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Annotation

The thesis deals with phylogeny, taxonomy and natatumre of selected groups of the lichen
genusCaloplaca Particularly, theC. cerinagroup was closely investigated using molecular
methods (ITS sequences), morphology and chemiséised on material from Europe, and to
some extent also from North America and westernaAdihis approach resulted in the
description of three new specié3. (sterilis C. subalpinaC. thracoponticy and detected an
unexpected richness of lineages. Nomenclature,ntang, morphology and ecology .
aurantia and C. flavescendrom the C. aurantia group were studied in detail, including
selection of the neotype of the former speciesirTdistribution was reviewed for the territory
of the Czech Republic. Poorly known taxdd. aurantiomurorumfrom Algeria was
lectotypified and synonymized wit@. aurantia Apart from the two groups;. phloginaand

C. scythica differing partly in thallus colour and distinctip distribution, were examined
using both molecular (ITS sequences) and phenotgt& and found to be conspecific.

ProhlaSuji, Ze svoji disert&ni praci jsem vypracoval samostatd pouze s pouZzitim
prameni a literatury uvedenych v seznamu citované literatry.
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textu této kvalifika éni prace. Souhlasim dale s tim, aby toutéz elektraskou cestou byly v
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Introduction

Taxonomy of lichens — unique symbiotic associatibesveen a filamentous fungus and at
least one photosynthetic organism — is passingutifroa fast progress at this time. New
insights from molecular data are considerably ciep@ur understanding of Ascomycota,
whose lichen-forming fungi are the indivisible pde.g. Printzen 2010). Except a few
representatives of lichens which belong to Basigicota. This thesis is devoted to several
groups of one of the most species-rich generaiets, the genuSaloplaca

According to the last outline of Ascomycota (Lumibs& Huhndorf 2007), the genus
Caloplaca belongs to the family Teloschistaceae, which iengl with Letrouitiaceae,
Megalosporaceae and Physciaceae included in theer ofBeloschistales (subclass
Lecanoromycetidae, class Lecanoromycetes, subphykaizomycotina). Close alliance of the
large family Physciaceae was expected by sevedalr @uthors, fascinated by many cases of
their parallel phenotypic development as evideneegl by the superficial similarity of
Caloplaca carphinea(Teloschistaceae) anbimelaena oreina(Physciaceae). Physciaceae
(incl. Caliciaceae) was firstly assigned into Telustales by Miadlikowska et al. (2006) in a
separate suborder Physciineae with remaining famisiorted in Teloschistineae. For more
detailed review of families’ classification see Kéfelt (1989). There is no single phenotypic
character shared by all genera in the order but repsesentatives of the Teloschistaceae and
Physciaceae possess polar diblastic ascospores.

A decade before the start of molecular studies elosthistales, Kérnefelt (1989) in his
throughout revision of the order attempted to impat modern phylogenetic analyses using
morphological data. His results were naturallyeti#t from following molecular phylogenies
(Gaya et al. 2008b), but can serve as an exampimité of morphological taxonomy. Twelve
genera were accepted in the family Teloschistadea¢he last outline of ascomycetes
(Lumbsch & Huhndorf 2007):Caloplaca Cephalophysis Fulgensia Hueag loplaca
Josefpoeltia Seirophora Teloschistes Xanthodactylon XanthomendozaXanthopeltis and
Xanthoria Some other recently circumscribed xanthorioid eganOxnerig Rusavskia
Xanthoanaptychia (Kondratyuk & Karnefelt 2003), distinguished onlgy phenotypic
characters, were not accepted in that treatmeneeThew generdackelixia Ovealmbornia
Xanthokarrooawere recently described in a phylogenetic studyxarfithorioid lichens by
Fedorenko et al. (2009), but they have not beermed in the recent notes to the ascomycete
systematics (Lumbsch & Huhndorf 2009). Detailedieevof generic classification history in
Teloschistales provided Gaya et al. (2008b).

As in other lichen groups, the taxonomic researcheloschistaceae progresses from two
opposite directions. Several phylogenetic workedtrio find borders among the genera within
the family (Fedorenko et al. 2009; Gaya et al. 2@®8b; Kasalicky et al. 2000; Sgchting &
Lutzoni 2003; Sgchting et al. 2002), while the otheoup of studies focused at the species
delimitation in difficult species aggregates. Neakieless, none of these studies involved
representatives of all accepted genera. The mdstustive sampling for phylogenetic studies
were conducted by Gaya et al. (2008b) using oneslqtTS) and focusing particularly at
Caloplaca and by Fedorenko et al. (2009) using two lociSJITmtSSU), and focusing on
xanthorioid taxa. Polyphyly of all traditionally segnized gener&aloplaca Fulgensiaand
Xanthoriawas detected in these studies, finding the distsigng morphological characters to
be homoplastic, and implying thus the need for anmlete generic reassessment of
Teloschistaceae or even Teloschistineae. Althobgmtonophyly of some xanthorioid genera
was recently proven by molecular data and somegevera were described (Fedorenko et al.
2009), countless members of the polyphyleéigloplaca still remain to be accommodated,
awaiting ultimate large-scale multi-gene study loé tsuborder and final generic consensus



among lichenologists studying Teloschistineae. Tinst step to multi-gene study was
accomplished by Gaya et al. (2008a), reportingctielg new generation of genes.

Caloplacais far the most species-rich genus within Telostoleae, and even one of the
richest within lichen-forming fungi, comprising astimated 800 to 1000 species (Arup &
Akelius 2009). Species richness @&loplacais the biggest in non-tropic parts of the world.
The genus was never monographed as a whole. Howeaery taxonomic studies of the genus
treating a particular group and/or region have haélished, but only some of the recent ones
were done using molecular methods (see above)b&sieexplored part is Europe, irrespective
of the fact that new species are described fromténgtory almost every year (Arup 2006b, c;
Gaya 2009; Khodosovtsev et al. 2002, 2003; Kondfast al. 2006; Navarro-Rosinés et al.
2000a, bpaper I; paper II; Roux et al. 2009; Sgchting & Stordeur 2001; Siaghtt al. 2007;
Tretiach & Muggia 2006; van den Boom & Rico 200G@ndrak & Hrouzek 2006; Vondrak et
al. 2008, 2009c). Given this situation in well-eoq@d Europe, it is not hard to imagine what
could be found by specialists in other parts of Wwld. Caloplacain North and Central
America is much better known thanks to series oémé works of C. Wetmore and U. Arup,
and some other papers (e.g. Arup 1995, Breuss 2M0fis et al. 1994; Sgchting 2004;
Wetmore 1994, 1996, 2001, 2003, 20044, b, 20079;20(:tmore & Karnefelt 1998). Polar
regions are also quite well explored (e.g. Hansen. 4987; Sgchting & Olech 1995; Sgchting
et al. 2008). Asia is still not well investigatedut there are some recent comprehensive
treatments (e.g. Khodosovtsev et al. 2004; Podftieregger 1993) and on-going research is
carried out mainly in India (e.g. Joshi & Upreti@&) 2007; Joshi et al. 2009). The research on
Caloplacain Australia is also in fast progress (Kérnefeltk&ndratyuk 2004; Kondratyuk et
al. 2007a, b, 2009a, b, 2010). Africa and South Acaeare still the least investigated
continents, although probably host an extensiveuminof theCaloplacadiversity. Thus the
world-wide Caloplacamonograph is so far unforeseeable.

Phylogenetic studies using molecular data (ITSapely mtSSU sequences) on particular
groups of species within the genQaloplacastarted to appear at the end of the last century.
Molecular data were firstly used by Arup & Grube99®), who revealed where sterile
Lecanora demisseeally belonged. Muggia et al. (2008), Tretiaclalet(2003) and Vondrak et
al. (2008) studied and also newly described sonaekbiruited species from the section
PyrenodesmiaCorrected phylogenetic position of tide aurantiagroup was presented by
Sgchting & Arup (2002). Several species from@hderrugineagroup were studied by Arup &
Akelius (2009) and Arup et al. (2007). Sgchtinglet(2007) described new species within the
C. lacteagroup exceptionally using mtSSU sequences. Therfewly described Asian species
supported by DNA data wa€. lenaeby Sgchting & Figueras (2007). In thmper VI
molecular data and phenotype examinations convinethat two previously distinguished
speciesC. phloginaand C. scythica believed to differ in colour of soredia and gexaivical
distribution, are conspecific. TH&. citrina group (Arup 2006b; Vondrak et al. 2009¢) and the
C. holocarpagroup (Arup 2009) are the only ones, which taxopevare studied by molecular
data, at least in restricted regions (Scandinavid Black Sea region respectively). The
Caloplaca cerinagroup has usually been taxonomically used in adxo morphological sense
(Clauzade & Roux 1985; Hansen et al. 1987; Wetm®&@6, 1997, 2004b, 2007b), but in the
paper | andpaper Il is treated for the first time in a narrower seasea monophyletic group
of species aroun€. cerina The paper | presents phylogeny and revised taxonomy of the
group in Europe and in some extent also North Acaeend western parts of Asia. Results
show unexpected richness of lineages only parthpstted by morphology and pointing out
on the problem with cryptic or semi-cryptic spec{eensu Vondrak et al. 2009c¢). First data
about the phylogeny of the group was publishechapaper Il, where two new species.
subalpinaandC. thracoponticavere described. DNA data were several times usdtbiip in
determination of peculiataloplacaspecies (Arup 2006a; Rosato & Arup 2010; Vondrékle



2009a, b, 2010). The standard use of molecular adstim the taxonomy on the species level,
with increasing accessibility of them, is anticigit Nevertheless, another problem has arisen
with deeper view into species phylogeny — cryptic semi-cryptic species and species
delimitation in general (see e.g. Crespo & Péree@ar 2009; Del-Prado et al. 2010; Grube &
Kroken 2000paper I; Vondrak et al. 2009c).

Xanthoria has been also studied by molecular methods. Ffankarnefelt (1998),
Lindblom & Ekman (2005), Lindblom & Sgchting (200Bjvestigated differences between
closely relatedXanthoria species. Population genetics Xf eleganswvas studied by Dyer &
Murtagh (2001) and Murtagh et al. (2002) and tHaX.oparietinaby Honegger et al. (2004),
Lindblom (2009), Lindblom & Ekman (2006, 2007) affelent spatial scales. Widespread and
conspicuous. parietinahas been used as a model organism in a wide specif studies on
developmental anatomy, physiology, element accutionla chemistry, cultivation,
reproduction etc., for examples see Nash (2008).gégmome oK. parietinawill be one of the
two going to be sequenced in lichen-forming furigitzoni & Miadlikowska 2009).

A half of the thesis is devoted to tlkloplaca aurantiagroup, a small but distinct group
of lobate, saxicolous species unique within theugelny their lemon-shaped ascospores. The
group was studied recently by various authors @aya 2009; Sgchting & Arup 2008liwa
& Wilk 2008; Wetmore & Karnefelt 1998) and five spes were acceptedC. aurantig C.
aegaeaC. flavescensC. fuerteventura@andC. thallincola Confusing situation with respect to
their distribution and distinguishing betwe&h aurantia and C. flavescendn the Czech
Republic was elucidated in tipaper Il . A neotype ofC. aurantiawas selected and historical
circumstances associated with this name were disduis thepaper IV. In thepaper V, the
identity of C. aurantiomurorumas another potential member of the group was etudihe
type exsiccate revealed to be a mixture of diffesgecies including. aurantig C. saxicola
and Candelariella seniar The lectotype ofC. aurantiomurorumwas selected and the name
was put into synonymy df. aurantia

Contents of lichen substances, mainly anthraquisioineT eloschistaceae and especially in
the genugCaloplacahave been studied for a long time (e.g. Bohmar®1$&intesson 1970,
Sgchting 1997, 2001). Formerly TLC and nowadays Eit HPTLC have been employed.
Their assessment became a standard part of repemtdmical treatments (e.g. Arup 2006b;
paper |; paper Il; paper VI; Sgchting & Froberg 2003; Vondrék & Hrouzek 2006).
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Paper |
Taxonomy and phylogeny of theCaloplaca cerina group in Europe

Soun, J., Vondrak, J., Sechting, U. Hrouzek, P.pddsovtsev, A. & Arup, U. (2011)
Lichenologist(accepted)

Using ITS nrDNA sequence data, f@aloplaca cerinagroup {[Teloschistacegds defined here

as a monophyletic, but internally richly brancheg&ge. The group is also characterized by a
combination of morphological and anatomical chanectlts internal lineages are supported by
phenotypic characters in addition to ecology arstrithution. Within the larg€. cerinagroup,

we have found at least 20 phylospecies in the temtpeone of the Northern Hemisphere. Two
species complexes do not produce any vegetativepalias; the polyphyletic, corticolous
Caloplaca cerinas. lat. (six separated cryptic or semi-crypticcées) and the monophylet.
stillicidiorum s. lat. that grows mainly on plant debris, smdltubs and bryophytes and
consists of at least four internal lineages. Alekges producing vegetative diaspores (soredia,
blastidia, isidia or lobules) are phenotypicallyaddcteristic and represent fairly easily
distinguishable speciesC. chloring C. isidiigerg C. monacensjs C. subalpina C.
thracopontica C. turkuensisandC. ulmorum Only the North American soredia@ pinicola
possibly represents an aggregate of spe€ekaplaca sterilisis described as a new species. A
key to the phenotypically distinguishable specgegrovided here.

Lectotypes are designated here €ralbolutea Caloplaca cerinaf. coronulataand forC.
monacensisThe AustraliarC. hanneshertelibelongs to this group, but this and other possible
species from the Southern Hemisphere are not ttdsttee in detail. Some species traditionally
placed into theC. cerinagroup due to their similar morphology are exclutiede on the basis
of our phenotype examinations and molecular dagdoplaca alboluteaC. mydalaeaandC.
virescensare intricate taxa and their identities still remanclear.

SkupinaCaloplaca cerina(Teloschistacegeje pomoci molekularnich dat (sekvence nrDNA
ITS) definovdna jako monofyleticka, vimt bohat rozwtvena linie. Dale je skupina
charakterizovana kombinaci morfologickych a anatbgch znak. Kromg ekologie a
rozSteni jsou jeji vnini linie podpdeny fenotypickymi znaky. V ramci této velké skupiny
jsme v mirném pasu severni polokoule nalezli nefm2@ fylogenetickych druh Dva
komplexy druli netvdi zadné vegetativni diaspory; polyfyleticka, kooliki C. cerinas. lat.
(Sest samostatnych kryptickych nebo semikryptickghaihi) a monofyletické&C. stillicidiorum

s. lat., kter& roste hlagma zbytcich rostlin, ké&cich a meSich, a obsahuje nejiétyii linie.
VSechny linie tveici vegetativni diaspory (sorédie, blastidie, sidiebo lai¢ky) jsou
fenotypicky charakteristické aigdstavuji dosti snadno rozliSitelné druly; chloring C.
isidiigera, C. monacensjsC. subalpinaC. thracoponticaC. turkuensisa C. ulmorum Pouze
severoamericka soredi6z@i pinicolapravdpodobré predstavuje agregat drithC. sterilisje
popsana jako novy druh. V praci je uvedeg klfenotypicky rozlisitelnym druim.

Stanoveny jsou lektotypg. albolutea C. cerinaf. coronulataa C. monacensisDo této
skupiny také nélezi australsky dr@hhannesherteliiktery ale neni spolu s dalSim potendialn
novym druhem z jizni polokoule zpracovarékieré druhyfazené tradné pro svou podobnou
morfologii do skupinyC. cering jsou zde na zakl&dfenotypovych a molekularnich dat
vylougeny.C. alboluteaC. mydalaea C. virescengsou problematické taxony a jejich identita
zistava nevyjasna.
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Paper I

Caloplaca subalpina and C. thracopontica, two new saxicolous species from th@aloplaca
cerina group (Teloschistales)

Vondréak, J., Soun, J., Hrouzek, Riha, P., Kubéasek, J., Palice, Z. & Sgchting, U.0§0
Lichenologist40: 375-386.

Caloplaca subalpinavondrak, Soun & Palice an@. thracoponticaVondrak & Soun are
described here as new to science. The former medimte, often sterile, saxicolous species
inhabiting subalpine base-rich overhanging rock&imopean mountains; the latter grows on
maritime cliffs of the Black Sea and is conspicudwysthe lobules and pustules which are
usually present on its thallus and by its apothedizch are typically large and abundant. The
placing of the two species in tl@& cerinagroup was confirmed by molecular studies using
nrDNA ITS sequences. The chemosyndromes of both repecies correspond to
chemosyndrome A, which is in accordance with tpesition in theC. cerinagroup. A key to
the saxicolous species of tle cerinagroup is provided.

V piispivku jsou pro ¥du now popsany druhyaloplaca subalpina/ondrak, Soun & Palice

a C. thracoponticavondrak & Soun. Prvni z nich je sorediézessto sterilni, saxikolni druh,
rostouci na subalpinskych bazickydteyslych skalach v evropskych horach. Druhy roste n
primarskych GteseclCerného mee a je napadny jak svymi {aky a puchyky, které jsou na
jeho stélce obvykleiftomny, tak svymi apotécii, ktera jsou typicky @l pg@etna. Umisini
téchto dvou drub do skupinyC. cerinabylo molekular# potvrzeno pouzitim sekvenci nrDNA
ITS. Chemosyndromy obou novych diube shoduji s chemosyndromem A, coz je v souladu s
jejich umisénim ve skupin C. cerina Uveden je kif k saxikolnim drufim skupinyC. cerina

Paper Il

Caloplaca aurantia and Caloplaca flavescens (Teloschistaceae, lichen-forming fungi) in the
Czech Republic; with notes to their taxonomy and nmenclature

Soun, J. & Vondrak, J. (2008zech Mycologg0: 275-291.

A revision of Caloplaca aurantiaandC. flavescensn the Czech Republic is provided. Both
species are confirmed from the territory; theirtrdlisition is reviewed and their ecological
demands commented upon. Morphological investigatiseive confirmed the structure of the
cortex and shape and colour of the lobes as thedimgnostic characters of both species; the
thickness of the cortex has been found to be anotiseful character. Nomenclatural
confusions regarding both species are discussedlarified.

V ptispivku je zpracovana revize dnslCaloplaca aurantiaa C. flavescensy Ceské republice.
Oba druhy jsou z tohoto Uzemi potvrzeny. Zrevidavim jejich roz&eni a okomentovany
ekologické naroky. Studium jejich morfologie potwod Ze struktura kry spolu s tvarem a
barvou lalok jsou nejlepSimi rozliSovacimi znaky meziéatm druhy. DalSim uziteym
rozliSovacich znakem byla shledana titka kiry. Diskutovdny a vyjasmy jsou
nomenklatorické zmatky tykajici se obou diuh
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Paper IV
Typification and taxonomy of Caloplaca aurantia
Soun, J. (2010Mycotaxon111: 331-336.

The sample from the Arnold’s Lichenes Exsiccatid8®: Physcia aurantiadeposited in M, is
designated to serve as neotypeCafoplaca aurantia The sample appears to be a topotype of
C. aurantia An overview is presented of the complicated mistaf the application and misuse
of the name. Old literature references @o aurantia should be confirmed by herbarium
material, since the species was often confused@iftavescens

Polozka Arnoldovych Lichenes Exsiccati no 98%yscia aurantiaulozena v M, je vybrana

jako neotypCaloplaca aurantia PoloZka se jevi byt topotype@. aurantia Prezentovan je

piehled komplikované historie pouZzivani tohoto jméwstn nespravného. Starsi literarni
Udaje oC. aurantiaby nely byt potvrzeny herlid@vym materidlem, protoZe tento druh byl
¢asto zamnovan zaC. flavescens

Paper V

An appraisal of the syntype material of Caloplaca aurantiomurorum (Teloschistaceae,
lichenized fungi)

Vondrak, J. & Soun, J. (2008)ycotaxon97: 67—71.

Sample no. 54 of Flagey: Lichenes Algerienses easicepresents the syntype Piacodium
aurantiomurorum(= Caloplaca aurantiomurorui However, the samples of this exsiccatum
distributed to FH, H, M, PC and UPS contain différéichen species. The lectotype Bf
aurantiomurorumis selected here (sample in UPS) and this nanmmeased as a synonym to
Caloplaca aurantia In this exsiccatumCandelariella seniothas been identified (in H, FH,
and PC), which is reported here as a new speciédgeria. The known distribution dan.
senioris described.

Polozky ¢islo 54 z Flageyova exsikatu Lichenes Algeriensgsiceati ffedstavuji syntyp
Placodium aurantiomurorum= Caloplaca aurantiomurorujn Polozky tohoto exsikatu,
umiséné v FH, H, M, PC a UPS, nicm&mbsahuji tizné druhy liSejnik. Vybran je zde
lektotyp P. aurantiomurorum(polozka v UPS) a toto jméno je synonymizovanGatoplaca

aurantia V exsikatu (v H, FH a PC) byla identifikovana éaBandelariella seniora je zde

zaznamenana jako novy druh pro Alzirsko. Popsazogené roz$éniCan. senior

Paper VI

Caloplaca phlogina, a lichen with two faces; an example of infraspefit variability
resulting in the description of a redundant species

Vondrak, J., Soun, J., Sggaard, M. Z. & Sgchting&UArup, U. (2010)Lichenologist42:
685—692.

Caloplaca phloginais shown here to have two kinds of soralia, yellearalia with
anthraquinones versus whitish or white-green smtaliking pigments. Both kinds are present,
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growing side by side, in some localities in Scaadia, but yellow soralia appear to be more
common. In contrast, the populations from haloptslshrubs on the Black Sea coast have
predominantly white soralia, and they were describe a separate speci€s, scythica A
single collection from Chile also has white soralitolecular data and phenotype examinations
convinced us that Scandinavian and Black Sea ptputaare conspecific. We consider the
North European, phenotypically variable populataena source for the Black Sea population
which is ecologically and phenotypically more unifo

V pfispsvku je ukézano, zeCaloplaca phloginama dva druhy sor@ Zluté soraly
s antrachinony adavé nebo zelenobilé soraly postradajici pigmeNty rekterych lokalitach
ve Skandinavii rostou oba druhy vedle sebe, aleé Aaraly se zdaji byt hajj$i. Populace ze
slanomilnych k&kt z éernomdského pobezi maji oproti tomu ievazi bilé sorély a byly
popsany jako samostatny drud, scythica Jediny sbr z Cile ma také bilé soraly. Molekularni
a fenotypova data nasgswdcila, Zze skandinavské &rnomdské populace jsou stejnym
druhem. Severoevropskou, fenotypicky variabilni yapi, uvazujeme jako zdroj pro
ekologicky i fenotypicky jednotvasisi cernomdskou populaci.
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