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Mentorju, akademiku in profesorju, dr. Zvonimirju Devidéju —
ob 90. obletnici rojstva in 64. letnici dela v znanosti in izobraZevanju

To my tutor, academician and professor Zvonimir Devidéju, on the occasion
of his 90" birthday and the 64" year of work in science and education

Bozidar Krajn¢i¢, zasluzni professor (professor emeritus)

Univerza v Mariboru, KamniSka ulica 52, 2000 Maribor
University of Maribor, Kamniska ulica 52, 2000 Maribor

Running title
Krajn¢ic¢: Prof. dr. Zvonimir Devidé

Izvlecek: Prispevek je namenjen mojemu vodniku in mentorju, profesorju dr. Zvonimirju
Devidéju, priznanemu biologu in botaniku, ¢lanu Hrvaske akademije znanosti in umetnosti,
profesorju na Naravoslovno — matemati¢ni fakulteti Univerze v Zagrebu, ob 90. obletnici rojstva
in 64. letnici dela v znanosti in izobrazevanju.

Kljuéne besede: citologija, fiziologija, rastline, Slovenija, Hrvaska, raziskave, izobrazevanje

Abstract: This paper is dedicated to my first guide and mentor, professor Zvonimir Devidé,
distinguished biologist and botanist, member of the Croatian Academy of Sciences and Arts,
professor at the Faculty of Natural Sciences and Mathematics of the University of Zagreb, on the
occasion of his 90" birthday and the 64" year of work in science and education.

Key words: cytology, physiology, plants, Slovenia, Croatia, research, education

Prof. dr. Zvonimirja Devidéja sem spoznal
na podiplomskem Studiju Naravoslovno — mate-
mati¢ne fakultete Univerze v Zagrebu leta 1968.
Na podiplomskem §tudiju biologije, morfolosko-
fizioloski smeri botanike, nam je prof. Devidé v
Solskem letu 1968/69 vzorno predaval tri predmete:
1. Izbrana poglavja iz citologije — osnovna plazma,
2. Submikroskopska zgradba kloroplastov, 3. Me-
todika in tehnika znanstvenega dela v biologiji. V
drugem letniku (Solsko leto 1969/70) pa je prof.
Devidé v okviru seminarja Izdelava magistrskega
dela vodil izdelavo mojega podiplomskega dela,
za katerega naslov sva se soglasno dogovorila:
Fotoperiodi¢ne reakcije lemnacej severovzhodne
: / Slovenije. Predlozeno raziskovalno delo sem

= i opravil v prostorih I. Gimnazije v Mariboru, kjer
Prof. dr. Zvonimir Devidé sem si v kleti z lastnimi sredstvi uredil skromen
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rastlinsko-bioloski laboratorij z dvema termostati-
ranima rastlinjakoma, ki sem ju kasneje preselil v
prostor genske banke Botani¢nega vrta Univerze
v Mariboru, katerega ustanovitev in izgradnjo
(8 ha) sem vodil od leta 1994-2008.

V okviru magistrske naloge sem na terenskih
raziskavah severovzhodne Slovenije odkril rastis¢a
vseh petih vrst lemnacej, ki rastejo v Sloveniji:
Lemna minor, Lemna gibba, Lemna trisulca, Spiro-
dela polyrrhiza in Wolffia arrhiza, vzgojil njihove
aksenicne kulture in raziskal fotoperiodi¢ne reak-
cije vrst Lemna minor, Lemna gibba in Spirodela
polyrrhiza. Magistrska naloga je bila opravljena
leta 1972. Ker je bila magistrska naloga (106
strani + 2 prilogi) zelo dobro ocenjena, je moj
mentor prof. Devidé predlagal, da nadaljujem Se
z doktorsko disertacijo z naslovom: Mehanizmi
indukcije cvetenja lemnacej Slovenije, ki sem jo
prav tako opravil (192 strani) pod mentorstvom
prof. Devidéja, kateremu se najlepse zahvaljujem
za nacrtno vodenje in vsestransko pomoc, saj mi
je vsa leta mojega raziskovalnega dela pomagal z
uspesnimi nasveti, me vzpodbujal k vztrajnemu in
natanénemu delu in mi posiljal literaturo.

Izdelavo doktorske disertacije sem zakljucil
z zagovorom 3. junija 1976 pred mednarodno
komisijo: dr. Zvonimir Devidé, redni profesor
Naravoslovno-matemati¢ne fakultete v Zagrebu
(predsednik), dr. Riklef Kandeler, redni profesor
dunajske Universitit fiir Bodenkultur in dr. Miran
Vardjan, redni profesor Biotehniske fakultete v
Ljubljani. Diploma o doktoratu bioloskih znano-
sti je bila izdana 12. novembra 1976. V okviru
doktorata sem raziskoval u¢inke aminokislin v
razli¢nih koncentracijah in razli¢nih fotoperiodah
ter u¢inke mikroelementov cinka, mangana, bakra
in molibdena pri cvetni indukciji. Razpravo Vpliv
aminokislin na cvetno indukcijo vrst Lemna minor
in Spirodela polyrrhiza sva objavila v Bioloskem
vestniku: Krajnci¢, Bozidar in Devidé, Zvonimir:
Vpliv aminokislin na cvetno indukcijo vrst Lemna
minor in Spirodela polyrrhiza, Bioloski vestnik
30, str. 85-104 (1982).

Ker je bilo iz literature vidno, da so bili vsi do
takrat izvrSeni eksperimenti za dosego cvetenja pri
vrsti Wolffia arrhiza neuspesni, mi je moj mentor
prof. Devidé priporocil naj v okvirju doktorske
disertacije Se poizkusim pripraviti tudi to vrsto do
cvetenja. Takrat te naloge nikakor nisem bil vesel.
Vendar sem imel neverjetno sreco, da sem volfijo

v prvem eksperimentu pripravil do cvetenja. Ker

volfijani cvetela v dolgodnevnih in kratkodnevnih

pogojih, sem pravilno zakljucil: ¢e morda rastli-
ne cvetijo v jeseni, potem verjetno potrebujejo
najprej dolgodnevno osvetlitev in nato zacvetijo

v kratkodnevnih pogojih, kar sem dosegel tako,

da sem rastline posadil v dolgodnevne pogoje in

jih po 3 tednih prenesel v kratkodnevne pogoje
in rastline so zacvetele, kolikor je znano, prvic¢
na svetu v laboratorijskih pogojih. S tem je pri

Lemnacejah odkrit nov fotoperiodi¢ni tip rastlin

dolgo-kratkodnevnice. O tem sem se tudi v naravi

preprical, saj sem v Istri v oktobru nasel cvetoce
rastline v Vizinadi, Markovic¢ih in Vi$njanu.
Prof. dr. Zvonimir Devidé je eden od ustano-
viteljev Jugoslovanskega drustva za fiziologijo
rastlin skupaj s profesorjem dr. Miranom Vard-
janom iz Ljubljane, prof. dr. Milojem Sari¢em
iz Novega Sada in prof. dr. Mirjano Neskovi¢ iz
Beograda. Omenjeno drustvo je z organizacijo
znanstvenih simpozijev, kongresov, seminarjev
in izdajo knjig pomembno vplivalo na razvoj
fiziologije rastlin. Tako npr. je leta 1983 izdalo
knjigo “Prirodni i sinteticki regulatori rastenja
biljaka™” iz predavanj na III. Seminarju Jugoslo-
venskog drustva za fiziologiju biljaka v Beogradu

(262 strani). V tej knjigi so natisnjena predavanja

priznanih raziskovalcev iz podrocja regulatorjev

rasti iz celotne Jugoslavije. Od slovenskih razisko-
valcev so sodelovali s svojimi prispevki:

— Nada Gogala: Rastne substance mikoriznih
gliv in njihov vpliv na visje rastline (strani
112-120),

— L. Elersek, M. Hocevar in D. Jurc: Razmnoze-
vanje smreke in metasekvoje s podtaknjenci
(strani 137-140),

—  Mihaela Cerne in Miran Vardjan: Uporaba
avksinov pri vegetativnem razmnozevanju
zelja (stran 140),

— Dusan Modic: Primena regulatora rastenja u
vocarskoj praksi — proredjivanje, sazrevanje
i opadanje plodova (strani 141-170),

— Bozidar Krajn¢ic¢: Vloga giberelinov in citokini-
nov v cvetni indukciji in razvoju cvetov -evokaciji
in diferenciaciji — Uloga giberelina i citokinina
u cvetnoj indukciji i razvicu cvetova — evokaciji
i diferenciaciji (strani 172-207).

Profesor Devidé se je rodil 6. avgusta 1921

v Sv. Lenartu v Slovenskih goricah v Sloveniji.

Po koncani srednji Soli v Mariboru, je Studiral
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naravoslovje na Univerzi v Zagrebu. Zaradi vojnih
dogodkov je studij nadaljeval na Dunaju, kjer je
leta 1944 diplomiral iz biologije, fizike in kemije,
kmalu nato pa je bil povabljen v laboratorij pro-
fesorja L. Geitlerja, na Bioloski postaji Lunz am
See, da pridobi izkusnje na podrocju citologije. Po
vrnitvi v rodno dezelo in odsluzenem vojaskem
roku, se je na povabilo profesorja V. Vouka preselil
v Zagreb, sprva kot pripravnik (1947), pozneje (tj.
leta 1948) pa kot asistent v Botani¢nem zavodu
Naravoslovno-matematicne fakultete. Leta 1953
je prejel Stipendijo Britanskega sveta, ki mu je
omogocila Sestmesecno bivanje v Angliji pod
mentorstvom profesorja C. D. Darlington-a v
John Innes Horticultural Institution Bayfordbury
na Oddelku za citologijo.

Po vrnitvi iz Anglije je v izredno skromnih
razmerah nadaljeval raziskave na podrocju ci-
tologije brezbarvnih kemosinteti¢nih zveplenih
bakterij, ki jih je obravnaval tudi v svoji doktorski
disertaciji leta 1954.

Leta 1960 se je habilitiral na Naravoslovno-
matematicni fakulteti na temo: Strukture in
opti¢ne znacilnosti svetlo pegastih zelenih listov
(Devidé 1959/1960). Kmalu zatem se je sicer
prijavil za mesto docenta na Botani¢nem zavodu
Naravoslovno-matemati¢ne fakultete, vendar ga
je fakultetni svet te ustanove predlozil in izbral
za izrednega profesorja. Leta 1970 je napredoval
v rednega profesorja. Predstojnik Botani¢nega
zavoda in Botani¢nega vrta je postal leta 1981 in
to funkcijo opravljal vse do upokojitve leta 1986.

Znanstveni opus profesorja Devidéja sega
vse od biologije celic in fiziologije rastlin do
splosnih bioloskih tem, kot so varstvo narave in
naravnih virov.

V zacetku kariere se je posvetil predvsem
raziskovanju kromosomov (Devidé in Geitler
1947). Stevilke v oklepaju so zaporedne stevilke
iz seznama znanstvenih publikacij. V nadaljevanju
pa je iskal nacine, da pojasni mikroskopsko
zgradbo celic velikih brezbarvnih kemoavtotrofnih
zveplovih bakterij (Leucothiobacteria) v Jadranu,
ki z oksidacijo hidrogen sulfida vezejo energijo
in jo spros¢ajo v obliki, primerni za njihov me-
tabolizem (Devidé 1949). Profesorjev prispevek
k taksonomiji teh mikroorganizmov je pomemben
(Devidé 1949, Devidé 1952, Devidé 1953 a,b,
Devidé 1954, Devidé 1956a), obenem pa je razvil
nove metode za njihovo kultiviranje.

Med raziskovanjem kariologije migetalkarjev
je uspel dokazati obstoj posameznih kromosomov
v procesu meioze in njihovo pretvorbo v kromo-
somske agregate med oblikovanjem mikronukleusa
v lo¢enih konjugantih ter tako pojasnil do tedaj ne
dovolj raziskano mitozo in $e neznano strukturo
kromosomov v mikronukleusu migetalkarja. S
tem je bil storjen pomemben korak v razume-
vanju struktur mikronukleusov in poliploidnih
makronukleusov ter vloge endomitoze in njenega
formiranja (Devidé in Geitler 1947, Devidé 1950,
Devidé 1951).

Spodbudo za raziskave, ki jih je profesor
Devidé opravil z mlajsimi kolegi (Sibilo Jelasko,
Drazeno Papes, Branko Kolevsko-Pletikapi¢ in
Biserko Jelenci¢) na podro¢ju rasti in diferenciacije
v rastlinskih tkivih in kulturi celice, gre iskati
predvsem v njegovem zanimanju za spremljajoce
karioloske spremembe, kljub temu, da je bilo
pred tem potrebno opraviti mnogo raziskav na
podrocju optimiziranja rastnega medija in izvora
veepkov. S pomocjo Giemsove C-progavostne
tehnike je bilo sedaj mogoce identificirati celo
posamezne dele prelomljenih kromosomov. Z
uporabo te metode v in-vitro-kulturah boba (Vicia
faba) je bilo mogoce v klicah, ki so se razvile iz
osnovnih veepkov, opaziti tako precej$nji delez
triploidnih celic z izrazitimi ekstrakromosomi kot
tudi strukturne mutacije. Zanimivo je dejstvo, da
je v subkultiviranem tkivu stopnja poliploidnosti
narastla v korist diploidnih celic z normalnim
kariotipom (Jelaska in Devidé 1977, Papes in
s0d.1978, Jelaska in Devidé 1983, Pavalek in
sod. 1980, Jelaska in sod. 1981).

Profesor Devidé je na InStitutu »Ruder
Boskovi¢« uvedel novost, namre¢ uporabo ele-
ktronskega mikroskopa v biologiji. Ob tej priliki
so odkrite tudi nove metode dela (Devidé in
Wrischer 1960 a,b), s katerimi je bilo pozneje lazje
raziskovati vpliv ionizirajocega sevanja in drugih
zunanjih dejavnikov na razvoj plastidov. S svojo
sodelavko Mercedes Wrischer sta ugotovila, da
izpostavljenost sevanju rentgenskim zarkom, ki Se
ni smrtno, ne vpliva na pretvorbo prolamelarnih
telesc v ozelenecih etioliranih listih. Upocasnjen
razvoj tilakoidov in formiranje granumov pa
dokazujeta, da odvisnost od velikosti sevanja do
neke mere vendarle obstaja (Wrischer in Devidé
1964 c¢,d, Wrischer in Devidé 1967 a,b, Devidé
1967, Devidé 1969 a,b). Dobljeni rezultati so Se
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spodbudili njegovo Ze nekaj ¢asa trajajoCe zani-
manje za plastidno metamorfozo. Pri sadezih, kot
so pomarance in kultivirane vrste bu¢ (Cucurbita
pepo L. var. ovifera), mu je s kolegom Nikolo
Ljubesi¢em uspelo dokazati, da lahko kromoplasti
v doloc¢enih okolis¢inah ponovno ozelenijo, pri
¢emer se pretvorijo v funkcionalne kloroplaste.
Rezultati tega dela so dokon¢no ovrgli Frey-
Wysslingovo hipotezo o monotropnem razvoju
plastidov (Devidé 1970 a,b, Devidé in Ljubesi¢
1972, Devidé in Ljubesi¢ 1974), ki pravi, da
kromoplasti predstavljajo zadnjo fazo v razvoju
plastidov in da se ne morejo ponovno razviti v
kloroplaste. Toda koreni rdecega korenja na svet-
lobi ozelenijo. Drugo obliko reverzibilne plastidne
transformacije predstavljajo aurea mutacije, ki so
raziskane v vrstah Acer negundo var. odessanum,
Fraxinus excelsior var. aurea in Ligustrum ovali-
folium var. aureum. V vseh treh primerih mo¢na
svetloba preprecuje ozelenitev — akumulacijo
klorofila. Vtis je, kot da bi bile posledice napake v
biosintezi karotenoidov in drugih zas¢itnikov pred
prekomernim sevanjem sonca (triplet karotenoidov
in epoksidni cikli), pri cemer je kolorofil subjekt
foto-oksidacije. Morfometri¢ni podatki za aureo
varietete so pokazali, da vsebujejo plastidi rumenih
listov, ki so izpostavljeni soncu, le okrog 10 %
mase grana tilakoidov, ki jo obi¢ajno najdemo v
sencni legah rastocih zelenih listih. Kljub vsemu
je bila fotosinteza pri rumenih aurea listih mnogo
ucinkovitejsa, kot bi pricakovali, glede na nizko
vsebnost klorofila; to je ugotovitev, na osnovi
katere lahko sklepamo, da je v tem slucaju velikost
fotosinteticne enote manjsa (Wrischer in sod. 1975
a,b, Wrischer in sod. 1976).

Z Mercedes Wrischer je prof. Devidé razisko-
val tudi ultrastrukturne spremembe, ki nastanejo
zaradi delovanja inhibicijskih dejavnikov na
proces celi¢ne respiracije. Eden od u¢inkov, ki so
bili predmet raziskave, je bilo znacilno povecanje
velikosti mitohondrijev; tak§nega doslej Se nismo
poznali (Wrischer in Devidé 1964 a,b, Devid¢ in
Wrischer 1964, Devidé in Wrischer 1965, Devidé
in Wrischer 1967).

Znanstveni interes prof. Devidéja je tudi
fiziologija cvetenja. Skupaj z menoj (B. Krajn-
¢i¢em) sva objavila 5 znanstvenih ¢lankov
(Krajnci¢ in Devidé 1979, Krajnc¢i¢ in Devidé
1980, Krajn¢i¢ in Devidé 1982 a,b,c), v katerih
svaraziskovala embrionalni razvoj cvetov pri vrsti

Spirodela polyrrhiza (Lemnaceae) (Krajn€i¢ in
Devidé 1979), fotoperiodizem pri vrstah lemnacej
s podrocja Slovenije in severne Hrvaske (Krajnci¢
in Devidé 1980, Krajn¢ic in Devidé 1982b) in pri
tem ugotovila, da je vrsta Lemna minor kvalita-
tivna dolgodnevnica, Lemna gibba kvantitativna
dolgodnevnica, Spirodela polyrrhiza ve¢inoma
fotoperiodi¢no nevtralna rastlina, Wolffia arrhiza
pa dolgo-kratkodnevnica. Z raziskavami vpliva
20 aminokislin na cvetno indukcijo vrst Lemna
minor in Spirodela polyrrhiza ( Krajn¢i¢ in Devidé
1982a) sva ugotovila naslednje.

Pri pH 4,8 in koncentraciji 10 M, ki je za
vecino aminokislin optimalna, so najmocneje
pospesile indukcijo cvetenja v primerjavi s
kontrolo.

(1) Pri dolgodnevnih klonih Lemna minor
na dolgem dnevu: serin za 27 %, glutaminova
kislina za 26 %.

(2) Pri dnevno nevtralnih klonih vrste Spirodela
polyrrhiza, na dolgem dnevu: glutaminova kislina
za 38 %, leucin za 28 %, serin za 21 %, na kratkem
dnevu: valin za 45 %, tirozin za 36 %.

Pri terenskih raziskavah lemnacej na podrocju
severne Hrvaske ( Krajn¢i¢ in Devidé 1982c) sva
odkrila vecje Stevilo Se neobjavljenih rastis¢ lem-
nacej, od tega 14 rastis¢ vrste Spirodela polyrrhiza,
17 rastis¢ splosno razsirjene vrste Lemna minor,
tri rasti§¢a vrste Lemna gibba, 11 rastiS¢ vrste
Lemna trisulca in 7 rastiS¢ vrste Wolffia arrhiza.
Najpomembnejsa novoodkrita rastis¢a lemnacej
S0 opisana in vrisana v geografski karti prilozeni
na koncu objavljenega ¢lanka.

Pri raziskavah fotoperiodi¢nih reakcij lem-
nacej s podrocja severne Hrvaske (Krajnci¢ in
Devidé 1982b) sva ugotovila, da so izmed petih
klonov vrste Spirodela polyrrhiza (Pelekovec,
D. Miholjac, Slavonski Brod, Bijelo brdo in Vin-
koveci) prvi §tirje kloni fotoperiodi¢no nevtralne
rastline, klon iz Vinkovcev pa je kvantitativna
dolgodnevnica, kar je pri vrsti Spirodela polyrrhiza
prvi¢ ugotovljeno. Oba raziskovana klona vrste
Lemna gibba (Bro¢ice in Stupna) sta kvalitativni
dolgodnevnici. Izmed Sestih klonov vrste Wolffia
arrhiza je uspela cvetna indukcija samo pri klonu
iz Zagrebskega botani¢nega vrta, ki je dolgo-
kratkodnevnica.

Profesor Devidé je tako citolog kot fiziolog,
zato kaze veliko zanimanje za biokemicne raz-
iskave. Tako se je zacelo sodelovanje z radioizo-
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topnim (sledilnim) laboratorijem Instituta »Ruder
Boskovic«, katerega predstojnica je bila dr. Dina
Keglevi¢ (Ladesi¢ in sod. 1962). Da bi mogli razviti
podobne raziskave tudi v njegovi univerzitetni
enoti, je svojemu asistentu, Ivanu Reguli, omogo¢il
usposabljanje v tem laboratoriju z namenom,
da se ta priuci potrebnih metod dela. Zaceli so
raziskovati biogeni¢ni amin, tj. serotonin, ki so
ga nedavno tega odkrili v zivalskih in ¢loveskih
tkivih in je postal izziv Stevilnim fiziologom in
farmakologom. V laboratoriju profesorja Devi-
déja je 1. Regula potrdil njegovo prisotnost, na
primer, v zgalnih laskih koprive, v spodnji listni
povrhnjici olj¢ice (Elaeagnus), v mezokarpnem
tkivu paradiznika ter v semenih lesnikov (tukaj
v povezavi s triptofanom). Serotonin se tvori po
Sikimatskih poteh prek triptofana in triptamina. Z
akumuliranjem v semenih naj bi tvoril mehanizem
za razstrupljanje amoniaka (in/ali rezerve za
kasnejso uporabo). Poleg tega serotonin spodbuja
podaljsevanje celic v koreninah/korenih/korenikah
in ovsenih (4vena sativa) koleoptilah (Regula in
Devidé 1979, Regula in Devidé 1980).

Znanje optike je profesorju Devidéju omo-
gocilo, da je analiziral opti¢ne znacilnosti modrega
sija pri plodovih vrste Viburnum tinus (Devidé
1986). Z Marijano Krsnik-Rasol sta zacela z
raziskavami na podro¢ju rastlinskih tumorjev.
Objavil je tudi Stevilne ¢lanke o domacem rast-
linstvu (Domac in Devidé 1954, Devidé 1956
a,b,c,d, Devidé 1957, Krajn¢i¢ in Devidé 1982)
in s svojimi lastnimi izku$njami prispeval k
skupnim raziskavam s kolegi z najrazli¢nejsih
podroc¢ij (Tunki in Devidé 1957, Dezeli¢ in sod.
1960, Mamula in sod. 1966).

Naj na tem mestu omenim $e ¢lanek o ma-
kroevolucijskih teorijah in njihovih citogenetskih
osnovah (Kochansky in Devidé 1985), ki ga je na-
pisal skupaj s soprogo Vando Kochansky-Devidé,
paleontologinjo s pronicljivim poznavanjem
biologije. V glavnem pa je ostal pri elektronski
mikroskopiji in plastidnih ultrastrukturah s
poudarkom na razvoju kromoplastov in njihovih
kompartimentov, v katerih se nahajajo karotenoidi
(Devidé in Ljubesi¢ 1989, Ljubesi¢ in sod. 1996,
Wrischer in sod. 1992, Ljubesi¢ in sod. 1995,
Ljubesi¢ in sod. 1996, Wrischer in sod. 1998,
Ljubesi¢ in s0d.1999, Wrischer in s0d.2000,
Ljubesi¢ in sod. 2005).

Profesor Devidé je rezultate svojega dela pred-
stavil na 75 znanstvenih konferencah doma in po
svetu, na dvanajst od teh je nastopil kot plenarni
predavatelj. Pomen njegovega znanstvenega dela
je viden v odzivu, ki ga je sprozil v mednarodni
znanstveni skupnosti. Njegove rezultate so citirali
v ve¢ kot 40 mednarodnih znanstvenih ¢asopisih
in jih vkljucevali v univerzitetne ucbenike kot
Studijsko gradivo.

V Casu, ko je bil prof. Devidé ¢lan Botani¢nega
zavoda, ga je obiskalo ve¢ kot $tirideset tujih
znanstvenikov, med njimi M. Bopp, M. Bukovac,
J. Greilhuber, W. Haupt (po zaslugi katerega je
Botanic¢ni institut Univerze v Erlangen Nuernbergu
prispeval $tevilne volumne Priro¢nika rastlinske
fiziologije in ¢ mnogo pomembnih znanstvenih
publikacij, knjig, u¢benikov in priro¢nikov), K.
Jones, R. Kandeler, E. Landolt, M. Neskovi¢,
J. Reinhert, E. Schnepf, P. Sitte, M Vardjan, H.
Ziegler in 1. Zelich. Mnogi izmed nastetih kole-
gov so bili ¢lani komisij za zagovor doktorskih
disertacij.

Profesor Devidé je bil glavni organizator vec
pomembnih znanstvenih konferenc, med katerimi
velja Se posebej omeniti Evropski fotobioloski
simpozij na Hvaru leta 1967, simpozij Jugoslovan-
skega drustva za rastlinsko fiziologijo v Stubiskih
toplicah leta 1975 ter 5. jugoslovanski simpozij iz
elektronske mikroskopije v Plitvicah leta 1986.
Ob tem je sodeloval Se v organizacijskih odborih
mnogih drugih domacih konferenc.

Napisal je recenzije za ve¢ kot 34 knjig,
univerzitetnih u¢benikov in drugih znanstvenih
del ter 14 preglednih in poljudno znanstvenih
¢lankov v revijah Priroda in Proteus. Ob tem ne
smemo pozabiti njegovega prispevka v splosnih,
medicinskih in gozdarskih enciklopedijah. Pisal
je o najrazli¢nejsih temah, vse od zgodovine
naravoslovnih znanosti do vprasanja etike v
biologiji. Posebnega pomena je poglavje, ki ga je
prispeval v knjigi Mikroskop, avtorja B. Vari¢aka,
kjer je razlozil teoretska izhodis¢a mikroskopije,
nacine priprave vzorca in uporabo elektronskega
mikroskopa v biologiji. Ni¢ manj pomembno ni
profesorjevo sodelovanje pri prevajanju 31. izdaje
Strassburgerjevega ucbenika botanike za univer-
zitetne namene (Skolska knjiga, Zagreb, 1982, ki
je dozivela v kratkem ¢asu 3 izdaje).

Profesor Devidé je bil izjemen predavatelj.
Predstavljene primere je ponazoril z nadvse
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razumljivimi risbami in koristnimi ilustracijami, s
pomocjo katerih je bilo mo¢ razumeti kompleksne
pojme iz biologije, vse od delovanja kompliciranih
naprav do strukture in delovanja rastlinskih celic.
Svoje trditve je po moznosti vselej podkrepil z
zanimivimi eksperimenti.

Veliko ¢asa in napora je vlozil v izboljSanje
obstojecih ter uvajanju novih dodiplomskih $tu-
dijskih programov (osnove citologije, celi¢na bio-
logija, znanstvena mikroskopija, splosne metode
in orodja znanstvenega raziskovanja, Se posebej
pa velja omeniti sodobno fiziologijo rastlin). Bil
je mentor pri Stevilnih diplomskih nalogah na
dodiplomski in podiplomski stopnji.

Profesor Devidé je bil voditelj Podiplomskega
Studija iz Botanike in Eksperimentalne biologije na
Naravoslovno-matemati¢ni fakulteti (1960—-1970)
in, po reorganizaciji Podiplomskega studija voditelj
za Biologijo Podiplomskega $tudija Univerze v
Zagrebu (1970-1983). Vodil je naslednje dodiplom-
ske predmete: Biomembrane, Principi in metode
znanstvene mikroskopije ter specialne predmete s
podrocja ultrastrukture in funkcije mitohondrijev
ter ultrastruktur in delovanja fotosinteti¢nega
aparata in submikroskopske organizacije celic.
Pod njegovim vodstvom je nastala prenekatera
magistrska in doktorska naloga.

S kolegi je spodbujal raziskovanje podrocij
kot so biologija celic in rastlinskih tumorjev
(Marijana Krsnik-Rasol), citogenetika (Drazena
Papes), submikroskopska zgradba celic in elek-
tronska mikroskopija (Mercedes Wrischer, Nikola
Ljubesi¢), kulture rastlinskih tkiv (Sibila Jelaska,
El Khalifa El Mamoun iz Kartuma, Sudan, Branka
Kolevska-Pletikapi¢, Branka Pevalek-Kozlina),
fiziologija cvetenja (Bozo Krajné¢i¢, Maribor),
biokemicna fiziologija rastlin (Ivan Regula) ter
kultura in fiziologija alg (Elena Marcenko).

Zaradi svojih zaslug je bil profesor Devidé
leta 1973 izbran za izrednega ¢lana in leta 1991
in za rednega ¢lana poprej Jugoslovanske, sedaj
Hrvaske akademije znanosti in umetnosti.

Od leta 1974 je veliko ¢asa in energije usmeril
v poucevanje o nujnih potrebah ohranjanja narave
in zdravega okolja, sodeloval je v mnogih komisi-
jah in podobnih telesih (gl. Scientia Yugoslavica,
Zagreb, 1987).

Profesor Devidé je v svoji akademski ka-
rieri zavzemal pomembne polozaje v Stevilnih
raziskovalnih in izobrazevalnih ustanovah. Na

Naravoslovno-matemati¢ni fakulteti je bil voditelj
Podiplomskega Studija Botanike in Eksperimen-
talne biologije (1960 — 1970) in po reorganizaciji
voditelj Podiplomskega studija Univerze iz stroke
Biologija (1970 — 1983) ter predstojnik Botanic-
nega zavoda in Botani¢nega vrta (1981-1986).
Bil je tudi predsednik Sveta za varovanje narave
na akademiji, Prometno ekoloSkega odseka
znanstvenega sveta za promet na Akademiji, ¢lan
Medakademske komisije za varstvo narave in
okolja, delegat v Svetu jugoslovanskih Akademij
in v okoljski komisiji OECD (1986) ter v Komisiji
za varovanje in razvoj okolja v jugoslovanskem
parlamentu (1986). Bil je predstojnik Odseka za
biologijo v Hrvaskem prirodoslovnem drustvu
(1974-1976), predsednik Hrvaskega drustva za
fiziologijo rastlin (1972-1974), predstojnik Sek-
cije za elektronsko mikroskopijo pri Hrvatskem
prirodoslovnem drustvu (1984—1989), ¢lan upra-
vnega odbora Hrvaskega zdruzenja genetikov ter
mednarodnih drustev kot so Federacija evropskih
drustev za fiziologijo rastlin, Mednarodne zveze
za fiziologijo rastlin in mednarodne zveze za
kulturo rastlinskih tkiv. Je ¢lan uredniskih odbo-
rov znanstvenih revij Periodicum Biologorum
(1973-1976), Acta Botanica Croatica (od 1967)
in Acta Biologica ASAC (1987-2002).

Nenazadnje velja, poleg zgoraj omenjenih
oblik javnega priznanja profesorjevih dosezkov
v znanosti, omeniti tudi odlikovanja in javna pri-
znanja, ki jih je bil prof. Devidé delezen. Leta 1976
je prejel priznanje za svojo znanstveno dejavnost
republisko nagrado »Ruder Boskovic«. Leta 1985
je bil odlikovan z Ordenom dela z zlatim vencem
za posebne zasluge in dosezene uspehe v delu,
pomembne za napredek domovine. Leta 1988 pa
je sprejel republisko Nagrado za zivljenjsko delo.
Leta 1980 je Znanstveni svet Instituta »Ruder
Boskovié« profesorja Devidéja izvolil v naziv
Castnega znanstvenega svetnika Instituta »Ruder
Boskovic, leta 1981 je postal ¢astni ¢lan Hrvaskega
bioloskega drustva, leta 1990 Hrvaskega prirodo-
slovnega drustva, leta 1998 Hrvaskega geneticnega
drustva, leta 1999 Hrvaskega drustva za fiziologijo
rastlin, leta 2000 mu je Hrvasko biolosko drustvo
podelilo Plaketo Zdravka Lorkovica v priznanje kot
ustanovitelju tega drustva, leta 2010 pa zahvalnico
Hrvaskega prirodoslovnega drustva kot svojemu
Castnemu ¢lanu za dolgoletno prizadevnost ures-
niciti cilj HPD-ja.
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Ob 80. in 85. obletnici rojstva prof. Devidéja
sem svojemu mentorju posvetil dva znanstvena
¢lanka, ki sem ju objavil v mednarodnih znanstve-
nih ¢asopisih: Mechanisms of EDDHA effects on
the promotion of floral induction in the long day
plant Lemna minor (L.) Journal of Plant Physiol-
ogy 160, 143-151 (2003) (Clanek je posvecen 80.
obletnici rojstva prof. Devidéja) in Possible role
of jasmonic acid in the regulation of floral induc-
tion, evocation and floral differentiation in Lemna
minor (L.) Plant Physiology and Biochemistry 44,
752758 (2006) (Clanek je posveten 85. obletnici
rojstva prof. Devidéja).

Profesor Devidé je znan po svoji prijaznosti,
dostopnosti in pripravljenosti sodelovanja. Dobro
poznavanje petih jezikov (hrvas¢ine, slovens¢ine,
nemscine, francos¢ine in angles¢ine) mu je zelo
olajSalo vzpostavljanje zvez z inozemstvom in
inozemnimi kolegi, kar je pospesilo znanstvene
stike in osebna poznanstva v stroki.

Devidéjevo navdusenje za poucevanje in
raziskovanje na podrocju biologije ter obsezno
znanje pridobljeno na Dunaju in v Angliji sta nasla
dober odziv v Botani¢nem zavodu in bioloskem
oddelku novoustanovljenega Instituta »Ruder
Boskovi¢« v Zagrebu, kamor je bil povabljen,
da razvije elektronsko mikroskopijo.

Profesor Devidé je navdusil za znanost
Stevilne mlade ljudi. Trije njegovi sodelavci so
¢lani Hrvaske akademije znanosti in umetno-
sti, eden je zasluzni profesor, Stevilni njegovi
Studentje in Studenti njegovih sodelavcev pa so
se izkazali po svetu v uglednih laboratorijih. Do
Studentov je bil izredno razumevajoc, naklonjen,
hkrati pa je, glede na sloves Univerze, kakr$na
je zagrebska, ohranil strogo objektivnost glede
kriterijev ocenjevanja.

V letih visoke starosti, ki jo je dosegel, je
seveda moral zmanjsati svojo dejavnost. Od leta
1994 do danes je voditelj Zavoda za ornitologijo
Hrvaske akademije znanosti in umetnosti, kjer
se, poleg s tekoCimi zadevami, ukvarja zlasti s
problemi hrvaske ornitoloske terminologije in
nomenklature. Kot ¢lan uredniskega odbora med-
narodnega Casopisa Acta Botanica Croatica se z
glavnim urednikom prof. dr. Damirjem Vili¢icem
trudi, kako v kriznih ¢asih zagotoviti ¢asopisu
varnejSo bodo¢nost. Objavlja Se krajse ¢lanke,
vecinoma kriti¢ne razprave o vaznih znanstvenih
knjigah in zlasti u¢benikih, vaznejsih obletnicah
in podobno.

Profesor Devidé je imel kljub Sirini svojih
dejavnosti tudi zeljo imeti svoje »konjicke«, za
kar pa seveda ni bilo nikoli dovolj ¢asa. Bil je
velik ljubitelj opazovanja neba, za kar si je sam
izdeloval in prilagajal opazovalne naprave. Njegov
najljubsi konjicek pa je bila komorna glasba, o
¢emer je treba nekoliko ve¢ povedati.

V 9. letu starosti ga je njegov ocCe, mr. ph.
Bogdan Devidé, lekarnar, ucil igrati violino. V
Mariboru ga je v letih 1930/31 do 1938/39 v
igranju violine dalje pouceval upokojeni koroski
ucitelj in priznani violinist Franjo Serajnik, ki je
leta 1932/33 ustanovil mladinski godalni kvartet
v sestavi Zvonimir Devidé, Dora Mocivnik, Fran
Brglez in Mladen Devidé, s katerim je prirejal
nastope na Solskih proslavah v Mariboru in samo-
stojne koncerte v mariborski okolici (Sv. Lenartu,
Ormozu, Ptuju) na katerih je Z. Devidé nastopal
tudi kot solist, zadnji¢ v Kazinski dvorani v Ma-
riboru 1939. O teh prireditvah sta redno porocala
casnika Jutro in Vecernik. Ob takih okolis¢inah
je bil maturant Devidé v tezki dilemi, ali naj se
posveti Studiju biologije, ali glasbi. Po opravlje-
nem sprejemnem izpitu na Glasbeni akademiji
v Zagrebu je bil dve leti u¢enec prof. Ladislava
Miranova, vendar je zaradi vojnih dogodkov moral
svoj glasbeni S$tudij opustiti in se zadovoljiti z
igranjem violinskih sonat v domacem krogu. Leta
1954 pa je postal po nakljucju ¢lan Drustvenega
orkestra Hrvaskega glasbenega zavoda, v katerem
je redno sodeloval do leta 1993/94, najprej kot
violinist, pozneje pa kot violist. Posebno rad se je
ukvarjal z violo d"amore. Nekajkrat je tudi nastopil
z Drustvenim orkestrom kot solist, zlasti na violi
in violi d"amore. Zadnja koncerta, na katerih je
sodeloval, sta bila koncerta v Nemciji leta 1993
v Diisseldorfu in Bonnu.

Ker prof. Devidé smatra Slovenijo kot
svojo »rojstno domovino«, Hrvasko pa kot svojo
»ocetnjavsko domovino« sem se odlocil, da ob
90. obletnici rojstva svojega mentorja posljem
obsirnejsi spominski prispevek v Acta Biologica
Slovenica v znak prisréne hvaleznosti za njegova
prizadevanja v mojem znanstvenem napredku na
podrocju fiziologije rastlin. Naj se izpolni tudi
moja sréna zelja, da bi moj spostovani in dragi
mentor prof. dr. Zvonimir Devidé dozivel Se
mnogo zdravih in sre¢nih let. Enako mu Zelijo
tudi vsi njegovi ucenci in sodelavci.
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Running title
Ozimec: Lichen mycota of Gorski kotar and Kvarner

Abstract: This paper lists a total of 264 taxa of lichenized and non-lichenized fungi recorded
for Gorski kotar and Kvarner littoral; specifically, 184 for Gorski kotar and 170 for Kvarner
littoral. Nine taxa are new to Croatia. The list is based on literature records and field work car-
ried out in periods 2000-2002, and 2009-2010. Taxonomic analyses as well as ecological and
phytogeographical analyses are presented. The ecological characterization of the lichen flora
was determined by assessing the indicator values, and comparing them to values determined for
adjacent areas in Slovenia and Italy. Due to particularities in relief and climate, percentage of
lichens of oceanic/suboceanic distribution is higher along the eastern Adriatic coast, in relation
to the west Adriatic coast.
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Izvlecek: Prispevek navaja 264 taxonov liSajotvornih in drugih gliv z obmocja Gorskega
kotarja in Kvarnerja; 184 z obmocja Gorskega kotarja in 170 z obmoc¢ja Kvarnerja. Devet taksonov
je novih za Hrvasko. Seznam je narejen na podlagi literaturnih podatkv in terenskih raziskav v
obdobjih 2000-2002 in 2009—-2010. Podani so rezultati taksonomskih, ekoloskih in fitogeograf-
skih analiz. Ekoloska karakterizacija liSajske flore temelji na oceni indikatorskih vrednosti ter
primerjave z vrednostmi dolo¢enimi na obmocju Slovenije in Italije. Zaradi posebnosti v reliefu
in klimi, je delez liSajev oceanske/suboceanske razsirjenosti vecji na vzhodni obali Jadrana v
primerjavi z zahodno
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are collected for the first time in Gorski kotar.
Hungarian lichenologist Frigyes Hazslinszky listed
80 lichen taxa from Rijeka and Lokve in Gorski
kotar, according to data from various collectors

Introduction

In the first paper on lichen mycota of Kvarner
littoral, Friedrich Wilhelm Noe¢ reported 56 lichens

in the area of city of Rijeka (No¢ 1858), but without
any stated localities. Paolo Matkovi¢ reported on
results of his researches into cryptogamic flora
of Rijeka and its surrounding (Matkovi¢ 1879),
and recorded 58 lichen species, some of which

(Hazslinszky 1884). First Croatian botanists
who mentioned lichens in the floristic papers is
Dragutin Hirc. In the publication ,,Vegetation of
Gorski kotar* (Hirc, 1896) he recorded Cetraria
islandica on Velika ViSevica and Suhi vrh. A major
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contribution to the knowledge of lichen mycota
of Rijeka and Gorski kotar was made by Johann
Schuler, who provided a list of 329 taxa with
associated localities (Schuler 1902). According
to actual administrative division of that time,
localities have been grouped in four parts: area
of Rijeka, Istria, Carniola and Croatia. The lichen
material collected by Schuler were discussed by
the outstanding world lichenologist, Alexander
Zahlbruckner, whose important contribution
is description of several new lichen species
(Zahlbruckner 1905, 1906, 1909). Hungarian
lichenologist Odon Szatala (Szatala 1927,1929)
listed lichens from Gorski kotar. During research
into the vegetation of the massifs of Risnjak and
Snjeznik in Gorski kotar, Ivo Horvat recorded the
presence of lichens in composition of the grassland
alliance Seslerion tenuifoliae (Horvat 1962). The
most distinguished Croatian lichenologist Fran
Kusan recorded lichens on Bijele stijene (Kusan
1933) in Gorski kotar, and in Susak near Rijeka
(Kusan 1953).

There is a record of Dimerella lutea from
Risnjak, collected in 1968 by Czech lichenologist
Antonin Vézda (Vézda 1969). Danish lichenolo-
gists Steen N. Christensen and Eric Steen Hansen
reported on lichens collected on few localities in
Gorski kotar and Kvarner littoral (Christensen
1987, Christensen and Hansen 1994). Alebi¢-
Jureti¢ and Arko-Pijevac (1989, 2005) used lichen
thalli as bioindicators for the assessment of air
pollution in Rijeka and its surrounding. Five new
lichens to Croatia, collected in Gorski kotar, were
reported by Ozimec (2000), while the list of 80
taxa recorded for the Risnjak National Park has
been published recently by Ozimec et al. (2010).
These researches are complementary with those
of the Austrian and Slovenian lichenologists in
adjacent Dinaric parts of Slovenia.

Material and methods

Study area

Gorski kotar and Kvarner littoral are situated
in western Croatia, administratively in Primorsko-
Goranska County with a seat in City of Rijeka
(Fig. 1). Both regions belong to the western Karst
Dinarides, stretching in NW-SE direction. North

and NW border of Gorski kotar is also the state
border between Croatia and Slovenia, while the
west and SW border to Kvarner stretches along the
mountains range of Obru¢ and Kamenjak in Rijeka
hinterland, Tuhobi¢, Medvidak and ViSevica. The
highest peaks of Gorski kotar are Risnjak (1,528
m a.s.l.) and Snjeznik (1,506 m) in the westerm
part, and Bjelolasica (1,534 m) and Visevica (1,428
m) in the SE part (Muni¢ et al. 1996). Towards
the NW, there is a lowland area along the Dobra
and Kupa river valleys. The Karst Dinarides are
made up of pure Jurassic carbonates (Buckovié¢
2006), and typical karst relief with its specific
morphology is developed in the area.

The Kvarner littoral represents a semi closed
part of the northern Adriatic Sea, lying between
eastern part of the Istrian peninsula and the Vin-
odol-Velebit coastlines. It is divided by the island
chains of Cres-LoSinj and Krk-Rab-Pag into the
Rijeka Bay, the Kvarner Bay, the Kvarneri¢ and the
Velebit-Vinodol Channel (Benac et al. 2006).

Two climate types, defined under the Koppen’s
climatic classification, are present

in Gorski kotar: moderately warm and humid
climate with warm summers (Cfsbx”), and wet bo-
real climate (Dfsbx”) in the altitudinal zone above
1,200 m. Climate in Kvarner littoral is classified
into Cfsax” type, characterised as moderately warm
and humid climate with hot summer. In both areas,
dry period occur during the warm half of the year,
while the maximum precipitation is recorded in
late autumn. The amount of precipitation increases
abruptly with altitude on the windward side, from
the coast to the Risnjak and Snjeznik massifs, while
going further inland, the amount of precipitation
decreases. Gorski kotar is region with the highest
annual precipitation in Croatia: Lividraga (3,728
mm), Risnjak (3,449 mm), Snjeznik (3,302 mm).
Based on data from Parg (863 m) meteorologi-
cal station (1971-2000), mean air temperature is
7.2 °C, annual precipitation is 1,841 mm, and air
humidity is 80%. Mean air temperature is low-
est at high altitudes: 2.4 °C at 1,400 m, and only
1.4 °C above 1,500 m (Horvat 1962). Although
some characteristics of Mediterranean climate are
present in Kvarner littoral, the impact of vicinity
of the coastal mountain range is pronounced in
relatively low temperatures during the winter,
increased precipitation, occasionally with snow
cover, and cold windbreaks. At Rijeka (120 m)
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Figure 1: Map of the study area with indicated collection sites.
Slika 1:  Zemljevid obmocja z oznacenimi lokacijami vzoréevanja.

meteorological station (1971-2000), mean annual
temperature is 13.8 °C, annual precipitation is
1,552 mm, and air humidity is 63% (Zaninovi¢
et al. 2008).

Regarding the phytogeographical division of
Croatia, the most of the Gorski kotar area belongs
to the Illyrian province of the Eurosiberian-North
American region, while the most exposed and
highest mountain peaks exhibit influences from
Alpine-Nordic region, but without zonal belt
(Topi¢ and Segulja 2005). The largest part of
Gorski kotar situated between 600 and 1,100 m
altitude is covered by mixed Dinaric beech and
fir forests (Omphalodo-Fagetum). In management
sense, these forests have permanent and ongo-

ing regeneration, so their sustainability is in no
way threatened (Vukeli¢ et al. 2008). Subalpine
beech forest (Ranunculo platanifolii-Fagetum)
cover large areas made up of limestone rock
at 1,200-1,400 m altitude. The highest zonal
vegetation belt above 1,350 m consists of the
special Dinaric stands of mountain pine (Lon-
icero borbasianae-Pinetum mugi). The highest
mountain peaks are covered by alpine grasslands
of the order Seslerietalia tenuifoliae. Steep and
warmer limestone blocks at 950—1,350 m covers fir
forests (Calamagrosti-Abietetum). The subalpine
spruce forest (Listero-Piceetum abietis) grows in
wet and cold locations in the shallow depressions,
and on the edge of dolines. Acidophilous fir forest
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(Blechno-Abietetum) grows on acid soil at 650-950
m. The warmer climatic influence of the Kupa
valley favours the occurrence of thermophilous
forest associations such as hop hornbeam forests
(Erico-Ostryetum and Ostryo-Fagetum). Pure
Illyrian beech forests (Lamio orvalae-Fagetum)
grow on heights between 350 and 600 m. Littoral
beech forest (Seslerio autumnalis-Fagetum) is de-
veloped on skeletal carbonate soils on the southern
slopes of the Dinarids, mostly above 700 m. It is
a bordering forest community between Gorski
kotar and Kvarner littoral, as well as between two
phytogeographical regions in Croatia.

Some parts of the forests in Gorski kotar
remained as primeval due to their inaccessibility
and are being protected at national level, such as:
Bijele and Samarske Stijene Strict Nature Reserve
and Risnjak National Park.

Kvarner littoral belongs to the Adriatic prov-
ince of the Mediterranean region. Relatively cold
winters cause the absence of the evergreen forest
vegetation of the Quercion ilicis alliance, typical
for the Eumediterranean zone (Topi¢ and Segulja
2005). Lower belt of the sub-Mediterranean zone
up to 300-400 m altitude is characterized by
deciduous forest and scrub of pubescent oak and
oriental hornbeam (Querco-Carpinetum orien-
talis). Horizontal continuation of this belt in the
direction of hinterland is mixed forest and scrub
of pubescent oak and hop hornbeam (Ostryo-
Quercetum pubescens) in Mediterranean-montane
belt at 400-950 m altitude.

Lichenological survey

Epiphytic lichens were collected on trees and
shrubs, while terricolous lichens were collected
on soil, some being together with the mosses.
The lichen material was collected in the period
2000-2002 and 2009-2010 at 35 different sites
across Gorski kotar (Tab. 1), and 9 in Kvarner
littoral (Tab. 2).

Identification of the collected material

Identification in the field was made with a
hand lens, and in the laboratory using a dissect-
ing microscope, a light microscope and the usual
spot tests, according to the reference books: Clerc
(1998), Purvis et al. (1992), Vitikainen (1994) and

Wirth (1995). Some specimens were analysed by
thin-layer chromatography following Orange et al.
(2001). The lichen collections from the herbaria:
ZA,ZAHO, GZU and W have been studied. No-
menclature follows Suppan et al. (2000), Santesson
et al. (2004), Knezevi¢ and Mayrhofer (2009),
and modern treatments. Vauchers are kept in the
Herbarium Croaticum (ZA) of Botanical Institute,
Faculty of Science in Zagreb.

Floristic and ecological analyses

The comprehensive list of lichen mycota is
given in alphabetical order. Non-lichenized fungi
are marked with a plus sign (+). New records to
Croatia are marked with (*HR), to Gorski kotar
with (*GK), and to Kvarner littoral with (*KL).

The indicator values with relation to distinct
environmental factors are given in range of 5-class
ordinal scale for each taxon, according to Nimis
and Martellos (2008), as follows:

Substrate reaction (R): 1 = on very acid sub-
strata; 2 = on acid substrata; 3 = on subacid to
subneutral substrata; 4 = on slightly basic substrata;
5 = on basic substrata

Light (L): 1 = in very shaded situations; 2 =
in shaded situations; 3 = in sites with plenty of
diffuse light; 4 = in sun-exposed sites; 5 = in sites
with very high direct solar irradiation

Moisture (F): 1 = hygrophytic; 2 = rather
hygrophytic; 3 = mesophytic; 4 = xerophytic,
5 = very xerophytic

Eutrophication (N): 1 =no eutrophication; 2 =
very weak eutrophication; 3 = weak eutrophica-
tion; 4 = rather high eutrophication; 5 = very high
eutrophication

Altitudinal range (A): 1 = eu-Mediterranean
belt with evergreen Quercus ilex forest; 2 = sub-
mediterranean belt with deciduous Quercus and
Carpinus forests; 3 = montane belt with Fagus
forests; 4 = oroboreal belt of the Alps; 5 = above
treeline, both Alpine and oromediterranean).

Phytoclimatic range in Europe: oc = restricted
to oceanic areas; suboc = in suboceanic areas
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Table 1
Site Description MTB Date
GK1 |Prezid (765 m) and Vrazji vrtec (904 m), near the road border crossing 0353/3 27 Sep. 2001
to Slovenia
GK2 | Kozji vrh (916 m) near Prezid 0353/4 27 Sep. 2001
GK3 | Surrounding of forest house Milanov vrh (1,011 m) 0353/3 27 Sep. 2001
GK4 | Forest area Ivica (1,000 m), 2 km from Milanov vrh to Jarmovac 0453/1 29 Apr. 2002
GKS5 | Forest area Jarmovac (1,000 m), 4 km from Milanov vrh 0453/1 29 Apr. 2002
GK6 | Surrounding of Frbezari (824 m) near Trs¢e 0453/2 4 Nov. 2000
GK7 | Rudnik (1,052 m) above Frbezari 0453/2 4 Nov. 2000
GK8 | Surrounding of Sokoli (733 m) near Trs¢e 0453/2 4 Nov. 2000
GK9 | Trstenik bog (960 m) 0552/2 8 Jun. 2001
GK10 |[Recicko (c. 1,140 m), near the forest road Platak—Trstenik 0553/1 8 Jun. 2001
GK11 [Recice (c. 950 m), near the forest house Suho, 13 km from Platak 0553/1 8 Jun. 2001
GK12 | Donji Medvejci (1,395 m) 0553/1 19 Sep. 2001
GK13 | Kripanjski path, Mala Pesa (c. 900 m) 0553/3 28 Sep. 2001
GK14 | Kripanjski path, near the forest house Crni Vrh (1,087 m), and Primorski | 0553/3 28 Sep. 2001
Klek (1,210 m)
GK15 | Zeleni vir area near Skrad (345 m) 0555/3 22 Jun. 2001
GK16 | Path from Benkovac Fuzinski (880 m) to the summit of Tuhobi¢ 0653/4 7 Nov. 2000
(1,106 m),
GK17 | Path from Zlobinsko Brdo to the summit of Jelenc¢i¢ (1,106 m) 0654/3 30 Sep. 2001
GK18 | Surrounding of Fuzine, near the forest road along the Lepenice Lake 0654/3 6 Sep. 2000
(c. 730 m)
GK19 | Sljeme, chappel by the road to FuZzine, near the extension to Slavica 0654/4 29 Sep. 2001
(c. 700 m)
GK20 | Fajeri above Brestova Draga (c. 1,050 m) 0654/4 22 Jun. 2001
GK21 | Park-forest “Golubinjak” (c. 800 m) 0654/2 9 Jun. 2001
GK22 | Surrounding of Sunger (804 m), forest ,,Sungerski lug®, chappel by the 0654/4 9 Jun. 2001
Sopac—Mrkopalj road 29 Sep. 2001
GK23 | Path above Brestova Draga to the summit of Bitoraj (1,385 m) 0654/4 1 May 2002
0754/2
GK24 | Surrounding of Vrbovsko, by the road to Ogulin (c. 450 m) 0656/2 3 May 2002
GK25 | Southern surrounding of Mrkopalj (c. 950 m) 0755/1 18 Aug. 2001
GK26 | By the forest road from Begovo Razdolje to Vrbovska poljana 0755/2 3 May 2002
(c. 1,150 m)
GK27 | Path from Vrbovska poljana to the summit of Bjelolasica (1,534 m) 0755/2 3 May 2002
GK28 | Path from Ratkovo skloniste (1,184 m) to the summit of Samarske 0755/4 22 Jun. 2001
stijene (1,302 m)
GK29 | By the road Lic—Lukovo—Novi Vinodolski, near the extension to the 0754/4 1 May 2002
forest house Marin vjetar (c. 840 m)
GK30 | By the road between Drivenik railway station and Lukovo, near the 0754/3 1 May 2002
foresthouse Bukova Draga (c. 920 m)
GK31 |[National Park ,,Risnjak®, Razloge village (c. 500 m) 0554/1 3 Aug. 2010
GK32 | National Park “Risnjak”, path from Juzni Mali Risnjak to the mountain 0553/4 12 Jun. 2009
hut (c. 1,400 m)
GK33 | Path from the road Mrkopalj-Plana-Jasenak to the summit of Bijele 0755/4 11 Jun. 2009
Stijene (1,335 m)
GK34 | Calcareous grassland in the vicinity of Tuk (c. 880 m) 0755/1 11 June 2009
GK35 | Southeastern surrounding of Ravna Gora (c. 900 m) 0655/4 5 Oct. 2010
Table 1: List of collection sites in Gorski kotar area and their description.
Tabela 1: Seznam mest vzoréevanja v Gorskem kotarju in njihov opis.
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Table 2

Site Description MTB Date

KL1 By the path from Skrljevo railway station (263 m) to Trebestin (542 m) 0653/3 9 Nov. 2000

KL2 | Satnicko area (704 m), at crossroad of paths from Zlobin and Plase 0653/4 28 Apr. 2002
towards Tuhobi¢

KL3 Surrounding of Meja railway station (445 m), by the path to Satni¢ko 0653/4 28 Apr. 2002

KL4 Surrounding of hotel “Uvala Scott” near the Krk bridge (c. 50 m) 0753/1 15 Sep. 2001

KL5 | Surrounding of Zlobin railway station, DraZevo area by the path to 0753/2 28 Apr. 2002
Satnicko (c. 750 m)

KL6 | Lipove Ssume area (c. 700 m), by the road from Plase, above the Vinodol | 0753/2 20 Sep. 2001

KL7 | Old fortress Drivenik (182 m) 0753/4 23 Jun. 2001

KL8 | Medvidak (1,027 m) 0754/1 20 Sep. 2002

KL9 | Above Novi Vinodolski, Gusta Draga area (c. 350 m), near the 0854/2 20 Sep. 2002
extension to Bribir

Table 2: List of collection sites in Kvarner littoral area and their description.
Tabela 2: Seznam mest vzorcevanja v Kvarnerju in njihov opis.

Results

List of taxa

Acrocordia gemmata (Ach.) A. Massal.

Gorski kotar: Schuler (1902):141; GK23

Kvarner littoral: Schuler (1902):140

Amandinea punctata (Hoffm.) Coppins & Scheid.

Kvarner littoral: Schuler (1902):151 as Buellia
punctiformis

Anaptychia ciliaris (L.) Kérb

Gorski kotar: Schuler (1902):227 as Physcia
ciliaris; GK1, GK30

Kvarner littoral: Matkovi¢ (1879):37; Schuler
(1902):227 as Physcia ciliaris

*GK Aplotomma turgida (A. Massal.) A. Massal.

Gorski kotar: GK 14, GK20

Arthonia caesia (Flot.) Arnold;

Kvarner littoral: Schuler (1902):142

+ Arthonia punctiformis Ach.

Kvarner littoral: Schuler (1902):142 as Arthonia
punctiformis, Arthopyrenia atomaria

Arthonia radiata (Pers.) Ach.

Gorski kotar: Kusan (1953):111; Christensen and
Hansen (1994):104; Ozimec at al. (2010): 22

Kvarner littoral: Schuler (1902):142 as Arthonia
astroidea

*GK Arthonia spadicea Leight.

Gorski kotar: GK8

Arthopyrenia analepta (Ach.) A.Massal.

Kvarner littoral: Schuler (1902):143 as Artho-
pyrenia fallax; Zahlbruckner (1907): 108.

Arthopyrenia cerasi (Schrad.) A. Massal.

Kvarner littoral: Matkovi¢ (1879):41; Schuler
(1902):143

Arthopyrenia cinereopruinosa (Schaer.) A. Massal.

Kvarner littoral: Schuler (1902):143

+ Arthopyrenia platypyrenia (Nyl.) Arnold

Kvarner littoral: Zahlbruckner (1906):218

Arthothelium ruanum (A. Massal.) Korb.

Gorski kotar: Schuler (1902):144

Bacidia arceutina (Ach.) Arnold

Kvarner littoral: Schuler (1902):144

Bacidia fiumensis Zahlbr.

Kvarner littoral: Zahlbruckner (1909b):474;
Printzen (1995):239

Bacidia laurocerasi (Duby) Zahlbr.

Kvarner littoral: Schuler (1902):145 as Bacidia
endoleuca

Bacidia rubella (Hoffm.) A. Massal.

Gorski kotar: Schuler (1902):145 as Bacidia
rubella; GK27

Kvarner littoral: Schuler (1902):145 as Bacidia
rubella

Bacidia subincompta (Nyl.) Armold

Gorski kotar: Schuler (1902):144 as Bacidia
atrosanguinea

Kvarner littoral: Schuler (1902):144 as Bacidia
atrosanguinea

Bacidina phacodes (Korb.) Vézda

Gorski kotar: Schuler (1902):144 as Bacidia
albescens

Kvarner littoral: Schuler (1902):144 as Bacidia
albescens, Bilimbia chlorotica
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*GK Baeomyces rufus (Huds.) Rebent.

Gorski kotar: GK8; GK18

Kvarner littoral: Schuler (1902):239 as Sphyrid-
ium byssoides.

Bilimbia sabuletorum (Schreb.) Arnold

Gorski kotar: Schuler (1902):147 as Bilimbia
hypnophila; Kusan (1933):110 as

Bacidia sabuletorum; GK27

Kvarner littoral: Schuler (1902):147 as Bilimbia
hypnophila

+ Blastodesmia nitida A .Massal.

Kvarner littoral: Schuler (1902):150

Bryoria capillaris (Ach.) Brodo & D.Hawksw.

Gorski kotar: Schuler (1902):141 as Alectoria
cana

Bryoria fuscecsens (Gyeln.) Brodo & D. Hawksw.

Gorski kotar: Schuler (1902):141 as Alectoria
Jjubata

*HR; *GK Bryoria implexa (Hoffm.) Brodo &
D. Hawksw.

Gorski kotar: GK6

Buellia disciformis (Fr.) Mudd

Gorski kotar: Schuler (1902):150 as Buellia
parasema

Kvarner littoral: Matkovi¢ (1879):38 as Buellia
parasema; Schuler (1902):150 as Buellia
parasema

*HR; *GK Calicium glaucellum Ach.

Gorski kotar: GK14

Caloplaca cerina (Hedw.) Th.Fr. var. cerina

Gorski kotar: Schuler (1902):153; Ozimec et al.
(2010):22

Kvarner littoral: Schuler (1902):153

Caloplaca cerinella (Nyl.) Flagey

Kvarner littoral: Schuler (1902):154

Caloplaca ferruginea (Huds.) Th. Fr

Gorski kotar: Schuler (1902):154

Kvarner littoral: Schuler (1902):154; Christensen
and Hansen (1994):105

Caloplaca flavorubescens (Huds.) J. R. Laundon

Kwvarner littoral: Zahlbruckner (1923):40 as Calo-
placa salicina

Caloplaca haematites (St.-Amans) Zwackh

Kvarner littoral: Schuler (1902):155; Zahlbruck-
ner (1913):274.

Caloplaca herbidella (Hue) H. Magn.

Gorski kotar: Ozimec et al. (2010):22; GK10;
GK14; GK17

Caloplaca luteoalba (Turner) Th. Fr.

Kvarner littoral: Matkovi¢ (1879):40 as Cal-
lopisma luteo album

Caloplaca obscurella (Korb.) Th. Fr.

Kvarner littoral: Schuler (1902):156 as Caloplaca
sarcopidoides

Caloplaca pollinii (A .Massal.) Jatta

Kvarner littoral: Schuler (1902):149 as Blastenia
pollinii; Christensen and Hansen (1994):
105

Caloplaca pyracea (Ach.) Th. Fr.

Kvarner littoral: Schuler (1902):155

Caloplaca sinapisperma (Lam. & DC.) Maheu
& A.Gillet

Gorski kotar: Schuler (1902):148 as Blastenia
leucoraea

Caloplaca stilicidiorum (Vahl.) Lynge

Gorski kotar: Kusan (1933):115 as Caloplaca
cerina var. stillicidiorum

*GK Candelaria concolor (Dicks.) Stein

Gorski kotar: GK1; GK2

Kvarner littoral: Zahlbruckner (1901):85;
Schuler (1902):248 as Xanthoria concolor;
Christensen and Hansen (1994):105; KL4;
KL5; KL9

Candelariella reflexa (Nyl.) Lettau

Gorski kotar: Ozimec (2000):135; Ozimec et al.
(2010):22

Candelariella vitellina (Hoffm.) Miill. Arg.

Kvarner littoral: Schuler (1902):160 as Caloplaca
vitellina

Candelariella xanthostigma (Ach.) Lettau

Kvarner littoral: Christensen and Hansen (1994):
106

Catapyrenium cinereum (Pers.) Korb.

Gorski kotar: Kusan (1933):106 as Dermatocar-
pon hepaticum

Kvarner littoral: Schuler (1902):173 as Derma-
tocarpon hepaticum

Catillaria croatica Zahlbr.

Gorski kotar: Zahlbruckner (1906b):487; Printzen
(1995):168

Catillaria erysiboides (Nyl.) Th. Fr.

Gorski kotar: Schuler (1902):162

Catillaria nigroclavata (Nyl.) Schuler

Kvarner littoral: Schuler (1902):163

Catinaria atropurpurea (Schaer.) Vézda & Poelt

Kvarner littoral: Schuler (1902):162 as Catillaria
atropurpurea

Cetraria aculeata (Schreb.) Fr.

Gorski kotar: Schuler (1902):165

Kvarner littoral: Schuler (1902):165

Cetraria islandica (L.) Ach.
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Gorski kotar: Schuler (1902):166; Horvat
(1930):24; Kusan (1933):114; GK23; GK27

Cetraria sepincola (Ehrh.) Ach.

Gorski kotar: Schuler (1902):166

Cetrelia cetrarioides (Duby) W.L.Culb. & C.F.
Culb.

Gorski kotar: GK5; GK26

Cetrelia olivetorum (Nyl.) W.L.Culb. & C.F.
Culb.

Gorski kotar: Ozimec et al. (2010):22; GK2;
GK4; GK16

Chaenotheca brachypoda (Ach.) Tibell

Kvarner littoral: Hazslinszky (1884):242 as Co-
niocybe furfuracea ) sulphurella

Chaenotheca brunneola (Ach.) Mill. Arg.

Gorski kotar: Ozimec (2000):135; GK8

Chaenotheca furfuracea (L.) Tibell

Kvarner littoral: Matkovi¢ (1879):41 as Conio-
cybe furfuracea

+ Chaenothecopsis pusilla (Ach.) A. F. W.
Schmidt

Kvarner littoral: Matkovic¢ (1879):41 as Calicium
pusillum

Cladonia cariosa (Ach.) Spreng.

Gorski kotar: Schuler (1902):166

Kvarner littoral: Schuler (1902):166

Cladonia ciliata Stirt.

Gorski kotar: Schuler (1902) as Cladonia pyc-
noclada

Cladonia coniocraea (Florke) Spreng.

Gorski kotar: Schuler (1902):167 as Cladonia
fimbriata var. apolepta; Kusan (1933):111;
Ozimec et al. (2010):22; GK11; GK12;
GK14; GK17; GK18; GK22

Cladonia convoluta (Lam.) Anders

Gorski kotar: Schuler (1902):167

Kvarner littoral: Matkovi¢ (1879):37 as Cladonia
endiviaefolia; Schuler (1902):167; Kusan
(1953); KL1

Cladonia deformis (L.) Hoffm.

Gorski kotar: Kusan (1933):111

Cladonia digitata (L.) Hoffm.

Gorski kotar: Schuler (1902):167

Cladonia fimbriata (L.) Fr.

Gorski kotar: Matkovi¢ (1879):37; Kusan (1933):
111; Ozimec at al. (2010):23; GK8; GK16

Kvarner littoral: Schuler (1902):167

Cladonia foliacea (Huds.) Willd.

Kvarner littoral: Matkovi¢ (1879):37 as Cladonia
alcicornis; Schuler (1902):167; KL4

Cladonia furcata (Huds.) Schrad. subsp. furcata

Gorski kotar: Hazslinszky (1884):41; Schuler
(1902):168; Kusan (1933):111, Kusan (1953):
296 as Cladonia furcata var. pinnata t. folio-
losa; Ozimec et al. (2010):23

Kvarner littoral: Matkovi¢ (1879):37; Schuler
(1902):168

Cladonia gracilis (L.) Willd.

Gorski kotar: Kusan (1933):111 as Cladonia
gracilis var. elongata

Cladonia macilenta Hoffm. subsp. macilenta

Gorski kotar: Schuler (1902):166 as Cladonia
bacillaris

Cladonia macilenta Hoffm. subsp. floerkeana
(Fr.) V.Wirth

Gorski kotar: Kusan (1933):111 as Cladonia
floerkeana; Ozimec et al. (2010):23; GK22

Cladonia pocillum (Ach.) O.J.Rich.

Gorski kotar: Schuler (1902):169 as Cladonia
pyxidata subsp. pocillum; Kusan (1933):111
as Cladonia pyxidata var. pocillum; KuSan
(1953):306 as Cladonia pyxidata subsp.
pocillum

Kvarner littoral: Schuler (1902):169 as Cladonia
pyxidata subsp. pocillum

Cladonia polycarpoides Nyl.

Kvarner littoral: Schuler (1902):171 as Cladonia
subcariosa

Cladonia pyxidata (L.) Hoffm.

Gorski kotar: Matkovi¢ (1879):37; Schuler
(1902):169; Kusan (1933):111 as Cladonia
pyxidata var. neglecta; Kusan (1953):306;
Ozimec et al. (2010):23; GK1; GK4; GK6;
GKS8; GK12; GK14; GK15; GK18; GK17;
GK21; GK22; GK26; GK27

Kvarner littoral: Matkovi¢ (1879):37; Schuler
(1902):169; Kusan (1953):306; KL8

Cladonia ramulosa (With.) J.R.Laundon

Gorski kotar: Schuler (1902):169 as Cladonia
pityrea

Cladonia rangiferina (L.) F.H.Wigg.

Gorski kotar: Matkovi¢ (1879):37; Hazslin-
szky (1884):42; Schuler (1902):179; Kusan
(1933):111; Ozimec et al. (2010):23; GK6

Cladonia rangiformis Hoffm.

Gorski kotar: Schuler (1902):170

Kvarner littoral: Matkovi¢ (1879):37 as Cla-
donia pungens; Schuler (1902):170; KuSan
(1953):297

*KL Cladonia squamosa Hoftm.
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Gorski kotar: Schuler (1902):170; GK1; GK27

Kvarner littoral: KL3

Cladonia subulata (L.) F.H.Wigg.

Gorski kotar: Schuler (1902):167 as Cladonia
fimbriata var. cornutoradiata

Kvarner littoral: Schuler (1902):167 as Cladonia
fimbriata var. cornutoradiata

Collema auriforme (With.) Coppins & J. R.
Laundon

Gorski kotar: Hazslinszky (1884):290 as Collema
granosum; Szatala (1929):890 as Collema au-
riculatum f. membranaceum; Kusan (1933):
108 as Collema auriculatum; Ozimec et al.
(2010):23; GK15; GK21

Kvarner littoral: Schuler (1902):171 as Collema
granosum; KL7

Collema crispum (Huds.) F.H.Wigg.

Kvarner littoral: Matkovi¢ (1879):42 as Collema
cheileum o verum; Schuler (1902):171 as
Collema cheileum

Collema cristatum (L.) FH.Wigg.

Gorski kotar: Kusan (1933):108 as Collema
multifidum; Ozimec et al. (2010):23

Collema fasciculare (L.) F.H.Wigg.

Kwvarner littoral: Schuler (1902):240 as Synechob-
lastus conglomeratus

Collema flaccidum (Ach.) Ach.

Gorski kotar: Hazslinszky (1884):292 as Synecho-
blastus flaccidus; Schuler (1902):240 as
Synechoblastus flaccidus; Szatala (1929):
887 as Collema rupestre; Kusan (1933):109
as Collema rupestre; GK27

Kvarner littoral: Schuler (1902):240 as Synecho-
blastus flaccidus

Collema fragrans (Sm.) Ach.

Kvarner littoral: Schuler (1902):172 as Collema
microphyllum

Collema nigrescens (Hudson) DC.

Gorski kotar: Hazslinszky (1884):293 as Synecho-
blastus vespertilio; Schuler (1902):241 as
Synechoblastus nigrescens

Kvarner littoral: Matkovi¢ (1879):42 as Collema
nigrescens o vespertilio; Schuler (1902):241
as Synechoblastus nigrescens

Collema occultatum Bagl.

Gorski kotar: Schuler (1902):172 as Collema
quadratum

Collema subflaccidum Degel.

Gorski kotar: Ozimec et al. (2010):23

Kvarner littoral: Christensen and Hansen (1994):
107

Collema tenax (Sw.) Ach.

Gorski kotar: Kusan (1933):108 as Collema
pulposum

Kvarner littoral: Schuler (1902):172 as Collema
pulposum

Degelia plumbea (Lightf.) P. M.Jorg & P. James

Gorski kotar: Schuler (1902):212 as Pannaria
plumbea; Ozimec et al. (2010):23; GK3;
GK4; GK5; GK7; GK18

Kvarner littoral: Hazslinszky (1884):81 as Pan-
naria plumbea; Beck and Zahlbruckner
(1898):462 as Parmeliella plumbea var.
myriocarpa; Schuler (1902):212 as Pannaria
plumbea

Dibaeis baeomyces (L. fil.) Rambold & Hertel

Gorski kotar: Schuler (1902):146 as Baeomyces
roseus

Kvarner littoral: Schuler (1902):146 as Baeo-
myces roseus

Dimerella lutea (Dicks.) Trevisan

Gorski kotar: Vézda (1969) in Lich. Sel. Exs. 730

Dimerella pineti (Ach.) Vézda

Kvarner littoral: Schuler (1902):174

Diploschistes muscorum (Scop.) R.Sant.

Gorski kotar: Hazslinszky (1884):136 as Ur-
ceolaria scruposus c) bryophila; Kusan
(1933):107 as Diploschistes bryophilus

Kvarner littoral: Schuler (1902):175 as Diplo-
schistes scruposus var. bryophilus

Diplotomma alboatrum (Hoffm.) Flot.

Kvarner littoral: Matkovi¢ (1879):40

Endocarpon pallidum Ach.

Kvarner littoral: Schuler (1902):176

Endocarpon pusillum Hedw.

Kvarner littoral: Schuler (1902):176

Evernia divaricata (L.) Ach.

Gorski kotar: Schuler (1902):176; GK22

Evernia illyrica (Zahlbr.) Zahlbr.

Gorski kotar: Schuler (1902); Kusan (1933):115;
GK22

Evernia prunastri (L.) Ach.

Gorski kotar: Schuler (1902):177; Ozimec et al.
(2010):23; GK1; GK6; GK7; GK8; GK17;
GK18

Kvarner littoral: Schuler (1902):177; KL4; KL5

*HR; *GK Fellhanera bouteillei (Desm.) Vézda

Gorski kotar: GK15

Flavoparmelia caperata (L.) Hale
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Gorski kotar: Schuler (1902):214 as Parmelia
caperata; Ozimec et al. (2010):23; GK2;
GK6; GK16; GK17; GK18

Kvarner littoral: Matkovi¢ (1879):38 as Im-
bricaria caperata; Schuler (1902):214 as
Parmelia caperata; Zahlbruckner (1913):270
as Parmelia caperata; Christensen and
Hansen (1994): 109 as Parmelia caperata,
KL1; KL3; KL4; KL5; KL7

Fulgensia fulgida (Nyl.) Szatala

Kvarner littoral: Schuler (1902):191 as Lecanora
Sfulgidum; Zahlbruckner (1912):177 as Calo-
placa fulgida

Fuscidea stiriaca (A. Massal.) Hafellner

Gorski kotar: Schuler (1902):197 as Lecidea
rivulosa; Ozimec et al. (2010):23; GK2

*GK Fuscopannaria ignobilis (Anzi) P. M. Jerg.

Gorski kotar: GK8; GK31

Fuscopannaria olivacea (P.M.Jorg.) P. M. Jorg.

Kvarner littoral: Schuler (1902):211 as Pannaria
leucosticta

Graphis scripta (L.) Ach.

Gorski kotar: Schuler (1902):178; Zahlbruckner
(1909a):224; Szatala (1929):859; Christensen
(1987): 163 as Graphis scripta var. serpen-
tina; Ozimec et al. (2010):23; GK4; GK10;
GK11; GK12; GK14; GK16; GK17; GK16;
GK17; GK26.

Kvarner littoral: Schuler (1902):178

Gyalecta derivata (Nyl.) H.Olivier

Gorski kotar: Zahlbruckner (1905b):5 as Gyalecta
croatica

Gylecta truncigena (Ach.) Hepp

Kvarner littoral: Schuler (1902):178

Gyalecta ulmi (Swartz) Zalhbr.

Gorski kotar: Kusan (1933):108

Heppia lutosa (Ach.) Nyl.

Kvarner littoral: Schuler (1902):179 as Heppia
virescens

Hyperphyscia adglutinata (Florke) H.Mayrhofer
& Poelt

Kvarner littoral: Schuler (1902):226 as Physcia
adglutinata

Hypocenomyce scalaris (Ach.) M. Choisy

Gorski kotar: Matkovi¢ (1879):40 as Psora
ostreata

Hypogymnia physodes (L.) Nyl.

Gorski kotar: Schuler (1902):218 as Parmelia
physodes; Kusan (1933):114 as Parmelia
physodes; Ozimec et al. (2010):23; GK1;

GK4; GK6; GK8; GK9; GK10; GKI11;
GK12; GK14;GK16; GK17; GK18; GK21;
GK22; GK27

Kvarner littoral: Matkovi¢ (1879):38 as Im-
bricaria physodes; Schuler (1902):218 as
Parmelia physodes; KL4; KL6

Hypogymnia tubulosa (Schaer.) Hav.

Gorski kotar: Ozimec et al. (2010):23; GK17;
GK22

Hypogymnia vittata (Ach.) Parrique

Gorski kotar: Schuler (1902):218 as Parmelia
physodes var. vittata

Icmadophila ericetorum (L.) Zahlbr.

Gorski kotar: Hazslinszky (1884):123 as Icma-
dophila aeruginosa; Schuler (1902):179;
Kusan (1933):113

+ Julella lactea (A.Massal.) M.E.Barr

Kvarner littoral: Schuler (1902):231 as Poly-
blastia lactea

Koerberia biformis A.Massal.

Kvarner littoral: Beck and Zahlbruckner (1898):
467; Schuler (1902):179

Lecania cyrtella (Ach.) Th.Fr.

Gorski kotar: Ozimec et al. (2010):23

Lecania naegelii (Hepp) Diederich & van den
Boom

Kvarner littoral: Schuler (1902):148 as Bilimbia
naegelii

Lecanographa amylacea (Pers.) Egea & Torrente

Gorski kotar: Matkovi¢ (1879):41 as Lecanactis
illecebrosa

Lecanora albella (Pers.) Ach.

Gorski kotar: Schuler (1902):188 as Lecanora
pallida

Kvarner littoral: Matkovi¢ (1879):40 as Lecanora
scrupulosa; Schuler (1902):188 as Lecanora
pallida

Lecanora argentata (Ach.) Malme

Gorski kotar: Christensen (1987):166; Ozimec et
al. (2010):23; GK6

Kvarner littoral: Matkovi¢ (1879):40 as Lecanora
subfusca var. argentea

Lecanora carpinea (L.) Vain.

Gorski kotar: Schuler (1902):185 as Lecanora
angulosa; Ozimec et al. (2010):23; GK1;
GKS8; GK11

Kvarner littoral: Schuler (1902):185 as Lecanora
angulosa; KL5

Lecanora chlarotera Nyl.
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Gorski kotar: Schuler (1902):190 as Lecanora
subfusca t. rugosa; Ozimec et al. (2010):24;
GK1; GK4; GK27

Kvarner littoral: Schuler (1902):190 as Lecanora
subfusca f. rugosa

Lecanora expallens Ach.

Kvarner littoral: Schuler (1902):186 as Lecanora
conizaea

Lecanora glabrata (Ach.) Malme

Gorski kotar: Schuler (1902):190 as Lecanora
subfusca f. glabrata

Lecanora hagenii var. fallax Hepp

Kvarner littoral: Schuler (1902):187 as Lecanora
hageni

Lecanora intumescens (Rebent.) Rabenh.

Gorski kotar: Schuler (1902):187

Lecanora pulicaris (Pers.) Ach.

Gorski kotar: Christensen (1987): 163; GK10

Kvarner littoral: Schuler (1902):189

Lecanora sambuci (Pers.) Nyl.

Kvarner littoral: Schuler (1902):188

Lecanora subcarpinea Szatala

Gorski kotar: Ozimec et al. (2010):24

Lecanora symmicta (Ach.) Ach.

Kvarner littoral: Zahlbruckner (1914):145 as
Lecanora symmictera

Lecidea exigua Chaub.

Kvarner littoral: Schuler (1902):195

Lecidella elaeochroma (Ach.) M.Choisy

Gorski kotar: Schuler (1902):201 as Lecidea oli-
vacea,202 as Lecidea parasema; Christensen
(1987):163 as Lecidella euphorea; Ozimec et
al. (2010):24; GK1; GK5; GK17; GK27

Kvarner littoral: Schuler (1902):201 as Leci-
dea olivacea, 202 as Lecidea parasema;
Christensen and Hansen (1994):108 as
Lecidella achristotera

*HR; *GK Lepraria eburnea J. R. Laundon

Gorski kotar: GK14

Lepraria incana (L.) Ach.

Gorski kotar: Christensen (1987):167; Ozimec
et al. (2010):24

*HR; *GK Lepraria rigidula (de Lesd.) Tensberg

Gorski kotar: GK10; GK22

Leptogium cyanescens (Rabenh.) Korb.

Kvarner littoral: Christensen and Hansen (1994):
108

Leptogium gelatinosum (With.) J. R. Laundon

Kvarner littoral: Schuler (1902):205 as Leptogium
sinuatum

Leptogium lichenoides (L.) Zahlbr.

Gorski kotar: Szatala (1929):899; Kusan (1933):
109; Ozimec et al. (2010):24

Kvarner littoral: Hazslinszky (1884):294 as Lep-
togium lacerum c) lophaeum; Schuler (1902):
205 as Leptogium atrocoeruleum.

Leptogium saturninum (Dicks.) Nyl.

Gorski kotar: Hazslinszky (1884):296 as Mal-
lotium saturninum; Schuler (1902):207 as
Mallotium saturninum

Lobaria amplissima (Scop.) Forssell

Gorski kotar: Hazslinszky (1884):61 as Sticta
amplissima; Schuler (1902):206; Zahlbruck-
ner (1914):145 as Lobaria laciniata; Szatala
(1929):914; Ozimec et al. (2010):24; GK1;
GK23; GK29

Lobaria pulmonaria (L.) Hoffm.

Gorski kotar: Schuler (1902):206 as Lobaria
pulmonacea; Szatala (1929):916; Kusan
(1933):109; Ozimec et al. (2010):24; GK3;
GK4; GKS5; GK7; GK8; GK10; GK11; GK12;
GK15; GK16; GK17; GK20; GK23; GK24;
GK25; GK26; GK27; GK28; GK29; GK30;
GK33; GK35

Kvarner littoral: Matkovi¢ (1879):38 as Sticta
pulmonaria; Schuler (1902):206 as Lobaria
pulmonacea.

*HR; *GK Lobaria virens (With.) J.R.Laundon

Gorski kotar: GK29

Lobarina scrobiculata (Scop.) Nyl.

Gorski kotar: Hazslinszky (1884):60 as Sticta
scrobiculata; Schuler (1902):240 as Sticta
scrobiculata; Ozimec et al. (2010):24

Kvarner littoral: Schuler (1902):240 as Sticta
scrobiculata

Lopadium disciforme (Flot.) Kullh.

Gorski kotar: Schuler (1902):206 as Lopadium
pezizoideum

Maronea constans (Nyl.) Hepp

Gorski kotar: Schuler (1902):207

Kvarner littoral: Schuler (1902):207 as Maronea
berica

Megalaria laureri (Th.Fr.) Hafellner

Gorski kotar: Schuler (1902):165 as Catillaria
laurerei; Ozimec et al. (2010):24

Megaspora verrucosa (Ach.) Hafellner &
V. Wirth

Gorski kotar: Schuler (1902):184 as Lecanora
verrucosa
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Melanelixia fuliginosa (Duby) O. Blanco et al.
subsp. fuliginosa

Gorski kotar: Schuler (1902):216 as Parmelia
fuliginosa

Kvarner littoral: Schuler (1902):216 as Parmelia
fuliginosa

Melanelixia fuliginosa (Duby) O. Blanco et al.
subsp. glabratula (Lamy) J. R. Laundon

Gorski kotar: Schuler (1902):216 as Parmelia
fuliginosa var. laetevirens; 217: as Parme-
lia glabratula; Christensen (1987):163 as
Parmelia glabratula; Ozimec et al. (2010):
24; GK11; GK14; GK16; GK18; GK27;
GK28; GK33

Kvarner littoral: Schuler (1902):216 as Parmelia
fuliginosa var. laetevirens; Christensen and
Hansen (1994):109 as Parmelia glabratula
subsp. glabratula

Melanelixia glabra (Schaer.) O.Blanco et al.

Gorski kotar: Schuler (1902) as Parmelia glabra

Kvarner littoral: Schuler (1902) as Parmelia
glabra

Melanelixia subaurifera (Nyl.) O. Blanco et al.

Kvarner littoral: Schuler (1902) as Parmelia
subaurifera; Christensen and Hansen (1994):
109 as Parmelia subaurifera

Melanohalea exasperata (De Not.) O. Blanco
et al.

Gorski kotar: Schuler (1902):216 as Parmelia
exasperata; GK26

Kvarner littoral: Schuler (1902):216 as Parme-
lia exasperata; Christensen and Hansen
(1994):109 as Parmelia exasperata

Melaspilea urceolata (Fr.) Almb.

Kvarner littoral: Schuler (1902):207 as Melas-
pilea arthonioides

Menegazzia terebrata (Hoffm.) A.Massal.

Gorski kotar: Schuler (1902):218 as Parmelia
pertusa; Ozimec et al. (2010):24

Micarea lignaria (Ach.) Hedl.

Gorski kotar: Hazslinszky (1884):175 as Bilimbia
milliaria; Schuler (1902):148 as Bilimbia
lignaria.

Micarea prasina Fr.

Gorski kotar: Schuler (1902):164 as Catillaria
prasina

Kvarner littoral: Schuler (1902):164 as Catil-
laria prasina

Moelleropsis nebulosa (Hoffm.) Gyeln.

Kvarner littoral: Schuler (1902):212 as Pannaria
nebulosa

Mycobilimbia berengeriana (A. Massal.) Hafell-
ner & V.Wirth

Gorski kotar: KuSan (1933):110 as Lecidea
berengeriana

Mpycobilimbia hypnorum (Lib.) Kalb & Hafellner

Gorski kotar: Schuler (1902):195 as Lecidea

fusca

Kvarner littoral: Schuler (1902):195 as Lecidea

fusca

Mycobilimbia pilularis (Korb.) Hafellner &
Tiirk

Kvarner littoral: Schuler (1902):164 as Catillaria
sphaeroides.

*HR; *GK Mycobilimbia sanguineoatra auct.

Gorski kotar: GK27

Mpycobilimbia tetramera (De Not) Hafellner &
Tiirk

Gorski kotar: Schuler (1902):148 as Bilimbia
obscurata

*GK Mycoblastus sanguinarius (L.) Norman

Gorski kotar: GK22

Nephroma laevigatum Ach.

Gorski kotar: Schuler (1902):208 as Nephromium
lusitanicum; Ku$an (1933):109 as Nephroma
lusitanicum; GK5; GK29

Kvarner littoral: Schuler (1902):208 as Nephro-
mium lusitanicum

Nephroma parile (Ach.) Ach.

Gorski kotar: Schuler (1902):208 as Nephro-
mium laevigatum var. parile; Ozimec et al.
(2010):24; GK13; GK17; GK27

Kvarner littoral: Schuler (1902):208 as Nephro-
mium laevigatum var. parile

Nephroma resupinatum (L.) Ach.

Gorski kotar: Hazslinszky (1884):54 as Nephro-
ma tomentosum; Schuler (1902):209 as Ne-
phromium resupinatum; Kusan (1933):110;
GK17; GK23; GK29; GK30

Normandina pulchella (Borrer) Nyl.

Gorski kotar: Hazslinszky (1884):79; Schuler
(1902):209; Ozimec et al. (2010):24; GKS;
GK17; GK29

Kvarner littoral: Schuler (1902):209; Zahlbruck-
ner (1911):239; KL7

*GK Ochrolechia androgyna (Hoffm.) Arnold

Gorski kotar: Ozimec et al. (2010):24; GK10;
GK17; GK27

*GK Ochrolechia turneri (Sm.) Hasselrot
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Gorski kotar: GK17

Opegrapha atra Pers.

Gorski kotar: Hazslinszky (1884):222; Szatala
(1929):843; Christensen (1987):163

Kvarner littoral: Matkovi¢ (1879):41; Schuler
(1902):209; Zahlbruckner (1907):109.

Opegrapha rufescens Pers.

Kvarner littoral: Schuler (1902):210

Opegrapha varia Pers.

Kvarner littoral: Schuler (1902):210

Opegrapha viridis (Ach.) Behlen & Desberger

Gorski kotar: Schuler (1902):210

Pannaria conoplea (Ach.) Bory

Gorski kotar: Schuler (1902):211 as Pannaria
coeruleobadia; Ozimec et al. (2010):24; GK8

Kvarner littoral: Schuler (1902):211 as Pannaria
coeruleobadia

Pannaria rubiginosa (Ach.) Bory

Kvarner littoral: Schuler (1902):213

Parmelia saxatilis (L.) Ach.

Gorski kotar: Matkovi¢ (1879):38 as Imbricaria
saxatilis; Schuler (1902):219; Ozimec et al.
(2010):24; GK1; GKS5; GK6; GK9; GK10;
GK11; GK12; GK14; GK16; GK20; GK22;
GK26; GK27, GK29

Kvarner littoral: Matkovi¢ (1879):38 as Imbri-
caria saxatilis; Schuler (1902); Alebi¢-Jureti¢
and Arko-Pijevac (1989):30; Christensen and
Hansen (1994):109; KL5

Parmelia submontana Hale

Gorski kotar: Ozimec et al. (2010):24; GK15;
GK22; GK26

Parmelia sulcata Taylor

Gorski kotar: Ozimec et al. (2010):24; GK1;
GK2; GK4; GK6; GK7; GK8; GK11; GK14;
GK16; GK17; GK20; GK22; GK27; GK29

Kvarner littoral: Hazszlinszky (1884):63 as /m-
bricaria saxatilis a) leucochroa; Christensen
and Hansen (1994):109; KL2; KL3; KL

Parmeliella triptophylla (Ach.) Mill. Arg.

Gorski kotar: Hazszlinszky (1884):83 as Pan-
naria triptophylla; Schuler (1902):214 as
Pannaria corallinoides; GK8

Kvarner littoral: Schuler (1902):214 as Pannaria
corallinoides

*KL Parmelina pastillifera (Harm.) Hale

Gorski kotar: Ozimec et al. (2010):25; GK13;
GK16; GK22

Kvarner littoral: KL2; KL6

Parmelina quercina (Willd.) Hale

Kvarner littoral: Christensen and Hansen (1994):
109 as Parmelia quercina; KL4

Parmelina tiliacea (Hoffm.) Hale

Gorski kotar: Schuler (1902):219 as Parmelia
tiliacea; GK1; GK2; GKS8; GK13; GK14

Kvarner littoral: Hazszlinszky (1884):62 as
Imbricaria tiliacea c) quercifolia; Schuler
(1902):219 as Parmelia tiliacea; Alebi¢-
Jureti¢ and Arko-Pijevac (1989):27; KL3;
KL4; KL5

Parmeliopsis ambigua (Wulfen) Nyl.

Gorski kotar: Matkovi¢ (1879):38 as Imbricaria
diffusa; Schuler (1902):215 as Parmelia dif-
fusa; Ozimec et al. (2010):25

Parmotrema perforatum (Jacq.) A.Massal.

Gorski kotar: Schuler (1902):218 as Parmelia
perforata

Kvarner littoral: Schuler (1902):218 as Parmelia
perforata

Parmotrema perlatum (Huds.) M. Choisy

Gorski kotar: Matkovi¢ (1879):38 as Imbricaria
perlata; Hazszlinszky (1884); Ozimec et
al. (2010):25; GK11; GK16; GK17; GK18;
GK26; GK27

Kvarner littoral: Matkovi¢ (1879):38 as Im-
bricaria perlata; Alebi¢-Jureti¢ and Arko-
Pijevac (1989):30; Christensen and Hansen
(1994):109 as Parmelia coniocarpa; KL5;
KL7

Peltigera aphthosa (L.) Willd.

Gorski kotar: Schuler (1902):220 as Peltidea
aphthosa

Kvarner littoral: Matkovi¢ (1879):38

Peltigera canina (L.) Willd.

Gorski kotar: Hazszlinszky (1884):56; Schuler
(1902):220

Kvarner littoral: Matkovi¢ (1879):38; Schuler
(1902):220

Peltigera collina (Ach.) Schrad.

Gorski kotar: Hazszlinszky (1884):56 as Pelti-
gera propagulifera; Schuler (1902):221 as
Peltigera scutata; Kusan (1933):110 as Pelti-
gera scutata; Ozimec et al. (2010):25; GK4;
GK&8;GK18; GK20; GK22; GK23; GK29.

Peltigera horizontalis (Hudson) Baumg.

Gorski kotar: Hazszlinszky (1884):57; Schuler
(1902):220; Kusan (1933):110; Ozimec et al.
(2010):25; GK3; GK5; GK19; GK27.

Kvarner littoral: Matkovi¢ (1879):38; Schuler
(1902):220
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*GK Peltigera leucophlebia (Nyl.) Gyeln.

Gorski kotar: GK21; GK32; GK33

*GK Peltigera neckeri Miill.Arg

Gorski kotar: GK7

Peltigera polydactyla (Neck.) Hoffm.

Gorski kotar: Ozimec et al. (2010):25

Kvarner littoral: Schuler (1902):221

Peltigera praetextata (Sommerf.) Zopf

Gorski kotar: Kusan (1933); Ozimec et al.
(2010):25; GK1; GK3; GKS5; GK8; GK12;
GK17; GK19; GK20; GK22; GK27; GK29.

Peltigera rufescens (Weiss) Humb.

Gorski kotar: Schuler (1902):221; Kusan (1933):
110; GK34

Kvarner littoral: Hazszlinszky (1884):56;
Schuler (1902):221; Christensen and Hansen
(1994):109; KL3

Pertusaria albescens (Hudson) M.Choisy &
Werner

Gorski kotar: Schuler (1902):222 as Pertusaria
globulifera; Kusan (1933):112 as Pertusaria
globulifera; Ozimec et al. (2010):25; GKS5;
GK6; GK10; GK14; GK16; GK17; GK18;
GK19; GK26

Kvarner littoral: KL5

Pertusaria amara (Ach.) Nyl.

Gorski kotar: Schuler (1902); Kusan (1933):112
as Pertusaria amara f. isidiata; Ozimec et al.
(2010):25; GK7; GK8; GK10; GK11; GK16;
GK17; GK18; GK19; GK20; GK22

Kvarner littoral: Schuler (1902):221

*GK Pertusaria coccodes (Ach.) Nyl.

Gorski kotar: GKS8

*GK Pertusaria flavida (DC.) J. R. Laundon

Gorski kotar: GK26

Pertusaria hemisphaerica (Florke) Erichsen

Gorski kotar: Ozimec et al. (2010):25; GKS5;
GK17

Pertusaria hymenea (Ach.) Schaer.

Gorski kotar: Schuler (1902):224 as Pertusaria
wulfenii

Kvarner littoral: Schuler (1902):224 as Pertusaria
wulfenii

Pertusaria leioplaca DC.

Gorski kotar: Schuler (1902):224; GK12, GK14

Kvarner littoral: Schuler (1902):224

Pertusaria pertusa (Weigel) Tuck.

Gorski kotar: Matkovi¢ (1879):42 as Pertusaria
communis,; Hazszlinszky (1884):248 as Per-
tusaria commmunis; Schuler (1902):222 as

Pertusaria communis; Ozimec et al. (2010):
25; GK4; GK6, GK7; GK10; GK12; GK13;
GK14; GK16; GK17; GK18; GK19; GK26;
GK27

Kwvarner littoral: Schuler (1902):222 as Pertusaria
communis; KLL2

*HR; *GK Pertusaria pupillaris (Nyl.) Th. Fr.

Gorski kotar: GK14

Pertusaria pustulata (Ach.) Duby

Kvarner littoral: Schuler (1902):224

Pertusaria trachythallina Erichsen

Kwvarner littoral: Schuler (1902):223 as Pertusaria
laevigata

Phaeographis dendritica (Ach.) Miill. Arg.

Kvarner littoral: Matkovi¢ (1879):41

Phaeophyscia hirsuta (Mereschk.) Essl.

Kvarner littoral: Christensen and Hansen (1994):
109

Phaeophyscia insignis (Mereschk.) Moberg

Kvarner littoral: Christensen and Hansen (1994):
109

Phaeophyscia orbicularis (Neck.) Moberg

Kvarner littoral: Schuler (1902):228 as Physcia
obscura

Phlyctis agelaea (Ach.) Flot.

Kvarner littoral: Schuler (1902):225

*KL Phlyctis argena (Spreng.) Flot.

Gorski kotar: Christensen (1987):163; Ozimec
et al. (2010):25; GK4; GK8; GK10; GK11;
GK13; GK14; GK17; GK18; GK19; GK22;
GK27; GK29

Kvarner littoral: KL2

*GK Physcia adscendens H.Olivier

Gorski kotar: GK2

Kvarner littoral: Christensen and Hansen (1994):
110; KL2; KLS5

Physcia aipolia (Humb.) Fiirnrh.

Gorski kotar: Schuler (1902):226; Ozimec et al.
(2010):25; GK6

Kvarner littoral: Schuler (1902):226; Zahlbruck-
ner (1913):274; Christensen and Hansen
(1994):110; KL2

Physcia clementei (Turner) Maas Geest.

Kvarner littoral: Schuler (1902):227 as Physcia
astroidea

*GK Physcia dubia (Hoffm.) Lettau

Gorski kotar: GK14

Physcia leptalea (Ach.) DC.

Kvarner littoral: Schuler (1902):230 as Physcia
stellaris var. leptalea
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Physcia stellaris (L.) Nyl.

Gorski kotar: Schuler (1902):229; GK8

Kwvarner littoral: Matkovi¢ (1879):38 as Parmelia
stellaris; Schuler (1902):229; Christensen
and Hansen (1994):110

Physcia tenella (Scop.) DC.

Kvarner littoral: Schuler (1902):230

Physconia distorta (With.) J.R.Laundon

Gorski kotar: Schuler (1902):229 as Physcia
pulverulenta; Ozimec et al. (2010):25; GK1;
GK19; GK22

Kwvarner littoral: Matkovi¢ (1879):39 as Parmelia
pulverulenta; Schuler (1902):229 as Phy-
scia pulverulenta; Christensen and Hansen
(1994):110; KL3; KL7

*GK Physconia venusta (Ach.) Poelt

Gorski kotar: GK1; GK27

Kvarner littoral: Schuler (1902) as Physcia pul-
verulenta var. venusta

Placynthiella icmalea (Ach.) Coppins & P.
James

Gorski kotar: Ozimec (2000):136

Platismatia glauca (L.) W.L.Culb. & C.F.Culb.

Gorski kotar: Schuler (1902):165 as Cetraria
glauca; Kusan (1933):114 as Cetraria glauca;
Ozimec et al. (2010):25; GK4; GK6; GK9;
GK10; GK12; GK18; GK20; GK22; GK27

Pleurosticta acetabulum (Neck.) Elix & Lumbsch

Gorski kotar: Hazslinszky (1884):65 as Imbri-
caria acetabulum; Schuler (1902):214 as
Parmelia acetabulum; Ozimec et al. (2010):
25; GK1; GK16

Kvarner littoral: Schuler (1902):214 as Parme-
lia acetabulum; Christensen and Hansen
(1994):108 as Parmelia acetabulum; KL2;
KL6

Polyblastia sendtneri Kremp.

Gorski kotar: Schuler (1902):231.

Polyblastiopsis meridionalis Zahlbr.

Kvarner littoral: Zahlbruckner (1909a):223.

Porina aenea (Wallr.) Zahlbr.

Kvarner littoral: Schuler (1902):237 as Sagedia
carpinea; Zahlbruckner (1923):39 as Porina
carpinea

Protopannaria pezizoides (Weber) P. M. Jorg &
S. Ekman

Gorski kotar: Schuler (1902):212 as Pannaria
pezizoides; Kusan (1933):109 as Pannaria
pesisoides

Kvarner littoral: Matkovi¢ (1879):39 as Pannaria
brunnea

Psora decipiens (Hedw.) Hoffm.

Kvarner littoral: Schuler (1902):203 as Lecidea
decipiens

Pseudevernia furfuracea (L.) Zopf

Gorski kotar: Schuler (1902); Kusan (1933):114
as Parmelia furfuracea; Ozimec et al.
(2010):26; GK1; GK2; GK3; GKS5; GK6;
GK8; GK9; GK10; GK11; GK12; GK13;
GK17; GK20; GK21; GK22; GK25; GK26;
GK27, GK29

Kvarner littoral: Schuler (1902); KL4; KL6;
KL8

Punctelia subrudecta (Nyl.) Krog

Gorski kotar: Ozimec et al. (2010):26

Kvarner littoral: Schuler (1902):215 as Parmelia
dubia; Christensen and Hansen (1994):109
as Parmelia subrudecta; KL1; KL3; KL4;
KL9

Pyrenula laevigata (Pers.) Arnold

Kvarner littoral: Schuler (1902):232

Pyrenula nitida (Weigel) Ach.

Gorski kotar: Schuler (1902):232; Szatala (1927);
Ozimec et al. (2010):26; GK16

Kvarner littoral: Schuler (1902):232

Ramalina calicaris (L.) Fr. var. calicaris

Gorski kotar: Schuler (1902):232

Ramalina farinacea (L.) Ach.

Gorski kotar: Schuler (1902):233; Ozimec et al.
(2010):26; GKS5; GK6; GK7; GK8; GK16;
GK17; GK22

Kvarner littoral: Schuler (1902):233; KL4

Ramalina fastigiata (Pers.) Ach.

Gorski kotar: Schuler (1902):233; Ozimec et al.
(2010):26; GK1; GK2; GK6; GK16; GK17;
GK19; GK33

Kvarner littoral: Schuler (1902):233

Ramalina fraxinea (L.) Ach.

Gorski kotar: Schuler (1902):233; Ozimec et al.
(2010):26; GK6; GK16; GK22;GK33

Kvarner littoral: Schuler (1902):233

Ramalina thrausta (Ach.) Nyl.

Gorski kotar: Schuler (1902):234

Rinodina colobina (Ach.) Th.Fr.

Kvarner littoral: Schuler (1902):235

Rinodina dalmatica Zahlbr.

Kvarner littoral: Schuler (1902):236

Rinodina exigua (Ach.) Gray
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Kvarner littoral: Schuler (1902):236; Christensen
and Hansen (1994):110

Rinodina plana H. Magn.

Kvarner littoral: Zahlbruckner (1909a):230 as
Rinodina metabolica; Magnusson (1947):298;
Ropin and Mayrhofer (1993):812

Rinodina pyrina (Ach.) Armold

Kvarner littoral: Christensen and Hansen (1994):
111

Rinodina sophodes (Ach.) A.Massal.

Gorski kotar: Schuler (1902):237.

Kvarner littoral: Matkovi¢ (1879):39; Schuler
(1902):237; Zahlbruckner (1915):478.

Scoliciosporum umbrinum (Ach.) Arnold

Gorski kotar: Schuler (1902):146 as Bacidia
umbrina var. compacta

Solorina saccata (L.) Ach.

Gorski kotar: Schuler (1902):239; Kusan (1933):
109; GK28; GK32;GK33

Kvarner littoral: Schuler (1902):239

Sphaerophorus globosus (Huds.) Vain.

Gorski kotar: Schuler (1902):239 as Sphaeropho-
rus coralloides; Szatala (1927):434; KuSan
(1933):107; GK22; GK33

Squamarina cartilaginea (With.) P.James

Gorski kotar: Kusan (1933):113 as Lecanora
crassa; Ozimec et al. (2010):26

Strigula stigmatella (Ach.) R. C. Harris

Gorski kotar: Schuler (1902):237 as Strigula
faginea

Kvarner littoral: Schuler (1902):237 as Strigula
faginea

Teloschistes chrysophthalmus (L.) Th. Fr.

Kvarner littoral: Schuler (1902):241

Thelenella muscorum (Fr.) Vain.

Gorski kotar: Schuler (1902):207 as Microglaena
muscicola

Kvarner littoral: Schuler (1902):207 as Micro-
glaena muscicola

Thelotrema lepadinum (Ach.) Ach.

Gorski kotar: Hazslinszky (1884):137; Schuler
(1902):242; Ozimec et al. (2010):26; GK4;
GKS; GK11; GK12; GK22

Toninia sedifolia (Scop.) Timdal

Gorski kotar: Kusan (1933):111 as Toninia coeru-
lenigricans; Ozimec et al. (2010):26

Kvarner littoral: Schuler (1902):243 as Toninia
caeruleonigricans

Usnea diplotypus Vain.

Gorski kotar: Ozimec (2000):136

Usnea filipendula Stirt.

Gorski kotar: Matkovi¢ (1879):37; Ozimec et al.
(2010):26; GK6; GK8; GK25

Usnea florida (L.) FH.Wigg.

Gorski kotar: Schuler (1902):245 as Usnea
barbata

Usnea hirta (L.) Weber ex F. H. Wigg.

Kvarner littoral: Schuler (1902):245 as Usnea
barbata var. hirta

*HR; *GK Usnea intermedia (A .Massal.) Jatta

Gorski kotar: GK3; GK22

Usnea rubicunda Stirt.

Kvarner littoral: Motyka (1936-1938):343

Usnea subfloridana Stirt.

Gorski kotar: Ozimec (2000):136; GK6

Xanthoria candelaria (L.) Th. Fr.

Kwvarner littoral: Schuler (1902):249 as Xanthoria
lychnea

Xanthoria parietina (L.) Th.Fr.

Gorski kotar: Schuler (1902):249; Ozimec et al.
(2010):26; GK1; GK2; GK6; GK22

Kvarner littoral: Matkovi¢ (1879):39 as Physcia
parietina; Schuler (1902):249; Christensen
and Hansen (1994):111; KL2; KL4

Xylographa parallela (Ach.) Behlen & Des-
berger

Gorski kotar: Schuler (1902):250; Szatala (1929):
842

Analysis of the flora

According to literature, collection records at
herbaria and field survey results, the currently
konwn epiphytic and terricolous lichen mycota of
Gorski kotar and Kvarner littoral comprises 264
taxa (260 lichenized fungi and 4 non-lichenized
fungi traditionally included in the lichenological
literature), classified into 110 genera.

The lichen mycota of Gorski kotar consists
of 184 taxa, and of Kvarner littoral contains 170
taxa.

The most diverse genera are: Cladonia (20
taxa); Caloplaca and Lecanora (12 taxa each);
Pertusaria (11); Collema (10); Peltigera (9);
Physcia and Usnea (7 taxa each); Rinodina (6);
and Bacidia, Mycobilimbia and Ramalina (5
taxa each).

Nine species: Bryoria implexa, Calicium
glaucellum, Fellhanera bouteillei, Lepraria
eburnea, Lepraria rigidula, Lobaria virens, My-
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cobilimbia sanguineoatra, Pertusaria pupillaris
and Usnea intermedia, are new to Croatia.

Twenty-four species: Aplotomma turgida,
Arthonia spadicea, Baeomyces rufus, Bryoria
implexa, Calicium glaucellum, Candelaria
concolor, Fellhanera bouteillei, Fuscopannaria
ignobilis, Lepraria eburnea, Lepraria rigidula,
Lobaria virens, Mycobilimbia sanugineoatra, My-
coblastus sanguinarius, Ochrolechia androgyna,
Ochrolechia turneri, Peltigera leucophlaebia,
Peltigera neckeri, Pertusaria coccodes, Per-
tusaria flavida, Pertusaria pupillaris, Physcia
adescendens, Physcia dubia, Physconia venusta
and Usnea intermedia, are new to Gorski ko-
tar, while three species: Cladonia squamosa,
Parmelina pastillifera and Phylctis argena are
new to Kvarner littoral.

Ecological analyses

Distribution of mean indicator values of the
environmental factors for the lichens recorded
in Gorski kotar and Kvarner littoral is presented
in Figs 2-6.

Mean indicator values of the lichen flora of
Gorski kotar and Kvarner littoral (Tab. 1) were
compared to those reported for selected areas
in Dinaric floristic region of Slovenia: Sneznik,

Goteniski Sneznik, Krokar, Trnovski gozd (Priigger
2005), and in the Alpine floristic area of Slovenia:
Pohorje (Mayrhofer et al. 1996, 1998), and Urslja
gora (Suppan and Mayrhofer 2002). Comparison
is shown in Fig. 7.

Phytogeographical analyses

Relief variety and climate with abundant
rainfalls, high air humidity and frequent fog and
dew, enables the occurrence of lichens classified
into oceanic and suboceanic elements (Schauer
1965). Numbers of such species are: 46 or 25.0%
of total recorded for the lichen flora of Gorski kotar
and 42 (24.7%) for Kvarner littoral. Taking into
account both areas, there are 70 species belonging
to oceanic and suboceanic elements, which makes
26.5% of total lichen flora.

Discussion

The epiphytic and terricolous lichen flora of
Gorski kotar and Kvarner littoral was compared
to the lichenologically better investigated areas
in Dinaric part of neighbouring Slovenia, as well
as with areas in NE Italy. The number of 184 taxa
reported for Gorski kotar is lower, compared to

H of the
45 | P

40 |

%

substratum

W Gorski kotar

W Kvarner littoral

Value

Figure 2: Distribution of indicator values for substrate

reaction.

Slika 2: Razsirjenost indikatorskih vrednosti glede na reakcijo substrata.
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Figure 3: Distribution of indicator values for the lichens for light.
Slika 3: Razsirjenost indikatorskih vrednosti za lisaje glede na potrebe po svetlobi.
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Figure 4: Distribution of indicator values for the lichens for moisture.
Slika 4: Razsirjenost indikatorskih vrednosti za liSaje glede na vlaznostne razmere.

total of 330 taxa (excluding saxicolous) recorded
for Sneznik and Javorniki area in southern Slov-
enia (Priigger 2005). For Goteniski Sneznik and
Krokar area, total of 134 and 141 taxa, respectively,
were reported by Grube et al. (1998). In Trnovski
gozd, situated near the Italian-Slovenian border,

Priigger et al. (2000) reported 203 taxa. Number
of 170 lichen taxa recorded up today for Kvarner
littoral is higher, compared to similar regions in
Italy, situated in the vicinity of the Adriatic Sea.
In NE Italy, 60 epiphytic lichen species were
reported for the Province of Gorizia (Badin and
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Figure 5: Distribution of indicator values for eutrophication.

Slika 5:  Razsirjenost indikatorskih vrednosti glede na trofi¢ne razmere.
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Figure 6: Distribution of indicator values for the lichens for altitudinal range.
Slika 6: Razsirjenost indikatorskih vrednosti za lisaje glede na nadmorsko visino

Nimis 1996), 121 species from the Province of
Trieste (Nimis 1982), and 80 species from the
Veneto Region (Nimis et al. 1991).

Analyses of indicator values for substrate
reaction (Fig. 2) shows that acidophilic lichens
are more present in Gorski kotar then in Kvarner

littoral, because the environmental conditions in
Gorski kotar favorize growth of acid bark conifers,
such as fir, spruce and pine. Lichens of weak acid
to subneutral reaction dominates in both area,
which is related to bark characteristics of decidu-
ous trees as the most frequent phorophytes. Higher
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Table 3
Region Substrate Light Moisture Eutrophication | Altitudinal
reaction — R L F N range — A
Gorski kotar 2,37 3,49 2,45 1,62 2,75
Kvarner littoral 2,60 3,59 2,69 1,88 2,37
Slovenia — Dinaric area 2,45 3,47 2,45 1,90 2,58
Slovenia — Alpine area 2,24 3,66 2,60 1,95 2,65

Table 3: Mean indicator values of the lichen flora of Gorski kotar, Kvarner littoral and areas in Slovenia.
Tabela 3: Srednje indikatorske vrednosti lisajske flore Gorskega kotarja, Kvarnerja in obmoc¢ij v Sloveniji.

incidence of basophilous lichens in Kvarner littoral
is result of bark pH modification due to effect of
impregnation of trees with calcareous dust, as
well as influence of dispersal of salt an ammonia
particles by wind near the sea.

Analyses of indicator values for light (Fig.
3) shows negligible presence of lichens living in
shade. The most of lichens in both areas lives on
sites which are well exposed to light. Incidence of
lichens requiring diffuse light is higher in Gorski
kotar, where such light conditions are specific for the
closed beech forests. Heliophytic lichens are largely
present in Kvarner littoral, where low termophilous
forests, thickets and open landscapes dominates.

Analyses of indicator values for humidity (Fig.
4) shows a higher presence of hygrophytic and
moderately hygrophytic lichens in Gorski kotar.
This indicates climate specifities of the area, with
high air humidity (> 80%), abundant rainfalls and
frequent fogs. The lichens indicating dryness are
more present in the subalpine and alpine belt,
where higher solar irradiation, strong wind and
frost during the winter cause rapid dessication
of thalli surface. The climate in Kvarner littoral
is subhumid and warm, with pronounced dry
period and low relative air humidity (60-70%),
so the mesophytic and xerophytic lichens prevails
in the area.

4,00

Light

3,50

3,00
Altitudinal range

Moisture

Gorski kotar Kvarner littoral

2,50 2
Substrat \
reaction
2,00 —»
EutrophicM
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Slovenia-Dinaric area Slovenia-Alpine area

Figure 7: Comparison of mean indicator values of lichen flora of Gorski kotar and Kvarner littoral with regions in

Slovenia.

Slika 7: Primerjava indikatorskih vrednosti liSajske flore Gorskega kotarja in Kvarnerja z obmocji v Sloveniji.
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Analyses of indicator values for eutrophication
(Fig. 5) shows dominance of lichens indicating
absence or very weak eutrophication in both areas.
Due to specificity in relief and climate, like short
vegetational period, Gorski kotar is a region not
suitable for intensive agricultural production, and
human population density is low. Areas of Gorski
kotar at 1,100-1,500 m altitude can be considered
as least impacted by anthropogenic eutrophication.
Higher percentage of lichens indicating weak
to middle eutrophication in Kvarner littoral is a
consequence of continuous anthropogenic impact,
especially from the middle of 19th century up
to present days. Characteristics of this impact
are increased urbanisation, mainly in tourism,
and industrialisation. Significant sources of eu-
trophication are emissions into air from road and
marine transport, and industrial facilities, as well
as long-range transboundary air pollution.

Analyses of indicator values for altitudinal
range (Fig. 6), shows low presence of eumediter-
ranean belt, and dominance of submediterrancan
belt in Kvarner littoral.

This corresponds to phytogeographical posi-
tion of the area. The most of the coastal and insular
area of Kvarner belongs to submediterranean
vegetational zone, while the Eumediterranean
vegetational zone is at boundary of'its distribution
(Vukeli¢ et al. 2008). Lichens indicating montane
and oroboreal vegetational belt prevails in Gorski
kotar. Number of lichens decline in subalpine
and alpine belt due to harsh weather conditions
and lack of suitable phorophytes for epiphytic
lichens, so terricolous and muscicolous are the
most frequent (Priigger 2005).

In relation to substrate reaction, mean indicator
value for the lichen flora of Gorski kotar is almost
equal to that for Dinaric area in Slovenia, mainly
due to similarities in relief, climate and phyto-
geographical position. Alpine area in Slovenia
has lower value due to difference in forest cover
and dominance of spruce, characterized with acid
bark. The mean value for Kvarner littoral is higher
then for areas in Slovenia (Tab 3). Mean values for
light are almost equal for Gorski kotar and Dinaric
area in Slovenia, while the values are higher in
Kvarner littoral and Alpine area in Slovenia (Fig
7). Both areas in Slovenia and Gorski kotar are
moderately hygrophytic, while Kvarner littoral
is dryer. Comparison of mean indicator values

for eutrophication shows that all of the areas are
characterized by weak eutrophication. Kvarner
littoral has the lowest mean value for altitudinal
range, which corresponds to thermophillic sub-
mediterranean vegetation belt. Gorski kotar and
Dinaric and Alpine areas in Slovenia have mean
values indicating montane and subalpine belts,
whose climazonal forest vegetation prevails.

High incidences of oceanic and suboceanic
elements in the lichen flora of Gorski kotar and
Kvarner littoral (70 species or 26.5%), shows
significant similarity with the lichen flora of the
Italian regions along the Tyrrhenian Sea. Nimis
and Tretiach (1999) reported following values:
21.2% for Campania, 25.2% for Calabria, 27.1%
for Tuscany and 27.5% for Lazio. Compared to
Tyrrhenian coast and the eastern (Croatian) Adri-
atic coast, oceanic and suboceanic elements are
significantly less frequent in the lichen flora of the
western (Italian) Adriatic coast, with percentage
of 11.1% in Molise, 14.0 % in Veneto, 15.2%
in Emilia-Romagna and Marche and 16.6% in
Venezia Giulia. Impact of orography on amount
and precipitation pattern in the Adriatic Sea area
is significant. The eastern Adriatic coast is char-
acterized by the proximity of the coastal Dinaric
Mountains, enabling humid climate with annual
precipitation from 1,000 mm to above 3,000 mm.
The western Adriatic coast has less broken relief
and its inland is covered by lowlands. The climate
is more drier with annual precipitation of 600-900
mm Thus, the occurence of oceanic and suboceanic
lichens is reliable indicator of the climate humidity,
as reported by Loppi et al. (1999).

Conclusions

1. Atotal of 264 taxa of epiphytic and terricolous
lichen mycota were recorded for Gorski kotar
and Kvarner littoral (western Croatia). The
lichen mycota of Gorski kotar consists of 184
taxa, and of Kvarner littoral contains 170 taxa.

2. Nine species: Bryoria implexa, Calicium
glaucellum, Fellhanera bouteillei, Lepraria
eburnea, Lepraria rigidula, Lobaria virens,
Mycobilimbia sanguineoatra, Pertusaria
pupillaris and Usnea intermedia, are new to
the lichen flora of Croatia.
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Running title
Prausova et al.: Potamogeton praelongus in the Czech Republic

Abstract: Potamogeton praelongus occurs in the Czech Republic at only one natural site.
As part of a rescue programme, micropopulations were introduced into new locations. The
aim of the paper is to describe the realised measures: monitoring micropopulations and habitat
factors at P. praelongus sites, investigation of seed germination, and preparation of a sterile
in-vitro culture for plant propagation and conservation purposes. Between 2008-2010, both
micropopulations in the Orlice floodplain increased their size by three times annually. In 2010,
1461 shoots occurred at the natural site and 199 at the artificial one. In 2010, stand areas varied
between 12-50 m?. The most effective treatment to break seed dormancy involved 2-h surface
sterilisation in 5 % or 2.5 % NaClO solution proceeded by a period of desiccation, temperature
variation, hypoxic conditions, and mechanical abrasion of the seed coat. Using similar methods
of NaClO sterilisation, an in-vitro culture of P. praelongus was prepared and 30 clones with an
expected genetic variability are available.

Key words: long-stalked pondweed, conservation programme, monitoring, seed germina-
tion tests, sterile culture in vitro

Izvledek: Vista Potamogeton praelongus se na Ceskem v naravi pojavlja le na eni lokaciji.
V okviru programa ohranjanja vrste smo vnesli rastline na nove lokacije. V ¢lanku predstavljamo
celoten postopek: spremljanje stanja mikropopulacije in habitatne parametre na obmocjih uspe-
vanja vrste P. praelongus, raziskave kalitve semen ter postopek priprave sterilnih in-vitro kultur
za razsirjanje. V Casu od 2008-2010 sta se obe mikropopulaciji na poplavni ravnici reke Orlice
povecali za 3-krat letno. Leta 2010 je bilo1461 poganjkov na naravni in 199 na novi lokaciji.
Leta 2010 so bili sestoji veliki od 12 do 50 m?. Za najbolj u¢inkovit na¢in prekinitve dormance
se je izkazala 2-h povrsinska strerilizacija s 5 % oz. z 2.5 % razstopino NaClO, ki ji je sledilo
obdobje izsuSevanja, izpostavljanja razlicnim temperaturam, anoksi¢nim razmeram in abrazija
semenske lupine. S sterilizacijo z NaClO smo pripravili in-vitro kulturo vrste P. praelongus; 30
klonov z ustrezno gensko variabilnostjo.

Kljuéne besede: podaljsani dristavec, nacrt ohranjanja, spremljanje stanja, kalitev semen,
sterilna kultura in vitro
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Introduction

The perennial aquatic plant Potamogeton prae-
longus Wulfen, listed among the critically endan-
gered plant taxa of the Czech flora, is restricted to
justa single natural location in the Czech Republic,
near the town of Hradec Kralové in E Bohemia
(Prausova and Janova 2010), where it grows in
an oxbow tributary of the Orlice river. Globally,
P. praelongus is a rare species of a nordic, partly
suboceanic, and circumpolar distribution, spread
predominantly throughout northern Europe (Voge
1992). Within the same latitudes, it is also spread
throughout Asia and North America, however is
rare throughout its entire distribution. The species
occurs in unpolluted mesotrophic waters in humic
or sandy soils, clayish, muddy, or peaty beds
(Casper and Krausch 1981). It is a distinctly sten-
otopic species for which characteristic growth is in
clean, deeper, hard lowland waters on calcareous
sediments (Husédk and Adamec 1998). Ellenberg
(1991) categorised P. praelongus as a photophil-
ous plant growing only exceptionally at a relative
irradiance below 40 %. The fruit of P. praelongus,
morphologically an achene and herein referred to
as “seed”, germinate very poorly (Janova 2010,
Prausova et al. 2010). Recent molecular-genetic
analyses have revealed only minimal genetic
variability of P. praelongus micropopulations in
the Czech Republic (Kitner et al. unpubl.), sug-
gesting that the species propagates predominantly
vegetatively. Recent studies have however noted
methods of markedly increasing seed germination
through breaking physical seed dormancy (Janova
2010, Prausova et al. 2010). Propagation in this
manner could be used in rescuing the species in
the Czech Republic.

The last native Czech population of P. prae-
longus is endangered by sedimentation due to a
nutrient-rich sediment in the standing oxbow reach,
covering leaf surfaces in fine sedimentary particles
(Prausova and Janova 2010). High concentrations
of mineral nutrients in the water also lead to the
growth of detrimental filamentous algae, and
the disturbance of plants and micropopulations
during flood events is of potential concern. To
support the last micropopulation in the Transient
Protected Area, several principal measures have so
far been conducted (Prausova et al. 2010). Muddy
sediment was excavated from the standing oxbow

reach in 2001, and inshore tree stands were cut
in 2002 to clear the water surface. In 2003, the
Czech Ministry of Environment approved a rescue
programme for P. praelongus, involving the clear-
ing of surplus mud using a suction dredge from
a part of the oxbow inhabitated by P. praelongus
near the estuary of the Orlice river. Since 2005,
regular monitoring of all Czech P. praelongus
micropopulations has occurred, in conjunction
with monitoring habitat factors including water and
sediment chemistry. Simultaneously, re-patriation
of the species to the Orlice river floodplain has
been conducted using plants raised in an outdoor
rescue culture at the Institute of Botany at Ttebon,
Czech Republic (Husék and Adamec 1998,
Prausova et al. 2010).

During 2009-2010, the dominant part of the
rescue programme within the project “Rescue of
long-stalked pondweed (Potamogeton praelongus)
in the Czech Republic*, raised by the Czech Minis-
try of Environment, was carried out. The aim of this
paper is to describe the main biological measures
which have been realised within the programme
so far: monitoring plant fitness and habitat factors
at natural and artificial P. praelongus sites, an
investigation of seed germination, and preparation
of'a sterile tissue culture for plant propagation and
consequent re-patriation purposes.

Material and methods

Recent distribution of Potamogeton praelongus
in the Czech Republic

Orlice river floodplain near Hradec Kralové

Recently, P. praelongus occurs natively
only in the Transient Protected Area “Rameno
u Stiibrného rybnika“ at MalSova Lhota in
the suburb of Hradec Kralové (50°12'35"N,
15°53'17"E) in E Bohemia (Prausova and Janova
2010). The site, a standing oxbow, is situated at
an altitude of 232 m a.s.l. in the left-bank part of
the Orlice river floodplain and its lower reach
has its estuary into the river. The oxbow sustains
considerable deposition by organic sediments,
the main source of which is tree litter originating
from bank stands. Water chemistry at the site is
weakly eutrophic and stagnant (Prausova et al.
2010). As a result of re-patriation efforts as part
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of a rescue programme for this species, a new
micropopulation has been successfully estab-
lished in the Lake KaSparovo jezero (50°12'47"N,
15°52'19"E). It is an oxbow in the Orlice river
floodplain on the right river bank, with similar
ecological characteristics as the existing native
site. Both oxbows are inhabited by dense stands of
Nuphar lutea and loose stands of Potamogeton cris-
pus, Ranunculus trichophyllus and R. circinatus.

The Protected Landscape Area Kokorinsko

Introduced P. praelongus populations have
been growing in restored backwater pools in the
Protected Landscape Area Kokofinsko in Central
Bohemia (50°28° N, 14°31° E), since 2001-2005.
Four populations exist, including pools below
Plesivec, pools above the fishpond Harasov,
pools near Stampach, and backwater pools in the
Libéchovka rivulet floodplain (Prausova et al.
2010). The source plants for these introductions
originated from the last native site.

Rescue cultivation at the Institute of Botany at
Trebor, Czech Republic

A rescue culture of P. praelongus, using
plants sourced from the last native site, has been
maintained at the Institute of Botany at Ttebon
(IBT) since 1988 (see Husak and Adamec 1998).
One plastic container (volume 1.5 m?®), which
is used for aquatic plant collection and is never
emptied, houses P. praelongus plants potted in
26x26x26 cm plastic pots. Several further plastic
containers of the same size, which are regularly
emptied over winter, are maintained as ex-situ
cultures, with P. praelongus planted directly
into a shallow soil layer. For both methods a
mixture of sand, garden loam, fishpond clay
(mud), fen soil, and milled limestone fertilised
by organic compost provides substrate. Over the
warm summer season, all containers are partly
shaded due to the growth of filamentous algae as
surface water temperatures increase, with algal
mats removed regularly. The plants overwinter
either innundated (collection container) or in
moist substrate (rescue culture) under a 15-cm
layer of dry leaves covered by plastic plates
(Husak and Adamec 1998). The water depth in
both types of cultures is 40—50 cm.

Micropopulation monitoring

Regular monitoring of all Czech P. praelon-
gus micropopulations was carried out, as part
of the rescue programme, since 2005 (Prausova
and Janova 2010, Prausova et al. 2010). At both
sites in the Orlice river floodplain (Rameno
u Stiibrného rybnika and Kasparovo jezero),
individual shoots occurring in distinct bunches
or visually distinguishable groups were counted
using a boat. Observations were made in mid-July
during the flowering or fruiting period, at a time
of high water transparency and normal water
level (Prausova et al. 2010). Both total number
and proportion of flowering shoots were counted.
Individual shoots could not be counted at sites
within the Protected Landscape Kokofinsko (PLK),
and the method of assessment of the plant stand
area (in m?) was used during monitoring in the
2005 and 2007-2010 seasons. At all sites, plant
occurrence was recorded in geographical coor-
dinates using the GARMIN eTrex H (resolution
+4 m) GPS-instrument.

Monitoring of site-specific habitat factors

For monitoring habitat factors at P. praelongus
sites, at all sites water samples were collected
twice a year for water chemistry analyses (July,
September). Electrical conductivity and pH were
measured using portable instruments (Multimetric
water Quality Sonde YSI600XLM) directly in
the field. No pre-treatment of the water sample
was used for chemical oxygen demand (COD)
determination using the KMnO, titratory method.
For all other analyses, water samples were filtered
using a membrane filter (mesh size 0.45 um).
Concentrations of NO,~, NH,", NO;~and PO, were
determined (Flow injection ion analyzer Alliance)
colorimetrically, while those of Ca*", Mg, K" using
atomic absorption spectrometry (Spectrometer [CP/
OES GBC Integra). See Pekarkova and Lischke
(1974) for all analytical details. Measured factors
are presented for 11 individual measurements at
the natural site between 2005-2010, and for 4 sites
at Kasparovo jezero and the Protected Landscape
Kokotinsko during 2009-2010. This excludes the
pools near Stampach, where only two measure-
ments were conducted in 2010.
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Seed dormancy and germination biology

Germination tests investigated seed dormancy
type and alleviation in P. praelongus, as well
as assessing the species capacity for long-term
hermetic storage (Janova 2010, Prausova et al.
2010). Seed was sequentially harvested from
plants in cultivation at IBT or collected from the
PLK, and stored in darkness either dry at room
temperature (2142 °C) or in water (8+1 °C) for
up to six months before beginning experimental
work. To assess natural cycles of desiccation
and rewetting on germination, some treatments
involved direct rehydration of seed and subsequent
storage in water at room temperature for one month
prior to germination testing. In all treatments seed
were placed in 10 cm Petri dishes and allowed
to germinate in dark conditions on moistened
filter paper, incubated either at a slightly variable
temperature of 21£2 °C or in a thermostatted
chamber at 23+0.5 °C or 28+0.5 °C. The filtered
water collected from the natural site was used to
wet the seeds. Where microbial contamination
of replicates occurred, seeds were immediately
removed, thoroughly washed in distilled water, and
transferred to new Petri dishes. Replicates placed
in 1-6 parallel Petri dishes varied in number due
to the sequential availability of seed, and ranged
from 34 to 294 per treatment. To assess the effect
of'a chemical agent in alleviating dormancy, SAVO
Prim (Bochemie, Bohumin, Czech Republic),
containing 5 % NaClO and saponate, was applied
in varying concentration and for varying duration
(see below; Janova 2010). After chemical treat-
ment, seeds were thoroughly washed in distilled
water before placing in Petri dishes. Germination
was determined by development of the cotyledon,
as radicle emergence in the species occurs at a
later developmental stage (Janova 2010), with
the tests running for four months. Germinants
with 1-2 leaves were transferred to 4L aquaria
to allow continued growth. In total, 27 variants
of seed germination tests were conducted (Janova
2010, Prausova et Janova 2010).

1. Controls: 34 seeds collected in the IBT, kept
in water at 8+1 °C, no treatment of seeds,
germination at ca. 2142 °C;

2. Controls: 68 seeds collected in the IBT, kept
in water at 8+1 °C, no treatment of seeds,
germination at 23+0.5 °C;

10.

11

Freeze tolerance: 34 seeds collected in the IBT,
kept in water at 8+1 °C, exposed at —18 °C in
arefrigerator for 36 h before the germination
test, germination at ca. 21£2 °C;

Freeze tolerance: 68 seeds collected in the IBT,
kept in water at 8+1 °C, exposed at —18 °C in
a freezer for 36 h before the germination test,
germination at 23+0.5 °C;

Treatment with gibberellic acid (GA;): 50
seeds collected from the PLK, kept in dry
state at room temperature for 3 months till
the experiment, washed in distilled water,
addition of GA; to the germination solution
(final concentration 15 mg.I""), germination
at 28+0.5 °C;

Treatment with GA;: 50 seeds collected from
the PLK, kept in dry state at room temperature
for 3 months, then kept in the water for one
month till the experiment, washed in distilled
water, addition of GA; to the germination
solution (final concentration 15 mg.I™"), ger-
mination at 28+0.5 °C;

Scarification: 100 seeds collected from the
PLK, kept in dry state at room temperature
for 3 months till the experiment, seed testa
abrased thoroughly by an abrasive paper,
germination at 28+0.5 °C;

Scarification: 50 seeds collected from the
PLK, kept in dry state at room temperature
for 3 months, then kept in the water for one
month till the experiment, seed testa abrased
thoroughly by an abrasive paper, germination
at 28+0.5 °C;

Hypoxic conditions: 100 seeds collected
from the PLK, kept in dry state at room tem-
perature for 3 months, then kept in the water
for one month till the experiment, ethanol
droplets added to the germination water to
cause hypoxia, Petri dishes thoroughly sealed
by 3 layers of sealing tape, germination at
28+0.5 °C;

Long cold stratification: 50 seeds collected
from the PLK, kept in dry state at room
temperature for 3 months, then kept in dry
state in a refrigerator at 8 °C for 2.5 months
followed by ca. 21+2 °C for 14 d, then wetting
and germination at 28+0.5 °C;

. Long cold stratification: 50 seeds collected

from the PLK, kept in dry state at room tem-
perature for 3 months, then kept in the water
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

for one month, kept in a refrigerator at 8 °C
for 2.5 months followed by ca. 21+2 °C for
14 d, then germination at 28+0.5 °C;

Short cold stratification: 50 seeds collected
from the PLK, kept in dry state at room
temperature for 3 months, then kept in the
water for one month, kept in a refrigerator at
8 °C for 1 month, in a freezer at —20 °C for
1 month, again in a refrigerator at 8 °C for
14 d followed by ca. 2142 °C for 14 d, then
germination at 28+0.5 °C;

Short cold stratification: 100 seeds collected
from the PLK, kept in dry state at room tem-
perature for 3 months, then kept in the water
for one month, kept in a refrigerator at 8 for
1 month followed by ca. 2142 °C for 14 d,
then germination at 28+0.5 °C;

Long desiccation: 50 seeds collected from the
PLK, kept in dry state at room temperature for
3 months, then germination at 28+0.5 °C;
Short desiccation: 34 seeds collected in the
IBT, kept in water at 8+1 °C till the experiment,
dried out at ca. 21+2 °C for 36 h, then wetting
and germination at ca. 21+2 °C;

Short desiccation: 68 seeds collected in the
IBT, kept in water at 8+1 °C till the experi-
ment, dried out at ca. 21£2 °C for 36 h, then
wetting and germination at 23+0.5 °C;

Long desiccation: 100 seeds collected from
the PLK, kept in dry state at room temperature
for 3 months, then germination at ca. 21+2 °C;
Transient long desiccation: 218 seeds col-
lected from the PLK, kept in water at 8+1 °C
for 3 months, then kept at dry state at room
temperature for 3 months, germination at
28+0.5 °C;

One-fourth strength SAVO for 2 h: 74 seeds
collected from the PLK, kept in dry state
at room temperature for 3 months, treated
by one-fourth strength SAVO for 2 h, then
germination at 28+0.5 °C;

Half strength SAVO for 2 h: 75 seeds col-
lected from the PLK, kept in dry state at
room temperature for 3 months, treated by
half strength SAVO for 2 h, then germination
at 28+0.5 °C;

Half'strength SAVO for 2 h: 50 seeds collected
from the IBT, kept in water at 841 °C till the
experiment, treated by half strength SAVO for
2 h, then germination at 28+0.5 °C;

22. Half'strength SAVO for 2 h: 50 seeds collected
from the PLK, kept in dry state at room tem-
perature for 3 months, then kept in the water
for one month, treated by half strength SAVO
for 2 h, then germination at 28+0.5 °C;

23. Full strength SAVO for 36 h: 34 seeds collected
from the IBT, kept in water at 8+1 °C till the
experiment, treated by full strength SAVO for
36 h, then germination at ca. 21£2 °C;

24. Full strength SAVO for 36 h: 68 seeds collected
from the IBT, kept in water at 8+1 °C till the
experiment, treated by full strength SAVO for
36 h, then germination at 23+0.5 °C;

25. Full strength SAVO for 2 h: 132 seeds col-
lected from the PLK, kept in dry state at
room temperature for 3 months, treated by
full strength SAVO for 2 h, then germination
at ca. 2142 °C;

26. Full strength SAVO for 2 h: 294 seeds col-
lected from the PLK, kept in dry state at
room temperature for 3 months, treated by
full strength SAVO for 2 h, then germination
at 28+0.5 °C;

27. Full strength SAVO for 2 h: 50 seeds collected
from the PLK, kept in dry state at room tem-
perature for 3 months, then kept in the water
for one month, treated by full strength SAVO
for 2 h, then germination at 28+0.5 °C.

28. We are aware of the fact that all seeds within
one treatment are pseudoreplicates and no
statistical treatment of the results is possible.
Thus, the results basically show the qualita-
tive effects.

Preparation of a sterile in-vitro culture

Seeds harvested at the IBT in September 2009
were used for the preparation of a sterile in-vitro
culture. All seeds were kept in a refrigerator at
3 °C in darkness, with some in a dry state and
others in tap water. Before sterilisation, both dry
and wet seeds were shortly shaken in a diluted
saponate solution (v/v 1:200), washed in stream-
ing tap water for around 30 h, and the remains of
the pericarp were mechanically removed. Seeds
were surface sterilised using half or full strength
SAVO Prim for 4, 8 or 16 h. The seeds were then
thoroughly washed in three bottles filled with
sterile tap or distilled water. A tenth strength
Murashige-Skoog medium (Murashige and Skoog
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1962) supplemented with 2 % sucrose was used
as a germination medium. The medium was either
liquid or solidified with 0.6 % gerlite (natural
anionic polysaccharide, Duchefa, Haarlem, The
Netherlands). The pH of both solutions was 6.5
before autoclaving. Test-tubes (3 cm diameter)
were filled each with either 10 ml of the solid or
20 ml of the liquid medium. One seed was placed
in each test-tube and all seeds were spread evenly
between each media type. In total, 238 seeds were
used. Seed germination took place in darkness,
at 14 to 18 °C during the first month and then
at 18+0.5 °C. Upon germination test tubes were
transferred to flourescently illuminated boxes
(PAR irradiance of ca. 3040 umol.m2.s™" and
12—-h photoperiod) kept at 21+1 °C.

After two months growth post-germination,
seedlings were transplanted into a fresh liquid cul-
ture of higher concentration (half strength Gamborg
B5 medium with 500 mg.I"' KNO;, with 2.5 %
sucrose, pH 5.7 or 6.5; Adamec and Péasek 2000).
The volume of renewed sterile culture medium
was 50—70 ml in 350 ml flasks or 300 ml in 0.5 1
flasks. Seedlings rapidly resumed vigorous growth
after transferral to new medium. Plants outgrew

flasks in 2—3 month cycles (ca. 8—15 shoot apices
produced), exhausted the medium (the final pH
of media was 4.65-6.25), and at this point 1-3
apical shoot segments were transplanted into new
flasks. Excess plants were planted outdoors in
rescue culture (IBT) to maturate.

Results

Monitoring of populations and habitat factors

The remaining natural P. praelongus micro-
population at Rameno u Sttibrného rybnika has
increased since 2005, with marked increase since
2008 (Fig. 1). Original shoot numbers rose from
32 in 2005 to 1461 growing in 115 colonies in
2010; of these 199 shoots were fertile. Though the
micropopulation is still concentrated in the oxbow
reach in front of the estuary to the Orlice river, the
re-patriation of plants in 2008 has led to spread
along both oxbow banks further away from the
main estuary. New colonies originate both from
the original and also from re-patriated shoots. At
the artifical site KaSparovo jezero in the Orlice
river floodplain, where a successful introduction
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Figure 1: Development of the natural micropopulation of P. praclongus at the site Rameno u Stfibrného rybnika

in the Orlice river floodplain (2005-2010).
Slika 1:

Spremljanje naravnih mikropopulacij vrste P. praclongus na lokacijah Rameno u St¥ibrného rybnika na

poplavni ravnici reke Orlice v letih 2005-2010.
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Figure 2: Development of the introduced micropopulation of P. praclongus at the site Kasparovo jezero in the
Orlice river floodplain (2009-2010).

Slika 2: Spremljanje vneSenih mikropopulacij vrste P. praclongus na lokaciji Kasparovo jezero na poplavni ravnici
reke Orlice v letih 2009-2010.

was conducted in 2008, 199 shoots (40 fertile) in ~ partly stabilised between 2007-2010, but area
17 colonies were recorded in 2010 (Fig. 2). still varied in relation to intensity of overgrowing

The total population area of all four micropo-  (infilling) of the relatively small, shallow pools by
pulations in the PLK was rather variable between  a littoral emergent vegetation. In 2010, the stand
2005-2010 (Fig. 3). All but the Stampach pools  areas were 12—50 m>,
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Figure 3: Comparison of plant stand area of the four introduced micropopulations of P. praclongus in the Kokofinsko
region (2005-2010).

Slika 3: Spremljanje povrSine sestojev Stirih vneSenih mikropopulacij vrste P. praelongus na obmocju Kokotinsko
v letih 2005-2010.
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Parameter Natural site | KaSparovo | Pools in the | Pools above |Pools below |Pools near
(Rameno u jezero near | Libéchovka | Harasov Plesivec Stampach
Stribrného the Orlice river fishpond
rybnika) river floodplain

pH 7.2-1.7 7.5-8.3 7.5-8.4 7.5-83 7.4-1.7 7.7-7.9
(7.4) (8.0) (8.0) (7.7) (7.7) (7.8)

EL Cond. 11.9-49.1 15.0-36.7 10.4-51.8 6.7-28.9 10.6-36.9 33.5-42.9

(mSm™) (36.7) (31.1) (28.1) (13.3) (27.3) (38.2)

COD (mgl™') [5.1-8.1 3.4-6.7 4.1-6.4 8.8-16.0 4.8-11.0 6.7-6.8
(5.5) (4.9) (5.1) (10.8) (7.2) (6.8)

NO;-N 2.6-12.8 6.4-14.0 <0.5 <0.5 <0.5 <0.5

(mg 17) (7.4) (12.5) (<0.5) (<0.5) (<0.5) (<0.5)

NH,~N 40-230 40-270 30-50 30-80 7-50 20-60

(ngl" (110 (120) (37 (43) G4 (40)

PO,~P(ug 1) | 140400 200-370 30-70 30-1100 30-80 30-60
(260) (245) (37) (173) 37) (45)

Ca® (mgl') [48.6-77.0 44.5-63.3 35.0-94.9 18.6-61.1 40.7-75.5 50.9-70.6
(60.8) (56.8) (49.2) (37.4) (52.3) (60.8)

Mg* (mgl') |4.6-74 3.7-4.9 3.5-5.7 1.8-4.6 3.4-58 9.9-11.3
(5.5) (4.1) (4.8) (2.6) (4.4) (10.6)

K" (mg 1) 3.0-4.5 3.0-4.2 0.23-3.5 0.96-5.8 3.0-4.1 2.1-2.2
(4.0) (3.6) (0.38) (2.1) (1.5) (2.2)

Table 1: Water chemistry at P. praclongus sites monitored during 2005-2010. Ranges of values and medians (in

parentheses) are shown.

Tabela 1: Kemizem vode na lokacijah z vrsto P. praclongus v obdobju 2005-2010. Predstavljeni so rangi in mediane

izmerjenih vrednosti (v oklepaju).

Atallsites, P. praelongus grows in neutral to
slightly alkaline waters (Tab. 1). The waters can be
considered meso- to eutrophic as determined by
to N and P concentrations. NO,-N concentration
ranged between 0 and 0.28 mg.L™! between sites
(data not shown). Despite relatively high Ca*
concentrations across sites, K concentrations at
some PLK sites were <1 mg.L " and may act to
co-limit plant growth.

Testing of seed germination

No germination was observed in control
seeds stored in water (Fig. 4). Highest germina-
tion percentage was noted among SAVO treat-
ments (germination between 5-98 %). While
full-strength SAVO treatment for 36 h proved
highly effective in promoting seed germination,
the treatment appeared to injure seed embryos,
resulting in non-normal growth of the first leaves.
This growth inhibition was not noted at 2-h SAVO
treatment (Fig. 5). Germination does not appear
to be enhanced by periods of freezing or cold

stratification, and seed do not appear capable of
surviving hypoxic storage at —18°C for 36 hours.
Seed germination was also stimulated by transient
desiccation (1-35 % germination), hypoxia (14 %
germination), and scarification (4-8 % germina-
tion). Overall, germination occurred during the
day 4 to 101. No seeds germinated after exposure
to 15 mg.I"! GA; for the next 4 months.

Preparation of a sterile in-vitro culture

Out of the total 238 sterilised seeds, 49 (28 %)
germinated; 25 on solid and 24 in liquid medium.
This would imply that media type has little effect
on germination. Germination of desiccated seeds
was 42 %, compared with 24 % for seeds stored
in water. High concentrations of SAVO slightly
increased germination. Longer exposure to SAVO
also increased germination (37 % at 16 h; 19 %
at 8 h). Contamination was noted in all seeds
sterilised for only four hours. Germination fre-
quency was greatest during the first two months
(data not shown).
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Figure 4: Results of germination tests with P. praclongus seeds. For the description of experimental conditions (the
numbers 1-27) see the text.

Slika 4: Rezultati kalitvenih testov semen vrste P. praelongus. Opis poskusnih razmer je podan v tekstu (alineje
1-27).

Figure 5: Small plantlets of P. praclongus after the test of seed germination to be transferred to the growth chamber
(Photo R. Prausova).
Slika 5:  Mlade rastlinice vrste P. praclongus po uspesni kalitvi, pred prenosom v rastne komore (foto R. Prausova).
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Figure 6: Plants of P. praclongus raised in the in-vitro
culture before their transfer to the outdoor
rescue culture (Photo L. Adamec).

Figure 6: Primerki vrste P. praclongus vzgojeni v in-vitro
kulturah pred prenosom v naravno okolje (foto
L. Adamec).

Plants grew vigorously in-vitro in liquid
half strength Gamborg B5 medium, outgrowing
flasks within 2-3 months (Fig. 6). No growth
malformations or disorders were apparent on
the plants. To maintain continuous and vigorous
growth, it was necessary to transplant individuals
to new medium when flasks became outgrown.
The minimal volume of medium (300 ml in a
0.51 flask, 7 cm deep) appears to be a prerequi-
site for vigorous plant growth. A pH of 6.5 in the
medium is preferred as it better meets ecological
demands. Plants raised in-vitro resumed growth in
the outdoor rescue culture at IBT around 2 weeks
after transplanting.

Discussion

Monitoring has revealed a marked increase of
P. praelongus micropopulations at the last natural
Czech site between 2008-2010, compared with

only slight increases during the 2005-2007 period
(Fig. 1). Between 2008-2010, micropopulation size
(both number of colonies and shoots) increased
around threefold annually, with 14 % of all shoots
producing flowers. New colonies were located in
areas with markedly lower sediment depth, influ-
enced indirectly by sediment dredging in 2003.
Of all experimental introductions in the Hradec
Kralové region in the last decade, only those at
the oxbow Kasparovo jezero have been successful
so far (Fig. 2). From the 18 shoots introduced to
this site between 2008-2009, in total 199 shoots
(40 fertile) were scored in 2010. This new site is
located in 1.5 km distance from the last known
natural site, and the habitat characterisitcs and
geomorphology of both sites are very similar (see
Tab. 1): both micropopulations grow in oxbows
of the Orlice river which are at least by one side
connected with the river. Additionally, they grow
near the oxbow estuary to the river within a
riprap where the plants are protected during flood
events but can favourably utilise the nutrient-rich
sediment between boulders on the bottom and are
positively influenced by the streaming river water
(Prausova et al. 2010). Contrary to the Kasparovo
jezero success, no backwater pools in the Orlice
river floodplain, which are gradually filled in by
sediments, have become suitable for introduced
P. praelongus populations (Prausova et al. 2010).

A different situation occurs at PLK where
micropopulations were introduced to newly built
up backwater pools in 2003-2005 (Prausova et
al. 2010). Here the small and shallow pools are
prone to rapidly overgrowth by reeds, and suc-
cession followed by decline occurs in submerged
species. High water temperature during the sum-
mer season is an important factor for the decline
of P. praelongus, with upper parts of the shoots
exposed to higher water temperature turning
brown and senescing. Positive pool management
maintains many of the pools in an early state of
succession, which is favourable for P. praelongus
and several other submerged macrophyte species
(Prausova and Janova 2010, Prausova et al. 2010).
It would appear from water chemistry at P. prae-
longus sites (Tab. 1) that the species is also capable
of vigorous growth in eutrophic waters.

In conclusion, the data presented (Figs. 2-3)
suggests that the selection of suitable sites for
the stenotopic species P. praelongus in flood-



R. Prausova, J. Janova, L. Adamec: Rescue of the critically endangered long-stalked pondweed ... 49

plain regions is possible. Creating new stable
micropopulations presents an active method of
conserving the species diversity. The prerequisite
for successful introductions or re-patriations is to
raise a sufficient number of plants, maintaining
genetic variability using a sterile, seed-based tissue
culture. Recent findings have revealed very low
natural genetic variability within Czech P. prae-
longus micropopulations (Kitner et al. unpubl.),
suggesting that vegetative propagation is dominant
in natural populations. All existing Czech sites as
well as the rescue culture in the IBT contain only
the plants from the last natural site.

Testing of P. praelongus seeds using different
treatments shows the seeds have a very high germi-
nation potential (to 98 %; Fig. 4). Results suggest
that disturbance of the seed testa plays a part in
breaking seed dormancy (Janova 2010, Prausova
etal. 2010). Highest germination rates were noted
in response to 2-h exposure in full- or half-strength
SAVO (5 % or 2.5 % NaClO solution), desiccation,
temperatures around 21-28°C, hypoxia, and scari-
fication by abrasive paper (Fig. 4). It would appear
thus that chemical disturbance to the seed testa
provides better stimulation for seed germination
than mechanical abrasion (Janova 2010). Similar
results were reported for Potamogeton spp. seeds
by Teltscherova and Hejny (1973), noting higher
percentages of seed germination after a treatment
with fouling water than nicking of the seed testa
by a razor blade. Results from the present study
(Fig. 4; Janova 2010) conform to similar studies
on other Potamogeton species (Crocker 1907,
Teltscherova and Hejny 1973). It is suggested
that low germinability in Potamogeton seeds is
not caused by embryo dormancy, but rather by
mechanical restriction of growth by the seed testa
(i.e., by physical dormancy).

Using the combined effect of NaClO on
germination stimulation and seed sterilisation,
sterile in-vitro cultures of P. praelongus have
been prepared. Thirty new clones with expected
genetic variability are available. Sterile growth of
the plants in-vitro in a common liquid medium is
rapid, and 5-15 cm long, healthy shoots (Fig. 6)
can be cultured abundantly in this manner (over
a 2-3 month period). Such plants are capable of
surviving transplantation into an outdoor rescue
culture, before subsequent introduction or re-
patriation to new sites.

Povzetek

Vrsta Potamogeton praelongus se je na Ces-
kem v naravi pojavljala le na eni lokaciji; in sicer
na poplavni ravnici reke Orlice, v blizini mesta
Hradec Kralové. V okviru programa ohranjanja
vrste smo leta 2008 vnesli rastline na novo lokacijo
v blizini, v mrtvem rokavu reke Orlice. Mikro-
populacije so bile v letih 2003—2005 vnesene tudi
v vodna telesa na zas¢itenem obmocju Kokotinsko
v osrednji Bohemji. Spremljanje stanja obeh
mikropopulacij vrste P. praelongus na poplavni
ravnici reke Orlice je pokazalo, da se je velikost
populacij v letih med 2008 in 2010 povecala za
tri-krat letno (Stevilo kolonij, vegetativnih in
fertlnih poganjkov).

Septembra 2010 smo na naravni lokaciji na-
Steli 1461 in na novi lokaciji 199 poganjkov. Kar
14-20 % poganjkov je bilo fertilnih. Skupna povr-
Sina sestojev na zas¢itenem obmocju Kokofinsko
je bila v letih 2005-2010 variabilna, vendar se
je velikost vecine sestojev v letih 2007-2010
ustalila. Septembra leta 2010 so bili sestoji veliki
od 12 do 50 m* Na vseh ¢eskih lokacijacijah vrsta
P, praelongus uspeva v nevtralnih do rahlo alkalnih,
mezo do eutrofnih vodah. Za prekinitev dormance
je bila potrebno 2-h povrsinsko obravnavanje s
5 % oz. z 2.5 % razstopino NaClO, izsuSevanje
semen, stratifikacija, izpostavljanje anoksi¢nim
razmeram in abrazija semenske lupine z grobim
brusilnim papirjem. Vsi testi so pokazali, da je
abrazija klju¢na za prekinitev dormance. Kemi¢na
razgradnja semenske lupine se je izkazala za
uspesnejSo kot mehanska. Z dvojnim uéinkov
delovanja NaClO na kalitev in sterilizacijo semen
smo pripravili in-vitro kulturo vrste P. praelongus
v obsegu 30 klonov z ustrezno gensko variabil-
nostjo. Rast rastlin in-vitro v obi¢ajnem mediju
je zelo hitra, saj so od 5 do15 cm dolgi, zdravi
poganjki, zrasli v 3 mesecih.
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Running title
Dakskobler, Vres: Localities of Bellevalia romana

Abstract: The article describes three new localities of a rare and endangered species of
lowland meadows Bellevalia romana in Slovenia: at Ankaran in Slovenian Istria (confirmed in
2002, but not found yet in 2011) and at Golo Brdo and between Golo Brdo and Misc¢ek in the
Idrija valley (Goriska Brda). Only a total of four localities of this species can be confirmed in
Slovenia in the year 2011 — in the GoriSka region also under Sv. Katarina above Kromberk and
in Istria on more places at Secovlje. As regards their sites, the localities in the Goriska region
on flysh and riparian meadows differ from those in Istria, where it grows on wet meadows and
in reed and tall herb communities, on trampled soil in the immediate vicinity of the sea. The
endangered species can be preserved through adequate protection of its sites. That usually means
annual, but not too early, mowing of the meadows on which it grows.

Key words: Bellevalia romana, Hyacinthaceae, new localitites, endangered species,
Scorzonero-Chrysopogonetalia, Goriska Brda, Istria, Slovenia

Izvle€ek: V Clanku opisujemo tri nova nahajalis¢a v Sloveniji zelo redke in prizadete vrste
nizinskih travnikov Bellevalia romana: pri Ankaranu v Slovenski Istri (najdba iz leta 2002, v
letu 2011 ni ve¢ potrjena), pri Golem Brdu in med Golim Brdom in MiSckom v dolini Idrije
(Goriska Brda). Skupno v Sloveniji v letu 2011 lahko potrdimo samo Stiri nahajalisca te vrste, na
Goriskem $e pod Sv. Katarino nad Kromberkom in v Istri pri Se¢ovljah. Po rastis¢ih se nahajalisca
na Goriskem na flisnih in obre¢nih travnikih nekoliko razlikujejo od tistih v Istri, kjer raste na
vlaznih travnikih in v trsti¢ju, na zbitih tleh v neposredni blizini morja. Prizadeto vrsto lahko
ohranimo z ustreznim varovanjem njenih rastis¢, to pa je pogosto vsakoletna in ne prezgodnja
kosnja travnikov, na katerih raste.

Kljuéne besede: Bellevalia romana, Hyacinthaceae, nova nahajalis¢a, ogrozene vrste,
Scorzonero-Chrysopogonetalia, Goriska Brda, Istra, Slovenija
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Introduction

In Slovenia, the Mediterranean species Bel-
levalia romana is a protected (Skoberne 2007: 75)
and endangered species (En) —Anon. (2002: 8896).
The chronology of the knowledge on its sites in
the territory of today’s Slovenia was described by
T. Wraber (1990: 154) and Seljak (2001: 88-89).
With his find of Bellevalia romana on a flysh
meadow under Sv. Katarina above Kromberk, the
latter substantially supplemented the knowledge
of its distribution in Slovenia. T. Wraber (ibid.),
Seljak (ibid.) and Skoberne (ibid.) all agreed that
for the past two decades only one more locality
could be confirmed in Slovenian Istria, the one in
the vicinity of the airport at Secovlje. Its growth
in this locality was last confirmed by B. Dolinar
(Bavcon & al. 2011: 45) and by our research in
2011. The locality in Gravize near Koper, where
it was found in 1864 by A. Loser, is historic
and there are no contemporary confirmations.
The find near Ankaran is the result of floristic
mapping in the spring of 2002 and has not been
published until now, so this species was missing
from the conspectus of the flora from the vicinity
of Ankaran, which was published two years ago
(Glasnovi¢ & Jogan 2009). During our phytoso-
ciological survey of dry and semi-dry meadows
of western Slovenia in early spring 2010 and
2011 we found Bellevalia romana also on two
places in the Idrija valley between Golo Brdo
and Miscek (Goriska Brda). It was noticed only
after the third repeated inventory, which was first
conducted in the summer of 2008 and once again
in the spring of 2009.

Materials and methods

Floristic records and phytosociological relevés
were made according to the established Central
European methods (Ehrendorfer & Hamann
1965, Braun-Blanquet 1964) and entered into the
FloVegSi database (T. Seliskar et al. 2003). This
application was used also in the preparation of
the distribution map. When processing the relevés
we transformed the combined cover-abundance
values with numerical values (1- 9) according to
van der Maarel (1979). Numerical comparisons
were performed with the SYN-TAX 2000 program

package (Podani 2001). The relevés were com-
pared by means of “(unweighted) average linkage
method” — UPGMA and principal coordinates
analysis (PCoA). Wishart’s similarity ratio was
used in both methods. A census approach (com-
plete population counts) was used to estimate
population size of Bellevalia romana on three
localities (two in Idrija valley, one at Kromberk).
On fourth, the largest locality (at Secovlje), the
population size of the species was estimated by
quadrat sampling. Twenty-one 1x1m plots were
choosen randomly in the study site of 2600 m2.
The number of individuals was counted in each
plot. Because of a not-normal distribution of the
data, the non-parametric statistic was used to
estimate the population size. It was expressed as
a median number of individuals per plot within
the study site. A large sample (n > 20) confidence
interval for median was calculated according to
Campbell & Gardner (1988).

The nomenclature source for the names
of vascular plants is the Mala flora Slovenije
(Martincic¢ et al. 2007). Geoelemental, ecological
and phytosociological designation of the studied
species and syntaxonomic nomenclature follow
the Flora alpina (Aeschimann et al. 2004a, b, c),
the names of the syntaxa also according to the
conspectus prepared by Silc and Carni (2011).

Results and discussion

New localities and the description of the Belle-
valia romana sites

9947/1(UTM 33T UM80): Primorska, Goriska
Brda, Golo Brdo, the Idrija valley, along the road
towards Miscek, Zagrad, (semi)dry meadow on
river alluvia on the left bank of the Idrija, 100
m a.s.l. Leg. & det. I. Dakskobler, 21. 4. 2010,
Herbarium LJS (SRC SASA) and author's photo
shots.

9947/1(UTM 33T UM80): Primorska, Goriska
Brda, the Idrija valley between Golo Brdo and
Miscek, Travnik, pioneer wood on the edge
of the abandoned meadow, 135 m a.s.l. Det. 1.
Dakskobler, 4. 4. 2011 and 1. Dakskobler & A.
Trnkoczy, 8.4.2011, photo shots of A. Trnkoczy.

10448/1(UTM 33T VLO04): Primorska,
Slovenian Istria, Ankaran, the swamp at Sv.
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Katarina, 7 m a.s.l. Det. B. Vres, 24. 5. 2002,
floristic relevé.

Distribution of Bellevalia romana supple-
mented with the new finds is presented on Fig. 1
and two larger scale maps with three new locali-
ties in Fig. 2.

The first site in Goriska Brda is a species-
rich, semi-dry riparian meadow (Tab. 1, relevés
1 and 2). More than 90 species were determined
there, some of them protected (Orchis morio,
O. militaris, O. Tridentate, Ophrys holosericea,
O. sphegodes, Anacamptys pyramidalis) and some
vulnerable (Muscari comosum, M. neglectum,
Equisetum ramosissimum). The number of de-
tected specimens of Bellevalia romana was only
6. According to phytosociological affinity this
meadow is dominated by the species of dry and
semi-dry meadows of the class Festuco-Brometea
and is therefore for the time being classified into
the association Danthonio-Scorzoneretum vil-
losae. There are very similar riparian meadows
also downstream towards Golo Brdo and slightly
upstream towards Miscek. These were recorded

too, but for now the Roman squill has not been
noticed in these meadows, except for one locality
on their wooded edge (relevé 9 in Tab. 1, only
three recorded specimens of Bellevalia romana,
pioneer community has elements of two syntaxa,
Galantho-Coryletum (Berberidion, Rhamno-
Prunetea) and Ornithogalo-Carpinetum betuli
(Erythronio-Carpinon, Querco-Fagetea). There
is, however, also a known locality on the right,
Italian bank of the Idrija, in the vicinity of the
hamlet Kras (Seljak 2001: 89, Poldini 2002: 75).
In the neighbouring Friuli, the species is known
to grow even further north, in the foothills of
the Julian Alps. Most riparian meadows on the
Slovenian side upstream of the Idrija towards
Miscek (further away from the hamlet of Kras on
the other bank) have been abandoned and are over-
grown with tall herbs (including anthropophytes,
e.g. Solidago gigantea), Robinia pseudacacia,
Fraxinus excelsior, Ulmus minor and other woody
plants. Although rather late in the summer (end
of June), the researched meadow at Golo Brdo is
still mowed for now, even though only vineyards
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Figure 1: Distribution of Bellevalia romana in Slovenia.

Slika 1: Razsirjenost vrste Bellevalia romana v Sloveniji.
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Figure 2: Location of the three new localities of Bellevalia romana at Golo Brdo (upper map) and one at Ankaran

(lower map).

Slika 2: Lokacija treh novih nahajalis¢ vrste Bellevalia romana pri Golem Brdu (zgornji zemljevid) in enega pri

Ankaranu (spodnji zemljevid).

in the immediate vicinity still have any economic
significance in these parts.

The third locality of Bellevalia romana in
the Goriska region above Kromberk was phyto-
sociologically researched in the year 2011 (relevés
3-8 in Tab. 1). The studied species, a total of 46
specimens, was recorded in six spots in an enclosed
estate that measures a total of 0.7 hectare and is
covered mainly by a meadow (first mowed in
the second half of April) and an orchard. As the
recorded communities are subject to early mowing
they are for the time being not incorporated in the
syntaxonomic system at the rank of associations.

The relevés are dominated by the species of (semi)
dry and cultivated meadows (Festuco-Brometea,
Molinio-Arrhenatheretea); Bellevalia romana
was frequent also in fringe communities and
robinia shrubs.

The site of Bellevalia romana near Sv. Katarina
at Ankaran is in a swamp of anthropogenic origin
undergoing spontaneous afforestation where it was
found during our inventory of marsh flora in May
2002. We missed its flowering when we repeated
the inventory on the same site in the following
years (10.6. 2004, 3.6. and 30.6. 2005, 14.4.2011)
and have not seen it since, so it cannot be said
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Number of relevé (Zaporedna $tevilka popisa) 1 2 3 4 5 6 7 8
e % 3 7 & & F 8
I o N N N I I N
Working number of relevé (Delovna $tevilka popisa) (QY: ﬁ % % % % % %
Altitude in m (Nadmorska vi§ina v m) 100 100 185 190 190 180 180 180
Aspect (Lega) [o] o SW S S SE SW SE
Slope in degrees (Nagib v stopinjah) [o] [o] 5 2 5 5 3 3
Parent material (Mati¢na podlaga) Al Al Fly Fly Fly Fly Fly Fly
Soil (Tla) Fl Fl E E E E E E
Cover of tree layer in % (Zastiranje zeli$¢ne plasti v %): E3 . . . . . . 5 70
Cover of shrub layer in % (Zastiranje zeli$¢ne plasti v %): E2 . . . . . . 20 10
Cover of herb layer in % (Zastiranje zeliS¢ne plasti v %): E1 100 100 100 90 90 80 80 70
Relevé area (Velikost popisne ploskve) m? 20 40 10 2 2 3 2 10
Number of species (Stevilo vrst) ZE 72 48 25 26 39 30 43
& & 8 8 8§ & & @8
Date of taking relevé (Datum popisa) 2 8 8 8 8 8 8 %
Locality (Nahajalisce) GB GB KR KR KR KR KR KR
R EEEEEE
< <t < < < < < <
Quadrant (Kvadrant) EN £y 8 8 8 8 8 8
SC  Scorzonero-Chrysopogonetalia
TB Muscari comosum E1 1 + + 1
Knautia illyrica E1 1 1
Centaurea scabiosa subsp. fritschii E1 2 1
Chrysopogon gryllus E1 2 3
Scorzonera villosa E1 + 1
Bothriochloa ischaemum E1 + +
Festuca valesiaca E1 +
FB Festuco-Brometea
Brachypodium rupestre E1 1 2 + 1 . 1 + +
Galium verum E1 1 1
Carex caryophyllea E1 1 1 2 2 1
Muscari neglectum E1 + +
Plantago media E1 + + + + +
Bromopsis erecta E1 4 4 3 +
Buphthalmum salicifolium E1 1 1 + +
Salvia pratensis E1 1 3 + 2
Sanguisorba minor E1 + + + +
Thymus pulegioides E1 + 1 + +
Ranunculus bulbosus E1 . + 1 + +
Koeleria pyramidata E1 + 1 +
Peucedanum oreoselinum E1 1 1 +
Orchis tridentata E1 1 1
Arabis hirsuta E1 + 1 +
Pimpinella saxifraga E1 + + +
Euphorbia cyparissias E1 +
Onobrychis viciifolia E1 1 2
Anacamptis pyramidalis E1 1 1
Asperula cynanchica E1 1 1

Table 1: Communities with Bellevalia romana in Slovenia.
Tabela 1: Zdruzbe z belvalovko (Bellevalia romana) v Sloveniji.
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with certainty that the plant still grows there. The
following threatened species also grew on this
site: Carex distans L., Scirpoides holoschoenus
(L.) Sojak subsp. australis (Murray) Sojak and
Juncus maritimus Lam.; later we recorded also
Carex extensa Good., Equisetum ramosissimum
Dest. and Equisetum variegatum Schleicher ex
Weber & Mohr. Seliskar (in litt.), who made sev-
eral relevés in the afforested swamp, determined
the associations Holoschoenetum romani Tchou
1948 and Phragmitetum australis, and in the open
area the presence of some species, characteristic
for the class Isoéto-Nanojuncetea (e.g. Plantago
intermedia, Centaurium minus). Despite its anthro-
pogenic origin, the marsh is an important habitat
for several threatened plant species of both the
Primorska region and Slovenia.

Our comparison (Tab. 1, Figs. 3 and 4) dem-
onstrates that the grassland, fringe and mantle
communities above Kromberk (KB) on a flysh
bedrock are much more similar to the meadow
community and pioneer woods along the Idrija river

(GB) than to the weed, ruderal, and wet meadow
communities at SeCovlje (SE, relevés 10-20 in
Tab. 1). The locality of Bellevalia romana on the
edge of'the Secovelje saltpans and at the Portoroz
international airport is undoubtedly the biggest
in Slovenia (median number of individuals per
m2 was 16 with 95% confidence interval from
10 to 23 individuals/m2; min =0, max = 71) and
for the time being also the least threatened. The
studied species in this locality grows in ruderal
communities along cart tracks, in the vineyard,
on wet meadows largely overgrown with Cor-
nus sanguinea and Prunus spinosa, on mowed
wet meadows and in marsh communities with
dominant Phragmites australis, Carex riparia and
Carex divisa. In terms of phytosociology, these
communities cannot be classified at the rank of
associations as of yet.

Potential new localities of Bellevalia romana
in Slovenia can therefore be expected at least on
the sites of seven phytosociological classes — pref-
erential on the sites of semi-dry meadows from

Bellevalia romana
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Figure 3: Dendrogram of the communities with Bellevalia romana in Slovenia (UPGMA, similarity ratio): GB
(the Idrija valley), KR (Kromberk), SE (Secovlje).
Slika 3:  Dendrogram preucenih zdruzb z vrsto Bellevalia romana v Sloveniji (UPGMA, similarity ratio): GB

(dolina Idrije) KR (Kromberk), SE (Secovlje).



1. Dakskobler, B. Vres: Localities and sites of protected and endangered species Bellevalia romana ... 57

Bellewalia rommata

0,44 Sﬁ;ﬁ;

0,354 -
0.3 SE

0,25 -

0,2
0,151
D,l ] =E E

tE
IR I -

0,051
0,1
.0,15
0,21

£}

025

031 m
0,351

0.1 0z 0.3 04

] £} > £l

Azl

Figure 4: Two-dimensional scatter-diagram of the communities with Bellevalia romana in Slovenia (PCoA, simi-
larity ratio): GB (the Idrija valley), KR (Kromberk), SE (Secovlje).

Slika 4: Dvorazsezni ordinacijski diagram zdruzb z vrsto Bellevalia romana v Sloveniji (PCoA, similarity ratio):
GB (dolina Idrije) KR (Kromberk), SE (Secovlje).

the class Festuco-Brometea and order Scorzonero-
Chrysopogonetalia, of wet meadows from the class
Molinio-Arrhenatheretea and order Molinietalia
caeruleae, and of reed and tall herb communities
from the class Phragmiti-Magnocaricetea (and or-
der Phragmitetalia communis), on some places also
in thermo- and mesophilous shrub communities
from the classes Rhamno-Prunetea and Querco-
Fagetea, ruderal and weed communities from the
class Stellarietea mediae and coastal marshes of
the class Juncetea maritimi. While the meadow
communities are threatened mainly by abandon-
ment of mowing and afforestation, the wetlands
along the Slovenian coast, on the other hand, are
exposed above all to drainage, accumulation of
material and building developments.

Conclusions

Four reliable localities can be confirmed for
the rare and endangered species of Slovenian flora,
Bellevalia romana, for the past two years (2010,
2011). One of them, the biggest, is in Slovenian
Istria (at Sec¢ovlje, on the surface area of 2600 m2
the median number of individuals per m2 was 16)
and three are in the Goriska region (at Kromberk,
ona 0.7 ha large enclosed estate with 46 counted
specimens in 2011, and on two places in the Idrija
valley between Golo Brdo and Misc¢ek with a total
of only 9 specimens counted in 2010 and 2011).
The locality at Ankaran, found in 2002, could not
be confirmed in the spring of 2011. According to
their sites, the Istrian locality and wet meadows,
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marsh and even weed communities immediately
next to the sea, are slightly different from the
semi-dry flysh and riparian meadows and shrubs
in the Goriska region. In both cases, the threat to
the habitats is considerable. The new localities on
river alluvia along the Idrija between Golo Brdo
and Miscek (9947/1) are so far the northernmost
in Slovenia and the smallest in terms of the size of
its population. We propose that the species-rich,
and at present still mowed meadow at Golo Brdo,
which is also the site of six protected orchids, is
protected by the authorised services and that its
current role is preserved.

Povzetek

Kronologijo poznavanja nahajalis¢ redke
mediteranske vrste Bellevalia romana na ozemlju
zdaj$nje Slovenije sta opisala T. Wraber (1990:
154) in Seljak (2001: 88—89). Po njunih spoznan-
jih sta bili do nedavna znani le dve recentni
nahajali$¢i— pri Sec¢ovljah v Slovenski Istri in nad
Kromberkom na GoriSkem. Z nasimi raziskavami,
ki smo jih opravili po ustaljenih srednjeevropskih
metodah, smo v letih 2002 in 2010 nasli in pop-
isali tri nova nahajali§¢i te prizadete vrste, dve
v dolini Idrije med Golim Brdom in Mis¢kom
(9947/1m UTM 33T UMSO0), na recnih nanosih
na levem bregu Idrije (100 m nm. v. in 130 m nm.
v.9) in pri Ankaranu v Slovenski Istri (10448/1,
UTM 33TVLO04), pri Sv. Katarini (7 m nm. v.).
Rastis¢e v Goriskih Brdih je vrstno bogat polsuh
obre¢ni travnik (popisa 1 in 2 v Tab. 1) in mejica
(grmisce) na njegovem robu (popis 9 v Tab. 1). Na
Se kosenem (konec junija) travniku smo dolo¢ili
vec kot 90 vrst, med njimi Se nekaj zavarovanih
(Orchis morio, 0. militaris,O. tridentata, Ophrys
holosericea,O. sphegodes, Anacamptys pyra-
midalis) in nekaj ranljivih (Muscari comosum,
M. neglectum, Equisetum ramosissimum). Stevilo
opazenih primerkov belvalovke v dolini Idrije
je bilo le 9. Po fitocenoloski pripadnosti v dveh
popisih pri Golem Brdu prevladujejo vrste suhih
in polsuhih travnikov razreda Festuco-Brometea,
zato ta travnik za zdaj uvr§€amo v asociacijo
Danthonio-Scorzoneretum villosae, grmisce na
njegovem robu pa vsebuje elemente sintaksonov
Galantho-Coryletum in Ornithogalo-Carpinetum.
Drugo nahajalis¢e belvalovke na Goriskem, nad

Kromberkom, smo fitocenolosko popisali aprila
2011. Na okoli 0,7 ha veliki ograjeni posesti, na
kateri prevladujeta travnik in sadovnjak, smo
belvalovko nasli na Sestih krajih in skupno opazili
46 primerkov. Mezobrometalni travnik, mejica in
grmisce na robu posesti so vsaj nekoliko podobni
rastiS$¢ema belvalovke ob reki Idriji (Tab. 1, SI.
3 in 4). Rastisce belvalovke pri Ankaranu je v
zara$Cajo¢em mocvirju antropogenega nastanka
pri Sv. Katarini, kjer smo jo nasli pri popisovanju
mocvirske flore v maju 2002. Pri ponovitvah
popisov na istem nahajalis¢u v kasnejsih letih
(10.6.2004, 3.6. in 30.6. 2005, smo njeno cvetenje
zamudili in je nismo ve¢ videli, prav tako je bil
neuspesen obisk 14.4.2011. Narastiscu so skupaj
z belvalovko rasle naslednje ogrozene vrste: Carex
distans L., Scirpoides holoschoenus (L.) Sojak
subsp. australis (Murray) Sojak in Juncus mariti-
mus Lam., kasneje pa smo zabelezili Se vrste Carex
extensa Good., Equisetum ramosissimum Desf.
in Equisetum variegatum Schleicher ex Weber
& Mohr. Seliskar (in litt.), ki je v zaras¢ajocem
mocvirju naredil nekaj fitocenoloskih popisov, je
ugotovil asociaciji Holoschoenetum romani Tchou
1948 in Phragmitetum australis, na odprtih tleh
pa tudi prisotnih nekaj vrst, znacilnih za razred
Isoéto-Nanojuncetea (npr. Plantago interme-
dia, Centaurium minus). Kljub antropogenemu
nastanku je mocvirje pomemben habitat za ve¢
ogrozenih rastlinskih vrst Primorske in Slovenije.
Edino v letu 2011 potrjeno in hkrati najobseznejse
slovensko nahajalisce je pri Se¢ovljah (Slovenska
Istra), v mejicah na robu Secoveljskih solin, v
bliznjem vinogradu in na vlaznih travnikih mednar-
odnega letalis¢a Portoroz. Na povrsini okoli 2600
m2 smo pri vzorcenju (Stetju primerkov) na 21
naklju¢no izbranih vzorénih ploskvah velikosti
1 m2 ugotovili povpreéno populacijsko gostoto
(izrazeno kot vrednost mediane) 16 osebkov/m2
(minimum = 0, maksimum = 71; 95% interval
zaupanja: 10 — 23 osebkov/m?2).

Morebitna nova nahajalis¢a belvalovke v Slov-
eniji lahko pri¢akujemo na rastis¢ih vsaj sedmih
fitocenoloskih razredov, prednostno na obre¢nih
in flisnih travnikih iz razreda Festuco-Brometea in
reda Scorzonero-Chrysopogonetalia, na mokrot-
nih travnikih iz razreda Molinio-Arrhenatheretea
in reda Molinietalia caeruleae ter v trstiCevju
iz razreda Phragmiti-Magnocaricetea (in reda
Phragmitetalia communis), ponekod tudi v toplih
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in vlaznih grmis¢ in pionirskih gozdicih iz razredov
Rhamno-Prunetea in Querco-Fagetea, v plevelnih
zdruzbah vinogradov iz razreda Stellarietea me-
diae ter v obmorskih mocvirij iz razreda Juncetea
maritimi. Travniske zdruzbe ogroza predvsem
opuscanje kosnje in zaras¢anje, mokrisca ob nasi
obali pa izpostavljena izsuSevanju, nasipanju in
pozidavam. Novi nahajali$¢i na re¢nih nanosih ob
Idriji pri Golem Brdu sta doslej najbolj severno
v Sloveniji (v sosedni Furlaniji to vrsto poznajo
e bolj severno, v prigorju Julijskih Alp) in po
velikosti populacije najmanjsi. Za $e koseni vrstno
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Origins of the Dinaric troglobiotic mussel and its correct taxonomical
classification. Congeria or Mytilopsis (Bivalvia: Dreissenidae)?

Izvor dinarske troglobiotske $koljke in njena pravilna taksonomska uvrstitev.
Congeria ali Mytilopsis (Bivalvia: Dreissenidae)?

Boris Sket, Oddelek za biologijo, Biotehniska fakulteta, Univerza v Ljubljani
Ljubljana, p.p. 2995, 1001 Ljubljana, Slovenia
*correspondence: boris.sket@bf.uni-lj.si

Running title
Sket: Troglobiotic mussel Congeria kusceri

Abstract: After an analysis of the literature, it is proposed to taxonomically reorder the
troglobiotic mussel Congeria kusceri Bole 1962 as Mytilopsis kusceri (Bole 1962). The species
had been described and attributed to Congeria when the extant and fossil Mytilopsis spp. were all
regarded members of that genus. The position of the cave species within the genus Mytilopsis and
Dreisseninae is discussed and its inclusion into Mytilopsis is substantiated. In this way we will
avoid further missapprehension in biogeographical and phylogenetic discussions. The cave mussel
may further be regarded a relict of the diverse fauna in the Miocene Dinaric Lakes System.

Key words: Mollusca, Bivalvia, cave fauna, Congeria kusceri, taxonomy

Izvlecek: Po analizi literature je podan predlog, da se troglobiotsko Skoljko Congeria kusceri
Bole 1962 taksonomsko prerazporedi kot Mytilopsis kusceri (Bole 1962). Vrsta je bila opisana in
dodeljena rodu Congeria, ko so tako recentne, kot fosilne vrste rodu Mytilopsis obravnavali kot
pripadnice rodu Congeria. Obravnavan je polozaj vrste znotraj rodu Mytilopsis in poddruzine
Dreisseninae, podana je utemeljitev prerazporeditve. S tem se bomo lahko izognili nadalnjim
nesporazumom pri filogenetskih in biogeografskih razpravah. Jamsko $koljko lahko $e vedno

imamo za relikt pestre favne v miocenskem Dinarskem pojezerju.

Kljuéne besede: Mollusca, Bivalvia, jamska favna, Congeria kusceri, taksonomija

Introduction

The shells of a tentatively troglobiotic mus-
sel were found by the Slovene malacologist
Ljudevit Kuscer in 1930s in the spring Stinjevac
near Vrgorac in Croatian Dalmacija. They were
recognized as Congeria sp. and published in a
list of the Dinaric cave fauna by Stanko Karaman
(1935). J. Stirn, in 1956 (pers. com.) found live
'Dreissena' in the cave Zira jama in Turkoviéi,
Popovo polje, S Hercegovina. It could be im-
mediately supposed that this animal can only be
conspecific or related to the Kuscer's Congeria,
since no Dreissena was known to occur within the

inner parts of the Dinaric karst (own data). The
closest localities of Dreissena are in lower reaches
of the subpannonian river Sava (Matonickin and
Pavleti¢ 1972) and in the Drim drainage at the SE
extreme of Dinarides and in the Northern Hel-
lenides (Albrecht et al. 2007; Wilke et al. 2010),
namely in the lakes of Skadar, Ohrid, and Prespa
(Skadarsko jezero/Liqueni i Shkodrés, Ohridsko
ezero/L. 1 Ohrit, Prespansko ezero/Limni Megali
Préspa/L. i Prespes). Triggered by the Stirn's
finding and after our joint visiting the Zira jama
(Fig. 1), Bole described the mussel taxonomically
as Congeria kusceri (Bole 1962) (Fig. 2).
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Figure 1: Aggregations of mussels Mytilopsis kusceri (Bole 1962) (syn. Congeria kusceri) in the cave Zira jama,

Popovo polje in 1950s.

Slika 1: Agregacija §koljke Mytilopsis kusceri (Bole 1962) (syn. Congeria kusceri) v jami Zira, Popovo polje v

1950ih letih.

Figure 2: A shell of Mytilopsis kusceri (Bole 1962)
(syn. Congeria kusceri) from its type locality,
Zira jama, Popovo polje, Bosnia and Herze-
govina.

Lupina Mytilopsis kusceri (Bole 1962) (syn.
Congeria kusceri) iz tipskega nahajalisca,
jame Zira jama, Popovo polje, Bosna in
Hercegovina.

Slika 2:

In the meantime and after that, representatives
of'the same or a related taxon could be recognized
also in the 'Dreissensia polymorpha fluviatilis var.
elata or var. occidentalis' found and published
by the karstologist Katzer already in 1921 from
karst springs in Lusci polje, Bosnia and Herze-
govina. The same with 'Dreissena polymorpha'
found in some caves of Hercegovina by Remy
(1953). These literature data were 'discovered'
only after the Bole's description. We also found
the mussels in some additional localities in Her-
cegovina, Bosanska Krajina (W Bosna), Croatian
Dalmacija and Lika, and the most north-western
in Bela Krajina (SE Slovenia) (Sket 1970, 1992;
Bole and Velkovrh 1986; Bole 1992; Jalzi¢ 1998,
2001; Schiitt 2000). So, Congeria kusceri joined
the other most prominent Dinaric troglobionts as a
truncated 'holodinaric' biogeographic element (Sket
1994; ammended in Sket and Zagmajster 2000),
with scattered localities along all the Dinarides
from their NW, up to the SE Hercegovina and
Dalmacija. Some other holodinaric elements are
Proteus anguinus Laurenti (Amphibia; Sket 1997),



B. Sket: Origins of the Dinaric troglobiotic mussel and its correct taxonomical classification. 63

Marifugia cavatica Absolon et Hrabe (Polychaeta:
Serpulidae; Sket 1983; Kupriyanova et al. 2009),
Troglodiaptomus sketi Petkovski (Copepoda:
Diaptomidae; Brancelj 1991), genus Titanethes
s. str. (Oniscidea: Trichoniscidae; Strouhal 1939)
etc. However, they all are reaching as far to the
NW to include a bit of the Italian territory, which
is not the case with the mussel. Some anatomi-
cal data and biological considerations have been
published by Morton et al. (1998).

Stepien et al (2001) analyzed the DNA and
compared C. kusceri with the related Mytilopsis
leucophaeata and Dreissena polymorpha. The
attribution of this species to the genus Congeria
they took for granted. Finally, Bilandzija et al.
(2010) are trying to molecularly establish relations
between extant populations of C. kusceri. Their
study is in progress.

Dinaric karst developed on the Adriatic mi-
croplate dividing the western branch of Tethys
into a smaller Paratethys sea and the paleo-Med-
iterranean. During middle Miocene this land was
intermittently an island or attached as a peninsula
to the European plate (R6gl and Steininger 1984;
Popov et al. 2004). A series of lakes forming the
Dinaric Lake System developed in the Dinaric
depressions and the bivalvian genus Mytilopsis
radiated in it exceedingly (Kochansky-Devide et
Sliskovi¢ 1978; Harzhauser and Mandic 2004,
2008; Prelogovi¢ 1975). Karstification started to
form underground water conduits here in Pliocene
at the latest (Melik 1958), but according to new
findings already in the Early Miocene (Bosak
2010). This enabled surface animals to extend
their populations into subterranean habitats.

Discussion

Position of Congeria kusceri within
Dreissenidae

With its relatives, Congeria constitutes the
subfamily Dreissenidae: Dreisseninae (Nuttall
1990; Harzhauser and Mandic 2004). The genus
Congeria Partsch, 1836 was erected for an ex-
tinct thick-shelled species Congeria subglobosa
Partsch, 1836 (Fig. 3). All other fossil species of
the genus, as it is conceived today, are similar,
they are supposed to have been inhabitants of the

Figure 3: A fossil shell of Congeria subglobosa Partsch
1836 from Pannonian (Late Miocene) strata in
Vosendorf, S of Wien, Austria. Photo NHM
Wien.

Fosilna lupina vrste Congeria subglobosa
Partsch 1836 iz panonskih (pozni miocen)
plasti v Vosendorf, juzno od Dunaja, Avstrija.
Foto NHM Wien.

Slika 3:

dysoxic muddy lake bottom, probably living in
symbiosis with chemosynthetic bacteria; such a
group of species was endemic to the Paratethyan
basins, exhibiting a particular radiation in the
long-lived lake Pannon during the Pannonian
(Tortonian) (Harzhauser and Mandic 2004, 2010).
The stratigraphic range of the genus ranges between
11.5 and 5.5 Ma. The probably last representatives
were several Pontian (Messinian) species of the
Eastern Paratethys getting extinct with the end of
the Miocene (Stevanovi¢ et al. 1989; Krijgsman
et al. 2010).

However, morphologically closer to Con-
geria kusceri are species of the related genus
Mpytilopsis Conrad 1958, erected for the extant
species Mytilus leucophaeatus Conrad, 1831, i.e.
for the actual Mytilopsis leucophaeata (Conrad,
1831), synonym M. cochleata (Kickx, 1835).
The generally accepted eight extant species of
Mpytilopsis are all mytiliform, byssate, inhabiting
brackish waters at the sea edges, mainly in trop-
ics. This is presented as the most ancient genus
of Dreisseninae, originating probably from the
Eocene brackish Corbiculidae (Nuttall 1990). The
initial important morphological diversification
of Mytilopsis started only in the Early Miocene
(Kochansky-Devide and Sliskovi¢ 1978, 1981;
Harzhauser and Mandic 2004). Their diversity
was particularly rich in the Dinaric Lake System
on the Dinaric land. That radiation occurred
distinctly prior to the late Miocene branching
of Congeria. The late Miocene history of the
Dinaride Lake System is still obscure (De Leeuw
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etal. 2010; Mandic et al., 2011) but also if partly
synchronous with Lake Pannon, Congeria never
managed to invade that fresh water environment
(Harzhauser and Mandic 2010). Mytilopsis was
treated as vanished in Europe towards the end
of Pliocene and appeared again in historic times
due to anthropogenic introduction (Verween et
al. 2010). The relation between Congeria and
Mpytilopsis is supported by the shared character of
attachment of the anterior byssal retractor muscle
to a special lobe of the anterior shell septum called
the apophysis (Morton 1993).

The third from the extant dreissenine genera,
Dreissena, also developed from within Mytilopsis;
it was characterized by a reduction of the apophy-
sis. Virtually the only character by which fossil
shells of Mytilopsis may be distinguished from
Dreissena is the presence of the apophysis. How-
ever, at the occasion of description of a large series
of Miocene Mytilopsis species from Dinaric area
(as Congeria), Kochansky-Devide and Sliskovi¢
(1978: 34) say (translated from Serbo-Croatian):
‘In the rich ... material the apophysis ... could
rarely be seen ... (Most) species could only be
attributed to Congeria by their phylogenetic bounds
or by external similarity ... Probably a Dreissena
is among them ...". This means that the reduction
of'the apophysis evidently took place a number of
times convergently. Therefore, it is questionable
when did just the phyletic line (clade) containing
the type species Dreissena polymorpha split oft
the main Mytilopsis lineage. In the scheme by
Nuttall (1990: Fig. 1) the split between Mytilopsis
and Dreissena is approximately 7 Mya, (“million
years ago”) while according to Verween et al.
(1910: Fig. 2) as much as 30 Mya; although all
authors refer to Steininger et al. 1985. According
to Harzhauser and Mandic (2004, 2010) the first
certain Dreissena representatives inhabited the
late Miocene Lake Pannon. Particular diversity
peaks lasted up to the Pleistocene extinction, since
then being only slightly diversified but highly
invasive. It spread beyond Europe first in recent
times (Thienemann 1950; Steininger et al. 1985;
Harzhauser and Mandic 2004).

Thus, the actual concept of Dreisseninae is
as follows: Mytilopsis sensu the recent authors
(Nuttall 1990; Harzhauser and Mandic 2004,
2010) is the earliest and most plesiomorphic ge-
nus, originating in the Eocene and still existing in

brackish waters circumtropically. Dreissena origi-
nated from within Mytilopsis, retaining generally
its shape, developing higher resistance towards
fresh water, but a lower ability to distribute. The
aberrant, apomorphic genus Congeria, branched
from Mytilopsis developing complex morphologic
and physiological adaptations. In contrast to the
troglobiotic freshwater ‘Congeria’ kusceri, the
genuine Congeria was limited to the brackish
water Paratethys basins and finished its existence
at approximately 5.5 Ma.

This scheme might be formally questionable,
but it is evolutionarily most logical and therefore
reasonable, appealing. Under a strict analysis it
might appear to be in discord with the priority
law of ICZN (1999; which is valid for extant as
well as for extinct species). It violates also the
cladists’ principle interdicting paraphyletic taxa
(Mayr and Ashlock 1991: 223). And finally, it is
seemingly in contradiction with the existence of
the extant mytiloid mussel Congeria kusceri in
European fresh waters.

I'will try to entangle here only the last problem,
which is of only a formal character. [ am suggesting
to transfer the cave mussel into the other genus and
recombine its name as Mytilopsis kusceri (Bole
1962) comb. n. This proposal can be supported at
least by four facts. First, C. kusceri is conchiologi-
cally and anatomically similar to Mytilopsis being
mytiloid in shape, developing byssus threads and
possessing the characteristic apophysis. Second,
the genetic distances between C. kusceri and M.
leucophaeata is only of the same size category
as between two species of the related Dreissena,
D. polymorpha (Pallas 1771) and D. bugensis
(Andrusov 1897) (Stepien et al. 2001). Third, M.
leucophaeata used to be in some periods mainly
mentioned as Congeria cochleata (e.g. Wolff 1969;
Thienemann 1950) and most fossil species from
the Dinaric area were described as Congeria spp.
(e.g. Kochanski-Devide and Sliskovi¢ 1981). As
such, ‘Congeria’ was also known to Bole (1962;
pers comm.); in fact, Bole explicitely considered
his C. kusceri to be closely related to Congeria
cochleata (= Mytilopsis leucophaeata) rather than
to fossil Pannonian Congeria spp. In other words,
the Bole's classification of his new species was
meant as for Congeria which included the branch
Mytilopsis. Most probably, the same was true with
the cave mussel's first discoverer L. Kuscer. And



B. Sket: Origins of the Dinaric troglobiotic mussel and its correct taxonomical classification. 65

fourth, Congeria s. str. has never been found in
the area of Dinaric lakes, while C. kusceri inhabits
just the Dinaric karst. This new combination will
be valid as long as Congeria and Mytilopsis persist
to be regarded separate genera.

Position of C. kusceri within Mytilopsis;
arelict?

Stepien et al. (2001), according to genetic
markers suppose the split between M. leucophaeata
and C. kusceri approximately 5—15 Mya (while
it was calculated to 10-13 Mya for Dreissena
bugensis and D. polymorpha). The species may
well have been separated soon after the decline
of the Miocene Dinaric Lake System (ca 15 Mya
according to Harzhauser and Mandic 2008) in
which the genus Mytilopsis radiated. The Miocene
species were morphologically (conchologically)
very diverse, but mytiloid shape was not uncom-
mon. The mytiloid shape of shells is very common
in byssate mussels in general, one may suppose
that it developed (or even re-stored) in many un-
related lineages also within the genus in question.
Similar fossil species are e.g. M. hercegovinensis
(Kochansky-Devide et Sliskovi¢ 1978) or M. acuta
(Kochansky-Devide et Sliskovi¢ 1981). Although
M. hercegovinensis is explicitely defined as 'sharply
carinate' and with a 'curved and sharp top', the
figures (Kochansky-Devide et Sliskovi¢ 1978:
S1. 4, 1-4; Tab. I, 1-18) show a wide intraspecies
variation including also rounded shells. All extant
Mpytilopsis spp. and C. kusceri may fall within this
spectrum of polymorphsm. M. hercegovinensis
was found widely across NW Hercegovina, N
and W Bosna and Middle Dalmacija. According
to authors, the sediments with M. hercegovinensis
were of the lower part of the middle Miocene
which would mean their origin at the down of the
Dinaric Lake System. The similar but more local
M. acuta was even younger.

The direct ancestor-descendant relationship
between M. hercegovinensis and C. kusceri is not
impossible, but the dreissenid shells are too poor
in diagnostic characters and at the same time too
variable to allow any serious hypothesis. It is in
any case probable that either M. hercegovinensis
or arelated species, with the progressing karstifi-
cation of the territory found possibility to invade
subterranean waters. This could have happened

polytop, in different locations, as it happened
or is even happening now in some crustaceans:
Asellus aquaticus (Sket 1965; Prevorcnik et al.
2002; Verovnik et al. 2001), the genus Monolistra
(Sket 1986), Proteus (Sket 1997). After the strong
reduction of surface lake- and river-systems which
caused extinction of surface populations, cave
mussel populations got isolated and developed
further independently. Molecular analyses clearly
show that most holodinaric subterranean elements
diversified into endemic local races or even species.
This was shown for e.g. the shrimp Troglocaris s.
str. (Sket and Zaksek 2009), the serpulid tube worm
Marifugia (Zaksek et al. in prep.). Recent investi-
gations in C. kusceri (Bilandzija et al. 2010) show
that we may expect similar results in this mussel.

Conclusion

Congeria kusceri is only distantly related to
the extinct Pannonian Congeria spp. It is purely
freshwater, troglobiotic, and biogeographicaly
a truncated holodinaric (Fig. 4) animal. As long
as Mytilopsis and Congeria are taxonomically
regarded separate genera, C. kusceri has to be
attributed to the former. Such a way we will avoid
some misapprehension in biogeographical and
speleobiological discussions.

Its relatives naturally closest in time, ecology
(mainly freshwater) and space (Europe) are: M.
rhodanica (Fontannes 1882) in West European
Messinian (Late Miocene, ca 6 Ma; Nuttall, 1990),
ca. 6 latest, probably late Miocene species from
the residual Dinaric freshwater lakes (ca. 10 Mya,
Kochansky-Devidé and Sliskovi¢ 1981), ca. 30
Late Pannonian species of Lake Pannon and Lake
Kosovo (Late Miocene, ca. 6 Mya; Harzhauser
and Mandic 2008, 2010; Geary et al. 2010) and
about 20 Dacian/Kimmerian Eastern Paratethys
species (Pliocene, ca. 5 Mya; Harzhauser and
Mandic 2010).

Locally, it shows some morphological and
distributional similarity with M. hercegovinensis
from the middle Miocene deposits of the Dinaric
Lake System. So, the Dinaric mussel Mytilopsis
kusceri (Bole 1962) (synonyma: Congeria sp.
Kuscer, in Karaman 1935; Congeria kusceri Bole
1962) seems to be a relict of the Miocene lake
fauna of the same region where it is still living.
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Figure 4: Known distribution of Mytilopsis kusceri (Bole 1962), syn. Congeria kusceri; open circles — localities.
Slika 4:  Znana razsirjenost Skoljke Mytilopsis kusceri (Bole 1962), syn. Congeria kusceri; krogci - lokalitete.

Povzetek

Lupine domnevno troglobiotske $koljke je
nasel slovenski malakolog Ljudevit Kuscer v
1930h letih v izviru Stinjevac v Dalmaciji. Pod
imenom Congeria sp. je najdbo objavil Karaman
(1935). Ze pred tem in pozneje so najdbe skoljk,
ki so jih pripisali rodu Dreissena nasli tudi drugi,
a trikotni¢arke v resnici ni v dinarskem krasu.
J. Stirn je nasel Zive skoljke v jami Zira ob Popo-
vem polju, na kar je J. Bole (1962) vrsto opisal
kot Congeria kusceri.

Pozneje smo to vrsto nasli po obseznem
obmocju dinarskega krasa; nahajalis¢a so raz-
tresena po Hercegovini in Dalmaciji, v Bosanski
Krajini, Liki in Beli Krajini. Tako se je jamska

Skoljka izkazala za holodinarski biogeografski
element, le da ne sega do skrajnih meja obmocja
na severozahodu. Popolnej$o holodinarsko
razSirjenost izkazujejo najimenitnej$i dinarski
troglobionti: moceril Proteus anguinus Laurenti
(Amphibia), jamski cevkar Marifugia cavatica
Absolon et Hrabe (Polychaeta: Serpulidae),
ceponozec Troglodiaptomus sketi Petkovski (Cope-
poda: Diaptomidae), rod mokric Zitanethes s. str.
(Oniscidea: Trichoniscidae) in $e nekateri.
Dinarski kras se je razvil na Jadranski mikro-
ploséi, ki je nekaj ¢asa kot otok ali k Evropski
plos¢i prislonjen polotok delila rokav Tetide na
manjso Paratetis in vecji paleo Mediteran. V mio-
cenu je bilo na tem obmocju obsezno Dinarsko
pojezerje (Dinarski jezerski sistem), najpozneje
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v pliocenu pa je zacelo zakrasevanje. S tem so se
nekatere zivali lahko razsirile tudi v podzemlje.

Rod Congeria Partsch 1836 je bil postavljen
za fosilno, debelolupinasto vrsto Congeria subglo-
bosa Partsch 1836, sorodne vrste iz Vzhodne
Paratetide in iz jezera Panon so ji podobne.
Morfolosko pa je Congeria kusceri bolj podobna
vrstam sorodnega rodu Mytilopsis Conrad 1958;
ta je bil postavljen za ziveCo vrsto Mytilus leuco-
phaeatus Conrad 1831, s tem prerazporejeno kot
Mpytilopsis leucophaeata (Conrad 1831), sinonim
Se M. cochleata (Kickx 1835). Rod naj bi nastal v
eocenu in se posebej razbohotil v sladkovodnem
miocenskem Dinarskem pojezerju.

Danes imajo Mytilopsis za izvorno vejo pod-
druzine Dreissenidae: Dreisseninae, od nje pa naj
bi se odcepila rodova Congeria in Dreissena.
Congeria je bila omejena na Vzhodno Paratetido
in jezero Panon in je z zatonom slednjega tudi
izumrla. Dreissena je bila po naravi omejena na
Ponto-kaspijski sistem, a se je D. polymorpha
s posredovanjem c¢loveka v preteklem stoletju
razsirila po Evropi, invazivni vrsti D. polymorpha
in D. bugensis sta celo hud ekoloski problem v
ZDA. Osem splosno priznanih vrst rodu Mytilopsis
danes poseljuje somornico, ve¢inoma v tropih,
semkaj pa Stejejo tudi obilico fosilnih vrst.
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Running title
Tomazi¢, Vidic: Pupils’ knowledge of waste management

Abstract: Topics involving waste management and other environmental issues are scarce
in Slovenian curricula, and mainly covered during the first and second cycles of the nine-year
compulsory school (pupils aged 6-12) (U¢ni nacrt: program osnovnosolskega izobrazevanja,
1998). In the present study we investigated how well pupils in Slovenia aged 10-15 (second
and third cycles of the compulsory school) have developed their competences for sound waste
management behaviour. We found that they seldom act in accordance with the recommendations
for waste treatment and disposal that they learn in school. We also found that third cycle pupils
(8" and 9" grade, i.c. aged 13—15) are less willing to take pro-environmental action. Hence these
pupils should be engaged in a learning process through which they would improve their knowledge
about waste management, and become more willing to take pro-environmental action. In order
to facilitate a change in pupils’ behaviour and raise their environmental awareness, we propose
that environmental education should be an integral part of the curriculum throughout all three
cycles of compulsory education.

Key words: pro-environmental action, waste management, waste, compulsory education.

Izvleéek: Vsebine, ki vkljucujejo ravnanje z odpadki in drugimi okoljskimi problemi, so v
slovenskem u¢nem nacrtu za naravoslovje in biologijo skopo zastopane (U¢ni nacrt: program
osnovnosolskega izobrazevanja, 1998). V vecji meri so del u¢nih nacrtov prve in druge triade
devetletne osnovne Sole (starost u¢encev 612 let).

Z raziskavo smo zeleli ugotoviti, kako slovenski uc¢enci stari od 10 do15 let (druga in tretja
triada) ravnajo z odpadki (loCevanje, zbiranje in odlaganje odpadkov).

Ugotovili smo, da ucenci le z nekaterimi odpadki ravnajo tako, kot zahtevajo priporocila
ravnanja z odpadki, o katerih so se u¢ili v Soli. Ugotovil smo Se, da so ucenci tretje triade (8. in
9. razred; 13—15 let) manj pripravljeni delovati pro-okoljsko kot njihovi vrstniki iz druge triade.
Ucenci bi morali biti vkljuc¢eni v uéni proces, preko katerega bi lahko usvojili dodatna znanja o
ravnanju z odpadki in bili (bolj) pripravljeni delovati pro-okoljsko. Za spreminjanje delovanja
ucencev in dviga njihove okoljske zavesti, predlagamo, da se okoljske vsebine vkljucijo v izbrane
ucne nacrte vseh triad.

Kljuéne besede: pro-okoljsko delovanje, ravnanje z odpadki, odpadki, osnovnosolsko
izobrazevanje.
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Introduction

EU member states have committed themselves
to reducing their waste output, and making a
step toward an effective waste pick-up, disposal,
and recycling system between 2011 and 2020
(COM(2010)235). Slovenia is one of six EU
members in which the proportion of municipal
waste dumped in landfills increased in between
1995 and 2007. There is evidence that in terms
of waste management Slovenia is lagging behind
the more developed EU countries (http://kazalci.
arso.gov.si).

Topics involving waste management and other
environmental issues are scarce in Slovenian
curricula, and mainly covered during the first
and second cycles of the nine-year compulsory
school (pupils aged 6-12). Although it has been
suggested that the most appropriate age to foster
environmental concern and action in students is
13 years (Kellert 1985), this appears to have been
overlooked when science and biology curricula
were designed in Slovenia (U¢ni nacrt: program
osnovnosolskega izobrazevanja 1998). Leeming
et al. (1995) argue that it is important that envi-
ronmental education start at an appropriate age,
since early attitudes and knowledge shape the later
thinking of adolescents and adults. Younger pupils
have a longer period to influence environmental
quality (Leeming et al. 1995), and may serve
as effective agents to promote environmentally
responsible behaviour in others (Leeming et al.
1995, Evans and Gill 1996). Several authors also
report about gender differences in environmental
attitudes and behaviours (see Zelezny et al. 2000).
Research on environmentalism and gender has
been limited in the past. Howewer, Zelezny et
al. (2000) find that girls express greater proen-
vironmental attitudes than boys. In theirs study
girls reported stronger overall concern for the
environment, and personal responsibility for
improving the environment. Also, girls expressed
greater proenvironmental attitudes than did boys
on concern about trash, interest in recycling, and
interest in school recycling.

Pupils familiarity with environmental issues
is vital. Conceptions of the environment are likely
to be influenced by television and other external
sources as well as formal schooling (Chan 1998,
Rickinson 2001, Kobierska et al. 2007, Shepardson

2007). Beside school educational programmes,
government has an important role in informing
public about environmental issues e.g. waste man-
agement, too (Chung and Poon 1996). In Slovenia
the latter is reflected in various governmental
projects which aim to promote environmentally
friendly behaviour in people. For a more environ-
mentally responsible behaviour environmental
issues should be addressed through education
(Chan 1998). Lester et al. (2006) provide evidence
that pupils with better knowledge of science are
more environmentally active than those whose
knowledge is poor. However, knowledge itself
could be a precursor of some pro-environmental
behaviours (e.g. Hornik et al. 1995), but research
has unconvincing data supporting this. Kuhle-
meier et al. (1999) find that relationships between
knowledge and pro-environmental behaviour
or attitudes and behaviour are extremely low.
Therefore, pupils should be educated in a way
that would raise their environmental awareness
and improve their knowledge so that they could
make informed and responsible decisions as
adults (Fernandez-Manzanal et al. 2007, Little-
dyke 2008). They should also be made aware
that environmental problems result from human
behaviour, and that solving them requires a
profound change in the behavioural paradigm
(Zelezny and Schultz 2000).

If pupils are to acquire the competences that
will help them to develop pro-environmental
behaviour (which also includes sound waste
management practices) they need a solid know-
ledge base (Jensen 2002) and a positive attitude
toward the environment (Kraus 1995). Beside
that environmental education should also stream
into an active role-taking in the protection, and
not into the "use’ of nature and the environment
(Bogner 1999).

In the present study we investigated how well
pupils in Slovenia aged 12—15 (second and third
cycles of the compulsory school) have developed
their competences for sound waste management
behaviour.

Studies about waste management behaviour of
children and adults could provide useful knowledge
for policy development in waste management.
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The study addressed four questions:

1. Do Slovenian primary school pupils know
which waste is hazardous to the environment
and organisms if disposed of in the nature?

2. Do pupils follow the recommendation of (non)
hazardous waste disposal at home (Uradni list
RS, st. 45/2009)

3. How pupils behave if they come across any
waste outdoors?

4. Where do they get the most information about
the influence of hazardous waste on living
organisms and the environment?

Method

Participants

A total of 215 pupils (aged 10-15) from
one school participated in the study, which
was conducted in the school year 2009/10.
They attended the 5% (14.9%), 6™ (24.7%), 7"
(19.1%), 8™ (18.6%), and 9™ (22.81%) grade,
respectively. There were 49.8% male and 50.2%
female pupils.

Instrument

Leeming et al. (1995) stress that there is no
single and widely recognised scale for measuring
children’s attitudes toward and knowledge of a
broad range of environmental issues. In mid-
1990s, meaningful comparisons across studies
about environmental attitude and knowledge were
impossible due to a lack of suitable instruments.
For this reason some instruments were developed
such as CHEAKS and NEP (Leeming et al. 1995,
Dunlap etal. 2000). In this study we did not use any
of the above-mentioned scales, since we focused
on the pupils’ behaviour and their knowledge
about waste management. Although the Leeming’s
(1995) scale includes statements about pollution
and recycling it is too generalised to suit the needs
of our research. We therefore designed our own
questionnaire which consisted of 4 parts.

First, the pupils were required to rate waste
as predominantly hazardous or non-hazardous
on a 5-point Likert scale, with the items rated as
follows: 1 —not at all hazardous, 2 — not hazard-
ous, 3 —not sure if hazardous, 4 — hazardous, and
5 —very hazardous.

Then the pupils were instructed to indicate
how they usually dispose of waste (e.g. packag-
ing, fruit skins, used vegetable oil, motor oil,
batteries, tins containing lacquers, varnishes or
similar agents, bottles of aggressive detergents,
and antibiotics) at home. They were asked to
select the most appropriate of the six offered
possibilities: “We put waste in a bin for mixed
waste.”, “We separate waste, and then put each
fraction in an appropriate waste bin.”, “We dis-
pose of waste when the waste collection company
collects hazardous waste.”, “We do nothing, we
leave the waste in the basement.” “We put waste
in a compost bin.”, “We take waste to a waste
collection and treatment centre.” The pupils were
also given the option of describing an alternative
way of waste disposal.

In the third part the pupils wrote what they
did if they saw discarded waste (candy wrappers,
old tyres, paper handkerchiefs, skin fruits or pud-
dles of motor oil) outdoors. They were asked to
select one of the following five answers that best
described their behaviour: “/ do nothing, I just
walk on.”, “I pick up the waste and put it in a bin.
1 also contact the waste disposal company and
tell them about the waste.”, 1 feel shocked to see
what people do.”, “I do nothing, it will eventually
decompose.”, and “I have never seen such things
being disposed of in the nature.”

In the fourth part we asked the pupils where
they usually get the most information about the
impact of waste on the environment, and gave
them the following 5 possibilities: Home, School,
TV, Books, and Internet.

Results

Pupils’ evaluations of waste hazardousness

Figure 1, which presents the pupils’ waste
hazardousness ratings, shows that they found
fruit skins, stable litter, and decomposing wood as
non hazardous to the environment and organisms.
They could not decide, however, whether paper
handkerchiefs and paper bags are hazardous or
not. They also correctly rated candy wrappers,
tins, plastic bags, damaged detergent bottles,
antibiotics, batteries and motor oil as hazardous
if disposed of outdoors.
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We found statistically significant differences
in the evaluations of waste hazardousness for fruit
skins, batteries and antibiotics between pupils of
different grades. The difference for fruit skins
on account of 5" grade pupils was (x2 = 10.22,
df =4, p=0.037), for batteries on account of 6
grade pupils was (y2 =37.34, df =4, p <0.001),
while for antibiotics it was (32 = 9.59, df =4, p
= 0.048) on account of 9" grade pupils. 5" grade
pupils rated fruit skins higher, 6" and 7" graders
rated batteries, and 9" grade pupils rated antibiotics
lower in comparison to other pupils.

When we compared pupils’ perceptions of
waste hazardousness according to gender, we found
that girls on average rated paper handkerchiefs,
paper bags, tins, and plastic bags as more hazardous
to the environment than boys (Tab. 1).

Pupils’ reports about how they dispose of
various waste

In addition to which waste pupils perceive as
an environmental hazard, we also wanted to find
if they behave in an environmentally responsible
way. We therefore asked them how they disposed
of particular kind of waste at home. Among six
possible options they were asked to chose the one
they felt best described their behaviour. They were
also allowed to provide their own answer. We
categorised their answers in 2 groups: Proper and
Improper waste disposal. For example, a case of
proper disposal of a plastic yogurt cup would be to
put it in a bin for plastic waste, whereas it would
be improper to put it in a bin for mixed waste.

We found that pupils from 5" to 9" grades fol-
low the recommendation of nonhazardous waste
disposal (Uradni list RS, §t. 45/2009). Over a half
of'the pupils treat fruit skins as recommended. The
number of those who would dispose of a yoghurt
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Figure 1: Pupils’ ratings of waste hazardousness.
Slika 1: Ocene ucencev o nevarnosti odpadkov.
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Boys Girls Mann-Whitney U
Waste Mean SD N Mean SD N z p
Paper handkerchiefs 2.4 0.952 98 2.8 0.900 99 -3.006 0.003
Tins 4.0 0.845 99 4.2 0.754 100 —2.283 0.022
Plastic bags 4.0 0.920 99 4.3 0.852 99 —2.477 0.013
Paper bags 2.7 1.015 96 3.2 0.986 99 -3.235 0.001

Table 1: Perception of waste as an environmental hazard — gender differences.
Tabela 1: Ocenjevanje nevarnosti odpadkov glede na spol u¢encev.

cup in a proper way is lower, i.e. only 42% of the
pupils followed the rules of waste disposal.

The most frequent improper way of disposing
of yogurt cups was to put them in a bin for mixed
waste (Tab. 2). In addition, data for organic waste
show that such waste often ends up in a bin for
mixed waste, although the percentage of pupils
who stated that they composted organic waste
should also be taken into consideration.

We also found that 50% of the pupils from
5tto 9" grades would normally observe the rules
for the disposal of motor oil and batteries. With
regard to other waste, we found that fewer than
50% of the pupils know how to treat and dispose
of waste properly. Also, the percentage of pupils
who do not know how to dispose of hazardous
waste should not be underestimated (Tab. 2).

Data about the disposal of vegetable oil
show that only 14.4% pupils observe disposal
recommendations. Other pupils reported that they
disposed of oil by putting it in a bin for mixed
waste or a compost bin, which is not in accordance
with the recommendations. More than 30% of the
pupils reported pouring vegetable oil in a drain.
Some reported not knowing how they dispose of
such waste at home (Tab. 2). Over 30% of the
pupils did not know how to dispose of motor oil.
On the other hand, almost 50% of them reported
that they treated this waste as recommended. We
found that pupils follow the rules of used battery
disposal, regularly disposing of such items when
their local waste collection company organises a
hazardous waste collection, or even taking used
batteries to a waste collection and treatment
centre themselves (Tab. 2). On the other hand,
many pupils improperly dispose of tins contain-
ing lacquers and varnishes (57%), and bottles of
aggressive detergents (61%). This waste often

ends up in a bin for mixed waste or in a plastic
fraction bin (Tab. 2). With regard to antibiotics,
the pupils reported that they put them in a bin for
mixed waste (which they should be discouraged
from doing), dispose of them when their local
waste collection company collects hazardous
waste, or even take them to a waste collection
and treatment centre (behaviour which should be
encouraged) (Tab. 2).

Pupils’role in the environmental protection

We asked the pupils what they do when they
come across litter (candy wrappers, paper hand-
kerchiefs, fruit skins, old car tyres, and motor
oil) in the nature. According to our results, some
of them adopt an proactive approach to environ-
mental protection.

While most pupils will pick up the candy
wrapper and put it in a bin (Fig. 2), this behaviour
decreases with age. Pupils from the second cycle
(grades 5—6) will more readily pick up a discarded
wrapper than their colleagues from the third cycle
(grades 7-9), with pupils of the 7" grade being an
exception. While the percentage of children who
would do nothing is not negligible, they mainly
come from the last cycle (grades 8-9). Some
pupils reported that they feel bad when they see
litter lying around.

Figure 3 shows how pupils behave when
they see a discarded paper handkerchief. These
results are comparable to the results for the candy
wrapper. 5" grade pupils are most likely to pick
it up and put it in a bin, while 9" and 8" graders
are the most likely to ignore it. As many as 33%
of 9™ and 31% of 6™ graders reported that they
would do nothing with a discarded handkerchief
because it would decompose anyway. The answers
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Figure 2: What do children do when they see a discarded candy wrapper outdoors?
Slika 2: Kako ravnajo ucenci, ko opazijo zavrzen ovitek bonbona na prostem?

of 7" grade pupils are almost equally distributed
between “I do nothing.”, “I pick it up.” and “I
feel bad about it.”

Figure 4 shows how children react when they
come across discarded fruit skins in the street or
in the nature. Amost 80% of the 6" graders do
nothing, since they correctly assume that the fruit
skin will decompose. This result is expected, since
these pupils learn about how to prepare compost
and which waste can be composted. Pupils from

the third cycle should be familiar with composting
since they learn about this in the 6" grade. Again,
9" and 8" graders dominate in that they would do
nothing if they saw discarded fruit skins, while 5
graders are the most likely to clean up the mess.
The percentage of pupils who feel disgusted at
the behaviour of the others is less than 15% for
each grade.

The data for car tyres show that pupils are
aware that disused car tyres should be removed
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Figure 3: What do children do when they see a discarded paper handkerchief outdoors?
Slika 3: Kako ravnajo ucenci, ko opazijo zavrzen papirnat robcek na prostem?

and disposed of properly (Fig. 5). Only some 5%
grade pupils believe that car tyres can decompose
by themselves. Also, some 5" graders believe that
motor oil decomposes. Data shows that there is a
considerable percentage of pupils from the 8" and
9" grades who would not take action to protect
the environment. These pupils usually just feel
disgusted at what other people do, or simply do
nothing. Some pupils would contact the waste
disposal company and tell them about the waste,
this behaviour decreases with age.

The pupils’ source of environmental
information

The pupils stated that the major sources of
environmental information for them were TV
documentaries, their teachers in school, and the
internet (Fig. 6). Fewer pupils learn about envi-
ronmental care from their parents or read about
it in books.



1. Tomazi¢, T. Vidic: Assessing primary school pupils’ knowledge of and behaviour concerning waste ... 79

100
|

80

60 +

40

Numer of pupils (%)

20 4

5th 6th

[ I donothing.

7th 8th 9th

Grade

I feel shocked to see what people do.

I let it decompose.
[ Ipickitup.

M 1 have never seen discarded waste.

Figure 4: What do children do when they see discarded fruit skins outdoors?
Slika 4: Kako ravnajo ucenci, ko opazijo zavrzene olupke sadja na prostem?

Discussion

Results of the study show that although pupils
know which waste is hazardous their knowledge
about the disposal of certain non-hazardous or
hazardous waste at home is limited. Waste such
as plastic yogurt or pudding cups often ends up
in a container for mixed waste. Only 42% pupils
state that they actually separate waste, although
most of them should do so. These findings could
be generalised to include other packaging (meat
patés, butter, chips, coffee, etc.), which yields
itself to the conclusion that children prefer col-
lecting all waste in the mixed-waste container
than separating it by fractions, which is easier
and faster (Matsumoto 2011).

We find that over 50% of the pupils collect
organic waste (e.g. fruit skins) in a compost bin.

However, four out of ten pupils will still put such
waste in a bin for mixed waste (Tab. 2). Parents
play a crucial role in teaching their children about
waste treatment at home. We feel that if parents do
not separate waste by fractions and do not compost
organic waste, children are very unlikely to do this
themselves. Although pupils learn in the 6th grade
which waste can be composted, they cannot apply
this knowledge in their everyday life if there is
no support from their parents.

Results also revealed that certain hazardous
waste is also treated improperly. Lacquer and
varnish tins and detergent bottles are often not
perceived and treated as hazardous waste, and
disposed of accordingly. They often end up either
in the mixed-waste container or in a bin for waste
fractions (Tab. 2). Results about the disposal of
antibiotics are also rather discouraging, since 26%
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Figure 5: What do children do when they notice discarded car tyres (A) or spilt motor oil (B) outdoors?
Slika 5:  Kako ravnajo ucenci, ko opazijo zavrzene avtomobilske gume (A) ali razlito motorno olje (B) na prostem?

pupils replied that they put antibiotics in a bin for
mixed waste (Tab. 2). Furthermore, children treat
vegetable oil as nonhazardous waste, and for this
reason it is frequently discarded in mixed-waste
containers or poured down the drain. Few pupils
reported that they take used vegetable oil to a
waste collection centre (Tab. 2), even though this
would be the proper thing to do.

Data also shows that pupils dispose of used
motor oil and batteries as recommended. The
positive results regarding used batteries could be
attributed to the fact that some schools and many
shopping centres make it possible to dispose of
old batteries on their premises.

The share of pupils who do not know how
to treat certain waste is not insignificant. The
reasons for this could be found in a lack of at-
tention to waste management and environmental
protection topics within the science and biology
curriculum, particularly in the third cycle of the
primary school (pupils aged 12—15). Kellert (1985)
suggests that the most appropriate age to foster
environmental concern and action in students is

13 years. According to our educational system
these are pupils of third cycle. Gopurn (2010)
also notes that environmental topics in this cycle
are discussed in terms of individual subjects, such
as biology, and not interdisciplinary. The same
author finds that Slovenian pupils possess very
limited and occasionally too specific knowledge
about environmental issues.

If pupils learned about waste management
in the upper grades of compulsory education
they would perhaps be more likely to manage
waste properly. Different authors point out that
schools are an important source of environmental
information for pupils (Chan 1998, Rickinson
2001, Kobierska et al. 2007, Shepardson 2007).
Lester etal. (2006) provide evidence that students
who possess some knowledge of science have
greater environmental awareness than those
whose knowledge of science topics is poorer,
and can even influence their parents to adopt pro-
environmental behaviour (Leeming et al. 1997).
This is important, particularly since we found that
the children rarely mentioned their parents as a
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Figure 6: The pupils’ source of environmental information.
Slika 6: Viri informacij o vplivih nevarnih odpadkov na okolje.

significant source of information about the impact
of hazardous waste on the environment (Fig. 6).
From what our results tell us we can speculate
that parents also lack sound knowledge about this
topic. This is evident in Tab. 2, which shows that
proper waste management at home is definitely
not an exclusive domain of pupils.

We find that children get most of the informa-
tion about the impact of hazardous waste on the
environment from the TV, and the internet (Fig.
6). These results are supported by the study by
Yurttag and Siiliin (2010) and Kobierska et al.
(2007). If there were more TV programmes about
environmental topics for parents and pupils this
would improve the environmental awareness and
foster the sensitivity of the public (Yurttas and
Siiliin 2010). Children and their parents may thus
be willing to take a step toward reducing their
“waste footprint”.

It should be noted that solely the knowledge
that the pupils have does not necessarily promote
pro-environmental behaviour. The latter can be
supported by the study of Kuhlemeier et al. (1999).
Also, Kobierska et al. (2007) demonstrates in a
study that good environmental knowledge is not
always accompanied by pro-environmental behav-
iour. We saw in this study that pupils could cor-
rectly rated waste as hazardous or non-hazardous.
However, when we asked them what they do when
they see discarded waste in the streets or in the
nature we found that pupils from the last cycle
mostly do nothing or merely feel disgusted at the
actions of others. Pupils from the second cycle
frequently reported that they pick up such waste
themselves or notify a waste collection company
or a waste treatment centre (Figs. 3—5). We could
speculate that pupils from the second cycle, at
least to some extent, provided the answers that
they thought we expected from them. Leeming et
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al. (1997), however, notably found that younger
pupils show significantly more positive attitudes
toward the environment than their colleagues from
upper grades, which goes against our speculation.
As in the study of Zelezny et al. (2000) also girls
in this study expressed greater proenvironmental
attitudes than boys did.

Kellert (1996) finds that pupils aged 1215, are
the most receptive to learn about environmental
issues. They should therefore be engaged in a learn-
ing process through which they would improve
their knowledge about waste management, and
become more willing to take pro-environmental
action. A belief that waste and other environmen-
tal issues pose a significant problem to society
and the self can change intentions toward acting
(Barr 2007).

In order to facilitate a change in pupils’ be-
haviour and raise their environmental awareness,
we propose that environmental education should
be an integral part of the curriculum throughout
all three cycles of compulsory education.

Conclusion and Implications

To our knowledge, there exists little or no
information about how primary school pupils
perceive waste hazardousness and its impact
on the environment. This study showed that the
knowledge children have about waste manage-
ment is not necessarily reflected in their actions,
as we had expected.

If pupils are to improve their behaviour and
environmental awareness, they need continuity
in environmental education, which should be
provided by the school and at home.

We propose that topics concerning environ-
mental issues be added to the current biology
and science curricula. Our findings show that
although pupils can correctly identify hazardous
waste, they still do not behave environmentally
responsibly. We therefore believe that pupils need
to be engaged in activities that would help them
to improve knowledge on the matter and develop
positive attitudes toward the environment. The
latter is, however, subject to further research.

Povzetek

Vsebine o okoljskih problemih (npr. ravnanje
z odpadki in drugo) so skopo zastopane v uénih
nacrtih s podroc¢ja naravoslovja. Vsebine so sicer
vkljucene v razli¢ne u¢ne nacrte prve in druge
triade, vendar so v tretji triadi obravnavane zelo
ozko, skopo in ne interdisciplinarno (Gopurn
2010). Ucenci tretje triade naj bi bili zelo dovzetni
za ucenje o okoljskih problemih (Kellert, 1985),
kar je bilo o€itno pri snovanju uénih nacrtov v
Sloveniji spregledano.

V raziskavi nas je zanimalo, katere odpadke
ucenci ocenjujejo kot (ne)nevarne, ali sledijo
priporocilom ravnanja z (ne)nevarnimi odpadki
doma, kaj naredijo, ¢e naletijo na odpadek zunaj
(v naravi) in kje dobijo najve¢ informacij o ne-
varnosti odpadkov.

Ugotovili smo, da so u¢enci ve¢ino odpadkov
pravilno ocenili kot nenevarne (olupki sadja,
stelja, razpadajo€ les) in nevarne (ploCevinke,
plasti¢ne vrecke, poskodovane plastenke de-
tergentov, antibiotiki, baterije in motorno olje)
za okolje in organizme (Slika 1). Uenci petih
razredov so ovrednotili olupke sadja kot bolj
nevarne v primerjavi z ostalimi uéenci. Ucenci
Sestih in sedmih razredov so ovrednotili baterije
kot manj nevarne v primerjavi z ostalimi uéenci.
Devetosolci pa so ovrednotili antibiotike kot
manj nevarne v primerjavi z ostalimi ucenci.
Razlike so bile statisti¢cno pomembne. Dekleta
so obicajno odpadkom pripisale vi§jo nevarnost
kot fantje (Tab. 1).

Pri ravnanju z odpadki doma smo ugotovili, da
ucenci nekatere odpadke raje kot locujejo vrzejo v
zabojnik za mesane odpadke (Tab. 2). Rastlinsko
olje zavrzejo tako, da ga zlijejo v odtok, antibiotike
in plocevinke agresivnih Cistil pa pogosto vrzejo
med mesSane odpadke. Ucenci so navajali, da za
motorno olje in baterije poskrbijo tako, da odpadek
odpeljejo ali v zbirni center ali pa oddajo, ko poteka
akcija zbiranja nevarnih odpadkov.

Pri zavrzenih odpadkih pa se je izkazalo, da
so ucenci druge triade bolj pripravljeni delovati
v smislu odstranjevanja odpadkov iz okolja kot
njihovi vrstniki iz tretje triade (Slike 2—4).

Ugotovili smo tudi, da starsi svoje znanje o
vplivih nevarnih odpadkov na okolje le malokrat
posredujejo otrokom. Za uéence so tako pomembni
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viri informacij o tej temi splet, oddaje na televiziji
in ucitelji v Soli (Slika 6).

Rezultati raziskave nakazujejo, da bi morali
biti ucenci vseh triad vkljuceni v ucni proces,
preko katerega bi lahko usvojili dodatna znanja
o ravnanju z odpadki in bili (bolj) pripravljeni
delovati pro-okoljsko. Prav ucenci tretje triade so
zaucenje o okoljskih problemih najbolj dovzetni
(Kellert 1985).

Za spreminjanje delovanja ucencev, pred-
lagamo, da se okoljske vsebine vkljucijo v izbrane
ucne nacrte vseh triad.
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