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M3BOA 
IleBKOB 3., KpcTRK C. 11 HosecKa M. (2000/1 ). Banopn3aQHja Ha BHCOKomraHHCHIŒTe e3epa aa 

Illap Ilmuuma npeKy cocraBOT Ha J.(BjaToMejcKaTa cpnopa. EKon. 3amT. )KRBOT.CpeJ:J,., ToM 7 6p.l-
2. 15-32, CKonje. 

Bo TeKoT Ha neTHBTe Mecel.\R OA 1995-1998 roJ:J,HHa KOJieKTHpaH e MaTepajan OA 20 nnanm1cK.H 
e3epa Ha Illap IlnaHIŒa. A.HaJIR3KpaH e COCTaBOT Ha AHjaTOMejcKaTa cpnopa rrpR IDTO yTBpJ:J,eHR ce 
202 TaKCOHB OA KOH 83 ce peTKH IUIH 3arpo3eHH BHJ:J.OBH BO cpnopaTa Ha MaKe1wrœja, a 30 TaKCOHB 
3a nps naT ce HaBeJ:J,ysaaT 3a cpnopaTa Ha MaKeAoH11ja. KaKo Haj6oraTH e3epa co BHAOBH ce 
HCTaKHysaaT I.J;pHO, MaJIO 1..4>Ho, ropHO Ao6pelliKO H e3epaTa BO 6JIB3HHa Ha B3BOpHTe Ha peKaTa 
IIeHa. Osee Ba)l(AR qeHTpe Ha füro){lf8ep31HeTOT HeonxOAHO e Aa ce 3amTHTaT OA MO:lKHOTo 
aHTponoreHo smrjaHee co {\eJI 3aqysysal-be Ha peTKaTa cpnopa. 

Kny'lan 36oposn: ABjaToMejcKa MHKpocpnopa, Illapnnamma, sanopu3a4aja, 3arpo3eHH segose. 

ABSTRACT 
Levkov, Z., Krstic, S., Noveska, M. (2000/ 1 ). Valorization of Sara Mountain lakes using dia

tom tlora compositions. Ekol. Zast. Zivot. Sred., Vol. 7, No.1-2, 15-32, Skopje. 
During summer months in 1995-1998 period, diatom microflora material from 20 lakes on 

Sara mountain bas been collected. Microflora analysis revealed 202 taxa, 83 of them being rare or 
endangered species in Macedonian flora and 30 being reported for the first tiJne. Most richest in 
diatom microflora were Cmo, Malo Cmo, Gorno Dobresko lakes and the lakes in the vicinity of 
river Pena source. It is of immense importance these bot spots ofbiodiversity to bê protected of the 
possible antropogenic pollution of any kind due to protection of determined rare microflora. 

Key words: diatom microflora, Sara mountain - Macedonia, valorisation, endangered species 

BO BEA 
AnronornKHTe RCTp(l)Kyeaaa eo MaKe

;o;om1j a 3anotIHyBaaT KOH noqeTOKOT aa XX 
aeK co TJ>mosBTe Ha Georgevitcb (1910) H IleT
KOB (1910) K KHTeH3HBHO npop;OIDK)'BaaT CO 
aHamt3H Ha ~aToMejcKaTa MRKpoctmopa Ha 
ÜxpH;D;CKOTO e3epo (Fott, 1933; Huber-Pestaloz
zi, 1942) 11 oco6eHo sa.)1Œ11Te Tp~os:e Ha Hust-

edt (1945), Jurilj (1948, 1954, 1956 a, b) R Kozarov 
1954, 1958a, 1958b, 1960, 1961). Jerkovic (1969, 
1971, 1972) ja p;aea ynTpacTpyKTypaTa ua 
cne~HcpH'iHHTe cppycTyJlll Ha effAeMlPlHHTe 
BHJJ;OBB Ha ;ITTljaToMeH BO cpnopaTa Ha ÜxpB}.\
CKOTO eJepo. Bo oeoj nepHO}:( 3ano1rnysa 
cnpoae;o;yaae.e aa HHTeH3HBHH HCTpIDK)'BaH>a 
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3. neaKoB, C. KpcnŒ: n M. HosecKa 

Ha ,[(HjaToMejcKaTa qmopa H Ha APYrH crraTKO
BOAHH eKOCHCTeMH BO MaKe]::IOBHja (Ko3apos, 
1958s;CTojaHOB,1975, 1983, 1986). 11cTOBpe
MeHO ce BplllaT H HCTpa)l(yBaa:.a Ha BHCKO
IlJiaHllCKHTe BO,[(eHli CTaHHIIITa (fieTpOBCKa R 

CTojaHoB, 1973,1975, 1976; CTojaHoB H IleTpo
scKa, 1980; CTojaHOB, 1982a, 19826, 1982a, 
1983), Ha pa3JIRqHH IIJlaHRHCKH MaCHBH. 

11HTeH3HBJmOT aHTpOIIOreH IIpHTHCOK Bp3 
pe'IBHTe eKOCHCTeMH AOBe,u;ysa AO 3roneMeH 
muepec 3a canpo6uonoIIIKH HCTpa)l(yBaB>a Ha 
.[(HjaTOMejcKaTa MHKpocpnopa (KpcTHK H 
MeJIOBCKH, 1993, KpcTHK H CrnjaHoBcKH, 1994; 
KpcrnK H cop., 1994a, 19946, 1997a, 19976; 
KpcTHK, 1995; IleBKOB, 2001) . IlpH Toa ce on
cpaTeHK HajroJieMH.Te pe'IHH eKOCHCHCTeMH 
(cnHBOT Ha peKaTa Bapgap) , KaKo H HeKon 
APYT'H noMaJlli BOAOTeI.J,H. 

ITo;a;aTOI.J,HTe 3a lllapil11amrncKHOT MacBB, 
KaKo eAeH OA uajroneMHTe so J)')l<Ha Esporra 
H eAeH o.u; Haj6oraTHTe CO BO,[IRH CTaJmlIITa, ce 
penaTHBHO OCKY.n;HH. D:eJIOT KOj IIpHITafa KOH 
CP JyrocJiaaHja e penaTHBHO A06po npoyqeH 
(YpoI.IIeBHK 1994a, 19946, 1997; Ypow eBliK H 

CasHK, 1996), ,1:10,qeKa 3a ,qerroT Koj npnn afa 
KOH P. M aKe,[(OHBja IIOCTojaT MaJI 6poj IIO,[(a
TOl..\H (IleTpOBCKa H CTojaHoB 1973). Levkov H 
cop. (1998a) ro acraKHysaaT np11cycTBOTO Ha 
14 peTIŒ BH,[(OBR (BHAOBH CO TeceH apeaJI Ha 

pacnpocTpaHyBafbe) BO q>JiopaTa Ha MaKe
,[(OH.Hja YTBp):(eHH Ha pa3JIH"t!HB JIOKaJIBTen1 Ha 
rnapnrraHHCKHOT MaCHB. IloKpaj OBHe Bl'fAOBH, 
TeceH apearr Ha pacnpocTpaHyBafüe H 
cneI.J,uqmqsocT KOH o;a:pei:x:eHH cycnTpaTH 
IlOKIDicyBaaT H HeKOH Bl'fAOBH OA ;a:BaTa, Haj3a
CTaneHH co Bl'fAOBH, po.u;a Ha lllap IT11aa1rna 
Navicula H Cymbela (Levkov et al. 19986). 

CenaK, TPH cpaKTopn ce MOlIIHe 3HaqajHH 
3a illap lliramma: ( i) rorreMo npoCTpaHCTBO 
Ha;a: 2000 MeTpH Ha,[(MOpcKa BHCO'iHHa (ii) He
npHCTanHHOT TepeH (iii) 6JIH3HHa Ha rpaHin~a 
(MefyrpaHllqeH npocTop), WTO .u;oBe,u;ysa .u;o 
3aq ya aHOCT Ha e3epc1ane eKOCU:CTeMH BO CBO

jaTa npnpo;a:Ha cpopMa. 
I1MajKH m npe,a;BH,[( H3HeceHHTe cpaKTH, ce 

j aByBa KaKo ITOTpe6a CHCTeMaTHqHo ,qa ce 
ocpopMaT .u;ocer alIIHHTe noi:x:aTOI.J,H 3a p;H
jaToMejcKaTa cpnopa Ha nrraHHHCKHTe e3epa 
KaKO egHH o,a; HajBa)KHHTe u;eeTpH Ha AH
jaTOMejcK.ROT ]:{HBep3HTeT. Osoj Tpy.n; rrpeT
CTasyBa cy6rrnMaT Ha ;a:oceralilHHTe HCTpa
)l(ysafüa Ha IlllaHHHCKHTe e3epa Ha Illap Ilnae-
1ma H o6H,u; .a;a ce HanpasH sarropH3a:QHj a Ha 
OBHe e3epa npeKy COCTaBOT Ha wrjaTOMejcKHTe 
3ae,qmru;H. 

MATEPMJAJl H METOAH 

lllap IlnaHHHa npeTcTasyBa Hajr orreM 
IIJiaHHHCKH MacH:B BO MaKe,u;om1ja a ce npoTe
ra 42° 41 ' 43" u: 42° 16' 34' c.r.III n 20° 34' 51" 
H 21° 16' O" 11.r.,I( a u:Ma nosprmrna o,q 1.607 ,0 
km2• foneMHOT 6poj Ha e3epa, rrra~HjaJIBH H 
HHBau;HOHH, KaKo H 6pojHHTe pe'iHH BO)l;OTe
u;u: e e~Ha o.a; maBHHTe KapaKTepHCTHKH Ha 
lllap Ilnamrna. Cnope.u; CTojMHJIOB (1975), 
lllap Ilnamma e BTopa no 6poj Ha BHCOKO
rmaHHHCKH e3epa Ha EaJIKaHCKKOT Ilorryoc
Tpos CO 25 IIOCTOj aHH H 14 nospeMeHH e3epa. 
ÛA HHB BO TeKOT Ha rrennne Meceu;H 1995-1998 
ro,u;HHa e co6apaH MaTepaj an o.u; 20 nJiaJmHC
KH e3epa BO paMK.R Ha HCTpaxyaaqKHTe aKu;Hll 
Ha I1crpa)l()'saqKoTo APYlliTBO Ha cTy,u;eHTH 
6HOJI03lf. Bo 3anu:cHOCT on roneMHHaTa Ha eJe
poTo, COCTaBOT Ha ,Il;HOTO, npncycTBO Ha MaK
pocpHTH, MaTepHjaJIOT e co6apaH BO cpopMa Ha 
errHmITOH, eilllcpHTOH H eIIHITeJIOH. IlrraHKTOH-
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CKHTe 3ae;a:HHI.J,H ce C06HpaHH CaMO o.u; Hajro
JieMHTe e3epa: 11.pHO, EorOBHHCKO li roneMo 
KapaHHKorraqKo. Co6paHHOT MaTepRjarr e 
qmxcHpaH BO 4 % cpopMaJIHH H TpaHCITOpTH
paH BO na6opaTopHja Ka,u;e ce npHnpeMeHH 600 
TpajHH npenapant no MeTo,a;aTa Ha Hustedt 
(1930). IlpenapaTHTe ce aHaJIH3paH.H co no
MOlll Ha OJieOHMep3HOHa TeXHHKa, CO 3rorre-

. MJBalbe o,a; 15x100 CO IlOMOI.II Ha MllKpOCKOII 
Nikon Eclipse E 800. 3a o.u;peJzyBa.EheTo Ha cTe
neHoT Ha 3arpo3eHOCT H peTKOCT BO cpJiopaTa 
Ha MaKe,a;oH11ja 6erne KOpecTeHa MO,a;HcpHI.1,Hp
aHaTa npe)l:JIO)l(eHa KJiacRcpu:Kau;aja Ha Lange
Bertalot and Steindorf (1995), npH 111To ,qo6n:e
HlITe pe3yJITaTK 6ea KOMnapapaHH co ,a;o
cer alllHHTe o6janeHu: 6Horeorpacpciœ: noAaTo
I.J,H 3a cprropaTa Ha ,a;HjaToMee:Te Bo Peny6JIH
Ka M aKe,qoHHja. 



BaJiopmao;irja Ha IIJiamracKHTe e3epa Ha illap nJiamma npeK}' cocTaBOT Ha ... 

PE3YnTATM 
.D:ocerauœ1ue HCTpIDKyBaaa aa qmopaTa 

Ha BHCOKOIIJiaHRHCKHTe e3epa IIOKIDlŒ noc

TOelbe Ha 212 AHjaTOMejcKH TaKCOHB (Ta6. _1), 
lllTO H3Hecysa OKOJIY 40% OA BKyIIffilOT 6poj 
Ha BHAOBH ;t(ocera no3HaTH 3a MaKeAomrja 

(IleBKOB H cop., eeo6jaBeHH IIO;t(aTOIUI). ÜA 

HHB 83 TaKCOffil ce cpeTicyBaaT KaKo peTKH mm 
3arpo3em1 (Ta6. 2). Ü;t( HHB KaKo eKcTpeMHo 

peTKB (R) BO qmopaTa Ha MaKeAOHHja ce jaBy

saaT ceAYM TaKCOHH: Achnanthes peragalli, Ach
na n th es rupestris, Actinocyclus norman.ii, 
Navicula amphibola, Stauroneis schimanskii, Na-

vicula gibbula, Pinnularia infirma. CrmcoKOT Ha 

CBJIHO 3arpo3eHH BH;t(OBH BO qmopaTa Ha Ma
KeJJ;mmj a e COl!HHeT O;t( CeAyM ;t(HjaTOMejCKH 

TaKCOHH B Toa: Cocconeis disculus, Eunotia ar
cus, Eunotiajlexuosa, Eunotia monodon, Navicu
la hexagona, Navicula concentrica, Navicula 
pseudosilicula, AOJJ;eKa JIHCTaTa Ha 3arp03eHH 
;t(HjaTOMejcKH TaKCOHB e COCTaBeHa op; 15 TaK

COHH 0):( KOH KaKO Il03HaqajHH ce in:wmjysaaT: 
Achnanthes jlexella, Brachysira vitrea, Cymbella 
gracilis, Cymbella naviculacea, Eunotia tetraodon, 
Navicula contenta, Neidium alpinum. 

Taô.2. Bpoj Ha ;o;ajaToMejCKlil TaKCOHH IIO CTeIIeH Ha 3arpo3eHOCT H peTKOCT BO 
HCimTyBaHOTO no;o;paqje 

Ta6. 3. 

L CTeneH Ha peTKOCT H 3arpo3eHocT Bpoj Ha TaKCOHlil 

1 l1c'le3H3TH BHOMJ! 0 
2 CimHo 3arpo3eHi:t Jn1nmnr 7 

3 3arpo3eHH BB,UOBH 15 

4 Cna6o 3arpo3eHrr BHl{OBH 16 
5 BHAOBH 'IBH nonyrral..(BH ce BO onafaJ-be 39 
R EKCTpeMHO peTK.H BBAOBH 7 

BKYTIHO: 84 

Bpoj Ha peTK.H u 3arp03emi ;t(HjaToMejcIŒ TaKCOHH BO HCTP<DKyBaHOTO no;o;pa-qje 
(JiereH;o;a HcTa KaKo 11. Ha Ta6. 1) 

1 2 3 4 5 R Total 

l - 3 7 9 17 2 38 

rr - 2 4 4 6 - 16 

lil - - ~ 
.) 

.., 
.> 13 1 20 

IV - - 2 2 9 - 13 

V - - 2 4 16 2 24 

VI - - 4 - 7 - 11 

vu - - - 1 8 - 9 
VIII - - 7 4 9 1 21 

IX - l 7 3 19 l 30 

X - 1 8 5 11 - 25 

XI. - - 2 2 6 - 10 

XJ1 - ., 
.) 7 7 18 - 35 

Xlll - 2 7 3 10 - 22 

XI.V - - ... 
.> l 1 - 5 

XV - 1 ... 
.> 1 4 - 9 

XVI - 1 3 2 13 2 21 

XVTI - - - - 4 1 5 

XVlll - 1 2 1 5 1 10 

XIX - 1 2 1 9 - 13 

XX - - 1 1 3 - 5 
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3. JleBKOB, C. KpcrHK: e M. HoBecxa 

HajroneM 6poj Ha peTKH e 3arpo3eJU1 BH
AOBH BHJJ,OBH ce cpeK.aBaaT BO e3epaTa l.1,pHO, 
Ma.rro 1.WHo, fopHo ,a:o6pomKo e e3epaTa BO 
6JIB3Ha. Ha H3Bope.Te Ha peKa IleHa. Osne 
e3epa ja co'rnHyBaaT npaaTa e HajJHaqajHa 
rpyna Ha e3epa cnopeA coCTasoT Ha wrjaToMej
cKaTa cpnopa. ÜBHe e3epa HeonxoAHO e Aa ce 
TPen1paaT KaKo HcKJiyqaTeJIHO oceTJIHBH KOH 
ÔHJIO KOe qoseKOBO BmrjaHlle li BeOilXOAHa e 
J.:(eJiocHa HHBHa 3arnTHTa. ct>rropaTa e npeT
CTaBeHa OA TmIHqffil OJIHrOTPOcpHH HH]:(HKa
TOpH KOD yKa>KyBaaT Ha p;o6pDOT rœam1TeT Ha 
BOAaTa. 0co6eHo co 6oraTa cprropa ce 

HCTaKHyaaaT e3epaTa (JIOKBHTe) BO 6Jlll31:IHa 

tta H3Bop1ue Ha peKa IleHa, Kap;e noKpaj 
THnH'rnaTa e3epcKa cpnopa ce cpe1faaaaT H 
6poj HB !BHAOBH Tl:inHqHe 3a TpeceTHlllTaTa, 
OAHOCHO AHCTpocpHK eKOCHCTeMB. BaKBaTa 
" KOHTaMlmarv1ja" ce AOIDKH sajsepojaTHO ua 
KOM)'HHKal.(ejaTa Ha OBHe CTarHaHTHB BOAH CO 
OKOJIHHTe TPeceTHUlTa, KaKo u Ha npHBpeMe
HHOT KapaKTep Ha os11e BOJJ;R. AecpeHHTHBHO 
cnopeA cocTasoT Ha .llHjaToMejcKaTa cpnopa 
KaKo Haj3uaqajHo ce HCTaKeysa l.J,pHOTO e3e
po co 94 AHjaToMejcKH TaKCOHR op; KOH AYPH 
38 BHJJ;OBH ce peTKH, 3arpo3emI HJIH naK Bl:i
AOBH 'illl.1 nonynal\HH BO EBpona ce HaMa.rry
saaT. Co OBHe IlOAaTOL\H, KOMnapHpaHli CO 
noAaTOI.J.HTe Ha YporneseK (1994) li CTojaHOB 
(1982 a, B), l.J,pHoTo e3epo npeTcTaBysa Haj-
6oraTo e3epo CO AHjaToMejCKB TaKCOHH Ha 
Illap nnamrna, HOH so MaKep;oHHja. 

Bo BTopaTa rpyna Ha 3Ha qajHocT cnopep; 
BHAOBHOT COCTaB Ha AHjaTOMejcKaTa cpnopa, 
srrerysaaT e3epaTa: Eeno, EoroBHHCKOTO, 
rorreMO KapaHHKOJ1RqKQ (foneM torr) , 

KpHsoumjcKo, AonHo Ao6peIDKo e fopHo 
BpaqaHcKo e3epo. Osaa rpyna Ha e3epa e 
rnaBHO coq1rneTa op; TRne•rna rnau.11janHH 
e3epa KOH ce HaofaaT IlOA wipeKTHO qoseKO
BO BJIHjaHHe, oco6eHO H3pa3eHo CO EoroBHH
CKOTO e3epo HJIH naK e3epa KOH ce CTaAHYM 
Ha H3J'MHpaH>e co 6oraTa MaKpocpHTcKa sere
Tal\eja Ha JJ;HOTO H npHo6arrao. HajqeCTo AH
jaTOMejcKaTa cpnopa e npeTcTaBeHa co 
THneqau enucpKTCKH BHJJ;OBH, KaKO H ena

neJIOHCKH BB.JJ;OBH KOH ce jaayaaaT aa opraH
CKHOT ceAHMeHT Ha AHOTO. CerraK, HCTHTe 
n:MaaT 3a;a:p)K:aHo ;a:err o;a: cprroparn T.IIDlfllHa 3a 
OJIHfOT}JOcpHH H rnal\HjaJIHH e3epa. 
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Bo rpynaTa Ha rroCJia6o 3HaqajHH e3epa 

cnafaaT ManoTo KapaHHKOJIHqKo E3epo 
(Ma.rr ton), e3epaTa Ha CKaKa.rra, lJerrernœo, 
qapp;aK n Ky'UI Ea6a. 0Baa r pyna, KaKo H 
cne;qHaTa rpyna aa "e3epa" ce rnasHo rrpeT
cTaBeHH CO JIOKBH HJUI IIOBpeMeHB CTarHaHT
HH BOJ];B, KaKO H rnal\HjarrHH e3epa BO 
nocneAeH cTaRHYM Ha eJyMapaae (Mano 
KapamIKonoqKo E3epo ). ct>rropam e rnasao 
rrpeTCTaBeHa o;a: TaKCOHH KapaKTepHCl'HqHH 3a 

;r{HCTpocpHH u eyTpocpm1 BOJJ;H. Bo Man p;eJI e 
JaAp)l{aHa n cpnopaTa Ha oneroTPo<P1m e3epa, 
rnaBHO npeTCTaBHHL\HTe OA po;u;oae.TeAchnan
thes, Navicula H Cymbella. I10CJ1e;qirnTa rpyna 
na "e3epa" crrafaaT maBHO e3epa BO TepMH

Hanea CTaAHYM Ha H3YMHpaae CO MaCOBHa 
npop;yKIU1ja Ha aKBaTH'iHB MOBOBH H HajqeCTO 
ce oCTaTOrQi op; eeKoranrae. noroneMH rJiafQ'l

janHH e3epa KOH BO pel\eHTHo BpeMe npeMHHy
saaT BO TPeceTHilITa HJIH JIOKBH. 

Bo cnp0Be;a:ee1ue ucTpa)l{yBaH>a yTsp

p;emr ce H 30 AH.i aToMejcKH TaKCOIUI, KOH 3a rrpB 
naT ce aaBep;ysaaT 3a cpnopaTa Ha MaKe;a:oHB
ja. Toa ce: Achnanthes bioretii Germain, Achnan
thes lanceolata ssp. lanceolata var. boyei (Oestrup) 
Lange-Bertalot. Achnanthes montana Krasske, 
Achnanthes oestrupii (Cleve-Euler) Hustedt, Ach
nanthes peragalli Brun & Héribaud, Achnanthes 
rupestris Krasske, Actinocyclus normanii (Grego
ry) Hustedt, Aulacoseira alpigena (Grunow) 
Kranuner, Brachysira vitrea (Grunow) Ross, Cym
bella alpina Grunow, Cymbella ampicephala 
va1: citrus (Carter & Bailey-Watts) Krammer, Cym
be/l a cesatii (Rabenhorst) Grunow, Cymbela cus
pidata Kützing, Cymbella falaisensis (Grunow) 
Krammer & Lange-Bertalot, Cymbella navicula
cea Grunow, Eunotia incisa Gregory, Fragilaria 
heidenii Oestrup, Frustulia rhomboides 
va?:crassinerva (BrébissonJ. Ross, Navicula am
phibola Cleve, Navicula concentrica Carter, Na
vucu la galica var.perpusilla (Grunow) 
Lange-Bertalot, Navicula gibbula Cleve, Navicu
/a hexagona Torka, Neidium alpinum Hustedt, 

· Nitzschia angustatu/a Lange-Bertalot, Pinnularia 
infirma Krammer, Pinnularia nobilis (Ehrenberg) 
Ehrenberg, Pinnularia obscura Krasske, Pinnular
ia subrostrata (A.Cleve) Cleve-Euler, Stauroneis 
schimanskii Krammer. 



BanopHJaD;Hja Ha rmamœcKBTe eJepa Ha Illap rmaHHHa npeKy cocTaBoT Ha ... 

}UICKYCHJA 

Jl,ajaTOMejcKHTe BH;qOBH IlOKaxysaaT ro

JleM .QBBep3HTeT BO BHCOilJiaHHHCKHTe eJepa 

H npecTaBysaaT Mowee JeaqajHa anKa BO 

CHHI,IllpOT Ha HcxpaHa (Latter and Bigler 2000). 

HasHHOT cocras n npo;qy~aja npecraaysaa 

3HaqaeH noKaJaTen 3a per(eHTHaTa cocToj6a 

CO rnan;ujaHHTe eJepa, HOH Ja KJIHMaTCKHTe 

npoMeHH BO MHHaTOTO (Schmidt et al. 1988). 

3a paJJIHKa o;q HH3HHCKHTe eJepa H pe-

3e p so a pHTe, BHCOKOIIJiaHHHCKHTe eJepa 

aajqecro ce HaofaaT IIOA penaTHBHO noMan 

aHTponoreH npHTHCOK (Ryder 1978). BaKBaTa 

KapaKTepn:cTHKa e peJynTaT npeA ce Ha ro

rreMaTa )'.'(aneqn:na AO qoaeKoBHTe Hace116H, 

KaKo H cypOBHTe KnHMaTCKH ycJIOBH KOH 

BJia;qeaT Ha roneMHTe Ha):(MOpCKB BHCHHR. Bu

COKOIIJiaHHHCKHTe eJepa ce KapaKTepH3HpaaT 

CO eKCTpeMHH eKOJIOlllKH ycnoBR. IlepHO.QOT 

BO KOj IIOBplliHHCKaTa BOAa aa eJepaTa e CMp3-

HaTa e AOJ1r B ce KapaKTepH3HpaaT CO HHCKa 

TeMnepaTypa BO TeKOT Ha n;enaTa ro;qe:Ha. 

BaKBH ycJIOBH MO)l(aT ;qa TOJiepHpaaT caMO 

;qo6po npHcnoco6eHH opraHHJMB co KpaTKO 

reHepan;HcKo speMe (Latter and Bigler 2000), 
OAHOCHO BO HajqeCT c.rryqaj TOa ce e;qeoKJie

TO'lHH opraHHJMH KOH IIOKCUI<yaaaT 3HaqajHO 

rror oneM ;qHBep3BTeT BO ogaoc Ha noseKeKne-:

TOqH.HTe (HiUebrand et al. 2001). 

HajroneM 6poj Ha crmm ce o;qeecysaaT 

Ha 3Ha'lefbeTO Ha BHCOKOIIJJ.aHHHCKHTe eJepa 

KaKo BCUKeH r(eHTap Ha 6HO,I:(HBep3HTeTOT Ka

Ae 6uon;eHoJaTa e COl{HHeTa rnasHo o;o; ceeJa

THBHB TaKCOHH KOH Jara;qysafbe 

( OJIHrOTpO<l>HH H OJIHrocanpo6HH HH)'.'(HKa

TOpH) qHH norryrran;mt: so ApacrHqHo ce HaMa

nyBaaT BO OIITepeTeHBTe BO)'.(eHH eKOCHCTeMH, 

KaKo H 6opeanHH, aJIIICKH TaKCOHH llHH rrony

Jllll~HH BO j)')KHBTe )'.'(eJIOBB Ha EBpona ce crpHK

THO JIHMHTHpaHR. HcTpa)l(yBaEbaTa Ha 

6HOAHBep3HTeTOT CTaH)'BaaT rnaBHa TeMa BO 

nocneAHaTa AeKaAa OA 20 BeK, H nopa)'.'(H Jro

JieMeHaTa JarpH)KeHOCT Ja rno6anHo ry6eH>e 

Ha BHAOBOTO GoraTCTBO (Pimm et al. 1995). 

)J,onoJIHHTenes rrpo6neM co man;11jarra11Te 

e3epa npecrasysa npon;ecoT Ha eyTpo<t>uKan;e

ja qaj BHTeH3BTeT 33.BRCB O.Q HH3a <i>aKTOpH 

KaKo mTo ce roneMHHaTa aa eJepoTo, HaAMop

cKaTa BHCOqmfa, reononnrnTa no.Qrrora (Bjork 

1988). KnoMaTCKH.Te ycnoBB, oco6eao 

.QOJDIŒHaTa Ha 3HMCKHOT nepHOA H apeMe

rpaeEbeTO Ha ne.QeHaTa noKpHBKa sa eJepaTa 

JHa~nnenHo Bmrjae Ha eyTpo<t>HKaD;HjaTa (Pel

cbaler 1971) H BH.QOBHOT COCTaB Ha AHj aTOMe

jcKaTa 3aeAHH:Qa (Latter and Bigler 2000). ÜBoj 

rrpepoAeH rrpon;ec aa crapeeH>e Ha e3epaTa e 
AOII01IlillTeJIHO 3a6p3aH CO aHTpOnoreHO BJIH

JaHHe Ha BHec Ha HYTPHTHeHTH, O)'.'(HOCHO T.H.p. 

KYJITypHa eyTpo<t>uKan;Hja (OECD 1982), CO 

UITO .QOIIOJIHHTeJIHO ce npoMesyaaaT <i>BJHKO

xeMHCKHTe, HO H füt.OJIOIIIKHTe KapaKTepecr

KH ea rnan;e:janHHTe eJepa (Latter et al. 1998) 

An;HAH<i>HKan;HjaTa Ha eJepaTa H HaMany

saH>eTo HJIH BC'JeJHysaEbeTo Ha npupOAHUTe 

(asToxTotm) rronynan;m BO EBpona npecTa

ByBa e)'.'(eH O)'.'( eajJeaqajHBTe eKOJIOillKH npo6-

11eMH co Koj ce cooqyBaaT rnan;HjaJIHHTe e:Jepa 

(Wright and Snekvik 1978; Arzet et al. 1986). 

Jl,eno3~HjaTa Ha KHCeJIB )'.'(Q)K)'.'(OBH AOBe)'.'(yBa 

)'.'(O 3HalJ:ajHH H3MeHH BO xeMHCKHTe <l>H3HllKO

xeMHCKBTe KapaKTepHCTKH Ha BO.QaTa (Morsell 

et al. 1991), KaKo H KBaJIHTaTHBHHOT COCTaB 

(Dickman et al. 1983), HO e: BO npHMapHaTa 

npo;qyKD;llja (Stokes 1986). EpojHH eaponcKH 

BBCOKOIIJlaHHHCKH e3epa ce a:QBAH<i>fillBPaIDI 

H OIITepeTeHH CO TeWKH MeTamr, neCT~lf B 

APYnI nonyTaHTHH KaKo pe3yJITaT ea aepoJa

ra)'.'(yBaH>eTo Koe ce rrpeHecysa OA paJBBeHBTe 

HHAYCTPHCKH n;eHTpB (Moiseenko et al. 1997). 
EpojHH CTy,r:{HB yKa)f(}'BaaT AeKa BHCOKOima

HHHCKHTe e3epa ce BHCOKO oceTJIBBH KOH aT

MoccpepcKaTa npen;mm:Tan;eja (Mosello 1984; 

Lotter et al. 1997, 1999). BoeAffO, BHCOKOilJiaH

HHCKHTe eJepa ce eKcrpeMHo ceHJHTHBHH KOH 

perBOHaJIHHTe H rno6aJIHHTe KJIBMaTCKH 

rrpoMeHll (Haughton et al. 1990; Kaster 1994) npa 

IIlTO norryn~Te Ha 6opeanHBTe BH.QOBB ce 
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HaManysa co 3roneMy'BaH>e ua TeMIIepaTypa

Ta. O.n ):(pyra crpaaa, Toa ;qoBeicyBa .no 3rone

MyBaH>e Ha MaKpOQHITCKaTa BereTal.\Hja H 

HaManyBalbe HJIH I.\eJIOCHO Hcqe3HyBafbe Ha 

'cTaHIDIITaTa 3a eIIHJIHTOHCKHTe BffAOBH Il mm
Ha 3aMeHa CO Man 6poj errncpHTCKH BBAOBB 

(Cooper et al. 2001). 
CaTe HaBeAeHe npoMeHa BO BHCOKO

nnaHHCKHTe e3epa HajBepojaTBO ce pecp.Ji:eK

TepaaT 11 Bp3 e3epaTa Ha Illap IlnaHRHa. Ce

na K, BO ;n;oceraUIHB:OT nepROA, H3MeHHTe BO 

eKOJIOlllKHTe KapaKTepRCTHKB Ha e3epaTa no;q 

aHTponoreHOTO BJllljaHHe BOOillllTO He e HJIH 

MHory cna6o npoyqeuo. HcTo TaKa u 

naneoJIHMBOJIOlllKBTe aHarre3e He ce .nocera 

cnpose,a;eHH. CaMo MaJI 6poj Ha no.naToqe: ce 

003HaTH 3a MaKe)l;OHHja H TOa rJiasHO 3a HeO

reHHTe e3epCKH cpOCHJIHH ;qeno3HTH BO pe

rHOHOT aa IIenarOHHja (Mihajlovic and Ognjan

ova-Rumenova (in press), Ognjanova-Rumenova 

2000, (in press). l1Maji<H so npe).'.(BHA ;qeKa osoj 

TPYA rrpeTCTasysa npB 3a COCTaBOT Ha AH

jaTOMejcKaTa cpnopa Ha BBCOKilJiaHHHCIŒTe 

e3epa BO MaKe.J'.(OHCIŒOT .J'.(eJI Ha Illap IlJiaHH

Ha, He e B03MO:>IŒO .na ce Aa.ne CDBCOK Ha 

Hcqe3aaTH BHAOBH (Ta6. l, 2) HJIH naK H3MeHH 

BO COCTaBOT Ha cpnopaTa BO TeKOT Ha MBHa

TOTO IIOA aHTponoreHO smrjaHHe. l1CTO TaKa 

a BJIHj aHaeTo Ha Boeru1Te cyJJ;HpH BO CP J yro

cnasHj a e ynoTpe6aTa Ha ocna6eH ypaHHyM, 

KaKo H BO MaKe,IlOHHja e HeB03MO)l{H0 )'.(a ce 

npOI.\eHH BO OBOj MOMeHT. l1CTO TaKa, MOMeH

TaJIHHTe rrpOI.\eHKH 3a KJIHMaTCKHTe DpOMeHH 

BO MaKe}J.Olillj a B 3rOJieMy'BaH:.eTO Ha TeMIIe

paTypal'a aajBepojaTHO K.e }J.OBe.J'.(e go H3MeHH 

Ha XHAJJOJIOil!KHTe KapaKTepHCTBIŒ Ha IIlap 

IlnafillHa, mTo OA cBoja CTpaBa ;qpacTB~o t<e 

BJIHjae Bp3 BO COCTaBOT aa }J.HjaTOMej cKaTa 

cpnopa. KaKo Haj 3Haqaj HB HH,IlHKaTop:e 3a 

osae npoMeHe: ce npe.nrraraaT nonyrr~Te Ha 

BH.J'.(OBHTe: 

1. Navicula hexagona, KOja AOcer a 6eme e;q

BBCTBeHo no3HaTa caMo 3a IloncKa (Siem

inska 1964), ,n;o;qeKa BO HCTpaxyBaHOTO 

no.npaqje ce cpet<aBa BO .IJ:o6pelIIKHTe 

E3epa B TpeceTHWTa ea noBet<e JIOKaJIH

TeTH aa Illap IlnaHHHa; 

2. Navicula concentrica emumTOHCKH BHA BO 

Eeno e3epo oceTJIHB KOB rrpoMeHH Ha 

CTaHHIIITeTO; 

3. Cymbela naviculacea, C. aspera e C. ehren

bergi i, BB}J.OBH tIHH nonyJial.\HB ce 

cpe1faBaaT BO e3epaTa co npe:cycTBO Ha 

opraHCKH Ce.J'.(HMeHT Ha WJOTO; 

4. Cymbella cuspidata e Stauroneis acuta KaKo 

THIIlI1Ilm IlOCTrJial,\HjaJIHB peJIHKTH; 

5. Navicula pseudoscutiformis H Tabellaria ven

tricosa Kou ce cpet<asaaT cKopo ceKoraw 

BO eIIlicpHTCKHTe 3ae~e: Ha Ha):(MOpCKH 

BHCO'lllHB Ha,Il 2000 M., .J'.(OAeKa Ha IlOMaJIB 

BHCHHH BOOIIllITO He ce cpeKasaaT; 

6. BHAOBHTe o;q po;qoT Fragilaria KOH rnaBHO 

BJieryBaaT BO COCTaB Ha enHcpBTCKHTe 

3ae;u:Hlil.l,H, oco6eHo F pinnata e: F leptros

tauron; 
7. BHAOBHTe OA po;qoT Achnanthes, oco6eHo 

A. bioretii, A. oestrupii e: A. flexel/a KaKO 

THIIH1llill OJIHI'OTPOcpmt. BBJJ;HKaTopH, HO H 

JieCHO npen03HaTJIHBB BffAOBH. 

3AKJ1YLIOK 

IIIapnmlHHHCKHOT MacHB e ucKJiytnrreJIHo 

6oraT CO BOAHH CTaHHIIITa KOH OB03MQ)lcyBaaT 

pa3Boj na 6oraTa e: pa3HOBHJJ;Ha .J'.(HjaTOMejcKa 

cpnopa. Bo HCTpIDKyBafbaTa Ha IIJiaHHHCKHTe 

e3epa Ha lllap IlJiawma yTBp.neHH ce BKYnHO 

202 .J'.(HjaTOMejcKH TaKCOHH, o;q KOH KaKO eK

CTpeMHO peTKH ce jaByBaaT ce.nYM TaKCOHH, 
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HCT 6poj Ha CBJIBO 3arpo3eHH H 15 T3KCOHB 

KaKo 3arpo3eae. Haj6oraTa .ne:jaToMejcKa 

cpnopa e yTBpJJ;eHa BO e3epaTa Qpao, Mano 

ll;pHO, f opHO .IJ:o6pe11IKO H e3epaTa BO 6JIH3H

Ha Ha H3Bop1ne Ha peKa IleHa. ÜBHe e3epa ja 

co'illliysaaT HajoœTrrHBaTa H Haj 3aaqajaa rpy

na Ha e3epa cnope;q ,IlHjaTOMejcKaTa cprropa. 



Barrop113a~a aa IIJiammcK11Te e3epa Ha Jllap nmUIHHa rrpeKy cocTa.BOT Ha ... 

iloKpaj oaaa rpyna, e3epaTa ce nop;erreHB Ha 
yUJTe TpH p;onorrHHTeJIHH rpy1rn cnopeA 
3HaqajHoCT: 3Haqajim, CJia6o 3Ha1.1ajim H MHory 
cna6o 3HaqajHH. 

KaKo Haj3HaqajHR HHAHKaTopH 3a rrpo
Meffil npep;H3BKIŒHH OA KJIHMaTCKHTe npoMe
Hfl H au.~11cpRKan;HjaTa ce rrpep;naraaT rrony
JiaQKHTe Ha B~OBHTe: 
1. Navicula hexagona, Koja p;ocera 6erne ep;

HHCTBeHo Il03HaTa CaMO 3a IIoncKa (Si
eminska 1964), ,qop;eKa BO HCTPIDK}'BaHOTO 
no,qpaqje ce cpeiaBa BO ,[(o6pernKHTe 
e3epa H TpeceTmnTa Ha noBe:Ke JIOKanH

TeT.H Ha Illap IlrramrHa; 
2. Navicula concentrica eIIHJIHTOHCKH BH;Q BO 

Bena e3epo oceTJIHB KOH npoMeHH Ha 
CTaHHIIITeTo; 

3. Cymbela naviculacea, C. aspera li C. ehren-

bergii, BH;QOBH q1rn: rrorrynau.HH ce 
cpe1<asaaT BO e3epaTa CO rrpHCYCTBO Ha 
opraHCKH cegHMeHT Ha JJ;HOTO; 

4. Cymbella cuspidata H Stauroneis acuta KaKo 
TlIDWIHH IlOCTrJiaQHjaJIHH penHKrn:; 

5. Navicula pseudoscutiformis H Tabellaria ven

tricosa KOH ce cpeI{asaaT cKopo ceKorarn 
BO errmp.HTCKHTe 3ae.o;a1n~li Ha Ha;QMOpCKH 
s.e:coqRHH Ha)]; 2000 M., )J;O,I(eKa Ha IIOMaJIH 

IlOMaJIH BKCIIHR BOOIIlllTO He ce cpeKaBaaT; 
6. BHJ:\OBHTe OA po}:(OT Fragilaria KOH rnaBHO 

BJierysaaT BO COCTaB Ha ene:cpHTCKHTe 
3aep;HHU:H, oco6eHo F pinnata e: F leptros

tauron. 
7. Be,o;OBBTe O):( po,o;oT Achnanthes, oco6eHo 

A. bioretii, A. oestrupii a A. flexel/a KaKo 

TIDUitIHH OJIHfOTPOcpHH fillABIŒTOpH, HOH 
JieCRO rrpeII03HaTJIHBR Bll;QOBH. 
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BanopH3~a na rmammcKHTe e3epa Ha lllap rmamrna npeKy cocTaBoT Ha ... 

6flAfOAAPHOCT 
Osne Hcrpa)K}'BaR.a ce cnpose.n.eHB co noMom 

Ha Hece6nYHaTa noMom Ha 6pojHH CT)'AeHTB, 

YneHOBH Ha HcTpa)l(yeaqKoTo ~pymTBO Ha 

CT)'AeHTR OHOn03H (11JlC6). 6e3 tme 3anaraa,e OBOj 

TPY.D. HeMawe .n.a ro .n.o6He osoj e3rnen H KBarrHTeT. 

Boe.n.Ho, 6M caKane 11.a ce 3a6naroJ:(apeMe Ha 

nopaHewftHTe paKOBOACTBa Ha HJlCB KOB ycneane 

.a.a rs-r opraHH3RpaaT HCTpa)l{ysaqKnTe aK[\Im Ha 

Wap nnatnrna, KOra e co6Hpatt H oeoj MaTepnj an. 
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VALORIZATION OF SARA MOUNTAIN LAKES USING 

DIATOM FLORA COMPOSITIONS 

Levkov Z., Krstic S . and Noveska M. 
lnstitute of Biology, Faculty of Natural Sciences, Skopje 

Massif called Sara mountain in Macedonia is 

extremely nch with water habitats that support 

development of a very diverse diatorn microflora. 

During 1995-1998 period, a serial of summer field 

investigations have been conducted regarding ba

sic measurements of physic-chernical data and di

atom microflora collections. A total of 202 dia

tom taxa were recorded, seven of whicb determined 

as extremely rare, seven as strongly endangered 

and fifteen as endangered taxa. The richest dia

tom flora was determined in Crno, Malo Cmo, 

Gorno Dobro { ko lakes and the water bodies in vi

cinity of river Pena source. These lakes represent 

the most sensitive and the most valuable habitats 

to protect regarding diatom microflora. Apart of 

these lakes, investigated water bodies may also 

additionally be divided into significant, less sig

nificant and not significant ecosysterns for diatom 

biod iversi ry. 
As most valuable indicators for environmen

tal changes and acidification processes our inves

tigations had pointed out the following diatom taxa 

populations: 

Navicula hexagona, up to day reported only 

for Poland (S1eminska, 1964), was found in Do

brusko lakes and swamps on various localities on 

[ara mountain; 

Navicula concentrica. epilithic form found in 
Belo lake and highly susceptible to changes in 

habitat; 

Cymbela naviculacea. C. aspera and C. ehren

bergii, species that usually can be found in lakes 

with bottom organic sediments; 

Cymbel Ja cuspidata and Stauroneis a eut a typ

ically postglacial relicts; 

Navicula pseudoscutiformis and Tabe/Jaria 

ventricosa almost always found in epiphytic com

munities in lakes above 2000 m and never on low

er altitudes; 

Fragilaria species that usually inhabit 

epiphytic communities, especially F pinnata and 

F. leptrostauron. 

Achnanthes species, particularly A. bioretii. 

A. oestrupii and A.jlexella easy to determine oli

gotrophic indicators. 
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