40+1.66°
O, 107.30+11.38° 102.42+14,10*  103.87+14.97°
BIIK5 3.92+0.83° 3.9340.10°% 4.79+1.19°
NO3-N 1.384:0.807 2.785+1.581 7.059+4.104
PO4-P 0.070+0.043 0.14620.142 0.401+0.247
NH4-N 0.872+0.503 1.320+0.893 1.616+0.799
Teproha 100.73+£53.88%  195.55+£54.10®  217.88+51.60°
Haamopcka BucnHa 608.23+293.40 399.16+140.30 217.74+56.93
Iupuna 6.82+3.70 10.70+3.37 24.52+11.84
Jly6una 0.5840.34 1.2240.38 1.8241.20

a,b

BpenHoctu Koje y UCTOM peny HE Jielle MCTH CYNEpPCKPUIT Cy CTATUCTHUKU pa3ivyuTe:
p<0.05. Ako cymepckpunT HEIO0CTaje, CBE BPEIHOCTU Cy Mel)ycOOHO CTaTUCTUYKH 3HA4ajHO
pasnuumTe.

79



bBypah Munowesuh 0OKmMopcKa oucepmayuja

11-Spr PN _
11-Sum 16-Spr 3-Spr
5-Sum
11-Aut 16-Sum
. 5-Aut
11-Win 14-Spr .
5-Win
12-Aut 14-Aut 7_Spﬁ
12-Win
28-Win , 4-Win
6-Win 14-Win 16-Aut ZWin
4-Spr
4-Sum
4-Aut
7-Sum
@ 7-Aut
10-Spr
10-Win
1-Spr
1-Aut

13-Spr
13-Win 13-Sum
13-Aut

25-Sum 20-Spr. 27-Win

23-Spr 25-Aut 50-Win 9-Spr  26-Spr
25-Win 9-Aut 26-Sum

26-Aut

18-Sum 214Spr
17-Spr 18-Aut 21-Sum
T7-Aut {W'/n 51-Win
~ 19-Spr
19-Sum

19-Aut

19-Win

Cauka 20. COM wmpexa ca aucTpuOyHpaHUM JIOKAIUTETUMA HA OCHOBY CPEIUHCKUX
napamerapa. CnoBa A; b wu Il o3nHauaBajy pasznuuumre rpyne HeypoHa, GopMupaHe
KIacu(UKaAIMOHOM METOJOM ,.K-mean®. O3Hake (KOJOBH) y OKBUPY HEYpPOHA IPEICTaBIbajy
pa3nuuUTe JIOKATUTETE, Y30PKOBAaHE y pa3NIUYUTUM ce30Hama. bpoj y OkBUpY KoJla 03HauaBa

JIOKAJIUTET, IOK TPU CJOBa O3Ha4yaBajy ce30Hy (Spr-mposiehe, Sum- siero, Aut-jecen, Win-
3UMa)
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Tabesa 16. MHIuKaTOpCKH TaKCOHU, HA PA3IMYUTUM TaKCOHOMCKUM HHBouMa (Bpcta u poxa) 3a COM rpyme (I'p), popmupane Ha OoCHOBY
cpeauHcKux mapamerapa. Takconu ca IndVal Bpearoctuma (INV) Behum o 25% npeacraBibajy pernpe3eHTaTHBHE TAKCOHE TPyIa U y Tabesu cy
noaBy4eHr. OcTaTak TAKCOHA y TaOeNu je 3HavajaH 3a rpyny (BuaeTH: Marepujal U METOIE).

Takcon I'p InVv Taxcon I'p InV Takcon I'p InV
Epoicocladius flavens A 67.3*** Potthastia gaedii B 30'6** Cricotopus triannulatus agg. C 62.2%**
Tvetenia bavarica A 57.6*** Paracladopelma laminatum B 29.8*  Chironomus spp. C 58.9**
Prodiamesa olivacea A 51.4**  Paracladius conversus B 17.7*  Polypedilum scalaenum C 54.6***
Thienemanniella clavicornis A 43.1***  Cricotopus tremulus B 10.9*  Rheocricotopus chalybeatus C 47 5%**
Brillia bifida A 39.9*%**  Eukiefferiella claripennis B 9.4* Cricotopus bicinctus C 45,8***
Paratrissocladius excerptus A 38.6*** Cryptochironomus sp. C 42 .4>**
Thienemannimyia sp. A 38.3*** Paratrichocladius rufiventris C 39.1*
Micropsectra bidentata A 36.4*** Paratanytarsus dissimilis C 33.3%**
Stictochironomus )

aculivennis A 35.1%** Chonchapelopia melanops C 30.2*
Corynoneura lobata A 33.9%** Dicrotendipes nervosus C 27.4%*
Rheocricotopus fuscipes A 31.5** Harnichia sp. C 18.4**
Eukiefferiella brevicalcar A 27.7%*

Macropelopia nebulosa A 24.3**

Orthocladius frigidus A 23.4**

Odontomesa fulva A 22.5**

Heleniella ornaticollis A 17.1*%*

Nanocladius dichromus A 16.7***
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Stempellinella brevis A 16.7**
Apsectrotanypus
trifascipennis A 1057
Epoicocladius A 67.3** Paracladius B 17.7*  Cricotopus C 62.6***
Prodiamesa A 51.4** Chironomus C 58.9**
Micropsectra A 47.8** Polypedilum C 45.9*
Tvetenia A 40.3* Cryptochironomus C 42 .4>**
Stictochironomus A 40*** Paratrichocladius C 39.1*
Corynoneura A 39.8%** Paratanytarsus C 35.7%**
Paratrissocladius A 38.6*** Chonchapelopia C 30.2*
Thienemannimyia A 38.3*** Dicrotendipes C 27.4%*
Nanocladius A 33.3* Harnichia C 18.4**
Brillia A 28.7*%* Tanypus C 9.3*
Macropelopia A 25.7**
Odontomesa A 22.5**
Heleniella A 17.1**
Stempellinella A 16.7**
Apsectrotanypus A 16.5**

rpar 3Ha4ajHOCTH *<0.05, **<0.01, 77<0.001
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5.1 /lusep3urer ¢damminje XHMPOHOMHAA H MOTCHUHUjAJHE MeTPUYKe
0CO0MHE y MPOLEHH eKOJIOLIKOI cTaTyca

Tpenn moBehaBama TuBEp3UTETa O MOJIOBA Ka €KBATOPY, ca HajsehuM BpeaHOCTHMA
y TPOIICKOj 001acTH, HUje oATOBapajyhu MoelN y ONMCHUBaKY AUCTPUOYyIHje BpcTa hamMumuje
Chironomidae. Ferrington (2008) je y cBoM paay mnpuka3ao TIJ00alHy JAUCTPUOYIH]Y
JMBEP3UTETa BPCTa W PoOjoBa oBe Gamuirje 1mo 3ooreorpapckum perrvonuma (Cruka 2.).
Hajsehe GoraTcTBO BpcTa dammivje jaBjba c€ y YMEPEHOM I0jacy, Cpelambux reorpadcekmx
mupuHa. HeodekmBan oOpasam pacnpocTpamema IUBEP3UTETa Tpyle XUPOHOMHIA IO
3ooreorpad)CKUM peruoHUMa Tpeda y3eTn y o03up ca oapeheHoMm g030M oOmpesa, jep je
00raTCcTBO BpCTa y PA3IMYUTHM PETHOHMMA y BHCOKOM CTEIEHY MOBE3aHO Ca Pa3IMIUTOM
KOJIMYMHOM Haropa YIIOKEHOT Yy OINUCHBamy JIOKaiHe (ayHe MakpouHBepreOpara. Y
najgeapkTUIKOM PEerHoHy 3adenexeHo je yak 1.321 Bpcta, pacnopehenux y 181 pon. On Tora
y EBponm je mo cama permcrpoBano mpucyctBo 1.250 Bpcra xmponommuaa (Brabec et al.,
2007). Ha BankaHCckOM MOJyOCTPBY jeé 3a CaMO HEKOJHMKO 3eMa/ba IO3HAT JIMBEP3UTET
xupoHom#ua. [Ipema nurepaTypHuM mojaMa, Kao  Ha OCHOBY mmojaTtka u3 Fauna Europaea
(http://www.faunaeur.org), y Pymynuju cy 3abenexene 403 Bpcre, y Byrapckoj 179 u
Mahapckoj, kao 3emspu y okpyxkemy 350 Bpcra. Kaga je ped 0 akBaTUUHUM €KOCHCTEMHUMA
Cpbuje, 10 cana je 3ajeJHO ca OBOM CTYAHU]JOM peructpoBaHo 236 TakcoHa u3 6 nmotdhamuimja.
Hajsehum Opojem TakcoHna je 3actymibena motdamunmja Orthocladiinae (107) ma 3a mom
Chironominae, ca 3abenexena 84 u Tanypodinae ca 34 takcona. Ca HajMame TaKCOHA CY
npucyrae mnordammiuje Diamesinae (8) u Prodiamesinae (2) u Podonomidae (1).
BeponocTojHOCT OBOT MojiaTaka 0 TUBEP3UTETY j€ TUCKYTaOMIIHA jep 300T CTATHUX MPOMEHa
Yy HOMEHKJIATYpH, ca jeHe CTpaHe, U TyXKeT MPEKUaa y HCTPAKUBakY PayHe XUPOHOMHIA Y
Cpbuje ca apyre, MOCTOjU BeIMKa MOTYNHOCT TOjaBe CHHOHMMHM3aIMje. 300T OBE II0jaBe,
peanan 6poj Bpcta y CpOuju je BepoBaTHO U MamU O] IIpecTaBbeHor. Kako 6u ce momnuio 10
peanmHOr cTama auBep3utTera (ayHe xupoHomuaa y CpOuju, HEONXOIHO j€ W3BPIIUTH
KOPEKIIMje CBUX MyOJIMKOBAHMX YEK-JIMCTA, a y CIy4ajeBUMa, T1e je TO Moryhe, u peBUIUpaTH
Marepujai.

[ToceOHO je MOTpeOHO HArIACUTH Ja je Y OJIHOCY Ha OCTaJIe HCTPAKUBAHE PETHOHE Y
EBponu u Ha bankany, Opacko-minanuHcka obiaact Cpouje, ¢ 003upoM Ha 1MoJ10kaj U (Imajeo)
UCTOpHjCKa KpeTama (ayHe, jelaH o[ IeHTapa Ouosonike pasHoBpcHocTH (BlaZencic et al.,
1995). Cge ymyhyje Ha To aa ce y okBUpy ciuBa JyxxHe MopaBe MOXe OYEKHBATH BHCOK

JIUBEP3UTET, y3uMajyhu y 003up IIMPOK OINCEr HaJMOPCKUX BHCHHA M BEIMKH IUBEP3UTET

84



Bypah Munoweesuh dokmopcka oucepmayuja

CTaHHUIITA YKJbYUYEHUX Yy HcTpakuBame. Jankovi¢, (1985) je na pernu JyxHoj MopaBu u
yirhuma riiaBHHX MPUTOKA 3a0eNexuia NpucycTBo 54 takcona. Y nmoHoBbeHO) cryauju 2010.
roJIMHe, ca TymhoM MpexoM JokanuTera, uaeHtudukosano je 111 takcona. Kama je y
MIOHOBJBEHO] CTYAMjU y3eTa y 003up camo Jyxna MopaBa ca ymhima nmpuToka mpBor pena
(obmacT mcTpakMBama Koja ce y MOTIYHOCTH MOKiama ca cryaujom u3 1981.) moHoBo je
koHcTaToBaH Behu Opoj Bpcra (70) y mopehemy ca pesyinatuma koje je mpencrasmia Jankovié
(1985).

Ca gpyre crpane, mpema mnojanuma Raunio et al. (2007), y wucrpaxuBamy
CIIPOBEJCHOM Ha JIOTHYKUM CUCTEMUMA Oopeasine 00sacTu, Ha 22 JOKaIUTeTa cy y 77 poaoBa
unentuduxoBane 162 Bpcre xuponomuaa. CIaTKOBOJIHH €KOCUCTEMH y OOpEaTHOM PETHOHY
ce KapaKTepUIIly HUCKHM TJI00AIHUM JWBEP3UTETOM 300T KPAaTKOT Pa3BOJHOT IMEPHOMAA O
nocyeamer JeaeHor noba. Y mopehewy ca permoHMMa KOju HHCY MPOILIM KpO3 MEepUuoj
MOCIIehe TIalujaluje, bopeanHu peruoH Ou Tpebasio J1a MpuKazyje 3HaTHO CHUPOMAIIHH]Y
(dayHy akBaTMYHHX MaKpOWHBEpTeOpara, Koja je TEHEpaTHO OKapaKTepHCaHa HUCKUM
rinobanauM auBepsuterom (Heino, 2008). Ha xuaporpadcekoj mpexu CpOuje, ca BeIHKOM
pasHOBpCcHOIIhy CTaHWINITa ¥ TIOpeN OYECKHBAaWka BHCOKOT OHOJIONIKOT JWBEP3HUTETA,
pe3yiTaTH CTyAWje Cy MOKa3aM YaK HEImTO HIKW nuBep3uteT (ammmje Chironomidae on
OYEKUBAHOT. PernctpoBano 60raTCTBO BPCTa je MOTOTOBY HUCKO aKO CE€ YIOPEAH ca CTYIHJOM
JOTHYKUX cucTtema OopeanHor perumona (Raunio et al., 2007). C gpyre crpamne,
ouoreorpadcke crymuje ¢ayHe MaKpOWMHBEpPTEOpaTra c€ CIpOBOJAEC TOA Pa3IUYUTUM
OKOJIHOCTMMA (BEIMYMHA MCTPAXUBAHE OOJIACTH, HUBO TAaKCOHOMCKE PE30JIyllHje, METoJla U
(pEeKBEHTHOCT Y30pKOBamha (JapBe WK €r3yBHje IyIa), ra je 300r Tora U pasyMJbHBO 3aIlITO
Opoj TakcoHa WIMPOKO BapHpa y 4YeK-TUcTamMa pa3induTux noapydja. [Ipema Ttome,
JTUCKYTAaOMIIHO je Ja Ju je 3abenexxeHu oOpasail auBep3uTeTa GayHe XUPOHOMHUIA Y CIUBY
Jy:)xHe MopaBe BUCOK MIJIM HU3aK y OJTHOCY HA OYCKHBAHY BPEIHOCT.

VY nopehewy ca 1981. rommnom toxom 2010. cy 3abenexxeHe 3HAYajHO BHILE
Bpennoctu deltat+ m OorarctBa Bpcra (S). OBakaB pe3yiTar ce MOXE OOJjaCHUTH MaaoM
HHIYCTPHUjCKE MPOU3BOJI-E HAKOH eKOHOMCKe Kpu3e y Cpouju Tokom 1990-Tux (Stojkovic et
al., 2013). IMoxatak koju Wae y MPHUIOT OBOj MPETIOCTABIH j€ Ja, 3a PA3IUKY O JICHTHIKHX
cucreMa, JOTHYKM CHCTEMH C€ MOry Op30 OIOpaBHTH OJf OpPraHCKOr omnrtepehema, oK
MOpPGOJIONIKA HAPYIIEHOCT CTAHHIITa MOKE OCTaBUTH Jayropounuje mociemuie (Yount &
Niemi, 1990). PekonoHu3aiuja MpeTX0JHO HAPYIICHUX CTAHUINTA je BOheHa (amuanjom

Chironomidae, mok ocrtane rpymne MaKpoWHBepTeOpaTa Jojlaze KacHHUje Mo oapeheHom
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penocneny. [lo mouerka 90-TMX roavHa, MHAYCTPHUjCKU pa3Boj jyra CpOuje je 6uo Beoma
BHCOK. 300T TOTa je ropu jieo peke JyxxHe MopaBe TokoM nctpaxubama 1981. (Jokamurern
MIV, MPV, MOR u BIM; Cnuka 3.) 6uo muctpuOyupan BaH TpaHuna 95% wuHTepBaia
noBepema (Cnuka 12, A). BaxHo je Harmacutu Aa cy HaBEIEHH EKCTPEMHH JIOKAIUTETH, Y
norieny pooujeHux BpeaHoctu delta+ Owim MO3MIIMOHMpPAHW HA HAJIIMPEM JENy JIEeBKACTOT
rpaduKoOHa, TJe je CTaTUCTHYKA CHara aHanu3e Owira u Hajamwka (Marchant, 2007). Ipema
TOME, TaKaB PE3yJTaT C€ MOXeE MPUITMCATH M MajloM Opojy 3a0ele)kKeHWX BpCTa HAa THM
JIOKaITUTETUMA.

Ha neBkactom rpaduxony, koju npesentyje noaarke u3 2010. ronune, nokasaio ce j1a
je BehuHa JnokanuTera AUCTpUOyHMpaHa Yy OKBHUpY IpaHuna 95% wuHTepBana mMoBepemAa.
[TocTemeno oncrymame oj odekuBaHe BpemHocTd delta+, amm y oxBupy 95% rpanuma
MOBEpEma, j€ TMOoCleaulla BapHjabUIITHOCTH TAaKCOHOMCKE pPa3IMYUTOCTH KOja TpaTH
BapujabuiHocT cpeauHckux (akropa (Warwick & Clarke, 1998). Ilpuniun npumMeHe
OUYEKMBAaHUX BpEeTHOCTH M 95% wHTepBasma moBepema delta+ WHIEKca y MPOIEHH CTEneHa
AQHTPOTIOTEHOT yTHUIIaja j€ KOHIUIMPAH TaKO J1a C€ OHU JIOKAJIUTETH KOJH CYy MO3UIIHOHUPAHU
BaH 95% rpaHuIa moBepema cMaTpajy HapyIIeHUM U ITpeMa CBOJUM KapaKTepHCTHKaMa MOTY
outu jacHo oaBojeHu on pedepentHux sokamutera (Abellan et al, 2006). CympoTtHO
OYCKHBaWkNMa, y OBOM HWCTpaXHBamy HHJe mpoHaleHa 3HavajHa paznuka wusMehy
pedepeHTHUX W HapyIICHUX JIOKamuTeTa. HemoBoJskaH KamamuTeT HWHIEKCA Ja JETEKTYje
AQHTPOTIOTEHU YTHUIA] MOXE C€ OO0JaCHUTH pEJaTUBHO HUCKHM JIMBEP3UTETOM BUIIIHMX
takcoHOMCKuX rpyma (Abellan et al., 2006; Marchant, 2007). Ha npumep, Marchant (2007) je
MoKa3ao Ja, Kajia je 3a KOHCTPYKIH]y MAacTep JIMCTE y3€0 y OO3HMp caMoO MpEICTaBHHKE
Ephemeroptera, Plecoptera u Trichoptera (EPT rpyma), pesynratu delta+ cy 6uim MOHOTOHH
Y OZHOCY Ha CPEeIMHCKE MPOMEHE Ha TECT JIOKAIUTETHMA, 0e3 NKaKBE TCHICHIIN]E TPYIHCAba.
VY TOM ciydajy CBH JIOKQJIUTETH Cy OMIIM QUCTPHOYHUPAaHU Y OKBUPY rpaHuna 95% uHTepBana
noBepema, 0e3 003upa Ha CTENEeH aHTPOIOICHOT YTHUIIAja, KOJUM Cy TECTUPAHU JIOKATHTETH
ounu uznoxkenu. OuekuBaHa BpeqHocT deltat je 6una Takohe HMka o4 OHE, U3pauyHaTe Ha
OCHOBY MacTep JIHCTe, KOja je cajapikaja CBE Ipyle MakpoOecKHuMemaka. AyTop je To
o0jacHHO MOJATKOM Ja je MacTep jucra, cauntbeHa oj EPT rpyme, caapxana 31 damunujy,
JIOK je MacTep JINCTa CBUX MakpouHBepTeOpara Opojana dyak 91 pamminjy. OBakBa paziuka y
Opojy damuimja TOBOAM O CMamHBamka KalaluTeTa TaKCOHOMCKOT AMBEPU3UTETA MAaCTep
JUCTE, @ TUME U JI0 TaJia CHAare U CEH3UTUBHOCTH MHAeKca. CylmpoTHO 3aKbydlIuMa 0 KOJUX

cy gouutn Abelldn et al., (2006), 3a xopuurhewme nojeJMHUX rpyna y uspauyHaBamy delta+
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unaekca, npema Koperski (2009) uHmekec TaKCOHOMCKE Pa3IHUYUTOCTH HPUMEHCH Ha jEIHO]
rpynu MakpounsepreOpata (pammnmja Chironomidae) ce mokazao kao goOpa MeTpuyka
0coOMHa, CIIOCOOHA J1a TIPOLICHN YMEPEH CTEIEH JAerpajaluje JOTHUKUX cuctema. MehyTuwm,
y TOj cryauju cy Bpeanoctu deltatr y pedepeHTHUM U HapyIIEHUM CTaHUIITAMA
KoMmapupane 0Oe3 yKJbyuuMBama OUYEKHMBAHMX BpenHocTd W 95% wuHTepBanma moBepema.
VY3umajyhu y 003up cBe HaBeACHE pe3yiTare J0JIa3u Cce JIO 3aKJbydka Jia je 3a MPHUMCHY
MH/IEKCA TAKCOHOMCKE Pa3JIMYUTOCTH, KA0 MOY3JaHOT apaMeTpa MPOIIeHE CTama EKOJIOIIKOT
cTaryca CIIATKOBOJHHUX €KOCHCTEMa, HEONMXOJHO YKJBYYHTH CBE TpyIe aKBaTHYHHX
makpounBepredpara (Marchant, 2007).

Ca pgpyre cTpaHe, yna3Ha JIMCTa aHAIW3€ TAaKCOHOMCKE pa3IMUUTOCTH Hu3Mehy
nokanuteta ciauBa JyxHe Mopase je Ouna cactaBibeHa oa 104 takcona, 16 tpubyca u 5
notpammnuja, pamunuje Chironomidae. MckibyunBameM rpymne Koja je Tako TAKCOHOMCKH U
(GYHKIIMOHATTHO pa3HOJIMKA W3 TPOIIEHE TAaKCOHOMCKE Pa3IMYMTOCTH, Takohe O JoBeno 1o
naja TUCKpUMHUHAIIMOHE cHare delta+ mHIEKCca, Tako Jja METo/a, ca 030MJPHUM HeIoCTaIluMa
y MacTep JIMCTH, He Ou (yHkimonucana. Jlo caumyHor 3akipydka je gomrao u Heino et al.
(2007) mpernocraBuBIIM J1a OM MCKIbYYHBAFhE XUPOHOMHJIA U3 HETOBE CTY/MjE BOIMUIO IO
ryOMTKa OYCKHMBAHOT CHUTHaja CpeAuHCKe aerpanaruje. Ciamuan craB je m3neo m Marchant
(2007), TBpaehu ma m3ocraBibambe HHCKO auBep3uTeTHuX rpyma (Mecoptera, Megaloptera,
Neuriptera u Lepidoptera) He Ou 3HadajHO H3MEHWIO crocoOHOCT deltat wHmekca y
NETEKIU]A CTENeHa HApYIIEHOCTH cTaHumTa. Mehyrum, oBako HemTo HUje Moryhe 3a rpyrme
kao 1o cy Ephemeroptera, Plecoptera, Trichoptera (EPT), Coleoptera, Diptera, Odonata u
Hemiptera. Pe3ynrtartu ucrpaxkuBama hayHe XUpOHOMHUIA y CIUBY JyxkHe MopaBe OTKpHBajy
na ¢ammmja Chironomidae xao camocrtanHa Tpyna Takohe ymamyje IUCKPUMHHAIIMOHY
cHary delta+ nunnmekca.

Wunexc delta+ je Ouo kopenucan ca MHACKCHMA TUBEP3UTETA KOJU CY TPAIUIINOHATHO
y ymnoTpeOu NpUIMKOM IpolieHe OuoaMBep3uTeTa. 3HayajHa Kopenanuja je 3alernexeHa
usmely deltat+ u ykymHor Opoja Takcona (S), IITO je OTKpWIIO 1a je omagame Opoja BpCTa
npaheHO HECTAHKOM OHHMX TaKCOHA KOjH C€ Pa3JIMKYjy Ha BUIIEM TaKCOHOMCKOM HHBOY, JOK
BpPCTE KOje TpHIaaajy HUCTOM poay ocrajy mpucytHe y y3opky (Heino et al., 2005).
JleTrekToBaHa Kopenanuja Moxke OUTH BakHa uH(popmanuja, y3umajyhu y o03up cnenehe

npeanoctu delta+ urgexca:
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1. HesaBucHocT y oAHOCY Ha METOJy Yy30pKOBama (YTPOIIEH Tpyd), LITO I'a YWHU
aTPaKTUBHHUM Y CTYAMjaMa BEJHKOT IMPOCTOPHOT M BPEMEHCKOT 00MMa, I/Ie ¢ MeToa
Y KOJTMYMHA Y30PKOBamha, YeCTO, BEOMa Pa3uKyjy,
2. JemHocTaBaH CTaTUCTHYKH METOJl, KOJUM je Moryhe JIako OJIpeIUTH OYCKHBAHE
BpenHoctd. To omoryhaBa mopeheme m3mely n0OMjeHHX BPETHOCTH TAKCOHOMCKE
Pa3IMYUTOCTH Ca FhbeHUM OYEKHBAHUM OIICETOM BapHpamba,
3. U, xonauHO, mOCTOjame€ MacTep JMCTe omoryhaBa opapehuBame NOTEHIMjaTHUX
MpeCTaBHUKA pehepeHTHUX CTamba.
Mehytum, npema Heino et al. (2005), GorarctBo Bpcta u deltat mupoko Bapupajy Iyx
JOHTUTYIUHAIHOT TpajrjeHTa peke. HeomxoaHo je Tako CHakKHY MPUPOAHY BapHjaOMITHOCT
y3€TH y 003HMp Ipe MPUMEHE OBHUX HMHJEKCAa y TPOICHU EKOJOIIKOI CTaTyca aKBaTUYHUX
exocucrema. Kako Ou ucrnurao npupoany Bapujadbminoct, Coffman (1989) je mpummkom
oapehuBama oOpaciia 6orarcTBa BpcTa paMuiInje XUHPOHOMHUA Y JOTHYKUM CHCTEMHMA y3€0
y 003up cnenehe ¢daxkTope: €KOJOIIKa XETEPOTeHOCT, BETUYMHA PEKe, HAIMOPCKa BHUCHHA,
reorpapcka mmupuHa U Ouoreorpadcku noreHuujan. OBO HUCTpaXHBamE je MOKa3alo ja
00raTcTBO BpCTa pacTe ca MopacToM peja peke Mo Tpeher pena kaj ce 3aycTaBiba U MOYHE
na omama (Ferrington, 2008). IIpema Coffman (1989), ox ykymuor GorarctBa Bpcta S=152,
3abenexen je ciaeachu guctpuOynmoHu monen mpeMa TunoBuMa peka: 26 (10-64) 3a npBu
U BoJgoToKoBa, 44 (13-144) 3a apyru, 63 (25-157) tpehu, 51 (25-83) uersprh, 47 (11-86)
nietd, 47 (10-99) mectu u 45 (12-148) 3a cenqmu Tum peka. Cauvan obpasail ce MpuKazao u 'y
crymuju Ha cinuBy JyxHe Mopase, T1e je 60raTcTBO BPCTa y BOJOTOKOBHMA YETBPTOT THIIA
Oowio Hwke (cpeame OoratcTBO Bpcrta = 17) HEro Ha JIOKaJUTETUMa peka Tpeher Tura
(cpenme GorarcTBo Bpcta = 23). Y mopehemy ca pesyiararuma Coffman (1989), 6orarcTo
BpcTa Ha TpeheM M 4eTBPTOM THILy BOJIOTOKOBa cnuBa Jy:kHe Mopase je Oniio HeoYeKHBaHO
HIwke. To ce Moke 00jaCHUTH MPWIMYHO JIOIINM CTaleM TECTUPAHUX CTAHUINTA M BEIUKUM
AHTPONIOT€HUM YTHIAjeM, KOME Cy H3JI0)KEHH CBH JIEJIOBM TOKAa Ha HIDKUM HaJIMOPCKUM
BucuHama. OBo noTBphyje na je 3abenexeHu quBep3uTET y ciuBy Jy:xkHe MopaBe nnak HHXH
y nopehemy ca peuHHM CIMBOBHMA y OKpYyXemy. 300T HeqocTaTka pe)epeHTHHX JIOKAIUTETa
Ha TpeheMm U 4eTBpTOM THUITy BOJIOTOKA HUje Ouiio Moryhe TecTupaT Ha KOju Ha4YuH BapHupajy
ykynas 0poj Bpcta u delta+ myx npupoHOT CpeIMHCKOT IpaiijeHTa.

Wnnekcn deltat+ u lambda+ nokasanu cy jaky HeraTuBHY KOPEITHUCAHOCT Ha CBUM TECT
nokamureTuma ciuBa Jyxne Mopase. Warwick & Clarke (2001) cy y cBojoj cryauju

HarJIacwiIv Ja je BeoMa OMTHO NMPOBEPUTH €BEHTYaJHO MOCTojama Kopenanuje u3mehy delta+
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u lambda+ wmHIekca, ka0 pe3yiTar yHyTpalllkbe Kopenamuje. Ayropu o0jamimaBajy Imojam
YHyTpallllbe KOopeJaluje Kao MOCIeIUIy KOHCTPYKIUje TaKCOHOMCKOT crabna. To 3Haum na
kopenainja usMel)y cumynupanux BpemaHoctu deltat u lambda+ moke OuTH BeNMHMKNM
CTCIICHOM OJrOBOpHA 3a JMOOHWjeHYy Kopenanujy akTyelHux Oa3a momartaka. Ha Crmmnm 9. ce
jacHO BUJIM JIa je jaka HeraTHBHA Kopenanuje u3mely nobujenux Bpeanoctu deltat u lambda+
nmocyieuIia KOHCTPYKIHje MacTep Jmcte. VHBep3Ha Kopenamuja ce ao0uja Ha OCHOBY
CUMYJIMPaHUX BPEAHOCTH MHAeKca. CiudHe pesynrate je npeactaBuo u Marchant (2007). On
HarJjaiiaBa Jia OBa JiBa rapaMeTpa He 3aXTeBajy moceOHa Mepema, na Huje 3auyhyjyhe 3amro
lambda+ He Mosxe ma moHymu moxaTHe WH(OpPMAIKje O aHTPOIMOTEeHOM YTHIAjy, Koje Beh
Hucy obezebehene mumekcom delta+. [lpema Tome, 3a Meroie TpolieHE OWOAMBEP3UTETA
CTaHHIITA W CTENCHAa HAPYIICHOCTH aKBATHYHHX EKOCHCTEMa HHUje MOTPEOHO KOPUCTUTH
BHUIIIE MHJIEKCA TAKCOHOMCKE PAa3JIMIUTOCTH jep, YCIIe] IbUXOBE BHCOKE KOPEIHCAHOCTH, HUCY
KOMIUIEMEHTapHH ¥ HE TMpYXajy AoAaTHE HWHPOpMaIlHje O CTamy EKOJOIIKOT CTaTyca
AKBaTUYHUX €KOCHUCTEMA.

Ha ocnoBy pesynrara anammse riaBuux kommonentdH (PCA), deltat mokasyje
MPaBHIIHY NMPOMEHY Y OJHOCY Ha TpaJiMjeHT KBaiuTeTa Bojae. CiamuHe pe3ynrate je JoO0Ho U
Marchant (2007), anu ca Hemrro apyraunjuM (akropuma cpeaune. Y Toj cTyauju je deltat
HETaTUBHO KOpenucaHa ca mapaMmerpuma log-typoumutet, log-totamaum dochop u log-
totagau HUTporeH (TKN). M y oBoMm ucrpaxuBamy je uHIekc deltat Ono HeratwmBHO
KOpeJucaH ca TapamMeTpuMa oOpraHckor 3arahema (KOHAYKTHMBUTET U KOHIICHTpaIluje
oprodocdara, Hurpata U amoHwujaka). Ilopem Tora je 3abenmexeHO 1a KOHIICHTpalldja H
carypauuja pactBopeHor kuceonuka (DOmg/l u DO%) mnokasyjy BHCOKY MO3UTUBHY
KopenucaHocT ca deltat, mTo Huje Ouo ciydaj ca ocramuMm ctyndjama. OBO Moke OUTH
00jallIlbeHO YMIHCHUIIOM JIa jeé KUCEOHHUK jelaH OJi HajBaXHHUJUX (PakTopa KOjU yTHUY Ha
muctpubyinjy u passuhe mapBu xuponomuga (Vallenduuk & Pillot, 2007). Taunuje, Ha
JOKAJIUTETUMA Ca HAJHI)KUM KOHIICHTpalMjaMa KHCEOHHKA, 3ajeIHUIla MaKpOMHBEpTeOpaTa
ce yrJIaBHOM CacTOju 0J1 IpejicTaBHuKa nmotdamunije Chironominae, Koju cy KBaIMTaTHBHO U
KBaHTUTATUBHO JIOMUHAHTHU. [JlaBHA KapaKTEepUCTHKA OBe NMOThaMUIUje je Ja CBE, WM
CKOpO CBE BpCTE MMajy onpeljeHy KOJIM4YMHYy XeMorioOuHa y TeiecHoj teuHoctu (Moller
Pillot, 2009). 360r Tora Ha nokamurery 10, Ha mpumep, rle je KOJUYMHA KUCEOHUKA Mely
HaJHIKUM, 3a0elexeHo je npucyctBo 13 TakcoHa Koju TNpHUMNagajy mnoThaMuinju
Chironominae, 6 mnordamunuju Orthocladiinae u 2 Tanypodinae. TakBa noMuUHAIH]ja

notdgammiuje Chironominae CHa)XXHO yTHYE Ha IPOMEHY BpEeIHOCTH HHJAekca delta+

89



Bypah Munoweesuh dokmopcka oucepmayuja

cMamyjyhu JUBEep3UTET HAa BHIIUM TAaKCOHOMCKHUM HUBOMMA. YTHIQ] OM BepoBaTHO OMO U
Behu na je y oBoj anamusu pon Chironomus 6mo aerepmuHucaH 10 HHBOa Bpcre. To Ou
nonatHo noBehano Opoj BpcTa Koje MpHIiagajy UCTOM POy M CMamuio BpenHoctu delta+.
[ToTBphena nuueapna Beza usMmel)y deltat u kBasmrera Bojme je oOchasajyhm pesynrar jep
npenacrasba deltat xao HOBY MOTEHIMjAIHY METPUYKY OCOOHMHY YHje OM EBEHTYaJIHO
YKJbYYHBAkE Y METO/IE MMOBEhao 0CeT/bUBOCT MYyATUMETPHUKUX WHICKCA KBATUTETA BOJIE.
Amnanu3a rnaBaux komrnoHeHTH (PCA) mokaszaina je 1a ¥ OCTalay HHICKCH JUBEP3UTETa
(H’, J’ u 1-D), nokasyjy npaBHIHOCT Iy IrpajujeHTa KBamutera Bojae. CBH TpaauilnOHATHA
WHJICKCH JMBEp3UTeTa Cy MoBehaBamm cBOjy BpEIHOCT ca MOPACTOM KHCEOHHKA M TaJlOM
KOHLIEHTpauyje aMmoHujaka, ¢ocdara u BpenHoctu BIIKS, mTo je y carmacHoctn ca
pesyaratuma koje je mpeacraBuo Koperski (2010). CympoTHo WHIEKCHMa JIUBEP3UTETA,
yKynHa OpojHOcT jeauHku xupoHomunaa (N) je pacna ca majgoM KBalMTETa BOJIE, ILITO
MOTBphyje pe3ysTare MPEeTXOIHUX CTYAHja Aa Cy XHPOHOMHJIE TOCEOHO OpOjHE Y HAPYIICHUM
CTaHUIIITAMA, TJIe OTaja Opoj MPUCYTHUX TaKCOHA, ajTi pacTe HHXOBO MPOICHTYATHO yJenrhe
y OKBHpY 3ajennuiiec OeHTOCHMX MakpoumHBepTeOparta (De Bisthoven et al., 2005). Osaxsu
pe3yiTaTd JIOJATHO TIOJVIKY 3Ha4a] XHPOHOMHIA, Y TPOICHH EKOJIOMIKOT —cTaTyca
aKBaTHYHUX EKOCHCTEMAa M YMHE MX HE3a00MIa3HUM NPWINKOM KOHCTpyHCama METOAa U

MOHHUTOPHHT IIpoTrpama 3a MpoIeHy KBaJIUTETa BOJE.

5.2 [IpocTopHa M BpeMeHCKAa BAPpUjaOMIHOCT 3ajeTHUIle XUPOHOMU/IA
®amunuja Chironomidae je xereporena rpyma TakCoHa ca BapujaOUIHUM OJTrOBOpHMa
Ha cpeauncke rpagujente (Lencioni & Rossaro, 2005). 360r Tora ¢y MHOTH ayTOPH TBPAMIH
Ja Cy XMPOHOMHJIE Kao Ipyla OCET/bHBE HAa MPOMEHE Iy PEYHOT KOHTUHYYMa U MCHajy
CBOjy CTPYKTYpY ca MpoMeHaMa HaJMOpPCKe BHCHHE, THIIa BOJOTOKA U miupune kanana (\Ward
& Williams, 1986; Lindegaard et al., 1995; Punti et al., 2009). ¥V oBoj cryauju, 6a3upanoj Ha
KOMITO3UIIMJU U a0yHJAaHTHOCTHU 3ajeqHuile xupoHomuna, COM ananusza je Gopmupana tpu
rpyme Jnokanmurtera. ['pyna b je mpezacraBibeHa yrilaBHOM ca JIOKaJUTETHMa pacrnopeheHum
Jy’K TOPIHX JeJI0Ba TOKa peka (a priori tun 4). To Huje 6uo ciyyaj ca rpynom A u 11 rae
HHje 3a0elekeHa ancoyTHa JOMHUHAIMja HeKe oJ a Priori rpyma. TakCOHU Koju Cy OWIH
THUINWYHHU TIpefcTaBHUIM rpyne b npumamajy mordammnuju Orthocladiinae (71%) mro je
OUEKMBAH pe3ynTaT ¢ oOO3MPOM Ha YHMIEGHUIY Ja Cy Y TOpPHHUM JIeIOBUMa TOKa
KapaKTepUCTUYHE 3ajeJHHIle Y KOojuMa JOMUHHUpAJy TMpeACTaBHUIM MOThaMHIuje
Orthocladiinae (Ward & Williams, 1986; Rossaro, 1991; Ferrington et al., 1993; Lindegaard
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et al., 1995). Takconu Koju mpumamajy oBOj rpylH yriiaBHOM mpedepupajy ducte BoJe ca
BHCOKHMM KOHIIEHTpalujama pactBopeHor kuceonuka (Helson et al., 2006). Jlapse Tpubyca
Chironomini cy o0M4YHO peTKe y rOpmHM TOKOBHMA PEKa, JIOK Cy JOMHHAHTHE Y HU3U]jCKUM
3ajelHMIIaMa aKBaTUYHUX MakpouHBepreOparta (Pinder, 1995). MehyrtuMm, y oBOj cTyauju je
Bpcra Polypedilum laetum Ouna nuctpuOyupana y ropmuM TOKOBHMMA, 300T 4era je mpema
IndVal ananu3u cBpcrana y rpyny 3HavajHuUX npejactaBHuka rpymne b. Mako ce oBa Bpcra y
JUTAapaTypy HABOJHM Kao BHCOKO ToJiepaHTHA Ha opraHcko ontepeheme (Orendt, 2002), anu u
Kao CTaHOBHMK CpeibHX JenoBa Toka peka (Punti et al., 2009), BpcTa je uecTo neTeKkToBaHa y
YUCTHM W yMepeHo 3araljienum Bojama ropmux nenoBa Toka (Moller Pillot, 2009).
JuctpuOyiuja Bpcre P. laetum ykasyje Ha WeHy eypuUBaJIEHTHOCT y morjienay BehuHe
CpeNMHCKUX (pakTOpa, MITO je YMHU HEMOY3JAaHUM HHIMKATOPOM Y PYTHHCKHM MOHHUTOPUHT
nporpamuMa. Behuna takcona u3 rpyne b nema IndVal Bpennoctu Behe on 25%, mrto Te
TaKCOHE YMHU Ba)XHHUM, alld HE W PENPE3CHTATUBHUM 3a rpymy. TadHuje, TAaKBU TaKCOHH CY
MPUCYTHHU CaMO Yy jeIHOj TPYIIK U caMO Ha oJipel)eHuM JlokanuTeTnMa, 300T yera uMmajy Beoma
HUCKY penaTtuBHY (pekBeHlr]y. OBakBa mojaBa 6u Morjia 6uTH oOjalImbeHa YHHEHUIIOM J1a
Cy IUTAaHWHCKE BPCTE CTEHOBAJICHTHE M HMMajy YCKE EKOJIOIIKE HHINE, IITO TOCICIMIHO
yMamyje BUXOBY peiatuBHy (pekBeHujy, kao u IndVal Bpennoct (Penczak, 2009). ITpema
Rossaro (1991) u pesynraruma oBe crymauje, Bpcre Eukiefferiella brevicalcar, Heleniella
ornaticollis u  Orthocladius  rivulorum, mnpedepupajy cranumTa ca  BHCOKHM
KOHIICHTpallijaMa KHCEOHHWKA, JOK je HhUXOBa TUCTPUOYIMja OTrpaHWYEHA CaMO Ha TOPHE
nenoe BomotokoBa. C apyre crpane, Bpcra Orthocladius lignicola mma Ttakohe HuCKe
BPETHOCTH peJlaTUBHE (PpeKBeHIIMje, IMTO ce objalmaBa YMEHCHUIIOM Jia jeé OBa BpCTa
CIIeIMjaJIMCTa 10 MUTay CTAaHMIITA, jep Ce XpaHU ocTanuMa JpBeTa y Boau (mpema Brabec et
al. (2007) Bpcra je xcumodar). 360r oBakBe TUCTpHOYIHje OBe BpcTe mMMajy Hucke IndVal
BpenHoctu. OBO HHje OMO ciIydaj U ca mpeacTaBHUIMMA rpyme L, rae y cpeamsum u 10mum
ZeJIOBUMa TOKa JOMHHHpPAjy BPCTE KOje C€ KapaKTEepHIIy LIMPOKHM paclpOCTPambEHEM
(Calle-Martinez & Casas, 2009; Punti et al., 2009).

Knacudukanuja nokanurera, OazupaHa Ha OpOJHOCTH pPa3IMUYUTUX BpCTa JApPBU
XUPOHOMHUJIA HHjEe caMo MOJ YTHIIajeM MPUPOJHE BapHjaOMIHOCTH Beh M MOJ pa3IuyUTHM
CTENEHOM aHTpOMOreHor yrunaja. To je moceGHO 6o ciydaj ca rpynom L, rae BpeaHoctu
XEMHJCKHX (paKTOpa MHIMKYjy TpHCYcTBO opraHckor omntepehema (Tabdema 9., Crnmka 8.).
TakcoHM Koju TMpeicTaBibajy OBY TPYIY JIOKAIUTETa JOOpPO Cy MO3HATH Ka0 HWHAWKATOPH

3aralleHMX BOJa y CBMM pEerHOHMMa W BojoTokoBuMa pazmmuutor tuma (Wilson, 1992;
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Bazzanti, 2000; Garcia & Laville, 2000; Calle-Martinez & Casas, 2009). Mehytum, cynpoTHo
ouekuBamuma Orthocladius (Orthocladius) spp. je Takohe cBpcTaH y KOMILIEKC
WHIUKATOPCKUX TakcoHa oBe rpyme. OBaj pe3ynaTar ce MoKe O0jaCHUTH TPHUCYCTBOM
CE30HCKE BapHjaOMIIHOCTH KOja je y 3ajeHUIM XHPOHOMHJAa BEOMa HU3pakeHa. BHCOKyY
CE30HCKY BapHjaOMIHOCT moka3yje u unta poa Orthocladius, koju mpunama rpynu 3uMCKUX
TaKCOHa 4Mja a0yHIAHTHOCT U (PPEKBEHTHOCT pamMIHO pacte TOkoM oBe ce3oHe (Marziali et
al., 2010). Takohe Kruskal-Wallis-os Tect motBphyje rope HaBeacHe TBpAmE, Mokaszyjyhu ma
je, mopen ocranux Takcona (Tabena 8.) Orthocladius (Orthocladius) spp. Beoma oceTsbHB Ha
BapHjabuIHOCT, Ha mTa ynyhyje n Bpeasoct 1, koja je Hajseha 3a OBaj TAKCOH.

C o03upom na takconu kao mro cy Orthocladius (Orthocladius) spp. oGyxBatajy
BEJIMKK OpOj BpPCTa ca Pa3IMUUTUM EKOJIOIIKUM aUHUTETHMA, OBaj pe3yaTaT Ou Tpedayio
y3eTu ca oapeheHOM J030M ompesa 300T HHUCKE TaKCOHOMCKe pezonyuuje. Mehyrum, COM
METOJla MOXK€ Jia JICTeKTyje Ja JM yHyTap TakCOHa IMOCToju ojpeheHa BapujaOUIHOCT y
€KOJIOTUJ BpPCTE, TAaKO IITO BHU3yaju3yje oOpazall JucTpuOyIuje OpOjHOCTH TaKCOHa KpoO3
npoctop u Bpeme (Cmmka 9.). Taynmje, ako TakCOH caapKu BpcTe 0O€3 pas3imke y
ayTeKOJIOTHjH, BUXOB oOpa3al] OpojHOCTH he MaTH HajBUIIE BPETHOCTH Y CAMO JETHOM JIEITy
HEYpOMpEKe, Tpyle HEeypoHa KOju Cy OKapaKTepHUCaHH JIOKaJUTeTUMa ca ojapeheHum
npodUIOM CTaHUINTA. Y CYIMPOTHOM, TUCTPUOYIMja TaKCOHA Ou Omiia pa3zbariaHa 1mo Mpexu
0e3 nkakBe mpaBmwiIHOCTU. [Ipema Tome, COM anHanmm3a ce MO)Ke KOPUCTHUTH Kao eduxacaH
METOJl y OTKpWBAamYy JTOBOJHHOT TAaKCOHOMCKOT HHMBOA PA3MYUTUX WHAMKATOPCKUX TpyIia.
HcToBpeMEeHOM BU3yalIM3allijOM TUCTPUOYIIHjE BPCTA, JOKATUTETA U BPSIHOCTU CPEIMHCKHX
napamerapa Moryhe je Nmperno3HaTH TOTEHIMjaIHE WHIMKATOPCKE TaKCOHE Yy oiapehuBamy
CTelleHa HapYIIEHOCTH EKOCUCTEMA.

[Topen nmpoctopue numensuje, Ha COM Mpexu je youbuBa M BPEMEHCKa TUMEH3H]a
CTPYKTypE 3ajelHullc XHUPOHOMHUAA. JIOKaTUTETH KOjU Cy Y30pKOBaHH YIJIIaBHOM TOKOM
3UMCKHX MeCeIM Hajia3e ce Ha jecHoj ctpanu mpexe. Kruskal-Wallis-o Tect oTkpuBa na cy
takconu notpamuinje Orthocladiinae HajoaroBopHuju 3a MojaBy Ce30HCKE BapHjaOHIHOCTH.
Marziali et al. (2010) TBpau &ma je TOKOM 3HUMCKOT Iepuoja Opoj BpcTa Koje MpHUIajajy
notdamuarjama Orthocladiinae u Diamesinae y mopacrty, 1mTo je y cKiaaay 4 ca pe3yaraTima
UCTpakuBama Ha ciuBy Jyxxae Mopase. [locTojame ce30HCKOT 0Opaciia moTBphyje u mogarak
Jla ce BPEMEHCKHU MepUoJ1 eKo3uje (M3jeTama alyJITHUX JeAMHKU U3 BOJIE) pa3iiukyje usmehy
sumckux ¢popmu notdammnja Orthocladiinae Diamesinae u Podonominae, u ietwsux hopMu

Tanypodinae u Chironominae (Garcia & Afidn Suarez, 2007). Kruskal-Wallis tect je moka3zao
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UCTH MA0JOH, MO0 KOME TaKCOHM KOju mpunanajy mnotdamuiaujama Chironominae (ocum
Polypedilum convictum) u Tanypodinae umajy HajBHIlle BPEIHOCTH CPEIbEr paHra TOKOM
jyna u asrycra, a Orthocladiinae u Diamesinae y mapty (Tabena 8.). Mehyrum, pomoBu
norpamunmje Orthocladiinae cy BapujabuiiHuju 0 OCTATUX POJOBA KOjH TPUIALIA]y APYTUM
nordpamunrjama. Ha npumep, TOkOM Mapra, Ha JIOKAIMTETUMA JIOHUX JIeJOBa BOJIOTOKOBA
(10, 13, 17, 20, 21, 23, u 27) penaruBHa (pexBeHTHOCT noTdhammmje Orthocladiinae
panuaHo pacte (67, 43, 48, 46, 57, 51 u 58% pecnekTuBHO), AOCTWXKyhy HajBehe BpeIHOCTH
y mopehemy ca apyruMm Meceuuma. To je moceOHO yowsuBo 3a poxa Orthocladius (ca
HajsehrM BpeaHOCTUMA n2; Tabena 8.) koju Ha HWCTUM JIOKAJMTETHMA HArJIoO TIOCTaje
HajOpojHUju TakcoH y y3opuuma. Pox Orthocladius je renepanHo KapakTepuCTHYaH 3a
op3orekyhe Boae (Moller Pillot, 2013). Punti et al. (2009) y cBojoj cTyauju, 0 TUCTpUOYLIUjU
xupoHomuza y pedepentaum Bogama Illmanuje, Orthocladius Ha3uBajy TonepanTHUM poaOM
ca HeJle(PMHUCAHUM JUCTPHOYITMOHUM 00paciieM mpeMa rpajijeHTuMa CpeanHCKUX (hakTopa.
IIpema nanazuma Moller Pillot (iuyHa komyHUKalMja), MOXKE c€ NPETIOCTaBUTH Ja
Orthocladius He Moe MPOBECTH 11€0 KUBOTHU IMKIYC y 3aral)eHUM BoJama aiu JapBe Ha
MOCJIEIIHUM CTYIHEBUMA pa3Buha MMajy CIOCOOHOCT J1a KOJIOHU3Y]y MaKpO(QHUTE y OPraHCKH
ontepeheHUM BOJaMa W OIICTaHy Yy TakBUM YycioBHMMa. Ha OCHOBY CBUX MOMEHYTHX
pesyiarara, Moxe ce 3ak/byuuT ga poxa Orthocladius y ciuBy Jyxne MopaBe BepoBaTHO
MHUTPUpPA TOKOM 3MME Yy JIOHE JIEIOBE TOKA, KOJU TOKOM OBE CE30HE TMOCTajy XJAIHUJA H
caMUM THM OOTaTHju KHCEOHUKOM (3a0eekeHe Cy BHCOKE BPEIHOCTH KOHIICHTpAIlHje
pactBopenor kuceonunka: DOmg/l u DO%). TakBa edemMepHa IpoMEHa yciaoBa CpeauHe, ca
HUCKUM TeMIIepaTypaMa M BHCOKMM BPEIHOCTHMA pPACTBOPCHOT KHCEOHHKA, IAJIEKO je
MOBOJbHUjAa 3a OBaj poj. 3HadajaH IMopacT aOyHIAHTHOCTH TPEICTAaBHHKA MOT(aMUIIH]e
Orthocladiinae TokoM 3mMMCKe ce30HE MOKE BOAMTH Ka 30ymyjyhieM IUCTPUOYIIHOHOM
oOpacity y JOBHUM JIIOBUMA BOJOTOKOBA, TJ/Ie je JOMUHAHTHO MPHUCYCTBO OBE MOThaMIIIUje
HeovyekuBano (Helson et al., 2006). KonauHo, 3a0enexeHe MpPOMEHE y KBAJIUTATUBHO] U
KBaHTUTATUBHO) CTPYKTYpU NpEICTaBibajy edekar MpUpoJHE BaphjaOUIHOCTU KOJU MOXKE
3HAYajHO YMAWUTHU MPEIM3HOCT CUCTEMa 32 OMOMNPOIICHY KBAJIUTETa BOJIE KOjU Cy Oa3upaHu
Ha MYJITHUMETPUYKHM HH(pOpMalMjamMa CTPYKType 3ajeIHUIe MakpouHBepTeOpaTa (y OBOM
cnydajy pamuauje Chironomidae).

Ha npyroj ctparu COM mpexe, CympoTHO TPYNH JIOKAJIUTETa Y30PKOBAHUX TOKOM
3UMe, KOHIIGHTPHCAaHHU CY JIOKAJIHTETH Y30pPKOBAaHM TOKOM IpoJichHe ce30He, OKYIJbEHH Y

rpynu A (Cnuka 7.). OBakBa TycTpuOyIja je BEpoBaTHO MOCIeIUIa BUCOKOT BOIOCTaja KOjU
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je 6uo mpucyran Tokom yutase npoiichue cezone 2010. roqune. Tako MOBUIIEH BOJOCTAj je
OJITOBOPAH 3a CHEHUPUIHY CTPYKTYPY 3ajeTHUIIC XUPOHOMHUIA KOja je, 0e3 003upa Ha yTHUIa]
NPOCTOPHE JHCTpUOyLHMje, Ouia CIMYHA Ha CBUM Y30PKOBAaHUM JOKaiuTeranma. Heku
ayTopH Cy 3a0eIeKUITU J]a TIEPHO]] BUCOKHX BOJA PEayKyje TYCTHHY 3ajeIHUALIC XUPOHOMU/A,
IITO je TOBOJAHO Ja HW3a30BE€ 3HAUYAjHE MPOMEHE Yy CHEIHjCKOj KOMIIO3HIMjH TE TpyIe
(Schmid, 1992; Grzybkowska et al., 1996; Lobinske et al., 1996). To yka3yje na 6u 3Ha4ajHa
nposnehHa TOBHIIEHAa BOJOCTaja Morja OHTH HOBM HM3BOp BapHjadMIHOCTH W Moryha

IIpENpeKa 3a HHKOPIIOPUPAKBE XUPOHOMHUJIA Y PYTUHCKE MOHUTOPHHT IIporpame.

5.3 3ajenHMIAa XMPOHOMMN/IA U CPEIMHCKH NapaMeTpH

Beoma BaxxHa nH(popmainmja 3a MeToie OHOIPOLIEHE JIOTUUKUX CUCTEMA j€ HUBO KOJUM
CpenMHCKH (HaKTOpH YTHUY Ha CTPYKTYpy 3ajemnmie xupoHommma. COM mpexa mokasyje
jacaH rpaaujeHT (O JOHer JIEBOI yIila Ka TOPHEM JECHOM YIIy MpEkKe) CpPeAUHCKHX
¢axTopa (Cnuka 8.), Koju Moke OMTH MHTEPHPETHPAH Kao JIOHTUTYIAHHATHA 30HAIMja peKa
(Vannote et al., 1980). Heke cryauje Cy MCTpaKuBaje KakO JIOHTUTYIWHAIHU TPaHjeHT
yTHYe Ha 3ajeTHUIY XMPOHOMHU/IA Y TIOBPIIMHCKUAM BOJjaMa MenuTepancke oomactu (Casas &
Vilchez-Quero, 1993; Punti et al., 2009) narmamaBajyhu ma rpaamjeHT HaIMOPCKHUX BHCHHA
nMa Hajsehu epekaT Ha CTPYKTYPY 3ajeAHHIIA.

VYV wucrpaxuBawy Ha ciauBy JyxxHe Mopase, crpoBeneHom TtokoMm 2010. m 2011.
roJIMHE, JJOHTUTYIMHAIHU TPaJIMjeHT HAJMOPCKUX BUCHHA je y HajBeheM CTemeHy ympaBJbao
kinacudukanyjom, Oa3upaHOM Ha 3ajeIHUIM XHUPOHOMHIA, OJBajajyhm BOJOTOKOBE Ha
BEJIMKHM M CPEIlhe/MalTUM HaIMOPCKHM BHCHHAMa, IITO je Y CKJIany ca pesyinratuma Punti et
al. (2009). [lyouna u mmpuHa peke, Koja pacte ca maaom Hagmopckux Bucuna (Vannote et al.,
1980) cy takohe yruiane Ha TUCTPUOYIHM]Y 3ajeAHUIE AYK JOHTUTYIMHAIHOT TpajdjeHTa
(Cnuxa 8. m 9.). TakBy mpocTOpHY BapHjaOUIHOCT, KOja je HaBehum nenoMm ycrnoBJbeHa
IpaJljeHTOM HAJMOPCKUX BUCHHA, TpPeOaslo OM y3eTH y 003HMp Ipe NMPUMEHE OBE Ipyle y
MeTonamMa OuornpoieHe. TokoM omabupa 00IacTH HCTpaxkuBama (CeleKIUje JIOKaIUTeTa)
HEOIIXOJIHO je n30ehu MpeBeuKy OTicer HaJIMOPCKUX BHCHHA Y IHJbY CMambHBamba MPUPOIHE
BapujabmiHoctu. AQEM (AQEM, 2002) npenopy4yje aa ce TOKOM HCTpaKHUBarba HE y3uMa y
0031p MpPEeBEIUKH OIICEr Ha/IMOPCKUX BHCHHA, 300T Uera je y cBoM mporpamy aedunucao 29
TUINIOBA pEKa, TJe OJl CBUX Je(PUHHUCAHMX EKOJOUIKMX EHTUTeTa HM jeJaH HeMa ILIUpU
rpaaujeHT HaaMmopckux BucuHa ox 600 merapa (Hering et al., 2004). Ilparehu oBy

npenopyky, Marziali et al. (2010) je nepuHHMCcao MOTEHLUjaTHY METPUUYKY OCOOMHY KoOja ce
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0a3upa Ha 3ajeHHUIN XUPOHOMH/IA U KOja YCIEIIHO 0/iBaja KJace BOJa Pa3IMYUTOT KBATHTETA
y MeauTepanckuM pekama. Raunio & Muotka (2005) cy nmokasanu y CBOjoj CTY/AUjU Jja TEMIIO
y30pKOBamba Bapupa 300T rpaaujeHTa HAAMOPCKUX BHUCHHA, 00jallmkaBajyhu aa cy pasiauke y
BPEMEHCKUM TEPHOANMA EKJIO3Hje JapBHU Jpyrauynje Ha pa3indiuTUM HAaJMOPCKHM BHUCHHAMA.
[IpeMa TOME, YKOJNMKO CTyAMja HWIAK YKJby4dyje BEJIHMKH OIICET HAJMOPCKUX BHCHHA.
HEOITXOTHO je MPWJIATOUTH CTPATEeTH]y Y30pKOBamba Kako O ce m30eriia BelMKa BpeMEHCKa
BapHUjaOMITHOCT U TUME jaCHH]jE IETEKTOBAJIC MPOMEHE CTPYKTYPE 3ajeIHUIIC XUPOHOMHU/IA Kao
0JIrOBOP Ha ojpeleH CTeneH aHTPOMOTEeHOT yTHIlaja y pekama Oopeanne obmactu. C apyre
crpane, 6p3u mporokos ouomnporene (Rapid Bioassesmen Protocol; Barbour et al.,1999) je
MPEAJIOKUO Ja C€ CMameHmhe IMPUPOJIHE BapHjaOUIIHOCT CIPOBOAM HAKOH CEJICKIH]e
JIOKaJNNUTETa, ynoTpeOoM oapeheHnx MeToaa y aHaJln3| 100ujeHux nojaraka. Takole, mporec
Kiacudukaimje BOJOTOKOBA CE CITPOBOIU Mpe 04a0rpa MOTEHIIUJATHUX METPUUKUX 0COOMHA.
OgBaj mpoTokon oapehyje HaAMOPCKY BHCHHY Kao HajOMTHHU]Y Kiacu(PHUKallMOHY Bapujadiy,
objammaBajyhu 1a Cy mpoMeHe y CTPYKTYpH Makpo3o0eHToca y Behem cTeneHy ycarnameHne
ca HaJMOPCKOM BHCHHOM HETOo ca IpOoMeHama eKopernoHa. Ha oCHOBY oBOTr mpuCTyma,
XOMOTEHHU3AIja JIOKATUTETA (CMambehe MPUPOIHE BapHjaOMIIHOCTH) CIIPOBOHM CE€ HA OCHOBY
nojaTaka o reorpackuM, GU3MYKUM M XEMHJCKUM KapaKTepHCTHKaMa cTaHuiTa. Hakon
npBe KinacuduKamuje ce CpoBOaM W (PUHO TIOJEIIaBamke YBOhEeHeM MojaTtaka O CTPYKTYpH
3ajenHuIie Makpo3zoooentoca. Ha taj Haunn RBP pa3BpcraBa TecT nokanurere mo rpymnama ca
[IUJBEM J1a MUHUMHU3Upa YHYTapTPYIHY BapujaOuaIHOCT U noBehaBa Bapujance uzmely rypma.
ITopen mnpupomHe BapujaOUIHOCTH, 3ajeTHUIIA XHUPOHOMHUIA j€ OCET/bMBAa W Ha
AHTPOIIOTEHE yTHIaje. MHOTH ayTOpH Cy YCIEIIHO TPE3CHTOBAIM KaKO Cy CpEINHCKE
Bapujabie, Koje WHAMKY]y OPTraHCKo omnrepeheme, MoBe3aHe ca MpOMEHaMma Yy CTPYKTYPH
3ajennuiie xuponomumga. Wilson (1992) mpencraBba amonujak, ¢ocdare u BIIKS kao
0JIrOBOpHE (hakTOpe 3a MpOMEHE y KOMIIO3MIUjU 3ajeqHunie. Tectupajyhu WHIUKATOPCKY
3aje/IHUIly, ayTop je 3a0eleHMo BeoMa BHUCOKY KOpENalujy y OJHOCY Ha pPaHTHpaHe
JIOKAJTUTETE JAY)K CPEIMHCKOT IpaJfjeHTa KBAJIMTETa BOJE, Oa3UpaHUM Ha KOHIICHTpallfjaMma
aMOHHWjaka W OHOJIOIIKE TMOTPOIIkE KUCEOHWKa. Pesynratu, mpeseHToBaHu y Buay PCA
rpadMKoHa ca ITUCTPUOYMpPaHMM BpCTamMa M CPEIMHCKUM MapameTpuma ynyhuBaiu cy Ha
MoryhHOCT opMupama KOMILJIEKCa WHIUKATOPCKMX BPCTAa TOJEPAHTHHX W HETOJIEPAHTHHUX
Ha opraHcko 3araheme. [Topen oBe crymuje, Calle-Martinez et al. (2009) cy Takohe mokazanu
nmocTojambe Beze u3Mel)y kBanmurera BOAE U CTPYKType 3ajenHurie xupoHomuaa. Ckopo

MI0JIOBUHA MJCHTU(UKOBAHUX BpPCTa je MOKa3MBajla BUCOKY KopenucaHocT ca jpyrom CCA
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0COM, KOja je MpejcTaBjbaja I'PaJujeHT KBAIUTETa BOJAC M OWia MO3UTHBHO KOpelMcaHa ca
BEJIMKHM OpOjeM XeMH]CKUX IapaMeTrapa Koju UHANKY]jy oprancko 3araheme (NHa-N, NOs-N,
NO,-N, BIIKS, koHxykTUBUTET). Y HAIO] CTYAUjU je Ha JBa pa3liMuMTa HAuYMHA MPUKa3aHa
Be3a u3Mel)y 3ajeJHHIIe XHPOHOMHIA U KBajuTeTa Boje. Kaza je 3ajennuna xupoHomuaa ouina
MpEJICTaBJbeHA HWHACKCOM TAaKCOHOMCKE pa3nuuuToctd, deltat wHaekc je OMo 3HA4YajHO
kopenmucan ca DO, BIIK5 PO4-P NOs-N u xonmyktuButer. MehyruMm, y ToMm ciydajy je
CTPYKTypa 3aje[HUIle Ousa MpecTaBmbeHa OMHapHOM mpoMeHsbruBoM (1-Bpcra mpucytHa, 0-
BpCTa OJICyTHa), IITO je Ouja yjaa3Ha MaTpulla 3a padyHambe HHAEKCa TaKCOHOMCKE
pasnmuuuroctu (delta+). Kaga cy Ouie ykibydeHe cBe ce30HE W MOJAIM O KBAJIWTATUBHO] U
KBAaTHUTATHBHO] CTPYKTYPH, Pe3yJITaTH Cy OWIM ycarjalleHH, OCHM Y CJIy4ajy pacTBOPEHOT
kuceonnka. Hemocrarak rpagujeara DO na COM mpexH je mocieaniia HeOUeKHBaHOT CKOKa
KOHIIEHTpaIMje KuCeoHuKa y rpynu LI, riae cy nHaue KOHIEHTPUCAHH JIOKATUTETH CPEAbEr U
JIOWEr ToKa peka y ciuBy JyxHe MopaBe, Koju cy okapakTepucaHu HajBehuMm cTeneHoM
AHTPOMOTeHOT TPUTHCKA. JIOKAIMTETH KOjU CYy Y30pPKOBaHHM TOKOM 3HMCKE CE30HE Cy
HajBepPOBaTHHjE OJrOBOPHHU 3a MOPACT MPOCCYHE KOHICHTpAIMje KUCCOHUKA Ha HEypOHUMA
rpyne L. TakBu mokanureTn cy y OKBHpY rpyne L] KOHIEHTpUCaHU y TOWEM JIECHOM YIIIY
COM wmpexe (Cnuka 8.).

COM ananusa je motepamia (Crnuka 9.) ma cy takcornu Chironomus spp., Cricotopus
bicinctus, Cricotopus triannulatus agg., Paratrichocladius rufiventris u Rheocricotopus
chalybeatus unanoBH KOMILTIEKCA BPCTa KOje C€ OOMYHO jaBJbajy Y BoJaMa, OKapaKTepPUCAHHM
opraunckum 3arahemem (Wilson, 1992; Calle-Martinez & Casas, 2009). Wilson (1992) u
Calle-Martinez & Casas (2009) cy rakohe mokymraau ga ae(GUHHAITY WHIAKATOPE KBAJIUTETa
BOJIC Y JIOTHYKMM CHUCTEMHMa ca JBa pasiaumuurta npucryna. Wilson (1992) je, tectupajyhu
Kopenanujy u3Mel)y mpucyTHHX BpCTa W KOMIUIEKCA CPEAMHCKUX MapameTapa, MPOHAIIao
BeJIMKH Opoj nHAMKaTopckux Takcona. Ca mpyre crpane, Calle-Martinez & Casas (2009) cy
NPUMEHWINA TPUCTYN pedepeHTHUX CTakba M IOKa3alu Ja camo 6 BpcTa IpejcTaBiba
WHIMKATOpE HApyHIeHUX ctaHuiita. OCTaau TakCOHH, KOju cy Omnm y kopenamuju ca CCA
O0COM, HMHTEPHPETHUPAHOM Kao TpajHjeHT KBAIUTETa BOJE, HUCY MMM JIOBOJHHO BHCOKE
BpenHoctu IndVal 3a rpyny HapymieHHX JIOKajduTeTa. AyTOpH cMarpajy Ja je OBaKaB
pe3ynTar mocieaMia HeAoCTaTKa pedepeHTHHX cTama Ha MamuM HaJMOPCKUM BHCHHAMA.
Onu Takohe HaBosEe 1a ce WHAMKATOPCKU TaKCOHH PEPEPEHTHHX CTama pa3iuKyjy uzMehy
JIBa aHAIM3MpaHa PErHoHa (JIBa pa3iMyMTa CIIMBA), IITO HUje OMO Ciydaj ca WHAWKATOpUMA

HapymieHux Jokanmutera. OOe crymuje HaBome mer Takcona (Chironomus riparius,
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Eukiefferiella claripennis, Paratrichocladius rufiventris, Rheocricotopus chalybeatus u
Cricotopus bicinctus) koju cy ce y 3amaaHoj EBponu mokasain Kao OCET/bUBH HHIUKATOPH
opranckor 3arahema, 0e3 003upa Ha THII BOJOTOKa W peruoH. [Ipema mocamammuM
CTyIAWjamMa, YMHUA C€ Jia TOCEAyjy BEIMKH TIOTCHIHWjaJI y TMPOICHH IIMPOKOT OTIcera
nerpajganvje kpanurera cranumra. Kaga je y nutamy ciuB Jy:xae Mopase, 01 THX MTO3HATUX
uWHAMKaTopa 3arah)ea, W YIpKOC TOME IITO Cy HEKH OJ UX MokasuBanmu Bucoke IndVal
BpenHoctd, camo cy Cricotopus bicinctus, Cricotopus triannulatus agg. u Rheocricotopus
chalybeatus umanu ynudopmuy muctpubyuujy ayx uumraBe rpyne L[ Ha COM wmpexu
noxa3yjyhu oTropHOCT Ha Bapupame TeMIIepaType, u3a3BaHo npomenama cezona (Cnuka 8. u
9.). OcTanu TpeNCTaBHUIIM BUCOKO 3araljeHHX JIOKAJIUTETa Cy CEH3UTUBHH Ha MPOMEHY
TemmepaType u npedepupajy Bucoke temmeparype (Chironomus spp., Cladotanytarsus spp.,
Polypedilum scalaenum) mm cy npucytHu ca HaBehom OpojHoIThy Ha JIOKaTUTETHMA HHKHX
temmeparypa (Cricotopus trifascia, Eukiefferiella ilkleyensis, P. rufiventris, Synorthocladius
semivirens, Tvetenia calvescens). To yka3yje ga ce caMO HEKOJHMKO TaKCOHA MOTY CMaTpaTH
oaroBapajyhuM WHAMKATOpHUMa OPraHcKor 3arahema, 300T BHUXOBE TOJEPAHTHOCTH IpemMa
IIpoMeHaMa Temieparype. YnorpeboMm camo OBUX BpPCTa y MeTolama OuomnpolieHe uzoeria ou
ce BapujaOWIIHOCT KOJy H3a3uBajy MPOCTOPHU W BPEMEHCKHM TpaJvjeHTH H moBehana

MPEIM3HOCT METO/IE.

5.4 Metoae OuonpoieHe: MOryhHOCTH M IpUMeHA

VY nocamammsuM mporpaMuMa OMOTIPOlIeHE OWJIo je yoOW4ajeHO Ja ce XHPOHOMHJIC
HCKJbyUYe W3 ylIa3HUX 0asa IojaTaka, yriaBHOM 300r mpobiema uaeHTu(uKkamuje. Takohe,
Kao mpoOjieM ce HAaBOJM W BHUCOKa IMPHUPOJHA BapHjaOMIIHOCT y TOj T'PYyIH, KOja OOMYHO
MpeBa3wia3d OHY HWHAYKOBAaHY aHTPOIIOTCHHM YTHUIajeM. Y OBOj CTYAHjH, BEIHKH JI€0
CE30HCKE BapujabUITHOCTH je 3a0eneeH TOKOM 3UMe, Kaja je JOLUIO 0 3HaYajHUX MpoMeHa
y CTPYKTypH 3ajeiHulie. M mepuoj BUCOKHMX BOJia je MMao ClIMYaH edekaT Ha 3ajeHUIly
XUPOHOMHU/IA, HAJjauyaBIIM YTHUIA] CBUX OCTalUX TIpajaujeHata (MIPOCTOPHU U TPAAUJEHT
HaApYIIEHOCTH CTaHWINTa). Heku ayropu mpenopydyjy HCKIbYYHMBamEe 3UME Kao Iephoja
y30pKOBama W3 MOHHTOPUHI TIporpamMa 300T EKCTPEeMHHX TeMIIepaTypHUX yCIoBa U
xuaponomkor pexuma (Gabriels et al., 2010) u 360r noructuuxux pasnora (Sporka et al.,
2006). Tlo3nato je Jga HCK/bYyYMBal-€ CE30HA W3 aHAIM3€ CTPYKTYpE 3ajeTHHIe
MaKpoHHBepTeOpaTa He MOKEe JOBECTH JI0 3HauajHUjuX ryomraka mHdopmaimja 3a notpede
MoHHTOpUHTa KBaymtera Bojae (Milosevi¢ et al, 2013). Yak je m Furse et al. (1984)
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MPETMOPYIHO Jla TPU CE30HE IMPEICTaBIbajy 3a70BoJbaBajyhu Opoj peruika, koju 00e36ehyje
JOBOJHHO TOJIaTaka 3a KapaKTepHu3alujy TOIUIIker olpacia Bapupama 3ajeIHUlle
MakpouHBepTeOpara. Y okBupy mnporpama Mmyntumerpuukor AQEM cucrema mnporueHe
(AQEM, 2002), pexxum y30pKOBama je pa3BHjeH Tako Ja MCIYHH CBE 3axTeBe EBporicke
aupekTHBe O 3amTHTH Boaa. AQEM 3axteBa na ce mpuwimkoM ojapehuBama BpeMEHCKE
CTpaTerHje y30pKOBama YKJbyde Oap JBe pasIuduTe ce30He Koje he nedunmcaTn
HAJIIOBOJBPHUjU TIEPHOJ] Y30pKOBama 3a oapeheHy rpymny TakcoHa. Mmajyhu y Bumy Belnuky
Pa3HOJHMKOCT Yy KHBOTHOM IMKIYCY Pa3IMYUTUX Tpylna MaKpOWHBEpTeOpara, pa3InduTe
CE30HE Cy Cce TMoKaszajle TOBOJAHUM 3a ojpehene rpyme Ttakcona. 36or Tora je RBP
MPENOPYIHO J1a CE CENIeKIM]ja o/iroBapajyhe ce3oHe y30pKOBama CUHXPOHH3Y]E Ca CE30HCKOM
BapujabunHomhy mocMarpaHe rpyne MakpouHBepreOpata. Takohe ce cmarpa na 6Ou
CeJIeKIMja OJAroBapajyher BpEeMEHCKOT TMepuoaa Y30pKOBama Tpebaso Ja JOoBeAe [0
MUHUMAaJIM30Bakba  TNpUpPOJHE  BapujabwiHocTH  m3Mmel)y JaBe  cycemHe — TOJAMHE,
MaKCUMaJn30Bama €PUKACHOCTH W Op3WHE y30pKOBama W TMoBehama JOCTYMHOCTH ITUJbHE
3ajennuiie. 1 RBP mpotokon mpemmake m3beraBame 3MMCKOT TMEpUOAA 33 Y30pPKOBambe,
yno3opaBajyhn Ha moTenmikohe NPUIMKOM Y30pKOBama Yy YCIOBHMa EKCTPEMHO HUCKHX
TemrepaTypa. TakBe OKOJHOCTH TNPHIMYHO YCHOpaBajy paa Ha TepeHy. Takolhe, Tokom
nepuoJa HUCKUX TemIeparypa OEHTOC ce Haja3u IyOJbe y CyIlcTpaTy, UCHOJ Jelia KOju je
JOCTyIaH 3a y30pkoBame. RBP ymo3opaBa u ma BUCOK BOJIOCTaj TOKOM mposichHux mecer,
HUje ojaroBapajyhm 3a BpPEMEHCKY CTpaTerujy Y30pKOBamba PYTHHCKHX MOHUTOPHHT
mporpama. Raunio & Muotka (2005) cy nariacuiau norpeby a ce JeTePMHUHUIIE BPEMEHCKH
OKBUp y CTpaTerwju y30pKOBama KaJa je y NuTamy (pamuidja XUPOHOMHIA M HHHXOBA
UMIUIEMEHTAllMja y TporpamMe OHWONpOIICHEe. AyTOpU Cy pe3yiaTariMa IOKa3zalid Jaa je
MOTPEOHO YKJbYYUTH TPH Pa3IMUMTE ce30HE (Tposiehe, cpenuHy JieTa U KacHO JIETO/jeceH)
Kako OM JETEKTOBAIM JOBOJbAH CUTHAJ M3 3ajeJHUIIC XHPOHOMHIA y OOpealHUM peKama.
Nmajyhu cBe rope HaBeICHO Ha yMYy, U TpeMa MPEe3eHTOBAHUM Pe3yJITaTUMa y OBOj CTYIHM]H,
MOJKE C€ TPEIOKUTH UCKIbYYHBaHbe, KAKO 3MMCKE CE30HE, TaKO M MEPHOJC BHCOKUX BOJA
(oOuuyHo paHo mpoiehe) W3 MOHHUTOPUHT MporpamMa KOju MpaTre KBAIUTET aKBaTHUYHHUX
€KOCHCTEMa YMEPEHUX O0JIacTH. [ JIaBHM 1MJb NIPEITIOKEHE MEPE je CMAbCHE YHYTAprPyITHE
BapujabuimHocTH  damuiuje xupoHomuzaa. Jlpyra cosyuuja OM Owia  yKJbydMBambe
YCTaHOBJbEHE BapUjaOMIHOCTH TPUIUKOM I[IOCTaBJhbathba TPAHUYHUX BPEAHOCTH Kiaca

KBaJIUTETa BOJIE Y (hopMynaiuju nHaekca OuomnporeHe.
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C npyre crpane, y cryauju Rossaro et al. (2006) Tokom 3uMCKe ce30HE je 3a0eIeKeHO
HajBehe OorarcTBO TakcoHa, KaJa je 3ajeqHHIa XMpOHOMHIA Ouia M HajoOpojHHja. AyTOp
HarJiaiiaBa Jia je OBO Haj3HaYajHUja ce30Ha 3a (hayHy XMPOHOMUA Kaja je CPEIUHCKHU CTpeC
(HM3aK MPOTOK, CTa0WJIaH BOJIOCTAj, BUCOKA TPAHCIIAPEHTHOCT, BEJMKA a0 yHJAHTHOCT allTH
(yrmaBaom Bacillariophyta)) Hajumku u kaga ce Mory 0oJbe MPAaTUTH U pa3yMeTH Be3e
n3Mehy QayHe xupoHoMuaa U cpeauHe. 300T TOora ce Mpeaiake Ja 3UMCKa Ce30Ha Oyxe
00aBe3HO yKJbyd€Ha y Jajba EKOJIOIIKA MCTpaKuBama XupoHoMuaa. OBe TBpAMKE Cy TayHe
KaJia je peuy o cTyadjaMa OMOJUBEP3UTETA jep C€ HEeKEe BPCTE jaBJhajy CaMO TOKOM 3MMCKHUX
Mecenn. Melyrum, 3a TpUMEHY XHPOHOMHJA Y PYTHHCKMM MOHUTOPHHI IPOTpaMUMa,
yIpaBO Ta CE30HA, KajJa C€ 3HA4YajHO MEHa CTPYKTYpa 3ajeHHIIC U JaBJhajy PETKE BPCTE ca
HUCKOM (pPEKBEHIMJOM YMHH 3ajeTHUIlY XUPOHOMH/IA ,,HEYTOTPEO/LUBOM .

VY oxBupy AQEM mnpojekta dopmupaHa je JucTa TaKCOHA KOja CaIp>KU IMOJATKE O
ayTeKoJIOTUju MHAMBUAyadHux TakcoHna (Hering et al., 2004). Ox ykymHo 9.446 eBporickux
TaKCOHAa MaKpOWHBepTeOpaTa JAOCTYMHHX y 0a3m, dak 1.250 takcoHa (pacmopehenux y 189
pomoBa) cy mpeacraBuuid (pamunuje Chironomidae (Brabec et al., 2007). Mehyrum, y
OKBHPY TOJHMKO BEJMKE T'ypIie TaKCOHA Masio je MH(popMaIija TOCTYITHO O ayTekoyoruju. Ha
npumep, y 6asu www.freshwaterecology.info, 3a uak 98,6% TakcoHa HuUCY IOCTymHE
nHpopMmarje o canpoOHUM BajieHIIaMa. M 3a ocrasie KapaKTepUCTHUKE HEIOCTaje 3HaudajHa
KoJIMuMHa WHQpOpMalMja: JIOHTUTYIMHAIHA 30HanMja (Hema mojaTtaka 3a 62,2% TakcoHa),
aduHuTeTH Npema Op3uHU Toka (HeMa monataka 3a 70,8% Takcona), apuHuTEeTH TpemMa
TUNIOBMMa MHUKpOCTaHMINTAa (HeMa mojaTtaka 3a 55,4% TakcoHa), apUHUTETH TpeMa THITY
ucxpate (Hema mojaraka 3a 44,8% TtakcoHa) M TUI KpeTama (Hema mojaTtaka 3a 70,8%
takcona). C o03upoM 1a je oBa 0a3a mojaTaka OCHOB 33 M3pauyyHaBambe CBUX METPHUYKHUX
ocobuna npensulennx AQEM mporpaMom, pa3yMJbHUBO j€ 3allITO CaMO HEKOJIUKO KOPUCTH
TakcoHe XupoHomuaa. To majke ykasyje Ha moTpely 3a BHIIE KOPUCHHX CTyIHja KOje mpare
3aje/IHUIly XUPOHOMHJA U ayTEKOJIOTH]y WHIUKATOPCKMX TaKCOHA Yy Pa3InYUTUM
ouoreorpadckum peruonnma. McTpakuBauku TpPOJEeKTH Kao OBaj yHampelyjy pasinuuute
MeTpuuke ocobune, 00e30ehyjyhu nerasbHe mHbopMalvje O BEIUKOM OpoOjy TakcoHa Y
pa3IMYMTUM YCIIOBUMA CTaHWINTA. Takole, HOBM HPUCTYN Yy TPUIPEMU H MyOIUKOBambY
UICHTH(UKAIIMOHNX KIJbYYEBa, KOJU MOPE] TAKCOHOMCKH OIMCAaHUX BPCTA CaJPiKE M BEIUKU
Opoj unpopmanuja o ayrekonoruju takcona (Vallenduuk & Moller Pillot, 2007; Orendt &
Spies, 2012), mory pemtd mnpodieM Mamka ayTeKOJOIIKMX HH(pOpMaldja ¥ OJaKIIaTH

mponec KOMIINIMKOBAHE I/II[GHTI/I(I)I/IKaI_II/Ije.
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VYKIbyurBame XUPOHOMU/IA Y THIT-CHIEIIM(PUYHE METO/IE MPOLIEHE KBATUTETA BOJIE, IITO
je npemioxkeHo OKBUPHOM JTUPEKTHBOM O BoJama, oMoryhuio 0u Op3y mpolieHy mpHCyCTBa
pPa3IMYUTUX CTpecopa, MTO OM Takohe yHampeawsio HeKe MHAeKce Koju cy Beh nemneHujama
MpOKO y npuMenn (uHaekcu canpobHocty, BMWP ckop u merose yHampehene Beps3uje
(AQEM, 2002).

CanpoOHM MHIIEKCH Cy MIHUPOKO Yy MPUMEHH, a lUXOBE MPEIHOCTA U OTPAaHHYCHA CY
Beh 100po nosnatu. [Ipema Tome, MpomMpemne HHANKATOPCKE JINCTE YKIbYYHBAHEM TaKCOHA
xupoHoMHuia Ouo 6u obehasajyhu kopak Hampes y mpoliiecy noehaBama 0CETJHUBOCTU CaMe
Mmetoje. C apyre ctpane, opuruHaiHe u moaudukoane Bep3uje BMWP ckoposa cy Beh neo
AQEM cucrema y Penryonmmm Yemkoj, Mahapckoj, Hemaukoj, I'pukoj, Mtanuju u 1lIBenckoj.
BMWP cxkop je Takohe neo HarmoHamHor cucreMa npouene Penmybnuke CnoBauke u CpOuje.
OgBe meToJ1e ce 0a3zupajy Ha yOTpeOH BUIIMX TAKCOHOMCKHUX JeIMHULA (TAKCOHOMCKE TpyIe).
Ca onpehenum yHampehemeM TaKCOHOMCKE pe3oJylije, yuMe Ou ce UCKIbYYMIH oapehenu
TaKCOHM M3 rpyna koju cy Beh y ymoTpeOu, Mmoy3gaHOCT HMHJeKca OM ce yHampeauia
(oIBajame CENEKTOBAHWX TAaKCOHA XHPOHOMHIIA M JOJCJbUBAGE JPYradrjuX HHIUKATOPCKUX
BpeaHoctu). Moryhnoctn mnpumeHe BMWP  ckopa 1a mnpoineHM €KOJIOIIKH —CTaTyc
Pa3IMYUTUX TUIIOBA JIOTHYKUX CHUCTEMA je ympaBo oHo mTo mpenopyayje WFD. Ocum Tora,
BNBI ungexc (BalkaN Biotic Index; Simi¢ & Simié, 1999), pa3BujeH aa MpOIEHN KBAIUTET
BOJIC TIOBPIIMHCKUX BOJIOTOKOBa bankaHckor momyocTpBa, obehaBajyha je ocHoBa, koja y3
YKJbyYMBakhEe XUPOHOMHJIA MOXKE MOBehaTH CBOjy TUCKPUMHUHAIIMOHY CHAr'y M OCETJBHBOCT Y
MPOIICHH EKOJIOMIKOT cTaryca JOTHYKuX cucrema. BNBI, nnaekc pa3BujeH ga QyHKIIMOHHUIIIE
He camo Ha bankany Beh u y ocranum oGnactuma, Hyau MOTYhHOCT UCTOBpEMEHE ynoTpeoe
MoJIaTaka Ha pa3IMYUTHM HUBOMMA TaKCOHOMCKE pe3oynuje. OBa KapaKTepHCTUKA WHICKCA
omoryhaBa s1a MPUJIMKOM YKJbYYHMBaWka XHMPOHOMHIA y aHAIU3Y, TAKCOHOMCKA pPe30JIyluja
WHIUKATOPCKUX Tpyna Oynae pasnuuura M 1ga ce oxapehyje Ha OCHOBY YHyTaprpyrHe
BapujabunHoctu ekosomkux adunurera. BNBI je Beh yxspyuen y oduuujamHe Tur-
cnienu(UIHe METOJIe TIPOIICHE EKOJIOMKOT craTyca y CpOuju, a lerosa moy3aaHocT je J00po
tectupana. CBe OBO IMOJIp)KaBa CTaB Ja OM MHJICKC TpeOallo Ja MPETpIu JOJaTHE ajarnTalluje

(YKJbyuMBame CBHX IpyIla MakpouHBepTeOpara) u Hal)e CBOjy IPUMEHY Ha IIUPEM MOAPYY]Y.
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5.5 CTemneH ycarjiallieHOCTH MOJATAKa HA TAKCOHOMCKO] CKAJIH

Pesynratu komMnapaTHBHE aHAJIN3€ PA3TMUYUTUX METPUYKMX 0COOMHA HA Pa3TUYUTHM
TAaKCOHOMCKMM HHMBOHMMa Cy ycarjaiieHu ca jgocanammum cryadjama (Marshall et al., 2006;
Raunio et al., 2007; Jones, 2008; Greffard et al., 2011). Ha ocHOBy cBux pe3yiTara,
yCarJalieHoCT Ha TAaKCOHOMCKO] CKaJM TIOCTOjH, a FCH CTENEH OlaJa ca OlaJameM
TakCOHOMCKe pe3osynuje. Jones (2008) npernocraBsba J1a Cy riiaBHU (HPaKTOPH, OJATOBOPHU 32
edeKaT TAaKOCOHOMCKE PE30JIyIHje: OOTraTCTBO BPCTAa KOjy MUCTpaKMBaHA OOJIACT ITOJPIKaBA,
TaKCOHOMCKH JeTaJbM (CTPYKTypa TAKCOHOMCKOT CTalbJyia), BapujaOMIIHOCT EKOJIOIIKUX
auHUTETA KOja Ce jaBJba YHYTap rpyna, BeIMYMHA 00JIacTH UCTpakKUBama, ITO j€ MOBE3aHO
ca BpETHOCTHUMA JWBEP3UTETa, METOJa y30PKOBaWka, U KOHAYHO, MPEIU3HOCT CHUTHAJA KOjU
Tpeba na Oyne nerekroBaH. UWHM ce Ja Cy CKOpPO CBH HaBelCHU (PAKTOPH AUPEKTHO
OJITOBOPHH 3a pe3yiTaTe J00HjeHe Y OBOj CTYAH]H.

Beoma BHcOoka TMO3WTHBHA KOpelalMja WHIEKCAa IUBEP3UTETa, PA3THUUTHX
TaKCOHOMCKHX HUBOA, MOXKe OUTH 00jalImheHa TAKCOHOMCKHIM JeTajbMa y OKBUPY (pamuinje
Chironomidae (Jones, 2008). Ilpeumsuwuje, yjeqHAYCHOCT AUCTPUOYIMje TaKCOHA YK
XHEpPapXUJCKOT TAKCOHOMCKOI cTabyia je TJaBHU (PAKTOp KOJjU CHaXXHO MeEHa CTeleH
Kopenamje wu3Mehy pasnmuuuTHX TaKCOHOMCKHMX HHBOa (Bpcra-pon-notdamunuja). C
003upoM 1a je y 0asm mojartaka, OBOT MCTpakMBama, BehrmHa pojoBa MpeacTaBJbeHA CaMoO
JeIHOM BpPCTOM, a J1a camMO 8 WMa BHUIIE O] JBE BPCTE, Pa3yMJbHMBO j€ 3aIlITO je TyOuTak
nHpOpMaIrja y MPOLEHN MHIEKCA AWBEP3UTETa Ha HUBOY poja MuHOpaH. C apyre cTpaHe,
BEJIMUMHA KOpeialuje JpaMaTHYHO omaja u3Mel)y HHBOa BpcTe M MOThaMMIdje, IITO ce
o0jammaBa BEJIMKUM pasziiiKaMa y TaKCOHOMCKUM JeTajbuMa (CTPYKTYPH TaKCOHOMCKOT
crabma). Hejegnaka muctpuOyiyja TakcoHa 10 ToTdaMUIMjaMa CHaXHO YTHYE Ha
ycarjameHoCT UHIeKca, mocebno Shannon Winner-oBor u Simpson-oBOT MHAEKCA, KOJU Cy Y
OBOj CTYIHjHU TOKa3aJli HUCKE BPETHOCTH KOPEIAMOHHMX KOeHIMjeHaTa, 0e3 CTAaTHUCTHYKE
3HauajHocTH. OBako HHCKa Kopenanuja y ciaydajy Shannon Winner-a u Simpson-a ce Moxe
o6jacautu “Wu edexrom” (Wu, 1982). V 10j cTyauju Cy JOKATUTETH, PAHTHPAHU Ha OCHOBY
WHJICKCA JIMBEP3UTETa, TOKA3UBAIU Pa3IMUYUTEC OpPIUHAIMOHE MIEME Yy 3aBUCHOCTH O]
takcoHoMcKkor HuBoa. WU (1982) je Haryiacuo aa Cy MHAEKCH KOju caapke HHPOpMAIHje O
eKBUTAOMIIHOCTH, AUCTpUOYyIHju jeauHku 1o Bpcrama (Shannon Winner u Simpson),
MoceOHO OCETJbUBM Ha MPOMEHY TaKCOHOMCKe pe3oiynuje. CTemeH TIpelike, MPUINKOM
MIPOIIEHE JMBEP3UTETA HA HIKO] TAKCOHOMCKO] PE30JIYyLHjU je OMO BUIIM Yy CIy4ajy BUCOKHUX

BpCAHOCTHU C€KBUTAOMUITHOCTH. Jenuna MOl"ynHOCT Ja cC n30eTrHe T'pClika IMPUINKOM IIPOLICHE

101



Bypah Munoweesuh dokmopcka oucepmayuja

JMBEP3UTETAa Ca HUCKOM TaKCOHOMCKOM PE30JIYIIHjOM jecTe Jla CBH TECT Y30pLH MMajy UCTH
Opoj BpcTa M MACHTUYHY TUCTPUOYIM]Y jEAMHKH 110 BpCTama, IITO j€ Majlo BEPOBATHO.
Edexar TakcoHOMCKe pe3osylMje je ToKa3ao CiIM4aH oOpasam y ciydajy
OpAMHAIIMOHUX H KIACH(UKAIMOHUX TIpolleca Ha OCHOBY TIIOJaraka O 3ajeJHULU
xupoHomua. Kao mro ce m odeknBanao KapakTepuCcTU4aH oOpasall 3ajeIHUIE XUPOHOMU/IA,
JIETEPMUHUCAH 0 HUBOA BPCTE, Pa3/BOjUO j€ JIOKATUTETE TY)X MPOCTOPHUX M BPEMEHCKUX
rpagujerara (MiloSevi¢ et al., 2013). CaudHo ToMe, 3ajeTHUIIA XUPOHOMUIA ACTCPMUHUCAHA
JI0 HUBOA pojia, YCIEIIHO j€ anmpoKCHUMHUpalia OpJAWHAIIM]y ca HUCKMM HUBOOM JI€BHjallyje,
mro je Takohe motephero apyrum cryaujama (Ruse, 2002; Raunio et al., 2007). Bpeanoctu
knacudukanuone cHare (CS) cy Oune civyHe Ha HUBOY BpPCTE€ W pojJia, MHAUKYjyhu na
kinacudukanuja, Oa3uMpaHa Ha TMojaliMa Ha TaKCOHOMCKOM HHUBOY poJa, IOKpUBa
BapHjaOUIIHOCT 3ajeJHUIIE CKOPO HAa HCTH HAYUMH KAao M MOJALM JETEPMUHUCAHHU [0
TaKOCHOMCKOT HMBOa BpcTe. Mehyrum, To HMje OuO ciydaj ca MOJalMMa Ha HUBOY
nothamMmivje, KOjU Cy T[OKa3uBajdM Jpyraudje pesyiarare Kilacu(QUKalMOHUX H
OpJIMHAIIMOHUX Tpolieca. Bucok cremnen aeBujaiuje u HUCKe BpeaqHocT CS MeToie WHIUKY]Y
Jla TAKCOHOMCKM HUBO MOT(}aMminje HUje JOBOJAHA TAaKCOHOMCKa Pe30Jylinja Koja Om, 6e3
3HaYajHUjer TyOuTKa wHOpMaIja, MpeacTaBuia BapHjaOUIIHOCT 3ajeHHUIIE XUPOHOMHA.
HeomnxomHo je mMOMEHYTH Jla YIIPKOC MOCTOjalby MPOCTOPHOT M BPEMEHCKOT o0paciia Ha HUBOY
notdamuuje (Helson et al., 2006), COM ananuzom ce Huje 1000 TakaB obpazar. Ca apyre
CTpaHe, MoKJaname je UIakK MOCTojano, U TO Be3aHo 3a rpyny b, rae je wak 75% npucyrHux
nokamutera takohe mpunanano rpynu b va COM mamu, ¢opmupaHoj Ha OCHOBY IoJaTaKa
JETEpPMUHUCAHUX JI0 HUBoa Bpcre. [pymy b y o0a ciyuaja kapakTepuily JIOKQIUTETH
Y30pKOBaHH TOKOM TNpoJichHUX Mecend, Kajaa je Ouo 3a0ele)keH INepHoj] BHCOKUX BOJA.
OBakBHU YCIIOBH CPEAMHE JJOBOJE /10 030MJbHUX MPOMEHA Y CTPYKTYPH 3ajeIHUIE CMambyjyhu
JMBEP3UTET HA CBHM Y30PKOBaHHM JIOKAIUTETUMA TOKOM OBOT repuoja. CBe TO MOCIEeIUIHO
JIOBOJIM JIO TI0jaBE 3ajeJIHHIIA Ca TO0jEHOCTABJHEHUM TAaKOCHOMCKUM Jerajbuma. CaMo 1moj
TaKBUM YCIIOBUMA j€ alpoKCHMallfja CTPYKType Ha HHUBOY MNOThaMHIUje HUCIpPaBHA.
I'enepanHo, pa3no3u ciabe MPOIEHE CTPYKTYpE 3ajeJHHIIC MOMONY TaKCOHOMCKOT HHMBOA
noTdamMmiIvje je BEpOBAaTHO H3a3BaH BEINUKUM JUBEP3UTETOM (aMHIIUje XUPOHOMHIA
(Ferrington, 2008). Hawkins & Norris (2000) tBpae aa cy ¢damunuje ca BUCOKHM Opojem
BpCTa TOKOM QJanTHBHE paaualije OOJIMKOBAJIM IIHPOK OICEr Pa3IMYUTHX EKOJIOIIKHUX
npo¢una y okBupy rpyna (damunuja). 300r Tora je HHUCKa pe30sIyliMja, Kao LITO je HUBO

HOT(baMI/IJII/Ije HCOAOBOJbHA M BOJH Ka l"y6I/ITKy BCJIMKC KOJIMYMHE ITIOoJaTaka. OBo je CHa>xxaH
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apryMeHT MPOTHUB METOAa OMOTIPOIIEHE, KOje Ce OCIIamajy Ha Tpy0y TAaKCOHOMCKY PE30JTyIIn]y
3ajenHuile xupoHomuaa (damunuja win nordammiaja) (Hilsenhoff, 1982; Armitage et al.,
1983; Pauw & Vanhooren, 1983; Metcalfe, 1989; Wright et al., 1998).

Kibyunu cpenwHCKM TapaMeTpd  KOju  00jalimaBajy  CTPYKTYPY — 3ajeTHHIIe
xupoHomua cy Beh nokymentroBanu y moctrymHoj auteparypu (Calle-Martinez & Casas,
2009; Punti et al, 2009). HMctu Mozen ce mojaBibyje Kaja C€ aHAIU3HUpajy MOJAIU O
3ajeTHUIN IETSPMHUHHUCAHO] JI0 HUBOA POJIa, IITO TOBOPH J1a je BehrHa poIoBa cacTaBJbeHA O]
BpPCTa KOje Ha MCTH HAuWH pearyjy Ha cpeauHcke dakrope. Heino (2008) je mokaszao ma cy
OJTHOCH 3ajeTHUIIE W CPEAMHCKHX IapaMerapa WMyHH Ha edekaT MpOMEHE TaKCOHOMCKE
pe3oiylyje U Ja je ycarjalmeHOCT BeoMa BHCOKa Yak M Ha HuBOy ¢amumiuje. Mehyrum,
pe3ynTatu cTynuje y ciuBy JyskHe MopaBe, Ha HUBOY TOTdaMUIIK]je MOKa3yjy HEMOCTOjamke
Be3e m3Mel)y 3ajeHuIe XUPOHOMHUIA U KOMITO3HUIIHMje CpeAHCKUX mapamerapa. Heino (2008)
o0jamrmaBa Tako CHaXKHY ycarjlallleHOCT ToJaTaka Ha J[Ba pa3lIiuynMTa TaKCOHOMCKa HHBOA
(Bpcta u (damMunmja) ca peruoHaJHUM paziukama y (ayHu MakpoHHBepTeOpara Kaja je
JMCKYTOBao Jia Cy OOpeaHH PEerHOHU KapaKTepPH30BaHW CHPOMAIITHUM JWBEP3UTETOM, IITO
BEpOBAaTHO OHeMoryhaBa pa3BO] BEJIHMKE ayTEKOJIONIKE BapUjaOMIITHOCTH Yy OKBUDY Tpyme. Y
HaIlleM UCTPaXMBamky yCarJlallleHOCT Ce jaBJha CaMO Ha TAaKCOHOMCKOM HHBOY pozaa. OBo je
J0JIaTHA TIOTBpJIa Beh MOMEHYTHUX aprymMeHara Jia je TaKCOHOMCKH HHBO MOT(HaMIIIMje JOII
cyporar Koju mpHuKpHrBa HH(opMaIrje KOpUCHE 3a porpame OHOMPOIICHE.

Konauno, IndVal anammsa je omoryhmma pa ce wuaeHTHUKY]y TaKCOHH KOJU
TCHEPHIy BapUjaOMITHOCT yHYyTap TPyIe U yMamwyjy ycarialmeHoCT 0a3a mojaTaka Ha HUBOY
BpcTte U pona. OBa aHaM3a je W3JKMCTANa WHIMKATOPCKE BPCTE U POJIOBE 32 CBE TPH I'PYIIC
JIOKAJTUTETa y KOjUMa KBJIIMTET BOJIC TIOCTENEHO omaza (o1 rpyme A, ca HajsehuM KBaIUTETOM
1o rpyme 1 ca HajMamuM KBaauTeToM Boje; Tabena 15.). Ha BuileM TaKCOHOMCKOM HHBOY,
BehMHA WHAMKATOPCKUX POJOBA, KOjU CY MPETXOIHO MPEJCTABIbEHH Y JTHUCTH WHIMKATOPCKUX
BpcTa, mnoBehaBa CBOjy HWHJMKATOPCKY BPEIHOCT, alll Ca HEIITO HMXKOM CTaTUCTHUYKOM
3HauajHomhy. OBO MoOke OWUTH OOjalIlbeHO YWILEHUIIOM Jla Ha HHBOY poja, 300r majaa
MYATHIUMEH3HOHAIHOCTH pacTe (PEKBEHTHOCT IOCMATPaHUX TaKCOHA, rje MOTryhHOCT
OJICYCTBa HEKE BPCTE, 300T HEHE BPEMEHCKE BapHjaOMIHOCTH IOCTaje Majo BepoBaTHA. Y
HCTO BpeMe, BUIIIAa TAKCOHOMCKA pe30jylfja yKJbydyje BPCTE ca Pa3lIUYUTHM EKOJOIIKUM
apuHMTeTHMA, IITO yBehaBa KonMMuuMHYy BapujabmiHoctu. Ilocnenuna je ma, kajxa ce HEKH
TaKCOH TMpEeACTaBM Kao HWHINKATOp Ha HHBOY poOJa, MpHUKa3yje HIDKE WHAUKATOPCKE

BPEIHOCTH Y mopeljemy ca BpcTama MHIMKaTOpUMa TOT poja. Y OBOj CTyaHju pox Tvetenia
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YHHE TPU BPCTE ca CyNpOTHUM ekosiomkuM aguuuterima (Ciuka 9.). Takohe, Heku pogoBH
Cce I10jaBJbYjy UCTOBPEMEHO Kao MHAMKATOPCKE BPCTE 3a BUIIIE TPyIa JIOKAIUTETA (Ha IPUMED,
Rheocricotopus, Eukiefferiella, Cricotopus). Ha Buiiem TakCOHOMCKOM HHBOY OBH POJIOBH
WIA HECTajy ca JIHCTe WHAMKATOpa WM MpPEICTaBJbajy HEKY OJl Tpymna JOKaJUTeTa y
3aBHCHOCTH KOJH O]l €KOJIOIIKMX Npo¢uia TOMUHUpPA YHYTap poja. Y TOM CiIydajy, poX
Rheocricotopus u Eukiefferiella cy usryoune cBoje MHAMKATOpCKE KapaKTEPUCTHKE, JTOK je
pox Cricotopus nocrao uHaMKaTop BeoMa 3arah)eHux Jiokanurera. CBe OBE pa3jinKe M3a3BaHe
TaKCOHOMCKOM Pe30JIyIIMjOM YKa3yjy Ja ce WHIWKATOpCKa CHara Mema y 3aBHUCHOCTH OJI
TaKCOHOMCKHX JleTajba rpyna. Ha OCHOBY TNpe3eHTOBaHWX pe3yliTaTa, HEOMXOJHO je
CIPOBECTU JlaJba MCTpakMBama Koja OM TecTHpana YHYTaprpymnHy BapujaOHIIHOCT CBHX
MOTEHIMjaTHUX WHAWKATOPCKUX TaKCOHA HAa HUBOY poja W jaeduHHCcAIa MOY3JAaHE TaKCOHE

KOJU HUCY 3HA4YajHO IO YTHIAjeM TAKCOHOMCKE Pe30JIylHje.
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Ha ocHOBY pe3ynraTa CIpOBEICHOT HCTPAKUBAha MOXKE CE 3aKIbYUNTH:

®amunuja  Chironomidae mpencraB/ba  3Ha4YajHy  KOMIIOHEHTY — 3ajeTHUIIC
MaKpoOeCKHUMEmaKa, Kako 1o Opojy BpCTa, TaKO M y OJIHOCY Ha TYCTHUHY 3ajeHHIIE.
HbrxoBa KOHCTAaHTHOCT W JJOMHUHAHTHOCT, TTOTOTOBO Ha JIOKAJIHTETHMAa Ha KOjUMa Ce
OeJe)Ku aHTPOTIOTEHH YTHIIA], YUHE OBY IPYITy HEOIXOJHHM OWOJIONIKAM €JIEMEHTOM
y aHaJM3U E€KOJIOMIKOT CTaTyca JOTUYKUX CHCTEMA.

CnatkoBonmuu ekocuctemu CpOuje HE MpeaCcTaBibajy M3y3€Tak y OJHOCY Ha 3HAuaj
npeacraBauka pamunmje Chironomidae. Ilo3naro je mga je moapydvje bankana, ma u
Cpbuje, 300r TeorpadcKor moJioxkaja, KapakTepucTHKa pesbeda u (1aaeo)ucTopHjCKoT
pa3Boja (ayHe, jemaH oJ LieHTapa OMOJOLIKE PA3HOBPCHOCTU HMHCEKAaTa €BPOIICKOT
KOHTHHEHTa, YKJbY4yjyhu u ¢pamunujy Chironomidae.

Y nmnpoywyaBamy oBe damuiauje wuHcekara y CpOuju TIOCTOjU JTyKH 3acToj.
UctpaxkuBamwa mnpuKazaHa y OBOj JAUCEpPTallUjU TPEICTaBJbajy MpBa JeTajbHa
uctpaxupawa y CpOuju HakoH BMIIE OJl TpH JeUeHHje. Y paay je JeTaJbHO
pa3MarpaHa IpOCTOpHA U BPEMEHCKa MPOMEHJHUBOCT 3aje/IHUIIa XUPOHOMHIA CIUBA
Jyxne Mopase. majyhu y Buay HemocTaTak HOBHjUX TOJlaTaka O OBOj (amMIndju
JBOKpHJIAla, 00MM HCTPaKMBaMa, KA0 U TMOJI0XkKAj U BEJIMYUHY UCTPAKUBAHOT CIIUBA,
OBa CTyIWja TMpeACTaBba JONPUHOC OIIITEM I[03HaBawy (ayHe U EKOJIOTHje
aKBaTUYHUX WHCEKaTa, mpyxajyhu nonatae uHpopmaimje o ouoausepsutery Cpouje,
bankana u Espore.

Mertoaa camoopranusyjyhux mpexa (COM) noka3zana ce kao epukacHa npoueaypa 3a
BU3YaJIM3al1jy MPOCTOPHUX U BPEMEHCKHMX 00Opa3alla 3ajelHUIle XUPOHOMHM/IA, Koja je
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y CTamy Jia JETeKTyje U HEeJIMHEApHY 3aBUCHOCT, YCIIEUIHO MOJenyjyhu mpoMeHIbHBe
ca BenMKUM OpojeM perunka. McToBpemeHa mpe3eHTaluja BUIICIUMEH3HOHATHUX
aKTUBHUX NPOMEHJbUBHUX, M TIACUBHO YBEKEHUX MPOMEHJBMBHX Ha HCTOM
nBomuMeH3noHaHOM Tpadukony (COM wmpexa) omoryhaBa aHanmu3y cTerneHa
MOBE3aHOCTH OHOTHMYKUX M a0MOTHYKUX KOMHOHEHTH. OBaj MYJITHBapUjaHTHH
npuctynn o00e30ehyje He camo wuHPOpManuje O pazIuKamMa M CIMYHOCTUMA
aHaATM3UPaHUX CHTUTETa Beh u MHpOpManuje 0 ToMe KOje IPOMEHJbUBE, TO JeCT KOjH
TaKCOHH CY OJICOBOPHHU 3a pe3ysTare opAuHaIuje u kiacudukamuje. 300 ajekBaTHE
MpHUpOJIe TMoJaTaKa 3a OBAaKBY METOMY, J0Jla3u ce 10 3akibydka qa ce COM moxke
MPUMEHUTH U 32 aHAJM3Y OCTAINX Ipyla akBaTHYHUX MaKpoOWHBepTeOpara.

e V okBupy ¢amunmnje Chironomidae 3a0enexxeHO je TMOCTOjakbe€ MPOCTOPHOT H
BpeMeHCKOT oOpaciia Ha ciauBy JyxxHe Mopase. JIOHruTyIMHaIHA 30HAIMja CHAXXHO
yTHYE Ha paclpoCTpamemhe BpPCTa Ty)K BOJOTOKOBA W y Hajehoj Mepu je mona
yTHIIajeM TpajlujeHTa HaaMopcke BucuHe. Bpcre n3 mordamunuje Chironominae u
Tanypodinae, permcrpoBaHe TOKOM OBOT HCTpPaXHBamba, TOKazajle Cy BPEMEHCKY
BapHja0MITHOCT ca MAaKCHMAaJHHM CPEIBHUM pPaHTOM Yy jyldy H aBrycTy (OCHM
Polypedilum convictum), npencraBpajyhu netme ¢opme, nok Orthocladiinae u
Diamesinae npencraBibajy 3uMcKe popMe y OKBUPY 3ajeqHuIle xupoHomuaa. Hajpeha
MIPHUPOJIHA CE30HCKa BapujaObMIHOCT 3a0esexena je y okBupy poaa Orthocladius, koju
MpuUIaga 3MMCKUM TaKCOHMMA W Ydja T'YCTHHA TMOMyJanuja U GPEeKBEHTHOCT 3HAYajHO
pacre TOKOM 3uMCKe ce30He. OBakBa 10jaBa MOKE JOBECTH JI0 MOTPEIIHUX 3aKJbydaKa
y TyMmademy HNpPOCTOPHOI AWUCTPUOYIMOHOT oOpacia 3ajeJHHIe XHPOHOMHIA,
yMamyjyhu BUX0BY TaYHOCT Yy IPOLIEHH CTENIeHa aHTpororeHor yrumaja. [Ipomene y
BOJIOCTAjy peKa Cy jenaH OJ HajBXHHUJUX IapaMeTapa OATOBOPHHX 3a IPOMEHE y
komno3uuuju Bpcra Gamuiuje Chironomidae u Mopajy ce y3eTu y 003up MpHIUKOM
(dopmynrcarka MOHUTOPHHT IpOrpama.

e JlapBe XMpoHOMHIA Cy M 3HayajaH THIIOJIOLIKM HapaMmerap, ¢ 003MpPOM Ha BHCOK
CTENEeH KOpenaluje CpeIMHCKUX (aKTopa KOjU Ce Memajy YK BOJOTOKOBA ca
napamerpuma 3ajeanunie. HaaMmopcka BHCHMHA M Be3aHHM NapaMmeTpu Cy, IpeMa OBOj
CTYAWjU, Ka0 M IpeMa paHUjuM MOJalMMa, Haj3HauajHUja Tpymna JECKPUIITOpa KOjU
onpehyjy auctpubyuujy 3ajennune xupoHomuna. Op ykynmHo 15 cpenmHCKHX
napameTapa, aHajause cy nokasaie qa 10 (HagMopcka BUCHHA, IIMPUHA, TEMIIEpaTypa,

eJIEKTpUYHA MPOBOJJBMBOCT, MyTHOha/TypOuaurer, Op3uHa Boje, TBpaoha, NOsz-N,
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PO4s-P um BIIKS) 3Hayajuo yTHue Ha CTPYKTYpY 3ajelHHUIC XHUPOHOMUJA.
Konnentpanuja kuceonuka u carypanuja (DOmg/l u DO%) cy takohe moBe3ane ca
TAaKCOHOMCKOM KOMITIO3UIIMjOM (haMIIIMje XUPOHOMHJA, M j€ JIeTEeKTOBaHA Be3a
CE30HCKHM BapujaObWIHA M OmNaJa TOKOM 3MMCKUX Meceld. AHTPONOIeHH YTHIIA),
peduieKTOBaH KOHIICHTpaIujoM HUTpara, hocdara u BITKS, Mmoxe Takohe 3HagajHO n1a
MeHba KOMIIO3UIH]Y 3ajeHHIIC U BeHY OpOJHOCT.

e [lpema oBuM uctpaxuBamuma, Bpcre Cricotopus bicinctus, Cricotopus triannulatus
agg. u Rheocricotopus chalybeatus cy ce moxkasame kao epHKaCHU HHIUKATOPH
opraHckor 3arahema, 300T BHUXOBOT MPUCYCTBA Ha CBUM JIOKAJIUTETUMa, O0e3 003upa
Ha Bapujaiuje y Behem 0pojy cpeamHCcKuX (pakTopa, moceOHO TeMIepaType BoJIe.

e AHaiM30M TaKCOHOMCKHX HHJIeKca auBep3utTera (deltat+ u lambda+) yrBpheno je nma
Cy HUXOBa TUCKPUMMHAIIMOHA CHAara M OCETJHMBOCT Ha IMPOMEHE y BapHjabiiama
OKpYXKEHa TI0JT BETMKUM YTUIajeM JUBEP3UTETa Ha BUITUM TaKCOHOMCKHM HHBOWMA.
300r TOra MHAEKC TAKCOHOMCKE Pa3IMUYUTOCTH MOXE YCIIEIIHO OJIBajaTH peepeHTHE
JIOKAJTUTETE O] HAPYIICHUX, CaMO YKOJHMKO C€ y aHaJM3y YKJby4de CBE TUBEP3UTETHE
Tpyne y OKBUPY 3ajeJHUIIE MakpoWHBepTeOpaTa. Y TOM chy4ajy, GdaMuinja
XAPOHOMHJIA HHUje JOBOJbHA 32 HW3pauyyHaBamke BPEAHOCTH HWHIEKCA TaKCOHOMCKE
Pa3IMYUTOCTH, alli je He3a00mIa3Ha y ToM mpoiecy. JInneapHa Besza delta+ mHaekca
ca TpaaujeHTOM KBAJIHWTETa BOJe OTBapa MoryhHocT 3a Qopmupame MeTpHUYKe
ocoOWHe, HEe3aBUCHE OJ] METOJIC Y30PKOBama, M HEHO YKJbyuHBame y Beh mocrojehe
MYJATHMETPUYKE MOHUTOPUHT Tporpame. [lopen Tora, W ocraim TpaaUIMOHATHH
WHJICKCU JMBEP3UTETa, YNOTPeOJbeHH Ha 3ajeJHUIM XHPOHOMHIA, BHCOKO CYy
KOPEJIMCAaHU ca MPOMEHOM KBaJHTeTa BoJie. [[puMEHOM HEKOT 01 HaBEJICHUX MHJCKCA
IMBEep3UTeTa, Moryhe je BEpHO MPOICHUTH CEKOJONIKK CTaTyC aKBaTUYHHUX
EKOCHCTEMA.

e Ha ocHOBY pe3ynTaTa OBHX UCTPaKHBamba, CBE TECTUPAHE METPUIKE 0COOMHE, KOje ce
Hajuenrthe KOpHUCTE y MOHHUTOPHHI MpOTpaMHMa, HEOCETJ/bMBE Cy Ha YTHIIA]
TAKCOHOMCKE CKaJie OJ] HMBOa BpCTE J0 HUBoa poja. IIpema Tome, HUBO poxaa je
3aJ10BOJbaBajyhia TakCOHOMCKA pPEe30JylHja 3a MPUMEHY XHPOHOMHJA y MeEToJama
OuonpoIlieHe, MTO MOXE Jla OJlaKIIa MpobiaeM HIeHTU(HUKaIMje, KOjU ce HaBOJIU Kao
HajBAXHUJU y IMpoLecy HMIJIEMEHTalljeé MaKpouMHBepTeOpara, MOCeOHO JiapBH

XUpOHOMUAA.
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Y 0BOj CTyOWju aHAIM3UpPAH je jeJaH BEIMKH PEYHU CJIUB, KOJU CE OJIUKY]je
MPUCYCTBOM PA3IMYUTHX TUIOBAa TeKyhux Bona. JloJaTHO, MPHCYTHU CY CEKTOPH
BOJOTOKOBA KOjU Cy IMOJ pPAa3IMYUTUM THUIOM M HMHTEH3UTETOM AaHTPOIOTCHOT
MPUTUCKA, O] peepPEeHTHHUX JIOKAJUTETAa U OHUX KOJU Cy TOJ| HE3HATHHM YyTHIIajeM
YOBEKa, 11a CBE JI0 CUCTEMa KOjU Cy IO]] yTUIajeM 3HaYajHOT OpraHcKor 3aralema wim
xunpoMopdoromke aerpagandje. Ctora ce pe3yaTaTd OBE CTyAUje MOTY MPUMEHUTH
W Ha WHpe TMOApydYje, ald Cca W3BECHUM OrpaHHYCHEM. 3a TOy3JaHy HpUMEHY
3aKJbydaka OBHX HCTpakWBama Ha MmUpoK mpoctop (bamkan wmm jyromcrouny
EBpony), y morneny uaeHTuduKalyje MOy3JaHOT TaKCOHOMCKOT HHUBOA U aHAIHU3y
YHyTaprpynHe BapHjaOUIHOCTH, Ka0 M €KOJIOIIKOI apUHHUTETa MOjeJUHUX TaKCOHa,
NOTpeOHO je M3BPIIMTHU HUCTpakuBame Ha Behem mojpydjy. OBakBe NpelvMUHApHE
aHanu3e Ou OWiie HEeOMXOJaH KOpPaK, MPUIUKOM MPHUMEHE 3ajeTHHUIIC XUPOHOMHIA Y
MOHHUTOPHHI MPOrpaMy LIUpPEr Mojapydja, Koju Ou JONPUHEO MPOLEHH TaKCOHOMCKE
CTpyKType ¢amuinje XUpOHOMHJA, a CaMUM THUM M HEHE 3aJ0BoJbaBajyhe
TaKCOHOMCKE PE30JIyIIH]E.

Konauno, mpema mperxonaum cryaujama (Raunio et al.,, 2011) u npema pe3ynraruma
crynmuje Ha ciuBy JyxHe Mopase, ¢ammmja Chironomidae je jemna of
Hajpa3HOBPCHHUJUX W HajaOyHJAaHTHUJUX (QamMuiauja aKBaTUYHUX HWHBEpTeOpara,
MpeAcTaB/bajyhn  e€CeHIMjalHy Tpyny Yy TpPOICHH MHTETPUTETAa aKBAaTUYHUX
exocuctema. lbiuxoBo Moryhe nckibyunBame U3 mporpama OHOMpPoLEeHE MOXKE JTI0BECTH
10 030MJPHUX Tpelllaka y MpOLEeHU OMOIUBEP3UTETa, a CAMUM TUM U 0 MOTPEIIHUX
MpoLIeHa EKOJIOIIKOT cTaTryca JIOTHMUKUX ekocucrteMa. C apyre cTpaHe, Kopuilheme
XUPOHOMHJIA y THII- U CTpPECOp-CHeuu(PUUHUM MeToJlaMa MPOLEHE EKOJIOIIKOT
craryca omoryhmio Ou Op3y MpolieHy HpucycTBa cTpec (axkTopa, LITO BOJAU Ka
yHanpehewy pa3nuuuTux OWMOJOIIKMX HHAeKca. Ha ocHOBy pesynrara cryauje,
MPWIMKOM YKJbyYHBamka XHPOHOMHIA Yy MeEToJAe OHOIMpOlLIeHE HEOMXOAHO je
MPWIATOJUTH JM3ajH Y30pKOBamka Kako OM ce MHHHMH3Upajda MpUpOoIHA
MIPOMEHJBUBOCT, & TAKCOHOMCKY PE30JyIHjy MaKCUMalHO CMAambUTH J0 HUBOA POJA.
HckibyunBame 3UMCKE Ce30HE U MepHroja BUCOKUX Bojaa (0O0M4HO paHo mposehe) kao
MPUMapHUX U3BOPA MPUPOJIHE BAPHjaOMIIHOCTU Y OKBUPY 3ajeAHULIE XMPOHOMUJA, U3
nporpama OUOMNpOLEHE Y JOTUYKUM CUCTEMHMa YMEPEHUX 00JaCTH MOKE JIOTIPUHETH

HO6OJT>I_HaI-By TAYHOCTHU MPOLUCHE KBAJIUTETA BOJAC U CKOJIOIIKOT CTATyCa CTAHUIITA.
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8. Ilpwuior



Bypah Munoweesuh dokmopcka oucepmayuja

Mukporpaduje

Cauxa (ITpusor) 1. Polypedilum scalaenum; a) 6ounu usriien napse, 0) OOUHU U3TIIET
TJIABEHE Yaype, 1) aHTCHa, JT) BEHTPAIHU U3TJIe] IJIABCHE Yaype, €) MEHTYM, ¢)) MaHIuOyIIa.
Cauxa (ITpuaor) 2. Parakiefferiella smolandica; a) antena, b) manau6Oyima, ¢) meHTyM, d)
BEHTPAJIHH U3IJIE]] IJIaBEHE Yaype.

Cauxa (ITpuaor) 3. Cricotopus bicinctus; a) antena, b) manu0yma, C) MEHTYM.
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Cmmnka (Ipuaor) 1. Polypedilum scalaenum; a) 6ouynu wusriex japse, 0) OOYHH HU3IIIE[

TJIaBeHE 4yaype, 1) aHTEHa, /1) BEHTPAJIHU U3IJIe] I[JIaBeHe Yaype, €) MeHTyM, §) Manauoyna.

126



Bypah Munowesuh 00KMopcKa oucepmayuja

Camka (ITpusior) 2. Parakiefferiella smolandica; a) anrena, b) mannu0ysa, ¢) meutym, d)
BEHTPAJIHH U3IJIE] TJIaBEeHe Yaype.
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Camka (ITpuJior) 3. Cricotopus bicinctus; a) antena, b) manau0yna, ¢) MEHTYM.
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Buorpaduja ca nydimmkanujamMa KaHAMIaTa

bypal) Munomesuh pohen je 04.08.1983. rommne y Hwumry. OcHOBHY U cpelmby
IIKOJIy 3aBPIINO je ca OMIMYHUM ycrmexoMm y Hwumry. Ymucao je cryamje Ha [IpupoaHo-
MaTeMaTH4koM (akyiarery YHuBep3utrera y Hwumy, cryaujcka rpyma buonoruja ca
exosiorujoM, mkoJicke 2002./03. roqunae u aurmiomupao 2008. roauHE ca MPOCCYHOM OIICHOM
9,73 u ouenoM 10 Ha TUTIIOMCKOM HCIIMTY.

[Ikoncke 2008./09. roguHe ynucao je JOKTOPCKE CTyauje Ha bruosomkoM GakynTeTy
y Beorpany, moayn Xunpoekosnoruja. Y mkoickoj 2010./11., HakoH IITO je OJCIYIIA0 JBE
TOJIMHE W TOJIOXKHO CBE MCIHTE MpelBUl)eHe MmporpaMoM, CTyauje HacTaBiba Ha [IpupoaHo-
MatemaTHukoM (akynrery y Kparyjesiy, cmep XuzapoOuosoryja 1 3alITUTa Boa.

On 13. ¢debpyapa 2009. ronuHe 3amocieH je Kao capaJHUK Yy HacTaBU 3a 00JacT
3amtuta JKMBOTHE cpenuHe, Ha Jlemaprmany 3a Ouosiordjy u ekosiorujy, Ilpuponno-
MatemaTuukor ¢akynrera y Humy. Jlana 23.02.2011. roaune je nzaOpaH y 3Bambe aCUCTEHTA
3a UCTy Hay4Hy o6iacT. TOKOM OBOT TepHoa je U3BOAMO MPAKTUYHY HACTABY U3 TpEMETa:
Ommra exosoruja, OcHOBH KoH3epBanmoHe Ouosioruje (OCHOBHE aKaJeMCKEe CTyauje
BUOJIOI'MJA), 3amtuta sxuBotHe cpeaune (Jumnomcke akagemcke ctyauje bBUOJIOTNJA),
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WHTETPHUCAHO YIPaBJhakhe eKocucTeMuMa ™, (GMHaHCHUpaH o cTpaHe MUHHUCTAapCBa MPOCBETE U
Hayke Pemryommke Cp6uje (6p. UMN43002).

On 2012. roaune uwiaH je ypehuBaukor ogbopa MeljyHapoaHor gacomwca ,,Journal of
Entomological and Acarological Research* u nanmonansor gacormuca ,,Biologica Nyssana”.

Toxom 2009. rommHe mnoxahao je TPEHUHT JACTEpPMHUHAIM]E JapBH (aMuinje
Chironomidae y Tunbypry u Ajaaxoseny, Xonauauja. Kypc nerepmuHaiiyje je OpraHu3oBao
u Boquo np Henk K.M. Moller Pillot.
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Abstract The widely distributed family of the
Chironomidae represents the most diverse and abun-
dant group of macroinvertebrate fauna and potentially
provides information on stream water quality and the
effect of anthropogenic disturbances. Change in the
chironomid faunal composition in the Southern Mor-
ava River basin (Serbia) was examined by comparing
data from 1981 and 2010. We tested the performance
of the parameter “taxonomic distinctness” (delta™) as
an indicator of water quality and examined the
possible relationship between delta® and water quality
using PCA. The 2010 survey yielded 96 taxa in 28
localities over three seasons. In total, 10,179 speci-
mens represented the five subfamilies. Chironomid
diversity was captured with the index delta® that is
based upon taxonomic distinctiveness and purported
to be independent of sampling effort. Deltat was
correlated to total species richness and is significantly
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higher now than it was in 1981. In keeping with PCA
results, deltat was increasing in accordance with
water quality increase. We conclude that delta™ is a
useful measure for estimating anthropogenic distur-
bance over time. The linear relationship between
delta™ and the water quality gradient gives rise to a
novel metric, independent of sampling effort, in the
multimetric approaches of analyzing macroinverte-
brate assemblage data for bioassessments.

Keywords Chironomidae - Taxonomic distinctness
index (delta™) - PCA analysis - Southern Morava River

Introduction

It is widely recognized that increasing anthropogenic
development threatens biodiversity and disturbs the
integrity of natural ecosystems. The resulting envi-
ronmental degradation calls for the monitoring of the
environment and proper conservation planning
(Raunio et al., 2011). Of all the freshwater organisms
that have been considered for use in biological
monitoring, benthic macroinvertebrates are most often
recommended (Carter et al., 2006). The widely
distributed Chironomidae family presents the most
diverse (Ferrington, 2008; Marziali et al., 2010) and
frequently most abundant group of macrozoobenthos.
In inland freshwater ecosystems, Chironomidae
occupy a wide variety of niches, with different species
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exhibiting different life styles including different
feeding behaviors (Bazzanti et al., 1997; Franquet,
1999; Bazzanti, 2000). As a group, the Chironomidae
play the most important role in detritus processing in
freshwater ecosystems, recycling natural and intro-
duced organic matter (Hirabayashi & Wotton, 1998;
Jones & Grey, 2004). Likewise, they present an
important part of the food chain (Armitage et al.,
1995). Because of these characteristics, the Chiro-
nomidae are a prime candidate for the environmental
assessment of the lotic ecosystems, which can poten-
tially provide information on water quality and, over
time, on the effects of natural processes and anthro-
pogenic disturbance. It has, conversely, been common
place to exclude chironomids from water quality
assessments, because the Chironimidae are a complex
group, for which the required taxonomic expertise is
often not available. In parallel to this position, it has
also been suggested that the Chironomidae diversity
does not add much relevant information and that other
groups capture the needed information more easily for
the lotic system at the level of the assemblage (Raunio
et al., 2011). This idea has, however, been invalidated
by the absence of, or at best weak, correlation in
species richness of Chironomidae and other taxonomic
groups (Heino et al., 2009; Heino, 2010). As in other
groups, the taxonomic and functional diversity of lotic
chironomid assemblages seems to be crucially
affected by the level of environmental degradation
(Koperski, 2009). It then follows that the Chironom-
idae may present information regarding the quality of
habitat that is not captured by other groups. Indeed,
their incorporation in a community assessment, whose
purpose would be to assess the ecosystem health, is
more than justified as it gives additional strength to
biomonitoring methods (Diggins & Stewart, 1998).
Diversity indices have traditionally been used to
assess biodiversity variation for near-pristine versus
impacted ecosystems (Magurran, 2004). The majority
of indices describe species richness and species “even-
ness” and are, as such, sensitive to sampling effort as a
function of phenology and habitat type. This represents
a serious disadvantage for any indicator group for which
workload cannot easily be controlled. The average
taxonomic distinctness (or delta™, Clarke & Warwick,
1998) aims to circumvent this problem. Delta® is
formulated as the average taxonomic distance measured
among every pair of species. Its main advantage is that it
is largely independent of sampling effort, with the

@ Springer

implication that it can be directly compared across
studies with unknown or different sampling efforts
(Clarke & Warwick, 1999). In contrast to the other
diversity measures, it accounts for phylogenetic, taxo-
nomic, and functional variability among species in a
community (Heino et al., 2005). While delta™® was first
used for communities of marine biota (Warwick &
Clarke, 1998; Rogers et al., 1999; Warwick et al., 2002)
it has by now frequently been applied to freshwater
biota, too (Heino et al., 2005, 2007; Abellan et al., 2006;
Bhat & Magurran, 2006; Marchant, 2007). Unfortu-
nately, most of the listed studies did not take chirono-
mids into account. For example Heino et al. (2007) did
not identify chironomids, presuming that he missed a
proper signal of environmental degradation due to the
fact that many species of chironomids were common at
impacted localities.

Although, chironomids have been regarded as
keystone members and ecosystem engineers in aquatic
ecosystems (Hirabayashi & Wotton, 1998; Jones &
Grey, 2004; Olafsson & Paterson, 2004; Péry et al.,
2004), little information on their quantitative or
qualitative composition is available at the moment.
This is specifically true for lotic systems in Serbia,
where research on this topic has not been conducted
for 29 years (1981-2010). Indeed, the only results
published so far were those of Jankovic (1985), who
sampled across the entire drainage basin of the
Southern Morava River, Serbia, in 1981.

We repeated the survey of Jankovic (1985) over the
same range, with a denser network of study localities,
with the aim of examining the changes in the Southern
Morava River basin over a period spanning 29 years. We
also tested the performance of the delta® to assess the
differences in the chironomid community as a response
to environmental degradation and examined the possible
relationship between delta® and water quality.

Materials and methods
Study area and sampling

The Southern Morava River, also known as the
Binacka Morava, has its source in the Skopska Crna
Gora Mountains, Macedonia, and flows roughly
toward the north. At km 49 it joins up with the
PreSevska Moravica and at km 295 it flows into the
Morava, which itself eventually flows into the Black
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Sea. The Southern Morava River has a catchment area
of 15,469 km® of which 14,372 km® (92.91%) are
situated in Serbia and 1,097 km? (7.09%) in Bulgaria,
through this river’s right-hand tributary, the river
Nisava. The Southern Morava has 157 tributaries most
of which dry out during summer. Larger, permanent
left-hand tributaries are the Jablanica, Veternica,
Toplica, and Pusta Reka rivers. Right-hand tributaries
are the Vlasina, Nisava (the longest), and Sokobanjska
Moravica rivers (Gavrilovic & Dukic, 2002).

We studied the chironomid faunal composition in
the spring, summer and autumn of 2010 at 28
localities, chosen across the Southern Morava range
to include different stream orders and a variety of
habitats (Fig. 1). Local habitats were classified as
“impacted” versus “near-pristine” or reference, using
the multimetric index for establishing reference
localities (Koperski, 2010). We included five envi-
ronmental (the type of land use, degradation of bottom
substrate (%), degradation of riparian vegetation (%),
diversity of aquatic habitats, and diversity of riparian
vegetation) and four abiotic [electroconductivity (EC),
concentrations of: ortho-phosphate, nitrate, ammonia]
metrics. To include these metrics in the multimetric
index, we used a 5, 3, or 1 score system with respect to
the quartile ranges (Barbour et al., 1996). For the
purpose of comparison with the study carried out by
Jankovic (1985), which would be as direct as possible,
ten localities were selected so as to match the 1981
sampling scheme (Table 1).

Three benthic samples were taken from the most
common substrate types with a 0.625 m* Surber
sampler of 250 pm mesh. All three benthic samples
were composited into a single sample. Chironomids
were separated from the remainder and identified up to
the genus- or species level with established keys (Smith
& Distler, 1981; Wiederholm, 1983; Pillot, 1984a, b,
2009; Vallenduuk & Pillot, 2007). The taxonomy used
here is that of Spies & S@ther (2004), with adjustments
following H. M. Pillot (personal communication).

The physicochemical parameters were measured
twice in each season with a WTW multi 340i probe for
temperature, EC, pH and oxygen content [dissolved
oxygen (DO) and oxygen saturation (DO%)]. The
biochemical oxygen demand (BODS5) was estimated
using the standard methodology recommended by
APHA (1999). The concentrations of ammonia nitro-
gen, nitrate nitrogen, and orthophosphates were mea-
sured with the Spectrophotometer Shimatzu UV-Vis.

The transparency of the water was measured with a
Lovibond PC Checkit and velocity was determined
with a flow meter Aquatech GMH 3330.

Data analysis

To describe the chironomid community, two indices of
taxonomic diversity were used. The first one, average
taxonomic distinctness, or delta®, is defined as the
average taxonomic path length between any two
randomly chosen species, traced through a Linnaean
or phylogenetic classification of the full set of species
involved (Clarke & Warwick, 1998), as follows:

+ ZZK,-%'
A Cm(m—1)/2’

where m is the number of species and o is the weight
attached to the path length linking species i and j. To
calculate o, it is necessary to define the weights (v)
assigned to each section of the path, where the section
is the step linking one taxonomic level with the next
coarsest division. We used five taxonomic levels (sub-
genus, genus, tribe, subfamily, and family) with step
lengths between them used as units (v = 1). The
second taxonomic diversity index used, variation in
taxonomic distinctness (lambda™), reveals the even-
ness of the distribution of taxa across the hierarchical
taxonomic tree. More precisely, this index provides
additional information regarding the extent to which
particular taxa are over- or under-represented in
samples. It is defined as:

_ > Zi;éj (wii - @)2

A m(m—1)/2

Funnel plots with 95% confidence limits for delta™ and
lambda™ were constructed according to Warwick &
Clarke (1998). In this approach, a randomization test
was used to detect the expected delta™ and lambda™
values derived from a regional species pool (master
list). This made it possible for us to measure the extent
of deviation between the observed and expected
values of delta™ and lambda™®. The observed data
which fall under the lower 95% confidence limit
represent impacted localities with less taxonomic
distinctness than would be expected from a random
distribution derived from the master list. In our study,
the master list from the combined 1981 and 2010
studies contained 109 taxa (Table 2).
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Fig. 1 Sampling localities
over the Southern Morava
River. Squares indicate
localities studied in 1981
and circles indicate
localities studied in 2010

Also, a two-dimensional (2D) plot of simulated
deltat versus lambda™® values (calculated from the
master list) was constructed to detect a possible
intrinsic correlation, reflecting the underlying struc-
ture of the master list (Warwick & Clarke, 2001). Just
like in the 95% funnel plots, “ellipses” in the 2D plot
present 95% probability contours of the pairs of delta™
and lambda™ values expected under the null hypoth-
esis that samples of species behave as if randomly
drawn from the master list (i.e., every species in the
master list has an equal probability to exist at all
locations) (Clarke & Warwick, 2001).

All index calculations and plot constructions were
performed using PRIMER version 6 (Clarke &
Gorley, 2006).

To check for a possible correlation with delta™, we
also calculated several traditional species diversity
indices (the total number of species—S, Shannon-Wiener
diversity index—H’, Simpson index—I-D, and the
Pielou evenness index—J") (Dash, 2001). We aimed to
establish if there was a statistically significant difference
between delta® over the datasets (e.g., 1981 and 2010)
and the same index over the reference and impacted
localities. For this purpose we used the Students ‘¢ test. In
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addition, we used Pearson’s r to conduct correlation
analyses among the indices. SPSS v15.0 software was
used for all these statistical calculations.

The biplot presentation of a normalized principal
components analysis (PCA) of the data matrix was
used to graphically present the relationships between
sampling localities and their environmental charac-
teristics and the deltat index. The data matrix
comprised 11 environmental variables (concentration
of nitrate nitrogen, orthophosphate, ammonia nitro-
gen, and DO, water oxygen saturation, water hardness,
EC, pH, biochemical oxygen demand, water temper-
ature and transparency). In addition, the matrix also
comprised the delta™ index, as a measure of the
Chironomidae community structure. This total of 12
variables is given in columns, as measured along the
28 sampling localities (given in rows). Since, the data
is quantitative and variables are not expressed in the
same units, the normalized (correlation matrix) PCA
was used to analyze this data set. After performing the
normalized PCA, the column coordinates were stan-
dardized (norm equals 1), which enabled them to be
superimposed with sampling localities coordinates in
the biplot presentation. The sampling localities were
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CT:(;ldeinlate(z,e(s)tgrzinlnf)r der., River Locality Ward’s: Stream Geographic coordinates

and Ward’s clustering clustering order

group of sampled localities group N E

in the Southern Morava

River basin Nisava 1 4 2 43° 00/ 507 22° 48 02"
Jerma 2 4 1 43° 03’ 40” 22° 41" 247
Jerma 3 4 1 42° 56’ 417 22° 37 07"
Visocica 4 1 1 43° 07" 12 22° 48 57"
Temsica 5 1 1 43° 19’ 21”7 22° 39’ 36"
Visocica 6 1 2 43° 17 48" 22° 36’ 42"
Temsica 7 1 2 43° 15’ 39” 22° 33" 06”
Nisava 8 4 3 43° 13’ 25" 22° 25" 47"
Nisava 9 4 3 43° 19’ 51”7 22° 04’ 24"
Southern Morava River 10* 2 2 42° 43’ 56" 22° 03’ 43"
Vlasina 11 1 1 42° 47 47" 22° 19" 58”
Vlasina 12 1 1 42° 50/ 54" 22° 17 24"
Vlasina 13%* 4 2 42° 58’ 23" 22° 07’ 08"
Veternica 14 1 2 42° 50/ 37" 21° 49’ 34"
Veternica 15% 3 2 43° 03’ 14" 21° 58 11"
Pusta River 16 1 2 43° 01’ 51”7 21° 42 07"
Pusta River 17* 2 2 43° 11’ 36" 21° 50" 477
Toplica 18%* 2 2 43° 12’ 46" 21° 50’ 05”
Southern Morava River 19% 4 3 43° 12/ 43" 21° 50/ 48”
Toplica 20 2 2 43° 13’ 56" 21° 36’ 16”
Southern Morava River 21% 4 4 43° 40' 38" 21° 24’ 55"
Sokobanjska Moravica 22 4 1 43° 38’ 06” 21° 53/ 38"
Sokobanjska Moravica 23 2 1 43° 39’ 35" 21° 49’ 51”7
Sokobanjska Moravica 24 4 1 43° 37 30" 21° 42" 57"
Sokobanjska Moravica 25°% 4 1 43° 32/ 09” 21° 42" 49"

Localities with an asterisk Southern Morava River ~ 26* 4 4 43° 23" 14" 21° 46’ 24"

are chosen to match the Nisava 27% 4 3 43° 49’ 20" 21° 52 21"

1981 sampling scheme of Lukovska River 28 4 1 43°09' 52" 21°01' 56"

Jankovic (1985)

classified into clusters using Ward’s algorithm. PCA
and cluster analyses were conducted with the ADE-4
software (Thioulouse et al., 1997).

Results
Taxonomic composition

The 10,179 specimens of Chironomidae collected in
2010 were distributed over 94 taxa and belonged to the
following five subfamilies: Chironominae (33), Diame-
sinae (3), Orthocladiinae (41), Prodiamesinae (2), and
Tanypodynae (15). Jankovic (1985) listed 54 species over
the same five subfamilies. The most commonly observed

species was Polypedilum scalaenum at n = 8 (57.14%)
in 1981 and n =24 (85.71%) in 2010 of the study
localities. The overall qualitative composition of Chiro-
nomidae fauna in 1981 and 2010 is presented in Table 2.

Taxonomic distinctness and other diversity indices

Delta® and lambda™ were strongly negatively corre-
lated at r = —0.87 (P < 0.01). In the 2D plot of
simulated delta® versus lambda™t values (Fig. 2) a
clear inverse correlation was also seen for simulated
variables. Deltat was also correlated with S (P <
0.05) and not with any of the other biodiversity
measures (Table 3). In the funnel plot for 2010 all
near-pristine localities fell within the 95% confidence
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Table 2 Chironomid
species observed (X) and
not observed (-) in 1981
and 2010 across the
Southern Morava River
study area
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Taxon

1981

2010

Subfamily Chironominae
Beckidia zabolotzkyi (Goetghebuer 1938)
Chernovskiia orbicus (Townes 1945)
Chironomus sp.
Cladotanytarsus sp.

Cryptochironomus sp.

Demicryptochironomus vulneratus (Zetterstedt 1838)

Dicrotendipes nervosus (Staeger 1839)
Dicrotendipes notatus (Meigen 1818)
Endochironomus albipennis (Meigen 1830)
Endochironomus dispar (Meigen, 1830)
Glyptotendipes cauliginellus (Kieffer 1913)
Harnischia fuscimanus Kieffer 1921
Micropsectra bidentata Goetghebuer 1921
Micropsectra sp.
Microtendipes pedellus (De Geer 1776)
Parachironomus frequens (Johannsen 1905)
Paracladopelma laminatum (Kieffer 1921)
Paracladopelma nigritulum (Goetghebuer 1942)
Paralauterborniella nigrohalteralis (Malloch 1915)
Paratanytarsus austriacus (Kieffer 1924)
Paratanytarsus dissimilis (Johannsen 1905)
Paratendipes albimanus (Meigen 1818)
Phaenopsectra sp.
Polypedilum albicorne (Meigen 1838)
Polypedilum convictum (Walker 1856)
Polypedilum cultellatum Goetghebuer 1931
Polypedilum laetum (Meigen 1818)
Polypedilum pedestre (Meigen 1830)
Polypedilum scalaenum (Schrank 1803)
Polypedilum uncinatum Goetghebuer 1921
Pseudochironomus prasinatus (Staeger 1839)
Rheotanytarsus sp.
Saetheria reissi Jackson 1977
Saetheria sp.
Stempellinella brevis (Edwards 1929)
Stictochironomus maculipennis (Meigen 1818)
Stictochironomus pictulus (Meigen 1830)
Tanytarsus sp.
Subfamily Diamesinae
Diamesa sp.
Potthastia gaedii (Meigen 1838)
Potthastia longimanus Kieffer 1922
Subfamily Orthocladiinae
Brillia flavifrons (Johannsen 1905)

XX X K X X

STV

>

XX x|
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S B B

>
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T T R B I T o T B T e
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Table 2 continued

Taxon

1981

2010

Brillia bifida (Kieffer 1909)

Bryophaenocladius subvernalis (Edwards 1929)

Cardiocladius fuscus Kieffer 1924
Corynoneura celeripes Winnertz 1852
Corynoneura lobata Edwards 1924

Corynoneura scutellata Winnertz 1846

Cricotopus triannulatus agg. sensu Moller Pillot 1984

Cricotopus bicinctus (Meigen 1818)
Cricotopus gr. sylvestris sensu Hirvenoja 1973
Cricotopus tremulus (Linnaeus 1758)
Cricotopus trifascia Edwards 1929
Epoicocladius ephemerae (Kieffer 1924)
Eukiefferiella brevicalcar (Kieffer 1911)
Eukiefferiella claripennis (Lundbeck 1898)
Eukiefferiella clypeata (Kieffer 1923)
Eukiefferiella gracei (Edwards 1929)
Eukiefferiella ilkleyensis (Edwards 1929)
Eukiefferiella lobifera Goetghebuer 1934
Eukiefferiella minor Edwards 1929
Eukiefferiella sp.

Heleniella ornaticollis (Edwards 1929)
Hydrobaenus sp.

Limnophyes sp.

Nanocladius bicolor (Zetterstedt 1838)
Nanocladius rectinervis (Kieffer 1911)
Orthocladius (Euorthocladius) sp.
Orthocladius (Orthocladius) sp.
Orthocladius lignicola Kieffer 1914
Orthocladius frigidus (Zetterstedt 1838)
Paracladius conversus (Walker 1856)
Paracricotopus niger (Kieffer 1913)
Parakiefferiella gracillima (Kieffer 1922)
Parametriocnemus stylatus (Spaerck 1923)
Paratrichocladius rufiventris (Meigen 1830)
Paratrissocladius excerptus (Walker 1856)
Psectrocladius calcaratus (Edwards 1929)
Pseudosmittia danconai (Marcuzzi 1947)
Rheocricotopus chalybeatus (Edwards 1929)
Rheocricotopus effusus (Walker 1856)
Rheocricotopus fuscipes (Kieffer 1909)
Rheosmittia spinicornis (Brundin 1956)
Smittia sp.

Synorthocladius semivirens (Kieffer 1909)
Thienemanniella clavicornis (Kieffer 1911)

Thienemanniella majuscula (Edwards 1924)
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Table 2 continued
Taxon

1981 2010

Tvetenia bavarica (Goetghebuer 1934) - X
Tvetenia calvescens (Edwards 1929) - X
Tvetenia discoloripes (Goetghebuer & Thienemann 1936) - X

Subfamily Prodiamesinae

Odontomesa fulva (Kieffer 1919) -
Prodiamesa olivacea (Meigen 1818) X

Subfamily Tanypodinae

Ablabesmyia longistyla Fittkau 1962 X
Ablabesmyia phatta (Egger 1864) -
Anatopynia plumipes (Fries 1823) -
Apsectrotanypus trifascipennis (Zetterstedt 1838) -
Arctopelopia barbitarsis (Zetterstedt 1850) -
Conchapelopia melanops (Meigen 1818) X

Krenopelopia sp.

ol

XK XX X X)X

Larsia curticalcar (Kieffer 1918) X

Macropelopia adaucta Kieffer 1916 -
Macropelopia nebulosa (Meigen 1804) -
Nilotanypus dubius (Meigen 1804) -

Procladius sp.

Rheopelopia sp.

Tanypus punctipennis Meigen 1818 X

Thienemannimyia sp.
Localities were 14 in 1981
(Jankovic, 1985) and 28 in

: Zavrelimyia sp.
this study (see Table 1)

Trissopelopia flavida Kieffer 1923 X

o
XK XX X X X

[
o

limit, with no tendency to be positioned at either side
of the average. Two impacted localities fell out of the
confidence limits (Fig. 3A, B). We also found no
significant difference in the mean delta® between the
reference and impacted localities (r = 1.690; P =
0.103). For a comparison of delta® and lambda™ from
1981 and 2010, see Fig. 4A, B. The mean value of
delta™ was significantly higher in 2010 than in 1981
(r = 12.322; P < 0.001). For the 1981 data four
localities fell outside the confidence limit.

Taxonomic distinctness and physico-chemical
composition

In the PCA of the environmental and biological
data the first and second axis accounted for 44 and
20% of the observed variation, respectively (Fig. 5).
The first axis had high loadings of delta™, DO, oxygen
saturation (DO%), and orthophosphate concentration
(PO4-P, Fig. 5). The second axis was mostly associ-
ated with water mineral content, represented by EC,
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hardness (H), and nitrate nitrogen concentration
(NOs-N). Water transparency and pH showed no statis-
tically significant correlation with any other parameter.
Using Ward’s clustering algorithm, the sampling
localities were organized into four groups (Fig. 5;
Table 4). Group 1 localities are characterized by a high
delta™. The group is also highly oxygenated (high DO
and DO%) and the water is unpolluted (low BODS5 and
NH,4—N) with low mineral content (low values of EC, H,
NO;z—N, and PO4—P). Group 2 localities are rich in salts
(high values of EC, H, NO3—N, and PO,~P) and
ammonia nitrogen, with a moderate level of organic
pollution (high BOD5 and delta™). Group 3 is com-
posed of the single locality 15 and is characterized by a
low mineral content except for PO,—P and is otherwise
similar to group 1, but highly polluted with high values
of BODS and NH4—N, poorly oxygenated and with a
low delta™. The remainder of the localities is classified
into group 4. Localities in this group are positioned near
the center of the PCA plot, indicating the absence of a
differential physico-chemical or chironomid signature.
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Table 3 Correlation of delta® with other diversity indices

Diversity index Delta™
S 0.375*
H 0.316 NS
1-D 0.236 NS
J 0.225 NS
Lambda™ —0.873%*

NS not significant
* P <0.05, ** P <0.01

A positive correlation with deltat was found for
DO (r =0.439, P <0.05) and DO% (r = 0.433,
P < 0.05) whereas all other parameters, except pH
and transparency, were significantly negatively corre-
lated with delta™. Of those, EC and PO,—P showed the
strongest correlation at r = —0.534 (P < 0.01) and
r = —0.556 (P < 0.01), respectively.

Discussion
Values for delta® and S were significantly higher for

2010 than for 1981. These results may be explained by
the decrease in industrial production after the

economic crisis in Serbia in the 1990s. It is necessary
to emphasize that, unlike lakes, the lotic system
can recover quite rapidly from pollution and long
recovery times are related only to physical disturbance
(Yount & Niemi, 1990). Recolonization of previously
impacted localities is faster with the Chironomidae
than with other groups (Smith & Distler, 1981). Until
the 1990s, industrial development in the region of the
city of Vranje was extremely high. Consequently,
the localities situated along the upper course of the
Southern Morava River basin (MIV, MPV, MOR, and
BIM) were distributed out of 95% confidence limits
(Fig. 4A). The outlier localities were, however, all
located at the broadest part of the funnel plot where
statistical power is the lowest (Marchant, 2007),
therewith suggesting that the result may be an artifact
caused by the low number of species observed.

The “present funnel plot” showed that the majority
of sampling localities were distributed within the 95%
confidence interval. A gradual deviation from the
expected value, but within confidence limits, was
presented as the variability in taxonomic distinctness
due to natural environmental factors (Warwick &
Clarke, 1998). These sampling localities which fell
outside the lower confidence limits are considered
disturbed, and can be clearly distinguished from the
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Fig. 3 Taxonomic distinctness (A) and variance in the taxo-
nomic distances (B) observed for the chironomid fauna of the
Southern Morava River, Serbia in 2010, plotted against
“number of species”. Near-pristine and impacted localities are
indicated by open round symbols and solid round symbols,

80 +
= an- _2:'—— — —
[ MEZ
P:l:’ a“f & z“. g ‘: % 13 ‘: gro: S
15 gae 10 ¥ _ . ¥ ' —
+ 70+ v - L
= B v
© a4
fa
af
60 + WLH
(™
.I 8
MO
50 L aa " L " L 4
0 10 20 30 40 50
A Number of species

Fig. 4 Taxonomic distinctness (A) and variance in the taxo-
nomic distances (B) observed for the chironomid fauna of the
Southern Morava River, Serbia in 10 selected localities in 2010
(solid symbols) and for 14 localities studied in 1981 (open
symbols, Jankovic, 1985), plotted against “number of species”.

reference localities. Contrary to our expectations, we
found no significant difference between the reference
and impacted localities. As suggested by Marchant
(2007) and also found by Abellan et al. (2006), such a
result might be due to the relative low diversity of the
higher taxa observed, which affected the sensitivity of
delta™. In contrast to the conclusion of Abelldn et al.
(2006), and according to Koperski (2009), taxonomic
distinctness, applied on the subset of taxa (the
Chironomidae family), had high sensitivity and was
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respectively. Funnel plots show the theoretical mean value
(solid line) and 95% confidence interval (interrupted lines).
Note that explanatory power along the vertical axis increases
with the number of species observed (horizontal axis)
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Funnel plots show the theoretical mean value (solid line) and
95% confidence interval (interrupted lines). Note that explan-
atory power along the vertical axis increases with the number of
species observed (horizontal axis)

able to assess moderate degradation in the lotic
system. However, in that study, the values of delta™
in near-pristine and impacted localities were com-
pared without taking into account the expected value
and 95% confidence limits. All these studies revealed
that a master list applied to all aquatic invertebrate
groups for all basins in the region is necessary to
enable this index to distinguish anthropogenically
altered localities from reference ones successfully
(Marchant, 2007). In the Southern Morava River
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F2

Group3

Fig. 5 Normalized PCA biplot showing relationships between
sampling localities (Arabic numbers) and their environmental
characteristics and delta™ index as a measure of Chironomidae
community structure (vectors). Environmental parameters are:
concentration of nitrate nitrogen—NO3-N, orthophosphate—
PO,—P; ammonia nitrogen—NH4—N, dissolved oxygen—DO,

F1

EC

NO,-NH

water oxygen saturation—DO%, water hardness—H, electro-
conductivity—EC, and acidity—pH, the degree of organic
pollution measured as biochemical oxygen demand—BODS,
water temperature—t, and transparency—Tr. Four clusters of
sampling localities derived from Ward’s algorithm are shown by
areas in different shades of gray

Table 4 Mean values + 1

standard deviation for Group 1 Group 2 Group 3 Group 4
delta™ and environmental Delta™ 75.0 £ 0.4 725 £ 0.5° 70 727 £ 0.5°
parameters per group a ab b
Water temperature (°C) 11.6 £ 0.7 13.9 £+ 0.8* 14.9 13.5 £ 0.5
EC (uS/cm?) 183 + 22 623 + 33 380 434 + 17
Transparency (NTU) 9.0 + 0.9° 12.2 + 3.4 10.6 10.6 + 1.3
pH 6.97 £ 0.07* 6.92 + 0.12° 6.86 7.07 £ 0.05°
DO (mg/l) 11.0 + 0.2 9.0 + 0.6 45 103 + 0.2
DO saturation (%) 108 + 1° 91 + 8 42 103 £ 1°
BOD5 (mgO?/1) 3.9 + 0.2° 47 £0.3° 6.4 44 +02*°
Values within the same row NO;-N (mg/l) 1.7+03 9.1 +£2.7° 2.4 44 +05°
not sharing a common PO,—P (mg/l) 0.08 & 0.01 0.63 £ 0.05 1.41 0.25 + 0.04
superscript letter are NH,—N (mg/l) 0.92 £ 0.05 2.48 + 0.48 10.72 1.37 £ 0.11
significantly different: Hardness (N°) 98 + 13 267 + 9 147 206 + 6

a® p <0.05

basin, 104 taxa, 16 tribus, and 5 subfamilies were
recorded. Our opinion is that the exclusion of such a
taxonomically and functionally diverse group from the
master list may lead to a decrease of delta™ power.
Heino et al. (2007) assumed that omitting chironomids
from his study led to the loss of expected signal of
environmental degradation. A similar assumption was
given by Marchant (2007) who supposed that not
taking into account low diverse groups (Mecoptera,

Megaloptera, Neuroptera, and Lepidoptera) would not
affect the strength of delta™. However, this would not
be possible for groups such as Ephemeroptera,
Plecoptera, Trichotera, (EPT), Coleoptera, Diptera,
Odonata, and Hemiptera.

Delta™ was correlated with four traditionally used
indices for biodiversity. A significant correlation was
recorded between delta” and the total number of
species, pointing out that a decrease in the number of
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species was followed by a disappearance of species
from highly differing taxonomic levels, and that
mainly congeneric species remained (Heino et al.,
2005). This correlation could be a useful sign,
considering the fact that delta™ does not adhere to
sampling effort and habitat type. However, according
to Heino et al. (2005), species richness and delta™
strongly varied across the longitudinal river gradient.
It is necessary to consider such a variation in both
before applying these indices to the anthropogenic
effects assessment. Factors such as ecological heter-
ogeneity, size of stream, altitude, latitude, and bio-
geographical potential were used by Coffman (1989)
to determine the pattern of lotic chironomid richness
across the river gradient. These studies revealed that
species richness increases with increasing stream
order up to the third order and then levels off or
decreases in higher order rivers (Ferrington, 2008). A
similar pattern emerged in our study, where species
richness on the fourth order localities was lower (mean
species richness = 17) than in the third order local-
ities (mean species richness = 23). In comparison
with Coffman’s (1989) results, species richness on the
third and the fourth order localities was unexpectedly
lower. It could be explained by the bad condition of all
localities on the 3rd and 4th order, which were
obviously impacted. In the absence of reference
localities on the 3rd and 4th orders, in this study we
could not test the way in which a total number of
species and delta® vary across natural environmental
gradients.

A strong negative correlation between delta™ and
lambda™ was recorded. In their study, Warwick &
Clarke (2001) pointed out that it is important to check
the possible correlation between deltat and lambda™
for the real data against any innate correlation that
would be expected from the constuction of the
taxonomic tree. It means that the correlation between
simulated delta™ and lambda™ values can be largely
responsible for the observed correlations for the actual
datasets. In Fig. 2, it is clearly visible that a strong
negative correlation between the observed values of
delta® and labda™ is an intrinsic property of the master
list, where inverse correlation for simulated deltat and
lambda™ showed up. The same pattern was recorded in
Marchant’s study (2007). Thus, lambda™ does not
offer any additional information about anthropogenic
impact which would not have been provided by the
delta™ index already.
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According to PCA results, delta® increased in
accordance with water quality increase. Similar results
were presented by Marchant (2007), but factors which
were correlated with the axis 1 (water quality gradient)
were different. In this study, delta® was inversely
correlated with log turbidity, log total phosphorous,
and log total Kjeldahl nitrogen (TKN). For example,
DO in our study was highly positively correlated with
delta™, contrary to the previous study. It could be
easily explained because oxygen is one of the most
important factors influencing the distribution and
development of chironomid larvae (Vallenduuk &
Pillot, 2007). More precisely, at localities with the
lowest concentration of oxygen, species from the
subfamily Chironominae were qualitatively and quan-
titatively dominant. The main characteristic of this
subfamily is that all or almost all species have some
quantity of hemoglobin in the body fluid (Pillot, 2009).
Consequently, at locality 10, for example, where a
very low concentration of oxygen was detected, 13
taxa belong to the subfamily Chironomine, 6 to
Orthocladinae, and 2 to Tanypodinae. Such domina-
tion of Chironomine subfamily strongly affected
delta® decreasing the diversity at higher taxonomic
levels. Influence could have been even stronger if
genus Chironomus had been determined to species
level. It would have additionally increased the number
of congeneric species and consequently decreased the
value of delta*. A confirmed linear relationship
between delta’ and water quality gradient is a
promising result which can be used in the assessment
of water quality level at tested localities.

According to previous studies (King & Richardson,
2002; Raunio et al.,, 2011) and our results, the
Chironomidae, one of the most diverse and abundant
families of aquatic invertebrates, represent an essential
group for the assessment of ecosystem health. Their
possible exclusion from the assessment method could
lead to serious errors in the biodiversity assessment
process and, thus, to the wrong ecosystem health
assessment (Raunio et al., 2011). Concerning the
taxonomy diversity indices, the strength of delta™ is
strongly influenced by the diversity at higher taxo-
nomic levels. Therefore, taxonomic distinctness could
be a useful tool for estimating anthropogenic distur-
bance only taking into account all diverse groups of
aquatic biota. In this case, the family of Chironomide
is not sufficient for the calculation of the taxonomy
diversity indices, but is wunavoidable in this
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process.The linear relationship which exists between
delta™ and the water quality gradient gives rise to a
novel metric, independent of sampling effort, in the
multimetric approaches of analyzing macroinverte-
brate assemblage data for bioassessments (Carter
et al., 2006).
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Abstract We employed the self-organizing map
(SOM) method to investigate the spatio-temporal
pattern of the Chironomidae community in the South-
ern Morava River basin (Serbia) and to examine to
what extent the Chironomidae community is affected
by environmental factors. Additionally, this study
explores the problems of utilizing chironomids in
bioassessment programs. The SOM analysis of the
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chironomid community data produced 3 groups of sites.
The indicator species analysis presented indicator taxa
for two groups. Twenty taxa (at species, species group
and genus level), according to the Kruskal-Wallis test,
showed the most pronounced differences among the
temporal units. Out of 15 measured environmental
parameters, one-way ANOVA pointed out that 10
significantly differ between the groups. Elevation had
the most important influence on the chironomid com-
munity, also affecting other environmental parameters.
According to our findings, the winter season and the
periods with high water level are the main sources of
natural variability. To avoid such variability and to
successfully incorporate Chironomidae in bioassess-
ment programs, we suggest exclusion of the arguable
months from monitoring programs.

Keywords Chironomidae larvae - Community
pattern - Bioassessment - Self-organizing map (SOM)
method

Introduction

Members of the family Chironomidae (Diptera), as one
of the most dominant group among the aquatic
macroinvertebrates, are commonly used in bioassess-
ment (Rosenberg 1993; Edwards et al. 2000; Punti et al.
2009). Understanding community pattern is the main
prerequisite for including benthic macroinvertebrates
in assessment programs (Park et al. 2003). This is also
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true for the Chironomidae family, since the changes in
community structure can elucidate the consequences
which anthropogenic activities, or natural deteriora-
tion, have on the lotic ecosystem (Armitage et al.
1995). Initially, the majority of studies on chironomid
larvae were focused on the communities in lentic
ecosystems (Rosenberg 1993; Lindegaard and Broder-
sen 1995). On the other hand, the studies presenting
lotic systems usually reveal data about the chironomid
communities in arctic or tropical regions (Helson et al.
2006; Lencioni et al. 2007). According to the literature,
there is no common stance on incorporating chirono-
mids in bioassessment programs focused on common
stressors, such as organic pollution, acidification and
degradation in stream morphology. In the majority of
assessment methods most commonly applied in the
standard monitoring programs of different countries,
Chironomidae larvae are either not used or family or
sub-family levels are applied (Hilsenhoff 1982;
Armitage et al. 1983; De Pauw and Vanhooren 1983;
Metcalfe 1989; Wright et al. 1998). However, there are
several indices which include some species or genera
of Chironomidae in calculating the final quality score
(e.g. River Oligochaeta-Chironomidae Index, Pa-
asavirta 1990; ECO, Verdonschot 1990, Saprobic
indices, AQEM 2002). The argument for the inclusion
of chironomids in any biodiversity, monitoring, and
environmental assessment programs lies in their ubiqg-
uity, species richness, high ecological diversity, and
very high numbers of individuals (Coffman 1995;
Ferrington 2008), especially in deteriorated parts of
lotic systems (De Bisthoven et al. 2005). Larvae can
survive extreme temperatures, pH values, oxygen
concentrations, or pollution and are representants of
different species living in various habitats with differ-
ent substrates, current velocity, or productivity (Helson
et al. 2006). Earlier studies have explained how the
chironomid community can be used in different
bioassessment programs, e.g., the estimation of spe-
cific types of pollution (Lenat 1983), and thus improve
and enhance bioassessment accuracy (Edwards et al.
2000; King and Richardson 2002; Janssens de Bistho-
ven and Gerhardt 2003; Waite et al. 2004; Koperski
2009; Milosevic et al. 2012).

On the other hand, many authors have decided to
excluded them from water quality assessment or have
not extended the determination above the family level
which creates room for errors (Raunio et al. 2011).
For example, Kerans and Karr (1994) in their study
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excluded the metric, “relative abundance” of chiron-
omids, because of the great year-to-year differences
which exceeded the site-to-site differences. Also, they
concluded that it was necessary to carry out identifi-
cations up to genus or species level for invertebrates
known to have pollution tolerance. Similar results
were presented by Lenat (1983) where seasonal
differences in species richness were significant. He
warned that the taxa richness of Chironomidae, due to
natural variation caused by stream size and season,
must be used cautiously in environmental assessment.
In addition, Langton and Casas (1998) and Rossaro
et al. (2006) stated that the Chironomidae community
structure in streams is strongly influenced by temporal
variability. Besides their temporal variability, some
studies have shown that chironomid community
composition is also affected by spatial variability
along the river continuum (Ward and Williams 1986;
Lindegaard and Brodersen 1995). The other reasons
why Chironomidae have been neglected in bioasses-
ment programs, apart from their natural variability, are
firstly that it is difficult to identify them up to genus or
species level, and, secondly, their ability to adapt to
changing environmental conditions (Raunio et al.
2011). Inspired by the obstacles in the previous study,
Rabeni and Wang (2001) tested whether Chironom-
idae are necessary when utilizing macroinvertebrates
in the bioassessment of streams. They concluded that
incorporation of Chironomidae in the bioassessment
method is not cost-effective and their exclusion from
the rest of the macroinvertebrate community will not
significantly diminish the sensitivity of the assessment
method. Such strong natural variability has to be
considered before applying changes in the chironomid
assemblage structure to the anthropogenic effects
assessment. Therefore, knowledge of the community
pattern is a fundamental basis for solving problems
with incorporating chironomids in bioassessment
programs.

Some previous studies have tried to identify the
spatial and temporal community patterns of chirono-
mids in lotic systems (Lindegaard and Brodersen
1995; Lencioni and Rossaro 2005; Calle-Martinez and
Casas 2006; Punti et al. 2009). The listed authors used
multivariate techniques such as principal component
analysis, cluster analysis, and correspondence analy-
sis. However, Kohonen artificial neural networks, also
known as a self-organizing map (SOM), have been
recently used to determine spatio-temporal patterns of
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macroinvertebrate communities (Nijboer et al. 2005).
The SOM was first used in pattering the benthic
community by Chon et al. (1996). Since then, many
authors have used SOM for clustering, classification,
estimation, prediction, and data mining in various
aspects of benthic macroinvertebrate research (Chon
et al. 2000; Park et al. 2003; Park et al. 2004;
Verdonschot 2005; Tang et al. 2010; Chon 2011). The
SOM has also been used for the analysis of chironomid
assemblages in various habitats and for the presenta-
tion of the assemblage patterns (Penczak et al. 2006).
The main advantage of the SOM method is the ability
to treat nonlinear relationships between variables, and
SOM is less affected by outliers (Park et al. 2004). The
non-metric multidimensional scaling (NMDS; Clarke
and Gorley 2006) method, which can process nonlin-
ear data, can also be applied in community pattern
analysis. However, the SOM method is not limited
when large data sets are included, sensu visual
presentation, making full use of the available map
space. It is not true for NMDS where 2-d or 3-d
approximation of large data sets could be unreadable.

Since our data sets are large, nonlinear and
composed of many species varying over different
locations and time (Chon et al. 2000), and also have
different distribution and density, they are more
suitable for processing with the SOM method. Thus,
we have chosen the SOM method to present our
findings on the Chironomidae community pattern in
the Southern Morava River basin (Serbia). The aim of
the study was to (1) analyze spatial and temporal
variations in the chironomid community, (2) investi-
gate the importance of variations in environmental
factors and their influence on the community pattern,
and (3) explore the usefulness, and potential problems,
of using chironomid larvae in bioassessment.

Materials and methods
Study area and sampling

The Southern Morava River is the largest river in
southeastern Serbia. Its source is in the Skopska Crna
Gora Mountains, Macedonia, from where it flows
roughly northwards (Fig. 1). At 344 river km, it joins
up with the Western Morava River, creating the Great
Morava River, which flows into the Black Sea. The
Southern Morava River has a catchment area of

15,469 km?, of which 14,372 km? (92.91 %) is situated
in Serbia and 1,097 km? (7.09 %) in Bulgaria, through
this river’s right-hand tributary, the river Nisava.
According to Paunovi¢ et al. (2012), the catchments
area is situated in ecoregion 5. The Southern Morava has
numerous tributaries most of which dry out during the
summer. The largest permanent left-hand tributaries are
the Jablanica, Veternica, Toplica, and Pusta Rekarivers.
The right-hand tributaries are the Vlasina, Nisava (the
longest), and Sokobanjska Moravica rivers (Gavrilovi¢
and Duki¢ 2002).

Field campaigns were conducted from May 2010
till March 2011 at 28 sites along the Southern Morava
River. In both years, samples were taken twice per
season, except in the spring, when high water levels
prohibited sampling in April. Sitel5 was not included
in the present analysis due to the absence of the
Chironomidae species during four of the sampling
months and heavy water pollution. Also, we were not
able to sample on sites 2, 8, and 28 in May due to the
high water level. Further, on site 23, sampled in July,
Chironomidae specimens were not recorded. Sam-
pling sites were selected according to their position
and characteristics so as to ensure diverse habitat
conditions, i.e., to include different stream orders and
a variety of habitats (Fig. 1).

We used a priori classification of sites in order to
define stream types and diminish the natural variability.
A priori landscape classification is based on the
following variables: (1) elevation (four categories:
lowland (up to 200 m.a.s.l.), submontane (200—
500 m.a.s.l.), montane (500-800 m.a.s.1.) and highland
(over 800 m.a.s.l.)); (2) the size of the catchment area
(five categories: creek, small, medium, large, very large
river); (3) type of bed material (three categories:
siliceous, calcareous, organic); (4) types of dominant
substrate material (three categories: rough, medium fine
and fine sediment). Finally, running water types are
separated into the five types of watercourses: (1)
lowland, large rivers with predominance of fine sub-
strate; (2) large rivers with predominance of medium
fine substrate; (3) small to medium-sized streams, up to
500 m.a.s.l., with predominance of rough substrate; (4)
small to medium-sized streams, over 500 m.a.s.l., with
domination of rough substrate highland; (5) lowland
streams, except those classified in type 1. In this study,
all sites investigated are classified into three, a priori
defined, types of watercourses (Type 2, 3 and 4, see
Table 1) (Paunovié et al. 2011). All these parameters
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Fig. 1 Sampling sites over the Southern Morava River system

used in a priori classification are independent of any
anthropogenic impact.

At each site, three subsamples of zoobenthos were
collected from the most common substrate types with
a 0.0625 m? Surber sampler of 250 mm mesh. The
subsamples were merged to a single sample. Chiron-
omid larvae specimens were separated from the rest of
the macroinvertebrates, identified up to the genus,
subgenus, or species level with established keys
(Wiederholm 1983; Moller Pillot 1984a; Moller Pillot
1984b; Schmid 1993; Vallenduuk and Moller Pillot
2007), and counted (ind/m?). The taxonomy used here
follows Spies and Sather (2004) with adjustments
according to H. Moller Pillot (pers. comm.).
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Simultaneously with benthos sampling, the phys-
icochemical parameters of water were measured in
all seasons with a WTW multi 340i probe (WTW
GmbH, Weilheim) for temperature, conductivity, pH
and oxygen content (DO), and saturation (DO%).
Oxygen demand (BODS5) was estimated using the
standard methodology recommended by (APHA
1999). The Shimatzu UV-Vis Spectrophotometer
was used for measuring the concentrations of
ammonia nitrogen (NH4—N), nitrate nitrogen (NO3—
N), and orthophosphates (PO4,—P). Water transpar-
ency was measured with a Lovibond PC Checkit and
velocity was determined with a flow meter Aquatech
GMH 3330.
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Table 1 Geographic coordinates and a priori classification of sampled sites in the Southern Morava River basin

River Site A priori river types Geographic coordinates

N E

Nisava 1 3 43°00' 50” 22048 02"
Jerma 2 3 43°03' 40" 22041 24"
Jerma 3 4 42°56' 41" 22°37" 07"
Visocica 4 4 43°07" 12" 22048 57"
Temsica 5 4 43°19' 21" 22°39’ 36"
Visocica 6 4 43°17" 48" 22°36' 42"
Temsica 7 3 43°15' 39" 22°33' 06"
Nisava 8 3 43°13' 25" 22°25" 47"
Nisava 9 3 43°19' 51”7 22°04' 24"
Southern Morava River 10 2 42°43' 56" 22°03" 43"
Vlasina 11 4 42°47" 47" 22°19’ 58"
Vlasina 12 4 42°50' 54" 22017 24"
Vlasina 13 3 42°58' 23" 22°07' 08"
Veternica 14 3 42°50' 37" 21°49’ 34"
Veternica 15 3 43°03' 14" 21°58 11"
Pusta River 16 3 43°01’ 51” 21°42' 07"
Pusta River 17 3 43°11' 36" 21°50" 47"
Toplica 18 3 43°12' 46" 21°50" 05"
Southern Morava River 19 2 43°12' 43" 21°50" 48"
Toplica 20 3 43°13' 56" 21°36' 16"
Southern Morava River 21 2 43°40' 38" 21°24' 55"
Sokobanjska Moravica 22 3 43°38’ 06" 21°53" 38"
Sokobanjska Moravica 23 3 43°39' 35" 21°49’ 51"
Sokobanjska Moravica 24 3 43°37 30" 21°42' 57"
Sokobanjska Moravica 25 3 43°32' 09" 21°42' 49"
Southern Morava River 26 2 43°23" 14" 21°46' 24"
Nisava 27 2 43°49' 20" 21°52' 21"
Lukovska River 28 4 43°09' 52" 21°01" 56"

Data analysis

To present the spatio-temporal distribution of the
Chironomidae community and to pattern it with
environmental factors, we used the Kohonen unsuper-
vised artificial neural network, also known as a SOM
(Kohonen 1982). When applied to community data,
the SOM can visualize and explore linear and nonlin-
ear relationships in high-dimensional data sets. The
input for the SOM is the input matrix which, in our
study, consists of 185 rows (sampling sites) and 110
columns (taxa). The relative abundance data were log-
transformed (log (x 4+ 1)) and then normalized. Each
input vector (a row of the input matrix) was sent

through the network throughout the learning process.
During this process, a model of the community data
was created in each output neuron. All these neurons
present the output layer represented by a codebook
matrix. It consists of two-dimensional grids, where the
differences between neurons, i.e., models carried by
the neurons, increase in accordance with mutual
distance increase. The total variability observed in
the data set was covered by models from all neurons
(Penczak et al. 2006). To distinguish subsets of
neurons on the trained SOM map, we used the
k-means method (Jain and Dubes 1988).

In the previous trained SOM, environmental vari-
ables were included as a passive variable which could
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not influence ordination and clustering based on biolog-
ical data. We subjected each environmental variable to
the SOM and calculated the mean value of each
environmental variable in each output neuron of the
trained SOM, which was occupied by at least one input
vector (Park et al. 2003). The relationship between
environmental variables and the SOM map was presented
by a visualization technique (named component planes)
produced by SOM software in the form of a grayness
gradient. If the environmental parameter, distributed on
the SOM map, forms a clear gradient, it means that it
highly contributed to the community pattern. On the other
hand, if there is no clear gradient, the influence of this
pattern is insignificant. The component planes of chiron-
omid taxa were also used to provide more detailed
information on how environmental factors influence the
distribution of particular taxa.

The number of output neurons (map resolution) is a
very important parameter for the detection of devia-
tion in the data. If the resolution of the network is
wrong, for example, too low, some important differ-
ences in data variability might be omitted. On the other
hand, if the map resolution is too high (many neurons
without assigned samples), the differences are too
small for a plausible interpretation (Céréghino and
Park 2009). Unfortunately, there is no conventional
theoretical method for the determination of the best
optimal map resolution. In our study, we used the two
most recommended methods (Vesanto et al. 2000;
Park et al. 2003). In the first, proposed by Vesanto
etal. (2000), the optimal number of neurons in the map
is close to 5\/n, where n is the number of training
samples. In the alternative method, the optimal
resolution is determined by considering the local
minimum quantization error (QE) and topographic
error (TE) (Park et al. 2003). Using these methods and
trying to avoid a large number of empty output
neurons (Penczak et al. 2012), we found that an 8 x 7
grid is most appropriate for our study.

To obtain a better interpretation of the displayed
patterns from the ecological data, the indicator values
(IndVal) of Dufréne and Legendre (1997) were used,
since the SOM analysis does not provide any statistical
indications on species responsible for the distinguished
clusters. We applied the Monte Carlo significance test
with 1,000 permutations to identify significant species
with IndVal more than 25 %. Those species are
representative for their group of sites, and their relative
frequency and abundance are at least 50 % within that
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group of sites. Species which have IndVal values less
than 25 %, with statistical significance (P > 0.05), are
important for the group, providing supplementary
information, but with low values of relative frequency.
Analysis of IndVal was performed using the PC-ORD
4.0 for Windows software (McCune and Mefford 1999).

Significant differences in the composition of the
Chironomidae community between months were
tested using the Kruskal-Wallis test. The effect size
of temporal variability was based on “eta-squared”
(#*) which can range from 0 to 1.0. This measure of
effect size indicates that temporal variation can have
weak (7> = 0.01), intermediate (° = 0.06) and
strong effect (y” = 0.14) on community composition
(Cohen 1988). Also, one-way ANOVA was used to
test differences in environmental factors between the
groups based on biological data (see “Results”). Post
hoc, pairwise comparisons were tested using Tukey’s
HSD test. All ANOVA-based analyses were con-
ducted in SPSS version 15.0.

Results

Spatio-temporal pattern of the Chironomidae
community

During the study, a total of 35,185 specimens were
recorded, distributing over 5 subfamilies, 65 genera,
and 110 taxa (Table 2). The SOM analysis of the
chironomid community data produced 3 groups of
sites (A, B and C; Fig. 2). To provide an optimal
number of sites per group for the statistical analysis,
we did not consider any further cluster divisions.
These groups were validated by the IndVal analysis
which produced indicator taxa for each group. The
IndVal analysis estimates significant IndVal of taxa
for the two groups (Table 3). The most significant
differences emerged between groups B and C, which
differ considerably according to a priori classification,
as well as the spatial origin of the sites (Fig. 2;
Table 1). According to a priori classification, 73 %
(42 out of 57) of present sites in group B belongs to
type 4 and the rest to type 3. The IndVal method
revealed 8 representative taxa and 13 taxa with IndVal
lower than 25 % (Table 3).

In contrast to group B, group C was composed of
sites which mainly (60.8 %) belong to type 3 of the a
priori classification (35 out of 58 sites). The rest of the
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Table 2 Chironomid taxa of the Southern Morava river system recorded during the sampling period

Taxa

Taxa

Subfamily Chironominae

Chironomus spp.

Cladotanytarsus spp.

Cryptochironomus sp.

Demicryptochironomus vulneratus (Zetterstedt 1838)
Dicrotendipes nervosus (Staeger 1839)
Dicrotendipes notatus (Meigen 1818)
Endochironomus albipennis (Meigen 1830)
Endochironomus dispar (Meigen, 1830)
Glyptotendipes sp.

Harnischia sp.

Microchironomus tener (Kieffer 1918)
Micropsectra bidentata Goetghebuer 1921
Micropsectra sp.

Microtendipes pedellus agg. sensu Moller Pillot (1984)
Parachironomus frequens (Johannsen 1905)
Paracladopelma laminatum (Kieffer 1921)
Paracladopelma nigritulum (Goetghebuer 1942)
Paralauterborniella nigrohalteralis (Malloch 1915)
Paratanytarsus austriacus (Kieffer 1924)
Paratanytarsus dissimilis (Johannsen 1905)
Paratendipes albimanus (Meigen 1818)
Phaenopsectra sp.

Polypedilum albicorne (Meigen 1838)
Polypedilum convictum (Walker 1856)
Polypedilum cultellatum Goetghebuer 1931
Polypedilum laetum (Meigen 1818)
Polypedilum nubeculosum (Meigen 1804)
Polypedilum pedestre (Meigen 1830)
Polypedilum scalaenum (Schrank 1803)
Polypedilum uncinatum Goetghebuer 1921
Pseudochironomus prasinatus (Staeger 1839)
Rheotanytarsus spp.

Saetheria reissi Jackson 1977

Saetheria sp.

Stempellinella brevis (Edwards 1929)
Stictochironomus maculipennis (Meigen 1818)
Stictochironomus pictulus (Meigen 1830)
Tanytarsus spp.

Subfamily Diamesinae

Diamesa sp.

Potthastia gaedii (Meigen 1838)

Potthastia longimanus Kieffer 1922
Subfamily Orthocladiinae

Brillia bifida (Kieffer 1909)

Eukiefferiella claripennis (Lundbeck 1898)
Eukiefferiella clypeata (Kieffer 1923)
Eukiefferiella coerulescens (Kieffer 1926)
Eukiefferiella fittkaui Lehmann 1972
Eukiefferiella gracei (Edwards 1929)
Eukiefferiella ilkleyensis (Edwards 1929)
Eukiefferiella lobifera Goetghebuer 1934
Eukiefferiella minor (Edwards 1929)
Eukiefferiella tirolensis Goetghebuer 1938
Heleniella ornaticollis (Edwards 1929)
Krenosmittia sp.

Limnophyes sp.

Nanocladius dichromus (Kieffer 1906)
Nanocladius rectinervis (Kieffer 1911)
Orthocladius (Euorthocladius) sp.
Orthocladius (Orthocladius) spp.
Orthocladius frigidus (Zetterstedt 1838)
Orthocladius lignicola Kieffer 1914
Orthocladius rivulorum Kieffer 1909
Paracladius conversus (Walker 1856)
Paracricotopus niger (Kieffer 1913)
Parametriocnemus stylatus (Spaerck 1923)
Paratrichocladius rufiventris (Meigen 1830)
Paratrissocladius excerptus (Walker 1856)
Psectrocladius calcaratus (Edwards 1929)
Rheocricotopus chalybeatus (Edwards 1929)
Rheocricotopus effusus (Walker 1856)
Rheocricotopus fuscipes (Kieffer 1909)
Rheosmittia spinicornis (Brundin 1956)
Smittia sp.

Synorthocladius semivirens (Kieffer 1909)
Thienemanniella clavicornis (Kieffer 1911)
Thienemanniella majuscula (Edwards 1924)
Tvetenia bavarica (Goetghebuer 1934)
Tvetenia calvescens (Edwards 1929)
Tvetenia discoloripes (Goetghebuer & Thienemann 1936)
Subfamily Prodiamesinae

Odontomesa fulva (Kieffer 1919)
Prodiamesa olivacea (Meigen 1818)
Subfamily Tanypodinae

Ablabesmyia longistyla Fittkau 1962
Ablabesmyia phatta (Egger 1864)
Anatopynia plumipes (Fries 1823)
Apsectrotanypus trifascipennis (Zetterstedt 1838)
Arctopelopia barbitarsis (Zetterstedt 1850)
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Table 2 continued

Taxa

Taxa

Brillia flavifrons (Johannsen 1905)
Cardiocladius fuscus Kieffer 1924

Corynoneura cf. antennalis sensu Schmid (1993)
Corynoneura coronata Edwards 1924
Corynoneura lobata Edwards 1924

Corynoneura scutellata Winnertz 1846
Cricotopus bicinctus (Meigen 1818)

Cricotopus gr. sylvestris sensu Hirvenoja 1973
Cricotopus tremulus (Linnaeus 1758)

Cricotopus triannulatus agg. sensu Moller Pillot 1984
Cricotopus trifascia Edwards 1929
Epoicocladius ephemerae (Kieffer 1924)
Eukiefferiella brevicalcar (Kieffer 1911)

Conchapelopia melanops (Meigen 1818)
Krenopelopia sp.

Macropelopia adaucta Kieffer 1916
Macropelopia nebulosa (Meigen 1804)
Natarsia sp.

Nilotanypus dubius (Meigen 1804)
Procladius spp.

Rheopelopia sp.

Tanypus kraatzi (Kieffer 1912)
Tanypus punctipennis Meigen 1818
Thienemannimyia sp.

Zavrelimyia sp.

The bold letters indicate subfamily names

sites are distributed into two a priori types (34 % in
type 2 and 5.2 % in type 4). Twenty taxa with high and
significant IndVal values are listed as representative
members of the assemblage describing group C
(Table 3). Also, 11 significant taxa with a low value
of relative frequency were recorded for this group.

Finally, group A consists of sampling sites belong-
ing mainly to a priori type 3 (65.7 %; 46 out of 70).
The rest of the sites belong to type 2 (21.5 %) and type
4 (12.8 %). The IndVal analysis did not show any
indicator taxa for this group.

Besides the vertical gradient of the sites due to the
spatial origin on the SOM map, the temporal pattern is
also obvious (Fig. 2). The sites from the winter season,
as well as those characterized by low temperature over
the all seasons, are mostly distributed on the right part
of the SOM map (96 %; 48 out of 50 samples). All
sites sampled during the spring time are clustered on
the left side of the map. The lower left part of the SOM
map (where the highest recorded temperatures are
found; Fig. 3a), as well as the middle part of the map,
is characterized by the presence of sites mainly
sampled in summer and autumn (Fig. 2).

The Kruskal-Wallis test revealed how seasonal
variability affects the qualitative—quantitative compo-
sition of the chironomid community along all sites.
Twenty taxa showed the most pronounced differences
between temporal units (months). However, temporal
variability had the strongest effect on 10 taxa which
had 172 values of more than 0.14 (Table 4).
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Environmental pattern and water quality

From the 15 measured environmental parameters, one-
way ANOVA pointed out that 10 (elevation, width,
temperature, conductivity, transparency, velocity,
hardness, NOs-N, PO4,~P and BODS) significantly
differ between the groups divided by the k-means
method in SOM analysis. Further analysis using
Tukey’s HSD test revealed which groups are signifi-
cantly different for each environmental parameter
(Table 5). Distribution of environmental parameters
and abundance of indicator taxa (with IndVal values of
more than 25 %) were visualized by SOM (Fig. 3a, b).
Values of environmental parameters mainly changed
from the lower left to the upper right course on the map.
Elevation had the highest values in the upper right area
and started decreasing toward the lower left corner
of the map. On the other hand, temperature, width,
conductivity, hardness, NO3;—-N, and PO,—P changed
along the same line but in the opposite direction,
showing a clear gradient over the map. BODS had a
different distribution pattern with the highest values on
the lower area of the map. The rest of the measured
parameters did not show clear gradient over the SOM
map. Following the main gradient direction of the
mentioned parameters, two groups of taxa were
presented. On the one side, all indicator taxa for group
B (Table 3), except Orthocladius (E.) sp., had the
highest abundance in the upper right corner, decreasing
toward the bottom-left part of the SOM map (Fig. 3b).
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These taxa were assigned to group B sites which were
characterized by high elevation and low values of
temperature and width. Sites from this group were also
unpolluted (low values of BOD5 and PO,4—P) with low
mineral content (low values of conductivity, NO3—N
and mainly hardness) (Fig. 3a; Table 5). On the other
side, unlike the previous distribution pattern, 21 taxa
had the highest abundance in the lowest part of the
map. These taxa, except Orthocladius (E.) sp., are
indicators of group C (Table 3) which consists of the
sites placed at lower elevation, with high values of
temperature and width. Likewise, this group is rich in
salt (high values of hardness, conductivity, NO3;—N)
with a high level of pollution (high values of BODS and
POA4-P). Sites from group A represent the intermediate

13-Jul
25-Aug 23-Jan 8-Oct
23-Oct 20-Mar
16-Mar
23-Mar
|

group according to all measured parameters (Fig. 3a;
Table 5) but with no representative taxa.

Discussion
Spatio-temporal variability

The Chironomidae family, as a heterogeneous group
of species with variable responses to environmental
gradients (Lencioni and Rossaro 2005), is claimed to
be sensitive to changes along the river continuum in
association with elevation, stream order, and channel
width (Ward and Williams 1986; Lindegaard and
Brodersen 1995; Punti et al. 2009). In our study, based
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on the chironomid community composition and
abundance, SOM analysis clustered three groups of
sites. Group B was mostly presented by sites in
headwaters (a priori type 4), which was not the case
with group A and C, where absolute dominance of a
particular a priori type has not been recorded. Taxa
indicating for group B mostly belonged to the
Orthocladiinae subfamily (71 %). This was expected
since the headwaters are characterized by Orthocla-
diinae-dominated communities (Ward and Williams
1986; Rossaro 1991; Ferrington et al. 1993;

Fig. 3 a, b Visualization of (a) 15 environmental parameters in
the previous trained SOM in gray scale (where: DO(mg/l)—
dissolved oxygen; DO(%)—water oxygen saturation; NO3;—-N—
nitrate nitrogen; PO4-P—orthophosphate; NH,—N—ammonia
nitrogen) with the presented range of variability for each
parameter and (b) distribution pattern of 28 indicator taxa (with
IndVal values of more than 25 %) on the SOM map Bars for
each map represent (a) the measured values of the parameters or
(b) abundance of indicator taxa (in brackets, the maximum
number of specimens per m?). The shade of black for each
parameters/taxa is highly correlated with its maximum value/
abundance measured in the study. A lighter shade of gray
indicates a decline of these parameters/taxa

Table 3 Representative and significant Chironomidae taxa for the SOM clusters

Taxa Gr. InV Taxa Gr InV
Parametriocnemus stylatus B 56.1%*% Cricotopus triannulatus agg C 82.3%*x
Tvetenia bavarica B 53.8%#* Rheocricotopus chalybeatus C T1. 7%
Epoicocladius ephemerae B 52.3%#% Paratrichocladius rufiventris C 70.6%*%
Rheocricotopus fuscipes B 46%** Cricotopus bicinctus C 58.2%*%
Prodiamesa olivacea B 34.9%*% Polypedilum scalaenum C 57.6%*%*
Orthocladius (E.) sp. B 31.2% Tvetenia calvescens C 50.4%:%%
Thienemannimyia sp. B 29.9%*% Cryptochironomus sp. C 48.5%%*
Paratrissocladius excerptus B 25.2%*% Orthocladius (O.) spp. C 43.5%%%*
Polypedilum laetum B 21.2% Synorthocladius semivirens C 42 .4x%%
Brillia bifida B 20.9%* Thienemanniella majuscula C 41.4%%*
Corynoneura lobata B 20.6%** Microtendipes pedellus agg. C 41.1*
Heleniella ornaticollis B 19%%* Rheopelopia sp. C 38.3%*
Macropelopia nebulosa B 16.2%* Eukiefferiella lobifera C 37.5%%%
Eukiefferiella brevicalcar B 15.9%** Chonchapelopia melanops C 36.6%**
Odontomesa fulva B 15.1%* Rheotanytarsus spp. C 36.6%*
Tvetenia discoloripes B 15.1% Chironomus spp. C 35.4%
Potthastia gaedii B 15* Cladotanytarsus spp. C 28.3%#%
Orthocladius rivulorum B 12.1* Eukiefferiella ilkleyensis C 27.7%*
Orthocladius lignicola B 10.2%* Cricotopus trifascia C 26.4%%%
Rheocricotopus effusus B 10.1%#* Potthastia longimanus C 25%
Rheosmittia spinicornis B 6.5% Paratanytarsus dissimilis C 22.9%*%
Cardiocladius fuscus C 2].3%%%
Phaenopsectra sp. C 2] %%*
Eukiefferiella gracei C 20.2%*
Dicrotendipes nervosus C 19.8%%*
Harnischia sp. C 1%
Polypedilum pedestre C 15%%*
Brillia flavifrons C 14.4%*%
Saetheria reissi C 11.6*
Polypedilum nubeculosum C 6.9%
Polypedilum cultellatum C 5.2%

Underlined, bold taxa are representative taxa of the group, and they have IndVal values (InV) of more than 25 %. Other listed taxa are
significant for groups (see discussion). Asterisks next to IndVal values indicate their significance level: * <0.05, ** <0.01, *** <0.001
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Table 4 The Kruskal-Wallis test presents Chironomidae taxa whose relative abundance differed significantly (P < 0.05) between
months, with values of eta square (r]z), Chi square, degrees of freedom (df), and months with the highest Mean Rank (Md*)

Subfamily Taxa 0 Chi square df P Md*
Chironominae Cladotanytarsus spp. 0.11 21.081 6 0.027 July-111,24
Chironominae Polypedilum convictum 0.25 46.166 6 0.000 March-110.31
Chironominae Polypedilum scalaenum 0.07 14.096 6 0.029 August-116.59
Chironominae Saetheria reissi 0.19 36.786 6 0.000 August-109.35
Chironominae Tanytarsus spp. 0.09 16.839 6 0.010 August-115.35
Diamesinae Diamesa sp. 0.19 36.337 6 0.000 March-113.02
Orthocladiinae Cricotopus tremulus 0.10 19.465 6 0.003 July-104.69
Orthocladiinae Cricotopus triannulatus agg. 0.26 48.653 6 0.000 October-120.94
Orthocladiinae Eukiefferiella ilkleyensis 0.26 48.693 6 0.000 March-136.76
Orthocladiinae Eukiefferiella lobifera 0.08 15.102 6 0.019 March-112.20
Orthocladiinae Nanocladius rectinervis 0.08 15.637 6 0.016 Oct-104,76
Orthocladiinae Nilotanypus dubius 0.08 15.405 6 0.017 Aug-112,13
Orthocladiinae Orthocladius rivulorum 0.18 33.400 6 0.000 March-116.22
Orthocladiinae Orthocladius (E.) sp. 0.41 75.725 6 0.000 March -159.81
Orthocladiinae Orthocladius (O.) spp. 0.38 70.804 6 0.000 March -161.19
Orthocladiinae Parametriocnemus stylatus 0.17 32.540 6 0.000 March -128.19
Orthocladiinae Rheocricotopus fuscipes 0.08 16.452 6 0.012 Oct-111.13
Orthocladiinae Synorthocladius semivirens 0.21 38.979 6 0.000 March -128.26
Orthocladiinae Orthocladius lignicola 0.11 20.167 6 0.003 March -106.67
Tanypodinae Conchapelopia melanops 0.07 14.283 6 0.027 Aug-116.31

Table 5 Mean values & 1 standard deviation for environmental parameters per group

Env. parameter

Group

A

B C

405.43 + 220.993
14.56 + 10.511°
12.990 =+ 6.058"
362.12 + 160.498*
11.1139 + 8.574%°
0.679 =+ 0.298°
169.428 + 67.983°
3.83707 + 3.924°
0.24849 + 0.342*
4342 + 1.260*°

Elevation (m?)

Width (m)

Water temperature (°C)
Conductivity (uS/cmz)
Transparency (NTU)
Velocity (m/s)
Hardness (N°)

NO;-N (mg/l)

PO4~P (mg/l)

BODS5 (mgO?/1)

512.63 + 287.226
12.60 + 10.286"
10.229 + 4.665°
332.58 + 165.487%
8.0458 + 5.42°
0.899 + 0.609°
161.536 + 90.491°
230451 + 1.754
0.12464 + 0.149*
3.966 + 1.381°

256.88 + 109.618
19.84 + 11,368°
13.641 =+ 5.864°
471.14 + 151.385°
13.6562 + 12.40°
0.859 + 0.392°
206,230 + 68.168"
6.18217 £+ 5.511°
0.46173 + 0.452°
4.869 + 1.482°

Values within the same row not sharing a common superscript letter are significantly different: *® P < 0.05. If superscript letters are

missing, all the values are significantly different

Lindegaard and Brodersen 1995). Out of these,
the taxa recorded prefer pure and well-oxygenated
waters (Helson et al. 2006). Larvae of the Chironomini
tribe are usually scarce in headwaters and dominant
in potamal communities (Pinder 1995). However,
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Polypedilum laetum is presented in our study as a
significant species for the headwater sites. Although
this species was presented as being very tolerant to
organic pollution (Orendt 2002) and has been found
in mid/low-reaches (Punti et al. 2009), it is often
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characteristic for the pure or moderately polluted
upper courses of rivers (Moller Pillot 2009). Most of
the taxa listed for group B do not have IndVal values of
more than 25 % which makes them important, but not
representative for this group. The explanation could be
that most of the mountain species are stenobiontic and
have a small niche which consequently diminishes
their relative frequency and in addition, their IndVal
values (Penczak 2009). For example, the species
Eukiefferiella brevicalcar, Heleniella ornaticollis,
Orthocladius rivulorum, according to Rossaro (1991)
and our data, prefer cold and well-oxygenated habi-
tats, which restrict their distribution only to upper
courses. In addition, the species Orthocladius ligni-
cola has a low relative frequency as well, which could
be explained by the fact that this xylophagous species
is a habitat specialist (Brabec et al. 2007). Conse-
quently, these species had low IndVal values
(Table 3). This was not the case with the taxa
describing group C with mid- and low-reaches where
the dominance of ubiquitous species is expected
(Calle-Martinez and Casas 2006; Punti et al. 2009).
Site classification, based on biotic data, is not only
influenced by natural variability, but also by human-
related disturbance. This was particularly the case with
group C, where mean values of chemical factors
pointed to the presence of organic enrichment
(Table 5; Fig. 3a). The taxa which represented this
group (Table 3) are well known as the indicators of
water quality impairment in all regions and all stream
types (Wilson 1992; Bazzanti 2000; Garcia and
Laville 2000; Calle-Martinez and Casas 2006). How-
ever, contrary to our expectations, Orthocladius
(Orthocladius) spp. emerged as an indicator taxa of
this group too. Such a result could be explained by the
presence of seasonal variability, since genus Ortho-
cladius belongs to a group of winter taxa whose
abundance and frequency rapidly increases during this
season (Marziali et al. 2010). Likewise, the Kruskal—
Wallis test confirmed the above statement, showing
that besides other taxa (Table 4), Orthocladius (O.)
spp. is also sensitive to seasonal variability, which will
be discussed below. Since the taxa such as Orthocla-
dius can comprise various species with different
ecological preferences, these results should be inter-
preted with some caution due to the taxonomic
resolution. However, the SOM method can detect
whether the taxa has among-group differences related
to species level, visualizing its abundance pattern over

time and space (see Fig. 3b). More precisely, if taxa
contained a species with no significant differences in
autecology, its abundance pattern would have the
highest value only in one part (group of neurons) of the
map, which is characterized by sampling sites with a
particular habitat profile. Otherwise, it would be
scattered over the map with no precision or regularity.
Having this in mind, SOM can be used as a useful
method of revealing sufficient taxa resolution for
different indicator groups.

The temporal pattern is also visible on the SOM
map. Sites sampled mainly during the winter are
placed on the right side of the map. The Kruskal-
Wallis test reveals that the taxa responsible for
seasonal variability mainly belong to the subfamily
Orthocladiinae. Marziali et al. (2010) claims that
during winter time, the number of species belonging to
Orthocladiinae and Diamesinae increases, which coin-
cides with our findings. Also, this corresponds with the
fact that the emergence patterns are different between
Orthocladiinae, Diamesinae and Podonominae, which
are considered to be spring forms, and Tanypodinae
and Chironominae as mainly summer forms (Garcia
and Afi6n Sudrez 2007). In our study, the Kruskal-
Wallis test showed the same pattern, where taxa of
Chironominae and Tanypodinae had the highest values
of Mean Rank in July—August (except Polypedilum
convictum), and Orthocladiinae and Diamesinae in
March (Table 4). However, genera from the subfamily
Orthocladiinae are more variable during the seasons
than genera from other subfamilies. For example,
during March in low-reach sites (10, 13, 17, 20, 21, 23,
27), the relative frequency of the subfamily Orthocla-
diinae rapidly increased (67, 43, 48, 46, 57, 51, and
58 %, respectively), having the highest values in
comparison with the other months. This is especially
true for genus Orthocladius (with the highest values of
%, see Table 4), which on the same sites rapidly
became the most abundant taxa in the samples.
According to the findings of H. Moller Pillot (pers.
comm.), it can be assumed that Orthocladius cannot
spend its whole life cycle in polluted streams, but older
larvae have the ability to colonize the macrophytes in
hypertrophic water and thus survive above the heavily
polluted bottom. Therefore, Orthocladius presumably
migrates during winter to the lower reaches, when
water becomes colder and consequently well-oxygen-
ated. Such temporarily altered conditions are more
favorable for this genus. A significant increase of
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Orthocladiinae abundance during the winter season
could lead to confusing distribution pattern in low-
reaches where dominance of this subfamily is unex-
pected (Helson et al. 2006). Finally, such changes in
qualitative and quantitative composition, found in all
seasons during the investigation, represent the natural
variability effect which can decrease the accuracy of
the impairment assessment.

On the other side of the SOM map (left side), sites
sampled during the spring season are concentrated in
group A (Fig. 2), possibly due to the influence of the
high water level, which is responsible for changes in
species composition. Some authors have recorded that
spates reduce the density of chironomid species, which
is sufficient to significantly alter the species composi-
tion of this group (Schmid 1992; Grzybkowska et al.
1996; Lobinske et al. 1996). Therefore, this could be a
new source of variability and a new obstacle in
incorporating chironomids in bioassessment programs.

The Chironomid community and environmental
factors

It is very important for bioassessment programs to
estimate to which extent environmental factors influ-
ence the chironomid community. The SOM map
signifies a clear gradient (the lower left-upper right
course) of environmental factors (Fig. 3a) which can
be interpreted as a longitudinal zonation of the river
(Vannote et al. 1980). Some studies investigating how
longitudinal zonation has influenced Chironomidae in
Mediterranean streams (Casas and Vilchez-Quero
1993; Punti et al. 2009) have stressed that altitudinal
gradient has the most important effect on assemblage
composition. In our study, the longitudinal-elevation
gradient to a great extent governs the river classifica-
tion based on the chironomid community, discrimi-
nating high-elevation and mid/low-elevation groups of
sites, which mainly coincides with the results pre-
sented by Punti et al. (2009). River depth and width,
which increase in accordance with altitudinal decrease
(Vannote et al. 1980), also influence chironomid
community distribution along the longitudinal gradi-
ent (Fig. 3a, b). Such spatial variability, which is
mostly determined by altitudinal gradient, should be
taken into consideration prior to the bioassessment
research. During the site selection process, to avoid
natural variability, AQEM (AQEM 2002) recom-
mends not to take a huge altitudinal gradient into
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consideration. Consequently, 29 river types have been
defined in order to successfully formulate an assess-
ment system. In all of these ecological entities, the
elevation gradient is not wider than 600 m (Hering
et al. 2004). Following this recommendation, Marziali
et al. (2010) created a metric, based on the chironomid
community, which successfully discriminates quality
classes in Mediterranean rivers. Raunio and Muotka
(2005) showed that sampling strategy can vary
spatially, explaining the differences in emergence
periods at different altitudes. On the other hand, the
Rapid Bioassessment Protocol (RBP; Barbour et al.
1999) proposes the diminishing of natural variability
after the site selection, by means of data analysis.
According to this approach, homogenization of sites
could be based on both physicochemical and biogeo-
graphical attributes or biotic information.

Besides natural variability, the chironomid com-
munity is sensitive to anthropogenic impact. Many
studies have successfully pointed out how environ-
mental variables, which indicate organic enrichment,
are connected with changes in the chironomid
community. According to Wilson (1992), ammonia,
phosphorus, and BOD can be connected with shifts in
the chironomid community. Also, chironomids can be
correlated with other environmental parameters, such
as a gradient of water quality impairment with
increasing NOs—N concentration and conductivity
(Calle-Martinez and Casas 2006). A similar pattern
was shown by MiloSevi¢ et al. (2012), where the
Chironomidae community was significantly correlated
with DO, BODS5, PO,—P, NO3—N, and conductivity.
However, the community in that study was presented
by a taxonomic distinctness index using only present/
absent data. In the present study, where we included all
seasons and both the qualitative and quantitative
composition of chironomids, their relationship with
environmental factors was consistent with the previ-
ous study, except for DO. The lack of gradient on
the SOM map for this factor appeared due to an
unexpected increase in oxygen concentration in group
C, which includes low-reaches and mid-reaches with
the highest level of impairment. Sites sampled in the
winter are most likely responsible for the recorded
increase in the C group, since the oxygen increase is
usual during winter, thus increasing the average of
oxygen concentration assigned to C group neurons
where the winter months have been recorded (see
Fig. 3a).
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Finally, SOM analysis confirmed (Fig. 3b) that taxa
such as Chironomus spp., Cricotopus bicinctus, Cric-
otopus triannulatus agg., Paratrichocladius rufiven-
tris, and Rheocricotopus chalybeatus are members of
an assemblage tolerant to organic pollution (Wilson
1992; Calle-Martinez and Casas 2006). Out of these
well-known indicators of pollution, despite having
high IndVal in our study, only C. bicinctus, C.
triannulatus agg., and R. chalybeatus had uniform
distribution along group C on the SOM map showing
their resistance to temperature variation (Fig. 3a, b).
Other taxa of highly polluted sites were sensitive to
temperature and either preferred only a high temper-
ature (Chironomus spp., Cladotanytarsus spp., Poly-
pedilum scalaenum) or had the highest value of
abundance at lower temperatures (Cricotopus trifas-
cia, Eukiefferiella ilkleyensis, P. rufiventris, Synor-
thocladius semivirens, Tvetenia calvescens). It means
that only a few taxa (C. bicinctus, C. triannulatus agg.
and R. chalybeatus) could be considered as suitable
indicators of organic pollution, due to their tolerance
to temperature variation.

Bioassessment: possibilities and applications

It has been common to exclude chironomids from
bioassessment programs because the complex identi-
fication of these macroinvertebrates requires taxo-
nomic expertise. Likewise, the huge natural variability
in this group usually overcomes that which is induced
by anthropogenic impairment. In our study, most
seasonal variation was seen during winter, which
significantly altered the community structure. Also,
the period of high water level could have had a similar
effect on the chironomid community. Some authors
have recommend excluding winter from monitoring
and assessment programs because of extreme hydro-
logical regimes and temperatures (Gabriels et al. 2010)
and for logistical reasons (gporka et al. 2000). It is
known that excluding seasons from macroinvertebrate
community investigations could lead to the loss of
important information for bioassessment; neverthe-
less, Furse et al. (1984) recommend that three seasons
are sufficient for the characterization of the annual
pattern of the macroinvertebrate community. Within
the scope of the multimetric AQEM assessment
system (Hering et al. 2004), a sampling procedure
has been developed to fulfill the requirements of the
EU water framework directive. The AQEM requires

the inclusion of at least two seasons to identify the
period best suitable for the assessment. Bearing in
mind the differences in life cycles within macroinver-
tebrate groups, different seasons are found to be
suitable for particular indicator groups. Therefore,
RBP recommends that the selection of the season
should be synchronized with the seasonality of the
target group. Raunio and Muotka (2005) stress the
necessity for determining the temporal framework for
sampling strategy when the Chironomidae family is
used in biomonitoring programs. The authors point out
that it is necessary to include three different seasons
(spring, mid-summer, and late summer/autumn) to
catch “the signal” from the chironomid community in
boreal rivers. Having this in mind, we would suggest
the exclusion of both the winter season and high water
level periods (usually early spring), from the bioas-
sessment programs of temperate aquatic systems, to
diminish variability within the Chironomidae assem-
blage. Another solution could be taking into account
seasonal variation in setting quality class thresholds.

The AQEM procedure generated the taxa list which
includes autecological information for the individual
taxa (Hering et al. 2004). Out of 9,446 listed European
macroinvertebrate taxa, the Chironomidae family has
a remarkably high number of 1,250 taxa (189 genera)
but with great data deficiency regarding autecological
information, for example: saprobic valence, altitudi-
nal, temperature, current or feeding preference (Bra-
bec et al. 2007). Having in mind that this data set is the
base for all metric calculations in the AQEM program,
it is understandable why there are few metrics applied
to chironomid taxa. This further stresses the need for
more comprehensive studies concerning the chirono-
mid community and the autecology of indicator taxa in
various biogeographical regions. Research projects
such as ours could contribute to the improvement of
different metrics, providing detailed information on
many taxa in diverse habitat conditions. Also, the new
approach to the preparation and publication of iden-
tification keys, including useful autecological infor-
mation in description of listed species (Vallenduuk
and Moller Pillot 2007; Orendt and Spies 2012),
cannot only resolve the problem of lack of informa-
tion, but can also facilitate the difficult larvae iden-
tification process.

The inclusion of chironomids in type-specific water
status assessment, as proposed by the EU water
framework directive, as well as in the screening
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programs, allows a rapid assessment of the presence of
different stress factors which would improve some
widely used indices, e.g., saprobic indices or BMWP
(AQEM 2002). Saprobic indices are widely used in the
world and their advantages and limits are already well
known. Thus, the improvement of indicator lists by
inclusion of indicator values for selected Chironom-
idae taxa would be a promising step forward regarding
the increase in the saprobic indices sensitivity. On the
other hand, original and modified versions of BMWP
scores are based on the use of higher taxonomical units
(taxa groups). With certain improvements in taxo-
nomical resolution, that is, by excluding specific taxa
from the general taxa group, the confidence of index
could be significantly improved (e.g., separating
selected chironomid taxa from the Chironomidae
group and giving them a different indicator value).

In conclusion, the species of Chironominae and
Tanypodinae recorded during this research which
showed temporal variability had the highest values of
Mean Rank in July and August (except Polypedilum
convictum), representing summer forms, while Ortho-
cladiinae and Diamesinae represent the spring forms.
The highest natural seasonal variability can be seen in
genus Orthocladius, which belongs to a group of
winter taxa whose abundance and frequency rapidly
increases during this season. This could lead to wrong
conclusions on the spatial distribution pattern of the
chironomid community, diminishing the accuracy of
the impairment assessment.

Changes in the water level are one of the most
important parameters responsible for the changes in
the species composition and chironomid community
pattern and should be taken into consideration during
bioassessment programs. Also, longitudinal zonation
influences the chironomid community distribution
along the longitudinal gradient, which is mostly
determined by elevation gradient. Anthropogenic
influence, reflected in the concentrations of nitrogen,
phosphorus, and BODS, can also significantly alter the
community composition and abundance, and in this
study, Cricotopus bicinctus, Cricotopus triannulatus
agg., and Rheocricotopus chalybeatus could be con-
sidered indicators of organic pollution, due to their
presence at all disturbed sites regardless of tempera-
ture variation. The use of chironomids in type-specific
water status assessment and screening programs
allows a rapid assessment of the presence of stress
factors which could lead to the improvement of

@ Springer

different biological indices. Finally, the exclusion of
both the winter season and high water level periods
(usually early spring), as the prime source of natural
variability within the Chironomidae assemblage, from
the bioassessment programs of temperate aquatic
systems, would contribute to the accurate assessment
of water quality and habitat status.
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JlapBe ¢pamumauje Chironomidae, mornukn
cCHCTEeMH, BellITAaYKe HeypoMpe:xe,
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pe3oayuuja
Y onbanorenu IlpupoaHo-mareMaTnuKor
¢axyarera y Kparyjesuy, P. JlomanoBuha
12, 34000 Kpary jean, Cpouja

HzBoa

Xuponomuze (Chironomidae, Diptera), kao mHMpoOKO pacmpocTpameHa U Pa3HOBPCHA Ipylia aKBATHIHUX
OeckuuMemaKa, moceayjy BeJIMKH 10 TeHIIMjall Y MPOIEHH CTama €KOJIOMIKOT CTATyCa aKBATHYHUX €KOCHCTEMA.
300T KOHTPAAMKTOPHHUX pe3yNTaTa O KOPHCHOCTH OBE TpyIle y MeTomaMa OwmomporneHe, BehnHa pyTHHCKHX
MOHHUTOPHHI MpOoTrpaMa He yKJbydyje jnapee pamummje Chironomidae. OBakBo crame ymnyhyje Ha HEONMXOIHOCT
MO3HaBama IPOCTOPHE U BPEMEHCKE IUCTPHOYLHje 3aje THUIE XUPOHOMUJA.



/e BM OBOI MCTpaXKHMBamka OWIM Cy: aHaiM3a CTIPYKType M JMHAMHUKE 3aje[HHIEC XUPOHOMHUIA H
JepuHHCAamEe MOJeTa HUXOBE IIOBE3aHOCTH ca a0HOTHYKHMM MapaMeTpuMa, TeCTUPame ITOTEeHIUjaTHUX
CTPYKTYpPHHMX OCOOMHA 3aje IHULIE M IO TEHUMjaJHUX UHAMKATOPCKH X TAKCOHA Y MPOIIEHH €KOJIOLIKOT CTaTyca
aKBaTHYHHMX EKOCHCTEMa U, KOHAYHO, O ipeljBabe HajHI)KET TAKCOHOMCKOT HMBOA, JIOBOJBHOT 33 MPUMEHY OBE
rpyIme y MetogaMa OuOTpoLeHe.

Kako 6u ce mpeacTaBwiia MYJITHAMMCH3MOHATHA CTPYKTypa 3ajeHHIE XHPOHOMHIA U OJpeanja Be3a ca
napamMeTpuMa cpeauHe, KopuilheHa je MyJTUBapHjaHTHa METOJA BEUITAUKUX HEypoMpexa (camoopranusyjyhe
mare, enrn. Self organizing map - COM). CriocoOHOCT MO/Ie/IoBaba HEIMHEAPHUX Be3a, Mamba OCETJHHBOCT HA
YTUIA] EKCTPEMHHX BPEIHOCTH M YCICUIHO MPOIECyHpame M BH3yallM3alldja BEIMKOT Opoja mapamerapa U
peIUHKa, YUHA OBY METOIy onaroBapajyhoMm 3a aHamm3y CTyKType 3ajeJHHAIIC XHUPOHOMHIA KPO3 IPOCTOPHE U
BpPEMEHCKE TpajrjeHTe. 3a MpeIcTaBJbathe 3ajeqHHIe (paMIMje XUPOHOMHIA KOPUIINEH je MHICKC NMPOCECYHE
TakcoHOMcKe pasmaumutocT (deltat (A')), umja je riaBHa NPEIHOCT MOTIYHA HE3aBUCHOCT O METOJa M
YYeCTaJIOCTH y30pKOBama, MITO oMoryhiaBa mpuMeHy oBe MeTone y nmopehemy cryamja 6e3 mogaTaka 0 TeMITy H
HAYMHY y30pKOBAKY U TUITY CTAHHIITA.

HctpaxnBame je cripoBeneHo y mepuoay ox Maja 2010. mo mapta 201 1. romuee, Kaga cy y30pKoBaHE JlapBe
XUpOHOMHA Ha 28 nokamTeTa pacnopehernx myx guraBor cimiBa JyxxHe Mopae. TokoM HcTpakuBama, 0f
ykynmHO 35.185 aHaymm3upaHWX jeIMHKH, KOHCTATOBaHO je mpucyctBo 111 TakcoHa y okBupy 65 poJioBa,
muctpubyupannx y 5 morpammmja (Orthocladiinae (51), Chironominae (38), Tanypodinae (17), Diamesinae (3)
u Prodiamesinae (2)).

COM aHam3a je, Ha OCHOBY CTPYKType 3ajeHHIIC XHpPOHOMHAA, popMHpana TpH TpyIe JOKaJHTeTa Ha
COM wmpexu. Anammsa uHukaTopckux Bpeta (IndVal) je mpenctaBuiia vHmMKaTOpCKE TAaKCOHE 3a JIBE TPYIIe
JoKauTeTa. JIBaieceT TAKCOHA je ToKa3ajo 3HayajHy Bap Mja0MIHOCT y a0YHIAHTHOCTH Y OJHOCY Ha BPEMEHCKE
jenuumne (mecene). Bpcre w3 motbammmaje Chironominae u Tanypodinae, peructpoBaHe TOKOM OBOT
HCTpaXXKHBatha, 0Ka3aje Cy BPEMEHCKY BapHMjaOMJIHOCT ca MaKCUMalHUM CPEIbUM PAaHrOM Y jyJy W aBryCTy
(ocum Polypedilum convictum), mnpeacrtaBsmpajyhu netme dopme, ok cy Orthocladiinae u Diamesinae
HpeacTaBsbalie 3uMcke hopMme y OKBUPY rpyrne xupoHomuaa. On 15 MepeHuX cpeMHCKUX apamerapa, one way
ANOVA je nokaszana nma ce 10 3HayajHO pasimukyje uamely rpyna nokammrera pedunucannx COM mero tom.
Hanmopcka BrucHHA je MMalna Haj3HA4YajHUjU YTHIA] HA CTPYKTYPY 3ajeHHIIE, U Takohe je yTullaga 1 Ha OCTaje
cpemuHCKe mapametpe. Ha ocHOBY pe3yiraTa, 3uMa M IEepHO] BUCOKHX BOJA Cy CE MOKa3ald Kao INIABHU U3BOPHU
npupojHe BapujabunHocTH. Y 0BOj cTymuju Bpcte Cricotopus bicinctus, Cricotopus triannulatus agg. u
Rheocricotopus chalybeatus cy ce mokasane kao HMHIMKAaTOpH Opraickor 3arahema. TaKCOHOMCKH HHIECKCU
JMBEP3UTETa CYy Ha MOApy4jy ciuBa JyxxHe MopaBe JCTCKTOBAIM 3HAYajHy NPOMEHY CIPYKType 3ajeHULEC y
BPEMEHCKOM TEPHOAYy OJl TpH JcueHuje. AHaimu3oMm rinaBHux kommnonentd, (PCA) je mpukasaHO MOCTOjame
nuHeapHe Bese deltat u TpaquuMoOHANHUX WHIEKCA MMBEP3UTETA ca TpajujeHToM kBamnteTa Boae. COM Mero a,
3ajeqHo ca aHammsoM kinacubuxanuone cHare (CS) u RELATE tectoM, oTkpua je 1a HUBO POJA HAjTayHUjE
ampoOKCHUMUpA CTPYKTYpy 3ajeauunic Ha HajBehoj Moryhoj TakcoHomckoj pesonyuuju. BIOENV anamiza je
MOKa3aja J1a TaKCOHOMCKAa CKajlla OJl BpPCTEe JO poJa HE yTW4e Ha Bedy usMelly CTpyKType 3ajelHuIe U
cpeimHCKEX mapametapa. IndVal anammsa je mpeacTaBuiia MHIMKATOPE KBAIMTETA BOJE HA TAKCOHOMCKOM
HHUBOY poJia Koju 06e30el)yjy ckopo ucTy komanHy HHOpMaIija Kao 1 BPpCTe HH KA TOPH.

PesynraTi Hamer ucTpakhBama Cy NpHKa3ajd KBAJMTATHBHA W KBAHTUTATHBHH CACTAB 3ajeIHHIC
XHPOHOMHA Ha Tmojpydjy cimBa JyxHe MopaBe u neduHHCAIM MOJEN NPOMEHE CIPYKType 3ajeHHIe Ha
MPOCTOPHOM M BPEMEHCKOM TPaJUjeHTy, IITO JAOTPHHOCH OTIITEM MO3HABAKY (ayHEe U €KOJIOTHje aKBa THIYHUX
WHCEKaTa W Tpykajy momatHe uHpopMmanuje o Omomueep3uteTy CpOmje, bamkama m Eepome. OTtkpuBame
TMIaBHUX W3BOpa NPHUPOJIHE BapHjaOMIHOCTH CIPYKType 3aje HHIlEC, NpHKa3MBame MOCTOjama JHHEapHe Bese
MHJEKCAa JMBEpP3UTETa ca CTENCHOM HapyIICHOCTH AaKBATHYHHX eKocucTeMa U ojapehuBame ,,J0BOJBHE
TAKCOHOMCKE pe30JylMje 3HauyajHo mompuHOCH npuMend (amwmmje Chironomidae y mpolieHH €KOJIOmKOT
cTaTyca TeKylinX Bo JeHH X EKOCHCTeMa.

Jlatym npuxsarama TeMe 0]
crpane HHB
Jdatym ondpane
Yj1aHOBU KOMMCH je pod. ap Baaguua Cumuh
Bumm nayynu capaauuk ap Momup Ilaynosuh
Hou. np AyopaBka Uepoda
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Abstract

The widely distributed family of the Chironomidae presents the most diverse group of macroinvertebrate
fauna and they are the prime candidate for the ecological status assessment of the lotic ecosystems. Due to the
contradictory results in previous studies regarding comprehensiveness of the group in bioassessment, it has been
a commonplace to exclude chironomids from the monitoring programs. This further stresses the need for more
studies concerning spatio-temporal pattern of the Chironomidae community.

The aim of the study was to analyze spatial and temporal variation in the chironomid community, to
investigate the importance of variations in environmental factors and their influence on the community pattern,
and to test the strength of potential community metrics and indicator taxa in assessing the ecological status of



lotic systems. Finally, we wanted to determine the sufficient taxonomical level of the chironomid community,
which could provide reliable information for the bioassessment.

To present multidimensional structure of chironomid community and to pattern it with environmental
factors we used Kohonen unsupervised artificial neural networks (Self organizing map — SOM). The ability to
treat nonlinear relationships, less sensitivity to outliers, successful processing, and visualization of large data
sets, make this method suitable for the community structure analysis. To describe the chironomid community,
the average taxonomic distinctness (delta+) was used. Its main advantage is that it is largely independent of
sampling effort with the implication that it can be directly compared across studies with unknown or different
sampling efforts.

The field campaign was conducted from May 2010. to March 2011, when larvae were sampled at 28 sites
distributed along the whole Southern Morava river basin. During the study, a total of 35.185 specimens were
recorded, distributing over 5 subfamilies, 65 genera, and 111 taxa (Orthocladiinae (51), Chironominae (38),
Tanypodinae (17), Diamesinae (3) and Prodiamesinae (2)).

The SOM analysis of the chironomid community data produced three groups of sites. The indicator species

analysis (IndVal) presented indicator taxa for two groups of sites. Twenty taxa according to Kruskal-Wallis test
showed the most pronounced differences among the temporal units (months). The species of Chironominae and
Tanypodinae recorded during this research, which showed temporal variability, had the highest values of Mean
Rank in July and August (except Polypedilum convictum), representing summer forms, while Orthocladiinae and
Diamesinae represent the spring forms. Out of 15 measured environmental parameters, one way ANOVA
pointed out that 10 significantly differ between the groups. Elevation had the most important influence on the
chironomid community, also affecting other environmental parameters. According to our finding, the winter
season and the periods of high water level are the main sources of natural variability. In this study, Cricotopus
bicintcus, Cricotopus triannulatus agg and Rheocricotopus chalybeatus could be considered indicators of
organic pollution. The indices of taxonomic diversity detected substantial changes of chironomide community
structure over three decades. Principal component analysis (PCA) revealed the linear relationship between
diversity indices (delta+ and traditional diversity indices) and water quality gradient. The SOM method, together
with Classification strength (CS) analysis and the RELATE test, revealed that the genus -level most accurately
approximated the species-level community pattern. BIO-ENV analyses presented the same set of important
environmental parameters at species- and genus-level. IndVal analysis showed that indicator genera provide
information very close to that gained from species indicators.
The results of this study present the qualitative and quantitative structure of chironomid community as well as its
changes along spatial and temporal gradients in lotic systems of Southern Morava river basin. Furthermore, this
study contributes to the general knowledge of fauna and ecology of aquatic insects, providing additional
information about biodiversity of Serbia, Balkan Peninsula and whole Europe. Revealing the main source of
natural variability, defining the linear relationship between diversity indices and the extent of anthropogenic
influence and presenting the sufficient taxonomic resolution of chironomid community lead to the
imple mentation of this group in assessing the ecological status of lotic ecosystems.
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