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] MisOls! | tOmMhdisilstej dz ts iy dzfBhe dartigle desfribes thds dnfais tSypedz’ oF microbial
sBtcOMmilsOdzd 2, tcOL 8 doe O h dj fmwoulimg that @evetzg in| dariods ecotépasioisSh@fash
fihjtr ZZ7z@ c Otz tsfe j M O) d3ts 2cave, Oldmisndted ] partcds @haz@ortals inhabited with
MW stcdsd tcts o Odg WslsslstetsW dzr | phpeteopHicj domraubitiesihcluding’ Highed Rrascular
fmMsmizundMmisr A ttOMmisj dzd 2, d3A s plantsg mossesOalns By@dlimgtasigho deosdas The
otsHBsMdzj o 7 yYj desL s . ¢ tss@hnuiies @qlonifing demltzdaf dhe zcaveahtpin
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MisJ dzr OWBlsdyd ME 2 Y O Mmls d prokdfryptt j tdacteria, ® IncdaidimgO ¥ &yano  and
ftci HMlsOoa dIsj dzj 2 f to s € O toydshpdzgclinmladesa) tanfl deukaryot (milsrescgpic fungi and
O¢C Is g dztxf yqodzss OCIsjted d) yeapts)microolg&nBrizsGdvdsteermain morphotypes of

(BdStesMEsf dud MSdd d Htetsy yniadbigl coenmuhitie’s pre degctibgdr Podzthst g,
sfMdztseo dzr - Bt sIsdf tso d3d Sthe sdesolitiution  pafiyesnts eévVarjpds lenicrobial fouling
lfitor j fted HMNIsOo dzj dzO ) Bhqrpdipdypes itctB®eichvityj halls desigizedThe growth
BsteW sIsdff so B CtesB dzr ~ ts B ¢d QifjlideOmizfobial cdmBunities Gsdd@reted mainly in
f sdzsmisd . t OLoadlilsd j o d H i fagls shfiltratich el ts@ndehsation fpdeds @S well as in zones of
ftoedkztesyj des € L sdzOd3 { tots fr) O yigtenGedzdit extfdmigelEhisodes Oofj fiirg)alzdzjroth
otsH d GCfBdeH j dzlMOyd d, O IsO¢ gngludifig bdsidigisyCates drklsnjitozppdco fltacets

otsLHER B d&3j dzO. CfdL sHT causedhypanchls aftivity,. ctcdB 59
(BdlstsmMf stctsear - d BOL dHJOdz! dxbolt)70 spexieszdf) drilsropdas dae found in the
HijwWlisj dz detsfpls! 8 yj dzse § € O. cave. A significant part of the arthropod trdgionts

] fihjt] sB dzOtclz ) j dzts famrdd Srdztlistant7parts of the sawe, are séps and
Yz ded mlstsdgsdz@ 5 Is§ dzv dzOw 1 O frriyceetophagkzg, dpdbmdsinsg dits cexpansiaf  microbial
stetse dztsW d dzts @, sB dzOtclz )y d & Oj dguliRg in the cauit® dz' dzd n yofmlsw
fihjtr, weo dzw jIsfyw Moy tc &l Oc Oditfe fornatiodgbfy itsabiwl Chdfdndg on rocky
M smMtse Mis o A Gfiffdexs i Is tc sdz§ tet B8 dairfdces in the Shulgahash cave is obviously a natural
sBtcOMlsOdzd?2 o (dzsMmisd. continued process. Changes in  microclimatic,

Astcdid tetso Odzd j dzdzts ¢ 5 9 d HhydroloBical ards df dpldacatitiphs-n the cave caresult
Bty dzj dets € dZzO0 MCOodz dz R i 5o displaceptef MY Bevelapmerf jzbnede jof these
z zdz & ©Odz w9 dzw j Isfpw X fslindsfisly aprdraaitie and their expansion onto panel paintings that
ftotsHsdzy O8 b d dgipw f Bisdpj fpj)dedegsents a serious threat to the preservation of the
BICtesC dzd BOIsdyj MS dn, ¢ d draningss ¢ d yj M¢ dn d
btetsW duimédn Efmdsed2 o f§jihjtej EBSYjl fFwdo jMmisd ¢
o3y " j ded dz C®Lodlsdw LIsdn mMsseh j Mise d
cOMmMf tetsMistc Odaj dad ® dnr 2O Y deotf dmde J § O dzdzts, yls ts
ftoj HiNlsOoa dzv j Is fMd te! J L dalz EectetsL &z H dzw Mtsm e Odzdzts Mils d
ted Mz dzC s 9 . Key words: cave, microorganisms, phototrophic
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t OLoadIsdj mMssBh j Mise StcG Odzd L dzgts @ ) f4nMJtc
Bt sdzsedyud MSdd&dd tmtse j dedesmilsw 3 f sdzsfmilsj 2. 1 f
sBr Yydzs tOLoado O IsfmMw MtssBh jMlsoa O WsktlstesWdzr » i@
tcOMmlisj dzd 2 , (o s34 YN0 | qafl © @21 sz BlsspitdstaOsdi drigto® " - YydJ detsL 59
oW slsdyd MSdn L 5dzOn COteB sdzOIs dz' ~ f sHL j d3gdz" ~ fts
Bdtfdzj dz€ d, f§ tsCter o O h d jCubpVadlidz 2889 DiaziHésraizetak, 8gsamis d |
PHI 2010]. 1 {CMSEzgmEBopipss j dzdzh ge®Mo h j dzd j o3, o
Cdzd 3OIsdyd Mc dn s j dzdets s § 2, 1o ®IH ssdods@)ddg g | Y oy
" OB s 52 W dzster " [ f OL d dz0O, #J o J tod dz, 2007] .
stecOdzd yd MSdd3d M MmMistcOIsOBRd 1 tcdf® sdzd B &3d O tsff S HaAfs
GtedBtseo [skL! BJdO d Ht. 2012, |1 OdzdBBLvVvdzsea O d Ht

ltesdegd Cdztso jdzgdy M dor n ttcOddL ddse o § SHL j dgdg
f zZlswidgdisL H zh dzr o3, 9 SH dz" 3, L dZzOydlsj dz' dz" 2 o SalzOH o d
Jimenez, Hermosin 1999, lkner et al. HtG. 2007] . v O¢ 9o Mt Hdzd O3, (
odzsfdls o jhjus®L did ydf &/ MiStesL sdzj 2, o LvEhe ydmd
2004] . [fOMmMdesmis! fjtojdesMO o fjhjtel BICteststee OO
sj &3, ugpsptectsHdz" j ©dHT HsflsQoa dzw s Isfqw & HOdz! dad j 1
BOt! jtor . [Hdzd 3 L IOSdrm ftoddij teseo MmMdzexdls §4hj
(Lascaux Cave, AttOdzydvw), CtbktsttOwvw ofmitte] f tMmdy
BOMMtse ejsdzdfsMjrR MY sdz! L so Odedy M jter o SOy Mmlsoj
BOMMseo sz tcOL o dlIsd o BHBKEMAz] 2 ( 1 9FBisBriunesslan) d
(2001 Dupdmtetal. (2007) . 1 OYder d3 WOCIststetsdz, odzdwe h dds
sBtcOfMls dgdRs fpdE MY sL osdesyde" §| Y dJotslsdz J [ Basti an
tcOLodlsd] dBJSCtsBdzr » MtssBh jMlse ftojHMISOodzw jIs H
MSLHOo OW Mjte! jLdgz® EcetetsLkz HdzW MtrtcOdzdesmisd ted
2008, Sa-Jimenez et al., 2011, Stomeo et al., 2009].

1 jhjtcO zk@ cEE#Ofs00) dLo jMisdz® dzj Ibsdzr S5 9o
ZzOMm¢ Odz! dzts 2 yde st dimd, HOIsd tclzjalgiskdj, ioBow R1@API3 1 O
stsateOdzj dzgdj  Odzj sdzdIsd yd ME GFEOIE OuddsidLde rey Q2jdety tj O yzdA
sded ftej HMIsOoadzwe Is MsBB?2 BJ Myd dedetsy € kz dz! -1OHADadiAe | &
cOMf tesMistcOdzj dzgdv d Wtstcdd B G j dzdws G , 5B OB Oz 2 W G
M smMseMmlsezs h drn dr tOMftsMistcOdzj dzd & .

fovrtrOJ 3 RIfUULT

1 jhjteO zk@ c @@MY sdzsy j dzO o B
sjtetedIststed d | sfMkzH Otcfise j dedats G ts ]

10" Csticlsfi@B OMmY stcdidtetso Odz® o € Otcfy B BOMMde j
fdztsy § dede” d3d A3y ffpfsedaty’ Cdéxidsdd Lo d L 4 2 M€ WiskzmO dzd 3 d
Clv. 1 j Mjtctg® s ByasdzsPls MdzOB s tcOL 9 j Iso dzj dadzalz 8 Istcj m 4 L
fsdtshisj?2 ftoslswy jddsfis: 5 3323 K DEHEORHCHR 16
2013].

[BGOL YT d3d C teftple @alzdh 2 st lecEOd tc O dzd ) fj2Q Mg ®c.
[dCtetststee Odad L 3" 9" HjdzwWdzd dzO OcOtcdL 5o Odgdz” = ftej
fjtoj desimqpw yOfMmls! odHdBs?2 Codisddd Misjtodd deats?2 f jIs
fsMmjoj &jlstsHid tOL o j Hj2dzd Mz i td @z jtedsld O dz§ ts dzts ddn Is §
feslsdash jdzdd 1:10 6 ojmk.

OmMmj 2 dzj tej S d
e OB H s G 5§ Mif @1 &
stso t5
BGets
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ldbjtelstetsW dzr J BOCIsjtedd 9" HJ dzw dzd dz0 dzw
ClOBBIsted yoOlsj dzt dtd Mg JOK s | Gedprds, OR3d dzsdzdIsd yd MSdJ
dzOS tc O n RAFHE O y dzts 2 Mtcj Hy 90B8LBOELZL jB OF IsPseudafhonasids® O
fMd dzj CIsd o d@selidompieg Dj f co) . wbkdz WOlkesMMisOdzOo dzd © Ot h
mMtej HJ 1 tsBdstgale? Isl U8 4() , dzd Is @& dyteljieHzjs M I dzs e e @O H ME s @
&z MmMteiHd 1 Ji2itddzC O (] JIlstvHdzd édzO WiPupijlr) @- ) Is@ dzm O ta
MsmMisOo GOG AlgYde! Isf syo § dedets?2 o' Iswy ¢ g, ots ofmd MtejHT
Hdzw ftej HESlsotcOh jdzadw ©OLoadlsdw BOCISjted?. skdz sd
ftod Isj &3 juc O DAY 7

RHJdZIsdWdCOyds so3sd Sig B3 fplss dzv dzd -difstic ¥ & tztiees & 17 fo )€
ftodL dzOE PO, sktBOYySOW, 1990; sdteddzj dSts, 197¢
Raper Fennel] 1965;Raper Thom 1968;Watanabg2002).

4o jlstsobky BICtsMisfdr BJCtootttce OdcHisd stf joslde
DM 1000 fPFCBHE) tefsPJ tedzOdzd W ) .

#BBtc Yydzj dzgdmMssdescdr ftosdL otsHd Yy ) ctolzdzls O,

fjhjter. RMIGd LsoOddf' Ccobdlsserj dsakh¢d M
) ZOMisdCsor j MsOCOdy HJOd) lodassdy j B0 dgds § &9 Q o' alzB
B eCdr ddzd Mmrfkydr Sldsyjddws f§ihjter, -8 €O

ftosyjdelsdz’ 2 otsHdz 2 twOfijdo gty sk d dzjdaRde diplLALddzO() 2}
6r Bdzs? ftedBOdeSd (Stfyj zOv MmCEdetay)qs SO0 Stk
CsdzlsOCIsO M WdSMmdtekzsh j2 ydHS M & | 1ted i j d3j
fjtoj dzd o Odzts ! 9 ddzHdodHEZOd dzr j f zOMmisdSCtsor j W
sBtcOBtSISCd. [ dv ofmjn Htese WdSCMMdetso Odzd ' . 3§ Mists

t Eydzs? MmMeBte By MitSLodsydz ~ Y dowlsdyr n thkh j
My dtols j nZHtsY J Mise | dRigs 2 &gals 2 (ftesBdtel d, 1 ¢

fesdL osHddZOm! ,p0 74 disWdatsdidjds yj" kjSter dzr & dzOf
fejBr o0dd"™ (8 ShEBEEPls), dsdlsdese Oddm! dO | dalst
et f jMmisjiflsejdedzr = §jMjteder = MkemistcOlss, f
(te" BO) Hdzw ftedodzj ujdMmswegdy fscd ddaiyde €O0L di3j " Odzd
fsHdSY SO, dfMdhedaj@edhidy soQaes desflsj2 d cokdlso

[fjHnjdjd]dj ®&OsjwdOdkOd d dLeslkssdjddj &q
dzj sB R tsHJ dBssMmisd) ftotsdL o sSH d dzts ! fts sBh j§ tcd dzv I
[ftjHjddlsjdKess Thbaug 81999 ( Oz64gh jdSts, 1971j Heolk
JftejHjddisjd e, 1969; [{te]HjidgdlasjjdjézdIsyaZq; 2wWjoh3

trrvfP2vouvg

tdStej OydtsdzdzgOY  Odestetsy 6. j dzdzOV RZOGtlkzL CO o
1JhjtcO OCIsdodes ftsfMmjh OdzOMm! dzg H 4 &3], w9 dzw w !
dzOmj dzw e h d BdzdL dzj Y Oh dj D2 sde® 3dtzestifgpdzp ®IOG®" Ids

f slstsC ftsmilsdlsj dzj 2 o j dzd yd dzipw , Yysts ftedo j dzts

fOdzd sdzd sduj M&ts2 ydoatsfdmd, bOSC d +Stsmdmisj B fJ
459 JISO [ dddMmistetse 1 Oh CdtemMCts?2 odufujdzd J M j ke Of ip & dia®H
2003 ¢g@. WEdeC ydesdzedqtetso Odz + € MC tefd tsdadz" 2 BOtch to!
sBtStczHtso Odz + CMCEtemMdtsdzdzr 2 @ BBOwh tolzls G tetslsw ) j dadzts
fdzsh OHd fjhjter. 1 dzOMswh jji ot i3 toj SHdnlsOfy dslsize
MiLBsdzZ0 ectsHO Bls 30 vy j dskjEtedizisd ddzi PP oyHsR j1id O«
( BOC Md BOdz' dzOW dzOGtelzL SO © 2016 GEBHE). |1 HOdM dz
&ZzOctolkzL € O, Mo WL OdzdzOW Ml ©OBBISEK?2 MY J yd Olsizg h)'ls s o

fOdzj sdzdsdud s ydesfdmhnd, Mmfj dgtstizswidd. /seyyHzd e O
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{ Ofisdls-fkkS tesB dz’ | MesBh jMlso® o §jhjte]
] e jhjddts2 vyOMmisd §jhjteil7 de@ asdssHR B O) 5t
fsojwendshisd (tdf. 10) d ctkdls (wdhm. 1B) {6

tdMm. 1. AslomddlsjLdqekshdj Mossh juiPde O { d2a lsafdsty Hig' das f
) StelsOdnS Ctd dz & (o jten desiisy RsE @) dz@ fg%@dzlsgy § 8§ So) oo
yqd OdzsB OC Is jotisi@dptsdgsiz) o ' j MssBh j Mise O.

131



CCtsBUBBPIO, uwlB8BR?2, Sk2; g [ .5. d His. ¢J Sy @ (s BEEOB S OMozr » oGO ¢

AslssimddzlsjL ek h dj] Motseh jMlso O ttOLoadls d&O e jts
RMMMdzi Hiseo Odzed W tOMIsdlIsy dz' detsfyls fteso JHjdzdz §J o 2
tcOMmisjded?2 (9o Isdz uyudmdzy MictetsH dzO yYJ tedzOVW HEH
GteOo GEzAlzs?2, ¢ jtOdy dzj MdzOwW, (oHtstesy dS BEdz h 5
st dMmods d o Bftsdzj J tcOdzdzedn dMMmMdzj Hse Odzdw 7 [ s 21
sBdOtelzy jd dzdh ©02dedSd, &B-d d BOLJHIdBSRBIYJjIlsr . [ E
13 odqHOBD , [ UOHEBIgE O, 2003] . Il dHBse B BBBG OIlsls ¢
MsCteOh OjIsmw o LOodMmMddsmisd ls Mo jh jddetsfylsd.
Hts 20 o dHBO or mh d=r mMesmMEzudmilsr = tcOMmlis g dzd 2 , fn
fsHBtsy d2dC O Btsd Hasets, WORYOBC dzj Gzmddes?2 (todf
smojhjddy odHBeots] t©OLdtsBtOLd] MsCttOh Ojlsmw  H:
fswodzwe Isimpw i3md. Il fdkzkzlsjdd B dzOtclzy j d2ZO L 9 jL HY
ksdz' S5 BSHdsYd j B O] H]] ey Is2 0 &)L * MFfalg " j dzdz'
ftseojtn dzsmisd fsCter IsT Bzn O3] , dzd " @2 tslpdts tstfyfdzj odr
Mstsph jmMsoe Ok (tedfm. 1c¢, H. j), Sltsterj B'" dzd 5
20009].

I fJtedtsH0 1109 S7sthj M jtoj dzOB dpisf@dzef sdBdzed 2 d3d € tets
ctedBtso dzO BtecOddyd M¢des BMISOIE OR d Htcd 9 § Md dad
HjSCBtedtotse Odzadzr = yOMmlkwas [ [ tsMCEklsse, Adtmse, 1997
BOteh tczlsO® HEts 2007 CHO MEzfefgmiste tsfyl®@zd B @ usdrs dsts diz
Hjtojowdsdeg » CtdeflstclzC ydw=a dzj Msdzedy d MIlsOIsE OR
fsmdzy EZHOdzjdzdw ofMmjrn WkOcdj dzZlstse Hicj o j idds . it
yomlswas fjhjter dzOBdzs HOdzd dME dz¥ Ydzls p tztzdzfg o ¥ L O Gedz@ -
zs Hj2 d2O 1 Isdr Bl jJS¢IOA. 1 LOd] skfwsd! d 2 (200
Hjtcjowdsdzgr » SCtdzr hCOR 9o OtnjdsedyjmMisd hEzteWj
(ted f. 20) . I dzOmlstswh j i otej dzWdzddpG MdsQediEtss LD da®©y
CtecOW W dIsd iI200B008GSHT ) o fMistej Yyos Ismw sfisOls¢ d
CodzlsORRd dzd tctso Odedz" = cGtedBdzr 3 S dW ORI (ted M. 2B) .
dzdilsj2 BT dzd o' H j dzj dzr fdzj HizGebnyges pagharum, Mdgufti€rédds . d3d Yy J Is
Mucor sp., Penicillium chrysogenuml ffj {1 Isd o dHT Br dzd o' Hj dzj dgr
By MistssB dlsOdzed?2 fJ M Jter ( ctelzdzls, otsLHERA, d3d dzj tc O
JOdzd BLWdzso © d Hte., 2015]. g dzdlsjdz' detsj ot ggw o
omMfrhed wOLodlsdy d&BJCtosmMEtsfiduy mMSdr ctoedBta. I L
ftocdztesyj des ¢ cGtkdzlsk Otern jtsdztsedy ME¢tsets hkzteW O, O
cteOWWdlsd (tedm. 2¢). 1 LOdz tdmMkzdetse @S d 299 tsd
BzMmstey YsH sesddBd Ndoetsfdmd iid ¢ Odzdets (2004,
SlsHjdz dzf 7 Ctsdzsded?2 BJCtesdiddyjlstse o' wodzj dzO dzO ¢ te
Isj yd dzdj MMmJj a3y0 1ddj Isé ¢(.2)0 088 ctelzdzlsj hEZteW O [.l3j dzQ OH
Coprinopsis atramentaria( dzO o tsL dzd € Ml ter 2 dellzd sfglp @z BT dz'f2AS)G t
Htcj o j M dgr 1 detisrgtija ™ j3 )Isj dzO d d3j dzd dzj Isdf dydalzs W tstoc
slkkmMizlsMmlse Jju®cheacjOea@.dIsdw BOLdyYydtsdddyjlsse BT gy dzd € ¢
Htoj 8 j ipd dzr .

) dzsW B 16 J 2017 GEBHO 9 L Odzj MmMOsmMO B'" dzd EMml
COdz ydlsssotsdz dzOlsj ¢4y M § Odedes " [ sh OHSCd d ) dzOSd"
otsH. [HA&OCSH BEXJ] uwjtwjL "jMmlks! Bimvyje §fifdy dn
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tdfm. 2. toLaqu BICtsMEsfdujm§gho ¢deds BoC Bzl OO
skt sdzr dérfid;dzlsej sdyj MStsj] otdzsCdets (Mo jlstse OWI igd Cutelrs ij € s
sfMlsOIsC d, L Odec g i@zk dzfdsigifjdst@gs? &' ", L Odz | dzOS 56

tdm. 3. bizkzOdsCOpTr i nopsdz'.Os" cdctizrdasnje rot aorQida [ Jsde@ Crs alzts( @ s
o jdzd uj dedz’ 2 f)dzd dplsOmMusszikitgeYs das € IS Os h 5 dz0 f dztsH 59 t5 3
EyomlscOr CLMt! CO ftweodddMm! slsH j dz dfffn. &POc ds
[ dCtesBdtdtsedyd M¢ d2 OdzOdzd L md3r o 59 fs5¢OL Odz, '
BdStesMEsfdyi MSddBd ctede Od] . ]l mMd3" 9 Or Geenuam@iclz ) j C

pannorum, Geotrichum candidum, Detmatophspa, Phialophora fastigiata |, HitctsY XBjfO " j ¢
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d fMmlsitdds dgr § W stod3r . Clsd odHT ftoj HiMlsOo dzv 8 Is Mt
fsmMetsdz Ck ts dzd sB dzOtclzy d © O dzd ! ) teOL dzd ydz' -~

dzj s 2B dzd € 59 Odzdz j HOdsdz" J ) . RLEUJ dzd sBtOL Yytso
¢ oddtekze " j2 d MOGIsdd s wafdded dzOdzdydj ctedp dz n

ftseojton dztsmisd Mz MistcOls O (tedfm. 49) . ltodMmlzlsfl
dzj f sMtcj Hilse j dedets?2 B dzdL sMisd s tdmMkzdzS s ftoj HMIs
B teststee Odzd L B, o SfMts | ddgb il ded Otz diasy, Mdsdgdsy d

eOMfeshseOddls: MY @O HjC(ckedess Odadzzd 5o j 167 dat

1 CLEBsdiR] sOB sdzd Is Od3( . l Jtetsw s dzts Hdzw 1 WWjSilsdo dats 2
Hsf 2flsd i3t a&J@J@@BJ dmftsdz L tso Ocded j fgd dztf § 6 bztizy to fiy
sy deSJ dn teMj dj dgj dedetsiplsd d §omdzjrulzyh j2 L Odjc
L Oh dIsT xq gqmq stcjBlkjlk ftjHo Otedlsjdz dz@ & My
Efdzse dw A fsLotdveEhdn tyj ddls? TOLWWiCIldoe datsls
7z ©Olz.

tdfm. 4. [dCttsttecOddLd &0 MdddScdsstd StL ' te! Cj da
(0;6@L&dudy j kdf’ -G8 pPBEEOHRI&BEICBEMCSfdY CsL' 8! § O,
CqWO BdStsdidyilsO, § €6 ils0dC lsjafdsQddfdareq), . nd dzv v

1 OdBdjj uOMks efmiij uojd 2 Isqy iseddseddizdg 7
BdCtetspdzr §j Mtseh j Mise O, tcOLodo O hdjmw dzBu G O dz!
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