Yopromopcokuti 6omaniunuil scypranr —mom 9,Me 3 (2013)

Methods for phenotypic evaluation of crustose lichas with
emphasis onTl eloschistaceae

JAN VONDRAK

IVAN FROLOV

ULF ARUP

ALEXANDER KHODOSOVTSEV

BoHIPAK f., ®POJIOB 1., Apyn V., XOAOCOBLEB O.€. (2013). Meroau oOmiHKH
(deHOTHITY HAKMITHUX JUIAlHUKIB Ha mpukaani Teloschistaceae. Yopromopcwxk. 6om.
arc., 9 (3): 382-405.

[IpencraBneni MeToau omnucy (GEHOTUINY HAKUITHUX JIMIIAHHUKIB, IO ITiIBUIIYIOThH
HMOBIpHICT, MOy (EHOTHUIIYHMX OJIM3BKMX TAKCOHIB Ha OCHOBI aHATOMIYHMX 1
MopdosoriuHux o3HaK (0e3 BHKOPUCTaHHS MOJEKYJAPHUX HaHHX). [onoBHa ines
METOIMKHM TOJisira€ B HAaWOUIbII TOBHIH 1 BIATBOPHIM OWIHII o03HaK (QeHoTHITy.
3ampornionoBano crnucok npubmusHo 100 o3Hak 1 craHgapTH3oBaHi crocoOu  iX
BUMipIoBaHHs. HaBoauThCs ritocapiii OCHOBHUX MOPQOJIOTIYHIX 1 aHATOMIYHHUX TEPMIHIB.
Onwucano 6a3oBi mnpaBuia 300py, TIATOTOBKM Ta BHMIDIOBAaHHS Marepiaiy.
3anpornoHoBaHuii Mporec onucy (EeHOTUIy po3jaijgeHuii Ha asa ertanu: (1) momepenHe
JIOCITIDKCHHST TIPOBOJIUTHCS Ha OOMEKEHOMY YHCHI 3pa3KiB, Yy SKHX OIIHIOIOTHCS BCi
MOXIIMBI 03HaKH; (2) mojaiblile AeTaabHe IOCIIIKEHHS BEIMKOI KiILKOCTI 3pa3KiB, sKe
BKJIIOYA€E OIMC JIAIIE TOTEHIIIHHO MIarHOCTHYHUX O3HAK, OOpaHMX 3a pe3yJbTaTaMH
MOTIEPEHHOTO OCIiHKEHHS, BUXOSMYH 3 1X TiarHOCTUIHOI 3HAYYIIOCTI.

Knouosi cnosa: oyinka xapaxmepy, anamomis ma Mop@ono2ia IUWAUHUKIE, Onuc
¢enomuny, cmanoapmuzayis
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We present methods for phenotype evaluation oftaseslichens, which enhances the
chances to identify highly similar taxa using amaital and morphological features. The
basic idea is to evaluate characters with regarcbotopleteness and reproducibility. We
composed a list of about 100 basic characters eopbpe standardized ways of measuring
them. We also present a list of morphological antht@mical terms with their
standardized meaning. Basic guidelines for calig¢tpreparing and measuring lichen
material are described. The proposed phenotypiluatian process has two levels: (1) a
pilot study is carried out on a restricted numbiesaimples, but all available characters are
evaluated; (2) a detailed study of a large numibesamples that includes only potentially
diagnostic features that are chosen from the piiadly according to their discriminatory
weight.

Keywords: character evaluation, lichen anatomy, pihmlogy, phenotype description,
standardization
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IIpuBoauTCcs THOCCapuii OCHOBHBIX MOP(OJIOTMYCCKHX M AHATOMUYECKHX TEPMHHOB.
Omnucansl 6a30BEIC MpaBuiia cOOpa, MIOATOTOBKH M M3MEpeHUs MaTepuana. [IpemiaraeMebrii
TpoIIeC OTMCaHus (PEHOTHIIA pa3jielicH Ha aBa otamna: (1) mpeaBapuTenbHOe HCCIeT0BaHIE
MPOBOIUTCS Ha OTPAaHMYCHHOM dHCIEe OOpa3loB, y KOTOPBIX OIEHUBAIOTCA BCE
BO3MOXHBIC TIpH3HAKH; (2) meTambHOE HCCIEAOBaHHME OOJBIIOTO KOJMYECTBA OOpAasIoB,
KOTOpOE BKIIOYACT ONUCAHHWE TOJNBKO MOTEHIHANGHO IHATHOCTHYECKUX IPU3HAKOB,
BEIODAaHHBIX TI0 peE3ylbTaTaM IPEIBAPUTEIBFHOTO HCCICAOBAaHHM, WCXONi U3 UX
HArHOCTHYECKOW 3HAYMMOCTH.

Kniouegvie crosa: oyenxa npusnaka, aHamomus u MOpQOIo2us TUUAiHUKO8, OnUcanue
¢enomuna, cmanoapmuzayus

Introduction

It is remarkable that, although the morphology amdtomy of lichens has been
studied for over two hundred years, rather littteertion has been paid to methodology.
Morphological descriptions by some modern authoifferd little from those made by
lichenologists in the 19th century. These traddiodescriptions are often incomplete (some
characters are not considered), inadequate (eegptbcise status of measurements is not
specified) and not readily reproducible (methodd srminology not fully specified). There
are a few studies in which methods are discussddtail [EkKMAN 1996,PRINTZEN 1995], but
they are unusual.

One unfortunate consequence of this lack of atiantd details can be unjustified
claims that two phylospecies cannot be distingush their phenotype. However, careful
phenotypic evaluations can sometimes distinguish species. Indeed, in a species-rich and
taxonomically difficult group likeTeloschistaceadack of attention to detail is likely to lead
only to taxonomic confusion.

In the course of our work on crustose lichens ia Treloschistacegeit became
apparent that there was a need for some standaodizaf methods in the morphological
investigations of these lichens. We have designezh sa standard approach, and it is
described below. Our priorities were to ensure detepess (all meaningful characters should
be evaluated) and reproducibility (different workeshould obtain similar results from any
single specimen). We consider that these goalsbeambtained, though at a price: our
proposed methods are fairly time-consuming.

Some of our methods may be inapplicable to somer@toups of lichens, and some
of the comments we make below are not necessanigyfor other lichen groups. However,
we consider that work on most other groups of kshevould also benefit from some
standardization.

The following text first defines some morphologi@ld anatomical terms. (It also
lists some synonymous terms that we prefer notse).uThis is followed by some basic
guidelines, which we consider fundamental. Next, aigcuss the proposed methods for
sample preparation. Then we discuss the evaluatibrparticular morphological and
anatomical structures, and basic methods for thetiiication of pigments. Finally we discuss
some matters concerning process of study, measateoeounts and databases.

Glossary of morphological and anatomical terms inmistose lichens

Adnate apotheciaslightly raised above thallus surface and slightigstricted at the base.

Algonecral medullahyaline, paraplectenchymatous tissue below thel tdgar, formed by
thin-walled fungal cells among dead algal cellgaps created after the death of algal
cells [fig. 2A in VONDRAK et al. 2008b].

Alveolate cortex’'false cortex" formed by living isodiametric fungaglls among dead algal
cells or gaps after dead algal cells [fig. 1D i@NBRAK et al. 2009]. (The term



phaenocortexmeanscortical tissue of dead algal and fungal cellsAR et al. 2002],
but this kind of tissue probably does not occuerimstoseTl eloschistaceag

Amphitheciumsee thalline exciple.

Areoles:thallus units attached to the substrate by theecltwer surface; horizontal outline
angular or rounded, *+ isodiametric; areoles maysbkparated from each other
(scattered) or forming small separated groups ey tmay be adjacent (contiguous
areolate thalli). Other definitions and meaningsuaoles exist [e.q.ANSBERG1992],
but our definition is suitable for studies on therphology ofTeloschistaceae

Ascospore septum (widthyvidth of cell wall in partition of 1-septate or pwilocular
ascospores (figs 4—6); some authors [e.gTMORE 1994, 1996] use the term isthmus,
but it logically refers to the thin cytoplasmatitannel within the septum. The septum
has also been denoted as "equatorial thickeningéaquatorial wall-thickening" [e.g.
GAYA 2009, NAVARRO-ROSINES 2000] but we think these terms are confusing as it
may as well be used for the thick waist occurringcitriform ascospores of the.
thallincola group.

Biatorine apothecia:apothecia with well-developed or reduced true @ecibut strongly
reduced or lacking thalline exciple (fig. 3). Ourderstanding of this term follows e.g.
WIRTH [1995], but differs from the definition inMbTH et al. [2009]. "Lecideine
apothecia" are similar but have black, carbonizedpées [sensu WTH 1995], but
this term should probably not be used witheloschistaceasince we do not know of
any species with this kind of margin.

Blastidia: thallus outgrowths containing both algal cells &magal hyphae; (typically c. 50—
100 um wide, i.e. larger than typical soredia but snratan typical isidia); rounded,
upward elongated or irregularly shaped; rarely tihad; + constricted at base; not
aggregated (i.e. not forming structures like sajalwithout true cortex, but thin
alveolate cortex may be present. This term is somest used for isidia with
constricted bases [e.g.@NSBERG 1992], but our definition is more practical for
Teloschistaceae

Bullate thallus: formed of convex, seemingly inflated areoles withrounded horizontal
outline.

Cryptolecanorine apotheciaa lecanorine apothecium with a disk deeply reckssethe
thallus surface and an indistinct thalline rim Iadsfferentiated from the surrounding
thallus as a low bulge; in thgrict sensehis term only applies to immersed lecanorine
apothecia but these are frequently not reliablyirdisished from immersed lecideine
or immersed biatorine apothecia (LIAS glossary:
http://glossary.lias.net/wiki/Main_PageéVe prefer to avoid this unclear term.

Consoredia: formed by two or more regularly rounded sorediaairiarger and usually
irregularly shaped aggregate where individul s@dthve not broken up; similar to
blastidia, but originating from soralia togethetiwindividual soredia.

Diffuse (thallus margin)thallus gradually decreasing in thickness towatslsniargin, usually
surrounded by the prothallus.

Epihymenium:the uppermost layer of the hymenium, between tipsasti and tips of
paraphyses [fig. 1 inANTzZEN 1995]; its width is counted as "hymenium height or
thickness — height of asci”. (Some authors usedime epithecium but it is confusing;
see Bungratz 2002.)

Epinecral layer:layer of amorphous organic matter of lichen origmthe cortex surface.

Epithecium: See epihymenium.

Fruticulose thallus:formed of lobes detached from substrate and adtewt, or formed of
extended and branched isidia. (The definition byNRet al. [2002], "dwarf-fruticose
thallus, a smaller form of a fruticose thallus”,edonot reflect the situation in




Teloschistacegavhere fruticulose morphotypes are mainly secahdaacruited from
crustose lichens.)

Glutinized cell wall:walls of neighboring cells swollen and conglutetht{fig. 2A, B, in
SPCHTING et al. 2002].

Granules (in thallus morphologyyegetative diaspores in crustose thalli resemlgilioppose
isidia in shape and size, but the distinction betwgranules and surrounding surface
is less pronounced than in isidia; granules oftamfthe entire thallus; in this case
they do not originate from the thallus surface.

Immersed apothecianot raised above thallus surface.

Isidia: thallus outgrowths, usually more than 1@én wide; usually globose, upward
elongated, or peltate, rarely coralloid; coveredabgistinct alveolate cortex or true
cortex.

Isthmus:the thin cytoplasmatic channel within the septu(ithe term has also been used
incorrectly to denote ascospore septum.)

Lecanorine apotheciaapothecia with well-developed thalline exciple (fR); true exciple
reduced or absent. Most definitions only stresgtiesence of the thalline margin [e.g.
HENSEN JAHNS 1974, RYyAN et al. 2002; $nTH et al. 2009] and absence of true
exciple is suggested. Ifieloschistaceaave have not observed apothecia entirely
lacking a true exciple, however true exciple i®isgly reduced in some groups; we
call such apothecia also lecanorine [see fig. 28BUNGRATZ 2002]. Lecanorine
margin in immersed apothecia is sometimes calteghtolecanoring,

Leprose thallusiformed of tiny granules (< 10@m diam), not divided into thallus units.
According to LENDEMER et al.[2008], the thallus in a leprose species doesonsist
of soredia, but of granules.

Lobes:units of crustose thallus with non-isodiametricibontal outline (fig. 8); usually at
thallus margin and elongated outwards from thdubalenter.

Medulla: tissue situated below algal layer or below algoalemedulla; usually formed of
loose prosoplectenchyma; commonly filled by extlata crystals of calcium salts.

Paraplectenchymatissue (sometimes called “false tissue") formedt afodiametric cells
(length / width ratio in most cells 2).

Parathecium:See true exciple.

Placodioid thallus:rosette-form crustose thallus with lobes at thegina

Polarilocular ascosporesbicellular with the two cells separated by a tkiokd, centrally
perforated septum (fig. 4).

Proper exciple:See true exciple.

Prosoplectenchymdissue (sometimes called "false tissue") formedadfs distinctly longer
than wide (length / width ratio in most celts2); ideally formed of long and thin
hyphae.

Pseudolecanorine apotheciandistinctly lecanorine, i.e., apothecia that haaepoorly
developed thalline margin that is often only poatglimited by a cortex and generally
lacks photobiont cells (LIAS glossaryttp://glossary.lias.net/wiki/Main_PagéVe
prefer to avoid this indefinite term.

Pycnidial tops:spots on the thallus surface around pycnidiabtes| these spots often have
more intense pigmentation than the surroundindusaurface; they may also contain
different pigments than the surrounding thallus.

Scleroplectenchym& scletoprosoplectenchymderms used for tissues with thick-walled
cells [e.g. RaN et al, 2002]. We prefer to call them "thick-walled parand
prosoplectenchyma”.

Sessile apotheciaaised above thallus surface and distinctly coctsti at the base; apothecia
with strongly constricted base may be called "$esgth incised base”.




Soralia: areas where the surface of the thallus is erodddndnere soredia are produced from
the algal layer; they are usually well-delimiteddawyrounding thallus surface.

Soredia: + globose vegetative diaspores containing bothalagd fungal cells, produced in
groups in soralia from the algal layer; not encibs®e cortex/alveolate cortex; may
form groups — consoredia (see above).

Squamulesthallus units detached from substrate at the )d@s$ least at one side; horizontal
outline + rounded, isodiametric.

Stalked apotheciaaised above thallus surface, with the base pgadrinto the stalk.

Subhymeniumthin layer between hymenium and hypothecium cdingisof ascogeneous
hyphae [fig. 1 in RINTZEN 1995]; we do not recognize this layerTialoschistaceae

Suppressed apotheciglightly raised above thallus surface but not tacted at the base.

Thalline exciple:apothecial margin formed of tissue with fungal ahdtobiont cells; with or
without cortex; (Some authors use the term amptittine [see fig. 1 in \ETMORE
1994))

Thallus unit:single areole, squamule or lobe.

True exciple:inner apothecial margin formed of tight fungal iesand lacking photobiont
cells. ("proper exciple" or "parathecium"” are sypms for the true exciple.)

Vegetative diaspores (=vegetative propagules): parts of the thallus, which act as the
reproductive units for both fungal and algal pasngmultaneously; mainly soredia,
blastidia, isidia and granules. (Conidia are notsidered here, as they do not contain
algal cells.)

Zeorine apotheciaapothecia with both true and thalline exciple (f83; extent of true vs.
thalline exciple is sometimes hard to assess eaitgrand must be studied on vertical
sections.

Basic guidelines

(1) Whenever material is collected for a taxonoingtady, a rich sample should be taken to
include, as far as possible, young as well as deleloped thalli and any aberrant
morphotypes (e.g. lichens affected by snail grazlimpenicolous fungi or trampling).
Even if the sample is collected only for identifioa we would recommend the gathering
of a rich sample if possible. Clearly, this ruleshd not be followed when collecting rare
or endangered lichens.

B A

Exciple

Hymenium

Fig. 1. Left, placements of vertical sections on aphecium viewed from above; right, vertical section in

apothecium; A, vertical section showing incorrect iges and shapes of exciples, hymenium and
hypothecium; B, vertical section through the mid-pint showing correct sizes and shapes; Hyp —
hypothecium; Tr — true exciple; Th — thalline excige; arrows show measured widths of exciple and

heights of hypothecium



(2) When collecting material, ecological and gepbieal characters should be noticed
precisely; i.e. locality data, altitude, habitatjbstrate (type of bedrock, species of
phorophyte, etc.), light conditions, humidity ofethmicro-site and the exposure to
rainwater (see the list of characters in the enthefdescriptive part). Adjacent dominant
lichens should be also noticed. This kind of infatibn may be as characteristic of a
species as details of anatomy and morphology.

(3) In our experience, samples that at first apgeatontain only one species sometimes
contain two or more taxa with similar phenotypeslédular barcoding (ITS sequences
are used inTeloschistacegeshould be done at least from anomalous morphstype
morphologically or anatomically heterogeneous sasiplf molecular barcoding is not
available, then all + homogeneous parts of therbgemeous samples should be evaluated
separately.

(4) Only well-developed and representative matestaduld be used for measurements of
phenotype characters. For instance, specimensathabbviously young, suffering from
fungal infection or grazed should be omitted. Measwents should not be taken from
apothecia without spores or producing only defornspdres, as they are apt to be
unreliable. In other words, apothecial charactbmukl be measured only from apothecia
containing well-developed ascospores. Apothecialratters may be roughly appraised
from apothecia without well-developed spores, haseé observations are of limited value.

(5) Vertical sections should be made through theé-jpaint of apothecia when observing and
measuring the thickness of hypothecium and hymeramch the width of the thalline
exciple and true exciple. The further the sectisrfrom the mid-point, the more the
measurements will deviate from the value at the-paicht (fig. 1). Sections must be made
accurately perpendicular to the disc of the apatimec this is crucial for reliable
observations of apothecial tisst(@sie excipular hyphae, paraphyses and asci), wdnieh
mostly arranged in that plane.

Fresh material versus herbarium material

BARAL [1992] prefers the "vital taxonomy" in Ascomycetessing living (fresh)
material for observation of vital characters (dhgmiamyloidity, presence of croziers in the
subhymenium, ultrastructural characters), whichapl®ar or cannot be observed in dead
material. Fresh material may be used also for mofktthe observations within
Teloschistacegébut we found it more practical to work with "sil@®ed" herbarium material
dried out for at least several months. (1) Tissnesur group do not change as dramatically
with age of storage as demonstrated byrA [1992]. We have observed only indistinct
shrinking of mycobiont cells or expanding of thedalls in dead lichens. (2) Fresh material
often contains only fresh and vital ascospores,ciwido not show one of the important
characters — the width of septa (see below). (8slrmaterial is available for only a short
time, but herbarium material is available for yearthis enables reproducibility of phenotype
evaluations. It is true that living material is e@sgal for observation of a few characters (e.g.
hemiamyloidity, presence of croziers in the subhyim@, ultrastructural characters) which
disappear or cannot be observed in dead materiegRAB 1992], but we feel that the
advantages of herbarium material outweigh any desaidges.

Some characters do change in storage. While fucgjid usually do not change in
shape and width of their cell-walls, algal cellosrgly fade and somewhat deform (shrink)
after some years as their protoplast becomes nmmehles. In old material, it may be difficult
to distinguish between the real algal layer andugs without living algal cells (alveolate
cortex or algonecral medulla). Oil droplets in fheraphyses may also disappear after some
years. The colours of apothecia and thalli may gkan old herbarium material as a result of
microbial activity (usually when samples are inadsqly stored in places with periodically



increased humidity). However, when we investigateate than 100 year-old samples from
various herbaria, the colours of thalli and apoithedten appeared to be unchanged or only
slightly changed.

Evaluation of particular structures

Tissues

YOSHIMURA and $IMADA [1980] recognized eight tissue types, when ingasing
seven unrelated lichen species. Althougty& [2009] adopted this classification, it seems to
be overcomplicated for morphological evaluations TialoschistaceaeWe propose an
alternative simpler classification into four catege based on the shape and the width of cell-
walls: (1) paraplectenchyma (of £ isodiametric €ethost cells with an aspect ratio less than
two) with thin cell-walls (<1um); (2) paraplectenchyma with thick cell-walls (rfn); (3)
prosoplectenchyma (of long cells, with an aspetod raore than two; ideally of long and thin
hyphae) with thin cell-walls (<tm); (4) prosoplectenchyma with thick cell-walls (@h). In
prosoplectenchymatous tissues, we must furthergreze between tissue of irregularly
arranged hyphae (intricate type) and tissue of llglyaarranged hyphae (palisade type).
Globose cells (common ifeloschistacegeor angular cells (very rare) may be recognized in
paraplectenchyma [fig. 17 inYRN et al. 2002]. Tissues are further classified as loose or
dense.

The diameter of a cell is to be understood as tiotyits walls, but not any gelatinous
envelope or extracellular crystalline sheet (ifgarmt). In tissues with thick-walled cells, the
width of cell-walls should be also noted. Cell-vgah thick-walled tissues are often glutinized
(see the dictionary) and it can be impossible togeize the boundaries between the cell-
walls of two adjacent cells or hyphae; in this ¢dke diameter of cells may be measured as
the diameter of cell lumina. The cell-wall thickeekas been proven to be an important
character in somé&eloschistaceape.g. SICHTING et al. 2002].

Lower True Exciple

Fig 2. Vertical section of apothecial margin showig variability in cells in the true exciple.



Gradual transitions between tissue types are nobramon; e.g. lower part of true
exciple is usually prosoplectenchymatous, but ifgpemmost part is usually almost
paraplectenchymatous (fig. 2). The cortex of somieloschistaceae may be
paraplectenchymatous in its upper part and graglchinge into prosoplectenchymatous in
the lower part. In such complicated situationshhigpes of tissues should be characterized
separately with the note that they grade into exdloér.

Size and height of apothecia

The size of the apothecia is considered an impbitharacter in some groups of
Teloschistaceage.g. NaVARRO-ROSINES HLADUN 1996, \ONDRAK et al. 2012a]. Young
apothecia are of + the same size in samples ocbwarcrustosd eloschistaceaéc. 0,2-0,3
mm diam.) and the boundary between apothecial pdima@nd young apothecia is imprecise.
While in some species mature apothecia stay se@J6(mm diam.), in others they may grow
to large sizes (>1 mm). Thus we prefer to selegela(mature) apothecia in all examined
samples for measurements. Samples without matwthepa should not be measured. As a
practical matter, this can be done simply by excdgdsamples with apothecia lacking ripe
ascospores. The same rule applies to measurememtgothecial height, because young
apothecia are usually low and adnate even in ligeherwhich they are sessile or stipitate
when mature.

The height of apothecia is a little used charabtérit helps in some situations, e.g.
Caloplaca ferrugineoidesvith zstipitate apothecia differs from other taxatioe Caloplaca
holocarpa group with sessile apothecia MDRAK et al. 2012]. Differences in height of
apothecia are also sometimes observed betweenasitaka with sessile apothecia, e.g.
Caloplaca ferrugineaversusC. hungarica(our unpublished data). Attachment of apothecia to
the thallus is also a notable character; we progosase six categories [after fig. 5 in
FoucarD 2001; descriptions in the dictionary above]: (1)mersed in the thallus, (2)
suppressed, (3) adnate, (4) sessile, (5) sesditeingised base, (6) stalked apothecium. Such
a fine scale may be useful in distinguishing betwsenilar taxa, e.gCaloplaca variabilis
s.lat.(2-5) andC. chalybaeq1-4).

In species with very high apothecia, the medullay nb@ very high below the
apothecial disc [often several times; fig. 3 MEMER, POELT 1982]. In this case, height of
medulla below apothecia must be measured as aasepdraracter from height of medulla in
thallus.

Apothecial disc

The diameter of the disc need not be measureds talculated as "diameter of
apothecium--minus widths of (both) margins". The colour of thisc reflects the presence of
pigments in the epihymenium or/and presence ofuaaron the disc surface. The colour of
the disc and the whole apothecia is strongly imfaesl by light conditions (e.g. normally
orange apothecia are often pale yellow in strorgdsely but it is an important diagnostic
character in some groups [e.ggCHTING et al. 2008]. Apothecia are basically yellow, orange
or red (when with anthraquinones) or grey, browrblack (when without anthraquinones),
but they may be covered by a pruina, which mayus¢yrorange, brown, olive or white (in
apothecia with anthraquinones) or white (in apatheavithout anthraquinones).
Anthraquinone containing apothecia may also turaclblin some species. The "natural
blackening™ of apothecia must be distinguished frdarkening due to the presence of
melanins in cell-walls of lichenicolous fungi (esly hyphomycetes). These, if present, are
usually easily seen under the stereomicroscopeasds dots, spots or networks on the
apothecial surface.



True and thalline exciple

Three basic types of apothecial margins occufetoschistaceae(1) biatorine, (2)
lecanorine and (3) zeorine - definitions are in thietionary above. Characters of the
apothecial margins are very important; e.g. ledaeompothecia are diagnostic for the
Caloplaca cerinagroup [$UN et al. 2011] and biatorine apothecia for e@aloplaca
nubigenacomplex [fig. 5B in WLk 2012] andC. oleicola[V ONDRAK et al. 2010]. However,
most of Teloschistaceadave zeorine apothecial margin, where the ratitru vs. thalline
exciple may vary strongly within a single taxorg[eRoELT, WUNDER 1967].

We propose to measure the width of true and thleabkixciple in the direction precisely
parallel to the main thallus surface (e.g. in azwortal direction if the thallus is growing on a
horizontal substrate; fig. 3, black arrows). It medhat the width of the true and thalline
exciples gives us the total excipulum width in @auna view from above. The basic rule 5
(above) must be maintained. In some cases, eslyeaiaén the thalline exciple cannot be
veiwed below the true exciple when observed froravab the width of the thalline exciple
may be alternatively measured in the direction @edgcular to the outer surface of the
exciple, approximately at the mid point of apotlaétieight (fig.3, grey arrows).

Lecanorine apothecia

Biatorine apothecia

Fig 3. Vertical sections of apothecial margin; variability in lecanorine apothecia (pictures above); in
zeorine apothecia (pictures in the middle); in biadrine apothecia (pictures in the bottom); A=hymenium;
B=true exciple; C=thalline exciple. Black arrows; sandardized measurements of widths of true and
thalline exciples. Grey arrows; alternative possil®# measurements of the thalline exciple (explained the
text).



The colour of the apothecial margin reflects pigtagan in the uppermost true exciple
and the outer thalline exciple. The colour of btyhes of exciples may differ considerably
and should be assessed separately, e.g. @dluplaca xericagroup [VONDRAK et al. 2012],
the true exciple is in shades of yellow-orange tredthalline exciple is in shades of grey or
white pruinose. Both types of exciples in zeoripethecia have very similar colour in some
Teloschistacegee.g. theC. citrina group [VONDRAK et al. 2009], and cannot be clearly
distinguished on the surface and the apotheciaaappatorine. In these cases the widths
should be measured on vertical sections (not simgdgssed in a stereomicroscope).

In the vertical section, zeorine apothecialgloschistaceaare more or less similar to
fig. 2. The true exciple has rather isodiametridsca the uppermost part, but its lower parts
are formed by palisade prosenchyma which disapedosv the hypothecium. Some species
[e.g.Caloplaca irrubescendVeTMORE 2003], however, have a true exciple largely forrhgd
paraplectenchyma. The presence or absence of exciortthe thalline exciple may also
provide important information, as well as its widghosition, extent and structure when
present [e.g. ®ALT et al. 1992, \ONDRAK et al.2012].

Hymenium and hypothecium

The height (or thickness) of the hymenium and hiygpoium are usually only used as
supporting characters in regional identificatioryk¢e.g. FANSEN et al. 1987, PELT 1969,
SBCHTING et al. 2008, WRTH 1995, REETCHER, LAUNDON 2009]. Nevertheless, these
characters should be noted, because they may bertemp in particular groups. For
measurements of hymenium and hypothecium, the ¢bade 5" (see above) should be
maintained. We propose to measure hymenium andtgpiom height in the central, highest
part (fig. 1). Apart from the height of the hypothem, its shape is also important as it may be
flat at the bottom (e.g. i€aloplaca lobulatagroup) or have a conical shape with the tip
facing downwards in the central part (e.gCaloplaca xericegroup). It should be noted if the
hypothecium fully rests on an algal layer, or ifsittconnected with the medulla in the central
part. Another character employed in some papegs [4UGGIA et al. 2008] is the presence vs.
absence of extracellular oil drops in the hymeniamhypothecium (inspersed tissues).
Hypothecial tissues are rarely also species spejg@raplectenchyma i€@. chalybaeafig.
8A in WiLk 2012].

Paraphyses

Studies inTeloschistaceaeften use the width of (usually clavate) parapbyges; it
is considered a good character for taxa in soméiesue.g. MVARRO-ROSINES HLADUN
1996]. RELT [1969], as well as our own studies, suggestsdlsatthe width of paraphyses in
the lower part of the hymenium may be a good charaghe ratio of "width of paraphyses
tip/width of paraphyses in the lower hymenium" mag an even better character. For
instance, some species from tGaloplaca variabilisgroup have thick paraphyses, which
broaden only slightly at their tips. The opposgdaund in species of e.g. tle xericagroup,
which show a larger difference between thinner playaes and their widened tips (our
unpublished data). The number of widened cellhegaraphyses below their tips may also
differ among taxa [e.g. AVARRO-ROSINES HLADUN 1996].

Branching and anastomosing in paraphyses alsosvaéween species [see e.g.
NAVARRO-ROSINES HLADUN 1996]. Our experience is that branching and anasstng is
present in all carefully studied speciesTeloschistacegeghough very rare in some samples.
The frequency of these features should be notedrhdps three categories;
rare/regular/common). Another noteworthy charaigehe presence/absence of oil-drops in
the upper cells of the paraphyses [e.RAGT et al. 1992].



Asci

Asci in crustoseTeloschistacea@appear to be consistently of tieloschistegype
[HONEGGER1978]. The shape of the asci is almost alwaysatégwbut some species seem to
have more cylindrical asci (Arup, unpublished). Biwe of the asci correlates with two other
characters: ascospore size and height of the hymmenin our experience, the width and
length of asci are strongly dependent on the deweémtal stage of the ascospores inside. We
have also observed increasing of the width of bg@ressure in squash preparations, thus we
prefer to avoid measurements of asci in squashapmépns. In conclusion, we are skeptical
about the value of ascal characters, but they ineistonsidered in pilot studies (explained
below).

Ascospores

Ascospore shape, size and the width of the ascespeptum are commonly used
characters inTeloschistacegeas is apparent from many identification keys A ADE,
Roux 1985, FLETCHER, LAUNDON 2009, Nimis 1992, WIRTH 1995]. Unfortunatelly,
ascospores are not measured consistently; somenbbidgists investigate still living,
immature or overmature ascospores and get unreliabkasurements (fig. 4). KOH
pretreatment must be avoided before measuremeatscospore characters, because it causes
significant swelling of cell-walls and widening akcospore septa [e.gABAL 1992; our
observations].

Ascospore length and width are important charaaertgheir own, but their ratio also
gives some information about shape. The ascospgwmmpesin Teloschistaceags usually
ellipsoid in a broad sense (i.e. almost globoseadiy ellipsoid, thinly ellipsoid or fusiform),
but occasionally rhomboid or citriform (fig. 6D, By other shapes. Note also that the
ascospores are not always polarilocular, but exmegty also simple, 1-, 2- or 3-septate,
without thickened septa.
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Fig. 4. Development of spores i€aloplaca. In young spores (two on the left side), septum dth cannot be

clearly defined because of rounded shape of innempgre wall. Only "stabilized" ascospores (those in
square) should be measured, because their septumdafis are defined by the distance of inner walls a¢he

cells (loculi). Old spores showing strong plasmolis (the one on the right) without the internal cana
between cells should not be measured, because igetls are getting smaller.

The width of the ascospore septum is a very imporizharacter for "rough”
identifications of samples, because this charauiey determine the placement of samples in
particular groups or genera. For instan€&loplaca crenulatellaand similar species
(Xanthocarpiaspp.; [sensu AuP et al. 2013]) have thin spore septa, but morphologically
similar species from th€. holocarpagroup @Athallia spp.; [sensu RUP et al. 2013]) have
spores with distinctly thicker septa. Thus, correwasurements of septa are essential. In



Teloschistaceathe spore septum in fresh spores often looks thihjn herbarium material,
the spores are dead and the septum thickens tmgaeytents in different species. It normally
takes about a year of dry storage for spores tacalepletely (become stabilized) and show
the typicalCaloplacatype of septum, but it may take as much as twasykm all spores to be
stabilized in a sample. Thus, in fresh samplesgitges have to be killed to show the typical
form and septum morphology. Measurements of sangwagaining only fresh or only old
spores (after a strong natural plasmolysis) shoatdbe mixed with correct measurements of
dead, stabilized ascospores (fig. 4).

vl

Fig. 5. Young ascospores ofaloplaca interfulgens; left, observed before heating and drying (indistict
wall thickenings at septa); right, after heating aml kept for 5 minutes in dry state (wall thickeningsat
septa well-pronounced); bars = 10 pm.

Although we propose to avoid measurements of frasd old ascospores for
taxonomic studies, we may sometimes need to idefresh samples immediately. In such
cases, following the simple method proposed ty&R and REVELING [1984] and modified
by us may be used. Hand-cut sections in microscppgparations are heated (we heat
samples to 100° for c. 1 second), dried out andféefabout 5 minutes in dry state before a
second moistening. After this treatment, samplesllys show * correct septum widths (fig.
5).

Outer ascospore wall is usually uniformly thin, atious wall-thickenings are rarely
present; e.g. in the sand-glass spores seasuRb-ROSINESet al. [2000] and ARup [2006]
or the Physciatype ascospores with apically thickened walls .[eNAVARRO-ROSINES
HLADUN 1992]. Various ascospore shapes are depicted 06.fig

Thallus

The thallus provides a number of useful charactiacduding: size, thickness, colour
and character of its units (areoles, squamulesl@mes), though they are often modified by
the environment. Measurements should not be madevemile or poorly developed thalli.
Practically, thalli with well-developed apothecia {ertile taxa) or well-developed vegetative
diaspores (in rarely fertile or sterile taxa) shbok used.
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Fig. 6. Unusual ascospore shapes ifieloschistaceae; A, 1-septate without broadened wall in septum are,
B, "sand-glass ascospore" with overall broadened wi C, Rinodina-type; D, citriform; E, rhomboid; F, 4-
septate.

By the thallus size, we mean the ground area ofhaHi, which is usually expressed
by the diameter of thallus; this is easy to empgloyadially growing lichens. In irregular
thalli, we prefer to use a reasonably represematior instance average) diameter. When
thalli with a radial growth pattern grow closelyg&iher, they may merge into a large
conglomerate. In this case, we propose to measaraeters of only well-circumscribed
individual thalli (not conglomerates); as dich¥a [2009] in theCaloplaca saxicolagroup.
Measurements of the thallus diameter are problenmat few lichens, where the central parts
are soon detached and parts of the thallus margitiinte to grow forming long and
cambered "belts" [e.@Caloplaca anularis CLAUZADE, POELT 1972]. In this case, we propose
to measure width and length of the "belts" as attara showing ground area of the thalli.
Measurements of thallus size in taxa with conststgmoorly developed thalli, with effuse
thalli, or with areoles squeezed in between tlzdlbther species may have little meaning.

Thallus thickness should be measured in well-dgezlgarts of the thallus, i.e. in the
area within the studied sample, where the thakbumost representative. Places, where the
thallus forms thick tumors or is unusually abrupshyollen, must be avoided. Figure 7A
shows that the profile of thickness along a thallismeter may be different in various
lichens. Some lichens are thickest at the centréhefthallus and others at (or near) the
margins. The location of the thickest part of thallus may itself be a noteworthy character.
Figure 7 also shows how results may depend on tekasumement procedure: random
measurements (fig. 7B), or measurements in higiaats of well developed areoles (fig. 7C;
see also localizations of measurements on fig. B9th measurement procedures are
possible, but we prefer the latter one, becaudest better discrimination power (see the
differences between measurement spectra in fig& 7B).

Old thallus units may be overgrown by younger tallunits (especially in
squamulose thalli), so the final thallus may berfed of several layers of thalli covering each
other [fig. 1C in \ONDRAK et al. 2008a]; this multiplies the final thallus widt this case,
we recommend measuring the width of uppermost ueitsn if lower areoles (or squamules
/lobes) are still not dead. Nevertheless, overlagpihallus units may be a noteworthy
character of some taxa.



The thallus may be membranaceous (thin and nodefiviinto units), but often
consists of units well-circumscribed by crevicesbonad depressions in the upper surface.
The vertical and horizontal shape of these undssifies them as areoles, squamules or lobes
(see definitions). Depending on the character arahgement of the units, the thallus may be
densely to scattered areolate, bullate, squamulobate or fruticulose (see definitions).
While the diameter is measured in isodiametric laseand squamules, length and width are
assessed in lobes. For reproducibility and consigteof data, width of lobes may be
constantly measured at their base (fig. 8, dark)amnd tips (fig. 8, pale bars). Measurements
of lobes is however a difficult topic and methodaynhave to be modified for particular
studies.

The colour of the thallus is largely determineddigments deposited in the cortical
layer, though they may be masked by a crystallinenp (usually white) deposited on the
thallus surface. The thallus may turn darker ovimthe presence of melanins in cell-walls of
lichenicolous fungi (especially hyphomycetes). Traeg usually easily detected under the
stereomicroscope as dark dots, spots or networkbadlus surface. Grazing by snails causes
paler thalli as the pigment itself is eaten or =l Thalli with strong fungal infections,
grazed or otherwise abnormally affected shouldoeot¢valuated at all.

Vegetative diaspores

The thallus may produce vegetative diaspores, wiiehdivide into isidia, blastidia
and soredia (see definition above). Differencesvbeh soredia and blastidia and between
blastidia and isidia are not always definite buhea continuous. In extreme cases, soredia,
consoredia, blastidia, isidia and granules maydomd on a single lichen thallus and should
be assessed separately. The presence or absenegetditive diaspores is traditionally used
as a diagnostic character for specieq @hoschistacegemodern approaches however show
that thalli with and without vegetative diasporesymoccur in a single species [e.g.
LENDEMER, MORSE 2010, WETMORE 1994, WIRTH et al. 2011]. When soredia are present,
their position, shape and size should be noted,na@asurements of soredia and consoredia
(see definitions above) should be separated.

Cortex, algal layer, medulla

The cortical tissue, if present, may have varioppearances, when observed in
vertical sections. Based on our experience, wenautbur categories (fig. 9): (1) even cortex;
(2) uneven cortex; (3) cortex with cones; (4) furgfacks. The cortex with cones is adopted
from POELT [1958] [Kbgelrinden in original] and the term fualgstacks is proposed by
VONDRAK and KUBASEK [2013]. In the first two categories, the thickne$she cortex should
be evaluated by random measurements (arrows irffg& 9B & grey arrows in fig. 9C) ,
but the height of cortex cones (third category)ustidoe appraised separately (black arrows in
fig. 9C). In the fourth category, heights and wgltf fungal stacks are measured. The width
of fungal stacks often differs in their upper aoaiér part; we prefer to measure their width at
the mid point of their height. A real cortex (sée definition) is not common in crustose
Teloschistaceaeln European taxa, a false "alveolate cortex" (#ee definition) is more
frequent.

An epinecral layer (see the definition) may coves tortical layer and its thickness
may be of taxonomic importance. The boundary betwediving cortical tissue and the
epinecral layer is often difficult to recognize tli our experience dead cells of the epinecral
layer are not stained by lactoglycerol-cottonblure Pyrenodesmiasensu A&Rup et al. 2013
(species related to the black-fruiti@aloplaca variabili3, the boundary is recognized as the
thin layer of upper cortex / alveolated cortex eaming a grey pigment (K+ slightly violet);
K- epinecral layer (often very high) is locatedab this line.
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Fig. 8. Outline of marginal lobes in thallus ofCaloplaca anularis viewed from above with proposed places
of measurements of lobe widths. Dark grey bars - nasurements at bases of lobes; pale grey bars -
measurements at tips of lobes.

The algal layer may form an even horizontal layfét,is covered by an even cortex or
alveolate cortex. At the opposite extreme, it mayftrmed by stacks [algal stacks sensu
VONDRAK, KUBASEK 2013] enclosed by fungal stacks (fig. 9D). Theckhiess of the algal
layer or the height of algal stacks may be a usgfatacter. The diameter of photobiont cells
should be also measured in pilot studies.

Many of the Europeafeloschistaceaerusts have a thin thallus, so their medulla is
inconspicuous, but the medulla is much better agesl in thick crusts in arid regions of the
world. Its height may be an important charactet,the real medulla must be distinguished
from the false "algonecral medulla" (see the detnj, the height of which is measured as a
separate character. The height of the medulla aeglyrbe measured exactly, becatise
lower boundary of the lichen surface is often ratregue. (Often the medulla penetrates into
the substrate, especially in lichens on calcaresuisstrata.) The medulla may contain
extracellular crystals of calcium salts. Calciunsually as oxalate or carbonate) is easily
detected by the addition of concentrated sulphaid, which dissolves the crystals quickly
and forms new rosettes of needle-shaped crystalalatim sulphate [[MDAL 1992].

Pycnidia and conidia

Pycnidia inTeloschistaceaalways belong to theimbilicaria-type orXanthoriatype
sensu \OBIS [1980]. They are formed by one or several chambeening into a common
ostiolum. The size of the pycnidia is hard to asseecause they are hardly visible on the
thallus surface and to make a section through tld@amt of a pycnidium is not easy. To get
a reasonable measurement of the diameter, thedbiggetion must be chosen from several
consecutive thallus sections made around the prswantre of the pycnidium. It is often
difficult or even impossible to obtain reasonablenber of measurements per specimen (see
below), but low numbers of measurements give sameation of pycnidium size, which
may be a valuable character. The usual diamet&0@s-200um, but some species have
smaller pycnidia [e.gCaloplaca pyraceaVONDRAK et al.2012a].

The colour of the pycnidial tops (see the defim}iegs an important character. For
instanceCaloplaca crenulariehas orange-red anthraquinones in their pycnidjad,twhereas



the similar C. neotauricalacks these pigments. Both species have othergisg thalli
without anthraquinones [MIDRAK et al. 2012b].

Conidiophores (length, branching, etc.) and comjédieeous cells (size and shape) are
variable within Teloschistaceadfig. 5B-E in ARUP, GRUBE 1999], but they may also be
variable within one pycnidium [fig. 3B in &NDRAK et al. 2009]. Characters of the
conidiophores (height, branching, anastomosing,) e&ts well as the shape and size of
conidiogeneous cells may be useful in some groups.

Conidia are usually ellipsoid to bacilliform in stoseTeloschistacegebut may also

be subglobose [ONDRAK et al. 2008a]. In some taxa, there are both ellipsoid kzamilliform
conidia in the same pycnidium.
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Fig. 9. Types of cortex in vertical thallus sectiost A, even cortex; B, uneven cortex; C, cortex witkkones;
D, fungal stacks. Arrows are feasible positions aheasurements (explained in the text).
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Detection of pigments

Anthraquinones

The presence of anthraquinones is usually indicatedhe yellow to red colour.
However, when the amount of anthraquinones is lowheir pigmentation is overridden by
other pigments (e.g. melanins) the presence oframiimones should be tested (e.g. in
Caloplaca concilians These reactions are diagnostic: K+ strongly leurid—HCI+ yellow,
N+ orange, N>K+ violet-blue, NoK—HCI+ yellow, C— [VONDRAK et al. 2010]. The first
two reactions are normally sufficient.

Presence of chlorinated anthraquinones

LAUNDON [1992] observed that apothecia of so@eoplacaspecimens are C+ deep
purple, but the reason for this reaction was notagdy known to him. Our experiments
showed that the reaction with chloral is a helgh#racter reflecting the presence (C+ purple)
or absence (C-) of chlorinated anthraquinones. i@fdted anthraquinones (when present)
may be distributed unequally within the lichen agd; usually the lowest amounts are in the
thallus, with higher amounts in the apothecium slisnd the strongest concentration
(strongest C+ reaction) in the true exciple.

When using the C-reaction, care must be taken &thse correct concentration.
Chlorinated detergents bought in drugstores amndagtrongly concentrated and cause a C+
red spot reaction even on samples without chlagthanthraquinones. Therefore, we strongly
recommend testing the negative reaction on apaheicthe commorXanthoria parietina
which never has chlorinated anthraquinones. Theamation of the C-solution must be
reduced until it does not cause a red reactiomerapothecial discs &f. parietina

Acetone-insoluble pigments and other pigments

A list of common acetone-insoluble pigments in d&iok is provided by EYER and
PRINTZEN [2000] along with their diagnostic characters. Tafothem are present in some
TeloschistaceaeCinereorufa-green (= lecidea green; olive-blaick,K + unchanged, N+
red/purple/violaceous) and Sedifolia-grey (= thidilma green; greyish, K+ sordid violet, N+
purple/violet). WETMORE [1996] shows the presence/absence of these pigmanthe
epihymenium, margin and thallus of numerous spedMsile Sedifolia-grey is commonly
present in the European species, Cinereorufa-gisenather rare (e.g. inCaloplaca
crenularig, C. exsecutandC. fuscorufi.

Brown pigments are rarely presentTieloschistaceaerusts: (1) K+ orange pigment
[TRETIACH, MUGGIA 2006], (2) K- pigment [\YWNDRAK et al. 2012b] or (3) pigment bleaching
and forming colourless needle-like crystals in Ky(en Caloplaca demissaour unpublished
data). Other pigments, e.g. the yellow-green usmitd in Caloplaca (Usnochroma
carphinea are extremely rare.

Amyloidity

The reaction of various tissues with | (we use Uisgsolution without any chemical
pretreatment) was used as an important charactsoimg authors [e.g. ABNUSSON 1944,
SBCHTING 1989]. While the hymenium is perhaps always andyldghe hypothecium is
sometimes amyloid, and ascospores, the true exaplktex and medulla may be perhaps
amyloid in some cases. Amyloidity is mostly not lexaéed by recent authors, but we propose
to investigate it in pilot studies (see further aw



The process of phenotype evaluation

Since it is often not clear in the beginning whicharacters could be useful for
discrimination of the taxa, phenotype should bewatad in two steps. (1) A pilot study —
measuring of all available characters at a resttictumber of specimens. This will allow us
to evaluate a discrimination power of the charactard select the most powerful of them for
the second step. (2) A detailed study — measuffitigeoselected characters on a large number
of samples. The first step acquires samples cantanch and well-developed lichen material
(according to the basic rule 1), because matuseids and well developed structures are
needed for thorough observations which are lardestructive. (The chosen specimens must
be large enough to avoid destruction of it as dusth be possible to evaluate again.) The pilot
study is also time-consuming, because more thanhonered characters which are listed
below should be considered. In about this step,pwmpose to investigate at least three
geographically distinct samples of each taxon cordd by molecular analysis or at least of
each putative taxon. Choosing fewer than threeismers per taxon is inadvisable, as it
introduces a risk of working with aberrant samplés. each sample, more than five
measurements are advisable for each measurablactérarPractically it means that at least
five apothecia must be destroyed on a single spmtinbecause hymenium width,
hypothecium width and widths of exciples should lbgically measured only once per
apothecial section (fig. 1; the basic rule 5). Vdeommend choosing apothecia of variable
size and variable extent of the thalline exciplariability in width of thalline exciple is often
visible with the stereomicroscope). Measurementgafaphyses, ascospores and all cell
measurements may be done in one section only, lkeurewsommend measuring them in
several sections. For thallus characters, more fhen measurements are advisable per
sample; each measuremen in a separate unit @@eaquamule or lobe).

The time consuming process of the pilot study desdrabove is important for getting
preliminary information about (1) the variabilityf characters within a specimen, (2) the
difference in variability among specimens of a Bnigxon, (3) the difference in variability
between or among studied taxa.

Characters for the second step — the detailed stuahe selected based on the results
from the pilot study. The stepwise linear discriation analysis (ldc) for ranking the
individually best traits could be used for selesti@f the characters with highest
discrimination power. Characters without of wittwlaliscrimination power among studied
taxa are not considered in the detailed studyeAstl five measurements of each character on
every sample included in the detailed study aresathle. Efforts to select characters based on
the pilot study are seen in e.KNEAN [1994], but we have not found details about thiéotp
study"” in the methods part of any taxonomic studyichens.

In summarizing tables and texts for manuscriptsy@e@mmend showing results of the
measurements [following AN 1996] as (min.—) X1-X2-X3 (—max.), where min/max ar
extremes from all measurements, X1 is the lowestiapen arithmetic mean observed, X2 is
arithmetic mean of all observations, X3 is the lgthspecimen arithmetic mean observed.
Total numbers of assessed samples, total numbereaurements, and standard deviation
from all measurements should be also given for eaelasured character, e.g. in square
parenthesis [n; N; SD].

The following list contains characters, which mayfllled into the "working matrix"
as follows. Each listed character represents ohargoof the matrix; the ten measurements in
each specimen occupy ten rows. Coding of qualgativaracters is explained in the list of
characters in square parenthesis. Usual coding-ipresent, 0 — absent. Some characters are
coded by ordinary scale; vegetative diaspores i@@nized according to their size, colours to



their intensity, etc. When some character is naluated in the respective sample, a symbol
different from “0” (absence) should be filled inethespective matrix cell. The matrix based
on the following list of characters can be univllysased for crustos&eloschistacegéut it

is still not complete and may be modified for eatidied group.

List of characters for the pilot study

(1) In apothecia(1.1) diameter of apothecia; (1.2) height of apoth; (1.3) attachment
of apothecia to thallus [1, immersed; 2, suppres8ecdnate; 4, sessile; 5, stalked]; (1.4)
shape of disc in mature apothecia [1, concavela®, 3, convex]; (1.5) surface of mature
apothecial disc [1, cracked; 0, even]; (1.6) thetsof medulla below disc [measurements are
not acquired in groups where the thickness of miaddlow apothecia does not differ from
the thickness of surrounding medulla]; (1.7) apoidde margin in mature apothecia [1,
persistent, with expanding thalline exciple; 2,5p&ent, without expanding thalline exciple;
3, persistent, but reduced; 4, diminishing, sulbgidbelow the disc]; (1.8) width of true
exciple; (1.9) width of cells in uppermost true ipke [or diameter in paraplectenchymatous
cells]; (1.10) length of cells in uppermost trueciple [in paraplectenchyma not evaluated];
(2.11) width of cell-walls in upper exciple [measments of cell-wall width are aquired in
thick-walled cells, but not in thin-walled cellgq[1.12) width of cells in lower true exciple
[diameter in paraplectenchyma]; (1.13) length oflilscein lower true exciple [in
paraplectenchyma not evaluated]; (1.14) width dfwells in lower exciple [measurements
of cell-wall width are aquired at thick-walled |l (1.15) width of thalline exciple; (1.16)
cortex of thalline exciple [1, restricted to lowpart; 2, covering majority of or whole
surface]; (1.17) structure of cortex of thallinecigte [1, palisade plectenchyma; 2, intricate
plectenchyma; 3, paraplectenchyma]; (1.18) widthcells in cortex of thalline exciple
[diameter in paraplectenchyma]; (1.19) length ofilscéen cortex of thalline exciple [at
paraplectenchyma not evaluated]; (1.20) width df-wells in cortex of thalline exciple
[measurements of cell-wall width are aquired irckhivalled cells, but not in thin-walled
cells]; (1.21) ratio of exciples [1, biatorine apetia; 2, zeorine apothecia; 3, lecanorine
apothecia; 0, apothecial margin strongly reducabtsent]; (1.22) shape of hypothecium [1,
with the central conical extension downward; Ot fla the bottom]; (1.23) width of
hypothecium; (1.24) structure of hypothecium [1, rgpéectenchymatous; 2,
prosoplectenchymatous; 3, of variable cell shaped sizes]; (1.25) width of cells in
hypothecium [diameter in paraplectenchyma]; (1.B8)gth of cells in hypothecium [in
paraplectenchyma not evaluated]; (1.27) width dfwalls in hypothecium [measurements
of cell-wall width are aquired in thick-walled cgll (1.28) width of hymenium; (1.29)
extracellular crystals in hymenium / hypothecium fitesent; 0, absent]; (1.30) insperse
hymenium / hypothecium [1, present; 0, absentBILglutinized hymenium / hypothecium
[1, present; 0, absent]; (1.32) width of paraphysedower hymenium; (1.33) width of
paraphyses tips; (1.34) ratio of 1.30 / 1.29; (Lr@&mber of widened cells below paraphyses
tips; (1.36) oil drops in upper cells of paraphygkspresent; 0, absent]; (1.37) branching /
anastomosing of paraphyses [1, rare; 2, regulazp@®mon; 0, absent]; (1.38) height of asci;
(1.39) width of asci; (1.40) ascospore length; I).4scospore width (1.42) width of
ascospore septa [0, in 1-septate ascospores witloatiened wall in partition area]; (1.43)
ascospore length / width ratio; (1.44) ratio of tesep width / ascospore length; (1.45)
ascospores with more than 1 septum [1, presengb8ent]; (1.46) "sand-glass" type of
ascospores [1, present; 0, absent]; (1RBysciatype ascospores [1, present; 0, absent];
(1.48) rhomboid ascospores [1, present; 0, abs@nf9) citriform ascospores [1, present; 0O,
absent]; (1.50) more than 8 spores in asci [1, §esi0]; (1.51) ascospore quality [1, only
deformed ascospores present; 2, well-developedspspes present; 0, ascospores absent].



(2) in thallus: (2.1) diameter of thallus; (2.2) thickness of sl (2.3) vertical
complexity of thallus [1, thin membranaceous; Zrdse; 3, of flat areoles / squamules /
lobes; 4, of convex areoles / squamules / lobesf Bighly convex units, distinctly bullate; 6,
fruticulose]; (2.4) thallus units [1, granules gnB; dispersed areoles; 3, dense areoles; 5,
squamules; 6, lobes; etc.]; (2.5) thallus margindjffuse, with distinct prothallus; 2, diffuse,
without prothallus; 3, areolate; 4, squamulose;ldhate]; (2.6) diametre of areoles /
squamules / breadth of lobes; (2.7) length of lpk28) vegetative diaspores [1, granules; 2,
isidia; 3, blastidia; 4, soredia; 0, absent]; (2®ksition of soralia on thallus units [1, on
margins; 2, concave on upper surface; 3, convexigger surface; etc.]; (2.10) extent of
soredia [1, discrete, covering consistently lessntii/4 of thallus units; 2, discrete, but
covering larger area; 3, confluent, but not cowgnvhole thallus surface; 4 entire sorediate
crust]; (2.11) size of soralia; (2.12) size of shae[diameter]; (2.13) size of consoredia
[approximated diameter]; (2.14) size of blastidigpgroximated diameter]; (2.15) width or
diameter of isidia; (2.16) height of isidia; (2.13ige of granules [approximated diameter];
(2.18) cortex [1, even; 2, uneven,; 3, cortex witmes; 4, fungal stacks; 0, absent]; (2.19)
thickness of cortex / height and width of fungalchis; (2.20) structure of cortex [1, palisade
plectenchyma; 2, intricate plectenchyma; 3, padptehyma]; (2.21) thickness of alveolate
cortex; (2.22) width of cells in cortex / alveolatertex [diameter in paraplectenchymal];
(2.23) length of cells in cortex / alveolate corfexparaplectenchyma not evaluated]; (2.24)
width of cell-walls in cortex / alveolate cortex ¢asurements of cell-wall width are aquired
in thick-walled cells]; (2.25) glutinized cell-wallin cortex [1, present; 0, absent]; (2.26)
thickness of epinecral layer; (2.27) thicknessigéblayer / height and width of algal stacks;
(2.28) diameter of algal cells; (2.29) thicknessatgonecral medulla; (2.30) thickness of
medulla; (2.31) medullar tissue [1, loose thin-edllparenchyma; 2, loose thick-walled
parenchyma; 3, loose thin-walled prosenchyma; dsdothick-walled prosenchyma; etc.];
(2.32) extracellular crystals in medulla [1, prasenspots; 2, present all over; 0, absent];
(2.33) size of crystals in medulla; (2.34) extradal crystals in cortex [1, present in spots; 2,
present all over; 0, absent]; (2.35) size of cigsta cortex; (2.36) reaction of crystals with
sulphuric acid [1, positive; 0, negative; see mioréext above]; (2.37) presence of pycnidia
[1, present; O, absent]; (2.38) width of pycnidsgoproximate; min. - max.]; (2.39) width of
conidia; (2.40) length of conidia; (2.41) overlappithallus units [1, present; 0, absent];
(2.42) presence of pseudocyphaellae [1, poorly Idped; 2, well developed; 3, absent];
(2.43) lichenicolous thallus [1, young thalli lighieolous, but mature thalli free-living; 2,
thalli persistently lichenicolous; 0, non-lichenligos]; (2.44) lichenicolous lichens on studied
thalli [1, present (should be specified); 0, abggi245) lichenicolous fungal infections [1,
present (should be specified); 0, absent].

(3) pigments and colourg3.1) anthraquinones in apothecial disc [1, yejl@worange;

3, red; etc.; 0 absent]; (3.2) anthraquinones ule &xciple [1, yellow; 2, orange; 3, red; 0
absent]; (3.3) anthraquinones in thalline excidleyellow; 2, orange; etc.; 3, red; 0 absent];
(3.4) anthraquinones in thallus [1, yellow; 2, @yan3, red; etc.; 0 absent]; (3.5) Sedifolia-
grey in apothecial disc [1, grey; 2, blackish; Bsent]; (3.6) Sedifolia-grey in true exciple [1,
grey; 2, blackish; 0, absent]; (3.7) Sedifolia-gieythalline exciple [1, grey; 2, blackish; 0,
absent]; (3.8) Sedifolia-grey in thallus [1, gré&y; blackish; 0, absent]; (3.9) Cinereorufa-
green in apothecial disc [1, grey; 2, blackish;absent]; (3.10) Cinereorufa-green in true
exciple [1, grey; 2, blackish; 0, absent]; (3.11n&eorufa-green in thalline exciple [1, grey;
2, blackish; 0, absent]; (3.12) Cinereorufa-greenhallus [1, grey; 2, blackish; 0, absent];
(3.13) pruina on apothecial disc [1, white, in sp&, white, covering majority of surface; 3,
olive; 4, rusty; etc.; 0, absent]; (3.14) pruinatame exciple [as in 3.13]; (3.15) pruina on
thalline exciple [as in 3.13];(3.16) pruina on thal [as in 3.13]; (3.17) depigmented
(bleached) spots on thallus surface [1, presergbfent]; (3.18) chlorinated anthraquinones =
positive C-reaction [1, in exciple only; 2, in dignd exciple; 3, in disc, exciple and thallus; 0,



absent]; (3.19) other pigments in apothecia [1s@mé (should be specified); 0, absent]; (3.20)
other pigments in thallus [1, present (should bexgd); O, absent]; (3.21) pycnidial tops [1,
without anthraquinones, not contrasting in colouthwsurrounding thallus; 2, without
anthraquinones, but stronger pigmented than sudingrthallus; 3, with anthraquinones and
not contrasting in colour with surrounding thalldswith non-chlorinated anthraquinones and
brighter colour than surrounding thallus; 5, withlazinated anthraquinones; etc.]; (3.22)
hypothecium amyloid [1, yes; 0, no]; (3.23) trueipie amyloid [1, yes; 0, no]; (3.24) cortex
amyloid [1, yes; 0, no]; (3.25) medulla amyloid {&s; 0, no].

(4) distribution and ecology (possible coding failighic samples):(4.1) latitude; (4.2)
longitude; (4.3) altitude; (4.4.) macro-habitat fiesert; 2, steppe; 3, forest-steppe; 4, forest;
etc.]; (4.5) micro-habitat / substrate [1, epilithD, on other substrate (must be specified)];
(4.6) substrate reaction [1, acidic; 2, intermegid, basic]; (4.7) bedrock type [e.g. 1,
calcareous; 0, non-calcareous (should be spedifiegd®) substrate stability [1, soil or loess;
2, soft rock; 3, hard but weathered rock; 3, haxk}; (4.9) substrate particles [1, pebbles; 2,
stones, boulders; 3, rock]; (4.10) rainwater exp@gl, sheltered below overhang; 2, on *
vertical rock face; 3, on * horizontal rock fac@};11) local humidity [1, moist; 2, mesic; 3,
dry (should be specified)]; (4.12) light exposute $haded; 2, partly shaded; 3, open]; (4.13)
exposure to cardinal points.

Linda in Arcadia kindly revised the English. Oursearch was supported by the
program NAKI of the Ministry of Culture of the CzedRepublic (DF12P010VV025), the
long-term research development project RVO 67985889the Grant Agency of Faculty of
Environmental Sciences (CULS, 42900/1312/3114).
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