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ВОНДРАК Я., ФРОЛОВ І., АРУП У., ХОДОСОВЦЕВ О.Є. (2013). Методи оцінки 
фенотипу накипних лишайників на прикладі Teloschistaceae. Чорноморськ. бот. 
ж., 9 (3): 382-405. 
 
Представлені методи опису фенотипу накипних лишайників, що підвищують 
ймовірність поділу фенотипічних близьких таксонів на основі анатомічних і 
морфологічних ознак (без використання молекулярних даних). Головна ідея 
методики полягає в найбільш повній і відтворній оцінці ознак фенотипу. 
Запропоновано список приблизно 100 ознак і стандартизовані способи їх 
вимірювання. Наводиться глосарій основних морфологічних і анатомічних термінів. 
Описано базові правила збору, підготовки та вимірювання матеріалу. 
Запропонований процес опису фенотипу розділений на два етапи: (1) попереднє 
дослідження проводиться на обмеженому числі зразків, у яких оцінюються всі 
можливі ознаки; (2) подальше детальне дослідження великої кількості зразків, яке 
включає опис лише потенційно діагностичних ознак, обраних за результатами 
попереднього дослідження, виходячи з їх діагностичної значущості.  
 
Ключові слова: оцінка характеру, анатомія та морфологія лишайників, опис 
фенотипу, стандартизація 
 
VONDRÁK J., FROLOV I., ARUP U., KHODOSOVTSEV A. (2013). Methods for phenotypic 
evaluation of crustose lichens with emphasis on Teloschistaceae. Chornomors’k. bot. 
z., 9 (3): 382-405. 
 
We present methods for phenotype evaluation of crustose lichens, which enhances the 
chances to identify highly similar taxa using anatomical and morphological features. The 
basic idea is to evaluate characters with regard to completeness and reproducibility. We 
composed a list of about 100 basic characters and propose standardized ways of measuring 
them. We also present a list of morphological and anatomical terms with their 
standardized meaning.  Basic guidelines for collecting, preparing and measuring lichen 
material are described. The proposed phenotypic evaluation process has two levels: (1) a 
pilot study is carried out on a restricted number of samples, but all available characters are 
evaluated; (2) a detailed study of a large number of samples that includes only potentially 
diagnostic features that are chosen from the pilot study according to their discriminatory 
weight. 
 
Keywords: character evaluation, lichen anatomy, morphology, phenotype description, 
standardization 
 
ВОНДРАК Я., ФРОЛОВ И., АРУП У., ХОДОСОВЦЕВ А.Е. (2013).  Методы оценки 
фенотипа накипных лишайников на примере семейства Тeloschistaceae. 
Черноморск. бот. ж., 9 (3): 382-405. 
 
Представлены методы описания фенотипа накипных лишайников, повышающие 
вероятность разделения фенотипических близких таксонов на основе 
анатомических и морфологических признаков (без использования молекулярных 
данных). Главная идея методики заключается в как можно более полной и 
воспроизводимой оценке признаков фенотипа. Мы предлагаем список примерно 100 
признаков и стандартизированные способы их измерения.  
Приводится глоссарий основных морфологических и анатомических терминов. 
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Описаны базовые правила сбора, подготовки и измерения материала. Предлагаемый 
процес описания фенотипа разделен на два этапа: (1) предварительное исследование 
проводится на ограниченном числе образцов, у которых оцениваются все 
возможные признаки; (2) детальное исследование большого количества образцов, 
которое включает описание только потенциально диагностических признаков, 
выбранных по результатам предварительного исследовани, исходя из их 
диагностической значимости.         
 
Ключевые слова: оценка признака, анатомия и морфология лишайников, описание 
фенотипа, стандартизация 
 

Introduction 
 

It is remarkable that, although the morphology and anatomy of lichens has been 
studied for over two hundred years, rather little attention has been paid to methodology. 
Morphological descriptions by some modern authors differ little from those made by 
lichenologists in the 19th century. These traditional descriptions are often incomplete (some 
characters are not considered), inadequate (e.g. the precise status of measurements is not 
specified) and not readily reproducible (methods and terminology not fully specified). There 
are a few studies in which methods are discussed in detail [EKMAN, 1996; PRINTZEN, 1995], 
but they are unusual. 

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

In the course of our work on crustose lichens in the Teloschistaceae, it became 
apparent that there was a need for some standardization of methods in the morphological 
investigations of these lichens. We have designed such a standard approach, and it is 
described below. Our priorities were to ensure completeness (all meaningful characters should 
be evaluated) and reproducibility (different workers should obtain similar results from any 
single specimen). We consider that these goals can be obtained, though at a price: our 
proposed methods are fairly time-consuming. 

Some of our methods may be inapplicable to some other groups of lichens, and some 
of the comments we make below are not necessarily true for other lichen groups. However, 
we consider that work on most other groups of lichens would also benefit from some 
standardization. 

The following text first defines some morphological and anatomical terms. (It also 
lists some synonymous terms that we prefer not to use). This is followed by some basic 
guidelines, which we consider fundamental. Next, we discuss the proposed methods for 
sample preparation. Then we discuss the evaluation of particular morphological and 
anatomical structures, and basic methods for the identification of pigments. Finally we discuss 
some matters concerning process of study, measurement accounts and databases. 
 

Glossary of morphological and anatomical terms in crustose lichens 
  

Adnate apothecia: slightly raised above thallus surface and slightly constricted at the base. 
Algonecral medulla: hyaline, paraplectenchymatous tissue below the algal layer, formed by 

thin-walled fungal cells among dead algal cells or gaps created after the death of algal 
cells [fig. 2A in VONDRÁK et al., 2008b]. 

Alveolate cortex: "false cortex" formed by living isodiametric fungal cells among dead algal 
cells or gaps after dead algal cells [fig. 1D in VONDRÁK et al. 2009].  (The term 
phaenocortex means cortical tissue of dead algal and fungal cells [RYAN et al., 2002], 
but this kind of tissue probably does not occur in crustose Teloschistaceae.) 
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Amphithecium: see thalline exciple. 
Areoles: thallus units attached to the substrate by the entire lower surface; horizontal outline 

angular or rounded, ± isodiametric; areoles may be separated from each other 
(scattered) or forming small separated groups or they may be adjacent (contiguous 
areolate thalli). Other definitions and meanings of areoles exist [e.g. TØNSBERG, 
1992], but our definition is suitable for studies on the morphology of Teloschistaceae. 

Ascospore septum (width): width of cell wall in partition of 1-septate or polarilocular 
ascospores (figs 4–6); some authors [e.g. WETMORE 1994, 1996] use the term isthmus, 
but it logically refers to the thin cytoplasmatic channel within the septum. The septum 
has also been denoted as "equatorial thickening" or "equatorial wall-thickening" [e.g. 
GAYA 2009, NAVARRO-ROSINÉS 2000] but we think these terms are confusing as it 
may as well be used for the thick waist occurring in citriform ascospores of the C. 
thallincola group. 

Biatorine apothecia: apothecia with well-developed or reduced true exciple, but strongly 
reduced or lacking thalline exciple (fig. 3). Our understanding of this term follows e.g. 
WIRTH [1995], but differs from the definition in SMITH et al. [2009]. "Lecideine 
apothecia" are similar but have black, carbonized exciples [sensu WIRTH, 1995], but 
this term should probably not be used within Teloschistaceae since we do not know of 
any species with this kind of margin. 

Blastidia: thallus outgrowths containing both algal cells and fungal hyphae; (typically c. 50–
100 μm wide, i.e. larger than typical soredia but smaller than typical isidia); rounded, 
upward elongated or irregularly shaped; rarely branched; ± constricted at base; not 
aggregated (i.e. not forming structures like soralia); without true cortex, but thin 
alveolate cortex may be present. This term is sometimes used for isidia with 
constricted bases [e.g. TØNSBERG, 1992], but our definition is more practical for 
Teloschistaceae. 

Bullate thallus: formed of convex, seemingly inflated areoles with ± rounded horizontal 
outline. 

Cryptolecanorine apothecia: a lecanorine apothecium with a disk deeply recessed in the 
thallus surface and an indistinct thalline rim barely differentiated from the surrounding 
thallus as a low bulge; in the strict sense this term only applies to immersed lecanorine 
apothecia but these are frequently not reliably distinguished from immersed lecideine 
or immersed biatorine apothecia (LIAS glossary: 
http://glossary.lias.net/wiki/Main_Page). We prefer to avoid this unclear term.    

Consoredia: formed by two or more regularly rounded soredia in a larger and usually 
irregularly shaped aggregate where individul soredia have not broken up; similar to 
blastidia, but originating from soralia together with individual soredia. 

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

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

Epinecral layer: layer of amorphous organic matter of lichen origin on the cortex surface. 
Epithecium:  See epihymenium. 
Fruticulose thallus: formed of lobes detached from substrate and often erect, or formed of 

extended and branched isidia. (The definition by RYAN et al. [2002], "dwarf-fruticose 
thallus, a smaller form of a fruticose thallus", does not reflect the situation in 
Teloschistaceae, where fruticulose morphotypes are mainly secondarily recruited from 
crustose lichens.) 
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Glutinized cell wall: walls of neighboring cells swollen and conglutinated [fig. 2A, B, in 
SØCHTING et al., 2002]. 

Granules (in thallus morphology): vegetative diaspores in crustose thalli resembling globose 
isidia in shape and size, but the distinction between granules and surrounding surface 
is less pronounced than in isidia; granules often form the entire thallus; in this case 
they do not originate from the thallus surface. 

Immersed apothecia: not raised above thallus surface.  
Isidia: thallus outgrowths, usually more than 100 μm wide; usually globose, upward 

elongated, or peltate, rarely coralloid; covered by a distinct alveolate cortex or true 
cortex. 

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

Lecanorine apothecia: apothecia with well-developed thalline exciple (fig. 3); true exciple 
reduced or absent. Most definitions only stress the presence of the thalline margin [e.g. 
HENSEN, JAHNS, 1974; RYAN et al., 2002; SMITH et al. 2009] and absence of true 
exciple is suggested. In Teloschistaceae we have not observed apothecia entirely 
lacking a true exciple, however true exciple is strongly reduced in some groups; we 
call such apothecia also lecanorine [see fig. 26 in BUNGRATZ, 2002]. Lecanorine 
margin in immersed apothecia is sometimes called "cryptolecanorine". 

Leprose thallus: formed of tiny granules (< 100 μm diam), not divided into thallus units. 
According to LENDEMER et al. [2008], the thallus in a leprose species does not consist 
of soredia, but of granules.  

Lobes: units of crustose thallus with non-isodiametric horizontal outline (fig. 8); usually at 
thallus margin and elongated outwards from the thallus center. 

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

Paraplectenchyma: tissue (sometimes called "false tissue") formed of ± isodiametric cells 
(length / width ratio in most cells ˂ 2). 

Parathecium: See true exciple. 
Placodioid thallus: rosette-form crustose thallus with lobes at the margin. 
Polarilocular ascospores: bicellular with the two cells separated by a thickened, centrally 

perforated septum (fig. 4). 
Proper exciple: See true exciple. 
Prosoplectenchyma: tissue (sometimes called "false tissue") formed of cells distinctly longer 

than wide (length / width ratio in most cells ˃ 2); ideally formed of long and thin 
hyphae. 

Pseudolecanorine apothecia: indistinctly lecanorine, i.e., apothecia that have a poorly 
developed thalline margin that is often only poorly delimited by a cortex and generally 
lacks photobiont cells (LIAS glossary: http://glossary.lias.net/wiki/Main_Page) We 
prefer to avoid this indefinite term.   

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

Scleroplectenchyma & scletoprosoplectenchyma: terms used for tissues with thick-walled 
cells [e.g. RYAN et al., 2002]. We prefer to call them "thick-walled para- and 
prosoplectenchyma". 

Sessile apothecia: raised above thallus surface and distinctly constricted at the base; apothecia 
with strongly constricted base may be called "sessile with incised base". 

Soralia: areas where the surface of the thallus is eroded and where soredia are produced from 
the algal layer; they are usually well-delimited by surrounding thallus surface. 



Vondrák J., Frolov I., Arup U., Khodosovtsev A. 
 

 386

Soredia: ± globose vegetative diaspores containing both algal and fungal cells, produced in 
groups in soralia from the algal layer; not enclosed in cortex/alveolate cortex; may 
form groups  – consoredia (see above). 

Squamules: thallus units detached from substrate at the sides or at least at one side; horizontal 
outline ± rounded, isodiametric. 

Stalked apothecia: raised above thallus surface, with the base prolonged into the stalk. 
Subhymenium: thin layer between hymenium and hypothecium consisting of ascogeneous 

hyphae [fig. 1 in PRINTZEN, 1995]; we do not recognize this layer in Teloschistaceae. 
Suppressed apothecia: slightly raised above thallus surface but not constricted at the base. 
Thalline exciple: apothecial margin formed of tissue with fungal and photobiont cells; with or 

without cortex; (Some authors use the term amphithecium [see fig. 1 in WETMORE, 
1994]) 

Thallus unit: single areole, squamule or lobe. 
True exciple: inner apothecial margin formed of tight fungal tissue and lacking photobiont 

cells.  ("proper exciple" or "parathecium" are synonyms for the true exciple.) 
Vegetative diaspores (=vegetative propagules): all parts of the thallus, which act as the 

reproductive units for both fungal and algal partners simultaneously; mainly soredia, 
blastidia, isidia and granules. (Conidia are not considered here, as they do not contain 
algal cells.) 

Zeorine apothecia: apothecia with both true and thalline exciple (fig. 3); extent of true vs. 
thalline exciple is sometimes hard to assess externally and must be studied on vertical 
sections. 

 
Basic guidelines 
 

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

 
Fig. 1. Left, placements of vertical sections on apothecium viewed from above; right, vertical sections in 
apothecium; A, vertical section showing incorrect sizes and shapes of exciples, hymenium and 
hypothecium; B, vertical section through the mid-point showing correct sizes and shapes; Hyp – 
hypothecium; Tr – true exciple; Th – thalline exciple; arrows show measured widths of exciple and 
heights of hypothecium. 
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(2) When collecting material, ecological and geographical characters should be noticed 
precisely; i.e. locality data, altitude, habitat, substrate (type of bedrock, species of 
phorophyte, etc.), light conditions, humidity of the micro-site and the exposure to 
rainwater (see the list of characters in the end of the descriptive part). Adjacent dominant 
lichens should be also noticed. This kind of information may be as characteristic of a 
species as details of anatomy and morphology. 

(3) In our experience, samples that at first appear to contain only one species sometimes 
contain two or more taxa with similar phenotypes. Molecular barcoding (ITS sequences 
are used in Teloschistaceae) should be done at least from anomalous morphotypes in 
morphologically or anatomically heterogeneous samples. If molecular barcoding is not 
available, then all ± homogeneous parts of the heterogeneous samples should be evaluated 
separately. 

(4) Only well-developed and representative material should be used for measurements of 
phenotype characters. For instance, specimens that are obviously young, suffering from 
fungal infection or grazed should be omitted. Measurements should not be taken from 
apothecia without spores or producing only deformed spores, as they are apt to be 
unreliable. In other words, apothecial characters should be measured only from apothecia 
containing well-developed ascospores. Apothecial characters may be roughly appraised 
from apothecia without well-developed spores, but these observations are of limited value. 

(5) Vertical sections should be made through the mid-point of apothecia when observing and 
measuring the thickness of hypothecium and hymenium and the width of the thalline 
exciple and true exciple. The further the section is from the mid-point, the more the 
measurements will deviate from the value at the mid-point (fig. 1). Sections must be made 
accurately perpendicular to the disc of the apothecium; this is crucial for reliable 
observations of apothecial tissues (true excipular hyphae, paraphyses and asci), which are 
mostly arranged in that plane. 

 
Fresh material versus herbarium material 
 
BARAL [1992] prefers the "vital taxonomy" in Ascomycetes; using living (fresh) 

material for observation of vital characters (e.g. hemiamyloidity, presence of croziers in the 
subhymenium, ultrastructural characters), which disappear or cannot be observed in dead 
material. Fresh material may be used also for most of the observations within 
Teloschistaceae, but we found it more practical to work with "stabilized" herbarium material 
dried out for at least several months. (1) Tissues in our group do not change as dramatically 
with age of storage as demonstrated by BARAL [1992]. We have observed only indistinct 
shrinking of mycobiont cells or expanding of their walls in dead lichens. (2) Fresh material 
often contains only fresh and vital ascospores, which do not show one of the important 
characters – the width of septa (see below). (3) Fresh material is available for only a short 
time, but herbarium material is available for years – this enables reproducibility of phenotype 
evaluations. It is true that living material is essential for observation of a few characters (e.g. 
hemiamyloidity, presence of croziers in the subhymenium, ultrastructural characters) which 
disappear or cannot be observed in dead material [BARAL, 1992], but we feel that the 
advantages of herbarium material outweigh any disadvantages. 

Some characters do change in storage. While fungal cells usually do not change in 
shape and width of their cell-walls, algal cells strongly fade and somewhat deform (shrink) 
after some years as their protoplast becomes much smaller. In old material, it may be difficult 
to distinguish between the real algal layer and tissues without living algal cells (alveolate 
cortex or algonecral medulla). Oil droplets in the paraphyses may also disappear after some 
years. The colours of apothecia and thalli may change in old herbarium material as a result of 
microbial activity (usually when samples are inadequately stored in places with periodically 
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increased humidity). However, when we investigated more than 100 year-old samples from 
various herbaria, the colours of thalli and apothecia often appeared to be unchanged or only 
slightly changed. 
 

Evaluation of particular structures 
 

Tissues 
YOSHIMURA and SHIMADA [1980] recognized eight tissue types, when investigating 

seven unrelated lichen species. Although GAYA [2009] adopted this classification, it seems to 
be overcomplicated for morphological evaluations in Teloschistaceae. We propose an 
alternative simpler classification into four categories based on the shape and the width of cell-
walls: (1) paraplectenchyma (of ± isodiametric cells; most cells with an aspect ratio less than 
two) with thin cell-walls (<1 μm); (2) paraplectenchyma with thick cell-walls (>1 μm); (3) 
prosoplectenchyma (of long cells, with an aspect ratio more than two; ideally of long and thin 
hyphae) with thin cell-walls (<1 μm); (4) prosoplectenchyma with thick cell-walls (>1 μm). In 
prosoplectenchymatous tissues, we must further recognize between tissue of irregularly 
arranged hyphae (intricate type) and tissue of parallely arranged hyphae (palisade type). 
Globose cells (common in Teloschistaceae) or angular cells (very rare) may be recognized in 
paraplectenchyma [fig. 17 in RYAN et al., 2002]. Tissues are further classified as loose or 
dense.  

The diameter of a cell is to be understood as including its walls, but not any gelatinous 
envelope or extracellular crystalline sheet (if present). In tissues with thick-walled cells, the 
width of cell-walls should be also noted. Cell-walls in thick-walled tissues are often glutinized 
(see the dictionary) and it can be impossible to recognize the boundaries between the cell-
walls of two adjacent cells or hyphae; in this case, the diameter of cells may be measured as 
the diameter of cell lumina. The cell-wall thickness has been proven to be an important 
character in some Teloschistaceae [e.g. SØCHTING et al., 2002]. 

 
 

 
 

Fig 2. Vertical section of apothecial margin showing variability in cells in the true exciple. 
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Gradual transitions between tissue types are not uncommon; e.g. lower part of true 
exciple is usually prosoplectenchymatous, but its uppermost part is usually almost 
paraplectenchymatous (fig. 2). The cortex of some Teloschistaceae may be 
paraplectenchymatous in its upper part and gradually change into prosoplectenchymatous in 
the lower part. In such complicated situations, both types of tissues should be characterized 
separately with the note that they grade into each other. 
 
Size and height of apothecia 

The size of the apothecia is considered an important character in some groups of 
Teloschistaceae [e.g. NAVARRO-ROSINÉS, HLADUN, 1996; VONDRÁK et al., 2012a]. Young 
apothecia are of ± the same size in samples of various crustose Teloschistaceae (c. 0,2–0,3 
mm diam.) and the boundary between apothecial primordia and young apothecia is imprecise. 
While in some species mature apothecia stay small (<0,5 mm diam.), in others they may grow 
to large sizes (>1 mm). Thus we prefer to select larger (mature) apothecia in all examined 
samples for measurements. Samples without mature apothecia should not be measured. As a 
practical matter, this can be done simply by excluding samples with apothecia lacking ripe 
ascospores. The same rule applies to measurements of apothecial height, because young 
apothecia are usually low and adnate even in lichens in which they are sessile or stipitate 
when mature. 

The height of apothecia is a little used character but it helps in some situations, e.g. 
Caloplaca ferrugineoides with ±stipitate apothecia differs from other taxa of the Caloplaca 
holocarpa group with sessile apothecia [VONDRÁK et al., 2012]. Differences in height of 
apothecia are also sometimes observed between similar taxa with sessile apothecia, e.g. 
Caloplaca ferruginea versus C. hungarica (our unpublished data). Attachment of apothecia to 
the thallus is also a notable character; we propose to use six categories [after fig. 5 in 
FOUCARD, 2001; descriptions in the dictionary above]: (1) immersed in the thallus, (2) 
suppressed, (3) adnate, (4) sessile, (5) sessile with incised base, (6) stalked apothecium. Such 
a fine scale may be useful in distinguishing between similar taxa, e.g. Caloplaca variabilis 
s.lat. (2–5) and C. chalybaea (1–4). 

In species with very high apothecia, the medulla may be very high below the 
apothecial disc [often several times; fig. 3 in STEINER, POELT, 1982]. In this case, height of 
medulla below apothecia must be measured as a separate character from height of medulla in 
thallus. 

 
Apothecial disc  

The diameter of the disc need not be measured: it is calculated as "diameter of 
apothecium – minus widths of (both) margins". The colour of the disc reflects the presence of 
pigments in the epihymenium or/and presence of a pruina on the disc surface. The colour of 
the disc and the whole apothecia is strongly influenced by light conditions (e.g. normally 
orange apothecia are often pale yellow in strong shade), but it is an important diagnostic 
character in some groups [e.g. SØCHTING et al., 2008]. Apothecia are basically yellow, orange 
or red (when with anthraquinones) or grey, brown or black (when without anthraquinones), 
but they may be covered by a pruina, which may be rusty orange, brown, olive or white (in 
apothecia with anthraquinones) or white (in apothecia without anthraquinones). 
Anthraquinone containing apothecia may also turn black in some species. The "natural 
blackening" of apothecia must be distinguished from darkening due to the presence of 
melanins in cell-walls of lichenicolous fungi (especially hyphomycetes). These, if present, are 
usually easily seen under the stereomicroscope as dark dots, spots or networks on the 
apothecial surface. 
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True and thalline exciple 
Three basic types of apothecial margins occur in Teloschistaceae: (1) biatorine, (2) 

lecanorine and (3) zeorine - definitions are in the dictionary above. Characters of the 
apothecial margins are very important; e.g. lecanorine apothecia are diagnostic for the 
Caloplaca cerina group [ŠOUN et al., 2011] and biatorine apothecia for e.g. Caloplaca 
nubigena complex [fig. 5B in WILK, 2012] and C. oleicola [VONDRÁK et al., 2010]. However, 
most of Teloschistaceae have zeorine apothecial margin, where the ratio of true vs. thalline 
exciple may vary strongly within a single taxon [e.g. POELT, WUNDER, 1967]. 

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

 

 
 
Fig 3. Vertical sections of apothecial margin; variability in lecanorine apothecia (pictures above); in 
zeorine apothecia (pictures in the middle); in biatorine apothecia (pictures in the bottom); A=hymenium; 
B=true exciple; C=thalline exciple. Black arrows; standardized measurements of widths of true and 
thalline exciples. Grey arrows; alternative possible measurements of the thalline exciple (explained in the 
text). 
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The colour of the apothecial margin reflects pigmentation in the uppermost true 
exciple and the outer thalline exciple. The colour of both types of exciples may differ 
considerably and should be assessed separately, e.g. in the Caloplaca xerica group [VONDRÁK 
et al., 2012], the true exciple is in shades of yellow-orange and the thalline exciple is in 
shades of grey or white pruinose. Both types of exciples in zeorine apothecia have very 
similar colour in some Teloschistaceae, e.g. the C. citrina group [VONDRÁK et al., 2009], and 
cannot be clearly distinguished on the surface and the apothecia appear biatorine. In these 
cases the widths should be measured on vertical sections (not simply assessed in a 
stereomicroscope). 

In the vertical section, zeorine apothecia in Teloschistaceae are more or less similar to 
fig. 2. The true exciple has rather isodiametric cells in the uppermost part, but its lower parts 
are formed by palisade prosenchyma which disappears below the hypothecium. Some species 
[e.g. Caloplaca irrubescens, WETMORE, 2003], however, have a true exciple largely formed 
by paraplectenchyma. The presence or absence of a cortex in the thalline exciple may also 
provide important information, as well as its width, position, extent and structure when 
present [e.g. GIRALT et al., 1992; VONDRÁK et al., 2012]. 
 
Hymenium and hypothecium 

The height (or thickness) of the hymenium and hypothecium are usually only used as 
supporting characters in regional identification keys [e.g. HANSEN et al., 1987; POELT, 1969; 
SØCHTING et al., 2008; WIRTH, 1995; FLETCHER, LAUNDON, 2009]. Nevertheless, these 
characters should be noted, because they may be important in particular groups. For 
measurements of hymenium and hypothecium, the "basic rule 5" (see above) should be 
maintained. We propose to measure hymenium and hypothecium height in the central, highest 
part (fig. 1). Apart from the height of the hypothecium, its shape is also important as it may be 
flat at the bottom (e.g. in Caloplaca lobulata group) or have a conical shape with the tip 
facing downwards in the central part (e.g. in Caloplaca xerica group). It should be noted if the 
hypothecium fully rests on an algal layer, or if it is connected with the medulla in the central 
part. Another character employed in some papers [e.g. MUGGIA et al., 2008] is the presence 
vs. absence of extracellular oil drops in the hymenium or hypothecium (inspersed tissues). 
Hypothecial tissues are rarely also species specific [paraplectenchyma in C. chalybaea, fig. 
8A in WILK, 2012]. 
 
Paraphyses 

Studies in Teloschistaceae often use the width of (usually clavate) paraphyses tips; it 
is considered a good character for taxa in some studies [e.g. NAVARRO-ROSINÉS, HLADUN 
1996]. POELT [1969], as well as our own studies, suggests that also the width of paraphyses in 
the lower part of the hymenium may be a good character. The ratio of "width of paraphyses 
tip/width of paraphyses in the lower hymenium" may be an even better character. For 
instance, some species from the Caloplaca variabilis group have thick paraphyses, which 
broaden only slightly at their tips. The opposite is found in species of e.g. the C. xerica group, 
which show a larger difference between thinner paraphyses and their widened tips (our 
unpublished data). The number of widened cells in the paraphyses below their tips may also 
differ among taxa [e.g. NAVARRO-ROSINÉS, HLADUN, 1996]. 

Branching and anastomosing in paraphyses also varies between species [see e.g. 
NAVARRO-ROSINÉS, HLADUN, 1996]. Our experience is that branching and anastomosing is 
present in all carefully studied species in Teloschistaceae, though very rare in some samples. 
The frequency of these features should be noted (perhaps three categories; 
rare/regular/common). Another noteworthy character is the presence/absence of oil-drops in 
the upper cells of the paraphyses [e.g. GIRALT et al., 1992]. 
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Asci 
Asci in crustose Teloschistaceae appear to be consistently of the Teloschistes-type 

[HONEGGER, 1978]. The shape of the asci is almost always clavate, but some species seem to 
have more cylindrical asci (Arup, unpublished). The size of the asci correlates with two other 
characters: ascospore size and height of the hymenium. In our experience, the width and 
length of asci are strongly dependent on the developmental stage of the ascospores inside. We 
have also observed increasing of the width of asci by pressure in squash preparations, thus we 
prefer to avoid measurements of asci in squash preparations. In conclusion, we are skeptical 
about the value of ascal characters, but they must be considered in pilot studies (explained 
below). 
 
Ascospores 

Ascospore shape, size and the width of the ascospore septum are commonly used 
characters in Teloschistaceae, as is apparent from many identification keys [CLAUZADE, 
ROUX, 1985; FLETCHER, LAUNDON, 2009; NIMIS, 1992; WIRTH, 1995]. Unfortunatelly, 
ascospores are not measured consistently; some lichenologists investigate still living, 
immature or overmature ascospores and get unreliable measurements (fig. 4). KOH 
pretreatment must be avoided before measurements of ascospore characters, because it causes 
significant swelling of cell-walls and widening of ascospore septa [e.g. BARAL, 1992; our 
observations]. 

Ascospore length and width are important characters on their own, but their ratio also 
gives some information about shape. The ascospore shape in Teloschistaceae is usually 
ellipsoid in a broad sense (i.e. almost globose, broadly ellipsoid, thinly ellipsoid or fusiform), 
but occasionally rhomboid or citriform (fig. 6D, E) or other shapes. Note also that the 
ascospores are not always polarilocular, but exceptionally also simple, 1-, 2- or 3-septate, 
without thickened septa. 

 
Fig. 4. Development of spores in Caloplaca. In young spores (two on the left side), septum width cannot be 
clearly defined because of rounded shape of inner spore wall. Only "stabilized" ascospores (those in 
square) should be measured, because their septum widths are defined by the distance of inner walls of the 
cells (loculi). Old spores showing strong plasmolysis (the one on the right) without the internal canal 
between cells should not be measured, because iner cells are getting smaller. 
 

The width of the ascospore septum is a very important character for "rough" 
identifications of samples, because this character may determine the placement of samples in 
particular groups or genera. For instance, Caloplaca crenulatella and similar species 
(Xanthocarpia spp.; [sensu ARUP et al., 2013]) have thin spore septa, but morphologically 
similar species from the C. holocarpa group (Athallia spp.; [sensu ARUP et al., 2013]) have 
spores with distinctly thicker septa. Thus, correct measurements of septa are essential. In 



Methods for phenotypic evaluation of crustose lichens with emphasis on Teloschistaceae 
 

 393

Teloschistaceae the spore septum in fresh spores often looks thin, but in herbarium material, 
the spores are dead and the septum thickens to varying extents in different species. It normally 
takes about a year of dry storage for spores to die completely (become stabilized) and show 
the typical Caloplaca type of septum, but it may take as much as two years for all spores to be 
stabilized in a sample. Thus, in fresh samples the spores have to be killed to show the typical 
form and septum morphology. Measurements of samples containing only fresh or only old 
spores (after a strong natural plasmolysis) should not be mixed with correct measurements of 
dead, stabilized ascospores (fig. 4). 

 

 
 
Fig. 5. Young ascospores of Caloplaca interfulgens; left, observed before heating and drying (indistinct 
wall thickenings at septa); right, after heating and kept for 5 minutes in dry state (wall thickenings at 
septa well-pronounced); bars = 10 µm. 

 
Although we propose to avoid measurements of fresh and old ascospores for 

taxonomic studies, we may sometimes need to identify fresh samples immediately. In such 
cases, following the simple method proposed by STEINER and PEVELING [1984] and modified 
by us may be used. Hand-cut sections in microscopic preparations are heated (we heat 
samples to 100° for c. 1 second), dried out and left for about 5 minutes in dry state before a 
second moistening. After this treatment, samples usually show ± correct septum widths (fig. 
5). 

Outer ascospore wall is usually uniformly thin, but various wall-thickenings are rarely 
present; e.g. in the sand-glass spores sensu NAVARO-ROSINÉS et al. [2000] and ARUP [2006] 
or the Physcia-type ascospores with apically thickened walls [e.g. NAVARRO-ROSINÉS, 
HLADUN, 1992]. Various ascospore shapes are depicted on fig. 6. 

 
Thallus 

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

By the thallus size, we mean the ground area of the thalli, which is usually expressed 
by the diameter of thallus; this is easy to employ in radially growing lichens. In irregular 
thalli, we prefer to use a reasonably representative (for instance average) diameter. When 
thalli with a radial growth pattern grow closely together, they may merge into a large 
conglomerate. In this case, we propose to measure diameters of only well-circumscribed 
individual thalli (not conglomerates); as did GAYA [2009] in the Caloplaca saxicola group. 
Measurements of the thallus diameter are problematic in a few lichens, where the central parts 
are soon detached and parts of the thallus margin continue to grow forming long and 
cambered "belts" [e.g. Caloplaca anularis; CLAUZADE, POELT, 1972]. In this case, we propose 
to measure width and length of the "belts" as characters showing ground area of the thalli. 
Measurements of thallus size in taxa with consistently poorly developed thalli, with effuse 
thalli, or with areoles squeezed in between thalli of other species may have little meaning. 

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

Old thallus units may be overgrown by younger thallus units (especially in 
squamulose thalli), so the final thallus may be formed of several layers of thalli covering each 
other [fig. 1C in VONDRÁK et al., 2008a]; this multiplies the final thallus width. In this case, 
we recommend measuring the width of uppermost units, even if lower areoles (or squamules 
/lobes) are still not dead. Nevertheless, overlapping thallus units may be a noteworthy 
character of some taxa. 
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The thallus may be membranaceous (thin and not divided into units), but often 
consists of units well-circumscribed by crevices or broad depressions in the upper surface. 
The vertical and horizontal shape of these units classifies them as areoles, squamules or lobes 
(see definitions). Depending on the character and arrangement of the units, the thallus may be 
densely to scattered areolate, bullate, squamulose, lobate or fruticulose (see definitions). 
While the diameter is measured in isodiametric areoles and squamules, length and width are 
assessed in lobes. For reproducibility and consistency of data, width of lobes may be 
constantly measured at their base (fig. 8, dark bars) and tips (fig. 8, pale bars). Measurements 
of lobes is however a difficult topic and methods may have to be modified for particular 
studies.   

The colour of the thallus is largely determined by pigments deposited in the cortical 
layer, though they may be masked by a crystalline pruina (usually white) deposited on the 
thallus surface. The thallus may turn darker owing to the presence of melanins in cell-walls of 
lichenicolous fungi (especially hyphomycetes). They are usually easily detected under the 
stereomicroscope as dark dots, spots or networks on thallus surface. Grazing by snails causes 
paler thalli as the pigment itself is eaten or reduced. Thalli with strong fungal infections, 
grazed or otherwise abnormally affected should not be evaluated at all. 
 
Vegetative diaspores 

The thallus may produce vegetative diaspores, which we divide into isidia, blastidia 
and soredia (see definition above). Differences between soredia and blastidia and between 
blastidia and isidia are not always definite but rather continuous. In extreme cases, soredia, 
consoredia, blastidia, isidia and granules may be found on a single lichen thallus and should 
be assessed separately. The presence or absence of vegetative diaspores is traditionally used 
as a diagnostic character for species in Teloschistaceae, modern approaches however show 
that thalli with and without vegetative diaspores may occur 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, and measurements of soredia and consoredia 
(see definitions above) should be separated.  
 
Cortex, algal layer, medulla 

The cortical tissue, if present, may have various appearances, when observed in 
vertical sections. Based on our experience, we outline four categories (fig. 9): (1) even cortex; 
(2) uneven cortex; (3) cortex with cones; (4) fungal stacks. The cortex with cones is adopted 
from POELT [1958] [Kögelrinden in original] and the term fungal stacks is proposed by 
VONDRÁK and KUBÁSEK [2013]. In the first two categories, the thickness of the cortex should 
be evaluated by random measurements (arrows in figs 9A & 9B & grey arrows in fig. 9C) , 
but the height of cortex cones (third category) should be appraised separately  (black arrows in 
fig. 9C). In the fourth category, heights and widths of fungal stacks are measured. The width 
of fungal stacks often differs in their upper and lower part; we prefer to measure their width at 
the mid point of their height. A real cortex (see the definition) is not common in crustose 
Teloschistaceae. In European taxa, a false "alveolate cortex" (see the definition) is more 
frequent. 

An epinecral layer (see the definition) may cover the cortical layer and its thickness 
may be of taxonomic importance. The boundary between a living cortical tissue and the 
epinecral layer is often difficult to recognize, but in our experience dead cells of the epinecral 
layer are not stained by lactoglycerol-cottonblue. In Pyrenodesmia sensu ARUP et al., 2013 
(species related to the black-fruiting Caloplaca variabilis), the boundary is recognized as the 
thin layer of upper cortex / alveolated cortex containing a grey pigment (K+ slightly violet); 
K-  epinecral layer (often very high) is located above this line. 

 



Vondrák J., Frolov I., Arup U., Khodosovtsev A. 
 

 396

 

 
  

 
 

Fi
g.

 7
. T

ha
llu

s h
ei

gh
t m

ea
su

re
m

en
ts

 in
 th

re
e 

di
ffe

re
nt

 t
ax

a;
 d

iff
er

en
ce

s 
in

 re
su

lts
 fr

om
 r

an
do

m
 m

ea
su

re
m

en
ts

 v
s.

 m
ea

su
re

m
en

ts
 i

n 
hi

gh
es

t p
oi

nt
s 

of
 w

el
l d

ev
el

op
ed

 a
re

ol
es

. 
  



Methods for phenotypic evaluation of crustose lichens with emphasis on Teloschistaceae 
 

 397

 
 
Fig. 8. Outline of marginal lobes in thallus of Caloplaca anularis viewed from above with proposed places 
of measurements of lobe widths. Dark grey bars - measurements at bases of lobes; pale grey bars - 
measurements at tips of lobes. 

 
The algal layer may form an even horizontal layer, if it is covered by an even cortex or 

alveolate cortex. At the opposite extreme, it may be formed by stacks [algal stacks sensu 
VONDRÁK, KUBÁSEK, 2013] enclosed by fungal stacks (fig. 9D). The thickness of the algal 
layer or the height of algal stacks may be a useful character. The diameter of photobiont cells 
should be also measured in pilot studies. 

Many of the European Teloschistaceae crusts have a thin thallus, so their medulla is 
inconspicuous, but the medulla is much better developed in thick crusts in arid regions of the 
world. Its height may be an important character, but the real medulla must be distinguished 
from the false "algonecral medulla" (see the definition), the height of which is measured as a 
separate character. The height of the medulla can rarely be measured exactly, because the 
lower boundary of the lichen surface is often rather vague. (Often the medulla penetrates into 
the substrate, especially in lichens on calcareous substrata.) The medulla may contain 
extracellular crystals of calcium salts. Calcium (usually as oxalate or carbonate) is easily 
detected by the addition of concentrated sulphuric acid, which dissolves the crystals quickly 
and forms new rosettes of needle-shaped crystals of calcium sulphate [TIMDAL, 1992]. 
 
Pycnidia and conidia 

Pycnidia in Teloschistaceae always belong to the Umbilicaria-type or Xanthoria-type 
sensu VOBIS [1980]. They are formed by one or several chambers opening into a common 
ostiolum. The size of the pycnidia is hard to assess, because they are hardly visible on the 
thallus surface and to make a section through the midpoint of a pycnidium is not easy. To get 
a reasonable measurement of the diameter, the biggest section must be chosen from several 
consecutive thallus sections made around the presumed centre of the pycnidium. It is often 
difficult or even impossible to obtain reasonable number of measurements per specimen (see 
below), but low numbers of measurements give some indication of pycnidium size, which 
may be a valuable character. The usual diameter is 100–200 μm, but some species have 
smaller pycnidia [e.g. Caloplaca pyracea; VONDRÁK et al., 2012a]. 
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The colour of the pycnidial tops (see the definition) is an important character. For 
instance, Caloplaca crenularia has orange-red anthraquinones in their pycnidial tops, whereas 
the similar C. neotaurica lacks these pigments. Both species have otherwise grey thalli 
without anthraquinones [VONDRÁK et al., 2012b]. 

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

Conidia are usually ellipsoid to bacilliform in crustose Teloschistaceae, but may also 
be subglobose [VONDRÁK et al., 2008a]. In some taxa, there are both ellipsoid and bacilliform 
conidia in the same pycnidium. 

 

 
 

Fig. 9. Types of cortex in vertical thallus sections; A, even cortex; B, uneven cortex; C, cortex with cones; 
D, fungal stacks. Arrows are feasible positions of measurements (explained in the text). 
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Detection of pigments 
 

Anthraquinones 
The presence of anthraquinones is usually indicated by the yellow to red colour. 

However, when the amount of anthraquinones is low or their pigmentation is overridden by 
other pigments (e.g. melanins) the presence of anthraquinones should be tested (e.g. in 
Caloplaca concilians). These reactions are diagnostic: K+ strongly purple, K→HCl+ yellow, 
N+ orange, N→K+ violet-blue, N→K→HCl+ yellow, C– [VONDRÁK et al. 2010]. The first 
two reactions are normally sufficient. 
 
Presence of chlorinated anthraquinones 

LAUNDON [1992] observed that apothecia of some Caloplaca specimens are C+ deep 
purple, but the reason for this reaction was not certainly known to him. Our experiments 
showed that the reaction with chloral is a helpful character reflecting the presence (C+ purple) 
or absence (C–) of chlorinated anthraquinones. Chlorinated anthraquinones (when present) 
may be distributed unequally within the lichen surface; usually the lowest amounts are in the 
thallus, with higher amounts in the apothecium discs and the strongest concentration 
(strongest C+ reaction) in the true exciple.  

When using the C-reaction, care must be taken to use the correct concentration. 
Chlorinated detergents bought in drugstores are often strongly concentrated and cause a C+ 
red spot reaction even on samples without chlorinated anthraquinones. Therefore, we strongly 
recommend testing the negative reaction on apothecia of the common Xanthoria parietina, 
which never has chlorinated anthraquinones. The concentration of the C-solution must be 
reduced until it does not cause a red reaction on the apothecial discs of X. parietina. 
 
Acetone-insoluble pigments and other pigments 

A list of common acetone-insoluble pigments in lichens is provided by MEYER and 
PRINTZEN [2000] along with their diagnostic characters. Two of them are present in some 
Teloschistaceae: Cinereorufa-green (= lecidea green; olive-black, in K ± unchanged, N+ 
red/purple/violaceous) and Sedifolia-grey (= thalloidima green; greyish, K+ sordid violet, N+ 
purple/violet). WETMORE [1996] shows the presence/absence of these pigments in the 
epihymenium, margin and thallus of numerous species. While Sedifolia-grey is commonly 
present in the European species, Cinereorufa-green is rather rare (e.g. in Caloplaca 
crenularia, C. exsecuta and C. fuscorufa). 

Brown pigments are rarely present in Teloschistaceae crusts: (1) K+ orange pigment 
[TRETIACH, MUGGIA, 2006], (2) K- pigment [VONDRÁK et al., 2012b] or (3) pigment 
bleaching and forming colourless needle-like crystals in K (e.g. in Caloplaca demissa; our 
unpublished data). Other pigments, e.g. the yellow-green usnic acid in Caloplaca 
(Usnochroma) carphinea, are extremely rare. 
 
Amyloidity 

The reaction of various tissues with I (we use Lugol's solution without any chemical 
pretreatment) was used as an important character by some authors [e.g. MAGNUSSON, 1944; 
SØCHTING, 1989]. While the hymenium is perhaps always amyloid, the hypothecium is 
sometimes amyloid, and ascospores, the true exciple, cortex and medulla may be perhaps 
amyloid in some cases. Amyloidity is mostly not evaluated by recent authors, but we propose 
to investigate it in pilot studies (see further down). 
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The process of phenotype evaluation 
 
Since it is often not clear in the beginning which characters could be useful for 

discrimination of the taxa, phenotype should be evaluated in two steps. (1) A pilot study – 
measuring of all available characters at a restricted number of specimens. This will allow us 
to evaluate a discrimination power of the characters and select the most powerful of them for 
the second step. (2) A detailed study – measuring of the selected characters on a large number 
of samples. The first step acquires samples containing rich and well-developed lichen material 
(according to the basic rule 1), because mature tissues and well developed structures are 
needed for thorough observations which are largely destructive. (The chosen specimens must 
be large enough to avoid destruction of it as it should be possible to evaluate again.) The pilot 
study is also time-consuming, because more than one hundred characters which are listed 
below should be considered. In about this step, we propose to investigate at least three 
geographically distinct samples of each taxon confirmed by molecular analysis or at least of 
each putative taxon. Choosing fewer than three specimens per taxon is inadvisable, as it 
introduces a risk of working with aberrant samples. In each sample, more than five 
measurements are advisable for each measurable character. Practically it means that at least 
five apothecia must be destroyed on a single specimen, because hymenium width, 
hypothecium width and widths of exciples should be logically measured only once per 
apothecial section (fig. 1; the basic rule 5). We recommend choosing apothecia of variable 
size and variable extent of the thalline exciple (variability in width of thalline exciple is often 
visible with the stereomicroscope). Measurements of paraphyses, ascospores and all cell 
measurements may be done in one section only, but we recommend measuring them in 
several sections. For thallus characters, more than five measurements are advisable per 
sample; each measuremen in a separate unit (i.e. areole squamule or lobe).  

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

Characters for the second step – the detailed study – are selected based on the results 
from the pilot study. The stepwise linear discrimination analysis (ldc) for ranking the 
individually best traits could be used for selection of the characters with highest 
discrimination power. Characters without of with low discrimination power among studied 
taxa are not considered in the detailed study. At least five measurements of each character on 
every sample included in the detailed study are advisable. Efforts to select characters based on 
the pilot study are seen in e.g. EKMAN [1994], but we have not found details about the "pilot 
study" in the methods part of any taxonomic study on lichens. 

 
In summarizing tables and texts for manuscripts, we recommend showing results of the 

measurements [following EKMAN, 1996] as (min.–) X1–X2–X3 (–max.), where min/max are 
extremes from all measurements, X1 is the lowest specimen arithmetic mean observed, X2 is 
arithmetic mean of all observations, X3 is the highest specimen arithmetic mean observed. 
Total numbers of assessed samples, total number of measurements, and standard deviation 
from all measurements should be also given for each measured character, e.g. in square 
parenthesis [n; N; SD]. 

 
The following list contains characters, which may be filled into the "working matrix" 

as follows. Each listed character represents one column of the matrix; the ten measurements in 
each specimen occupy ten rows. Coding of qualitative characters is explained in the list of 
characters in square parenthesis. Usual coding is 1 – present, 0 – absent. Some characters are 
coded by ordinary scale; vegetative diaspores are organized according to their size, colours to 
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their intensity, etc. When some character is not evaluated in the respective sample, a symbol 
different from “0” (absence) should be filled in the respective matrix cell. The matrix based 
on the following list of characters can be universally used for crustose Teloschistaceae, but it 
is still not complete and may be modified for each studied group. 

 
List of characters for the pilot study 
 

(1) In apothecia: (1.1) diameter of apothecia; (1.2) height of apothecia; (1.3) attachment 
of apothecia to thallus [1, immersed; 2, suppressed; 3, adnate; 4, sessile; 5, stalked]; (1.4) 
shape of disc in mature apothecia [1, concave; 2, flat; 3, convex]; (1.5) surface of mature 
apothecial disc [1, cracked; 0, even]; (1.6) thickness of medulla below disc [measurements are 
not acquired in groups where the thickness of medulla below apothecia does not differ from 
the thickness of surrounding medulla]; (1.7) apothecial margin in mature apothecia [1, 
persistent, with expanding thalline exciple; 2, persistent, without expanding thalline exciple; 
3, persistent, but reduced; 4, diminishing, subsiding below the disc]; (1.8) width of true 
exciple; (1.9) width of cells in uppermost true exciple [or diameter in paraplectenchymatous 
cells]; (1.10) length of cells in uppermost true exciple [in paraplectenchyma not evaluated]; 
(1.11) width of cell-walls in upper exciple [measurements of cell-wall width are aquired in 
thick-walled cells, but not in thin-walled cells]; (1.12) width of cells in lower true exciple 
[diameter in paraplectenchyma]; (1.13) length of cells in lower true exciple [in 
paraplectenchyma not evaluated]; (1.14) width of cell-walls in lower exciple [measurements 
of cell-wall width are aquired at thick-walled cells]; (1.15) width of thalline exciple; (1.16) 
cortex of thalline exciple [1, restricted to lower part; 2, covering majority of or whole 
surface]; (1.17) structure of cortex of thalline exciple [1, palisade plectenchyma; 2, intricate 
plectenchyma; 3, paraplectenchyma]; (1.18) width of cells in cortex of thalline exciple 
[diameter in paraplectenchyma]; (1.19) length of cells in cortex of thalline exciple [at 
paraplectenchyma not evaluated]; (1.20) width of cell-walls in cortex of thalline exciple 
[measurements of cell-wall width are aquired in thick-walled cells, but not in thin-walled 
cells]; (1.21) ratio of exciples [1, biatorine apothecia; 2, zeorine apothecia; 3, lecanorine 
apothecia; 0, apothecial margin strongly reduced / absent]; (1.22) shape of hypothecium [1, 
with the central conical extension downward; 0, flat in the bottom]; (1.23) width of 
hypothecium; (1.24) structure of hypothecium [1, paraplectenchymatous; 2, 
prosoplectenchymatous; 3, of variable cell shapes and sizes]; (1.25) width of cells in 
hypothecium [diameter in paraplectenchyma]; (1.26) length of cells in hypothecium [in 
paraplectenchyma not evaluated]; (1.27) width of cell-walls in hypothecium  [measurements 
of cell-wall width are aquired in thick-walled cells]; (1.28) width of hymenium; (1.29) 
extracellular crystals in hymenium / hypothecium [1, present; 0, absent]; (1.30) insperse 
hymenium / hypothecium [1, present; 0, absent]; (1.31) glutinized hymenium / hypothecium 
[1, present; 0, absent]; (1.32) width of paraphyses in lower hymenium; (1.33) width of 
paraphyses tips; (1.34) ratio of 1.30 / 1.29; (1.35) number of widened cells below paraphyses 
tips; (1.36) oil drops in upper cells of paraphyses [1, present; 0, absent]; (1.37) branching / 
anastomosing of paraphyses [1, rare; 2, regular; 3, common; 0, absent]; (1.38) height of asci; 
(1.39) width of asci; (1.40) ascospore length; (1.41) ascospore width (1.42) width of 
ascospore septa [0, in 1-septate ascospores without broadened wall in partition area]; (1.43) 
ascospore length / width ratio; (1.44) ratio of septum width / ascospore length; (1.45) 
ascospores with more than 1 septum [1, present; 0, absent]; (1.46) "sand-glass" type of 
ascospores [1, present; 0, absent]; (1.47) Physcia-type ascospores [1, present; 0, absent]; 
(1.48) rhomboid ascospores [1, present; 0, absent]; (1.49) citriform ascospores [1, present; 0, 
absent]; (1.50) more than 8 spores in asci [1, yes; 0, no]; (1.51) ascospore quality [1, only 
deformed ascospores present; 2, well-developed ascospores present; 0, ascospores absent]. 
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(2) in thallus: (2.1) diameter of thallus; (2.2) thickness of thallus; (2.3) vertical 
complexity of thallus [1, thin membranaceous; 2, leprose; 3, of ±flat areoles / squamules / 
lobes; 4, of convex areoles / squamules / lobes; 5, of highly convex units, distinctly bullate; 6, 
fruticulose]; (2.4) thallus units [1, granules only; 2, dispersed areoles; 3, dense areoles; 5, 
squamules; 6, lobes; etc.]; (2.5) thallus margin [1, diffuse, with distinct prothallus; 2, diffuse, 
without prothallus; 3, areolate; 4, squamulose; 5, lobate]; (2.6) diametre of areoles / 
squamules / breadth of lobes; (2.7) length of lobes; (2.8) vegetative diaspores [1, granules; 2, 
isidia; 3, blastidia; 4, soredia; 0, absent]; (2.9) position of soralia on thallus units [1, on 
margins; 2, concave on upper surface; 3, convex on upper surface; etc.]; (2.10) extent of 
soredia [1, discrete, covering consistently less than 1/4 of thallus units; 2, discrete, but 
covering larger area; 3, confluent, but not covering whole thallus surface; 4 entire sorediate 
crust]; (2.11) size of soralia; (2.12) size of soredia [diameter]; (2.13) size of consoredia 
[approximated diameter]; (2.14) size of blastidia [approximated diameter]; (2.15) width or 
diameter of isidia; (2.16) height of isidia; (2.17) size of granules [approximated diameter]; 
(2.18) cortex [1, even; 2, uneven; 3, cortex with cones; 4, fungal stacks; 0, absent]; (2.19) 
thickness of cortex / height and width of fungal stacks; (2.20) structure of cortex [1, palisade 
plectenchyma; 2, intricate plectenchyma; 3, paraplectenchyma]; (2.21) thickness of alveolate 
cortex; (2.22) width of cells in cortex / alveolate cortex [diameter in paraplectenchyma]; 
(2.23) length of cells in cortex / alveolate cortex [in paraplectenchyma not evaluated]; (2.24) 
width of cell-walls in cortex / alveolate cortex [measurements of cell-wall width are aquired 
in thick-walled cells]; (2.25) glutinized cell-walls in cortex [1, present; 0, absent]; (2.26) 
thickness of epinecral layer; (2.27) thickness of algal layer / height and width of algal stacks; 
(2.28) diameter of algal cells; (2.29) thickness of algonecral medulla; (2.30) thickness of 
medulla; (2.31) medullar tissue [1, loose thin-walled parenchyma; 2, loose thick-walled 
parenchyma; 3, loose thin-walled prosenchyma; 4, loose thick-walled prosenchyma; etc.]; 
(2.32) extracellular crystals in medulla [1, present in spots; 2, present all over; 0, absent]; 
(2.33) size of crystals in medulla; (2.34) extracellular crystals in cortex [1, present in spots; 2, 
present all over; 0, absent]; (2.35) size of crystals in cortex; (2.36) reaction of crystals with 
sulphuric acid [1, positive; 0, negative; see more in text above]; (2.37) presence of pycnidia 
[1, present; 0, absent]; (2.38) width of pycnidia [approximate; min. - max.]; (2.39) width of 
conidia; (2.40) length of conidia; (2.41) overlapping thallus units [1, present; 0, absent]; 
(2.42) presence of pseudocyphaellae [1, poorly developed; 2, well developed; 3, absent]; 
(2.43) lichenicolous thallus [1, young thalli lichenicolous, but mature thalli ±free-living; 2, 
thalli persistently lichenicolous; 0, non-lichenicolous]; (2.44) lichenicolous lichens on studied 
thalli [1, present (should be specified); 0, absent]; (2.45) lichenicolous fungal infections [1, 
present (should be specified); 0, absent]. 

(3) pigments and colours: (3.1) anthraquinones in apothecial disc [1, yellow; 2, orange; 
3, red; etc.; 0 absent]; (3.2) anthraquinones in true exciple [1, yellow; 2, orange; 3, red; 0 
absent]; (3.3) anthraquinones in thalline exciple [1, yellow; 2, orange; etc.; 3, red; 0 absent]; 
(3.4) anthraquinones in thallus [1, yellow; 2, orange; 3, red; etc.; 0 absent]; (3.5) Sedifolia-
grey in apothecial disc [1, grey; 2, blackish; 0, absent]; (3.6) Sedifolia-grey in true exciple [1, 
grey; 2, blackish; 0, absent]; (3.7) Sedifolia-grey in thalline exciple [1, grey; 2, blackish; 0, 
absent]; (3.8) Sedifolia-grey in thallus [1, grey; 2, blackish; 0, absent]; (3.9) Cinereorufa-
green in apothecial disc [1, grey; 2, blackish; 0, absent]; (3.10) Cinereorufa-green in true 
exciple [1, grey; 2, blackish; 0, absent]; (3.11) Cinereorufa-green in thalline exciple [1, grey; 
2, blackish; 0, absent]; (3.12) Cinereorufa-green in thallus [1, grey; 2, blackish; 0, absent]; 
(3.13) pruina on apothecial disc [1, white, in spots; 2, white, covering majority of surface; 3, 
olive; 4, rusty; etc.; 0, absent]; (3.14) pruina on true exciple [as in 3.13]; (3.15) pruina on 
thalline exciple [as in 3.13];(3.16) pruina on thallus [as in 3.13]; (3.17) depigmented 
(bleached) spots on thallus surface [1, present; 0, absent]; (3.18) chlorinated anthraquinones = 
positive C-reaction [1, in exciple only; 2, in disc and exciple; 3, in disc, exciple and thallus; 0, 
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absent]; (3.19) other pigments in apothecia [1, present (should be specified); 0, absent]; (3.20) 
other pigments in thallus [1, present (should be specified); 0, absent]; (3.21) pycnidial tops [1, 
without anthraquinones, not contrasting in colour with surrounding thallus; 2, without 
anthraquinones, but stronger pigmented than surrounding thallus; 3, with anthraquinones and 
not contrasting in colour with surrounding thallus; 4, with non-chlorinated anthraquinones and 
brighter colour than surrounding thallus; 5, with chlorinated anthraquinones; etc.]; (3.22) 
hypothecium amyloid [1, yes; 0, no]; (3.23) true exciple amyloid [1, yes; 0, no]; (3.24) cortex 
amyloid [1, yes; 0, no]; (3.25) medulla amyloid [1, yes; 0, no]. 

(4) distribution and ecology (possible coding for epilithic samples): (4.1) latitude; (4.2) 
longitude; (4.3) altitude; (4.4.) macro-habitat [1, desert; 2, steppe; 3, forest-steppe; 4, forest; 
etc.]; (4.5) micro-habitat / substrate [1, epilithic; 0, on other substrate (must be specified)]; 
(4.6) substrate reaction [1, acidic; 2, intermediate; 3, basic]; (4.7) bedrock type [e.g. 1, 
calcareous; 0, non-calcareous (should be specified)]; (4.8) substrate stability [1, soil or loess; 
2, soft rock; 3, hard but weathered rock; 3, hard rock]; (4.9) substrate particles [1, pebbles; 2, 
stones, boulders; 3, rock]; (4.10) rainwater exposure [1, sheltered below overhang; 2, on ± 
vertical rock face; 3, on ± horizontal rock face]; (4.11) local humidity [1, moist; 2, mesic; 3, 
dry (should be specified)]; (4.12) light exposure [1, shaded; 2, partly shaded; 3, open]; (4.13) 
exposure to cardinal points. 
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