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AKAJIEMUK KUPWJI MULEBCKHA
(ITo moBox 90-roxMIIHMHATA 0]1 parambeTo)

Bimago MareBcku

MakeoHcka akajaeMuja Ha Haykute u ymetHocture, 1000 Cxomnje, PenyOirka Makenonuja

OBaa roguHa ce Happiija 90 roaMHU O
parameTro Ha akanemuk Kupun Muuescku, A0aro-
rogumen npodecop Ha MHCTUTYTOT 3a Onosoruja
Ha [IpupoaHo-maremaruukuot akynrer Bo Ckorje
Y OCHOBOIIOJIOKHHUK Ha COBPEMEHUTE (DIOPUCTUUKU
W BEreTalMCKU UCTpaKyBama Ha TEpUTOpHjaTa Ha
Peny6nuka Makenonuja.

Axamemuk Kupwn MureBcku € poaeH BO
Ckomje Ha 29 anpun 1926 romuna, Kaje IITO IO

3aBpIIMJI OCHOBHOTO U THMHA3UCKOTO 0Opa3oBaHUE.
Bo 1946 roguna ce 3amummran Ha Puio30(CKHOT
¢axynrer Bo Ckomje — rpymna OHoJoryja, Kajae mro
JUILIOMUpan Bo jaHyapu 1951 romuHa, Kako TpB
JIMTUIOMHUPAaH CTYICHT O] HeroBaTa renepanuja. 1o
JIUTUIOMHUPAKETO € M30paH 3a acUCTEeHT BO bora-
HUYKHOT 3aBOJ] 10 npeaMeToT Crucrematnka u ¢u-
JIOTeHWja Ha BUIIMTe pacteHuja. Bo 1954 romuna
0JIM Ha crenujaiu3aiyja Bo 3arped, Kaj mo3HATHOT
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¢uTonenonor, npog. a-p Crjenan XopBaTHK, Kajae
TO ja YCOBpIIyBa MeETOAWKara Ha (UTO-
[EHOJIOIIKATE HCTpakyBama. Om Taa obiact e u
HeroBaTa JIOKTOpPCKa JAWcCepTanuja ,, | UIIOJIOMKY
UCTpaXyBaba Ha Bereraudjara Ha HHU3MHCKHUTE
TMBagy M Omata BoO MakezoHHja™, Koja ja omOpaHmit
Bo 1958 rommna Ha ®Puno3ockuoT (GaxkyiTeT BO
Ckomje. 3a moueHt e u30paH Bo 1958 roauna, 3a
BOHpezeH mpodecop Bo 1964 romuna, a 3a peoBeH
npodecop Bo 1970 roguna. Bo meryBpeme mpecTto-
jyBa Tpu Mecenu Bo xepbOapuymor Ha Ilpupon-
HOHAy4YHMOT My3€] BOo BmeHa, a mortoa peuncu
CEeKOja TOAWHA TI0 JECEeTHHA JieHa, pabOTH BO OBOj
xepOapuyM, BO BpCKa CO paspellyBame Ha HEKOH
(hITOPUCTHYKO-TAKCOHOMCKH TPOOJIEMH CBP3aHU CO
(hnopara Ha Makenonuja.

Bo 1974 ronuHa e u30paH 3a JAOMUCEH WICH
Ha MakeJoHCKaTa akajgeMuja Ha HayKuTe U
YMETHOCTUTE, a BO 1979 roauHa 3a peOBEH YIEH.
Bo 1987 roguHa € meH3MOHHMpaH MO CHJIaTa Ha
3aKOHOT 3a TMpPEIBPEMEHO TEH3UOHUPAE, CO
HaroynHeTd 60 roauHu. 3a pe3ylnTaTuTe OJ HEro-
BUTE (IIOPUCTUYKK UCTPaKyBama, 3HAYajHH 3a
Makenonuja u bankanckuot [Tomyoctpos, Bo 1995
roauHa e n30paH 3a gonuced 4ieH Ha ClOBeHEU-
KaTa aKaJeMuja Ha HAyKUTE U YMETHOCTHTE.

Bo Tekor Ha cBojoT paboTeH BeK, akas.
Kupun MuneBcku axkTHBHO Y4YECTBYBaJI M OMI
aHTraXHpaH BO pa3HU opraHu u Ttena Ha PDakyn-
TetoT. Bo nBa HaBpara Oun pakoBOOUTEN Ha
bronomknor WHCTUTYT, pakoBomuten Ha boTta-
HUYKHAOT 3aBoj, mpercegaren Ha COBETOT Ha
[Ipupoano-maTeMaTHuKnOT (QakyiaTeT U ap. bun
npeTcefaTen Ha MPOEKTHHOT coBeT “‘Bererarmcka
KapTa Ha Jyrociasuja”, peTceiaTeN Ha KOOpauHa-
LUOHUOT COBET HAa MAaKpOIPOEKTOT ‘“3aliThTa Ha
yoBekoBa okonuHa” npu MAHY, npercenaren Ha
HpymTBoTO Ha OMOcUcTeMaTtnuapure Ha Jyrocna-
BHja, wieH Ha CoBeToT 3a 3amTuta Ha OXpHICKOTO,
IIpecmanckoro u Jlojpanckoro Esepo, wieH Bo
peAaKkIMcKu 0a00pM Ha TIOBEKE CIIUCaHH]a,
(Tomumen 36opuuk — Omomormja, ACTA,
»HPasrmenu®, , Ipunosu” — MAHY u ap.).

HacraBHo-niearomkara akTHBHOCT Ha aka-
nmeMuk Kupnn MutieBcku € o0eMHa, MHOTY TUTOTHA
u coapxajHa. Kako MHOry TajleHTHUpaH CTYIEHT
Oun BenHam 3abesexaH o cTpaHa Ha npod. a-p
Poko BykoBuk, o1 koro, kako u oJ ipod. 1-p bopuc
KurtanoB u mpod. n-p Muxosun ['padanun, 7
J00MBa OCHOBHMTE CO3HaHMja O OOTaHUKara, a
NOJIOIIHA M O TIHOHEPUTE Ha eBpoIicKata (HUTO-
teHonoruja, npodecopure Crjeran XopBaTuk H
HBo Xopear oj 3arpe6. O HErOBOTO Ha3HAYYBAHE
Ha [IpupogHo-mMaTeMaTHUKUOT (aKyiTeT, ma ce 110
HErOBOTO TEH3MOHUpamke, nMa OpOjHH HACTaBHU

3a70JDKEeHHja. YIITEe KaKO acHCTEHT YYeCTBYBa BO
U3BEIlyBAak-ETO HA NPAKTUYHATA HAcTaBa Ha IIOBEKe
OMOJIOIIKY IUCLUUIUIMHY, a IeIyMHO C€ BKIydyBa U
BO TEOpETCKaTa HacTaBa Ha MPEIMETOT 3a Koj Oerie
n30pan — CucteMaTtnka u (pUIOT€HH]ja HA BUIIHUTE
pacrenmja. Ox wW300pOT 3a AOIEHT ja TpeB3eMa
LEJIOKyIHaTa HacTaBa Mo mnpeameTute CucreMarrka
u ¢uioreHnja Ha BUIIUTE pacTeHWja u Duro-
reorpaduja co GUTOIEHOIIOTH]a.

Axanemuk Kupun MulieBckr ydecTByBalie
W BO HAacTaBaTa Ha MOCTIUIJIOMCKUTE CTYIWH Ha
WucTuTyTOT 32 OWONOTHja W HAa HEKOW JPYTH
(hakynreTH, Ip>KejKN HaCTaBa WM KOHCYITALUU OJI
obmacta Ha Cucrematwkara W (QuioreHujara Ha
BummTe pactenrja u DuroneHonorujara. beme
MEHTOp WM WieH Ha KOMHCHja Ha ToieM Opoj
MarucTepcKH TPYIOBH U TOKTOPCKU AUCEPTALINH.

Ilokpaj penoBHuTe 3anoivkeHuja Ha [lpu-
pomHO-MaTeMaTHIKUuOT (akynarer Bo Ckomje, TOj
JpKeNl HacTaBa Ha Bumata meparomka mkona BO
Ckorje, Ha Bumara 3emMjonencka mkosa Bo [Tpwi-
TrHA 1 Ha OunozodeknoT daxynrer Bo [IpumrnHa.

HayunoncrpaxyBaukara NEJHOCT Ha aKaje-
MUK Kupun Munescku ce onBuBaiie BO JTOMEHOT
Ha JIBe HAayYHW IUCHUIUIMHH — (QIOpUCTHUKATa U
BereTanyjarta, OqHOCHO ¢utoneHonorujara. Ox Tue
o0JlacTH Ce CHUTe HEroBm nocera oOjaBeHH (Hajq
120) nay4HH TPYIOBH KOHM C€ YECTO IIMTHPAHU BO
eBporicKara 00TaHHYKa IEPHOANKA.

Bereranuckure HCTpakyBama 3a3eMmaar
noceOHO MECTO BO HAYYHOMCTPAXKYBAUKHOT OIYC Ha
akanemuk Kupmn Munescku. Co HEroBure HcCTpa-
JKyBamba € omndareHa LEJIOKyIHaTa TEpUTOpHja Ha
PenyOnmuka MakenoHuja, Taka mMTO ce 00pabOTEeHU
TIOBEKe BETEeTAIMCKU TUTIOBU. Bo Herosure TpynoBu
KOMIUIETHO € HCTpakK€Ha BOAHATa Bererandja Ha
Oxpuackoro, IIpecnanckoro u Jojpanckoro Ezepo,
Kak0o W BOJHATa Bereranyja Ha HEKOTAIHUTE
KarmanoBcko u MonocruroBcko bnaro, koja genec
€ peurcH coceMa YHUINTeHAa WM IaK OJl Hea ce
ocraHaTh camMo Manmu QparmeHTH. KomrmierHo e
UCTpakeHa ¥ OJaTHATa Bereraluja Ha HEeKOTalIHUTE
roineMu ONaTHW MOBPUIMHU Kako mrto ce Kara-
HoBCcKOTO bnato, Ilenaronauckoro biaaro, Monocmu-
ToBcKoTO brato, CrpymkoTto u Oxpunckoro bmaro,
Ol KOM JEHec, Ol HEKOW OJ HHB, HEMa HHTY
ocraroud. Husamnot Qrnopuctruku coctaB u ¢Guro-
[EHOJIONIKATa MPUIAJHOCT JICHEC MOXKaT Jia ce
CpeTHaT caMO BO O0jaBEHHUTE CTYAUH Ha aKaJeMHUK
Kupun Munescku.

Bo Texkor Ha cBoWTe BEreTalUCKH HCTpa-
KyBama akageMuk Kupun Munescku ru o0paboTu
W HHU3MHCKHTE JIMBaAM BO CHTE KOTJIMHH Ha
MakeioHdja, TIpU MITO MMa ONHIIAHO 5 HOBH 32
HayKaTa 3aeJHHIIH.

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 37 (2), 49-54 (2016)
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[loceben mpumoHEC ceKako MpeTCTaByBaat
pesyiTaTUTe Ha HEroBUTE MCTpaXyBamba Ha
xanouTCKaTa BeTeTallja Koja C€ pa3BhBa Ha
3acoJICHUTE TOYBH BO MakeJoHHja, KOja JOTOTall
He Oeme BoommrTo mpoydyBaHa. Ilputoa ce
OomMIIaHN 2 HOBM 32 HAayKaTra COjy3u M 8 HOBH
acolyjarum.

Bo uctpaxyBamara Ha BereranujaTa axkane-
MUK Kupun MureBcku T ondaTti U CTETIOTUKHATE
MOBPILMHY BO LEHTPAJIHUTE N1eJI0BU Ha PemyOinka
Makenonuja (momery Benec, Lltun u Herotuno),
MPUTOA MTOKAXXKYBajKH JeKa TyKa BOOIIIITO HE Ce
paboTH 32 BHCTHHCKA CTETICKA BEreTalyja, TyKy 3a
eqHa ,,CTeNoNMKa” Bererandja koja camo (Gusuo-
HOMCKH MHOTY MOTCETYyBa Ha efHa ctena. OBaa T.H.
»KYATYpHa cTena” ce OJUIMKyBa CO HEKOM CBOHU
cnenupuiHocTH. VIMEHO BO HEj3MHHOT COCTaB
BJIETYBaaT NpeA C€, CTaph CTENCKH PETHKTHU
BUJOBH KOM Er3UCTUpPAjJEC BO IOPAHEIIHUTE I'eo-
JOUWIKK TEpPUOIM, a TyKa C€ OIpXaje Iopaiu
MOBOJIHUTE KJIMMATCKH U ME0NOIIKH YCIOBH.

Axanmemnk MuIeBckrd, 3a 1Oa Jane cIaHa
TIOIIETIOCHA CIIMKA Ha BereTanujata Ha MakemoHuja,
CBOUTE HCTpaxXyBama T'M NPOLUIMPH M Ha Bere-
TanWjata Ha  OpJCKUTE MAacHINTa, TPHUTOA,
OTIMIITYBajKU HEKOJIKY HOBHU 33 HayKaTa paCTUTEITHU
3aeqHuIM, 1 pen u 2 cojysa.

Oco0eHO 3HauCHE BO HETOBUTE BEreTAIlUCKU
UCTpaKyBama MMaaT U JIBETe MOHOTpad)uu Kou ce
OJlHECyBaaT Ha BereTaldjata Ha JIBE HWHTEPECHU
nojxpadja oj MakenoHuja, ¥ Toa Ha Majem u
[Tnjanen, kako u Ha IUIaHuHAaTa bucrpa.

OcHOBHa IpeoKynanyja BO HAayYHOUCTpa-
JKyBaukata JejHOCT Ha akajgeMuk Kupun Mu-
[EBCKH CEMaK IMPETCTaByBa HCTPaKyBameTo Ha
¢aopara nHa PenyOumkxa Maxkenonuja. Kako
HEj3UH HEYMOPEH HCTpaxkyBad, Ba mepuoaotT o 50
TOJIMHU, 3a€JHO CO CBOUTE COpaOOTHUIH, MOBEKE-
KpaTHO T'M HUMa OOWKOJICHO PEYHMCH CHUTE Hallld
IUIAHUHM, KOTJAMHU M  KIHCYpH, CO  IUTO
xepbapuymckara 30Mpka Ha boTaHWYKHOT 3aBOJ] Ha
WHucTuTyTOT 32 OMOJorUja npu [IpupoaHo-mareMa-
THUKHOT akynarer Bo Ckomje ja 30orata co
orpoMeH (UIOPUCTHYKH MaTepHjall, uij Opoj JeHec
n3HecyBa okoiry 180.000 xepbapuymMcKku mpuMe-
pouu. Toa My OBO3MOXM Ja TpHUCTAH KOH
MUIIYBakETO Ha AenoTo ,,Piaopa Ha Penmyliamka
Makenonuja“ 1 KoH MOoHorpagcka oopaboTka Ha
NOBEKE POAOBH, CEKIMM W BHUIOBH. AKaJEMHUK
Kupun Mmunescku omnuma roneM Opoj TakCOHU
HOBM 3a HaykaTa — BHUIOBU (45), TOJBHIOBH,
BapueTeTd W (OPMH, OTKPUEHH 32 MpPB AT Ha
Teputopujata Ha PemyOnmka Maxkenonuja. Toj ro
KOHCTaTHpa IMPHUCYCTBOTO Ha HEKOW DPOJIOBH KOU

JoToram BOOMIITO He Oea mo3HaTH 3a (iopara Ha
Maxkenonuja. TakBu ce Ha mp. pomoBute |soetes,
Sisyrinchium, Acorus, Drosera u apyru, a moceoHo
e roireM OpojoT Ha BHUIOBHTE KOW CE€ HOBU 3a
(opara Ha MaxkenoHHja, O KO HEKOU CE MHOTY
PeTKM M TpeTcTaByBaaT ImoceOeH HHTEpec 3a
TONIKYyBal¢ Ha TeHe3aTa Ha (ropara, OIHOCHO
BereTanyjara.

Axanemuk Kupunm MurieBcku Oerre MpBHOT
OoTaHwuap Koj ymre mpex 35 TOOWMHH yKaka Ha
HEKOJIKY JIOKAIUTETH BO MakeIoHHja KOH ce Ol
MoceOHO (IOPUCTHYKO M BETETALUCKO 3HAUYCHE.
[TpuToa mpeanoXxu HEKOJKY OJ HHUB, BO CBOjCTBO
Ha [IPUPOAHU PETKOCTH, J1a OMnaT 3amrTuTeHu. Toa
ce oxHecyBa Ha 6;atoro co Osmunda regalis xaj c.
bancko (Ctpymunuko), 6matoro kaj Heropcka bama
(TeBrenucko), Omatoro ,,CTyaeHUYHIITE, IMOKPAj
Oxpuackoro Eszepo, mymara co Alnus glutinosa
nomery I'octuBap u TeToBO U IpyTH.

Opeon Ha cuTe HeroBU (IOPUCTUYKU HCTpa-
JKyBama INpeTcTraByBa aesioto ,,Daopa Ha Pemy-
O0uka MakegoHuja“, BO HUB, JETaJTHO, COBPEMEHO
U KpUTWYKH, € oOpaboreHa d¢uopata Koja ce
pa3BuBa Ha TepuTopujaTa Ha PemyOmuka Make-
JIOHWja, TpU IITO KPUTUYKH ce oOpabdoTeHw,
OJITHOCHO PEBHUIMPAHM CHUTE AOTOTALIHM HOAATOLHU
KOH Ce HaBelyBaaT BO (DJIOpHUCTHYKATA JIMTeparypa
3a MakejioHuja.

Axanemuk Kupun MurneBcku Oetre efeH o
BOJICUKHUTE OanKaHCKH (JIOPUCTH, TAKCOHOMH H
(UTOIICHONIO3H, KPEaTUBEH W HEYMOPEH HCTpa-
’KyBad, KOj CO 3peiocTa Ha CBOWTE HAy4YHH IOT-
(datu u goOueHnTe pe3yaTartu ja agupMupa Make-
JIOHCKaTa HayKa M Ha CBETCKaTa HaydHa CIIeHa.

3a cBojaTra JIgjHOCT Ha HACTABHOTO, Hay4-
HOTO ¥ OIIITECTBEHOTO ToJie akaa. Kupun Mumes-
CKH € O/uIMKyBaH co Meman Ha Tpynor (1957),
Harpanara na rpag Crkomje ,,13 HoemBpu® (1961),
OpneH Ha TpyAoT co 31areH BeHerl (1969), 3naTtHa
Tulaketa Ha YHuBep3uteToT ,,Kupwn u Metoamj*
(1984), Cnomen-1iakera mo MOBOJ 25 TOAWHHA Ha
[Mpuponno-maremaTHukuoT ¢akynrer Bo Ckorje,
IToBenba ox YuusepsuretoT ,,Kupun u Mertoamj*
(1988), Iloenba na IIpupoaHO-HAYYHHOT MYy3€j BO
Ckonje, bnarogapuuna Ha XuApOOHOIOMIKHOT
3aBox Bo Oxpun (1985), xkako W Ha Harpagara
.l one Jlemues* Bo 1999 roauna.

Nmero na akamemuk Kupun MuneBcku
3aceKoraml Ke OcCTaHe Kako IpuMmep Ha mpode-
CHOHAJICH, aHTKUPaH, 10CIeeH, IPUHINIHEICH U
MaKCHUMaJIHO OJATOBOPEH NpHUCTall KOH paborata u
00BpcKHTE, KOW MPOU3JIETYBaa Off Heroara o0eMHa
HAcTaBHA M HAYYHOUCTPAXKyBayKa JIEjHOCT.

Ipunosu, O00. tpup. maid. buoitex. nayku, MAHY, 37 (2), 49-54 (2016)
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ACADEMICIAN KIRIL MICEVSKI
(On the occasion of the 90" anniversary of his birth)

Vlado Matevski

Macedoniana Academy of Sciences and Arts, 1000 Skopje, Republic of Macedonia

This year, it has been 90 years since the birth
of Academician Kiril Micevski, full professor for
many years at the Institute of Biology of the Faculty
of Natural Sciences and Mathematics in Skopje and
the founder of modern floristic and vegetation stud-
ies on the territory of the Republic of Macedonia.

Academician Micevski was born on 29" April
1926 in Skopje where he accomplished his primary
and secondary school education. In 1946 he enrolled
in the Faculty of Philosophy — Department of Biolo-
gy wherefrom he received his university degree in
1951, becoming so the first graduate student in his
class. After his graduation he was appointed as assis-
tant in the field of Systematics and phylogeny of up-
per plants at the Botanical Institute. In 1954 he went
to Zagreb to specialize in the methodology of phyto-
sociological research under the guidance of the emi-
nent phytocoenologist Prof. Dr. Stjepan Horvatic.
His doctoral thesis Typological studies of the vegeta-
tion of lowland meadows and marshes in Macedo-
nia, defended at the Faculty of Philosophy in Skopje
in 1958, also treated this research topic. In 1958 he
was appointed a docent, in 1964 — associate profes-
sor, and in 1970 he became a full professor. In the
meantime he spent three months in the Herbarium of
the Museum of Natural History in Vienna, continu-
ing to practise ten-day study visits and work in this
herbarium in subsequent years in order to resolve
certain floristico-taxonomic problems regarding the
flora of Macedonia.

Acad. Micevski was elected a corresponding
member of the Macedonian Academy of Sciences
and Arts in 1974, and a regular member in 1979. In
1987 he retired in accordance with the Law on ear-
ly retirement. Owing to the significant results of his
floristic studies of Macedonia and the Balkan Pen-
insula, he was elected a foreign member of the Slo-
venian Academy of Sciences and Arts in 1995.

During his career at the university Acad.
Kiril Micevski was actively engaged in the work of
many organizations and bodies. He was twice Head
of the Institute of Biology, Head of the Botanical
Institute, President of the Council of the Faculty of
Natural Sciences and Mathematics, etc. He was
president of the project council for The Vegetation
Map of Yugoslavia, president of the coordinative
council of the macro project The Protection of the

Human Environment at the Macedonian Academy
of Sciences and Arts, president of the Yugoslav
Society of Biosystematics, a member of the Council
for the Protection of Ohrid, Prespa and Dojran
Lakes, a member of editorial boards of several
journals such as the Biology Yearbook, ACTA,
Razgledi, Contributions of MASA, etc.

The educational activity of Acad. Kiril Mi-
cevski was very abundant and successful. Being a
very gifted student he was soon noticed by Prof.
Dr. Roko Vukovi¢, who, together with Prof. Dr.
Boris Kitanov and Prof. Dr. Mihovil Gracanin, in-
troduced him to the basic of botany. The pioneers
of European phytocoenology, the professors Stje-
pan Horvati¢ and Ivo Horvat from Zagreb, also
contributed to his knowledge of botany later on.
From his appointment at the Faculty of Natural Sci-
ences and Mathematics in Skopje, and until his re-
tirement, Acad. Micevski had many educational
engagements. Even as an assistant he taught practi-
cal courses in several biological disciplines, and
participated to a certain extent in the theoretical
instruction on the subject to which he was elected.
After his appointment as a docent he undertook the
complete theoretical and practical courses of Sys-
tematics and phylogeny of higher plants, and Phy-
togeography with phytocoenology.

Academician Kiril Micevski also participated
in postgraduate study courses at the Institute of Bi-
ology and some other faculties holding lectures or
consultations in the area of systematics and phylog-
eny of higher plants and phytocoenology. He was a
mentor and a member of the commissions for many
masters’ and doctoral theses.

Besides his regular obligations at the Faculty
of Natural Sciences and Mathematics in Skopje, he
held courses at the Teachers’ College in Skopje,
and in Prishtine at the Agricultural College and at
the Faculty of Philosophy.

The research activity of Acad. Kiril Micevski
was focused on two scientific disciplines — floristic
and vegetation studies, i.e. phytocoenology. These
fields are the subject of research of all his published
articals, which are over 120 in number and are fre-
quently cited in European botanical journals.

Vegetation studies occupy a special place in
the research opus of Acad. Kiril Micevski. He ex-
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plored several vegetation types in his research that
encompassed the whole territory of the Republic of
Macedonia. Thus, in his works, he completely in-
vestigated the water vegetation of the Ohrid, Prespa
and Dojran Lakes, as well as the water vegetation
in the former marshes in Katlanovo and Monospi-
tovo which are almost totally destroyed today or are
present only in small fragments. He also investigat-
ed completely the marsh vegetation of former large
marshy terrains such as, for instance, the marshes
of Katlanovo, Pelagonija, Struga and Ohrid, from
some of which not even remains can be found to-
day. The structure of their flora and their phytocoe-
nological affiliation can be met today only in the
published studies of Acad. Kiril Micevski.

During his researches into vegetation Acad.
Kiril Micevski also elaborated the lowland mead-
ows of all valleys of Macedonia describing thereby
five communities which were new to science.

Particular significance should be assigned to
the results of his investigation of the halophytic
vegetation which grows on saline soils in Macedo-
nia, and which had not been investigated at all be-
fore. In addition, he described two new alliances
and eight new associations for science.

In his vegetation’s studies Acad. Kiril Mi-
cevski included the steppe-like region in the central
part of the Republic of Macedonia (between Veles,
Stip and Negotino) proving that we did not have here
a true steppe vegetation but some "steppe-like" vege-
tation that only physiognomically resembles a
steppe. This so-called "cultural steppe™ has its pecu-
liarities, namely its composition includes, above all,
old steppe relict species which had existed in the
previous geological periods, and survived here be-
cause of the favorable climatic and soil conditions.

In order to give a more comprehensive pic-
ture of the vegetation of Macedonia, Acad. Mi-
cevski broadened his studies to the vegetation of
dry grasslands describing several new plant com-
munities, one order and two alliances.

Two monographs describing the vegetation
of two interesting regions in Macedonia — Males
and Pijanec, and Mount Bistra — are of particular
importance among his studies on vegetation.

The basic scientific preoccupation of Acad.
Kiril Micevski, however, was his research into the
flora of the Republic of Macedonia. Being its
tireless explorer in the course of fifty years, Acad.
Micevski, accompanied by his collaborators, made
many rounds of almost all our mountains, valleys
and gorges, enriching the herbarium of the Botani-
cal Institute at the Institute of Biology of the Facul-
ty of Natural Sciences and Mathematics in Skopje
with immense floristic materials which number to-

day about 180,000 herbal specimens. All that ena-
bled Acad. Micevski to begin writing his work The
Flora of the Republic of Macedonia and to elabo-
rate in monographs several genera, sections and
species. Acad. Kiril Micevski has described a large
number of taxons which were new to botanical sci-
ence — species (45), subspecies, varieties and forms,
discovered for the first time on the territory of the
Republic of Macedonia. He confirmed the presence
of certain genera which were unknown in the flora
of Macedonia until then such as, for example,
Isoetes, Sisyrinchium, Acorus, Drosera, etc.; there
is a particularly large number of species which are
new in the flora of Macedonia, some of which are
very rare and specially important for the explana-
tion of the genesis of the flora, i.e. the vegetation.

Acad. Kiril Micevski was the first botanist
who, as early as 35 years ago, pointed out certain
localities in the Repulic of Macedonia which are
extremely important from the aspect of their flora
and vegetation. In this connection he proposed that
some of them be protected as natural rarities. This
refers to the marsh with Osmunda regalis near the
village of Bansko (Strumica region); the marsh near
Negorska Banja (Gevgelija region), the marsh
"Studenciste” near the Ohrid Lake, the forest with
Alnus glutinosa between Gostivar and Tetovo, etc.

The volumes of his work The Flora of the
Republic of Macedonia present the crown of his
floristic studies. They elaborate the flora that grows
on the territory of Macedonia in detail and critical-
ly, by means of modern methodology, analyzing
critically and revising all the data known so far and
cited in the floristic literature about Macedonia.

Acad. Kiril Micevski was one of the leading
Balkan florists, taxonomists and phytocoenologists,
a creative and tireless researcher who brought af-
firmation and world recognition to Macedonian
science through the maturity of his scientific per-
formance and the results achieved.

For his merits in the field of science, educa-
tion and social engagement, Acad. Kiril Micevski
was awarded the Order of Labour (1957), the 13"
November Award of the city of Skopje (1961), the
Order of Labour with Golden Wreath (1969), Gold-
en Plaquette of the Ss.Cyril and Methodius Univer-
sity (1984), the memorial Plaquette on the occasion
of the 25" Anniversary of the Faculty of Natural
Sciences and Mathematics in Skopje, the Charter of
the Ss. Cyril and Methodius University (1988), the
Charter of the Museum of Natural Sciences in
Skopje, the Certificate of Gratitude from the Hy-
drobiological Institute in Ohrid (1985) and the
Goce Delc¢ev National Award in 1999.
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The name of Acad. Kiril Micevski will re- and responsible approach to the work and to the
main for ever in our memories as an example of a  obligations stemming from his voluminous research
highly professional, engaged, consistent, principled  and educational activities.
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SOIL MAPS OF THE REPUBLIC OF MACEDONIA
Gjorgji Filipovski

Macedonian Academy of Science and Arts, Skopje, Republic of Macedonia

The paper gives an overview of the history of preparation of 63 soil maps in printed and digital form, out of
which 62 in a scale of 1 : 50 000 for a specific sections of the topographic maps, and one in a scale of 1 : 200 000 for
the whole of the Republic of Macedonia. The Project for Preparation of Soil Map in a scale of 1 : 50.000 lasted al-
most seven decades (from 1947 to 2015). In the final phase of this process, within a FAO project, soil maps in hard
copy and digital format were edited, together with corresponding study books for soil properties and soil forming
factors for 10 regions of the country. A similar study book was written for the soils of the whole country. In addition,
a common legend has been developed for all soil maps with 63 cartographic units. All classifications used during this
long period of soil survey have been described and served as a basis for compiling of all legends. The areas of all car-
tographic units have been presented. The contents of all 11 soil studies have been described. Digitalization of all maps
and the data base of soil characteristics were accomplished. For this purpose, an internet web-portal has been created
(www.maksoil.ukim.mk). The results of the Project implementation were promoted and presented to the local scien-
tific and professional public. The final works on the Project completion were financed by the FAO, UN Organization.

Key words: soil maps of the Republic of Macedonia; legend of the soil maps; areas of cartographic units;

digitalization of project results

INTRODUCTION

Soil survey and soil mapping in the Republic
of Macedonia started soon after the liberation (after
World War 1), in 1947. This process started with
the survey of soils of Strumica valley. The Soil
Survey Study, including a soil map of this valley in
a scale of 1:50 000, was published in 1951 (Gj. Fil-
ipovski [1]). These soil survey activities, in parallel
to the preparation of soil maps and soil studies for
our country, continued up to 2015. They lasted al-
most to seven decades. Only the author of this text
took part in these researches over the entire period.
All other contributors to the preparation of the soil
maps (most of whom were collaborators of Prof.
Gj. Filipovski) took part only during shorter or
longer periods of time. Eight of these contributors,
who are still active in this field, completed the soil
map of the Republic of Macedonia including the
soil survey in 2015. The other contributors to the
soil mapping activities, regretfully, are not with us

any longer. We remember them with great love,
respect and gratitude for their contribution.

With the finalization of the Project for prepa-
ration of soil maps of the Republic of Macedonia,
62 maps were published (in printed and digital
form) over the topographic elements of the topo-
graphic maps in a scale of 1:50 000 and one for the
entire territory of the Republic of Macedonia in a
scale of 1 : 200 000. In addition, 11 soil studies
have been published: 10 studies for particular re-
gions and one for the whole territory of the country
comprising 1028 pages in total.

The eight authors who participated in this
task (including the retired soil scientists) are pro-
fessors at the Faculty of Agricultural Sciences and
Food, Institute of Agriculture and the Faculty of
Forestry, all being parts of the Ss. Cyril and Meth-
odius University in Skopje. The authors of these
maps and studies (in alphabetical order) are as fol-
lows: Andreevski [3, 4], Vasilevski and Markoski
[5], Markoski et al. [6], Mitkova et al. [7], Mi-
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trikeski et al. [8, 9], Mukaetov [2], Petkovski [10]
and Filipovski [11, 12].

Besides the study of one particular region,
Filipovski [12] wrote the study for the whole of the
Republic of Macedonia. The other authors wrote
the soil studies for 9 separate regions.

IMPORTANCE AND IMPLEMENTATION
OF THE PUBLISHED SOIL MAPS
AND STUDIES

The Project for preparation of soil maps and
the studies have a fundamental and applicable char-
acter. They present our soils as an important natural
and hard to renew resource, and as an important
component of the natural ecosystems. Therefore,
the results of these researches are being used in
many basic sciences: botany (especially phytocoe-
nology), ecology, zoology, geography, etc.

Soil maps are widely used in the construction
industry (urban planning, infrastructure projects),
spatial planning and creation of spatial plans, envi-
ronmental projects, etc.

The results from soil survey and soil map-
ping are used by other soil related sciences: plant
nutrition, soil microbiology, agrotechnics, hydro-
technics, etc.

Their use in agriculture is particularly wide,
especially in agro-ecological zoning, cultivation of
different crops, cultivation of perennial crops in
viticulture and fruit growing, implementation of
different agrotechnical and ameliorative measures
(especially in irrigation and drainage), etc.

Their importance is also notable in forestry:
cultivation and exploitation of forests, afforestation,
implementation of anti-erosion measures, etc.

MAIN CHARACTERISTICS
OF THE PROJECT

The Project for preparation of soil maps and
studies has several specific characteristics which
make it different from other projects in the field of
soil science. These are:

1. Particularly long project duration. It start-
ed in 1947 and, with interruptions, lasted until 2015
or for a total of 68 years. This can be explained
with its specifics: soil mapping requires that ‘every
foot of land’ is examined. Besides, sometimes
problems occurred with project funding. That re-
sulted in work interruptions, time gaps or slowing
down of the pace of work. And lastly, the great
changes and turbulent times that our country went
through during this long period of time inevitably
had an impact on the project completion.

2. Involvement of a particularly large number
of researchers. As described above, it was necessary
to engage a particularly large number of contributors
to the soil mapping. The soil study that is published
together with the Soil Map of Macedonia (Filipovski
[12]) lists the names of all 24 researchers.

3. Participation of a large number of institu-
tions in the creation of the project. Those were the
institutions that employed these 24 researchers:
MASA, Faculty of Agricultural Sciences and Food,
Institute of Agriculture and Faculty of Forestry
within the Ss. Cyril and Methodius University and
the Tobacco Institute in Prilep, the Republic Insti-
tute for Water Management, the Rise Institute in
Kocani, the Forestry Institute, the laboratories of
some companies (‘Agromehanizacija’) and agricul-
tural organizations. Some of these institutions do
not exist any longer.

4. Expensive project. Due to the project re-
search specifics, substantial financial resources had
been used from different sources. The total amount
is unknown. All the above mentioned institutions
participated in the financing with budget funding.
Beside them, financial support came from: the Di-
rectorate for Water Management, the Institute for
Spatial Planning, agricultural complexes, water
management companies, local councils and espe-
cially from the Federal and Republic Funds for Sci-
entific Research. It should be particularly noted that
without the expertise and the financial support pro-
vided by FAO (UN organization) in the amount of
$ 340,000, the Project could not have been com-
pleted. Also, some of these institutions that took
part in the financing of the Project do not exist any
longer.

5. The use of numerous different soil classi-
fications for preparation of legends for the carto-
graphic units of soil maps. During the long period
of the Project implementation, several national soil
classifications were used, which reflected the level
of the soil science at the time. Those classifications
were based on different principles and criteria. As a
result of that, the created maps had different leg-
ends. This caused a serious problem. Focusing all
my efforts and knowledge on this problem, in 2008
I managed to compile one common legend from all
these different ones. That enabled the creation of all
63 soil maps in 2015. This was achieved in correla-
tion with all cartographic units of numerous leg-
ends with the taxonomic units from the last ver-
sion of our soil classification of 2006 (Filipovski
[13]). This common legend was used in the creation
of the soil maps published in 2015.

6. Digitalization of the soil maps and of the
soil characteristics data base. During the first dec-
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ades of soil mapping, digitalisation was not possi-
ble. Digitalisation was achieved with FAO assis-
tance and with the implementation of the soil in-
formation system (SOTER) prepared by FAO [14].

CONDITIONS FOR PROJECT
COMPLETION

The final Project activities took place be-
tween 2013 and 2015 when 63 soil maps in their
final form were completed together with 11 study
books on soil properties.

This work was successfully completed as a re-
sult of several conditions being previously fulfilled,
among others most notable being the following:

1. As a result of the soil mapping, there was
a large number of field soil maps drawn by hand,
some of which were even in a printed form. There
were soil studies and reports for these maps.

2. MASA financed and completed several
projects which enabled or facilitated the creation of
the common legend and the creation of the 11 study
books on soils. The completion of these projects
was crowned with the publishing of several mono-
graphs on the soils of Macedonia (Filipovski [13,
15-23]). Some of these monographs are of vital
importance for the completion of the Project, such
as the monograph Soil Classification of the Re-
public of Macedonia published in 2006 (Filipovski
[13]), and the monograph on the Soils of the Re-
public of Macedonia in six volumes (Filipovski
[15-20]), which were used for the creation of the
11 study books on soils published in 2015. Two
more monographs were used for the creation of
these studies: Soil degradation as a component of
the environment in the Republic of Macedonia
(Filipovski [21]) and The Characteristics of the
Climate Vegetation Soil Zones (Regions) in the
Republic of Macedonia (Filipovski et al., [22]).

3. It should be noted that after the publishing
of the monograph on the soils of Macedonia,
which presented all research results of the soils un-
til its publishing, we had access to the most recent
results from the doctoral and masters studies pre-
pared by: Andreevski [24], Vasilevski [25], Marko-
ski [26, 27], Mitkova [28], Mukaetov [29] and Jo-
vanov [30]. These results were also used in creating
of the 11 studies in 2015.

4. The final works in 2008 were of great im-
portance for the Project completion. With the sup-
port of three of my collaborators (Petkovski,
Mukaetov and Andreevski), at the Institute of Agri-
culture, all the existing 140 field soil maps in a
scale of 1 : 50 000 were gathered and stored, to-
gether with their legends and soil studies. A large

number of these maps were in handwritten form.
These data were kept in a number of institutions,
funds or by the authors themselves. The collecting
of this material was a hard and long process. Be-
sides, the cartographic units indicated in the map
legends were based on different classifications
which used different criteria. After a long and hard
work all these 140 legends with their cartographic
units were correlated with the taxonomic units of
the Soil Classification from 2006 (Filipovski [13])
with an aim to achieve a common legend. The
whole completed work was presented in a hand-
written text of 102 pages. The text contained a list
of all collected soil studies for the 140 soil maps.
Without this work the Project for the soil maps of
the Republic of Macedonia could not has been
completed.

5. During this period of seven decades, the
soil mapping was also made possible with the clas-
sification of the Macedonian and the former Yugo-
slav soils, made by several authors. The classifica-
tion criteria from these soil classifications were
used as a base to define the cartographic units and
legends. A separate chapter will be dedicated to the
problems related to soil classifications.

6. After 1963, the work on the creation of the
soil maps was made easier thanks to the published
monograph on the soils of Yugoslavia (Filipovski
et al. [31]). It resolved many questions related to
soil classifications. In this monograph West Euro-
pean approaches in adoption of objective and
measurable criteria for defining the taxonomic and
cartography units were incorporated. This mono-
graph motivated the process of creation of new ver-
sions of national soil classifications in former Yu-
goslavia, inspired by the international understand-
ings and criteria of that time.

SOIL CLASSIFICATIONS USED
FOR COMPOSING LEGENDS FOR SOIL
MAPPING DURING 1947 — 2015

In certain periods within these 70 years of
soil surveying different classifications were used.
In this respect, we can distinguish 5 periods:

1. The period between 1947 and 1959. Dur-
ing this period the scientific soil classification was
not at a very high level. No international classifica-
tion existed, and the soils in Yugoslavia had not
been significantly researched to enable establish-
ment of a good national soil classification. During
this period Russian classifications were used (Ro-
zov [32]) which were hard to implement in our
conditions. Legends were compiled using descrip-
tions of Yugoslav soil types in the books of Stebut
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[33] and Gracanin [34]. The first national soil clas-
sification published by Gracanin [35], was inaccu-
rate as it was done at the time when the soils of
Yugoslavia were not adequately researched. There-
fore, soil mapping during this period was quite dif-
ficult.

2. The period between 1959 and 1963. Till
the beginning of this period the soils in the valleys
of Macedonia were thoroughly researched for 12
years, and a substantial amount of scientific data
was collected. This enabled the creation of the first
version of the soil classification of the Republic of
Macedonia (Filipovski [36]). It encompassed two
categories of taxonomies (types and subtypes of the
systematically researched soils in the valleys), and
types for the mountainous soils, surveyed only with
reconnaissance which is in fact an initial step in soil
survey.

3. The period between 1963 and 1995. Dur-
ing this period the soil classification in the former
Yugoslavia swayed considerably. An important
contribution to this was the detailed soil monograph
on the Yugoslav soils (Filipovski et al. [31]) pub-
lished in 1963. It presented all the known research
results of the Yugoslav soils till then. The same
year, a group of authors wrote the first version of
the national classification of the Yugoslav soils up
to the level of type (Neigebauer et al. [37]). Later,
again a group of authors compiled two new ver-
sions: in 1973 (Skori¢ et al. [38]) and in 1985
(Skori¢ et al. [39]). These two versions, as per the
recommendation of the Yugoslav Soil Research
Society, were used across all the republics of Yugo-
slavia for the purpose of creation of their soil maps.
These classifications were based on measurable
criteria and were detailed as they contained several
categories of taxonomies (orders, classes, types,
subtypes, varieties, and soil forms). It can be stated
that with these classifications the soil mapping was
made much easier as during field measurements
they could define the taxon without any problems.

4. The period between 1995 and 2006. The
monograph on our soils written during this period
(Filipovski [15-20]) modifies and adjusts the last
version of the Yugoslav soil classification (Skori¢ et
al. 39) in accordance with the specifics of the soils in
our country. It is used not only in the monograph but
also in the research and soil mapping of the Mace-
donian soils during this period.

5. The period between 2006 and 2015. In
2006 the last version of the Macedonian Soil Clas-
sification was published (Filipovski [13]). It applies

contemporary criteria: 21 diagnostic horizons, 23
diagnostic characteristics and 27 diagnostic soil
materials. All diagnostic horizons are quantitatively
defined with specific parameters and therefore easi-
ly recognisable. They serve as a base for creation of
our soil classification with precisely and measura-
bly defined taxons out of the five categories (big
soil group, soil types, subtypes, varieties and
forms). That is why it was easily applicable. It is in
essence a national classification based on the re-
sults of our well researched soils. This classifica-
tion is also correlated with the international FAO
classifications (Driessen et al. [40], Dudal [41]) and
WRB (ISSS et al. [42], IUSS et al. [43]). As previ-
ously said, our classification was used for the soil
mapping during this period. It also served for com-
posing the common legend of all 63 soil maps that
were published in 2015.

COMMON LEGEND FOR ALL MAPS

The process of creation of a common legend
for all 63 printed maps in 2015 was described pre-
viously. Cartographic units from the national soil
classification (2006) are presented in Table 1, while
the correlation of the national classification with
the international classifications of WRB (ISSS et al.
[42], IUSS et al. [43]) is presented in Table 2.

Table 1 below shows the common legend
with all its cartographic units and areas covered
with each unit.

The table shows that the common legend
contains a total of 63 cartographic units. 17 of them
contain only one soil type, and 46 are complexes,
i.e. comprising several soil types.

The cartographic units are given by relief
forms separately. There are 20 in mountainous re-
lief forms, 28 in a hilly relief, 3 on sloppy terrains
and 12 cartographic units in flat landforms. There
are only few of the same cartographic units in sev-
eral relief forms.

The Table 1 also represents the geography of
our soils as it contains their surface areas in hec-
tares. From the figures, it can be concluded that the
surface areas of soils in the mountainous relief form
represent 1.434.070 ha or 57,37%, in the hill land
forms 698.159 ha or 27,93%, in hilly relief 160.394
ha or 6,42% and in flat relief forms 163.020 ha or
6,52% of the total surface area of our soils.

The cartographic units of the Table 1 are co-
related with the international soil classification of
WRB. This is represented in Table 2.
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Table 1. Soils of the Republic of Macedonia (legend with cartographic units
according to the soil classification of Gj. Filipovski)

Cartographic soil units Hectares
1. Soils of mountainous relief
Leptosol 38.502
Leptosol on hard limestones and dolomites 1.128
Complex of Regosol and Leptosol 70.898
Complex of Mollic and Umbric Ranker 154.747
Complex of Mollic and Umbric Ranker and Regosol 34.889
Complex of Mollic and Umbric Ranker and Leptosol 1.124
Complex of Mollic and Umbric Ranker, Regosol and Leptosol 80.603
Complex of Mollic and Umbric Ranker and Luvisol 930
Rendzina on hard limestones and dolomites 146.229
Complex of Rendzina on hard limestones and dolomites and Leptosl 13.979
Complex of Rendzina and Brown Soil on hard limestones and dolomites 35.050
Red Soil (Terra Rossa) 260
Complex of Red Soil (Terra Rossa) and Brown Soil on hard limestones and dolomites 1471
Brown Soil on hard limestones and dolomites 82.879
Brown Forest Soil 395.957
Complex of Brown Forest Soil and Regosol 86.831
Complex of Brown Forest Soil, Leptosol and Regosol 127.721
Complex of Brown Forest Soil and Mollic and Umbric Ranker 54.437
Complex of Brown Forest Soil, Mollic and Umbric Ranker and Leptosol 98.780
Complex of Brown Forest Soil and Leptosol 7.555
TOTAL 1.434.070
11. Soil of rolling relief and lake terraces
Regosol 102.310
Complex of Regosol and Smolnitza 28.962
Complex of Regosol and Colluvial Soil 584
Pararendzina 47.616
Complex of Pararendzina, Regosol and Leptosol 9.071
Complex of Pararendzina, Regosol and Smolnitza 6.385
Complex of Pararendzina and Leptosol 3.362
Vertisol 60.537
Complex of Smolnitza, Regosol and Leptosol 47.305
Complex of Smolnitza and Pararendzina 32.833
Complex of Smolnitza, Pararendzina and Regosol 9.906
Complex of Smolnitza, Cinnamonic Forest Soil and Regosol 40.181
Complex of Luvisol and Regosol 7.130
Complex of Chernozem and Pararendzina 2984
Complex of Chernozem, Pararendzina and Smolnitza 9.906
Complex of Pararendzina and Regosol 68.926
Cinnamonic Forest Soil 96.030
Complex of Cinnamonic Forest Soil and Regosol 45.860
Complex of Cinnamonic Forest Soil, Pararendzina and Regosol 14.538
Complex of Cinnamonic Forest Soil, Pararendzina and Colluvial Soil 1.324
Complex of Cinnamonic Forest Soil, Regosol, Pararendzina and Smolnitza 8.500
Complex of Cinnamonic Forest Soil and Smolnitza 14.539
Complex of Cinnamonic Forest Soil, Pararendzina and Smolnitza 6.823
Complex of Cinnamonic Forest Soil and Luvisol 2.188
Complex of Cinnamonic Forest Soil, Luvisol and Regosol 751
Luvisol 13.942
Rigosol 15.612
Depasol 84
TOTAL 698.189
I11. Soils of slopy relief
Colluvial Soil 159.132
Colluvial Rigosol 735
Colluvial Hortisol 527
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Table 1. (continuation)

TOTAL 160.394
1V. Soils of flat relief
Alluvial Soil 109.645
Complex of Alluvial and Colluvial Soil 2.540
Complex of Alluvial Soil and Swampy Gley Soil 1.197
Complex of Alluvial Soil and Fluviative Meadow Soil 309
Fluviative Meadow Soil 18.295
Complex of Fluviative Meadow Soil and Hydromorphic Black Soil 1.015
Swampy Gley Soil 10.061
Complex of Swampy Gley Soil and Histosol 934
Hydromorphic Black Soil 6.883
Complex of Solonchak and Solonetz 10.806
Planosol 1. 160
Histosol 175
TOTAL 163.020
Populated areas 44,172
TOTAL 2.499.845
Table 2. Soils of the Republic of Macedonia (legend with cartographic units
according to the soil classification of WRB
Cartographic soil units Hectares
1. Soils of mountainous relief
Leptosol 38.502
Leptosol calcaric 1.128
Complex of Regosol and Leptosol 70.898
Complex of Humic Eutric and Umbric Regosol (Umbrisol) 154.747
Complex of Humic Eutric and Umbric Regosol (Umbrisol) and Regosol 34.889
Complex of Humic Eutric and Umbric Regosol (Umbrisol) and Leptosol 1.124
Complex of Humic Eutric and Umbric Regosol (Umbrisol), Regosol and Leptosol 80.603
Complex of Humic Eutric and Umbric Regosol (Umbrisol and Albic Luvisol 930
Rendzic Leptosol 146.229
Complex of Rendzic Leptosol and Leptosol 13.979
Complex of Rendzic Leptosol and Chromic Leptic Luvisol on hard limestones 35.050
Rhodic Leptic Luvisol on hard limestones 260
Complex of Rhodic Leptic and Chromic Leptic Luvisol on hard limestones 1.471
Chromic Leptic Luvisol on hard limestones 82.879
Cambisol 395.957
Complex of Cambisol and Regosol 86.831
Complex of Cambisol, Leptosol and Regosol 127.721
Complex of Cambisol, Humic Eutric and Umbric Regosol (Umbrisol) 54.437
Complex of Cambisol, Humic Eutric and Umbric Regosol (Umbrisol) and Leptosol 98.780
Complex of Cambrisol and Leptosol 7.555
TOTAL 1.434.070
11. Soil of rolling relief and lake terraces
Regosol 102.310
Complex of Regosol and Vertisol 28.962
Complex of Regosol and Fluvisol 584
Humic Calcaric Regosol 47.616
Complex of Humic Calcaric Regosol, Regosol and Leptosol 9.071
Complex of Humic Calcaric Regosol, Regosol and Vertisol 6.385
Complex of Humic Calcaric Regosol and Leptosol 3.362
Vertisol 60.537
Complex of Vertisol, Regosol and Leptosol 47.305
Complex of Vertisol and Humic Calcaric Regosol 32.833
Complex of Vertisol, Humic Calcaric Regosol and Regosol 9.906
Complex of Vertisol, Chromic Luvisol on saprolite and Regosol 40.181
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Table 2. (continuation)

Complex of Albic Luvisol and Regosol 7.130
Complex of Chernozem and Humic Calcaric Regosol 2984
Complex of Chernozem, Humic Calcaric Regosol and Vertisol 9.906
Complex of Humic Calcaric Regosol and Regosol 68.926
Chromic Luvisol on saprolite 96.030
Complex of Chromic Luvisosl on saprolite and Regosol 45.860
Complex of Chromic Luvisosl on saprolite, Humic Calcaric Regosol and Regosol 14.538
Complex of Chromic Luvisosl on saprolite and Fluvisol 1.324
Complex of Chromic Luvisosl on saprolite, Regosol, Humic Calcaric Regosol and Vertisol 8.500
Complex of Chromic Luvisosl on saprolite and Vertisol 14.539
Complex of Chromic Luvisosl on saprolite, Humic Calcaric Regosol and Vertisol 6.823
Complex of Chromic Luvisosl on saprolite and Albic Luvisol 2.188
Complex of Chromic Luvisosl on saprolite, Albic Luvisol and Regosol 751
Albic Luvisol 13.942
Aric Regosol 15.612
Spolic Regosol 84
TOTAL 698.189
I11. Soils of slopy relief
Fluvisol (Colluvial soil) 159.132
Avric Regosol 735
Hortic Anthrosol 527
TOTAL 160.394
1V. Soils of flat relief
Fluvisol 109.645
Fluvisol (Alluvial and Colluvial soil) 2.540
Complex of Fluvisol and Gleysol 1.197
Complex of Fluvisol and Mollic Fluvisol 309
Mollic Fluvisol 18,295
Complex of Mollic Fluvisol and Mollic Vertic Gleysol 1.015
Gleysol 10.061
Complex of Gleysol and Histosol 934
Mollic Vertic Gleysol 6.883
Complex of Solonchak and Solonetz 10.806
Planosol 1.160
Histosol 175
TOTAL 163.020
Populated areas 44,172
TOTAL 2.499.845

THE CONTENTS OF SOIL STUDY BOOKS

The 11 soil study books mentioned in the in-
troduction of this paper, contains same chapters in
the same order. It was an agreement between the
authors of the study books. The first written study
(Filipovski [11]) was used as a sample.

The results of the soil surveys for each of the
10 regions and for the whole of the Republic of
Macedonia are presented in the following chapters:

1. Introduction, history and research goals

2. Literature review

3. Research results

3.1. Factor influencing: formation, evolu-
tion and characteristics of the soils
3.1.1. Geographic location and relief

3.1.2. Hydrographical characteristics and
erosion (surface water, flooded areas and wetlands,
ground water, irrigation water, erosion)

3.1.3. Parent material

3.1.4. Climate

3.1.5. Vegetation

3.1.6. Human influence

3.2. Soils of the valleys

3.3. Soils of the sloppy terrains

3.4. Soils of the undulated and hilly terrains
and lake terraces

3.5. Soils of the mountain terrains

3.6. Geography (spatial distribution of the
cartographic units).

In every chapter on the four relief forms, re-
search results for each soil type are presented as
follows:
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» Genesis and classification

o Morphological characteristics

e Mechanical structures

e Chemical characteristics

 Production characteristics

A list of references is given at the end of
each study.

The soil study for the whole territory of the
Republic of Macedonia (Filipovski [12]) contains
one additional chapter on the history of soil map-
ping during the period of 1947-2015.

THE HISTORY OF CREATION
OF SOIL MAPS OF THE REPUBLIC
OF MACEDONIA (1994-2015)

The history of soil survey and soil mapping
of Macedonia before 1947 have been described in
other works (Filipovski [12, 15]). Till the end of
World War Il there was not a single institution
dealing with soil surveying. At the Agricultural
Experimental and Control Unit in Skopje, estab-
lished between the two world wars, there was not a
soil scientist or soil science unit. A very limited
research data related to soil properties exists from
that period, mainly done by soil scientists from
Belgrade. As far as the mapping is concerned, only
one scheme-like soil map of the Skopje valley
(Todorovi¢ [45]) has remained, however without
any laboratory analysis.

During World War 1l the Agricultural Exper-
imental and Control Unit in Skopje was renamed as
Agriculture Research Institute, however, still with-
out a soil scientist or a soil science unit. There were
no soil researches performed during this period. It
can be said that until 1947, soil survey of Macedo-
nian soils did not exist in practice. This means that
soils were unknown in terms of their properties and
spatial distribution.

Three periods can be distinguished in the crea-
tion of the soil maps of Macedonia (Filipovski 12):

1. The period between the liberation and the
proclamation of state independence (1944-1991).

2. The period from the proclamation of state
independence to 2012 (1991-2012).

3. The period of finalization of the soil maps
(2012-2015).

1. The period between the liberation and the
proclamation of state independence (1944-1991).
In December 1944, when Prof. Gj. Filipovski was
appointed as Head of the Institute of Agriculture in
Skopje, Macedonia got the first soil scientist. Still,
during the first two years after the liberation, there
were no conditions to begin with surveying and
mapping of our soils. The Institute of Agriculture

had no equipment for field research of soils, there
were neither means of transport nor financial means.
The chemical laboratory within the Institute had
supplies for regular functioning. The necessary
conditions were met in 1947. It was then when Prof.
Filipovski started with the surveying and mapping of
the soils of Strumica valley. Research results were
published in 1949 (Filipovski [1]). Those were the
first data on our agricultural land to be published
after the liberation.

This period preceding the proclamation of
state independence can be recognised as the most
productive in mapping of our soils. Only a small
part of the soils of the country remained un-
researched and unmapped. With regards to soil
mapping, this period can be divided into two
subperiods: the first between 1947 and 1963, and
the second between 1963 and 1991.

In the first period (1947-1963) mainly the
agriculture soils of our valleys were surveyed. For
this purpose, adequate financial means were
allocated from the government budget, as the rapid
development of the country required the necessary
research of soils. The results of these soil surveys
were used for the needs of hydrotechnical
ameliorations (irrigation and drainage). They were
also necessary for improving the agricultural
production (cultivation of perennial plantations of
vineyards and orchards, in the implementation of
different agrotechnical and ameliorative measures
(especially in irrigation and drainage), etc.

These researches were abundantly funded
especially by the Republic Institute for Water Man-
agement and the Directorate for Water Manage-
ment. During this period, institutional, personnel
and financial conditions were created for a very
intensive and successful research and mapping of
our soils. In 1947, within the Faculty of Agriculture
and Forestry, the Department of Soil Science and
Agrochemistry was established, which was initiated
and headed by Prof. Gj. Filipovskil for many years
after. For the time, the Department was well equip-
ped for educational and scientific work and it
became a breeding ground for new soil scientists.
At the same time, it worked intensively on the
research and mapping of our soils.

During this subperiod, the other above
mentioned institutions that took part in soil
mapping, were gradually established.

During this subperiod, the research and soil
mapping of the following valleys were undertaken
(in alphabetical order): Belcista, Berovo, Bitola-
Gjavato, Valandovo, Veles, Gevgelija, Delcevo,
Dojran, lzdeglavje, Kocani, Kirva Palanka, Kuma-
novo, Ljubaniste, Ovée Pole, Ohrid, Pelagonija,
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Polog, Radovis, Resen, Skopje, Strumica, Struga
and Tikves. The following researchers took part in
these researches and soil mappings (in alphabetical
order): L. Vilarov, S. Vukasinovi¢, K. Georgievski,
M. Zivkovié, Ms L. Manugeva, D. Popovski, R.
Radojevi¢, T. Tonovski, B. Kosevski and Gij.
Filipovski. These researches were done with
relatively dense network of soil profiles. On the
basis of the researches until 1953, Prof. Gij.
Filipovski had created the first soil map of
Macedonia which encompassed only the soils of
the valleys. This map, in a scale of 1:500 000, was
published by 'Geokarta' [46] in Belgrade.

During the second subperiod (1963-1991)
the research focussed mainly on the mountainous
soils, however, with substantially sparse network of
profiles. Till then the mountainous soils had not
been researched. This mapping of soils was done
within a long-term project of that time which was
launched for creation of the Soil Map of
Yugoslavia. This project was funded by the Federal
and later by the Republic Fund for Scientific
Research. In Macedonia, the project was realised at
the Institute of Agriculture in Skopje. During this
subperiod, besides the mountainous soils, the soils
of some valleys that had not been researched and
mapped yet were researched as well. Those were
the valleys of: Debar, Kicevo, Ovée Pole, Stip,
Mariovo and Polog, as well as Debarca, Zupa,
Malesija, Dolni Drimkol, Trojacka, Zegljansko and
Otcicno and part of Pelagonia valley. The following
people took part in these researches and soil
mappings: T. Avramovski, M. Andreevski, S.
Geskovski, A. Gicev, N. Misevska, T. Mitkova, J.
Mitrikeski, Z. Misiku, D. Mukaetov, D. Petkovski,
D. Popovski, K. Serbinovski, J. Spirovski, G;j.
Tanev, B. Kosevski and Gj. Filipovski.

During this subperiod, for the purpose of
spatial planning, Prof. Gj. Filipovski and Dr D.
Popovski created soil maps and wrote a study on
the Macedonian soils of the Ohrid-Prespa region,
Municipality of Stip, Titov Veles region and the
region of Eastern Macedonia.

2. The period from the independence to 2012
(1991-2012). Unfortunately, this two-decade peri-
od is not characterized with intensive soil mapping
due to lack of funding. This period is characterized
by the following: a) mapping of small parts of
Macedonian soils that were not researched until
then; b) completion of some works that enabled the
final realization of the Project in the later period;
and c) search for funding for Project completion.

During this period, first of all, the mapping
of the territory of the Republic of Macedonia that
was not researched was completed for the following

regions: Mariovo, Kicevo and Polog valley and the
mountains of Gali¢ica and Jablanica. For part of this
territory the soil maps were missing, and for the oth-
er part the mapping was not with good quality. M.
Andreevski, D. Mukaetov, D. Petkovski and D.
Popovski took part in the mapping process.

During this period, the following tasks that
enabled the completion of the Project in the later
period took place: a) in 2008, with the assistance of
three of Prof. Gj. Filipovski’s collaborators, all
completed soil maps until then in a scale of 1:50
000 were gathered, together with the soil studies for
these maps; b) a common legend for all these maps
which used many different legends was prepared, c)
MASA published several monographs of Prof. Fil-
ipovski that were used in writing of the text — Study
book of the soil map of Macedonia (Filipovski
[12]). They were also used in the writing of the
texts — study books of the soils of the ten regions of
the country; d) of particular importance was the
monograph on classification of soils from 2006
(Filipovski [13]) which served as a base for com-
posing of the common legend for all maps.

This legend was composed in correlation
with all previous cartographic units, with taxono-
mies of that classification. This classification is also
correlated with international classifications; e) fol-
lowing the publishing of the monograph "Soils of
the Republic of Macedonia" (for the period 1995-
2004), several PhD and master studies were com-
pleted, as mentioned above. They were also used in
drafting the soil studies and soil maps.

During this period, and in particular after
2008, when the necessary works on the Project
completion were finalized, intensive efforts were
made to find funding, which were unfortunately
unsuccessful.

3. The period of final Project completion
(2012-2015). During this period, the following fi-
nal tasks were completed: a) application for and
received funding and experts' assistance from FAO;
b) for the purpose of Project completion, a team of
8 experts (previous contributors to the soil map-
ping) was established.

Following our written request, the FAO (an
organization of the United Nations) expressed in-
terest in funding of the final works for Project
completion. They sent an expert who was acquaint-
ed with all available scientific data. Following his
positive feedback, an agreement was signed be-
tween the FAO and the Ministry of Agriculture,
Forestry and Water Management, since the FAO as
an UN organization can sign agreements only with
governments or governmental bodies. In parallel
with the agreement, a programme for Project com-
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pletion was drawn up. The FAO approved the nec-
essary funding, expert support and a corresponding
equipment for completion of the part of the Project
related to digitalization of the soil maps and crea-
tion of the data base on soil characteristics.

Subsequently, a team of 8, still active soil ex-
perts, who took part in the process of mapping of our
soils, was established with the purpose of complet-
ing the Project. Their names are mentioned in the
introductory part. Two more lecturers from the Fac-
ulty of Natural Sciences (Institute of Geography)
joined this team: Prof. I. Milevski and Prof. S. Gorin,
who helped in the process of development of topo-
graphic data set and preparation of soil maps for
printing. During this period, the team of these 8 soil
scientists completed the following tasks:

1. Finalization of the process of soil mapping,
with soil survey of few remaining parts. This means
that they completed the soil maps for the following
sections: Prizren 4, Bitola 3 and 4 and Gostivar 1, 2
and 3. This task has been completed by four mem-
bers of the team of soil scientists (M. Andreevski, K.
Vasilevski, M. Markoski and J. Mitrikeski).

2. All non-soil digital data necessary for
completion of the digital soil maps were completed.

3. A set of 62 soil maps in printed and digital
form in a scale of 1: 50 000 and one for the whole
territory of the country in a scale of 1: 200 000, was
completed

4. The digital geo-database on soil character-
istics was designed and created.

5. Previously completed common legend with
cartographic units for all soil maps was adopted.

6. All soil study books containing soil survey
results of all 10 regions and one for the whole of
the Republic of Macedonia, were finalised.

7. All soil maps with soil study books were
published.

8. An internet Web Portal was created in or-
der to enable the use of the soil maps and soil prop-
erties data to broader audience.

DIGITALIZATION OF SOIL MAPS
AND OF DATA BASE ON SOIL
CHARACTERISTICS

Within the process of digitalisation of all soil
survey results and soil maps, the Macedonian Soil
Information System (MASIS) was created. MASIS
is a soil information system that was established in
accordance with the EU standards (EUCBN). It
represents a modern digital geo-database where soil
data as a whole (humerical and graphical) are inte-
grated with the other natural variables. Data base

organized in such a way represents a good source
of information for the final users, and at the same
time the system allows further development and
upgrades of stored data.

Besides integrating of soil data, their charac-
teristics and their spatial distribution, MASIS’s
main role is, by implementing of models and vari-
ous geostatistical procedures, to produce:

e VVarious thematic maps that facilitate the
localization of the spatial distribution of certain soil
characteristics.

o Initial maps on soil suitability for cultiva-
tion of particular crops.

o Maps on risks associated with soil degrada-
tion in order to identify regions subject to different
risks, to quantify different risks, and to estimate
their impact on the agricultural production and the
environment.

o Maps on spatial distribution of: pH, CaCO,
organic matters, clay, dust and sand.

The vision of the MASIS system is to be-
come an integrated electronic system, for efficient
management of farms and agricultural production,
with the aim of sustainable use of natural resources
and environmental protection.

The soil maps that are integrated within
MASIS are in a scale of 1 : 50 000 and represent
the spatial distribution of the soils and borders
among different soil mapping units and complexes.
Beside this, the system contains soil characteristics
data. In the frame of the interlinked data MASIS
gives the spatial distribution of the soil types by
hectares and percentages in a network of maps in a
scale of 1 : 50 000, by municipalities and river ba-
sins. D. Mukaetov and M. Markovski were the ma-
jor contributors to the process of digitalization.

PROJECT PROMOTION

The Project results were presented to our
professional and scientific community in the spring
of 2015 at the Ministry of Agriculture, Forestry and
Water Management, and in spring 2016 at MASA.
The history of the research and the difficulties dur-
ing Project completion, the research results and the
results from the mapping of our soils, as well as the
digitalisation of these results, were presented by
Acad. Gj. Filipovski, Prof. Dr. J. Mitrikeski and
Prof. Dr. D. Mukaetov.
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HEJOJIOIKHU KAPTH HA PEIIYBJIMKA MAKEJJOHUJA
Fopiu ®uaunoscku

MaxkenoHcka akafemMrja Ha HaykuTe u ymetHocture, Ckomje, Permy0imka Makenonmnja

Bo 0Boj mperyien e omMIliaH UCTOPH)aTOT HA U3paboTKaTa Ha 63 MEA0NOIIKKA KapTH BO MCYaTCHA W JUTHTATHA
tdopma, ox xom 62 Bo pazmep 1 : 50 000 3a ogmenHUTE INCTOBU Ha TOMOTPa(CKUTE KapTH U exHa Bo pasmep 1 : 200
000 3a memata Pemy6mmka. IlpoekroT Tpaeme Omu3y 7 menenmu (on 1947 mo 2015). 3a 10 moapadja 3aemHO CO
MEOTOIIKNTE KapTH C€ HAIWIIAHU W CTYJUH 3a ITOYBHUTE. VICTO Taka, TakBa CTyIMja ¢ HAaNWIIaHA ¥ 332 MOYBHUTE Ha
nenara PermyOnuka. 3a cuTe TEOJIONIKM KapTH € COCTaBeHa 3acAHMYKA JIereHaa co 63 KapTorpacK eIUHMIIH.
Omnuiranu ce cuTe KOPUCTEHH KiacH(UKamuu BO TOj oA mepuon. Twe Gea OCHOBA 3a COCTaBYyBamE€ Ha MHOTYTE
nereHau. JlajxeHu ce ¥ MOBPIIMHMTE Ha cuTe KapTorpadcku equanny. Onuimana e u coap)kuHaTta Ha cute 11 cryann
3a mo4BuTe. M3BpIeHa € quruTanu3anyja Ha CUTe KapTH W Ha 0a3aTa Ha I0JATOLM 3a ITIOYBEHHUTE CBOjCTBA. 3a Taa
1leJT Ha MHTEPHET ¢ mocTaBeHa Web-crpanuia (Www.maksoil.ukim.mk). Pesynrature ox peanusamujara Ha mpOEKTOT
ce TIPOMOBUPAHM M MPETCTaBEHHM Ipe]] HalllaTa HayyHa ¥ CTPydYHa jaBHOCT. 3aBpLIHUTE pabOTH 3a peanu3alujaTa Ha
npoekToT ce ¢punancupanu o FAO — opranuzanuja Ha OOeAMHETUTE HALUH.

Koayunu 360poBu: negosioniku kapti Ha P. MakenoHuja; jgerenia Ha Ie0JIOMIKH KapTy;
MOBPILIMHY Ha KapTOrpad)CKU SANHHUNN; TUTUTAIN3AIM]a Ha PE3yIATaTH O] IPOCKT
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AND SOME FEATURES OF SOILS FORMED ON GYPSUM ROCKS
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The current paper studies the formation conditions, genesis, evolution, classification, morphological features,
mechanical composition and chemical properties of soils formed on gypsum rocks in the Republic of Macedonia. The
soils have been formed on mountain relief with steep slopes upon gypsum and anhydrite. Warm continental climate
with inconsiderable impact of the Mediterranean climate prevails in the area. The soils occur underneath hill pastures,
which are rather poor from a floristic point of view and they are characterized by minor canopy closure. Destruction
of the natural forest vegetation and intensive grazing on the hill pastures that have remained following the destruction
thereof have caused heavy soil erosion. Our research has ascertained that gypsic rendzic leptosol and gypsic pararen-
dzina have been formed on gypsum rocks. Both soil types are distinguished by a light mechanical composition domi-
nated by physical sand. Carbonates are present in both soil types in all soil assays while in certain soil assays the gyp-

sum has been fully washed.

Key words: formation conditions; genesis; evolution; classification; gypsum rocks; gypsic pararendzina;

gypsic rendzic leptosol

INTRODUCTION

Soils upon gypsum rocks in our country have
not been studied yet; hence, there is not any data
available from field and laboratory research. The
aim of the current research is to provide initial data
on the aforesaid soils in our country and wider in
the Balkan Peninsula. We have observed the natural
conditions of their formation, their genesis, evolu-
tion, classification along with their physical and
chemical properties, with particular emphasis on
the exchangeable ions composition and humus
composition. Only a portion of the yielded results
have been rendered here.

The current study is a part of a project within
the framework of the MASA programme, which
has funded the study. Field research and laboratory
analyses have been conducted in line with the
known methods [1-5].

Soils on gypsum rocks do not bear great sig-
nificance for our agriculture and forestry given that
they are underneath poor pastures. Due to their
small-range distribution and specific features, in a
number of countries these soils are specially pro-
tected and listed in the red book of natural rarities.

In former Yugoslavia, their presence was re-
ferred to in 1963, when they became part of the
first version of soil classification as gypsic pararen-
dzina [6]. In the subsequent versions of this classi-
fication they were eradicated due to their scarce
distribution. In our literature, there is data that gyp-
sic pararendzina have been formed upon gypsum
rocks above the Radika River valley [7]. A defini-
tion of gypsic horizon [8] has also been provided,
which used to be defined as gypsum [9], whereas
the taxonomic unit containing gypsic horizon was
labeled as gypsic [8]. Gypsic soil material was de-
fined in our regosols [8]. Information on research
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into soils on gypsum rocks have been published in
foreign literature [10-15].

RESEARCH RESULTS

In the vicinity of the villages of Dolno and Gor-
no Kosovrasti (Debar area), 7 soil profiles on gypsum

4600500

rocks (Map 1) were excavated, studied and morpholog-
ically described, whereof four profiles were gypsic
rendzic leptosol with A-R profile and three profiles
were gypsic pararendzina with A-AC-C profile.

In the field, we observed the soil-forming
factors determining the formation of these soils,
their evolution, morphology and classification.

4600500

4609000

4599500

000

4600000

4599500

Map 1. Profile location

Soil-Forming Factors
Geographic position and relief

The relief characteristics of gypsum from
Kosovrasti have been described before [16-18].
Those papers underscore the considerable solubility
of gypsum CaSO, x 2H,0O and anhydrite CaSOs,
which results in subaerial erosion and pile-up forms
in the relief similar to karst forms in limestone are-
as. Gypsum karren are such forms — vertical frac-
tures through which water passes thereby dissolv-
ing the rock and creating fissures and diastromes.
These soils are formed on mountain relief, distin-
guished by steep slopes, which is the reason why a
larger section of the gypsic soils are eroded, the
bare rock remaining on the surface. The small areas
where these soils were found are characterized by
mosaic microrelief. It comprises micro-indentations
and micro-elevations. Soils occur in the micro-
indentations.

Parent material
The rocks where the gypsic soils were

formed have been geologically mapped on a scale
of 1:25.000. In the geological map 1:100.000 [19],

gypsic forms have been presented as gypsum and
anhydrite. Anhydrite occurs in the inner section of
the gypsic mass, where it gradually turns into ala-
baster. Organic matter, limestone fragments, horn-
stone mass and virgin sulphur are often found in the
gypsic mass. In the field, we established that gyp-
sum rocks contained CaCOs and silica residuum.
During field research, we took gypsum rock
fragments from the excavated profiles (Table 1).

Table 1. Content of CaSOsand CaCOs
in gypsum rocks from the studied profiles

Number CaCOs CaS0O4 x 2H,0
of profile % %
land 2 2.02 95.43
3 1.54 96.38
5 5.12 89.77
6 4.04 93.15
7 2.36 95.33
Climate

The data about Debar [20], which is in close
proximity to the area of concern, will be utilized for
climate description. Warm continental climate pre-
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vails in the area, coupled by minor impact of the
Mediterranean climate coming from the Adriatic
Sea, which is felt along the Radika River, where the
profiles were excavated. The said impact is more
intensely reflected on the pluviometric regime rather
than on the heat regime. The average annual temper-
ature in Debar is 11.8 °C. The lowest average
monthly temperature in January is 0.7 °C, and the
highest in July is 22.2 °C, with an amplitude of 21.5
°C. The absolute monthly maximum was measured
in July, which is 38 °C, and the absolute monthly
minimum in January —23.9 °C. The sum of tempera-
tures in the vegetation period (above 10 °C) amounts
to 3.627 °C. The total annual precipitation equals
890 mm. Most of the rainfall occurs in autumn and
wintertime. December is the rainiest month of all
with 120.8, then follows November with 115.2, Oc-
tober with 85.8, January with 84.2 and February with
81.6 mm. July is the most arid month with 33.9 mm.
This timetable of precipitation is distinctive of the
Mediterranean pluviometric regime. The annual
drought index according to De Martone totals 40.8
whereas the annual precipitation factor according to
Lang amounts to 75.4. Consistent with the latter, the
climate is semi-humid while based on the heat indi-
cator, the climate is moderately warm. In the course
of the year, the moist and the arid periods give way
to each other.

Such climate conditions accompanied by oth-
er soil-forming factors have an influence on the soil
processes. The significant precipitation intensity and
the frequent occurrence of downpours triggers ero-
sion. The relatively high precipitation brings about
washing of gypsum and CaCOs (degypsization and
decarbonatization). The relatively high temperature
is a reason for stronger mineralization of organic
residues. Mull humus is formed in the soil and bio-
genic elements are produced.

Vegetation

These soils are distributed underneath hill
pastures. Hill pastures are secondary vegetation
formations derived from gradual and long-term
degradation of the once widely distributed forest
phytocenoses.

Hill pastures developing on gypsum on the
territory of the Republic of Macedonia are still con-
sidered as a vegetation type that has not been stud-
ied sufficiently from a syntaxonomic aspect.

The field research into soils proceeded sim-
ultaneously with the vegetation research. The team
included a phytocenologist — Academician V. Mat-
evski. He studied the vegetation of the soils on gyp-

sum rocks in the region of the village of Dolno Ko-
sovrasti village. He made 8 vegetation records and
described the plant communities in line with the
commonly accepted methodology [21]. These com-
munities develop at an altitude ranging between 625
and 735m. Hill pastures on soils upon gypsum rocks
comprise a single plant community only: Thymus
ciliatopubescens var. poliothrix — Silene spegulifolia
subsp. soskae comm. The quoted community is of
limited distribution and rather scarce from a floristic
perspective. It does not occur on any other locality in
the Republic of Macedonia. It belongs to the class
Festuco-Brometea Br. BIl. et Tx. 1943, order
Astragalo-Potentilletalia Micevski 1970 and the al-
liance Saturejo-Thymion Micevski 1970 [22].

The vegetation does not cover the soil sur-
face in its entirety. The canopy closure totals 60—
85%. The grass vegetation share in the biological
accumulation of mature humus is with a narrow
ratio of C : N. The humus is loaded with Ca-salts of
humic acids and argillohumins, and it contributes to
the creation of a fine granular structure. Its mineral-
ization prompts a pile-up of biogenic elements.

Time impact

The duration of soil-forming processes is piv-
otal for the soil alterations generated by the process-
es thereof. In our circumstances, washing of easily-
soluble matter and accumulation of organic matter
take least time; therefore it is those processes that
happen first [23]. Washing of CaCO3 and MgCO:; is
slower provided they are present in the parent mate-
rial. Given that time-consuming processes (clay for-
mation, clay washing) do not occur in these soils,
one may deduce that the soils are young from a tem-
poral perspective as well as evolutionally young
since they solely contain hor.A and C (or A and R)
without hor. (B) or Bt, for whose formation a longer
period of time is required.

Anthropogenic factor

The human activities have engendered large-
scale modifications of the ecosystems and soils.
The destruction of natural forest vegetation and the
intensive grazing on the hill pastures that have re-
mained after the destruction have caused heavy soil
erosion. Sizable areas are now deprived of soils,
and biological accumulation of organic matter and
biogenic elements has diminished.

The enclosed Table 2 renders a number of soil-
forming factors and the external soil morphology.
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Table 2. Some soil-forming factors of soils formed on gypsum rocks in the Republic of Macedonia

Profile Parent material ~ Altitude  Exposure  Inclination Stoniness Occurrence Plant community
No of outcrops
m % % %
1 gypsum/anhydrite 735 southern 0-3 15-35 15-50
2 gypsum/anhydrite 735 southern 0-3 15-35 15-50 Thymus
. ciliatopubescens
3 gypsum/anhydrite 725 southern >45 35-60 0.1-3 var. poliothrix —
5 gypsum/anhydrite 700 southeastern >45 15-35 15-50 Siléne spegulifo-
6 gypsum/anhydrite 690 southeastern >45 15-35 15-50 lia subsp. soskae
7 gypsum/anhydrite 800 southeastern >45 15-35 15-50 comm.
8 gypsum/anhydrite 740 southeastern >45 15-35 15-50

Genesis, Evolution, Classification
and Morphology

Genesis and evolution

The soil-forming processes in these soils de-
pend on the elaborated array of soil-forming factors,
whereof the following are worth underpinning: pres-
ence of rock rich in gypsum, CaCOs and silica resid-
uum; then, presence of grass vegetation that is not
heavy; rather substantial precipitation and relatively
high temperature attributable to the low altitude.
These conditions are different from those where ren-
dzina on hard limestone and dolomites are formed
(compact pure limestone, negligible residual rem-
nants, absence of gypsum, high altitude, heavy grass
vegetation, low temperature, greater precipitation).

The following processes take place within
gypsic rendzic leptosol: (1) physical decay of rock,
normally to the depth of the humus horizon; (2)
gypsum dissolution and washing (degypsization);
(3) dissolution and washing of CaCO3; and MgCQO3
(decarbonatization, decalcification), and (4) pile-up
of organic matter and formation of humus horizon.

The physical decay is of diverse intensity and
it may be determined by the presence of skeleton
particles in hor. A (up to 40%). It does not usually
occur in rendzina on hard limestone and dolomites
where only decarbonatization happens; therefore,
skeleton particles are rarely found in them in hor.
A. In addition, gypsum rocks are softer than lime-
stone and more prone to physical decay resulting in
regolith for formation of hor. A.

In contrast to CaCOs, gypsum is much more
soluble (20 parts anhydrite and 25 parts gypsum in
10.000 parts water), and solely water is essential for
its dissolution. The dissolution of CaCOz necessi-
tates the production of H,COs in the soil, which is
the reason why its dissolution and washing are both
much slower. Therefore, gypsum content in the
profile rapidly plummets and the content of silica

residuum increases (in %). Thus, water retention
augments and plant population is facilitated along
with the launch of the process of organic matter
accumulation. The intensity of gypsum washing
depends on the soil-forming duration. It may be
washed by hor. A entirely, as in the case of two of
the four studied profiles of gypsic rendzic leptosol.

The washing of CaCO3 occurs at a later stage,
together with accumulation of organic matter and its
mineralization resulting in formation of H>COs,
which dissolves CaCOs yielding Ca(HCOs),. The
process is much more protracted; hence, the solum
comprises much more CaCOsthan CaSO..

With all of the aforementioned processes,
soil genesis proceeds concurrently with regolith
formation and relative enrichment with silica resid-
uum. This facilitates plant population and emer-
gence of the next process, i.e. accumulation of or-
ganic matter and its humification and mineraliza-
tion with pile-up of biogenic elements. The solid
rock is first inhabited by lichens and mosses. Rego-
lith deepening allows for creation of prerequisites
for inhabiting by grass and forest vegetation and by
fauna representatives. The soil is enriched with
humifying organic residue. The resulting humic
acids bond with Ca and the clay of silica residuum.
Thus, humus is formed, constituted of Ca-humates
and argillohumins (1.6-6.3% humus in hor. A).
Mineral acids (H>COs) are also neutralized by
bonding with CaCOs, so there is not any soil acidi-
fication whatsoever (pH of water from 7.4 to 7.6).
Accumulation of mull humus facilitates engender-
ing of stable fine granular structure.

From this elucidation it becomes evident that
gypsic leptosol is a prior stadium of gypsic rendzic
leptosol, and that regolith formation proceeds sim-
ultaneously with soil genesis.

The processes of rendzina formation are
herein marked as rendzinization [7]. These process-
es also develop in our gypsic pararendzina, the dif-
ference being that CaSO, washing also takes place
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in the latter and that gypsic regosol occurs as a pre-
vious stage. Contrary to gypsic rendzic leptosol, reg-
olith formation does not proceed concurrently with
soil genesis because it has been completed earlier
during the formation of gypsic regosol. The genesis
of gypsic pararendzina is distinguished by the fol-
lowing processes: (1) gypsum dissolution and wash-
ing (degypsization), thereby conducting its redistri-
bution in the solum; (2) CaCO; and MgCOs dissolu-
tion and washing (decarbonatization, decalcification)
initiated in the preceding stage of gypsic regosol; (3)
melanization and mineralization of organic matter
and establishment of a dark ("melanos') humus hori-
zon and enrichment with biogenic elements.

Gypsum washing is done faster and more in-
tensely owing to its greater solubility compared to
CaCOs, resulting in a big difference in its content
between horizons A and AC. In one of its profiles
hor. A is wholly degypsized.

CaCO; washing is enabled via mineralization
of organic residues, which yields H,COs. The pro-
cess is lengthier, it is more time-consuming. CaCOg3
is washed only partially and the soil remains cal-
careous. This averts the evolution of these soils into
the subsequent A-(B)-C stage.

The melanisation process, under the influence
of grass vegetation, produces humic acids, which
bond with Ca ions and secondary minerals from sili-
ca residuum (illite), thereby yielding Ca salts of hu-
minic acids and humic-clay complexes (argillo-
humins). Mollic horizon and a stable granular struc-
ture are formed with the aforementioned process.
Humification is accompanied by mineralization of
organic residues from the easily-decomposable part
of the humus, resulting in nutrients.

Rendzinization creates differences between
gypsic regosol and gypsic pararendzina: a humus
accumulative hor. A is formed, abundant in humus,
darker, with more distinct structure, richer in bio-
genic elements, more fertile. Rendzinization does
not alter the mechanical composition; there is nei-
ther clay formation nor clay transportation.

Gypsic rendzic leptosol and gypsic pararen-
dzina as young soils loaded with CaCOsz do not
evolve into the next stage by hor. (B) formation, as
it is the case with some other rendzina formed on
friable calcareous rocks.

Classification

The latest classification of soils in the Re-
public of Macedonia [8] does not include again
soils formed upon gypsum in view of the fact that
they occupy minor areas. If the principles underly-

ing the quoted classification are applied, it could be
supplemented by the subtype gypsic pararendzina,
which would fall into the type rendzina in the great
soil group of mollisols. This subtype would com-
prise the variety on gypsum rocks and the form
based on texture.

Pertaining to gypsic rendzic leptosol, from
classification perspective, they are the closest ones
to rendzina on hard limestone and dolomites but
they are different from them given that they are
formed on another parent material, they contain
gypsum, carbonates and skeleton particles in the
solum. Consequently, they might be separated as an
independent type of gypsic rendzic leptosol in the
great soil group of mollisols.

According to the criteria of World reference
base for soil resources 2014 [24], gypsic rendzic
leptosol would fit in the referential soil groups of
leptosols, while gypsic pararendzina would belong
to regosols. We have attempted to classify the
studied soils in compliance with the aforesaid clas-
sification. On the basis of this classification, prof.
1, 3 and 5 will be classified as Humic-Calcaric-
Leptosol, prof. 8 as Gypsiric-Calcaric-Leptosol,
prof. 2 as Leptic-Calcaric-Regosol and prof. 6 and
7 as Gypsiric-Calcaric-Regosol.

Morphology

By their external morphology, gypsic rendzic
leptosol and gypsic pararendzina are similar to ren-
dzina on hard limestone and dolomites. They cover
only a single section of the gypsum rock surface, in
the depressions. The microrelief resembles a mosa-
ic, and it features micro-depressions and micro-
elevations that give way to each other at a small
distance. Vegetation does not cover the surface soil
in its entirety.

Gypsic rendzic leptosol sets itself apart with a
profile shallower than gypsic pararendzina. The ob-
served gypsic rendzic leptosol possesses a mollic
horizon, lithic properties, calcareous soil material,
and one profile contains gypsic soil material, too.
The mollic horizon in the studied gypsic rendzic lep-
tosol is 16-21cm in depth. Horizon A exhibits in-
tense variation in depth at a small distance due to the
uneven ground. Gypsic rendzic leptosol has a profile
of the A-R type. The colour of the mollic horizon
has been identified according to Munsell colour sys-
tem in dry and moist condition (Table 3). In dry
condition, the soil is gray-brown or dark gray-brown
or light brown. Mollic horizon is friable, loose; it is
non-coherent and easy to dig. The skeleton is always
present to a lesser or higher extent.
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Table 3. Soil colour, according to Munsell colour system

No Qf aﬂggzg?h Colour in dry condition
profile
(cm)

Gypsic rendzic leptosol

1 A0-18 10YR 4/2 dark grayish-brown

3 (A) 0-16 10YR 5/2 grayish-brown

5 A0-21 10YR 5/2 grayish-brown

8 (A) 0-17 10 YR 6/2 light brownish-gray
Gypsic pararendzina

2 A0-19 10YR 4/2 dark grayish-brown

2 AC 19-32  10YR 6/2 light brownish-gray

6 A0-15 10YR 5/2 grayish-brown

6 AC 15-24  5Y 7/2 light gray

6 C124-50 2.5Y 8/2 white

6 C250-80 2.5Y 8/0 white

7 A 0-15 10YR 5/2 grayish-brown

7 AC 15-28 10 YR 7/1 light gray

7 C 28-43 10 YR 8/1 white

Colour in moist condition

10YR 3/2 very dark grayish-brown
10YR 3/2 very dark grayish-brown
10YR 3/2 very dark grayish-brown
10YR 4/2 dark grayish-brown

10YR 3/2 very dark grayish-brown
10YR 4/2 dark grayish-brown
10YR 3/2 very dark grayish-brown
2.5Y 5/2 grayish-brown

2.5Y6/2 light brownish-gray

2,5Y 7/2 light gray

10YR 3/2 very dark grayish-brown
10YR 6/2 light brownish-gray
10YR 6/2 light brownish-gray

In contrast to rendzina on hard limestone and
dolomites, it is scarcely overgrown with grass vege-
tation roots, and it is less humic. In a number of
profiles, gypsum is washed by solum but car-
bonates are present in all profiles. In certain pro-
files, the reaction to BaCl; is weak while in some
profiles white deposit occurs. Horizon A sharply
passes through the solid rock, and in one profile the
solid rock is physically decayed.

We have selected prof. 5 as a profile typical
of gypsic rendzic leptosol, distinguished by the fol-
lowing morphological properties: A 0-21 mollic
horizon with gray-brown colour in dry condition
and a very dark gray-brown in moist condition;
humic, calcareous, arid, friable, easy to dig, skele-
tal, permeated by scarce grass vegetation roots. Its
structure is granular, very fine to fine, and distinc-
tive. The addition of BaCl, results in emergence of
white deposit. It harshly penetrates the solid rock
via a sub-horizon of physically decayed gypsum.

The observed gypsic pararendzina have a mol-
lic horizon, leptic properties, calcareous soil materi-
al, and in a number of profiles they have gypsic soil
material. They possess a A-AC-C-R type of profile.
The horizon colour is identified in line with the
Munsell colour system (Table 3). The mollic horizon
depth ranges between 15 and 19 cm, while the tran-
sitional AC horizon depth ranges between 9 and 13
cm. We have established carbonates in all horizons.
Gypsum occurs in all horizons bar hor. A of prof. 2.
All horizons are arid, friable and easy to dig. We
shall elaborate on the morphological properties of
the typical profile — prof. 6: A (0-15) mollic horizon

with gray-brown colour in dry condition and a very
dark gray-brown in moist condition; hugely humic,
skeletal, calcareous. The addition of BaCls results in
a slight white deposit. It is dry, friable, easy to dig,
intertwined by rare grass vegetation roots. Its struc-
ture is granular, very fine to fine, and distinct.

AC (15-24) transitional horizon with light
gray colour in dry condition and a gray-brown col-
our in moist condition. It is hardly humic, skeletal,
dry, friable, without structure, calcareous. A white
deposit ensues from the addition of BaCl,. It gradu-
ally passes into the C horizon.

C (24-80) parental material, white in colour
in dry condition and light brownish-gray in moist
condition. It is dry, friable, easy to dig, calcareous.
A white deposit ensues from the addition of BaCl..
It harshly penetrates a physically decayed gypsum
rock.

LABORATORY RESEARCH RESULTS
Mechanical Composition

The results of the mechanical composition
analyses are provided in Table 4.

Judging from the results, a conclusion may
be drawn that gypsic rendzic leptosol contains
much skeleton (approximately 30-40% skeleton). It
is only prof. 8 that comprises little skeleton. As far
as fine earth fractions are concerned, fine sand (44—
88%) is dominant. There is much lesser presence of
silt (17-24%) and coarse sand fractions (13-23%).
Clay fraction (3—17%) comes last in this respect.
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Table 4. Mechanical composition of soils formed on gypsum rocks in the Republic of Macedonia
(in % of fine earth)

Horizon Coarse Fine C_:oarse - Silt Clay Silt+ Texture class by
No of Skeleton sand sand fine sand clay
profile  2nd depth 02-2 00202 0022 0002002 <0.002 <0.02 Scheffer &
(cm) >2 mm Schachtschabel
mm mm mm mm mm mm
Gypsic rendzic leptosol

1 A 0-18 35.98 15.3 44.3 59.6 234 17 404 sandy clay loam

3 A 0-16 39.31 23.2 35.4 58.6 24.5 16.9 41.4 sandy clay loam

5 A0-21 29.75 13 67.2 80.2 16.6 3.2 19.8 loamy fine sand

8 A 0-17 3.94 4.1 88.2 92.3 2.1 5.6 7.7 loamy fine sand

Gypsic pararendzina

2 A 0-19 46.2 145 49.7 64.2 195 16.3 35.8 sandy clay loam

2 AC 19-32 35.88 9.8 59.4 69.2 17.1 13.7 30.8 fine sandy loam

6 A 0-15 44,79 20.5 56.6 77.1 145 8.4 22.9 loamy fine sand

6 AC 15-24 21.92 9.4 78.1 87.5 3.1 9.4 12.5 loamy fine sand

6 C124-50 13.18 10 84.4 94.4 0.3 5.3 5.6 loamy fine sand

6 C250-80 17.55 9.4 83.6 93 0.3 6.7 7 loamy fine sand

7 A 0-15 21.19 10 80.8 90.8 45 4.7 9.2 loamy fine sand

7 AC 15-28 0.51 1.9 84.1 86 2.8 11.2 14 loamy fine sand

7 C 28-43 1.79 1.4 92.1 93.5 0.8 5.7 6.5 loamy fine sand

Physical sand is much more common than
physical clay. Taking into consideration that skele-
ton and physical sand prevail in these soils, it may
be construed that physical decay is intense in gyp-
sic rendzic leptosol. Clay content is inversely pro-
portional to the content of CaCO3z; + CaSQOa. The
greater the share of CaCOs + CaSOs, the lesser the
content of silica residuum comprising clay. Thus,
for instance, in prof. 1 and 3 the amount of CaCOs
+ CaSO4 ranges from 13 to 25% whereas clay con-
stitutes 17%, and in prof. 5 and 8 that amount is
around 90% with only 2-3% clay. If mechanical
composition of gypsic rendzic leptosol is compared
to that of rendzina on hard limestone and dolomites
[7], it will be ascertained that gypsic rendzic lepto-
sol includes more skeleton and physical sand and
less silt and clay. It testifies to the rather intense
physical decay within gypsic rendzic leptosol. Be-
sides, it is likely that non-soluble residuum in gyp-
sic rendzic leptosol comprises coarser particles.

With respect to their mechanical composi-
tion, gypsic rendzic leptosol represent loamy fine
sand and sandy clay loam.

As for gypsic pararendzina, there are data on
a number of solum horizons. Skeleton content is
also high (in hor. A 21-46%) in gypsic pararendzi-
na, decreasing downwards; thus, in AC it occurs
less and in C at least. Regarding fine earth frac-
tions, in gypsic pararendzina, similar to gypsic ren-
dzic leptosol, the fine sand fraction is most com-
mon in hor. A (50-80%), followed by coarse sand

(10-20%), silt (5-20%) and clay (5-17%). An
analogous relation between the quoted fractions is
also found in the other horizons. The physical sand
share prevails over that of physical clay. The physi-
cal sand content increases in depth while the con-
tent of physical clay diminishes. This is a result of
decay and dissolution in hor. A.

Two profiles of these soils belong to the
class of loamy fine sand, and one profile falls into
the class of sandy clay loam.

The high skeleton content, low clay content
and dominance of physical sand over physical clay
is a common feature of all soils formed from gyp-
sum rocks in our country.

Chemical Properties

The results of the chemical properties of soils
formed on gypsum rocks are provided in Table 5.

Content of CaCOs and CaSOq

In the soils formed upon gypsum rocks, there
is CaCOs (from 2.85-75.59%) in all horizons, the
principal reason being that parental material (gyp-
sum) is not pure and instead it contains CaCO:s.

In gypsic rendzic leptosol, CaCOs share in
hor. A amounts to 13-75%. In these young soils,
CaCOs is slightly washed. In gypsic pararendzina,
hor. A is also very abundant in CaCOs; (37-73%),
and it is either unwashed or barely washed; hence,
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Table 5. Chemical properties of soils formed on gypsum rocks in the Republic of Macedonia

Horizon

CaS0Oq

pl)\rlc?f?lfe and depth Ca(;; O3 om,0 PH
cm % H.O nKClI
Gypsic rendzic leptosol
1 A 0-18 24.61 0 7.60 7.00
3 A 0-16 12.79 0 750 7.00
5 A0-21 75.34 3,92 740 7.25
8 A 0-17 1425 77,08 735 7.20
Gypsic pararendzina
2 A0-19 36.89 0 755 7.25
2 AC19-32 75.59 1.53 755 735
6 A0-15 73.30 2.95 725 7.5
6 AC 15-24  16.70 65.74 7.45 7.30
6 C 24-50 17.10 77.24 7.40 7.20
6 C50-80 10.18 8428 740 725
7 A 0-15 63.12 16.89 7.40 7.25
7 AC 15-28  3.34 88.92 750 7.45
7 C 28-43 2.85 9272 740 7.25

Availability of

Huomus ToEaI N CIN mg/100 g soil
% % P20s K20
6.26 0.42 8.64 6.56 9.66
5.49 0.38 8.39 42.45 10.86
4.12 0.23 10.4 2.75 5.60
1.56 0.08 11.3 1.83 3.20
6.19 0.42 8.55 7.33 9.26
3.57 0.24 8.58 23.15 4.02
6.38 0.35 10.6 2.38 7.60
1.08 0.07 8.86 2.20 2.40
0.34 0.02 9.90 2.02 2.00
0.30 0.02 8.65 1.28 1.20
3.95 0.19 121 2.02 6.00
1.19 0.07 9.86 0.18 1.60
0.57 0.04 8.27 0.18 1.20

in the lower profile section it occurs less. One of
the reasons for this state could be that the lower
horizons are extremely rich in CaSOs4, so that
CaCOg percentage is rather reduced.

With reference to CaSO, content in gypsic
rendzic leptosol, in two profiles it is absent from
hor. A, in the third profile its presence is negligible,
and it is abundant only in a single profile. Gypsum
absence may be caused by its heavy washing due to
greater solubility.

In gypsic pararendzina, the difference in
gypsum content can be monitored along the profile
depth. In prof.2 it has been washed by hor. A and in
AC it is found only with 1.5%. In the remaining
two profiles gypsum has been heavily washed, so
its occurrence in hor. AC is multiple. The higher
the gypsum content, the lesser the CaCOs content
(relative depletion). It becomes apparent that hor. A
has been exposed to gypsum washing for the long-
est period of time.

Soil reaction

The reaction in water in all soils formed on
gypsum rocks ranges within narrow limits between
7.25 and 7.60. It is only hor. A of prof. 6 that has a
neutral reaction whereas in all other horizons in all
soils formed on gypsum rocks it is faintly alkaline.

In all studied assays, the reaction in nKCI
ranges within narrow limits between 7 and 7.45. In
gypsic rendzic leptosol, the interval is smaller
(from 7.00 to 7.25). It is specific that the disparity

between pH H,O and pHn KCI is greater (0.5 to
0.6) in gypsic rendzic leptosol not comprising gyp-
sum compared to that containing gypsum (0.15).

In gypsic pararendzina, pH nKCI in hor. A
ranges between 7.15 and 7.25. These values ascend
in depth. In hor. A of gypsic pararendzina, the dif-
ference in values of pH H.O and pH nKCI ranges
between 0.10 go 0.30. Such small variations are not
the case in other soils in our country.

Humus Content

The humus content in gypsic rendzic leptosol
varies from 1.6 no 6.3. It is inconsiderable (1.56%)
only in prof.8 whereas in the other three profiles it
is higher (4.12-6.26%).

In gypsic pararendzina, the humus content in
hor. A is rather high (from 3.95 to 6.38%) in our
circumstances since these soils are not cultivated.
The humus content rapidly declines in depth.

Content of Nutrients

In soils on gypsum rocks rich in CaCO; +
CaSOs there is less silica residuum providing water
and nutrients for plants, which is the reason why
the content of nutrients (except for Ca and S) in
them is lower.

The total nitrogen content in gypsic rendzic
leptosol varies between 0.08 and 0.42% and it is
contingent on the humus content. Hor. A of gypsic
rendzic leptosol is very rich (prof. 1 and 3), rich
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(prof. 5) and medium-rich (prof. 8) in total nitro-
gen. The identical horizon of gypsic pararendzina is
very rich (prof. 2 and 6) and medium-rich (prof. 7)
thereof.

The proportion of C/N in hor. A of gypsic
rendzic leptosol varies from 8.4 to 11.3, and in gyp-
sic pararendzina it varies from 8.6 to 12.1.

According to Al method, gypsic rendzic lep-
tosol in hor. A is poor in easily available phospho-
rus (prof. 1, 5 and 8) and medium-rich (prof. 3),
and all gypsic pararendzina is poor thereof.

As regards the content of easily available po-
tassium, all profiles of soils formed on gypsum
rocks are poor.

The content of exchangeable ions and the
humus composition will be presented in a separate

paper.
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YCJIOBU 3A OBPA3YBAIBE, 'EHE3A, EBOJYHUJA, KIACUOPUKALINJA
N HEKOHU CBOJCTBA HA ITIOYBUTE OBPA3YBAHMU BP3 'MIICEHU CTEHHU
BO PEITYBJINKA MAKEJOHHNJA

Mapjan Auapeescku’, l'opfu ®uinnosckn?

13emjonencku uncruryr, Yuusepsurer ,,Ce. Kupun u Meroauj“, Ckomje, Peny6nuka Makenonuja
2MakenoHCKa aKaleMHja Ha HayKMTe U yMeTHocTuTe, Ckomje, Peny6imuka Makeionuja

Bo o0BOj Tpym ce mpoydeHH YCIOBUTE 3a oOpa3yBame, TeHe3ara, eBOJyIHjara, KilacupuKkaimjara,
MOpP(OJIONIKUTE CBOjCTBA, MEXaHMYKUOT COCTaB M XEMHUCKHTE CBOjCTBAa HAa TIOYBHTE O0OpA3yBaHU BpP3 THIICCHH CTCHU
Bo PemyOnuka Maxkenonwuja.

[TouBuTe ce oOpa3yBaHM Ha IUIAHWHCKH peljed co CTPMHHM HAaKJIOHHM Bp3 THMIIC M aHXUAPHUT. Bo moapaujero
JIOMHHHUpA TOIUIaTa KOHTMHEHTAHA KJIMMa Cco cabo BiIMjaHHWe Ha MeauTepaHckaTa kKinMma. OBHe NOYBH ce jaByBaaT
nox OpACKM HacuITa KoM ce (UIOPUCTHUYUKH JOCTa CHPOMAIIHM U C€ OMIMKYBaaT co Maja NokpoBHOCT. Co
YHUILITYBabhe Ha MPUPOAHATA IIYMCKA BereTalyja i co MHTCH3MBHA HCIalla Ha OpJICKUTE MACHIITA IITO OCTAHAJIE 10
TOa YHUILNTYBamke € MPeAM3BHKaHa CUJIHA epo3uja Ha mouBara. O HamMTe NpOydYyBamba KOHCTATHPaBME JieKa BP3
THIICEHH CTEHH ce 0Opa3yBaHW TMIICCHH LPHHULM WM THICEHHW PeHI3MHH. U 1BaTa MOYBCHH TUIIA CE OJUIMKYBaaT CO
JIECEH MEXaHWYKH COCTaB CO IIPEOBJIaayBambe Ha (GM3MYKHOT mecok. KapOoHaTUTe ce MPHCYTHU BO JBaTa MOYBEHU
THIIa BO CHTE IIOYBEHH NPOOH, I0/IeKa BO HEKOU MTOYBEHH IIPOOH THUIICOT € LICJIOCHO POMHEH.

Koayunu 300poBu: yciioBu 3a 00pasyBame; reHe3a; eBOJyIH]ja; KIacH(prKaIyja, THIICEHH CTCHH;
THIICEHa PeHI31Ha; TUIICeHa IPHULA
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NEW SPECIES FOR THE FLORA OF THE REPUBLIC OF MACEDONIA

Vlado Matevski

Macedonian Academy of Sciences and Arts, 1000 Skopje, Republic of Macedonia

vlado.matevski@yahoo.com

During floristical investigation in northen, eastern and north-eastern parts of the Republic of Macedonia four
taxa of vascular plants were found which were not previously reported for the country — Andrachne telephioides L.,
Chorispora tenella (Pallas) DC., Nepeta parviflora M. Bieb. and Marrubium pestalozzae Boiss. The genus Andrach-
ne and genus Chorispora are new genera for the territory of the Republic of Macedonia.

Kew words: flora; Macedonia; distribution; Andrachne telephioides L.; Chorispora tenella (Pallas) DC.;

Nepeta parviflora M. Bieb.; Marrubium pestalozzae Boiss

INTRODUCTION

Floristic researches continually carried out
on the territory of the Republic of Macedonia keep
supplementing current data by adding new infor-
mation concerning genera and species belonging to
previously published families in the edition "Flora
of the Republic of Macedonia”, as well as families
that are yet to be published in the future volumes of
this edition. This paper mentions the first data re-
garding distribution of 4 new species on the territo-
ry of the Republic of Macedonia, which had been dis-
covered in the past period — Andrachne telephioides
L. (Euphorbiaceae, Phyllanthaceae), Chorispora ten-
ella (Pallas) DC. (Brassicaceae), Nepeta parviflora
M. Bieb. (Lamiaceae) and Marrubium pestalozzae
Boiss. (Lamiaceae).

EXPERIMENTAL SECTION

Floristic researches were carried out in the
northern, eastern and south-eastern parts of the ter-
ritory of the Republic of Macedonia (Skopje, the
surroundings of Stip, Ovée Pole and the surround-
ings of Kriva Palanka). Herbarium material is de-
posed in the Herbarium of the Institute of Biology,
Faculty of Natural Sciences and Mathematics in

Skopje (MKNH). When determining the herbarium
material, appropriate literature was consulted (Pro-
dromus Florae peninsulae Balcanicae, I-1l [1, 2];
Flora Europaea, I-111 [3]; Flora of the Republic of
Macedonia, 1(3-4) [4, 5] and other regional floras),
as well as some special papers and databases (Eu-
ro+Med Plant Base [6]) dealing with taxonomy,
nomenclature and chorology of the taxa studied.

RESULTS AND DISCUSSION

Andrachne telephioides L.

MKk Stip: Isar, along the walkway to the top of the
hill, 350 m, 15.06.2013 (leg. et det. V. Matev-
ski) (MKNH)

Distribution range of the species Andrachne
telephioides covers the territory of the Mediterrane-
an, South-East Europe, Caucasus, Southern, South-
Western and as far as Central Asia and East Africa.
As far as European areas are concerned, this spe-
cies is distributed in dry, arid and semi-arid regions
of Bulgaria, Crete, Greece, Spain, Italy, France,
parts of Former Yugoslavia, Crimea, Ukraine
(Tutin [7]; Euro+Med Plant Base [6]).

On the territory of the Republic of Macedo-
nia, Andrachne telephioides was first found in the
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surroundings of Stip (Figure 1), in one of the
aridest regions on the territory of the Republic of
Macedonia. It grows on trampled places, near the
paved paths leading towards the Fortress of Isar
which rises above the Bregalnica river. This river is
a kind of a corridor via which modified Sub-
Mediterranean climate reaches the eastern parts of
Macedonia (across Ovée Pole, Stip ravine, as far as
Kocani-Vinica ravine). At the same time, this river
is a significant phyto-geographic corridor for a
great number of Mediterranean, particularly East-
Mediterranean and  Sub-Mediterranean  plants
(Astragalus sinaicus, Buglossoides sibthorpiana,

Cachrys cristata, Centaurium spicatum, Echinopho-
ra sibthorpiana, Ephedra major, Hypericum an-
nulatum, Malvella sherardiana, Onobrychis pin-
dicola, Pistacia terebinthus, Saxifraga graeca, Si-
deritis lanata, Silene scorpilii, Trifolium stellatum
and others), thus contributing considerably to ex-
panding their range of distribution in these regions.

This species was not registered when study-
ing the family Euphorbiaceae in the edition Flora
of the Republic of Macedonia (Micevski [5])

This genus and species is new for the flora of
the Republic of Macedonia.

Iomg_tsrs

Figure 1. Andrachne telephioides — Map of distribution in the Republic of Macedonia

Chorispora tenella (Pallas) DC.

Mk Skopje-railway station Madzari, alongside the
railway line, 210 m, 17.04.1999 (leg. et det. V.
Matevski) (MKNH)

According to Atlas Florae Europeae (Jalas et
al. [8]), Késtner [9] and Euro+Med Plant Base [6],
natural range of distribution of Chorispora tenella
stretches from the steppes in Southern Russia (as
far as Siberia) to Slovenia, Serbia — Vojvodina,
Croatia, Slovakia, Romania, Bulgaria, Moldova,
Crimea, Ukraine, and Trans-Caucasus region
(Azerbaijan, Armenia, Georgia). In many parts of
Central Europe this plant grows as weed in land
farmed with grain crops, and as introduced plant
(neophyte) it has been registered in Austria, Ger-

many, Belorussia, the Czech Republic, Estonia,
Finland, Latvia, Lithuania, Slovakia, Greece.

As to the territory of the Republic of Mace-
donia, this plant has been registered on one locality
only, in the outskirts of the city of Skopje, nearby
the railways in the vicinity of the railway station in
Madzari (Figure 2). Relevant books state that pos-
sible habitats of this species — Chorispora tenella -
might be places where grain crops are being un-
loaded either from railway freight cars or from
ships. Having in mind the location this species had
been registered at (nearby railway tracks, in the
vicinity of a railway station), we could easily as-
sume that on the territory of the Republic of Mace-
donia it is also an introduced species, which uses
railway transportation as a means of expanding its
range of distribution.
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Figure 2. Chorispora tenella — Map of distribution in the Republic of Macedonia

This species was not registered when study-
ing the Brassicaceae family in the edition Flora of
the Republic of Macedonia (Micevski [4]).

This genus and species is new for the flora of
the Republic of Macedonia.

Nepeta parviflora M. Bieb (=Nepeta ucranica L.
subsp. parviflora (M. Bieb.) M. Masclans de Bolos)

Mk Ov¢e Pole — between Vrsakovo village and
Sudi¢ village, 41.838445433516895 N, 22.138
16716877755 E, 23.05.2015 (leg. et det. V.
Matevski) (MKNH)

Nepeta parviflora is a plant species spread in
South-Eastern Europe — Bulgaria, Romania, Ukraine,
Crimea, Southern Russia (Turner [10], Euro+Med
Plant Base [6]). According to the report of the Minis-
try of Environment of Hungary [11], western border
of distribution of this species is considered to be on
the territory of Hungary, where it used to be consid-
ered disappeared for a long time, but has recently
been registered on the territory of this country.

On the territory of the Republic of Macedo-
nia, this species is with quite limited distribution. It
has been registered on one locality only, in the
aridest, steppe-like region of Macedonia, in Ovce
Pole, between the villages of Vrsakovo and Sudi¢
(Figure 3). Most of the areas where this species

thrives have been turned into farmland, whereas
only on small patches, mainly on the higher sur-
rounding hills, there are still preserved fragments
with steppe-like vegetation. It is exactly this type of
location, predominated by paleogenic and neogenic
marl grounds, where this population develops, with
a host of steppe and endemic species thriving in
such regions, some of which being Anchusa italica,
Anchusa macedonica, Astragalus parnassi, Centau-
rea finazzeri, Convolvulus holosericeus, Echinopho-
ra sibthorpiana, Ferulago macedonica, Phlomis
herba-venti subsp. pungens, Salvia aethiopsis, Salvia
jurisicii, Stipa bromoides, Ziziphora capitata, etc.

Regarding the taxonomic status of Nepeta
parviflora, it is still subject of additional studies,
taking into consideration its high similarity to the
species Nepeta ucranica. In Euro+Med Plant Base
[6], it is added as subspecies to the species Nepeta
ucranica L. (Nepeta ucranica subsp. parviflora (M.
Bieb.) M. Masclans de Bolos). Still, despite the fact
that there is similarity of this better taxon to the
species Nepeta ucranica, the prevailing opinion is
that Nepeta parviflora should be considered as a
indipendent species (Turner [10]). This view is
supported by the studies of Padure [12], related to
the morpho-anatomic features of the flowers and
inflorescens of the the species belonging to genus
Nepeta on the territory of Romania.
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Figure 3. Nepeta parviflora — Map of distribution in the Republic of Macedonia

Marrubium pestalozzae Boiss.

Mk Kriva Palanka — Psaca village, on ruderal site,
42°10"11" N, 22°12'18" E; 514 m, 5.10.2006
(leg. et det. V. Matevski) (MKNH)

Taxonomic status and position of the taxon
Marrubium pestalozzae is still deemed problematic
and unclearly determined. Accordingly, there is a

variety of opinions with reference to its taxonomic
value. In the editions Flora Europaea [13] and Eu-
ro+Med Plant Base [6], its taxonomic status is
clearly support its consideration as independent
species, whereas in Flora of Bulgaria [14] it is con-
sidered as a synonym of the species Marrubium
parviflorum L.

Figure 4. Marrubium pestalozzae — Map of distribution in the Republic of Macedonia
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In Euro+Med Plant Base [6], where both
species — Marrubium pestalozzae and Marrubium
parviflorum — are listed, there is a note that these
two species are strongly likely to be one taxon
("perhaps identical with M. parviflorum™). Differ-
entiation between these two species is made based
on slight morphological differences concerning the
number, size and position of the calyx teeth. Analy-
sis of the herbarium material from the territory of
the Republic of Macedonia (the surroundings of
Kriva Palanka) has shown that this species is more
likely consistent with the diagnostic description of
Marrubium pestalozzae.

According to the map of range of distribution
presented in Euro+Med Plant Base [6], the range of
distribution of Marrubium pestalozze covers the
territories of Bulgaria, Greece, Ukraine, Crimea
and central and southern parts of European part of
Russia, whereas the range of distribution of Marru-
bium parviflorum stretches on the territories of
Turkey and trans-Caucasus region (Azerbaijan,
Armenia and Georgia).

The species Marrubium pestalozzae has been
registered in northern-eastern parts of the territory of
the Republic of Macedonia, in the surroundings of
Kriva Palanka, the village of Psacha. It grows in rude-
ral habitats, in the centre of the settlement, alongside
the asphalt road Kumanovo—Kriva Palanka (Figure 4).
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HOBU BUJIOBHU 3A ®JIOPATA HA PEITYBJIMKA MAKEJOHHNJA

Biaano MarteBcku

Makenoncka akagemuja Ha Haykute u ymetHocture, 1000 Ckormje, Peny6imka Makenonuja

3a Bpeme Ha (IIOPUCTHYKHTE HCTPaXKyBamba BO CEBEPHUTE, MCTOYHUTE U CEBEPO-HCTOYHUTE JICIOBH Ha
Perry6nnka Maxenonnja 6ea oTKpHeHH 4 BHAOBU BaCKyJIapHH PAacTeHHja, KOW MPETXOAHO He Oea perncTpupaHu Ha
Hej3uHaTa Tepuropuja — Andrachne telephioides L., Chorispora tenella (Pallas) DC., Nepeta parviflora M. Bieb. u
Marrubium pestalozzae Boiss. UctoBpemeno, pomosute Andrachne u Chorispora nmpercraByBaaT HOBH POIOBH 3a

TepuropHjara Ha Peny6nrka Makenonuja.

Kuyunu 360poBu: ¢iopa, Makenonuja, pacupocrpanysame, Andrachne telephioides L.,
Chorispora tenella (Pallas) DC, Nepeta parviflora M. Bieb., Marrubium pestalozzae Boiss.
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THE GENUS DRYOPTERIS (PTERIDOPHYTA: DRYOPTERIDACEAE)
IN THE FLORA OF THE REPUBLIC OF MACEDONIA
—30 YEARS AFTER MICEVSKTI’S FLORA —
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Skopje, Republic of Macedonia
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This article presents the records about four new Buckler fern (Dryopteris) species for the territory of the Re-
public of Macedonia and new data about the distribution of some rare Buckler fern species.

Dryopteris is one of the most complex fern genera in Europe. Hybridization and apomixis among some of the spe-
cies contribute to difficulties and uncertainties for identification of individual species. That, coupled with lack of research on
ferns in Macedonia for the last 30 years, resulted in a low level of knowledge within this vascular plants’ group.

The field research of the flora of Macedonia and thorough check of two herbaria (MKMEL and MKNH) in
Skopje revealed presence of four new Buckler fern species in Macedonia: Dryopteris affinis subsp. jessenii, D. ore-
ades, D. mindshelkensis and D. expansa. Additionlly, several other localities for rare species: D. borreri, D. dilatata

and D. carthusiana were reported.

Further research is needed to fill the remaining gaps, particularly in relation to identification of hybrids and
more detailed study of the distribution pattern of rare Buckler fern species.

Key words: Dryopteris affinis; Dryopteris oreades; Dryopteris mindshelkensis; Dryopteris expansa;

Republic of Macedonia; rare ferns

INTRODUCTION

Buckler fern (Dryopteris Adans.) stands for
one of the most complex genera among the Europe-
an pteridophytes. According to Plant List [1], genus
Dryopteris includes 1,458 accepted and unassessed
names of species rank and 35 names of infraspecif-
ic rank worldwide (http://www.theplantlist.org/). At
the same time, Euro+Med Plant Base [2] recognizes
30 Dryopteris species and 11 subspecies in Europe
and Mediterranean region [2]. Beside the relatively
high number of species in the genus, the complexi-
ty comes from the high level of hybridization
among many different species and subsequent ap-
omictic reproduction characteristics for some of the
species (Dryopteris affinis group in particular), Fra-
ser-Jenkins [3, 4]. Hybridization and apomixis are

the main reasons for the origin of some species,
morphologically separated by fine discrete charac-
ters [4]. Owing to above reasons, there was consid-
erable confusion about Dryopteris taxonomy, thus
resulting with complex synonymy and different
treatment in existing standard floras, which makes
identification of the particular species difficult and in
some cases problematic. This particularly stands for
the taxa of D. affinis group for which the concept of
Fraser-Jenkins [4] is now accepted by the majority of
researcher (see Euro+Med PlantBase) [2].

In the flora of the Republic of Macedonia six
Dryopteris species are known so far, Micevski [5]:
Dryopteris filix-mas (L.) Schott, D. borreri (New-
man) Newman ex Oberh. & Tavel, D. villarii (Bel-
lardi) Schinz & Thell., D. pallida (Bory) Maire &
Petitm., D. carthusiana (Vill.) H. P. Fuchs, and D.
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dilatata (Hoffm.) A. Gray. Extensive and detailed
research in that time and after printing of Micevski’s
Flora in 1985, [3, 4, 6-18] put a new light on the
knowledge about the taxonomy and chorology of this
genus. These data and some recent findings in Mace-
donia suggest that the representation of the Dryopteris
species in the country might be underestimated.

The aim of this work was to explore the Dry-
opteris collections in MKMEL! and MKNH! [19],
to identify the species in the light of the new con-
cept for Dryopteris taxonomy and to distinguish
potential new taxa. The final goal was to assess the
status of the genus Dryopteris in the flora of the
Republic of Macedonia.

METHODS

The study was based on the fieldwork on the
territory of the Republic of Macedonia during the
last two decades and the collected and stored plant
material in the Herbarium Melovskiorum (MKMEL!),
as well as on the check of the Macedonian National
Herbarium (MKNH!). The abbreviations of the her-
baria follow Index Herbariorum [19]. Besides the
field surveys, relevant literature sources were used
for supplementation of the distribution records.

Identification of the specimens was per-
formed on the basis of the keys from [10; 15], as
well as Fraser-Jenkins [4] for D. affinis group. The
detailed morphological analyses and descriptions of
individual species in [20-27] were valuable for
proper identification. Beside the analysis of stand-
ard morphological characters, light microscopy was
applied for identification of members of the D. di-
latata group. The spores were analyzed for peri-
spore ornamentation rather than for dimensions of
the spores. At least 10 spores from at least three
herbarium specimens (D. dilatata and D. carthusi-
ana) or two specimens in case of D. expansa were
analyzed. An effort was done to avoid spore con-
tamination during preparation of glycerol slides (by
taking spores only directly from the sporangia).
Only few spores were photographed and presented
in Figure 3 for comparison.

We followed the nomenclature of the taxa
used in Euro+Med PlantBase [2]. The distribution
of the species was mapped on 10 x 10 km using the
UTM grid system (UTM Zone 34T) and Military
Grid Reference System (MGRS) projection [28],
modified by Avukatov (unpublished) to 5 km x 5
km for the purpose of this paper. The quotation of
the distribution locations and habitats for all rec-
ords in this article follows the MAKMEL data base
pattern. The regional division of Melovski et al.
[29] was used to present the general geographic
position of the localities.

RESULTS AND DISCUSSION

Among the known Buckler fern taxa in the
Republic of Macedonia, D. filix-mas is the most
frequent and abundant and D. villarii and D. pallida
are frequently found on limestone mountains in
western Macedonia, while D. borreri, D. carthusi-
ana and D.dilatata are very rare species [5].

The present work adds four new Buckler fern
species to the flora of the Republic of Macedonia
and new distribution data for rare species.

Dryopteris affinis (Lowe) Fraser-Jenk. subsp.
jessenii (Fraser-Jenk.) Fraser-Jenk., Fern Gaz. 18
(1): 5 (2007)

D. affinis is a diploid apomict which is nom-
inal species of the complex Dryopteris affinis ag-
gregate together with other seven species [4, 17].
Up to now, five subspecies, including the nominal
one, were described [4], out of which three can be
found across the Balkan Peninsula: subsp. affinis in
Slovenia, Croatia, Greece, Bulgaria (doubtful) and
Romania; subsp. punctata in Slovenia and Croatia
and subsp. jessenii in Serbia and Romania [2, but
on the basis of 13; 4]. The results of this article
show that D. affinis subsp. jessenii is distributed in
the Republic of Macedonia as well, where it was
recorded only on Plac¢kovica Mt. (Figure 1). It was
also recently reported for Poland [30].

First chorological records

Plackovica: Selska Reka valley — above v.
Laki (between Strumicki Rid and Kartal — below and
above the inflow of Lomska Reka), open grassy site
next to the river in beech forest 930-950 m a.s.l.,
24.10.2014, leg.&det. Lj. Melovski (MKMEL!
08238); Plackovica: Selska Reka valley — above v.
Laki (next to the stream Lom), next to the stream in
beech forest, 1110 m a.s.l., 11.09.2016, leg.&det. L.
Melovski (MKMEL! 08992, 08996-08998); Ibid.,
1065 m a.s.l., (MKMEL! 09000-09002); Plackovica:
Selska Reka valley — above v. Laki (close to the
stream of Selska Reka), at the edge of beech forest,
860 m as.l., 11.09.2016, leg.&det. Lj. Melovski
(MKMEL! 08999).

The finding of D. affinis subsp. jessenii far
from its main range is curious. However the speci-
mens found on Plackovica Mt. have typical mor-
phological characteristics of D. affinis subsp. jesse-
nii (Fig. 2) as described by Fraser-Jenkins [4]. Be-
sides, it is not a rare case that Carpathian species
spread to the south in the north-eastern Macedonian
mountains (e.g. Viola dacica Borb., [32]). The new
finding in the southern (Carpathian) part of Poland
[30] shows that the subspecies is spreading its
range to the north as well.

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 37 (2), 85-93 (2016)
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Figure 1. Distribution map of the first records, new records and literature data of the presented Dryopteris taxa
in the Republic of Macedonia

Dryopteris borreri (Newman) Newman ex
Oberh. & Tavel, Verh. Schweiz. Naturf. Ges. 118:
153 (1937)

This triploid apomict is the most widespread
species in the D. affinis group [4]. However, it is a
rare species in Macedonia — the only known locali-
ty up to now was Osogovo Mts. [5] (Fig. 1). It can
be relatively easily distinguished from D. affinis by
its indusia which look more like those of D. filix-
mas, however in concordance with other morpho-
logical characters (Fig. 2).

Existing chorological record

Osogovo-Sasa. Beside the rocks close to the
river. 1050 m.n.v. 15.VI1.1967, leg. K. Micevski,
det. Mayer & Micevski (MKNH! 000301, 000302,
000312).

New chorological records

Plackovica: Selska Reka valley — above v.
Laki (next to the stream Lom), next to the stream in
beech forest, 1035 m a.s.l,, 11.09.2016, leg.&det.
Lj. Melovski (MKMEL! 09003, 09005, 09006);
Mokra Planina — Golesnica: Mala Reka valley —
just below the junction of the MumdZica and
Sipacan streams, close to the stream in beech forest,

950 m as.l., 25.09.2016, leg.&det. Lj. Melovski
(MKMEL! 09026).

The species remains rare (Figure 1) which is
probably realistic since Macedonia is at the south-
ern border of its range in Europe (excluding Tur-
key) [2]. It is also comparatively rare in Bulgaria
and was only recently reported [24] if one considers
that it is a common species in Europe.

Dryopteris oreades Fomin, Monit. Jard. Bot.
Tiflis 18: 20 (1910)

Mountain male fern (D. oreades) has inter-
esting, rather disjunct distribution range. It can be
found in west and west-central Europe, extending
to N.C. Italy [10], in the Caucasus region and Tur-
key as well as in Romania [2]. It is possible that it
has been overlooked in the past researches in the
fern floras, although it is easily recognizable by its
sori (high indusium which lifts slightly and remains
embracing sporangia even after spores’ ripening,
see Figure 2). Future research can reveal new find-
ings. Taxonomic remarks: the ‘scattered minute
glands’ on the underside of the pinnae of Macedo-
nian plants cannot be seen, except for the youngest
fronds; some of the plants have more or less acute
teeth at the tips of the pinnules instead of blunt.

Ipunosu, Q00. dpup. maid. buotiex. nayku, MAHY, 37 (2), 85-93 (2016)
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Figure 2. Sori with indusia and rachis scales of selected Dryopteris taxa
1) D. affinis subsp. jessenii (a — MKMEL! 08992; b — MKMEL! 08238).
2) D.borreri (a— MKMEL! 09006; b — MKMEL! 09005).
3) D. filix-mas — for comparison (a — young sori on live specimen; b — young sori on dessicated specimen,
both from MKMEL! 09020; ¢ — sori with ripe and mostly shed spores, from MKMEL! 09019).
4) D. oreades (MKMEL! 08215).

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 37 (2), 85-93 (2016)



The genus Dryopteris (Pteridophyta: Dryopteridaceae) in the flora of the Republic of Macedonia... 89

In the Republic of Macedonia, this species is
found on silicate rocky ground on the western
mountains (Figure 1).

First chorological records

Sar Planina: Mengulova Kula — above v. Gorno
Jelovce (above Ramen Kamen), silicate rocks, 2000
m a.s.l., 14.07.1998, leg. IDSB-Lj. Melovski, det. Lj.
Melovski (MKMEL! 08195, 08196 and 08216); Sar
Planina: Central massif — Titov Vrv (Golema Smre-
ka), silicate stony site, 1900 m a.s.l., 08.09.2004,
leg.&det. Lj. Melovski (MKMEL! 08215); Jablanica:
Crn Kamen massif — Krivi Virovi, silicate rocks,
1700-1800 m a.s.l., 08.06.2003, leg. Lj. Melovski, S.
Arsovsa & M. Suslevska, det. Lj. Melovski
(MKMEL! 08217); Stogovo: Valavica stream valley
— below Jama, open place next to the road in beech
forest, 1410 m a.s.l., 31.08.2016, leg.&det. Lj. Melov-
ski (MKMEL! 09024 and 0925).

Dryopteris mindshelkensis Pavlov, Vestn.
Akad. Nauk Kazakhsk. SSR 8: 129. 1954

D. mindshelkensis is at present accepted name
for widely known D. submontana (Fraser-Jenk. &
Jermy) Fraser-Jenk. It has similar distribution range
as D. oreades, but it is characteristic only for moun-
tains with calcareous bedrock. Beside Romania, on
the Balkan it is present in Serbia, Montenegro, Al-
bania and Greece [2]. Micevski [5] did not list this
species in his Flora. However, two years after Mi-
cevski’s flora has been published, Fraser-Jenkins
(during his revision of Dryopteris material from
MKNHY!) identified three specimens as D. submon-
tana wrongly identified as D. villarii by Micevski.

In the Republic of Macedonia, D. mind-
shelkensis is found on calcareous rocky ground on
the western mountains (Figure 1).

First chorological records

Sar Planina: Kobilica — Golem Kamen, lime-
stone rocks and stony ground, 1900-2050 m aus.l.,
01.10.2006., leg.&det. Lj. Melovski (MKMEL!
08161); Sar Planina: Central massif — Krivosija (Treta
Karpa — above Krivosiska Reka), limestone scree,
1740 m as.l., 20.07.1995, leg. IDSB-Lj. Melovski,
det. Lj. Melovski (MKMEL! 08162); Jablanica:
Cuma — Malo Sedlo, limestone rocks and stony
ground, 1900-2000 m a.s.l., 10.08.2005, leg. L. Me-
lovski & N. Angelova, det. Lj. Melovski (MKMEL!
08163); Bistra: Toni Voda — close to the sinking
stream, limestone stony ground - between large
stones, 1700 m a.s.l., 22.08.2016., leg.&det. Lj. Me-
lovski (MKMEL! 08950 and 08951); Debarsko —
Kr¢in. Above the village of Gorno Kosovrasti, on
limestone rocks. 1270 m.n.v., 19.VI1.1960, leg. K.

Micevski, det. C. R. Fraser-Jenkins (MKNH! 000477-
000479).

Dryopteris dilatata complex

The complex consists of three species (D. di-
latata, D. expansa and D. carthusiana) which are
known for difficult and uncertain identification [20,
3, 25, etc.] due to their high variability and inter-
connected origin. It is recommended that one
should use a set of characters for identification ra-
ther than one or two usually used in standard keys.
Many morphological characters were studied and
involved (including dimensions and volume of the
glands [33]), but still the perispore remains among
the most important ones. In some keys [e.g. 10] D.
dilatata perispore is described as being covered
with dense and obtuse tubercles, and D. expansa
perispore with sparse acute tubercles, which is not
sufficient for identification of the two taxa, espe-
cially if the spores are examined by the light mi-
croscopy (“acute" and "obtuse" is not easily visi-
ble). Both D. dilatata and D. expansa have acute
tubercles (or echinulae as R. L. L. Viane [33]
names them) at least on light microscope images
and the main difference is the density [33]; (see
also Figure 3). D. expansa has well-spaced echi-
nulae unlike D. dilatata with dense echinulae.
Plants from Macedonia confirm this finding (Figure
3). Yet, traditionally accepted morphological char-
acters used to distinguish the species in the group
(particularly the length of the basioscopic pinnule)
are sufficient to identify the majority of the speci-
mens growing in Macedonia. However, in the
frame of the considerable variation in fronds’ mor-
phology in this buckler fern group there are some
individuals with characters that approach border
values. In these cases the spores’ morphology is
important for proper identification.

Dryopteris dilatata (Hoffm.) A. Gray, Man.
Bot. 631 (1848)

This species is distributed in the whole Eu-
rope excluding Montenegro and Albania where its
presence is doubtful [2]. In Macedonia there was
much confusion in regard to this species in the past.
D. dilatata is listed in the Flora of Macedonia [5]
for several localities: Pelister, Dudica, Jakupica —
Kadina Reka river, Osogovo. However, the revision
of Buckler ferns in MKNH! by Fraser-Jenkins in
1987 (after the Flora has been published) showed
that it was not present in Macedonia (all specimens
from MKNH! were identified by Fraser-Jenkins as
D. expansa). On the other hand, the research pre-
sented in this article showed that he misidentified
the specimens from Dudica (Kozuf Mt.) and Mt.
Jakupica (Kadina Reka river).

Ipunosu, Q00. dpup. maid. buotiex. nayku, MAHY, 37 (2), 85-93 (2016)
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Figure 3. Spores of species of Dryopteris dilatata complex (x1000) (scale bar 10 pm)
1-3 D. carthusiana: 1 — from Debarca — Bel¢isko Blato (MKMEL! 01940); 2 — from Debarca — Bel¢isko Blato (MKMEL!
08029); 3 — from Bistra—Sar Planina — Bunec (MKMEL! 00250)
4-6 D. dilatata: 4 — from Dudica (MKNH! 000318); 5 — from Dudica (MKNH! 000325);
6 — from Jakupica — Kadina Reka (MKNH! 000317)
7-9 D. expansa: 7 and 8 — from Osogovo (MKNH! 000310); 9 — from Pelister (MKMEL! 08076)

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 37 (2), 85-93 (2016)
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These specimens certainly are D. dilatata,
which was confirmed by microscopic analysis of
the spores (Figure 3) and thorough analysis of the
morphological characteristics, particularly the ratio
between basioscopic and acroscopic pinnulae of the
lowest pinna and the degree of the frond division.
Spores are frequently pointed as quite certain char-
acter for separation of the two close species — D.
dilatata and D. expansa, in some standard keys,
including Flora Europaea [10]. Present distribution
of D. dilatata in Macedonia is shown on Fig. 1.

Further research is needed to check the accu-
racy of the data given by old botanists from the be-
ginning of 19-th century and mentioned in Mi-
cevski [5].

Existing chorological records

Dudica — on humid ground, on andesite. 1500
m.n.v., 24.VI111.1978, leg.&det. K. Micevski, con-
firmed by Lj. Melovski (MKNH! 000318-000325);
Jakupica pl. — by the Kadina Reka river. 6.V111.1953,
leg.&det. K. Micevski, confirmed by Lj. Melovski
(MKNH! 000316 and 000317).

New chorological records

Debarca: Bel¢isko Blato — close to the v.
Novo Selo, alder forest, 763 m a.s.l., 09.06.2009,
leg.&det. Lj. Melovski (MKMEL! 01941); Mokra
Planina — GoleSnica: Lisec — Pesterska Reka — from
Kliziste till the dale and higher, beech forest, 1000—
1100 m a.s.l., 16.05.2007, leg.&det. Lj. Melovski
(MKMEL'! 08072-08074).

Dryopteris expansa (C. Presl) Fraser-Jenk. &
Jermy, Fern Gaz. 11: 338 (1977)

According to Euro+Med PlantBase [2] D.
expansa has very wide distribution in Europe. It is
absent only from Macedonia, Albania, Montenegro,
Croatia and Moldova. However, it seems that it is
more frequent than D. dilatata in Macedonia (Fig-
ure 1; see also notes above, under ‘Dryopteris dila-
tata’ subchapter). As a matter of fact, most of the
specimens in MKNH! actually belong to D. ex-
pansa, which was proved by microscopic analysis
of the spores (Figure 3), thorough morphological
analysis and revision of Dryopteris in MKNH! by
Fraser-Jenkins in 1987.

First chorological records

Sar Planina: Causica—Peskovi-Bistra, in the
crevices of silicate rocks, 2600 m a.s.l., 24.08.2014,
leg.&det. Lj. Melovski (MKMEL! 08068-08071);
Kajmakéalan (Nidze): close to Redir — Miletina Kosa,
beech forest, 1500-1570 m as.l., 11.07.2002, leg.
IDSB-Lj. Melovski, det. Lj. Melovski (MKMEL!

08075); Pelister (Baba): Debel Rid — below Golemo
Ezero, among silicate blocks, 1800-2000 m a.s.l.,
10.07.2003, leg. Lj. Melovski & J. MiloSevski, det.
Lj. Melovski (MKMEL! 08076-08081); Pelister
(Baba): above v. Nize Pole — towards Debel Rid,
among silicate blocks, 1260 m a.s.l., 12.06.2008,
leg.&det. Lj. Melovski (MKMEL! 08082); Pelister
(Baba): Partizanski Vrv — Malo Ezero, among sili-
cate blocks, 22002250 m a.s.l., 27.06.2004,
leg.&det. Lj. Melovski (MKMEL! 08083 and
08084); Pelister (Baba): Veternica - Golemo Ezero
cirque, silicate stone blocks, 2230 m as.l,
14.07.2016, leg.&det. Lj. Melovski (MKMEL!
08955-08958); Osogovo-Sasa. On paleogene
schists. 1600 m.n.v., 17.VI1.1967 (sub D. dilatata),
leg.&det. K. Micevski (sub D. dilatata), rev. C. R.
Fraser-Jenkins, confirmed Lj. Melovski (MKNH!
000303-000306); Pelister — around Malo Ezero, on
silicate rocks. 2100 m.n.v., 12.VI11.1968, leg.&det.
K. Micevski (sub D. dilatata), rev. C. R. Fraser-
Jenkins, confirmed Lj. Melovski (MKNH! 000326,
000331, 000332 and 00336); Pelister — around Malo
Ezero, on silicate rocks. 2250 m.n.v., 12.V11.1968,
leg.&det. K. Micevski (sub D. dilatata), rev. C. R.
Fraser-Jenkins, confirmed Lj. Melovski (MKNH!
000327-000330 and 000333-000335).

Dryopteris carthusiana (Vill.) H.P. Fuchs,
Bull. Soc. Bot. Fr. 105: 339 (1958)

D. carthusiana is the third member of D. di-
latata group. Same as the other species of this
group, it has very wide distribution in Europe — it is
not present only in Portugal and Iceland [2]. Up to
this research it was considered as a very rare spe-
cies in Macedonia, found only on Osogovo Mts.
(Osogovski Planini) [5] (Figure 1). This research
proved that it has broader distribution though it is
still quite rare (Figure 1). It is confined to the local-
ities where the last remnants of alder forests and
woodlands are still preserved. Further research is
needed to check the data given by old botanists
from the beginning of the 19-th century and ques-
tioned by Micevski [5].

Existing chorological records

Osogovo — Sasa: On paleogene schists. 1600
m.n.v., 17.VIL.1967, leg.&det. K. Micevski
(MKNH! 000307-000311).

New chorological records

Bistra—Sar Planina: Children's resort "Bunec"
— below the resort, swampy site in alder woodland,
1240 m a.s.l., 14.08.2007, leg.&det. Lj. Melovski
(MKMEL! 00249 and 00250); Debarca: Bel¢isko
Blato — close to the v. Novo Selo, alder forest, 763
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m a.s.l., 09.06.2009 and 12.07.2009, leg.&det. Lj.
Melovski (MKMEL! 01935, 01939 and 01940);
Debarca: Beléisko Blato — close to v. Novo Selo,
swampy forest with Alnus glutinosa, 763 m a.s.l.,
26.06.2004, leg.&det. Lj. Melovski (MKMEL!
08028-08030); Polog: Dolni Polog — v. Janciste
(Zabel), alder forest, 390 m a.s.l., 16.09.2016, leg.
Lj. Melovski & M. Kostadinovski, det. Lj. Melov-
ski (MKMEL! 08985-08991).

It can be concluded that the flora of the Re-
public of Macedonia consists of 10 Dryopteris spe-
cies: Dryopteris affinis with one subspecies — D.
affinis subsp. jessenii, D. borreri, D. filix-mas, D.
oreades, D. villarii, D. pallida, D. mindshelkensis,
D. dilatata, D. carthusiana and D. expansa. How-
ever, the knowledge of the Buckler ferns in Mace-
donia is still incomplete. Presence of some other
species cannot be rejected. Future research is need-
ed to prove presence of several hybrid taxa for
which there are indications that they can be found
in the Republic of Macedonia.
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POJAOT DRYOPTERIS (PTERIDOPHYTA: DRYOPTERIDACEAE)
BO ®JIOPATA HA PEITYBJIMAK MAKEJOHHNJA
—-30I'OAUHHU MO ®JIOPATA HA MULIEBCKH —

Jbynuo MeJsioBckn

WuctutyT 3a 6nonoryja, [pupoano-maremarnyku dakynrer, YHuBep3ureT ,,CB. Kupuin u Metoan;j®,
Ckomje, PennyOnnka Makenonuja

OBaa craTWja TW MpPEe3cHTHpa MPBUTE HAOAW Ha YETHPH HOBM BHAOBHM Mamika mampar (Dryopteris) na
TeputopHjara Ha Peny0Oarka MakeqoHHja U HOBH I10JIATOIM 33 JUCTPUOYLIMjaTa HA HEKOM PETKU BUJIOBH OJ1 Ipyrara
Ha Mallka mamnpar.

Dryopteris e efeH o1 HajKOMIUIEKCHUTE POAOBH TanpaT Bo EBpona. XubpuausanujaTa ¥ allOMMKCUCOT Mery
HEKOM OJ] BUJIOBHTE NMPHUIOHECYBAAT 3a TEUIKOTHUTE M HECUTYpPHOCTA 33 MACHTH(UKAIMja Ha OJUICIHN BUIOBH. Toa,
BO KOMOHMHAIIMja CO HEJOCTUT Ha MCTPaXXyBame Ha namparute Bo MakenoHuja Bo nocieanute 30 roquHu, pesyinTapa
CO HHMCKO HHMBO Ha 3HacHe BO PAMKHUTE HA OBaa Ipyla BaCKyJIapHHU pacTeHHja.

HcrpaxyBama o obiacta Ha (hropata Ha MakeIoHH]ja U TeMeHa MpoBepka Ha Ba xepbapuyma (MKMEL un
MKNH) Bo Ckorije OTKpHja IPUCYCTBO Ha YETHPH HOBH BHIOBHW mampat Bo Makemonuja: Dryopteris affinis subsp.
jessenii, D. oreades, D. mindshelkensis u D expansa. [Tokpaj Toa, Mpe3cHTHPAHN CE HEKOJKY APYTH JIOKAIIMH CO
perku Bugosu: D. borreri, D. dilatata u D carthusiana.

IToTpeOHO € MOHATaMOIIHO UCTPaKyBame 3a Jia CE IOMOJIHAT MPEOCTAHATUTE HEOCTATOLN, OCOOEHO BO OIHOC
Ha WJICHTH(UKYBamke Ha XMOPUANTE, KAKO U IMOJETaHA CTY/AMja 3a PaclpoCTpaHyBambe Ha PETKUTE BHIOBH O POJIOT
Dryopteris.

Knyunn 360poBu: Dryopteris affinis; Dryopteris oreades; Dryopteris mindshelkensis; Dryopteris expansa;
Peny6nuka MakenoHuja; peTky nanparu
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The article provides an overview of deciduous forests of the Balkan Peninsula. It presents riverine, floodplain
and moor forests, dominated by Alnus incana, A. glutinosa, Fraxinus excelsior, F. angustifolia, Quercus robur, Salix
alba, Ulmus laevis, U. minor; acidophilous forests dominated by Betula pendula, Castanea sativa, Fagus sylvatica,
Quercus petraea; thermophilous forests dominated by Carpinus orientalis, Ostrya carpinifolia, Quercus cerris, Q.
farainetto, Q. petraea, Q. pubescens and mesophilous forests dominated by Carpinus betulus, Fagus sylvatica, F.
orientalis, Fraxinus excelsior, Tilia argentea, T. cordata, T. platyphyllos, Ulmus glabra. At the same time, forests
were classified into the synsystematic framework of the standard Central European system to the level of an alliance.

Keywords: Balkan; forest; vegetation; classification

Nomenclatural source: Euro+Med Plantbase (http://ww2.bgbm.org/EuroPlusMed)

INTRODUCTION

Research into vegetation in southeastern Eu-
rope has a long tradition. The first fundamental
works about vegetation in the region were based on
the so-called physiognomic-ecological approach
and originate from the beginning of the 20" centu-
ry, when Gabriel Beck-Mannagetta published his
work Vegetationsverhéltnisse der illyrischen Lén-
der [1] and Lujo Adamovi¢ his work Vegeta-
tionsverhélnisse der Balkanldnder [2]. At the be-
ginning of the 20" century, a new science — phyto-
sociology — was established [3]. Soon after its be-
ginning in Europe, research in the Balkans began
according to this method [4] and the new science
was widely accepted among researchers in the re-
gion. Our presentation is based on the standard
Braun-Blanquet method and its hierarchy; so we
group associations (ending -etum) into alliances
(ending -ion), alliances into orders (ending -etalia)
and those into classes (ending -etea) [5]. As a result

of long and intensive research in the region, during
recent years some important surveys of forest vege-
tation of some parts of the region has appeared, e.g.
Slovenia [6], Croatia [7], Serbia [8], Kosovo [9],
Bulgaria [10] and Greece [11, 12]. These and many
other studies have enabled us to make an overview
of forest vegetation of the region.

The large number of publications all over
Europe encouraged a group of authors guided by
Ladislav Mucina to start preparation of an overview
over all vegetation types of the whole of Europe to
the alliance level, from the Canary Islands to the
Urals and from Cyprus to Greenland [13]. It is
based on a list of vegetation classes [14] and on a
preliminary overview of alliances [15]. During the
procedure, literature sources all over Europe have
been checked and many nomenclature corrections
and some revisions of individual syntaxa have been
published, for instance [16, 17].

This paper is intended to give an overview of
deciduous forests of the region on the alliance lev-

*The paper was presented as an inaugural lecture by the author on the occasion of his election to be a member of the Mace-

donian Academy of Sciences and Arts on 5™ May 2016 in Skopje.
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el, to synchronize regional classification schemes
with the European one [13], to show the present
state of knowledge and to detect some problems. At
the same time, it will facilitate integration of the
vegetation of deciduous forests into the wider Eu-
ropean framework, into various overviews of forest
vegetation, red lists and similar [18].

DESCRIPTION OF AREA

The Balkan Peninsula has a large altitudinal
diversity, since a great part of the territory has an
altitude of over 1000 m, and provides a large altitu-
dinal range through a relatively small latitudinal
range of 10°. At the same time, the Balkan Peninsu-
la is a highly complex region in terms of geology,
climate and vegetation. The diverse geology is the
most important factor contributing to the diversity
of flora: there are crystalline massifs, such as
Rhodopes and new fold mountains, such as the Di-
naric Alps or the Shar-Pindos mountain range,
composed of limestone [19].

The climatic conditions are parallel its geo-
graphical position, relief and extensive coastline
(Figure 1). Belgrade in the northern part, which is
cut off from the influence of the Mediterranean and
lies open to central and eastern Europe, is dominat-
ed by a continental climate with maximum of pre-
cipitation in May—June. Ljubljana has a mountain
climatic regime, with two peaks of precipitation, in
spring and autumn. Ohrid in the south is also locat-
ed in mountains but is influenced by a Mediterrane-
an climate and an autumn peak can be observed.
Ljubljana has more precipitation but Ohrid and
Belgrade have almost the same amount, although
Belgrade has precipitation during the vegetation
season, that is more propitious for flora and vegeta-
tion, and also for agriculture, whereas in Ohrid the
majority of precipitation falls in the part of the year
in which the vegetation cannot use it.

OBJECT

The potential vegetation of the major part of
the Balkan Peninsula is represented by deciduous
broadleaved forest. Broadleaved deciduous forests
appear in the areas with relatively moist summers
and mild winters. Forests can be divided into two
subgroups: mesic and warm temperate forests. Me-
sic temperate forests appear in the humid sub At-
lantic climate and are dominated by mesophilous
deciduous tree species, such as Fagus sylvatica,
Carpinus betulus, Acer pseudoplanatus, Alnus glu-
tinosa etc. Warm deciduous forests appear in areas
under the influence of continental and Mediterrane-

an climates, in which summer drought is more pro-
nounced. These forests are dominated by various
species from the genus Quercus, Ostyra carpini-
folia, Carpinus orientalis etc. [20].
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Figure 1. Mean total rainfall (a) and mean monthly
temperatures (b) in the research area. Climatological
information for Ljubljana, Ohrid and Belgrade
(World Meteorological Organization data,
http://www.wmo.int/pages/index_en.html)

CONTACT FORESTS

In the case of increased cooling or increasing
drought, deciduous forests are in contact with conif-
erous ones. In cold and humid areas, they are in con-
tact with forests dominated by Picea abies and Abies
alba, as well as Larix decidua. In drier areas, two
relict coniferous forests appear, Pinus peuce and Pi-
nus heldreichii, and a hybrid between Abies alba and
Abies cephalonica Abies borisii-regis forests. De-
ciduous forest can also be in contact with Pinus syl-
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vestris and Pinus nigra but these two species do not
form zonal forests and appear locally in extreme
conditions (e.g. extreme drought or acidity) [21-26].

In areas under the influence of the Mediterra-
nean climate, deciduous forests are in contact with
evergreen broadleaved forests. A warm climate with
mild winters is characteristic of Mediterranean ever-
green vegetation dominated by evergreen tree spe-
cies, such as Quercus ilex, Q. coccifera, and their
substitutes, maquis, garrigues. In some cases, they
can also come in contact with coniferous forests of
Mediterranean mountains [27-29].

HISTORY

One of the main factors determining the pre-
sent vegetation is the development of vegetation
during and after the ice ages (Figure 2). This area
was covered with no or relatively little ice during
the last glaciation and the assumed July tempera-
ture was only 5° cooler than present, which proba-
bly provided a suitable environment for the survival
of temperate tree taxa. Since most water was bound
in ice, the sea level was lower and half of the Adri-
atic Sea was part of the mainland. From the point of
view of phytogeography, the land connection to the
Apennines is also important and caused the two
peninsulas to share some common or closely relat-
ed taxa and vegetation types. The area of common
(syn)taxa could also be called the Apennine-Dinaric
window in phytogeography [30-32].

: ‘i’;lx‘i’w_'x‘i’»»,l
S
¥y,
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¥
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Tundra Steppe and forest steppe
Coniferous forest [ Broadleaved and mixed forest

Figure 2. Vegetation cover of the Balkan during ice age
(Wiirm) (after [33]).

The area was covered by forest, tundra and
steppe and it was one of the refugial areas for tree
species in Europe. Even now, the highest diversity
of tree species in Europe is found in the southern
part of Macedonia, where there are over 130 woody
species [34].

) O Fagus sylvatica
refugial areas

Figure 3. Refugial areas of beech (after [35]).

There were macro refugia of mesophilous
forest in the northwestern part of the region (Figure
3). The major refugia of beech forests were in the
northwestern part of the Balkans and beech spread
out from these refugia practically all over Europe.
These refugia were at an altitude between 600 and
800 m, since in the lowlands it was too dry, and at
higher altitudes it was too cold. So called Illyricoid
flora (e.g. Lamium orvala, Omphalodes verna etc.)
(sensu Trinajsti¢) also survived here, i. e. meso-
philous endemic species that survived in these
mesophilous forests. A distinction has thus been
made between lllyric species — endemics surviving
on extreme habitats and Illyrioid species — meso-
philous endemics [35, 36].

The situation was different with thermophi-
lous forests; their primary refugia were in the south
but in warmer periods they expanded towards the
north and could sometimes survive colder periods
in those areas, in so called secondary refugia (Fig.
4). Evidence exists that in the southern Balkans
there were macro refugia of warm temperate forests
and also cryptic (smaller) refugia of mesic temper-
ate forests. The macro refugia were more species
rich but cryptic refugia also had their floristic indi-
viduality [20, 37, 38].

Most research of the history of forests has
been done by people from outside the region and
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the focus has been on the location of refugia and
the time needed for temperate trees to migrate from
these areas to northern Europe [39]. The vegetation
history of the Balkans has much greater signifi-
cance for the development of forests than this. If
the temperate trees were present in the region dur-
ing the last glacial period, then it is an important
region in which we can study them in terms of un-
derstanding forest development without the arrival
of any immigrant taxa. If migration was not a sig-
nificant factor in the postglacial vegetation succes-
sion of the region, other factors need to be consid-
ered to explain the type and rates of postglacial
vegetation change. This can include external forces
such as climate change and internal factors such as
soil development and forest dynamics [40, 41].

& @ Primary refugium

@ Secondary refugium

LA N

Figure 4. Refugial areas of oak species (after [37]).

The species that were present in the region
could adapt to climatic and other conditions and
could even genetically change in a fairly short time
during the Holocene. Here there can be found, for
instance, two subspecies of the species Cistus in-
canus: C. incanus subsp. incanus and C. incanus
subsp. creticus. These subspecies can be explained
by a process of adaptive radiation within Cistus
incanus agg. Specimens found in the continental
parts of the Balkans have larger leaves, a straight
leaf margin and do not have glandules, whereas
specimens in the coastal areas have glandules and
undulated leaf margins. These differences are treat-
ed taxonomically on the level of subspecies; speci-
mens in the continent are treated as the typical sub-
species, whereas those in the coastal regions as the
subspecies creticus. It should still be tested whether
these differences are genetically fixed; what would

happen if plants from the coastal region were plant-
ed in continental conditions and vice-versa [42, 43].

BIOGEOGRAPHICAL DIVISION
OF THE REGION

The following biogeographical regions can
be found in the area: the Mediterranean, which is
linked to the coastal area; the mountain area is clas-
sified within the alpine region, while the majority
of the area is connected to the continental region
and there is a small part that can be attached to the
Pannonian region; there is also a Black Sea region
along the Black Sea coast. (European Environmen-
tal Agency: www.eea.eu.int).

This is the commonly accepted solution of the
biogeographical division. However, other divisions
can also be found, including that of Oberdorfer, who
drew a distinction between the Mediterranean area
and the Eurosibirian region in the northern part of
the Balkans. This distinction is based on two factors.
Evergreen vegetation can be found only in the
southernmost part of Greece and there is quite a
large area of submediterranean thermophilous decid-
uous forest there, unlike the situation in the western
Mediterranean. The other factor is that the transition
between evergreen and deciduous vegetation is fairly
continuous; there is maquis consisting only of ever-
green species, then pseudomaquis consisting of a
mixture of evergreen species and deciduous species
and S§ibljak consisting only of deciduous species. On
the other hand, the division between mesophilous
deciduous and thermophilous deciduous forest is
fairly obvious [27, 45].

OVERVIEW OF FORESTS
Riverine, floodplain and moor forest

These forests appear in areas that are under
the influence of a watercourse or underground wa-
ter. The boundary of these habitats in floodplains is
the line that is reached by the highest floods. The
time when the highest water level is attained de-
pends on the water regime; rivers that have their
source in the mountains have the highest level dur-
ing late spring, when the snow melts, while others
have their maximum during high precipitation, and
floods can happen unexpectedly due to sudden high
precipitation, often causing destruction. When the
water level is low, these forests can often be dry.
Species need to be able to adapt to floods, to sur-
vive the submerged period, to have flexible branch-
es not be broken by a water course etc. and also to
survive the lack of humidity during low water lev-
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els. On the other hand, these habitats are very rich
in nutrients, which the water flow brings and de-
posits and this makes the habitats one of the richest
in the landscape. At the same time, these deposits
can be carried out by the next floods and so the best
position for growth is near the edge of average
floods, where the fine deposits are left and are not
too often carried off. In these stands, the develop-
ment of a soil profile can already be found. The river
brings deposits and gravel with flow, which are de-
posited in its bed. The river climbs above the land-
scape in this way and moor vegetation can be found
in the hinterland. These moor forests are often domi-
nated by Alnus glutinosa, since this species well
supports the high ground water over the whole year.
These stands can be occasionally flooded. This vege-
tation seems to be to a large extent azonal and does
not show a special geographic pattern. In lowlands,
such stands are often in contact with zonal oak-
hornbeam forest in the north and with thermophilous
deciduous forest in the south; pine forests can some-
times be found on old gravel deposits [46-50].

The majority of these forests are classified
into Alno-Populetea albae, which encompass flood-
plain and riverine forests of the Eurosibirian and
Mediterranean regions. The class is divided into
two orders, which reflect macroclimatic conditions:
Populetalia albae in the Mediterranean region and
Alno-Fraxinetalia in the temperate region. Within
the Mediterranean part, Platanus dominated com-
munities can be distinguished, classified as Platan-
ion orientalis and Lauro nobilis-Fraxinion angusti-
foliae encompassing other floodplain and riparian
forests [51]. Forests of the temperate order Alno-
Fraxinetalia can be divided into two alliances; Al-
nion incanae encompassing forests appearing along
the upper stream of rivers and dominated to a large
extent by alders (Alnus glutinosa, A. incana) and
Alno-Quercion, which appear downstream and are
dominated by Fraxinus, Ulmus and Quercus. Al-
nion incanae is in close contact with oak-hornbeam
forests and, in some cases, these forests share many
common species. Some authors do not recognize
the individuality of the two alliances: Alnion
incanae and Alno-Quercion [7, 52]. Riparian wil-
low forests, appearing mainly on lowland alluvia,
are classified within Salicetea purpureae, Saliceta-
lia purpuraea and Salicion albae. Mesotrophic for-
ests appearing in waterlogged sites are classified
into Alnetea glutinosae, Alnetalia glutionsae and
Alnion glutinosae [46-52].

Acidophilous forests

These forests appear on less productive soils,
where more demanding species such as hornbeam,

maple and others cannot thrive. Deciduous aci-
dophilous forests are dominated by Fagus sylvati-
ca, Quercus petraea and Betula pendula. It has
been established that Quercus robur is rarely a
dominant in such forests in the region. Fagus syl-
vatica dominated forests are classified into the
group of beech forests (Carpino-Fagetea). Oak and
birch forests are also classified into two different
classes (see further). Mesic-acidophilous oak domi-
nated forests appear only in the western part of the
region, while in the eastern part acido-
thermophilous oak forests belong to the group of
thermophilous deciduous forests and are classified
within the class Quercetea pubescentis. Birch for-
ests can be found all over the region. These forests
are to a large extent the result of human activities
over centuries. With the abandonment of exploita-
tion, succession is liberated and they can convert to
mesic forests [7, 8, 53, 54].

Castanea sativa dominated forests need fur-
ther research. Castanea sativa originates from the
Quercion frainetto zone and is probably non-native
in the northwestern part of the Balkans. It grows
not only on acidic soils but can also appear on other
substrata, so these forests can be classified into var-
ious groups: acidophilous, mesophilous, thermophi-
lous deciduous and ravine forests [12, 55-59].

Acidophilous oak dominated forests are clas-
sified into the group of acidophilous oak and birch-
oak forests on nutrient poor soils, Quercetea ro-
boris-petraeae and Quercetalia roboris. Two alli-
ances appear; one from temperate regions, Agros-
tio-Quercion petraeae and the other from submedi-
terranean regions, Castaneo-Quercion. The division
between these two alliances in the area should be
reconsidered in the future. In recent years, pro-
posals have been made to separate birch forests
from oak forests on the class level and to classify
them within the group of hemiboral pine and birch-
pine herb rich open forests on fertile soils and relict
birch-poplar forest Brachypodio pinnati-Betuletea
pendulae and further into relict extrazonal temper-
ate deciduous birch-poplar woods on mineral soil
Fragario  vescae-Populetalia  tremulae and
Fragario vescae-Populion tremulae [17, 60, 61].

Thermophilous deciduous forests

The most widespread forests of the region
are thermophilous deciduous forests. They can be
divided into two larger groups. (1) The first is dom-
inated by various oak species. They form zonal for-
ests in the southern-eastern part of the region and
extrazonal forests on loess substratum on the edges
of the Pannonian basin, as well as forests on south-
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ern slopes on carbonate bedrock in the northwest-
ern part. Thermophilous-acidophilous oak forests
appearing in the central and eastern part of the re-
gion are also attached to this group. (2) The second
group is dominated by Ostrya carpinifoila, Quercus
pubescens and Carpinus orientalis. Such vegetation
can be found along the coast in the submediterrane-
an area, on steep slopes with shallow soils on car-
bonate mountain chains that separate the coast and
the continent, such as the Dinaric Alps or Shar-
Pindos mountain range and on dry calcareous sites
in the hinterland [62-65].

These forests are classified within Quercetea
pubescentis and Quercetalia pubescenti-petraeae, a
group of forests that are dominated by various oak
species (Q. pubescens, Q. cerris, Q. petraea, Q.
frainetto, etc.), oriental hornbeam (Carpinus orien-
talis), hop hornbeam (Ostrya carpinifolia), as well
as Mediterranean relict fir species (A. cephalonica).
This vegetation is fairly diverse and can be divided
into several subunits. Within this framework can be
distinguished submediterranean forests dominated
by Quercus pubescens and Carpinus orientalis
Carpinion orientalis, meso-thermophilous supra-
Mediterranean and relic forests dominated by Osty-
ra carpinifolia Fraxino orni-Ostryion and continen-
tal thermophilous forests dominated by Carpinus
orientalis Syringo-Carpinion orientalis, thermophi-
lous continental forests of deep, neutral to slightly
acidic soils dominated by Quercus frainetto and
Quercus cerris Quercion confertae and those under
maritime influence Melitto albidae-Quercion, dry
acido-thermophilous (sub)montane continental for-
ests dominated by Quercus petraeae and Quercus
cerris Quercion petraeo-cerridis, acido-thermo-
philous northern-dinaric and southern-pannonian
Quercus petraea dominated forests Quercion pu-
bescenti-petraeae, and thermophilous oak forests
on deep soils in the forest-steppe zone in the north-
ern part of the region Aceri tatarici-Quercion [12,
66, 67].

Ravine forests

Broadleaved ravine forests grow especially
on restricted sites with specific soil conditions.
They occur on slopes, at the foot of slopes, in sink-
holes, gorges and hollows with colluvial, skeletal
and primarily unstable soils, which allow broad-
leaved trees such as Acer platanoides, Acer pseu-
doplantus, Fraxinus excelsior, Tilia sp. div. to set-
tle and replace competitively stronger species,
mainly Fagus sylvatica. These species are called
noble trees, because their litter decays quickly and
ameliorates the soils, and so many high stalk plants

can be found in these forests, such as Lunaria redi-
viva, Urtica dioica and many others. Within the
area of the southern Alps and southeastern Europe,
these forests can be classified within two large
groups: thermophilous scree and ravine forests
dominated by Tilia sp. div. and Ostrya carpinifolia
and mesophilous scree and ravine forests dominat-
ed by Acer pseudoplatanus, Fraxinus excelsior and
Ulmus glabra [68].

These forests are classified within mesic de-
ciduous and mixed forests Carpino-Fagetea, as well
as scree and ravine forests Aceretalia pseudoplatani.
In the region, this group can be divided into meso-
philous ash-maple forests Fraxino-Acerion and
thermophilous lime-hop hornbeam forests Ostryo
carpinifoliae-Tilion platyphylli [17, 69].

Oak-hornbeam forests

Oak-hornbeam forests appear as zonal vege-
tation of the plains and hilly region of the north-
western part of the Balkan Peninsula, whereas in
the southeastern part hornbeam forests can be
found only extrazonally in valleys, along water
courses and other habitats that offer humidity and
mesic site conditions. In the southeastern part of the
region, oak-hornbeam forests are replaced by ther-
mophilous deciduous forests as zonal lowland for-
ests. In the northwestern part of the region, oak-
hornbeam forests are in contact with beech forests,
which form the submontane vegetation belt. In the
lowlands, oak and hornbeam outcompete beech be-
cause they better support summer drought and spring
frosts. In the transitional zone, beech forests are of-
ten converted into oak-hornbeam coppiced forests.
In natural stands, oak can be found in the upper and
hornbeam in the lower tree layer. However, this ver-
tical zonation in a stand can often be changed by
forest management; pure hornbeam or oak forests
can be found. Oak-hornbeam forests also appear on
more humid sites. Since hornbeam is more suscepti-
ble to underground and surface water, it gradually
disappears from stands and those forests are classi-
fied into floodplain forests. [57, 70-72]

Oak-hornbeam forests are classified within
the class of mesic deciduous and mixed forests
Carpino-Fagetea; specifically they belong to oak-
hornbeam and mesic oak forests on deep nutrient
rich soils Carpinetalia betuli. Oak-hornbeam for-
ests of the Balkans are classified into Erythronio-
Carpinion betuli; within this framework two subal-
liances can be distinguished, as moesian oak-
hornbeam forests Aceri tartarici-Carpinenion and
illyric oak-hornbeam forests Lonicero caprifolii-

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 37 (2), 95-106 (2016)



Vegetation of deciduous forests in the Balkan Peninsula 101

Carpinenion. Hornbeam forests in the southeastern
part of the Balkans can be classified into Castaneo-
Carpinion orientalis, which has its center of distri-
bution in northern Anatolia [49, 73].

Beech forests

Beech forests cover a large proportion of the
European forest area. It has to be considered that
beech gained the dominant role in European forests
in the subatlantic period about 2500 years ago and
in about 30 generations has formed well established
forest communities. The population originating
from the northwestern Balkans is the most vital,
since it has settled nearly the whole continent.
Beech can be found in intermediate sites that are
not too wet and not too dry, not too nutrient rich
nor too poor, not too warm or too cold. It has its
optimum habitats in the montane belt, where it
builds monodominant stands that are sometimes
mixed with fir (Abies alba, A. borisii-regis). In the
northwestern part of the region, beech forests occu-
py various sites and have a wide altitudinal range,
while in the southeastern part of the region and on
the edge of the Pannonian plain, in their border
range, they can only be found in humid mountain
areas. [11, 35, 74, 75].

During elaboration of beech forests, we treat-
ed only the taxa Fagus sylvatica subsp. sylvatica and
Fagus sylvatica subsp. orientalis. The intermediate
taxon Fagus sylvatica subsp. moesiaca was attached
to Fagus sylvatica subsp. sylvatica [75].

Classification of beech forests has been taking
place for nearly a century and a common consensus
could not be reached. Three main gradients can be
observed with beech forests: soil pH, temperature
and geography, of which the last includes macrocli-
matic gradients and, at the same time, also a history
of the spread of beech forests. A consensus has been
achieved about acidophilous beech forests and beech
forests on acid soils in temperate Europe are classi-
fied within a separate group. However, basiphilous
beech forests have given rise to major discussion
among researchers. It is not obvious which factor is
more important, temperature or geography. If tem-
perature is more important, units would be ecologi-
cally defined and subunits geographically, and vice-
versa. A consensus has recently been achieved that
both approaches can be considered equally relevant.
With the European classification system, it has been
accepted that the mostly well-defined alliances
should be retained. [13, 76]

Acidophilous beech forests, illyric beech for-
ests, moesian beech forests and south Balkan beech
forests form individual groups in the region. All
beech forests from Europe have been classified into
the class of mesic deciduous and mixed forests
Carpino-Fagetea. Acidophilous beech forests are
classified into Luzulo-Fagetalia sylvaticae and Luzu-
lo-Fagion. Basiphilous beech forests are classified
into Fagetalia sylvaticae. These forests from the il-
lyric floristic province are further classified into
Aremonio-Fagion. Moesian beech forests are not
well defined floristically and it was decided to attach
them partly to Central European beech forests
Fagion sylvaticae and partly to south Balkan beech
forests. South Balkan beech forests are grouped into
Geranio striati-Fagion. The latter group also com-
prises some acidophilous communities. [11, 13, 76]

Oriental beech forests

Fagus orientalis appears in Europe in the ex-
treme southeastern part, in Turkey, Bulgaria and
Greece. The distribution center of these forests is in
the Euxinian province, which is situated in the cen-
tral part of the Turkish Black Sea region. On the ba-
sis of analysis, these forests were divided into seven
groups (alliances). Only two groups can be found in
Europe: submontane and ravine beech forests. With-
in the European classification system, only one alli-
ance is recognized, containing all oriental beech for-
ests of Europe. Oriental beech forests are classified
within the class of mesic deciduous and mixed for-
ests Carpino-Fagetea and within oriental beech for-
ests Rhododendro pontici-Fagetalia orientalis. Ori-
ental beech forests appearing in Europe are classified
within Fagion orientalis [13, 76, 77].

CONCLUSIONS

The presentation provides a brief overview
of deciduous forests of the Balkan Peninsula on the
alliance level. An attempt is made to put all forests
of the region into a logical system that is integral
within the region and corresponds to the European
classification scheme. However, other classification
concepts still exist, each with its own shortcomings
and inconsistencies, and much effort will be needed
to attain the optimal solution.
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Appendix

Synsystematic scheme (after [13]):
Alno glutinosae-Populetea albae P. Fukarek et Fabijani¢ 1968
Populetalia albae Br.-Bl. ex Tchou 1949 nom. conserv. propos.
Platanion orientalis I. Karpati et V. Karpati 1961
Lauro nobilis-Fraxinion angustifoliae 1. Karpati et V. Karpati 1961
Alno-Fraxinetalia excelsioris Passarge 1968
Alnion incanae Pawtowski et al. 1928
Alno-Quercion roboris Horvat 1950
Salicetea purpureae Moor 1958
Salicetalia purpureae Moor 1958
Salicion albae So6 1951
Alnetea glutinosae Br.-Bl. et Tx. ex Westhoff et al. 1946
Alnetalia glutinosae Tx. 1937
Alnion glutinosae Malcuit 1929
Quercetea robori-petraeae Br.-Bl. et Tx. ex Oberd. 1957
Quercetalia roboris Tx. 1931
Agrostio-Quercion petraeae Scamoni et Passarge 1959
Castaneo-Quercion petraeae So6 1964
Brachypodio pinnati-Betuletea pendulae Ermakov et al. 1991
Fragario vescae-Populetalia tremulae Willner et Mucina in Willner et al. 2016
Fragario vescae-Populion tremulae Willner et Mucina ined.
Quercetea pubescentis Doing-Kraft ex Scamoni et Passarge 1959
Quercetalia pubescenti-petraeae Klika 1933
Carpinion orientalis Horvat 1958
Fraxino orni-Ostryion Tomazi¢ 1940
Syringo-Carpinion orientalis Jakucs (1959) 1960
Quercion confertae Horvat 1958
Melitto albidae-Quercion Barbero et Quézel 1976
Quercion petraeo-cerridis Lakusi¢ et B. Jovanovié in B. Jovanovi¢ et al. ex Carni et Mucina 2015
Quercion pubescenti-petraeae Br.-Bl. 1932 nom. mut.
Aceri tatarici-Quercion Zolyomi 1957
Carpino-Fagetea sylvaticae Jakucs ex Passarge 1968
Aceretalia pseudoplatani Moor 1976 nom. conserv. propos.
Fraxino excelsioris-Acerion pseudoplatani P. Fukarek 1969
Ostryo carpinifoliae-Tilion platyphylli (Kosir et al. 2008) Carni in Willner et al. 2016
Carpinetalia betuli P. Fukarek 1968
Erythronio-Carpinion (Horvat 1958) Marinc¢ek in Wallnofer et al. 1993
Castaneo sativae-Carpinion orientalis Quézel, Barbero et Akman ex Quézel et al. 1993
Luzulo-Fagetalia sylvaticae Scamoni et Passarge 1959
Luzulo-Fagion sylvaticae Lohmeyer et Tx. in Tx. 1954
Fagetalia sylvaticae Pawlowski 1928
Aremonio-Fagion (Horvat 1950) Borhidi in Torok et al. 1989
Fagion sylvaticae Luquet 1926
Geranio striati-Fagion Gentile 1970
Rhododendro pontici-Fagetalia orientalis Passarge 1981
Fagion orientalis So6 1964
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BEI'ETAIIMJA HA JINCTOITAJHU ITYMHU HA BAJTIKAHCKHNOT INOJYOCTPOB
Anapax YHapuu

WuctutyT 3a Ononoruja, Hayuno ncrpaxysauku rieHTap Ha CIIOBEHCKA aKaJgeMija Ha HAYKUTE U
ymetHocTHTe, JbyOibana, CiioBeHmja
Yuusepsuter Ha Hosa ['opuna, HoBa ['opunia, CnoBenuja
MaxkenoHcka akajemMrja Ha HaykuTe u ymetHoctute, Ckomje, Permrybimka Makenonnja

Bo Tpyznor ce nasa npernen Ha nuctonaauute mwyMmu Ha bankanckuor Ilomyoctpos. IIpeTcraBeHu ce pedHure,
3aJMBHUTE U MOYYPHIIHUTE IIIyMH, BO Kou nomuuupaar Alnus incana, 4. glutinosa, Fraxinus excelsior, F. angustifo-
lia, Quercus robur, Salix alba, Ulmus laevis, U. minor; arunodunau mymu Bo kou qomunupaar Betula pendula, Cas-
tanea sativa, Fagus sylvatica, Quercus petraea; repmodunnu mymu Bo Kou gomuuupaar Carpinus orientalis, Ostrya
carpinifolia, Quercus cerris, Q. farinetto, Q. petraea, Q. pubescens u Me30puIHH NIyMH BO KOH JOMHUHHPAAT
Carpinus betulus, Fagus sylvatica, F. orientalis, Fraxinus excelsior, Tilia argentea, T. cordata, T. platyphyllos,
Ulmus glabra. Bo ucro Bpeme, miymute ce KIaCH(QHUIUpPAHH BO CHHCHCTEMATCKHU CTAHAPAJHH PAMKHU CHODPE
Cucremot Ha LlenTpanna EBpoma 1o HHBO Ha cOjy3.

Kayuynu 300poBu: bankan; mryma; Bereranuja; Kiacuukanyja
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This paper presents the dry grassland vegetation (Festuco-Brometea) on the Gali¢ica Mountain. The research un-
derlying this study was carried out in the period of 2009-2010 at several localities, on carbonate substrate from Ohrid
and Prespa sides. Registered community of this type is subordinate to xerophilous vegetation of the Festuco-Brometea
the order Astragalo-Potentilletalia Micevski [1] and alliance Saturejo-Thymion Micevski [2]. From the floristic compo-
sition and the detailed phytocoenological analysis of the investigated vegetation it was concluded that it is represented by
ass. Siderito montanae-Trifolietum dalmaticae ass. nova subass. erodietosum guicciardii subass. nova.

Key words: vegetation, dry grasslands, Gali¢ica

INTRODUCTION

This study deals with the syntaxonomic posi-
tion and the ecological characteristics of the dry
grasslands on the territory of the National Park
Gali¢ica. Dry grasslands have an important role in
sustaining the biodiversity of the National Park
Gali¢ica by harboring many rare and endangered
plant species (Erodium guiciardii, [3], Minuartia
glomerata subsp. macedonica, Centaurea grise-
bachii, Verbascum longifolium subsp. pannosum,
etc.) In the lowland belt to 1000 (1200) above sea
level, in the belt of oak forests (Fraxino orni-
Quercetum  petraeae, Ostryo carpinifoliae-
Quercetum cerris and Fraxino orni-Quercetum
cerris), and some in the lower belt of beech forest,
on the altitude of 700-1200 m [4], [5], with their
degradation (uprooting, burning or prolonged use
of forests for firewood or other uses), these habitats
are gradually transformed into dry grasslands which
are secondary phytocenoses maintained through
grazing and other anthropogenic activities. The
communities of this vegetation type from the cen-
tral and southern parts of the Balkan Peninsula be-

long to the class Festuco-Brometea, order Astraga-
lo-Potentilletalia Micevski [1] Matevski [6].

Festuco-Brometea class is represented by
thermophilic communities that develop mainly in
the belt of hilly pastures, rocks and pastures with
deeper soil layer. The communities of this class are
prevalent in the area of Atlantic, Central Europe
and in the sub-Mediterranean region [7]. Xeroph-
ilous vegetation of the class Festuco-Brometea co-
vers large areas of the Balkan Peninsula from the
sub-Mediterranean zone to subalpine belt, at an
altitude between 200 and 1550-1600 m. The com-
munities in this class find optimal conditions for
their development on warmer habitats, secondary
habitats that represent the final stages of degrada-
tion of forest vegetation communities of the follow-
ing orders: Quercetalia pubescenti-petracae Klika
[8] and Fagetalia sylvaticae [9]. In the composition
of the communities that have developed in the
southern part of the Balkan Peninsula the species of
Balkan, Illlyrian, south Balkan, southeast-European
floral elements, as well as local endemic species,
are of particular significance.
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For the Balkan Peninsula, two regional
orders of the Festuco-Brometea have traditionally
been wused: Festucetalia valesiacae (pontic),
Astragalo-Potentilletalia (central Balkans) and
Scorzonero Vvillosae-Chrysopogonetalia grylli (ll-
lyrian region) [7].

The dry grasslands on the territory of Mace-
donia, according to Micevski [1, 2, 10], are subor-
dinated to the order Astragalo-Potentilletalia and
were divided into three alliances - Trifolion cherleri
Micevski [11], Saturejo-Thymion Micevski [2] and
Armerio-Potentillion Micevski [10].

At that time Micevski could not have an
overview of the vegetation of Europe, and integrat-
ed all dry grasslands into one order that is nowa-
days divided into several classes. According to the
latest concept of Mucina et al. [12], the alliance
Trifolion cherleri, which includes the communities
of the belt of hilly pastures that develop on silicate
surfaces in the altitude belt of 100-900 m, is trans-
ferred to the class Helianthemetea guttati, while the
communities of the alliance Armerio-Potentillion,
which develop also on silicate substrate on the terri-
tory of Macedonia and inhabit the area between
1000-1400 m, are transferred to the class Stipo gi-
ganteae-Agrostietea castellanae Rivas-Mart. et al.
[13], Romeo di Petro et al. [14]. In accordance with
the latest sintaxonomic solutions, Matevski et al.
[12] the order Astragalo-Potentilletalia is associat-
ed only with the communities of the belt of hilly
pastures on the territory of Macedonia and northern
Greece, which develop on carbonate substrate and
belong to the alliance Saturejo-Thymion.

The order Astragalo-Potentilletalia, which is
especially important for the southern Balkans or
eastern sub-Mediterranean, unites communities
from the hilly pastures that develop under the im-
pact of the Mediterranean or modified Mediterrane-
an climate, on carbonate geological surface [1]. As
a result of the ecological conditions, the dry calcar-
eous grassland communities on the territory of the
Republic of Macedonia can be divided into two
subgroups: steppe that develop on a flat surfaces
with fragmented bedrock, and rocky grasslands.

This order, according to the concept of Mat-
evski et al. [6], is represented by the alliance
Saturejo-Thymion Micevski [2]. It should be noted
that the alliance Saturejo-Thymion and the order
Astragalo - Potentilletalia, which were described
by Micevski [1], were validated a year later
because according to the "International code of
phytosociological nomenclature” [15] if a union is
to be validly described, it should also include at
least one validly described association. Considering
that, the first association described validly from the

alliance Saturejo-Thymion was ass. Brachypodio-
Onobrychetum pindicolae [2], therefore, 1971 is
considered as the year when the alliance and the
order were validly described.

Within the order Astragalo-Potentiletallia,
from the Republics of Serbia and Kosovo the alli-
ances Scabioso-Trifolion dalmatici [16] and Ko-
elerio-Festucion dalmaticae [17] were described,
while from the territory of Greece, the alliance
Alyssion muralis [18] was described, but in the
light of new research, according to the concept of
Mucina et al, [12], they have been transferred to
other orders within the class, or within other clas-
ses.

The study area was previously an object of
floristic and vegetational investigations [19-26].
The present study was thus aimed at gaining a more
complete understanding of the vegetational charac-
teristics of the dry grasslands of the investigated
area, as a basis for synphytosociological studies.
All this indicated the necessity of taking additional
phytocoenological research, taking into account the
progress in the floristic knowledge of the mountain,
using modern phytocoenological methods and re-
specting the International code of phytosociological
nomenclature.

The article is dedicated to Acad. Kiril Mi-
cevski, one of the pioneers of modern vegetation
studies in Macedonia. Acad. Micevski special-
ized in the phytocoenological methodology ac-
cording to Braun Blanquet under the mentor-
ship of one of the well known phytocoenologists
— Prof. Stjepan Horvati¢. As a result of his re-
search activities that lasted over 50 years he
gave a general survey of the vegetation of Mace-
donia by elaborating many vegetation types. He
made an outstanding contribution to the investi-
gation of the water, marsh and halophytic vege-
tation, as well as of lowland meadows. His con-
tribution to the study of dry grassland vegeta-
tion is also remarkable as he established the re-
search principles and described an order and
three alliances (Astragalo-Potentilletalia, Trifo-
lion cherleri, Saturejo-Thymion and Armerio-
Potenillion) on the basis of which numerous
communities have been described.

AREA OF RESEARCH

The heterogeneity of vegetation cover of the
Mountain Gali¢ica, is undoubtedly a result of spa-
tial and environmental uniqueness of the massif, its
geological history and climate specifics. Mountain
Galicica is a horst which was elevated by the tec-
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tonic movements in the past and which relatively
clearly stands out from the surrounding mountains
as a separate geo-morphostructural whole. To the
east and west the mountain is clearly limited by two
major natural lakes - Ohrid and Prespa (Figure 1),
to the south by the valley of Koréa in Albania,
while to the north it is connected with Plakenska
and llinska mountains through Preval of Bukovo
[27]. Ohrid and Prespa Lakes, between which
Mountain Galicica is located, are a kind of thermal
regulator which regulates the climate on the broad-
er space, not permitting extremely high or low tem-
peratures, so that this region is under the influence
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of mild continental or modified (sub) Mediterrane-
an climate. Favorable climatic circumstances and
dominant limestone geological substrate, create
good environmental conditions and ambient for
development of a number of plant species and plant
communities typical of Mediterranean or sub-
Mediterranean flora and vegetation. It can be seen
in all parts of the mountain, as in the valleys and in
its highest parts. The geographic position, lime-
stone relief and mild pleasant climate, allow Galigi-
ca to function during the glacial period as a part of
the grid of refugial areas of the territory of Mace-
donia [28].
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Figure 1a and b. Map of the investigated area and localities on Gali¢ica Mountain

MATERIAL AND METHODS

Phytosociological investigations were realized
during 2009 and 2010 in the framework of a broader
research into the grassland vegetation. The dry grass-
land vegetation on Mountain Gali¢ica was investi-
gated as well as the most common secondary vegeta-
tion types created by gradual and long-lasting degra-
dation (grazing and browsing by animals, fires, or
mowing) of various forest phytocenoses.

Phytosociological investigations were con-
ducted according to the standard method of vegeta-
tion surveys of Zurich-Montpellier school [29],
whereby for the chosen homogeneous, representa-
tive areas lists of plant species with estimated cover
values, named as relevés, were made; so, in our
case, 50 vegetation relevés were prepared for this
purpose.

For the preparation of the vegetation
relevés representative minimal areas were selected
up to 100 m2. For each vegetation relevés, besides
the data for the floristic composition and their
guantitative participation, there were also registered
the basic data for the locality and the abiogenic and
physiognomical features of the habitats: the name
of the investigated locality, date, altitude (m), the
area of the relevé (m?), inclination (°), exposure,
total cover, geological substrate, geo-coordinates
anthropogenic influence, etc.

After drying and labeling the collected
plant material was determined, using thereby a
large number of floristic works - Flora Europaea
[30-34]; Prodromus florae peninsulae Balcanicae
[35-37]; Flora of the Republic of Macedonia [38—
44]; Flora of Bulgaria [45-47]; Flora of SR Serbia
[48], etc. The taxonomic nomenclature and the
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compliance of registered taxa of our vegetation
relevés were done with the taxonomy and nomencla-
ture of the species and lower taxa and their synonyms
using the "online” EURO + MED PLANT BASE
(database for vascular plants of Europe and the Medi-
terranean region — http : //mww.euromed.org.uk/).

For determination of the taxa of taxonomic
complicated genera there were used the latest mon-
ographs and other floristic and taxonomic notes that
refer to the flora of the Republic of Macedonia, the
Balkan Peninsula and Europe. For comparison,
there was also used the herbarium material deposit-
ed in the herbarium of the Institute of Biology
(MKNH) at the Faculty of Natural Sciences and
Mathematics in Skopje.

The list of our own vegetation relevés and
those that are described in the literature has been
entered into the Turboveg database [49]. Vegetation
relevés were exported in computer software JUICE
[50] for further analysis, where for defining of plant
communities, firstly, an agglomerative hierarchical
cluster analysis has been made in program PC-ORD
[51] with Jaccard index of similarity, using Flexible
Beta method for connections within a groups with 3
=-0.25, and transforming the data with b = log (Xi, j
+ 1). For an objective selection of the cluster method
and the optimal number of clusters with maximum
number of "faithful” species we used the method
OptimClass [52].

Additionally, the diagnostic species of the
communities were identified by a fidelity measure
in the JUICE program [50]. The threshold of the
phi value was subjectively selected at 0.50 for spe-
cies to be considered as diagnostic [53]. The spe-
cies having more than 50% occurrence frequency
for a given community were defined as constant
species, while species attaining a cover higher than
50% in more than 30% of the relevés were accepted
as dominant species.

To determine the biological range of com-
munities we used biological (life) forms by Raun-
kiaer [54]: geophytes, therophytes, hemicrypto-
phytes, chamaephytic and phanerophytes.

The results obtained from numerous numeri-
cal analyses helped us in processing of analytic and
later of synthetic tables. By using the appropriate
literature, and the knowledge that we possess, each
of the taxa listed in the table was determined by its
syntaxonomic affiliation to the appropriate syntax-
onomic category.

In the last column of the analytical tables
there are data of the calculated and entered percent-
ages of occurrence of the species in the total num-
ber of relevés of vegetation community - the so-
called degree of constancy.

The names of registered syntaxa and their au-
thors are given according to the International code
for phytosociological nomenclature [15].

During chorological analyses the floral ele-
ments given by Gaji¢ [55], Pignatti [56] and other
authors were used. A total of 233 taxa of vascular
plants were identified during our research, charac-
terized by high phytogeographic diversity which
were arranged in 9 chorological groups: | — Balkan
and sub-Balkan floral elements, Il — Steno Mediter-
ranean floral elements, 111 — Eurimediterranean flo-
ral elements, IV — Mediterranean mountainous flo-
ral elements, V — Eurasian floral elements, VI —
Atlantic floral element, VII — Orophil-South Euro-
pean floral element, VIII — Boreal floral elements,
and IX — floral elements with wider distribution.
Through their percentile representation in the
community the chorological composition of the
registered phytocenoses was determined.

RESULTS AND DISCUSSION

For more precise and objective classification
of the relevés made within our research of dry
grassland vegetation of Mountain Gali¢ica the latest
computer numerical methods were also used be-
sides classical methods of analysis. After the analy-
sis was made, because of the presence of a large
number of characteristic species (such as: Koeleria
splendens, Medicago rigidula, Ziziphora capitata,
Coronilla scorpioides, Minuartia hamata, Tragopo-
gon balcanicus, Tremastelma palestinum, Fumana
procumbens, Hippocrepis ciliata, Allium flavum
subsp. flavum and Minuartia glomerata subsp.
macedonica of the alliance Saturejo-Thymion) we
have concluded that the investigated vegetation
belongs to that alliance, which includes communi-
ties that develop on rocky and hilly pastures on
limestone geological substrate. On the territory of
the Republic of Macedonia within this alliance the
following seven associations are described so far:
Brachypodio-Onobrychetum pindicolae Micevski
[2], Astragalo-Morinetum Micevski [2], Sileno-
Thymetum ciliatopubescentis Matevski, Lozanovski
et Kostadinovski [57], Petrorhagio-Chrysopogo-
netum grylli Matevski et al. [6], Scorzonero-
Stipetum endotrichae Matevski et al. [6], Globula-
rio-Centauretum grbavacensis Matevski et al. [6]
and Astragalo-Helianthemetum marmorei Matevski
et al. [6].

To determine the syntaxonomic position of
the 50 vegetation relevés from the ivestigated area a
base of vegetation relevés was created for the asso-
ciations from the alliance Saturejo-Thymion, regis-
tered on the territory of the Republic of Macedonia.
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This database contains 278 vegetation relevés and
580 taxa which were exported to a computer pro-
gram Juice, for further analysis.

The optimal level of the clustering was de-
termined by the Optimclass 1 method [52]. Corre-

Cluster Anmlysiz

spondingly, relevés were grouped using Jaccard
index of similarity and the Flexible Beta method, as
cut levels, percentage cover values of 0, 5, and 25
were defined and dendrogram was cut at the four-
teen-cluster level (Figure 2).

Derdrogras

;

[

3 10 11 12 13 14

(

Figure 2. Saturejo-Thymion — Hierarchical classification in the form of dendrogram of 278 relevés in 14 clusters. Cluster 1
Brachypodio-Onobrychetum pindicolae; Cluster 2 — Astragalo-Morinetum; Cluster 3 u 4 — Hedysaro-Convolvuletum; Cluster 5 —
unpublished vegetation relevés on limestone substrate from the locality Luben;Cluster 6 — ass. Petrorhagio-Chrysopogonetum
grylli; Cluster 7 — unpublished vegetation relevés on limestone substrate from the locality Barbaras; Cluster 8 — ass. Siderito -
Trifolietum dalmaticae ass. nova- subass. typicum subass. nova; Cluster 9 — ass. Siderito —Trifolietum dalmaticae ass. nova —
subass. erodietosum guicciardii subass. nova; Clusters 10, 11 and 12 ass. Globulario-Centauretum grbavacensisMatevski et al
2014, in Cluster 11 ass. Sileno-Thymetum ciliatopubescentis; Clusters 13 and 14 — ass. Scorzonero-Stipetum endotrichae (the
Cluster 14 also includes unpublished vegetation relevés on limestone substrate from the locality Pantelejmon — Mariovo).

According to hierarchical classification (Fig-
ure 2) the researched dry grasslands on Mountain
Gali¢ica are subordinated to the clusters 8 and 9.
When the synoptic table with program package
Juice was prepared, we received three groups of
taxa - diagnostic, constant and dominant. Accord-
ing to them, our vegetation relevés from GaliCica
Mountain are separated from the vegetation relevés
from other parts of Macedonia covered by the re-
maining twelve clusters. Below, the diagnostic,
constant and dominant taxa are presented which
were obtained by the analysis.

Diagnostic species: Alyssum  strigosum,
Anthemis arvensis, Bupleurum gussonei, Cerastium
brachypetalum subsp. roeseri, Clinopodium acinos,
Elytrigia intermedia, Sideritis montana subsp.
remota, Trifolium dalmaticum.

Constant  species:  Aegilops  neglecta,
Bromus squarrosus, Crupina vulgaris, Helianthe-
mum salicifolium, Hypericum rumeliacum, Koele-
ria splendens, Medicago minima, Petrorhagia
saxifraga, Poa bulbosa, Sedum urvillei, Teucrium
capitatum, Valerianella coronata.

Dominant species:
subsp. polyphylla

After the prepration of the synoptic table and
the comparative analysis made between our own
records and the literature data relating to known
communities of the alliance Saturejo-Thymion, we
concluded that the vegetation relevés of Mountain
Galicica are characterized by a sufficient number of
diagnostic species which is the basis for the separa-
tion of a new association - Siderito montanae-
Trifolietum dalmaticae ass. nova (Table 1).

The  association  Siderito  montanae-
Trifolietum dalmaticae (Holotypus hoc loco: Tab.
1/21) is named after the two characteristic species -
Sideritis montana subsp. remota, which is a repre-
sentative of the south Balkan-Asia Minor floral el-
ement and has limited distribution on the territory
of the Republic of Macedonia, in the vicinity of
Dojran and Mount Galicica, and the Balkan endem-
ic species Trifolium dalmaticum.

As diagnostic species the following taxa are
separated, too: Cerastium brachypetalum subsp.
roeseri, Anthemis arvensis, Alyssum strigosum,

Anthyllis  vulneraria
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Clinopodium acinos, Bupleurum gussonei and Ely-
trigia intermedia.

It is a secondary community which develops at
the clearings on Gali¢ica Mountainin degraded stands
in the belt of oak forests (ass. Quercetum frainetto-
cerris, ass. Quercetum trojanae, ass. Ostryo carpini-
foliae-Quercetum cerris), as well as in the lower belt
of beech forest on an altitude of 700-1200 m.

The association Siderito montanae-Trifoli-
etum dalmaticae is registered at several sites in the

Ohrid part of Gali¢ica Mountain: Mal Osoj, Elsani,
Trpejca, over the road to Vrsec, Velestovo, Pogled,
also to Margarine and over the curve M from the
Prespa side (Figure 3).

The biological spectrum illustrates best the
environmental conditions, especially the climatic
characteristics of the reaserched area. It is a thero-
phytic-hemicryptophytic community in whose

composition therophytes (49%) and hemicrypto-
phytes (36%) dominate (Figure 4).

Figure 3. Ass. Siderito montanae-Trifolietum dalmaticae ass. nova — dry grassland above the v. Velestovo

Life forms
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Figure 4. Ass. Siderito montanae-Trifolietum dalmaticae ass. nova — spectrum of life forms
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Through a detailed analysis of area-spectrum,
we got a rather complete phytogeographic structure of
the dry grasslands of Galicica (Figures 5 and 6).

The impact of the modified Mediterranean
climate which is particularly intense in the altitudinal
belt where this community develops is reflected in
its floristic composition, as is evident by the largest

presence of taxa from the Eurimediterranean floral
element (35%). Taxa belonging to Eurasian floral
element are represented by 28%, while the Balkan
floral element comprises 17% (Figure 5).

From the group of Balkan floral elements
(Figure 6), the most dominant are the Balkan floral
elements (sensu stricto) (40%).

= Balkan and sub Balkan
@ Steno Mediterranean

m Eurimediterranean

= Mediterranean mount

o Eurasian

a Orophil-South European

@ Geo-elements with wider
distribution

Geo-elements

1%3

%

Figure 5. Ass. Siderito montanae-Trifolietum dalmaticae ass. nova — spectrum of geo-elements

Balkan {sensu stricto}
South Balkan
Scardo-Pindus
Macedonian endemites
Balkan-Apennine

South Balkan-Asia Minor

1%

Balkan geo-elements

Figure 6. Ass. Siderito montanae-Trifolietum dalmaticae ass. nova — percentage representation
of Balkan geo-elements (phytogeographic spectrum)
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Using the data from "WorldClim", we re-
ceived the following bioclimatic variables for the
researched community:

BIO1 = Annual mean temperature (9.2),
BIO2 = Mean diurnal range (mean of monthly (max
temp — min temp)) (10.2), BIO3 = Isothermality
(B102/B107) (0.35), BIO4 = Temperature season-
ality (standard deviation *100) (64.6), BIO5 = Max
temperature of warmest month (25.1), BIO6 = Min
temperature of coldest month (-3,8), BIO7 = Tem-
perature annual range (BIO5-BI0O6) (28.9), BIO8 =
Mean temperature of wettest quarter (-5.7), BIO9 =
Mean temperature of driest quarter (17.4), BIO10 =
Mean temperature of warmest quarter (17.4),
BIO11 = Mean temperature of coldest quarter
(-0,9)

B1012 = Annual precipitation (854), BIO13
= Precipitation of wettest month (113), BIO14 =
Precipitation the driest month (45), BIO15 = Precipi-
tation seasonality (coefficient of variation) (28),
BIO16 = Precipitation of wettest quarter (291),
BIO17 = Precipitation of driest quarter (134), BIO18
= Precipitation of warmest quarter (134), BIO19 =
Precipitation of coldest quarter (245);

The vegetation relevés of cluster 9 (Figure2),
registered on several localities of Galic¢ica — above
Glajso, Margarine, above the curve M — from
Prespa side (Figure7), are separated from other
vegetation relevés because of their floristic
composition obtained at the sites where the typical

form of the association Siderito montanae-
Trifolietum dalmaticae develops. In the floristic
composition of these relevés several taxa are
appearing, such as: Convolvulus althaeoides subsp.
tenuissimus, Erodium guicciardii, Alyssum repens
subsp. trychostachyum, Cynoglottis barrelieri subsp.
serpentinicola, Scandix australis, Erysimum comatum
and Thesium divaricatum, which are registered in this
combination on Mountain Galic¢ica only at these sites,
and are taken as diagnostic species of a new subasso-
ciation - subass. erodietosum guicciardii subass. nova
(Holotypus hoc loco: Tab. 1/44) (Table 1). Special
diagnostic species for this subassociation are two dif-
ferential thermophilic species Erodium guicciardii
(Figure 8) and Convolvulus althaeoides subsp. ten-
uissimus, which mainly develop in the southern part
of the Balkan Peninsula and the Mediterranean. The
most representative populations of these two
species on the territory of Macedonia are found on
Mountain Galic¢ica. Erodium guicciardii was
discovered for the first time for the territory of
Macedonia by Micevski [3] on the Mountain
Galicica, vicinity of Demir Hisar and Kicevo (Baba
Sa¢, llinica, Suvo Pole), while Convolvulus
althaeoides subsp. tenuissimus for the vicinity of
Gevgelija and Gali¢ica ([58], [44]). Other
diagnostic species of the subassociation are: Alys-
sum repens subsp. trychostachyum, Cynoglottis
barrelieri subsp. serpentinicola, Scandix australis,
Erysimum comatum and Thesium divaricatum.

Figure 7. Ass. Siderito montanae-Trifolietum dalmaticae — subass. erodietosum guicciardii subass. nova — Margaraina
above Otesevo, dry grassland
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Figure 8. Erodium guicciardii Heldr.

Life forms
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Figure 9. Ass. Siderito - Trifolietum dalmaticae ass. nova — subass. erodietosum guicciardii subass. nova - spectrum of life forms

From the biological spectrum (Figure 9) of the
subassociation erodietosum guicciardii, it can be
noticed that the percentages of hemicryptophytes and
terrophytes are equal (41%), while the representation
of the hemicryptophytes in the subassociation is
higher than in the typical form of the association
Siderito montanae-Trifolietum dalmaticae.

The spectrum of floral elements is shown for
the subassociation erodietosum guicciardii (Figures
10 and 11).

From the spectrum of floral elements (Fig-
ures 10 and 11) of the subassociation erodietosum
guicciardii, it can be noticed that the percentage of
Balkan and sub-Balkan elements is higher (23%),
and thereby the percentages of Balkan (sensu stric-
to) and South Balkan elements are higher too, than
in the typical form of the association Siderito
montanae-Trifolietum dalmatica.
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Geo-elements

Balkan and sub Balkan
Steno Mediterranean
Eurimediterranean
Mediterranean mount.
Eurasian
Atlantic
Orophil-South Europ
Geo-elements with

1%
1% 2%

Figure 10. Ass. Siderito — Trifolietum dalmaticae ass. nova — subass. erodietosum guicciardii subass. nova.
Spectrum of geo-elements (phytogeographic spectrum)

Balkan geo-elements

Balkan {sensu stricto)
South Balkan
Scardo-Pindus
Macedonian endemites
Balkan-Apennine

South Balkan-Asia Minor
South Balkan-Caucasian

Figure 11. Ass. Siderito montanae - Trifolietum dalmaticae ass. nova — subass. erodietosum guicciardii subass. nova.
Percentage representation of Balkan geo-elements (phytogeographic spectrum)
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CONCLUSION

This paper represents an oveview of the dis-
tribution and syntaxonomic position of the dry
grasslands that develop on carbonate geological
substrate on the territory of the Republic of Mace-
donia. They are covered by the alliances Saturejo-
Thymion Micevski [2], which is an additional in-
formation of the occurrence of this type of vegeta-
tion on the territory of the Republic of Macedonia.
Furthermore, with numerical analyses it has also

fact that species Sideritis montana subsp. remota,
and Trifolium dalmaticum were significantly repre-
sented in the reaserched stands led us to distinguish
a new association Siderito montanae-Trifolietum
dalmaticae ass. nova which was confirmed with
additional ecological analyses. Within this
association the subassociation erodietosum guic-
ciardii subass. nova, was also a separate one that
floristically, physiognomically and structurally
differed from the typical form of the association.
This study complements the picture of dry

grasslands in the Republic of Macedonia, but there
are still areas that are not sufficietly researched.

been shown that dry grasslands from Mountain
Galicica significantly differ from the rest of the
communities representing Saturejo-Thymion. The

APPENDIX

Descriptions of the reléves in the Table 1. Running number, original reléve number, locality, lati-
tude, longitude, sampling date, area, altitude (m), aspect, inclination (%), cover.

1, 7, above Mal Osoj, 40.943518, 20.791347, 13.06.2009, 100, 924, W, 3, 80; 2, 8, above Mal
0s0j, 40.94358, 20.786834, 13.06.2009, 100, 863, /, 0, 100; 3, 10, above Mal Osoj, 40.943194, 20.786489,
13.06.2009, 100, 854, S, 2, 95; 4, 11, Mal Osoj, 40.94245, 20.784913, 13.06.2009, 80, 846, /, 0, 90; 5, 9,
Mal Osoj, 40.943481, 20.786471, 13.06.2009, 80, 860, SE, 2, 95; 6, 36, above v. Elsani, 41.015555,
20.822328, 17.06.2009, 100, 1010, NW, 10, 90; 7, 37, above v. Elsani, 41.015622, 20.82229, 17.06.2009,
100, 1005, W, 10, 95; 8, 38, above v. Elsani, 41.015933, 20.822255, 17.06.2009, 100, 1005, W, 10, 75; 9,
39, above v. Elsani, 41.015258, 20.822473, 17.06.2009, 100, 1012, E, 3, 80; 10, 40, above v.Elsani,
41.01475, 20.822452, 17.06.2009, 100, 1017, E, 5, 80; 11, 41, above v.Elsani, 41.014616, 20.821935,
17.06.2009, 100, 1016, E, 5, 80; 12, 12, above v. Tpejca, 40.961058, 20.785142, 14.06.2009, 100, 770,
SW, 10, 90; 13, 13, above v. Tpejca, 40.960888, 20.785106, 14.06.2009, 75,770, W, 5, 85; 14, above v.
Tpejca, 40.961046, 20.785218, 14.06.2009, 100,768, W, 10, 75; 15, 15, above v. Tpejca, 40.988548,
20.800466, 14.06.2009, 100,741, E, 3, 85; 16, 16, above v. Tpejca, 40.988604, 20.80054, 14.06.2009,
80,735, E, 5, 75; 17, 17, above v. Tpejca, 40.988692, 20.799871, 14.06.2009, 70,728, SW, 30, 80; 18, 42,
the road to Vrsec,41.102696, 20.819711, 18.06.2009, 100,803, W, 10, 90; 19, 43, the road to VrSec,
41.102616, 20.81987, 18.06.2009, 100,805, W, 10, 85; 20, 44, the road to Vrsec, 41.102462, 20.820022,
18.06.2009, 100,808, W, 10, 80; 21, 45, above v. Velestovo, 41.092053, 20.834874, 19.06.2009, 100,1220,
W, 10, 90; 22, 46, above v. Velestovo, 41.091977, 20.834999, 19.06.2009, 100,1222, W, 2, 90; 23, 47,
above v. Velestovo, 41.092087, 20.83529, 19.06.2009, 100,1232, W, 5, 85; 24, 48, above v. Velestovo,
41.095369, 20.835676, 19.06.2009, 100,1193, W, 5, 85; 25, 49, above v. Velestovo, 41.095184,
20.833828, 19.06.2009, 100,1112, W, 15, 90; 26, 50, above v. Velestovo, 41.092037, 20.830171,
19.06.2009, 100,1082, W, 15, 95; 27, 51, above v. Velestovo, 41.090417, 20.819471, 19.06.2009, 100,932,
SW, 15, 95; 28, 32, Glajso-Pogled, 40.994076, 20.816384, 16.06.2009, 80,1055, W, 5, 80; 29, 33, Glaj$o-
Pogled, 40.99416, 20.816393, 16.06.2009, 80,1057, SW, 3, 80; 30, 34, Glajso-Pogled, 40.994138,
20.816552, 16.06.2009, 90,1056, SW, 2, 85; 31, 35, Glajso-Pogled, 40.994205, 20.8165, 16.06.2009, 90,
1056, SW, 2, 90; 32, 281, Margarina above OteSevo, 41.0106, 20.92367, 26.06.2010, 100,1027, S, 2, 100;
33, 282, Margarina above Otesevo, 41.011036, 20.923481, 26.06.2010, 100,1034, SW, 2, 100; 34, 283,
Margarina above Otesevo, 41.011318, 20.923387, 26.06.2010, 100,1041, SW, 2, 100; 35, 284, Margarina
above OteSevo, 41.012154, 20.922591, 26.06.2010, 100,1043, /, 0, 100; 36, 285, Margarina above
Otesevo, 41.012575, 20.923359, 26.06.2010, 100,1047, SW, 2, 100; 37, 286, Margarina above OteSevo,
41.012872, 20.923333, 26.06.2010, 100, 1043, SW, 2, 100; 38, 287, Margarina above OteSevo, 41.01318,
20.921496, 26.06.2010, 100, 1047, W, 2, 100; 39, 58, over the bend M, Prespa side, 40.976222,
20.883362, 24.06.2009, 100,1238, SE, 20, 80; 40, 59, over the bend M, Prespa side, 40.976149, 20.88247,
24.06.2009, 100,1241, SE, 20, 80; 41, 60, over the bend M, Prespa side, 40.976239, 20.882323,
24.06.2009, 100,1251, SE, 25, 90; 42, 61, over the bend M, Prespa side, 40.976292, 20.881983,
24.06.2009, 100,1252, SE, 25, 95; 43, 79, over the bend M, Prespa side, 40.976618, 20.883337,
28.06.2009, 100,1255, SE, 20, 95; 44, 80, over the bend M, Prespa side, 40.976688, 20.883196,
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28.06.2009, 100, 1269, SE, 20, 90; 45, 81, over the bend M, Prespa side, 40.97714, 20.882492,
28.06.2009, 100,1296, SE, 25, 90; 46, 82, over the bend M, Prespa side, 40.977308, 20.88189, 28.06.20009,
100, 1336, SE, 25, 95; 47, 83, over the bend M, Prespa side, 40.977954, 20.880192, 28.06.2009, 100,
1383, SE, 25, 95; 48, 84, over the bend M, Prespa side, 40.979023, 20.87924, 28.06.2009, 100, 1416, S,
25, 90; 49, 85, over the bend M, Prespa side, 40.979653, 20.879324, 28.06.2009, 100, 1468, S, 15, 90; 50,
86, over the bend M, Prespa side, 40.981345, 20.879862, 28.06.2009, 100, 1507, W, 15, 90;
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BPACKU ITACUIITA HA HAIMOHAJIHUOT APK 'AJIMYUIIA (J3 MAKEJIOHHNJA)
Penara Kymrepescka

WucTutyT 32 Ononoruja, [lpupogro-marematiuku dakynrer, Y HuBep3uter ,,Cs. Kupun u Meronu;j®,
Ckorje, Penrybonnka Makenonuja

Bo tpyznor ce npesentupanu Opackure macuinrta (Festuco-Brometea) Bo Hanmonannuor mapk ,,Iammanma®.
HctpaxyBamara Ha KOM Ce TEMEIH OBOj TpyZd Oca crposeneHH Bo nepuoAoT ox 2009-2010 Ha moBeke JIOKAIUTETH,
Ha KapOOHaTHa IIOJUIOTa, O OXPHACKAaTa M IPEclaHCKaTa CTpaHa. PerucrpupaHara 3aeIHHIA OJf OBOj THI €
noapeneHa koH penot Astragalo-Potentilletalia Munescku [1] u cojyzor Saturejo-Thymion Munescku [2]. On
(hITOPUCTHYKMOT COCTAB U IETATHATE (HPUTOLECHOIONIKY aHAIM3H Ha NCTpAXKyBaHAaTa BereTanyja Oerre 3aKkIydeHo JeKa
kiacara Festuco-Brometea e mpercraBena co acoumjaijara Siderito montanae-Trifolietum dalmaticae ass. nova
subass. erodietosum guicciardii subass. nova.

Koayunu 300poBu: Bereranuja; Opacku nacuiunta; [anuanna
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SPECIES OF THE DIATOM GENUS CRATICULA GRUNOW
(BACILLARIOPHYCEAE) FROM MACEDONIA
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The species of the genus Craticula are widely distributed in Europe, mostly occurring in brackish, saline to heavi-
ly polluted waters. Some of the species are considered as being most tolerant to pollution. Recently, detailed observa-
tions of this genus in Macedonia have been performed. During this study, 15 taxa have been recorded. One of the species
(Craticula simplex) was observed with three different morphotypes, which can be distinguished by the valve size and
shape. Craticula cuspidata and C. ambigua were the most frequently recorded species in various habitats, while species
C. halophila, C. germainii and C. fumantii were observed only on a single locality. The highest diversity of Craticula
was observed in temporary ponds on halomorphic soils and mineral springs in Eastern Macedonia.

Key words: Craticula; diatoms, diversity, Macedonia

INTRODUCTION

The genus Craticula Grunow was described
based on the species C. perrotettii Grunow [1, p.
20, Fig. 1: 21] and was forgotten for a long time
until Mann & Stickle [2] re-established the genus
and provided a more detailed description based on
ultrastructural and sexual characteristics. Most of
the members of this genus were previously includ-
ed in Navicula Bory section Orthostichae (Cleve
[3], Hustedt [4]). One of the prominent features of
this genus is the presence of "craticula™ — inner
valves produced during resting spore formation.
Such inner valves might be produced as a result of
elevated salt concentrations or desiccation (Schmid
[5, 6]). The inner valves were referred as "heribau-
dii” valves and they differ by several ultrastructural
features from the normal valves. However,
"heribaudii” valves are so far observed only in few
members of the genus Craticula.

The genus is characterized by cells with two
plastids with lenticular pyrenoids that are usually
associated with a cytoplasmic bridge holding the

nucleus (Cox [7]). The raphe is filiform and can be
located externally on thickened conopeum or on
valve face (Morales & Le [8]). Internally the raphe
branches are positioned on elevated sternum. The
striae are composed of a single row of round or api-
cally elongated areolae. Internally the areolae are
covered by hymen. In some species areolae are
separated by strongly thickened frets that appear as
longitudinal ribs. In most of the species, striae are
parallel to weakly radiate in the mid-valve, becom-
ing slightly convergent toward the valve apices.

The genus is widely distributed in various
habitats, from acidic oligotrophic waters to alkaline,
(hypen)saline, (hyper)eutrophic and heavily polluted
waters. Some of the members of the genus are con-
sidered as one of the most tolerant species to organic
pollution (Lange-Bertalot [9, 10]). High diversity of
the genus was noticed in alkaline, slightly saline and
warm (even temporary) water habitats (Lange-
Bertalot [10], Lange-Bertalot et al. [11]). Craticula
was observed frequently in the Tropics (Morales et
al. 12, Rumrich et al. [13]), but also on Antarctica
(Van de Vijver et al. [14]; Sabbe et al. [15]).
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The first records of the genus Craticula in
Macedonia originated from Schroder [16] and
Hustedt [17] for lakes Dojran and Ohrid with two
recorded species: C. ambigua (Ehrenberg) D. G.
Mann and C. cuspidata (Kiitzing) D. G. Mann. Ad-
ditionally, Hustedt described Navicula demissa [17,
p. 928, Fig. 40: 12-15], which was later synony-
myzed by Krammer & Lange-Bertalot [19] with N.
subminuscula Manguin [18, p. 139, Fig. 2: 39] = C.
subminuscula (Manguin) C.E. Wetzel & Ector.
Later, two more species C. perrotettii (Grunow)
D.G. Mann and C. accomoda (Hustedt) D.G. Mann
were recorded in Lake Dojran (Stojanov [20]) and
the River Vardar (Krstic et al. [21]). Recently, a
detailed observation of the diatom flora of Mace-
donia has been initiated and several genera, includ-
ing Amphora Ehrenberg (Levkov [22]), Eunotia Eh-
renberg (Pavlov & Levkov [23]), Hippodonta
Lange-Bertalot, Metzeltin & Witkowski (Pavlov et
al. [24]), Diploneis Ehrenberg (Jovanovska et al.
[25]), Luticola D.G. Mann (Levkov et al. [26]),
Odontidium Kiitzing (Jiittner et al. [27]), Mastogloia
Thwaites (Pavlov et al. [28]) and Gomphonema Eh-
renberg (Levkov et al. [29]) were observed in more
details. This resulted in many new records of the
species distribution and additional descriptions of
new taxa. Here, we provide a revision of the
Craticula species, as a part of an ongoing compre-
hensive research on the diatom flora of Macedonia.

EXPERIMENTAL SECTION

More than 6.000 samples observed in this
study have been collected during various field
campaigns, starting from 1995 until present. Most
of the samples were collected within the period
June—August. Samples from the various habitats
include: sediments at various depths (0.5-50 m)
from Ohrid, Prespa and Dojran lakes, sediments,
stones and macrophytes from rivers, small springs,
streams and rivulets, high altitude glacial and non-
glacial lakes, ponds and pools of various size, peat
bogs, fens and mires. The altitudinal range at the
different sampling sites varies between ca. 200-2500
m a.s.l. The samples with higher abundance of
Craticula species are listed in Table 1. Diatom sam-
ples were cleaned by acid digestion using
KoMnO4/HCI, and permanent slides were mounted
in Naphrax®. Photomicrographs were taken with a
Nikon E-80i, a digital Nikon Coolpix 600. For scan-
ning electron microscope (SEM) analyses, cleaned
material was dried onto aluminum stubs and coated
with gold/palladium using a sputter coater. SEM
micrographs were produced with a Cambridge In-
strument S4 Steroscan electron microscope operated
at 5 kV. Slides are deposited in the Macedonian Na-
tional Diatom Collection (MKNDC), Institute of
Biology, Skopje, Macedonia (holotype), and the
Friedrich Hustedt Centre for Diatom Research
(BRM) in Bremerhaven, Germany (isotype).

Table 1. List of observed samples with the highest abundance and diversity of Craticula species

Acc. No. Locality Sample

001133 Lake Ohrid, the Bay of St. Naum sediment 9 m depth
002212 Lake Dojran, Alex Beach plankton

003084 Sara Mountain, Lake Karanikoli¢ko macrophytes
004798 Lake Dojran, Alex Beach sediment

005603 Mining Lake Usje macrophytes
006795 River Bregalnica, before the village of Macevo epiphytes on reed
006806 River Bregalnica, before the mouth of river Ko¢anska yellow filaments
006837 River Kocanska, before the mouth in R. Bregalnica brown filaments
006967 Reservoir Ratevsko (Berovsko) sediment

008234 River Vodenisnica, near Monospitovo rock scrape
008835 Sveti Nikole, near the village of Adzimatovo, pond sediment

008836 Sveti Nikole, near the village of Adzimatovo, channel sediment

008838 Gladno Pole, near Stip, spring, mud

008858 Mineral spring near the village of Gabrovo, Del¢evo Chara sp.
008868 Slan Dol, temporary pond mud

008872 Slan Dol, temporary pond macrophytes
008873 Slan Dol, temporary pond mud

PS001035  Thermo-mineral spring Negorska Banja rock scrape
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RESULTS AND DISCUSSION

During the observations of the genus Cratic-
ula in Macedonia, 13 species in total have been
recorded. One of the species, C. simplex (Krasske)
Levkov comb. nov. was present with three mor-
photypes which differ with respect to the valve out-
line and size. However, we still consider these pop-
ulations as a part of the morphological variation of
a single species. Few valves with similar numerical
features as C. acidoclinata Lange-Bertalot & Met-
zeltin were observed in glacial Lake Karanikoli¢ko
on Sara Mountain, but they differ from the type
population with respect to the shape of the valve
apices.

Craticula perrotettii Grunow
(Figs 1: 1-3; 2: 1-3)

Valve morphology, LM (Figs 1: 1-3):
Valves are lanceolate to broadly-lanceolate with
shortly protracted and rounded apices. Valve length
varies from 220-244 um, and valve width 4448
um. Axial area is narrow, linear, widened near the
central area. Central area is variable in size and
shape, lanceolate to slightly constricted in the mid-
dle. Raphe is straight, filiform, positioned on well
developed sternum. Proximal raphe endings are
expanded into central pores and slightly deflected,
while distal endings are hooked and reaching the
valve mantle at the apex. Transapical striae are
clearly visible with LM, parallel throughout, 11-12
in 10 pm. Areolae are visible with LM, 16-18 in 10
um. Areolae are separated by the longitudinal frets.

Valve morphology, SEM (Figs 2: 1-3): Ra-
phe branches are located on strongly thickened con-
opeum with equal width throughout. Central pores
are dilated and slightly unilaterally deflected. Trans-
apical striae are uniseriate composed by areola with
variable size and shape. Areolae near the axial and
central area have small round apertures, while the
rest are apically elongated with slit-like external
openings. Longitudinal frets are well developed and
forming grooves in which areola are located.

Comment: The conopeum and longitudinal
frets present in the specimen from Lake Dojran are
narrower and not strongly pronounced as in the spec-
imen depicted in Lange-Bertalot [10, Figs 81: 1-4].

Similar species: In general, C. perrotettii has
a unique set of characters (valve size, shape and
presence of strongly thickened longitudinal frets)
that clearly separates it from other Craticula spe-
cies. Craticula pampeana (Frenguelli) Lange-
Bertalot has similar valve size, but different valve
shape, lanceolate with broadly rounded apices

(Frenguelli [30]). Craticula cuspidata has similar
valve shape and longitudinal frets, however it can
be clearly differentiated by its smaller valves
(lenght 82—122 pum, width 21.0-27.5 pum).

Distribution in Macedonia: This species was
observed only in Lake Dojran. According to Lange-
Bertalot [10, p. 117] this species is rare in Europe and
it was observed only in Southern Italy.

Ecology: Craticula perrotettii occurs in eu-
trophic to hypereutrophic habitats on organic sedi-
ment. This is a tropical/subtropical species prefer-
ring habitats with higher temperature [10].

Craticula cuspidata (Kiitzing) D.G.Mann
(Figs 3: 1-5; 4: 1-5; 5: 1-5)

Basionym: Frustulia cuspidata Kiitzing [31,
p. 549, Fig. 14: 26]

Nomenclatural synonym: Navicula cuspidata
(Kiitzing) Kiitzing [32, p. 94]

Valve morphology, LM (Figs 3: 1-5; 4: 1—
5): Valves are broadly lanceolate to rhombic-
lanceolate, gradually tapering towards apices.
Valve apices in larger specimens are shortly pro-
tracted and subcapitate to almost acutely rounded in
smaller specimens. Valve length varies from 82—
122 pm, valve width 21.0-27.5 um. Axial area is
very narrow, linear. Central area is absent to narrow
lanceolate, slightly wider than axial area. Raphe is
straight, filiform. Proximal raphe endings are ex-
panded into central pores and slightly deflected,
while distal endings are hooked and reaching the
valve mantle at the apex. Transapical striae are clear-
ly visible with LM, parallel throughout, 11-14 in 10
pm. Areolae are visible with LM, 26-30 in 10 um.

Valve morphology, SEM (Figs 5: 1-5): The
valve surface is ornamented with narrow and slight-
ly thickened longitudinal frets (Fig. 5: 4). Raphe is
located on a narrow, strongly thickened sternum
(Fig. 5: 1). External proximal raphe endings are
short, expanded into central pores and slightly uni-
laterally deflected (Fig. 5: 4). Distally, raphe end-
ings are long, hooked and continuing onto the man-
tle (Fig. 5: 2). Striae are uniseriate composed of
narrow, apically elongated slit-like areolae, except
near the central area where areolae have round fo-
ramina (Fig. 5: 4). Internally, central nodule is
slightly raised (Fig. 5: 5). Raphe branches are
straight, located on inwardly elevated sternum. Ra-
phe proximally terminates with short, unilaterally
weakly deflected endings, while distally with well
developed helictoglossa. Areolae are occluded by
hymenes, located inside each areola (Fig. 5: 5).

Similar species: Craticula acidoclinata
Lange-Bertalot & Metzeltin [33, figs 26: 1-3] and
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C. sardiniana Bahls [34, figs 96-101] are similar to
C. cuspidata. However, both species have lanceo-
late valves with broadly rounded apices, opposite to
rhombic-lanceolate with shortly protracted or
acutely rounded apices in C. cuspidata.

Distribution in Macedonia: Craticula cus-
pidata is frequently recorded taxon in the diatom
flora of Macedonia. During this study it was rec-
orded in: lakes: Ohrid, Prespa, Dojran; rivers: Var-
dar, Lepenec, Bregalnica, Zrnovka, Golema Reka,
Anska; reservoirs: Kalimanci and Mladost, stream
Jastrebnik on Mt. Osogovo, unnamed streams on
mountains Kozuf and Sara, peat-bogs on Karadzica,
Sara and Pelister mountains.

Ecology: This species was observed in wide
spectrum of habitats: oligotrophic to eutrophic and
hyper eutrophic lakes, oligotrophic to mesotrophic
rivers, slightly polluted to highly polluted rivers. It
occurs on fine inorganic or organic sediments.

Craticula aff. acidoclinata Lange-Bertalot &
Metzeltin (Figs 6: 1-7)

Valve morphology, LM: Valves are broadly
lanceolate gradually tapering towards apices. Valve
apices are shortly protracted and rostrate. Valve
length varies from 64-91 pum, valve width from
17.0-21.0 pm. Axial area is very narrow, linear.
Central area is absent to narrow lanceolate, slightly
wider than axial area. Raphe is straight, filiform.
Proximal raphe endings are expanded into central
pores and slightly deflected, while distal endings
are hooked and reaching the valve mantle at the
apex. Transapical striae are clearly visible with
LM, parallel throughout, 16—-19 in 10 pm. Areolae
are hardly visible with LM, c. 30 in 10 pum.
Heribaudii stages are frequently observed.

Comment: Craticula aff. acidoclinata re-
sembles C. cuspidata, C. acidoclinata and C. non-
ambigua Lange-Bertalot, Cavacini, Tagliaventi &
Alfinito. In general, C. aff. acidoclinata shares the
morphological features of C. cuspidata and might
represent a smaller form of C. cuspidata. However,
most of the records of C. cuspidata in the available
literature show larger cells with width 24-35 pm
and lower striae density (11-15 in 10 pm) in con-
trast to C. aff. acidoclinata. Also C. cuspidata is
usually observed in the eutrophic lotic and lentic
waters, while the observed taxon in this study (C.
aff. acidoclinata) was recorded in an oligotrophic,
slightly acidic glacial lake. From aspect of the
ecology, this species is similar to C. acidoclinata.
Also, similarities in the morphology can be ob-
served with the specimen depicted in Lange-
Bertalot [10, Fig. 87: 2] from the type population.

However, other illustrated specimens [op.cit., figs
87: 1, 3-5] have completely different valve apices
(not protracted and broadly rounded). Similar con-
cept of C. acidoclinata (apices are never or only
slightly protracted) is presented by Bahls [34, p.
23]. There is difference too in the valve size (17.0-
21.0 um. vs 24-35 um in C. acidoclinata) and stria
density (16—19 in 10 pm vs 11-15 in 10 pm in C.
acidoclinata). Craticula aff. acidoclinata differs
from C. nonambigua by shape of the valve apices,
having weakly protracted apices, opposite to long
protracted, rostrate to subcapitate apices in C. non-
ambigua. Additionally, both populations observed
in this study have different ecology, cold oligo-
trophic and slightly acidic (C. aff. acidoclinata) vs
dystrophic, alkaline with high mineral content (C.
nonambigua).

Distribution in Macedonia: This taxon was
observed only in glacial Lake Karanikolicko on
Sara Mountain.

Ecology: The locality where this taxon was
observed represents an oligotrophic lake, circum-
neutral to slightly acidic, with low mineral content.

Craticula sardiniana Bahls (Figs 7: 1-3)

Valve morphology, LM: Valves are lanceo-
late gradually tapering towards apices. Apices
weakly protracted and rounded. Valve length varies
from 76-93 pum and valve width from 18.5-19.5
pm. Axial area is very narrow, linear. Central area
is absent to slightly concave. Raphe is straight, fili-
form. Proximal raphe endings are expanded into
central pores and slightly deflected, while distal
endings are hooked and reaching the valve mantle
at the apex. Transapical striae are parallel in the
mid-valve, becoming slightly convergent towards
the apices, 13-17 in 10 um. Areolae are hardly vis-
ible with LM, 28-32 in 10 um.

Comment: According to Lange-Bertalot &
Metzeltin [33, p. 42] C. acidoclinata occurs in oli-
go-distrophic habitats, while C. sardiniana prefers
alkaline waters with higher electrolyte content.
Craticula sardiniana in Macedonia was observed in
a small pond on halomorphic soils near Sveti Ni-
kole, characterized by slightly alkaline pH (8.3) and
high conductivity (1300 uSecm™).

The differences between C. sardiniana from
the type population of Bahls [34, figs 96-101], and
the population from Macedonia might be noticed in
the shape of valve apices. In C. sardiniana from the
type population, apices are bluntly rounded and not
protracted, while the population from the halomor-
phic soils is characterized by weakly protracted and
narrower apices. However, the valve shape of the
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population from Macedonia is similar to the taxon
depicted by Lange-Bertalot [10, Figs 88: 1-5] named
as Craticula silviae Lange-Bertalot nov. spec. prov.
observed in alkaline ephemeral ponds from Sardinia.
The conspecificity of these two taxa is gquestionable.
Further studies are necessary to check the identity of
C. silviae and its relation with C. sardiniana.

Similar species: The most similar species to
C. sardiniana is C acidoclinata Lange-Bertalot &
Metzeltin (Lange-Bertalot & Metzeltin 33, Figs 26:
[1-3]). In general morphological and numeral fea-
tures of C. sardiniana and C. acidoclinata are over-
lapping: length 68-113 pm vs 60—130 pum; width
15.6-19.5 pm vs 16.0-24.0 um; stria density 14 in
10 pm vs 13-15.5 in 10 pum. The main difference
between these two species is the habitat preference
Bahl (2013, p. 23).

Distribution in Macedonia: Craticula sar-
diniana was observed only from a small, temporary
pond on halomorphic soils, Ovche Pole, near the
town Sveti Nikole.

Ecology: Craticula sardiniana prefers alka-
line, dystrophic waters with high electrolyte content
(high conductivity) such as temporary ponds and
alkaline ferns.

Craticula ambigua (Ehrenberg) D.G.Mann
(Figs 8:1-12; 9: 1-5)

Basionym: Navicula ambigua Ehrenberg [35,
p. 417, Fig. 2/2: 9]

Nomenclatural synonym: Navicula cuspidata
var. ambigua (Ehrenberg) Cleve [36, p. 110]

Valve morphology, LM (Figs 8: 1-12):
Valves are broadly elliptic, elliptic-lanceolate to
lanceolate to with abruptly protracted and sub-
capitate apices. Valve margins are with "shoulders"
near the valve apices. Valve length varies from 47—
77 pm, valve width 14.5-20.0 pm. Axial area is
very narrow, linear. Central area is absent to slight-
ly wider than axial area. Raphe is straight, filiform.
Proximal raphe endings are expanded into central
pores and slightly deflected, while distal endings
are hooked and reaching the valve mantle at the
apex. Transapical striae slightly radiate in the mid-
valve, becoming slightly convergent towards the
apices, 14-17 in 10 pm. Areolae are visible with
LM, 26-32 in 10 pm.

Valve morphology, SEM (Figs. 9: 1-5):
The valve surface is slightly uneven, ornamented
with weakly developed longitudinal frets (Figs. 9:
1-4). Raphe is located on a narrow, strongly thick-
ened sternum, slightly expanded in the central area
(Fig. 9: 3). External proximal raphe endings are
short, expanded into central pores and slightly uni-

laterally deflected (Fig. 9: 3). Distally, raphe end-
ings are long, strongly hooked and continuing onto
the mantle (Fig. 9: 4). Striae are uniseriate com-
posed of narrow, apically elongated slit-like areo-
lae, except near the central area where areolae have
round foramina (Fig. 9: 3). Internally, central nod-
ule is slightly raised (Fig. 9: 5). Raphe branches are
straight, located on inwardly strongly elevated ster-
num. Raphe proximally terminates with short, sim-
ple endings, while distally with well developed
helictoglossa. Areolae are covered by hymenes lo-
cated inside each areola (Fig. 9: 5).

Similar species: Craticula nonambigua
Lange-Bertalot, Cavacini, Tagliaventi & Alfinito,
and C. lange-bertalotii E. Reichardt [37, figs 14—
20] are similar to Craticula ambigua. In general
numerical features of C. ambigua sensu lato and C.
nonambigua are overlapping: length 42—77 pm vs
49-66 pm; width 14.5-20.0 pm vs 12.5-18.0 um;
stria density 14—-17/10 pm vs 14-18/10 um; areola
density c. 30 in 10 um vs 30 in 10 um. Also signifi-
cant differences in the valve shape cannot be no-
ticed, except the presence of "shoulders" in C. am-
bigua. However, in some smaller specimens of C.
nonambigua (Figs 11: 6-10) indistinct "shoulders"
might be noticed too. According to Lange-Bertalot
[10], both species can be differentiated by the size
and valve outline. In general, both species can be
differentiated only by the valve outline (broadly
elliptic in C. ambigua vs rhombic-lanceolate in C.
nonambigua) Craticula lange-bertalotii has wider
valves 21-25 um with slightly undulated margins
and lower areola density 24-26 in 10 pum.

Distribution in Macedonia: Lakes: Ohrid,
Dojran; rivers: Vardar, Bregalnica, Zrnovka, Zle-
tovska, Svetinikolska, Shamachka, Boshava, Bu-
turica; wetland Studencisko, mining lake of Usje.
The record of C. ambigua from Sara Mountain
(Levkov et al. [38]) belongs to C. fumantii Lange-
Bertalot, Cavacini, Tagliaventi & Alfinito. Some
older records of C. ambigua (Stojanov [39-41])
might belong to other species.

Ecology: This species was observed in vari-
ous habitats starting from deep oligotrophic Lake
Ohrid, mesotrophic Lake Prespa, the eutrophic Riv-
er Bregalnica and Lake Dojran. It usually occurs in
epipelic diatom assemblages on organic or fine in-
organic sediments.

Craticula nonambigua Lange-Bertalot, Cavacini,
Tagliaventi & Alfinito (Figs 10: 1-8; 11: 1-10)

Valve morphology, LM: Valves are rhom-
bic-lanceolate to elliptic-lanceolate with abruptly
protracted and sub-capitate apices. Valve margin is
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gradually narrowing towards the apices in the larg-
er and medium-sized specimens, while in smaller
specimens (Figs 11: 6-10) "shoulders" might be
present. Valve length varies from 49-66 pum, valve
width 12.5-18.0 um. Axial area is very narrow, line-
ar. Central area is absent to slightly wider than axial
area. Raphe is straight, filiform. Proximal raphe end-
ings are expanded into central pores and slightly de-
flected, while distal endings are hooked and reaching
the valve mantle at the apex. Transapical striae radi-
ate in the mid-valve, becoming slightly convergent
towards the apices, 14-18 in 10 um. Areolae are
hardly visible with LM, 30-35 in 10 um.

Similar species: Craticula ambigua, C.
lange-bertalotii and C. fumantii Lange-Bertalot,
Cavacini, Tagliaventi & Alfinito (Lange-Bertalot et
al. [11, Figs 8: 1-8; 9: 1-10]). Craticula nonam-
bigua and C. ambigua can be hardly differentiated
by the valve size. The main difference is that the
valve margins in C. ambigua have "shoulders" near
the apices. Craticula lange-bertalotii has wider
valves (width = 21-25 um) with slightly undulated
margins. Craticula fumantii has narrower, lanceo-
late valves (not rhombic-lanceolate or elliptic-
lanceolate as in C. nonambigua).

Distribution in Macedonia: During this
study, C. nonambigua was observed only in a
small, temporary pond on halomorphic soils, Ovce
Pole, near the town of town of Sveti Nikole. How-
ever, some other records of C. ambigua in Macedo-
nia might belong to this species or to C. fumantii.

Ecology: Not precisely known. During this
study, C. nonambigua was observed in an alkaline
dystrophic pond and channel on halomorphic soils
with high electrolyte content (high conductivity).

Craticula fumantii Lange-Bertalot, Cavacini,
Tagliaventi & Alfinito
(Figs 7: 4-8; 12: 1-11; 14: 1-3)

Valve morphology, LM (Figs 7: 4-8; 12: 1—
11): Valves are strictly lanceolate, with abruptly
protracted and sub-capitate apices. Valve length
varies from 49-66 um, valve width 11.5-13.5 pm.
Axial area is very narrow, linear. Central area is
absent to slightly wider than axial area. Raphe is
straight, filiform. Proximal raphe endings are ex-
panded into central pores and slightly deflected,
while distal endings are hooked and reaching the
valve mantle at the apex. Transapical striae radiate
in the mid-valve, becoming slightly convergent to-
wards the apices, 16-20 in 10 pum. Areolae are
hardly visible with LM, 30-35 in 10 pm.

Valve morphology, SEM (Figs 14: 1-3):
The valve surface is flat, without developed longi-
tudinal frets (Figs 14: 1, 2). Raphe is located on a

moderately wide, strongly thickened sternum,
slightly expanded in the central area (Fig. 14: 2).
External proximal raphe endings are short, expand-
ed into central pores and slightly unilaterally de-
flected (Fig. 14: 2). Distally, raphe endings are
long, hooked and continuing onto the mantle (Fig.
14: 3). Striae are strongly radiate, uniseriate, com-
posed mainly of round areolae. Areolae near the
raphe sternum, and especially around the central
area have larger, slightly elongated to ovate foram-
ina (Fig. 14: 2). Internally, central nodule is slightly
raised. Raphe branches are straight located on in-
wardly strongly elevated sternum. Raphe proximal-
ly terminates with short, simple endings, while dis-
tally with well developed helictoglossa. Areolae are
covered by hymenes, located inside each areola
(figure not shown).

Similar species: Craticula ambigua, C. non-
ambigua and C. johnstoniae Bahls [34, Figs 90—
95]. Craticula ambigua and C. nonambigua appear
very similar to C. fumantii. Although Lange-
Bertalot et al. [11, p. 34] stated that there is a dif-
ference in the striae density between C. ambigua
and C. fumantii, in this study that cannot be con-
firmed. Differentiation between these three species
can be made in combination of valve shape and
size. Craticula ambigua and C. nonambigua are
wider (14.5-20.0 um and 12.5-18.0 pum respective-
ly) with elliptic-lanceolate to rhombic-lanceolate
valve outline. Craticula johnstoniae has similar
valve outline as C. fumantii, but the valves are larg-
er (length 68-113 um, width 15.6-19.5 um).

Distribution in Macedonia: Craticula fu-
mantii has been observed on two localities in Mac-
edonia: Lake Karanikolicko on Sara Mountain and
the River Buturica, Mariovo.

Ecology: Not precisely known. In Macedo-
nia it was observed in an oligotrophic lake and riv-
er, slightly acidic to circumneutral, with low miner-
al content.

Craticula germainii Lange-Bertalot, Cavacini,
Tagliaventi & Alfinito (Figs 13: 1-17; 14: 4, 5)

Valve morphology, LM (Figs 13: 1-17):
Valves are linear-lanceolate to elliptic-lanceolate,
with sub-capitate to rostrate and broadly rounded
apices. Valve length varies from 32-43 um, valve
width 9.0-11.5 pm. Axial area is very narrow, line-
ar. Central area is well defined, lanceolate. Striae
around central area more distantly spaced. Raphe is
straight, filiform. Proximal raphe endings are ex-
panded into central pores and slightly deflected,
while distal endings are hooked and reaching the
valve mantle at the apex. Transapical striae are ra-
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diate to strongly radiate, becoming convergent near
the apices, 14-20 in 10 pm. Areolae are not visible
with LM.

Valve morphology, SEM (Figs 14: 4, 5):
The species is rare in the sample and SEM observa-
tions of the valve exterior were not possible and
only valve interior was observed. Internally, central
nodule is distinct, elliptical and slightly raised (Fig.
14: 5). Raphe branches are straight located on in-
wardly strongly elevated sternum (Fig. 14: 4). Ra-
phe proximally terminates with short, slightly de-
flected endings, while distally with well developed
helictoglossa (Fig. 14: 4). Striae are strongly radi-
ate, uniseriate, composed mainly of round areolae.
Areolae probably are covered by hymenes, but due
to the cleaning process, hymens are corroded.
Areolae have slightly transapically elongated inter-
nal foramina (Fig. 14: 4).

Comment: The population of C. germainii
from Macedonia is characterized by smaller valves
compared to the type population (length 42—58 pm,
width 11.5-13.5 pm). Additionally, difference in
the striae orientation between this and the type
population can be noticed. The striae in the type
population are more or less equally spaced, are par-
allel to slightly radiate throughout the valve, while
the observed valves in this study have more distant-
ly spaced striae in the mid-valve and distinctly ra-
diate striae. No SEM images are available for C.
germainii, so ultrastructural features cannot be
compared. In this moment we consider this popula-
tion as conspecific with C. germainii, but further
studies might suggest their separation into two taxa.

Similar species: Craticula germainii has
unique set of characters (valve shape, striae orienta-
tion) that make its identification simple and cannot
be confused with other species. Craticula simplex
(Krasske) Levkov comb. nov. and C. accomodi-
formis Lange-Bertalot have comparable valve size,
but they significantly differ in valve shape.

Distribution in Macedonia: Craticula ger-
mainii was observed only in a small, temporary
pond on halomorphic soils, Ovce Pole, near the
town of Sveti Nikole.

Ecology: Craticula germainii prefers alka-
line dystrophic waters with high electrolyte content
(high conductivity) such as temporary ponds and
alkaline ferns.

Craticula minusculoides (Hustedt)
Lange-Bertalot (Figs 13: 18, 19; 20: 1)

Valve morphology, LM (Figs 13: 18, 19):
Valves are elliptic to elliptic-lanceolate with nar-
rowly rounded and not protracted apices. Valve

length varies from 14-15 pm, valve width 4.5-5.0
um. Axial area is very narrow, linear. Central area
is absent or weakly expressed. Raphe is straight,
filiform. Proximal raphe endings are slightly ex-
panded into central pores, while distal endings are
curved and terminating on the valve face near the
valve apex. Transapical striae parallel throughout
the valve, 25-28 in 10 um. Areolae are not visible
with LM, c. 50 in 10 pm.

Valve morphology, SEM (Fig. 20: 1): The
valve surface is flat, without developed longitudinal
frets. Well developed sternum is absent. Raphe
branches are straight and proximally terminate with
expanded central pores. Distally, raphe endings are
long, curved and not continuing on the valve man-
tle. Striae are parallel throughout the whole valve,
uniseriate, composed of slightly elongated areolae.

Similar species: Craticula minusculoides
can be confused with C. molestiformis (Hustedt)
Mayama (Figs 18: 31-58) and C. subminuscula
(Manguin) C.E.Wetzel & Ector (Figs 21: 31-69).
These three species can be clearly separated with
SEM. In C. minusculoides the areolae are not oc-
cluded with hymens externally as in the other two
species (compare with Figs 20: 2-5 and Figs 23: 1
4). The distal raphe endings in C. molestiformis are
long, strongly hooked and continuing onto the
valve mantle (Figs 20: 2-5). In C. subminuscula the
distal raphe endings are short, strongly deflected
and not passing on the valve mantle (Figs 23: 1-4),
while in C. minusculoides they are curved and ter-
minating on the valve face. The areolae in C. sub-
minuscula and C. molestiformis have round forami-
na, while in C. minusculoides the areolae have
transapically elliptical foramina.

Distribution in Macedonia: Craticula minus-
culoides was observed only in a small, temporary
pond on halomorphic soils, Ov¢e Pole, near the town
of Sveti Nikole. It is extremely rare in the sample.

Ecology: Not precisely known. According to
Lange-Bertalot [10, p. 115] it occurs in electrolyte
rich, eutrophic, a-p mesosaprobic waters. The lo-
cality where it was observed is characterized by
slightly alkaline water (pH = 8.3) with high con-
ductivity (1300 uSecm™).

Craticula accomodiformis Lange-Bertalot
(Figs 15: 1-20)

Valve morphology, LM: Valves are elliptic-
lanceolate to elliptic with shortly rostrate apices.
Valve length varies from 32-50 um, valve width
10.5-13.0 um. Axial area is very narrow, linear.
Central area is small, lanceolate. Raphe is straight,
filiform. Proximal raphe endings are expanded into

TIpunosu, 0Q00. dpup. maiu. buoiuex. nayku, MAHY, 37 (2), 129-165 (2016)



136 Z. Levkov, S. Tofilovska, D. Miti¢-Kopanja

central pores and slightly deflected, while distal
endings are hooked and reaching the valve mantle
at the apex. Transapical striae are parallel in the
mid-valve, becoming convergent near the apices,
19-21 in 10 pm. Areolae are hardly visible with
LM, ¢.351in 10 pm.

Similar species: Craticula accomodiformis
can be confused with C. accomoda (Hustedt) D.G.
Mann and C. halophila (Grunow) D.G. Mann.
Craticula accomoda can be easily differentiated by
its smaller valves (length 18-22 um, width 6.0-7.5
um), while C. halophila has different valve shape
(rhombic to rhombic-lanceolate)

Comment: The population of C. accomodi-
formis observed in this study is characterized by
larger valves than type population (length 24-37
pum, width 8-11.5 pum).

Distribution in Macedonia: Craticula ac-
comodiformis was observed only on two localities,
Negorska Banja and Banjsko.

Ecology: Both localities where C. accomodi-
formis was observed are thermo-mineral springs
with high electrolyte content. The type population
originates from Syria (Lange-Bertalot [9, Figs 69:
6-8, 10]), and was infrequently observed in Europe,
mainly in the regions with a Mediterranean climate
(Lange-Bertalot [10]).

Craticula halophila (Grunow) D.G.Mann
(Figs 16: 1-18)

Basionym: Navicula cuspidata var. halophila
Grunow in Van Heurck [42, p. 100, Suppl. pl. B,
Fig. 30]

Nomenclatural synonym: Navicula halophila
(Grunow) Cleve [36, p. 109]

Valve morphology, LM: Valves are rhom-
bic to rhombic-lanceolate with acute to slightly pro-
tracted apices. Valve length varies from 27—-54 pm,
valve width 9.0-12.0 um. Axial area is very nar-
row, linear. Central area is absent with same width
as axial areal. Raphe is straight, filiform. Proximal
raphe endings are expanded into central pores and
slightly deflected, while distal endings are hooked
and reaching the valve mantle at the apex. Trans-
apical striae are parallel to slightly radiate in the
mid-valve becoming strongly convergent towards
the apices, 17-19 in 10 um. Areolae are hardly vis-
ible with LM, ¢. 35 in 10 um.

Similar species: Craticula halophila can be
hardly confused with other species, since it has
characteristic valve shape that makes its identifica-
tion simple. Craticula accomodiformis Lange-
Bertalot has similar size, but it has elliptic-
lanceolate valves with shortly rostrate apices.

Distribution in Macedonia: So far, C. hal-
ophila was observed only in temporary ponds on
Slan Dol. It was reported from Lake Dojran, but
this data was not confirmed during this study.

Ecology: Halophilic species, occurring in
salt springs and ponds with high content of salts.

Craticula simplex (Krasske) Levkov comb. nov.
(Figs 17: 1-38; 18: 1-20; 19: 1-6)

Basionym: Navicula simplex Krasske [43],
Abhandlungen und Bericht LVI des Vereins fiir
Naturkunde zu Cassel, 84-89 Vereinsjahr 1919-
1925, p. 51, Fig. 2: 33.

Valve morphology, LM (Figs 17: 1-38; 18:
1-20): Valves are lanceolate, linear-lanceolate to
rhombic-lanceolate with shortly protracted, rostrate
to subcapitate apices. Valve length varies from 19—
37 pum, valve width 5.5-8.5 um. Axial area is nar-
row, linear. Central area is absent or weakly devel-
oped, slightly wider than the axial area. Raphe is
straight, filiform. Proximal raphe endings are ex-
panded into central pores and are slightly deflected,
while distal endings are hooked and reaching the
valve mantle at the apex. Transapical striae are par-
allel to slightly radiate in the mid-valve becoming
convergent towards the apices, 17-19 in 10 pm.
Areolae are not visible with LM.

Valve morphology, SEM (Figs 19: 1-6):
The valve surface is flat without longitudinal frets
(Figs 19: 1, 2, 4). The axial area is moderately
wide. Raphe branches are straight. External proxi-
mal raphe endings are short, expanded into small
central pores and unilaterally deflected (Fig. 19: 4).
Distally, raphe endings are long, strongly hooked
and continuing onto the mantle (Fig. 19: 5). Striae
are uniseriate composed of large, apically elongated
like areolae, except near the central area where are-
olae have elliptical foramina (Fig. 19: 4). Internally,
central nodule is slightly raised (Fig. 19: 5). Raphe
branches are straight located on inwardly slightly
elevated raphe sternum. Raphe proximally termi-
nates with short, slightly deflected endings, while
distally with weakly developed helictoglossa. Areo-
lae are covered by hymenes, located inside each
areola (Fig. 19: 4).

Comment: The observed species has similar
characteristics as Navicula simplex Krasske [43,
Fig. 2: 33]. In the past, this taxon was recognized as
a separate and distinct species by Hustedt [44, p.
296, fig. 500], and there are several records in the
older literature. More recently, Hustedt's concept of
N. simplex was presented by Krammer & Lange-
Bertalot [19, Fig. 44: 6]. However, later Lange-
Bertalot [10, p. 110] considered this species as a
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part of the life cycle of N. buderi Hustedt [45, p.
279, figs 11-15] = C. buderi (Hustedt) Lange-
Bertalot (in Rumrich et al. [13, p. 101]). The type
material of N. buderi was observed with LM and
SEM by Ector & Wetzel (pers. comm.) and both
species considerably differ with respect to the valve
shape and size.

During this study three different mor-
photypes of C. simplex were observed. The first
morphotype (Figs 17: 1-18; 18: 11-21), is charac-
terized by larger (26-37 um long, 7.0-8.5 um wide)
and lanceolate valves with subcapitate apices. This
morphotype is the most commonly observed during
this study. The second morphotype (Figs 17: 19—
38) has smaller (23-27 pum long, 5.5-6.0 um) lan-
ceolate valves with rostrate apices. This population
was observed as epiphyte in temporary ponds on
Slan Dol. The third morphotype (Figs 18: 1-10) is
characterized by smaller (19-26 um long, 6.0-7.0
um wide) linear-lanceolate valves with shortly ros-
trate apices. This morphotype was observed in sed-
iments from saline temporary ponds. However, all
habitats are characterized with same ecology: high-
er temperature (around 30 °C) and high mineral
content (conductivity 1200-2000 uSecm™?). Alt-
hough clear difference in the valve morphology
between these three populations can be noticed, we
still consider them as conspecific, being a part of
the morphological variability of a single species.

Similar species: Craticula simplex is similar
to C. guaykuruorum C.E.Wetzel, E.Morales & Ec-
tor (in Morales et al. [12, Figs 15-23, 31-37]), C.
elkab (O. Miiller ex O. Miiller) Lange-Bertalot,
Kusber & Cocquyt (Kusber & Cocquyt [46]), C.
riparia (Hustedt) Lange-Bertalot and C. antarctica
Van de Vijver & Sabbe (in Van de Vijver et al. [14,
figs 19-36]). Craticula simplex can be differentiat-
ed from C. guaykuruorum by the shape of valve
apices (narrow and weakly protracted), stria density
(21-23 in 10 pum) and orientation (parallel in C.
guaykuruorum) as well as by the absence of longi-
tudinal frets. Craticula elkab has comparable valve
size and shape with morphotype 3 (Figs 18: 1-10),
but it differs with the shape of the valve apices
(narrowly rounded to weakly protracted especially
in larger specimens) and striae density (22—26 in 10
um). Craticula riparia var. riparia is characterized
by larger valves (35-50 pum long, 8.0-10.5 pum
wide) with 15-18 striae in 10 um which are parallel
through. Craticula riparia var. mollenhaueri
Lange-Bertalot [9, figs 70: 10-13) has comparable
valve size as C. simplex, but can be differentiated
by the presence of strongly silicified raphe sternum
and striae orientation (parallel in C. riparia var.
mollenhaueri). Probably the most similar species to

C. simplex is C. antarctica. The latter species is
characterized by lanceolate valves with (sub) capi-
tate apices, 23.5-36.0 um long and 6.2-8.0 um
wide with 17-22 striae in 10 um which are radiate
in the middle, becoming convergent towards apices.
Slight difference between these two species can be
noticed in the valve shape (rhombic lanceolate vs.
elliptic lanceolate in C. antarctica) and valve apices
(rostrate vs. capitate C. antarctica). Difference can
be noticed also in ecology: Craticula antarctica
was observed in a cold lake on Antarctica, while C.
simplex was observed in thermo-mineral springs
and warm temporary ponds on halomorphic soils.

Distribution in Macedonia: Craticula sim-
plex was observed on several localities in Macedo-
nia: halomorphic soils in Sveti Nikole and Gladno
Pole, the thermo-mineral springs near the villages
Gabrovo, Stamer and Katlanovo, temporary ponds
in Slan Dol and mining Lake Usje.

Ecology: Halophilic and alkaliphilic species,
present in mineral springs, temporary ponds on
halomorphic soils, mining lakes.

Craticula accomoda (Hustedt) D.G.Mann
(Figs 18: 21-30; 21: 1-30; 22: 1-6)

Basionym: Navicula accommoda Hustedt
[47, p. 446, Figs 39: 17, 18]

Valve morphology, LM (Figs 18: 21-30;
21: 1-30): Valves are elliptic-lanceolate to elliptic
with shortly rostrate apices. Valve length varies
from 18-22 um, valve width 6.0-7.5 pum. Axial
area is very narrow, linear. Central area is absent or
weakly expressed with almost the same width as
axial area. Raphe is straight, filiform. Proximal ra-
phe endings are expanded into central pores and
slightly deflected, while distal endings are hooked
and reaching the valve mantle at the apex. Trans-
apical striae are parallel to slightly radiate in the
mid-valve becoming convergent towards the apices,
22-28 in 10 pm. Areolae are not visible with LM.

Valve morphology, SEM (Figs 22: 1-6):
The valve surface is flat, without developed longi-
tudinal frets (Figs 22: 1-4). Axial area is very nar-
row. Raphe is linear, located on the valve surface
(Figs 22: 1-4). External proximal raphe endings are
short, straight and slightly expanded into central
small pores (Fig. 22: 4). Distally, raphe endings are
long, strongly hooked and terminating on the valve
face (Figs 22: 1-3). Striae are uniseriate composed
of narrow, apically elongated slit-like areolae. Are-
olae around central area have transapically elongat-
ed foramina (Fig. 22: 4). Internally, central nodule
is distinctly raised (Figs 22: 5, 6). Raphe branches
are straight located on inwardly strongly elevated
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sternum (Fig. 22: 6). Raphe proximally terminates
with short slightly deflected endings, while distally
with slightly developed helictoglossa. Areolae are
covered by hymenes, located inside each areola
(Figs 22: 5, 6).

Similar species: Craticula accomoda can be
hardly confused with other species. Craticula ac-
comodiformis is larger (32-50 um long, 10.5-13.0
um wide), while C. molestiformis (Hustedt) Maya-
ma is smaller (9.5-22 pum long and 3-5 pum wide)
with weakly protracted apices. Craticula simplex
MT3 has comparable valve size, but it can be easily
differentiated by the stria density and orientation.

Distribution in Macedonia: During this
study C. accomoda was observed in the rivers Var-
dar, Bregalnica, Strumica, Zrnovka, Kocanska,
Svetinikolska, Vodenisnica, reservoir Kalimanci,
halomorphic soils near Sveti Nikole and Gladno
Pole, temporary ponds in Slan Dol and mining
Lake Usje.

Ecology: Eutraphentic species, it was ob-
served in the most polluted sites in rivers. In the
River Vodenisnica (a heavy polluted river with
communal and industrial waste waters) is one of the
dominant species, together with C. subminuscula
(Manguin) Wetzel & Ector.

Craticula molestiformis (Hustedt) Mayama
(Figs 18: 31-58; 20: 2-6)

Basionym: Navicula molestiformis Hustedt
[48, p. 86, fig. 5: 9]

Valve morphology, LM (Figs 18: 31-58):
Valves are elliptic to elliptic-lanceolate with nar-
rowly rounded apices. Valve length varies from 9—
16 um, valve width 3.5-5.0 pm. Axial area is very
narrow, linear. Central area is absent or weakly ex-
pressed. Raphe is straight, filiform. Proximal raphe
endings are expanded into central pores, while dis-
tal endings are long, strongly hooked and continu-
ing on the valve mantle. Transapical striae are par-
allel in the middle becoming slightly radiate to-
wards the apices, 26-32 in 10 um. Areolae are not
visible with LM, ¢. 50 in 10 um.

Valve morphology, SEM (Figs 20: 2-6):
The valve surface is flat, without developed longi-
tudinal frets (Figs 20: 2-5). Axial area is very nar-
row. Raphe is linear located on the valve surface
(Figs 20: 2-5). External proximal raphe endings are
short, straight and slightly expanded into small cen-
tral pores (Figs 20: 2-5). Distally, raphe endings
are long, strongly hooked and continuing onto
valve mantle (Figs 20: 2, 4, 5). Striae are uniseriate
composed of small elliptical areolae with same size.
Externally, areolae are covered with hymens. Inter-

nally, central nodule is slightly inwardly elevated
(Fig. 20: 6). Raphe branches are straight located on
inwardly weakly elevated sternum (Fig. 20: 6). Ra-
phe proximally terminates with short and distinctly
deflected endings, while distally with slightly de-
veloped helictoglossa. Areolae covered by hy-
menes, located inside each areola towards the outer
valve surface (Fig. 20: 6).

Similar species: Craticula molestiformis can
be confused with C. subminuscula. Both species
have similar valve size and valve shape, but can be
differentiated by the stria density (26-32/10 pm vs
22-26/10 um). Additional differences can be ob-
served in the raphe morphology. The distal raphe
endings in C. molestiformis are long, strongly
hooked and continuing onto the valve mantle (Figs
20: 2-5). In C. subminuscula the distal raphe end-
ings are short, deflected and not passing on the
valve mantle (Figs 23: 1-4). Craticula submolesta
(Hustedt) Lange-Bertalot and C. molesta (Krasske)
Lange-Bertalot & Willmann have shortly rostrate
apices.

Distribution in Macedonia: Craticula mo-
lestiformis was observed only in the reservoir Rat-
evsko. It is possible to have broader distribution in
Macedonia, but very likely it is overlooked or misi-
dentified with other small-celled species.

Ecology: According to Lange-Bertalot [10]
C. molestiformis prefers electrolyte rich, often
heavily polluted waters. However, during this study
it was observed in the oligo- to mesotrophic reser-
voir and Lake Vev¢ansko on Mountain Jablanica.

Craticula subminuscula (Manguin) C.E.Wetzel
& Ector (Figs 21: 31-69; 23: 1-6)

Basionym: Navicula subminuscula Manguin
[18, p. 139, Fig. 2: 39]

Nomenclatural synonym: Eolimna subminus-
cula (Manguin) Moser, Lange-Bertalot & Metzeltin
[49, p. 154]

Valve morphology, LM (Figs 21: 31-69):
Valves are elliptic to narrowly to broadly rounded
apices. Valve length varies from 8-14 pm, valve
width 3.5-5.5 um. Axial area is very narrow, linear.
Central area is absent or weakly expressed. Raphe
is straight, filiform. Proximal raphe endings are
expanded into central pores, while distal endings
are short, deflected and not passing on the valve
mantle. Transapical striae are radiate to strongly
radiate throughout the valve, 22-24 in 10 um. Are-
olae are not visible with LM.

Valve morphology, SEM (Figs 23: 1-6):
The valve surface is flat, without developed longi-
tudinal frets (Figs 23: 1-4). Axial area is very nar-
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row. Raphe is linear located on the valve surface
(Figs 23: 1, 4) or on slightly elevated sternum (Figs
23: 2, 3). External proximal raphe endings are
short, weakly deflected and expanded into small
central small pores (Figs 23: 1-4). Distally, raphe
endings are short and unilaterally deflected and not
continuing onto valve mantle (Figs 23: 1-4). Striae
are uniseriate composed of small round areolae.
Areolae near the valve face/mantle junction have
larger external foramina (Figs 23: 2, 3). Externally,
areolae are covered with slightly recessed hymens.
Internally, central nodule is slightly inwardly ele-
vated (Figs 23: 5, 6). Raphe branches are straight
located on inwardly weakly elevated sternum (Figs
23: 5, 6). Raphe proximally terminates with short
and slightly deflected endings, while distally with
slightly developed helictoglossa. Areolae are cov-
ered by hymenes, located inside each areola to-
wards the outer valve surface (Figs 23: 5, 6).

Comment: Craticula subminuscula was
formerly transferred to the genus Eolimna Lange-
Bertalot & W.Schiller [in Schiller & Lange-
Bertalot 50] by Moser et al. [49]. More recently it
was transferred to the genus Craticula by Wetzel et
al. [51, p. 229], based on previously published
morphological and molecular data. However, C.
subminuscula and C. molestiformis have slightly
different ultrastructural features than other Craticu-
la species. The areola are externally occluded (Figs
20: 2-5 and Figs 23: 1-4) opposite to other Cratic-
ula species where the areolae are internally occlud-
ed. The shapes of the foramina in C. subminuscula
and C. molestiformis are round opposite to slit-like
areola in other Craticula species. Their allocation
in the genus Craticula should be examined more in
detail in the future.

Similar species: As mentioned above, C.
subminuscula can be confused with C. molestiform-
is, but both species can be easily differentiated by
the raphe morphology, stria orientation and density.

Distribution in Macedonia: The rivers:
Vodenisnica, Strumica, Bregalnica and Vardar.
Probably it has wider distribution in polluted rivers,
but very likely it is neglected or confused with oth-
er small-celled species. Hustedt [17] recorded this
species from Lake Ohrid under N. demissa. How-
ever, during the recent observations of the flora of
Lake Ohrid (Levkov et al. [52]) and this study, N.
demissa (or C. subminuscula) was not recorded.

Ecology: Craticula subminuscula is one of
the most tolerant species to organic pollution. Dur-
ing this study, this species was observed with high
abundance in two of the most polluted rivers:
Vodenisnica and Bregalnica.

CONCLUSIONS

The Republic of Macedonia is characterized
by presence of various water habitats which host
highly diverse diatom flora. Recently more atten-
tion was paid to the so called "extreme habitats".
Those habitats include thermo-mineral springs,
temporarily wet rocks, hypersaline lakes, wet
halomorphic soils, ice layers and caves. Such habi-
tats are unfavourable for most of the algae, but on
the other hand, they are inhabited by specialized
organisms which are adapted to numerous fluctuat-
ing and extremely adverse physico-chemical condi-
tions. During this study the highest diversity of
Craticula was observed exactly in such extreme
habitats. A large number of species were observed
on the halomorphic soils near Gladno Pole and Slan
Dol. However, these regions are most intensively
utilized for agriculture and farming which have a
significant impact on their surface area and degra-
dation. Moreover, the scenarios for climate change
of the region of Gladno Pole suggest decrease of
precipitation and increase of air temperature. Such
alterations will have an influence on environment
and the functioning of habitats. Therefore the dis-
tribution of the remarkable diatom species inhabit-
ing these habitats is under threat.
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Figure 1: 1-3. Light micrographs (LM) of Craticula perrotettii Grunow. Lake Dojran, Alex Beach, plankton
(Slide MKNDC 002212). Scale bar = 20 um.
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Figure 2: 1-3. Scanning electron micrographs of Craticula perrotettii. 1. External view of the whole valve.
2, 3. Detailed view of the mid-valve. Areolae are separated by strongly thickened frets (longitudinal ribs).
Avreolae in the mid-valve have round foramina, while distally have slit-like openings.

Scale bar =20 um (1), 10 um (2), 5 pm (3).

Ipunosu, O00. dpup. maid. buoiiex. nayku, MAHY, 37 (2), 129-165 (2016)



142 Z. Levkov, S. Tofilovska, D. Miti¢-Kopanja

Figure 3: 1-6. LM micrographs of Craticula cuspidata (Kiitzing) D. G. Mann. The River Bregalnica,
before the mouth of the River Ko¢anska, yellow filaments (Slide MKNDC 006806). Scale bar = 10 pm.
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Figure 4: 1-5. LM micrographs of Craticula cuspidata (Kiitzing) D.G.Mann. Lake Ohrid, Bay of St. Naum,
sediment 9 m depth (Slide MKNDC 001133). Scale bar = 10 pm.
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Figure 5: 1-5. Scanning electron micrographs of Craticula cuspidata. 1-3. External view of the whole valve.
4. Detailed view of the mid-valve. Areolae are separated by thickened frets (longitudinal ribs).
Areolae in the mid-valve have round foramina, while distally have slit-like openings.

5. Internal view. Areolae are occluded by hymen. Scale bar = 20 um (1-3), 5 um (4), 10 um (5).
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Figure 6: 1-7. LM micrographs of Craticula aff. acidoclinata Lange-Bertalot & Metzeltin. Sara Mountain,
Lake Karanikoli¢ko, macrophytes (Slide MKNDC 003084). Scale bar = 10 um.
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Figure 7: 1-3. LM micrographs of Craticula sardiniana Bahls. Sveti Nikole, the village of Adzimatovo, pond, sediment
(Slide MKNDC 008835). 4-8. LM micrographs of Craticula fumantii Lange-Bertalot, Cavacini, Tagliaventi & Alfinito.
Lake Karanikoli¢ko, Sara Mountain, macrophytes (Slide MKNDC 003084). Scale bar = 10 pm.
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Figure 8: 1-12. LM micrographs of Craticula ambigua (Ehrenberg) D.G. Mann. The River Bregalnica,
before the mouth of the River Ko¢anska, yellow filaments (Slide MKNDC 006806). Scale bar = 10 pm.
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Figure 9: 1-5. Scanning electron micrographs of Craticula ambigua. 1, 2. External view of the whole valve.
3. Detailed view of the mid-valve. Areolae in the mid-valve have round foramina, while distally have slit-like openings.
4. Detailed view of the valve apex showing the "shoulder" and capitate apex.
5. Internal view. Areolae are occluded by hymen. Scale bar = 20 um (1, 2), 5 um (3), 10 um (4, 5).
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Figure 10: 1-8. LM micrographs of Craticula nonambigua Lange
Sveti Nikole, near the village of Adzimatovo, pond, mud (Slides MKNDC 008835 and 008836). Scale bar = 10 pm.
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Figure 11: 1-10. LM micrographs of Craticula nonambigua Lange-Bertalot, Cavacini, Tagliaventi & Alfinito.
Sveti Nikole, near the village of Adzimatovo, pond, mud (Slides MKNDC 008835 and 008836). Scale bar = 10 pm.
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Lake Karanikoli¢ko, Sara Mountain, macrophytes (Slide MKNDC 003084). Scale bar = 10 um.

Figure 12: 1-11. LM micrographs of Craticula fumantii Lange-Bertalot, Cavacini, Tagliaventi & Alfinito.
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Figure 13: 1-17. LM micrographs of Craticula germainii Lange-Bertalot, Cavacini, Tagliaventi & Alfinito. Sveti Nikole,
near the village of Adzimatovo, pond, mud (Slide MKNDC 008835). 18, 19. LM micrographs of Craticula minusculoides
(Hustedt) Lange-Bertalot. Gladno Pole, near Shtip, spring, mud (Slide MKNDC 008838).

20, 21. LM micrographs of Craticula aff. molestiformis (Hustedt) D.G.Mann. The River Bregalnica, before the village
of Macevo, epiphytes on reed (Slide MKNDC 006795). Scale bar = 10 um.
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Figure 14: 1-3. Scanning electron micrographs of Craticula fumantii. 1. External view of the whole valve. 2. Detailed view
of the mid-valve. The central area is strongly thickened. Proximally raphe branches terminate with large central pores.
3. Detailed view of the valve apex. The raphe fissure is long, curved and continuing on the valve mantle.
4, 5. Scanning electron micrographs of Craticula germainii. 4. Internal view of the whole valve.
5. Detailed view of the mid-valve. Central area is distinct and bordered with more distantly spaced striae.
Scale bar =20 um (1, 4), 5 um (2, 5), 2 pm (3).
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Figure 15: 1-20. LM micrographs of Craticula accomodiformis Lange-Bertalot.
Thermo-mineral spring Negorska Banja, rock scrape (Slide MKNDC PS001035). Scale bar = 10 pm.
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Figure 16: 1-18. LM micrographs of Craticula halophila (Grunow) D.G.Mann. Slan Dol, temporary pond,

mud (Slide MKNDC 008873). Scale bar = 10 pm.

Ipunosu, O00. dpup. maid. buoiiex. nayku, MAHY, 37 (2), 129-165 (2016)



156 Z. Levkov, S. Tofilovska, D. Miti¢-Kopanja

—

=

E
——|
=
=
—1
=
b
]
=
_—
=
§
H

mn"""'h;‘

i

Figure 17: 1-18. LM micrographs of Craticula simplex (Krasske) Levkov comb. nov. MT 1. Mineral spring near
the village of Gabrovo, Delchevo, Chara sp. (Slide MKNDC 008858). 19—-38. LM micrographs of Craticula simplex Krass-

ke) Levkov comb. nov. MT 2. Slan Dol, pond, macrophytes (Slide MKNDC 008872). Scale bar = 10 pm.
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Figure 18: 1-10. LM micrographs of Craticula simplex (Krasske) Levkov comb. nov. MT 3. Slan Dol, pond, mud (Slide
MKNDC 008873). 11-20. LM micrographs of Craticula simplex (Krasske) Levkov comb. nov. MT 1. Slan Dol, pond,
macrophytes (Slide MKNDC 008872). 21-30. LM micrographs of Craticula accomoda (Hustedt) D.G.Mann. Mining Lake
Usje, macrophytes (Slide MKNDC 005603). 31-58. LM micrographs of Craticula molestiformis (Hustedt) Lange-Bertalot.
Reservoir Ratevsko, sediment (Slide MKNDC 006967). Scale bar = 10 pm.
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Figure 19: 1-6. Scanning electron micrographs of Craticula simplex. 1, 2. External view of the whole valve. 3. Internal
view of the whole valve. Raphe located on strongly thickened sternum. 4. Detailed view of the mid-valve. Areolae in the
mid-valve have round foramina near the central area, while distally are longitudinally elongated foramina. Proximal raphe

endings slightly unilaterally deflected. 5. Detailed view of the valve apex. Distal raphe fissures long, hooked and continuing
on the valve mantle. 6. Internal view of the mid-valve. Proximal raphe endings not expanded.
Scale bar = 10 pm (1-3), 2 pm (4-6).

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 37 (2), 129-165 (2016)



Species of the diatom genus Craticula Grunow (Bacillariophyceae) from Macedonia 159

Figure 20: 1. Scanning electron micrograph of Craticula minusculoides. Distally raphe fissures deflected and not continu-
ing on the valve mantle, proximally terminate with small central pores. Areolae around central area and near the raphe with
round openings, the rest with small longitudinally orientated openings. 2—-6. Scanning electron micrographs of Craticula
molestiformis. 2-5. External view of the whole valve. Distally raphe fissures long, hooked and continuing on the valve
mantle. Externally, areolae occluded with a fine hymen. 6. Internal valve view. Raphe branches located on the valve
surface, without elevated sternum. Areolae occluded with hymen located towards the outer valve surface.
Proximal raphe endings unilaterally deflected. Scale bar = 2 pm (1-6).
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Figure 21: 1-30. LM micrographs of Craticula accomoda (Hustedt) D.G.Mann. The River Vodenisnica, near Monospitovo,
rock scrape (Slide MKNDC 008234). 31-69. LM micrographs of Craticula subminuscula (Manguin) C. E. Wetzel & Ector.
The River Vodenisnica, near Monospitovo, rock scrape (Slide MKNDC 008234). Scale bar = 10 um.
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Figure 22: 1-6. Scanning electron micrographs of Craticula accomoda. 1-3. External view of the whole valve.
4. Detailed view of the mid-valve. Areolae around central area with transversally elongated slit-like opening,
the rest with longitudinally orientated openings. 5, 6. Internal view. Areolae are occluded by hymen.
Raphe located on elevated sternum. Scale bar = 10 pm (1-3), 2 pm (4), 5 um (5, 6).
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Figure 23: 1-6. Scanning electron micrographs of Craticula subminuscula. 1-4. External view of the whole valve.
Distally raphe fissures strongly deflected, not continuing on the valve mantle. Proximally raphe fissures terminate
with small central pores, slightly deflected on the same side. Areolae with small, round foramina. 5, 6. Internal view.
Areolae are occluded by hymen. Raphe branches located on the valve surface, without elevated sternum.
Scale bar =2 pm (1-6).
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BUJIOBHU O POJIOT CRATICULA GRUNOW (BACILLARIOPHYCEAE) BO MAKEJOHUJA
3aaTko JleBkoB, CiaBuua Toduiaoscka, Jannjesa Mutuk-Konama

WucturyT 3a 6uomnoruja, [Ipupoano-maremarnyaku dakynrer, ,,CB. Kupur u Meroamj®,
Ckorje, Pemrybnnka Makenonuja

Bunosure ox pomot Craticula ce mupoko pacrnpoctpanetn Bo EBpomna u IaBHO ce CpeTHYBaaT BO OpaKH4HH,
COJICHH JI0 CHJIHO 3arajieHu Boad. HeKou o BHIOBHTE ce CMeTaaT M 3a CJHU O] HajTOJICPAHTHUTE KOH 3araayBarbe.
Bo moHOBO Bpeme ce COpOBEeINCHH IeTallHM HCTpaxKyBama Ha BumoBute o7 poxotr Craticula. Bo pamkure Ha oBaa
CTyauja ce peructpupand BkymHo 15 Buma. Kaj emen on Bumosute (Craticula simplex) e yrepaeHo moctoeme Ha TpH
pasnugHr MOP(HOTUIIOBH, KOU MOXKAT [a Ce Pa3IMKyBaaT CIopea rojemuHnara u ¢popmara Ha Bansata. Craticula cus-
pidata u C. ambigua ce BumoBu Kou Gea HajuecTo 3a0eNeKaHN U TOA HA PA3IMIHU CTAHWINTA, Nojeka BHaoBute C.
halophila, C. germainii u C. fumantii 6ea perucrpupanu camo Ha enHo craHumTe. HajBrcoka BHIOBa pa3sHOBHIHOCT
Ha Craticula Gemre 3abenexaHa BO HEMOCTOjaHU Oapy Ha XaJOMOP(HHU MOYBM M MHUHEpaTHH M3BOpU BO Vcrouna
Maxkenonwuja.

Kunyunn 360poBu: Craticula; qujatomen; nuBep3utet; MakenoHuja
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A study of mycodiversity in Macedonia is underway. The interest in macrofungi studies in Macedonia has
been growing in the past 20 years. According to the research conducted up to now, approximately 2,500 macromy-
cetes species have been recorded in the country. A half of this number is a result of the field and taxonomic work in
the Mycological Laboratory in the last decade. This work represents a contribution to the Macedonian mycobiota with

some rare fungi species.
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INTRODUCTION

The Republic of Macedonia is mycologically
well investigated. Recently, mycological studies
with special emphasis on systematical researches in
various groups, such as: Amanita, Peniophora, Phel-
linus, bolets, morels, Pyrenomycetes, hypogeous
fungi, has been conducted by the following authors
(Karadelev et al. [1-5], Lambevska et al. [6], Ka-
radelev & Rusevska [7], Kajevska et al. [8], Chavda-
rova et al. [9]). In addition, phylogenetic analyses
and assessment of antioxidant activities for certain
fungi species have been provided (Martin et al. [10],
Rusevska et al. [11, 12], Nikolovska-Nedelkoska et
al. [13]). The large data amount enabled us to update
the preliminary Red List of fungi (Karadelev & Ru-
sevska [14]). On the basis of the research done so
far, 2,500 macromycetes species have been recorded
in the Republic of Macedonia. The majority of the
species (1,300) belong to the class Basidiomycetes,
and 200 species to the class Ascomycetes.

EXPERIMENTAL SECTION

The data sources used are as follows: exsicca-
tae and notes from our own studies, the Macedonian

Collection of Fungi (MCF), the database (MAK
FUNGI), as well as specimens from other collectors.
The determination of the species was per-
formed during the field research and in the Mycologi-
cal Laboratory of the Institute of Biology at the Facul-
ty of Natural Science in Skopje, microscopically, by
using reagents (Melzers reagent, KOH, Cotton blue,
Congo Red, sulphovanillin etc.). Certain species were
identified while still in a fresh condition, and the oth-
ers were to undergo further laboratory analyses. Part
of the samples was preserved and deposited in MCF,
while all indispensable data about the species were
stored in the MACFUNGI database. The identifica-
tion of the species was carried out using Jiilich [15],
Allesio [16], Breitenbach & Kranzlin [17, 18], Han-
sen & Knudsen [19], Fernandez [20], Krieglsteiner
[21, 22], Horak [23], Galli [24] and Knudsen &
Vesterholt [25]. The species names follow Index Fun-
gorum (Kirk, 2016) and MycoBank (Stalpers & Cock,
2016). The species are reported in alphabetical order.
All important data pertaining to geographical distribu-
tion, altitude, forest association, and data source are
provided under each species. The species distribution
map was generated in ArcGIS 10.1 based on Digital
Elevation Model (ASTERGDEM) (http://aster-
web.jpl.nasa.gov/gdem.asp, 09. 2012).
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RESULTS AND DISCUSSION

A list of 15 taxa with important data (locali-
ties, associations and/or substrates) and distribution
maps is presented.

1. Amanita crocea var. subnudipes Romagn.

Skopska Crna Gora: Brodec vill. (vicinity),
Quercus forest, soil, 1400 m a.s.l., 16.06.2016.

Papradishte vill. (vicinity), footpath to
Solunska Glava, oak forest, soil, 900 m a.s.l.,
19.06.2016.

2. Amanita verna var. decipiens Trimbach

Skopska Crna Gora: Brodec vill. (vicinity),
Fagus forest, soil, 1400 m a.s.l., 16.06.2016.

3. Arrhenia griseopallida (Desm.) Watling
(syn. Omphalina griseopallida (Desm.) Quél.)

Ljubanci vill., along r. Ljubanska Reka, Quer-
cus forest with Populus and Salix, 900 m as.l.,
11.03.2016.

4. Lachnella alboviolascens (Alb. & Schwein.)
Fr.

Markova Reka, yard, Clematis vitalba (fallen
branch), 21.02.2016.

5. Leucocoprinus birnbaumii (Corda) Singer
(Figure 3)

Skopje: Botanical Garden, pot, soil, 250 m
a.s.l., 28.06.2010.

6. Leucopaxillus lepistoides (Maire) Singer

Kumanovo (vicinity): Studena Bara vill., hill
pasture, soil, 17.10.2008;

Skopska Crna Gora Mt.: Ljubanci vill.,
meadow, soil, 800 m a.s.l., 26.04.2010; Pobozhje
vill. (vicinity), soil, 27.05.2010 meadow;

Pijanec: Delchevo, soil, 15.08.2014

7. Marasmius buxi Quél.

Taorska Klisura and Badar: between the
monasteries of St. Bogorodica and St. Ilija, azonal
vegetation (Buxus, Phillyrea, Qurcus, Carpinus),
Buxus (fallen leaves), 03.05.2012.

8. Neolentinus schaefferi (Weinm.) Redhead
& Ginns (Lentinus cyathiformis (Schaeff.) Bres.)

Skopsko  Pole: Saraj, park, Populus,
06.04.2016, 09.05.2016.

9. Phaeogalera dissimulans (Berk. & Bro-
ome) Holec (syn. Pholiota oedipus (Cooke) P. D.
Orton)

Vodno, deciduous forest (? Tilia sp.), leaves
litter, 24.02.2016.

10.Pholiota highlandensis (Peck) Quadr. &
Lunghini (Ph. carbonaria (Fr.) Singer non A. H. Sm.)

Jasen reserve: Selishte, Plocha, Pinetum
(burned) with Acer, 1180 m a.s.l., 14.10.2010;

Taorska Klisura and Badar: Kozhle vill. (be-
low), azonal vegetation, sandy soil, 05.04.2016.

11.Pholiota populnea (Pers.) Kuyper &
Tjall.-Beuk.

Skopska Crna Gora Mt.: Banjani vill., at road-
sides, Populus (trunk), 800 m a.s.l., 25.09.2005; Lju-
banci vill., above the monastery of St. Nikola, decid-
uous forest with chestnut plantings, Castanea sativa?
(fallen trunk), 800-900 m a.s.l., 07.10.2007, Popu-
lus, (fallen trunk), 18.10.2009.

Kumanovo (vicinity): by the r. Pchinja, Pi-
nus plantings, unknown substrate, 29.10.2007;

Vodno: between Sredno Vodno and the peak,
mixed forest, deciduous tree.

12.Resupinatus trichotis (Pers.) Singer

Kozhuf Mt.: Umida, deciduous tree, rotten
wood, 800 ma.s.l., 29.04.2002;

Osogovski Planini Mt.: Sasa vill. (vicinity),
Quercettum  frainetto-cerris, Quercus frainetto
(fallen branch), 685 m a.s.l., 09.04.2008;

Dobra Voda Mt.: Quercettum frainetto-
cerris, Salix sp. (fallen branches), 850-900 m a.s.l.,
21.01.2009;

Skopje: Flower market, park, unknown tree
(fallen branch), 250 m a.s.l., 09.11.2009.

13.Rubroboletus rubrosanguineus (Cheype)
Kuan Zhao et Zhu L. Yang (Fig. 4)

German, Fagus forest, soil, 1400 m as.l.,
02.07.2016.

14.Xerocomus ichnusanus Alessio

Kumanovo (vicinity): Vojnik vill., Salix and
Populus forest, soil, 311 ma.s.l., 17.04.2011;

Galicica Mt.: Leskoec vill. (above), Querce-
tum frainetto-cerris, soil, 1150 m a.s.l., 13.10.2011.

15.Xerocomus persicolor H. Engel (Fig. 5)

Skopska Crna Gora: Brodec vill. (vicinity),
Quercus and Fagus forest, soil, 1400 m as.l.,
16.06.2016.

A total of 15 species, belonging to Basidio-
mycota, are part of this work, representing new data
for Macedonian mycobiota. One third of the species
(5) are lignicolous, all found as saprobes (Lachnella
alboviolascens, Marasmius buxi, Neolentinus scha-
efferi, Pholiota populnea and Resupinatus tricho-
tis), while the other 10 are terricolous.
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The following eight species: Amanita verna
var. decipiens, Arrhenia griseopallida, Lachnella
alboviolascens, Leucocoprinus birnbaumii, Ma-
rasmius buxi, Neolentinus schaefferi, Phaeogalera
dissimulans and Rubroboletus rubrosanguineus are
were found only on single localities, while the other
on two or four localities (Figures 1 and 2).

Some of the species are more or less specific
to the substrate. Marasmius buxi grows on fallen
leaves of Buxus sempervirens. This fungus was col-
lected from one locality, although its host is not so
rare in the country. According to the host distribu-
tion we expected to find M. buxi on more localities.
Pholiota populnea occurs on dead or living poplar
wood and more rarely also on other hardwoods. It

was found on four localities and according to the
data available up to now it is a rare species.

Three very rare boletoid species should be
pointed out. Xerocomus ichnusanus is a rare ther-
mophilic species distributed in the southern part of
Europe, connected mainly to oak forests, but also
with other deciduous trees. Our collections origi-
nate from oak forest and azonal vegetation with
willows and poplars.

Rubroboletus rubrosanguineus is a very rare
species, found in the beech forest, on German
Mountain. Xerocomus persicolor forms mycorrhiza
with oak and beech. It was found only on one local-
ity, in mixed oak and beech forest.

Figure 1. Distribution map of the species:
Leucocoprinus birnbaumii (O), Marasmius buxi (J),
Neolentinus schaefferi (l),Pholiota highlandensis (H),
Ph. populnea (Hl), Rubroboletus rubrosanguineus (.),
Xerocomus ichnusanus (@), X. persicolor (©).

Figure 2. Distribution map of the species:

A. crocea var. subnudipes (@), A. verna var. decipiens (@),
Arrhenia griseopallida (.), Lachnella alboviolascens (O),
Leucopaxillus lepistoides (), Phaeogalera dissimulans (&),

and Resupinatus trichotis (H).

Figure 3. Leucocoprinus birnbaumii, basidiocarps (photo: Mitko Karadelev)

Ipunosu, O00. dpup. maid. buoiiex. nayku, MAHY, 37 (2), 167-172 (2016)
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Figure 5. Xerocomus persicolor, basidiocarp (photo: Tome Jovanovski)
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HOBU IMOJATOIIN 3A MAKPOMUMIIETUTE (BASIDIOMYCOTA) BO MAKEJIOHUJA
Murtko Kapanenen, Katepuna PyceBcka

WucTuTyT 32 Onomnoryja, [IpupoaHo-maremaTiaku (hakynTer,
Yuusepsurer ,,CB. Kupwun u Meronnj“,Cromnje, Peryonnka Makenonuja

HctpaxyBamaTa Ha MUKOAWBEP3UTETOT BO MakeqoHHja ce BO TeK. Bo mocieqHHuTe ABaecEeTHHA TOAWHH CE
MIOCBETyBa OCOOCHO BHHUMAaHHE Ha IUBEP3UTCTOT Ha MakpomuieTrure Bo Makenonuja. Cropen MOAATOLMTE O
JIOCETaTHATE UCTpakyBama 3a MakeqoHHja ce mo3Hatu okory 2500 BugoBn Makpomunetd. [IpnOmmkHO MOIOBHHA
O]l HUB C€ pe3yiTaT Ha MHTCH3MBHUTE TEPEHCKU U Ta00pPaTOPHCKN UCTPaXXyBama BO OJHOC HA HUBHATA TAKCOHOMH)a
BO mocienHata nekama. OBOj TpyA NIpeTcTaByBa NPWIOT KOH MHKOIMBEP3UTETOT Ha MakenoHnja, BO KOj ce
NPETCTaBeHU HEKOW PETKU BHJIOBU ralHu.

Kayunu 300poBu: HOBH monaToiy; Basidiomycota; Makenonuja
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The catalogue summarizes the data found in the collection of freshwater decapods of the Macedonian Museum
of Natural History in Skopje, Republic of Macedonia. In the present work we have also critically reviewed the
historical data on the occurrence and distribution of representatives of decapods present in the country. The popula-
tions of decapods have never been intensively studied in Macedonia, and thus, this catalogue may serve as a valuable
source of data for nature conservation and protection of crustaceans and their habitats.
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INTRODUCTION

Freshwater decapods are a highly diverse
group of crustaceans currently known from all
biogeographical regions (except Antarctica and
India for crayfishes). Among an estimated number
of 3.000 described freshwater decapod crustaceans,
about 640 species can be considered as crayfish
species (Astacidea) [1, 2]. A total of 655 freshwater
shrimps (Caridea) and 1.300 freshwater crabs
(Brachyura) are presently known [3, 4]. The key pro-
cesses driving decapod crustaceans diversification are
likely to be habitat heterogeneity, high diversity of
ecological niches in freshwater ecosystems and
frequent genetic isolation between populations [1, 3,
4]. Relatively low fecundity and poor dispersal abili-
ties, probably, contributed to the evolution of rich
assemblage of freshwater decapods [2].

There are scarce published data about the
decapod fauna (Crustacea: Decapoda) from the Re-

public of Macedonia. The oldest data are from the
1920’s, when Balss [5] registered three species for
the country. On the basis of morphological criteria
Karaman S. [6] gave a description of two crayfish
subspecies, Astacus astacus balcanicus S. Karaman,
1929 (under synonymic name Potamobius fluviatilis
balcanicus S. Karaman, 1929) and Austropotamobius
torrentium macedonicus S. Karaman, 1929 (under
synonymic name Potamobius torrentium macedo-
nicus S. Karaman, 1929) in his review of fresh-
water decapods (Astacidea: Astacidae) in former
Yugoslavia. According to Karaman S., A. t. mace-
donicus represents a national (Macedonian) endemic
crayfish restricted to the River Vardar drainage. Few
decades later, the most widely accepted taxonomic
studies by Karaman M. [7, 8] recognized three
subspecies of crayfish Astacus astacus (Linnaeus,
1758), confirming the presence of subspecies A. a.
Balcanicus in the Western Balkans, in the drainage
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system of the River Vardar in the Republic of
Macedonia and Greece, as well as in Ohrid Lake. It
must be emphasized that the taxonomic status and
distribution of A. a. balcanicus and A. t. mace-
donicus has been discussed by many researchers
(e.g. [9-11]) and still has not been fully resolved.
Herein, we accept taxonomic studies by Karaman
M. [7, 8, 12].

Concerning the freshwater crabs (Brachyura:
Potamonidae), a more detailed research on taxo-
nomy and distribution in Macedonia was conducted
during the 1960’s by Preitzmann [13] and Bott
[14]. The first information about shrimps (Caridea:
Atyidae) on the territory of the country was pub-
lished by Karaman M. [15]. He described new
subspecies named Atyaephyra desmaresti stankoi
Karaman, 1972 (synonym of Atyaephyra stankoi
Karaman, 1972) from material collected from
Dojran Lake (Macedonia). Furthermore, Karaman
M. [12] summarized and critically reviewed the
existing data on taxonomy, biology, distribution
and phylogeny of decapods (Potamonidae, Astaci-
dae, Atyidae) inhabiting freshwaters in Macedonia.
Recently, important nhomenclatorial and taxonomic
changes have been introduced in Decapoda
systematics, mainly in the family Atyidae [16, 17],
which contributed for updated checklist of fresh-
water decapods in the country [18].

Republic of Macedonia is one of the European
countries where non-indigenous crayfishes, crabs
and shrimps have not been introduced. According
to Karaman M. [12] and Christoudoulou et al. [16]
five indigenous decapod taxa (species and sub-
species) occur in freshwater habitats in the country:
noble crayfish Astacus astacus balcanicus S.
Karaman, 1929; stone crayfish Austropotamobius
torrentium macedonicus S. Karaman, 1929; fresh-
water crabs Potamon fluviatile (Herbst, 1785) and
P. ibericum (Bieberstein, 1809); and freshwater
shrimp Atyaephyra stankoi Karaman, 1972. How-
ever, insufficient information on the distribution of
decapod representatives from the territory of
Macedonia is available at present. Additionally,
crayfishes, crabs and shrimp, like the freshwater
habitats in which they are encountered, receive
relatively little publicity and conservation attention
in the country, in spite of their key role in the
aquatic food webs and ecosystem functioning.

The aim of this study is to create a catalogue
based on specimens stored in the collection of the
Decapoda of the Macedonian Museum of Natural
History (MMNH), in Skopje, Macedonia. In the
present work we have also critically reviewed the
historical data on the decapods of Macedonia. The

catalogue contributed to update our knowledge on
the geographical distribution, ecology and taxo-
nomy of the freshwater decapods in Macedonia and
will serve as a valuable source of information for
nature conservation and the protection of decapods
and their habitats.

MATERIAL AND METHODS

The current review of freshwater decapods is
based on available literature data and studied
material deposited in MMNH. The collection of
Decapoda comprises 258 specimens gathered
during a period of almost 70 years (from 1946 to
2015). Decapod crustaceans are chronologically
registered and separately numbered with inventory
numbers. The specimens are in a very good state of
preservation in 70% ethanol. In addition, valuable
material of crayfishes was donated by V. Slavevska-
Stamenkovi¢ in 2016 (collected during 2008-2016).
All specimens were revised by the first author
following the keys by Parvulescu [19], Zaikov [20]
for crayfishes and Karaman M. [12] for crabs. The
redescription presented in Christodoulou et al. [16]
was used for confirmation of the freshwater shrimp
Atyaephyra stankoi in the collection of MMNH.

The catalogue comprises the following data:
Valid taxa name, Published records, Material
studied and Remarks.

The systematic presentation of taxa (species
and subspecies) follows Karaman M. [12], De Jong
et al. [21] and Christoudoulou et al. [16]. Below the
valid taxa name are listed chronologically, the
original names under the taxon which was cited in
literature. The genera and species are arranged al-
phabetically within each family.

Published records are cited in a shortened
form including the respective reference, name of
the watercourse and adjacent settlement or
mountain. Additional information may be found in
original papers.

New distributional records (Material studied)
are presented in the following sequence: name of
watercourse, name of adjacent settlement, date of
collection, number of specimens and sex (only for
crayfish specimens), name(s) of collector(s),
inventory numbers of the specimens deposited in
MMNH (in square brackets). The geographic infor-
mation and date of collection are omitted when
missing. Records are arranged according to
inventory numbers.

Additional information concerning ecology,
distribution, population status, threats and taxonomic
changes could be found in paragraph remarks.
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Abbreviation used in this cataloggue Other abbreviations: & — male specimen(s),
Q@ — female specimen(s), s. — specimen(s), v. —

Legator names: Biljana Rimc¢eska — BR, village, Mt. — mountain, leg. — legator(s).
Despina Kitanova — DK, Djoko Djorgievski — Dj
Dj, Emilija Stojkoska — ES, Irina Soreva — IS, THE CATALOGUE PRESENTATION
Jovan Kusevski — JK, Kiro Bogoevski — KB,
Ognjanka Popovska — OP, Risto Grupce — RG,
Svetozar Petkovski — SP, Snezana Stankovi¢ — SS,

The catalogue presented herein includes data
on five decapod taxa (Figure 1), including

Trajan Petkovski — TP, Vasil Kostov — VK, Brachyura (2), Astacidea (2) and Caridea (1). The
nomenclature used in this section follows the deci-

Valentina Slavevska Stamenkovi¢ — VSS and _ . o c
legator unknown- LU. sion of the International Commission on Zoological
Nomenclature (ICZN 2000).

ra stankoi Karaman, 1972
i, 02.07.1994 A
Bitk & E. Crojkocka Jler. E. Crojkocka

Figure 1. A-B: Potamon fluviatile (A) and its habitat from Ohrid Lake, v. Radozda (B); C—D: Potamon ibericum (C) and its habitat
from the Stara River, v. Miravci (D); E-F: Astacus astacus balcanicus (E) and its habitat from the P&inja River close to Macedonian-
Serbian border (F); G-H: Austropotamobius torrentium macedonicus (G) and its habitat from Mt. Galicica (H); I-J: Atyaephyra
stankoi (1) and its habitat from Dojran Lake, Macedonia (J); a-e. The studied species from MMNH with inventory numbers.
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Order DECAPODA Latreille, 1802
Suborder PLEOCYEMATA Burkenroad, 1963
Infraorder BRACHYURA Linnaeus, 1758
Family Potamonidae Ortmann, 1896
Genus Potamon Savigny, 1816
Potamon fluviatile (Herbst, 1785)

= Cancer fluviatile Herbst, 1785
Potamophilus edule Latreille, 1818
Potamon (Eutelphusa) edule Pretzmann,
1962

= Potamon (Telphusa) fluviatilis Pretzmann,
1983

Published records: Karaman M. [12]: Ohrid
Lake’s tributaries and springs (rare on the shore
line), Crn Drim watershed.

Potamon fluviatile

Material studied: Ohrid Lake, v. Radozda,
7-8.10.2015, 11 5., leg. ES [5775].

Remarks: The freshwater crab Potamon
fluviatile (Figure 1. A, a) was the first described
species from the Eurasian genus Potamon [22]. Be-
cause the species was extremely used for human
consumption, the former species’ name was P.
edule (Latin word "edulis" = edible) [23]. P. fluvia-
tile has a highly fragmented geographic distribution
over a wide area in a number of countries that have
a Mediterranean coastline [24]. This species inhab-
its unpolluted rivers, streams and lakes throughout
its range. Resent ecological survey by Barbaresi et
al. [25] suggested that the populations of P. fluvia-
tile have declined dramatically as a result of pollu-
tion, regulation and desiccation of streams, overex-
ploitation for human consumption and introduction
of exotic crayfish species.
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Figure 2. Distribution of Potamon fluviatile in Macedonia. Black triangles = published records, red triangles = material studied

Although in IUCN Red List of Threatened
Species is listed as "Near Threatened" (Table 1), it
is possible that the species is under higher risk of
extinction on global scale [24, 25] and thus in Mac-
edonia too. Bearing in mind that the species has a
narrow geographical distribution in our country
(Ohrid Lake watershed; Figures 1, 2), in our opin-
ion, the protection should be strongly regulated on
national level of legislation. Habitat protection and

preservation of freshwater ecosystems are obvious-
ly the main goal for conservation of P. fluviatile in
Macedonia.

Potamon ibericum (Bieberstein, 1809)

= Cancer ibericum Bieberstein, 1809

= Thelphusa intermedia taurica Czerniavsky,
1884

= Potamon (Pontipotamon) ibericumtauri-
cum Pretzmann, 1962
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Published records: Karaman M. [12]: Dojran
Lake spring near Toplec, lower part of the River
Vardar and its tributaries, springs on Mt. Gradeska,
Gevgelija valley.

Material studied: Dojran Lake, 7 s., leg. LU
[2377]; 4 s., leg. LU [2391]; Gabrovo stream,
22.04.1986, 2 s., leg. SS [2392]; Dojran Lake, spring
near Toplec, 28.06.1986, 2 s., leg. SS [2393]; Dojran
Lake, spring near Toplec, 09.09.1988, 7 s., leg. SS
[2397]; Dojran Lake, spring near Toplec, channel
besides spawning place, 11.06.1997, 3 s., leg. SS
[2773]; stream near v. Balakli, Mt. Gradeska,
08.05.2012, 1 s., leg. ES [5773]; Konjska Reka river,
under v. Gornicet, Mt. Kozuf; 11.09.2000, 1 s., leg.
ES [5774]; Stara River, v. Miravci, 11.11.2015, 2 s.,
leg ES [5793], Konjska Reka river, v. Konjsko,
Gevgelija, 12.11.2015, 6 s., leg. ES [5794].

Remarks: Similar to P. fluviatile, freshwater
crab P. ibericum (Figure 1: C, b) has a wide and
highly fragmented distribution. Due to human im-
pact there has been a distinct decline in population
abundance in most parts of its range since the mid
1970’s, and in some places the populations of crabs

Potamon ibericum

may have already disappeared [24]. Mainly, the
populations are threatened by water pollution, non-
purified sewages and habitat destruction, such as
river-bed straightening, building of reservoir, with-
drawal of water for local needs, stream channeliza-
tion. Further, freshwater crabs are an important pro-
tein source and are consumed in many parts of its
range [4], which significantly contributed to the
decline of the populations of P. ibericum. There-
fore, IUCN Red List of Threatened Species (Table
1) assessed the species as Near Threatened (NT),
with an indication that in the future it may be close
to qualifying as Vulnerable (VU) under A2 [24].

The results of this study show that in the last
twenty years no specimen of P. fluviatile was regis-
tered in the springs near Toplec, Dojran Lake, Mac-
edonia (Figure 3). It is possible that habitat alteration
of the springs caused extinction of subpopulations of
the species. In this connection we strongly
recommended urgent protection of the species, at
least under national regulations. Unfortunately, pro-
tection limited to local regulations often is not suffi-
cient to preserve the species from decline.
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Figure 3. Distribution of Potamon ibericum in Macedonia. Black triangles = published records, red triangles = material studied
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Infraorder ASTACIDEALatreille, 1802
Family Astacidae Latreille, 1802
Genus Astacus Fabricius, 1775

Astacus astacus balcanicus S. Karaman,
1929

= Potamobius fluviatilisbalcanicus S. Kara-

man, 1929

= Astacus colchicus balcanicus M. Karaman,

1961

= Astacus (Astacus) astacus balcanicus M.

Karaman, 1963

Published records: Karaman S. [6]: Ohrid
Lake, Vardar River watershed; Holothuis [26]:
Vardar River near Vazarci south of Skopje;
Albrecht [9]: Ohrid Lake, Sateska River; Subchev
& Gelder [27]: Dojran Lake, Skopje.

Material studied: Vardar River, Demir
Kapija, Gevgelija, 27.08.1965, 533, 792, leg. KB,
RG [2373]; Vardar River, Demir Kapija, Gevgelija,
27.08.1965, 383, 1122, leg. KB, RG [2374]; Ohrid
Lake, 20.07.1965, 4373, leg. TP [2375]; Struga,
15.08.1976, 533, 19, leg. TP [2376]; Ohrid Lake,
20.07.1965, 1243, leg. TP [2378]; Dojran Lake,

Astacus astacus balcanicus

3843, 19, leg. LU [2390]; Bregalnica River, v.
Razlovci, 10.1985, 5 s., leg. JK [2399]; Mavrovica
Reservoir, Sv. Nikole, 10.2013, 283, 299, leg.
VSS, VK [5770]; Pc¢inja River, near border with
Serbia,18.07.2009, 13, leg. VSS [5785].

Remarks: Astacus astacus (Figure 1: E, c) is
indigenous and widespread crayfish throughout
Europe [28]. This species occurs in rivers, lakes,
ponds and reservoirs, where shelter availability
like, stones, logs, roots and aquatic vegetation
prevail [29]. Populations of noble crayfish are at
risk of becoming endangered as a result of various
stressors such as: i) habitat alteration and degrada-
tion, ii) pollution, iii) increased siltation, iv) over-
exploitation, v) the virulent disease commonly
known as crayfish plague, caused by pathogen oo-
mycete Aphanomyces astaci and vi) competition
with invasive non-indigenous crayfish species [30,
31]. Therefore, IUCN Red List of Threatened
Species classifies the noble crayfish as a vulnerable
species (VU) with a decreasing population trend
[32]. The noble crayfish is further included in the
Bern Convention (Appendix Ill) and listed in the
EU Habitat Directive 92/43/EEC (Appendix V).
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Figure 4. Distribution of Astacus astacus balcanicus in Macedonia. Black triangles = published records,
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The results presented in this Catalogue
indicate that the current status of the noble crayfish
(in Macedonia accepted as A. a. balcanicus) is
alarming. In comparison with the stone crayfish, A.
astacus is rarer, with restricted and fragmented
distribution, mainly in the Vardar and Drim drain-
age systems (Figure 4). Although the species’ status
is ‘protected wild species’ in Macedonia, it is only
formally protected by local regulations [33].

Moreover, recent molecular-based studies
covering a large portion of distribution range of A.
astacus confirmed that the Balkans were relatively
unaffected by geological events during the glacial
cycles and that genetic diversity is more conserved
in comparison to Central Europe [30, 34]. Taking
into consideration that an analysed material from
Macedonia is missing, increased data set should be
used to resolve the large-scale genetic structure of
noble crayfish.

Genus Austropotamobius Skorikov, 1908

Austropotamobius torrentium macedonicus
S. Karaman, 1929

= Potamobius torrentium macedonicus S.

Karaman, 1929

= Austropotamobius (Austropotamobius) tor-

rentium macedonicus, Bott, 1950

Published records: Karaman S. [6]: Treska
Gorge near Skopje, mountain springs in the Vardar
River watershed; Karaman M. [12]: mountain
springs without specification of the settlement;
Albrecht [9]: Treska River, the village of Bukovo;
Subchev [35]: Skopska Crna Gora (Karadah Mt.).

Material studied: Lipkovo, v. Goshince,
19.09.1979, 13, 299, leg. TP [2379]; Belchishko
wetland, 04.10.1978, 19, leg. SP [2380]; Matica
spring, v. Cer, Kigevo, 17.09.1981, 283,292, leg.
SS [2381]; v. Raec, 19.10.1970, 13, 19, leg. TP
[2382]; captured spring between v. Bansko and v.
Gabrovo, 27.06.1986, 1133, 592, leg. SP [2383];
spring before v. Kolesino, 06.06.1986, 299, leg.
Gj Gj [2384]; v. Bansko, 22.12.1987, 783, leg. TP
[2394]; spring above v. Smolare, Mt. Belasica,
08.07.1986, 14, leg. SP [2396]; Lipkovska Reka
river, v. Gosince, 17.07.1979, 483, 399, leg. TP
[2398]; Demir Hisar, v. Brezovo toward v. Zasle,
28.07.2013, 19, leg. ES [5771]; Mt. Kozuf, Visoka
Cuka (Konjarnik), 17.07.2002, 19, leg. ZN [5772];
Ratevska Reka River, 07.2013, 13, 19, leg. VK,

VSS [5781]; Orevovecka Reka river, after
fishpond, 11.09.2011, 19, leg. BR [5782];
Orevovechka Reka River, after fishpond,

12.08.2011, 14, leg. BR [5783]; Mala Livada
River, 11.09.2011, 19, leg. BR [5784];
Bezgasteska Reka river, 30.05.2015, 13, 12, leg.
BR, VSS [5786]; Plavaja river, 06.06.2016, 1 s.,
leg. BR, VSS [5787]; Zelenogradska Reka river,
Mt. Osogovo, 08.2008, 1 s., leg. VSS [5788];
Brajcinska Reka river (upstream), 07.2010, 19, leg.
IS [5789]; Zrnovska Reka river, 05.2015, 299, leg.
VSS [5790]; Bregalnica river, v. Macevo,
13.06.2015, 13, leg. VSS, DK [5791]; Pehc&evska
river, 14.06.2015, 12, leg. VSS, DK [5792].

Remarks: A. torrentium (Figure 1: G, d) is
relatively widespread crayfish across Europe,
confined mainly to higher regions and wooded
headwaters, adapted to cold water and rocky
environments [36]. This species is reported to be
undergoing significant population decline in most
parts of its range [37, 38]. Literature data show that
the main threats to the population of stone crayfish
are the following: i) the presence of non-native
species Pacifastacus leniusculus (Dana, 1852) and
Orconectes limosus (Rafinesque, 1817); ii) the
crayfish plague, caused by pathogen oomycete
Aphanomyces astaci; iii) domestic and industrial
pollution; iv) habitat loss and degradation (with
damming, water abstraction, and channelization of
rivers); v) agriculture and vi) eutrophication [37,
38, 39]. However, no quantitative data on the rate
of decline is available and therefore IUCN Red list
of Threatened Species assessed the species as "Data
Deficient" [37]. The European Habitats Directive
92/43/EEC ranks A. torrentium in Annex Il among
the animal and plant species of Community interest,
whose conservation requires designation of Special
Areas of Conservation (Table 1). Further, the
species is included in Appendix Ill of Bern
Convention and Anex V of EU Habitat Directive
92/43/EEC and presents a protected wild species in
Macedonia [33].

Compared to the A. astacus, the stone
crayfish (in this Catalogue accepted as A. t. mace-
donicus) is more widely distributed in Macedonia
(Figure 5). Its connectivity with mountainous and
wooded headwaters makes it less exposed to
anthropogenic pollution and habitat degradation
and contributed to its lesser vulnerability. The
results presented in this Catalogue contributed to
update our knowledge on the geographical
distribution of the A. t. macedonicus in Macedonia
and will serve as a baseline for the process of
designation and establishment of Natura 2000
network in Macedonia.
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Infraorder CARIDEA Dana, 1852

Family Atyidae De Haan, 1849

Genus Atyaephyra de Brito Capello, 1867
Atyaephyra stankoi Karaman, 1972

= Atyaephyra desmaresti stankoi Karaman,
1972

Published records: Karaman M. [15]: Dojran
Lake; Karaman M. [12]: Dojran Lake, the channels
in Skopje and Pelagonia valleys, downstream of
spring Ras¢e near Skopje; Sapkarev et al. [40]:
Dojran Lake near Nov Dojran and Kaldrma;
Christodoulou et al.[16]: Dojran Lake.

Material studied: Katlanovo wetland, drainage
channel, 22.06.1946, 10 s., leg. KB [2388]; Vardar
river, v. Oresani, 13.09.1951, 5 s., leg. KB [2389];
Dojran Lake, 14.09.1972, 3 s., leg. OP [5776]; Dojran
Lake, Kaldrma, 01.07.1994, 36 s., leg. ES, SS [5777];
Dojran Lake, Acikot, 02.07.1994, 7 s., leg. ES, SS
[5778]; Dojran Lake, Nikoli¢, 09.11.1999, 28 s., leg.
ES, SS [5779]; Dojran Lake, Mrdaja, 10.11.1999, 10
s., leg. ES, SS [5780].

Remarks: The freshwater shrimp Atyaephyra
desmarestii stankoi (Figure 1: I, €) was described
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by Karaman M. [12] based on specimens from
Dojran Lake (Macedonia). Later, Garcia Mufioz et
al. [41] argued that the subspecies A. d. stankoi
actually presents a cryptic species in A. desmarestii
complex without confirming its status as a distinct
species. Recently, Christoudoulou et al. [16] and
Garcia Muifioz et al. [17] confirmed the taxo-
nomical validity of A. stankoi based on morpho-
logical and molecular data, after studying
specimens from west-central Greece and from the
type locality (Dojran Lake). Additionally, the
neotype of A. stankoi Karaman 1972, was
designated by Christoudoulou et al. [16] to stabilize
the species’ taxonomy.

A. stankoi is a Balkan endemic species, wide-
spread in west-central Greece, ranging northwards
to southern Macedonia (Dojran Lake) [3]. The
distribution of this species in Macedonia is
presented in Figure 6. The species lives in marginal
areas of rivers, lakes and streams and prefers
habitats rich with aquatic vegetation [12, 40]. A.
stankoi is included in JUCN Red List of Threatened
Species as being of Least Concern (Table 1), as no
information is provided on population densities and
no threats to the species are identified [3].
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Figure 6. Distribution of Atyaephyra stankoi in Macedonia. Black triangles = published records, red triangles = material studied

Table 1. List of freshwater decapods in Macedonia and their associated status
according to national and international criteria

. Habitat Directive
Species

Bern Convention

IUCN Red List National list

92/43/EEC
Potamon fluviatile NT
Potamon ibericum NT
Astacus astacus \Y Il VU Yes
Austropotamobius torrentium 1AV 1l DD Yes
Atyaephyra stankoi LC
The scarce knowledge of its ecology and bi- REFERENCES

ology, and the lack of economic value, significantly
contributed to its low level of protection. The Mac-
edonian law (Official Gazette of the Republic of
Macedonia no. 139/2011, 2011) does not mention
this species as a threatened one [33]. However, it is
strange that despite intensive research in the ma-
croinvertebrate fauna of Dojran Lake (Macedonia)
during 2015-2016 (Slavevska-Stamenkovi¢, un-
published data) the presence of specimens of A.
stankoi has not been registered, which indicates an
urgent implication of conservation measures.
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MACROPHAGE AGREGATES IN BROOK BARBEL BARBUS CF. PELOPONNESIUS
SPLEEN AS INDICATORS OF ENVIRONMENTAL POLUTION
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Changes in fish macrophage aggregate centres (MACSs) are a useful indicator of environmental stress. In this
study we evaluated stereologically the values of these cells in the polluted sites compared to the clean site in the River
Bregalnica. MACs aggregates were randomly distributed in spleen and often showed irregular form. Dominant pig-
ment in them was hemosiderin. Relative volume of MACs aggregates showed significant higher value in brook barbel
from polluted site. Total volume showed the same pattern, but differences were not significant. Our data confirm that
increase in MACs aggregates may serve as to warn on potential pollution in aquatic ecosystems. However, the pre-
caution is strongly suggested, as results were based on quantitative approach.

Key words: spleen; macrophage aggregates centres; pollution

INTRODUCTION

The environmental pollution presents a
worldwide problem. According to some research in
developed countries, 90% of waste waters are un-
treatedly discharged directly into the open water
[1]. This problem is present in undeveloped coun-
ties as well. Persistence of toxic materials in aquat-
ic ecosystems results in increased frequency of the
infections, parasites and lesions in aquatic organ-
isms, including fish [2-5]. This harmful effects are
also manifested through negative influence of the
toxic material upon MACs activity as well as on the
whole immune system [6-8].

Pigmented MACs in fishes can be found in
spleen, kidney and to a less extent in liver [9]. Num-
ber, size and pigment composition of MACs depend
on various internal, i.e., endogenous factors [10-13].
Pigmented MACs also depend on the exogenous
factors, namely on the presence of toxic materials in
the environment [14, 16-18]. Most of the studies
which investigated the influence of MACs on the
environment in nature were qualitative [13].

Taking into account that MACs aggregates
were good bioindicators for determination of the
anthropogenous impact on environment and fish
health [16], the present study aimed to investigate
pigmented MACs aggregates in the brook barbell
Barbus cf. peloponnesius spleen along the river of
Bregalnica, both in a clean location, which was a
reference site, and in the polluted ones. Stereologi-
cally (quantitatively) the amount of pigmented
MACs, relative and total volume, in the selected
organ was to be determined.

MATERIAL AND METHODS

Samples of brook barbel (Barbus peloponne-
sius, Valenciaennes, 1844) were collected from
three locations in the River Bregalnica; the up-
stream, reference site (R site), which does not re-
ceive anthropogenic effluents; the site in the middle
part of the river (site A), which is under the strong
pollution from aquaculture and mining industry;
and the site in the downstream stretch (site B),
which is mainly under sewage and household water
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discharges. The map and detail description of the
sampling area were already published by Ivanova et
al. [19]. In total, 648 fish samples were collected by
electro fishing (electro fisher Samus 725G) from all
three localities according to CEN EN 14011, 2003
standard. After the capture, the fishes were trans-
ported from sampling sites to the field laboratory.
The animals were sacrificed by severing the spinal
cord, the dissection was made and spleen was re-
moved, measured for weight and fixed in Bouin’s
fixative for 48 hours. For analysis, the sampled
pieces were routinely processed and embedded into
paraffin. From each piece serial sections (5 pum
thick) were taken, picking some of them for analysis
by a systematic random sampling approach, so to
obtain a representative final set of slides (about five
per spleen). Sections were stained with Perl’s meth-
od [20].

From each section, approximately ten sys-
tematically sampled fields were observed and quan-
tified at a final magnification of 400x%, with the first
field being randomly selected. In average, 50 fields
per spleen were systematically selected and studied.
A classical unbiased stereological technique based
on manual point counting [21] was used to estimate
the relative volume of the MACs (expressed as per-
centage) within the organ, according to the follow-
ing formula:

Vv/(structure, reference) = V\/(s, 1)
=[P(s) x 100] + P(r),

in which V\/(s, r) is the percentage of the total vol-
ume of a reference space occupied by one particular
given structure within that space, P(s) is the total
number of test points lying over the reference space
(in this study spleen tissue), and P(r) is the total
number of points falling over a particular structural
component. Point counting was directly made on a
microscope, and for that a square lattice glass grid
with 180 points was inserted into the left ocular.
The total volume was calculated according to the
following formula:

V(structure) = Vv (structure, reference)
x V (reference)

Data were presented as group means of indi-
vidual fish values, accompanied with the Coeffi-
cient of Variation (CV = SD/mean). Statistical
analyses were made using the software Statistica
7.0 for Windows. Data were analyzed by ANOVA
and whenever ANOVA disclosed significant results
the post-hoc Tukey test was performed. Differences
were considered as significant at p<0.05.

RESULTS AND DISCUSSION

Pigmented MACs aggregates were randomly
distributed through the spleen tissue in examined
brook barbel (Figure 1). The main pigment inside
them was hemosiderin alone (Figure 1b), or some-
times in association with lipofuscin/ceroid. The
melanin was almost absent. Such a distribution of
the pigment in brook barbel spleen was in accord-
ance with the data of the other authors [9-11].
Moreover, the hemosiderin deposition in MACs
indicated to the presence of toxic materials in envi-
ronment [16].

As expected from the qualitative analyses,
the highest V\/(MACs, spleen) were observed in
fish sampled at the sites A and B (Tab. 1). These
values were significantly higher when compared
with the fish taken from the R site. Total volume
Vspleen (MACs) showed tendency to increase in

polluted sites, but no significant differences were
obtained, probably due to high coefficient of varia-
tion coming from strong individual variability
(Tab.1).

In fishes, MACs have a function in organism
defense. Numerous data show that pollution in the
environment influences MACs [15-17]. It is in
agreement with our data, which confirmed that
MAC:s are good bioindicators for early detection of
presence of the toxic materials in aquatic ecosys-
tem. Fournie et al. [18] already pointed that MACs
can easily reveal the difference between degraded
and non-degraded environments. Most of the stud-
ies in which MACs were used as potential bi-
omarker were based on qualitative observation.
When studies were quantitative, different research-
ers measured different parameters and hence, a
consistent conclusion about their utility is lacking.
Therefore, we strongly suggest a quantitative ap-
proach in the use of MACs as a bioindicator.
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Figure 1. Light micrographs of Perl’s stained sections from the spleen of barbel, showing the evident difference between
(a) fish in the reference site with fewer pigmented macrophage aggregates (MACSss), and (b) fish in the polluted location
with much extensive accumulations pigmented MACs amidst. Bar line = 100 pum.
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Table 1. Relative volume (Vv), and total volume (V) of the pigmented macrophage aggregates
(MACs) in the spleen of the barbel from reference site (R site), and sampling sites affected
with pollution effluent (A and B sites)
Location Vv (MACs, spleen kidney) Vspleen (MACS)
% cm®
R Site 0.93 (1.65)? 0.02 (2.61)
A Site 2.06 (0.01)° 0.04 (1.55)
B Site 1.50 (1.02)° 0.05 (2.82)
Data are expressed as: mean (coefficient of variation).
Within a column, values with different superscript letters are significantly different (p < 0.05),
according to the post-hoc Tukey’s test.
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MAKPO®AT'HU ATPETATHHA HEHTPHU BO CJIE3BUHATA HA MPEHATA BARBUS CF.
PELOPONNESIUS KAKO HHANKATOPHU HA 3ATANYBAIETO HA CPEAUHATA

Maja Jopnanosal, Mapuja Hackosckal, Bacua Kocros?, Karepuna Pegok!

Tpuponno-maremarnuku pakymnrer, Yuusepsurer ,,C Kupun u Metoauj*,
Ckomje, Peny6nuka Makenonuja
2HMuctutyT 3a crouapcTso, Cxomje, Peny6nrka Makenonuja

[Tpomenute Bo mMakpodaruure arperatau nentpu (MACS) kaj pubuTe ce KOPUCEH HHIMKATOP 3a CTpECHa
cocrojba BO KMBOTHATa CpeAnHa. Bo oBaa CTyIMja co CTEpEOIOMIKA METOH HAMPABUBME HPOIICHA Ha OBUE KICTKH
BO 3arajeHd HaclpeMa He3araJieHH JIOKAalIUTeTH BO pekara bperamnuma. MACs arperati ce pacdpieHH Hu3
CIIe3WHATA W C€ YeCTO CO HempaBmiHa (GopMa. JJOMHHAHTCH MATMEHT BO HHB O€Ile XeMOCHIECPHUHOT. PenaTuBHHOT
BonmyMeH Ha arperatute Ha MACS mokaka CTATHCTHYKH 3HAYMTEIHO IIOBHCOKH BPEAHOCTH BO 3araicHUTE
JOKamuTeTH. TOTATHHOT BOJYMCH IMOKaka MCT TPCHHA, HO pasiHKUTe He Oea CTaTHCTHYKM 3Havajud. Hammre
pe3ynTaTH IOTBpPAYyBaaT Jeka 3roneMyBamero Ha MACs-arperaTu Moxke Jia ce KOPUCTH Kako IPEAyNpeayBambe 3a
MOTEHIIN]aTHO 3ara/lyBarbe Ha aKBATHYHHUTE €KOCHCTEMH. 3aT0a, CyrepupaMe pe3ysTaTHTe OJf BAKBUTEC HCTPAXKyBarba
Jia 6ugaT o7 KBaHTUTaTUBHA MIPUPOA.

Kiy4unu 360poBu: crie3nHa; Makpodaruu arperaTHy [EHTPH; 3aralyBambe
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