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Mojum pooumesuma u cecmpu



3axeannuuya

HctpaxuBama 00aB/beHa y IUJBY U3paJie OBE JOKTOPCKE JAUCEPTAIUje peali30BaHa Cy
y OKBHUpY IIpojekata ,,buocencune mexuwonocuje u enobamiHu cucmem 3a KOHMUHYUPAHA
ucmpadxcueara u unmezpucano ynpaemare exocucmemuma' NN 43002 u ,,Mepere u
Mooenuparbe QU3UYKUX, XeMUJCKUX, OUOIOWKUX U MOPGOOUHAMUYKUX napamemapa pexa u
soonux axymynayuja’ TP 37009 MunucrapcTBa mpocBeTe, HAyKe M TEXHOJOIIKOT Pa3Boja

Peny6iuke Cpbuje.

[Tonatake u marepujan KopuinheHe y OBOM pajy YCTYyNHMIU Cy U Konera bopuc
Hosaxosuh n3 PemyObnudkor XuapoMeTeopoIIOMIKOT 3aBOja, OAHOCHO ATEHIUjE 3a 3alITUTY
JKUBOTHE CpeauHe U Kosiere ca MHcrutyra 3a Ouosiormjy u exosiorujy I[lpupomHo-

MaTeMaTHuKoT (akynrera YHuBep3utera y Kparyjesiry.

Benuky 3axBaJIHOCT JyryjeM MEHTOpY Op Braouyu Cumuhy, penoBHoM mpodecopy
[TpupomHo-MaTeMaTudkor ¢akynrera YHuBep3utera y KparyjeBiy, Ha BEITUKOM IOBEPCHY
KOj€ MHU je yKa3ao, ujejama MpuiInKoM u30bopa Teme, Ha moMohu u moJpuiny y cBuM (azama
u3pajie TOKTOPCKe qucepTaluje.

Hp Momupy Ilaynosuhy, BHUILIEM HaydyHOM capaiHMKy MHcTuTyTa 3a OumoJomka
ucTpaxuBama ,,Cunuina CtankoBuh™ YHuBep3utera y beorpamy, BeomMa cam 3axBajHa Ha
BEJIMKO] moMohu y cBuUM ¢a3zaMa u3paze OKTOPCKE IUcCepTalje, U3y3€THOM 3ajaramy,

0e3pe3epBHO] MOAPIIIY U YKA3aHOM MOBEPEHY OJ1 CAaMOT MOYETKa.

p Jachu Jlajmnep, nouenty Ha buosnomkom oncjexy [IpupoaocioBHO-MaTeEMaTHYKOT
¢dakynrera CeyumnuiuTta y 3arpedy, U3y3€THO caM 3axBajlHa ILITO je MpUXBaTuia jaa Oyne
neo Kommucuje 3a omeHy u oabOpaHy HOKTOpCKe AucepTalje. 3axBajbyjeM ce€ Ha CBUM
cyrectdjama, mpeio3uMa U KOopeKlidjama Koje Cy 3HAaTHO MOMOTJIe W YHAlpeauie H3rien

OBOT paja.

[ToceOny 3axBamHOCT nyryjeM Op Awnu Ilemposuh, acuctenty nHa Ilpupomno-
MaTemMaTuukoM (akynrery YHuBepsutera y KparyjeBiy, Ha moApuiy, pasyMeBamwy U

HeceOUYHO] MoMohu TOKOM peaiu3aiije OBe JOKTOPCKE AUcepTaltje.

3axBaspyjeM ce W Op Buou Jojuh, nayuHom capaaHuky MHcTuTyTa 3a OHOJOIIKa
ucTpaxknBama ,,Cuauia CrankoBuh® YHuBep3urtera y beorpamy, Ha BEIMKOM CTPIJBEHY U

HeceOMYHOj MOMOhM IpU TyMauemy pe3yiTaTa reoMeTpujcke MoppoMeTpuje.



3axBaJHOCT AyryjeM W Op 3opamy [auuhy, HaydHOM caBeTHUKY WHCTHTyTa 3a
MYJITHIUCIMILIMHAPHA UCTPAXKHUBamba YHUBEp3uTeTa y beorpany, Ha BETMKOM HUHTEPECOBALY

3a MOj pan, aAparou€HuM CaBE€TuMa 1 nmomohu Y pasyMe€Bakby CTaTUCTUYKHX aHaIn3a.

[Tpodecopku op Bpanxu Bykosuh [auuh, medy Karenape 3a MUKpOOHONOTH]Y U Op
Cmoumupy Konapesuhy, acucrenty Ha buonomkom dakyiarery YHuBep3utera y beorpany,

3axBaJbyjeM Ce Ha JIETI0j U YCIEIIHOj capaJbyi U MOAPIIIH TOKOM pealln3aluje pajia.

My3sejckoM caBeTHUKY Op bumwmanu Mumposuh un xyctocy Mapky Pakosuhy wu3
[Mpupoamaukor myseja y beorpany, 3axBajiHa cam Ha BEJIHMKOj MOMOhM HPUIMKOM paja ca

MY3€jCKOM 30HpPKOM.

Hparum xonerama ca HWHcturyra 3a  Owosorujy u exosorujy IIpupoaHo-
MaTeMaTHuukor Qaxynrera YHuBep3utera y Kparyjesity Anexcanopu, Cumonu, Heeenu,

Hamawu, Munenu n Mapky BeIMKO XBaja Ha pasyMeBamwy U MOJIPIIILIHN.

[TocebHO cam 3axBajaHa KoJETHHHIIAMa U Kosierama ca Ozesbema 3a XUAPOSKOJIOTH]Y
u 3amtuty Boga UBUCC, bojanu, Becnu, Maju, Hamawu, Jenenu, Mapeapemu, Jenenu,
Huxonu v Cmegany, Ha 5emnoj capalmwu, Becenoj arMocdepn U Benukoj nojapuiu. Konern
Barou n koneruHuuu Mapuju, HEU3MEPHO Ce 3aXBaJbyjeM Ha JIparoleHoj moMohu Kojy cy Mu
MPYKUJU Kaja je OWIo HajmoTpeOHHUje, Ha BEJIIMKOM MOJACTHIA]y W pa3yMeBamy. JUBHUM
KOJIETUHUIIaMa U npujaresbuniama Kamapunu, Anu m boowcuyu, W3y3eTHO caM 3axBajHa Ha
noMohn W MOAPUIIM TOKOM CBHMX TOAMHA 3ajeAHUYKOr pajia, Ka0o U TOKOM H3paje

I[I/IcepTaI_[I/Ije. be3 Bac ou paa Ha OBOM JOKTOPATY 010 cacBHUM CUT'YPHO MHOTI'O TCXKH.

Ha kpajy, 3aXBaJHOCT JIyryjeM MOjoj MOPOJMIM Ha CTPIUbEHY, HMOJAPUIINM U, Mpe

CBEra, BeJIMKO] JbyOaBU KOjy MU MIPYXKajy.

Jenena Tomosuh



ExoJsioruja, OuoauBep3uTeT W KOH3epBalMja CJIATKOBOAHUX IIKOJbKH
damumje Unionidae y Cpouju

Pe3ume:

CnarkoBomne ImKojbke w3 (ammimmje Unionidae, mnpexacraBbajy jeaHy on
HAj3HAYQJHUJUX U IIHPOKO PACIPOCTPAHCHUX KOMITIOHEHATa BOJACHHUX CKOCHCTEMa KOTTHEHHX
Bosa. Exoromika yinora oBe TaKCOHOMCKE TPYIE Y BOJACHHM E€KOCHCTEMHMA j€ O] BEITHKOT
3Hayaja, ¢ O03MPOM Jda MpEJCTaBba OUTAH EJIEMEHT CTPYKType M (yHKIHje OCHTOCHHUX
3ajeHHIIa. PAa3HOBPCHOCT M pacrpoCTpamehe YHUOHUAA, 10 CaJia, HUje aJIeKBaTHO MPOYUYEHO
y Cpbuju, kako y moriemy Opoja Bpcra, TakO M Yy OJHOCY Ha OIIINTE MO3HABAE
pacrpocTpamemha MojeIMHIX BpcTa M (DakTopa KOju yTHYy Ha I0jaBy TaKCOHA M T'yCTUHY
MOITYJTAIIH]a.

[lnpeBH OBOT HMCTpaKuBama OWIM Cy: Tperyies] yKymHor Opoja Bpcta y CpOwuju;,
aHaJM3a CTPYKTYpe M JWHAMHUKE IMOMyJaldja YHHOHWAA; NehHHUCAmE OJHOCAa BpCTa U
Haj3HAYajHUJUX TIapaMeTapa OKPYKema; aHan3a MOP(OJIOIIKE BapUjaOMITHOCTH Pa3TUIUTHX
Homnysaiyja, MPUMEHOM METO/a TEOMETPHjCKE M TPAJAUIHOHATHE MOp(HOMETpHje U Kao
KpajH;H I1Jb, IIPOLICHA PHU3HUKA OJ U3yMHPAba AKBATUYHUX BPCTa Ha HAIMOHAJIHOM HUBOY U
IpeJIor CTpaTeruje KOH3epBalyje.

Martepujan kopuimheH 3a aHaluW3y TMPUKYIJEH je€ TpU peanus3alije BHIIE
HallMOHAJTHUX W MehyyHaponHux mpojekata y mnepuoay 2001.-2013. roauna. Ocum
CaBpEMEHHMX HMCTPaKUBamba, aHAJIM30M Cy 0O0yxBaheHM W HCTOPHjCKH MOAal, ToOUjeHe Ha
OCHOBY mperyiefa noctynHe 30upke Ante Tamguha, Ilpuponmwauxor myseja y beorpany, us
nepuoga 1953.-1972.

CBeoOyxBaTHOM aHaIM30M MaTepujana, Ha npoctopy CpOuje je yrBpheHo mpHUcycTBO
7 BpCTa CIIaTKOBOJHUX IMIKOJbKH 13 (amuuje Unionidae, cepcranux y yetnpu pona. Hajeehu
JUBEP3UTET U OpOJHOCT Tmomynanuje 3a0eleXeHu Cy y JAOHBHM TOKOBMMA BEJIHMKHX
paBHHYApPCKHUX peka (30HU MOoTaMoHa). Y pajy je JaT JeTajbaH Mperjie/l cacTaBa 3ajeHulla
UCTP)XMBAHUX CIUBOBA, Ca IPHKA30M TAKCOHOMCKHX U €KOJIOIIKHUX KapaKTepHCTUKa
M0jeIMHaYHMUX BPCTa.

[Topenehn wucTopmjcke mMomaTKe O Haja3MMa BpPCTa W CaBpPEMEHa HCTPaKUBamba,
yoUyeHEe Cy NMPOMEHE y BEJIMYMHH apeaja W MOIYJalMOHO] JMHAMUIM I0jeIMHUX TaKCOHA.
3Ha4YajHO CMamelke apeaiia, OJHOCHO TIOTIYHO TIOBJAadYeHhe Cca MpOCTopa TAe je HeKaaa
Halla)keHa, yTBpheHo je 3a BpcTy A. Cygnea, a kao meHU pedyrujyMu MOTry ce O3HAYUTH
JICHTUYKA E€KOCHCTEMH KakKBe Cy aKyMmyJjaiuje, jesepa M 0apcKo MoOuYBapHa MoJApydja y
CpOuju.

Ha ocHoBy mcropujckux nonmaraka yrepheHo je aa je Bpcra U. crassus Hekama Ouia
IIUPOKO PacIpoCTpamkeHa M jeIHa O] HaJIIPUCYTHUJUX BPCTa Ha 1iejoM moapydjy Cpouje mo
cpeaune 70-ux roguHa mpouwior Beka. HakoH Tor mepuoja, HCTpaXUBamkbUMa U3BPIICHUM Y
MOCJICIIbUX HEKOJIMKO JIeKaJa, YO4YeH je Mmaja OpOJHOCTH TOIyJaluje OBE BPCTE M Camo
CIOpaJUYHU HaJla3u Ha OTpaHMYeHOM npoctopy. HajHoBHMja wHcTpakuBama YKaszyjy Ha
MIO3WUTHBAH TOMYJIAIIMOHN TPEH]T OBE BPCTE, IIPH Y€MY C€ HAPOUNTO M3/Baja ciauB Case.

HcnmtuBame  omHOCAa — MPHCYTHUX  BpcTa  mpeMa  (PU3HYKO-XEMH]jCKUM
KapaKTepUCTHKaMa BOJE HA aHAJIM3MPAHUM JOKAIMTETHMA, TOKA3ajo je Ja Cy HajBaXHUJU



(U3UYKO-XEMHUJCKH TIapaMeTpH: KOHIIGHTpalkja Kajllujyma, yKkymHa TBpaoha Boae, BPK,
HPK, xoHueHTpanyja HATpaTa ¥ aMOHMjyM joHa. Pe3ynTaTé KaHOHHUjCKE KOPECIOHACHTHE
aHajau3e yka3yjy Ha ouekuBaHo Behy ocerssmBocT Bpcte U. crassus ma BPKS, HPK,
KOHLICHTPALIMjy HUTpaTa U aMOHHUjyM joHa, OJJHOCHO Behy Tonepanuujy Bpcte A. anatina Ha
nomeHyte (axrope.

Kao Haj3HavajHMju mapameTpu yTHIdja Ha 3ajCIHUIY CIATKOBOJHHMX IIKOJbKH, W3
rpyne TEIIKMX MeTajla, W3J/IBajajy Ce KOHIIGHTpamuje 0akpa, oJoBa M KaaMHUjyma y BOJIU.
Pesynrtatu kKaHOHHjCKEe KOPECTIOHICHTHE aHAIN3€E yKa3yjy Ha noBehaHny oceTspbuBOCT Bpete U.
crassus Ha oBe ¢akrtope, 70K je Beha Tonepanimja yrBphena 3a A. anatina.

[TpumeHoM MeTona TeoMeTpHjcke MopdoMeTpuje, aHaIM3UpaHa j€ BapUjaOMITHOCT
BEJIMUMHE M O0JIMKa JIEBOT KamKa JhYIITYypEe Pa3IUYUTUX IOMyJaldja CaBPEeMEHUX Yy30paka
IIKOJbKA W aHajh3a jJeJUHKH Koje Cy NpHUIaaaie My3ejCKuM y3opruma. ['eomerpujcko
MOpP(HOMETPUJCKOM aHAIM30M PEIEHTHUX y30paka MOTBPHEHO je MOCTOjame CTATUCTUYKU
3HaYajHUX MehymonmynanmuoHWX pasiuka Yy BapujaOWIIHOCTH BeIMYMHE H  00JHMKa
MOP(DOIOMIKUX CTPYKTYpa. AHAIM30M BapHjaBUIHOCTH MOP(OJIOMIKUX CTPYKTYpa y30paka u3
My3ejcke 30MpKe, TPHUMEHOM METOoJla TeOMEeTpHjcKke MopdoMeTpuje, HHUje TOTBPHEHO
MOCTOjamke 3HAYaJHUX pPa3ivKa y BapujaOMIHOCTU BETUYMHE U 0OJUKA pAa3IUUYUTUX TOJBPCTA,
u3y3eB y caydajy U. tumidus.

AHaM30M BapujaOMIHOCTH JbYIITYpa Ha OCHOBY JEBET IYKHHCKHX KapakTepa,
OPUMEHOM  TPAJUIMOHATHOI MOP(OMETPHjCKOr TMPHUCTYMa, YTBphHEHO je MOoCTojame
MehyrmomymanmoHux pasiMKa W CIMYaH TPEHHI OJCTylama Kao M TPU TEOMETPHjCKO
MOp(hOMETPHUjCKOj aHATH3H.

[Tpumenom momudukoBanor monena ESHIPPO-PD, yrtBphen je pusuk ox usymupama U
MIPUOPUTET KOH3EpBallMje Ha JIOKATHOM HHUBOY 3a aHaim3upaHe Bpcre. 3a U. crassus, P.
complanata u A. cygnea ozpeljeH je npBu CTEIEH NMPHOPHUTETA 3AIUTUTE, OJHOCHO BHCOK HHBO
pH3HKa O]] U3yMHUparmha Ha HAIMOHATHOM HUBOY. YMepeHu pusuka on uzymupama (Il crenen
IpHOpPUTETa KOH3epBalluje) ouermeH je 3a Bpcre U. pictorum u A. anatina, nok ce 3a U.
tumidus yowaBa na je pusuk o usymupama Mamk (lll cremen mpuoputera 3aimTHTE).
Ananmuzom enemenara mozena (ES+HIPPO+PD), u3znBajajy ce hakTopu Koju HajBUILE YTHIY
Ha YIpO’KEHOCT JaTHX BpPCTa W Ha Taj HauWH omoryhaBajy JAepuHHUCamE aJeKBaTHUX Mepe
KOH3€pBall{je Ha HAIIUOHAJTHOM HHBOY.



Ecology, biodiversity and conservation of freshwater mussels family
Unionidae in Serbia

Summary:

Freshwater mussels from the family Unionidae, represent one of the most significant
and widespread components of inland water ecosystems. Ecological role of this taxonomic
group within water ecosystems is of great significance being an important structural and
functional element of benthic communities. The diversity and distribution of Unionidae have
not been researched adequately so far in Serbia, neither the species richness, nor general
distribution of individual species and factors affecting the emergence of the taxon and
populations density.

The aims of this research were: review of total number of species in Serbia; analysis of
structure and dynamics of Unionidae populations; definition of relations between species and
most significant environment parameters; morphological variability analysis of different
populations applying the method of geometric and traditional morphometrics and, as the final
aim, risk evalulation regarding aquatic species extinction on national level and a conservation
strategy recommendation.

Material used for analysis was collected during the realization of several national and
international projects during the period 2001-2013. Besides contemporary researches, the
analysis also includes historical data obtained from available collection of Ante Tadi¢ from
the Natural History Museum in Belgrade, period 1953-1972.

A thorough material analysis in the region of Serbia led to the determination of
presence of 7 fresh water mussels species from family Unionidae, classified into 3 genera.
The highest diversity and population abundance were recorded in lower parts large lowlan
rivers (potamon zone). The detailed overview of communities composition found in the
investigated river basins with a review of taxonomic and ecological traits of individual species
was presented.

The comparison of historical data and contemporary investigations shows there are
changes in habitat size and population dynamics of individual taxons. Significant reduction in
the habitat size, i.e. complete retreat from the area where it used to be found earlier was
determined for the species A. cygnea and lentic ecosystems can be marked as their refugium,
such as accumulations, lakes, marsh and swamp regions in Serbia.

Based on historical data, it was determined that U. crassus species used to be
widespread and one of the most represented species in whole region of Serbia until mid-
1970's. After that period, in the investigations carried out during last several decades, the
decrease in the number of this population was observed, as well as only sporadic findings in a
limited area. The latest investigations indicate to a positive population trend of this species,
especially in the Sava river basin.

The invastigation of relations among present species based on physical and chemical
characteristics of water in analyzed localities has shown that the most important physical and
chemical parameters are as follows: Calcium concentration, total water hardness, BPKS5,
HPK, nitrate concentration and ammonium ion concentration.



The results of canonical correspondence analysis indicate to an expectedly higher
sensitivity of species U. crassus to BPK, HPK, nitrates and ammonium ion concentration, i.e.
greater tolerance of species A. anatina to the above listed factors.

The parameters with the most significant influence on freshwater mussels community
among the group of heavy metals are the concentrations of copper, lead and cadmium in
water. The results of canonical correspondence analysis indicate to an increased sensitivity of
species U. crassus to these factors, while a greater tolerance of species A. anatina to these
factors was recorded.

Using geometric morphometrics method, the size and shape variability of shell left
valva of different contemporary shell populations samples were analized, as well as the
specimens belonging to museum samples. Geometric morphometrics analysis of recent
samples confirms the existence of statistically significant intrapopulation differences in size
and shape variability of morphological structures. Morphological structures variability
analysis of museum samples, applying the geometric morphometrics method, does not
confirm the existence of significant differences within variability of size and shape of various
varieties, except in the case of U. tumidus.

Using shell variability analysis based on nine linear characters, applying the traditional
morphometric approach, the existence of intrapopulation differences was determined, as well
as a similar trend of deviations like in geometric morphometrics analysis.

Applying the modified model ESHIPPO-PD, the risk of extinction and the priority of
conservation on a local level were determined for the analized species. The first level of
protection priority was determined for U. crassus, P. comlanata and A. cygnea, i.e. high
extinction risk at local level. A moderate risk (the second level of conservation priority) was
estimated for species U. pictorum and A. anatina, while the extiction risk is lower for U.
tumidus (the third level of protection priority). The analysis of element included in model
ES+HIPPO+PD, singles out the factor of greatest influence on endangeredness of given
species and therefor enables the definition of adequate conservation measures at national
level.
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CraTKOBOJIHE IIKOJbKE TIPEICTaB/bajy JeAHY OJ1 HAj3HAYAJHUJUX H  IIHPOKO
pacmpocTpameHUX Tpyla BOJCHUX OpraHM3aMa KOMHEHHMX BOJA, HAPOYHTO Y BEIHUKUM
paBHU4apckuM pekama (Csanyi, 2002; Paunovi¢ u cap., 2007a, 2008; Graf u cap., 2008) u
pa3IMYMTUM TUIIOBUMA cTajahux Boja.

Exosomika yrnora npefcTaBHIKa OBE TAKCOHOMCKE TPYIIe Y BOJICHUM €KOCUCTEMHMA €
KJbYYHA, C 003UpPOM Ja MPEACTaBIbajy OUTAH CTPYKTYpHU €IEMEHT OCHTOCHUX 3ajeHHIIA, a
300r ocobmHe ma Bpmie QuiaTpupame Boae, OUTHO AONPHHOCE caMompeduinhaBamby |
oapXkaBamy (DYHKIIMOHATHOCTH BOJCHOr exocucrema y meiauuu (Ostrovsky u cap., 1993;
Ogilvie u Mitchell, 1995; Vanderploeg u cap., 1995; Welker u Walz, 1998; Soto u Mena,
1999).

IIpema OxBupnoj aupektuBu o Bogama EY (WFD, 2000), ynora oBe rpyme
opraHu3amMa Kao OHOJOLIKMX eJleMeHaTa KBaJUTeTa, BeoMa j€ 3HauajHa y NPOILEHHU
EKOJIOIIKOT CcTaTyca BOJHHUX Tesa, a Takohe ce Mory e(ukacHO KOPUCTHTHU M Kao 3HAa4YajHU
THUTIOJIONIKY ITOKa3aTeJb! PA3IMYUTHX THUIIOBA BOJA.

HNako mpencTaBibajy MUAPOKO PacIpOCTPaheHE OPraHu3Me M 3Ha4ajHEe KOHCTHUTYCHTE
3ajelHMIIa y CIIATKOBOJHMM EKOCHCTEMHMa, jOII YBEK je HEIOBOJAHO IO3HATO KOjU CBE
dakTopu yTUUYy Ha paclpocTpamkerme W aOyHIaHIy YHHOHUJA Y BEITUKUM DPaBHHUYAPCKUM

pekama, Kao ¥ 0 3Ha4ajy OBUX OpraHn3aMa y (yHKIIMOHHCalky PEUHUX eKocucTema (Strayer u

cap., 1994).

1.1. ®damuauja Unionidae

CrnarkoBomHe mikosbke u3 ¢ammmje Unionidae (Bivalvia: Palaeoheterodonta:
Unionoida), npunanajy pasaoBpcHoMm ¢mrymy Mollusca (mar. mollis=mekan), koju o0yxBara
u. myxese (Gastropoda), rmasonomie (Cephalopoda), xutone (Polyplacophora), kao u Heke
Mame M HE TaKo CpOJHE rpyre, Koje Hucy mmpe mosnate (Scaphopoda, Aplacophora,
Monoplacophora). TlpencraBibajy crapy npekamOpHjyMCKy Tpyly, Koja ce IojaBWia y
tpujacy (mpe oko 200 MUIHOHA rOAMHA) U AOCTUTIIA BEIMKH JUBEP3UTET 110 Kpaja Kpeae (mpe
65 MuaHOHA TOAWMHA), MPENIaBIIM JyT BPEMEHCKH TIEPHOJ CaMOCTAJIHOI pa3Boja H
crienyjamwje.

IMorknaca Palaeoheterodonta oOyxBara, mopea CIaTKOBOJHHX INKOJBKH M3 peaa

Unionoida, mpema eBOJIYTHBHO] CPOJHOCTH U jeJHY MapuHCKY cecTpuHCKy rpymy Neotrigonia
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(pem:Trigonioida), kojy joIr Ha3suBajy | Jcusu pocui, MPEICTaBbEHY ca CaMoO IIECT BPCTa Y
obmactu Aycrpanuje (Graf u cap., 2006). Hacynpot tome, Unionidae (yHuoHu€E) Cy HIHPOKO
pacrpocTpam-eHe Yy KOIMHEHMM BOJaMa CBHX KOHTHHEHAaTa, HU3y3eB AHTapKTHKa |
MIPEACTaBIba]y HAjpa3HOBPCHU]Y (GaMUIIN]y Y OKBUPY pera.

Pex Unionoida unau mect damuinnja, cBpcTanux y ase cynephamunudje: Unionoidea
(Unionidae, Margaritiferidae) u Etherioidea (Hyriidae, Etheriidae, Mycetopodidae,
Iridinidae). Jlapeenu crynam, jJacuuara KapakTepucTHyaH je 3a cynepdamuinujy Etherioidea,
JOK je JlapBa IJIOXuaWja, neo wukiayca passuha cynepdammiamje Unionoidea. 36or
pa3IMUMTUX TUIIOBA JIAPBH KOJ OBE JBE cynepdamuiuje, mocrojaie cy cHeKylnaidje aa je
HopeKyio Tpymne mnonudmiercko. MelyTum, mapasuTCKM HauyMH pa3Buha JapBe Koju je
3ajeqHUYKN 3a CBE IPEJICTAaBHUKE OBE Ipyle W HOBUjU OMOXEMHjCKH TOAlH, yKa3yjy Ha
MOHO(MHMIIETCKO TOPEKJIO, alk W paHy auBepreHidjy usmely Unionoidea u Etherioidea
(Bauer, 2001). JIunuje eBONyTHBHOI pa3Boja pa3iMYHTHX Ipyla y OKBUPY CyrnepdaMuiuje,
JOII yBeK Cy MpeaMeT UCTPaKUBama, IITO ce HApOYUTO oxHOcH Ha pamuunjy Hyriidae (Graf
u Cummings, 2006; Strayer, 2008).

[IkospKe 0TMKYj€ OOYHO CIJBOLITEHO TEJNO, MPEKPUBEHO IUIALITOM ca JiehHe cTpaHe,
KOora 4yHMHEe JBa IUlamTaHa HaOopa. CBaku OJ TUIAIITAaHUX HAaOOpa JIydd IO jelaH Karak
JbYIITYpe, KOjU JIeKE€ CUMETPUYHO, ca Je/lHEe U Jpyre cTpaHe Tena. J[Bokamka JpymTypa je
3ajeJHIYKa KapaKTepPHCTUKA MPEJCTaBHUKA OBE TPYIIE, OJIaKJIe IIOYNH-E U UME OBE Kiace (JiaT.
bi=nBa; valvulae=kamak). Ha mpeceky JbylmiType pasiukyjy ce TpPH CJOja: CIOJballibU
(mepuoctpakyMm), usrpalleH oJ opraHcke MaTepuje KOHXHOJHMHA; WUCIOJ Hera je nelsbu,
NPU3MAaTUYHU CII0j, U3rpal)eH MPEeTe)HO O] KANIUjyM KapOoHaTa; ca YHYTpallkhe CTpaHe ce
Haja3u ceaedacT cJoj, Kora jour Ha3uBajy u OucepHu cioj. Kammu seymrype cy mehycooHO
CTOjEHH €JaCTUYHOM BE30M — JHUIaMEeHTOM U OpaBoM — HHM30M 3yOalla u ynernyha Ha
jeTHOM W BeMy oAroBapajyhum HHU30M Ha IpyroMm Kamky. Bpx spymType je o3HaueH Kao
ymbo. Tlpema momokajy ym06a oxapel)yjy ce JeBH M JECHH Kalak KO IIKOJbKH, Mpeama U
3ajba CTpaHa, Kao M jop3aiHa U BeHTpaiHa ctana (cimka 1) (Clifford, 1991). Kox mkosbku
HUje pa3BHjEH TJIABEHW PETHOH, TaKO Ja je HUXOBO Telo rpalleHO caMo oJ JBa TelleCHa
peruoHa: Tpyma, OJHOCHO yTpoOHe Kece U cronana. CeKupacTo MUIIMNHO CTONANI0 Hajla3! ce
ca o€ CTpaHe Tella M CIYXKH 32 YKOIaBame y Mecak Wi MyJb MJIH 3a ITy3ambe.

WBurie ruramra Ha 3a1BeM Kpajy Tena popmupajy aBa cudoHa: yia3Hu (MHXAJIaTHU) U
npyru  wu3nasHu  (excxamatHu). Kpo3 oBe cudoHe BOoga ca XpaHJBUBHM YeCTHIIaMa

(puTommaHKTOH W AETPUTYC) yia3u, OJHOCHO HM3Ja3u M3 IutamraHe aynsbe. Ca obe crpaHe
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Tela MMajy MO0 jeIHy LIKPry ca BeIukuM OpojeMm ¢uiamenata. Hajgehu Opoj BpcTa MIKOJBKU
OJUTMKYj€ C€ LMJIMjaTHUM (UITPAllMOHUM THIIOM MCXpaHe. PamoM 1uiuja mKpKHOT enuTesa
00e30ehyje ce HempekuIaH MPOTOK BOJIE ca JIOBOJHHOM KOJIMYMHOM KHCEOHHKA TIPEKO IIKPra

u 00e30elyje ycmepaBame yecTulla XpaHe Ka yCHOM OTBODY.

ymM00
Jop3ajiHa MapruHa
BEHTpaJIHAa MapruHa JIMHH]€E pacTa
JUraMeHT
rpebenu (pyre)

narepaiHu 3you

KapAMHAIHH 3yOH

MOCTCPUOpHA CTpaHa AHTCPHUOpPHA CTpaHa

Cmukxa 1. Mopdoromnke KapakTepUCTUKE YHHOHMJIA, TPEY3eTO M IMpHiaroheHo mpema,
Moorkens u Killeen, 2009.

CnarkoBojane mkosbke (hamumiuje Unionidae ommukyje jeIHHCTBEHA PENPOAYKTHBHA
crpateruja (ciauka 2). [IpoMeHe y Temreparypu BOJA€ HMHHUIMPA]y MPOAYKIH]Yy MYIIKHX U
xeHckux noiaux hemuja (Watters, 1995). TIpeko ekcanatHor cudoHa MyIiKe MOiIHE hemuje
JIOCTICBA]Y Y BOAY, a MPEKO MHXAIATHOT cu]OHA, KEHKE YCBajajy BOJIY 3ajeHO Ca IMOJHUM

henmjama, cMmemtajyhu ux y npeneny mkpra. Omiolheme )KeHCKUX ToJHUX hennja ce aernaBa
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y oxpeheHoM pernoHy Ha miKprama Koje ce Hasuba mapcynua (Watters, 1995). U3 ormiohene

jajue henuje pasBuja ce japBa — rioxuadja (cnuka 3.).

MYIIKE M0JIHE

nHpuLpane
IIKpre

FIOXHANjA

orioheme

henuje AT

5 .l‘ | o
JyBEHWIIH ® o '~.fJ‘- _' 7&1:\

My’KjaLu KEHKE

Crnuka 2. )KuBoTHHU IIMKITyC YHHOHMJIA, TIpey3€eTo U npuiiarohexo npema Reis, 2006.

I'moxunuje, Takohe moceayjy mo JBa Kallka, ajJld M3IJIEOM HUMak He mnojcehajy Ha
onpacie mkosbke. OIUIMKYje UX pyJIUMEHTUPAHO CTOMAJO M JIBOKAIa TPOYIiIacTa JbYIITypa
cHa0JleBeHa KyKHWIlamMa W 3yOmhmma, Koju ciayxke ga Ou ce 3akadmia 3a gomahunHa. Teno
IJI0OXuaMje, CHaOJEBEHO je JyraykuM JIeTJbMBMM KoHuMheMm koju ne0au y Boau. Hakon
0JIBajarba 0J1 IIKOJbKE, JIAPBE CIATKOBOJIHUX HIKOJHKU J€HO BpeMe cJI000/JHO IUINBajJy Y BOAH,
a OHJIAa ce 3aKaue 3a IIKpre, KOXKy WIH Tepaja puda W MOYUbY Mapa3suTCKH JIe0 YKUBOTHOT
mukoryca. [lpruBpmhuBame ce nemasa y TPeHYTKY Kajga KOHYMh JOJMpHE MOBPIIUHY puoe,
Ipy 4eMy ce Kalllld 3aTBapajy M KyKHIlama 3akade 3a meHy KoXy. Ha mecTy KoHTakTa, OKO
napBe ce opmupa enuaepManHa yaypa (cnmka 3), y K0ojoj 3arnounmmhe npeodpaxaj u3 Japse y
Miaay mkoJeKy. OmHoc u3mely riaoxuavja u nomahuna (pube) je obmuratan m omoryhara
ycnenrHo pa3Buhe yHrnonnaa. CamMo oHE TJIOXHUIM]E KOje ce HacTaHe Ha pubaMa pa3BHjajy ce
710 agynTHOT 00MKa, a cBe octane yruny. Kana ce npeoOpaxaj 3aBpiiy, enuaepMaiia yaypa
nyna M MIaJa IIKOJbKa Hamymra gomahvHa, Maja Ha JTHO M IIOCTaje HE3aBHUCHH,

cinob6oaHOoKMBehu opranuzam.
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B)

Cnuka 3. Jlapsenu crynam y pa3suhy mkosbku — rioxuauja (portorpaduja, M.C. Barnhart) a)
u3rieq TIoXuauja, 0) rioxuauvje npuuBpinheHe Ha miKprama puba, B) HHKaICylIWpaHa
TJIOXH]TH] .

1.2. BuoauBep3UTET U PACPOCTPaAEHhe

Ounym CclIaTKOBOAHMX MEKyIIala je, NpeMa TpPEeHYTHUM Ca3HambHMa, Jpyra
Hajpa3HOBPCHH]ja TpyIa KHUBOTHbA, oaMax u3a Arthropoda. Unionoidea mpezcrassba jeHy o/
HajpasHOBpCHUjUX cynepdamminja y okBupy kiace Bivalvia, ca oko 800 (Bogan, 2008;
Bogan u Roe, 2008; Huber, 2010) xo 900 (Graf u Cummings, 2006, 2007) omnrcanux BpcTa,
cBpcranux y oko 180 pomoa. Hajeehe paszHoBpcHOCT ca 674 omucaHe BpCTe U LIMPOKO
pactipocTpameme y CeBepHoj Amepuiu, EBporu, Adpuiu u A3uju, 6enexu ce 3a hpamuinjy
Unionidae (Graf u Cummings, 2007). Ca 3HaTHO MambHM TUBEP3UTETOM Y HCTHM 00JIaCTHMA,
on cBera 12 omucanux Bpcra, mpucytHa je dhamunmja Margaritiferidae, xoja ce o3HauyaBa u
Kao mpesavka paMHuiIMja CIaTKOBOJHHUX MIKoJbKU pamuiuje Unionidae (Bogan, 2008).

VYkynan 6poj 3a0eneXeHnux BpcTa y pasiuuuTUM 300reorpapcKiuM 00JIacTHMa 3HATHO
Bapupa M jOII yBEK je MpeaMeT UCTpakuBama (ciuka 4.). Hajsehn muBepsuter Oenexu ce y
jyroucrounom geny Ceepue Amepuke u y Jyroucrounoj Asuju (Graf u Cummings, 2007;
Bogan, 2008). O6nact CeBepre Amepuke (HeapkTuk), je mompydje HajBeher auBepsutera
CIIATKOBOJHHX IIKOJbKU pammimje Unionidae, ca 297 3abenexenux Bpera (Graf u Cummings,

2007; Bogan, 2008). 3nauajan aumBep3uTer ca 120 omucaHMX BpCTa YHHOHH]A,
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KapaKTepUCTUYaH j€ 3a IPOCTOpP jYrOMCTOYHE A3Hje M CyceqHa KOHTHHEHTAJHAa OCTpBa
(Opwujentanna 3ooreorpadcka obnact). Hemro mamu IuBep3uTeT o1 85 BpcTa YHHOHUIA,
ommkyje Heorporicky obmact, motom cienu Etumoricka obmact ca 32 BpcTe W Ha Kpajy
Aycrpanmjcka 3ooreorpadcka o0iacT, ca CBera jeJHOM IPUCYTHOM BPCTOM YHHUOHHIA
(Bogan, 2008). Ha nmpocropy EBpomne u Asuje (ITaneaktuuka o6mact), yrBpheHO je PHCYCTBO
86 Bpcra (Bogan, 2008). Y3umajyhu y 003up mpoctop Koju o0yxBara oBa 300reorpadcka
obmact, o4yekuBaHo je Aa he ce amBep3uTer u3Mmel)y perwja oBe 00JacCTH PA3IUKOBATH.
Hajsehu nuBep3uTeT KapakTepuIe HMCTOYHHM €0 OOJIACTH M NPOTEXE ce o1 OaceHa peke
Amyp Ha ceBepy, a0 jyxkHe Kune, ykibyudyjyhu u Oacen peke JaHrie, ok ce y o0yacTu
3amagune EBpore, Pycuje, jyxxnor KaBkaza m Cubupa, Oenexxu mama pasHoBpcHocT (WU,
1998). Pe3ynraTu nmocaialimix UCTpaXKKUBamba Ha MoApy4jy EBporne yka3yjy Ha mocrojame 14
BpCTa CIaTKOBOJAHUX MIKOJbKU U3 (hamuarje Unionidae (Cuttelod u cap., 2011, Lopes-Lima u
cap., 2015), rpynucanux y okBupy ase nordammiije — Unioninae u Gonideinae (Lopes-Lima
u cap., 2015). Bpcre Potomida littoralis (Cuvier 1798) u Microcondylaea bonellii (A.
Ferussac 1827) npunanajy mnordammiuju Gonideinae, mok cy y OKBHPY HOThaMuinje
Unioninae rpymucane Bpcre: Unio tumidus Retzius, 1788, Unio tumidiformis Castro 1885,
Unio pictorum (Linnaeus 1758), Unio crassus Philipsson, 1788, Unio mancus Lamarck 1819,
Unio delphinus Spengler 1793, Unio tumidiformis Castro 1885, Unio elongatulus Pfeiffer,
1825, Unio ravoisieri Deshayes 1848, Unio gibbus Spengler, 1793, Anodonta cygnea
(Linnaeus 1758) u Anodonta anatina (Linnaeus 1758) (Lopes-Lima u cap., 2015).

300r MHOTHX TaKCOHOMCKHX MPO0OJIeMa, KOju Cy M IaHaC MPUCYTHH, a HACTaJIX Cy jOII
y XIX Beky ca ekcraH31joM omuca BpCcTa, yKymnaH 0poj Bpcra y EBponu gayro je 6uo npeamMer
UCTpaXKMBama. VHTE3WBHHMja UCTPAXKHBAbA Y IMOCICIHBUX HEKOJIUKO TOJIWHA, Pa3BUTAK U
IpUMEHa MOJIEKYJapHUX TeXHHUKa, oMoryhmim cy yrBphuBame (GUIOreHETCKUX OJJHOCA BPCTa

U pa3pellemhe BEIUKOT Opoja HacTaTuX CHHOHMMA.



https://en.wikipedia.org/wiki/Philipsson
http://www.animalbase.uni-goettingen.de/zooweb/servlet/AnimalBase/home/speciestaxon?id=13175
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JIUBEP3UTET
BpCTa

Cnuka 4. JluBepsuter ciatkoBoguux mkosbku (Bivalvia: Unionoida), mnpeysero wu
npuiaroheno npema Reis, 2010.

VY nocienmsuX HEKONIMKO JeleHHja OeleXKd ce 3HATHO CMameme OpOjHOCTH
noryJamnuja M CIEHUjCKOr JuBep3uTeTa ciaTkoBoaHuxX mmkosbku (Neves, 1997). Tlpema
TPEHYTHHM Ca3HambHMa, OB OPTaHWU3MH IPEICTaBJbajy jeJHY O HajyrpOXKEHUjUX TpyIa
Oecknumerbaka Ha cBety (Bogan, 1993; Araujo u Ramos, 2000; Young u cap., 2001; Lydeard
u cap., 2004; Strayer u cap., 2004; Strayer, 2008). IIpema nporieHama Mehynapoane yauje 3a
ouyBame npupojae u npupoanux pecypca (IUCN), gak 261 BpcTa yHHOHAA Halla3u ce Ha
LIpBeHOj THCTH Y KaTErOPHUjH MIITYE3IHX, YIposkeHnX win Bpcra nox pusukom (IUCN, 2008;
Szumowski u cap., 2012).

Cynepdamunija Unionoidea, o3nauaBa ce 4ak ¥ Kao HajyrpoKeHHja TPyMa KUBOTHbA
Ha AMepUYKOM KOHTHHEHTYy, ca 72% BpcTa Koje NpHIanajy HEKOj] O] KaTeropuja
yrpoxxenoctu (Williams u cap., 1993; Neves u cap., 1997). Ha npoctopy CeBepHe Amepuke,
yak 37 ayTOXTOHHX BpCTa ce cMatpa uirue3num (Strayer, 2008).

MHore HaydHe CTyIHje, HAPOUHUTO TOCIEABHX JCIeHH]a, OaBHIiIe Cy Ce M3y4aBameM
dakTopa KOjU YTHYYy Ha CMameme OpOJHOCTH TMOIyJNamuja CIAaTKOBOJHHMX IIKOJBKH |
nuBep3uTeTa BpcTd. Kao TI7aBHM pasio3d 3a CMameme IOMyJaldje HCTaKHYTH Cy.
eyrpodukanuja, penykKiydja W U3MEHAa KapaKTepUCTHKa craHumTa (yciaex XHIpo-
MOP(QOJIOMIKUX TPOMEHa), MoBehame KOHIICHTpallMjeé TOKCHYHHMX CyNCTaHIU (y BOIU H

CYICTpaTy), CMamkemke Opoja HATUBHUX BpCTa puba, yTHUIlA] HHBA3UBHUX BPCTA, MIPEKOMEPHO
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usjoBbaBame (Bauer, 1988; Bogan, 1993; Neves, 1999; Araujo u Ramos, 2000; Young u
cap., 2001; Lydeard u cap., 2004; Reis, 2006; Strayer, 2006).

[Toehame cBeykymHor casHama o Moryhum Qakropuma xoju onpelyjy mpocTopHy
JUCTPUOYIIM]y TIOMyJalyja CJIaTKOBOAHMX INKOJbKM j€ O HW3Yy3eTHOI 3Hayaja Yy
KOH3EPBAIlMOHO] OMOJIOTHjH, ca IHWJBEM JIETeKTOBama IOIylanrja W oapeheHuX THUIoBa
CTaHUIITA, KOJU Cy TOJ PU3UKOM, Kao U JAedUHUCAkA NMPUOPUTETHUX MEpa/aKTUBHOCTH, Y
[IJbY OYyBarma BPCTa O] HAIIMOHAIHOT U Mel)yHapoaHOT 3Hauaja U yHanpeheme HapylmeHuX

ouorora.

1.3. TpaauuuoHaHA U reoMeTpHjcka MmopdomeTpuja

MopdomeTpuja mpencraBba moceOHY MOPQOIOMIKY TUCIUIUIMHY, Koja ce OaBu
MepemeM, aHAIM30M U KBaHTHU(HUKAIHMjoM Mopdoromke BapujadmiHocTH (Ivanovié u
Kalezi¢, 2009). IIpema nedpununmju kojy je mao Rohlf (1990a), mopdomerpuja npencraiba
,»ACTpOKUBamke MpolieMa BeIMYMHE M 00MuKa MOpQOJOUIKUX MLEIMHAa YHOTpeOoM
CTaTUCTHUYKUX METO/a, MPEBACXOAHO PA3IMUUTUX MYJITHBAPUjaHTHUX MPOLEAYpa, HA OCHOBY
nojiaTaka J00MjeHNX MepemhumMa‘.

[locToje nBa OCHOBHAa mpHUCTyNa Yy OKBHUPY MoOpdOMETpHje. TpalulUOHATIHA U
reomerpujcka Mopdomerpuja. Merojle aHanM3a BeNIMYMHE M O0NMKa y  OKBHUPY
TpaJuIMOHANHE (JHHeapHe) MopdoMeTpuje, 3acHUBajy Ha TMOjAalMMa KOjU ce I00Hjajy
MepewmuMa Mop(hOoMEeTpHjCKUX Bapujabiu (IyKHWHA, IIMPUHA, BUCHHA HUTA.) U MEPEHEM
pacrojama u3Mehy jacHO neduHHMCAaHMX Taudaka ojapehene Mopdosonike 1enuHe, Tj.
auHeapHHUX pactojama (Oxnard, 1978). [laska aHanm3a nogaraka J0OUjEHUX MEPEHEM, BPIIH
ce MOMONy pa3IMYUTHX CTATUCTUYKUX YHU- U MYJATHBApHjaHTHUX MPOIEeTypa.

Metone reomerpujcke  MopdomeTpuje mpykajy MOryhHOCT — HCTpaXKuBamba
MaTeMaTHYKOT 00JMKa MOPQOJOMIKMX IEJHMHA MPEKO HUXOBE TeoMeTpHje, moyazehm on
pacriopena wiM KoHurypanuja crnenupUyHUX Tayaka y JBe, WIM TPU PaBHHU IMPOCTOpa
(Rohlf, 2000; Adams u cap., 2004). Crnenuduyne Tauke cy jacHO AeUHHCAHE aHATOMCKE
tauke (enri. landmarks), koje je moryhe ca Bemukom mpernu3HOIhy W MOHOB/BHBOIINY
OJIpETUTH KOJ CBUX JEIMHKH Yy aHAJIM3UPAHOM Y30pKy. I'eomerpujcka mopdomeTrpuja, 3a
pasMKy O] TpaJulMOHANHE, oMoryhaBa pa3aBajamba BapujaOMIHOCTH y BEIUYMHU Of
BapujabMIHOCTH Y OOJUMKY MOP(OJIOMIKAX LENHHA, KOjeé C€ Jajbe MOry HEe3aBHUCHO

aQHAIM3UPATU MPUMEHOM YHH- U MYJITHUBApPHjaHTHUX CTATUCTUYKUX METOJ]Ia, Ka0 U JTUPEKTHO
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rpaduyKo MpeAcTaB/barkba BapujaOMIHOCTH o0iuka mMopdomomke nenune (Joji¢, 2010). ¥V
reoMeTpujckoj Mopdomerpuju, o6muk Mopdoomke menuHe oapelyjy reomerpujcke
uHopMalrje, HAKOH UCKJbYUrBama eeKaTa HheroBe BEIMYMHE, MOJI0Kaja U OpUjeHTaLHje Y
npocropy (Kendall, 1977).

Hajuemhe mpumemunBaHa nporeaypa y T€OMEeTpUjcKoj MOphOMETPHjHU, Koja 3a IHJb
uMa wu3ABajakbe Bapujabiu  oOnmka MOpQOINIOMIKE IENIUHE, jecTe TreHepalu30BaHa
[MpokpycroBa ananu3a (enrn. General Procrustes Analysis — GPA) (Rohlf u Slice, 1990;
Dryden u Mardia, 1998; Rohlf, 1999), oxmnocHo IIpokpycToBa CymepUMIIO3HIIHja
(mopaBHaBame).  IIpOKpYyCTOBOM  CyIepHUMIIO3HIKjoM  ([TOpaBHABambEM),  OJHOCHO
CKaIMpameM, TpPAHCIAMjOM W pPOTalMjoM KOH(UTypanmuja crnenuGUIHAX Tadyaka,
SIIMMHHHUIITY C€ Pa3]INKE YCIOBJbCHE BEIIMYMHOM, ITOJIOKAjeM M OPHjSHTAIM]OM, a 3a/IpKaBajy
ce camo uH(poOpMaIHje Koje Cy AMPEKTHO Be3aHe 3a pasiuke y obnuky (Joji¢, 2010). Hakon
[IpokpycToBe CymepuMIO3HIje, KoopauHate creinuduuanx Tadaka ([IpokpycToBe
KoopauHaTe), Hoce wuHpopManuje o0 OOJMKY aHajau3upaHe MOPQOJIOUIKE MEIHHE |
NpeJCTaBIbajy MoJla3He MOAATKE 32 1aJbe HalTN3€e BapyjaOUIHOCTH OOJIHKA.

Benuunna nientponaa (enri. centroid size — CS), ce ymorpebsbaBa Kao reoMeTpHjcKa
Mepa BETUYMHE HEKOr O00jeKTa OMUCaHOT KOHQUTYpalMjoM CHeHUPUYHUX Tadaka |
Npe/iCTaBba MEpy JMcrep3uje crnenuUUHUX Tadaka oja cpenuinta (LEHTpOWAa) nare
koHpurypanuje (Bookstein, 1991).

I'paduuku Monen koju omoryhaBa BU3yenu3alujy npoMeHa o0JuKa je H1ealHO TaHKa,
Oeckonauna MetaigHa mioua (exrni. Thin Plate Spline — TPS). IMonasHa ocHOBa OBakBOT
Mojiena je Jia cy ABe KOHpurypauuje cnequpuyHux Tadyaka Koje ce Mopese, MOCTaB/beHE Ha
UJIealTHO TaHKO] OECKOHAYHO] METallHOj Mio4H, kKoja he ce medopmmucatu (MCTE3aTH WM
ckpahmBaTH), Kako OM ce onromapajyhe crnenmuduyHe Tadke OBE JBE KOH(UTYypaluje
HOKJIOTINJIE.

MopdomeTpujcke aHanu3e Hajlaze MPUMEHY Yy Pa3IMuUUTHUM rpaHama Ouojoruje u
JOTIPHHOCE Pa3pelieby MHOTHX TAKCOHOMCKHHX, €BOYTUBHUX U €KOJIOMIKMX HEIOYMHIIA.
Jbymitype CIATKOBOAHMX IIKOJBKH, Hapounto Unionidae, mokasyjy BHCOK CTEICH
MHTpAacIenujcke Mop@oJIouIKe BapujadMIIHOCTH, ITO j€ Y MPOIIOCTH JOBOJWIO 0 IOjaBe
Benukor Opoja cunonuma (Kister, 1848; Lea, 1870; Locard, 1890). Onpehenun TakcoHOMCKH
npo0JIeMH Be3aHO 3a OBY TPYITy OpraHHW3aMa H JJaHaC CY TPUCYTHH.

UcnutuBame wmopdosomke BapujaOMIHOCTH CIATKOBOJHHMX IIKOJbKH, MPHUMEHOM

pa3NIMYUTUX MeToAa MopdomeTpHje, aHaIM3UPAHO je Yy OKBHUPY pajoBa HEKOJIUKO ayTopa
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(Aldridge, 1999; Kraszewski, 2006, Rufino u cap., 2006; Costa u cap., 2008; Morais u cap.,
2014). Kopumiheme paznnyutux MOpGOMETPHCKHX aHAJIM3a y HOBHJUM HCTPaKUBambUMa
JIOTIPUHENO je yTBphuBamy pasznuka usmel)y mopdosomku caumunux Bpera (Rufino u cap.,
2006; Costa u cap., 2008), docunaux u caBpemeHux TakcoHa (Aguirre u cap., 2006), anu u

pa3yMeBamby HHTPACIICIIMjCKUX pa3iinka y MophoomKiuM cTpykTypama Bpera (Rufino u cap.,

2012).

1.4, IlperJiex JUTEpPaATyPHUX NMOAATAKA

1.4.1. UcTopujaT HCTPA:KMBaHkh-a HA IJ1002JITHOM HHUBOY

[IpBu mo3HaTH 3amucu O yHHoHuAama natupajy jomr u3 XVI veka (Gesner, 1553;
Magnus, 1555). Ilogerak kmacudpukanuje Unionida moumme ca Linnaeus-oBum aemom
»oystema Naturae“ (Linnaeus, 1758), y kojeM je HEKOJIMKO YHHOHUIHUX IIKOJBKH CBPCTAHO Y
jeauHCTBEHH poja Mya, 3ajeJHO ca joll HEKHMM MapUHCKHM BpcTama. YOp30 HaKOH Tora,
npeMa HOBO] KJIaCH(PHKAIIMOHO] IIIEMH, ayTOPU CBPCTaBajy OBY TPYIy CIATKOBOJHUX IIKOJbKU
y HoBH pox (Retzius, 1788; Lamarck, 1799). [IpBu Hay4Hu pajx O MEKyIIIMMa, y3uMajyhu y
003up U TEpPEeCTpUYHE U CIATKOBOJHE BpcTe, o0jaBibeH je y CeBepHoj Amepuim (Say, 1817),
HAKOH Yera Cy ycieauan Opojuu meckpuntusau pagoBu (Lamarck, 1819; Rafinesque, 1820,
1831). Jenna ox Boaehux JUYHOCTH y OOJACTH TPOydYaBama CIATKOBOJIHUX IIKOJBKH TOTa
BpeMeHa 0uo je Isaac Lea. HberoB pan mpeacraBsba MpBH CBEOOYXBATHHU TII00ATHU TIPETIIE
yanonua (Lea 1836, 1838, 1852, 1870), koju je KacHHje yHANPEaUo H Haaorpaaro Simpson
(Simpson, 1900, 1914). Benuku Hampeaak y TAKCOHOMH]jH JeliaBa ce ca pagosuma Ortmann-a
(Ortmann, 1912, 1919, 1921, 1923a,b, 1924), koju omuCyje aHATOMCKE OCOOMHE
CJIATKOBOJHMX IIIKOJBKH, Kao W pagoBuMa Parodiz-a u Bonetto-a (Parodiz u Bonetto, 1963),
KOjU Cy JONpPHUHENN MPEeu3Hnjoj Kiacupukauuju Gpamuinja, Ha OCHOBY O0COOMHA JIapBEHOT
cragujyma. PajoBM Ha TakCOHOMMjU CY HACTaB/beHHM O0jaBJbHUBAmEM BEIUKOT Opoja
nyOJMKanuja, amy je TeK HaKOH oOjaBJbMBama MOHOrpaduje moj HasuBoM ,,Superfamilia
Unionacea“ (Haas, 1969), noGujen jormn jemaH cBeoOyXBaTHM Mperyien Kiacudukaiuje
YHUOHH/Ia Ha CBETCKOM HUBOY. 3Ha4ajaH JOMPUHOC Y paay Ha KiIacU(UKAIM]U OBE TPYIIE /1aje
u Starobogatov (1970).

TakcoHOMH]a CIaTKOBOJHUX INKOJBKU ce 10 70-MX rOJUHA MPOILIOT BeKa 3aCHUBAJIA,
VIJIaBHOM, Ha MOPQOJIONIKMM, aHATOMCKUM U (HU3HOJOMKAM ocoOuHama. Hakon Tora,

M0jaBJbyjy C€ HCTpaXKMBamka y KOjUMa CE€ IOKYIIaBajy pa3jaCHUTH TPBU (UIOTEHETCKH
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onHocu Mely yHuoHHMZama, Kopuctehu ca3Hamba O PENpPOAYKTHBHHUM M MOP(OJIOMIKUM
ocoobunama (Heard u Guckert, 1970).

VY XIX Beky Opoj Bpcra onucanux y EBponu, kperao ce u 10 HEeKOJIMKO CTOTHUHA, ajlH
Cy HCTpaKHMBama CIpoOBeIeHa MoYeTKoM XX Beka, mokasaja aa je Opoj BpcTa 3HaTHO MambH, U
Jla MHOTa UMEHa BpPCTa HUCY Ouia BaJUaHA.

Pa3zBuhe monekynapuux meroga kpajem XX Beka, ¥ cBe Beha mpruMeHa MOJIEKyIapHUX
Mapkepa, JIOmpuHena je 0oJbeM I03HaBamky TAaKCOHOMHjE, CHUCTEMaTUKE W (HIOTCHH]je
cnaTKoBOMHKMX MIKOJbKU (Lopez-Lima u cap., 2014). Ilomamu m00WjeHH MOJIEKYJIapHUM
TEXHHKaMa Cy O]l KJby4yHe BaXXHOCTH 3a yTBphHBamke €BOJYTUBHHUX OJHOCA U3Mel)y BpcTa, Kao
U 32 JIETeKTOBame oJpeheHnX KPHUITUYHUX BPCTa, C O03UPOM Ha HHHXOBY BEOMa BEIUKY
(EHOTHUIICKY MIACTUYHOCT, IITO y HajBehoj MepH JAONPUHOCH MOTPEIIHO] MACHTH()HUKAIN]U
(Lydeard u cap., 1996; Lydeard u cap., 2000; Baker u cap., 2003; Machordom u cap., 2003;
Huff u cap., 2004; Campbell u cap., 2005; Graf u Cummings, 2006; Lopez Lima u cap.,
2014).

Ca nuspem pazjammemha TAKCOHOMCKHAX HEIOYMHIAa M €BOJYTUBHUX OAHOCA m3Melhy
BpCTa, MOTPEOHO j€ CIPOBECTH Jajba HCTpakuBama Koja Ou omoryhaBana kopuinheme
pasIMYUTUX MoJlaTaka, yKJbydyjyhu Mop¢osomke M aHATOMCKE KapaKTEpPUCTHKE BpCTa,
0COOMHE >KMBOTHOT ILHUKIyCa, JIAPBEHH CTAAHjyM, Kao W reHetuuku nuepsuter (Graf u

Cummings, 2006).

1.4.2. TlperJen ucrpaxkuBamwa 'y Cpouju

[ToueTrak ucTpakuBamba YHUOHUIHUX HIKOJbKU Ha Teputopuju Cpbuje gatupa jour us3
XIX Beka. [lpBu 3a0enexxeHW Mojany O Hajla3WMa W OMHCHMA IIKOJBKUA W3 (pamMuimje
Unionidae na teputopuju Cpouje npencrasuo je Jlazap oxuh y cBoMm paay moa Ha3HMBOM
wkomxe y Cpouju’ (Doki¢, 1882). Ilpema 3anucuma Ante Tamuha (Tadi¢, 1960), Benuku
JOTIPUHOC y TIPUKYIJbalby MaTepujana 3a 30upky Jlazapa Jlokuha umao je u Jocud ITanuuh,
NpUKYIJbajyhu MaTepujan u3 pa3Hux kpajeBa Cpouje. CaB maTepujan yCTYIJbEH je Ha Jajby
aHanmu3y (paHiyckoMm maiakosnory Henri-jy Drouét-y, koju ce HapounTo 0aBHO M3ydaBambeM
€BPOIICKMX YHHOHHUJA, U Mel)y aHamu3upaHuM BpcTama ca npoctopa CpOuje, mpoHaiao je u
HEKe, 3a HayKy TOT BpeMEHa, HOBE BpcTe. Pe3ynrare CBOjUX HCTpakMBama 00jaBHO je Y

monorpaduju ,,Unionidae de Serbie*, a HemTo KacHHje M y JIONMYEEHOM U3y

12



Veoo

MoHorpaduje, ca jeJMHCTBEHHM IMPETJIeI0M CHCTeMaTHKe BpcTa ca mpocropa Cpbuje (Drouét,
1882, 1884).

[Mouerkom XX Beka, BeIUKHU 3Hauaj Mo3HaBamy Manakodayne Cpouje nao je u Ilerap
[TaBnoBuh, Mazaa Cy ce WweroBa UCTpaKUBamba MPEBACXOAHO OJHOCKHIAa Ha dayHy Gastropoda
(Pavlovi¢, 1907, 1909, 1911, 1912). Pax Ha CIaTKOBOAHHMM IIKOJbKaMa Ha OBHM IIPOCTOPHMA,
omo je nmeo uctpaxuBama Crankosuha (Stankovié¢, 1933), Mpmmha (Mrsi¢, 1933), ®ujana
(Fijan, 1950) u Matonnukuna (Matonickin, 1953).

W3y3etaHn MONMPHHOC Yy HCTpaXHWBamby W NpUKyILUbamy Unionidae w3 pasmuuntux
nenosa Cp6uje nao je Aure Taguh, o0jaBuBIIM BUIle CTPYUYHUX pajoBa o oBoj rpynu (Tadi¢,
1952, 1953, 1956, 1957a,b,c, 1960, 1971, 1979). Ocum nyOJIMKOBaHUX YiIaHAKa, Yy JEHOY
[Mpupoamaukor myseja y beorpany, Hamasum ce W Benuka 30HMpKa y30paka CIaTKOBOTHHX
HIKOJbKU U3 TOT MEPUOJIA.

Haxon TamuheBux mcTpakuBama, MOJAIM O CIATKOBOJHUM IIKOJbKaMa U3 (paMuiImje
Unionidae c¢y yrmaBHOM 00jaB/beHM y  CTyAMjaMa O  IICJOKYIHO]  3ajeIHUIN
MakpoOeCKHIMemhaKa (Zivic’ u cap., 2001a; Paunovi¢ u cap., 2005, 2007a, 2007b, 2008; Simi¢
u Simi¢, 2004; Csanyi u Paunovié¢, 2006, Martinovié-Vitanovic¢ u cap., 2013; Tomovi¢ u cap.,
2010, 2014, Rakovi¢ u cap., 2013; Markovi¢ u cap., 2014), unu y OKBUPY pajoBa KOju Ce
0JIHOCE Ha KBamUTET )UBOTHE cpenune (Markovi¢ u cap., 1999; Paunovic u cap., 1999; Simié
u Simi¢, 1999; Markovi¢ u cap., 2012.).

HctpaxuBama crnaTkoBogHux Inkosbku [lomyHaBika u CpOuje, HWHTE3WBHUpA ce
NOCEHBUX HEKOJIMKO TOJMHAa M pe3yntupa Behum Opojem myOnukanuja U3 oBe 00JacTu

(Paunovic u cap., 2006, Tomovi¢ u cap., 2012, 2013a, 2013b).
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l[u/beeu ucmpastcuearod

AnHanuza 3ajeqHMIIA CIATKOBOIHHMX INKOJbKH M3 (ammimje Unionidae na moapydyjy
Cpbuje, y3umajyhu y 003up HOBHja UCTpaKMBamka, Ka0 U JOCTYIAaH MaTepHjall U3 MY3€jCcKe

30upKe, pean3oBaHa je ca cienehum 1ubeBuMa.

» TIOINHUC BPCTa MpeMa HOBUJUM UCTPAXHUBABIMa, K0 M PEBU3Hja UCTOPHU)CKHX IT0/IaTaKa
Ha OCHOBY mperiena 30upke Anre Taauha, [Ipupoamaukor myseja y beorpany;

» TpUKa3 pacrpocTpamema Bpcra Ha noapy4jy Cpowuje;

KBAJIMTaTUBHA W KBAaHTHTATHBHA aHAM3a 3ajelula Yy BOJCHUM EKOCHCTEMHUMA Yy
Cp6uju;,

» aHanmu3a OJHOCA 3ajelHHIE CJIaTKOBOJHMX IIKOJPKM W AOMOTHYKMX IIapaMeTapa
OKpYy’)K€ma KOjU Haj3HauyajHHje yTU4Yy Ha PacHpoCTpameme BPCTa U OJHOCE YHYTap
3ajeIHULIA;

» pa3MaTpame eKOJOIIKUX 0COOMHA BPCTa;

» aHanM3a BapujaOMIIHOCTH OOJMKA M/MJIM BETMYMHE JHYIITYpEe N3a0dpaHuX TMOMyIalmja,
MeToJamMa TE€OMETpPHjCKE W JMHeapHe Mopdomerpuje y UMby HUICHTU(PHUKALIN]E
MpoMeHa MOP(OJIOUIKUX CTPYKTypa OAHOCHO MOp(OJIOMIKUX Bapujadnu y
Pa3IUYUTUM BOJIOTOKOBHMA,

> TpUMEHa MeToJa TeOMETpHjcKe MopdoMeTpHje y aHadu3u  MOpQOJIOIIKe
BapHjaOMIIHOCTH PA3IMYUTHX BPCTA, y3 pa3MaTpame OJHOCA Ha CIICIHjCKOM, Kao U
youaBamke MHTPACTICIIN]CKUX (MHTEPIIOMYJIAIIMOHUX ) OJTHOCA,

» TIpOlleHa pH3MKAa HM3yMHpama ayTOXTOHHX BpCTa Ha HAIMOHAIHOM HHUBOY TpeMa
ESHIPPO mopneny (Simi¢ u cap. 2007) u

» Tpemior cTraTervje KOH3epBalldje BpCTa W ojapehuBame NpuUoOpUTETa 3aIITHUTE Ha

HallMOHAJIHOM HUBOY.
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Mamepujan u memooe

3.1. lloapyuje ucrpaxxkuBama

VY ckilagy ca MPETXOMHHM Ca3HambUMa O PacHpOCTPAmEHY CIATKOBOJHUX IITKOJBKU
bankana, Hama HCTpakWBamka Cy IPEBACXOJHO OMIIa yCMepeHa Ha CTaHUINTa BEIUKUX
PaBHHYAPCKHX PeKa CIMBHOT OApPY4ja Koje npesasmnasu 4.000 km? y Cp6uju ([yHas, Casa,
Tuca, Benuka u 3anagna Mopaga). [Ipukyrbame y3opaka u3BpIIeHo je ¥ Ha peru Korydapu
(cnmuBHO moapyyje usmehy 500 u 4.000 kmz), Kao U Ha akymyjnanujama ['pyxka u henmje
(cmuka 5).

[Ipema ommrum kapaktepucTukama Teputopuja CpOuje ce MoXKe MOACIHTH Ha JBa
peruona: Ilanoncku OGacen (ceBepHo o JlyHaBa) u OpJCKO-TUTAHUHCKH PErHoH (jy»KHO O]
lynaBa). CmuB peke CaBe, HM3BOmHU neo cimBa JlpuHe, kao um jgeo ciauBa KomyOGape,
Npe/ICTaBIbajy Mpesa3Ho noapydje. Y morieay ONIITUX MPUPOTHUX KapaKTEPUCTUKA, OPICKO-
IUTAHUHCKO TOJIpYyYje je pa3HOBPCHHjE INTO IMOrofyje pacmpocTpamemny (rope u dayHe,
yKJbydyjyhu W BoOJEHE opraHw3Me, y OJHOCY Ha oOyiact ceBepHo on JlyHaBa Kkoja je
pEeNaTHBHO XOMOT€HHja.

JyHaB mpencraBiba jeqHy oA HajBehux M Haj3HAYajJHMJUX EBPOICKHX peKa, ca
YKYITHOM TMOBpPILIMHOM ciuBa o1 817.000 km? u ayxuHe Toka ox 2.857 km. Jleo Toka kpo3
CpOujy ox 588 km, oOyxBara cpeamu u jaeo jaomer Toka JlynaBa. Behu meo Toka kpo3s
CpoOujy npunana ITanonckom Oaceny (358 km). JlynaB ynasu Ha teputopujy CpOuje Ha
1433,0 rkm, a namytura je Ha 845,0 rkm. Ha neonunu peke Kpo3 Hally 3eMJby Haj3HauajHUje
nputoke Jlynasa cy: Tuca, CaBa ca cBojum nmpurokama ([Ipunom, Komybapom u bocyrom) n
Benmka Mopasa.

Tuca je Hajayxka jeBa mputoka JlyHaBa, yKymHe moBpiinHe ciwBa 157.186 km? u
nyxuHe Toka ox 966 km. Hacraje y Ykpajunu, y 3amaguum Kapnaruma, cnajamem Llpae
Tuce u bene Tuce. [Ipotuue kpo3 Ykpajuny, Cinosauky, Pymynujy, Mahapcky u Cpbujy rue
ce ynuBa y Jlynas, 6mu3y Crapor Ciankamena (1215 rkm). Ha teputopuju CpOuje je cBera
5% cnuBHOT TOZAPY4Yja, ca 164 KM Toka, KOjU UMa KapaKTEPUCTHKE THUITMYHE PaBHHYAPCKE
peke (noma Tuca).

CaBa nacraje cnajambeM CaBe Jlonmunke u Case boxumke kon Panomspuie y
CrnoBeHHWjH, ¥ MPEACTaBjba jelaH O]l Haj3HAYajHUJUX CIMBOBA y PErHoHy (CIMBHO MOAPYY]je
noBpimHe 95.419 kmz). Hajseha je mputoka JlyHaBa (o ny>XMHH W BOJHOCTH). Jlowmu neo

ToKa peke (moBpIHMHE cimBa oko 15.147 km? u myxuue Toka ox 206 km) mpotmue Kpo3
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CpOujy 1 umMa KapakTepHCTUKE TUIIUYHOT paBHHYApCKOr BojoToka. Hajsehe mpurtoke peke
Cage y Cpbuju cy dpuna u Komybapa.

Cmus peke Komybape npunana noaciuBy Cae, ogHocHo ciuBy [lyHaBa. Hamaszu ce
Ha npena3y u3Melhy nBe kapakTepucTHUHE HeIuHe 3a TepuTopujy Cpouje: OpacKo-TUIAaHMHCKE
obnactu u [lanoHckor Oacena. O0yxBaTa Kpajibe jyxkHH neo [lanoHcke HU3Hje, neo CaBcke
notouHe U ceBepHe ooponke [lymanujckor modpha. Ca yKyImHOM MOBPIIMHOM CIIUBA OJ] OKO
3.640 km® u Oy’KHHOM TokKa ox 123 Km, mpexncrtaBiba jeAHy OJ Haj3HAYajHHUjUX peKa y
nentpanaoj Cpouju. Hajsnauajuuje npurtoke cy ['panan, Tamuasa, Jbur u [lemran.

Bennka MopaBa HacTaje cnajameM 3ananHe Mopase u Jysxae Mopase kon Cranaha.
YnuBa ce y JynaB Ha npocropy m3mehy CmenepeBa u Kocronma, u mpencraBiba HajBehy
nomahy peky. [Ipe moyeTka perynanuoHux pagoBa Ouia je ayradka oko 245 kuimomerapa, a
JaHac, 300r perysalyje peyHor KOPUTa U MEeMOPAllMOHUX Pa/loBa HeHa AYKHUHA U3HOCH OKO
185 xunomerapa. Benuka Mopasa, ca cactaBHuIama 3anagHoM U Jy:xkHoM MopaBoM, YuHU
jeman ox Hajsehmx peunmx cucrema Ha bankany (moBpmmne cimBa 37.444 km?). Topen
Cpbuje, kojoj mpurnajga oko 85% ciuBa, neo cnua Mopase npumnazna Lipuoj I'opu (ropmu eo
ciuBa U6pa) u byrapckoj (ropmu eo cnuBa Humase). Heke o 3HauajHux nputoka Benuke
Mopase cy: Jacennna, PaBanuiia, PecaBa u Jlenenuua.

I'pyxxancko jezepo je BemrTauko jesepo (opmupanHo Ha peuu ['pyxu kox Kuuha.
I'pyxaHcko jezepo uma 3anpeMuHy oxa 64,5 munuona m®. OGum jesepa je oko 42 km, a
mupuHa je oa 300 1o 2.800 m. Jdyxune je oko 10 km, nmopimne oxo 900 ha. ITortanamem je
dbopMupaHO BUILIE PTOBA U yBaja, YUME j€ CTBOpeHa J00po pazyheHna obana.

Axymynanuja henuje je Hacrana nperpahuBameM pexe Pacune y 6nuszunu Kpymesna,
U TNPBEHCTBEHO je (hopMHUpaHa Kao Je0 CHUCTeMa 3a 3alUTHTy akymynauuje ,,Depmam® ox
3acuma HaHoca €pO3MOHOT nopekia. [loBpumHa akymynanuje uznocu 3,5 km? - 5 km?, nox
noBpIrHa ciauBa u3Hocu 598 km?. IIpoceuna nyOuna je oko 12 merapa, 10K je MaKCUMalHa

nyouHa jesepa 45 metapa.
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Cnuxa 5. [Ipuka3 1okaiuTeTa y30pKOBamka y OKBUPY UCTPAXKUBAHUX BOJAOTOKOBA.
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3.2. AHaJIM3uMpaHu MaTepujas

Pesynratu uctpaxkuBama MpUKa3aHu y OBOM pajy 3aCHUBAjJy C€ Ha y30pIUMa KOjH Cy
NPUKYIJbeHH, TokoM rieproaa 2001.-2013. ronuna, y okBupy Onesberma 3a XUIPOSKOIOTH]Y U
3alTUTy Boaa, MHCTHUTyTa 3a Omosomka uctpaxkuBama ,,Cunuima Crankosuh® (MBHUCC),
Kao0 JIe0 TEPEHCKHUX UCTpakMBara BUIIIEC HAllMOHAIHUX Mpojexata. Marepujan kopuinheH 3a
aHAIM3Y MPUKYIUBCH j€ U MU peanu3anuje cienehnx mehynapoaaux npojexarta: 3aje ITHUYKO
ucnutuBame JyraBa (Joint Danube Survey — JDS) 2001. rogune, 3ajeJHUIYKO UCITUTUBAKE
Hynasa 2 (Joint Danube Survey 3 — JDS 2) 2007., u 3ajennnuko ucnutuBame Jynasa 3 (Joint
Danube Survey 3 — JDS 3) 2013. roamHe — wHCTpakvBama OpraHHM30BaHa O] CTpaHE
Melynapoane komucwuje 3a 3amruty peke Jlynas (ICPDR), kao u npu peanu3aiiyju npojexra
OwrarepanHe capaame ca XpBarckoMm (IIporieHa HUBOa BbHOKOHTaMHMHAIIMjE BEJIMKHX peKa
Xpearcke u CpOuje), Tokom 2011. m 2012. rogmae. OcuM caBpeMEHUX HCTpPaKUBamba,
pe3ynTaTi ¢y oOyXBaTHJIM U HUCTOPHU)jCKE MOJaTKe JOOMjeHEe Ha OCHOBY IpeErjieaa JOCTYIHE
30upke Anre Taauha, [Ipupoamaukor myseja y beorpany.

[Mogamm o xopumheHHM MapaMeTpuMa CpeluHe, 3a JIOKAINTETe Ha MCTPaKWBaHUM
BOJIOTOKOBHMA, TPEY3eTH Cy W3 [OMUIIBUX W3BENITa) O KBAJIUTETY BojAa PemyOmudkor
xuzpomereoposiomkor 3apoaa (PXM3), ogHocHO AreHiyje 3a 3alITUTY KUBOTHE CpeluHE
(Xumposomiku roauiimak — kBanuteT Boaa, 2001-2013). Ananusa mapamerapa CpeiMHE,

U3BpIICHA je mpeMa BaxkehuMm crangapauma (XuApOJOIIKKA TOJWIIBAK — KBAJIHTET BOJA,

2013).

3.3. MeToie NpUKyILUbaKHa y30paKa u o0paaa

TokoM TepeHCKUX UCTpaxkuBamwa, y nepuony oa 2001. no 2013. ronune, NpUKynbEHO
je 86 y3opaka, ca 57 nokanurera (IIpumor 1, Tabesne 1, 3) u ykynHo uaentuduxoano 2.367
JeIMHKYU CIaTKOBOJHUX MIKOJbKU U3 pamuimje Unionidae (ciuka 5). [pukynspame y3opaka
U3BPIICHO j€ NPUMEHOM pa3IMYUTUX TEXHHKA, NPWIArO)eHUM EKOJIOIIKUM OJIHKaMa
NOMyJIalyje U KapaKTeprucTUKaMa CTaHUINTa, KOpUIIhekeM pydHe OEHTOCHE MpeKa, IpoMepa
okama S00UM, OGEHTOJOMIKE Apene, Ka0 M POHEHEM. Y30pKOBAHbE j€ H3BPIICHO Ca CBHUX
TUIIOBAa MHKPOCTaHuIITa — Myntuxaburtarau npuctyn (AQEM Consortium, 2002).

[Mpukyrbame Marepujaga OEHTOCHOM PY4HOM MpexxoM, mpumenom Kick and sweep

TEXHUKE Y30pKOBama (TMOJH3ama MarepHjaja ca IOAJOore MOKpPEeTUMa HOTY U HerOBHM
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CaKyIUbaleM y MpEXKY KOja je OpHMjeHTHCaHa y MpaBIlly BOJICHOT TOKA), WU3BPIICHO je Y
nproOaTHUM JIeIOBUMA PEKa. ca CBHX JIOCTYIHUX CTAHUINTA Y NE(PUHHCAHOM BPEMEHCKOM
UHTEpBATY (CEMHUKBAaHTUTATHBHO Y30PKOBAHE).

3a mpoleHy I'yCTHHA IOMyJIalnje, OJJHOCHO Opoja jeAMHKH 1O jeMHHUIM HaCceJbEHOT
IpOCTOpa, HM3BPIICHO j€ CaKyIJbalkhe KBAHTUTATHBHUX Y30paka, IpU YeMy ce€ MpoIeHa
aOyHIaHIle BpIIWIA y OJHOCY Ha 3aXBaTHY I[OBPUIMHY paMa MpEXe 3a Y30pPKOBambe
(25x25cm). KBaHTUTAaTHBHU Yy30pIH Cy CaKyIlJbaHH M POHEIHEM IPH YEMY C€ IMPOoleHa
abynpaniie Bpimia Kopuihemem MeTanHor pama aedunucane nospuune (0.25 mz).

[Ipukynspame y30paka Ha aKymyJaiyjama W3BPIICHO je KOpHIIhemeM OEHTOJIOMIKE
Ipeye, ¢ 003MpOM Ja CTaHIapAHA MPOIEeaAypa y30pKOBama PYYHOM MPEXKOM HHUje Owuia
a/IeKBaTHA 3a OBAj TUII eKOCHCTeMa. 3a oTpede aHan3e y3€eT je 10 jelaH npodui.

[Topen nmpukynsbama OHUOJOUIKOT MaTepHjaiia, Ha TEPEHY CY NMPUKYIUbAaHHU M I1O/IaId
KOjU Je(QHUHUITY KapaKTEPUCTHKE CTAaHWINTA jEAHOT BOJOTOKA: reorpadcke KOOpIHMHATE,
HaJMOpCKa BucuHA (M), THII CYyNCTpaTa, MPOTOK, YAaJbeHOCT oj obaie, AyOWHA, Kao U
HOJIAIM O BHJIJUBOM aHTPOIIOTEHOM YTHIIA]y HAa CTAHHUIIITE.

OO0pana npuKyIJbeHUX y30paka y HajseheM Opojy cilyuajeBa W3BpIIEHA j€ Ha TEpPEHy,
HakoH dyera je Hajpehm Opoj jenunku BpaheH y mnpupoaHo craHumre. Mnentudukanuja
NPUKYIUBEHUX y30paka BpIleHa je ymoTpedom cienehe nmureparype: Pfleger (1998), Gloer u
Meier-Brook (2003); Beran (2009).

Homenknarypa u kiacugukainmja y oBOM paay IpukazaHe cy y ckiany ca dayHom

Espomne (Fauna Europea - FE, verzija 2.6.2) (de Jong 2013).

3.3.1. Anaiu3a KBAHTHTATHBHMX W KBAJIUTATHBHUX 0COOHHA 3ajeJHHIIE

[Ipu aHanmm3u CIATKOBOAHUX INKOJHPKHM Ha HMCTPAXKHBAHOM TOJPYU]Y, pa3MaTpaHoO je
HEKOJIMKO MapameTrapa 3ajeIHHIe:
® Pa3HOBPCHOCT — M3PaXKEHA MPEKOo Opoja 3a0eNieKeHNX TaKCOHA Y Y30PKY;
e abyH/aHIa — H3pAXKEHA PEKo 6POja MHAMBH/YA [0 KBaAPaTHOM Metpy (HHA/M?), min
npeko penatuBHe aOyHaaHue (Opoj TakcoHa Yy Y30pPKYy W/WIM MPOLEHTyallHa
3aCTYIJBEHOCT TAaKCOHA);

® OI€Ha JOMHHAHTHOCTH TaKCOHAa U
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® OIllcHAa KOHCTAHTHOCTH TaKCOHA, HA OCHOBY y4YECTAJIOCTH Hajia3a, M3BpIIEHA je mpemMa
ckamu: F1=0-0.19 — Beoma pertku; F1=0.20-0.39 — perku; F;=0.40-0.59 — ymepeno

gyectu; F1=0.60-0.79 — xounctantau u F1=0.80-1 — eykOHCTaHTHH TaKCOHHU.

3.4. [IponeHa pu3MKa H3yMHPamba U MPHOPUTETA KOH3epBallHje YIPOKEeHUX
BPCTA CJATKOBOJIHHUX IKO/bKH (hamMuimje Unionidae Ha HAMOHATHOM

1 JIOKAJIHOM HUBOY nomohy moaudukosanor moaena ESHIPPO-PD

[lpouena pusuka wu3ymupama © ojapehuBame mNpHOpUTeTa KOH3EpBalMje Ha
HAIIMOHAJTHOM U JIOKAJIHOM HUBOY W3BPIICHH Cy MNPUMEHOM MOAM(UKOBAHOT MOAea
ESHIPPO, koju je mpunarolen moceGHO 3a rpylly YHHOHHIHHX MIKOJbKH. [lopen ocHOBHUMX
eneMeHara mojena (exonowka cneyujanuzayuja epcme — ES u yepoowcasajyhu gaxkmopu
ousepsumema — HIPPO) koje cy mpencraBmiu Cumuh u capaguuiu (2007), ananuzom cy
obOyxBahenu u napamerpe nonyrayuone ounamuxe (PD).

OrieHa eKOJIONIKE CHelrjaau3alije U3BPIICHA j€ Y OJHOCY Ha: CTaHWIITE, UCXPaHY,
pENpoayKTUBHY CTpaTerujy, HuBo enaemusma. [Iponena yrposxasajyhux (HIPPO) dakrtopa
JIMBEP3UTETa OlCHEHA je Ha OCHOBY yThlaja: H - nuamena/mpomena cranuinta (exri. habitat
alteration), | - uaBa3uBHUX BpcTa (eHruI. invasive species), P - 3arahema (enra. pollution), P -
pacra xymane nonynaiuje (enrit. popullation growth), O - npexkomepsre excronaranuje (SHIJI.
over-exploitation) (Brennan u Withgott, 2005). [Tapametpu nonyrayuone ounamuxe (€HIIL.
PD) oOyxBaTwiu Cy aHaIM3y: 3ay3eTOCTH MOTCHIMjATHOT apeaja, KpeTame MOIMylanuje u
aOyHJaHIly ¥ TUCTPUOYIIHM]Y HAa CTAHULITY.

Ananusupann  eiaementdH ocHoBHor Moxena (ESHIPPO) wu  kBantudukaimja
NojelMHaYHUX TapaMeTapa NpuKa3zaHu cy y Tabenu 1, JOK cy KpuTepujyMu KopuuiheHu y
aHaJU3U TOMYyJallMoOHe JUHAMUKA, Ka0 U HHXO0Ba KBaHTU(HKAIMja MPEICTaB/beHH Y Tabenn
2.

[Tapametpu exomnomke crienujanmm3aiuje (ES), yrpoxasajyhu dakropu auBep3urera —
HIPPO u nomnynanuona muaamuka (PD) kimacudukoBaHu cy kopuiihemeM TpOCTEreHe
OomoBHe ckane. Bucune 30upa Bpennoctu napamerapa (ES + HIPPO + PD) onpehyje crenen
YIPOKEHOCTH, HUBO pHU3MKA HM3yMHUpamka W MPHOPUTET KOH3EpBallMje YHUOHUIA Ha

UCTpaKHBaHOM TOpyUjy (Tabemna 3).
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Tabena 1. IIporoxon ESHIPPO monena ca mapamerpuma 3a mporeny ekonomike crenyjammsanuje (ES) u yrunaja HIPPO dakropa, npeysero u
npuiaroheno npema Simic¢ u cap., 2007.

HpoueHaT AKBATHYHHUX CTAHHINTA HA lcojuma ce

Enementu ES osHaka  Maukarop o3Haka* Bogosu ES Exementu HIPPO .
MaHudectyjy pakropu
IIpomene crammuTa” 6poj Opoj 0poj
Cranmmre 1- (h)(d)(rs): HUCKO creLUjaTNU30BaH, Jectpykimja, % Gonosa % 601082 %  GomoBa
. H h1, h2, h3, h4, h5 TOIIEPAHTAH, eyPUBAIICHT (€ypUTOI) 38 (parmenTanmja u
(Habitat) .
CBE WX > 3 HHINK. H30JALHja
h. (d): d1. (rs):rs1.1, rs2.1, rs3.1, rs3.2, 31000/1HU POTOK
XuzapomoedoJiouike npoMene ha hal, ha2, ha3 MaJli ycriop
(Hydromorphological alteration) H3PaXKEH YCIIop
rs4.3, rs5.1, rs6.1, (Ic): Icl.1, Ic1.3, VHBa3uBHe BpcTe
Ic2.1, 1c3.1, Ic3.4, Ic4.1, Ic4.4, 1c6.2, u/unu
I/Ic_xpana D di, d2, d3 (bs): bs1.1, (re): rel. HEJIEKBATAHO
(Diet) . nopudsbaBame
3-(h)(d)(rs): ymepeHo crierujann3oBaH,
ocetbuB. CTeHOBaJEHT (YMepeH), 3a 1- 3
PenpoayKTHBHH cHCTEM rs rsl, rs2, rs3, rs4, 3 yapuk. h. (d): d2. (rs): 1s.1.1, 1s2.2, 3arajjeme
(Reproduction strategy) rs5, rs6 rs3.3; rs4.2; rs5.2; rs6.2; rs7.2; Ic1.2, >50 5 20- 49,9 3 <20 1
JKuBOTHH HUKITYC Ic2.2, 1c3.2, 1c3.5, Ic4.2, Ic4.5. Pact xymane
(Life cycle) Ic Ic1, Ic2, Ic3, Icd (bs).bs1.2; (re). re2. nonynaunj64
CTeHOBAJIEHT (CTEHOTOIN) 3a CBE MIIH >
[IpexomepHa
Hugo ennemu3ma u 3 mapuk. h. (d): d3). (rs): rs1.3, 1s2.3, 5
u30J1anuja nomynanuja / rs4.1, rs5.3, rs6.3. (Ic): 1c1.3, 1c2.3, exenoaTaimja
cratyc yrpoxerocru IUCN re rel, re2, 1c3.3, 1c3.6, Ic4.3, Ic4.6, 1c6.1, bs1.3.
(Range endemic) (re): re3.

*(h): hl) gucrpudyumja no exopernonuma (lllies 196_7); h2) nagmopcka Bucuna: < 200, 200-500, 500-800, 800-1500 u > 1500; h 2.1) tun ekocucTema U €KOJIOLIKA 30HA: TeKyhe BOJe: SyKPEeHOH, XMIIOKPEHOH,
CMUPUTPOH, METAPUTPOH, XUIIOPUTPOH, CMUIIOTAMOH, METAllOTAMOH , XUIIOIIOTaMOH ; cTajalie Boje: suropai, cyboauTopan, npodyHaan,bape, Mousape, ehemepre Boae u apyro. h3) mophmerpujcku mapameTpu

BOJICHHX eKocucTeMa: Jyouna (m), kapaktep aHa (%), h4) busnuku u xemujcku napametp : Temmeparypa (- C), Op3uHa Bofie, e1eKTpONpOBOABHBOCT, kKuceoHuk (mg/l, %), pH, Bpaoha Boxe (dH), BPKs (mg/l). h5)
KBaJUTET BojAe. IloceOHe mpuiIaroheHOCTH MM OCETJBMBOCT Ha ofpeleHe XeMujcke, TOKCHYHE WIIM PaJMOaKTHBHE MaTepuje. HaBecTH KapakTepHCTHKe: TPOQUUYHOCT — onurorpodre, Me3otpodHe, eyrpodHe,
nmcrpodre. CanpoGHOCT: KeeHocanpoOHe, ourocanobHe, GetamesocanpobHe, andamesocanpodre u monmcanpobue. (ha): hal) Xuxpomopgoiomnike mpomere
d): d1) eypudar-omuusop, d2) eypudar-xepOuBOp, KapHUBOP, CHIELU(HIAH THIT HCXPaHe, creludruyHe MopdoMeTpHjcKe afanTauuje 3a ucxpany, d3) creHodar, cnenuduune npuIaroheHOCTH 3a UCXPaHy WM
MoHnodar. (rs): rs1) penpoyKiuja- acexcyaiHa, 1apa3uTcKa; Huje criel(puyan THI PEnpoayKiuje (OBOBMBHITAPHH, H30JI0BaHA jaja, IEMEHTUPAHA U30JI0BaHa jaja , TIOJaXy jaja Ha BEreTalu]y, Uil HEKU CYIICTpaT
(rs1.1), cneunduuan tun penpoaykiwje (rsl.2), crporo cneunduuan tan penpoaykimje (rsl.3). rs2) Bpeme penpoaykimje 1 ppexkBeHTHOCT: 152.1) duiekcnOuIHe uiu MyITHBOITHHE IS 2.2) TPUBOITUHE, OHBOJITHHE,
rs2.3) ceMHBONTHHE WK YHUBOITHHE 1S3) Tpajame neproja emepreniuje u/ (roauue): gyr >3 mecena (rs3.1), 1 -3 mecena, (rs3.2), kparax < 1 mecena, (rs3.3). rs4) nojasa y Beramkom 0pojy (rs 4.1), na, petko (rs 4.2),
na, cake roauHe (rs4.3). rs5) akaruune ¢ase: axyar (rs5.1), napsa-aumda-myna (rs5.2), jaje (rs5.3). rs6). Craaujym Tpajamsa napse /ukiyc passuha napse >2 roguse/uene rogute (rs 6.1), 1-2 roqune/2-3 (rs 6.2),
< 1 ronquna/jenan nukiyc (1s6.3).

re): rel) Huje eHeM U HUje yrPOXKeH [€2) eH/IeM 3a je[jaH eKOPETHOH, PabiB e3) CTCHOCHIEM 3a PeIaTHBHO MaJjle UM BEOMa Majie TepuTopHje (jeIaH eKOCHCTeM, jeiaH OMOTOIT), i M30JI0BaHE IOMYJIALHje YTPOKEeHE
U KputH4HO yrpoxkere. I¢): Ic1) xuBorHu muknyc (roguna) <1 (Icl.1), =1(Ic1.2), >1(Ic1.3). ) moKpeT/bUBOCT /THII KpeTama — BeoMa mokperHe /mmBabe) (1c2.1), ymepeHo nokperau//mmmBame (Ic2.2), cemucecentu-
cecunnn (Ic2.3). 1c3) counjannu xuBot: conurapu (Ic3.1), ¢popmupajy nepuomuune arperaumje (Ic3.2), sxuse y 3ajennnnu (Ic3.3), Ban Teputopuje (Ic3.4), nonekan tepuropujanue (1c3.5), TpajHo TepUTOpHUjaHE
(1c3.6). 1c4) 6pura o noromerBy: He nocroju (Ic4.1), €yBajy jaja, napse (Ic4.2), 6pura o jyBennmmma (Ic4.3), Hema cexcyannor gumopdusma (Ic4.4), cexcyannu aumopdusam Tokom penpoaykiuje (Ic4.5) npucyran
cekcyaiHu qumopousam (Ic4.6)

TIPOMEHE BOJICHOT CTaHMINITA: Peryialfja i peKyITHBalHja, Baleme IUbyHKa, IIPEKOMEepHa yroTpeda Boje. YKibydyjyhu npomeHe y BehWHH IIPUPOIHOT CTaHHIITA.

UHBa3HBHE BpcTe (%) WM % NPUPOJIHE MOITyIalyje CHabeBeHe HealeKBaTHUM jyBEHHINMA (TEHETHYKH He KOMIATHOWIHMX) y nocieawux 10-20 roquna 333ra1)ea;e:
canpoOHOCT, eyTpodu3alja, TOKCHIHO, PaAH0aKTHBHO 3araljeme, aiuaupuKalija Wik MEIIOBUTO 3araljerne

TyCTHHA XyMaHe norynanuje mpeko 150 cr/! km? cratucTiuka TIPOIICHA TOIHIIILET YJI0Ba KOMEPIHjAIHUX BpcTa Beha oJ] peaHe Mpou3Bo/mbe y nmocie X 10 rogiHa 1 /Miim Npou3BO/ikha Marba 0J1 peaiHe i
CMamCeHA y OJIHOCY Ha MOTCHIHMjaHy IIPOM3BO/EY U / WM CMambere YKyIHe Gromace.
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TabGena 2. Enementu kopuiihenn y aHanu3u nonyianuone auHamuke (PD)

3ay3eTocT NOTEHIHjaJIHOI apeaJia 00/10BU
<5 5
5-40% 3
>40 1
Kperame (qunamMmuka) nomyJiamnuje
omaga 5
Ab6yHmaHmna CTaruupa 3
pactyha 1
omajaa 5
3ay3eToCT MOTEHIHjaTHOT apeaia CTarHupa 3
pactyha 1
AOYHAAHIA M AUCTPHOYIHja HA CTAHMIITY
Bpcra Manobpojua (1-2 wuHOMBHIye) Ha
NOjeIMHAYHUM  JIOKaldjama, WId  Maia
HUje 3HaYajHa opojHoct (1-2 WHAMBHIYE) HAa HEKOJHUKO 5
nokaruja (2-3 MHKpPOCTaHWINTA Y OKBHUDPY
ceKTopa)

ymepena OpojHoct (3-5 wuHuBHaya) Ha
orpaHuyeHa HEKOJIMKO JIoKanuja (2-3 MUKpOCTaHWIITA Y 3
OKBHPY CEKTOpA)

HajMame OpojHA Ha yMEpPEHOM Opojy
JoKanuja (BUIIE O MET MHAUBHIYa Ha BUIIE
0J1 3 MUKPOCTAHHMIIITA Y OKBUPY UCITUTUBAHOT
ceKkTopa)

yMepeHa JI0 BUCOKa

Ha ocnoBy ykymHor Opoja 6omoBa dakropa (ES+HIPPO+PD), usnBajajy ce Bpcre
KOj€ MMajy NMPUOPUTET 3alUTUTE HAa HAIMOHAJIHOM HUBOY. CTeneH MmpuopuTeTa 3alliTUTE ce
onpehyje Ha ckanu ox 3 o 0. [IpBu creneH npuopuTeTa ykasyje Ja BpcTa UMa NPUOPUTET Y
3alITUTU M Ja jeé MOTpeOHO oJMax MHpeay3eTH aJeKBaTHE Mepe 3alllTUTE Ha HallMOHAJTHOM
HUBOY. Bpcre 3a koje je oapehen cremeH mpuoputera 2, MOpajy OUTH €0 CYKIIECHBHOT
HUCTpaXHMBama, Kako OM ce mpemay3ene Mepe 3alTUTe, YKOIMKO je TO moTpeOHo. Maiy
BEpOBaTHONY uW3ymHpama Ha HAIMOHATHOM HHBOY KapaKTEpHWINE CTENeH IPHOPUTETA
3amrute 3. BpenHoct crenena npuopurera 3amtute 0, 03HavaBa Ja je U3yMHpame BPCTE Y
IEHOM IPUPOJHOM CTAaHUIITY y TOKY, M JIa je jeJjaH o MOryhux HauWHa HEHOT OvyBamba,

npuMeHa exX-Situ 3amTure.
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TaGena 3. bomoBHa ckama 3a oxpehuBame cTenmeHa pu3MKa OJf U3yMUpPamka M MPUOPUTETA
3alITUTC YIPOKCHUX BPCTAa CJIATKOBOAHHMX MMKOJBKH IIpEMa MO,III/I(bI/IKOBaHOM MOACITY

ESHIPPO-PD.

Bpoj 6010Ba

Exonomika crierjanu3zanuja (ES) <25 26-35 36-45 46-50
: . BEeoOMa
HwuBO ekostomike crienujann3armje MaJTH yMepeH UCTaKHYT HeTaKTYT
Yrunaj HIPPO daxkropa <36 36-45 46-55 65-70
: BEOMa
HuBo yrunaja dhakropa MaJIu yMepeH UCTAKHYT HeTAKTYT
[Monymnarmona quaamuka (PD) <10 11-14 15-20 >20
: BEeOMa
HuBo yTHIaja momyIaioHe JTHHAMHKE MaJIu yMepeH UCTAKHYT HeTaKmyT
VYkymnan 6poj 6om0oa (ESHIPPO + PD) <70 61-85 86-90 >90
HUCTaKTyT A —
KpuTHuan HUBO pU3HKa OJ1 H3yMHUparba MaJIu yMepeH KPUTHYAH ¥ ToKy
HHBO

3 @ 2 1 DOR

3.5. Mopdomerpujcka anaausa

VY muspy u3Bpiemha MOPQOJIOIIKUX aHAJIN3a, U3BECTaH OpOj JeIMHKU NMPUKYIJbEHUX Ha
TepeHy TPaHCIIOPTOBAaH je y JabopaTopHujy, Te Cy 10 U3BplIeHma Gpororpaducama U Mepema,
YyyBaHe Y KOHTPOJIMCAHUM aKBapHUjyMCKHM YCIOBHMA.

3a moTtpede MopdomeTpHujcke aHaimu3e, HU3BpIHICHO je (oTorpaducame JbymTypa
IIKOJBKA ca pasMepHHKOM, aurutaaauM dotoamaparom (Nikon COOLPIX3100), y3
ynoTpedy oarosapajyher cratuBa. 3a aHanu3y MOpP(QOIOIIKE BapujaOMIHOCTH JbYLITYpE
MeToJlaMa TeOMETPHUjCKEe M TpaauloHaiHe (MMHeapHe) MopdomeTpHje KopHuiheH je JeBu
Karax.

OGjekatu cy ¢oTorpaducanu 1mMojJ UCTUM YCIOBUMA, IITO MOpa3yMeBa UCTH MOJIOXKA]
o0jexTa y OJHOCY Ha paBaH 00jeKTHBa (oTo-amapaTa U KOHCTaHTHY (OKaJHY AYKUHY. 3a
norpede MOpQOJOUIKUX aHanu3a, (GoTorpaducaHa je U yHyTpalllba U CIOJballlhba CTPaHa
Jpymtype. [IpunukoM mo3unuoHupama o0jekTa, ¢ 003UpOM Ha KOHKABHOCT KOJy JhYIITYpa
noceayje, y Wby CMamema Tpemke npu ¢ororpaducamy, KOpuimheH je IUIacTeIuH 3a

npuyBputhuBame 00jeKkTa y mapaiesaH MoJjioXaj ca paBHU 00jeKTUBa (poTo-amapara.
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3.5.1. JIuneapna mopomerpujcka anaamusa

3a TpamuuuoHaIHYy MOP(GOMETPHjCKY aHajau3y OOJIMKa JhYIITYPE, H3BPIICHO j&
Mepeme JIEBET MYKMHCKHUX Mepa (MOp(hOMETpHjCKHX BapujabiiM), JIEBOT Kalka JbYIITYype
CBAaKe jEJMHKE Yy OKBUPY pa3IM4YMTUX Momyianuja. [lopex Tpu ocHOBHE MopdomeTrpujcke
Bapujalbiie: QyKMHa, BUCHHA M IIMPHHA, KopulitheHe y pagoBumMa Buiie ayropa (Badino, 1982;
Zettler 1997; Aldridge, 1999; Renard u cap. 2000), u3BpILIEHO je MEPEH-E jOIII MIECT OAATHUX
Iy)XUHCKHX Mepa (cimuka 6, Tadena 4). TpagunnoHanHa quHeapHa Mop(hOMETpHUjcKa aHaIH3a
je M3BpIIIeHA Ha jeJMHKaMa Koje Cy IPUKYIJbeHE TOKOM HOBHjUX HCTpaxuBama (yKymHo 351
jenuHka), kao u Ha 148 ogabpaHux nmpuMepaka u3 Mysejcke 30upke (Tadbena 5, Tabena 6.).

Mepeme mMpuHE JBYIITYPE je U3BPIICHO AUTHUTAIHUM HOHHUjYCOM. 3a Jajby aHaIu3e
BapujabMITHOCTH 00JMKa, KopuliheHa je MOoJoOBHHA OBE AMMEH3Hje, OJTHOCHO HIMPHHA jETHOT

Kanka Jbymrype. Mepewme ocTanux AYKMHCKHUX Mapamerapa U3BpUIEHO y mnporpamy Imagel

(http://rsb.info.nih.gov/ij/), kopumrhemem AUTUTATHUX GoTorpaduja.
P. complanata u A. cygnea, Hucy Ouie oOyxBaheHe JHMHEAPHOM MOP(POMETPHjCKOM

aHaM30M, 300T HEZIOBOJBHOT Opoja y3opaka 3a nopeheme 1 cTaTUCTHUKY 00pajy nojaTaka.

Cmuka 6. Ilpukaz Ay)KMHCKMX TlapamMeTapa JbYIITYpe KOpUITNEHUX TPU JIMHEAPHO]

MOP(OMETPH]CKO] aHAITU3H.
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TaGena 4. Jly>xuHcku nmapaMmeTpu KopuurheHe 3a TMHeapHy MOP(HOMETPH]CKY aHATIH3Y.

Onuc IMHeapHUX AUMEH3H]ja JIEBOT KallKa JbYIITYpe
1 ykymHa aykuHa (L1+L2)
2 ykynHa BucuHa (H)
3 mmpHa jeaaor kamka (W/2)
4 pacrojame o] Bpxa ym0a J1o cpenuHe nocrepropue crpane tena (UP)
5 pacrojame o] Bpxa ym0a 1o cpenuHe antepuopHe crpane teiaa(UA)
6 Jy)KAHA KaIlka Of1 CpeInHe aHTePHOPHE CTpaHe 0 10 Tauke mpeceka (L1)
7 Jy»KHHA KaIka oJ] TaYKe Mpeceka 70 CpenHe mocTepuopHe crpane (L2)
8 BHCHHA JbYIITYpPE 0] Bpxa ym0a 10 Tauke rnpeceka (H1)
9 BHCHHA JBYIITYPE O] TAUKE MpeceKa /10 Bpxa BeHTpaiHe maprune (H2)
Tabena 5. IIpernen ananu3upaHuXx MOIYyalKja CABPEMEHUX y30paKa.
Peka JloKanuTeT Opoj jeAVHKHM Y OKBHPY aHAIM3UPAHUX MOIyJanyja
U. tumidus  U. pictorum  U.crassus A.anatina S.woodiana
borojeBo 22 17
Banarcka Ilananka 14 14
Crapu CnankameH 17
flynas [TanueBo 21
Opermain 16
Cpemcka Mutposuna 22
Japax 16 17
Vuhe Bocyra 8 16
Caga Habai 18
Hy6oxko 20
OcTtpyxHuna 19
Tuca Ana 21 17
Bapsapun 16
Mapkosauku Moct 10
Benuka
Mopasa Barpaan 17
hynpuja 13
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Tabena 6. [Ipernen ananu3upaHUX JETUHKH U3 MYy3€jCKe 30HpKe.

Bpcra Omnuc npeMa KOJEKTOPCKUM KibUrama Opoj JeAMHKU
U. tumidus U. tumidus tumidus 22
U. tumidus solidus 17
U. pictorum f.longirostris 18
U. pictorum | U. pictorum f.balatonicus 20
U. pictorum f. platyrhyncus 12
U. amnicus 18
U. crassus | U. crassus crassus 28
U. crassus crassus f. Grandis 13

3.5.2. I'eomeTpujcka MmopdomeTpujcKa aHAIN32

[Tpumenom merona reomerpujcke Mmoppomerpuje (Bookstein, 1991; Rohlf u Marcus,
1993; Dryden u Mardia, 1998), ananu3upana je BapHjaOMIIHOCT BEJIMYUHE M OOJIMKA JICBOT
Kalka JbyIITYype pa3IMUUTUX TMOIyJalyja CaBpEeMEHHX Y30paka IIKOJbKU (YyKymHO 241
JeAMHKA) ¥ aHaJM3a jeIMHKHU Koje Cy MpHIajgaie My3ejckuM y3opuma (148 jenunku) (Tabena
5, Tabena 6).

AHanm3a reoMeTpujcKoM MoppoMeTprjoM 00yXBaTHIIa je TpU BpcTe poaa poxa Unio
(U. tumidus, U. pictorum u U. crassus), ¢ 003upomM 11a je Ko mux ouao moryhe ode36eantu
JI0BOJbaH Opoj xomousorux cremuduunnx tadaka (exri. landmarks), mosuimoHupanux y
npeeny oTUcaka MUIIMha M y PEerMoHy KapJWHAJHUX M JIaTepalHUX 3y0a, JIEBOI' Kallka
spymType (Tabena 5, Tabena 6). Xomosore cnenuduyne Tadake KopuiiheHe y HCTpakKuBamby
Koje cy cripoBenn Morais u cap. (2014), mpunarolere cy 3a morpebe oBe cTyauje.

Ocrane BpcTe yHHOHUZA HHUCY oOyxBaheHe TeoMeTpHjcko MOpPHOMETPUjCKOM
aHaJIM30M, C 003UPOM Ha pa3iivKe Y MOP(OJIOIKUM CTpYKTypama y OJJHOCY Ha aHaJM3UpaHe
Bpcre poxa UNio, ogHOCHO 0/CYCTBO 3y0a, Huje Omio Moryhe o6e30eauTh JT0BOJbAH OpPO]
crienn(PUIHUX Tadaka, 9aK ¥ y CIy4ajy Ja je MoCTojao M0BOJbaH Opoj MprUMepaka 3a aHaJIu3y.

VY mporpamuma u3 TPS cepuje, koju ciayxe 3a NPHUKYIJbamke JIBOJAUMEH3MOHATHUX
nojaraka, oqHocHO X u Y KOOpJAMHaTa creun(UYHUX Tayaka, U3BpIICHA je AUTHTAIN3alM]ja

cenuuuyHUX Tadaka W mpurnpema ¢dajioBa 3a reHepann3oBaHy I[IpoKpycToBy aHau3y

(GPA).
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Kopumihemem copreepa TpsDig (Rohlf, 2010a), nmo3unronupano je 10 1BoarMEH3MOHATHUX
Tayaka Ha JICBOM KalKy JbYIITYpE, Kao U JBe peepeHTHE TauKke Ha pa3MepHuKY (Tauke 11 u
12) (cnmka 7, Tabena 7). Y nporpamy TPSULil (Rohlf, 2012) usspiuena je manumnynanuja TPS
JOKyMeHaTa (Clajambe TOKyMeHaTa W ypehuBame Tadaka), JOK je y mporpamy TPSRelw
(Rohlf, 2010b) npoBepaBaHa Ta4HOCT TUTUTAIH3ALH]E.

Tauke cy omaOpaHe Tako Ja Hajpelpe3ecHTATHBHH]E OIMCY]y OOJIUK aHAIU3MPAHUX

Mopdoromkux cTpykrypa. [Ipema BykimrajnoBoj kinacudukamuju (Bookstein, 1991), sehuna

Ta4yaka npunazaa tumy 1 u 2.

Cnuxka 7. [Ipuka3 pacnopena JBOJAMMEH3HOHATHUX Tayaka MO3UIIMOHUPAHUX HA JIEBOM KaIlKy
JbYIITYpE.
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TaGena 7. Onuc cienupuYHAX Tayaka MO3UIIMOHUPAHUX Ha JIEBOM KaIlKy JbYIITYpE.

Pexnu 6poj Onuc 1BOAMMEH3MOHATHUX Tadyaka
crienpUYHNX Tayaka IO3WIIMOHMPAHUX HA JIEBOM KallKy JbYIITYpPe

1.

TayKa CyCTHUIIama MaleAIHE JTUHUjE U OTHCKA
aHTEPHOPHOT MUIIKha ayKTOpa

aHTepUOpHA TauKa OTHCKa MUIIKha MpoTpaKkTopa
MOCTEpPUOpHA TayKa OTHCKa MUIIKha MPOTpaKkTopa
OTHCaK MUIINha peTpakTopa

MOCTEPHUOpHA MHCEPIMja MPBOT KapJMHAIHOT 3y0a
MIOCTEPUOPHA HHCEPIIHja IPYTOT KapIMHATHOT 3y0a
aHTepUOpHA UHCEpIIMja APYror KapAUHAIHOT 3y0a
3aBpIIETaK JOHET JIATeIapHOT 3y0a

3aBpIIETaK TOPHET JIaTeIapHoT 3y0a

Ta4Ka CYCTHIlara MMajeallHe JIMHU]EC U OTHCKA
MIOCTepUOpHOT MuIKha ayKTopa

© XN GRwWN

[EEN
e

3.6. CtarucTruka o0pajaa nojgaraka

3.6.1. CraTHcTHYKe aHAJIN3€e U TeoMeTpUjcka MopdomeTpuja

I'enepanuzoBom IIpokpycroBom Anamuzom (GPA) (Rohlf u Slice, 1990; Dryden u
Mardia, 1998; Rohlf, 1999) na HuBOy 1enor y3opka Cy H3[IBOjeHE Bapujalie BEIHYUHE
(BemmumHa neHTpomga — enri. centroid size, CS) u Bapmjabie o6nuka (ITpokxpycroBe
KOOpJIMHATE).

BapujabuiHocT BenuyMHE LEHTPOWAA aHalIM3MpaHa je (PAKTOpHjaTHOM aHAIM30M
Bapujance (ANOVA). Kao ¢akrop koju OM MOrao yTHIIATH Ha BapHjaOMIHOCT BETHYHHE
[IEHTPOU/Ia TECTUPAH J€yTHIIA] TIOIyJIallHje.

Bapujabunnoct o6nuka aHanmu3upaHa je (GakTOpHUjaJHOM MYJITHBapHjaHTHOM aHAIU30M
Bapujance (MANOVA). Kao moryhu ¢akrop BapujaOMIIHOCTH OOJIMKA, OJHOCHO 3aBHCHO
npoMeHJbuBHX BapHjabn (IIpoKkpyCcTOBHX KOOpAMWHATA), TECTHPAH j€ yTHUIA] MOIyJIalje.

W3nBojene Bapujabiie 06irKa cy KopultheHe 3a aHaaU3y IIaBHUX KOMITOHEHTH (EHTJL.
Principal Component Analysis — PCA). OBoM MeTOIOM je M3BpIIICHA MPEIMMUHAPHA aHATN3a

BapujaOMIIHOCT yHyTap 1elnor y3opka. [Ipumenom ananuse riaaBHux komrnoneHT (PCA), Hu3
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POMEHJbUBHUX KOj€ OIUCY]y HEKH y30paK ce MPEeBOU y CKYIl HOBHX MPOMEHJbUBUX KOj€ HUCY
mehycoOHO kopenucaHe U Koje ce Ha3uBajy riaBHe kommoneHTe (PC xommonente). [IpBux
Hekonuko PC xommoHeHTH onmcyje Hajpehu mponeHat Bapujadbumnoctu. PC oce dpopmupajy
HOBU KOODIMHATHU CHCTEM, Tj. KOpPHCTE ce Kao pedepeHTHE oce, W TOJI0XKaju CBaKe
NOjeIMHAYHE jeIMHKE Yy OJHOCY Ha IJIaBHE KOMIIOHEHTE C€ Ha3MBajy COINCTBEHE BPEIHOCTHU
(enra. PC scores).

Bapujabne obnuka cy najbe aHanu3upaHe NpuMeHoM KaHOHUMjCKe AMCKpUMHHAHTHE
anamuse (eurs. Canonical Variate Analysis — CVA). 3a pasinuky og PCA kojoM ce aHamu3upa
BapHjaOMITHOCT HA HHUBOY Iejor y3opka, momohy CVA ce ananmm3upajy pasnuke usmely
yHanpen nedunucanux rpyna. Mzasojene cy kanonujcke oce (enryi. Canonical Variables —
CV) u nobujen rpaguyk MpHKa3 MoJI0oXkKaja jeIMHKH Y OHOCY Ha MpPBE JBE H3IBOjEHE 0Ce
(CV1 u CV2). IlpomeHe ob6auKa Koje JOMPHHOCE AMCKPUMHUHALMJH AHAIM3UPAHUX TpyIa
npejcraBibeHe ¢y y oonuky TPS nedopmanmja (enrn. Thin Plate Spline), nyx mpse u apyre
KaHOHU]CKE 0ce.

MynrtuBapujantHom ananmu3oMm kosapujance (MANCOVA) yrBphen je TpeHn
3aBUCHOCTH OOJNMKa Of BeJIWYMHE (QIOMETPHjCKH OJHOCH) u3Mel)y aHalIU3uMpaHuX
NOITyJIallMja W TeCTHpPaHa XOMOTEHOCT Harmba pPerpecHoOHMX NpaBUX. Y OKBHUPY aHAIN3E
TECTUpaH je YTHUIA] TOMyJaldje Kao He3aBUCHE Bapujabiie, JIOTapUTMOBAHE BEIUYWHE
nentpousa (In CS) kao koBapujabiie W HHUXOBE HHTEpPAKIHUje HA BaphjaOHIHOCT OOJHKa
(ITpokpycToBUX KOOpOMHATa Kao 3aBHCHHX Bapujabmu). CTaTHCTHYKA 3HAYajHOCT
uHTepakiyja u3melhy edekra momynaiuje u kopapujadie (In CS) ykasyje Ha 1a jau cy Haruou
PErpecCHOHNX KPUBHX XOMOTEHHU WJIM HE, OJHOCHO J1a JIU C€ HaruOW aJOMETPHjCKUX MPaBHX
pasIuKyjy.

MyntuBapujaHTHOM perpecujoM Bapujadbiu obmuka ([IpokpycToBe KoopauHaTe) Ha
aoraputMoBaHy Bapujadiy BenmduHe (In CS) Ha HUBOY menor y3opka, MpOIEHEH je yTUIa]
BETMYMHE HA YKYMHY BapujabunHocT oOsmka. [lonmazehu on HynaTe XUIMoTe3e O OJACYCTBY
3aBUCHOCTH W3Mel)y BenwmuumHe W 00JMKa, mpuMeHoMm mnepmyTanuonor Tecta ca 10 000
NIOHaBJbaKa, MPOLECHEHA j€ CTAaTUCTHYKAa 3HAYajHOCT yTHIaja anoMmeTrpujckor pacta (Good,
1994). IIpomeHe 00IMKa YCIOBJbEHE ATOMETPUJCKUM PAcTOM Cy BU3YEIHO INPENCTABILEHE Y
Buny TPS nedopmarmja.

Benuunna pasnuka y oOmuKy JeymType u3Mely momyrarudja, KBaHTH(HUKOBaHA je
[MpokpycroBum nucraniama (Pd). ITonasehu ox HynaTe Xurmore3e O HENOCTOjaly pa3iiuKa

u3Mel)y aHalM3MpaHUX Tpyma, a Ha ocHOBY mepmytanuoHor tecta ca 10 000 monaBsbama,
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NpoICHEeHA j€ CTAaTUCTHYKA 3HA4YajHOCT u3pauyHatux I[IpokpycroBux muctranim (Good,
1994).

Bapujabunnoct BenmuuuHe HW  00JMKAa JbYIITYpe CTAaTHCTHYKH j€ aHaJu3upaHa
KoMOMHAIMjoM JBa mporpama. ,Statistica“ Bepsuja 6 (StatSoft, Inc., 2004) u Morphol
(Klingenberg, 2011).

3.6.2. OcraJjie cTATHCTHYKE aAHAJIU3E

3a aHanM3y 3ajeHHIE CIATKOBOJHUX IIKOJbKHM, Ka0 W TIOBE3aHOCTH IPOMEHa Yy
cacTaBy 3aje[JHHIA U CKOJIOMKUX (a0MOTHYKHX) (akTopa, KopuilheHe Cy KOPECHOHICHTHA
anaimsa (CA) u kaHoHHjcKO-KopecnioHaeHTHa ananu3a (CCA) (ter Braak, 1986; Ter Braak u
Verdonschot, 1995, Palmer, 2000, Karadzi¢, 2013).

Opnabup Haj3Ha4yajHUjuUX aKTopa YTHUIAja, M3BPLIEH je IPUMEHOM IPETXOJHE
cenekije (eurs. forward selection), y3 kopumrheme Pearson-oBor KopenaldoHOT TecTa y
okBupy CCA anamuze. Monte Carlo nepmyrammonu tect (999 mepmyramnmja, P<0,05),
kopuitheH je kako OM ce IpoBepuia CTaTUCTMYKA 3HAYaJHOCT CyME€ CBUX CBOJCTBEHHMX
Bpeanoctu (eigen vrednost), mojenunaunux dakropa (Karadzi¢, 2013).

3a yrBphuBame pasziuke uzmMely nomynamnyja, Kao U 3Ha4ajHOCT TECTUPaHUX (hakTopa
(TuHEeapHUX MOpPQOJOIIKUX BapujaldiM), 3a AMCKpPUMHUHALM]Y MOMYyJaluja, MPUMEHEHA je
JuckpumuHanTHa ananuza (DA).

Benmnumnna pasnuka y oOnuky Jbymtype usmel)y momyrnanuja, KBaHTH(HKOBaHa je
KBaJpaTHUM MaxanmaHoOMCOBUM IuCTaHIaMa. Ha OCHOBY mepMyTalMoHOT TecTa MpoIeHkheHa
je cTaTUCTHYKA 3HAYajHOCT M3pavuyHaTHX MaxajaaHOOWCOBHX JUCTAHIIH.

HaBenene ananmm3e w3BpIIEHE Cy HPUMEHOM CTaTUCTHYKHX codTBepa ,.Statistica™
Bep3uja 6 (StatSoft, Inc., 2004) u ,,FLORA®“ Bep3mja 6 (Karadzi¢ m Marinkovi¢, 2009;
Karadzi¢, 2013).
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Ha wucrpaxuBanoM mnojnpydjy, 3a0einekeHo je 7 BpCTa CIATKOBOJHUX IIKOJBKU W3

damunuje Unionidae, koje cy cBpcTane y uetupu poja (tadena 8).

Tabena 8. Cnmcak 3a0enexeHux BpcTa MKoJbKY U3 pamuiamje Unionidae y Cpouju

Pon Bpcra

Unio pictorum (Linnaeus, 1758)
Unio Unio tumidus Philipsson, 1788
Unio crassus Philipsson, 1788

Anodonta anatina (Linnaeus, 1758)

Anodonta }

Anodonta cygnea (Linnaeus, 1758)
Pseudanodonta Pseudanodonta complanata (Rossmassler, 1835)
Sinanodonta Sinanodonta woodiana (Lea, 1834)

4.1. Pe3yITaTH HCTPAKUBAHA 3ajeIHUIE CIATKOBOIHUX IKO/bKHI
dhamuauje Unionidae y Cpouju — npuka3s 3a6ese:kene gayne

4.1.1. Tlpernen 3ajeqnuile cIaTKOBOAHUX IIKO/bKH y CIUBY JlyHaBa

AHaTM30M 3ajeIHHUIIEe CIaTKOBOAHUX INKOJbKH (YHHOHHU/A), Y A€y Toka JlyHaBa Kpo3
CpOujy, y3umajyhu y o03up cBe y30pke npukymnbeHe y nepuoay ox 2001. mo 2013. rogumne,
yTBphEHO je mpucycTBO IecT BpcTta. Hajehy mpolleHTyaliHy 3acTyMJbEHOCT y 3ajeIHUIIH,
umana je Bpcra U. tumidus (51.44%). Mame yuemnthe y 3ajenuuiiu 3adesexeHo je 3a Bpcre U.
pictorum (18.04%), S. woodiana (13.83%) u A. anatina (4.09%). Ca 3HaTHO MambHUM yJIEJIIOM Y
YKYIIHOj 3ajenHunu Ouie cy mpucytHe Bpcre P. complanata (2.07%) u U. crassus (0.53%)
(Tabena 9).

[Ipema ydecTanocT Hajaza BpcTa y cprckoM neny Toka JyHasa, U. tumidus ce moxe
O3HAUUTH KA0 CYKOHCTaHTa BpcTa (Beoma yecTa), mpucytHa y mpeko 80% y3opaka. Kao
KOHCTaHTHE, OJHOCHO 4YecTe BpCTe, Ha OBOM Jeidy Toka JlyHaBa, ca ydecrajoiihy
nojaBJbMBama y npeko 60% y3opaka, nerekroBaHe cy U. pictorum wu S. woodiana.

[TojaBspuBaBame y mpeko 50% y3opaka (ymepeHo uecTo) Oenexu ce 3a Bpety A. anatina, oK
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ce Bpcre P. complanata u U. crassus, Mory o3HauuTH Kao peTKe H/WiM BpJo peTke (Tabena
9).

TakcoOHOMCKa Pa3HOBPCHOCT U OpOj jeAUHKH MO JOKAIUTeTy y JlyHaBy, Bapupaiu cy
TOKOM miepuoja ucrpaxkuBama. Y 2001. rogunu, yKymHo je 3abenexeHo net Bpera. O mect
3abenexxeHuX BpcTta y Tekyhum Bojgama CpOwuje, jenuHo Huje 3abenexeHa Bpcta U. crassus.
Hajeeha pa3zHoBpcHOCT 3a0enexeHa je Ha JokanuTeTy [omybail (ueTupu BpCTe), JIOK je Ha
nokanureruma CiankameH u HoBu Can (HU3BOIHO), Omiia 3a0eniexeHa caMo 1o jeHa BpcTa
(crmuka 8).

bpoj jeauHku 1o jokanuTeTy Bapupao je on 2 3abenexxene unnuBuaye (Hosu Can,
HU3BOJHO), 10 18 nerexroBanux jeaunku y baukoj [Tananuu u [Nomymiy.

Huctpulynuja BpcTa, y4ecTaloCT M0jaBJbuBamka U 3aCTYIUBEHOCT Yy 3ajeTHULH CY Ce,
Takolhe, Memhalli TOKOM MEPU0JIa HCTPAKUBAHA.

[IpBo mojaBibMBame WIKOJbKA Yy JlyHaBYy HaKkoOH ynacka u3 Mahapcke, TOKOM
uctpaxuBamwa y 2001. rogunu, Oenexu ce Ha jokanurery Ymhe JlpaBe (HU3BOIHO), Y
norpaandHoM ey uzmehy Cpouje u Xpsarcke (ciuka 8). Y ToM, Hajy3BOJIHHUjEM Ty TOKa
y CpOuju rae cy IIKOJbKE PEerucTpoBaHe, Oeleku ce 3HauyajHa OpojHOCT momynamuje U.
pictorum. TIoHOBHO TOjaB/bMBAaE OBE BpPCTE ca MamoOM OpojHomy momynanuje,
paructpoBaHo je Ha jom JjBa Jiokanutera (IlanueBo, Hu3BomHO u TomyOam), y
HaJHU3BOAHHUjEM Jeny Toka kpo3 CpOujy, y Kojem cy 3abenexeHe mkosbke Tokom 2001.
roaute. U. tumidus ce, takolje, mojaBibyje y Hajy3BOAHHUjEM ey Toka (CIUKa 8), TOCTHKE
Hemto Behy OpojHoct oko HoBor Cana, HakoH uera AOCTHXKE CTaOWIHY MOIMYyJanujy Ha
cexktopy on beneruma o ["omymia. 3Hauajaa OpojHOCT Tommynaiuje, Ha cexkTopy oa Jama 10
Hosor Cana (y3BoaHO), Oeneskn ce 3a BpeTy A. anatina. [ToHOBHO 1M0jaBJbUBaE-E OBE BPCTE j€
PETUCTPOBAHO Ha JIOKATUTETy benerumn, ca 3HaYajHUM yZIEJIOM Yy 3ajeHUIM, HAKOH 4Yera je
[I0jaBJbUBAaE€ OBE BPCT€ YOUEHO HA HajHU3BOAHHUjeM Jokamutery (['omy0ar), ca 3HATO
MawuM ydemnthem y 3ajemnunu (cmuka 8). IlpucycrBo S. woodiana ce Oenexu Ha
HAjJy3BOJIHU]EM JIOKAJIUTETY, noBehaBa cBOjy OpojHOCT Ha jokanutery bauka Ilamanka. Ha
cektopy oa Hosor Cama no Cnankamena, rpaau yHUGOPMHY TOMYJIAINjy, HAKOH YeKa Ce
NI0jaBJbHBAE OBE BPCTE OENICIKM HU3BOJHO, Ca MalbUM yAEJIoM y 3ajeqnunu. P. complanata,

3abenexeHa je Ha camo niBa jJokanuteTa ([Jam u HoBu Can, y3BoaHO) (cnuka 8).
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Tomy6an
[TanueBo, HU3BOJHO B U. pictorum
benernm .
m U. tumidus

Crapu CnankaMeH

Hosu Can, HU3BOAHO P. complanata

Hosu Can, y3BogHo E A. anatina
bauka [Tananka

Jlarm

yuthe JIpaBe, HU3BOJHO

® S, woodiana

0 5 10 15 20

0poj jeAnHKH

Cnuka 8. IIpernen 3ajennune y lynaBy ca nmpuka3om adyHAaHIE BPCTa HA HCTPAKUBAHUM

nokanureruma y 2001. ronunu

Tokom 2007. romuHe, yKyINaH CHEIUjCKA TUBEP3UTET je OMO HEMPOMEHCH Y OJHOCY
Ha 2001. roguny (5 Bpcra), ipu 4emy je Ha jaBa jJokaymreta (ymrhe [Ipase, y3Bogno u HoBu
Caz, HU3BO/IHO), 3a0enexeH MakCHUMajaH JUBEp3UTET, a Ha TpH Jjokaimurera (yuthe /Ipase
HU3BO/HO, Jlasb n CraHkaMmeH), eTeKTOBaHa je camo Mo jeHa Bpcra (cnuka 9). Hajmamu
Opoj jenmuHKH 3a0enexeH je Ha okanuTeruMa CirankameH U [lasb (1o jeHa jeuHKa), 0K je
Ha Jiokanutery banarcka [lananka, perucrpoBan Hajeehu Opoj jenunku (75).

U. pictorum mpema uctpaxuBatuma u3 2007. roauHe Oenexxu 3HauajHy (QpeKBeHILY
nojaBJbUBama, y Buie oa 60% y3opaka (tabema 9). Hajseha OpojHocT momymanuje je
3abenexxeHa Ha Jokanutery banarcka [lamanka.

U. tumidus je jeana oa HajIpUCYTHHjUX W HAj3aCTyIJbEHHjUX BPCTA, HA JIENy TOKa
HynaBa xpo3 CpOujy, ca HajsehoM OpojHomrhy momynamnuje Ha JIOKalIuTeTuMa baHarcka
[Tananka u 'omy6arl, HakOH Yera OPOjJHOCT 3HATHO OMaJa HAa HAajHU3BOJHHUJUM JIOKAJIUTETUMA
(cmuka 9).

3a paszmuky ox 2001. rommue, A. anatina Oenexu 3HaTo Behy (pekBeHIly
110jaBJbHBakHA, aJIM Ca 3HATHO MAbUM ydelrheM y 3ajelHUIN Y OJHOCY Ha MPETXOAHU MEPUO.
(rabena 9). Hajeha OpojHOCT mormysainuje oBe BpCTe je 3a0elexeHa y Hajy3BOJHUJEM JIEITy
TOKY, U jeny Toka oko HoBor Cana, HakOH 4yera OpojHOCT IOITyJIallkj€ OIaja y HU3BOJHOM
neny (cnmka 9).

VYuecranoct nojaBiprBama S. woodiana je He3HaTHO Mama y ogHocy Ha 2001. roauny,

au je OpOjHOCT MOIyJAIMje 3HA4ajHO CMamkeHa y OJHOCY Ha MPETXOHH nepuos (Tadena 9).
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Ha nokanureruma y ropmem neny Toka JlynaBa Ha ynazy y Cpoujy (batuna u ymthe Jlpase,
y3BOJHO), 3a0emexeHa je HajBeha OpojHOCT Momyaimje OBe BPCTe.

VY 2007., cnuyno xao u 'y 2001. rogunu, P. complanata, ce Moxe 03Ha4uTH Kao BeomMa
peTka BpCTa, MOjaBJbyje Ce Ha CBera JiBa JIOKaJWTeTa, ca ydemrheM y 3ajexnunu ucrnoxa 1%

(tabemna 9).

Panyjesan
Bepnan
BpoOwuna
Tomy6arg
Banarcka I[Tananka
B. Mopaga, y3BoaHO
ITaH4Y€eBO, HU3BOLHO m U. tumidus
[TangeBo, y3BomHO
Benerum P. complanata
Crapu CnankameH
Hosu Caj, HU3BOIHO A, anatina
Hosu Cap, y3BomHO
bauka ITananka = S. woodiana
Tan
yuthe JIpaBe, HU3BOJHO
yurhe JIpaBe, y3BoHO
Baruna

B U. pictorum

0 20 40 60 80
Opoj jenHKH

Crnuka 9. Ilpernen 3ajeqnure y JlyHaBy ca mpuka3oMm aOyHIaHIIE BPCTa HA HUCTPAKHBAHIUM

nokanureruma y 2007. roauHu.

VY nepuony 2009. no 2012. roauHe, CHENHjCKH TUBEP3UTET j€ HEIITO Mamu (4 BpcTe),
anmu je Opoj 3a0elekeHUX jeAMHKHU IO y30pKYy 3HaTHO Behu, m Bapupao je on 3 jeauHke
(Kocromnan), no wak 73 3abenexene jeaunke (PatHo OctpBo). Y 0BOM nepuoy, mope BpcTe
U. crassus, Huje neTekToBaHa HU Bpcta A. anatina.

U. tumidus u U. pictorum, ce y mepuoay oa 2009. no 2012. roguHe MOTY O3HAYHUTH
Kao JIOMHHAaHTHE BPCTE€ HAa WCTPAXHWBAHO] JEOHHIM, Ca YKYIMHOM 3acTylJbeHommhy y
3ajennuim ckopo 80% (TaGema 9). 3ajenqHo ca BpctoM S. woodiana, mpencTaBibajy
eykoHcTanTHe BpcTe (cnmka 10, Tabena 9). Y oBoM mepuojy ydectanoct Haiasa 3a Bpery P.

complanata ce 3nauajuo nmoehasa (Tabena 9).

37



Pesynmamu

Kocromnan
m U. pictorum
Operarg
= U. tumidus
bena crena

P. complanata

Partno octpBo
= S. woodiana

Crapu CnaHkaMeH

0poj jeTMHKH

Cnuxka 10. Ilpernen 3ajeqnuie y JyHaBy ca mpuka3om aOyHJIaHIIE BPCTa Ha UCTPAKHUBAHUM

nokanmretTuma y nepuoay 2009-2012. roguna.

VY 2013. ronuHu, perucToBaHO j€ CBMX IIECT BPCTa CIATKOBOAHUX HIKOJbKU (CIIMKA
11), kapakTepucTH4HHUX 3a Tekyhe Boje. 3a pa3iuKy Of MPETXOJHUX HUCTPAKUBAKA, TOKOM
2013. ce Oenexwu npucycTBo Bpcre U. crassus Ha asa iokanurera (Opemtan u Tekuja).

Hajeehu cnienujcku nmuBep3uTeT je 3abenekeH Ha okanurery Opemar (5 TakcoHa),
JIOK je camMo jeaHa BpcTa Owmia 3a0enexeHa Ha Jokanmutery BpoOwma (cimka 11). Bpoj
3a0esieXKeHUX jJeAMHKU 110 Y30pKY j€ 3HaTHO Bapupao. Y y3oplHMa ca Jokanuterera Bpouma
u benernm 3abenexxeHe cy MO JABE jeIUHKE Yy Y30pKy, JOK je Ha JokanuteTy Operar
perucTpoBaHo yak 238 jeIMHKH y y30PKY.

Kao najuemhe HanaxeHe BpcTe (€yKOHCTAHTHE), AYK LIEJIOT HCTPAKUBAHOT JIeNIa TOKA
y 2013. rogunu, ouie cy Bpere U. tumidus u U. pictorum. Bpojaoct momynamumje U. pictorum
Iy’ YMTaBOI TOKa je Ouja yjeaHaueHa, M YMHWIA je Mame o] 20% yKymHe 3ajefHMIe, 3a
pasnuky oj nomymangje U. tumidus koja je uunamma ckopo 50% ykymue 3ajennurie (tadena 9).

Ca auctpudynujoM Ay’ YUTABOT TOKa, IPUOIMKHO JeJHAKUM ydelheM y 3aje JHULIN
U (ppeKBEHIIOM I0jaBJbUBama, OMIIE Cy pacmpocTpamene A. anatina m S. woodiana ToxoM

uctpaxuBama y 2013. rogunu (ciauka 11, Tabena 9).
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BpoOumna

Texuja

Tony6arg

banarcka [Tananka

Operuarg

VYurhe Benuke Mopase, HU3BOJHO
VYurhe Benuke Mopage, y3BoHO
ITan4eBo, HU3BOIHO

ITanueBo, y3B0aHO

Benerum

Crapu CriankamMeH

Bauka [Tananka

Yepesuh

Hemrtun

ymthe /IpaBe, HU3BOIHO
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Opoj jenMHKHI

250

| U, pictorum
= U. tumidus

U. crassus

P. complanata
H A anatina

=S, woodiana

Crnuka 11. Ilpernen 3ajeqaune y JyHaBy ca mpuka3oMm aOyHJIaHIIE BPCTa HA UCTPAKHUBAHUM

nokamureruma y 2013. ronuam.

Tabena 9. Ilpuka3 yuecranoctu mnojaBbuBamba Bpcra (F) U BHXOBE NPOICHTyaIHE

3actymibeHoCTH (%) y 3ajeqanny JlyHaBa y pa3nuuuTuM (pa3ama UCTpakMBama Uy YKYITHOM

Y30pKYy.

2001 2007 2009-2012 2013 CBH Y30pLH

F % F % F % F % F %
U. pictorum 0.33 10.28 | 0.65 12.75| 0.85 28.43 | 0.87 17.64 0.69 18.04
U. tumidus 0.56 36.45 | 0.82 61.03 | 0.85 50.80 | 0.93 48.28 0.81 51.44
U. crassus / / / / / / 013 1.20 0.04 0.53
P. complanata 022 467 |012 074 {071 6.39 | 013 045 0.23 2.07
A. anatina 056 28.04 |0.71 1740 / / 0.67 16.44 0.56 14.09
S. woodiana 0.67 20.56 | 0.59 8.09 1 1438 |0.67 15.99 0.69 13.83
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['yctuna nonynaiuje Ha ogadpaHuM JoKauuTeTuMa Ha JlyHaBy, puKa3aHa je Ha ciuiy 12.

Bpouua l

Tekuja .
lNony6an l
banarcka [Tananka -

opewan I R
Huzs. onymha B. Mopase _
V3. onymha B. Mopase -
TITanueBo, HU3BOHO _
[Nanueso, y3somio _

benernm .
Crapu Cnankamen _ S
R U. pictorum
bauka IMananxa - » U tumidus
Yepesuh _ P. complanata
Heurmmu -l ® A. anatina
yuihe JIpase, HH3BOAHO _ 8 S. woodiana

0 10 20 30 40 50 60 70
2
bp.nuansuaya/m”

Cnuxa 12. Ilpukas rycTuHe nomnysanuje IpUucyTHUX BPCTa y KBAHTUTATUBHOM Y30PKY
[yHnaBa.

4.1.2. llperaen 3ajeqHune cJ1aTKOBOJAHUX WIKO/bKHU y ca1uBy CaBe

Tokom uctpaxuBama peke Cape y mepuoxy ox 2001. mo 2012. roguHe, yKyIHO je
3a0€eJIe)KEeHO MIECT BPCTa IIKOJHKM HA UCTPAXKUBAHOM IMOApYyYjy, oa yirha bocyra y CaBy 1o
Beorpana (tadena 10). JlomunanTHa Bpcrta y 3ajenuui je omta U. tumidus (48.60%), motom
cnemu U. pictorum (17.96%) u ca roroBo jennakuM yuemnhem y 3ajeanunu Bpere S. woodiana
u U. crassus (15.82% u 15.49%). HajMamy miporieHTyarHO ydenihe y 3ajeIHHIA MMaJie Cy
Bpcte A. anatina (1.98%) u P. complanata (0.16%).

[Ipema ywecranoctu nojasspuBama, U. tumidus u S. woodiana ce Mory o3HauuTH Kao
€YKOHCTaHTHE BpcTe, 3a0ernexeHe y npeko 80% y3opaka (tabena 10). Yecto mojaBibrBame
peructpoBano je 3a Bpcte U. pictorum u U. crassus, y mpeko 50% y3opaka, 1ok cy A. anatina
u P. complanata 6une Bpio petke (F=0.18; F=0.06).

[Ipuxkynspame y3opaka y nepuoay ox 2001. go 2010. u3BpiIEeHO je HA OTPaHUYCHOM
ceKTopy Oeorpajckor permoHa, cBe 10 21. Km Toka u 3a0enexeHo je MPUCYCTBO MET BpCTa
(ciuka 13). Bpoj 3abenexenux jenunku ce kperao ox 12 (ymthe Case y JlywaB), mo 36
(y3Bomuo ox ymha Case). Ca yuenthem y 3ajeaauuu on ckopo 90%, U. tumidus je Owmma

JOMHUHAHTHA BpCTa W 3a0elieKeHa je y CBUM Y30pIlMMa, JOK Cy OCTaje BpCTe Ouie
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noajeaHako ydecraie. Ca paBHOMEPHUM YJIEIOM y 3ajeHUIM, Ouie cy mpucytae U. crassus

u S. woodiana, morom cieau A. anatina, u ca HajmamuM yuerrthem U. pictorum (tadena 10).

mU. pictorum
Mapusa (21. km)
= U.tumidus
U. crassus
y3BOAIHO o yurha
= A anatina
yuthe y lyHas u S, woodiana

0 10 20 30 40

6poj jemuHKH

Cmuka 13. Ilpernen 3ajemqaune y CaBu ca mpuka3oM aOyHIAHIIE BPCTa Ha UCTPAXKUBAHUM

nokanmureruma y epuoay 2001-2010. roguse.

Tokom 2011. rogune, Ha UcTpakuBaHOM Jeny Toka Case kpo3 CpbOujy, 3abernexeHe
Cy YeTHpHU BPCTE MIKOJbKU (ciuka 14). Crelujcku AMBep3UTeT je yjeHAUCH [EeJIOM Ty)KUHOM
TOKa, JIOK je Opoj 3a0enmexeHWX jeawHKH Bapupao on 13 (Aga Mehuma) mo 198
(Octpyxuuna). U. pictorum, U. tumidus u S. woodiana, cy eykoHcranTHe Bpcre Ha CaBw,
npu yemy Bpcre poxa Unio unue npeko 70% ykymHe 3ajenHuile, 0K je S. Woodiana nmana
3HATO MamH yzieo y 3ajeanuiu (ciuka 14, radena 10). 3a pasnuky ox JlyHaBa rie je o3HaueHa

Kao BpJIO peTka, Bpcta U. crassus je 3abenexena y uie o1 80% y3opaka Ha CaBu (Tabena
10).

Ana Mehuna mU. pictorum
OctpyKHULA
Tpy: = U. tumidus
ITa6arg
U. crassus
C. Murposuia '
= S. woodiana
Vuhe bocyra '

0 50 100 150 200

6poj jenuHKH

Cnuka 14. Ilpernen 3ajequuiie y CaBu ca mprKa3oM a0yH/IaHIIE BPCTa Ha HCTPAKUBAHUM

nokanutetuMma y 201 1. rogunu.
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UctpaxxkuBameMm ucror cexkropa peke Cae TokoM 2012. romune, Oenexu ce Behu
JUBEP3UTET y OJHOCY Ha MpeTxoaHy roauHy (6 Bpcta). Hajsehu cnenmjcku auBep3uTeT
3a0enexxeH je Ha nokanurery Ymhe bocyra, a HajmMamu Ha JIOKaTUTeTy 3a0paH, Tae je
3abenexeHa camo jeaHa Bpcra (cinuka 14). Hajsehu O6poj jenuuku y y30pky (75) 3a0enexeH je
Ha jjokanutery CpeMcka MUTpoBHIIa, a HajMamkK HA JJoKaauTeTy 3abpan (1).

Huctpubyumja S. woodiana oOyxBaTa Iiely HCTPaKMBaHy JCOHHILY, KaO0 U Yy
NPETXOAHO] TOJIMHH, Ca HEUITO MamkuM ydemheM y yKymHO] 3ajequunu. Kao momMuHanTHA
BpcTa Moxe ce o3Hauntd U. tumidus, koju uyuHM TpehuHy YKYITHE 3ajeIHHIIC U M0jaBbyje ce
y Buiie ox 80% y3opaka (tadena 10). ¥ 2012. roguau, perucTpoBaHo je 3Ha4ajHO moBehame
OpojHoctn monynanuje U. crassus, Hapounto Ha nokamutery Cpemcka Mutposuna (47
jenunkn) (cauka 15). Tokom 2012. roaune Oenexu ce mojaB/buBambe Bpcta A. anatina u P.
complanata, koje ce MOry O3HAa4YMTH Kao peTKa M BPJIO peTka, ¢ 003upom Ha yderihe
10jaBJbHBAabA, AJTH M Ca MAJTUM YJICJIOM Y YKYITHO]j 3ajeauuiy (ciuka 15, radena 10).

VY cnuBy Case, U3BPILIEHO je MPUKYIUbake y30paka u Ha peun Komybapu, y nepuoay
2009.-2013. roauna, Ha Tpu JokamuTera. Bpcra U. crassus, 6una je TOMUHAHTHA Yy CIIHBY
Kony6ape, unnuna je 77.78% mnomynanuje u AETEKTOBaHA je€ Ha CBUM JIOKAIUTETUMa (CITUKa
16, tabena 10). IIpucyctBo Bpcre S. woodiana ca 3HaTHO MamuM ydemheM y 3ajeTHULH
(22.22%), peructpoBaHo je jeAuHO y y30pKy ca jokamuteta bemu bpon y 2013. roaunm

(cnuka 16, Tabena 10).

Ana m U. pictorum
Makuu ® U.tumidus
3abpan U. crassus
Ywka - P. complanata
Japax - .
HA. anatina
C. Murposuna ' .
u S. woodiana

Vurhe Bocyra

0 20 40 60 80

6poj jennHKH

Cmuxka 15. Ilpernen 3ajenuuue y CaBu ca mpuka3oM aOyHJAHIIE BPCTa Ha MCTPAXKUBAHUM

nokanutetuma y 2012. rogunmu.
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benu bpon
U. crassus

JlpaxeBarg u S. woodiana

Thenuje

0 1 2 3 4

6poj jemHKH

Cruxka 16. Iperen 3ajeqauie y Komybapu ca mpukazom aOyHIaHIIE BPCTa HA UCTPAKHUBAHUM

JJOKAJIHUTCTHUMA.

Tabena 10. Ilpuka3 ydvectanoctu mojaBbuBama BpcTa (F) W HHUXOBe NpOICHTYyaIHE

3acTynsbeHoCTH (%) y 3ajennunu Case u Konybape y pasznnuutum ¢azama UCTpaKUBamba U Y

YKYITHOM y30pKY.
Caga Kony6apa
2001-2010 2011 2012 CBH Y30PIIH 2009-2013
F % F % F % F % F %
U. pictorum 033 123 1 2265 043 17.92| 059  17.96 / /
U. tumidus 1 88.89 1 4878 086 32.08| 0.88  48.60 / /
U. crassus 0.33 3.70 08 976 057 29.72| 053 15.49 1 77.78
P. complanata / / / / 0.14 047 | 0.06 0.16 / /
A. anatina 0.33 2.47 / / 029 472 | 0.18 1.98 / /
S. woodiana 033 3.70 1 1882 100 1509 | 0.88 1582 | 0.33 22.22

3a mpoleHy TyCTHHE TOmyJanuje, MPUKYIUbEHH CYy W KBAaHTHTATUBHH Y30pIHd. Y
nopehermy ca CEMHUKBAHTHUTATUBHUM Y30pIMMa, JMBEP3UTET BPCTa y KBAaHTUTATHMBHUM
y3opuuma y CaBu je MambH. Y KBAaHTUTATHBHUM Y30pIMMa Ca UCTPAXKUBAHOT CEKTOpa peKe
Cage y nepuoay 2011.-2012., 3abenexxene cy cBe Tpu Bpcre pona Unio. Hajsehu nusepsuter
je 6mo Ha nokamutery OctpykHuia (cBe Tpu Bpcre poga Unio), 0K je Ha ocTaaum
JOKaIMTeTUMa OmJiia 3a0ejexeHa caMo 110 jeaHa Bpera (ciuka 17).

VY y3opuuma KoOju Cy MPUKYIUbeHHU ca jaeduHucane noBpiimHe (25X25Cm), Hajsehy
YUYECTaJIOCT TOjaB/bHBarba, uMana je Bpcra U. pictorum, ca rycruHoMm momynamudje on 1.6

I/IH,I[I/IBI/II[ya/mz (Ymthe bocyra wu Illabam), go 2.4 I/IHI[I/IBI/I,Z[ye/mZ, Ha JIOKQJIHUTETY
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OctpyxHuma. OBa BpcTa HUje peructpoBaHa jeauHo y CpeMckoj MUTpOBHIIM, Y KOjO] je ca
rycriHoM nomynarmje ox 0.8 uHMBHIYa/M, 3a6enexena camo Bpera U, crassus. Ca ncrom
ryctuHoM momynanuje U. crassus, je 3abenexen u Ha nokanutery Cpemcka Mutposura (0.8
WHIUBUTYa/ mz). U. tumidus, ca rycrurom y nonynamnuju ox 0.8 uaauBumya/ m?, 3aGenesxen je

camo y Octpyxuunu (ciuka 17).

10.8 24 0.8
Octpysa I |
1.6
[Habarg
0.8 ® U. pictorum
C. MuTtposuua
1.6 ®U. tumidus
VYurhe Bocyra —
0 1 2 3 4

6poj jemuHkn/m?

Cnuxka 17. Ilpuka3 rycTuHe momnynaiuje NpUCyTHUX BPCTa Y KBAHTUTATUBHOM y30pKy y CaBu

4.1.3. llperaen 3ajenHune cIaTKOBOJAHUX MIKObKHU y ca1uBy Tuce

UctpaxuBame pexke Tuce, oq Kammwke no ymha y JlyHaB, U3BPIICHO je Y TEPOIY
2001.-2010. wm 2013. romune. TokoM WHCTpakuBama, 3a0€NEKEHO je IIeCT BpCTa
CIIATKOBOJHMX MIKOJbKH (cimka 18, tabena 11). TlpucyctBo A. anatina, Ouio je 1eTeKTOBaHO
camo y 2013. romunm, mox je P. complanata permcrpoBaHa jeqMHO Yy KBAaHTUTAaTUBHOM
y30pKy. HajBehu crienujcku tuBep3uTeT je 3abenexeH Ha nokanutery Ana (4 Bpere), y 2013.
TOJIHH, JIOK je caMo T0 jeHa BpCTa JIETEeKTOBaHA Ha JiBa JokaiuTera y nepuoxy 2001.-2010.
(Turen, yzomHo ox ymiha y JyHaB), u sokamutetuma Tuten u Beuej, y 2013. rogunu.
Hajseha abynnanna je 3abenexxena Ha jokanurety Ana (98 jenunku), y 2013. rogunau, a camo
jeIHa jeIMHKa je perucTpoBaHa Ha Jokainurery Turen, y nepuoay 2001.-2010.

V3umajyhu y 063up cBe mojaTke, JOMHUHAHTHA BpcTa y Tucu, 3a paznuky ox Case u
JlynaBa, je U. pictorum ca mpeko 60% yzaena y yKYIHO] 3ajefHUIM, U YjeJHAYCHOM
(dpekBeHIIOM TojaBbUBamba (Tadbena 11). U. tumidus ce Moke 03HAYUTH Kao CYyOIOMHHAHTAH,

y YKYITHOM Y30pPKY, Ca 3HATHUM NoBehameM yJena y 3ajeJHUIH U y4ECTATOCTH 110jaB/bHBamba
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y 2013. roguHu, y OOHOCY Ha mperxomHu mepuona (ciuka 18, tabema 11). Cmamembe

OpojHOCTH TIOTyJNAIUje U Yy4eCcTaloCTH TojaBibBama y 2013. roquHu y ogHOCY Ha paHHjU

nepuop, 3abenexxkeno je 3a U. crassus. Cmameme OpojHOCTH momynamuje, y3 moBehame

yuectagocTd Haiaza y 2013. roamnu, yoyaBa ce u 3a S. woodiana. A. anatina Huje

3abenexxena y nepuonay 2001.-2010., gok je y 2013. rogunu nerektoBana y mpeko 50%

y30paka.
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Crnuka 18. [pernen 3ajeqaune pexe Truce ca mpuka3oM a0yHJAHIE BPCTa HA UCTPAKHUBAHIM

JJOKAJIMTETHUMA.

Tabena 11. Tlpuka3z ydectramoctu mojaBbuBama Bpcra (F) W HUXOBE MPOICHTYaTHE

3acTymbeHocTu (%) y 3ajenHunu peke Tuce y paznuuuTuM (aszama HCTpaxkuBama Uy

YKYIIHOM Y30pPKY.
2001-2010 2013 CBU y30pLU
F % F % F %
U. pictorum 05 80.00| 050 57.35| 0.5 61.99
U. tumidus 05 571 | 083 3456| 0.7 28.65
U. crassus 025 286 | 017 147 | 0.2 1.75
P. complanata / / / / / /
A. anatina / / 050 294 | 0.3 2.34
S. woodiana 025 1143 | 050 368 | 04 5.26
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Mamwu nusep3uteT y Tucu (3 Bpcre), 3a0enexeH je y KBaHTUTAaTUBHUM y30pIHMa y
OJTHOCY Ha KBaJIWTaTHBHE, y3uMajyhu y 003up o0a Iukiayca HcTpakuBama (ciauka 19).
Hajsehy ryctuny nomynanuje y o0a IHKIyca UCTpauBama, nMaia je Bpcra U. pictorum, ca
TeHJeHjoM noBehama rycture y 2013. ronunan no 4.8 jenuHKn/ m-. Kox Bpcre U. tumidus,
yo4aBa C€ CMameHhE I'YCTHHE MOMyJaluje y IpyroM IUKIycy ucrpaxkuBama on 0.8 mo 0.4
uruBraye/m?. TOKoM HeTpaxuBama y nepuoay ox 2001, 1o 2010. rouse, peructpoBasa je
P. complanata (0.8 unuBuaya/m?), Koja Huje Guna 3a0eneKeHa HI Y CeMHKBAHTHTATHBHIM,

HHUTH Y KBAHTUTATUBHUM y3opuuMa u3 2013. roaune (cauka 19).

m U. tumidus

P. complanata
2001-2010

6poj jemHKn/m?

Cruka 19. Tlpuka3 rycTHHe TOIyJIalldje MPUCYTHUX BPCTa Y KBAHTHUTATHBHOM Y30PKY Y
Tucn.

4.1.4. Tlpernen 3ajeqnuire cJ1aTKOBOAHUX IIKO/bKH y ciiuBY Bestuke Mopase

VY okBupy cnuBa Bennke Mopage, uctpaxuBame je BpiieHo Ha Bennkoj u 3amnaiaHoj
Mopasu. Ilpukymbame y3opaka ca Benuke MopaBe M3BpPIICHO je JeHOM MECEYHO TOKOM
2010. rogune, Ha moTe3y o Bapmapuna no ymha y JlyHas, mpu yemy je OpojHOCTH
HoIyJIalyje NpeaCcTaB/beHa Y BUY IPOCEUHUX BPEIHOCTH.

Tokxom ucTpaxkuBama y ciuBy Bennke Mopase, eT BpcTa IMIKOJBKH 3a0€TIeKEHO j€ Y

Bennkoj Mopasu, 1ok je y 3amagHoj MopaBu perucTpoBaHO NMPUCYCTBO Tpu Bpere (ciuka 20,
tabena 12).
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3a pasnmuky ox [lymasa, CaBe m Tuce, y Benukoj MopaBu HHje pPEruCcTpOBaHO
npucyctBo Bpcre U. pictorum. Ha nokamutery MapkoBauku Moct, 3abenexeH je Hajehun
JTUBEP3UTET (YETHPU BPCTE), a HajMama Pa3HOBPCHOCT YOueHA je Ha JIOKAIUTETY Rymnpuju
(mBe BpcTe), y mopehemy ca apyruM JokainuTeTuma Ha Bemukoj Mopasu. Ilpocedan 6poj
JEIMHKH Y y30pKY, BapHpao je 0]l ocaM 3a0eJIe)KCHHUX JeIMHKU Ha JokanuTeTy barpaan mo 35
JeIVHKY 3a0eliexeHNX y y30pKy O0nm3y ymnrha Benuke Mopase y [lyHasB.

Hajeeha mnpomeHTyanHa 3acTyIUBEHOCT Y YKYIHO] 33jeJHUIM H MaKCHMalHa
ydecTaJocT Hajas3a, youeHa je 3a Bpcry S. woodiana, koja ce MOXXe O3HAUUTH Kao
JOMHHAHTHA BPCTa y 3ajeJHHULIM, OJJHOCHO €yKOHCTaHTaHa Bpcra y Bemukoj Mopasu (tabena
12). [Mogjennaka yuectanocT nojaBJbiBama 3abenexena je 3a U. tumidus u U. crassus, anu ca
3HATHOM PA3JIMKOM Yy OpOjHOCTH TOMyJannje Ha HCTPAKUBAHOM CeKTOopy. Ca MpOIeHTyaTHOM
3actymbeHomihy ox 34.88%, U. tumidus npencraBiba CyOJOMHHAHTHY BPCTYy Ha Benukoj
Mopasu (tabena 12). 3HaTHO Mame ydelnhe y 3ajeanuny, 3adenexeHo je 3a P. complanata u
A. anatina (< 4%). Y omHocy Ha cBe IIPUCYTHE BpCTe y Belrkoj Mopasu, A. anatina je umana
HajMamky y4ecTalloCT T0jaBJbUBakba 1 JIETEKTOBAHA je caMo Ha jeqHoM JiokanuteTy. Hajsehe
ydemthe mojaBipuBama Bpcte P. complanata ysumajyhn y 003up cBe HCTpakMBaHE peke
3abenexeHo je y Bennkoj Mopasu (0.4).

VY kBaHTUTaTMBHUM Yy3opuuma ca Bemnke MopaBe 3a0enexxeHe Cy TpuU BpCTe
CJIATKOBOJHMX MIKOJbKH (ciuka 21). ['oToBo mojjeanaka aucnepsuja nmomyrianuja U. tumidus
u U. crassus 3alenexxeHa je y KBaHTHUTAaTUBHUM Y30opLiuMa ca 00a JOKamuTeTa, JOK je
3HauajHa TycTWHa momynauje Bpcre U. tumidus, Omia mprcyTHa camMo y Y30pKy ca
nokanutera MapkoBauku Mocr.

TokoM mcTpaknBama 3anagae Mopase, y nepuoay 2010.-2013. roguHa, 3a pazauky
0]l CBUX UCTPaKMBAHUX BOJOTOKOBa, BpcTa U. Crassus je Omia nomuHanTtHa (62.5% ydentha y
YKYITHOj 3ajeqHHIM) W Owia je mpucyTHa Ha cBUM Jokanurerima (cmuka 20, Tabena 12).
[lojenvHayHy Haja3u OBE BpCTe 3a0elieeHH Cy Ha TpU JIOKAIWTETa, a He3HaTHO Beha
OpOJHOCT OJ1 JIBE€ jeMHKE, perucTpoBaHa je Ha JokamuteTy ['yrasscku Moct. I[lpucyctBo
Ipyrux Bpcta, ocuM U. Crassus, 3a0eexeHo je jeIMHO Y y30pKy ca JokanuTeTa Muiovaj, riae
cy 3abenexene u Bpcre U. tumidus u S. woodiana. ¥ ykynHoj 3ajexnuim 3anagHe Mopase, S.
woodiana ce MOXe O3HAUUTH Kao CyOZOMHHAHTHA BPCTE ca MPOIEHTYAIHUM ydenrhem of
25%, a memro HuKe yuernrhe y 3ajeqaunu o 12.5%, nerekrosano je 3a U. tumidus.

Y KBaHTUTATHBHOM Y30pKY ca 3amagne Mopase 3abenexeHa je camo Bpcra U. crassus

ca TYCTHHOM Tony/amuje o 3 jeammke/m?,
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Cnuxka 20. IIpernen 3ajeaunna Benrke Mopase u 3ananne Mopase ca nmpukazoM a0yHIaHIE

BpCTa Ha UCTPAXKHUBAHHUM JIOKAJIUTCTUMA.

Tabena 12. Tlpuka3 ydectanoctu mnojaBbuBama BpcTa (F) W mHHUXOBe NpOICHTYyaIHE

3actymsbeHocTH (%) y 3ajeauuiiama Benuke Mopase u 3anagne Mopasge.

Benmka Mopasa 3amagna Mopaga
F % F %
U. tumidus 0.6 34.88 0.25 125
U. crassus 0.6 10.47 1 62.5
P. complanata 0.4 2.33 / /
A. anatina 0.2 1.16 / /
S. woodiana 1 51.16 0.25 25
8 3.2 3.2 mU. tumidus
MapxkoBauku Moct - - U. crassus
3.4 34 =S, woodiana
Bapsapun -
0 : 0 15
6poj jenmuku/m?

Cnuka 21. Tlpuka3 rycTuHE MOIMyJNalyje MPUCYTHUX BPCTa y KBAaHTHUTATUBHOM

Benukoj Mopagu.

Y30pKy y

48



Pesynmamu

4.1.5. Ilpernen 3ajeqHune CJAaTKOBOAHUX IIKO/bKH Y akymyJaanujama I'pyxa u Reanje

UctpaxkuBamem akymynanuja ['pyxka u henuje 3a0enexeHo je mpucycTBo JIBE BPCTE

(cnmuka 22, Tabema 13). YV omHocy Ha HCTpakMBaHE BOJOTOKOBe, Bpcra A. Cygnea,

JNETeKTOBaHA j€ JeIWHO Y HCTpaXHMBAaHUM aKyMmyjalujama, Kao JOMHMHAaHTHAa BpCTa Yy

3ajenHuim. Ca 3HATHO MamOM MPOLEHTYATHOM

UCTPXMBAHUX aKyMyJaldja, Ouia je mpucyTHa jour jeauHo Bpcra A. anatina.

hemmje - I
I'pyxa - l

0poj jeanHKH

3acTyrsbeHomhy y

H A gnatina

A.cygnea

3ajeTHAIIaMa

Cnuxa 22. Ilpernen 3ajeqHuna UCTpaXuBaHUX akymynanuja I'pyxka u henuje ca mpukasom

aOyHJ1aHIIe BpCTa.

TaGena 13. Ilpuka3 npoueHTyaiHe 3acTymibeHocTd (%) BpcTa y 3ajeHUIlaMa aKkyMyJaluja

I'pyxa u henyje.

A. cygnea
A. anatina

['pyxa henuje
% %
83.33 75
16.67 25
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4.2. TAKCOHOMCKE H €K0JIOIIKEe KAPAKTEePUCTHKE, KA0 M JUCTPUOYLHja
BPCTa CJATKOBOJAHUX MIK0/bKH U3 hamuimje Unionidae y Cpouju

4.2.1. Unio pictorum (Linnaeus, 1758)

Cnuka 23. [Tpumepak Bpcre Unio pictorum

Kparak onuc Bpcre

[Tpoceuna nuMeH3uje BpcTe: TyKUH 0]l OKO 87 MM, BucuHa o7 37 MM, U MHpUHA
BaIBU 04 27 mmM. 3a OBy BpCTy j€ KapakTepUCTHYHA JaCHO H3JyK€Ha JbYIITypa, ca
napajeIHy TOP3aTHUM W BEHTPATHUM MaprHHaMa Karka, 3a00JbeHOM aHTEpHOPHOM CTPAaHOM
¥ KOHYCHOM ITIOCTEPHOPHOM CTPAHOM JbYIITYpe. YMOO ce Hajla3u OAMax M3a JIMTaMeHTa, KOju
je nyr u y3ak. TyOepKynapHH U3pallTaju Ha yMOy Cy IOCTaBJbEHU YCIPABHO Yy /1Ba pena. Mma
pa3BHUjeHe KapJIuHaJIHE U JlaTepanHe 3y0e. boja sbymType je MaciuHacTo-XyTa 10 OpaoH, ca

M3pakeHUM OpaoH JMHUjama pacTa (ciauka 23).

KapakTepucruke Makpo- 1 MUKPOCTAHUIITA

U. pictorum HacespaBa yrJIaBHOM CTAaHUINTA BEJIWKUX PAaBHHYAPCKHX PEKa, jesepa W
aKymyJjaiuja, a Moxe ce Hahu u y kaHanuma i 6apckum ekocuctemuma. [lomynanuje ose
BpPCTE IMOKa3yjy TEHIEHIU]y Ipylucama y MPHOOAIHUM (JIMTOPATHUM) JEIOBHMAa BOJECHUX
€KOCHCTEeMa, MaJia BETUKY OpojHOCT Mory foctuhu u Ha Behoj ynaskeHoctu o obane u Behum
nyouHaMa. Y ofHOCY Ha Op3uMHY TOKa, MOKE C€ OKapaKTepucaTu Kao JIMMHO(UIHA BpCTa,
Koja npedepupa cnopoTekyhe Bosie u JeHTHYKE 30HE. [Iprnarohena je Ha Tum cyncrpara Koju

KapakTepHIlie BeJIMKE paBHUYAPCKE peke (IECKOBUTO-MYJbEBUTH CYICTPAT). Y MameM Opojy
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MoXke ce HahM 1 Ha CTAaHMIITHUMA T/Ie MIPEOBJIa/laBa NIJbYHKOBUTA MTOUIOTA U ACTPUTYC WIH Y3
0007Hy Makpo(UTCKy Beretanyjy. 3acTyIUbEHOCT BPCTa Yy OIHOCY Ha TUI E€KOCHCTEMA,
HAJIMOPCKY BHCHHY, IpedepeHLrju mpema CylncTpary, AyOMHM W yJajbeHOCTH 0] olaie

npejacTaBbeHa je y Tadenu 14.

JMuctpudynuja spcre y Cponju

Pacnipoctpameme Bpcre U. pictorum y CpOuju, yriaBHOM je OTrpaHHYEHO Ha
HU3HjCKH, ceBepHHU 11e0 3eMibe (<200 M HamMOpcKe BHCHHE), U 00yXBaTa CTAHHUINTA BETUKUX
paBHHUYapcKux peka. [IpucycTBo oBe BpcTe 3a0eIexeHo je Ay)K TOTOBO YMTAaBOT Toka /lyHaBa
u Cage. Y Tucu, npencraBiba JOMHUHAHTHY BPCTY ¥ HajBehy OpojHOCT ToITyaiuje JOCTHKE Y
y3BOJHOM Jiely Toka. Huje peructpoBana y Bennkoj MopaBu U y MambHM UCTPaXKUBaHUM

pPaBHUYAPCKUM peKama.

4.2.2. Unio tumidus Philipsson, 1788

Cnuka 24. [Tpumepak Bpcre Unio tumidus

Kparak onuc Bpcre

[Ipoceuna nuMeH3uje JbYMITYype: Qy:KUHA 75 MM, BUcKHa 35 MM u mupuHa BaiBH 26
mm. VY mopehemy ca ImpeTXOAHOM BpPCTOM, OBY BPCTY OJUIMKYje OBAJIHHja JBYIITYpa, ca
M3paXEHOM 3a00JbEHOIINY BEHTPATHE MapruHe BajdBU. YOO je H3paXeH U Tocemryje
u3pakajHe Tanacacrte rpedeHe. BaiBe cy crojeHe MMPOKMM M KpPaTKUM JIMTAMEHTOM, ca
U3pKEHUM KapAWHAIHUM M JaTepadHuM 3youma. boja spymrype Bapupa u Moxe OUTH
MacJIMHACTO 3eJIeHa JI0 OpaoH, ca yOUbMBUM OpaoH JIMHHWjamMa pacTa, U Y€CTO ca M3PaKEHUM

KyTO 000jEHHM JIeTTIOBUMA, pacriopeheHnM y BUy 3paka (ciauka 24).
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KapaKTepI/ICTHKe MaKpoO- U MUKPOCTAaHHUIITA

OBa BpCTa peyHe MIKOJbKE Hace/baBa yrIIaBHOM JIOHE TOKOBE BEIMKUX PABHUYAPCKUX
peka, jesepa, akyMmyJialdje ¥ KaHane. Y OJHOCY Ha 30HY PEYHOI TOKa, MOIyJIalnje OB BPCTE
Ce TPYIHUIY Y JIUTOPATHOM JIeTy peKe, alld U Ha HemTo Behoj ynarskeHocTr of obane, cBe 10
cpenuHe Koputa pexe. Behy OpojHOCT HOCTHKE HA CTAaHUINTHMA Ca TIECKOBHUTO-MYJHEBUTOM
HOJIJIOTOM, ajli MO)Ke OWUTH MPHCYTHA y MambeM Opojy y JeJ0BHMa TOKa Tie MMa IJbyHKa,
JNETpUTyca U y JeNIOBMMa IJie ce Haja3um Makpodurcka Bereraruja. OcoOMHE MUKPO- U

MaKpOCTaHUIITA KOje KapaKTEPHIIy OBY BPCTY MPEACTaBIbeHE Cy Yy Tabenu 14.

Juctpudyuuja y Cpounjun

Bpcra U. tumidus je mmmpoko pacrnpocTpameHa y BEIUKUM PaBHUYAPCKAM peKama U
IpeJCTaB/ba HAJIPUCYTHH]Y BPCTY CIATKOBOJHMX IIKOJbKK y CpOuju. PeructpoBana je myx
yutaBor Toka JlynaBa m CaBe, rye mpencraBiba JOMUHAHTHY BpcTy. Kao cyOmommHaHTHa
BpcTa, npucyTHa je y Tucu. Y oxgnocy Ha U. pictorum, duje je pacnpocTpamerme YriaBHOM
OrpaHUYeHO Ha ceBepHHU Jieo 3emibe, U. tumidus mMa mupu apean u 3a0€ieKEHO je HEHO

pactipoctpameme jyxkHo o1 Case u Jlynasa, onHocHo Benukoj u 3anagHoj Mopasu.

4.2.3. Unio crassus Philipsson, 1788

Cnuxka 25. Ilpumepak Bpcte Unio crassus
Kparak onuc Bpcre
3a pasnuky OJf TpeTXoiHe nBe BpcTe poaa Unio, 3a Bpcry U. crassus je

KapaKTepUCTUYHA H3PaKEHO 3a00Jb€HA JbYHITYpa y IOCTEPHOPHOM M€y, M TOTIIYHO

3a00JpeHa JOop3aiHa MapruHa kanka. [Ipoceuna numensuje Bpere: aykuaa 60 mm, Bucuna 31
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MM u mupuHa BajnBu 22 MM. JlurameHT 3rio0a Koju cHaja BajiBe, Ha KOjuMa ce€ Hajase
CHA)XHO Pa3BUjCHU JIATCPATHH U KapIWHAIHH 3YOH, j€ BPJIO H3paKeH (KpaTak U MPOIIUPEH).
YMO00 ce mpyka o] JIMHU]je 311004, jJaCHO je M3paKeH M MOCTABJ/LEH BUIIE JOP30-JIATEPaTHO,
ca YOWbHMBHUM TaylacacTuMm pyrama. OmIMKyjy Ta jako pa3BHUjEHH KapJauHaaHU 3yOu. boja

JBYIITYpE j€ CBETJIO- 10 TaMHO OpaoH ca M3paKEHUM TaMHO OpaoH JIMHHjaMa pacTa (CIuKa

25).

KapakTrepucruke MaKpo- H MUKPOCTAHUIITA

U. crassus HacespaBa npruoOagHe JeI0Be Y JOBUM TOKOBUMA BEJIMKUX PaBHUYAPCKUX
peKa, Kao ¥ paBHUYAPCKE PEKe MAmbUX MOBPIIMHA CIMBa. MOXe ce OKapaKkTepucaTtu Kao peo-
70 JTUMHOQWIHA BpCTa, Koja Ipedepupa CIOPUjH MPOTOK WM CTAHHUINTA Ca YMEPEHUM
IPOTOKOM BOJIE, TZie IPEOBJajaBa IECKOBHTO-IIJBYHKOBHTH CYICTpar. Y MameM Opojy,
HOMYyJTaIyja OBE BPCTE MOXKE OMTH IPUCYTHA U y JIEJIOBHMA TOKA I'/I€ j€ 3aCTYIJbEH CYICTpaT

HEINTO KPYIMHHUjUX (Ppakiirja (CHTaH KaMeH), WK MakpopHuTCcKa Bereraiija (tadbena 14).

Juctpudyuuja y Cpoujn

3a pasnuky ox JynaBa um Twuce, rae je peructpoBaH y MajoMmM Opojy Ha BpJIO
OrpaHHMYEHUM JenoBuMa Toka, U. crassus je y CaBu u Benukoj MopaBu 3abenexeH ayx
rOTOBO YMTABOI TOKa, ald M Y PaBHUYAPCKUM pEeKaMa Mame MOBPIIMHE CIIMBA, 3alajHoj
Mopasu, Komybapu u pernu [lemran, rae mpeacraBiba IIaBHU KOHCTUTYEHT WMCIHTHBAHUX

3ajeTHUIIA.
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4.2.4. Anodonta anatina (Linnaeus, 1758)

Cnuxka 26. [Tpumepak Bpcre Anodonta anatina

Kparak onuc Bpcre

OBy BpCTY 0/UIMKYj€ 3a00Jb€Ha BEHTpaJIHA MapriHa Karka, JOK ce Jop3alHa MapruHa
0JIaro mupH y OJHOCY Ha MEHTPATHY OCYy JBYIType. 3a00JbeHA j& Y aHTCPUOPHOM JCIy, H
0Jiaro M3Iy)KeHa y mocTepropHOM Jeiy. [Ipoceune aumensuje: myxuHa /6 mm, BucuHa 41
mm u mupuHa 26 mm. IIpeneo ym0a ce He M3aMKe M3HAJ JOp3aJHE MapruHe Kamka, U Ha
BEMY Ce Hajlaze ciabo youJbuBH, Onaro tanacactu rpedenu. boja spymrype je 3eneHkacra,

Opaon wm xyta. Ko oBe BpcTe 3yOn HUCY pa3BUjeHH (cimka 26).

KapaKTepMCTmce MaKpoO- ¥ MUKPOCTAHHUIITA

A. anatina mHace/baBa J0WmE TOKOBE BEIMKHX pPaBHHYAPCKUX peKa, je3epa,
aKkyMyJaiuje, KaHaje, a MpUCyTHa je M y Oapckum exocuctemuMma. Kao W Koj ocrammx
PEYHUX IIKOJBKH, TOIYJAIHMje OBE BPCTE C€ KOHICHTPUIIY y NMPUOOATHHM AETOBHMA, TIC
MPEOBJa/IaBa MECKOBUTO-MYJbEBUTH CYICTpaT. Y MameM Opojy MOxe OWTH NpUCYTHA Y
JIEIOBMMa TOKa TJleé MMa IUbYHKA, OOOJHUM JEJOBHMa TJIeé C€ Hala3d MakpopUTCKa
BereTaiyja, ajld M Ha TPECeTHOM cyrcTpary. JlumHOopumiHa je BpcTra Koja mpedepupa

JICHTHYKE 30HE MJIH CITIOPHUjH MPOTOK Boje (Tabena 14).
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Juctpudyuuja 'y Cpouju

A. anatina je mmpoKo pacnpocTpameHa Jyx rotoBo enor Toka lynasa. ¥ penu CaBu
je 3abene)xeHa Ha OrpaHMYEHOM JIeJIOBMMA TOKa, Ha HAjy3BOJHHM]EM JElly, U JIeJly TOKa OKO
beorpana, nok cy 3a Tucy u Benuky MopaBy, KapakTepUCTHUHU caMO NOJ€JMHAYHH Halla3u

OBE BpCTE.

4.2.5. Anodonta cygnea (Linnaeus, 1758)

Cnuka 27. ITpumepak Bpcre Anodonta cygnea

Kparak onuc Bpcre

Oga BpcTa mpezacTaBiba jeAHY O HajBehHMX CIAaTKOBOJHHMX IIKOJbKU JIETEKTOBAHHUX Y
Cp6uju. IIpoceuna ayxuna jpymrype je oko 130 mm, BucuHa 63 mm, a muprUHa BaJBH OKO
40 mm. Kapakrepumie je H3ayKeHa JbYIMITYpa ca CKOPO IapajellHUM BEHTPATHUM U
JOpP3THAM MapruHama Karmaka. YM00 HHje U3pakeH, He U3Ke Ce N3HAM TOP3aTHe MapTHHE
Karka, u rnocejayje ciado uspaxene rpedene. boja spymrype je Hajuenthe MaciInHACTO 3eJIeHA
WIA JKyTo-3€JeHa ca OpaoH JHMHMjamMa pacTa. BamBe cy cmojeHe ciabo pa3BHjeHUM

JUTaMEHTOM U He Tocenyjy 3yoe (crmuka 27).

KapaKTepncnme MaKpoO- ¥ MUKPOCTAHHUIITA

A. cygnea HaceshaBa YIIIaBHOM JIEHTHYKE €KOocHUcTeMe (je3epa, akymynaije, 6ape), a

MoOke OWTHM TPUCYTHA U Yy BEIMKHM DPAaBHUYAPCKUM peKama, Iie MpeoBiaiaBa CIOPHjU

npotok. llomynamuje oBe BpcTe TMOKa3zy]y TEHACHIM]Y Tpynucama Yy NPUOOATHUM
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(J'II/ITOpaJ'IHI/IM) ACJIOBUMa BOACHHUX C€KOCHUCTEMA, I'AC IIPpEOoBJIagaBa IIECKOBUTO-MYJbEBHUTA

nojyiora, ¥ Mory ce Hahu Ha qyOuHama g0 2 M (tabena 14).

Juctpudyuujay Cpouju

IIpema TpenyTHuM ca3HambHMa A. Cygnea HHje [eTeKTOBaHA Yy BEIHKUM
paBHUYAPCKUM peKama, TJe je Hekana Owmiia pacrnpoctpameHa. Juctpubyiuja oBe BpCTe y
CpOuju Ha OCHOBY pe3y/Tara HallluX MCTpaXKUBama, je 3a0enexeHa y akymynanujama ['pyxa
u henyje, y lllymapuukom jesepy u 6apcko MOYBApHOM €KOcHcTeMy 3acaBulia, rie je oumia

JIOMHHAHTHA BPCTa y 3ajCTHULIH.

4.2.6. Pseudanodonta complanata (Rossmassler, 1835)

Cunuxka 28. ITpumepaxk Bpcre Pseudanodonta
complanata

Kparak onuc Bpcre

Oo6nukom BeoMa mojceha Ha A. anatina, anu je mMpUHa HEHUX BAJBU 3HATHO Marba
(Mame TyMHJHA JbYIITypa). 3a pa3iMKy OJ CBUX OCTAJIMX BpPCTa KOje OJJIMKYje HejeTHaKa
[MIMPUHA y PA3IUUYUTUM JEJIOBUMA JbYIITYpE, OBa BPCTa jeé TOTOBO MCTE IIMPHUHE IIEJIOM
noBpirHOM BaiBU. Ko oBe BpcTe mpocedHa nykuHe BajiBh je oko 80 mm, BucuHa 38 mm u
muprHa BaiBH 17 mMmmM. YMO00 HHUje H3pakeH, U Ha HHEMYy Cy NapoBH HaU3MEHUYHO
pacniopehenux rpebena. boja Jpymrype je MacauHAcTO 3ejeHa, OakapHO 3eleHa 10 OpaoH

(cnmka 28).
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KapaRTepHCTmce MaKpoO- ¥ MUKPOCTAHHIITA

P. complanata nacespaBa yriiaBHOM MpuOOaiHE IEJIOBE IOMHX TOKOBA BEIHUKUX
paBHnuapckux peka. I[Ipedepupa craHumra rae npeosiagaBa MYyJbEBUTH CYICTpaT, a y
MameM Opojy Moke OWUTH TPHCYTHAa M HA JIEJIOBUMa TOKa Ca TECKOBUTUM CYIICTPATOM.
[Tokasyje TeHACHIIMjY Ja HaceshbaBa M HEIITO JyOJhe JETIOBE BOJICHUX eKocucTema. JKuBH y
3ajeIMIIM ca OCTAJIUM BpCTaMa CIaTKOBOJHUX IIKOJBKH, ali ca 3HATHO MambOM a0YHJIaHIIOM y

nopeljemy ca octanuM Bpcrama (tadena 14).

JMuctpudynuja y Cpoujun

VY oIHOCY Ha CBe CJIATKOBOJIHE IIKOJbKe peructpoBane y Cpouju, P. complanata uma
HajMamy 00JacT pacrpocTpamema U a0yHIaHIly y UCTpaxxuBaHoM monapydjy. Ca Hajpehom
OpojHomhy HamaxkeHa je y [lyHaBy, y TOpPHBUM H CpPEIBUM JeIOBHMa TOKa Kpo3 CpoOwmjy.
3HavyajHy y4YecTaJloCT IOjaBJbHBama MMana je y Bemukoj Mopasu, ok ce y Tucu u CaBu

Oenexe caMo nojennHavyHyu Hanasu y 2012. ronunu.
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4.2.7. Sinanodonta woodiana (Lea, 1834)

Cnuxka 29. ITpumepak Bpcre Sinanodonta woodiana

Kparak onuc Bpcre

Osga Bpcra 3ajenHo ca A. cygnea, criaga y Hajsehe cimaTkoBoHE MIKOJbKE 3a0ereKeHe
y CpOwuju. Ilpoceune ayxuHa JbyIIType je Oko 93mm, BucMHA S56mMmM u mmpuHa 35mm.
Jbymitypy oOBe BpCTE OAJHMKYje TOTOBO TONYKPY)KHH OOJIMK, ca paBHHjOM JOP3aJHOM
MapruHOM Karka Koja y MOCTEpHOPHOM JeNy O1aro JuBEprupa y OJHOCY Ha IIEHTPAIHY OCYy
JBYIITYpe, U jaKo 3a00Jb€HOM BaHTPAJIHOM MaprHHOM Kamka. YMOO ce He W3AMKe W3Ha
JOp3aJlHE MapriHe Kamka ¥ Ha HhEeMy Ce Hajla3e KOHIIGHTPHYHO pacropeleHu, Omiaro
TanacacTd rpedeHN U MOXKe OMTH 3HATHO mymuodar. boja JbymType MOXe OUTH 3eJIeHKacTa

WK CBCTJIO A0 TaMHO 6pa0H.

KapaKTepncnme MaKpoO- ¥ MUKPOCTAHHUIITA

S. woodiana HacespaBa mproOOaTHE JEIOBE TOKOBA BEIMKHX PAaBHUYAPCKHUX PEKa, TIe
npeoByiaiaBa (PUHO TPaHYJIHMCAHU, MYJbEBUTO-TIMHOBUTH CYIICTpaT. Y MameM Opojy MOXke
OWTH MPUCYTHA M Y MamkbUM PaBHUYAPCKUM peKama, je3epuma, aKymyjanujamMa u 0apcKuM
ekocucremuma. [Ipedepupa cnopuju mporok Boje. HacesbaBa mpuobaiiHe 1enoBe BOJECHUX

EKOCHCTEMa, alli ce Moke Hahu Ha u Behum nyouHamMa (tabena 14).
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Jductpudyuuja y Cpouju

HctpaxuBama cy nmokasana aa je S. woodiana no cana 3a0enexeHa Iy’ YUTaBoOT TOKa
Hynaa, Tuce, CaBe u Benuke Mopage. [llupeme oBe HHBa3MBHE BPCTE JACTEKTOBAHO j€ U Y

3anaanoj Mopasu u Koxybapu, riae umana 3HadajHo ydemihe y 3ajeJHuUln.
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Tabena 14. 3acTymibeHOCT BPCTa y OJJHOCY HA KapaKTEPUCTUKE MAKPO- U MHUKPOCTAHUIIITA.

P. complanata S. woodiana

CTAHUIITE

jesepa/akymymnaiuje
0apCcKu EKOCUCTEMH
Mambe paBHHYapCKU
peKe/moToIH

BEJIMKE PABHUYAPCKE PEKe
KaHaJIH

CyTcTpar

KaMCH

[JbYHAK
necax
MyJb
Tpecer
3eMJba

Makpodure
JETPUTYC

HaJIMOpCKa
BHCHHA (M)

<200
200-400

>400

nyouna (m)

<0.5
0.5-1
1-2
2-5
>5

yIa/bEHOCT
o obaie

<0.5
0.5-2

cpeliMHa KOopHTa

0e3 mpoToKa

% | cnop (<25)
25 | ymepen (25-50)
6p3 (>50)
NpPUCYTHA Y
*J'Iel"el-l,[[a NpucyTHa MaJIOM OTCyTHa
0Opojy
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4.3. dayHHCTHYKA aHAJIN3A

AHaim3a 3ajeIHUIE IIKOJbKH TPOYYaBaHUX BOJOTOKOBA H3BPIICHA j€ IPUMEHOM
kopecnonienTHe aHanu3e (CA) y okBupy codTBepcKor maketa ,,Statistica“. Mcnutusame je
U3BpIIEHO Ha ceTy o7 84 y30pka ca HCTpaXKUBaHHX peka. ['paduuku mpuka3 pesynrara
u3BpireHe ananmmse (cnmuka 30), y OZHOCY Ha JBE Haj3Ha4YajHHje OCe, YKazyje Ha
crienuuIHOCT 3ajenHuIIa mMKoJbKU Ha CaBu, 3amangnoj] Mopaeu u Konybapu (nmpBa oca - CA1
ommcyje 35% BapujabUITHOCTH, JIOK je apyroM ocoMm - CA2 ommcano 26% BapujaOMIIHOCTH).
OBoj cnenuduuHOCTH HajBUINEC 1ompuHOCcH Bpcra U. Crassus, koja je JOMHHaHTaH
KOHCTHTYEHT oOpal)eHuX 3ajeHuUIIa JaTHUX peKa, npu 4emy je Ha Komybapwu, y3 S. woodiana u
jenMHU 3a0eNe)KeHU TPEACTAaBHUK Tpyle YHHUOHHMIA, a y 3amamHoj MopaBu mopen

CIIOMEHYTHX BpCTa 3a0esekeHa je jom jeauHo Bpera U. tumidus.
A

CA axis 2

980 _60

IR sm °
3@ mS.wo&U/ana 84

U.Crassus gy o5

CA axis 1 3550 a0 O o
I .pg;torumu 63 74

85 8 44 ;
3138 77 o|14 U.tumidus
25,754 515y
19_45p9 53
72 5 $846

21 po

O ]2 0 - 0« Os

O s
Cmuka 30. IIpukas pesyarara kopecnogcHtHe aHamuse (CA) 3a 3ajeHHIly CIaTKOBOIHHUX
HIKOJBKU Y TIPOCTOPY IpBE JBE KopecnoaeHTHe oce. Konupanu cy y30puu ca pazIuduTHX
BonotokoBa (1- [lynas; 2 - Tuca; 3 - Benuka Mopasa; 4 - 3anagna Mopasa; 5 - Casa; 6 -

Kouy6apa).
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4.3.1. Anaan3a yruuaja Gu3sH4YKO-XeMHjCKHUX MapaMeTapa Boje Ha HCIIUTHBAHY

3aj CIHUIY IIKO/bKHU

HcnutuBame oHOCa BpCTa U (PU3NIKO-XEMHUJCKUX ITapaMeTapa CpeAnHe, H3BPIICHO je
Ha oJjabpaHoM ceTy y3opaka ca Jlynasa, Case, Tuce u Benuke Mopase (ykynHo 44 y3opka).
IMpumenom FS (Forward Selection) merome, 3acHoBaHe Ha Pearson-oBoM KopenaruoHOM
tecty (p < 0.05), yrBphen je rpamujeHT yTHmaja (U3HYKO-XEMHjCKHUX IapaMerapa Ha
3ajeHHIy IIKOJBKM W omoryheH onaOup Haj3Ha4YajHMjUX mapamerapa. Ha oBaj HaumH
onabpaHo je cemaM ona YKymHHX 24 cpenamHCKa mapamerpa (tabema 15), koju cy 3aTum
anaymmsupann npuMeHoMm Kanonwujcke kopecnogentHe ananmuze (CCA). IMosnoxkaj Bpcra y
OKBUDPY 3ajeJIHMIIC CIATKOBOJHUX IIKOJBKM MpeMa Haj3Ha4ajHUjUM (PU3MUKO-XEMH)jCKUM
napamMeTpruMa y OJHOCY Ha JIB€ Haj3HavajHHUje oce, Tpauuku je mpukazaH Ha ciaumm 31. Y
onHocy Ha npBy kaHoHHjcKy ocy (CCA1L) koja omucyje 41% BapujaOMIHOCTH, yo4yaBa ce
u3/Bajame Bpcrta U. Crassus y mo3MTHBHOM Jielly, OZHOCHO A. anatina y HeraTHBHOM ey
CCAl oce. Ykonmuko mocMaTpaMmo aHajdu3upaHe (U3NYKOo-XxeMujcke ¢akrope, Takohe je
Moryhe youuTH pa3jiBajame o MPBOj OCH, TAKO Jia Ha jeTHOj CTpaHH (JIeCHa cTpaHa rpaduka)
uMaMo KoHIeHTpanujy kamujyma (Ca) y Boam u ykymHy TBpiaohy, a Ha JPYroj CTpaHu
BPK5, HPK, koHumeHTtpauujy HuUTpata M aMOHMjyM joHa. KoHIeHTpamMja pacTBOpeHOT
KHCEOHUKAa y BOJH, MAKO jeJlaH O] HajBaXKHUjUX (pakTopa (IpeAcTaB/bEHO CaMOM TYXHHOM
onrosapajyher Bekropa Ha rpauky), IPaKTUYHO HE JONPUHOCH CPEIUHCKOM TpPaJM]EHTY
JyX TpBe oce, anu je 3aro oapehyjyhu daxrop apyre oce (CCA2), nmpu yemy je MO3UTHBHO
KopenMcaHa ca rnpeoctaaum ¢axtopuma. Hajzan, mocMmarpajyhu ogHoc napamerapa 1 Bpera y
IIPBOM CPEIMHCKOM TI'PajijeHTy, MOXKe Ce YOUMTH NMO3UTHUBHA Kopenaiyja Bpere U. crassus ca
KOHIEHTPAIjOM KallllijymMa Y BOJM M YKYITHOM TBpJOohOM, OTHOCHO HEraTWBHA KOpesaiuja
ca Bpeanoctuma BPKS, HPK, xonnenrpanujom HUTpaTa 1 aMOHHUjyM jOHa, ca KOjUMa je y
NO3UTHBHO] Kopenanuju A. anating, n3aBojeHa y HEraTHBHOM Jey oce. Y OJHOCY Ha JPYTy
kaHoHHjcky ocy (CCA2) koja ommcyje 22% BapujaOWIIHOCTH, yo4aBa C€ MO3MTHBHA
KOpEeIHCaHOCT 00€e BPCTe ca KOHIEHTPAIMjOM PacTBOPEHOT KrceoHnKa. Ocraie aHaM3upaHe

BpPCTE MOT'Y C€ 03HAYUTH Kao UHAU(EpPEHTHE Y OJJHOCY Ha aHaIu3upaHe (akTope.
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Cnuka 31. Ilpuka3 pesynrara xaHoHujcke kopecnogeHTHe ananmuze (CCA) 3a 3ajeaHuiry
YHUOHMJIHUX HIKOJbKM M OJa0paHHMX CpEeIMHCKUX I[apaMeTrapa y IHpOCTOpy IIpBE JBE
KaHOHH]JCKE KOpEeCHOJeHTHE oce. Bekropu cy rpaduuku mpuka3 3Ha4ajHOCTH Iapamerapa:
BPK-5, HPK u3 KMnO4, koHIIeHTpal#je KaJlllijyMa, HUTpaTa, aMOHH]yM jOHA, pAaCTBOPEHOT
KHCEOHHMKA U YKYMHa TBpJohe. Y30puu ca pa3nuuuTUX BOJOTOKOBa cy Koaupanu (1 - JlyHas;
2 - Tuca; 3 - Bennka Mopaga; 4 - Caga).
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Tab6ena 15. ['panujeHTt ytunaja Gu3nIko-XeMHjCKUX ITapameTapa Ha 3ajeJHUILY CJIaTKOBOTHUX

IIKOJHKHU Ka0 PE3YNTAT CENEKIIH]je MPETXOTHE CEIICKIIH]e.

CPeIMHCKH MapaMerap CBOjCTBeHA F cratucruxka BepoBaTHoha
BpPEIHOCT
BPK-5 0.1655 6.7638 0.0000
HPK u3 KMnO4 0.1176 4.5995 0.0000
Kannujym 0.1098 4.2652 0.0020
Yxynna TBpaoha 0.1041 4.0226 0.0020
AMOHH]jYM jon 0.1036 4.0030 0.0000
Hutpatu 0.1024 3.9510 0.0040
PacTBOpeHN KHCEOHHK 0.0912 3.4861 0.0280
Cyadaru 0.0770 2.9075 0.0560
% 3acuhema Bone kuceonnkom  0.0657 2.4570 0.0760
Yxynau pochop 0.0637 2.3770 0.0820
pH - BpenHocT 0.0591 2.1969 0.0980
YKyIHH alKaIuTeT 0.0535 1.9791 0.0760
UV ekcTHHKIH)a 0.0518 1.9156 0.0900
Cno6oxnu CO2 0.0500 1.8450 0.1320
Kanujym 0.0445 1.6337 0.1260
Temmeparypa Boze 0.0431 1.5829 0.2440
Oprodocdaru 0.0419 1.5366 0.1920
EmextponpoBoaspuBoCcT 0.0384 1.4050 0.2200
CHnnujyM JHOKCUTT 0.0378 1.3805 0.2040
CycrieHnoBaHe MaTepHje 0.0374 1.3655 0.4300
Marnesujym 0.0362 1.3205 0.3020
Harpujym 0.0298 1.0823 0.3900
Xaopuan 0.0276 1.0009 0.4920
Hutputn 0.0224 0.8097 0.5980

4.3.2. AHanu3a yTulaja TelIKUX MeTaJia HAa MCIMTUBAHY 3ajeTHULY

CJIATKOBOJHHUX HIKO/bKH

HcnutuBame yTHIaja TEMIKMX MeETalla Ha 33jeJHUIly CIIATKOBOIHHMX IITKOJHKH,
U3BpILIEHO je Ha ojabpaHoM ceTy o YKymHo 33 y3opka ca Jlynasa, Case u Tuce. Onabup
Haj3HAYajHUjUX (aKTOpa YTHIIAja, M3BPIICHO je MPUMEHOM IPETXOIHE celeKuuje (eHrI.
forward selection), y okeupy CCA anamu3se, npu 4emy cy H0OHjeHH paHTHpaHH (aKTOPH,
MIOYEBINN OJ1 HajOOJbe KOPEIHCAaHUX Cca WCIUTHBAHWUM 3ajeHHUIIaMa CIIATKOBOJHHX IIKOJHKA
(radena 16). Ilpumenom Kanonwujcke xopecnogentHe ananuse (CCA), m3BpiueHa je napa
aHaJM3a 3ajeIHUIIe Y OJIHOCY Ha TpH oAabpaHa Haj3HavajHUja MmapaMmerpa. MynTuBapujaHTHH
OJTHOCH BpCTa W JIOKAJWTETa IpeMa HajBaXHUjUM (aKTopuMa W3 Tpyle TEIIKUX MeTana,
npukazanu cy Ha cmuii 32. Y oxmHocy Ha mpBy ocy (CCAL) koja omucyje 52%
BapHujaOMIIHOCTH, MOKE CE YOUHTH OJBajame BpcTe A. anatina, kox koje ce yoyara nmosehana

TOJIEpaHIIfja Ha MPUCYCTBO OBUX MeTala, y ogHocy Ha U. Crassus, koju moka3syje HeraTuBHY
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KOPEITUCAHOCT, OJHOCHO OCCTJbUBOCT IpeMa aHAIM3UpaHUM (aKTOpUMa, 0K 3a OCTalie
aHAIM3MpPaHEe BPCTE HUJE YOUCHO MTOCEOHO 0/IBajahe Y OMHOCY Ha MpedepeHIIn]y/TOJIepaHIIn]y

npema (axkropuma.

TaGena 16. I'pagujeHT yTHIaja TEIIKUX METajda HA 3ajeAHUIY CIATKOBOAHHUX IIKOJHKH Kao

pe3ynTaT NPeTXOAHE CeIeKIH]e.

CBOjCTBEHA

CPEeIMHCKH mapaMerap BpeaHOCT F crarucruka BepoBarHoha
Bakap pacrBopenn 0.1054 3.57457 0.004

OJ10B0O pacTBOpPEHO 0.0768 2.52466 0.032
KagMujym pacTBopeHH 0.0696 2.27056 0.084

JKuBa pactBopeHa 0.047 1.49658 0.104
MaHraH pacTBOpeHH 0.0451 1.43309 0.16

I'soxhe pacTBOpeHO 0.0305 0.95558 0.39

Hux pactBopenn 0.024 0.74648 0.484

ApceH pacTBOPEHHU 0.0131 0.40236 0.606

A

Second Biplot axis

Bakar rastvoreni

. anatina
Olovo rastvore

P.| complanata

19
1015
11
5. Ul pictorum >

1lo 2
Ou tumllt?gé 2916

Kadmijum rastvoreni S| woodia%% 1 O

2627 28 17 U. crassus

30 22 18

First Biplot axi

Cnuka 32. Ilpukas pesynrata Kanonmjcko kopecnonentHe ananmze (CCA) 3a 3ajeqHuiry
CJIATKOBOJHMX HIKOJbKU U OAa0paHUX CPEIMHCKHUX IapaMeTapa U3 rpyle TelIKHX MeTaja y
IpOCTOPY TpBE JABE KAaHOHHMjCKE KOPECHOJCHTHE oce. Bekropu cy rpadmukm mpuka3s

3HAYajHOCTH TMapameTapa: 6akap, 0JI0BO, KaIMU]yM.
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4.4. Ilpersen cJaTKOBOAHUX IIKO/bKH MPeMa UCTOPUjCKUM MOJANUMA —
peBU3Hja My3ejCKe 30UpKe

AHanm3upaHy My3ejcKy 30MpKY IIKOJbKH, KoJekiuoHapa AHre Tamuha, uyuHmie cy
244 jenunke, npukymbeHe y nepuony 1953.—1972. ronune. Ilpema My3ejcKUM MPOTOKOIMMA
Ha OCHOBY 3almca ayTopa, 3abenexeHo je yKymHo 30 TakCOHa CIATKOBOIHHX IIKOJHKH W3
damunuje Unionidae (tabema 17). Iloapydje ucTpakuBama OWJIO je BeOMa pPa3HOBPCHO U
00yxBaTaJio je peyHe CUCTEME pa3IMYUTHX CIMBHUX MOBPIIHMHA, je3epa U KaHaie (mpwuior 1,
tabena 1).

[TpoBepa craryca, paHra BpcTa U IMOCTOjambe MOTCHIMjATHUX CHHOHUMA W3BPIIICHA je
npema ®Paynu Epome (de Jong u cap. 2014) u 6a3u cinarkoBogHux mkobku MUSSELp
database (Graf u Cummings, 2013). Muore Bpcre/moaBpcTe/GopMe, mpeMa TPEHYTHUM
ca3HamHMMa IPENCTaBJbajy CHHOHMME mocTojehmx BpcTa, KOje Cy BEpOBAaTHO 300T BEIIMKE
Mop(dOoJIONIKE BapHjaOMITHOCTH M OINHCa OJf CTPaHE Pa3IUYUTUX ayTopa ojepeheHe kao
Pa3IUYUTH TAKCOHM, Kao Ha mpumep, 3a Gopmy U.tumidus kopociensis f. Nova (Taauh), ue
NIOCTOjH IPYTUX TI0/IaTaka O FeHOM Hayasy M OIUCY, CEM IMOjeMHAYHOr Haja3a y Komaukom
jezepy 1954. roqune, xoju je 3abenexno Ante Tanuh. Ha moapy4djy CpOuje, y okBupy poaa
Unio, xopuctehn u momarke 0Oaze ciatkoBoguux mkosbku MUSSELp database (Graf u
Cummings, 2014), najsehu 6poj cuHOHMMA (KIacH(PUKOBaHHX Kao MOCEOHE BPCTE), KAO IITO
ce Moxxe BuzeTH y Tabenu 17, youeno je 3a U. crassus. Unio savensis, Unio serbicus, Unio
rivalis, Unio pancici, npsu nyt je omrcao Henri Drouét y y cBojoj KOHXOJIONIKO] CTYIHjH O
yanonugama CpOuje, ca mperieoMm cucreMaTrke camo 3a nozapydje Cpouje (Drouét, 1882).
Ommuc Bpcre Unio bosnensis, nao je Monenopd (Mdllendorff, 1874) y ®aynu bocue (Fauna
Bosniens). Vcnen ekcnaHsuje ommca BpCTa, W yciel HHXOBE BEIHKE MOPQOJIOIIKEe
BapHjaOMITHOCTH, MHOTE BpCTe M00Mjajy Ha3WBE MpeMa 3eMJbH W3 KOj€ MOTHUYY, JIOKAJTUTETY
WK TIOJPYYjy, Ka0 U MpeMa caMoM cakyrsbauy. ¥ MoHorpadckoj crynuju Fritz-a Haas-a u3
1969. romune (Haas, 1969), mnojaBpyjy ce jom Hekun CHHOHMMH Bpcte U. Crassus,
KapaKTepUCTUYHU 3a MPUMEpPKe CaKyIlybeHe Ha noapy4jy CpOuje. Jenan o TakBUX CHHOHUMA
je u HasuB Unio dokici, koju je mpema muteparypuum moganuma (Haas, 1969), nerexktoBan y
Konybapu, y 6nusuau BasseBa. Bpery je oapenno u ommcao Drouét, seposatHo mo Jlazapy

Jokuhy xoju je 6uo cakymnbay.
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Benuku 6poj cuHOHMMA, Y MY3€jCKUM 3alliCUMa, 1ojaBjbyje ce u 3a BpcTe A. cygnea u

A. anatina (rabena 17). Ha ocHOBy 00jaB/beHHX IMO/1aTaka yak 549 cMHOHMMA IMO3HATA CY 3a

Bpcty A.cygnea Ha HuBoy Espone (Haas, 1969).

TaGenma 17. Cnucak 3a0enexeHHMX TakcoHa Ha moapydjy CpOuje, mpema HCTOPH]CKUM
noganuma u3 nepuoaa 1953.—1972. ycarnamienu npemMa BaIHIHO] TAKCOHOMU]H.

HA3WBH BPCTA MPEeMa My3€jCKOj 30upIH

Ha3uBH MoABpcTe/hopMe mpema
MY3€jCKOj 30HpIH

HMMEHa BpCTa IpemMa
BaJIMTHOJ
TaKCOHOMHM] U

Unio pictorum f. longirostris de Joannis,
1859
Unio pictorum f. balatonicus Servain,

= Unio pictorum

U. pictorum* 1881 = Unio pictorum

Unio pictorum f. platyrhyncus*

Rossmassler 1835

Unio tumidus solidus Zelebor, 1851 = Unio tumidus
U. tumidus* Unio tumidus tumidus* Philipson 1788

U.tumidus kopociensis f. Nova Taaguh Hewma riofataka y

JINTEPATypH

Unio crassus crassus* Philipson 1788

Unio crassus cytherea* Kuster 1833

Unio crassus batavus* (Maton &

Rackett, 1807)
U. crassus* HeMa noJjlaTaka y

Unio crassus f. Grandis JATEPATYpH

HEMa 1oJiaTaka y

Unio crassus crassus f. Grandis JUTEPATypH
Unio amnicus Rossméssler, 1836 - = U. crassus
Unio consentaneus ‘Zigel” Rossmassler, 1836 - = U. crassus
Unio serbicus Drouet, 1884 - = U. crassus
Unio reniformis "Schmidt” Rossmassler, 1836 - = U. crassus
Unio rivalis Drouet, 1884 - = U. crassus
Unio bosnensis Mdllendorff, 1874 - = U. crassus
Unio savensis Drouet, 1882 - = U. crassus
Unio pancic¢i Drouet, 1882 - = U. crassus
A.cygnea* -
Anodonta cygnea cellensis Pfeiffer, 1821 - = A. cygnea
Anodonta moesica Drouét, 1881 - = A. cygnea
Anodonta ventricosa Pfeiffer, 1825 - = A. cygnea
Anodonta cariosa Kister, 1842 - = A. cygnea
Anodonta savensis Drouét, 1881 - = A. cygnea
A. anatina
Anodonta rostrata ‘Kokeil” Rossmassler, 1836 - = A. anatina
Anodonta piscinalis Nilsson, 1823 - = 4. anatina

Anodonta piscinalis f. rostrata = A. anatina
Anodonta anserirostris (Kuster 1842) - = A. anatina

P. complanata*
Anodonta complanata Rossméssler, 1835

= P. complanata*

6anuoHu Ha3ue epcme/noodspcme/hopme
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[Tpernenom 30upke, NOTBphEHO je MPUCYCTBO MIECT BPCTa CIATKOBOAHUX IIKOJBKU U3
damuuje Unionidae na noapyuyjy Cpouje, y nepuoay 1953.-1972. roguna.

AHanu3a auBEp3UTeTa, TUCTPUOYLMjE M yUECTAIOCTH Hala3a MpUMEpaKa IKOJbKU U3
My3ejcKe 30MpKe, HM3BpIIEHA je Ha HHUBOY BpCTe, y3uMajyhu y o003up camMo BalugHE
TakcOHOMcKe Ha3uBe. Hajsehu nuBep3uTeT, mpema My3ejCKUM IOJalUMa, YOUYEeH je Yy
kananmuMma (6 Bpcra). Ilo mer Bpcta je 3abenexeno y JynaBy, Tamumry u ucTpaXHMBaHUM
jesepuma, yetupu y CaBH, JIOK je Ha OCTaJIMM BOJOTOKOBHMaA Opoj BpcTa OMo Mamu (Tabena
18).

VY3umajyhy y o03up cBe y30pke npukyrsbeHe y nepuony 1953.-1972., 3a paznuky o
CaBpEMEHHMX HCTPaXHBama, HAjIPUCYTHHja BpcTa Ha monapy4djy CpbOuje Omma je Bpcra U.
crassus. Ca MmakcuMaTHOM ydecTajomhy Hanaza Ouia je nmpucyTHa y TucH, 1 paBHHYAPCKUM
pexkama Mame moBpiinHe ciuBa (3amangHa MopaBa, Lpuun Tumok, MmnaBa u Hepa). Kao
KOHCTAaHTHA BpcTa, npucyTHa y 60% y3opaka 3abenexeHa je y /lyHaBy, a yMepeHO 4ecTo
nojaB/buBame jerekroBano je y Casu (tabema 18). Ilpema pesynratuMa caBpeMEHHX
UCTpaXUBamka KOjU Cy IMPEACTaBJbeHH Yy OBOM paay, Hamaz U. crassus je y J[lyHaBy
nerektoBaH Tek y 2013. ronuHu, Ha J1Ba JIOKAIUTETa ca yMepeHoM OpojHoihy, a y Tucu je
6una npucyTtHa y csera 20% y3opaka. HeznaTHO Beha yuecTanocT mojaB/bUBamba, y OAHOCY
Ha paHMja MCTpakKUBama JleTeKToBaHa je y CaBu, a Ka0 €yKOCTaHTHA BPCTE JI€TEKTOBaHA je
3anaanoj Mopaswu, y3umajyhu y o03up 06a [UKITyca HCTPaKUBaAbA.

HemrTo wMama ydecTaqocT TIOjaBJbUMBamba Yy OJHOCY Ha TMPETXOJHY BpCTY,
aHanu3upajyhu cBe MPHUKYIUbCHE Y30pKe Yy HCTOM Iepuopay, yrephena je 3a U. pictorum.
MakcuManHa ydecTajiocT Hajla3a JIeTeKTOBaHa j€ y HCTpPaKMBAHUM KaHajIuMa, U MambuM
paBHuuapckuM pekama (berej, JeszaBa). Kao xoncrantHa Bpcrta, npucyrtHa y 60% y3opaka,
3abenexeHna je y JlynaBy u CaBu, IITO je y CarJIaCHOCTH M Ca HOBUJUM UCTPAKUBABUMA.

VY oJHOCY Ha y4ecTaJoCT M0jaBJbUBaka Y Y30pIMMa NMPUKYIJbeHUM Yy niepuoy 1953.-
1972., ronuue, Bpcta U. tumidus je nmana Mmamy GpeKBeHITy, Y OJHOCY Ha OCTaje BPCTE poja
Unio (tabena 18). Ca makcumanHuMm yuemrheM jeTekToBaHa je y Tucw, peru JezaBa u
UCTpakMBaHUM KaHaiuMa (Tabena 18). Ymepeno uecto je aerexkroBana y JlyHaBy (y 40%
y30paka), a Beoma peTko je Ouna mpucyrHa y Casu (y 10% y3opaka), mTO ce 3HAaTHO
pasiiKyje y OJHOCY Ha pe3yiTare HOBHjUX HCTpaXHBama, KOjU yKa3yjy JAa je Owuia
ariCOIyTHO IOMMHAHTHA U Hajuellhe Hajla)keHa BpCTa y OBUM peKama.

Hajseha yyecramocr mojaBbMBama 3a BpcTy A. anatina 3abenexeHa je y

UCTPaXXMBAaHUM je3eprMa M KaHAIMMa, Npema nojanumMa u3 nepuoaa 1953.-1972. V ognocy
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Ha KOHCTAHTHOCT I10jaBJbHBaa Y CBUM aHAIM3HPAHUM Yy30pIHMa, MOXE C€ O3HAYUTH Kao
petka BpcTa. Ca roToBO yjeqHaueHUM ydenrheM Ouiia je IpucyTHa y BEJTHMKUM PaBHUYAPCKUM
pekama: [lynaBy, CaBu m Tamwuily, anu TpHCYCTBO OBE BpCTEe HUje 3abenexxkeHo y Tucu
(tabena 18). HoBuja ucTpakuBama ykasyjy Ha pasjiMKe y y4ecTalocTd Haiasa y JlyHaBy u
CaBu, u npucyctBo y Tucu.

Ha ocHOBY rcTOpHjCcKUX TO/IaTaka Koju ¢y oopahenu y oBom pany, A. Cygnea ce Moxe
O3HAYUTH Kao PETKO HajaxxeHa Bpcra y mepuoay 1953.—1972. (tabena 18). Hajseha
YUYECTAJIOCT HaJla3a JIETEKTOBAHA j€ Y UCTPaXMBAHUM je3epuMa U KaHaiuma. Takohe, momanu
yKa3yjy Ha pETKO II0jaBJbUBame OBe Bpcre y JlyHaBy, mehyrum pesynratu HOBHjUX
UCTpaXMBamka HHUCY MOTBPIWIN HpUCycTBO A. Cygnea y MCTpa)XMBaHWM BOJOTOIMMA, Beh
camo y akymynanujama. [Topen Hamasza A. cygnea, y akymynamnujama ['pyxa u henmje, mpema
jom HeoOjaBJbEHUM MOJAIMMa, MPHCYCTBO OBE BpCTE JeTekToBaHO je W y lllymapuukom
jesepy, u 6apcko MouBapHOM ekocucTteMy 3acaBuuia (Bmaguna Cumuh, TU4HO caoniuTene).

P. complanata, npezacrasiba Hajpelhe HamakeHy BpCTY, JeTeKTOBaHy y cBera 11%
y3opaka. [IprcycTBO OBE BpCTE AETEKTOBAHO j€ jeIMHO Yy UCTPAXKMBAHUM KaHAJIMMa, je3eprmMa
u peun Tamumn (tabena 18). HoBuja uctpaxuBama ykasyjy Ha npucyctBo P. complanata y
UCTPAXMBAHUM BEJIUKUM PaBHUYAPCKUM peKama.

VYuecramoct Hamaza U. pictorum y JlynaBy u CaBu, ce HHMje MHOTO pPa3/IMKOBAaJa,
y3uMmajyhu y 063up oba nukiyca UCTpakMBama. 3HATO Mama 3ay4ecTaloCT I0jaBJbUBamba y
CaBu u JlyHaBy, NMpeicTaBbeHa jeé HA OCHOBY My3€jCKHX moaaTtaka 3a Bpcty U. tumidus
(tabena 18), koja je mpeMa caBpeMEHUM HCTpaKUBambMa Onia Hajuenrhe HanakeHa BpcTa y

BEJIMKUM PaBHUYAPCKUM peKama.
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TaGemna 18. Tlpuka3 TPUCYTHHX/OTCYTHHX BpPCTAa M Y4YECTAJIOCT IIOjaBJbHBama BPCTA Yy

nepuony 1953.-1972. ronuna

U. pictorum U.tumidus U.crassus P.complanata A.anatina A.cygnea

F F F F F F
JlyHas 0.6 0.4 0.6 - 0.2 0.2
CaBa 0.6 0.1 0.4 - 0.3 -
Tuca - 1 1 - - -
Tamu 0.3 0.3 0.3 0.7 0.3 -
SamagHa ) i 1 i ) i
Mopasa
Lpau 3 i 1 i ) i
Tumoxk
Mnaga - - 1 - - -
Hepa - - 1 - 1 1
berej 1 0.5 - - - -
JesaBa 1 1 - - - -
Jesepa 0.5 0.5 - 0.5 1 1
Kananm 1 1 0.5 0.3 0.8 0.8
F (cau 05 0.37 0.53 0.11 0.32 0.21
y30pIiH)

4.5. MOPOOMETPUICKE AHAJIN3E

4.5.1. MOP®OMETPUJCKE AHAJIM3E PEHEHTHUX ITOITYJALUJA

4.5.1.1. 'eomeTpujcko MmopoMeTpHjcKa aHAIN3A PelleHTHUX MOMyJIaluja BpcTe

U. tumidus

[Ipumenom [I'enepanuzoBane IlpokpycroBe Amnanmuze pgoOujeHe cy Bapujalie
senmmunne (CS) u u3asojeno je 20 Bapujabiu obnuka (IIpokpycToBe KOOpAUHATE).

Jennodakropckom anammzom BapujaHce (ANOVA), yrBphena je craTHCTHUKA
3HaYajHa pa3liuka y BEIUYMHH JbyIIType H3Mely momynammja ca pa3iTuuuTHX BOJOTOKOBA
(tabena 19). Benmnuwnna nentpona (CS) ce kopucTriia Kao 3aBHCHA BapHjabiia, a momysiangja

Kao He3aBHCHA Bapujadia, Tj. haxkTop.
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Ta6ena 19. Jemnodaxropcka ANOVA Benmmunne riearpouga (CS) (SS - cyma kBaapara, df -

crereHu cinobonae, MS - Bapujanca, F - F Bpennoctu, P - craTucTryka 3Ha4ajHOCT).

ss df MS F P

YHYTapIpymHo | 49,119 1 384119 3536.349  0.000000
BapUpame
Monynammje | 5724.6 2 28623  26.351  0.000000

I'perika 11948.2 110 108.6

[IpenuMuHapHOM aHAIM30M BapHjaOMIIHOCTH OOJNIMKA Ha HHUBOY IIEJIOT y30pKa (TpU
nomynanuje ca [lynaBa, nBe ca CaBe W jemHa ca Tuce), MPUMEHOM aHAJIM3E TJIABHUX
xommonentu (PCA), Huje yrBpheHO pasiBajame/rpymnucame momyiandja (JlokaaureTa) y

MYJITHARMEH3HOHATHOM MOpdoonkoM mpocTopy (ciuka 33).

Ada

Ostruznica
Pancevo

PC2

. .
0.00 o e .

-0.03

-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
PC1

Cnuka 33. Ananusa rraBaux kommnoneHtn (PCA) Bapujabin o0iiMKa JIEBOT Kallka JbYIITYpe
nomnynarnuja Bpere U. tumidus. JlujarpaMm MyaTHAMUMEH3UOHATHOT MOPQOJIONIKOT MPOCTOpa

nedunucan je npsom (PC1L) u apyrom (PC2) rmaBHOM KOMITOHEHTOM.

Jennodakropckom MynTuBaprjanTHOM aHanu3oM Bapujance (MANOVA) yrepheno je
MIOCTOjabe CTAaTHCTUYKHM 3HAYajHUX pasiiMka y OONMKY JbymType Mmely jenmHkama Koje
NpUIaAajy ToMmylandjaMa |3 pasTuuuTX BojoTokoBa (tabema 20). IIpokpyctose
KOOpJMHATE Cy KOpHUITheHe Kao 3aBUCHE Bapujabie, a akTopu (He3aBHCHE Bapujabie) ouse

Cy ToIyJIanwuje.
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Tabemna 20. Jennodaxtopcka MANOVA Bapujabiau obmmka (IIpokpycTOBHX KOOpIAHHATA)
(Wilks A — Bpeanoct Wilks’ JlamOna tecra, F - F Bpeanoct, dfl u df2 - crenenn cnobone, P —

CTaTHCTUYKA 3HAYAJHOCT).

Wilks A F dfl df2 p
YHyTaprpymHo
BapUpPaABE 0.000002 3823256 16 95 0.000000
[Tonynauuje 0.277794 S) 32 190 0.000000

[lpumenom kaHoHuWjcke BapujaHTHe aHanmu3e (CVA) Ha HHBOY IEJIOT Y30pKa,
U3][BOjeHE Cy KaHOHHMjCKE OCe KOje HajBUIIEC JONPUHOCE pa3[Bajamby aHATM3HPAHUX
nomnynanuja. [lomoxaj jenuaku y ogrocy Ha npBy (CV1) u apyry (CV2) xaHOHHjCKY OCY,
3ajeTHO ca MpoMeHama OOJIHKa JbYHITYpe KOjU Cy MpeAcTaB/beHH y Buay |PS nedopmanuja
JOyX OBHX oca, npukazaHu cy Ha ciuuu 34. Ilpema mpBoj CV1 ocu (CV1 onucyje 79.9%
pasiuka y o0JMKy JbyIIType u3Mel)y aHanusupanux momysianuja), U3aBajajy ce MoImyJialuje
ca lynaBa um Tuce, mox momynanuja ca CaBe mpercTaBiba MpenasHy rpymy. [IpomeHama
00JMKa JhYIITYpE KOje Cy ONMMCaHe MPBOM OcoM, y HajBehoj Mepu mompuHoce Taduke 5 u 7
(peruoH KapJUHaAIHHUX 3y0a) Y aHTEpPUOPHOM JIeNy JbYIUTYpE, a y IOCTEPHOPHOM JIeNTy Tauke
8, 9 (mompyuyje 3aBpuieTaka narepanHuxX 3y0a) u Tauka 10 (cnajama maneajHe JUHHjE U
nocrepuopHor mumuha agykropa). Jenunke nomynaiuje ca Tuce, rpynucase y mo3uTHBHOM
nery CV1 oce, omnwkyje TeHEpalHO CHUTHHja JBYIITYype, Ca TEHACHIIMjOM CYyXema Y
MIOCTEPUOPHOM JIelly, 3a pa3iIMKy o] nomyianuje ca JlyHaBa, Kojy OAJMKyje Maio poOycTHHja

JbyIITYpa (Tpynucame y HeratuBHoM ey CV1 oce).
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Cnuka 34. Kanonujcka ananusa Bapujance (CVA) BapujabunHoctu oonuka mo CV1 u CV2

ocu u3mel)y nomynarmja pere U. tumidus.

Paznuke y o6nuky spymType, yrBpheHe cy 3a cBaku nap aHalM3MpaHUX MOMyJaluja.

Hajmame pasznuke y o01aMKy JbyIITYpe, yIBpheHe cy uzmely nonynanuja Jlynasa u Case, 10K

je HajBeha pasnuka ycranoBibeHa uzmely momynanuja Jlynasa u Tuce (Tabena 20).

Tabena 21. TlpokpycTroBe mucTaHIe (BPETHOCTH WCIIOJ JHjaroHalie) W CTATHTHCTHYKE

3HAYajHOCTH (BPEIHOCTH W3HAJ JWjaroHaje) BeTUYHMHA Pa3iidKa y OONUKY JbymType u3mely

aHAJTM3UPAaHUX ToNynaluja. BpenHocTH H3HAL [ujaroHale MpencTaBibajy BepoBaTHOhe

nobujeHe nepmyTtanmoHuM TectoM HakoH 10000 nepmyTanuja.

JyHas
Casa

Tuca

HynaB  Casa Tuca

0 0.0007 0.0003
0.018 0 0.0003
0.0249 0.0215 0

MyntuBapujaHTHOM perpecujoM Bapujadbiu oosmka (IIpokpycToBux KoopauHaTta) Ha

Bapujabny BenamuuHe (In CS), yrBpheHo je ma mMOCTOju CTaTUCTHYKK 3HadajaH edekar

73



Pesynmamu

BennurHe Ha npoMeny obimuka (P < 0.0001, BepoBarnoha no0HjeHa MEPMyTalMOHUM TECTOM

HakoH 10000 mepmyranmja). Y OJHOCY Ha YKYIHY BapujaOMIHOCT OOJIMKA JICBOT Karika,

BapHjabUITHOCT yCIIOBJbeHA anoMeTpujoM onucyje 4.45%. ['paduuku npukas npeacTaBibeH je

Ha ciuim 35. MynrtuBapujantHa ananu3a koBapujance (MANCOVA) nmokasaina je aa mocToju

3Ha4yajHa MHTepaknuja usMmel)y dakropa (momymaruje) u xosapujadie (INCs) (Wilks 4 =

0.568829,

F = 1874, P < 0.005459), miro yka3yje Ha 3HauajHe pa3jiuKe y HaruOuma

QIOMETPH]jCKHX TPaBa aHATM3UPAHUX HOIMYJIalHja.

Cruxa 35.
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MynTtuBapujanTHa perpecuja Bapujadmau obnuka (IIpokpycroBux koopauHara) Ha

Bapujabny Benuuune (In CS) u rpaduukum mnpukaz TpoMeHe OONIHUKa YCIOBJ/bEHE

AJIOMETPUJCKUM PacTOM aHAIM3UPAHUX MOMyJaluja.
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45.1.2. TeomeTpujckO Mop(doMeTpHjcKa aHAJIHM3a pPelEeHTHHUX momyJjanuja Bpcre U.
pictorum

[TpumenoMm renepanuzoBane [IpokpycroBe AHanu3e no0ujeHe cy Bapujadie BEeTHUINHE
1 00JIMKa JIEBOT Karka JeymType (BenuuuHa reaTpouaa — CS u [IpokpycroBe KoopiuHaTe).
Jemnodakropckom anammuzom BapujaHce (ANOVA) Benuumbe 1entpouaa — Cs,

yIBpheHa je CTaTUCTUYKH 3HAuajHa pasiiMKa y BEIMYMHM JbyIIType u3Mmely momynamuja

(p=0.000000).

Tabena 22. Jennodpakropcka ANOVA Bennuune nearpouaa (CS) (SS - cyma kBaapara, df -

crerienu cinobonae, MS - Bapujanca, F - F Bpeanoctu, P - craTucTryka 3Ha4ajHOCT).

SS df MS F P
YHYTaPIPYIHO | 155975394 1 152975394 2854.539 0.000000
BapUpame
Tonynamuje 2062338 2 1031169  19.242  0.000000
Ipermka 4287219 80 53590

AnHaym3a BapujaOMIHOCTH O0JMKa YKYITHOT y30pKa (1Be momynanuje ca JlyHaBa, JBe
ca Cage u jenHa ca Tuce), npumeHoM aHanu3se riaBHux kommnoneHtn (PCA), nokasana je na
HEMa M3/Bajama IMOIMyJaluja/ToKaluTeTa Yy MYITHAUMEH3UOHATHOM MOP(OIOLIKOM

npoctopy (ciuka 36).

Ada
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Cnuka 36. Ananusa rinaBHux kommnoHeHTd (PCA) Bapuja0im o0siMKa JIEBOT Kalka JbYIIType
U. pictorum. [ujarpaMm MyJITHANMEH3HOHATHOT MOPQOJIOIIKOr IMPOCTopa AeUHUCAH je

npsoM (PC1) u npyrom (PC2) riiaBHOM KOMITIOHEHTOM.
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CraTucTHYKH 3Ha4ajHA pa3nuka y ooauky jpymrype (p<0.000442) usmely jenunku u3
NOIyJIalja ca pa3IndUTUX peka, yTBpheHa je mpuMeHoM JenHopakTopcke MyJaTHBapUjaHTHE

ananuse Bapujance (MANOVA) (tabena 23).

Tabena 23. Jennodaktopcka MANOVA Bapujadiau obmuka (IIpokpycToBHX KOOpIMHATA)
(Wilks A — Bpeanoct Wilks’ JlamOna tecra, F - F Bpeanoct, dfl u df2 - crenenn cnobone, P —

CTaTHCTUYKA 3HAYAJHOCT).

Wilks A F dfl df2 p
VYuyraprpynso Bapupawme | 0.000000 11629179 16  0.000000 0.000000
[Tomynamwmja 0.403351 2 32 0.000442 0.000442

KaHnonmjcke oce koje HajBUIlE JOMPUHOCE pa3[Bajary aHATU3UPAHUX IOMyJallyje,
U3/IBOjeHE Cy MPUMEHOM KaHOHHjcKe aHanu3e Bapujarce (CVA) Ha 1enom y30pky. YTBpheHo
je ma ce mo npBoj ocu (CV1), koja ommcyje HajBehu mporieHaT pas3iuka o0IuKa m3Mmehy
nonynanuja (61.1%), uznBaja nomynanuja ca Tuce (rpynucame y HeratuBHoMm jaeny CV1
oce), y ogHocy Ha nonyinanuje lyHaBa u Case (rpynucame y nozutuBHoM jaeny CV1 oce),
JIOK 110 Ipyroj kanouujckoj ocu (CV2), koja onucyje 38.9% pasiuka, HeMa jaCHOT U3/IBajamba
nonynanuja (cauka 37). Iomokaj jemuuku y oxuocy Ha mpBy (CV1) m apyry (CV2)
KaHOHHJCKY OCY, 3aj€JJHO ca MpoMeHama OOJIMKa JbYLITYpe KOjU CYy NMpPEACTaBbEHU y BUAY
TPS nedopmanuja nyx oBUX oca NpUKazaHO je Ha ciauiu 36. Y aHTEepHOpPHOM Jielny,
poMeHama 00JIMKa OTTMCAaHUM MPBOM KaHOHHU]JCKOM OCOM, HAjBHUIIIE JOMPUHOCE TAYKe y JETy
aHTepuopHOT MuIMha MpoTpakTopa (Tauka 3) U y 00JacTH APYror KapJuHAIHOT 3y0a (Tauke
6 u 7), nok ce Hajehe MpoMeHe y NOCTEPUOPHOM JIely, yoUaBajy y Tauku cliajarba MajeaiHe

JMHHU]E U TocTepropHor muiuha agykropa (tauka 10).
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Crnuka 37. Kanonwnjcka ananu3sa Bapujance (CVA) BapujabunHocTr obnmka mo CV1 u CV2
ocu n3mel)y nomynarmja Bpcre U. pictorum ca Jlynasa, Case u Tuce.

Bennuuna pasnuka obnuka JeymType usMmel)y mnomynandja, KBaHTU(UKOBaHA je
ITpokpycToBuM nauctaniiamMa (taberma 24). CTaTUCTHYKKM 3HavajHEe pasiuke (BepoBaTHOhe
no0ujeHe mepMyranuoHuM TectoM HakoH 10000 mepmyranuja), Hucy yTBpheHe jennHo
n3mely nomynarnuja ca CaBe m JlyHaBa, TOK je 3a ocTaje mapoBe yTBpleHa CTAaTUCTUUYKU

3HayajHa pa3nuka. Hajseha pasnuka je nerexktoBana nusmel)y nonynanuja ca Case u Tuce.

Tabena 24. IlpokpycToBe mUCTaHIE (BPEIHOCTH WCIOJ JUjaroHaNe) U CTATUTUCTUYKE
3HAuajHOCTH (BPEIHOCTH W3HA[ JMjaroHaje) BeTUYMHA Pa3iiiKa y OOJIMKY JbYIIType u3Mely
aHAJM3UpAHUX TomyJanuja. BpemHocTm W3HaM JujaroHalie MpeACcTaBJba)y BepoBaTHOhe

nobujeHe nepmyTtanmoHuM TectoM HakoH 10000 nepmyTanuja.

Hyna  Caga Tuca
Jynas 0 0.1617 0.0357
Casa | 0.0117 0 0.0012
Tuca | 0.0182 0.021 0
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MyntuBapujaHTHOM perpecrjoM [IpOKpYyCTOBHX KOOpJAMHATa Ha JIOTApUTMOBaHY
BenmunHy nenrpouna (In CS), yrBpheno je na mocroju cratucrtuuku 3Hadajan ytunaj (P <
0.0003) amomerpujckor pacta Ha BapHjaOMIHOCT OOJUKA JbYIITYype, KOju uuHH 5.85% y
yKymHoj BapujabmimHocTH  (ciuka 38). MynTHBapHjaHTHOM — aHAJIM30M  KOBapHjaHCE
(MANCOVA) nuje yrBpheHa CTaTUCTHYKK 3HAa4YajHa WHTEpakidja ¢axTopa (momynamuja) u
koBapujadse (InCs) (Wilks 4 = 0.522611, F = 1.49, P < 0.065056), mto ykasyje aa He
MOCTOj€ 3HAYajHEe pa3lIMKe Yy HarmOuMa ajoMEeTPHjCKUX IMpaBa aHAIM3UPAHUX TOIYIaIH]a,

OJTHOCHO YTBpPl)eH je MCTH TPEH I 3aBUCHOCTH O0JIMKA O] BEJIUYHHE).
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Cnuxka 38. MynTuBapujanTHa perpecuja Bapujadbau oomuka (ITpokpycToBux koopanHaTa) Ha
Bapujabiy Benmuune (In CS) wu rpaduukum mnpukaz TpoMeHe OONHMKa YCIOBJ/bEHE

AJIOMETPUJCKUM PacTOM aHAIM3UPAHUX MOMYyJaluja.
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4.5.1.3. T'eomeTpujck0 MoppoMeTpHjcKa aHATU3A PelleHTHUX NMOMNYJdanuja BpcTe

U. crassus

Jennogakropckom ananu3om BapujaHce (ANOVA) enuuune rtentpouaa (CS) u
jenHodakTopckoM MyiaTuBapujanTHoM aHanu3oMm Bapujance (MANOVA) Bapujabiu oGnrka
yIBpheHa je ctarucTHuky 3Ha4yajHa pasnuka (P=0.000000), y Benuunnu (Tabena 25) u 00auKy

(tabena 25) JbymITypa CIaTKOBOJHHUX HIKOJGKH PA3IMIUTHX MOIYJIAIH]a.

Tabena 25. Jennodakropcka ANOVA Benuuune nentpounna (CS) (SS - cyma kBaapara, df -

crenenu cinoboze, MS - Bapujanca, F - F Bpennoctu, P - cratucTiuyuka 3Ha4ajHOCT).

SS df MS F D

YHyTaprpymnso 39418722 1 39418722 2504.602 0.000000
Bapupame

[Tommynamumje 256874 1 256874 16.321  0.000217
Tpemka 676756 43 15739

Tabena 26. Jennodakropcka MANOVA Bapujadiu obnuka (IIpokpycToBHX KOOpIHHATA)
(Wilks A — Bpeanoct Wilks’ Jlam6na Tecra, F - F Bpeanoct, dfl u df2 - crenenn cno6one, P —

CTaTUCTHYKaA 3Ha‘lajHOCT).

Wilks A F dfl df2 D
YHYTaprpynHo 0.000003 598667.2 16 28 0.000000
Bapupame
TMonynanuja 0.208971 6.6 16 28 0.000008

Hakon npenuMuHapHe aHanu3e YKyIHE BapujaOMIHOCTH y30pKa (Iomyiaiuja ca
jenHor nokanuteta Ha CaBu, W momynanuja ca Bemuke Mopase, koja je oOyxBaruia aBa
JIOKAIMTEeTa) MpUMEHOM aHanu3e riaBHux kKomnoHeHTH (PCA), yrtBpheHno je onBajame
nomnynamnuje 'y MYyJITHIAMEH3MOHOM MOpP(OJIOIIKOM MpocTopy, ca Jokanurera Cpemcke
Mutposuna (Capa), y oJlHOCY Ha MOIyJIalyje ca Jokanutera MapkoBauku Moct u hynpuja

(Benuka Mopasa) (ciuka 39).
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Cnuka 39. Ananu3za rnaBaux komnoneHtd (PCA) Bapujabiin o0iinka JIeBOr Karka JbYIITYype

U. crassus. lujarpaM MyiITUIMMEH3UOHATHOT MOP(OIOLIKOT MpocTopa AedUHUCAH j€ TPBOM

(PC1) u apyrom (PC2) rnmaBHOM KOMITOHEHTOM.

[TpumenoM kaHoHH]jcke aHanu3e Bapujarce (CVA) Ha HUBOY LEJOT Y30pKa, H3/1BOjeHE
Cy KaHOHMJCKE OCE KOje HajBHUIIE JIOMPUHOCE pa3[Bajakby aHAIM3UPAHUX IOIyJIallHja.
I'paduuxy mpukas nonoxaja jeaunku y ognocy Ha npBy (CV1) u npyry (CV2) kaHOHHjCKY
ocy, 3ajeJHO ca IMpoMeHama 0o0JIMKa JbYIITYpe, MPeICTaBbeHu cy y Buay TIPS nedopmaruja
nyx oBux oca (ciuka 40). Jenunke momynanuje Cpemcka Mutposuiia (CaBa), rpymnucase cy y
neratuBHOM jeny CV1 oce (CV1 omwmcyje 89.4% pasnuka y oOnuKy Jbyiitype usmelhy
aHAIM3MpPAHUX TMOMyJlalMja) y OJHOCY Ha oOcTaje JBe MOMyJjaluje Koje ce Tpynuily y
no3uTHBHOM Jieny oce. [Ipema npyroj CV2 ocu (ommcyje 10.6% paznuka y 00IHMKY JbymType
u3Mel)y aHanM3upaHuX IMOMyNaluja), HUje YOUEHO JaCHO M3/Bajame. Y aHTEpUOPHOM JIElNy,
npoMeHe o0nMKa omucaHe mnpBoM kaHoHHjckom ocom (CV1), youaBajy ce y HHBOY
aHTepuopHHUX MuIKrha agykropa u perpakropa (tauke 1 u 3), JOK cy y MOCTEPHOPHOM JIEITy,

HajyowbHBHje poMeHe y HuBoy Tauke 10 (oO6mact mocrepuopHor mummha agykTopa).
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Cnuxka 40. Kanonujcka ananusa Bapujance (CVA) BapujabunHoctu odnuka mo CV1 u CV2

ocu u3melyy populacija pcre U. crassus.

Ha ocnHoBy IIpokpycTOBHX IUCTaHIM, KBaHTU(HUKOBAHA je BEIMYMHA DA3JIUKa Y

obimka JpymrType usMel)y momymamuja (tabema 27) CTaTUCTHYKKM 3HA4YajHE pas3iIuKe

(BepoBatHOhe noOUjeHe nmepMyTarmoHuM TectoM HakoH 10000 mepmyTaruja), 100ujeHe cy 3a

CBaKW Tap aHAJTM3UPAHKX TTOMYyJaIrja, OCHM 3a ronyiaiuje MapkoBauku Moct u hymnpwuja.

TaGena 27. IlpokpycroBe aucTaHue (BpeIHOCTH WCIOJ [JHUjaroHane) W CTAaTUTUCTHUKE

3HAYajHOCTH (BPEIHOCTH M3HA] JAMjaroHajie) BEMUYMHA pa3fifKa y OOJHKY JbyIIType usmely

aHAJIM3UpAHUX TomyJanuja. BpeaHocTw W3HaM JujaroHalie MpeACcTaBJba)y BepoBaTHOhe

nobujeHe nepmyTtanmoHuM TectoM HakoH 10000 nepmyTanuja.

Rynpuja MapxkoBauku Cpemcka
Moct Murposuia
hynpuja 0 0.7166 0.0005
MapkoBauku
Mocrt 0.0151 0 0.0001
MCpeMCKa 0.0345 0.0369 0
UTPOBHIIA
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MyntuBapujanTHOM perpecujoM IIpokpycTOBUX KOOpAMHATa Ha JOTapUTMOBAHY
BenmuuHy 1enTpousa (log CS), Huje yrBpheH je cratucTuuku 3Havajad yruuaj anomerpuje (P
< 0.1254, BepoBarHoha nobOujeHa mepmyrtanuoHuM TectoM HakoH 10000 mnepmyrtaiuja).
YTuiaj aJoMeTpHjCKOT pacTa Ha YKYIHY BapHjaOWIHOCT oOnuka JpymType Ouo je 3.49%
(cnvka 41).

[Mpumenom myntuBapujantHe aHanu3e kosapujance (MANCOVA) nuje yrBphena
CTaTHCTUYKK 3HayajHa MHTepakimja umehy ¢axropa (momynaunmja) u kosapujadie (INCs)
(Wilks 4 = 0.643073, F = 0.9019, P < 0.575361), mro yka3yje Ja He MOCTOje 3HAYajHE
pa3NuKe y HaruOuMa aJOMETPHjCKHUX MPaBUX aHAIU3UPAHHX IIOIyJalHja, OJHOCHO yTBpheH

j€ UCTH TPEH/I 3aBUCHOCTH O0JIMKA O] BEINIHHE.
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Cnuxka 41. MynTtuBapujanTHa perpecuja Bapujadbnu obauka (IIpokpycToBux KoopanHaTa) Ha
Bapujabiy Benmuune (In CS) u rpapuukum mnpukaz npoMeHe OONHMKa YCIOB/bEHE

AJIOMETPUJCKUM PacTOM aHAIM3UPAHUX MOMyJaluja.
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4.5.1.4. T'eomeTpujck0 MopdoMeTpHjcKa aHATN3A PelleHTHUX nomyJanuja poaa Unio

KomOnHOBameM CBHX CETOBa IMOJaTaKka CaBPEMEHHX IOMYJalvja, UCIIUTHBAHA j& H
UHTEpCIIeHHjacka BapujaBUIIHOCT O0JIMKA JbYIITYpe BpcTa poaa Unio.

Jennogakropckom ananu3om BapujaHce (ANOVA) senuuune nentpouaa (CS) u
jeaHodakTOpcKoM MyJITHBapHjaHTHOM aHanu3oM Bapujance (MANOVA) Bapujabiau obauka
yTBpl)eHa je CTAaTHCTHYKU 3HaYajHa pas3ivKa y BEIMUYUHHA U 00JUKY n3Mel)y BpcTama (Tabena

28, Tabena 29).

Ta6ena 28. Jennodpakropcka ANOVA Bennuune nearpouaa (CS) (SS - cyma kBaapara, df -

crenenu cinoboze, MS - Bapujanca, F - F Bpennoctu, P - cratiucTiuyuka 3Ha4ajHOCT).

SS df MS F p
YHyTaprpymnso
Bapupame 301194964 1 301194964 5757.015 0.00
Bpcre 7174324 2 3587162 68.565 0.00
['pemka 12451662 238 52318

Tabena 29. Jennodakropcka MANOVA Bapujadiu obnuka (IIpokpycToBHX KOOpAHHATA)
(Wilks A — Bpennoct Wilks’ JlamOna tecta, F - F Bpennoct, dfl u df2 - crenenu ciodone, P —

CTaTUCTHYKaA 3Ha‘lajHOCT).

Wilks A F dfl df2 p
YHyTaprpymnso
BaApUPABE 0.000009 3521215 7 232 0.00
Bpcre 0.104361 69 14 464 0.00

Kanonujckom ananusom Bapujance (CVA), ycraHoBibeHO je 1a ce o mpBoj CV ocw,
Koja omucyje 65.1% BapujadumHOCTH, pasaBajajy Bpere U. crassus u U. tumidus. TIpomene
o0JnMKa onmucaHe MPBOM KaHOHH]CKOM ocoM y HaBehoj Mepu o0yxBarajy MpoMeHe Yy Mpeaeny
KapauHamHuX 3y0a (tauke 5, 6 m 7). Jengmnke Bpcre U. Crassus koje ce Tpymumly y
no3utuBHOM jenry CV1 oce oumiKyje Cyx)eme y 00JIaCTH KapIUHATHUAX 3y0a, 3a Pa3lIuKy O
jemuuku Bpcre U. tumidus, koje ce rpynuiny y HEraTHBHOM ey Oce, KOJ KOjUX ce yodaBa
nosehame pactojama U3Mel)y Tauaka Koje onucyjy kapauHaiaHe 3yoe. Jlpyra KaHOHHjCKa oca
(CV2 onucyje 34.9% pasznuka y oOiuKy Jbymrype usmel)y aHaau3upaHuX BpCTa), MOKasyje

TEH/ICHIN]Y pa3zBajama jemuHku Bpcre U. pictorum (rpymmcane y mo3utuBHOM aeny CV2
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oce) OJ jeIWHKH OCTaluX aHanu3upaHux Bpcra (ciawka 42). BapujabumHoct o06iMKa

JbYIITYpE, ONKCaHa APYroM KaHOHH]CKOM OCOM 00yXBaTa MPOMEHE y TOTOBO CBHM TauKaMa.
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Cnuxka 42. Kanonujcka ananusa Bapujance (CVA) Bapujabunnoctu oonuka mo CV1 u CV2

ocu m3mely Bpcra U. tumidus, U. pictorum u U. crassus.

Bemuunna paznuka y o0iuka JpymType u3Mel)y momynanuja KBaHTH(DHKOBaHA je Ha

ocHoBy [IpokpycTtoBux nuctaniy (tadena 30). CTaTHCTHYKY 3HaUajHE pa3juke (BepoBaTHONe

nobujene nepmyranuoHuM TectoM HakoH 10000 mepmyrtanuja), noOujeHe cy 3a CBakH map

aHAIM3MpaHUX TMomynanuja, a Hajpeha nucranma yreBpheHa je wusmel)y mnomynamnuja U.

pictorum u U. crassus.

84



Pesynmamu

Ta6emna 30. IlpokpycTroBe nucranie (BPEAHOCTH WCIIOJ JWjaroHalie) W CTaTUTUCTUYKE
3HAYajHOCTH (BPEIHOCTH W3HAJ JMjaroHajie) BEIUYMHA Pa3jiiKa y OOJIMKY JbYIIType u3Mely
aAaHATM3UPAHUX ToNyJjanja. BpenHocTH W3HAN AMjaroHalie MPEICTaBJbajy BepoBaTHohe

nobujeHe nepmyTranmoHuM TectoM HakoH 10000 nepmyranuja.

U. tumidus U. pictorum U. crassus

U. tumidus 0 0.0001 0.0001
U. pictorum 0.0553 0 0.0001
U. crassus 0.0586 0.0644 0

MyntuBapujaHTHOM perpecrjoM Bapujadbiu oomauka ([IpokpycTOBUX KOOpIHMHATA) HA
Bapujabiy Benmumne (In CS), yrBpheH je cTaTMCTHYKM 3HaYajaH YTUIQ] alOMETpUje Ha
BapujabmiHoct obmuka JeymrType (P < 0.0001, BepoBarHOha n00MjeHAa MEpPMyTAIMOHUM
tectoM HakoH 10000 mepmyranwmja), ca ydemhem on 10.11% y ykymnHOj BapujaOMIIHOCTH
(cnuka 43).

MynruBapujantHoMm aHanu3oMm koBapujance (MANCOVA) yrBphena je cratucTuuku
3HauajHa MHTepakiuja pakropa (momynamnuja) u kosapujadie (INCs) (Wilks 2 = 0.676569, F =
1.899, P < 0.000357), miro ykasyje Aa HOCTOje 3HAYajHE pa3lIMKe y HArKHOMMa aJOMETPHjCKHX

IpaBa aHAJIU3UPAHUX MOIyJaIyja.
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Cnuka 43. MyntuBapujanTHa perpecuja Bapujadim oosmka (IIpokpycToBuX KOOpanWHATa) Ha
Bapujabiy Bemmuune (In CS) u rpapuukum mnpukaz npoMeHe OONHMKa YCIOBJ/bEHE

QIOMETPHjCKHM PacTOM aHAJIM3UPAHUX BPCTA.
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4.5.2. /IluneapHa Mop(oMeTPHjCKA aHAJIN3A PEeLleHTHHUX NMOMYyJalnuja

4.5.2.1. JiuneapHa Mmop(oMeTpHjcKa aHAJHM3A PeHEHTHUX nomyJamnuja spcre U. tumidus

Jla Ou ce yTBpamie EBEHTYalIHE pa3jiuke u3Mely morynanuja, Kao W 3HA4ajHOCT
TECTUpAaHUX (aKTopa 3a JUCKPUMHUHALM]y MOIyJanuja, mpuMmemeHa je JluckpuMuHaHTHA
anammza (DA). I'paduuku npuka3 mosiokaja jeIdHKH y OJHOCY Ha Haj3Ha4yajHUje oce Y
MYJITHBAPHjaHTHOM TIPOCTOPH, NpeAcTaBbeH je Ha cnuiu 44. Ilpema mpBoj ocu yodaBa ce
0JIBajame momyianuje ca Tuce (JokaiuTeT Ala), ¥ rpynucame Y TO3UTHBHO JISNTy MPBE OCe, Y
OJTHOCY Ha OCTaJIe JIBE MOITyJalije Koje MoKa3yjy TeHICHIH]Y IPpyNucama y HETaTUBHOM JIEITy

npse oce. Of1Bajambe/Tpynucame Nomysamnuja no Apyroj OCu HUje jaCHO U3PAKEHO.

Root

B kod: TUt
kod: SUt
® kod: DUt

-2 -1 0 1 2 3 4 5 6 7

Root

Cnuka 44. JluckpumunantHa aHanu3a (DA) myxuHCKMX Bapujabmu oOJMKa JICBOT Karka
JbyHIType peleHTHuX nomynamuja Bpere U. tumidus. Xwucrorpam MyiaTHIMMEH3MOHATHOT
Mopdodomkor npocropa. [lomynamuje Bpcte cy koaupane (TUt — monynanuja ca Tuce; SUt —

nonynaruja ca Case; DUt — momynamuja ca Jlynasa).
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Kao mokasatess BenmmuuHe pasiuka u3Mmely momynamuja, pasmarpaHe cy KBajapaTHE
Maxananobucose aucranie. KBantudukanuja panuka usmel)y cBakor mapa aHaIn3upaHuX
nomynanuja npukasana je y tabenun 30. Hajmama pasznuka yodena je uaMely momynamnuja ca

HynaBa u CaBe, a HajBeha pasnuka je ycraHoBJbeHa n3Mel)y monynanuja ca Case u Tuce.

Tabena 31. KBagparne MaxamaHoOucoBe aucTaHIle (BPEIHOCTH WCIOJ JAHWjaroOHANE) U
CTaTUTUCTUYKA 3HAYAjHOCTH (BPEAHOCTH W3HAJ JMjaroHalie) BEIMYMHA PA3JIMKa y OOJIUKY
JbyHITYype n3Mel)y aHanM3upaHuXx MOMyJarmja

T Ut S Ut D_Ut
T_Ut 0 0.000000 0.000000

S_Ut | 10.08259 0 0.000000
D_Ut | 940919 3.92728 0

4.5.2.2. Iluneapua mopdomeTpHjcka aHaIu3a peleHTHUX nomyaanuja U. pictorum

JuckpumuHanTHa aHanu3a (DA) je mpuMmemeHa a Ou ce YTBPAWIO Ja JIU MOCTOjH
Mopdoromka pa3nuka u3Mely nomynanuje M 3HauyajHOCT TECTHPAHHUX MOP(OIOMIKUX
BapHjabiau y BHUX0BO] nuckpuMmuHanuju. Ha ciuim 45., Moxe ce BUIETH rpapuyuku IpuKa3
MOJIOXAja JEIMHKU Yy MYJITHUBapHjaHTHOM TIPOCTOPY, Y OJHOCY Ha Haj3HauyajHUje oce. Y
OJIHOCY Ha TIpPBY OCy, youaBa ce OJBajame momynanuje ca Tuce (okamuter Ana) u
rpynucame y MO3UTUBHOM JIedy Oce, Y OJHOCY Ha momynanujy ca JlyHaBa, koja mokasyje
TEHJICHIU]Y IpyNHcamka y HEraTUBHOM JIeNly IIpBe oce, 0K mnomyianuja ca CaBe He mokasyje
TEHJCHIIN]Y Ipynucama npema npeoj ocu. Ilpema npyroj ocu (HMBO 3Ha4ajHOCTH), yodyaBa ce

JeIMHO o/1Bajame momynanuje ca Tuce, u BEHO IPyNUCcamkbe y HEraTUBHOM JIeTy Ipyre oce.
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root
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kod: SUp
3 A kod: TUp
5 -4 3 2 1 0 1 2 3 ©® kod:DUp

root

Cnuka 45. JluckpumunantHa anaiguza (DA) myXuHCKMX Bapujabau OOJMKa JIEBOT Karka
JbYHIType peleHTHHX momynaimja Bpere U. pictorum. Xwucrorpam MyaTHIMMEH3HOHATHOT
Mopoonikor mpocropa. [Tomymnanuje Bpere cy koaupane (SUp — momynanuja ca Case; TUp

—nonynanuja ca Tuce; DUp — monymnanuja ca JlyHasa).

MaxananoOuCOBe JHMCTaHIIE TPEACTaBJbeHEe Cy y Tabemu 32, W TPEICTaBIbajy
nokasareJb BeIMYHHE pa3nuka u3mel)y nomynanuja. KBantudukanmja pasnuka usmel)y cakor
napa aHaJM3UpaHUX MOIyJaluja mpukasaHa je y Tabenu 32. Hajmama pasznuka youeHa je
u3Mel)y nonynanuja ca Tuce u Case, a HajBeha pa3nuka je ycraHOBJbeHA M3Mel)y momysanuja

ca Jlynasa u Tuce.

Tabena 32. KBagparHe MaxamaHnoOucoBe aucTaHIe (BPEAHOCTH WCIOJ JAMjaroHale) u
CTATUTHCTUYKA 3HAYAjHOCTU (BPEIHOCTH W3HAJ AWjaroHalie) BEIMYWHA PAa3HKa y OOIHKY
JbymIType u3Mel)y aHaJIM3UpaHuX MOMyJIalmja.

S_Up T _Up D _Up
S Up 0 0.003807 0.000000

T_Up |2.210052 0 0.000000
D_Up |4.882751 6.071056 0
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4.5.2.3. JluneapHa Mop(poMeTpHjcKa aHAJIN3a pelleHTHUX nomyJjanuja U. crassus

3a wucnuTHBame MOP(OJOMKUX pasziuka wu3Melhy momysianuje W 3Ha4yajHOCTH
TeCTUpaHUX MOPQOJIONIKUX Bapujabid y HHUXOBO] IUCKPUMHHAIIM]H, IPUMEHEHA je
JuckpumunanTHa ananusa (DA). ['paduuky npukas moiaoxaja jeIMHKH y MyJITHBapUjaHTHOM
MPOCTOPY, Y OAHOCY Ha Haj3HAuYajHU]jE OCe, MPEACTaBJbEeH je Ha ciuiy 46. Y omHOCY HA TPBY
ocy, yodaBa ce H3jBajame momynanuje ca Cpemcke MUTpOBHIIC, U HEHO TPYIHUCAHE Y
MIO3UTHUBHOM JIENTy OCE, Y OJIHOCY Ha JBe nomyiainuje ca Beiauke Mopase (Mapkoauku Moct
u Rhymnpuja), Koje ToKa3yjy TEHICHIIM]Y W3/IBajalba y HEraTHBHOM Jeiy mpBe oce. [Ipema

JPYroj OCH C€ HE youaBa jaCHO M3/IBajarbe.

]
2+
" oa | |
| ]
]
1+
]
= OF [ ]
o
=
]
1 F
2t
A A B kod: SMUc
3 : ; , , ; ; X : 4 kod: CUc
5 4 3 2 1 0 1 2 3 2 B kod: MMUc

root

Cnuka 46. JluckpumunantHa ananmza (DA) myxuHCKHX Bapujabimm OOJIMKa JIEBOT Karka
JbYINTYpE peleHTHuX momynanyja Bpere U. crassus. Xucrorpam MyITHIUMEH3HOHATHOT
Mopoomkor mpoctopa. [lomymanuje Bpcte cy koampane (SMUC — momymanmja ca
nokamutera Cpemcka Mutposuna; CUC — nomymanuja ca nokamutera hympuja; MMUC —

nornynainuja ca Jokanurera MapkoBauku MocrT).

Benuunna pasznuka u3mely aHanm3upaHux mapoBa MOMyJalyja, MpecTaB/beHA je
KBapaTHUM MaxanaHoOucoBuM auctadmama (tabena 32). CTaTHCTUUYKU 3HAYAjHE PA3JIHKE

yTBphEeHE Cy 3a mapoBe aHATU3UPAHUX TOIyJIallkja, OCUM Y CIydajy aHaju3e pasziivka umehy
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nonysaiuyja ca Rynpuje u Mapkoaukor Mocta. Hemro Beha pasnuka yrBpheHna je usmehy
nomynanuja Cpemcka Mutposuna-hymnpuja, y oqHocy Ha nomynanuje Cpemcka MutpoBuiia-

MapxkoBauku Mocr.

Tabena 33. KBagparne MaxamaHoOucoBe nucTaHIle (BPEIHOCTH WCIOJ JHWjarOHANE) U
CTaTUTUCTHYKA 3HAYaJHOCTH (BPEIHOCTH W3HAJ JMjaroHaje) BEIUYMHA pa3jiuKa y OOJIHKY

JbymIType usmel)y aHalm3upaHux nomnysamnuja.

SM Uc C Uc MM_Uc
SM_Uc 0 0.000000 0.000000
C Uc |22.83076 0 0.329158
MM _Uc | 15.28182  2.3526 0

4.5.2.4. Jiuneapna Mop(oMeTpHjcKa aHAIN3a PeleHTHUX nonyaanuja S. woodiana

Kao u xoxm Bpcra poma Unio u kom Bpcre S. woodiana mpuMermeHa je
JIMCKpUMUHAHTHA aHAJIM3a, Aa OM ce MCIMTANIO Jja JH MOCTOje Pa3jIMKe y OOJNUKY JbYIIType
Mel)y pa3nMuuTUM MomylalMjamMa IIKOJbKH, Ka0 M 3Ha4ajHOCT TECTHUpPaHUX Bapujabau y
BUXOBOM oO/iBajaky. Ha crnumm 47, Moxe ce youuTu oJiBajame nomynanuja ca JlyHaBa u
Benuke MopaBe, mpema mpBoj ocu. JeauHke mnomynanuje ca JlyHaBa MMajy TEHAEHLU]Y
rpynucama y MO3UTUBHOM JeNy MpBE Oce, a jeJuHKe nomynauuje ca Benuke Mopase ce

TPYIUINY Y HEraTUBHOM Jieny oce. [Ipema Apyroj ocu HeMa jacHOT Of[Bajama IMoIlyJialnja.
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root

4 kod: SSw
® kod: VMSw
B kod: DSw
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root

Cnuka 47. JluckpumunantHa anaiguza (DA) myXuHCKMX Bapujabau OOJMKa JIEBOT Karka
JbYHITYpe PELEHTHUX Momysandja Bpcre S. woodiana. Xucrorpam MyJITHIMMEH3HOHATHOT
Mopoomkor mpocropa. [lomynamuje Bpere cy komupane (SSW — momynanmja ca Cage;

VMSw — nontynaruja ca Benmuke Mopase; DSw — nmonynarnuja ca Jlynasa).

KBantudukanuja pasnuka u3Melhy cBakor mapa momyjianuja, HpeAcTaB/beHa je
KBaapaTHUM MaxanmanoOucoBuM aucrtaninama (tadema 34). Hejseha pasnmuka ce yodaBa
u3melhy nomynanuja ca JlynaBa u Benukxe Mopase, a Hajmawa usmely Case u Benuke

Mopase.

Tabena 34. KBagparHe MaxamaHnoOucoBe aucTaHIEe (BPEAHOCTH WCIOJ JMjaroHANe) W
CTAaTUTHCTUYKA 3HAYAjHOCTU (BPEIHOCTH W3HAJ AWjaroHalie) BEIMYWHA PAa3HKa y OOIHKY

JbyIITYpe n3Mel)y aHanu3upaHux Momysamnuja.

SSw VM Sw D Sw
S_Sw 0 0.000000 0.000002
VM_Sw | 3.926695 0 0.000000
D Sw |5.260539 7.107705 0
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4.5.2.5. JluneapHa MmopoMeTpHjcKa aHAJH3a PeHEHTHUX nomy.Jamnuja A. gnatina

[Ipumenom ['enepanHe nNUMCKPUMHMHAHTHE aHaiu3e, YTBpheHO je mAa mocToju
CTaTHCTUYKM 3HAYajHa pa3iuka y OONMKY JbymIType Mely pasnuauTuM Homynanyjama
mKoJbku Bpere A. anatina ca Jlynasa u Case. Ha ciuiu 48, Moke ce YyOUUTH Ja CE jeMHKE
nonynanuje ca JlyHaBa Tpymnuily y HETaTUBHOM Jely OCe, 3a pPa3iIUKy OJ jeIHHKH
nonynanuje ca CaBe, Koje TOKa3yjy TEHIACHIM]y TIpylNHcama y MO3UTHBHOM [Ny OCe.
Benmnunna  pasnmka  m3Mely  momynmamuja,  KBaHTH(UMKOBaHAa ~ je  KBaJpaTHUM

MaxananobucoBuM AucradiamMa (tadena 34).

9

Broj ispitivanja

Nlkod: DAa
Xlkod: SAa

root

Cnuka 48. JluckpumunantHa aHanmza (DA) ayxuHCKuX Bapujabnu oOJIMKa JICBOT Karka
JbYHITYpE ToIyJanuja Bpcte A. anatina. Xucrorpam MyJITHIAMEH3UOHAITHOT MOPQOIOIIKOT
npoctopa. [lomynamuje Bpcte cy komupane (DAa — momymamuja ca Jlymasa, SAa —

nonynaiuja ca Cagse).

TaGena 35. KBagparHe MaxanaHoOucoBe aucCTaHIe (BPEIHOCTH WCIOJ JHjaroHaie) U
CTaTMUTUCTUYKA 3HAYajHOCTU (BPEAHOCTH HW3HAJ AMjaroHajie) BEIMYMHA pa3jivKka y OOIHMKY
JpymType usMmel)y ananusupanux mnomysaiuja.

DAa SAa
DAa 0 0.000967
SAa 17.57212 0
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4.5.3. MopdomeTpujcka aHaIu3a NPpUMepPaKa BpCcTa U3 My3ejcke 30HpKe

4.5.3.1. 'eomeTpujcko MmopdomMeTpHjcka aHaau3a jenmHku Bpere U. tumidus u3 mysejcke
30upKe

Ananusa wmysejckux mnpumepaka Bpcte U. tumidus je moapasymeBanga aHaIU3y
BapHjaBWIIHOCTH OOJIMKA JbYIITYpE JABE TpyIle y30paka OBE BpCTE, KIACU(PUKOBAHHUX O]l
ctpane ayropa kao ase nmoaspere (U. tumidus tumidus — T u U. tumidus solidus — S).

[Tpumenom I'enepanuzoBane IlpokpyctoBe Ananuze (GPA) uzasajene cy Bapujabiie
BennurHe (BenuunHa rentpouaa — CS) u Bapujadie obnuka (IpokpycToBe KoOpauHate).

CraTHCTHYKHM 3HavajHa pa3nuka u3Mel)y oBe 1Be Tpyre jeIUHKH Yy BEIHYUHH |
obmuky, yrBpheHa je Jeanodakropckom ananuzom Bapujance (ANOVA) Benuumne
neutporga (CS), OIHOCHO jeqHOGAKTOPCKOM MYJITHBApHjaHTHOM aHAIU30M BapHjaHCe

(MANOVA) Bapujabau obauka (tadbena 36, Tabena 37).

Tabena 36. Jennodakropcka ANOVA Bennunne nentpounaa (CS) (SS - cyma kBagpara, df -

crenenu cioboxe, MS - Bapujanca, F - F BpennocTH, P - craTucTiuka 3Ha4ajHOCT).

SS df MS F p
YHyTaprpynso
Bapupame 40722622 1 40722622 2155.359 0.000000
[omynauwmje 981746 1 981746 51.962  0.000000
I'pemnika 699066 27 18894

Tabena 37. Jemnodakropcka MANOVA Bapujabau o6mmka (IIpokpycToBux KOOpIMHATA)
(Wilks A — Bpeanoct Wilks’ Jlam6na Tecra, F - F Bpennoct, dfl u df2 - crenenu cno6one, P —

CTAaTHCTUYKA 3HAYAJHOCT).

Wilks A F dfl df2 p
YHyTaprpynso
BapUpame 0.000001 2569761 16 22 0
[onmynanwmja 0.362439 2 16 22 0.027806
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[Mpumenom ananu3se raaBaux kommonenTr (PCA), KojoM je u3BpIleHa MpeIiMUHapHa
aHanmu3a BapujaOMIIHOCTH O0JIMKA Ha HUBOY IIEJIOT Y30pKa, HUje YTBpHEHO pa3aBajame rpymna

y30paKa y MyJITUAMMEH3HOHATTHOM MOP(]OIIONIKOM IpocTopy (ciiuka 49).

0.06 7
0.04

0.02 1

PC2

0.00 1

-0.02 1

-0.04 1

-0.06 T T T T T y
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06

PC 1

Cnuka 49. Ananusa riaBaux komnoHeHTd (PCA) BapujaOiu o0JiMKa JICBOT Kalka JbYIITYpe
My3ejckux npumepaka Bpere U. tumidus. [ujarpamMm MyJnTHIAMEH3MOHATHOT MOPQOIIOIIKOT

npoctopa aedunucas je npeom (PCL) u gpyrom (PC2) rnaBHOM KOMIIOHEHTOM.

IMpumenom Jluckpumunantae ananuse (DA), yTBpheHO je ofBajame IBE Ipyre jeUHKH y
MopdonomkoMm npocTopy. [lonoxaj jemuHKH Yy OAHOCY, 3ajeJHO ca MpoMeHama OOJHKa
JbYIITYpE KOjU Cy NIpeACTaB/beHH y BULY [PS nedopmarnmja mayx oce, mpuKa3aHu Cy Ha
ciuim 49. Jenunke knacudukosane kao U. tumidus tumidus umajy TeHaeHIHjy Tpynucama y
MO3UTHBHOM JIeIy OcCe, 3a pasiuky o apyre rpyme jeamuku U. tumidus solidus xoje ce
onBajajy y HeratuBHOM jgeny oce (cimka 50). Benmumna pasnmka usmely rpyma
kBaHTH(UKOBaHa je [IpokpycToBoM auctaniom (0.01979285) ca BepoBarHohom (p < 0.0001),
no0ujeHoM mnepMmyTranuoHuM TectoM HakoH 1000 mnepmyranuja. Ilpomenama oOnuka
JbyIITYype, y HajBehoj MepHu JONpHUHOCE Tayke y Jelly aHTepHOpHOr MuIlnha mpoTpakTopa

(Tauka 3) u y obyiacTu Ipyror KapJauHaIHOT 3y0a (Tauka 7).
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Cnuxka 50. JluckpiMHHAaHTHA aHAIHM3a BapHjaOMITHOCTH OOJIMKA JBYIITYpE JBE TPYIE jeAMHKH
My3ejckux npumepaka Bpere U. tumidus

[Ipumenom  MyntuBapujantHe  perpecuje  IIpokpycToBHX — KOoOpauMHaTa  Ha
joraputMoBany BenuuuHy IteHtpouga (In CS), yrephen je cratuctuuku 3Hadajan (P <
0.0055), yrtumaj anomerpuje Ha BapujaOWIHOCT o0O0MMKa JhymType. Bapujabumnoct
yCIIOBJbEHA alloMeTpujoM uuHU 7.4% vy yKynHOj BapujabunHocTH. ['paduuku mnpukas
ATOMETPHjCKUX OJHOCAa AaHAJIM3UpPAHUX TOMyJalrja W TPOMEHa OOJIMKa YCIOBJHEHUX
aJIOMETPHJCKUM PACcTOM TMpHUKa3aH je Ha ciuiu S1.

MynruBapujantHoM aHainu3oMm koBapujance (MANCOVA) tectupana je XOMOT€HOCT
Haruba perpecMoHuX MpaBuX. AHAJIM30M KOBapHjaHCEe HUje YTBpleHa CTaTUCTUYKHU 3Ha4yajHa
uHTepakiuja dakropa (momynamuja) u koBapujabie (InCs) (Wilks 2 = 0.576857, F =1, P <
0.467464), mTo yka3yje Ja aHAIM3UpaHe TPYIE jeIUHKH MOKa3yjy MCTH TPEH] 3aBUCHOCTH

00JIMKa OJ1 BEINYHHE.
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Cnuka 51. MyntuBapujanTHa perpecuja Bapujabau obmuka ([IpokpycToBux KoopauHaTa) Ha
Bapujabiy Bemmuune (In CS) wu rpaduukum mnpukaz TpoMeHe OONHMKa YCIOBJ/bEHE

AJIOMETPUJCKUM PacTOM aHAIM3UPAHUX TPyIa.

45.3.2. Teomerpujcko mopdomMeTpHjcka aHaau3a jenuHku Bpcre U. pictorum wu3
MYy3ejcKe 30upKe

HcnutuBame BapujaOUIHOCTH MOP(OIOUIKUX CTPYKTypa KOJ MY3€jCKUX MpHUMepaka
Bpcte U. pictorum, moapasymeBana je aHamu3y TPH IpyIe jeAMHKU U3 My3ejcKe 30MpKe Koje
cy kinacudukoBane kao Tpu paznmmuute Gopme (U. pictorum f. longirostris, U. pictorum f.
balatonicus u U. pictorum f. platyrhyncus).

Jennodpakropckom ananmuzom Bapujance (ANOVA) enuunne tentpouaa (CS),
yTBpheHa je CTaTUCTUYKHU 3Ha4yajHa pa3iivka u3Mel)y OBUX Ipyma jeAMHKH Yy BEJIMYMHH, JOK je
Ha OocHOBY JenHodakropcke MynartuBapujaHTHe aHanmu3e BapujaHcu (MANOVA) Bapujabiu
oOnuKa, yTBpheHo Aa pasznuka y oOiuKy u3Mely aHaIM3UpaHUX Tpyla HUje CTaTUCTHYKH

3HavajHa (Tabena 38, Tabena 39).
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Ta6ena 38. Jemnodaxropcka ANOVA Benmmunne riearpouaa (CS) (SS - cyma kBaapara, df -

crereHu cinobonae, MS - Bapujanca, F - F Bpennoctu, P - craTucTryka 3Ha4ajHOCT).

SS df MS F P
YHyTaprpymnso
BapHUpame 62636368 1 62636368 3079.668 0.000000
[Tonmmynanuje 263735 2 131867 6.484  0.003406
['pemika 894902 44 20339

Tabena 39. Jemnodaxropcka MANOVA Bapujadiau ob6muka (IIpokpycToBuX KOOpIMHATA)
(Wilks A — Bpeanoct Wilks’ Jlam6na Tecra, F - F Bpennoct, dfl u df2 - crenenu cnobone, P —

CTaTHCTUYKA 3HAYAJHOCT).

Wilks A F dfl df2 p
YHyTaprpymnso
BapUpambe 0.000079 130301.3 4 41 0.000000
[Tommynanmja 0.858599 0.8 8 82  0.594121

C 003upoM fa HUje yTBpheHa cTaTUCTHYKA 3HaYajHOCT u3Mel)y aHalmM3upaHux rpyma y

001Ky, Beh camo y BETU4YMHHU, Jajbe MOPPOMETPHjCKE aHallu3€e HUCY palhene.

4.5.3.3. 'eomeTpujcko MopgoMeTpujcKka aHaIM3a jeIMHKHU BpcTe U. Crassus u3 mysejcke
30upKe

Pagu ananmmuze mopdosomike BapujaOUIHOCTH JbYUITYpe TpHU Tpyle jeAMHKH W3
My3ejcke 30upKe, Kiacu(UKoBaHUX O] cTpaHe ayropa kao (U. amnicus, U. crassus crassus u
U. crassus crassus f. Grandis), u3BpIieHo je HCIIMTHBAE CTATUCTHYKE 3HAYAJHOCTH Pa3InKa
y BEJIMYMHU U OOJIMKY, OBE TPH TPYyIIe y30paKa.

Jennogpakropckom ananmuzom BapujaHce (ANOVA) enuumne tentpouaa (CS),
yIBpheHa je CTUCTMYKM 3HayajHa pasluKka Yy BelIMYMHM u3Mel)y y3opaka, 0K
Jennodakropckom myntuBapujantHOM aHaiau3oM Bapujance (MANOVA) Bapujabiau 00muKa,
HUje 3a0erexkeHa CTAaTUCTUYKM 3HAuajHa pasiiuka y oOnuky u3mely aHanmusupaHux rpyna

(tabena 40, Tabena 41).
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Ta6ena 40. Jemnodaxropcka ANOVA Bemmunne riearpouga (CS) (SS - cyma kBaapara, df -

crereHu cinobonae, MS - Bapujanca, F - F Bpeanoctu, P - craTucTryka 3Ha4ajHOCT).

SS df MS F p
VHYTaprpymio | eopasace 1 62636368 3079.668 0.000000
Bapupame
Tonynanuje 263735 2 131867  6.484  0.003406
I'pemika 894902 44 20339

Tabena 41. Jennodaxtopcka MANOVA Bapujabiau obmmka (IIpokpycTOBHX KOOpIAHHATA)
(Wilks A — Bpeanoct Wilks’ Jlam6na tecra, F - F Bpeanoct, dfl u df2 - crenenn cnobone, P —

CTaTUCTHYKaA 3Ha‘lajHOCT).

Wilks A F dfl df2 p
YHyTaprpymnso 0.000000 3898268 16 29 0.000000
Bapupame
n . 0.443576 1 32 58 0.607723
oIyJIanmja

Kao u y mperxonHoj aHanus3u, HHje yTBpl)eHa CTATUCTHYKA 3HAYajHOCT u3Melhy
aHATM3UpPAHUX Tpyna y oOnuKy, Beh camo y BeNWYHMHHM, Tako Ja Jajbe MOpPOMETpHUjcKe

aHajmn3e Hucy pabhene.

4.5.4. JIuneapHa mop¢oMeTpHjCKa aHAJM3A jeIMHKH U3 My3ejcKe 30MpKe

4.5.4.1. JIuneapua mopdomeTpujcka aHaau3za my3ejckux npumepaka U. tumidus

Ananmza Mmysejckux mnpumepaka Bpcte U. tumidus je mnoapa3symeBana aHamu3y
BapHjaOMITHOCTH OOJIMKa JhYIITYpPE JIBE TPYyIE y30paka OBE BpCTE, KIACH(DPUKOBAHUX OF
cTpade aytopa kao jase moxaspcre (U. tumidus tumidus u U. tumidus solidus). Axamuzom
o0lMka Ha OCHOBY JY)XKMHCKHX Bapujaliu, OBe [BEe Tpyle Yy3opaka, NPHMEHOM
JuckpumunantHe aHanmse (DA) yTBpheHo je TenMMUYHO OfiBajame rpymna y MopQoIOnIKOM
npocropy. Jenunke nonynamuje U. tumidus solidus ce y moTrmyHOCTH IpyuIny y MO3UTUBHOM
JIeNTy Oce, 3a pa3IuKy of jenuuku momynamuje U. tumidus tumidus koje mokasyjy TeHAeHIH]y
rpynucama y HEraTUBHOM Jiely oce (cnuka 52). BenmuwmHa pasznuka y OOJNMKY JbyHITYpe
u3Mel)y aHanu3upaHux MOIMyJanuja, ¥ CTATUCTHYKA 3HAYajHOCT MPEJCTABJbEHU CYy y Tabenu

42.

98



Pesynmamu
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Broj ispitivanja

kod: U_ts

root

Cnuka 52. JluckpumunantHa ananmza (DA) nyxuHCKHX Bapujabiu 0OJIMKa JIEBOT Karka
JbyHIType My3ejckux mnpumepaka Bpcre U. tumidus. I'pyne anHamu3upaHux jEIUHKH CY
koaupane (U_ts — U. tumidus tumidus u U tt — U. tumidus solidus). Xwucrorpam

MYATHIUMEH3HOHAIHOT MOP(OIIOIIKOT TPOCTOPA.

TabGema 42. KpamparHe MaxanaHoOucoBe AWCTaHIE (BPEIHOCTH HWCIOJ THjaroHaje) H
CTaTUTUCTHYKA 3HAYAjHOCTH (BPEAHOCTH W3HAJ JMjaroHalie) BEIMYMHA Pa3lInKa y OOJIMKY
JbyIITYpe u3Mel)y aHanu3upaHux Momysamuja.

U ts U_tt
U_ts 0 0.000061
U tt |7.606274 0

4.5.4.2. iluneapua moppomerpujcka jenmuku Bpcre U. pictorum u3 mysejcke 30upke

[Mpumenom [IuckpumuHanTHe aHanuze (DA), u3BplieHa je aHamM3a BapHjaOUIHOCTH
o0nMKa JbYyIITYpe HA OCHOBY JYKMHCKUX MOP(HOMETPUJCKUX BapHjabian My3ejCKHX

npuMepaka Bpcre U. pictorum, koje cy mpema KoJIeKTOPCKUM KibHUTraMa Ouite Kiaacu(uKoBaHe
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y Tpu paznuumura Mmopdoruma (U. pictorum f. longirostris, U. pictorum f. balatonicus u U.
pictorum f. platyrhyncus). I'padpuukuM npuka3oM MO3MIMOHUPAA JCJUHKHA Pa3IUYATHX
MOp(OTUTIOBA Y MYJITHAWMEH3MOHATHOM MOP(OJIOIIKOM MPOCTOPY, MOXE C€ YOUHTH Ja
HEMa jacHOT M3JIBajar€ Tpyna y OJHOCY Ha oce ciaunu 53. BenwmuwmHa paznuka uzmehy
KkiacuukoBaHUX MOp(OTUIIOBA, TIPHKa3aHa je y Tabenn 43.
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Cnuka 53. JluckpumunantHa aHanmza (DA) ayxuHCKuX Bapujabnu oOJiMKa JICBOT Karka

JbYHITYpe My3ejcKkux mnpumepaka Bpcre U. pictorum. I'pyme aHamu3upaHuX jeAWHKH CY

koaupane (U. pictorum f. longirostris — Up_L, U. pictorum f. balatonicus—Up fB u U.

pictorum f. platyrhyncus — Up_fP). Jlujarpam MynITHANMEH3HOHATHOT MOP(OIOMIKOT

mpocTopa ,Z[C(I)I/IHI/ICB.H IIPpBOM U JPYroM OCOM.

Tabena 43. KBagparHe MaxamaHnoOucoBe nucTaHile (BPEAHOCTH WCIOJ JAWjarOHAne) U
CTaTUTUCTUYKA 3HAYajHOCTU (BPEIHOCTH HW3HAJ AMjaroHajie) BEIMYMHA pa3jivKka y OOIHMKY

JbylIType u3Mel)y aHalM3upaHux Mnomnysamnuja.

Up L Up_fB Up_fP
Up_L 0 0.108176 0.002698
Up_fB | 2.013706 0 0.362430
Up_fP | 5.340927 1.641449 0
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45.4.3. JluneapHa MopdomeTpHujcka aHaiIu3a jeAUHKH Bpcre U. Crassus u3 mysejcke
30upkKe

3a ucnuTHBamke BapHjaOUITHOCTH O0JIMKA MY3€jCKHX MpUMepaka y okBupy Bpcre U.
crassus, npumMemeHa je JuckpumunanTHa ananm3a (DA) Ha meny y3opka Koju je o0yxBaTao
TPU TpyIE JeAUHKU OBE BpPCTE, KIACH()UKOBAHUX OJ CTPAaHE ayTopa Kao pa3iM4yHuTa BPCTa,
nozaspcra u Bapujeret (U. amnicus, U. crassus crassus u U. crassus crassus f. Grandis). Ha
OCHOBY TMO3WIIMOHUPAhA AHATU3UPAHUX jEIUHKU Y MYITHIUMEH3HOHATHOM MOPQOIOIIKOM
IIPOCTOPY, MOKE C€ YOUHTH OJIBajarbe IMPeMa MPBOj OCH, TPYIE jJeTUHKN KIaCU(PUKOBAHUX KA0
U. crassus crassus f. Grandis, u rpymnucame y HEraTUBHOM JICNTy OCe, 33 Pa3jIMKy Of OCTaie
JIBE TpyIie Koje ce IPYMHUIILY y MO3UTHBHOM Jiey oce (ciuka 54). ¥V tabenu 44 je nmpukazaHa

BEJIMYMHA Pa3lIuKa u3mMely pasnuautux rpyma.

root

¢ kod: Ua
kod: Ucc
® kod: Ucc_fG

-5 -4 -3 -2 -1 0 1 2 3 4
root

Cnuka 53a. uckpumuHanTHa aHamm3a (DA) myXuWHCKHX Bapujabiu oOJMKa JICBOT Karlka

JbYIITYype My3ejckux mnpumepaka Bpcte U. crassus. Jlujarpam MyATHAMMEH3MOHATHOT

MOpPQOIIOUIKOT MPocTOpa Ae(UHUCAH IPBOM U IPYTOM OCOM.

101



Pesynmamu

TaGena 44. KpaapatHe MaxalaHOOMCOBE IHCTaHIE (BPEAHOCTH WCIIOA JHjaroHaie) M
CTaTUTUCTUYKA 3HAYAjHOCTH (BPEAHOCTH W3HAJ JMjaroHalie) BEIMYMHA PA3JIMKa y OOJIUKY

JbyIITYpe n3Mel)y aHanu3upaHux MOMmyianuja.

Ua Ucc Ucc fG

Ua 0 0.035210 0.000000

Ucc 2.14606 0 0.000000
Ucc_fG | 19.04725 15.02192 0
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4.6. Ilpouena npuopuTeTa KOH3epBaluje YyIPO:KeHUX BpcTa U3 paMuiimje

Unionidae na j1oxajHoM HUBOY Ha ocHoBy Mojesia ESHIPPO

Ca nwpeM TNOy3JaHe MPOICHE PU3UKA H3YMHpPamba M IPHOPUTETa KOH3EpBaIUje
yrpokeHux Bpcta u3 ¢dammimje Unionidae Ha JIOKaJTHOM HHBOY H3BPILEHO j€ TECTUPAHE

npema mozeiny ESHIPPO (taGena 45).

TaGena 45. Crenen exonomke cneunjanuzauuje (ES) u yruuaj HIPPO daxtopa y npouenun

MPHOPHUTETA KOH3EPBAIlHje BpCTa

S
ESHIPPO-PD / Bpcta B 15 g g = 2
< - 8 - <
) > > X <

Buoromn, HaAMOpCKa BUCHHA, TUII EKOCHCTEMa 3 3 3 3 3 3
ExocucreM T, €KOJIOIIKA 30HA 3 3 3 3 3 3
Mopdomerpuja Ouoromna u aMOHjeHT 1 1 1 1 1 1
Omnuku haxkopu 3 3 3 3 3 3
Xemujcku pakropu 1 1 3 3 1 3
Hcxpana 3 3 3 3 3 3
PenponyktuBHa cTpareruja 3 3 3 3 3 3
JKuBoTHM 1MKITyC 3 3 3 3 3 3
Huso ennemmsma 1 1 1 1 1 1
M3onamnumja momymarja 1 1 1 1 1 3
Ykynan pesyarar (ES) 22 22 24 24 22 26
ITpomene cranuiuTa 6€3 pparMeHTanuje 5 5 5 5 5 5
Jlectpykimja 5 5 5 5 5 5
OparmeHTanyja ¥ ©30JaIMja CTaHUIITa 1 1 3 1 1 3
uBasuBHe Bpcte - Beh nocroje 3 3 3 3 3 3
CIIy4ajHO YHETE 3 3 3 3 3 3
HaMEpHO YHETe 1 1 1 1 1 1
3araleme - Eyrpodusanuja 5 5 5 5 5 5
CanpobHocT 3 3 5 3 3 3
TokcuuHoCT 3 3 3 3 3 3
Aunandukanmja 1 1 1 1 1 1
PannoakTuBHOCT 1 1 1 1 1 1
KombunoBaHo 3 1 5 5 3 3
Xuapomopdooruja 3 1 5 5 3 5

Pact momynanuje - 6p30
YMEpEHO 3 3 3 3 3 3

Crarnanyja wid naj

Excroarainuja - aHTpororeHa 1 1 1 1 1

pUpoIHa 1 1 1 1 1 1
Pesysarat (HIPPO) 42 38 50 46 42 48
VYkynuo (ESHIPPO) 64 60 74 70 64 74
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Tabema 46. Yrtunaj ememenara nonyianuoHe guHamuke (PD) y mporieHm mpropuTeTa

KOH3epBaIlije BpcTa

©
5 2 2 g g g
5 = 7 < = =
IMonynanuona nuaamuka (PD) 3] IS o = c 2
=4 = S g < =)
-] -] © < =
> a
3ay3eToCT MOTEHIIjalHOT apeana 1 1 3 3 3 5
Kperame (muramuka) nomynanuje
AbyHpnaHna 3 3 1 3 5 5
3ay3eToCT MOTCHIIH]aTHOT apeaja 3 3 5
AOyHnaHIa v AUCTpUOYLHja HAa CTAHHULITY 1 1
Yxynan pesyarar (PD) 8 8 12 14 18 18
(ESHIPPO+PD) 72 68 86 88 82 88

Ha ocroBy ykymHOTr Opoja 6omoBa exosomike cienujanusanuje ES, HIPPO dakropa n
nomynanroHe nuHamuke PD, onpeheH je mpuopuTeT KOH3epBalMje YrpoOXKEHUX BpPCTa Ha
HalMoHaTHOM HuBOY. 3a Bpcre U. crassus, P. complanata u A. cygnea oxpeljen je mpBu
CTETeH NMPHOPUTETA 3AIUTUTE, OAHOCHO BUCOK HUBO PU3MKA O]l U3yMHpama Ha HallMOHAJIHOM
HUBOY, IIPU Y€MY Cy c€ YKyNHH OpojeBU 00/10Ba aHANM3MpaHUX (paxTopa Kperaiau oj 86 10
88. Ymepenu pusuk ox m3ymupama (Il crenen npuopurera 3amruTe), olemeH je 3a Bpere U.
pictorum (72 6oma) u A. anatina (82 6oxa), 1ok ce 3a U. tumidus youaBa ia je pu3uK 01
uzymupama MawH (Il crenmen mpuoputera 3amrTure), npemMa ykymHoM Opojy 6ozmoBa (68)

ESHIPPO-PD ¢axropa.
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HcTpaxkuBame cIaTKOBOAHUX IMIKOJbKU U3 damuiuje Unionidae na noapydjy Cpouje,
npemMa JAOCTYIIHUM HCTOPHjCKUM IOJalMMa, y BUIY JIUTeparype u mocrojehe 30upke, anu u
npemMa CaBpeMEHHM HCTpaXuBama, omoryhaBa mnpuka3 ¢ayHe YHHOHHAA HAa OBUM
IPOCTOpYMA, Kao M ycarjallaBamke MMEHa BpCTa MpeMa BaJHIHO] TaKCOHOMHUjU. Pezynratu
CBUX NPHUKYIJbEHUX MOJIaTaKa, y3uMajyhu y o03up BpeMEHCKH MEepHO 1 mpocTop o0yxBaheH
UCTPAXHUBAKBUMA, TPYXKajy JMONPHHOC Yy VIOTIYHAaBamkbe 3HAaka O paclpoCTpaABCHY
CIIATKOBOJIHHX IIKOJBKH, IMOIYJAllMOHO] TUHAMUIIM, Ka0 M WIACHTHU(HKAIM]a YHHWIANA KOjJU
Cy Haj3HAYAjHUJU 32 IPOCTOPHY TUHAMHKY 32jCTHHUIIA.

Ha nHemoBospHO mMoO3HaBame YHWTaBe OBE Ipyme y EBpormu M rinobamHo, yKasyjy
pa3IMuUTe IMpOIeHE YKymHOr Opoja Bpcra. Benwka wuHTepcnenyjcka MOpQOIoIKa
BapHjabUITHOCT CIATKOBOJHUX IIKOJBKU JIOBENa je A0 ekcrmaH3uje omuca Bpcra y XX Beky.
TakcoHOMCKE HEeOYMHIIE, YCJIe] BETUKOT Opoja CHHOHMMA BPCTa, HACTaJIe YIJIABHOM y TOM
nepuoay, u naHac cy npucytHe. [Ipema mcropujckum momanuma u3 nepuoma 1953.-1972.,
rOJIMHA, MPEACTAaBbEHUM y OBOM pany, Ha Tepuropuju CpOuje ykymnHo je 3abenexeno 30
TAKCOHA CJIATKOBOJAHMX MKOJbKH U3 ¢ammimje Unionidae. Bemuku 6poj HasuBa
BpcTa/moABpcTa/hopMH HHUje BalugaH IpeMa caBpeMeHo] TakcoHoMHju. [Iperaenom 30upke,
JOCTYITHE MY3€jCKe JIMTepaType, Kao U Ha OCHOBY CaBPEMEHHX HCTpPaKMBamba M Ca3Hama O
TaKCOHOMCKO] MCTOpHMje BpcTa IpeMa CBeoOyxBaTHOj 0a3u moJaTaka O pPELEeHTHUM
yHHOHHUAaMa Ha Tio6amHom HuBoy (Graf m Cummings, 2014), uuje moTBpheHO MOCTOjarbe
TOJMKOT Opoja pa3IMYUTHX TaKCOHA HA HAIIMM MPOCTOpHMMA, YaK HU Ha HUBOY EBpore, Beh
Cy Yy IUTamky CHHOHHMHU MocTojehux BpcTa.

[Topen cuHOHMMa, KOjU Cy MPUKA3aHU y pe3yATaTUMa, a OHOCE Ce Ha UMEHa TaKCOHA
u3 30upke Ante Tammha (tabema 17), y nmrepatrypHuM monpammma 3a monpydje CpOuje
MO0jaBJbyjy C€ jOII HEKa WMEHa YHHOHUIHUX IIKOJbKU (Tabena 47), yriaBHOM HacTala
uneHTuUKaIMjoM Matepujana koje je mpukymnuo Jlaszap Jokuh y XIX Beky (Tadi¢, 1960,
Haas, 1969). Ha ocHOBy cBuX mojaTaka o yHHOHHIama Ha mojapy4jy CpOuje, oa moderka
UCTpaXHBama JI0 JaHac, y3uMmajyhu y o03up MMeHa BpCTa MpeMa BalUHO] TAaKCOHOMM]H,

MOYe€ ce 3aKJbYUUTH Ja je HajBehu Opoj cMHOHMMa MmocTojao 3a BpcTy U. crassus.

106



Juckycuja

Tabena 47. Jlucra mpucyTHUX BpcTa Ha oapy4jy CpOuje, mpema JIuTepaTypHUM MoIaruma

Ha3WB BPCTE IIpEMa JTUTEPATYPHUM Ha3UB BPCTE MPEMa BaIHTHOJ

nmojaanuma TaKCOHOMH]JHU
Unio piscinalis "Ziegl" Rossmaéssler, 1835 = U. crassus
Unio carneus Kister, 1854, = U. crassus
Unio striatulus Drouét, 1882 = U. crassus
Unio pruinosus Schmidt, 1840 = U. crassus
Unio gangroenosus Schmidt, 1840 = U. crassus
Unio stevenianus Krynicki, 1837 = U. crassus
Unio dokici Drouét, 1884 = U. crassus
Unio desectus, Drouét, 1881 = U. crassus
Unio truncatulus Drouét, 1882 = U. crassus
Anodonta opalina Kuster, 1842 = A. cygnea

Pesynratuma ucTpakmBama je YTBpEHO NpPHCYCTBO ceJaM BpCTa CIATKOBOIHHX
mKoJbk U3 pamunuje Unionidae va moapy4jy CpOuje (1ect ayTOXTOHUX U jeJJHA aJOXTOHA
WHBA3MBHA BPCTa), KOj€ YIJIABHOM IIPECTaBIbajy IUPOKO pacrpocTpameHe Bpere y EBpornw.

C o063upom Ha ykynaH Opoj BpcTa aerekToBaHux y EBpomu, moxe ce pehu na je y
CpOuju 3abenexeH 3HauYajaH TUBEP3UTET YHUOHHUAA. PacmpocTpameme HEKHUX BpCTa U3
damunuje Unionidae, koje HHCYy TMNpHCYTHE HA HAIIO] TEPUTOPHjH, YIIABHOM je
KapaKTEepUCTUYHO jyxHe aenoBe EBpore u obnact Menurepana (Lopes-Lima u cap., 2015).

[Topehemem pe3ynTara nmpeacTaB/bEHUX Y OBOM pajy ca pe3ysiTaTuMa JpyTrux ayTopa,
yIBpheHO je Ja cy MpOMEHE y cacTaBy 3ajelHUIIE CIAaTKOBOJHHMX IIKOJBKH M OpOjHOCTH
MIOITyJIAIMj€ y JTUPEKTO] BE3H ca KOMILIEKCOM CPEAMHCKHX MapaMerapa. Ha ocHOBY paHujux
UCTpakuBama yTBpheHo je ma ctpykrypa cymcrpara (Neves u Widlak, 1987; Leff u cap.,
1990) u o6p3una mporoka (Van der Schalie, 1938; Huehner, 1987; Vaughn, 1997; Strayer,
1993, 1999), npexncrasibajy KIJbyuHe MapameTpe Koju oapelyjy 1a i je CTaHUIITE MOTOIHO 32
HaceJbaBamke IIKOJFKH WM FH-MXOB OICTaHaK, ITO MOTBplyjy m Hamm pesynratn. CacraB
CyIICTpaTa y JHMTOPATHOj 30HW BOJCHHX €KOCHCTEMa, ca JOMUHAIHMjOM (PHHOT O Cpeamer
HaHOCa M CIOPHjU TNPOTOK, MpeACTaBba jeAaH O] TNpeaycioBa 3a (HopMUpaE OJPKUBUX
CTaHMIITa W CTAOWJIHMX TMOMmyJianuja Ha oapeheHoM mpocTopy. YaajbeHOCcT o obajne u
nyOuHa, Takohe Cy ce mokaszaiu Kao orpaHnyaBajyhu (akTopu 3a Hace/hbaBamkbe YHHOHHUIA
(Strayer, 1999), ¢ o63upom j1a je HajBeha OpojHOCT momyiainuje, ¥ Hajseha PasHOBPCHOCT

3a0enexxeHa y MproOalHOj 30HH peKa, OJJHOCHO 30HHU JHTOpaia. BomeHna obomHa Bereranuja
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NPUCYTHA Y JOTHYKUM M JICHTHYKHM EKOCHCTEMHMa, Takole JONMPHHOCH PAa3HOBPCHOCTU H
aOyHIAHIIM CJIaTKOBOJHUX INKOJbKH, (opmupajyhu xereporeHa MHUKPOCTaHMINTA ca
CTaOWIIHMM CEeIIMEHTOM, ITOT0/IHA 32 HacebaBambe (payHe MIKOJbKH M BUXOBY 3amTuty (Fritz
u cap., 2004; Korzeniak u cap., 2004).

AHQJIM30M CIATKOBOJHUX MIKOJBKM Yy Ppa3IMYUTHM THUIIOBUMAa BOJOTOKOBA U
aKkymyJnanyjama, YyO4YeHe Cy W3BEeCHE pa3lIMKe Yy cacTaBy 3ajelHUla W al0yHIaHIU
pPaBHUYAPCKUX peKa Pa3IMYUTHX IMOBPIIMHA CIMBA U akyMmyianujama. [Ipomena mpupomHux
KapaKkTepUCTHKE OMOTOIa, OJHOCHO MPOMEHA THITOJOMIKHMX ITOKa3aTesba, HaJIMOPCKE BUCHHE
U TIOBPIIMHE CIUBa WAyhw o7 ceBepa Ka jyry, ykasyje Ha IpOMEHE 3ajeJHHIC YHHOHHUIA.
Hajeehu muBep3uter u OpojHOCT momynanuje yaunonuaa y CpOuju, 3a0eiexkeH je y JOmUM
TOKOBMMA BEIMKHX pPaBHHYAPCKUX peka (30HM MOTaMOHa), INTO MOTBphyjy U paHHja
UCTpakKMBama OBaKBHX THIIOBa BojgoTokoBa (Cummings u Mayer, 1992; Pusch at al., 2001;
Paunovi¢ u cap., 2006, 2008; Schwalb u Pusch., 2007; Tomovi¢ u cap., 2010, 2012, 2013b,
2014), ognocHo BomoTokKOBa THma 1, mpema Bekehem mnpaBWiIHHKY (CiyKOEHU TIIacHUK,
74/2011). Mama pa3HOBPCHOCT W a0yHaaHIIa 3a0elexeHa je y paBHHYAPCKUM peKaMa Mambe
noBpinuHe cnuBa (Tuma 2), Konybapu u 3anagHoj Mopasu, a ToToBO yHU(DOPMHE MOy aIuje
JIETEKTOBaHE Cy y aKyMmylalijama, OJHOCHO 3HA4ajHO M3MEHEHHM BOJHUM TEIHMa IpemMa
Baxkehem npaBminuky (CnyxOenn rimacHuk, 74/2011), mTo je U OYEKMBAaHO ¢ 003MPOM Ha
Behy pa3sHOBPCHOCT MMKpPOCTAHHUINTA Yy BEJIMKMM paBHUYAapckUM pekama. llopenehu
Pa3sHOBPCHOCT y BOJOTOIIMMA THMA 1, youeH je HelTo Mamu auBep3uter y Tucu u Bemukoj
Mopasu, y ognocy Ha CaBy u [lyHaB. Pa3nuke y pa3HOBPCHOCTH Ha UCTPaXKMBAaHUM peKama,
MOTy C€ JOBECTH y Be3y ca MpoMeHaMa y KBAJIMTETY BOJIe U HemTo 00spuM cratycoMm Case u
Hynaa (Simonovi¢ u cap., 2010), mro je o4ekuBaHO, ¢ 003UPOM HA FHUXOBY BEIUYHMHY H
Behe ayronmypuduxanmrone moryhnoctu. Ha mnoapywjy Ilanoncke Hu3mje, peka Tuca
npejcTaBiba jedaH ona HajontepeheHujux cinuBoBa pazmumuuTuM ctpecopuma (Vasiljevic u
cap., 2010; Kolarevic u cap., 2011). VYTumaju wuHAyCTpHUje, arpOTEXHUYKHX MeEpa,
BOJIOTIPUBPEIHE NHPPACTPYKTYpE M MOCEOHO KaHAJICKE MpPEXke, Koja je moBe3aHa ca Tucowm,
YCIOBUJIM Cy TIpOMEHY KBajuTeTra Boje. Kpamurer BoJe Ha OCHOBY 3ajeIHMIIE
MakpobecknuMemaka, TokoM JDS2 ucrpaxkuBama, kpetao ce y rpanuuama |l wim Il kmace
(Simonovi¢ u cap., 2010), 1ok cy aHanKM3e y OKBUPY METOTOAUIIBUX MEPUOJIa UCTPAKHBAA
(Xugpomomiku roaummak, 1992.-1996., 2003.-2007.), crpoBenene o ctpane PemyOmndkor
xugpomeTeoponomkor 3aBoga (PXM3), ykasane Ha mperexno III wim wak IV kmacy
kBanutera Boga (Ocokolji¢ u cap., 2009). Mama pasHoBpcHOCT y Bennkoj Mopasu, Takohe

Moke Outh pesynrar noehanor ontepehema peke HyTpHjeHTUMA U OPraHCKUM MaTeprjama
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(Vasiljevi¢, 2010). Kanuter Bone Benuke Mopage y rpanunama Il go 1V kiace, onemen je
3a BUILCTOAMIIBY TEPUOJ] UCTpakuBama (Xuaposomku roauimmak, 1999-2008). Cauuna
mpoiieHa KBaymrera Bojae Bemmke Mopase, y rpanunama Il go IV kmace, onemena je
kopuithemeM ona0paHMX TapamMeTapa TpH aHAJIM3U 3ajeHHIC MaKpOOSCKUYMEHhaKa
(Markovi¢ u cap. 2011).

AHanm3oM pacnpocTpamema Bpcra y CpOuju, youaBajy ce MPOMEHE Y BEIMYUHU
apeaJia ¥ MomyJIallMOHOj TWHAMHMIIM TIOj€MHUX BPCTA.

[lpema paHujuM HCTpaKUBambHMa, 3aCHOBAaHUM Ha 30WUPIM CIATKOBOJHHUX IIKOJHKH
Jlazapa [Jloxuha u3z XIX Beka, Hama3 Bpcte A. Cygnea, 0e3 mnpenusupane alOyHIaHIE
nerexToBaH je y Jyxunoj Mopasu, Humasu, Casu u Tamuasu (Tadi¢, 1960). [leo pe3ynrata
KOjU Ce OIHOCHM Ha HUCTpaXuBama y mnepuomy 1953.-1972., u kacHHMja HUCTpaKUBamba
pa3IMuMTUX ayTopa yKa3yjy Aa je Bpcra A. cygnea Hekana Owia npucytHa y JlyHaBy, anu je
MPHUKA3 HCHE yYECTAIOCTH M OPOjHOCTH OJ CTpaHe ayTopa 3HATHO Bapupao. Kao OpojHa u
¢dpekBeHTHA BpcTa 3a0esexkeHa je Ha moapy4jy bBepaana y mepuoay 1992.-2000. (Simié¢ u
Simi¢, 2004). Pesyaratu wuctpaxkuBama [lyHaBa u3 mepuoma 2003.-2008. (Martinovic-
Vitanovi¢ u cap., 2013), nmokaszana cy maa je 4. cygnea 6una jeaHa on Hajuemnihe HaTaXeHHUX
Bpcta y JlynaBy. Omcexuum wuctpaxkuBamuMma (oa 2000. romuHe 10 AaHac), BEIHKHUX
paBanuapckux peka (Graf u cap., 2008; Paunovic u cap., 2006, 2007a, 2008; Tomovi¢ u cap.,
2010, 2012, 2013b, 2014) u apyrux pazauuutex THUnoBa Tekyhux Boaa y Cpouju (Paunovié u
cap., 2007b), Huje moTBpheH Hana3 oBe BpCTe, U3y3€B M0jeMHAYHOT Hata3a Ha J{ynaBy 2004.
rogaune (Tubi¢ u cap., 2013), Ha jgokanurery, Yirhe Bennke Mopase (Hu3BoaH0) u Ha Tucw,
Ha Jsokamurety Turen 2001. romune (JDS-ITR Report, 2002). Pesynratuma HOBHjHX
UCTpaXHBamka KOJU Cy NIpPEJCTaBJbeHH Y OBOM pajay, Huje moTBpheH Hamaz A. cygnea y
UCTPOXMBAHUM pEeKama, ajli je Kao JOMHHAHTHAa BpCTa, JETEKTOBaHA Yy JICHTUYKUM
eKocucTeMHuMa (jesepa, akymysnaiuje, 0apcku €eKOCUCTEMH).

VY3umajyhu y o63up cBe AOCTYIIHE MOJATKe, MOXKE CE€ 3aKJbYUMTH Ja j€ JAOUUIO JI0
3HAYajHOT CMamkemkha apeajia OBe BPCTE, OJHOCHO IMOTITYHOT TOBJadema ca MpocTopa TIe je
HEKa/1a HaJlakeHa, a Kao eHU pedyrujyMu MOry ce O3HAYUTH JIGHTHUKHA €KOCUCTEMHU KaKBe
Cy akymynauuje, jesepa u Oapcko mMouBapHa nojapydja y CpOuju. Ha cranumruma rae je
NPUCYTHA OBa BPCTA je JOMWHAHTHA y 3ajeTHUIIM, WA YaK Tpaau yHU(OpPMHE 3ajeTHUIIE, Kao
jennHa 3abenexeHa BpCTa Ha TOM TMOJPYdYjy, INTO OJroBapa pe3yiaTaTuMa Koje Cy
npencrasuiu Zettler u capaguumm (2006).

CMameme apeana OBe BPCTE jeIHUM JIEJIOM MOXKE Ce JOBECTH Y Be3y ca IeHepaHUM

MoropuiamkeM KBAJIWTETa CTaHUINTA yciel 3araljema U Jerpajnaluje CTaHUIITa, Of MOJIOBUHE
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XX Beka 70 JaHac, Koje je MoceOHO yOwhHBO y Tymihe Hace/beHHUM 00JIacTUMa, KaKBe CY
noiuHe BehWx peka W BUXOBHX MPUTOKA, ¢ 003MPOM HA TO Jia C€ TOKa3aio Ja je OBa BpCTa
TeHEpaTHO OCETJhbHBA HAa HAapyIIaBambe KBATUTETA KHUBOTHE CPEIMHE U J]a CE MOXKE CMaTpaTH
uHanKaTopoM urctux Boja (Rosinska u cap., 2008).

Kao jeman on moryhux ¢akropa HecTajama BPCTE ca BEJIHKOT Jiela aKBaTOpHje TC Ce
HEKaJ] HaJla3uiia, MOTy OWUTH pa3nuuuTe OHMOJIONIKE WHTEpakKiuje u3Mel)y BpcTa, HApOUHTO
KOMITETHIIMja ca aJJOXTOHOM BPCTOM KakBa je S.woodiana, anu u Apyrux MHBA3WBHHX BPCTa
CJIATKOBOJTHHX IIIKOJPKH KOj€ MOTY OMTH HaJla)kKeHE Ha UCTOM CTAHHIITY ca HATUBHOM (hayHOM
YHUOHH/IA.

IIpema ucTpaxkuBamuMa Koje cy crposenu Byrne u capamgnuiu (2009), yrephen je
HeraTMBaH yTHIaj WHBa3uBHe Bpcte D. polymorpha wa mnonymanujy A. cygnea, Ha
HoJpyvjuMa T/ie je JOIIO0 0 BEHOT MUpekha U 3ay3uMarma cranumira (Byrne u cap., 2009).
Cama JpymTypa IKOJbKE MOXKE IOCITYKUTH Kao MOoJyIora 3a Kojy he ce oBa WHBa3MBHA BPCTa
NPUYBPCTUTH, Y CIy4ajy KaJga UM HHje OoCTynaH onrosapajyhu cymcrpart. IlpenamaoxaBame
WHBa3WBHUX BPCTa Ha JbYIITypamMa IIKOJbKH, MOXE IMoBehaTH HHUXOB MOPTAIUTET U
HECTajamke ca TOT MPoCcTopa, 300r OMeTama Mpoleca UCXpaHe, pecnupanmje 1 penpoayKiuje
(Byrne u cap., 2009).

Cwmartpa ce na je mupoko pacnpoctpamena y EBpornu, on [lupunejckor moiyoctpBa Ha
jyrozamany 1o Cubupa Ha ucroky (Zettler u cap., 2006), mana ce manu Opoj ayropa 6aBuO
IpOoy4aBameM BEJIMUMHE U CTPYKTYype MOIyJalija OBe BpcTe Ha npocropy EBpore.

Hanasu ce ma IUCN IlpBenoj mnuctu, cBpcrana y kareropujy LC (mocnemnma
3a0pUHYTOCT), JOK ce mnpema HaimoHamHuM llpBeHum mnmcrama Hip. y Ilosbckoj cmarpa
yrpokenoM BpctoM (EN) (Zajac, 2005), y Aycrpuju je ouemena kao (NT) — ckopo yrposkena
(Reischiitz u Reischitz, 2007), a y Upckoj u Uemkoj kao pamuba (VU) (Byrne u cap., 2009).
[Toceban craryc uma u y Hemaukoj, mpema Baxehum 3akoHMMa y TOj 3eMJbH M O3HAuYCHA je
Kao eucoko yepoxcena (Byrne u cap., 2009).

Ha ocHoBy jomr HeoOjaB/beHUX TMOAATaKa, UCTPAKUBAKBEM TOMYJaIKje OBE BPCTE Ha
[TupuHejckOM MOTYOCTPBY, YTBpheHa je BpJIO PECTPUKTHBHA JUCTPUOYLMja y Pagujycy Ol
csera 50 km na mpocropy [lopryramuje, a ca npocropa Illnmanuje ce cmarpa jaa je umrdesna
(Lopes-Lima, 2014a).

[Ipema pa3marpanuM KputepujymuMa koju cy odbyxsahenu moxenom ESHIPPO-PD
(exkomomika crenujanuzanyja, yrpoxkaBajyhu ¢axTopu AMBEp3UTETa U IOMYyJAI[OHA
JMHAMUKa), YTBpl)EH je MpBH CTENEeH NMPUOPHUTETa KOH3epBalyje 3a BpcTy A. Cygnea, 0HOCHO

BHCOK pPHU3HMK O] m3ymHpama Ha moapydjy Cpoumje. CMmameme apeana W HETraTHBaH
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NOIyJAMOHN TpeHa oBe Bpcre y CpOuju ykasyjy Ja je HeONmXOJHO NPUMEHHUTH aJeKBaTHE
Mepe 3aIUTUTE BPCTE y IUJbY OUYBabE HeHUX MPUPOIHUX CTAHUIITA.

A. anatina mpejcraBsba MIUPOKO pacnpocTpameHy Bpery y CpOuju, anu ce yodaBajy
ocruwianyje y OpojHOCTH TomyJalyje M YYeCTAJIOCTH Hala3a y pas3audyuTuM (daszama
UCTpaXHBama. Apeall paclpocTpamema OBE BPCTE HHUjE MNPETPIeo 3HAvajHE IPOMEHE,
nopenehu pesynrare caBpeMEeHUX HCTpaKUBamba M UCTOpHUjcKe noxaTke. Hajpanuju 3amucu o
Haymasy OBHX Bpcra motmuy u3 XIX Beka, mpema Kojuma je mpucycTBo Bpere A.anatina
nerektoBano y Komybapu, CaBu u y penu PecaBumnu, nputoun Benmke Mopase (Tadié,
1960). Kacuuja uctpakMBama ayTopa yKaszajga Cy Ha IOjeJMHAYHE Hajla3e OBHUX BpCTa y
Humasu u Temitunu (Simic¢ u cap., 2006). Behuna oBux Hanaza Huje nmoTBpheHa KacHUjUM
UCTpaXKMBamuMa. Pe3yltaTi HOBUjHX UCTPaKMBamba YKa3ajid Cy Ha MPHCYCTBO OBE BPCTE Y
BCJIMKMM DPaBHUYAPCKUM peKaMa, INTO je y CarjJacHOCTH ca OpOjHUM HCTpPaKUBamHHMa
OBaKBHX THIOBa BogoToka (Paunovic u cap., 2005, 2007a; 2008; Tomovi¢ u cap., 2010, 2012,
2013b, 2014; Martinovié-Vitanovi¢ u cap., 2013). Y oxHOCy Ha ocTajie BpCTE, KOCI3UCTHPA Y
3ajelHAIM ca BpcToM A. Cygnea, y JCHTHYKHM €KOCHCTEMHMa (je3epuma, aKyMmylialujama,
0apcKko-MOYBapHUM €KOCHCTEMHMa), aju ca MajoM alOyHaaHumoM. Mana OpojHOCT Yy
JCHTUYKIM €KOCUCTEMUMa, MOXKE C€ JJOBECTH Y Be3y ca HEOBOJPHUM Kalal[UTETOM CpEIIHE,
y K0joj] TOMHUHAHTHA BpcTa A. Cygnea, HaKoH MOTUCKUBAamka U3 BOJAOTOKOBA, 3ay3UMa BEJIUKHU
JIe0 TIOTEHIMjaTHUX MUKPOCTaHUIITA.

[TpunuB MHBAa3MBHUX BpCTa M KOMIETHIIMja, Takol)e OM MOrao OMTH jeiaH OJ] y3poka
CMambeha OpPOJHOCTH ToMyIaldje. Y THIIaj KOMIIETHIIM]je ca MHBa3uBHOM BpcToM S. woodiana
Ha cMamerhe adyHaaHIe nonysanuje A. anatina je yrepheno y Uranuju u Mahapckoj (Lopes-
Lima, 2014b).

HIupoko je pacmpoctpamena y Eppormm. Apean oOyxBaTa HpOCTOp TOTOBO Iieje
EBporie m neo Aswmje. [ucrpubymmja Bpcte A. anatina y pa3iuuuTHM BPEMEHCKUM
nepuoanMa, joul YBEK je HEJAOBOJBHO pazjallllbeHa, 300r MOTpelHuX HJeHTH(UKaIy]ja,
OJTHOCHO HETO3HaBama pa3niuka u3mely Bpcra A. cygnea u A. anatina, xoja yriiaBHOM BOJIHU
nopekno u3 Ppannycke Hoge wikone, WTO je YCIOBWIO HacTaHak mpeko 400 pazmuuuTHX
cuHonuma oux Bpcra (Graf u Cummings, 2013).

Hamaszu ce na IUCN LpBenoj imctu, onemena kao LC (mocnenma 3a0puHYyTOCT) 32
noapydje EBpore. O 3amTuti OBe BpCTE HAa HAIMOHAITHOM HHUBOY Y IIOj€IMHUM 3eMJbaMa
EBpone, Hema MHOro mopgaraka, ocuMm 3a Hemauky, rne je 3amruheHa mpema 3akoHY O

KoH3epBaiuju Bpcta (Zettler u cap., 2006).
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Y3umajyhu y 003up cBe aHATM3MpaHE KPUTEPUjyME, HAPOUHUTO CJICMEHTE JUHAMUKE
nomnynamnuje A. anatina Mo)keMo 3aKJby4HTH Ja je, mpumenom moaeina ESHIPPO-PD, yrephen
YMEpeHH PH3HMK O]l M3yMHpama, ogHOCHO |l cremeH mpuopurera 3amrTuTe OBE BpCTE Ha
HAllMOHAIIHOM HHMBOY. Y NWJby OYyBamba M 3alITUTE, HEONXOJHO je najbe mpaheme
nuctpuOynuje, aOyHOaHIle M KpeTama momynandja Bpere A. anatina Ha moapyyjy
noTeHnujamHor apeana y Cpouju.

[Topenehu ucropujcke mogaTke ca pe3yiITaTUMa CaBpEMEHUX UCTPaKHBamba, yoUaBajy
ce 3HaTHE MPOMEHE Yy JUCTPUOYIIHjU U OpOjHOCTH moryanuje u kox Bpcere U. crassus. [Ipsu
Hanasu oBe Bpcte notudy jour u3 XIX Beka (Dokic¢, 1882; Tamuh, 1960). [Ipema ucropujckum
nojanuMa, y3uMajyhu y o03mp came mouyeTke MCTpakuBama y oBoj obmactu (XIX Bek), u
uctpaxuBamwa Aute Taguha y nmepuony 1953.—1972., moxe ce 3akspyuntu na je U. crassus
uMajia IIMPOKO, KOHTHHYHPAHO PaclpocTpameme Ha LenoM noapydjy Cpouje, o0yxBarajyhu
BOJIOTOKOBE PA3IMYUTUX CIMBHHUX IMOBPIIMHA, 10 cpeauHe 70-uX TOAMHA IMPONUIOT BEKa.
HctpaxuBamuMma Koja cy ycienuna, Ha npoctopy CpOuje, youeH je mam OpojHOCTH
HOMyJalyje OBe BPCTE M CaMO CIIOPaJUYHU Hajla3W Ha OrpaHUYeHoOM mpoctopy. [IpucycrBo
Bpcre U. crassus, 6e3 mpeuusHux mnogaraka o OpojHoctu yrtBphenu cy y KomyOGapu
(Markovi¢, 1999), ITycroj perm (Zivi¢ u cap., 2001b), ma nokamurery Hosu Beuej y Tucu
(JDS-ITR Report, 2002), u nojeaunaunu wanasz 2004. roqune y ropwmeM Toky Lpaor Tumoka
(Simi¢ u cap., 2006).

[Topenehu pesynare pasnuuuTux (a3a caBpeMEHHMX HCTpakuBama y nepuony 2001.-
2013. roquHa, youaBa ce MO3WTHBAH TOMYJIAIIMOHA TPEHJI Y MOCIEAHBUX HEKOJIUKO TOIUHA,
Ipu yeMy ce HapouuTo u3zaBaja ciuB peke Case. Ilpema uctpaxkuBamy pexke CaBe TOKOM
2012. rogune, U. crassus je 6uia JOMMHUHAHTHA BPCTa Y 3aj€HULIU Y CPEAbEM JIeNy TOKa
oBe peke. PesynraT aHanu3e 3ajeHHIIE YHUOHHMJA TPUMEHOM MYJTHBapHjaHTHE
kopecrionentHe aHanmuse (CA), mopen wusaBajama 3ajeanune ca CaBe, ykazanm Cy Ha
u3JBajame 3ajeqHua ca 3anagHe Mopase u Komybape. OBakBoM rpynucamwy AONPUHOCH, Y
Hajsehoj mepm, Bpcra U. crassus, koja je y OBUM BOJOTOIIMMA, 33 PA3IUKy OJ] OCTaIUX
aHaTM3UpaHuX, Ouila JOMHHAHTAaH TakcoH. IIpema jom Heo0jaBJbeHUM pe3ylnTaThuMa
UCTpaXMBamka MalbUX paBHUUAPCKUX peka y ciauBy Case u3 2012. ronune, 3ab6enexeHa je Kao
penatuBHO OpojHa u y peuu Ilemran. Ckopuja UCTpaxkuBama ayTopa yKa3yjy Ha LIMpPEHe
IPOCTOPHE JUCTPUOYIIMje BPCTE M HeHO MpUCcycTBO y JyxkH0j Mopasu (Novakovié, 2012) u
Humasu (Savi¢, 2012). C 063upoM Ha cBe aHalIM3MpaHe MOJATKe, youyaBa Ce€ MO3UTHUBAH
NoMmyanuoHu TpeH Bpcre U. crassus, mosehame OpojHOCTH M MIMPEHE apeaa Ha MPOCTOpY

Cpouje.
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Ucropujcku momanu ykasdyjy na je U. crassus Ouna koHcTaHTHa Bpcta y JyHaBy a
npeMa HajHOBHjUM MOJalyMa BEeHO MPUCYCTBO y pelu je AerekroBano Tek 2013. rogune ca
BeoMa HHCKOM ydectanomhy. Hecrajame oBe Bpcre m3 JlyHaBa y TMOCHEIHBUX HEKOJIHKO
JICIICHHja MOXKE C€ JIOBECTH y Be3dy ca mnoBehameM 3arahiema u XuIpOMOPQOIOMIKHM
IpOMEHaMa HACTaJIUX M3rPafmboM OpaHa M peryiaucameM PEeYHOT TOKa, IPU YeMY je BEJIUKU
neo Toka JlynaBa kpo3 CpOujy 3HaAYajHO H3MEHEH. McTpakuBamuMa OpOjHUX ayTopa,
yTBpheHO je na cy TJaBHM (DaKTOpU CMamema JUBEP3UTEeTa W OPOJHOCTH IIOMYyJIallHje
YHHOHHJIA PENyKIMja W HM3MEHA KapaKTEepUCTHKA CTAaHMIITA YCJell KOHCTPYKIHje OpaHa
(Bogan, 1993; Layzer u cap. 1993; Watters, 1996; Neves, 1999; Vaughn u Taylor, 1999;
Lydeard u cap., 2004; Strayer, 2006). Ilpe wusrpaame Opana, JlyHaB je mHpeacTaBibao
HEHAPYIICH, KOHTUHYUPAHU PEYHH CHCTEM Ca IPOCTPAHHUM IUTABHUM TOJPYYjUMa, U BEIIMKUM
ayTonypu(UKaIMOHUM KanamureToM. HM3rpaamom OpaHa W (GOpPMHpPAmEM  BEIUKOT
aKyMYJIalMOHOT je3epa, JOILIO j& 10 U3PAKEHUX MPOMEHA XHIPOJIOIIKOT PEKHMA, OJHOCHO
ycropema peuHor Toka JlynaBa. Kao mocnenmma cmamema Op3uHe Boze, moBehaBa ce
cequmenTanija ayx obana peke (Nedeljkovi¢, 1979), a camum TUM 1071331 70 U CITYIITAHE
peuHux obajia, MPOMEHE CTPYKTYpe CTAHUIITA y IVIABHOM TOKY peKe ILITO j€ MOIJIO yTUIaTH
Ha JIerpajaijy NOTeHIHjaTHUX MUKpocTanuiTa U. Crassus, ajiy U CTaHUINTa Y TPHOOATHUM
U IJIaBHUM ToJApydjuma. M3rpaamom OpaHa, CTBOpPEHE Cy TNpenpeKe W y MUTpanuju puoa,
KOje TpeNCTaBJbajy MOTEeHIHMjaliHe AoMahnHe JapBaMa YHUOHM[A, IITO Takohe Moxke OUTH
orpanny4asajyhu ¢axTop 3a nomynamujy Bpcre U. Crassus, ajau U ocTaIuX YHHOHHIA.

Huctpubymja oBe BpcTte Ha mnpoctopy EBpome je Hekamga, Takohe Owiia
KOHTHHYUpPaHa, 3a pa3MKy OJl CaBPEMEHUX TMoJlaTaka KOjHU YKa3yjy Ha HeEyjeHaueHO
pactipocTpameme (Lopes-Lima u cap., 2014c). [Toganu o Haa3uMa oBe BpCTe 3a0€IeKEHH Cy
u y noapyy4jy bnuckor ucroka (6acenu Turpa u Eydpara), u nasbe ka HCTOKY y OaceHy peke
Awmyp, y ucrounoj Pycuju (Graf, 2007). [IpucyctBo oBe BpcTe HUje 3abenexeHo y Bemnkoj
bpuranuju, Upckoj, Ucnanny, Utanuju u [lupuHejckom noxyocTpay.

Ca craHOBHWINTAa 3aIITUTE OBa BpPCTa j€ OJ TMOCEOHOr 3Ha4yaja M CBpPCTaHA j€ Y
kareropujy yrpoxenux TtakcoHa (EN), mpema IUCN xmacudukanuju. Hamasu ce Ha
HarmoHanHoj LlpBeHoj nuctu kao kputnuHo yrpokeHa (CR) y Hemauxoj, IlIBajinapckoj u
Ayctpuju, pamuba (VU) y Anbanuju, 10k ce y XoJdaHAuju Boau kao m3yMpiu takcod (EX)
(Schultes, 2010). ITopen Tora, Hama3u ce W HA JUCTH EBpOIICKE TUPEKTHUBE O CTAHUIITHMA
(92/43/ECC) (Anex I u IV).

Ha mnoapydjy CpOuje, ctporo je 3amruheHa Bpcra mnpema lIpaBuiHMKY O

nmporjamewny CTporo 3aITHNEHUX JAUBJbUX BpCTa 6I/IJ'baKa, KHUBOTHUHA MW TJbHBa
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(Cnyx06enn rnacauk PC, 05/2010). Pesynratu Hammx HCTpakuBamba, JAOOUjEHH OLICHOM
peneBaHTHUX Napamerapa, kopuinhemem monena ESHIPPO-PD, ykasyjy Ha npBu crenen
npuopurera 3amrture Bpcre U. crassus Ha moapy4djy CpOuje, OJHOCHO BHCOK PHU3UK O]
u3ymupama. [IpBu crTemeH mnpuopuTeTa 3alITHTE YTBpheH je y OAHOCY Ha YKYIHH
MOTCHIIMjalTHU apeall pacnpocTpamema y Cpouju. OBakBy BpcTy IMpoieHe Moryhe je
pasmarpaTtd U Ha IMOjeJUHAYHUM CIMBOBHMA, IIPU YEMY j€ YOUCH IO3UTHBAH MOMYIALMOHU
TpeHa y cnuBy CaBe M MamuM pPaBHUYAPCKUM pekama. Pesynratu cBeoOyxBaTHE aHaM3e
yKa3yjy Ja je moTpeOHO CIPOBOJUTH aJIeKBaTHE MEpe 3allTUTE momysnamnuja Bpere U. crassus
Ha ipoctopy Cpouje.

Manu apean pacmpocTpamemha W y4ecTaIOCT I10jaBJbHBamba, MpPEMa CaBPEMEHUM
UCTPXXHMBAKBUMa, alli M IpeMa HCTOPUjCKUM IojaluMa, 3alenexeHu cy 3a Bpcry P.
complanata.

VY 3ajeauunu ca octaiuM Bpcrama, P. complanata je najmame OpojHa, ¥ YeCTO
3a0enexeHa caMo ca TojequHayHuM Hanmasuma. llopenehm pesynrare wucrpaxuBama y
Pa3IUYUTHM BpPEMEHCKUM IMEPUOJMMA, YO4aBajy CE€ H3BECHE pAa3IHKe y TUCTPUOYIH)H.
[Tonaum Jlazapa lokuha, yka3yjy Ha npucycTBo oBe Bpcte y CaBu u [{yHaBy jour y XIX Beky
(Tamuh, 1960), amu Hamasm HHUCY MOTBpheHW HCTpaxkwBamuMa y mepuomy 1953.-1972.
roguHa. Ysumajyhu y o003up pe3yaTaTe HOBUJUX MCTpakMBama, IPUCYCTBO BpCTE
JIETEKTOBAHO je y BEIMKHM paBHHYapckuM pekama JlyHaBy, Casu, Tucu u Benukoj Mopasu
ca HUCKOM OpojHourhy u ydenthem nojaBibuBama. Hanasu BpcTe y BEIMKMM pekaMa y CKIIaay
Cy ca UCTpaXKMBamUMa JPYTUX ayTopa, aJld Cy Ce MPUKa3u BbeHe OPOJHOCTH Y U3BECHO] MEpH
pasnmukoBamu (JDS-ITR Report, 2002; Paunovi¢ u cap., 2008; Tomovi¢ u cap., 2012,
Martinovi¢-Vitanovi¢ u cap. 2013).

Kao moryhu y3pok pasznuka y quHaMuIu nomynanuje, y3uMmajyhu y o63up pesynrare
CaBpEMEHHMX HCTpaXXMBalka W MHCTOPHjCKE MOJAaTKe, MOXE Ce Y3eTH W TO Ja jacHa
METO/I0JIOTH]a TIPUKYIJbaka y30paka 3a MY3e€jCKy 30upKy HUje neduHrcaHa, U HE MOXE Ce
UCKJbYYUTH MOTYNHOCT J1a Cy M3BECHE pa3lInKe HacTaje 300r HeaJeKkBaTHE METOJOJIOTH]E.
[Ipema monmamuma o yuemhy Hana3za oBe BpCTe, MOXke ce pehu na je jour yBeK pelaTUBHO
HIMPOKO pacrnpocTpamena y Cpouju, anu 6pojHOCT yka3yje Ha HeCTaOMIIHY MOMyJIaIujy.

[Tang OpojHOoCcTM Tomynamuje W (parmMeHTHCaHA IUCTPUOyIHja, yodeHa je U Ha
npocropy EBporne, ocum y BéHOM CeBEpHOM Jeiy, OAHOCHO y obnacti bantudkor cnuBa, rue
Ce jOII YBEK CMarpa Ja je pelaTHMBHO INMUPOKO pacmpoctpameHa (Van Damme, 2011a).

3HauajaH maja OpOjHOCTH TOIYyIallKje y MOCIeABUX HEKOMHKO aereHunja (oko 40 roguHa) 3a
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npeko 30%, Oenmexw ce y 3amaaHoM, IICHTPAITHOM W jJyroMCTOYHOM Jneny EBpome (Van
Damme, 2011a).

Ha eBponickom HuBoy, mpema IUCN kareropujama u KputepujyMuMa, OlleHheHa je Kao
pamuBa (VU) (Van Damme, 2011a). Cspcrana je y HEKe OJ KaTeropHja YrpOXXCHOCTH U
npema HainuoHamHuM [lpBenum mnmcrama. Kputuuno yrpoxkena (CR) je y Hemaukoj u
[Moseckoj (Zajac 2009a); yrpoxkena (EN) je y Uemkoj, benopycuju, Mahapckoj u CioBadkoj
(Bodis 2008, Van Damme, 2011a); pamusom (VU) ce cmartpa y Ykpajuru (Korniushin,
2002).

[TpuopuTeT 3amTHTE MPBOT CTENIEHA, OJHOCHO BHCOK PU3HK O] M3yMHpama BpcTe P.
complanata yrephen je 3a moapydje CpOuje. Y nusby 3aIITUTE W OUYyBamka MOIYJAIH]e,
noTpeOHO je CIPOBOJMTH aJCKBATHE MEpE 3alITHTE, KPO3 Pa3IMYMTe aKTUBHOCTH Y 3aIITHTH
CTaHUIIITA, aJId U KPO3 Je(PUHUCAE U YCBajambe OAroBapajyhnx 3aKOHCKHX Mepa.

[IIupoko pacrpocTpamehe Ha HCTPaXMBAHOM MOJIPY4]jy, youeHo je 3a U. pictorum u
U. tumidus, anu ce Takohe yodaBajy MpoMeHE Yy AUCTPUOYIHjH, Yy pa3iuuuTuM (azama
uctpaxupama. Apean Bpcre U. pictorum nuje 6utHO HM3MemeH, nok ce ko U. tumidus
yodaBa ILIUpPE paclpocTpameme, nopefaehu ucropujcke mojaTtke M pesyiTare CaBpPEeMEHUX
UCTpaXHBama. AHATM30M YUYECTAIIOCTH Hajla3a M OPOJHOCTH TOIMYyJIalje TIpeMa pe3ysiTaTuMa
CaBpEeMEHHMX HCTpakuBama, yrBpheHo je maa je U. tumidus arconyTHO JOMHHAaHTHA BpCTa y
3ajennuniamMa JlynaBa m CaBe W Hajuemhe je Halla)KeHa Y CBHM HMCTPAXMBAHUM BEITHKHM
pPaBHMYAPCKUM peKama, 3a pa3jiMKy O]l [1oJlaTaka U3 paHujer Meproja Koju yKa3yjy Ha HEIllTo
Mamy y4ecTalocT OBe BpcTe y ofHocy Ha U. pictorum u U. crassus.

Hajpanuju 3anucu o oBuM Bpcrama y Cp6uju cy u3z XIX Beka u yriaaBHOM ce 0JIHOCE
Ha Hanase y JlynaBy u Casu (Doki¢, 1882; Tamuh, 1960). Hakon ucrpaxuBama Ante Tanuha
y nepuoay 1953—1972, na no noverka HOBHjUX UCTPAKHMBamba MPEIACTABJbEHUX Y OBOM pajy,
MaJlo je 00jaBJbeHUX MOJaTaka O pacHmpocTpamemy Bpcra. be3 mpenmsupane aOyHnaHie,
HaJIa31 OBMX BPCTa jieTeKToBaHHM cy y JlyHaBy (Arambasi¢, 1994), ITycroj perm (Zivié u cap.,
2001b) u Tucu (JDS-ITR Report, 2002), a mpeMa HcTpaxuBamHMa Koje je mpeacTaBuo Simic
(1993), ca manom Opojuomrhy nerexkroBad je Hanmaz U. tumidus y CpseuinkoM u TproBumikom
Tumoky u y Benmkoj Mopasu (Simi¢ u cap., 2006). KacHujum ncrpakuBamsuma yTBpheHoO je
VTJIaBHOM IIIHPOKO PacIpOCTpamehe U yMEpeHa JI0 BHCOKa OpojHOCT momyianuja Bpcta U.
pictorum u U. tumidus y Bemukum paBHHYapckuM pekama tuma 1 (CioyxOeHU TIacHHK,
74/2011), wTo cy moTBpawiIM U Hamwu pesyntatd. Ha mmpu apean Bpcre U. tumidus, npema
pe3yiTaTuMa NpeACcTaBbeHUM y OBOM paldy, yka3yjy Hanasu y Benukoj u 3amagnoj Mopasy,

roe Bpcra U. pictorum Huje naerekroBana. Takohe, mpucyctBo Bpcre U. tumidus
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peructpoBano je y Humasu (Novakovi¢, 2012), g0k cy o0e BpCTe AeTEKTOBaHE Yy JyKHO]
Mopasu (Savié, 2012).

[Iupoko pacmpocTpamee aBe Bpere poma Unio yodeHo je u Ha mpoctopy EBpome, rie je
takoh)e yodeHa HemTO Mama aucTpuOyimja 3a U. pictorum. IlpucycTtBo oBe BpCTe HHjE
3abenexeno y llkonckoj, Hlnanuju u [Mopryranuju (Van Damme, 2011b).

Ha mnonpyujy EBpome crtaryc obe Bpcte je omemeH kareropujom LC (mocienma
3a0pUHYTOCT), aJld O FPUXOBOj 3AIITHTH HAa HAIIMOHAJHOM HHMBOY HEMa MHOTO I0JaTaka, ¢
003MPOM Ha NIMPOKO PACIPOCTPABCHE H PEITATHBHO CTAOMITHE MOITyJIAIH]e.

Ha HanmoHanHOM HHMBOY, MpeMa pe3yJTaTHMa HCTpaxuBamwa, U. pictorum ce Hanasu
M0JT YMEPEHUM PU3MKOM O] n3ymupama (Il crenen mpuopurera 3amTuTe), mMTO yKa3yje aa je
noTpeOHO BPIIUTH Jajbe Npaheme Molylaluja OBE BPCTE W WHTE3MBHHja UCTPAKUBAIbA.
Tpehu cremen mnpuopuTeTa 3alITUTE HAa HAIMOHAIHOM HHUBOY (Mayjia BepoBaTHOha
u3ymupama) oremen je 3a U. tumidus. Tlpema mpencTaB/beHUM pe3yiaTaTHMa, 3ay3€TOCT
MOTEHIMjaTHOT apeaia, OpojHocT, Kao u auctpuOyimja Bpcre U. tumidus wa cranumiry,
yKa3yjy Ha cTabuiHy nomynanujy Ha npoctopy Cpouje.

S. woodiana, npencraBiba anOXTOHY MHBA3MBHY BPCTY M jelHA je O] PETKHX BpCTa y
okBupy ¢pammiuje Unionidae uuja muctpubynmja odyxBara roroBo uuTaB ceer (Cummings,
2011). HatuBHU apean oBe BpCTEe je MCTOYHA M jyroucTouHa Asuja. Kpajem mporunior Beka,
Oenexu ce BEHO IHMPEeme BaH MpHUpOAHOr apeana. [IpBu Hanma3 3a CpOujy 3abenexunu cy
[TaynoBuh u capaguuiu (2006). PeructpoBana je u y BenukoM Opojy 3emasba EBpome —
Mabapckoj (Petrd, 1984), Pymynuju (Sarkany-Kiss, 1986), ®panmyckoj (Girardi u Ledoux,
1989), CimoBaukoj (Kosel, 1995), Yemxkoj (Beran, 1997), Aycrtpuju (Reischutz, 1998),
[Tosbckoj (Bohme, 1998), Vkpajunu (Urishients u Korniushin, 2001), Urtanuju (Manganelli
et. al., 1998), Xpsarckoj (Lajtner u Crncan, 2011) u Lpuoj I'opu (Tomovi¢ u cap., 2013a),
M M Ha MoApy4Yjy Hekux MHoHekaHckux octpa, [lomuHmkaHckoj Permyomumm m Kocra
Puxu (Paunovic u cap., 2006; Bogan u cap., 2011).

Cwmatpa ce Ja je yHOC TOMEHYTE€ BpPCTe MOBE3aH Ca MHTPOAYKIHjoM puba M3 T3B.
kuneckor komriekca“ (Ctenopharyngodon idella (Valenciennes, 1844), Carassius auratus
gibelio Bloch, 1783; Hypophthalmichthys molitrix (Valenciennes, 1844) u Arstichthys nobilis
Richardson, 1844) 60-tux u 70-tux roguna XX Beka (Cakic u Hristic, 1987; Paunovic u cap.,
2006), mpBEHCTBEHO paaM peryiucama MPOAYKIH]Yy BOJACHE Bererandje y puOmammuMa
(Paunovic u cap., 2006). HeratuBuu edextn yHOoca W mmpema S. woodiana yodaBajy ce
NPBEHCTBEHO y KOMIIETUIIMjU Ca HATUBHUM BpcTaMa anyntHux yHuonuna (Cianfanelli u cap.,

2007), anu um 300r KOMITETHIIMjE€ JapBEHUX OBJIHMKA Yycien mpedepeHie MmpeMa HCTOM
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nomahuny (Beran, 2008). IIpema paHHjuM HCTpaKMBambMMa CMaTpajo ce Ja je 3a
PENpOaYKIIMjy U ca3peBame TraMeTa OCHOBHU MPEAYCIIOB oApeheHa temmnepaTypa Boje, TaKo
JIa ¢y ¥ Haja3u y EBpornu Ounm orpaHuyueHu Ha jy)KHE JeJIOBE KOHTHHEHTA WM TEPMAIHO
saraljene Bome (Kraszewski, 2007). HoBuja mcTpakuBama Cy IOKasajga Ja TeMIepaTypHU
pPeKHUM BOJIE WIMAK HE OrpaHWYaBa PEMPOAYKIU]y Yy MEpU y KOjoj Ce paHHje cMaTpayio, a
Ce30HCKa IMHAMHUKA je BpJO CIMYHA IMHAMUIM KOjy BpCTa MMa y HAaTUBHOM apeaiy
(Dudgeon u Morton, 1983), mto notBphyje u Beauku 0poj Hanasa mupom Esporre.

Ha eBporickom HuBoy npema IUCN, craryc oBe BpcTe onemen je kao LC (mocnenma
Opwura), JOK 3a OcTajie peryje rje je oBa BpcTa MPUCYTHA, HEMa I0aTaka O Mepama 3allTHTE.

Kao naj3HavyajHuju HU3NUKO-XEMUjCKU MMapaMeTpu CpeArHE, KOju YTHIY Ha CacTaB H
CTPYKTYpY 3ajenHunie u OpojHocT nomynanuje uzasojenu cy: BPK-5, HPK wu3 KMnO4,
KOHIIEHTpallMje KajlijyMa, HUTpaTa, aMOHHUJyM jJOHA, PAaCTBOPEHOI KHCEOHHKa U YKYITHA
TBpaohe.

Ha ocHOBYy pesynrara MynaTHBapHjaHTHE KOPECIIOH/JCHTHE KAaHOHMjCKE aHau3e,
youyaBa ce wu3ABajame Bpcre U. Crassus u mMmo3UTHBHA KOpenalyja ca KOHIIEHTPAIHjoM
KaJIlMjyMOM U yKynmHoM TBpnrohom Boze. Kao orpanuudaBajyhu dakropu nuctpubynuje ose
Bpcte mokazanu cy ce BPK, HPK, konmnenrtpamnmja nutpata m amonujym jona. OBakBo
W3/IBajake j€ y CarjacHOCTH ca PaHUJUM MCTpaKMBambUMa, C 003UpoM J1a je yrBpheno na je U.
Crassus w3pasuTo OCeT/bMBa BpCTa Ha MpoMeHe xemm3ma Boae (Zajac u Zajac, 2009) u
oprancko 3araheme (Schulte, 2010). TToehana koHIeHTpalMja HUTPATa y BOJIHU, HETATUBHO
yTHYe Ha JYBEHWIHE jeTUHKE, ald Ce HETaTHBHO OJ[pakaBa W HA PENPOIYKILHU]y aTyJITHUX
npumepaka (Schulte, 2010).

VY oaHocy Ha momeHyTe orpanndanajyhe ¢axrtope, noBehaHa TojepaHlMja yodyaBa ce
3a Bpcty A. anatina, mro oarosapa 3amaxkakuMa O HemTo Behoj OTIOPHOCTH OBE BpPCTE Ha
oprancke BujoBe 3arahema (Mouthon, 1996). ¥V oaHocy Ha ommire KapaKTepPHCTUKE
KBaJINTETa OKPYXEHa W KOJIMYMHY NPUCYTHHUX HyTpHjeHara, A. anatina ce o3HauaBa Kao
BpCTa KOja Ce€ paBHOIMPABHO MOke Hahu U y omurorpopuuM u eyrpoduum Bogama (Zettler u
cap., 2006).

Kao Haj3HauajHMju mnapameTpu u3 TIpylne TEIKUX MeTana, KOju yTU4y Ha
TUCTpUOYIN]y, a0yHIAHIy U CTPYKTYPY 3ajeTHUIIC YHHOHH 1A U3/IBOJEHH Cy: Oakap, OJIOBO U
kaaMujyM. Kao 1 Ko mpeTXoIHOT ceTa CPEANHCKUX MapaMeTapa U 'y OBoM ciydajy Bpcra U.
Crassus o3HaveHa je Kao NOTEHIMjaJTHU WHAUKATOp MopacTa TOKCHYHOCTU. OBaKBU pe3ynTaTu
Cy OYEKHMBAHM C O0O3UPOM Ha omaxama O Behoj OCETIBMBOCTH OBE BPCTE U O T'€HEPATHO

BCJIIMKUM MOFthOCTI/IMa CJIATKOBOAHHMX IMKOJBKHU Y CKIAAUIITCHY HOTGHHI/IjaHHO TOKCHUYHHX
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eJIeMeHaTa y CBOjUM TKMBHMA, YCBajajyhu UX JNUPEKTHO MPEKO BOJE KOja JOJa3u IO IIKPra,
WK YHOIICHEM IIPEKO CYCIICHI0BAaHUX MaTepuja, mwin u3 cenumenta (Jamil u cap., 1999).

Y o0Boj cryauju, aHanm3e MOPQOJIONIKE BapHjaOMIIHOCTH IIOIyJIallkja MeTojama
TCOMETPHUjCKE M JIMHEapHe MOp(OMETpHje Cy ce MoKas3alle Kao MOy3JaHe y YTBphUBamy
mehymomynanmonux (MHTpaCIEInjCKuX ), pa3jinka y oBUpy BpcTa u3 pamumiuje Unionidae.
AHaJIM30M UHTpAcIerjcke MOpPQOIIOIIKe BapujaOUIHOCTH monyiandja Bpera U. tumidus u
U. pictorum, yrBphen je ciamuan oOpaszar; mpoMeHe MOP(OIOIIKMX CTPYKTypa jSAUHKH ca
HynaBa, Case u Tuce.

[IpumenoM wMeToma reoMmeTpHjcke MopdOMETpHje YTBPHEHO je TOCTOjame
CTaTUCTHYKU 3HaYajHUX Mel)ynoImynanioHuX pa3inKa y BaprujaOMITHOCTH BEIMYMHE U 00IHMKa
swymirype Bpere U. tumidus. Hajsehe pasimke y MopgoJIONIKO] CTPYKTYpH IOKaszajie Cy
jenuHke momynanuje ca JlyHasa u Tuce, y 0OHOCY Ha jeJMHKE aHAJIM3MpaAHE IMOMYyJalUje ca
CaBe, K0ja ce MOKe O3HAYUTH Kao MpeJasHa rpymna, ysumajyhu y oO3up BapujaOMIHOCT
o0MKa W BEJIMYMHE JBYIIType. AHaIM3a BapujaOMIHOCTH IEBET IY)KMHCKHUX KapakTepa
JbYIITYpa  JCNUHKW  PA3IMYMTUX  [OMyJalyja, 3acHOBaHA HAa  TPAJUIMOHATIHOM
MOp(HOMETPUJCKOM TPUCTYIy, MOKazana je, Takohe MelymomyrnanuoHe pa3ivke U CIWYaH
TpeH oncrynama. [lonmynanuja ca Tuce, mokasyje Hajsehe oAcTymame y OJHOCY Ha OCTale
JIBE TIPOCTOPHO OJIMCKE MOMyJIallje, KOJl KOJUX CE youaBa HEIITO ciabuje 0/1Bajame.

Ananuzom melynonymnanuonux pasnuka Bpere U. pictorum metomama reometpujcke u
JuHeapHe MopdoMeTpHje, YTBp)EHO je TOTOBO MCTO OACTYIAakE, Ka0 U KO/ MPETXOJHE BPCTE.
Jenunke momynamuje ca Tuce cy mokasane HajBehe pasnuke y 00JMKa W/UIU BETUYMHE
MopoIionIKe CTPYKTYpe Y OJTHOCY Ha jelMHKe nomynanuja ca Jlynasa u Cage.

[Topehemem mpomena 00aKKa NpencTaB/beHUX y BUAY TPS nedopmaruja KoJ jeTMHKI
o0e aHanmm3upane Bpcte ponxa Unio, yodeHo je aa jenuHKe momyianuja ca Tuce OmIHKyje
TeHepallHO CUTHMja JbyIITypa. YTBpheHO je Takohe Ja je aJoMETpHjCKH pacT, OJHOCHO
npoMeHa OOJIMKa JhYIITYpE YCIOBJbEHA TIPOMEHOM BEIWYHMHE, Takohe yTuraia Ha
BapujaOuiIHOCT 00MmMKa Mopdosomkux cTpykTypa. Ha HuBOY menmor y3opka yTtBpheH je
CTaTHCTUYKM 3HauajaH yneo anomerpuje (4.45%. 3a U. tumidus u 5.85% 3a U. pictorum), y
reHepHcamy YKYITHUX BapHjaOMIIHOCTH OOJIMKA JYIITYpE.

['oTOoBO WCTHM TpeHI oOnCTymama MehymomyJanmroHUX pas3iidika KOJl aHAIM3WPAHUX
nomynamnuja y okBupy Bpcra U. tumidus u U. pictorum, umajyhu y Buay HBHXOBY €KOJIOIIKY
IUIACTUYHOCT M TPWIATOJJBHBOCT, yKa3yje Ha MOPQOJIOUIKY CIMYHOCT IOMyJamnuja ca
CIIMYHUX CTAaHUINTA Yy OKBUPY aHATU3UPaHUX BOAOTOKOBa. CimuyHa Mopdoomka

IUIACTUYHOCT MO’K€ OUTH JOJATHH Pa3Jior BUXOBE IIUPOKE PACIPOCTPAHEHOCTH.
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WuTpacnenujcka Mopdonomka BapujaOMIIHOCT, yTBpheHa je u u3Mel)y jeIUHKH
aHanmM3upaHux momynangja Bpcte U. Crassus, MerogamMa TE€OMETpPHjCKE M JIMHEapHE
Mopdomertpuje. Jennuke momynanuje ca Cae cy nmokasaiie Hajsehe paznmke y o0nuKka u/uimm
BEJIMYMHE MOPQOJIONIKUX CTPYKTYpa y OJHOCY Ha jequHKe momynanuja ca Bemuke Mopasge.
[Mopehemem mpomeHna oOIMKa NMPEACTaBBEHUX y BUAY [PS nedopmanmja KO jeTUHKH
nomynanuja ca Benuke MopaBe ce yodaBa 3a00JbeHHja JbYIITypa, OJHOCHO ckpaheme
NyXXHHE Yy aHTEPUOPHO-TIOCTEPUOPHOM Jiedy M ToBehame pacTojama Ol Bpxa ymba 0
BEHTpAJIHE MapruHe. 3a pas3auKy oj ocrtaie jaBe Bpcre poaa Unio, ko Bpere U. crassus Huje
yTBpl)EH CTATHCTUYKH 3HAYajaH YTUIAj aJJOMETPHjCKOT pacTa Ha MPOMEHY OOJIMKa Teja, IITO
MOKe OWTH jeaH O] ToKazaTesha Jla Ce Paad O aJalTUBHO)] IUBEPTCHIMjU TIOIyaldja ca
Pa3IMYUTUX TUTIOBA MHUKPOCTAHUINTA Y OKBHPY aHAJTM3UPAHUX PEKa.

AHanu3a MHTpAcIHenrjcke BapujabmiIHOCTH Ko Bpcta S. woodiana u A. anatina na
OCHOBY J€BET AYKUHCKUX KapaKTepa, 3aCHOBaHA Ha TPATUIMOHATHOM MOP(HOMETPH)CKOM
NpUCTYIy, TOKa3ana je, Takohe mehynomynamuoHe pasnuke. MynTuBapujaHTHa aHanM3a
Mop(hoMETpUjCKUX BapujaldiIM TMokazana je MopQOJOMIKY TUCKPUMHUHAIM]Y MoIynanuja S.
woodiana ca Benuke Mopage u [lynasa, oqHocHO nomynanuja A. anatina, ca Jlynasa u Case.

Wmajyhu y Buay unmeHUILY J1a aHaIM3MpaHe nomynaiuje Bpcta poaa Unio notuuy u3
BOJIOTOKOBA CIIMYHOT THITA, OJJHOCHO BEJIMKHX PABHUYAPCKUX PEKA, OCOOMHE MUKPOCTAHHIITA
CBaKako OM Morjie OUTH y3pOK PEerucTpOoBaHUM MelymomyiJalMOHUM pas3jiikaMa y OOJIUKY
JpymType BpcTa. IloBe3aHocT mHTpacmenujcke Mop(doJiomke BapHjaOMIIHOCTU JbYIITYpE U
KapaKTepUCTHKA CTAaHWINTA KOJI YHHOHH[A je Onia mpeiaMeT MCTpakMBama BUILE CTyIHja y
NPOILIOCTH, TpeMa KOJUM je YCTaHOBJBEHO Jla TPHUCYCTBO Pa3IUUYUTHX MOPQOTUIIOBA
npeJcTaB/ba OArOBOP, OJHOCHO aJamnTalMjy BpcTa Ha ycioBe cpeaun e (Hazay, 1881,
Buchner, 1910; Israel, 1910; Haas u Schwarz, 1913; Ortmann, 1920; Grier u Mueller, 1926;
Bloomer, 1938). Y3umajyhn y 003up mperxomHa pa3marpama W aHanu3upajyhu mapamerpe
CpeIMHE KOjU OM MOTJIHM YCIOBUTH MOP(QOJIOIIKE MPOMEHE aHAIM3UPAHUX BPCTA, MOXE CE€
3aKJbYYUTH Jla C€ Kao TOTCHIHWjaTHH (aKTOpU KOJH C€ MOTy JIOBECTH Yy Be3y ca
MOPGOJIOLUIKUM pazirKama MoMyalnja MOTy 03HAUUTH, CTPYKTypa CEIUMEHTa, XUPOJIOIIKU
napaMeTpu (JIOTUYKa M JICHTUYKAa MHUKPOCTAHMINTA), OJHOCHO MaKCHMalHAa W MUHHMAallHA
Op3uHa TOKa, TyOMHAa BOJOTOKA, MITO OATOBapa paHHje CIPOBEACHWM HCTPOKUBAFKHMMa Ha
pa3nuuuTUM BpcTamMa ciaatkoBoaHux Imkoeku (Claxton wu cap., 1998; Trussell, 2002;
Hornbach u cap., 2010). Takohe, xao jeman ox OWTHUX (DaKTOpa MOXKE CE O3HAUYUTH H
npoMeHa TemneparypHor pexxuma Bone (Grier, 1920; Negus, 1966; Reigle, 1967; Ghent u
cap., 1978).
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[open ytumaja abMOTHYKHUX MapaMeTapa, CBaKako MpH aHaU3u Tpeba y3eTu y 003up
¥ OMOTHYKE KOMIIOHEHTE CpeJIMHE, Kao Hip. nHpuimpanoct napasuruma (Zieritz u Aldridge,
2011), opojuoct mpucytHux mnpemaropa (Neo um Todd, 2011; Bourdeau, 2012), amu u
KomuuHy goctynHe xpane (Preston u Roberts, 2007).

Youene paznuke y oO6auKy MOpQOJOUIKUX CTPYKTypa u3Mel)y rpymna jelIMHKH MOTY
Outn mocienuua pasHuX (GaxkTopa, O] HCTOPUJCKHUX JO IPOMEHa y TMorjeny pasBuha,
byHKIIHje WK OAroBOpa Ha pasanuuTe cenektuBHe nputucke (Zelditch u cap., 2004).
Anann3a BapHjabMIIHOCTH MOP(]OJIOIIKKX CTPYKTypa y3opaka Bpcra poxa Unio u3 mysejcke
30upKe, MeTojaMa JIMHEapHe M TEeOMETpHjcKe MopdomeTpuje, HHUje OompaBiala HHXOBO
U3/[Bajalbe Ca CTAaHOBHINTA MOP(dOIOTHje JBYIMITYpe y pasIudWTe BpcTe/moaBpcTa/dopMme.
Y3umajyhu y 003up pesynrare o6e Mopdoomike aHaan3e, CTaTUCTUYKK 3HauajHE pas3iuKe y
Bapujabmama oO0IMKAa W BEIMYMHE, YOUEHE Cy JeIMHO KOJ aHajau3upaHux moaspcra U.
tumidus. Kao pasnor ojBajama OBe JABE I'yle y30paka, CBakako ce Tpeba y3eTh y 003up
VTHIA] CTATHCTUYKUA 3HAYAJHOT AJOMETPHjCKOT pacTa, KOjU je Ha HHUBOY IEJOr Y30pKa
usHocuo 7.4%. Koj ocranux Bpcra poaa Unio u3 mysejcke 30UpKe, METOaMa reOMETPUjCKE
MopdoMeTpuje HHje yTBpheHa CTAaTHUCTUYKM 3HauyajHa pa3iuka y oO0iuky, Beh camo y
BEIMYMHU MOPQOJIOMKUX CTpykTypa. C 003UpOoM Ha TO, MOXKE C€ 3aKJbYUHUTH /A j€ Y3pOK
u3aBajama rpyne U. crassus crassus f. Grandis MeToom JrHeapHEe TeOMETPHjCKE aHAIH3e,
3arpaBo MPUIAJHOCT PA3IMUUTO] BEJIWYMHCKO] KJIACH Y OJHOCY Ha OCTajie aHalu3HpaHe
jenunke. [lpunmukoMm pa3maTpama MOPQOJIOIMIKE BapujaOMIHOCTH y OKBHpY BpcTe U.
pictorum, takohe je yTBpheHO U3/Bajambe Pa3IMIUTHX TPyl aHATU3UPAHUX JSTHUKUA CaMO I10
BEJTMYMHHU, JIOK 3a TIpOMeHe 00JIMKa HUje yTBpl)eHa CTaTUCTHYKA 3HAYajHOCT.

Pesynratu nmpukazaHu y OBOj CTYAMjH, MOTBPAMIN Cy MOP(OIOMIKY BapujaOUIHOCT
JbYIITYPE y OKBHPY aHAJM3UPAHUX BPCTa, HA OCHOBY Yera c€ MOXKE 3aKJbYUUTH Ja Ce Kao
pasJyior OBaKBUX MPOMEHA, MOTY OAPEAMTH KapaKTePHUCTUKE MHKPOCTAHUINTA M Pa3IUYUTH
CENICKIIMOHN TIPUTUCIIM Ha TOjeIUHUM JIOKATUTeTUMa. YBoheme KOHTYypHE T€OMETpPHjCKe
MopdomeTpuje y Aalby aHalu3y, OM CBAaKako YHANpeIWwIo pa3yMeBambe M cariiefaBambe
MopdoJIoIKe BapHjabMIIHOCTH, HApOYUTH Koj pojoBa Sinanodonta, Anodonta wu
Pseudanodonta, ¢ 003upoM aa KoJ BHX HUCY NPUCYTHE MOP(OJIOIIKE CTPYKTYpe Kao KOJ
poxa Unio. 3a najby aHaIN3y MHTEPCIEIN]CKUX U MHTPACHCINjCKUX OJHOCA BPCTa Y OKBHUPY
damumuje Unionidae, HEOMXOAHO je W YK/bydHBame MOJEPHHX METOJa MOJICKYyJapHe

CHUCTCMATHUKCE.
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C o63upom Ha Opoj BpcTa aerekroBaHux y EBponu, y Cpouju je 3abesexeH 3Havajan
JIMBEP3UTET CIATKOBOJHMX MIKOJbKM U3 (pamuimje Unionidae. YkymHo je 3a0enexeHo
7 BpcTa, KOje Cy CBpCTaHe y 4erhpu poja. Hajehw nuBep3uTeT M OpOjHOCT
noryJaiyje 3a0e/ie)KeHN Cy y JTOBbHUM TOKOBHMA BEIIMKHUX PaBHHYAPCKUX peka (30HU

IIOTAMOHA).

AHanmu3a y3opaka u3 Mysejcke 30upke, u3 mepuona 1953.-1972., nuje moTBpamIa
npucycTBo Beher Opoja Takcona Ha nozpyyjy Cpouje o O6poja koju ce Oenexu gaHac.
YTBpheno je na je, 30or Bemuke MopdoIonike BapujabUIHOCTH YHYTap BPCTA, YECTO
JOJIA3UJI0 70 TIOTPEITHEe UACHTH(HUKAIU]E H/WITU MPOoTJjaiaBaka HOBUX, HEBATUIHHX,
takcoHa. Excman3mja omuca Bpcrta Hactana je y XIX Beky moTtuye yriiaBHOM U3
Opannycke ,,Hoge wxone . Benuku O0poj cuHOHMMa mocTojehux BpcTa Ha MOApYyYjy

CpOuje maTupa u3 TOr Iepruoa.

Ilopenehu wucropujcke mopaTke O Hajla3uMa BpCTa U CaBPEMEHA HCTPaXHUBaHA,
youeHe Cy MpPOMEHE Yy BEIMYMHM apeaja M IOIMYJALUOHO] JWHAMMIHN MOjeIUHHUX
BpcTa. Hecrajame BpcTe M3 BENMKOI Jlela akBaTOpHje KOjy je HacesbaBajia, MOXeE ce
JIOBECTH y Be3y ca TEHEpPAJHUM [OrOoplIamkeM KBAaJUTETa CTAHUIITA YCIEN

eyrpodu3zaiyje, 3arahema u aerpajaiije CTaHuIlnTa, o1 mojoBruHe XX Beka JI0 1aHac.

IIpema ucTOpHjCKUM HOJalMMa MpPEACTaBbEHUM Yy OBOM paxay, U. crassus je Oua
IIMPOKO PacCHpOCTpameHa U jelHa O] HajIpUCYTHHUJUX BpPCTa Ha IEJIOM HOAPYY)y
Cpbuje no cpeaumne 70-ux roaAMHA TMPONUIOT Beka. HakoH Tor mepuona,
UCTpAXHWBAalbUMa W3BPIICHUM Y TIOCIHECIHBUX HEKOJIMKO JeKaaa, yOueH je Taj
OpOjHOCTH TMOMyJAlje OBE BpPCTE M CaMO CIHOPAaJUYHM Hala3d Ha OrPaHUYCHOM
npocropy. HajHoBHja uCTpakuBama yKa3yjy Ha NMO3UTHUBAH MOMYJIALMOHUA TPEHJ OBE

BpCTE, IIPH YEMY CE€ HApOuuTO M3/Baja ciuB Case.

XUOPOTEeXHUYKU paJoBU, peryianyja pedyHHX KOpHTa M 3allTUTa Oj TOoIjiaBa
MpeAcTaBbajy (GakTope KOJU MOBOJAE N0 XHAPOMOP(HOIOMKHX U XUAPOIOUTKHX
nmpoMeHa BojpoToka. M3rpaama Opane Ha JlyHaBy, ycioBHUIA je U3pakKeHE MPOMEHa
XHUJIPOJIOMIKOT pPEXUMa, OJHOCHO YCIOpema pedyHor Toka JlyHaBa, a ca THUM H
WHTCH3MBHY CEeIMMCEHTAIMjy. HaBeneHe mpoMeHe cy MOTJIE YTHIIATH Ha JIeTpaiaiujy

MOTEHIMjaTHUX MUKPOCTAHHMIIITA 32 HITp. BpcTy U. Crassus.
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3Ha4YajHO CMabEmhEe apeajla BPCTe, OJHOCHO MOTIIYHO IMOBJIAYEH-E ca MPOCTOpa TIe je
HEKajJa HajlaxeHa, yTBpheHo je 3a A. Cygnea, a Kao HEHU PePyrujyMH MOTy ce
O3HAYUTH JICHTUYKH EKOCHCTEMH KakKBe Cy aKyMyJaluje, jesepa U 0apcKo MOYBapHa

nonpydja y Cpouju, rae npencraBiba JOMUHAHTHY BPCTY.

Kao jeman ox moryhux ¢akxropa HecTajama BPCTE ca BEJIHKOT Jieja aKkBaTOpHUje TIe ce
HEeKaJ Hajaswia, MOTy OWTH pasiu4yuTe OWOJIOIIKE HHTepakimje usMmely Bpcra,
HApOYMTO KOMIIETHIIM]jA Ca aJIOXTOHOM BpCTOM KakBa je S.woodiana u D. polymorpha,

KOje MOTY OMTH HaJla)KeHE Ha NCTOM CTAHHUIITY Ca HATUBHOM (DayHOM YHHOHHJA.

Ananu3om ojHOca BpcTa y okBupy (ammimje Unionidae u xemujckux mapamerapa
BoZie, yTBpheHo je na cy wu3aBojenn ¢akropu (BPK-5, HPK wu3 KMnO4,
KOHIICHTpAallMje KallllijyMa, HUTpaTa, aMOHUjyM jOHA, PAacTBOPEHOI KHCEOHHKA W

yKymHa TBpAohe), Haj3HayajHuje yrunaim Ha U. crassus.

Kao Haj3HauajHUju CPEOMHCKH TapaMeTpH U3 Tpyle TEIIKUX MeTaja H37Bajajy ce
6akap, 0J0B0 M KaaMujyM. [Ipema HammMM UcTpakuBamUMa MoBehaHe KOHIIEHTpaLHje
TEIIKMX MeTaja HeratuBHO yTtuuy Ha U. crassus, nok ce nosehaHa TojepaHIMja

yodaBa 3a BpcTy A. anatina.

I'eomeTpujcko MOpPHOMETPHJCKOM aHAIM30M pELEHTHUX Yy30paka MOTBpheHo je
MIOCTOjabe CTAaTMCTUYKM 3HAYajHUX Mel)ymormynanuoHuX pas3iiuKa y BapHjaOMIIHOCTH

BEJTMYMHE U 00JIMKa MOPQOIIOMIKUX CTPYKTYypa.

I'eomerpujcko MopdomMeTpujckoM aHAIM30M pEIEHTHUX momynamnja Bpcra U.
tumidus u U. pictorum ytBplheH je cTaTHCTUYKK 3HA4YajaH yIeo alOMETPH]CKOT pacTa

Ha YKYIHY BapHjaOMIHOCT 00JIHMKa JbYILITYpE.

AHanu3oM MOpQOJIOUIKUX CTPYKTYpa, METoJama reoMeTpujcke MophoMeTpHje Ko
Bpcre U. Crassus Huje yTBph)eH CTaTUCTUYKHM 3HA4ajaH yTUIA] aTOMETPH]CKOT pacTa
Ha TPOMEHy OOJMKa Tela, IITO MOXE YKa3HBaTH Jla C€ paad O aJalTHBHO]

JTUBEpreHIUju aHamu3upanux nomynanuja u3 Case u Benuke Mopase.

AHanM30M BapHjaBIIIHOCTH MOPQOIIOIIKMX CTPYKTYypa y30paka U3 My3ejcke 30upKe,
NPUMEHOM METOAa TeoMeTpujcke MopdomeTpuje, HHje TOTBPHEHO TMOCTOjame

3HAYaJHUX pa3jiiKa y BapHjaOWUIHOCTH BEIMYHMHE M OOJMKA Pa3IMYUTUX TOJBPCTA,
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uszy3eB y ciydajy U. tumidus rme je yrBpheH M CTATHCTHYKHM 3HAYajaH yYAEo

AIIOMETPHjCKOT pacTa y yKYIHOj BapHujaOUITHOCTH.

AHaJIM30M BapujaOMIIHOCTH JbYIITYpa Ha OCHOBY JEBET IY)KHHCKHX KapakTepa,
MPUMEHOM TPATUIIMOHATHOT MOP()OMETPHUJCKOT MPUCTYIA, YTBPHEHO j€ IMOCTOjarme
Mel)yrmomyalnnoHuX pa3iiuka W CIMYaH TPEH] OACTyNama Kao M MPU T€OMETPH]CKO

MOp(hOMETPHUjCKOj aHATH3H.

Ha ocHoBy enemenara exosomke crnennjanuzanuje ES, HIPPO d¢akropa u
nonymnaipone quHamuke (PD) oxpelheHu cy MpHOPUTETH 3aITHTE YIPOXKEHUX BPCTa
Ha HAIMOHAIHOM HUBOY. [IpBHW cTeneH MpUOpUTETa 3alITHTE, OJJHOCHO BHCOK HUBO
pU3MKa O]l U3yMHpama Ha HalMOHAJTHOM HUBOY yTBpheH je 3a Bpcre: U. crassus, P.
complanata u A. cygnea. Ymepenu pusuk on usymupama (Il cremen mpuoputera
3allTUTE), OllelbeH je kox Bpcra U. pictorum u A. anatina, mok je 3a U. tumidus

yTBpheHO Ja je moa ManuM pu3ukoM of Hectajama (Il crenen nmpuopurera 3amruTe).

Amnanmu3za enemenara mozaeia (ES + HIPPO +PD) on Benukor je 3Hauaja y ouyBamby
ayTOXTOHMX BPCTa 3a KOje Ce cMmarpa Ja Cy yrposkeHe, jep omoryhaBa W3/Bajarbe
¢dakTopa Ha JIOKATHOM HHBOY KOjH HAajBHIIE YTHYYy Ha YIPOXKEHOCT JaTe BPCTE U

HEONXO/IaH je KOpak y Ne(puHUCAY CTpaTeruje KOH3epBalyje.

VY muspy 3alTUTE U OYyBamka MoMyJsialujad BpCTa, MOTPEOHO je CIIPOBOIUTH a/ICKBATHE
Mepe 3allITUTE, KPO3 Pa3IMUUTe aKTUBHOCTU y LIUJbY OYyBamka U 3alITHTE CTAHUIITA.
Ocum Tora,yKJby4nBame BPCTa, 3a Koje je yTBpheHo na cy moja oapeheHuM pusnkom
0]l U3yMHpama y OJAroBapajyhe 3aKOHCKE pEeryjaTuBe Koje c€ THUy 3allTUTe U
ouyBama OMOAMBEP3UTETA, TaKohe je MOTpeOHO, ¢ 003UPOM Jla ce Ha TIPUMEPY BPCTE

U. crassus mokasaino Kao AeIOTBOPHO.
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Tlpunosu

[Tpunor 1. TaGena 1. JlokanuTeTn y30pKOBama y OKBHPY HMCTPaXKHBAHUX BOJOTOKOBA, Y
nepuoay 2001-2013. ronuna

et 6p. Pexa_ I'eorpadcke koopauHaTe
oKAIHTeTa JlokanureTn aKyMyIai - N
ja
1 baruna NyHas 18.86217146260 @ 45.84424316700
2 Vurhe JlpaBe, y3BOAHO Hynas 18.91820963180 @ 45.55668706890
3 VYuihe Jlpare, HuzBoano | JlyHas 19.07451877650 | 45.53041728960
4 Jam NyHas 19.00581698630 @ 45.49182713960
5 Bbauka [Tananka NyHas 19.36393903030 | 45.23258311710
6 Hemrrun Nyuas 19.46160325180 @ 45.23737654030
7 hepesuh NyHas 19.67268352180 @ 45.22246416230
8 PatHo OcTpBO NyHas 20.42845177430 @ 44.84086578840
9 bena Crena Hynas 20.58887204170 | 44.84499203160
10 Operarg Hynas 20.81860975820 | 44.65850987000
12 ywhe Bemuke Mopase, 7 21.12790726420 | 44.73404901040
HHU3BOTHO

13 banarcka ITamanka JyHaB 21.33636301830 | 44.82391642670
14 [TaHueBO, HU3BOAHO JyHas 20.64531958650 @ 44.81693984260
15 [Tan4eBo, y3BOHO HyHaB 20.57587286070 | 44.84919134920
16 Benerur JyHas 20.36541710190 | 45.02647810630
17 Crapu CrankaMeH Hynas 20.26334219950 | 45.14510487640
18 Hosu Can, y3Boano Hynas 19.80298783180 | 45.22167267690
19 Hosu Can, HU3BOIHO Hynas 19.88601910770 | 45.26037140460
20 Texuja Nyuas 22.41558616680 @ 44.68844173750
21 Tony6arr NyHas 21.69434047200 @ 44.66188843410
22 Bpourna NyHas 22.71378891030 @ 44.60074176930
23 Bepman Il Nyuas 22.48128286340 @ 44.43065506920
58 Panyjesan Hynas 22.68060644890 | 44.24283129020
11 CwMmenepeBo Hynas 21.00769000000 | 44.71637000000
27 OctpyxHHIA CaBa 20.32225435300 | 44.73584576590
28 [a6an Caga 19.70742361450 @ 44.76436414050
29 Ana Mehura Casa 20.37548000000 | 44.78568000000
30 Cpemcka Mutposuna Caga 19.62028890640 @ 44.96244635530
31 VYurhe Bocyra CaBa 19.37574595890 | 44.94247224470
32 3abpan Casa 20.23787483550 | 44.71236401920
33 Jy6oko (YmMka) Casa 20.31019068910 @ 44.68426065140
34 Maxkwuim CaBa 20.36401374330 | 44.77240941000
35 y3BOJHO 0j1 yiirha CaBa 20.45007903100 | 44.82117642640
36 Mapwuna (21. km) Casa 20.28308461810 @ 44.66089954150
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37
38
40
41
42
43
44
45
46
24
25
26
47
48
49
50
51

52

53
54
55

56

57

Japax

Ana [urannmja
Tuca, yuihe y /lynas
Twuca, y3sonHo of ymha
Hogwu beugj

Ana

Kammxa

beuej

Turen

henuje

Hpaxesany

Bbenu bpoxn

yuthe y Jlynas
MapkoBauku Moct
Barpaan

hympuja

Bapsapun

KpasbeBo, nznan yurha
Ubpa

KpasmeBo

Muiiouaj

I'yrasscxku Moct

I'pyxa

henuje

Caga

Caga

Tuca

Tuca

Tuca

Tuca

Tuca

Tuca

Tuca
Kony6apa
Komxy6apa
Komy6apa
B. Mopaga
B. Mopaga
B. Mopasa
B. Mopaga
B. Mopaga

3. Mopasa

3. Mopagsa
3. Mopaga
3. Mopasa
aKyMmyJiaiu
ja

aKyMyJamu
ja

19.75647756010
20.43039939000
20.28506559810
20.30435036890
20.13447103440
20.14290940330
20.09318944760
20.06422317710
20.31879623240
20.20576170940
20.20728880560
20.26867652260
21.04224787170
21.15819561180
21.19648498800
21.37570110670
21.37596597220

20.73607847740

20.77460441050
20.62892960060
20.09436553600

20.69547906800

21.17849149770

44.91408707800
4479724207290
45.14610735340
45.17863781520
45.58948482210
45.79070340450
46.04930495240
45.60752841580
45.21199340900
44.37113320430
44.57324862090
44.46623122780
44.70637069170
44.22709593320
44.08423134900
43.94288317180
43.73293956820

43.74089039060

43.72035239850
43.77801485890
43.85865484640

43.95691784000

43.36759185360
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[Tpunor 1. Tabena 2. JIokanuTeTn Ha KOJUMa j& IPUKYIIJLEH MaTepHjall 3a My3€jCKYy 30UPKY Y

nepuony 1953.-1972.

Bonenu
€KOCHUCTEM

Pexa/Jezepo/Kanan JlokanuteTn

PEKE

Jezepa

Kanamu

[yHas

Casa

Tuca

Tamumr

3ananHa Mopasa

Mnaga
Hepa
berej

Jezama
Komauko jesepo
Beno jezepo
lNanosuna
Hynas Tuca
Jynas

Benuku xanan
Kapam

AnaTtuH
Cpemcku
Kapinosiu
3eMyH
beorpan
Cwmenepeso
bena LpkBa
['ony6an
yuthe MenopHure
NBanoso
176. km
158. km
111. km
35.5. km
31. km

24. km
bexanuja
Cenra
[TanueBo
byueso
Pyhunim,
HU3BOIHO
Tpcrenuk
Knewmjak,
HU3BOJHO
ITerposarg
I'opmwak
bena IlpkBa
Batun
3pemaHH
CmenepeBo

Brnajkogar, 9. km

Combop
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ITpunor 1. Tabena 3. Ilpernen 3ajeqHuile cIaTKOBOAHUX IMKOJbKHM (amuiauje Unionidae y
MPUKYIJBEHUM y30pIIMa.

S
Peka/roquna Y3opuu 3 E 8 £ © g S | o
o = o S 5 . = S
S S5 S5a8 < 5 4 £

VYmhe IpaBe, HU3BOHO
(BorojeBo) 6 2 4 1
= Ham 1 9 1
§ Bauka [Tananka 11 7 1
E Hogsu Can, y3BoaHo 8 4 4 1
Q Hosu Can, HU3BOHO 2 1
§ Crapu CrnankameH 7 1
= Benerumt 10 5 1 1
ITaH4eBO, HU3BOAHO 1 7 1
Tomy6an 4 12 1 1 1
baruna 2 7 8 12 1
Hpasa, y3BOaHO 7 13 2 15 8 1
Borojero 2 1
Ham 1 1
Bauka [Tananka 17 22 1
. Hosu Cag, y3B01HO 2 22 7 1 1
'é Hosu Caj, HU3BOHO 1 27 1 20 2 1
S’ Crapu CriankameH 1 1
8 Bbenerum 8 4 1
- ITaH4Y€eBO, Y3BOIHO 5 17 1 2 1
E, ITanueBo, HU3BOJHO 3 21 2 2 1
~ Benuka Mopasa, y3Bo1HO 10 2 1
banarcka Ilananka 8 60 6 1 1
Tony6an 5 34 4 2 1
Bpo6ura 1 3 1 1
Depaan 1 3 1
PynyjeBan 2 1
Bena Crena 7 15 6 1
Hynas 2009  Opemian 32 80 5 4 1
PartHo ocTpBO 30 33 8 2 1
Crapu CrankameH 8 1 15 1
Hyna 2010  Opemarn 6 29 5 6 1
Kocromaig 1 1 1 1
Hynas 2012 Opemarg 6 1 11 1
borojeso (yuhe [pase) 17 19 4 1
— baukallananka 5 23 1 6 1
% Crapu CnankameH 5 9 8 1
o benernm 1 1 1
8 ITaH4eBO, Y3BOIHO 8 97 4 2 1
= IlaH4eBO, HU3BOIHO 2 3 4 3 1
§ Benuka Mopasa, y3B01HO 6 10 1 1
~ Benuka Mopasa, HU3BOJHO 15 42 2 7 1
Bbanarcka ITananka 1 4 4 1
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Tuca 2001
Twuca 2007

Twuca 2010

Twuca 2013

B.Mopaga

Benuka
Mopasa 2010

3amaaHa
Mopasa

Caga 2001
Caga 2007
Caga 2010

Caga 2011

Caga 2012

CaBa

Koury6apa

Axymynanuje

Tomy6an
Tekuja
BpoOuna
hepesuh
Hewrtun

Operarg

V3Boauo ox ymha y Jlynas

ymhe y /lyHas
Ana

Turen
Kamnxa

Ana

VYuhe y lynas
VYuhe y lynas
Bapsapun
barpnan

M. Mocrt
hymnpuja

HU3BOIHO on KparkeBa

KpasseBo
Muiouaj

I'yramcxku Moct

ymrhe y /lyHaB

y3BogHO ox ymha y JlyHas

Mapuna (21. km)
C. Mutposuna
VYmhe Bocyra
[Tabarx

Ana Mehuna
OcTtpyxHHLA
OctpyxHHLA
C. Mutposuna
VYurhe Bocyra
Japax

Hy6oko (YMka)
Ana

Makui

3abpan

ymthe y [lyHas
henuje
HpaxeBar
benu bpon
I'pyxa

henmje

11
40

22

71

16

36
16
39

24
15
27

12
31
29

15

130

15
34

2
5 2
3 1
1 92
1
2 1
2
2 1
1
4 1
3
1
1
1
2
2
3
9
14
2
3
47
10 5
5
1
1 5
4
1
2
1
2
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Tlpunosu

ITpunor 1. TaGena 4. Ilpuka3 3ajegHUIle YHHOHHMJA U OJA0paHMX (DU3NUKO-XEMH]CKUX
napaMerapa Ha UCTPaXKHUBAHUM JIOKATUTCTUMA.

HHU3BOJIHO

bauka

Crapu

on ymrha Mananka Hosu Cag CranKaMeH Benernm Tory6Gar Baruna
Hpase
U. pictorum 6 4 2
U. tumidus 8 10 12 7
U. crassus
P. complanata 4
A. anatina 11 4 5 1 8
S. woodiana 4 7 2 7 1 1 12
*K00 1 1 1 1 1 1 1
BPK-5 (mg/l) 3.091 4.030 2.636 2.660 2.315 2.045 2.852
HPK u3
KMnO4 (mg/l) 4.900 4.890 4.315 5.320 3.415 3.064 4.725
Kammujym Ca
(mg/l) 52.273 52.100 52.346 49.800 49.480 56.040 56.375
VkynHa
tBpaoha (mg/l) 184.691 183.900 178.892 168.790 191.480 214.500 161.333
AMOHHjyM joH
NH4-N (mg/l) 0.121 0.219 0.222 0.159 0.090 0.129 0.099
Hurpatu NO3-
N (mg/l) 1.830 1.510 1.732 1.475 1.123 1.006 1.708
PactBOpeHu
KHCEOHHK
(mg/l) 10.227 9.850 9.177 9.720 9.362 8.582 11.438
HU3BOHO
Y3BOIHO 01 on yiha barika Hosu Cap Crapn Benernmn ITanyeso
yurha Jpase [Namanka CrnaHkaMeH
JpaBe
U. pictorum 7 17 2 4
U. tumidus 13 22 25 8 19
U. crassus
P. complanata 2 1
A. anatina 15 2 14 1 4 2
S. woodiana 8 2 2
*K00 1 1 1 1 1 1 1
BPK-5 (mg/l) 2.967 2.946 3.150 3.068 2.925 2.224 2.721
HPK u3
KMnO4 (mg/l) 4.683 5.100 4.880 4.363 4.950 3.5688 5.489
Kanuujym Ca
(mg/l) 56.167 53.867 55.100 55.083 54.333 61.167 50.368
VYkynHa
tBpaoha (mg/l) 198.667 188.133 197.100 195.875 192.750 222.958 175.316
AMOHHjYM joH
NH4-N (mg/l) 0.094 0.087 0.125 0.160 0.153 0.091 0.114
Hutparu NO3-
N (mg/l) 1.825 1.685 1.588 1.539 1.542 1.892 1.228
PactBopenn
KHCEOHHK
(mg/l) 10.708 10.893 10.180 9.513 10.292 9.475 9.995
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Tlpunosu

Tabena 4. HacTaBak

y3BOAHO of ymrha Bbanarcka . bena

Benuke Mopase Ilananka Tonyban Bpbuna Pazyjesau Crena Opeman
U. pictorum 8 5 1 7 32
U. tumidus 10 60 34 3 2 15 80
U. crassus
P. complanata 5
A. anatina 6 4 1
S. woodiana 2 1 2 6 4
*K00 1 1 1 1 1 1 1
BPK-5 (mg/l) 2.150 2.143 2.408 2.073 2.440 2.333 2.540
HPK n3
KMnO4 (mg/l) 3.652 4.242 3.746 3.108 3.368 2.333 3.512
Kammujym Ca
(mafl) 58.000 54.042 60.615 60.231 60.833 49.727 58.294
VYkynHa
tBpaoha (mg/l) 223.000 189.083 211.769 209.154 217.167 171.727 198.176
AMOHH]jYM joH
NH4-N (mg/l) 0.070 0.167 0.097 0.076 0.120 0.107 0.149
Hurparu NO3-
N (mg/l) 1.306 1.339 0.692 0.985 1.378 1.371 0.818
PactBopenn
KHCEOHHK
(mg/l) 9.420 8.658 9.092 8.508 9.608 9.700 10.012

HussonHo
Crapu on ymha bauxa Crapu
CrnankameH Opeman Opeman Hpase ITananka CrnaHnkameH Maneso
(Borojero)

U. pictorum 8 6 6 17 5 5 5
U. tumidus 29 1 19 23 9 50
U. crassus
P. complanata 1 5
A. anatina 1 4
S. woodiana 15 6 11 4 6 8 3
*K00 1 1 1 1 1 1 1
BPK-5 (mg/l) 2.367 2.250 2.086 2.025 1.722 2.218 2.091
HPK u3
KMnO4 (mg/l) 4.825 3.707 3.213 4.317 4.300 4.509 5.764
Kanuujym Ca
(mafl) 54.400 59.714 55.917 53.083 55.778 48.382 51.909
VkynHa
tBproha (mg/l) 194.000 214.714 194.167 182.750 204.778 171.818 185.273
AMOHHjYM joH
NH4-N (mg/l) 0.074 0.089 0.141 0.066 0.054 0.063 0.085
Hutparu NO3-
N (mg/l) 1.691 0.606 0.758 0.066 1.584 1.422 1.396
PactBopenu
KHCEOHHK
(mg/l) 10.908 8.836 9.159 10.533 9.000 10.591 8.982
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Tlpunosu

TabGena 4. HacTaBak

VY3BogHO 01
yurha banarcka .

Bemixe Mananka T'ony6an Texuja Bpbuma Ana Tuten

Mopage
U. pictorum 6 5 1 22
U. tumidus 10 4 16 7 2 1
U. crassus 1
P. complanata
A. anatina 1 2 2
S. woodiana 4
*K00 1 1 1 1 1 2 2
BPK-5 (mg/l) 1.778 1.860 2.150 1.910 1.703 1.967 2111
HPK u3
KMnO4
(mg/l) 3.062 3.290 3.233 3.383 2.909 4.575 5.967
Kanmmujym Ca
(mg/l) 54.575 51.310 57.583 55.200 53.127 47.429 48.667
VYkynHa
TBpIoha
(mg/l) 185.500 169.800 219.833 181.400 181.091 159.857 168.000
AMOHHjyM
jor NH4-N
(mg/l) 0.106 0.128 0.105 0.115 0.102 0.098 0.161
Hurparu
NO3-N (mg/l) 0.896 1.268 0.617 0.710 0.709 1.105 1.107
PactBopenu
KHACCOHHK
(mg/l) 9.449 8.990 9.258 8.766 9.782 9.017 8.600

C.
Ana Kamuika BapBapun Barpnan Mutposuua IIa6am OcTtpy:kHnna

U. pictorum 4 5 4 23 30
U. tumidus 1 5 1 1 130
U. crassus 1 2 9 2 3
P. complanata 1 1 1
A. anatina
S. woodiana 1 1 8 6 1 5 35
*K00 2 2 3 3 4 4 4
BPK-5 (mg/l) 1.682 2.029 2.358 1.944 1.608 1.383 1.758
HPK wu3
KMnO4
(mg/l) 4.613 5.414 4.833 4591 2.531 2.877 2.858
Kanuujym Ca
(mg/l) 54.286 44.429 54.917 60.636 62.769 66.231 61.917
VYkynna
TBpAoha
(mg/l) 186.286 148.643 221.000 232.545 212.077 213.846 207.750
AMoOHHUjyM
jor NH4-N
(mg/l) 0.087 0.117 0.152 0.160 0.036 0.042 0.055
Hutparu
NO3-N (mg/l) 0.975 1.210 0.542 0.814 0.618 0.677 0.478
PactBopenu
KHACCOHHK
(mg/l) 8.664 9.800 10.692 10.582 10.123 9.700 9.475
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Tabene 4. HacTaBak

Jy6oko

C. Mutposuna (Vvika)
U. pictorum 18
U. tumidus 9 34
U. crassus 47 1
P. complanata
A. anatina
S. woodiana 1 6
*kod 4 4
BPK-5 (mg/l) 1.556 1.871
HPK n3 KMnO4
(mafl) 2.144 2.829
Kanmmujym Ca
(mafl) 65.583 60.143
YkymnHa TBpaoha
(ma/l) 230.083 209.000
AMOHHjYM joH
NH4-N (mg/l) 0.047 0.083
Hurpatn NO3-N
(mafl) 0.617 0.500
PacTtBOopenu
kuceonuk (mg/l) 10.242 9.245

[Tpunor 1. Tabena 5. [puka3 3ajequuile yHHOHHIA U 01a0paHUX eJIeMEeHaTa U3 TPYyIe TeIKUX

MCTaJIa Ha UCTPAKUBAHUM JIOKAJTIUTCTHMA

VY3BoaHO 011

Bbauka

Crapu

batuna ymha Jpase Hananka Hosu Cag CraHKaMeH Benernmn ITanueBo
U. pictorum 2 7 17 2 4
U. tumidus 7 13 22 25 8 19
U. crassus
P. complanata 2 1
A. anatina 8 15 14 1 4 2
S. woodiana 12 8 2 2
*K00 1 1 1 1 1 1 1
gjgfggﬁu (gl 0.20 0.25 0.20 0.20 0.20 0.20 0.20
S;C‘;‘;‘gpeﬂo (gl 2.60 2.67 3.33 2.20 1.75 1.44 2.00
baiap 8.00 20.00 12.67 21.13 18.25 11.88 14.50

pactBopenu (Ug/1)
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Tabena 5. HacTaBak

banarcka .
Mananka T'ony6an Bpbuna PanyjeBan Bena Crena Operarg Opermarg
U. pictorum 8 5 1 7 32 6
U. tumidus 60 34 3 2 15 80 29
U. crassus
P. complanata 5 5
A. anatina 6 4 1
S. woodiana 1 2 6 4 6
*K00 1 1 1 1 1 1 1
Kammjym 0.20 0.20 0.22 0.20 0.11 0.14 0.11
pactBopenu (pg/l)
8;;‘;;3)0 PACTBOPEHO 3.25 1.20 1.20 1.00 0.58 0.81 3.86
](Slj‘gﬁl)” PacTBOpeHH 10.50 10.80 12.60 8.83 22.50 8.39 7.41
VY3BoHO
Opermra Opemra 11“33312;110 barika Crapu ITanueso on ymha
P 1 P 1 E[yaBe ITamanka CrnankameH B.
p Mopase
U. pictorum 6 6 17 5 5 5 6
U. tumidus 29 1 19 23 9 50 10
U. crassus
P. complanata 5
A. anatina 1 4 1
S. woodiana 6 11 4 6 8
*kod 1 1 1 1 1 1 1
Kamvmjym 0.11 0.07 0.01 0.01 0.01 0.04 0.09
pactBopenu (Ug/l)
81“9‘;30 PacTBOpeHo 3.86 1.66 0.25 0.25 0.25 0.50 0.25
baxap pactsopern 7.41 10.77 6.25 5.82 3.44 13.99 3.80
(pa/)
Hussozmo Bbanarcka
on ymrha B. Tory6an Texuja Bpbuma Ana Kammka
[Tamanka
Mopage
U. pictorum 15 1 5 4
U. tumidus 42 4 16 7 2 1
U. crassus 1
P. complanata 1
A. anatina 2 2 2
S. woodiana 7 4 1 1
*K00 1 1 1 1 1 2 2
Kanjym 0.12 0.02 0.06 0.06 0.05 0.02 0.05
pacteopenu (Ug/l)
Onoso 0.25 0.25 0.25 0.25 0.25 0.31 0.25
pactBopeno (Hg/l)
figﬁ;’ PacTBOpeHH 3.75 2.25 6.63 7.63 6.47 2.78 3.97
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Tabena 5. HacTaBak

C. Jy6oko

C. MurtpoBuua Mla6an OcTtpyXHULA Mutposuma (Vmca)
U. pictorum 4 23 30 18
U. tumidus 1 130 9 34
U. crassus 9 3 47 1
P. complanata
A. anatina
S. woodiana 1 35 1
*K00 3 3 3
Kanmujym
pacTBopeHH 0.03 0.02 0.48 0.02 0.72
(hg/1)
OmnoBo
pacTBOpPEHO 0.25 0.27 0.42 0.31 0.36
(Hgll)
Baxap
pacTBopeHH 7.08 7.73 8.87 5.45 9.72
(kg/l)
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BUB/INOTEYKA TOKYMEHTALINJA

Ynueepzumem y Kpaeyjesyy
. A IIPUPO/THO-MATEMATUYKHU DAKYVIITET
annoood 22009 Eonanno 7 HHCTUTYT 34 BUOJIOI'JY U EKOJIOTUIY

000000

Paooja Jlomanosuha 12, 34000 Kpazcyjesay, Cpouja

K/bYUHA JOKYMEHTALIMJA

Peanu Opoj
Tun 3anuca TekcTyaJHN ITAMIAHU MAaTEPUjaJl
Bpcra pana JoxTopcka gucepranmja
AyTop Jenena TomoBuh
MemnTop IIpod. JAp Baagnuna Cumuh
Hacnos pana Exonoruja, 0uonusep3urer u
KOH3epBaluja CJIATKOBOAHMX HIKO/bKH
dbamuimje Unionidae y Cpouju
Je3uk myOaukanuje Cpucku (hupuiauna)
Je3uk nzBoga Cpnckn
3emsba My0JIHKOBaMA Cpouja
TI'onuHa myoaukauuje 2015.
N3paBay AYTOPCKH peNnpuHT
MecTo u agpeca Pagoja lomanoBuha 12
34000 KparyjeBau, Cpouja
Hayuna o6snact buosaoruja
Hay4na qucumniimaa Xuapooéuosiornja
IIpenmeTHa oapeTHNIA/K/bYYHE Pedn Unionidae, exosioruja, crpareruja

KOH3epBaluje, OUOAUBEP3UTET



Yyga ce Y oubanotenu IlpupoaHo-maTeMaTHIKOT
(paxynrera y Kparyjesny, P. Jlomanosuha 12,
34000 KparyjeBau, Cpouja

Ba:xna HanmomeHna
H3Boa

CnarkoBomne mmKojbke ®3 (amuimje Unionidae, mnpeacraBbajy jeaHy on
HAj3HAYQjHUJUX U IIHPOKO PACIIPOCTPAH-CHIUX KOMIIOHCHATA BOJACHHUX CKOCHCTEMa KOTTHEHHX
Bosa. Exoromika ynora oBe TaKCOHOMCKE TPYIE Y BOJACHUM E€KOCHCTEMHMA j€ O] BEIHKOT
3Ha4yaja, ¢ O003MPOM Ja MpPEICTaBba OWTAH E€IEMEHT CTPYKType M (yHKIHje OCHTOCHHX
3ajeiHHIIA. Pa3HOBPCHOCT M pacpoCTpamehe YHUOHUIA, 10 CaJia, HUje aJIeKBaTHO MPOYUYEHO
y Cpbuju, kako y moriemy Opoja Bpcra, TakO M Yy OJHOCY Ha OIIINTE IO3HABAMHE
pacIipocTpameha MojeIUHIX BpcTa M (DakTopa KOju yTUYY Ha I0jaBy TaKCOHA M TYCTUHY
MOITYJTAIIN]a.

[lubeBu OBOr MCTpakuBama OWJIM Cy: Iperyie]] yKymHor Opoja Bpcta y CpOujy,
aHamM3a CTPYKType W JIWHAMHKE IMOMyNalfja YHUOHHIA, JIepUHHCAE OJHOCA BpCTa H
Haj3HAYajHUJUX TapaMeTapa OKpYKema; aHaln3a Mop(oJIOIIKe BaprjabUITHOCTH Pa3TUuIUTUX
HOITyJIalMja, MPUMEHOM METOJa TeOMETPHjCKE W TpaJulMOHaTHe MOp(GOMETpHje U Kao
Kpajibil IWJb, IPOLIEHA PU3HKA O] N3yMUpPamka aKBaTHYHHX BPCTA HA HAIIMOHAJIHOM HUBOY U
IpeJUIOTr CTpaTertje KoH3epBaluje.

Martepujan kopuinheH 3a aHauu3y TMPUKYIJEH € TMpU peanus3alyje BHILIe
HallMOHATHUX M MehyHapogHux mpojekara y mnepuomy 2001.-2013. romuna. Ocum
CaBPEMEHMX HCTpakKMBama, aHAIU30M Cy 00yxBaheHHM M MCTOPUJCKH MOAALM, AOOHjeHe Ha
OCHOBY mperiena noctynHe 30upke Anre Tamuha, [Ipuponmaukor myseja y beorpany, u3s
nepuoga 1953.-1972.

CBeoOyxBaTHOM aHaIM30M MaTepujana, Ha npoctopy CpOuje je yrBpheHo mpHucycTBO
7 BpCTa CIIaTKOBOJHUX IMIKOJbKH U3 (amuiuje Unionidae, cepcranux y yetupu pona. Hajpehu
JUBEp3UTET U OpOJHOCT Tmomynanyje 3al0eleXeHu Cy y JAOHBHM TOKOBMMA BEJIHMKHX
paBHHYApPCKHUX peka (30HU MOoTaMoHa). Y pajy je JaT JeTajbaH Mperjie/l cacTaBa 3ajeHulla
UCTPOXKMBAHUX CIUBOBA, Ca IPHUKA30M TAKCOHOMCKHX U EKOJIOIIKHX KapaKTepHCTUKa
MojeIMHaYHUX BPCTa.

[Topenehn ucropujcke momaTke O Hala3uMa BpPCTa M CaBPEMEHAa MCTPaKUBamba,
yO4YeHE Cy NPOMEHE Yy BEIUYHMHH apeajia ¥ TOIMyJallMOHO] JTUHAMUIIM ITO0jeAMHUX TaKCOHA.
3HauajHO CMamkEHE apeana, OJHOCHO MOTIYHO TOBIAYEeHE ca MPOCTOpa Tle je Hekana
HajakeHa, yTBpheHo je 3a BpcTy A. Cygnea, a Kao HmEeHH PEePyrujyMHd MOTY CE€ O3HAUYHUTH
JEHTHYKH E€KOCHCTeMH KakBe Cy akyMmylnaiuje, jesepa M 0apcko MOYBapHa MoApydja y
Cpbuju.

Ha ocHoBy mcropujckux nonmaraka yrepheHo je aa je Bpcra U. crassus Hekama Ouia
IIUPOKO PacipoCTpameHa M jeHa OJ] HaJIPUCYTHUJUX BPCTa Ha 1ejoM noapydjy Cpouje mo
cpeaune 70-ux roauHa mpouwior Beka. HakoH Tor mepuona, UCTpakMBambUMa U3BPIICHUM Y
MOCJICIIbUX HEKOJIMKO JIeKaJa, YO4YeH je Mmaja OpOJHOCTH MOIyJalHje OBE BPCTE M Camo
CIOpaJuYHU HaJla3u Ha OTpaHWYeHOM mpocTtopy. HajHOBMja wHcTpaxuBama ykKasyjy Ha
MIO3WUTHBAH TIOMYJIAIIMOHN TPEH]I OBE BPCTE, IIPH Y€MY C€ HApOUNTO M3/Baja ciauB Case.

VcnutrBame 0HOCA IPUCYTHUX BpCTa npema (U3NIKO-XEMUJCKUM O0COOMHAaMa BOJIE



Ha aHAIM3MPAHUM JIOKAIUTETHMA, IOKa3ajo je Ja Cy HajBAXHHUjH (PU3NIKO-XEMH]CKH
napamMeTpH: KOHIIGHTpalldja Kajaujyma, ykynHa tBpaoha Boxe, BPK, HPK, xonnenTpammja
HUTpaTa ¥ aMOHHUjyM joHA. Pe3ynraTM KaHOHHM]CKE KOPECIOHJICHTHE aHalu3e yKa3yjy Ha
ouekuBaHo Behy ocerspuBocT Bpcre U. crassus ma BPK, HPK, xonnenTpamnujy HuTpara u
aMOHHM]jyM jOoHa, oHOCHO Behy TonepaHnimjy Bpcre A. anatina Ha moMmeHyte paxTope.

Kao Haj3HavajHMju mapaMmeTpu yTHIdja Ha 3ajeIHUIY CJIIATKOBOJHHMX IIKOJbKH, W3
rpyne TEHmIKMX MeTalla, U3/[Bajajy ce KOHIeHTpauuje O0akpa, ojloBa M KaAMHjyMa y BOJIH.
PesynTatu kaHOHHjCKEe KOPECIIOHICHTHE aHAIN3€e yKa3yjy Ha noBehany oceTsbuBOCT Bpete U.
crassus Ha oBe (akrtope, 70K je Beha Tonepanimja yrBphena 3a A. anatina.

[IpumenomM Meroda TeoMeTpujcke MOpQOMETpHje, aHAIM3WpaHa j€ BapHjaOMIIHOCT
BEJIMYMHE M OOJIMKA JICBOT KallKa JbYHITYPE Pa3IUYMTHX TOMyJalHja CaBpEeMEHHX y30pakKa
MIKOJbKA W aHajuh3a jJeJUHKH KOje Cy NpHUIajajge My3ejCKUM y3opuuma. ['eomerpujcko
MOpP(GOMETPHJCKOM aHAIM30M PEHEHTHUX Yy30paka MOTBpHEHO je IMOCTojame CTaTUCTHYKU
3HaYajHUX MelynomymnanMoOHUX pa3iuKka Yy BapujaOMIHOCTH BeJIMYMHE U  OOJIMKa
MOP(OJIOUIKUX CTPYKTYpa. AHATM30M BapHjaBUIHOCTH MOP(OJIOMIKUX CTPYKTYpa y30paKka u3
My3ejcke 30upKe, MPUMEHOM MeEToJla TeoMeTpujcke MopdomeTpuje, HHUje MNOTBplEeHO
MIOCTOjarbe 3HAYajHUX Pa3lIMKa y BapHjaOMITHOCTH BEIMYMHE U 00JIMKA Pa3IMIUTHX TOJBPCTA,
u3y3eB y caydajy U. tumidus.

AHaJIM30M BapujaOMIIHOCTH JbYIITYpa Ha OCHOBY JEBET IY)KUHCKHX KapakTepa,
MPUMEHOM  TPAJIUIMOHATHOT MOP(OMETPHUJCKOT TPHCTYMa, YTBpheHO je TocTojame
MehyromynanmoHux pasnMKa W CIMYaH TPEHJI OJCTYIama Kao M TPU TEOMETPHjCKO
MOp(}OMETPHU]JCKO] aHAIH3H.

[Tpumenom momudukoanor monena ESHIPPO-PD, yrtBphen je pusuk ox usymupama U
MIPUOPUTET KOH3EpBallMje Ha JIOKATHOM HHUBOY 3a aHaim3upaHe Bpcre. 3a U. crassus, P.
complanata u A. cygnea ozpeljeH je mpBH CTEIEH MPHOPHUTETA 3AIITUTE, OJHOCHO BHCOK HHBO
pH3HKa OJ] U3yMHUpamha Ha HAIMOHATHOM HHBOY. YMepeHu pusuka on uzymupama (Il crenen
IpHOpPUTETa KOH3epBalluje) ouerweH je 3a Bpcre U. pictorum u A. anatina, nok ce 3a U.
tumidus yowaBa na je pusuk o usymupama Mamk (lll cremen mpuoputera 3amTHTE).
Awnamuzom enemenara mozena (ES+HIPPO+PD), u3znBajajy ce hakTopu Koju HajBUILE YTHIY
Ha YIpO’KEHOCT JaTHX BpPCTa W Ha Taj HauMH omoryhaBajy JAepuHHUCame aJeKBaTHUX Mepe
KOH3€pBallije Ha HAIIUOHAJTHOM HHBOY.

JlaTym mpuxBaTama TeMe 0] CTPaHe
HHB
JaTym onopane

IIpod. np Bnaguua Cumuh
YnanoBH KOMHCH]e Bumu Hayynu capagnuk aAp Momup Ilaynosuh

Jouent ap Jacna JlajTHep
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Abstract

Freshwater mussels from the family Unionidae, represent one of the most significant
and widespread components of inland water ecosystems. Ecological role of this taxonomic
group within water ecosystems is of great significance being an important structural and
functional element of benthic communities. The diversity and distribution of Unionidae have
not been researched adequately so far in Serbia, neither the species richness, nor general
distribution of individual species and factors affecting the emergence of the taxon and
populations density.

The aims of this research were: review of total number of species in Serbia; analysis of
structure and dynamics of Unionidae populations; definition of relations between species and
most significant environment parameters; morphological variability analysis of different
populations applying the method of geometric and traditional morphometrics and, as the final
aim, risk evalulation regarding aquatic species extinction on national level and a conservation
strategy recommendation.

Material used for analysis was collected during the realization of several national and
international projects during the period 2001-2013. Besides contemporary researches, the
analysis also includes historical data obtained from available collection of Ante Tadi¢ from
the Natural History Museum in Belgrade, period 1953-1972.

A thorough material analysis in the region of Serbia led to the determination of
presence of 7 fresh water mussels species from family Unionidae, classified into 3 genera.
The highest diversity and population abundance were recorded in lower parts large lowlan
rivers (potamon zone). The detailed overview of communities composition found in the
investigated river basins with a review of taxonomic and ecological traits of individual species
was presented.

The comparison of historical data and contemporary investigations shows there are
changes in habitat size and population dynamics of individual taxons. Significant reduction in
the habitat size, i.e. complete retreat from the area where it used to be found earlier was
determined for the species A. cygnea and lentic ecosystems can be marked as their refugium,
such as accumulations, lakes, marsh and swamp regions in Serbia.

Based on historical data, it was determined that U. crassus species used to be
widespread and one of the most represented species in whole region of Serbia until mid-
1970's. After that period, in the investigations carried out during last several decades, the
decrease in the number of this population was observed, as well as only sporadic findings in a
limited area. The latest investigations indicate to a positive population trend of this species,
especially in the Sava river basin.

The invastigation of relations among present species based on physical and chemical
characteristics of water in analyzed localities has shown that the most important physical and



chemical parameters are as follows: Calcium concentration, total water hardness, BPK, HPK,
nitrate concentration and ammonium ion concentration.

The results of canonical correspondence analysis indicate to an expectedly higher
sensitivity of species U. crassus to BPK, HPK, nitrates and ammonium ion concentration, i.e.
greater tolerance of species A. anatina to the above listed factors.

The parameters with the most significant influence on freshwater mussels community
among the group of heavy metals are the concentrations of copper, lead and cadmium in
water. The results of canonical correspondence analysis indicate to an increased sensitivity of
species U. crassus to these factors, while a greater tolerance of species A. anatina to these
factors was recorded.

Using geometric morphometrics method, the size and shape variability of shell left
valva of different contemporary shell populations samples were analized, as well as the
specimens belonging to museum samples. Geometric morphometrics analysis of recent
samples confirms the existence of statistically significant intrapopulation differences in size
and shape variability of morphological structures. Morphological structures variability
analysis of museum samples, applying the geometric morphometrics method, does not
confirm the existence of significant differences within variability of size and shape of various
varieties, except in the case of U. tumidus.

Using shell variability analysis based on nine linear characters, applying the traditional
morphometric approach, the existence of intrapopulation differences was determined, as well
as a similar trend of deviations like in geometric morphometrics analysis.

Applying the modified model ESHIPPO-PD, the risk of extinction and the priority of
conservation on a local level were determined for the analized species. The first level of
protection priority was determined for U. crassus, P. comlanata and A. cygnea, i.e. high
extinction risk at local level. A moderate risk (the second level of conservation priority) was
estimated for species U. pictorum and A. anatina, while the extiction risk is lower for U.
tumidus (the third level of protection priority). The analysis of element included in model
ES+HIPPO+PD, singles out the factor of greatest influence on endangeredness of given
species and therefor enables the definition of adequate conservation measures at national
level.
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Abstract:

The aim of this study is to present the distribution of aquatic molluscs along a 2600 km long stretch of the

Danube River based on information obtained during the Second Joint Danube Survey (JDS2) in 2007. The
collected data are used to validate the abiotic typology of the Danube River and to determine the extent of
variations in mollusc richness and composition that can be explained by the basic habitat characteristics
of the sites. The examination of the distribution of mollusc fauna reveals differences between the three
main sectors of the river, the Upper, Middle and Lower Danube. The Iron Gate Section was identified as
the boundary between the Middle and Lower Danube. A total of 42 aquatic mollusc species-group taxa of
14 families are detected within the study area. The Middle and Upper sectors are characterised by higher
species richness and diversity as compared to the Lower Danube.

Keywords: Aquatic molluscs, river section type, Danube River

Introduction

The aim of the present study is to divide the Danube
River into sectors as a framework for the identifica-
tion of water bodies, the main sub-objects of the wa-
ter management as stated in the requirements of the
EU Water Framework Directive (WFD 2000), based
on the distribution of mollusc fauna.

A series of localities was sampled along the en-
tire length of the Danube River during the Second
Joint Danube Survey (JDS 2) in 2007. The Survey
provided comparable data on the composition of
mollusc fauna of this complex river system. This
fact illustrates the necessity for an effective section-
ing (typology) that should reflect the natural state in
order to define efficacious management. Namely, the
WEFD (2000) requires the design of specific monitor-
ing and assessment system, which implies necessity
of using specific metrics and threshold values for

each water type/ group of types, in order to assess
properly the ecological status.

The main characteristics of the Danube River
Basin are presented in LASzZLOFFY (1965), LITERATHY ef
al. (2002), RoerT et al. (2003), and Tusi¢ et al. (2013).
The Danube River is the second largest European river
(length of 2857 km and catchments size of 801 463
km?) and more than 80 million people, residing in 19
countries, share the Danube River catchment area,
making it the world’s most international river basin.

Until the end of the 19" century, the Danube
River possessed a natural dynamics, exhibiting a huge
capacity for self-purification and constant changes of
its course (TuBIC et al. 2013). The steady degradation of
the Danube’s environment has destroyed over 80% of
its wetlands, floodplains and floodplain forests (TuBic¢
et al. 2013) and consequently much of its biodiversity.
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A precise typology has been considered by the
Water Framework Directive (WFD 2000) to be an
important aspect of effective water management and
monitoring of the ecological status.

Based on the catchment geology, described by
several authors (LAszLOFFY 1965, LITERATHY et al.
2002, RoBERT et al. 2003), the Danube River can be
divided into three sub-regions: the Upper, Middle
and Lower Danube.

The Upper Basin, which has an area of 132,000
km?, extends from the source tributaries in the
Black Forest (Germany) to the Devin Gate (Slovak
Republic). The Middle Basin, with an area of 445,000
km?, is the largest sub-region. It includes the part from
the Devin Gate (Slovakia/ Austria) to the Iron Gate
Dams (Serbia/ Romania). The Lower Danube Basin,
with an area of 241,000 km?, extends from the Iron
Gate to Sulina (the Black Sea Mouth of the Danube
River) and includes the very large river delta.

A division based on the river slope has gener-
ated six sections (LAszLorry 1965). Nine distinct
reaches have been characterised considering specific
geomorphological landscape features, as well as an-
thropogenic impacts (LITERATHY ef al. 2002), while
ROBERT et al. (2003) have divided the Danube River
into ten section types.

Molluscs constitute one of the largest inverte-
brate phyla with regard to the number of identified
species and relative abundance, especially in large
lowland rivers (JAKOVCEv 1987, 1988, ARAMBASIC
1994, Simic et al. 1997, Svic¢, Simi¢ 2004, GOMES et
al. 2004, PauNovic et al. 2005, 2007a, TuBIC et al.
2013). The Gastropoda and Bivalvia are best repre-
sented in benthic systems and the species belonging
to these classes have been used to characterise ben-
thic associations (Diaz, Puvana 1994).

While several studies have been carried out on
the benthic communities of the Danube River basin,
the spatial patterns displayed by benthic communities
and identification of the factors responsible for the ob-
served patterns have not been investigated fully (Smmi¢
et al. 1997, Mooc 2002, Stmic, Simic 2004, LorRENZ,
HEeriNG 2004, PauNoviC et al. 2005, 2007a, TomoviC et
al. 2010, Bopis et al. 2011, Tusic et al. 2013).

Considering the actual stretch that was covered
by the present investigation, the results of this study
should contribute to a more accurate sectioning of a
large lowland river such as the Danube River.

Material and Methods

Study area and sampling

Sampling was performed at 96 sites along 2600
km of the Danube River (Table 1, Fig. 1) from
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13 August to 26 September 2007. Out of the total
number of sites, 24 sampling points were positioned
in the mouth section of the main tributaries or side
arms. The samples were collected by a hand net with
mesh size of 500 pum (EN 27828:1994), benthologi-
cal dredge, scratching from hard substrates, and by
free diving (up to a depth of 5 m).

The essential habitat characteristics of the sites:
type of river channel, the level of hydromorphologi-
cal degradation, the predominant substrate, habitat
diversity, and the data about surface flow velocity
were collected during the survey (Liska ef al. 2008).

Data analysis

The basic community characteristics (sapro-
bic condition, current preference, preference to
bottom substrate type, general river zonation and
feeding types) were calculated using Asterics soft-
ware (AQEM 2002). The autecological data were
taken from AQEM (2002) and NESEMANN, REISCHUTZ
(2002a,b).

In order to analyse the differences between the
sites and sections, frequency analyses for each spe-
cies were performed. The following scale was used
to evaluate constancy: F =0-0.25 — accidental spe-
cies; F,=0.25-0.50 — accessory taxa; F,=0.50-0.75 —
constant; and F =0.75-1 — euconstant.

The Correspondence Analysis (PiELou 1984)
was performed in order to analyse the mollusc dis-
tribution. The software package Statistica 6 for
Windows was used for statistical processing of the
data and graphic visualisation. To downweight large
numbers and ensure normal distributed values, the
statistical analysis was performed on transformed
logarithmic individual abundance values. Adding
the number 1 was performed before transformation
of the abundance values on each number.

The basic abiotic typology of the Danube River
served as a framework for the analyses (ROBERT ef
al. 2003). The typology of the Danube River accord-
ing to ROBERT et al. (2003) comprises ten sections:
Upper course of the Danube, Western Alpine Foothills
Danube, Eastern Alpine Foothills Danube, Lower
Alpine Foothills Danube, Hungarian Danube Bend,
Pannonian Plain Danube, Iron Gate Danube, Western
Pontic Danube, Eastern Wallachian Danube and
Danube Delta. The aim was to validate this division of
the river into ten section types, based on the distribution
of molluscs which served as a parameter that could pro-
vide more precise sectioning of the Danube River.

Results

During our investigation, molluscs were found to be
one of the principal components of the macroinver-
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Table 1. Sampling sites along the Danube River studied by the Second Joint Danube Survey (JDS2), 2007

JDS2 Site rkm JDS2 Site rkm
1 Upstream Iller 2600 49 Tisa (rkm 1.0) 1215
2 Kelheim — gauging station 2415 50 Downstream Tisa/ Upstream Sava (Belegis) 1200
3 Geisling Power Plant 2354 51 Sava (rkm 7.0) 1170
4 Deggendorf 2285 52 Upstream Pancevo/ Downstream Sava 1159
5 Niederalteich 2278 53 Downstream Pancevo 1151
6 Inn, tkm 4.2 2225 54 Grocka 1132
7 Jochenstein 2204 55 Upstream Velika Morava 1107
8 Upstream dam Abwinden-Asten 2120 56 Velika Morava 1103
9 Upstream dam Ybbs-Persenbeug 2061 57 Downstream Velika Morava 1097
10 Oberloiben 2008 58 Starapalanka — Ram 1077
11 Upstream dam Greifenstein 1950 59 Banatska Palanka/ Bazias 1071
12 Klosterneuburg 1942 60 Irongate Reservoir (Golubac/ Koronin) 1040
13 Wildungsmauer 1895 61 Donji Milanovac 991
14 Upstream Morava (Hainburg) 1881 62 Irongate Reservoir (Tekija/ Orsova) 954
15 Morava (rkm 0.08) 1880 63 Vrbica/ Simijan 926
16 Bratislava 1869 64 Iron Gate II 865
17 Gabcikovo Reservoir 1852 65 Upstream Timok (Rudujevac/ Gruia) 849
18 Medvedov/ Medve 1806 66 Timok (rkm 0.2) 845
19 Moson Danube Arm — end (rkm 0.1) 1794 67 Pristol/ Novo Selo Harbour 834

20 Komarno/ Komarom 1768 68 Calafat 795
21 Vah (rkm 0.8) 1766 69 Downstream Kozloduy 685
22 Iza/ Szony 1761 70 Upstream Iskar (Bajkal) 640
23 Sturovo/ Esztergom 1719 71 Iskar (rkm 0.3) 637
24 Hron (rkm 0.5) 1716 72 Downstream Iskar 629
25 Ipoly (tkm 0.7) 1708 73 Upstream Olt 606
26 Szob 1707 74 Olt (rkm 0.4) 605
27 Upstream end of Szentendre Island 1692 75 Downstream Olt 602
28 Upstream end (()irilzf ntendre Island 1692 76 Downstream Turnu-Magurele/ Nikopol 579
29 Budapest upstream 1659 77 Downstream Zimnicea/ Svishtov 550
30 Budapest (old Danube) end of S.arm 1658 78 Yantra (rkm 1.0) 537
31 | Rackeve-Soroksar Danube Arm - start | 1642 79 Downstream Yantra 532
32 Budapest downstream 1632 80 Upstream Ruse 500
33 Adony/ Lorév 1605 81 Russenski Lom 498
34 | Rackeve-Soroksar Danube Arm - end | 1586 82 Downstream Ruse/ Giurgiu 488
35 Dunafoldvar 1560 83 Upstream Arges 434
36 Paks 1533 84 Arges 432
37 Sio (rkm 1.0) 1497 85 Downstream Arges, Oltenita 429
38 Baja 1481 86 Chiciu/ Silistra 378
39 Hercegszanto 1434 87 Upstream Cernavoda 295
40 Batina 1424 88 Giurgeni 235
41 Upstream Drava 1384 89 Braila 167
42 Drava (tkm 1.4) 1379 90 Siret (rkm 1.0) 154
43 | Downstream Drava (Erdut/ Bogojevo) | 1367 91 Prut (rkm 1.0) 135
44 Dalj 1355 92 Reni 130
45 Ilok/ Backa Palanka 1300 93 Vilkova - Chilia arm/ Kilia arm 18
46 Upstream Novi-Sad 1262 94 Bystroe canal (to be confirmed)

47 Downstream Novi-Sad 1252 95 Sulina - Sulina arm

48 Upstream Tisa (Stari Slankamen) 1216 96 Sf. Gheorghe - Sf. Gheorghe arm
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Note: Country codes according ISO 3166
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Fig. 1. Sampling location within the study area

tebrate communities with regard to species richness
(19%) and relative abundance (35.7%). A total of 42
aquatic mollusc species-group taxa of 14 families
were detected in the area of investigation. A total of
21 species, belonging to 10 families of gastropods
and 21 taxa belonging to four families of bivalves
was recorded (Table 2).

According to the ecological classification of
taxa with regard to the saprobic conditions (saprobic
valence) of NEsemann, ReiscHuTz (2002a, b), a ma-
jority of 47.25% of the registered species belonged
to the beta-mesosaprobic, while 15.89% of the taxa
could be characterised as an alpha-mesosaprobic
group (the species tolerant of moderate organic load-
ing). The species adapted to high organic loading
(poly-saprobic) were represented by only 0.1% of
the total number of taxa. The percentage participa-
tion of the species classified as sensitive to organic
pollution (xeno-saprobic and oligo-saprobic taxa)
was 4.1%. For the remaining species (27.7%) there
were no available data about saprobic tolerance.

The majority of the recorded taxa (43.32%)
were characteristic of bottom substrate types typical
for large lowland rivers (the observed substrate types
were pelal, psammal and argillal). The argillophilous
taxa contributed to 9.69% of the total number of re-
corded mollusc species, while the taxa with prefer-
ences for psammal and pelal macrohabitats contrib-
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uted to 16.93% and 16.7, respectively. The lithophil-
ous species that prefer larger fraction of the substrate
(>2cm) were represented by 13.1%, while taxa char-
acterised as phytophilous participated with 2.83%
of the total number of the identified species. For the
remaining species there was not enough information
about their microhabitat preference (AQEM 2002).

According to classification with regard to the
longitudinal zonation, the greatest part of the record-
ed taxa (75.5%) were potamal species (characteristic
of the lower stretches of the river). A smaller number
(5.8%) of species was confined to the upper stretch
of the river (rhithral species).

In respect of the current preferences of mol-
lusc species, the majority of the identified species
was characteristic of slow-flowing streams and len-
tic zones (rheo- to limnophilous taxa — RL-41.81%
of the total number of the recorded species). The
recorded community was characterised by small
numbers of species, distinguished as limno- to rhe-
ophilous taxa (Type LR—1.50%), i.e. taxa that pre-
fer standing waters. A significant number of species
(12%) was apparently indifferent to the prevailing
current conditions, while 31.56% of the taxa could
not be classified with regard to the prevailing prefer-
ence due to a lack of relevant data (AQEM 2002).

Concerning the prevalent feeding types, the
highest proportion of molluscs were gatherers and
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Fig. 2a. Distribution of Dreissena polymorpha and Dreissena bugensis along the Danube River
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Fig. 2b. Distribution of Fagotia daudebartii acicularis and Fagotia esperi along the Danube River
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Fig. 2c. Distribution of Theodoxus danubialis,

collectors (27.86%). The proportion of the active
filter-feeding organisms was 22.93%, while the
grazers and scrapers participated with 21.05% spe-
cies in the total mollusc community. For 24.15% of
detected taxa, data about the feeding types were not
available.
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Theodoxus fluviatilis and Theodoxus transversalis along the Danube River

When the Danube sections were compared in
terms of taxa richness, the Hungarian Danube Bend
(middle stretch) section with 30 recorded taxa, clear-
ly stood out as significant with regard to biodiver-
sity. Considerable taxa richness was detected in the
Lower Alpine Foothills Danube section (the upper
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stretch) and in the Pannonian Plain Danube section
(the middle stretch), with 27 taxa each, as well as
in the Western Pontic Danube section (the lower
stretch), with 20 taxa; the number of taxa in the other
sections was lower.

The analysis of the faunistic composition re-
vealed that the main members of the mollusc com-
munity with regard to relative abundance were the
gastropods Lithoglyphus naticoides (37.5%) and
Theodoxus fluviatilis (7.5%) as well as the bivalves
Corbicula fuminea (25.5%) and Dreissena polymor-
pha (3.3%). The percentage participation of other
taxa was significantly lower.

According to the frequency analyses (occur-
rence of taxa in all samples/ at sampling sites), two
euconstant taxa were recorded — C. fluminea and L.
naticoides (F =0.79-0.87). Unio tumidus and T. fluvi-
atilis were constant taxa (F,=0.54-0.65). Four gastro-
pods (Fagotia esperi, Fagotia daudebartii acicula-
ris, Theodoxus danubialis, and Viviparus acerosus)
and six bivalve species (Anodonta anatina, Pisidium
supinum, Sinanodonta woodiana, Sphaerium rivico-
la, Unio pictorum and Dreissena polymorpha) could
be considered as accessory (F,=0.25-0.48). The fre-
quencies of the remaining taxa were very low (F,
ranged 0.01-0.23).

Two invasive species of Asian clams were de-
tected in the area of investigation. The first of them,
Corbicula fluminalis, was extremely rare and oc-
curred only at three sampling sites: JDS 5 (2278
rkm), JDS 11 (1950 rkm) and JDS 38 (1481 rkm)
from the Upper and Middle Danube, according to
the classification of LAszLOrry (1965). This find-
ing is in striking contrast with another species, C.
fuminea, which was found in dense populations in
many sections.

Unio pictorum and U. tumidus were the most
common large mussel taxa in the investigated area.
U. pictorum was identified already in the uppermost
section of the Danube River and both species attained
very high abundance in the Hungarian-Slovakian
section up to the Iron Gate I Reservoir (Golubac/
Koronin).

A stable population density of the invasive spe-
cies Sinanodonta woodiana was observed between
the Middle Danube and the Danube Delta, with
the largest population density in the stretch from
Hungary to the Drava confluence. 4. anatina was
rarely observed in the upper sections and was abun-
dant in the stretch from the Gabcikovo Reservoir
(JDS17) to the Drava confluence.

Two introduced dreissenid species were detect-
ed in the Danube River. D. polymorpha was one of
the most abundant species in the Upper and Middle
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Danube, while the new invader Dreissena bugensis
was detected in the section between the Iron Gate 11
(JDS64) and the Delta — JDS96 (Fig. 2a).

Based on our data, all species of the genus
Pisidium (7 species) were observed to populate the
section between Kelheim (JDS 2; 2415rkm) and Paks
(JDS 37; 1497 rkm). Among them, only P. amnicum
was detected in the downstream part of the river un-
til 1132 rkm (site JDS54), with low abundance.

While occasionally occurring in the Middle
Stretch, F. daudebartii acicularis and F. esperi were
more frequent and abundant in the Lower Sector and
the Danube Delta (Fig. 2b).

The highest population density of 7. fluviati-
lis was detected in the Upper and Middle Sectors
of the Danube River, according to the classification
of LAszLOFFY (1965). Peaks in the population den-
sity were detected in the Austrian, Slovakian and
Hungarian Sections (Fig. 2¢).

T. danubialis had a stable population in the
Slovakian-Hungarian Danube. It was also record-
ed in the Serbian stretch. Downstream of the Iron
Gate II it was one of the most frequent species in
the Lower Stretch (Fig. 2¢). Theodoxus transversa-
lis (Fig. 2c) was detected in a very restricted section
and only in the Lower Danube (JDS70-86).

The distribution of the sampling sites in a bi-
dimensional space generated by the correspondence
analyses (PieLou 1984) is presented in Fig. 3. The
Upper course of the Danube River (Section 1) con-
tains only one locality (the source of the Danube
River) and it is completely different from the other
Danube Sections. In order to present more clearly the
distribution of molluscs along the Danube, Section 1
was excluded from the analysis. The correspondence
analysis clearly shows changes in mollusc commu-
nities along the watercourse. The sites along the
Upper Danube are situated in the upper right area
of the diagram. The sites that belong to the Middle
Sector are grouped around zero position. The Lower
Danube sites are located on the left side of the dia-
gram (classification according to LASzZLOFFY 1965).
The greatest dispersion was observed between the
sampling sites in the Upper Danube Sector (the sam-
pling sites at the Alpine Foothills Danube and the
Lower Alpine Foothills Sections). Moreover, based
on the resulting diagram, smaller differences were
detected between the sites of the Middle Danube and
Lower Danube Sector. In the Middle Danube, most
of the species were found in the Hungarian Danube
Bend and were also presented in the Pannonian Plain
Danube. The positioning of the sampling sites on the
graph (Fig. 3) revealed some similarities in the com-
position of mollusc fauna among the samples from
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Table 2. List of identified molluscs taxa from the Danube River in the frames of the Second Joint Danube Survey

(JDS2), 2007
GASTROPODA Viviparus acerosus (Bourguignat, 1862)
ACROLOXIDAE Viviparus viviparus (Linnaeus, 1758)
Acroloxus lacustris (Linnaeus, 1758) Viviparus sp.
PLANORBIDAE BIVALVIA
Ancylus fluviatilis O. F. Miiller, 1774 CORBICULIDAE

Gyraulus albus (O. F. Miiller, 1774)

Corbicula fluminalis (O. F. Miiller, 1774)

Planorbis carinatus O. F. Miiller, 1774

Corbicula fluminea (O. F. Miiller, 1774)

BITHYNIIDAE DREISSENIDAE
Bithynia tentaculata (Linnacus, 1758) Dreissena bugensis (Andrusov, 1897)
VALVATIDAE Dreissena polymorpha (Pallas, 1771)

Borysthenia naticina (Menke, 1845)

SPHAERIIDAE

Valvata piscinalis piscinalis (O. F. Miiller, 1774)

Musculium lacustre (O. F. Miiller, 1774)

MELANOPSIDAE

Pisidium amnicum (O. F. Miiller, 1774)

Fagotia daudebartii acicularis (A. Férussac, 1823)

Pisidium casertanum var. ponderosum (Stelfox, 1918)

Fagotia esperi (A. Férussac, 1823)

Pisidium henslowanum (Sheppard, 1823)

Amphimelania holandrii (Pfeiffer, 1828)

Pisidium moitessierianum Paladilhe, 1866

HYDROBIIDAE

Pisidium nitidum Jenyns, 1832

Lithoglyphus naticoides (C. Pfeiffer, 1828)

Pisidium subtruncatum Malm, 1855

Potamopyrgus antipodarum (Gray, 1843)

Pisidium supinum A. Schmidt, 1851

PHYSIDAE

Sphaerium corneum (Linnaeus, 1758)

Physa fontinalis (Linnaeus, 1758)

Sphaerium rivicola (Lamarck, 1818)

Haitia acuta (Draparnaud, 1805)

Sphaerium solidum (Normand, 1844)

LYMNAEIDAE UNIONIDAE
Radlix balthica (Linnaeus, 1758) Pseudanodonta complanata (Rossmissler, 1835)
NERITIDAE Sinanodonta woodiana (Lea, 1834)

Theodoxus danubialis (Pfeiffer, 1828)

Anodonta anatina (Linnaeus, 1758)

Theodoxus fluviatilis (Linnaeus, 1758)

Unio crassus Philipsson, 1788

Theodoxus transversalis (Pfeiffer, 1828)

Unio pictorum (Linnaeus, 1758)

VIVIPARIDAE

Unio tumidus Philipsson, 1788

the Lower Danube (Western Pontic Danube, Eastern
Wallachian Danube) and the Danube Delta.

The Iron Gate area could be considered as an
intermediary zone between the Middle and Lower
Danube.

The characteristic locations of the samples on
the diagram are mainly a result of both a shift in the
principal components of mollusc communities (the
euconstant, constant and abundant species described
above) and the absence of certain species in particu-
lar stretches of the river.

In the Upper Danube, 28 taxa were identified.
The stretch was typified by the presence of taxa that
were not identified in other sectors, such as Ancylus
fluviatilis, Gyraulus albus and Planorbis carinatus.
The dominant taxa in the Upper Sector with re-
gard to frequency and abundance were the invasive
snail species Potamopyrgus antipodarum (F= 0.71,
31.9%) and L. naticoides (F=0.71, 15.8%).

The greatest species richness (36 taxa) was ob-
served in the Middle Sector. In terms of abundance,

the most dominant species were L. naticoides (43.9%)
and T. fluviatilis (12.2%), with frequencies of occur-
rence of F=0.9 and F=0.8, respectively. Two charac-
teristic species that occurred only in the Middle Sector
were Acroloxus lacustris and Unio crassus. A single
finding of Unio crassus at three sampling sites (JDS
21,23 and 25 — the Middle Danube) is worth mention-
ing. According to the IUCN classification, this spe-
cies is considered endangered in Europe (VAN DAMM
2011a) and is included in the European Union list of
species of special community interest (92/43/EEC).

It is also worth mentioning the occasional
occurrence of Pseudanodonta complanata in the
Middle and Lower sections of the Danube River.
This species is endangered in many countries and in-
cluded as a vulnerable species in the [IUCN Red List
(Van Damm 2011b).

In the Lower Danube, 26 mollusc taxa were
identified. Three distinct species identified in the
Lower reach and found only in this sector were
Amphimelania holandrii, T. transversalis and D. bu-
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Fig 3. Correspondence analysis of mollusc community

gensis. The most dominant taxa in regard to relative
abundance were L. naticoides (33.9%) and C. flu-
minea (43.6%), which were also observed as domi-
nant species with respect to frequency (F=0.94).
Aside from the most frequent mussel species in the
Lower sector, a high frequency was determined for
the snail 7. danubialis (F=0.68).

Discussion

In general, the recorded mollusc fauna described along
the Danube River is characteristic of the large pota-
mon types of rivers in the Danube Basin (Paunovi¢
et al. 2008, 2012, Tomovi¢ et al. 2012, 2013, Tusic
et al. 2013). This result confirmed that the major part
of the investigated stretch is a typical potamon river
type. A shift in the distribution patterns in the mol-
lusc communities correlated highly with changes in
the complex of environmental parameters, such as the
dominant type of river bed and current velocity.

The Danube River belongs to the Southern
Invasive Corridor (the Black Sea-Danube-Main/
Danube Channel-Main-Rhine-North Sea waterway),
being one of the four most important European
routes of spread of invasive species (GALIL ef al.
2007). The river is exposed to intensive colonisation
by aquatic invasive species throughout the Danube
Basin. The dispersal of certain non-indigenous mol-
lusc species in the Danube River has been discussed
by several authors (Paunovi¢ et al. 2006, 2007b,
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SoN 2007, Rakovic¢ et al. 2013, Bobis et al. 2012a,
b, 2014.). Based on our results, several mollusc
species were identified as the most prominent mol-
lusc invaders in the Danube River. These were five
species of Bivalvia (C. fluminea, C. fluminalis, D.
polymorpha, D. bugensis and S. woodiana), and one
gastropod species (P. antipodarum). The latter was
the predominant species, with huge population size,
inhabiting the stretch from the Geisling Power Plant
(2354 rkm) to the Gabcikovo Reservoir (1852 rkm),
with occasional occurrence up to Paks (1533 rkm).
The distribution of the mollusc fauna clearly
revealed the differences between the three main
stretches of the river. Based on the results of the cor-
respondence analysis supported by the total mollusc
data set, three sector types of the Danube River with
one transitional zone might be distinguished. The
sites that are in the transitional zone (JDS59, JDS60,
JDS61, and JDS62) were not clearly positioned along
one stretch. The Iron Gate Section has been identi-
fied as the boundary between the Middle and Lower
Danube with respect to the hydro-morphological
conditions and concentration of natural differences
between the sectors situated upstream and down-
stream (ROBERT et al. 2003, TusiC et al. 2013). The
analysis of the composition of the macroinvertebrate
community in the sector upstream of the Iron Gate
(km 1083-1071) revealed a similar situation. In this
sense, the Iron Gate was indicated as the border zone
between the Middle and Lower Danube (Paunovi¢
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et al. 2005). We pointed out previously that the sec-
tor concerned is influenced both by the downstream
sector (the Lower Danube) and the upstream zone
(the Middle Danube). This case confirms the con-
cept of a gradual longitudinal change as described
by Stankovic (1960) and later discussed in the River
Continuum concept by VANNOTE ef al. (1980).

The separation into a larger number of stretch-
es by abiotic typology (ROBERT ef al. 2003) was not
confirmed in our study. This was probably because
of the ecological plasticity in a significant number
of the recorded species (Moo 2002) and the hy-
drological pressures that can significantly change
the natural distribution of taxa and the structure of
communities. The intensity of hydromorphological
pressure, which was most pronounced in the Upper
Sector and the Iron Gate stretch, is illustrated by the
fact that along the main course of the Danube River,
69 dams were built and that 30% of the Danube’s
total length was affected by changes in the sedi-
ment transport, flow velocity and the groundwater
regime (SOMMERWERK ef al. 2009). According to
ELLis (1942), an impounded river exhibits silt accu-
mulation, loss of shallow water habitats, stagnation,
accumulation of pollutants and depletion of nutri-
ents. The changes in mollusc communities caused
by hydromorphological modifications are complex
and range from a reduction in species numbers and
their replacement with other species to exchanges of
abundant taxa with non-indigenous taxa.

A considerable amount of data collected in the
course of JDS2 illustrates the longitudinal distribu-
tion of mollusc taxa in the Danube River. These re-
sults form a very important part of the second detailed
international Danube survey program that is aimed at
describing the basic faunal composition of this river.
In general, the Mollusca (Gastropoda, Bivalvia) con-
tribute to the most characteristic taxonomic group,
which inhabits the near-littoral zone of the Danube
River. Mollusc taxa are one of the principal compo-
nents of the macrozoobenthos communities at any of
the sampling sites in the Upper, Middle and Lower
Sections of the river (GRrAF ef al. 2008).

Our results are in agreement with authors
who investigated the Danube River or other large
European rivers in that the molluscs are one of the
main groups of animal communities in large lowland
rivers that could clearly demonstrate the river typol-
ogy (Paunovi¢ et al. 2008, TuBIC ef al. 2013).

The composition and spatial heterogeneity of the
bottom substrate exerts the most important influence on
the structure and composition of mollusc communities,
as well as their diversity and abundance in different
lentic waters (e.g. HARMAN 1972, BAILEY 1988, SPorKA

and Nacy 1998, WEIGAND, STADLER 2000, LEWIN
2006). Previous studies (Haukioja, Hakara 1974,
LEwANDOWSKI, STANCZYKOWSKA 1975) and our results
demonstrate that molluscs prefer free flowing stretches
of rivers and that they attain high abundance in shallow
waters in the littoral part, with a relatively few species
capable of colonising impoundment depths.

The findings presented herein document the
patterns of species composition and diversity in re-
lation to the substrate type. The malacocoenoses in
the habitats of the Middle and Upper Danube were
characterised by higher species richness and diver-
sity as compared to the sites in the Lower Danube.
Considering the variation among the dominant sedi-
ment types in the particular stretches of the Danube
River, this could be the main reason for the observed
differences. The Upper Danube is characterised by
reaches of the Alpine river type. The transitional zone
between the Alpine and lowland river types is situat-
ed between the Gabcikovo Reservoir (river km 1816)
and Budapest (upstream the city, river km 1659). This
sector is characterised by a preponderance of coarse
(20-63 mm) and medium gravel (6.3-20 mm). The
Middle Sector is distinguished by a higher proportion
of habitats with fine and medium gravel (2-6.3 mm
and 6.3-20 mm, respectively) and silt (<0.63 mm),
while the Lower stretch is predominantly character-
ised by sand (0.63-2 mm) and silt (<0.63 mm), with
significant amounts of organic material.

Concerning the longitudinal zonation, the ma-
jority of the recorded species is typical of the lower
stretches of the river (potamal species). The recorded
assemblages were characterisd by a predominance
of taxa that prefer slow-flowing streams and lentic
zones (rheo- and limnophilous taxa), as well as by
species that prefer fine-grained substrates.

It seems that the characteristics of the habitat
type in the study area are one of the most important
environmental factors that influence the composition
of mollusc communities and their species richness in
this large lowland river.
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Abstract - Sinanodonta woodiana (Lea, 1834), Chinese pond mussel (Bivalvia: Unionoida: Unionidae) is one of the most
invasive aquatic macroinvertebrate species found in Europe. We report the Chinese pond mussel for the first time in Mon-
tenegro, in August 2012, in Lake Sasko (Adriatic part of the Central Mediterranean subarea). One specimen of the Chinese
pond mussel was observed in a habitat with a predominantly silt-clay substrate. The main pathway of species introduction

was evaluated to be via fish stocking.

Key words: Alien species, biological invasions, nonindigenous species, Montnegro

INTRODUCTION

The aim of this paper is to present the first finding
of the nonindigenous invasive species Sinanodonta
woodiana (Lea, 1834) or the Chinese pond mussel,
(Bivalvia: Unionoida: Unionidae), one of the most in-
vasive freshwater mussel species (Lowe et al., 2000),
in Montenegro.

Aquatic biotopes are ecosystems most predis-
posed to bio-invasions. Increasing colonization by
allochthonous organisms has been observed dur-
ing the last few decades due to their unique features.
Once these species are established in a new environ-
ment, they multiply, spread over large areas, compete
with native organisms, modify local habitats and
affect ecosystem functioning. In other words, they
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cause biological invasions that have recently been
recognized as one of the major driving forces of glo-
bal change (Occhipinti-Ambrogi, 2008).

Some species of freshwater mussels, such as S.
woodiana and Dreissena polymorpha (Pallas, 1771),
were found to be among the most prominent invad-
ers of freshwater ecosystems (Paunovic et al., 2006;
Zaiko, 2009; Lajtner and Crncan, 2011).

The native distribution areas of S. woodiana in-
clude the basin of the Amur River, Hanka Lake, Chi-
na, Hong Kong, Taiwan, Kampuchea, Thailand and
Japan (Popa et al., 2007). It was recorded in Europe
for the first time in Romania in 1979 (Sarkany-Kiss,
1986). The species has been subsequently observed
in Hungary (Petro, 1984; Sarkany-Kiss, 1986), France
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(Girardi and Ledoux, 1989), Slovakia (Kosel, 1995),
Czech Republic (Beran, 1997), Austria (Reischutz,
1998), Poland (Bohme, 1998), Ukraine (FOpummsery
and Kopuromms, 2001), Italy (Manganelli, et al.,
1998; Lodde at al., 2005), Germany (Gloer and Zeit-
tler, 2005), Serbia (Paunovic et al., 2005a), Moldova
(Munjiu and Shubernetski, 2008), Spain (Pou-Rovi-
ra et al., 2009), Croatia (Lajtner and Crnc¢an, 2011)
and most recently in the United States (Bogan et al.,
2011). The presence of the Chinese pond mussel was
also recorded in some Indonesian islands, the Do-
minican Republic and Costa Rica (Watters, 1997).
The species is dispersed along lowland rivers, associ-
ated wetlands and manmade canals. Heavily modi-
fied and artificial aquatic habitats with high silting
rates were found to be especially suitable for popula-
tion by S. woodiana (Paunovic et al., 2006).

MATERIAL AND METHODS

Field research was conducted at two lakes in Mon-
tenegro (Lakes Skadar and Sasko) that are connected
in a system by the Bojana River (Fig.1). Sampling
was done in August 2012. Material was collected at
four sampling sites (two on the Sasko and two on the
Skadar Lake - Fig.1), using a benthic hand net (mesh
size was 500 um) by the kick and sweep technique
(EN 27828:1994), from all of the available substrates
represented by more than 5% of the total habitat area,
as well as by free diving.

The bottom of all sampling sites was dominated
by the silt-sand substrate, but stony substrate (small
to medium size stones, from 5 to 30 ¢cm in diameter)
was found to be mosaically distributed within lim-
ited areas.

Three linear shell distances (shell length, height
and width) were measured in the laboratory using
a digital caliper to the nearest 0.01 mm. The coordi-
nates of the sampling points were measured by GPS
(“Garmin Etrex”), and charted by ArcView software
(map 1:300,000; system WGS_1984).

For the presentation of general characteristics of
the water quality of Lake Sasko, the data on physi-

cal and chemical parameters measured by Institute
of Marine Biology, Kotor, were used. The oxygen
concentration was measured at the same depth and
similar distance from the shore as where the Chinese
pond mussel was recorded.

Both investigated systems are shallow karstic
lakes of tectonic origin. Lake Skadar is the largest
natural lake on the Balkan Peninsula (depending on
the water level, its surface area varies between 370
and 530 km?). This transboundary lake is shared be-
tween Albania and Montenegro, and was declared a
Ramsar site (No. 784) and granted National Park sta-
tus in Montenegro. The Bojana River (Adriatic Sea
Basin) flows out of Lake Skadar and into the Adriatic
Sea near the settlement of Ulcinj. The Bojana River is
connected with Lake Sasko by a side channel.

Lake Sasko is about 3 km long and 1.5 km wide.
Depending on the current hydrological status of the
lake, the Bojana River can flow into Lake Sasko. The
lake is located in the southeastern part of Montene-
gro (Ulcinj Field), i.e. the Adriatic part of the Central
Mediterranean subarea, according to the FAO clas-
sification of geographical units (FAO, 1990-2012).

RESULTS AND DISCUSSIONS

One adult specimen of Chinese pond mussel (Fig.
3) was observed at a sampling site located on the
northern shore of Lake Sasko (Fig. 2) (Site 1; N
41°58’35.717; E 19°20°19.47”), within the habitat with
a predominantly silt-clay substrate (grains are visible
by eye; diameter <0.125 mm). Besides Chinese Pond
mussel, abundant occurrence of the invasive mussel
species D. polymorpha was detected at the same lo-
cality, but only in stony habitats without dense de-
velopment of aquatic vegetation. Therefore, the pres-
ence of only two mussel species were registered in
Lake Sasko, both nonindigenous, while three native
mussel species were found in Lake Skadar: Anodonta
anatina (Linnaeus, 1758), Unio pictorum (Linnaeus,
1758) and Unio tumidus (Philipsson, 1788).

The mussel was collected at a depth of 2.5 m, at
a distance of about 40 m from the shore, outside an
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Fig. 1. Sampling sites at Lakes Skadar and Sasko

area with a dense covering of aquatic macrophytes
(Myriophyllum sp., Najas marina and Potamogeton
pectinatus).

Based on the measurements on sites 1 and 2 (Site
2; southern shore of Lake Sasko: N 41°58°22.50”; E
19°19’16.67”) for a four-year period (2008-2011)
provided by the Institute for Marine Biology, Kotor,
Sasko Lake is characterized by a range of pH values
between 7.1 and 7.8, oxygen concentration between
7.8 and 11.5 ml L' and salinity between 0.48 and 0.58
%o. A higher variation of salinity has been observed
within the area of southern shore of Lake Sasko (site
2), during the drought summer period.

The temperature regime of Lake Sasko could be
described based on the results of continuous meas-

~n~~— River network
Wetlands

% Lakes

[___| State borders

Fig. 2. Investigated area and finding site.

urement during 15 months (hourly measurement
during 2003-2004) on site 1 by automatic station
— Institute for Marine Biology, Kotor (all together
10,335 measurements). The mean monthly tempera-
ture and mean temperature for measuring period are
presented in Fig. 4.

Thermal conditions, water flow and character
of the substrate mostly determine the distribution
and density of Chinese pond mussel (Kraszewski
and Zdanowski, 2007). According to Demayo et al.
(2012), S. woodiana prefers habitats with higher tem-
peratures (the optimal thermal conditions vary with-
in 10 and 35°C). It could be assumed that in Lake
Sasko, the high water temperature with recorded
mean monthly values that exceed 20°C during fifth
month period could favor the establishment and fur-
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Fig. 3. The mean measured temperature for a 15-month period.

ther dispersal of thermophilous species S. woodiana
along the lake system. Kraszewski and Zdanowski
(2007) reported that Chinese pond mussels prefer
sandy substrate and moderate water flow, but ac-
cording to recent investigations in the southeastern
Europe (Paunovic et al., 2006; Lajtner and Crncan,
2011), the species prefers slow current conditions or
absence of flow, and muddy and sand-silt dominated
substrate.

Accompanying species of Chinese Pond mussel
in Lake Sasko were only the Ponto-Caspian species

Fig. 4. S. woodiana — specimen collected from Lake Sasko.
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D. polymorpha Pallas 1771 (Zebra Mussel). Zebra
mussel was found to be tolerant to salinity up to
0.07 %o (DAISIE, 2006). Having in mind that other
limiting factors were not identified for other mussel
species, based on available data (no oxygen deficit
recorded, favourable substrate type for other mussel
species is observed, other mussel taxa were identified
in the Skadar Lake, fish species known as mussel glo-
chidia hosts in the lakes and in the Bojana River are
present — Ctenopharyngodon idella (Valenciennes,
1844), Hypophthalmichthys molitrix (Valenciennes,
1844), Hypophthalmichthys nobilis (Richardson,
1845), Cyprinus carpio (Linnaeus,1758) Carassius
gibelio (Bloch, 1782), etc.) could indicate that salinity
is a limiting factor for other mussel species, as well
as that Chinese Pond Mussel could tolerate a higher
degree of salinity in comparison to other mussel taxa
characteristic for the region (U. tumidus, U. pictorum
and A. anatina (this article and Paunovic et al., 2004,
2006; Lajtner and Crncan, 2011)).

Considering the lack of relevant data about the
distribution of Unionidae species (unionids) in the
lake systems in Montenegro, further research is nec-
essary, especially study on the dependence of the
unionid communities on the physicochemical envi-
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ronmental parameters. The autecological character-
istics of species (salinity tolerance, temperature and
life history) should be taken into the consideration,
since there is no available data about local unionid
populations.

This report represents the first finding of Chi-
nese pond mussel in Montenegro and the Southern
Adriatic region (the Central Mediterranean subarea,
according to FAO (1990-2012) classification of geo-
graphical units). The presence of S. woodiana in the
Adriatic Sea Basin was only reported in Lake Vrana
in Croatia (in the Central Adriatic Region) by Lajtner
and Crncan (2011). It is important to emphasize that
the authors presumed that findings of empty shells
of this species on the lakeshore was a consequence of
sport fishing. In fact, Vrana Lake is known as an im-
portant destination for sports anglers who bring bi-
valves from continental Croatia with them for use as
bait. Malacological research carried out in the Vrana
Lake during 2011 years did not confirm the presence
of this species in the lake ecosystem (Lajtner et al.,
2012). Based on the foregoing, it can be concluded
that the finding of live specimens of S. woodiana in
Lake Sasko was the first in this part of Europe. Dur-
ing our investigation, the Chinese pond mussel was
not recorded in Lake Skadar.

The linear dimensions of the examined specimen
were as follows: length (L) = 110 mm; height (H) =
68 mm; width across the valves (W) = 39 mm. Tak-
ing into account the known data about the growth
of the shell of this species (Dudgeon and Morton,
1983; Afanasyev et al., 2001), we can estimate that
the specimen is about 3-4 years old.

While S. woodiana has been discovered in most
European countries, recently the Chinese pond mus-
sel has become widely distributed across freshwater
ecosystems in Europe and worldwide, as noted in the
Introduction.

The rapid spread and mass occurrence of S.
woodiana has been reported in several recipient areas
within the Western Balkans (Paunovic et al., 2005a,
2006; Lajtner and Crncan, 2011).

The introduction and spread of the Chinese pond
mussel to Europe seems to be closely correlated with
the introduction of fish from China and other Far-
East countries, described as the Chinese fish com-
plex, comprising the Grass Carp C. idella (Valenci-
ennes, 1844), Prussian Carp C. gibelio, Silver Carp H.
molitrix and Bighead Carp H. nobilis, Richardson,
1844 (Paunovic et al., 2006). These species were im-
ported to the Western Balkans for fish stocking in the
sixties and mid-seventies (Cakic and Hristic, 1987)
of the 20" century, which suggests that the Chinese
pond mussel was introduced at about the same time.
The increasing colonization of inland waters of the
Balkan Peninsula by allochthonous organisms has
already been reported, and alien aquatic species have
been identified among plants, vertebrates and inver-
tebrates (reviewed in: Paunovic et al., 2004, 2005b).
The inland waters of Montenegro are no exception.
Therefore, an investigation of the distribution of S.
woodiana, as well as other aquatic neobiota in Mon-
tenegro, is necessary in order to identify the distri-
bution and assess the impact of biological invasions
on native communities, and to provide effective pre-
vention measures for mitigating the introduction
and dispersal of invasive species. Since Lake Sasko
is connected to Lake Skadar (via the Bojana River),
monitoring the further spread of the Chinese pond
mussel is of special concern in view of its potential
negative influence on native biota of this, according
to its native biodiversity, important ecosystem. Fur-
ther spread of the Chinese pond mussel is of particu-
lar importance if we bear mind that the species is list-
ed in the IUCN register of “100 of the World’s Worst
Invasive Alien Species” (IUCN, 2000). Considering
the invasive characteristics of S. woodiana, an impact
on autochthonous bivalves via competition is to be
expected (Essl and Rabitch, 2002). It is known that
the Chinese pond mussel is a direct competitor for
food, habitat and fish hosts (Rashleight, 1995; Fab-
bri and Landi, 1999). Dudgeon and Morton (1983)
have stated that S. woodiana reproduces two to three
times year, unlike native species, which typically re-
produce only once a year. The invasive potential of S.
woodiana has been attributed to its ability to spread
rapidly during its free-living larval stage or glochid-
ia (Douda et al., 2012). The fact that S. woodiana is
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so widespread implies that both juvenile and adult
S. woodiana individuals can cope with a wide range
of environmental conditions. The species is biologi-
cally more successful compared to native species, es-
pecially unionids, because of its better tolerance to
increasing pollution and decreasing oxygen concen-
tration (Sirbu et al., 2005).

Furthermore, a transitional type of ecosystem
(freshwater-to-brackish lakes), due to its salinity
regime and high level of human activity (pollution,
hydromorphological degradation, nuisance activi-
ties, navigation, etc.) may serve as an “acclimatiza-
tion chamber” for potentially euryhaline species,
enabling them to colonize inland waters.

Acknowledgments -This work was financed by the Ministry
of Education, Science and Technological Development of the
Republic of Serbia, Project No. IIT 43002. and ON 173025.
We would like to thank the Institute for Marine Biology in
Kotor for the support during fieldwork. We are also grate-
ful to Dr. Goran Poznanovi¢ for his constructive comments
during preparation of the manuscript, as well as for English
proofreading.

REFERENCES

Afanasjev, S.A., Zdanowski, B. and A. Kraszewski (2001). Growth
and population structure of the mussel Anodonta woodi-
ana (Lea, 1834) (Bivalvia, Unionidae) in the heated Konin
lakes system. Archives of Polish Fisheries, 9 (1), 123-131.

Beran, L., (1997). First record of Sinanodonta woodiana (Mol-
lusca, Bivalvia) in the Czech Republic. Acta Societatis Zoo-
logicae Bohemicae, Praha, 61 (1), 1-2.

Bogan, A.E., Bowers-Altman, J. and M.E. Raley (2011). A new
threat to conservation of North American freshwater
mussels: Chinese Pond Mussel (Sinanodonta woodiana) in
the United States. Tentacle, 19, 39-40.

Bohme, M. (1998). Ein neuer Fundort der Chinesischen Teich-
muschel (Sinanodonta woodiana) in Mitteleuropa. Heldia,
2(5-6), 166.

Cakic, P. and Dj. Hristic (1987). The ichthyofauna of Pancevacki
rit wetlands (Belgrade) with special reference to the al-
lochthonous fish species. Bulletin du Museum d’Histoire
Naturelle, Belgrade, Serie B, Livre 42, 103-118.

Delivering Alien Invasive Species Inventories for Europe, Da-
tabase (2006) http://www.europe-aliens.org/speciesFact-
sheet.do?speciesId=50169#. Cited 05 Marth 2013.

Demayo, G.C., Cabacaba, C. K. M. and J.M.A. Torres (2012).
Shell Shapes of the Chinese Pond Mussel Sinanodonta
woodiana (Lea, 1834) from Lawis Stream in Iligan City
and Lake Lanao in Mindanao, Philippines, Advances in
Environmental Biology, 6(4), 1468-1473.

Douda, K., Vrtilek, M., Slavik, O. and M. Reichard (2012). The
role of host specificity in explaining the invasion success
of the freshwater mussel Anodonta woodiana in Europe.
Biological Invasions, 14, 127-137.

Dudgeon, D. and B. Morton (1983). The population dynam-
ics and sexual strategy of Anodonta woodiana (Bivalvia:
Unionacea) in Plover Cove Reservoir, Hong Kong. Journal
of Zoology, London, 201, 161-183.

Essl, F. and W. Rabitch (2002). Neobiota in Osterreich. Umwelt-
bundesamt, Wien, 432 pp.

Fabbri, R. and L. Landi (1999). Nuove segnalazioni di molluschi,
crostacei e pesci esotici in Emilia-Romagna e prima seg-
nalazioni di Corbicula fluminea (O. F. Miiller, 1774) in Ita-
lia (Mollusca Bivalvia, Crustacea Decapoda, Osteichthyes
Cypriniformes). Quaderno di Studi e Notizie di Storia
Naturale della Romagna, 12, 9-20.

FAO (1990-2012). FAO Major Fishing Areas, Mediterranean and
Black Sea (Major Fishing Area 37). CWP Data Collection,
In: FAO Fisheries and Aquaculture Department [online].
Rome. Updated 1 October 2004. [Cited 24 October 2012].
Available online at: http://www.fao.org/fishery/area/
Area37/en#NB0097

Girardi, H. and J.C. Ledoux (1989). Présence d Anodonta woo-
diana (Lea) en France (Mollusques, Lamellibranches,
Unionidae). Bulletin Mensuel de la Société Linnéenne de
Lyon, 58, 186-290.

Gloer, P. and M.L. Zeittler (2005). Kommentierte Artenliste der
Silwassermollusken. Deutschlands Malakologische Ab-
handlungen, 23, 3-23.

TUCN (2000). 100 of the World’s worst invasive alien species.
A selection from the global invasive species database.
http:www.issg.org

Kosel, V. (1995). The first record of Anodonta woodiana (Mol-
lusca, Bivalvia) in Slovakia Acta Zoologica Universitatis
Comenianae, Bratislava, 39, 3-7.

Kraszewski, A. and B. Zdanowski (2007). S. woodiana (Lea, 1834)
(Mollusca) a new mussel species in Poland: occurrence
and habitat preferences in a heated lake system. Poland
Journal of Ecology, 55, 337-356.



THE FIRST RECORD OF THE CHINESE POND MUSSEL SINANODONTA WOODIANA (LEA, 1834) IN MONTENEGRO 1531

Lajtner, J. and P. Crncan (2011). Distribution of the invasive
bivalve Sinanodonta woodiana (Lea, 1834) in Croatia.
Aquatic Invasions, 6, Supplement 1, S119-S124.

Lajtner, J., Crnéan, P. and L. Beran (2012). Freshwater malaco-
fauna of the Vrana Lake. Division of Biology, Faculty of
Science, University of Zagreb.

Lodde, A., Palmerini, E. and L. Castagnolo (2005). Anodonta
woodiana (Lea, 1834) (Mollusca, Bivalvia, Unionidae), a
non-indigenous species wide-spread in Italy: Comparison
of the biological cycle in native countries (far east) and in
Italy (Modena Canals). Presented at IV International Con-
gress of the European Malacological Societies, Naples, Italy
10-14. October 2005.

Lowe, S.]., Browne, M. and S. Boudjelas (2000). 100 of the World’s
Worst Invasive Alien Species) Published by the [UCN/SSC
Invasive Species Specialist Group (ISSG), Auckland, New
Zealand.

Manganelli, G., Bodon, M., Favilli, L., Castagnolo, L. and F. Giusti
(1998). Checklist delle specie della fauna d’Italia, mol-
luschi terrestri e dacqua dolce. Errata ed addenda, 1. Bol-
letino Malacologico, 33(9-12), 151-156.

Munjiu, O. and 1. Shubernetski (2008). First record of Sinano-
donta woodiana (Lea, 1834) (Bivalvia: Unionidae) in Mol-
dova. Aquatic Invasions, 3(4), 441-442.

Occhipinti-Ambrogi, A. (2008). Global change and marine com-
munities: alien species and climate change. Marine Pollu-
tion Bulletin, 55(7-9), 342-352.

Paunovic, M., Cakic, P., Hegedis, A., Kolarevic, ]. and M. Lenhardt
(2004). A report of Eriocheir sinensis (H. Milne Edwards,
1854) [Crustacea: Brachyura: Grapsidae] from the Serbian
part of the Danube River. Hydrobiologia, 529, 275-277.

Paunovic, M., Simic, V., Jakovcey-Todorovic, D. and B. Stojanovic
(2005a). Results on macroinvertebrate community inves-
tigation in the Danube River in the sector upstream the
Iron Gate (1083-1071 km). Archives of Biological Sciences,
Belgrade, 57(1), 57-63.

Paunovic, M., Miljanovic, B., Simic, V., Cakic, P., Djikanovic,
V., Jakovcev-Todorovic, D., Stojanovic, B. and A. Veljkovic
(2005b). Distribution of non-indigenous tubificid worm
Branchiura sowerbyi (Beddard, 1892) in Serbia. Biotechno-
logical Equipment, 3, 91-97.

Paunovic, M., Csdny, B., Simic, V., Stojanovic, B. and P. Cakic
(2006). Distribution of Anodonta (Sinanodonta) woodiana

(Lea, 1834) in inland waters of Serbia. Aquatic Invasions,
1, 154-160.

Petré, E. (1984). Occurrence of Anodonta woodiana (Lea, 1834)
(Bivalvia: Unionacea) in Hungary. Allatani kézlemenyek,
71, 181-191.

Popa, O.P., Kelemen, B.S., Murariul, D. and L.O. Popa (2007).
New records of Sinanodonta woodiana (Lea, 1834) (Mol-
lusca: Bivalvia: Unionidae) from Eastern Romania. Aquat-
ic Invasions, 2(3), 265-267.

Pou-Rovira, Q., Araujo, R., Boix, D., Clavero, M., Feo, C., Ordeix,
M. and I. Zamora (2009). Presence of the alien Chinese
pond mussel Anodonta woodiana (Lea, 1834) (Bivalvia,
Unionidae) in the Iberian Peninsula. Graellsia, 65, 67-70.

Rashleight, B. (1995). Simulation modelling of competition be-
tween freshwater mussels for fish hosts. Association of
Southeastern Biologists Bulletin, 42, 114.

Reischutz, P.L. (1998). Vorschlag fur deutsche Namen der in Os-
terreich nachgewiesenen Schnecken- und Muschelarten.
Nachrichtenblam der Ersten orarlberger Malakologischen
Gesellschaft, 6, 31-44.

Sérkdny-Kiss, A. (1986). Anodonta woodiana (Lea, 1834) a new
species in Romania (Bivalvia: Unionacea). Travaux du
Museum d’Histoire Naturelle “Grigore Antipa”, 28, 15-17.

Sirbu, I., Sarkany-Kiss, A., Sirbu, M. and A.M. Benedek (2005).
The Unionidae from Transylvania and neighbor regions.
Heldia, 6,183-192.

Watters, G.T. (1997). A synthesis and review of the expanding
range of the Asian freshwater mussel Anodonta woodiana
(Bivalvia: Unionidae). Veliger, 40, 152-156.

Zaiko, A. (2009). Habitat engineering role of the invasive bivalve
Dreissena polymorpha (PALLAS, 1771) in the boreal la-
goon ecosystem. PhD Thesis, Klaipeda University, Lithu-
ania, 135 pp.

FOpuwuney, BJI. and A.B. Kopurowun (2001). Hoseuit mns
(ayHbI YKpanHbI BUJL IBYCTBOPYATBIX MOJUIIOCKOB Sinan-
odonta woodiana (Bivalvia, Unionidae), ero guarnoctuka
U BO3MOXHble IyTy MHTpogykumu [Urishients VI and
Korniushin AV (2001). The new species in the fauna of
Ukraine Sinanodonta woodiana (Bivalvia, Unionidae), its
diagnostics and possible ways of introduction] (in Rus-
sian). Vestnik zoologii, 35, 79-84.



Chemosphere 93 (2013) 243-251

DAL T
e

Contents lists available at SciVerse ScienceDirect

ooonET
fiore)

Chemosphere

journal homepage: www.elsevier.com/locate/chemosphere

Monitoring of DNA damage in haemocytes of freshwater mussel
Sinanodonta woodiana sampled from the Velika Morava River
in Serbia with the comet assay

@ CrossMark

Stoimir Kolarevi¢ ®*, Jelena KneZevi¢-Vukéevi¢ ?, Momir Paunovi¢ ®, Margareta Kracun?,

BoZica Vasiljevi¢?, Jelena Tomovi¢®, Branka Vukovi¢-Gacic ?, Zoran Gacic ¢
2 University of Belgrade, Faculty of Biology, Chair of Microbiology, Center for Genotoxicology and Ecogenotoxicology, Studentski trg 16, 11000 Beograd, Serbia

b University of Belgrade, Institute for Biological Research “SiniSa Stankovi¢ ", Despota Stefana 142, 11000 Belgrade, Serbia
€ University of Belgrade, Institute for Multidisciplinary Research, Kneza ViSeslava 1, 11000 Belgrade, Serbia

HIGHLIGHTS

« We investigated genotoxic response of the mussel S. woodiana to environmental pollution.

« The comet assay was performed on the haemolymph directly upon sampling.

« The seasonal differences in response were recorded in mussels collected from polluted sites.
« The level of response correlated with the concentration of zinc, temperature and oxygen.

« The effect of temperature on zinc- and cadmium-induced genotoxicity was confirmed in vitro.
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This study was undertaken to investigate the potential of the freshwater mussel Sinanodonta woodiana for
detection of genotoxic pollution of the environment. Study was performed at two sites in the Velika Mor-
ava River, from May 2010 to February 2011. The alkaline comet assay on haemocytes was used, and the
olive tail moment (OTM) was chosen as a measure of DNA damage. The specimens held on acclimation
under controlled laboratory conditions for 10 d were used as a control. Chemical analysis revealed the
presence of phosphates and increased concentrations of zinc, copper and nickel at both sites during
the entire sampling period. The values of OTM in mussels collected from the environment, significantly
correlated with the concentration of zinc (r=0.6248), temperature (r=0.7006) and dissolved oxygen
(r=0.7738). Seasonal variations in genotoxic response were observed, with the highest OTM values
obtained during summer months. Preliminary results of the in vitro study indicated the effect of water
temperature on genotoxic response to zinc and cadmium in S. woodiana suggesting that the presence
of genotoxic pollutants during months with lower temperature could be under-estimated. Obtained
results indicate that S. woodiana could be a valuable tool for active biomonitoring of aquatic environ-
ments and emphasizes the importance of seasonal genotoxic monitoring with this organism.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Aquatic ecosystems are usually exposed simultaneously to a
mixture of toxic substances; however, the majority of studies
investigate the genotoxic potential of certain agents in laboratory
conditions while only few investigate the impact of pollutants on
the environment in situ. The simple detection of pollutants pro-
vides only limited data on the substances present in the environ-
ment and give no information on the relationship between
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E-mail address: stoimirk@bio.bg.ac.rs (S. Kolarevic).

0045-6535/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
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contaminant exposure and biological effects in aquatic organisms;
therefore a proper evaluation of the impact of pollutants by bio-
markers becomes essential (Nigro et al., 2006; Jha, 2008).

Mussels are commonly used as sentinel organisms for the
screening of pollution and potential environmental harm (Andral
et al., 2004; Viarengo et al., 2007). Moreover, freshwater mussels
are widely employed for assessing genotoxicity (Mersch and
Beauvais 1997; Black and Belin 1998; De Lafontaine et al., 2000;
Pavlica et al., 2001; Klobucar et al., 2003; Rocher et al., 2006; Binel-
li et al., 2007, 2010; Parolini et al., 2011).

The Chinese pond mussel (the Eastern Asiatic freshwater clam
or swan-mussel), Anodonta (Sinanodonta) woodiana (Rea, 1834)
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(Bivalvia: Unionida: Unionidae) fulfils the main criteria required
for a bioindicator organism. Earlier studies have revealed the abil-
ity of S. woodiana to accumulate trace elements (Liu et al., 2010)
and pesticides (Uno et al., 2001), as well as its potential to detect
genotoxicity (Woznicki et al., 2004; Kolarevic et al., 2011). In addi-
tion, this is an invasive species of freshwater mussel that has be-
come widely distributed throughout the world and appears to be
an important organism from an ecological point of view. The intro-
duction and dispersion of this mussel from Eastern Asia (Watters,
1997) was found to be correlated with the introduction of the Carp
species into Serbian waters and neighboring regions. In Serbian
waters, the Velika Morava River was found to be an area suitable
for the introduction and spread of S. woodiana. In a previous inves-
tigation of the inland waters of Serbia, many specimens of the spe-
cies S. woodiana with a preference for fine substrate, in the range
from silt to clay, were registered (Paunovic et al., 2006).

The major aim of this study was to investigate the applicability
of the freshwater mussel S. woodiana as a bioindicator for in situ
assessment of genotoxicity. For this purpose, we used the comet
assay as this method is considered to be one of the major tools
for assessing pollution-related genotoxicity in aquatic organisms
(Dixon et al., 2002; Chen et al., 2007; Picado et al., 2007). The co-
met assay is a sensitive and rapid technique for the detection of
DNA damage in individual cells, based on the migration of dena-
tured DNA during electrophoresis.

Another aim of the current study was to investigate seasonal
variations in response to genotoxic pollution by the comet assay,
using haemocytes from this freshwater mussel. The impact of abi-
otic factors, such as the chemical and physical parameters of the
sampling site/sampling month on the level of DNA strand-breaks,
was examined. Among the studied parameters, special attention
was paid to temperature. Like most aquatic organisms, mussels
cannot regulate their body temperature in response to environ-
mental temperature changes, and as a result most physiological
and biochemical processes are temperature-dependent (Mubiana
and Blust, 2007). Therefore, impact of temperature on heavy me-
tal-induced genotoxicity was also studied in vitro on haemocytes
of S. woodiana.

This study was carried out in the period from May 2010 to Feb-
ruary 2011 on two polluted sites on the Velika Morava River, a sig-
nificant right-bank tributary of the Danube River, upstream of the
Iron Gate Gorge. Due to the level of pollution of the Velika Morava
River, a proper reference site on the river could not be provided.
Therefore, one of the aims of this study was to investigate the abil-
ity of DNA damage recovery in the haemocytes of S. woodiana in or-
der to provide the reference values needed for an evaluation of the
extent of DNA damage.

2. Materials and methods
2.1. Description of sampling sites

The Velika Morava is the largest river in Central Serbia, with a
catchments area of 37444 km?. It is formed by the confluence of
two rivers, the Juzna and Zapadna Morava Rivers. The Velika Mor-
ava River flows through a region of intense agriculture (over
25000 ha) which affects water quality due to high concentrations
of nitrogen and phosphorus; in addition, large amounts of waste-
waters from settlements are released into the Velika Morava River
without being previously treated, leading to the debasement of
water quality.

The Varvarin site is situated near the confluence of the JuzZna
and Zapadna Morava rivers (the most upstream point on the Velika
Morava River), downstream of the town of KruSevac (65000 inhab-
itants) and receiving a large amount of urban wastewaters (Fig. 1).

N
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Fig. 1. Sampling sites along the Velika Morava River.

The Bagrdan site is located downstream of Jagodina (35000 inhab-
itants) receiving domestic sewage through the Velika Morava trib-
utaries Belica and Lugomir. This site is also under the impact of
upstream pollution from urban wastewaters, textile, and sugar
industries located in the town of Paracin (25000 inhabitants).
The coordinates of the sampling sites were measured by GPS (“Gar-
min Etrex”) and charted by using ArcView software (map
1:300,000, system WGS_1984).

2.2. Physical, chemical and microbiological analyses of water

Physical and chemical parameters were measured on site using
a multi-parameter instrument Multi 340i (WTW, Germany). The
results of analyses of the concentrations of dissolved heavy metals
were provided by the Republic Hydrometeorological Service of Ser-
bia. The target values used are provided by the International Com-
mission for the Protection of the Danube River (ICPDR, 2002).
Microbiological indicators of the sanitary status were analyzed
using standard procedures according to the EU-Bathing water
quality directive 2006/7/EEC (European Comission, 2006). Sanitary
quality included an assessment of recent faecal pollution by mon-
itoring faecal indicators (faecal coliforms and faecal enterococci)
using a membrane filtration method. The faecal coliforms-to-
enterococci ratio was used to indicate the origin of pollution. A ra-
tio lower than 1.5 indicates pollution by soil run-off, while ratios
higher than four are typical for anthropogenic pollution (Geldreich
and Kenner, 1969).

2.3. Mussel collecting

The mussels with 7-15 cm shell lengths were collected at the
beginning of each month in the period May 2010-February 2011.
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Samples were collected with a benthological hand net (Kick and
Sweep technique), benthological dredge and scuba diving, and
transferred to the laboratory using cooling boxes. Mussels were
not sampled in May and July at the Bagrdan site and in December
at either of the sites. High water level at the Bagrdan site in May
made sampling impossible, while in July and December extreme
temperatures caused withdrawal of mussels to the deeper and
inaccessible waters.

2.4. In situ assessment of genotoxicity

The mussels collected from the polluted sites were tested
immediately after sampling in order to measure the DNA damage
response to environmental stress. Haemolymph was collected
from 3 to 10 specimens brought to the laboratory and then sub-
jected to the comet assay. For evaluation of genotoxicity, speci-
mens held on acclimation for 10 d were used as the control.

2.5. DNA damage recovery test (acclimation)

At the Varvarin site in August, mussels were available in the
quantities required for DNA damage recovery testing. About 30
collected specimens were kept under controlled aquarium condi-
tions (four glass aquaria 100 L each) in dechlorinated, well-aerated
water (conc. O, > 8 mg/L, O, saturation > 90%, t=22°C, pH 7.2-
8.1), with a bottom environment composed of fine sand that had
been washed with clean water to eliminate debris and heat-treated
(4 h, 250 °C) before the set-up of the aquarium system, in order to
eliminate potential disease vectors. The animals were fed every
third day with the dry leaves of string nettle (Urtica dioica) that
were macerated and minced with a pestle and mortar. The haemo-
lymph was sampled after 2, 5, 10 and 30d of acclimation. Each
time, samples were collected from six different specimens, and
subjected to the comet assay. The mussels were further maintained
under laboratory conditions (same as above) for 20 months. Water
was changed monthly.

2.6. In vitro assessment of the impact of temperature on cadmium-
and zinc-induced genotoxicity

For in vitro studies, we used mussels collected from the Velika
Morava River during 2010. Specimens were held in a controlled
aquarium conditions until March 2012. To minimize inter-individ-
ual variability, haemolymph sampled (as described later) from
specimens was immediately pooled together in a test tube and
mixed with the same volume of Hank’s buffered saline solution
with addition of 4 mM EDTA, until the necessary volume for the
experiment was obtained (24 mL). The haemolymph pool was di-
vided into 24 microtubes (1 mL per each) and centrifuged for
10 min at 2000 rpm. The supernatant was discarded and the pellets
were resuspended in 1 mL of 1xPBS containing increasing concen-
trations of CdCl, (4, 40 and 100 uM) and ZnSO,4-7H,0 (83 puM and
834 uM). Haemocytes resuspended in 1xPBS served as control.
The temperatures were chosen to simulate the environmental
water temperatures in February (4 °C) and August (24 °C). After
treatment, the microtubes were centrifuged for 10 min at
2000 rpm. The supernatant was discarded and the pellets were
resuspended in 1xPBS, centrifuged for 10 min at 2000 rpm and
subjected to standard alkaline comet procedure.

2.7. Haemolymph collection

A mussel was placed on soft tissue paper; the blade of a scalpel
was inserted between the mussel’s shells and gently opened about
1 cm to allow the paper to drain all the water caught in the mus-
sel’s shell. The haemolymph was collected from the posterior

adductor muscle of 3-5 specimens using a hypodermic syringe,
to obtain at least 1 ml of sample. Haemocyte viability was deter-
mined by 0.4% Trypan blue dye; cells dyed blue were considered
non-viable. The haemolymph samples were centrifuged for
10 min at 2000 rpm and subjected to standard alkaline comet
procedure.

2.8. Comet assay

The alkaline comet assay procedure used was as described by
Singh et al. (1988) and performed under yellow light. Microscopic
slides were precoated with 1% normal melting point (NMP) agarose
and air dried for 24 h. To form a second, supportive layer, 80 pL of
1% NMP agarose was gently placed on the top of the 1% NMP layer
and spread over the slide using a coverslip. The slide was placed on
ice for 5 min to allow the agarose to set. After the coverslips were
removed, 30 pL of the haemolymph suspension was gently mixed
with 70 pL of 1% low melting point (37 °C) agarose and pipetted
onto the supportive layer of 1% NMP agarose and covered with a
coverslip. After 5 min on ice, the coverslips were removed and
the slides were lowered into freshly made cold lysis buffer (2.5 M
NaCl, 100 mM EDTA, 10 mM Tris, 1.5% Triton X-100, pH = 10) for
1 h. To allow DNA unwinding, the slides were put into an electro-
phoresis chamber containing cold alkaline electrophoresis buffer
(300 mM NaOH, 1 mM EDTA, pH = 13) for 20 min. Electrophoresis
was performed by setting the power supply to 25V and adjusting
the current to 300 mA for 20 min. After electrophoresis, the slides
were placed in a freshly made neutralizing buffer (0.4 M Tris,
pH = 7.5) for 15 min. Staining was performed with 20 pL per slide
of ethidium bromide (2 pg/mL). The slides were examined with a
fluorescence microscope (Leica, DMLS, Austria) at 400 x magnifica-
tion with an excitation filter of 510-560 nm and a barrier filter of
590 nm. Microscopic images of the comets were scored using Co-
met IV Computer Software (Perceptive Instruments, UK). From
each sample, 1-3 slides were prepared and the images of 50 cells
from each slide were scored. Among the parameters available for
analyses, we chose the olive tail moment (OTM). A major advan-
tage when using the OTM as an index of DNA damage is that both
the amount of the damaged DNA and the distance of the genetic
material migration in the tail are represented by a single number
(Cok et al., 2011; Rosenberger et al., 2011).

2.9. Statistical analyses

Statistical analysis of the results obtained in the experiment
was carried out using Statistica 6.0 Software (StatSoft, Inc., 2001).
Kolmogorov-Smirnov test for normality of distribution was used
prior to statistical analysis. Considering that the data were not in
line with the requirements for the application of parametric tests,
differences between samples were tested using Mann-Whitney U
test. Pearson’s correlation analyses were performed with a signifi-
cance level of p < 0.05. OTM values are expressed as MEAN + SEM.

3. Results
3.1. Physical, chemical and microbiological analyses of water

The results of physical, chemical and microbiological analyses
of the water at the Varvarin and Bagrdan sites are shown in Table 1.
At both sites, the water reaction was mildly alkaline during the
sampling months.

At the Varvarin site, the highest concentrations of nitrates and
phosphates were recorded in June. The highest concentrations of
zinc (6-fold higher than target value), lead (almost 2-fold higher
than target value) and nickel (6-fold higher than target value) were
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Table 1

Physical, chemical and microbiological parameters measured in water at the Varvarin and Bagrdan site.

Bagrdan

Varvarin

Site

October November January February
11

September

January February June August

11.9

September October November

August
24.8

June

Target value

Parameter
t (C°)

10.2
9.8
87

20.5

27

25.9
10

1.8
10.6
76.2

10

13.2
7.48
71.6

18.8

241
9.7
97

104

7.79
69.9

8.55
95.6

79
96

9.11
78.6

10.8
95

6.94
74.5

10.1
118

mg/L

Oxygen

74.8

104

8.30
0.12

8.00
0.17
123
29

8.90
0.38
5.9

8.20
0.08
111

8.50
0.03
1.8
1.0
0.07
18.1
7.6

0.7

8.28
0.50
6.6

8.80
0.12

3.7

7.90
0.18
3.0
3.2

9.00
0.08
34
0.3

8.50
0.22

8.00
0.08
1.2

441

8.20
0.05
2.7
0.8

7.79

6.8-8.5
0.3

pH

0.03
12.1

mg/L
mg/L
mg/L
mg/L
pg/L

NH,"

13
429

NO3-

0.4

13.9
0.21

48.7

25

50.0

0.1

P0O43-
Fe

0.07
12.8

0.06
10.8
73
1.2
0.5

0.15
46

0.13

0.09
17.5

0.49
24.8
9.5
0.8

0.17
12

0.1

0.16
31.7

11

0.13
19.9

0.3

447

115

Zn

16.6
14
0.9
0.1

24.2

9.7

24.7
0.5

135
0.6
0.5

13.8

1.1

0.5

10.9
1.5
0.6

pg/L

Cu

0.7

1.1

pg/L

Cr

0.7

0.5

0.5

0.9

0.5

1.8

pg/L

Pb
Cd
Hg

0.04
0.5

0.05
0.2

0.025
0.1

0.09
0.1

0.06
0.1

0.05
0.1

0.28
0.1

0.08
0.1

0.25
0.1

0.07
0.1

pg/L

0.1

pg/L

3.6 5.4

380

6.5

3.1

41

3.2

4.8

4.2

3.2
10
18

4.8

pg/L

1000
776

602 501 10

71

1584

1000

871

436

1778
96

200
110

CFU/100 mL 900 21
330

FC
FE
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162 46 1096

1905

73

70

CFUJ100 mL

Target values are provided from the ICPDR and EU directive 2006/7/EEC. Marked values exceeded target values. | - not measured.

detected in August. Cadmium had the highest values in October
(almost 3-fold higher than target value), while copper had the
highest concentration (12-fold higher than target value) in Janu-
ary. Faecal coliforms and faecal enterococci pointed to unsatisfac-
tory water quality in October, January and February. The
anthropogenic source of faecal pollution was identified in October
and November.

At the Bagrdan site, the highest concentrations of ammonia
and phosphates were detected in June while nitrates exhibited
the highest concentration in January. The highest concentration
of zinc (9-fold higher than permitted) was detected in June, while
copper (12-fold higher than target value) and nickel (6-fold high-
er than target value) had the highest values in September. In
November, the concentration of mercury was 5-fold higher than
target value.

Faecal indicator bacteria revealed unsatisfactory levels of
water quality in January and February. The anthropogenic source
of faecal pollution was identified in June and November.

The Hydrometeorological Service of Serbia also provided data
on the concentrations of herbicides, pesticides and detergent pre-
cursors, but none of these parameters exceeded the permitted
values during the sampling period.

3.2. DNA damage recovery

Mussels collected from the Varvarin site in August were cho-
sen for DNA damage recovery (Fig. 2). The high level of DNA dam-
age detected in the haemocytes directly upon sampling from the
polluted site made it easy to evaluate the response after the accli-
mation period. For all samples studied, there was a direct relation
between the time of acclimation and OTM values. After two days
recovery there was a significant reduction (p <0.001) in DNA
damage; the reduction reached a maximum after ten days,
remaining constant until the end of the acclimation period
(30d). When the haemolymph was sampled from the animals
maintained in laboratory conditions for 21 months, there was
an insignificant increase in DNA damage in comparison with val-
ues obtained after 10 and 30 d (see Fig. 2).

3.3. In situ assessment of genotoxicity

Differences in response to environmental stress were observed
during different months of sampling from the chosen sites. Com-
paring to values detected after 10 d of acclimation (0.47 +0.1),
the highest levels of DNA damage were detected in August at
the Varvarin site (5.24 £0.38), and in June at the Bagrdan site
(5.67 £0.56) (Fig. 3). A statistically significant difference
(p<0.05) in response to environmental stress was observed in
the mussels collected in August, September, November and Feb-
ruary at the Bagrdan site when compared with mussels collected
at the Varvarin site. In August, mussels collected from the Varva-
rin site showed a higher level of DNA damage, while in Septem-
ber, November and February the response was higher in the
mussels collected from the Bagrdan site. Among the measured
physical and chemical parameters of water, the values of OTM
significantly correlated with the concentration of dissolved zinc
(r=0.6248), water temperature (r = 0.7006) and dissolved oxygen
(r=0.7738) (Fig. 4).

3.4. In vitro assessment of the impact of temperature on cadmium-
and zinc-induced genotoxicity

Impact of temperature on heavy metal induced genotoxicity
was studied in vitro with zinc, considering that OTM values
were significantly correlated with concentration of dissolved
zinc, and cadmium as well known model mutagen. The tested
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Fig. 2. Nuclear DNA damage in haemocytes of S. woodiana (expressed as the OTM)
upon sampling from the Varvarin site in August followed by 2, 5, 10 and 30d of
acclimation and 21 months of specimens maintenance in laboratory conditions; the
results of 100 comets per group are shown *significant difference in comparison
with mussels collected at the site Varvarin in August (p < 0.05). Haemocyte viability
upon collection, evaluated by the trypan blue staining, was about 90% in each
sample.

concentrations of CdCl; (4, 40 and 100 pM) and the lower concen-
tration of ZnSO4-7H,0 (83 nuM) did not reduce viability by more
than 20%. However, the higher concentration ZnSO,4-7H,0
(834 uM) reduced viability by more than 50% and therefore this
concentration was excluded from genotoxicity analyses. At the
both temperatures, the level of DNA damage in cadmium and zinc
treated samples was significantly higher in comparison with the
control at corresponding temperature (with the exception of
4 uM CdCl, at 24 °C when no increase was detected). The level of
DNA damage in haemocytes treated at 24 °C was significantly
higher in comparison with haemocytes treated at 4 °C (Fig. 5).

As shown in Fig. 6, the OTM values showed a significant corre-
lation with comet tail length (r=0.7388 for in situ; r=0.6811 for
in vitro) and comet tail intensity parameters (r=0.8902 for
in situ; r = 0.9040 for in vitro) in all experiments.

4. Discussion

In this study we investigated variations in the extent of DNA
damage in the haemocytes of the freshwater mussel S. woodiana
and the relation between the observed variations in response and
the physical and chemical characteristics of the sampling sites/
sampling seasons. Genotoxic effects were studied on haemocytes
because of their role in processes such as the transport and diges-
tion of nutrients, and elimination of toxic substances and small
particles, which makes them constantly exposed to water-borne
pollutants (Makala and Oikari, 1990; Soares-da-Silva et al., 2002).
Moreover, haemolymph readily provides a single cell suspension;
it is easily collectable and its usage permits repeatable tissue sam-
pling of individuals (Stambuk et al., 2008).

Considering that the Varvarin site was the furthest upstream
point on the Velika Morava River and could not be considered as
a reference site, the mussels were subjected to a DNA recovery test
to provide suitable reference data needed for the evaluation of the
extent of DNA damage. The results revealed the ability of S. woodi-
ana to recover DNA damage, which complies with studies previ-
ously performed on the other species of the Unionidae (Stambuk
et al., 2008). In the haemocytes of mussels that were maintained
under controlled environment conditions in the laboratory, the
most significant decrease of DNA damage was observed after
10 d of acclimation.

During our investigation, heavy metal contamination, faecal
pollution and genotoxic effects were detected at both sampling
sites. Mussels collected from these sites were exposed to a mixture
of untreated municipal and industrial wastewaters that have a
noteworthy genotoxic potential (Ciccotelli et al., 1998; Claxton
et al, 1998; White and Rasmussen, 1998; Grover and Kaur,
1999). Although a significant correlation of OTM with the concen-
tration of dissolved zinc was observed, the detected genotoxic ef-
fects should not be attributed only to this element. Besides the
concentration of dissolved zinc, increased concentrations of
copper, nickel, cadmium, lead and mercury were also detected.
Bagdonas and Vosyliene (2006) emphasized the synergistic geno-
toxic effects of a mixture of copper and zinc on rainbow trout
(Oncorhynchus mykiss), while Costa et al. (2002) showed the impact
of nickel on the induction of oxidative stress in mammalian cells.

Olive tail moment measured in haemocytes of S. woodiana at the Varvarin and

Bagrdan sites

Olive tail moment

Cc June August September

M Varvarin
[] Bagrdan

October November January February

month

Fig. 3. Nuclear DNA damage in haemocytes of S. woodiana (expressed as OTM) upon sampling from the Varvarin and Bagrdan sites during the sampling period, results of 50—
150 comets per group are shown *significant difference (p < 0.05), in comparison with acclimated mussels (C); *significantly higher level of DNA damage in comparison with
the other sampling site (p < 0.05). Haemocyte viability upon collection, evaluated by the trypan blue staining, was about 90% in each sample.
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Fig. 4. Pearson’s correlation of OTM with physical and chemical parameters measured in water.

The genotoxic effects of lead on the freshwater mussel Anodonta
grandis were shown in the study of Black et al. (1996), the impact
of mercury on the marine mussel Mytilus edulis was revealed in the
study of Tran et al. (2007), while Vincent-Hubert et al. (2008) de-
scribed the genotoxic effects of cadmium on the freshwater mussel
Dreissena polymorpha. Although the concentrations of other pollu-
tants, such as herbicides and pesticides and polycyclic aromatic
hydrocarbons, were in permitted concentrations, mixtures of these

substances, even when present in small concentrations, could exert
an additive genotoxic effect on freshwater mussels (Conners and
Black, 2004).

However, differences in the levels of DNA damage were ob-
served in mussels collected at the Varvarin and Bagrdan sites.
The significantly higher response of the mussels collected at the
Varvarin site in August indicated the higher pollution of this site
in August, which was confirmed by chemical analyses of the water.
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Haevy metals induced genotoxicity at different
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Fig. 5. Impact of temperature on cadmium- and zinc-induced genotoxicity. Results
of 100 comets per group are shown; *statistical significance in comparison with
control held at corresponding temperature statistical significance (p <0.05) in
comparison with corresponding concentration from series held on 4 °C.

A similar situation was observed at the Bagrdan site in September,
when the concentrations of heavy metals in the water were much
higher than in Varvarin.

We also observed differences in response to environmental
stress during different periods of the year. The analysis showed a
high correlation of OTM values with temperature and dissolved
oxygen. The highest level of DNA degradation was detected in
the mussels collected during June and August, followed by a de-
crease in the OTM values during the rest of the sampling period.
Although the concentrations of heavy metals measured at the
Varvarin site in November had values similar to those measured
in June and August, the level of DNA damage was significantly
higher in the mussels collected in June and August. Similarly, using
the comet assay, Frenzilli et al. (2001) described a seasonal effect
on DNA integrity and antioxidant scavenging efficiency which in-
versely correlated with water temperature. In addition, earlier
studies revealed that temperature has a significant effect on the fil-
tration rates of aquatic organisms (Burns, 1969; Jorgensen et al.,
1990), including the freshwater mussel S. woodiana (Xu et al.,
2007). The filtration rates were more significant at 20 °C and
25 °C than that at 15 °C. We assume that the decrease in filtration
rate during months with a lower water temperature may be one of
the reasons for the decrease in DNA damage due to lower exposure
to genotoxic substances in water. Cherkasov et al. (2007a, 2007b)
have emphasized the impact of environmental temperature on
the modulation of the toxicity of waterborne metals in ectotherms
such as mollusks, through changes in metal uptake and accumula-
tion rates, and through modulation of the intrinsic sensitivity of
intracellular targets to toxic metals. The main routs of metal
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Fig. 6. Correlation of the OTM with other comet parameters (tail intensity and tail length); A - in situ performed tests; B - in vitro performed tests.
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uptake are active ATP - dependent transport by ion pumps and
facilitated diffusion by ion channels. Numerous studies (for review
see Sokolova and Lannig, 2008) indicated that these processes were
strongly affected by the environmental temperature in aquatic
ecoterms; a rise of temperature resulted in a profound increase
in metal uptake rates and an elevated accumulation of metals in
the organism.

Our results of in vitro treatment of haemocytes with cadmium
indicated concentration-dependent increase in DNA damage at
both temperatures; also temperature-related increase of DNA
damage was detected in control samples held at 24 °C. Taking this
in consideration, we assume that higher levels of DNA damage in
cadmium- and zinc-treated haemocytes obtained at 24 °C compar-
ing to 4°C are the result of combined effects of the genotoxic
agents and the treatment temperature. Similar effect of treatment
temperature on the genotoxic response to sodium hypochlorite
was detected by Buschini et al. (2003) in haemocytes of Dreissena
polymorpha.

In conclusion, our results show the high sensitivity of the fresh-
water mussel S. woodiana in detecting genotoxicity induced by
waterborne pollutants, and the ability to recover DNA damage
after acclimation in controlled conditions. These characteristics
could make S. woodiana a valuable tool for active biomonitoring
of aquatic environments. On the other hand, observed seasonal
variations in the genotoxic response, probably caused by water
temperature, suggest that the presence of genotoxic pollutants
during months with lower temperature could be under-estimated
with S. woodiana. This emphasizes the importance of seasonal
genotoxic monitoring with this organism.
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Abstract Genotoxic response of freshwater mussels
U. tumidus and U. pictorum to environmental stress was
studied using comet assay on hemocytes and gill cells.
The mussels were acclimated to controlled laboratory
conditions for 10 days, and then exposed at 4 sites in the
Sava and Danube rivers in the area of the city of
Belgrade. Samples of each species were taken after 7,
14, and 30 days of exposure. The mussels sampled
immediately after acclimation served as controls.
Genotoxic response in both species was induced earlier
at sites receiving untreated wastewaters from the city’s
main collectors (7 days), than at the site receiving only
domestic wastewaters from small settlements located
upstream from the city (30 days). There was a correla-
tion between the comet tail intensity values in tissues of
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exposed mussels and the concentrations of zinc, copper,
iron, and arsenic at the exposure sites. The genotoxic
responses in both tissues of U. pictorum and in
hemocytes of U. tumidus were similar, while U. fumidus
gill cells failed to exhibit significant genotoxic response
at two sites. These findings, together with higher
mortality of U. tumidus at the most polluted sites,
promote U. pictorum as a model for genotoxicity
monitoring in freshwater environments.

Keywords
Comet assay

Unio pictorum - Unio tumidus -

Introduction

Active biomonitoring is increasingly used for quanti-
fying the impact of pollutants on aquatic ecosystems.
Active biomonitoring entails the use of bioindicator
organisms obtained from unstressed populations and
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their subsequent exposure to polluted sites (De Kock
& Kramer, 1994). The employment of translocated
organisms provides a powerful tool for an ecologically
sound risk assessment (Smolders et al., 2003). This
approach provides useful information, as the biolog-
ical variability in the responses related to different age
and the reproductive status of the organisms in situ are
avoided. In addition, it can overcome the hydrological,
hydrochemical, and other abiotic and biotic factors
that can influence species distribution, contaminant
bioaccumulation and biomarker responses (Bauer
etal., 1991; Cossu et al., 2000; Arbuckle & Downing,
2002; Andral et al., 2004; Viarengo et al., 2007;
Stambuk et al., 2009). In the last decade, a range of
phylogenetically separate groups of animal and plant
organisms have been used in active biomonitoring
(Nigro et al., 2006; Jha, 2008).

Mussels have several characteristics, such as a wide
distribution, filter feeding, sessile life form, and ability
to accumulate pollutants, which make them favored
organisms for estimating environmental pollution levels
and the bioavailability of various types of pollutants
(Ravera, 2001; Roméo et al., 2003; Andral et al., 2004;
Bocquené et al., 2004; Pampanin et al., 2005; Amiard
et al.,, 2006; Lehtonen et al., 2006). In response to
environmental stress they show arange of physiological,
histological, and molecular responses, including abnor-
mal morphology, alterations of antioxidative status,
induction of DNA strand breaks, etc. (Pavlica et al.,
2001; Binelli etal., 2007; Bolognesi et al., 2004; Rocher
et al., 2006; Coffinet et al., 2008; Klobucar et al., 2008).

Mussels from the Dreissenidae, Unionidae, and
Corbiculidae families have been used in many studies
for evaluating genotoxicity in vivo and in vitro;
however, none of these studies have dealt with com-
parative assessments of the responses in different
species. The aim of this study was to investigate and
compare the genotoxic responses of different mussel
species exposed to the same level of environmental
stress by the active biomonitoring approach. The
present study was carried out on two mussel species
from the Unionidae family, Unio pictorum and Unio
tumidus. Both mussels are native to Serbian rivers and
widely distributed in Central, Northern and Eastern
Europe, and they exhibit relatively low genetic
variability (Bauer & Wachtler, 2001). Since none of
the sites for collection of mussels could be character-
ized as unpolluted (ICPDR, 2002), we first maintained
the collected specimens under controlled laboratory
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conditions for 10 days, and then exposed them to
environmental stress at 4 different sites in the Sava and
Danube rivers in the area of the city of Belgrade.

To evaluate genotoxicity, we employed the comet
assay and used the tail intensity (TT) and Olive tail
moment (OTM) as measures of DNA damage. The
comet assay is accepted as one of the major tools for
assessing pollution-related genotoxicity in aquatic
organisms (Dixon et al., 2002; Jha, 2004, 2008;
Sunjog et al. 2012). It has been used in many studies
with freshwater mussels and it exhibits significant
correlation with the micronucleus test (De Lafontaine
et al., 2000; Pavlica et al., 2001; Klobucar et al., 2003;
Binelli et al., 2007; Stambuk et al., 2009; Guidi et al.,
2010; Kolarevi¢ et al., 2011). We evaluated DNA
damage in hemocytes and gill cells which are
constantly exposed to water-born pollutants and are
commonly used in biomonitoring studies that employ
these organisms (Makala & Oikari, 1990; Soares-da-
Silva et al., 2002; Stambuk et al., 2008).

Materials and methods
The specimen collection

In April 2011, specimens of U. pictorum and U.
tumidus were collected from the site Oresac which is
located on the River Danube. This site was chosen
because of the availability of mussels in quantities
required to perform the experiment. April was chosen
for specimen collection due to low number of bur-
rowed specimens during reproductive period (Schwalb
& Pusch, 2007). About 250 specimens of each species
(shell length 7-10 cm; 10 £ 2 years old; Aldridge,
1999), were collected from a depth ranging from 1 to
2 m using a benthological hand net (Kick and Sweep
technique), a benthological dredge and by diving. After
collection and transport to the laboratory (within 4 h at
4°C), the hemolymph and gills were sampled from 5
specimens of each species and subjected to the comet
assay separately for each specimen. The remaining
mussels were subjected to an acclimation procedure to
obtain baseline levels of DNA damage.

Acclimation procedure

Mussels were maintained under controlled conditions
(14 h/10 h day/night cycle, artificial light was not
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used) in aquaria. Eight aquaria (about 60 specimens
per aquarium, species were separated), each contain-
ing 50 I of de-chlorinated, well-aerated water (conc.
0, > 8 mg 17!, 0, saturation >90%, t = 22°C, pH
7.2-8.1) were used. The bottom substrate was com-
posed of fine sand that was washed with clean water to
eliminate debris and pre-treated with heat (at 250°C
for 4 h) to eliminate potential disease vectors. The
mussels were fed every third day with dry leaves of
string nettle (Urtica dioica) that were macerated and
minced with a mortar and pestle. During acclimation,
mortality was not observed. After 10 days of accli-
mation, the hemolymph and gills were sampled from 5
specimens of each species and subjected to the comet
assay separately for each specimen. The values of TI
and OTM obtained from these organisms served as
controls for the exposure experiments.

Exposure sites

Mussels that were acclimated as described above,
were transferred to 4 sites in the wider area of the city
of Belgrade. One group was kept in the River Danube
and 3 were kept in the River Sava. These sites are
characterized by different sources and levels of
pollution. The site in the Danube (Danube’s branch)
receives untreated wastewater from the city’s eastern
area collector. This site is under the impact of urban,
industrial, and hospital wastewaters. One of the sites in
the Sava (Sava’s branch) is located downstream of the
sewage outlet of the southern part of the city. This site
receives urban, industrial, and hospital wastewaters.
The other site (Sava’s dock) is mainly under the
impact of household wastewaters of the city’s western
part. The third one (Duboko) is located upstream from
Belgrade. It receives only domestic wastewaters from
minor settlements located upstream. The site is
characterized by vast dilution by water flow (about
3000 m?/s) and good aeration. This site was chosen to
detect the occurrence of translocation-related stress.
The coordinates of the collection and exposure sites
were measured by GPS (“Garmin Etrex”) and were
charted with ArcView software (map 1:300,000,
system WGS_1984) (Table 1).

Exposure procedure

For the exposure experiments, 40 specimens of each
species were held at selected sites in plastic net bags

(mesh size 2 mm) at 2 m depth for 30 days (from
April 14 to May 15). The samples of hemolymph
(obtained from 5 mussels) and gills (obtained from 2
out of 5 mussels) from each species were taken for
DNA damage analysis after 7, 14, and 30 days of
exposure. Mussels sampled immediately after accli-
mation served as the control group.

Hemolymph collection and gill cells suspension
preparation

The tissue samples were collected and analyzed
immediately after the mussels were transferred to the
laboratory. Hemolymph was collected in darkness
from the posterior adductor muscle sinus with a
hypodermic syringe. One ml of hemolymph from each
mussel was transferred to a 1.5 ml microtube (held on
4°C) and centrifuged for 10 min at 2,000 rpm at 4°C;
the cell suspension was made in 60 pl of residual
supernatant. After the animals were sacrificed, single-
cell suspensions of gill tissue were prepared using the
method of Wilson et al. (1998), adapted for freshwater
mussels. The gills were excised and chopped sepa-
rately 10 times in 0.2 ml of Hank’s balanced saline
solution (HBSS) using two fresh scalpel blades in a
scissor-like movement on a petri dish on ice, washed
gently in a 15 ml centrifuge tube with a further 2.8 ml
of HBSS and 0.03 ml of 0.5% trypsin. The suspen-
sions were gently rocked for 10 min at room temper-
ature, after which 10 ml of HBSS was added and the
suspension was passed through a sieve to remove any
remaining large fragments. After centrifugation at
2,000 rpm for 5 min at 4°C, the supernatant was
discarded and the pellet carefully resuspended in 1 ml
of HBSS (4°C). The sample was then centrifuged
at 2,000 rpm for 10 min at 4°C, and the cells
re-suspended in 60 pl of residual supernatant. The
viability of cells in suspension was determined by the
trypan blue exclusion test, using 0.4% trypan blue dye.
Cells staining blue were considered non-viable.

Comet assay

DNA damage was evaluated in hemocytes and gill cells
collected within 4 h after sampling from the environ-
ment/aquaria. The alkaline comet assay procedure was
performed under yellow light as described by Singh et al.
(1988). Microscopic slides were pre-coated with 0.5%
NMP agarose and air dried for 24 h. To form a second,
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Table 1 Collection and exposure sites

River Locality Source of pollution

Latitude Longitude Above

sea (m)

Sava Sava’s dock
Sava’s branch
Duboko

Outlet of untreated household wastewaters

Domestic wastewaters of minor settlements

44°48'22.75"  20°26'35.99”  70.0

Outlet of untreated urban, industrial and hospital wastewaters 44°47'39.95” 20°25'42.07" 71.0

44°39'40.03”  20°16'51.53" 77.0

Danube Danube’s branch Outlet of untreated urban, industrial and hospital wastewaters 44°49'15.51” 20°31'46.75" 70.0

OreSac®

Wastewaters from Belgrade and Pancevo

44°39'18.30" 20°49'26.94" 69.5

% Collection site

supportive layer, 80 pl of 1% NMP agarose was gently
placed on top of the 0.5% NMP layer and spread over the
slide using a coverslip. The slide was placed on ice for
5 min to allow complete polymerization of agarose.
After the coverslips were removed, 30 pl of cells were
gently mixed with 70 pl of 1% LMP (37°C) agarose,
pipetted onto the supportive layer of 1% NMP agarose
and covered with a coverslip. After 5 min on 4°C, the
coverslips were removed and the slides were lowered
into freshly made cold (4°C) lysis buffer (2.5 M NaCl,
100 mM EDTA, 10 mM Tris, 1.5% Triton X-100, pH
10) for 1 h. To allow DNA unwinding, slides were
placed in an electrophoresis chamber containing cold
(4°C) alkaline electrophoresis buffer (300 mM NaOH,
1 mM EDTA, pH 13) for 20 min. Electrophoresis was
performed at 0.5 V/cm and 300 mA for 20 min at (4°C).
After electrophoresis, the slides were placed into freshly
made cold (4°C) neutralizing buffer (0.4 M Tris, pH 7.5)
for 15 min. Staining was performed with 20 pl per slide
of ethidium bromide (2 pg/ml). The slides were exam-
ined with a fluorescence microscope (Leica, DMLS,
Austria, under magnification 400 X, excitation filter
510-560 nm, barrier filter 590 nm). Microscopic images
of comets were scored using Comet IV Computer
Software (Perceptive Instruments, UK). Fifty nuclei
were analyzed per slide, and the TI (the percent of the
fluorescence in the comet tail) and OTM (calculated as a
product of the TI and the distance between the means of
the head and tail distributions; Olive & Judit, 2006), were
scored and served as a measure of the level of DNA
damage.

Physical, chemical, and microbiological analyses

Water quality parameters were measured on the first
and the last days of exposure. Physical and chemical
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parameters (temperature, conductivity, pH, oxygen
concentration, ammonia, nitrates, and phosphates)
were measured on site by a multi-parameter instru-
ment Multi 340i (WTW, Germany). Microbiological
indicators, i.e., fecal coliforms and intestinal entero-
cocci were analyzed by standard procedures according
to the national legislation and EU-Bathing Water
Quality Directive 2006/7/EEC. The concentrations of
dissolved heavy metals were provided by the Institute
of Public Health, Belgrade, and the Republic Hydro
Meteorological Service of Serbia.

Statistical analyses

Statistical analyses were performed by one-way anal-
yses of variance (ANOVA) and post hoc Duncan’s
multiple range test, using Statistica 6.0 Software
(StatSoft, Inc., USA, 2001). The mean values for tail
intensities were used for Pearson’s correlation analyses.

Results

Physical, chemical, and microbiological analyses
of water

The results of the performed analyses revealed unsat-
isfactory levels of water quality at all of the studied
sites with regard to the threshold values recommended
by the Bathing Water Directive (European Commis-
sion, 2006). Increased counts of coliform bacteria and
elevated concentrations of ammonia and phosphates
indicated recent fecal pollution. The extremely low
oxygen level (1.6%) measured at the Danube’s branch
site designated it as the most polluted. Moreover, the
concentrations of dissolved zinc, copper, and arsenic
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Table 2 Physical, chemical, and microbiological analysis of water at the exposure and collection sites

Site ICPDR target value  Duboko Sava’s dock Savas’s branch ~ Danube’s branch ~ Oresac*

Date 15.04. 14.05. 15.04. 14.05. 15.04. 14.05. 1504. 14.05. 24.03. 14.04.
15.04.

t (°C) - 13.4 15.8 13.6 19.1 13.4 17.2 12.9 19.6 11.6 12.5
12.9

Conductivity (uS/cm) — 257 283 275 441 280 nd 430 475 420 430
430

Oxygen (mg/l) 6 8.29 6.27 8.34 3.93 8.10 7.98 0.18 6.80 9.90 9.40

77.8 83.3 0.18

Oxygen (%) - 80.1 65.2 80.1 41.6 77.8 83.3 1.6 75.2 107.0  83.0
1.6

pH 6.5-8.5 8.0 7.9 8.0 8.3 8.2 8.9 7.5 8.5 8.0 8.4
7.5

NH,* (mg/l) 0.3 0.41 1.21 0.84 3.05 1.17 1.12 5.00 7.61 0.18 0.16
5

NO;™ (mg/l) 3 0.75 1.36 1.40 1.60 1.42 1.14 0.64 1.32 1.50 1.60
0.64

PO,*™ (mg/) 0.1 nd 0.220 nd 1.370 nd 0310 nd 3.080 0.060  0.045

Fe (mg/l) 0.3 0.122 0.117 0.219 0.140 0.114

Zn (pg/l) 5 3 7 16 19.2 8

Cu (pg/l) 2 1 1 12 16.6 3

Cr (ug/l) 2 2 2 2 0.6 <1

Pb (pg/l) 1 <1 <1 <1 <0.1 <1

Cd (pg/) 0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Hg (ug/l) 0.1 <0.1 <0.1 <0.1 0.1 <0.1

Ni (pg/l) 1 <l <1 <l 2.1 <1

As (ug/l) 1 1 10 18 1

F. coliforms/100 ml® 900 2800 nd 2300 nd 4900 nd 16100  nd 2100 3800
16100

E. fecalis/100 ml® 330 32 nd 80 nd 20 nd 1008 nd 345 31
1008

The numbers marked in bold exceed target values (ICPDR, 2002). The concentrations of dissolved metals were measured once during

exposure period
nd not determined

* Collection site

® Enumeration of fecal coliforms and intestinal enterococci was performed by membrane filtration method; the permitted values are from EU

Directive 2006/7/EEC

at the Sava’s branch and Danube’s branch were
several-folds higher than the permitted values
(Table 2). The Institute of Public Health Belgrade
and the Republic Hydro Meteorological Service of
Serbia also provided data about the concentrations
of herbicides, pesticides, detergent precursors, and
PAHs, however, none of these exceeded the permitted
values during the exposure period (data not shown).

All parameters, except the number of fecal coliforms
and the concentrations of ammonia and phosphates,
were within the permitted values at the Duboko site.
At the mussel collection site OreSac, the increased
numbers of fecal coliforms and increased concentra-
tions of dissolved zinc and copper (Table 2) indicated
unsatisfactory water quality. Therefore, the acclima-
tion procedure was carried out to allow recovery of
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DNA damage, and to provide data for the control
values for subsequent exposure experiments.

Acclimation of mussels: DNA damage recovery

The 10 day acclimation period was found to be
sufficient for DNA damage recovery in both studied
species. By comparing the TI and OTM values in
hemocytes and gill cells of mussels from the collection
site OreSac before and after acclimation, statistically
significant decrease in DNA damage parameters were
observed in both tissues (Fig. 1).

Mortality of mussels and induction of DNA
damage at exposure sites

During 30 days of exposure, 12 specimens of
U. tumidus (30%), and 4 specimens of U. pictorum

(10%) at the Danube’s branch died. Two specimens of

A oresac [l Acclimated

1 U. pictorum U. tumidus
14 T
I |
212
£ 10 I
3 v
E B
— | *
= 6 * *
= = 5
4 - 1
2
0
Haemolymph Gills Haemolymph Gills
tissue
B Oresac . Acclimated
45
P U. pictorum U. tumidus
235 |
@
E 3
S
E 25
E 2 ]
o =
=15 X
5" “ : .
] I
0.5 - i z
0 1
Haemolymph Gills Haemolymph Gills

tissue

Fig. 1 Comparison of DNA damage in tissues of U. pictorum
and U. tumidus collected at the OreSac site before and after
acclimation to controlled conditions, assessed by TI (A) and
OTM (B). For each plot, 250 nucleoids of hemocytes and gill
cells were scored and the results are expressed as MEAN =+ SE.
*Statistical significance (P < 0.05)
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U. tumidus (5%) died at the Sava’s branch, while all of
the specimens at sites Duboko and Sava’s dock
survived the exposure period.

The genotoxic responses in both tissues of the
analyzed mussel species showed similar patterns that
depended on the levels of pollution at the different
exposure sites. As is shown in Fig. 2, at the least
polluted site Duboko, the TI values increased after
30 days of exposure. The increase was statistically
significant in both tissues of U. pictorum and in
U. tumidus hemocytes. No increase of TI values was
observed upon translocation of the mussels to this site;
in U. pictorum hemocytes, even a significant decrease
of DNA damage was observed after 7 and 14 days.

At the Sava’s dock site where water pollution was
moderate, a genotoxic response was induced after
7 days of exposure; however, it subsided to control
levels. The increase of TI was statistically significant
in all of the examined samples (Fig. 2).

At the two most polluted sites, the Sava’s branch
and Danube’s branch, the genotoxic response in
mussels lasted throughout the entire exposure period;
induction of DNA damage was observed after 7 days
and reached a maximum level after 14 days of
exposure. The increase of TI was statistically signif-
icant in both species, with the exception of gill cells of
U. tumidus at the Sava’s branch (Fig. 2). Curiously, at
this site, the maximum level of DNA damage after
14 days was missing in U. pictorum gill cells. At
present we have no explanation for this result.

When the DNA damage in hemocytes and gill cells
of the two species were compared by Pearson’s
correlation analyses, a significant correlation between
TI values in hemocytes of U. pictorum and U. tumidus
(r = 0.79) was obtained, while the correlation in gill
cells was not significant (r = 0.53).

The level of DNA damage was also studied by
OTM (Table 3). Although the correlation between TI
and OTM was highly significant (r = 0.88), TI
displayed a higher potential for detecting significant
differences, especially when the level of DNA integ-
rity was close to the control values. Moreover, when
the results of chemical analyses were correlated with
TI and OTM values (Table 4), the concentrations of
dissolved heavy metals were more significantly cor-
related with TI. The most significant correlations were
obtained in U. pictorum hemocytes with the concen-
trations of zinc (r = 0.78), copper (r = 0.77), iron
(r = 0.64) and arsenic (r = 0.58).
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Table 3 OTM values measured in tissues of U. pictorum and U. tumidus at exposure sites

Site/Days Hemolymph Gills
7 14 30 7 14 30

U. pictorum
Duboko 0.27 + 0.03 0.20 £ 0.03 0.58 + 0.14 0.52 £+ 0.17 0.29 + 0.05 0.93 + 0.36
Sava’s dock 0.53 £ 0.08 0.25 £ 0.04 0.42 £ 0.05 0.93 £ 0.16 0.37 £0.13 0.72 £ 0.13
Sava’s branch 0.73 £ 0.07 0.83 £ 0.05* 1.31 £ 0.09* 1.06 £ 0.21 0.69 £ 0.08 1.59 + 0.14*
Danube’s branch 0.65 £ 0.05 0.99 + 0.07* 0.82 £ 0.10 1.06 £+ 0.24 1.26 = 0.09* 0.70 £ 0.14
Control 0.63 + 0.07 0.62 + 0.09

U. tumidus
Duboko 0.37 £+ 0.04 0.47 £ 0.05 043 £ 0.13 0.43 £ 0.09 0.30 + 0.08 0.43 £ 0.17
Sava’s dock 0.63 + 0.11 0.46 £ 0.04 0.42 + 0.05 0.69 + 0.09 0.42 £+ 0.07 0.72 £ 0.13
Sava’s branch 0.80 £ 0.06* 0.84 £+ 0.07* 0.37 £ 0.04 0.59 £ 0.11 0.72 £ 0.09 0.51 £ 0.08
Danube’s branch 0.99 £ 0.10* 0.36 £+ 0.04 0.79 £ 0.09* 1.04 £ 0.11 0.73 £ 0.09 0.57 £ 0.13
Control 0.47 £ 0.10 0.94 £ 0.12

OTM values are expressed as MEAN + SE. Marked values are significantly higher in comparison with controls.

* P <0.05

Table 4 Pearson’s correlation of TI and OTM values measured in different tissues/species with values of parameters measured in

water at exposure sites

U. pictorum hemolymph

U. pictorum gills

U. tumidus hemolymph

U. tumidus gills

TI

Conductivity 0.47 0.32 0.29 0.68*
Ammonia 0.52 0.37 0.33 0.69*
Iron 0.64* 0.58* 0.59* 0.11
Zinc 0.78* 0.62* 0.58* 0.61*
Copper 0.77* 0.61* 0.60* 0.63*
Nickel 0.40 0.30 0.20 0.70*
Arsenic 0.58% 0.53 0.55* 0.03
OTM

Conductivity 0.41 0.32 0.41 0.61*
Ammonia 0.46 0.36 0.44 0.64*
Tron 0.70% 0.51 0.34 0.14
Zinc 0.77* 0.59* 0.55 0.64*
Copper 0.75* 0.57 0.54 0.58
Nickel 0.30 0.30 0.40 0.60
Arsenic 0.64%* 0.47 0.29 0.08
* P <0.05
Discussion comet assay on hemocytes and gill cells to assess

In this study, we used the active biomonitoring
approach to investigate and compare the genotoxic
response of freshwater mussels U. pictorum and
U. tumidus to environmental stress. We used the
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genotoxicity; TI and OTM parameters served as

measures of DNA damage. Our analysis confirmed
previous findings that TT was a more reliable param-
eter for estimating genotoxicity than OTM (Collins
et al., 2008).
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The animals used for active biomonitoring are
usually obtained from unpolluted sites. According to
chemical analysis and evaluation of DNA damage in
the tissues of collected mussels, the Oresac site could
not be considered as unpolluted. For that reason, we
carried out the acclimation procedure before the
exposure experiments. In the study of Stambuk et al.
(2009) which also employs caged mussel procedure
with U. pictorum, the level of DNA damage in
hemocytes of the native population of mussels at he
unpolluted site at the Kupa River (tributarie of the
Sava River) closely resembles to the level of DNA
damage in hemocytes of U. pictorum obtained after
10 days of acclimation in our study. This suggests that
the 10 days acclimation period was sufficient to allow
a significant recovery of DNA damage and to provide
control values for the exposure experiments.

The exposure experiments revealed that the time-
course of the genotoxic response and the extent of DNA
damage in both analyzed species depended on the level
of pollution at the investigated sites. At the sites
characterized by high levels of organic pollutants and
several-fold increased concentrations of zinc, copper,
and arsenic (Sava’s branch and Danube’s branch), the
genotoxic response was induced earlier than at the
Duboko site which was characterized only by a low level
of organic pollution. Moreover, we observed a signifi-
cant correlation between the TI values in tissues of
exposed mussels and the concentrations of zinc, copper,
iron, and arsenic at the exposure sites. Since zinc, copper,
arsenic, and nickel are known to induce genotoxic effects
in aquatic organisms (Ramirez & Garcia, 2005; Bagdo-
nas & Vosyliene, 2006; Ahmed et al., 2011; Ali et al.,
2011; Millward et al., 2012), it is reasonable to conclude
that the genotoxic responses observed in our study were
mainly caused by pollution with heavy metals. However,
we cannot exclude the contribution of other pollutants at
the exposure sites. The genotoxic potential of industrial,
hospital, and household wastewaters containing com-
plex mixtures of chemicals has been confirmed in many
studies, even if single pollutants were present at below
limit concentrations (Richardson and Bowron, 1985;
Claxton et al., 1998; Halling et al., 1998; White &
Rasmussen, 1998; Grover & Kaur, 1999; Conners &
Black, 2003, Ferrari et al., 2003; Parolini et al., 2011).
This indicates that herbicides, pesticides, PAHs, and
other pollutants which were within the permitted values
at the exposure sites could have contributed to the
observed genotoxic responses.

It has been proposed that DNA damage observed
early upon translocation of the animals to the new
environment was induced by translocation-related
stress rather than by pollution (Regoli et al., 2004).
At the least polluted site Duboko, no induction of
DNA damage in either mussel species was detected
after 7 days, indicating the absence of translocation-
related stress. Therefore, we can assume that the
genotoxic response detected at the Sava’s dock site
after 7 days of exposure was a true response to
pollution.

Itis of interest to note that the genotoxic response in
both studied mussel species declined after the maxi-
mum level of DNA damage was reached at sites with
considerable levels of pollution. Regoli et al. (2004)
described similar variations in concentrations of heavy
metals and biomarkers such as DNA damage, antiox-
idant parameters, and lysosomal membrane stability in
the marine mussel Mytilus galloprovincialis. We can
speculate that the adaptive responses of the mussels
(increased antioxidative defense and/or enhanced
DNA repair capacity), could account for the decreased
genotoxic response during later exposure. It is also
possible that longer periods of exposure select indi-
viduals that are more resistant to environmental stress,
while sensitive ones are eliminated. In favor of this
idea is the increased mortality, especially of U.
tumidus observed after 30 days of exposure at sites
with high levels of pollution (Sava’s branch and
Danube’s branch).

Taken together, our results demonstrate that both
tissues of U. pictorum and hemocytes of U. tumidus
responded in a similar manner to environmental stress
at each of the studied sites. On the other hand, gill cells
of U. tumidus failed to exhibit a significant genotoxic
response at the sites Duboko and Sava’s branch. These
findings, together with the observed higher mortality
of U. tumidus at the most polluted sites, promote U.
pictorum as a model organism for genotoxicity
screening and monitoring of freshwater environments.
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Abstract

This paper provides a list of recorded taxa and discusses the distribution and relative abundance of
freshwater mussels (Bivalvia: Unionoida: Unionidae) along the Serbian stretch of the Tisa River. The
objective of the work is to contribute to the general knowledge about the distribution and autecological
characteristic of the species that could play a part in more effective assessment of ecological status. The
results are especially interesting because Mollusca were found to be one of the principal components of the
macroinvertebrate community in the lowland rivers. During the investigation six species of mussels were
recorded. The most abundant and frequent species were found to be Unio pictorum (Linnaeus, 1758) and

Unio tumidus (Philipsson, 1788).

Keywords: Unionoida, Tisa River, community structure

Introduction

This work is a part of a research aimed to contribute
to the better knowledge on freshwater mussels, or
unionids (Bivalvia: Unionoida: Unionidae). According
to the EU Water Framework Directive (WFD, 2000),
ecological status assessment of water bodies are
primarily based on analyses of aquatic communities
— Biological Quality Elements (BQEs), including
mollusks as one of the most important component in
large lowland rivers (in regards to number of recorded
species, relative abundance and biomass) in the
Danube Basin (Graf et al., 2008; Paunovi¢ et al.,
2007, 2012; Tomovi¢ et al., 2010; 2012; Tubi¢ et al.,
2013). Further, freshwater mussels represent one of
the most of severely endangered groups of animals
due to habitat degradation, pollution pressure and
introduction of alien species. Thus, the aim of this
paper is to present the data needed to contribute
to the knowledge of the unionids community and its
use in ecological status assessment.

Study area

The Tisa Sub-Basin is the largest sub-basin of the
Danube Basin. The basin area is shared by five

UDK: 594.141(282)(497.113)

countries (Ukraine, Slovakia, Romania, Hungary,
and Serbia). The lower, 160 km-long course of the
Tisa (16.6% of the length of its main stream) is
located within the territory of Serbia. The Tisa River
comes from Hungary and reaches the Danube in
Serbia, near Slankamen (atrkm 1215). Here only 5%
of its catchments area is on the territory of Serbia,
and this stretch has the typical characteristics of
a lowland river (lower Tisza). In this sector, the
river receives the Begej River and some smaller
tributaries indirectly through the Danube-Tisza-
Danube Canal System (HS DTD).

The Tisa River Basin in Serbia is under the influence
of various stressors (Vasiljevic et al., 2010; Kolarevi¢
etal., 2011) - pollution (organic, nutrient, wastewater
from industrial facilities and agricultural activities)
and hydromorphological degradation (cutting of
the meanders, shortening, channeling, as well as
gravel and sand extraction). The investigated part
of the river is under the influence of untreated urban
waste waters, as well as the sugar and fermentation
industry wastes (Senta municipality) and effluents of
the paper and cardboard industry (Novi Knezevac).

Water quality of the Tisa River was assessed as
good to moderate (class lI-1ll) based on the results
of a macroinvertebrates survey (Simonovi¢ et al.,
2010).
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Material and Methods

The study is based on the results of investigation of freshwater mussels (order Unionoida) in the Serbian
part of the Tisa River during the period from 2001 to 2012. Investigation was conducted on five sampling

sites along the Tisa River (Figure 1, Table 1).
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Figure 1: Sampling sites along the Tisa River

Table 1: Sampling sites on the Tisa River

Sampling site Titel Biﬁgj gr\:ﬁﬂéﬁg to Novi Becej Ada Novi Knezevac
Latitude, N 45°11'41,1" 45°12'37,0" 45° 35'18,3" 45° 47' 55,57' 45°03'17,0"
Longitude, E 20° 18'39,5" 20°19'01,40" 20° 08'01,2" 20° 8' 50,88" 20° 05'205,9"
Altitude (m.a.s.l) 74 74 90.7 126 128
River km 9.7 9.8 72.0 103 144
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Samples were collected by benthic hand nets and
free diving. The coordinates of the sampling points
were measured by GPS (“Garmin Etrex”) and
charted by using ArcView software (map 1:300,000,
system WGS_1984). The analysis of autecological
characteristics (AQEM 2002) was performed and
discussed. Relative abundance was evaluated
according to the scale presented in the Table 2.

Table 2: Scale used for the relative abundance

assessment
at?uerlgg\;ie Description ingli\;/]ign;azllgger
1 present 1-2
2 low abundance 3-5
3 moderate abundance 6-50
4 high abundance 51-150
5 very high abundance >150

Result and Discussion

During the investigation six species of freshwater
mussels (order Unionida) were detected (Table 3).

Table 3: Relative abundance of mussel species per
sampling sites

Taxa name / Begej Novi Novi

Sampling sites Titel River BecCej KneZevac Ada
Anodonta cygnea
(Linnaeus, 1758) ! 0 0 0 0
Pseudoanodonta
complanata
Rossmassler 0 0 L 0 1
1835
Sinanodonta
woodiana 3 5 2 0 0
(Lea, 1834)
Unio crassus
Philipsson, 1788 0 0 ! 0 !
Unio tumidus
Philipsson, 1788 13 2 2
Unio pictorum 2 1 3 2 4

(Linnaeus, 1758)

The most diversified mussel fauna was identified
on the Novi Becej site (5 species). Lower taxa
richness was registered on the Titel and Ada sites
(4 species). Diversity on the other sampling sites
was lower (Begej River, next to the confluence — 3
species and Novi Knezevac — 2 species).

The most frequent and abundant species were found
to be U. pictorum and U. tumidus. Sinanodonta
woodiana (Philipsson, 1788), Pseudoanodonta
complanata (Rossmassler 1835) and Unio crassus
(Philipsson, 1788), were found with a lower number
of individuals and frequency of occurrence (Figures
2-4).

Figure 2: U. pictorum (up), U. crassus (middle) and

U. tumidus (down)

Figure 3: S. woodiana

Figure 4: P. complanata
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Swan mussel, Anodonta cygnea (Linnaeus, 1758)
(Figure 5) was detected only on the Titel site during
the 2001 investigation (JDS-ITR Report, 2002).
Recent research (from 2000 up to now) has not
reported this species in lowland rivers in Serbia
(Graf et al., 2008; Paunovi¢ et al., 2006, 2008;
Tomovi¢ et al., 2010, 2012) except for one finding
in the Danube, downstream of the Velika Morava
confluence (Tubi¢ et al., 2013). In the period 1952-
1955, the species has been reported for the NiSava
and Sava Rivers, but no data about abundance were
presented (BAES database, Simi¢ et al., 2006).
Species was reported to be frequent and abundant
in the period 1992-2000 by Simi¢ and Simi¢ (2004)
for the Iron Gate stretch of the Danube River. A
report on frequent occurrence of Swan mussel
along the Serbian stretch of the Danube River by
Martinovic-Vitanovi¢ et al. (2013) for a more recent
period, is not in accordance with other studies of this
river (Berneth et al., 2002; Paunovic et al., 2007;
2013; Graf et al., 2008) and this finding should be
reconsidered. According to the presented results,
Swan mussel could be assessed as endangered in
the region, having in mind the decline in frequency
and abundance since 2000 onward. According to
the distribution presented in the BAES database
(Simi¢ et al., 2006) A. cygnea prefers standing
or very slow-flowing water and it occupies mostly
bottom substrate in lakes and large ponds.
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Figure 5: A. cygnea

Thick Shelled River Mussel U. crassus was
recorded on the Novi Becej (in 2001) and Ada
(in 2010) sites. According to the results of the
ITR international expedition (JDS-ITR Report,
2002), significant decline in population density of
U. crassus was observed from the Middle Tisa in
Hungary (685 km) to the Lower Tisa in Serbia. This
species is vulnerable to changes in water chemistry,
species composition of the surrounding ichtyofauna
and the degradation of natural river valleys (Zajac
and Zajac, 2009). It is assessed as an endangered
species in Europe according to IUCN classification
(Van Damm, 2011). As endangered taxa, the Thick
Shelled River Mussel is of special interest, included
in the European Union list of species of special

community interest (92/43/EEC), but also covered
by the Serbian national regulative (Official Gazette
of RS 5/2010, listed in Annex 1 — strictly protected
species). The newest researches in Serbia
(Paunovic et al., 2012; Tomovi¢ et al., 2012) have
shown a growth in population density of U. crassus.
The reasons for population recovery have to be
further investigated.

Other species reported for the Tisa River in this
work are frequent in other lowland rivers in Serbia
(Tomovi¢ et al., 2010, 2012). Abundant occurrence
of invasive species S. woodiana, previously reported
for the Tisa River by Paunovi¢ ef al. (2006), is
confirmed by this study for three localities (Titel, the
Begej River and Novi Becej).

Species richness and distribution along the Tisa
River could be explained by the influence of pollution
but also by means of habitat richness. Composition
and spatial heterogeneity of substratum are
regarded as one of the most important variables
controlling composition of molluscan communities,
as well as species abundance (e.g. Harman, 1972;
Bailey, 1988; Sporka and Nagy, 1998; Weigand and
Stadler, 2000; Lewin, 2006). Substrate structure
could be the factor that contributes to the capability
of the sampling sites to become a suitable recipient
area where the unionids population can become
stable.

According to autecological metrics (AQEM, 2002),
recorded taxa are characterized mostly as rheo- to
limnophilous taxa (Type RL - prefers slow-flowing
streams and lentic zones). All identified species are
adapted to the bottom substrate types typical of
large lowland rivers (substrate types pelal, psammal
and argillal). In regard to a preferred zone within the
river continuum (longitudinal zonation) recorded
species are characteristic for the lower stretches of
the rivers (hypopotamal, epipotamal, metapotamal)
— potamal species (AQEM, 2002).

The Tisa River is under the influence of organic load
from industrial and municipal wastewater (Vasiljevic¢
etal., 2010; Kolarevi¢ at al., 2011). A less diversified
mussel community on the Novi KneZevac site could
be explained by high levels of organic pollution and
the influence of the paper and cardboard industry.

The necessity of using unionids in ecological status
assessment, according to the EU Water Framework
Directive (WFD, 2000) is obvious, having in mind
that they were found to be the principal component
of the macroinvertebrate communities in large
lowland rivers. Nevertheless, there is a need for
more information about the relation of mussel
species and environmental variables in order to
properly involve this group as indicator organisms.
Variations in mussel community structure clearly
indicate fine changes in the overall conditions along
the river continuum. For these reasons, as well as to



Tomovié et al.

Water Research and Management, Vol. 3, No. 1 (2013) 35-40

be able to design effective conservation measures
for mussel species, extensive research is needed
in the future.
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Abstract

The aim of this paper is to present the records and relative abundance of freshwater mussels (order
Unionoida) along the Velika Morava River. The objective is to contribute to the general knowledge about the
distribution of the species. This information is necessary to design more effective assessment of ecological
status, as well as to identify the level of endangerment and to set up a prioritisation in protection on the
national level. During the investigation five species of mussels were recorded. The most abundant and
frequent species was found to be Chinese Pond mussel Sinanodonta woodiana (Lea, 1834), followed by
Unio crassus, Philipson, 1788. The records of abundant population of U. crassus is of special interest as
the species is assessed as endangered at the European and national level.

Keywords: Unionoida, Velika Morava, community structure

Introduction

Freshwater mussels (order Unionoida) are an important
component of freshwater ecosystems, especially
in large lowland rivers (Csanyi, 2002; Paunovi¢ et
al., 2007a, 2008; Graf et al., 2008; Tomovi¢ et al.,
2010). They play a significant role in functionality
of ecosystems and could be effectively used as
typological parameters and essential organisms in
assessment of ecological status of water bodies, as
described in EU Water Framework Directive (WFD
2000). Freshwater mussels represent one of the most
severely endangered groups of animals due to habitat
destruction, introduction of nonnative species, and loss
of host fishes, which their larvae (glochidia) are obligate
parasites on. Thus knowledge on the distribution of
freshwater mussels could contribute to more accurate
assessment of the ecological status, as well as design
of protection and restoration measures such as habitat
restoration or restocking of native populations.

Freshwater mussels of the Velika Morava Basin
have not been investigated in a satisfactory way.
This order of molluscs of the basin has been studied
only as part of macroinvertebrate communities
(Markovic et al., 2011), or research covering a wider
area (Tomovic¢ et al., 2010).

UDK: 594.141(282)(497.11)

Study area

The Velika Morava River originates from the West
and the South Morava Rivers. Itis 175 km long. With
a catchment area of 38.000 km? and mean annual
flow of 230 m® s (gauge station Ljubi¢evo, near the
mouth of the Danube - Annual Water Quality Report
1999-2008), the Velika Morava is one of the major
tributaries of the Danube. Over 95% of the basin is
located on the territory of the Republic Serbia.

The area is densely populated and the river is under
the influence of various pollution (organic, nutrient,
as well as other substances originating from
industry), hydromorphological pressures (cutting of
the meanders, shortening, channelling, gravel and
sand extraction).

Material and Methods

During the 2010-2011 macroinvertebrate survey
of the Velika Morava River special attention has
been placed on collecting data on the distribution of
freshwater mussels (order Unionoida).

Benthic samples were collected by benthic hand
nets and free diving at five sampling points (Table 1,
Figure 1).
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The coordinates of the sampling points were measured by GPS (“Garmin Etrex”) and charted by using
ArcView software (map 1:300,000, system WGS_1984).

Relative abundance was evaluated according to scale presented in Table 2.

Table 1: Sampling sites on the Velika Morava River

Sampling site Varvarin Cuprija Bagrdan Markovac Ljubic¢evo
Latitude, N 43 43.022 43 56.921 44 05.099 44 13.485 44 35.182
Longitude, E 21 23.053 21 21.873 21 11.377 21 09.215 217.748
Altitude (m) 130 115 102 95 72
Distance from mouth (rkm) 169.83 135.2 108.81 82.27 21.52
River bed width (m) 120 110 95 85 135

O Sampling sites

Pancevo
RAD ‘ I o 25 50 Km
W Pozarevac
Bagrdan
Cuprija
%wParacin

Krusevac

Figure 1: Sampling sites along the Velika Morava

Table 2: Relative abundance scale

Relative Descrintion Number of

abundance P individuals
1 present 1-2
2 low abundance 3-5

moderate
3 abundance 6-50
4 high abundance 51-150
5 very high >150
abundance

Result and Discussion

During the investigation five species of freshwater
mussels (order Unionoida) have been detected
(Table 3, Figures 2-6).

The most diversified mussel fauna was observed
on the Varvarin and Markovac sites (4 species). On
the Bargdan site three species were recorded, while
on the Cuprija site, two species were detected. No
mussels were recorded on the Ljubi¢evo site during
the investigation period.

The spatial pattern in species richness could be
explained by the influence of pollution, but also by
means of habitat richness. Localities Varvarin and
Markovac are assessed as less influenced sites
according to macroinvertebrate fauna (Markovi¢ et
al., 2011). At the same time, those sites, together
with the Bagrdan site, are characterised by larger
amounts of different microhabitats in comparison
with the rest of the sites.

The absence of mussels on the LjubiCevo site
could be explained by high level of organic pollution
(Vasiljevi¢, 2010; Markovi¢ et al., 2011) and less
diversified habitat. Namely, on the LjubiCevo site
the bottom is characterised by clay and artificial
stones, which does not provide the conditions for
the development of a mussel community.

The most frequent and abundant species according
to the data collected during 2010-2011 was found to
be a non-indigenous mussel S. woodiana (Chinese
Pond Mussel).

Dense population of Thick Shelled River Mussel U.
crassus was recorded on the Varvarin, Cuprija and
Markovac sites. According to the BAES database
(Simi¢ et al.,, 2006), as well as our previous
investigations (Tomovi¢ et al., 2010), the species
was not recorded at the Velika Morava River. U.
crassus is of special interest as endangered taxa
- assessed as an endangered species according
to IUCN classification (Van Damm, 2011). Further,
Thick Shelled River Mussel is included in the
European Union list of species of special community
interest (92/43/EEC), but also covered by Serbian
national regulative (Official Gazette of RS 5/2010,
listed in Annex 1 — strictly protected species).

It should be underlined that during our investigations
the Painter's Mussel Unio pictorum (Linnaeus, 1758)
was not detected. U. pictorum is a species that is



Tomovic et al.

Water Research and Management, Vol. 2, No. 4 (2012) 51-55

Table 3: Relative abundance of mussel species per sampling sites

Taxa name / Sampling sites Varvarin Cuprija Bagrdan Markovac
Anodonta anatina (Linnaeus, 1758) 1 0 0 1
Pseudoanodonta complanata (Rossmassler 1835) 2 0 1 0
Sinanodonta woodiana (Lea, 1834) 3 3 3 3
Unio crassus (Philipsson, 1788) 1 3 0 2
Unio tumidus (Philipsson, 1788) 0 0 1 1

Figure 2: Unio tumidus

Figure 3: Unio crassus

Figure 5 Pseudoanodonta complanata

Figure 6 Sinanodonta woodiana

frequent in large rivers in the region (Csanyi, 2002;
Paunovi¢ et al., 2007a, 2008; Graf et al., 2008;
Tomovic et al., 2010). The absence of this species
could be explained by high organic and nutrient
pollution of the river (Vasiljevi¢, 2010). Thus, the
general water quality of the Velika Morava River
could be assessed as moderate to poor (class llI-
IV) based on the results of the national water quality
monitoring for period 1999-2008 (Annual Water
Quality Report, 1999-2008). The same evaluation
was provided by Markovi¢ et al. (2011) based on
macroinvertebrate communities (lll-IV class based
on selected metrics). The Painter's Mussel was
not recorded during the 2007 survey of the Velika
Morava (Tomovi¢ et al., 2010) and was not reported
for this river in BAES database (Simic¢ et al., 2006).
According to Van Damme (2011), based on IUCN
classification, U. pictorum has been assessed
as Least Concern, since it has a wide distribution
and is tolerant to stress conditions. From the other
side, the species was found to be sensitive to
hydromorphological modification and competition
with exotic species (Van Damme, 2011) and
biodegradeable pollution (Mouthon, 1996), both
being assessed as considerable stressors at the
Velika Morava River (SCG ICPDR National Report
2004).

The reasons of reappearance (it could be supposed
that it was present in the Velika Morava River in
period before 1950’s) of Thick Shelled River Mussel
(U. crassus), as well as absence of Painter's Mussel
(U. pictorum) should be further investigated. One
of the important further steps is assessment of the
critical risk of extinction and the protection priorities
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on a national level, not only for U. crassus and U.
pictorum, but also for U. tumidus. For that purpose,
extensive field work is needed in order to collect
additional data on the distribution of freshwater
mussels within aquatic ecosystems of Serbia, as well
as to determine the relation of native fauna and non-
indigenous bivalves, especially those characterised
as invasive for the territory of Serbia (Zori¢ et al.,
2010), especially Corbicula fluminea (Muller, 1774)
(Paunovic at al., 2007b) and S. woodiana (Paunovic
et al., 2006). In that regards, it should be underlined
that dense population of C. fluminea was reported
for the Velika Morava River (Zori¢ et al., 2010;
Vrankovi¢ et al., 2010).
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