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Abstract 
 
 Verrucariaceae are a family including mostly lichenized species (Verrucariales, 

Ascomycota). Its current generic classification, which mainly relies on three 

morphological characters (spore septation, thallus structure, and hymenial algae), has 

never been subjected to molecular data. Because these characters were suspected to be 

homoplastic, the monophyly of the genera as currently delimited based on morphology 

need to be assessed. A three-gene phylogenetic analysis was carried out using three 

methods (Maximum Parsimony, Maximum Likelihood, and a Bayesian approach) on 83 

taxa, selected from 15 genera in Verrucariaceae. Ancestral state reconstructions were 

undertaken for four characters (spore septation, thallus structure, hymenial algae, and 

upper cortex structure). The results confirmed that most of the genera were not 

monophyletic, and showed that the most recent common ancestor of Verrucariaceae was 

most likely crustose, lacking hymenial algae, and with simple spores and a pseudocortex. 

The use of symplesiomorphic traits to define Verrucaria, the largest and type genus for 

Verrucariaceae, as well as the non-monophyly of Polyblastia, Staurothele and Thelidium, 

explain most of the discrepancies between the current classification and a classification 

using monophyly as a grouping criterion. In order to accommodate newly inferred 

monophyletic groups, existing genera were re-delimited and three new genera were 

proposed. Recent broad-scale phylogenetic analyses have shown that Verrucariales was 

sister to Chaetothyriales, an order first known as including mostly saprophytes and 

opportunistic animal and human parasites. Investigations of fungal communities 

colonizing rocks in extreme environments have shown that some slow-growing 

melanized fungi inhabiting bare rock surfaces belonged to the Chaetothyriales. Multigene 
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phylogenetic analyses were carried out using Maximum Likelihood and a Bayesian 

approach in order to confirm the affiliation of 25 of these rock isolates. Ancestral state 

reconstructions were then undertaken on two different datasets to look at the evolutionary 

history of lichenization within Pezizomycotina, and the rock-inhabiting habit within 

Eurotiomycetes. Results suggest that the ancestor of the lineage including Verrucariales 

and Chaetothyriales was likely to be an extremotolerant non-lichenized, rock-inhabiting 

fungus. Virulence factors of opportunistic parasites within Chaetothyriales, such as 

melanization and meristematic growth, might have primary been adaptations for life in 

extreme habitats. 
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 During the evolutionary history of the Fungi, associations with various substrates 

and hosts have evolved, as well as different nutritional modes and symbiotic interactions. 

Fungi are also morphologically very diverse, often as a result of specialization to these 

particular ecological niches. The morphological and ecological diversity found among the 

members of Chaetothyriomycetidae, a heterogeneous subclass belonging to the 

Eurotiomycetes (Ascomycota), has long been problematic for the recognition of these 

taxa as a natural taxonomic group (Geiser et al., 2006). The phylogenetic affinity among 

the three orders included in the Chaetothyriomycetidae – the non-lichenized 

Chaetothyriales, and the two lichenized orders Pyrenulales and Verrucariales – was not 

evident to determine when using morphology only. Previous classifications of the fungi 

first treated lichenized and non-lichenized taxa separately (Acharius, 1810; Lindau, 1897; 

Zahlbruckner, 1926; Nannfeldt, 1932). After lichens were finally merged into fungal 

classifications, another attempt to classify families and orders of ascomycetes, mostly 

based on ascus type and ascoma development, failed to recognize the relatedness of these 

three orders (Lutrell, 1951, 1955). It was only in 1987 that, for the first time, their close 

phylogenetic relationship was suggested (Barr, 1987), based on ascus type and 

hamathecium structure. These results were later confirmed by molecular data (Spatafora 

et al., 1995; Winka et al., 1998; Lutzoni et al., 2001), and finally broadly accepted by the 

mycological community. 

 Molecular data have been essential to infer phylogenetic relationships between 

main groups of fungi (see Hibbett et al., 2007 for a review). Among the 

Chaetothyriomycetidae, only few orders and families had previously been investigated 

using molecular phylogenetics (Unteiner & Naveau, 1999 and Haase et al., 1999 for the 
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Herpotrichiellaceae; Del Prado et al., 2006 for the Pyrenulales). For most of the other 

groups, sequences were available for only a very limited number of species, generally 

obtained from higher-level molecular studies (Lumbsch et al., 2000, 2002, 2005; Lutzoni 

et al., 2001, 2004; Reeb et al., 2004; Schmitt et al., 2005; James et al., 2006; Geiser et al., 

2006; Spatafora et al., 2006). As a consequence, in these understudied groups, the generic 

delimitation is exclusively based on morphological characters, and has not been re-

assessed using molecular data. However, molecular phylogenetic studies carried out in 

other groups of fungi showed that characters traditionally used to delimit genera were 

often highly homoplastic (e.g., Miller & Huhndorf, 2004, 2005; Staiger, 2002). 

Therefore, molecular data are needed in order to assess the current morphology-based 

generic concept of most of the families in Chaetothyriomycetidae. 

 As more resolution and support were obtained for supraordinal relationships 

thanks to broad-scale molecular phylogenetic analyses, some groups of fungi were 

inferred, which appeared to be extremely diverse in ecology. The subclass 

Chaetothyriomycetidae is an example of an ecologically disparate group, which was 

broadly accepted only after confirmation by molecular data. The subclass comprises three 

orders, the Pyrenulales (mostly lichenized, corticolous and tropical), the Verrucariales 

(mostly lichenized and saxicolous), and the Chaetothyriales (mostly saprophytes growing 

on decaying wood and mushrooms, and opportunistic animal and human parasites). 

Previous molecular phylogenetic studies (Lutzoni et al., 2001, 2004; Lumbsch et al., 

2004, 2005; Liu & Hall, 2004; Schmitt et al., 2005) showed that Chaetothyriales was 

sister to the lichenized Verrucariales. Although some morphological characters supported 

this relationship (Barr, 1987), such an ecological diversity in a group of fungi was rather 
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surprising (Lutzoni et al., 2001). A forerunner study using ancestral state reconstruction 

methods suggested that the non-lichenized Chaetothyriales might have evolved from a 

lichenized ancestor, and that the lichenicolous habit might have been a transitional stage 

from lichen mutualism to parasitism and saprophytism (Lutzoni et al., 2001). However, 

an interesting group of ascomycetes had been overlooked at the time, which might 

provide an alternative hypothesis to explain the apparent ecological disparity between 

Verrucariales and Chaetothyriales: some slow-growing, extremotolerant, rock-inhabiting 

fungi were shown, mostly based on ITS data, to be quite diverse in the Chaetothyriales 

(Sterflinger, 1997, 1999; Ruibal, 2004; Sert et al., 2007). Because most species within the 

lichenized Verrucariales are saxicolous, rock surfaces may have been primary substrates 

for the lineage including Verrucariales and Chaetothyriales. 

 The present work aimed to look at two different aspects within the subclass 

Chaetothyriomycetidae. The first part of this dissertation (chapters 1 and 2) focusses on 

the systematics of the family Verrucariaceae. Relationships between and within the main 

genera of this family are investigated using a multigene molecular phylogenetic analysis, 

and the evolutionary history of some characters important for classification are inferred 

using ancestral state reconstructions (chapter 1). Newly inferred monophyletic groups are 

then used for proposing new generic delimitations, and several nomenclatural and 

taxonomic issues are clarified (chapter 2). The second part of this dissertation addresses 

the evolution of the rock-inhabiting habit within Chaetothyriomycetidae. Multigene 

phylogenetic analyses and ancestral state reconstructions are used to characterize the 

lifestyle (lichenized versus non-lichenized) and substrate preference (rock-inhabiting 
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versus non rock-inhabiting) of the most recent common ancestor of the monophyletic 

group including Chaetothyriales and Verrucariales (chapter 3). 
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Chapter 1: 

Generic Delineation and Character Evolution in 
Verrucariaceae1 
 

                                                
1 Chapter published in collaboration with C. Roux and F. Lutzoni in the journal 
Mycological Research (2007). 
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1.1 Introduction 

 Verrucariaceae Zenker are a group of mainly lichenized ascomycetes comprising 

a large diversity in habits. The structure of the thallus varies greatly in this family, with 

sizes ranging from a few millimeters to more than ten centimeters in diameter, and shapes 

from granulose or crustose for the smallest thalli to squamulose or foliose umbilicate for 

the largest ones. Although vegetatively quite variable, members of the Verrucariaceae are 

easy to recognize since their ascomata present good diagnostic features for the family. 

The perithecial ascomata are characterized by the presence of an apical ostiole and of 

short pseudoparaphyses (or periphysoids, but see Roux & Triebel, 1994) bordering the 

upper part of the perithecial cavity and hanging into this cavity without or only barely 

reaching the hymenium (Janex-Favre, 1970, 1975; Wagner, 1987). Asci are typically 

bitunicate (Janex-Favre, 1970, 1975; Wagner, 1987), and their dehiscence was shown in 

some species to occur by a gelification of the apical part of the outer wall (Grube, 1999). 

The lack, at least at maturity, of long interascal sterile hyphae and the positive reaction of 

the hymenial gel to potassium-iodine are also typical of this family (Henssen & Jahns, 

1974). The perithecium of some species of Verrucariaceae has been the subject of 

anatomical and ontogenetical studies (Doppelbaur, 1959; Janex-Favre, 1970, 1975; 

Wagner, 1987). Because the ascoma development is quite variable within this family, the 

recognition of the Verrucariaceae as either ascohymenial or ascolocular fungi has long 

been debated (Janex-Favre, 1970, 1975). 

 Species classified within the Verrucariaceae grow mainly on rocks, either 

epilithically or endolithically within the superficial layer of the rock. Members of this 

family can also colonize other types of substrates: soils (Breuss, 1996a), wood or bark 
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(Orange, 1989; Breuss, 1993a, 1994a, 1998a), mosses (Döbbeler & Triebel, 1985; 

Döbbeler, 1997), and other lichens (Zehetleitner, 1978). Saxicolous species of this family 

grow mostly in dry environments, but some species are also found in aquatic habitats, 

such as boulders located in rivers (Keller, 1995, 2000; Thüs 2002), or marine intertidal 

and supralittoral zones of rocky shores (Brodo & Santesson, 1997; Flenniken & Gibson, 

2003; Harada, 2004; Sanders et al., 2004). Although saxicolous members of the 

Verrucariaceae are particularly diverse on calcareous substrates, they can also colonize 

siliceous rocks, especially in aquatic or semi-aquatic conditions. Members of this family 

are found worldwide, from polar regions to the tropics (Vězda, 1973; Clauzade & Roux, 

1985; Harada, 1993a, 1993b; Breuss, 1993b, 1994b, 1998b; Thomson, 1997; Aptroot, 

1998, 2002; Aptroot & Seaward, 1999; Aptroot & Sipman, 2001; McCarthy, 2001; Brodo 

et al., 2001). 

 Eschweiler (1824) first attempted to classify genera of Verrucariaceae. For these 

taxa, he created two “cohors” Verrucariae and Dermatocarpeae (Table 1), based mainly 

on the structure of the thallus. He attributed the crustose taxa to the Verrucariae and the 

squamulose and foliose taxa to the Dermatocarpeae. Unfortunately, Eschweiler (1824) 

also included many non-related genera within these two groups (Table 1). In 1827, 

Zenker validated the family Verrucariaceae (at the time called Verrucariae), in which he 

included the genus Verrucaria and some other unrelated crustose taxa (Table 1). This 

author also separated the squamulose and foliose taxa from the crustose Verrucariae, and 

placed them within the Endocarpa. It was only almost one century later that the first 

extensive monographic work on the family Verrucariaceae was published (Zschacke, 

1913, 1914, 1918, 1921, 1924, 1927). In 1933-1934, Zschacke recognized the two 
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families Verrucariaceae and Dermatocarpaceae (Eschw.) Stizenb., as did Zahlbruckner 

(1921-1922) in an earlier publication. Servít worked on the Verrucariaceae in the late 

1940s and 1950s (Servít, 1946, 1950a, 1950b, 1952, 1953, 1954), and published a 

classification for the entire group in 1955. In this work, he also considered the family 

Dermatocarpaceae as a separate taxon, and recognized four additional families 

(Staurothelaceae Servít, Microglaenaceae Servít, Pyrenidiaceae Zahlbr. and 

Bagliettoaceae Servít). However, two of these families are currently recognized in other 

orders as synonyms (Microglaenaceae is a synonym of Thelenellaceae H. Mayrhofer, and 

Pyrenidiaceae is a synonym of Dacampiaceae Körb.) and the validity of the two other 

families has always been questioned (Hale, 1961; Henssen & Jahns, 1974; Poelt, 1973), 

and excluded from subsequent classifications (Poelt, 1973; Henssen & Jahns, 1974; 

Eriksson, 1983). Currently, almost all genera belonging to the order Verrucariales are 

included in the family Verrucariaceae (Eriksson, 2006). Two other genera, also included 

in the Verrucariales and characterized by their long and persistent interascal elements 

(paraphysoides according to Triebel, 1993) in addition to their short pseudoparaphyses, 

and by their lichenicolous habits, are classified in the second family of this order, the 

Adelococcaceae Triebel. Today, the family Verrucariaceae includes 45 genera (Eriksson, 

2006) and approximately 750 species (Hawksworth et al., 1995).  

 In the classifications of Servít (1955), Zahlbruckner (1921-1922), and Zschacke 

(1933-1934), taxa within the Verrucariales were mainly circumscribed based on thallus 

structure, ascospore morphology, and the presence or absence of hymenial algae. 

However, the phylogenetic value of these characters was thought to be doubtful and in 

need of further investigation. Although Servít (1955) accepted the separation of the 
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families Verrucariaceae and Dermatocarpaceae based on thallus morphology, early on he 

suggested the limitations of this character (1946: 49): “In my opinion the distinction 

made between these two families on the basis of the degrees of the development of the 

thallus cannot be maintained, if we want to replace the present artificial system by one 

which is at least a little more natural.” Recently, molecular studies showed that, in other 

groups of ascomycetes (Staiger, 2002, for the family Graphidaceae; Miller & Huhndorf, 

2004, for the genus Lasiosphaeria), ascospore septation was also not always a reliable 

character to delineate monophyletic groups at the genus and higher taxonomical ranks. 

Because the generic delimitation within Verrucariaceae is mainly based on ascospore 

septation and thallus structure, molecular data are needed to assess the current 

morphology-based classification. To date, only a few molecular studies have been carried 

out on members of this family, either at the infrageneric level (Heiðmarsson, 2003; 

Amtoft, 2006; Amtoft et al., 2008, on Dermatocarpon) or in the context of large-scale 

molecular phylogenies (Lumbsch et al., 2002, 2004, 2005; Lutzoni et al., 2001, 2004; Liu 

& Hall, 2004; Del Prado et al., 2006; Geiser et al., 2006; James et al., 2006; Spatafora et 

al., 2006). However, the family Verrucariaceae was never the focus of a phylogenetic 

study and, before this study, only a few DNA sequences were available in GenBank for 

this family. This study aims to provide a multigene phylogeny for the main genera of 

Verrucariaceae in order to confront the current morphology-based classification with 

molecular data. Selected morphological traits and ecological aspects were studied to 

characterize inferred monophyletic groups. Generic delineation is discussed based on 

both molecular and morphological data, and a few taxonomic changes were undertaken. 

Ancestral state reconstructions were carried out to better understand: (1) the discrepancy 
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between a morpho-similarity based classification and a classification based on a 

monophyletic grouping criterion, as well as, (2) the evolutionary history of the 

Verrucariaceae. 

Table 1: Past and current classifications of the Verrucariales. Question marks indicate 
taxa for which the position in the classification is uncertain. Asterisks indicate genera that 
are represented in this study. Genera that include or had included taxa now belonging to 
the Verrucariaceae (Eriksson, 2006) are indicated in bold. 

 
Eschweiler 1824 Zenker 1827 Zahlbruckner 1922 
Dermatocarpeae 
   Solorina 
   Dermatocarpon* 
   Gyrophora 
   Endocarpon* 
   Capitularia 
   Peltidea  
 
Verrucariae 
   Variolaria 
   Porina 
   Thelotrema 
   Verrucaria* 
   Pyrenula 
   Pyrenastrum 
   Limboria 
   Urceolaria 
   Lecidea 
   Biatora 
 
 

Cryolichenes 
   Verrucariae 
       Verrucaria* 
        Stigmatidium 
        Porophora 
        Ocellularia 
        Antrocarpon 
  
Phyllolichenes 
   Endocarpa 
        Endocarpon* 
 

Dermatocarpaceae 
  Normandina 
  Anapyrenium 
  Psoroglaena 
  Dermatocarpon* 
  Placidiopsis* 
  Heterocarpon 
  Endocarpon* 
  Agonimia 
 
Verrucariaceae 
  Sarcopyrenia 
  Verrucaria* 
      sect. Amphoridium 
      sect. Euverrucaria 
      sect. Lithoicea 
  Lesdainea 
  Trimmatothele 
  Cocciscia 
  Thelidium* 
  Polyblastia* 
  Staurothele* 
     sect. Eustaurothele 
     sect. Willeya 
  Thelenidia 
  Thrombium 
  Gongylia 
  Geisleria 
  Microglaena 
  Aspidopyrenium 
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Table 1: (continued) 
 

Zschacke 1934 Servít 1955 Eriksson, 2006 
Dermatocarpaceae 
  Normandina 
  Trimmatothelopsis 
  Dermatocarpon* 
     sect. Catapyrenium 
     sect. Endopyrenium 
     sect. Entosthelia 
     sect. Polyrhizion 
  Placidiopsis* 
  Agonimia 
  Endocarpon* 
 
Verrucariaceae 
  Sarcopyrenia 
  Verrucaria* 
     sub-gen. Amphoridium 
     sub-gen. Euverrucaria 
     sub-gen. Lithoicea 
  Trimmatothele 
  Thelidium* 
  Polyblastia* 
     sub-gen. Coccospora 
     sub-gen. Halospora 
     sub-gen. Thelidiopsis 
     sub-gen. Polyblastidea 
     sub-gen. Sporodictyon 
     sub-gen. Bispora 
  Staurothele* 
      sect. Sphaeromphale 
      sect. Polyblastioides 
  Thelenidia 
  Thrombium 
      sect. Euthrombium 
      sect. Bagliettoa 
  Paraphysothele 
  Geisleria 
  Gongylia 
     sect. Eugongylia 
     sect. Beloniella 
  Microglaena 
     sect. Eumicroglaena 
     sect. Weitenwebera 
  Henrica 
 
 

Bagliettoaceae 
  Protobagliettoa 
  Bagliettoa* 
 
Dermatocarpaceae 
  Dermatocarpon* 
  Involucrocarpon 
  Placidiopsis* 
 
Microglaenaceae 
  Thrombium 
  Paraphysothele 
  Thelidiopsis 
 
Pyrenidiaceae 
  Pseudoarthopyrenia 
 
Staurothelaceae 
  Staurothele* 
  Endocarpon* 
 
Verrucariaceae 
  Amphoridium 
  Thelidium* 
  Amphoriblastia 
  Involucrothele 
  Polyblastia* 
  Verrucaria* 
    sub-gen Euverrucaria 
    sub-gen Lithoicea 
    sub-gen Hydroverrucaria 
 

Adelococcaceae 
  Adelococcus 
  Sagediopsis 
Verrucariaceae 
  Agonimia 
  Anthracocarpon 
  Awasthiella 
  Bagliettoa* 
  Bellemerella 
  ?Bogoriella 
  Catapyrenium* 
  Clauzadella 
  Clavascidium* 
  Dermatocarpella 
  Dermatocarpon* 
  Diederimyces 
  Endocarpon* 
  ?Glomerilla 
  ?Haleomyces 
  Henrica 
  Heterocarpon 
  Heteroplacidium* 
  Involucropyrenium 
  Lauderlindsaya 
  Leucocarpia 
  Merismatium 
  Muellerella 
  Mycophyscias 
  Neocatapyrenium* 
  Norrlinia 
  ?Phaeospora 
  Placidiopsis* 
  Placidium* 
  Placocarpus* 
  Placopyrenium* 
  Placothelium 
  ?Plurisperma 
  Polyblastia* 
  Psoroglaena 
  Rhabdopsora 
  Scleropyrenium 
  ?Spheconisca 
  Staurothele* 
  Telogalla 
  Thelidiopsis 
  Thelidium* 
  Trimmatothele 
  ?Trimmatothelopsis 
  Verrucaria* 
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1.2 Material and Methods 
 
1.2.1 Taxon Sampling 

 Because of the relatively high number of taxa in the family Verrucariaceae and 

the difficulty to obtain material for some of the rare or exotic species, the sampling for 

this project was restricted to 15 of the 45 genera included in this family (Eriksson, 2006). 

This selection of genera represents well the Verrucariaceae since its inception (Table 1) 

and includes all of its most species-rich genera. In total, 83 specimens of Verrucariaceae 

were included, with at least two representative species per genus, when possible 

(Appendix 1). The most species-rich genera were subjected to a more intensive sampling: 

for example, the genus Verrucaria, including about 250 species, was represented by 29 

taxa chosen to encompass the morphological and ecological diversity of this genus. 

Previous studies (Lutzoni et al., 2001, 2004; Lumbsch et al., 2004, 2005) showed that the 

Verrucariales was sister to the non-lichenized order Chaetothyriales. Since no molecular 

data was available for the second family of the order Verrucariales, two outgroup taxa 

were chosen from the genus Capronia (Herpotrichiellaceae, Chaetothyriales) to root the 

phylogeny of the Verrucariaceae. For the most part, nomenclature follows Clauzade & 

Roux (1985) and Nimis (1993), but also Breuss (1996a) for the catapyrenioid 

Verrucariaceae, Navarro-Rosinés et al. (2007) for the genus Verrucula, and Brodo et al. 

(2001) for the North-American specimens. Author citations can be found in Appendix 1. 
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1.2.2 Molecular Data 

 Genomic DNA was extracted from dried material or cultures using a protocol 

modified from Zolan & Pukkila (1986) with SDS 2% as the extraction buffer. After 

precipitating the genomic DNA using isopropanol, pellets were washed once in ethanol 

70%, dried with a speedvac, and resuspended in 60 µL of water to which 1 µL of BSA 

(10 mg/mL) was added. Four gene regions (nuclear ribosomal large and small subunit 

[nucLSU, nucSSU], and the RNA polymerase II largest subunit [RPB1] regions A-D and 

D-G) were amplified using published as well as newly designed primers (Table 2, Fig 1). 

The amplification and sequencing of the intron-rich ribosomal loci (nucLSU and 

nucSSU) required sometimes the design of primers specific to a species. These primers 

are not listed here but are available on the website of the Lutzoni lab 

(http://www.lutzonilab.net/). One microliter of a 1/10 or 1/100 dilution of genomic DNA 

was added to the following PCR mix: 2.5 µL of PCR buffer (buffer IV with 15 mM 

MgCl2, Abgene), 2.5 µL of dNTP (2 mM), 2.5 µL of BSA (10 mg/mL), 2.0 µL of 

primers (10 µM), 0.15 µL Taq polymerase (5 U/µL, Denville), and water for a total 

volume of 25 µL. PCR was performed on a PTC-200 Peltier thermal cycler (MJ 

Research, Waltham MA, USA). For ribosomal genes, one initial cycle of 60 s at 95 °C 

preceded 35 cycles of the following steps:  45 s at 95 °C, 40 s at 52 °C and 2 min at 72 °C 

(elongation time up to 4 min for longer fragments). For RPB1, one initial cycle of 3 min 

at 95 °C preceded 35 cycles of the following steps:  45 s at 95 °C, 90 s at 52 °C, and 90 s 

(for region A-D) or 120 s (for region D-G) at 72 °C. All amplifications ended with a final 

cycle at 72 °C for 10 min. After examination with gel electrophoresis, PCR products 

were purified using the Microcon PCR cleaning kit (Millipore, Billerica MA, USA). 
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Alternatively, cloning was conducted on weak PCR products, PCR products presenting 

multiple bands and most of the PCR products of RPB1, using the Topo TA cloning kit 

(Invitrogen, Carlsbad CA, USA). Sequencing was carried out in 10 µl reactions using: 1 

µM primer, 3 µl purified PCR product, 1 µl Big Dye (Big Dye Terminator Cycle 

sequencing Kit, ABI PRISM version 3.1, Perkin-Elmer, Applied Biosystems), 3 µl Big 

Dye buffer, and 2 µl of double-distilled water. Automated reaction clean up and 

visualization was performed at the Duke Center for Evolutionary Genomics, using Big 

Dye on an ABI 3730xl DNA Analyzer (Applied Biosystems, Foster City, CA). 
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Table 2: List of primers and primer sequences (if novel) for the four loci used in this study (nucLSU, nucSSU, RPB1 region 
A-D, RPB1 region D-G). 
 

 PCR primers Sequencing primers 
nucLSU LR0R a, LR7 b LR3, LR3R, LR5, LR5R, LR6, LR6R b  
nucSSU nssu131 c, NS24 d nssu1088, nssu1088R, nssu897R, nssu634 c, SR11R e, NS23, 

NS22 d, SR7R, SR7, SR10R f, 
vNS7 (5’-GGCTCAAGCCAATGGAAGTA-3’), 
vNS6 (5’-GCCTCGTACTTCCATTGGCTT-3’) 

RPB1 region A-D RPB1-AF g, RPB1-6R1asch, 
RPB1-AbF (5’-GTRCCTGTYTAYCAYTAYGGT-3’) 

 

RPB1 region D-G RPB1-DF1asch,i, RPB1-G2R g, 
RPB1-G2bR (5’-GCAAGRACNCCCACCATYTC-3’), 
RPB1-G2cR (5’-GCNAGGACRCCNACCATTTC-3’) 

RPB1-CG1R (5’-RAYNCCDATRCTRAADCC-3’), 
RPB1-CG2F (5’-TAYGGNGARGAYGGNYTNGAY-3’), 
RPB1-CG2R (5’-RTCNARNCCRTCYTCNCCRTA-3’) 

 

a Rehner & Samuels (1994), b Vilgalys & Hester (1990), c Kauff & Lutzoni (2002), d Gargas & Taylor (1992), e Spatafora et al. 
(1995), f Vilgalys (unpub.), g Hall (unpub.), h Hofstetter et al. (2007), i James et al. (2006). Since an intron often occurs in the 
genomic region corresponding to the primer sequences NS6 and NS7 (White et al. 1990), the new primers vNS6 and vNS7 
were designed in a region adjacent to these primers. RPB1-AbF was designed to anneal a few basepairs upstream from RPB1-
AF, as an alternative 5’ amplification primer. Similarly, RPB1-G2bR and RPB1-G2cR were designed to anneal a few basepairs 
downstream from RPB1-G2R, as alternative 3’ amplification primers. 
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Figure 1: RPB1 amplification and sequencing primers used in this study for the two regions A-D and D-G. Diagram modified 
from Matheny et al. (2002). Black boxes represent regions where amino acid sequences are conserved among eukaryotes. New 
primers designed for this study are shown in bold. 
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1.2.3 Alignments and Phylogenetic Analyses 

 Sequences were assembled and edited using Sequencher 4.2.2 (Gene Codes 

Corporation, Ann Arbor MI, USA). A manual alignment was performed using MacClade 

4.06 (Maddison & Maddison, 2003), with the help of amino acid sequences for protein-

coding loci and, for ribosomal loci, the help of the secondary structure of ribosomal genes 

from Saccharomyces cerevisiae (Cannone et al., 2002) following a method described in 

Kjer (1995). Ambiguous regions (sensu Lutzoni et al., 2000) and introns were delimited 

manually and excluded from the alignment. The four amplified regions nucLSU (1.4 kb), 

nucSSU (1.6 kb), RPB1 region A-D (1.2 kb) and RPB1 region D-G (1.8 kb) were tested 

for congruence using a 70% reciprocal neighbor-joining bootstrap with Maximum 

Likelihood distances (NJ-ML bootstrap; Mason-Gamer & Kellogg, 1996; Reeb et al., 

2004). For this congruence test, models of molecular evolution were estimated for each 

separate genomic region using the Akaike Information Criterion (AIC) implemented in 

Modeltest 3.7 (Posada & Crandall, 1998) and the bootstrap analyses were run for 10,000 

replicates. Conflicts among partitions were eliminated by pruning out problematic 

sequences or taxa. Phylogenetic relationships and confidence were inferred using a 

Bayesian approach based on a combined nucLSU+nucSSU+RPB1 dataset. Additional 

support values were estimated using weighted Maximum Parsimony (wMP) and 

Maximum Likelihood (ML) bootstrap. For the Bayesian approach, the AIC in Modeltest 

3.7 was used to estimate the model of molecular evolution. A GTR+I+G model was used 

for the five partitions (nucLSU, nucSSU, RPB1 first, second and third codon positions). 

Eight analyses of four chains were run for 5,000,000 generations using MrBayes 3.1.1 

(Ronquist & Huelsenbeck, 2005), and trees were sampled every 500 generations. All runs 
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converged on the same average likelihood score and topology. A burnin sample of 5,000 

trees was discarded for each run. The remaining 40,000 trees were used to estimate 

branch lengths with the sumt command in MrBayes, and posterior probabilities with the 

majority rule consensus tree command in PAUP* 4.0b10 (Swofford, 1999). The wMP 

bootstrap analysis was conducted in PAUP* 4.0b10. Step matrices were obtained for each 

of the five previously mentioned partitions by using StMatrix 4.2 (Lutzoni & Zoller, 

Duke University, www.lutzonilab.net/downloads/). A tree search was carried out using 

500 random addition sequences (RAS). The same most parsimonious tree was recovered 

for all 500 RAS. A bootstrap analysis of 500 replicates and 2 RAS was then conducted 

using PAUP* 4.0b10. The program RAxML-VI-HPC (Stamatakis et al., 2005) was used 

for the Maximum Likelihood bootstrap analysis with 1,000 bootstrap replicates and a 

GTRMIX model of molecular evolution. 

1.2.4 Morphology 

 A subsample of about 30 taxa was selected to represent each well-supported 

groups recovered with molecular phylogenetic analyses. The morphological study of 

these 30 taxa was based on the same specimens used for the molecular systematic study. 

Additional material was studied when the feature of interest was not present on the 

specimen used in the molecular study. A total of 70 ecological and morphological 

characters were investigated. Cross-sections were made by hand or using a Miles 

Cryostat Tissue-Tek II freezing microtome. Pycnidia were stained using cotton blue in 

lactophenol, and other stains were tried on different structures (e.g., Sudan IV on oil 

cells, calcofluor on asci and potassium/iodine on hymenium). The different types of 

plectenchymas were defined as in Yoshimura & Shimada (1980). Drawings were made 
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using a Leica DMLB microscope equipped with a camera lucida. Pictures were taken 

using a Zeiss Axiovision microscope with a SPOT Insight color camera using the 

software SPOT v. 4.0 (Diagnostic Instruments, Inc.). Character states constant in the 

family Verrucariaceae and characters too variable to provide synapomorphies that could 

define generic entities, as well as characters for which the observation was problematic, 

were not further studied. Thirty-one characters were selected using these criteria and their 

microscopic observations were extended to all 83 taxa. These characters were then 

manually mapped on the most likely tree.  On this basis, the most interesting characters 

were selected for ancestral state reconstructions. These characters were chosen because 

they were traditionally used to delimitate genera in the Verrucariaceae or because they 

provided synapomorphies that could be used to delineate new generic entities. 

1.2.5 Ancestral Character State Reconstruction 

 The program SIMMAP was used to reconstruct ancestral states (Bollback, 2006). 

This program uses a Bayesian approach to estimate the posterior probabilities of ancestral 

states (Huelsenbeck & Bollback, 2001), and takes into account both phylogenetic and 

mapping uncertainties (Ronquist, 2004). Phylogenetic uncertainty was integrated into the 

analysis by sampling topologies and branch lenghts from a pool of 10,000 trees obtained 

from our Bayesian tree reconstruction. To account for mapping uncertainty, SIMMAP 

allows the rate of evolution of the investigated morphological characters to vary, and 

estimates their posterior probabilities. A Markov k class model (Mk class model, where k 

refers to the number of states observed) was used to define the evolution of these 

morphological characters (Lewis, 2002), and the character states were set as unordered. 

The estimation of the posterior probability was carried out using two priors for 
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morphological characters, an overall evolutionary rate and a bias prior on two-state 

characters (Schultz & Churchill, 1999). For binary and multistate characters, a gamma 

prior was chosen for the overall evolutionary rate, with the following parameters: α=3.0, 

β=2.0 and k=60. For binary characters, a symmetrical β prior was used with α=1 and 

k=19. For each Bayesian tree sampled with SIMMAP during the ancestral state 

reconstruction, 100 draws were carried out from the prior distributions for the rate of 

evolution of morphological characters. 

1.3 Results 
 
1.3.1 Molecular Data 

 Sequences of all three loci were recovered (no missing data) for 70 of the 83 

members of the Verrucariaceae selected for this study. Individuals with missing 

sequences included two taxa missing nucLSU, 10 taxa missing nucSSU and two taxa 

missing RPB1 (Appendix 1). Individuals with incomplete sequences included five taxa 

for nucSSU and 13 taxa for RPB1. Nevertheless, taxa with missing or incomplete 

sequences were included in the phylogenetic analyses. The congruence analysis detected 

one conflict between the two regions of RPB1 for the placement of Verrucaria 

nigrescens. Because this conflict could not be resolved without pruning out V. 

nigrescens, and because the support values for this conflicting relationship were not very 

high (NJ-ML bootstrap of 76% and 72%), it was ignored and all the partitions were 

combined. The combined data matrix included 5,818 characters after exclusion of 

ambiguous regions and introns (1,330 included characters for nucLSU, 1,569 for nucSSU 

and 2,919 for RPB1). Both ribosomal loci had introns (group I and spliceosomal introns). 

The nucSSU was particularly rich in group I introns, with an alignment reaching 13,194 
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sites before all introns and ambiguously aligned regions were removed. Of the 5,818 

unambiguously aligned sites, 3,522 were excluded from the wMP analysis because they 

were constant. Of the remaining 2,296 sites, 1,854 were parsimony-informative (250 for 

nucLSU, 181 for nucSSU and 1,423 for RPB1). Constant sites were included for the ML 

and Bayesian analyses. 

1.3.2 Phylogenetic Inference 

 The Bayesian consensus tree is presented in Fig. 2 with branch lengths and 

support values. Except for a few (mostly deep) internodes, most internodes received high 

support values from all three phylogenetic methods. The genus Verrucaria is highly 

polyphyletic, with many species forming a grade at the base of well-delimited groups, 

such as for the Endocarpon group (Fig 2). Catapyrenium and Placidiopsis appear to be 

sister genera (100% PP, MLbs and wMPbs). The genus Staurothele is polyphyletic, with 

S. diffractella sister to the genus Endocarpon (100% PP, MLbs and wMPbs) and S. 

immersa nested within the Polyblastia group (100% PP, MLbs and wMPbs). As 

expected, the two genera Polyblastia and Thelidium are closely related and not 

monophyletic. However, their close relationship to Staurothele immersa, Verrucaria 

hochstetteri, V. cf. dolosa and the type species V. muralis, together forming a 

monophyletic group (Polyblastia group), was unexpected. Two species of Clavascidium 

are nested within the genus Placidium. The genus Heteroplacidium includes the species 

Verrucaria fuscula and is sister to a group including Placidium and Clavascidium (100% 

PP, MLbs and wMPbs), forming the Placidium group. The marine Verrucaria species are 

derived from at least two independent origins: one group including V. adriatica and V. 

maura, together with the freshwater species V. scabra (aquatic group; 100% PP, MLbs 
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and 99% wMPbs) is nested within the speciose lineage 3, and the second group including 

V. mucosa and V. striatula (marine group; 100% PP, MLbs and wMPbs) corresponds to 

lineage 2. The species Placopyrenium bucekii is nested within a group of Verrucaria 

species that are mostly lichen parasites, such as Verrucaria canella and V. lecideoides 

(100% PP, 98% MLbs and 95% wMPbs). Another group of parasitic species comprises 

the two genera Placocarpus and Verrucula (lineage 1; 100% PP, MLbs and wMPbs). 

Finally, the endolithic species Verrucaria marmorea is sister to the genus Bagliettoa 

(100% PP, MLbs and wMPbs). Together with Verrucaria cyanea and V. dufourii, they 

form a monophyletic group (Bagliettoa group) within lineage 3 (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Phylogenetic relationships among 83 members of the Verrucariaceae based on a 
Bayesian analysis of the combined nucLSU, nucSSU and RPB1 dataset. The tree was 
rooted using two species from the Chaetothyriales (Capronia spp.). Bold branches 
correspond to a PP ≥ 95% and either a ML or a wMP bootstrap ≥ 70%. An asterisk over a 
bold branch indicates that this node had a support value of 100% for all three methods. 
Otherwise, the support values are specified in the following order: PP/ML 
bootstrap/wMP bootstrap. Values below 70% for ML and wMP bootstraps and below 
95% for PP were replaced by a dash. If a node of the Bayesian tree was not recovered 
with either wMP or ML bootstrap, the support value obtained with either of these two 
methods was marked as non-applicable (na). The letter T follows the names of the type 
species. For better readibility, the size of the branch leading to the outgroup was divided 
by a factor of six. Four main lineages were recovered with high phylogenetic confidence 
in the family Verrucariaceae, including ten well-supported monophyletic subgroups 
highlighted here by shaded boxes. 
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1.3.3 Morphology 

 
 Five morphological characters were selected for ancestral state reconstructions 

either because of their traditional use in generic delimitation (structure of the thallus, 

ascospore septation and presence or absence of hymenial alga) or because they might 

represent key innovations associated with specific monophyletic groups (structure of the 

upper cortex and structure of the pycnidium). Because of the large amount of missing 

data (pycnidia have not been found for several species within the Verrucariales), the 

ancestral state reconstruction of the character “structure of the pycnidium” failed, but the 

taxonomic importance of this character was explored. The three characters “thallus 

structure,” “ascospore septation” and “upper cortex structure” have more than two states, 

whereas the character “hymenial alga” is binary (Table 3). 

 

Table 3: Characters and character states for ancestral state reconstructions. 
 

Character Character states 
Thallus structure 0=crustose and entirely endolithic; 1= all other crustose thallus type; including 

semiendolithic (medulla endolithic but algal layer and upper cortex epilithic), 
epilithic and placodioid thalli; 2=squamulose; 3=foliose umbilicate; 4=not 
applicable 

Upper cortex 
structure  

0=absent; 1=pseudocortex; 2=eucortex; 3=lithocortex 

Ascospore 
septation 

0=simple or mostly simple; 1=transversally uniseptate or mostly uniseptate; 
2=transversally multiseptate; 3=submuriform to muriform 
 

Hymenial alga 0=absent; 1=present 
 
 
 In order to minimize the number of states for a character as complex as “upper 

cortex structure,” the following four categories were created (Fig 3): (i) absent – The 

upper cortex was considered to be absent when no layer of fungal hyphae could be 

observed above the algal layer (Fig 3a), or when some fungal hyphae were present, 
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forming a thin, irregularly developed and prosoplectenchymatous net surrounding 

clusters of algae but not differentiating into a cortex (Fig 3b). (ii) pseudocortex –  This 

term was used to define poorly differentiated types of cortex (Fig 3c-j), i.e., when thin, 

usually less than 30 µm high, not well delimited from the algal layer (with algal cells 

often present up to the uppermost layers of cells), paraplectenchymatous, formed by 

small cells of (2–)4–8(–9.5) µm in diameter and with relatively thin walls and large 

lumina. The uppermost layers of cortical cells can be hyaline (Fig 3c) or more generally 

pigmented (usually brown). An epinecral layer is often present (Fig 3d). This type 

includes the cinereum-type cortex (Fig 3e-f) described by Breuss (1990) for species in the 

genera Catapyrenium and Placidiopsis. In Verrucaria maura (Fig 3g), the cortex is 

weakly differentiated since the size and shape of the fungal cells differ between the upper 

cortex (small rounded cells, 2–4 µm in diameter, sometime pigmented) and the algal 

layer (larger cells, 6–8 µm long). This maura-type pseudocortex is also found in 

Verrucaria adriatica (Fig 3h) and V. scabra (Fig 3i). Pseudocortex can also be observed 

in some endolithic species (Verrucaria dufourii and Verrucaria cyanea), in which it is 

formed by a thin prosoplectenchyma intermingled with microcrystals, sometimes with the 

presence at the top of one layer of slightly pigmented cortical cells (Fig 3j). The term 

“Scheinrinde” (which can translate to pseudocortex) has been used in the past (Poelt, 

1958: 418) to define the cortex of some Lecanora species. This type of upper cortex is 

formed of more or less vertical hyphae, which are not differentiated from the ones in the 

medulla and the algal layer. The “Scheinrinde” develops from a zone located in the algal 

layer, and accumulates in its upward growth dead fungal and algal cells. The presence of 

dead algal cells in the upper cortex has been subsequently used to discriminate this type 
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of cortex (presence of dead algal cells) from differentiated cortices (“Berindeter” or 

“Normal” type in Poelt, 1958; absence of dead algal cells) (Timdal, 1984). It is likely that 

what is called pseudocortex in our study corresponds to the “Scheinrinde” from Poelt 

(1958), but the presence or absence of dead algae was not investigated. (iii) eucortex –  

This term was used for a well-differentiated cortex, clearly delimited from the algal layer, 

paraplectenchymatous to scleroplectenchymatous, usually greater than 30 µm high 

(sometimes thinner in the nigrescens-type) (Fig 3k-p). The uppermost layers of cortical 

cells are in general pigmented (usually brown), and an epinecral layer is often present. 

Eucortex includes the lachneum-type cortex of Placidium and Clavascidium described by 

Breuss (1990) (Fig 3k). The lachneum-type cortex is formed by large cells of 5–14(–20) 

µm in diameter and with relatively thin walls and large lumina. In this type, the border 

between algal layer and upper cortex is almost rectilinear. The eucortex is also present in 

the genus Endocarpon and other related squamulose species, but the border between the 

algal layer and the upper cortex is often irregular and sinuous due to the palisade 

structure of the algal layer (Fig 3l). In Verrucaria nigrescens, the cortex is somewhat 

thinner (sometimes less than 30 µm high) and formed by smaller cells (3.6–6.5 µm in 

diameter) (Fig 3m). However, the upper cortex constitutes a well-defined layer, well 

delimited from the algal layer and without any algal cells. This nigrescens-type eucortex 

is also present in Verrucaria viridula (Fig 3n) and V. macrostoma (Fig 3o). The upper 

cortex is usually paraplectenchymatous, but can be scleroplectenchymatous for some 

species (e.g., Neocatapyrenium rhizinosum in Fig 3p). (iv) lithocortex (Pinna et al., 1998) 

–  This term was used to define the cortex of some endolithic species (Fig 3q-s). Their 

upper cortex is about 30 µm thick, densely prosoplectenchymatous, and formed by 
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conglutinated hyphae intermingled with microcrystals dissolving in chloridric acid 

(calcium carbonate). The top cortical layers of some species can contain amorphous 

pigments (pink to purple for Verrucaria marmorea [Fig 3s] or Bagliettoa cazzae, and 

grayish blue-green for Bagliettoa parmigerella). This type of cortex might differ from the 

lithocortex sensu stricto described by Bungartz et al. (2004) for the species Verrucaria 

rubrocincta. The cortex of this species is constituted of a layer of micrite reaching up to 

50 µm in thickness including only sparse fungal hyphae (but see Gueidan & Roux, 2007).  
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Figure 3: Light micrographs showing the structure of the upper cortex of various species 
of Verrucariaceae. Bars = 20µm (unless specified). a-b. Cortex absent. a. in Verrucaria 
striatula (bar = 10µm). b. in Thelidium pyrenophorum (bar = 10µm). c-j. Pseudocortex. c. 
in Staurothele frustulenta, with a hyaline upper cortical layer. d. in Verrucula 
inconnexaria, with a pigmented upper cortical layer (bar = 40µm). e. cinereum-type 
cortex in Catapyrenium cinereum (bar = 10µm). f. upper cortex with a thick epinecral 
layer in Placidiopsis cartilaginea. g. maura-type cortex in Verrucaria maura. h. in 
Verrucaria adriatica. i. squash mount of a thick section seen at an oblique angle showing 
a pigmented uppermost layer of cortical cells in Verrucaria scabra. j. a thin and weakly 
differentiated endolithic cortex in Verrucaria cyanea. k-p. Eucortex. k. lachneum-type 
cortex in Placidium lachneum. l. with a palisade algal layer in Endocarpon adscendens. 
m. in Verrucaria nigrescens (bar = 10µm). n. in Verrucaria viridula. o. in Verrucaria 
macrostoma. p. scleroplectenchymatous in Neocatapyrenium rhizinosum. q-s. 
Lithocortex. q. in Bagliettoa parmigerella. r. in Bagliettoa sp. s. in Verrucaria 
marmorea, with purple pigmentation of the upper cortical layer (bar = 100µm). 
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 The type of pycnidia also appears to be phylogenetically important. These 

structures were found and studied in 36 taxa (Figs 4 and 5). Observations were also made 

for Verrucaria cyanea, V. dufourii, V. marmorea, V. maura and V. scabra but, since they 

were incomplete, the pycnidial type could not be clearly interpreted. Additional 

anatomical studies will be conducted in order to define the types of pycnidia in these 

species. Two previously described types of pycnidia were observed in most of the species 

studied here (Fig 5): the Dermatocarpon-type and the Endocarpon-type (Janex-Favre & 

Wagner, 1986). In the Dermatocarpon-type (Fig 4a-b), each pycnidium has several late-

forming cavities that remain separated by a paraplectenchyma. The conidiospores are 

produced by cells bordering the cavities. The number of cavities varies significantly 

according to the genera, from many in the large pycnidia of Dermatocarpon to few in the 

small pycnidia of some species of Verrucula (2 to 6 cavities visible in cross section). 

These pycnidia are delimited by a thin wall and do not have well-differentiated ostioles. 

The conidiospores are released at maturity through fissures in the upper cortex. The 

Endocarpon-type pycnidium has a rudimentary wall and sometimes a sinuous outline 

(Figs 4c-e). They have a single early-forming cavity and radially oriented and 

differentiated hyphae bearing conidiogenous cells (or conidiophores). Conidiospores are 

released through a narrow ostiole that is barely visible at the surface of the thallus (Fig 

4c). A third type of pycnidium was observed in Verrucaria mucosa (Fig 4f). These 

mucosa-type pycnidia have a single cavity. The conidiogenous cells are elongated and 

directly border a rudimentary pycnidium wall. Nearby pycnidia can sometimes be lateraly 

connected through their cavities, but each pycnidium always has its own well-

differentiated ostiole. Cells bordering the ostiole have a dark pigmentation. The type of 
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conidiogenesis (endobasidial versus exobasidial) was not investigated in our study 

because the use of these terms have been referred to as obsolete for the pycnidia of 

lichenized ascomycetes (Kirk et al., 2001). 
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Figure 4: Types of pycnidia observed in the Verrucariaceae. Pycnidia are represented in 
light grey and algal cells in black. a-b. transversal sections of the thallus showing 
Dermatocarpon-type pycnidia, characterized by the presence of several cavities separated 
by a paraplectenchyma. a. laminal pycnidium in Heteroplacidium fusculum. b. Marginal 
pycnidium in Placidium arboreum. c-e. Endocarpon-type pycnidia, characterized by the 
presence of conidiophores and one single cavity. c. longitudinal radial section of 
pycnidium with a narrow ostiole in Endocarpon adscendens. d. longitudinal tangential 
section of a pycnidium showing long and slightly curved conidiospores in Verrucaria 
weddellii (ostiole not visible). Angular grey shapes represent calcium carbonate crystals. 
e. longitudinal tangential section of a pycnidium embedded in a carbonaceous layer (in 
black) in Verrucaria nigrescens. f. longitudinal radial section of pycnidium in Verrucaria 
mucosa, with ostiole surrounded by black pigmented cells (in dark grey), and without 
conidiophores. Bars = 10µm. 
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Figure 5: Phylogenetic distribution of parasitic and aquatic species within the 
Verrucariaceae, and assessment of the importance of pycnidial structure as a phylogenetic 
character. Character states were reported on our most likely tree for each of the taxa. 
Thick branches represent well-supported nodes as defined in Fig 2. The alternating 
shaded pattern highlights the ten main monophyletic groups presented in Fig 2. 
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1.3.4 Ancestral Character State Reconstruction 

 Ancestral character states were reconstructed for about 30 critical nodes, 

depending on the character being analyzed (Fig 6). The most recent common ancestor for 

the Verrucariaceae was crustose and epilithic (Fig 6a), with a pseudocortex (Fig 6b), 

simple ascospores (Fig 6c) and without algae in its hymenium (Fig 6d). More complex 

squamulose thalli evolved at least four times in this family (all within lineages 3 and 4): 

in the ancestral lineage of the genus Endocarpon, of the Placidium group, of the species 

Neocatapyrenium rhizinosum and of the group including Catapyrenium and Placidiopsis. 

Two independent transitions to endolithism were detected in lineage 3 (in the Polyblastia 

group and at the base of the Bagliettoa group; Figs 6a and 2), both derived from a 

crustose epilithic ancestor. An upper pseudocortex (ancestral state for this family) was 

lost independently in the ancestor of the marine group and the ancestor of the Polyblastia 

group. An eucortex evolved from an ancestor with a pseudocortex, at least twice in the 

family Verrucariaceae, once in the ancestral lineage of the Placidium group and once 

during the early evolution of the Endocarpon group, followed by a reversal in the latter 

group (Figs 6b and 2). A lithocortex evolved from an ancestor to the genus Bagliettoa 

with a pseudocortex, as what seems to be an adaptation to an earlier transition to 

endolithism in the ancestral lineage of the Bagliettoa group (Fig 6a and b).  

Muriform ascospores have evolved three times independently from an ancestral simple 

ascospore state (in Staurothele, Endocarpon and the Polyblastia group). Transversally 

uniseptate ascospores evolved independently twice, also from an ancestral simple 

ascospore state (in Placidiopsis and Placopyrenium). In the Polyblastia group, 

transversally uniseptate ascospores and transversally multiseptate ascospores might have 
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evolved twice each. In this group, simple ascospores and transversally uniseptate and 

multiseptate ascospores seem to have evolved from an ancestral muriform character state. 

The presence of algae in the hymenium seems to have evolved independently at least 

three times without reversals (in the ancestral lineage of Staurothele s.s., Endocarpon and 

Staurothele immersa; Fig 6d). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Ancestral state reconstructions of the characters “thallus structure” (a), “upper 
cortex structure” (b), “ascospore septation” (c) and “hymenial algae” (d) in the 
Verrucariaceae using a Bayesian approach. Estimates obtained with this method take into 
account phylogenetic and mapping uncertainties. Reconstructions are shown on each 
corresponding node by large colored pie charts. Character states of each taxon are 
indicated by small colored circles. The two outgroup species are not shown on the tree 
due to the lack of space, but were coded as follows: “absent” for the thallus structure, the 
upper cortex structure and hymenial algae, and “muriform” for ascospore septation. The 
alternating shaded pattern highlights the ten main monophyletic groups presented in Fig 
2. 
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1.4 Discussion 
 
 Genera within the family Verrucariaceae were traditionally defined by the 

morphology of their thallus, their ascospore septation and the presence or absence of 

algae in the hymenium (Zahlbruckner, 1921-1922; Zschacke 1933-1934; Servít, 1955). 

The morphological heterogeneity within Verrucaria was acknowledged to be problematic 

by Halda (2003) and Poelt & Hinteregger (1993), but molecular data were not available 

at that time, or insufficient, to use monophyly as a grouping criterion and to decipher 

which morphological characters provided synapomorphies for these recognized 

monophyletic entities. Our molecular phylogenetic study revealed that the four most 

speciose genera of this family (Verrucaria, Staurothele, Thelidium and Polyblastia) are 

polyphyletic and that the genus Verrucaria was defined using sympleisiomorphic 

character states (such as crustose thallus and simple ascospores) rendering the taxonomic 

disentanglement of this family virtually impossible without a broad and comprehensive 

molecular phylogenetic survey of this family (Fig 6). The complexity of this taxonomic 

problem is best exemplified by Verrucaria species being found in 8 of 10 main 

monophyletic groups of the Verrucariaceae, as highlighted in Figure 2. For Staurothele, 

Thelidium and Polyblastia, polyphyly resulted from the use of homoplastic traits, such as 

ascospore septation and presence/absence of hymenial algae (Fig 6c and d). Our study 

brings a novel insight into the generic delineation and character evolution within the 

family Verrucariaceae by combining molecular and morphological data. First, the 

traditional generic circumscription within the Verrucariaceae is compared to the 

monophyletic groups inferred using molecular data. Second, the evolution of some 

selected morphological characters is discussed based on ancestral state reconstructions. 
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1.4.1 Traditional Generic Circumscription in Verrucariaceae versus Monophyly 

1.4.1.1 Squamulose Taxa 

 In recent taxonomical treatments (Clauzade & Roux, 1985; Breuss, 1990; Nimis, 

1993), the squamulose taxa within the Verrucariaceae were mainly included in two 

different genera: Catapyrenium s.l. (simple ascospores and absence of algae in the 

hymenium) and Endocarpon (muriform ascospores and presence of algae in the 

hymenium). The genus Catapyrenium s.l. has recently been divided into eight genera 

(Harada, 1993b; Breuss, 1996a): Anthracocarpon Breuss 1996, Clavascidium Breuss 

1996, Catapyrenium s.s. Flot. 1850, Placidium A. Massal. 1855, Heteroplacidium Breuss 

1996, Scleropyrenium H. Harada 1993, Involucropyrenium Breuss 1996 and 

Neocatapyrenium H. Harada 1993, which will be further referred to as catapyrenioid 

genera. The splitting of Catapyrenium s.l. was based on a combination of characters such 

as structure of the pycnidium, structure of the upper cortex, ascus shape and arrangement 

of the ascospores in the ascus (Harada, 1993b; Breuss, 1996a). As suggested by Breuss 

(1983, 1996a; Breuss & Hansen, 1988), Catapyrenium s.s. is part of a lineage distinct 

from other catapyrenioid genera and are more closely related to the genus Placidiopsis 

(Fig 2). Catapyrenium s.s. and Placidiopsis have the same thin, small-celled and not 

clearly delimited type of upper cortex (pseudocortex), also called cinereum-type (Fig 3e-

f), which greatly differs from the upper cortex of the other catapyrenioid genera 

Placidium, Clavascidium or Heteroplacidium (Figs 3k and 6b). 

 The main monophyletic group of catapyrenioid species (Placidium group) 

comprises the three genera Placidium, Clavascidium and Heteroplacidium (Fig 2). Both 

Placidium and Clavascidium have a well-delimited and large-celled upper cortex 
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(eucortex of the lachneum-type) and Dermatocarpon-type pycnidia (Figs 5 and 6b), but 

differ from each other by their ascus structure and ascospore arrangement. Clavascidium 

has clavate asci with ascospores in a biseriate order, whereas Placidium has asci which 

are, at least at the beginning of their development, cylindrical and with ascospores in a 

uniseriate order (Breuss, 1996a). As shown in Figure 2, Clavascidium is nested within 

Placidium, questioning the value of these two linked characters to recognize 

Clavascidium and Placidium as distinct genera. The simplest solution to maintain the 

monophyly of Placidium would be to subsume Clavascidium within Placidium s. l., 

especially, if no other character can explain the phylogenetic structure revealed here 

within Placidium s.l. (Fig. 2). Taxonomic changes will be proposed in a later study after 

obtaining molecular data from the type species Placidium michelii and from more 

Clavascidium species. The genus Heteroplacidium is also characterized by 

Dermatocarpon-type pycnidia (Fig. 5), but differs from the genera Placidium and 

Clavascidium by having all thallic layers (i.e., upper cortex, algal layer, medulla and 

lower cortex) paraplectenchymatous. 

 The genus Neocatapyrenium constitutes a third lineage of catapyrenioid species in 

our phylogeny. It is closely related to the genus Endocarpon and forms a monophyletic 

group with this genus when Verrucaria viridula and Verrucaria weddellii are included 

(Fig 2). This close relationship between Neocatapyrenium and Endocarpon is supported 

by two morphological character states: (1) palisade algal layer (algal cells arranged in 

columns) (Fig 3l), and (2) Endocarpon-type pycnidium (Figs 4c-e and 5). The palisade 

algal layer is also present in some of the related species, such as Verrucaria nigrescens, 

but was never observed in the catapyrenioid genera Placidium, Clavascidium, 
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Heteroplacidium and Catapyrenium s.s. (Breuss, 1990). The use of this character state as 

a diagnostic feature for the Endocarpon group has to be done with caution because it is 

absent in some Endocarpon-related species (Verrucaria viridula and V. weddellii), and 

present in non-related taxa (e.g., Placopyrenium bucekii and Verrucaria maura). A 

typical Endocarpon-type pycnidium has been observed in Neocatapyrenium rhizinosum 

and is likely to be a synapomorphy for the Endocarpon group (Fig 5), whereas other 

catapyrenioid taxa (Placidium, Clavascidium and Heteroplacidium) are characterized by 

Dermatocarpon-type pycnidia (Breuss, 1990).  

 The genus Endocarpon traditionally includes squamulose species with muriform 

ascospores and hymenial algae, whereas crustose species with muriform ascospores and 

hymenial algae were placed in the genus Staurothele. In our study, the crustose species S. 

diffractella is sister to the genus Endocarpon and is distantly related to the core of the 

genus Staurothele found in Lineage 4 (Fig. 2). Staurothele diffractella differs from other 

species of Staurothele by having a palisade algal layer, a character commonly present 

amongst species of Endocarpon. This character, as well as our molecular results, justified 

the new combination Endocarpon diffractellum (see chapter 2). 

1.4.1.2 Parasitic Taxa 

 Poelt was the first author to study the systematics and the biology of parasitic 

lichens (Poelt & Doppelbauer, 1956; Poelt, 1958, 1990). This author recognized different 

levels of parasitism, spanning from unspecialized facultative parasites, specialized 

facultative parasites to specialized obligate parasites (Poelt, 1990). Since then, only few 

more studies have treated the systematic aspect of these parasitic lichens (Hertel, 1970; 

Zehetleitner, 1978). In Verrucariaceae, the first exhaustive study of parasitic lichens 
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listed eleven taxa, mostly belonging to the genus Verrucaria (Zehetleitner, 1978). In this 

study, Zehetleitner (1978) used the term parasitic lichens (or specialized parasites 

according to Poelt, 1990) for species growing on other lichens, killing the fungal partner 

or both fungal and algal partners of their host and, at the end, always building their own 

lichen thallus. Some of these species only start the first stage of their development by 

growing on other lichens, and become later independent from their host. These “juvenile” 

parasites can be facultative or obligate. Other species strictly depend on the presence of 

their lichen host for which they are often highly specific (Zehetleitner, 1978). It is 

noteworthy that high host specificity is also generally found in lichenicolous fungi (non 

lichenized fungi growing as commensals or parasites on other lichens), which are quite 

abundant in the order Verrucariales, in both families Adelococcaceae and Verrucariaceae. 

Many more parasitic lichens have now been described within the Verrucariaceae 

(Clauzade & Roux, 1985; Navarro-Rosinés et al., 2007). In our study, parasitic lichens 

were found to be present in three distinct lineages (Fig. 5): (1) the Verrucula group, 

including Verrucula and Placocarpus (Lineage 1; Fig. 2), (2) the Placopyrenium group, 

including Placopyrenium and closely related Verrucaria species (in Lineage 3), and (3) 

Verrucaria fuscula, a member of the Placidium group (in Lineage 3). 

 Placocarpus schaereri is generally found, at least in its early stage of 

development, parasitizing Lecanora muralis (Zehetleitner, 1978). It is sister to some 

species mainly parasitic on a group of Caloplaca with anthraquinones and lobate or not, 

and on Xanthoria elegans (Fig 2). This group of parasitic species is monophyletic, except 

for Verrucaria poeltiana (parasitic on Caloplaca aurantia), which is nested within the 

Placopyrenium group. The monophyly of these parasitic taxa (excluding V. poeltiana) 
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confirms their close relationship inferred by Navarro-Rosinés et al. (2007), and 

Zehetleitner (1978) based on morphological data. The genus name Verrucula, previously 

described by Steiner (1896) to accommodate a group of parasitic Verrucaria but never 

subsequently used, was available for this group (Navarro-Rosinés et al., 2007). In 

Verrucula, specificity to the lichen host seems to be high, since in general each host 

species is colonized by a different species of Verrucula (Navarro-Rosinés et al., 2007; 

Zehetleitner, 1978). However, it has also been suggested that, because of the low 

morphological variation in this group, all species parasitic on Caloplaca section 

Gasparrinia could in fact constitute a single species, and that specificity for a lichen host 

cannot be used to delimit these species (see Zehetleitner, 1978: 703; McCarthy, 1988). 

Our very preliminary sampling (Fig. 2), supports, or at least, does not oppose the 

recognition of these taxa (some with overlapping geographical ranges) as distinct 

Verrucula species. A complete revision of the genus Verrucula will be available in 

Navarro-Rosinés et al. (2007). 

 In the second parasitic lineage, the two parasitic lichens Verrucaria canella and 

Verrucaria fuscella are most closely related to Placopyrenium bucekii, a non-parasitic 

species. Verrucaria canella is a crustose lichen mainly found growing on Aspicilia 

calcarea (formely known as V. aspiciliicola, but synonymized with V. canella by Orange 

in 2004) and was described as a facultative parasite by Zehetleitner (1978). Verrucaria 

fuscella is also crustose and often starts its development on Verrucaria nigrescens. 

Placopyrenium bucekii differs from these two species by several features such as early 

gelatinizing asci, a placodioid thallus with peripheral lobate areoles and a black 

hypothallus (Ménard & Roux, 1995). The thalli of V. fuscella and V. canella are generally 
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not lobate, the areoles are smaller and the hypothallus is absent. However, a few 

specimens of V. canella have been observed growing partially or entirely on rock, 

independently from their host. In these specimens, the thallus is slightly lobate, and, 

similarly to P. bucekii, a black hypothallus can sometimes be observed. Verrucaria 

lecideoides and Verrucaria poeltiana also belong to the Placopyrenium group (Fig 2). All 

species included in this study that are part of this group have very similar perithecia: 

immersed, with colorless excipulum, becoming dark brown around the ostiole (with the 

exception of V. lecideoides, for which the excipulum becomes completely dark brown at 

maturity). Placopyrenium bucekii has simple or uniseptate ascospores. Zehetleiner’s 

diagnosis (1978) as well as our observations on diverse specimens of V. canella showed 

that the ascospores of this species could be simple or uniseptate. Verrucaria fuscella, V. 

lecideoides and V. poeltiana also occasionally have uniseptate ascospores, although 

always in small number. Both morphological and molecular evidence suggest that these 

parasitic species of Verrucaria are more closely related to the genus Placopyrenium than 

to other species of Verrucaria and, therefore, could be subsumed within Placopyrenium if 

no morphological features correlate with the phylogenetic structure found within this 

group (see chapter 2).  

 Verrucaria fuscula, a parasite on Aspicilia calcarea, is part of the third lineage 

that includes parasitic species (Heteroplacidium, Fig 5). Based on morphology, two other 

parasitic lichens, Verrucaria compacta (A. Massal.) Jatta (found as a saxicolous or as an 

epiphyte on crustose or non-crustose allied lichens) and Verrucaria zamenhofiana Clauz. 

& Cl. Roux (a parasite on Staurothele areolata), might also belong to the genus 

Heteroplacidium (see chapter 2 for new combination of V. fuscula). 
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1.4.1.3 Endolithic Taxa 

 The strictly endolithic species (i.e., excluding species that can sometime have a 

partially endolithic thallus with a medulla anchored in the rock [e.g., Verrucaria tristis, V. 

weddellii]), are restricted to the Polyblastia and the Bagliettoa groups (Figs 2 and 6a). 

Massalongo (1853) included in the genus Bagliettoa the calcicolous endolithic species of 

Verrucariaceae characterized by an involucrellum with a star-like aperture. This genus 

was subsequently accepted by some authors (Poelt & Vězda, 1981; Santesson, 1993; 

Santesson et al., 2004) but not by others (Clauzade & Roux, 1985; Halda, 2003). In his 

recent revision of this group, Halda (2003) concluded that the validity of this genus could 

not be confirmed without a global study of the involucrellum in all taxa of Verrucaria. 

Our results show that these calcicolous endolithic species having an involucrellum with a 

star-like aperture are indeed closely related and form a well-defined lineage within the 

Verrucariaceae (Fig. 2). However, Bagliettoa sp. (corresponding to B. calciseda; see 

chapter 2), which lacks this characteristic involucrellum, also belongs to this group. 

Moreover, the species Verrucaria marmorea, which is sister to the genus Bagliettoa, also 

lacks this typical involucrellum. Because this species shares three main diagnostic 

characteristics with other species of this genus (endolithic growth, immersed perithecia 

and lithocortex), V. marmorea is included within Bagliettoa (see chapter 2). Another 

particularity of some species in the genus Bagliettoa is the frequent absence of 

ascospores. In these species, asci are abundant but stay sterile even in mature perithecia 

(Fig. 8a). It is noteworthy to mention that this absence of ascospores is often correlated 

with the presence of well-developped short pseudoparaphyses that can easily fragment 

and could propagate through the ostiole of the perithecia (Fig. 8b). These hyphae are 
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present from the beginning of the formation of the primordium and cover the upper part 

of the perithecial cavity up to the inner part of the ostiole (Janex-Favre, 1970). For three 

species, for which we did not observe any ascospores (Bagliettoa cazzae, B. parmigera 

and B. parmigerella), and for one species, for which asci produced only deformed 

ascospores (B. baldensis), short pseudoparaphyses were particularly abundant, well 

developed, and the terminal segments of these sterile hyphae were slightly swollen and 

easily detachable (Fig. 8b). Because sexual ascospores are absent in these species, and the 

layer of rock covering their thallus (endolithic thallus) prevents the propagation of typical 

asexual propagules, it is possible that these short pseudoparaphyses, or at least their 

apical segments, are adaptations by mycobionts to reproduce asexually when living 

endolithically. Two endolithic species Verrucaria dufourii and V. cyanea form a 

monophyletic group sister to Bagliettoa (Fig. 2). They differ from this genus by having 

half-emergent perithecia with a large involucrellum covering almost the entire 

perithecium. Moreover, their upper cortex is not as well differentiated as the lithocortex 

of Bagliettoa (Fig. 3j). Therefore, they were not included in this genus, and are in need of 

a new genus name (see chapter 2). 

 The second monophyletic group of endolithic taxa is found in the Polyblastia 

group, and includes species currently classified across four genera Polyblastia, 

Staurothele, Thelidium and Verrucaria (Figs 2 and 6a). It is sister to a group of epilithic 

taxa represented by Polyblastia melaspora and Verrucaria muralis. This second group of 

endolithic taxa differs from the Bagliettoa group by lacking an upper cortex (Figs 3b and 

6b), and in the morphology of their oil cells (Fig. 7), i.e., rounded cells containing lipids, 

located in the pseudomedulla of diverse endolithic species of lichens (macrospheroids 
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according to Zukal, 1886). Several morphological studies have been conducted on these 

enigmatic structures (Fry, 1922; Doppelbaur, 1959; Kushnir et al., 1978; Pinna et al., 

1998) and, although their function is still unknown, it has been shown that oil cells are 

quite diverse in morphology. In the Bagliettoa group, some species (B. baldensis, B. 

cazzae, B. parmigera, B. parmigerella and B. steineri) have numerous large oil cells in 

the pseudomedulla (Fig 7a), whereas other species lack them (Bagliettoa sp., B. 

marmorea [Fig 7b], Verrucaria cyanea and V. dufourii). When present, these oil cells are 

either laterally branched on the hyphae (Fig. 7d) or formed at their tip (Fig. 7e), and can 

sometimes be so densely aggregated along hyphae that they look as if they were forming 

chains of cells (Fig. 7f). In Bagliettoa, rounded oil cells with a swollen base are typical 

(Fig. 7c-d). In the endolithic clade within the Polyblastia group (Figs 2 and 6a), most taxa 

(Polyblastia cupularis, P. viridescens, Thelidium decipiens, T. incavatum, Staurothele 

immersa, Verrucaria hochstetteri) lack oil cells in their pseudomedulla (Fig. 7g).  

However, oil cells have been observed for Thelidium papulare and T. pyrenophorum (two 

sister species). These oil cells differ from those observed in Bagliettoa, by forming chains 

that resulted from the swelling of consecutive hyphal cells (Fig. 7h). In Verrucaria 

muralis2, oil cells are also present but form large clusters of strongly aggregated cells 

(more than 50 cells per cluster; Fig. 7i). Therefore, we do not consider the oil cells found 

in members of the genus Bagliettoa to be homologous to oil cell found in Thelidium 

papulare and T. pyrenophorum. The Polyblastia group remains taxonomically 

problematic because it includes the type species of three genera (Polyblastia cupularis, 

                                                
2 The specimen included in this study has a thallus entirely endolithic and most likely 
corresponds to V. rupestris, an accepted synonym of V. muralis which should be 
reinvestigated (see chapter 2). 
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Thelidium decipiens3 and Verrucaria muralis). Additional sampling and more detailed 

observation of morphological characters are necessary before carrying out any taxonomic 

changes in this group (see chapter 2). 

 

                                                
3 A doubt was raised on the synonymy of T. decipiens and T. amylaceum, the probable 
legitimate type species of this genus. 
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Figure 7: Light micrographs showing the structure of the pseudomedulla of some 
endolithic members of the Verrucariaceae. Stained for lipids with Sudan IV. a-f. in 
Bagliettoa. a. Presence of numerous oil cells in the pseudomedulla of B. parmigera. b. 
Oil cells absent in the pseudomedulla of B. marmorea. c-f. In B. parmigera. c-d. Oil cells 
can be branched laterally to the hypha and have a basal swelling. e. Oil cells can also be 
formed at the extremity of the hypha and can lack the basal swelling. f. When numerous 
and dense, the oil cells look like if they were forming chains. g-i. In the Polyblastia 
group. g. Oil cells absent in Polyblastia cupularis. h. Chain of oil cells in T. 
pyrenophorum, formed by the swelling of consecutive hyphal cells. i. Large cluster of 
aggregated oil cells in V. muralis. Bars = 10 µm. 



 

 
 

 

51 

 

 

Figure 8: Light micrographs of: a. the sterile hymenium of Bagliettoa parmigerella. b. 
well-developped short pseudoparaphyses of Bagliettoa parmigera, with detachable 
terminal segments (arrow). Bar = 10 µm. 
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1.4.1.4 Aquatic Taxa 

 In his classification of the Verrucariaceae, Servít (1953, 1954) created the 

subgenus Hydroverrucaria (Table 1) for the species of Verrucaria with completely 

prosoplectenchymatous or paraplectenchymatous thallus and growing in freshwater 

aquatic habitats. Several revisions of these freshwater species (Swinscow, 1968; Keller, 

1995; McCarthy, 1995; Thüs 2002) revealed a particularly high level of infraspecific 

variability and the need for further studies on their relationships with non-aquatic taxa. 

The colonization of aquatic habitats seems to have evolved several times in the 

Verrucariaceae (Fig. 5), however a denser sampling of species with less phylogenetic 

uncertainty for deep relationships within this family is needed to reconstruct the 

evolutionary history of this trait. The genera Staurothele and Dermatocarpon include 

both aquatic and non-aquatic taxa (Fig. 5). Aquatic species are also known to belong to 

the genera Polyblastia and Thelidium (Swinscow, 1971; Orange, 1991; Keller & 

Scheidegger, 1994; Keller, 2000), although none of these species were included in our 

study. The freshwater species Verrucaria praetermissa shares a most recent common 

ancestor with Catapyrenium, Placidiopsis and V. caerulea (Figs 2 and 5). Another 

freshwater species, Verrucaria submersella, is shown here to be sister to the rest of the 

members of the Endocarpon group that we sampled. The two other putative independent 

colonizations of aquatic habitats are associated with marine inhabiting species. 

Verrucaria maura and V. adriatica form a monophyletic group with the freshwater 

species V. scabra within Lineage 3 (Fig. 5). All three species are characterized by 

ascospores greater than 10 µm long. Moreover, Keller mentioned in her doctoral thesis 
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(1995) that V. rheitrophila, a species closely related to V. scabra, develops thalline black 

punctae (Swinscow, 1968) similar to those found in the marine species V. maura and V. 

adriatica. These black punctae are also found in V. scabra. The second marine group 

(Lineage 2), which includes Verrucaria mucosa and V. striatula, is characterized by 

smaller ascospores (Flenniken & Gibson, 2003) and the lack of an upper cortex (Figs 3a 

and 5). 

 

1.3.2 Evolution and Taxonomic Relevance of Selected Morphological Traits for a 

Phylogenetically Based Classification of the Verrucariaceae 

 
1.3.2.1 Pycnidia 

 Pycnidia and pycnidiospores are terms commonly used to define the generally 

flask-shape conidiomata and their conidiospores frequently found in lichen-forming fungi 

(Kirk et al., 2001). The role of the conidiospores as either spermatia or asexual 

propagules has long been controversial (Smith, 1921), and empirical data are still lacking 

to clarify their biological role. Although their function is unknown, they have been the 

subject of morphological studies since the 1850s and recognized as important characters 

in lichen classification (Tulasne, 1852; Lindsay, 1859, 1872; Glück, 1899; Steiner, 1901). 

Unfortunately, they have been often neglected by systematists, probably because of their 

sporadic presence for many species and their apparent absence in some groups. More 

recently, some authors contributed to the understanding of pycnidia morphology by 

studying their ontogeny (Letrouit-Galinou, 1972, 1973, 1984; Letrouit-Galinou & 

Lallemant, 1977; Janex-Favre, 1977, 1980, 1982; Vobis, 1980), and several types of 

pycnidia were defined (Vobis, 1980; Vobis & Hawksworth, 1981).  
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Conidiomata in the family Verrucariaceae have also been the subject of 

morphological and ontogenetical studies (Janex-Favre & Wagner, 1986). Since then, 

some authors working on members of the Verrucariaceae have systematically included a 

description of the pycnidium in their taxonomic work (Breuss, 1990; McCarthy, 1991; 

Harada 1992a, 1992b, 1993a; Ménard & Roux, 1995), and new genera were segregated 

based on pycnidial characters (Harada, 1993b; Breuss, 1996a).  

Two main types of pycnidia were described for the Verrucariaceae: the 

Dermatocarpon-type and the Endocarpon-type (Janex-Favre & Wagner, 1986). The 

Dermatocarpon-type (also known as the Endocarpon-type sensu Glück [1899] and 

Xanthoria-type sensu Vobis [1980]) is characterized by its paraplectenchymatous net and 

its multiple cavities (Fig 4a-b). This pycnidium type has been reported, and 

systematically characterized, for four main groups within the Verrucariaceae: (1) 

Dermatocarpon; (2) the Verrucula group; (3) the Placopyrenium group and; (4) the 

Placidium group (Figs 2 and 5). The Endocarpon-type is characterized by the presence of 

radially oriented and differentiated hyphae bearing conidiogenous cells (conidiophores) 

and a single cavity (Fig. 4c-e), and has been observed only in members of the 

Endocarpon group (Fig. 5). In the two sister species Verrucaria weddellii and Verrucaria 

viridula, the Endocarpon-type pycnidia are characterized by long and slightly curved 

conidiospores (Fig. 4d). Illustrations of pycnidia from Verrucaria nipponica (Harada, 

1992b), Verrucaria igii (Harada, 1996a) and Staurothele iwatsukii (Harada, 1992a) show 

conidiophores, suggesting a close affinity to the Endocarpon group. Harada described the 

pycnidia of these three species as being of the Staurothele-type. He also considered 

pycnidia from Neocatapyrenium, Endocarpon and Scleropyrenium to be of the 
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Staurothele-type (Harada, 1993b). The use of the term Staurothele-type to define 

pycnidia in Verrucariaceae has previously been questioned (Ménard & Roux, 1995). 

Pycnidia have never or only very rarely been observed in the Staurothele group (Fig 5). 

Moreover, the term Endocarpon-type predating the term Staurothele-type, it is here 

retained to define pycnidia with conidiophores and a single cavity.  

A third type of pycnidia has been reported for the Verrucariaceae, unilocular and 

with conidiogenous cells directly bordering the pycnidium wall, i.e., without 

conidiophores (Verrucaria mucosa, Fig. 4f). Illustrations of pycnidia for Verrucaria 

maura (Harada, 1996b) show conidiogenous cells that seem to be directly bordering the 

pycnidium wall, similar to V. mucosa. 

 Based on the type of pycnidium, it is now possible to propose hypothetical 

affiliations for some genera or species of the family Verrucariaceae to specific 

monophyletic groups recovered here (Figs 2 and 5). The genera Scleropyrenium (Harada, 

1993b) and Anthracocarpon (Breuss, 1996a) previously belonged to Catapyrenium s.l., a 

genus including mostly species with Dermatocarpon-type pycnidia (Breuss, 1990). 

Because these two genera have Endocarpon-type pycnidia, they are more likely to be 

closely related to the Endocarpon group (Fig. 5). 

1.3.2.2 Thallus Structure 

 In five instances during the evolution of the Verrucariaceae the thallus evolved 

from a crustose to a squamulose or foliose growth form (Fig. 6a). In the lineage leading to 

the genus Dermatocarpon, a transition to a foliose umbilicate thallus took place. The first 

divergence within the Placidium group seems associated with the evolution of large 

squamulose thalli in the ancestral lineage leading to Clavascidium and Placidium in 
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contrast to smaller squamulose thalli in the sister lineage leading to Heteroplacidium, 

with probably a reversal to the crustose form for V. fuscula (a crustose parasitic species 

with a thallus ranging from areolate to squamulose-areolate). A squamulose thallus seems 

to have evolved in the most recent common ancestral lineage of the genera Catapyrenium 

and Placidiopsis, although they never reach large sizes as in other catapyrenioid taxa 

(e.g., Placidium). Many taxa with squamulose thalli such as Anthracocarpon, 

Scleropyrenium or Involucropyrenium are suspected to belong to the Endocarpon group, 

but could not be included in this study because of lack of material. Therefore, in this 

group, the evolution of squamulose thalli might have been earlier than suggested here and 

might have evolved only once (Fig. 6a). An evolutionary trend away from typical 

crustose thalli is also noticeable in the Placopyrenium group. Species from this genus 

have placodioid thalli, i.e., crustose thalli with radiating marginal lobes (Purvis et al., 

1992), whereas the earlier diverging related species have small crustose non-lobate thalli. 

Some groups of the Verrucariaceae have adopted an endolithic growth form. This 

specialization seems to be a key innovation associated with the origin of the Bagliettoa 

group, since all species of this group are endolithic. For the Polyblastia group, endolithic 

species seem to form an exclusive monophyletic group. However, preliminary results 

from a phylogenetic study focusing on the genera Polyblastia and Thelidium revealed a 

more complex evolution of these traits, and that some epilithic species are nested within 

this apparently strictly endolithic group (Savić et al., in review). 

1.3.2.3 Upper Cortex 

 Similarly to the thallus structure, the upper cortex mostly evolved from a weakly 

differentiated to a more differentiated form. The evolution of a eucortex seems correlated 
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with the evolution of a squamulose thallus in the Placidium and Endocarpon groups, 

where the evolution of the eucortex preceded the origin of the squamulose thallus in the 

later group (Fig. 6a and b). The reversal to a pseudocortex in the Endocarpon group could 

be related to the development of a crustose thallus in Staurothele diffractella. The 

evolution of a lithocortex in the most recent common ancestral lineage to the genus 

Bagliettoa, was subsequent to the evolution of endolithism in the Bagliettoa group (Figs 

2 and 6a and b). However, in the Polyblastia group, a loss of a pseudocortex preceeded 

the origin of endolithism. The second loss of a pseudocortex in the Verrucariaceae is 

associated with an adaptation to the marine environment (Marine group in Fig 6b). 

1.3.2.4 Ascospore Septation 

 In some lineages in the Verrucariaceae, simple ascospores have evolved to 

become septate, mostly transversally uniseptate (in Placidiopsis and Placopyrenium) and 

muriform (in Staurothele, Endocarpon and the Polyblastia group) (Fig 6c). In the 

Polyblastia group, where all four different types of ascospore can be observed (simple, 

transversally uniseptate, transversally multiseptate and muriform), the evolution of 

ascospore septation appears to be complex. A more comprehensive taxon sampling for 

this group is necessary to better understand the evolution of ascospore septation. 

The taxonomic practice of using primarily ascospore septation to circumscribe generic 

entities has been questioned by Fröberg (1989), Poelt & Hinteregger (1993), Nimis 

(1993: 685), and Halda (2003). One recurrent problem is that some specimens producing 

mostly transversally multiseptate ascospores, except for a few, rare ascospores with one 

longitudinal septum, could be attributed to either the genus Thelidium (transversally 

multiseptate ascospores) or to the genus Polyblastia (submuriform to muriform 
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ascospores) (Halda, 2003). In our study, these two genera are not monophyletic, and 

some Thelidium species are more closely related to Polyblastia species than to other 

Thelidium species. Based on the high frequency of polymorphism for this trait in the 

Polyblastia group, this character needs to be used with caution in future generic treatment 

of this group. 

1.3.2.5 Hymenial Algae 

 Hymenial algae are small rounded or cylindrical algal cells occurring in the 

hymenium of some species of lichen-forming fungi. Their occurrence has been reported 

in early taxonomic studies of lichens (Nylander, 1858; Fuisting, 1868), and was the 

taxonomic basis for the recognition of two genera in the Verrucariaceae (Staurothele and 

Endocarpon), and one genus (Thelenidia) currently classified as a Dothideomycetes 

incertae sedis (Eriksson, 2006). The genus Sporopodium and a few species in Lecidea are 

also known to host algae in their hymenium (Nylander, 1858; Vainio, 1890; Smith, 1921; 

Santesson, 1952; Lücking & Lumbsch, 2001).  

 Based on in vitro experiments it was proposed that these hymenial algae, although 

different in size and shape in the Verrucariaceae, belong to the same species as the algae 

present in the thallus (Stahl, 1877; Geitler, 1938; Bertsch & Butin, 1967; Ahmadjian & 

Heikkilä, 1970). In these experiments (Ahmadjian & Heikkilä, 1970), large algal cells 

isolated from the thallus and grown in culture free from the mycobiont, became small 

rounded or cylindrical cells after few division cycles. Moreover, the lichen resynthesis 

experiments carried out in that study using Endocarpon pusillum showed that these small 

rounded or cylindrical hymenial algae became morphologically identical to thalline algae 

when in cellular contact (appressoria) with the mycobiont. Therefore, the increase in size 
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of the photobiont cells in the thallus is believed to be induced by the mycobiont, and has 

been suggested to be associated with an increase in the number of chloroplasts 

(Ahmadjian & Heikkilä, 1970). Suzanne Joneson (unpubl.) has found no difference 

between ITS sequences from the thalline and hymenial algae of Endocarpon pallidulum. 

The study of the development of the perithecium in some species of Verrucariaceae by 

Janex-Favre (1975) and Wagner (1987) are also in agreement with these results. Large 

thalline algal cells, present in or around the primordium, are trapped in this primordium at 

an early stage of the formation of the perithecium. In later stages, these large algal cells 

divide, become smaller and rounded or cylindrical, and fill the perithecial cavity. The 

presence of algae in the hymenium maximizes the likelihood of the mycobiont 

codispersing with the photobiont, which might increase the sexual reproductive success 

of the mycobiont. When a lichenized fungus without hymenial algae reproduces sexually, 

ascospores are dispersed and their probability of forming new lichen thalli depends on the 

chance of finding the appropriate photobiont. For mycobionts with hymenial algae, the 

likelihood of finding the appropriate photobiont is greatly increased because fungal 

ascospores can co-disperse with photobiont cells. It is noteworthy that in all three 

lineages where this codispersal mechanism independently evolved (Staurothele s.s., 

Endocarpon, and Staurothele immersa), it was associated with the presence of muriform 

ascospores (Fig 6c and d). These ascospores are usually quite large and present irregular 

walls that might help trapping and carrying algal cells when they are released through the 

ostiole. 
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1.4 Conclusions 
 

This first attempt to evaluate the current morphology-based classification of the 

Verrucariaceae with molecular data shows that the current generic delineations were not 

monophyletic, and that the use of traditional diagnostic morphological characters was 

problematic in defining natural taxonomic entities. In particular, character states that 

were used to define the genus Verrucaria, such as the crustose thallus, the absence of 

hymenial algae or the simple ascospore, are symplesiomorphic, and therefore were 

retained in several non-related lineages within the Verrucariaceae. Convergence is 

another common evolutionary process in the Verrucariaceae. Many derived character 

states such as the squamulose thallus, the muriform ascospore or the presence of 

hymenial algae evolved independently (homoplastic) in several lineages.  

 The high polyphyly of the genus Verrucaria and the problems of plesiomorphy 

and homoplasy of morphological characters in the Verrucariaceae make changes in 

generic delimitation difficult but necessary. Two approaches are possible. A narrow 

generic concept, in which the well-characterized genera will stay untouched (e.g., 

Endocarpon, Catapyrenium and Placidiopsis) and new genera will be described for each 

of the basal paraphyletic lineages of Verrucaria, would lead to a large number of new 

taxa. A broader generic concept, which includes these basal paraphyletic taxa of 

Verrucaria with their closely related genera, would significantly enlarge the concept of 

some genera and their morphological circumscription. In any case, as shown in other 

studies (Miller & Huhndorf, 2004, 2005), only a few genera can be defined by unique 

synapormorphies, and a combination of several characters, some of them being slightly 

homoplasious, might be the solution. 



 

 
 

 

61 

 

 

 

 

 

 

 

Chapter 2:  

The Main Genera of Verrucariaceae as Supported by 
Recent Morphological and Molecular Studies1 
 

                                                
1 Chapter written after the second workshop on Verrucariales in Akureyri, Iceland (June 
2007) in collaboration with S. Savić, H. Thüs, C. Roux, C. Keller, L. Tibell, M. Prieto, S. 
Heiðmarsson, O. Breuss, A. Orange, L. Fröberg, A. Amtoft Wynns, P. Navarro-Rosinés, 
B. Krzewicka, J. Pykälä, and F. Lutzoni. 
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2.1 Introduction 
 

Verrucariaceae are a large family of mostly lichenized species including 45 

genera and about 750 species (Hawksworth et al., 1995; Eriksson, 2006). Members of 

this family are ecologically quite diverse, with species colonizing many different 

substrates (rocks, soils, wood, bark, mosses and lichens) and living in various habitats (on 

arid and exposed rock surfaces, on permanently immersed boulders in streams, on rocky 

shores in the intertidal zone). They are found at different latitudes, from the tropics to the 

polar regions. Morphologically, species within Verrucariaceae are characterized by 

perithecial ascomata, bitunicate asci (Janex-Favre, 1970) with a dehiscence occurring by 

gelatinization of the apical part of the outer wall (Grube, 1999), a hamathecium formed 

by periphyses located in the ostiolar collar and short pseudoparaphyses located below the 

ostiolar collar (Janex-Favre, 1970), the lack, at least at maturity, of long interascal sterile 

hyphae (paraphyses s.l.) – which separate them from the Adelococcaceae, the other 

family of Verrucariales, in which long interascal sterile hyphae are persistent (Matzer & 

Hafellner, 1990; Triebel, 1993) –, and a positive reaction of the hymenial gel to 

potassium-iodine (Henssen & Jahns, 1974).  

Traditionally, three main morphological characters were used to define genera 

within this family (Zahlbruckner, 1903-1908, 1926; Zschacke, 1933-1934): spore 

septation, thallus structure and the presence or absence of algae in the hymenium (for a 

more complete history of the taxonomy of this family, see Gueidan et al., 2007; Savić et 

al., in review). However, this generic delimitation has been considered artificial by many 

authors (Servít, 1946; Fröberg, 1989; Poelt & Hinteregger, 1993; Nimis, 1993, 1998; 

Halda, 2003). One of the major issues was the use of spore septation to circumscribe 
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genera within this family. For example, the occasional appearance of longitudinal septa in 

some spores in specimens with otherwise only transverse septa (pauciseptate muriform 

spores) led to a great deal of confusion in attributing these specimens to a genus. In some 

cases, spore septation varies within species (e.g., Orange, 1991) and is, therefore, also 

potentially problematic at the generic level. Similarly, thallus structure and the presence 

of hymenial algae were believed to be of limited use as synapomorphies, because of 

possible convergent evolution. Nevertheless, the generic concepts in the Verrucariaceae 

remained unchanged, with only one attempt (Servít, 1953) to propose a radically different 

system. Servít (1953) revised the generic classification of the Verrucariaceae mainly 

based on characters of the involucrellum, but other authors rarely adopted this new 

system. The scarcity of additional morphological characters available for proposing a 

new generic system prevented the proposal of important changes in the classification. It is 

only recently, with the development of molecular techniques, that a new set of data 

became available for assessing the relevance of morphological characters in classifying 

species from this family. 

During the past two decades, contributions to fungal classification based on 

molecular data have led to major changes in our understanding of the evolution of fungi 

and of their phylogenetic affinities (see Hibbett et al., 2007 for a review). The first 

molecular studies to include molecular data on the family Verrucariaceae aimed at 

defining the phylogenetic placement of high-rank taxa within the ascomycetes (Lutzoni et 

al., 2001, 2004; Liu & Hall, 2004; Lumbsch et al., 2002, 2004, 2005; Geiser et al. 2006; 

Spatafora et al. 2006), and showed that the order Verrucariales was sister to an order of 

non lichenized fungi, the Chaetothyriales. Other molecular studies have mostly addressed 
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phylogenetic relationships at the infrageneric level (Heiðmarsson, 2003 and Amtoft et al., 

2008 for the genus Dermatocarpon), but two recent molecular phylogenetic studies have 

presented new results that have challenged the traditional morphology-based generic 

delimitation of this family (Gueidan et al., 2007; Savić et al., in review). They confirmed 

that spore septation cannot be used as the main generic character by showing that none of 

the genera Verrucaria (simple spores), Polyblastia (muriform spores), and Thelidium 

(transversally multiseptate spores) were monophyletic. Moreover, a squamulose thallus 

was shown to have evolved from a crustose thallus several times independently in this 

family, and hymenial algae were also acquired in distantly related groups (Gueidan et al., 

2007). 

Morphological studies and molecular phylogenetic analyses now suggest that 

taxonomical changes are needed in the Verrucariaceae. As a first step towards a more 

comprehensive taxonomic treatment of this family, specialists met in Akureyri, Iceland, 

for the second workshop on Verrucariales in 2007. Among other subjects, the generic 

classification of the family Verrucariaceae and some taxonomically related issues were 

discussed. The scope of this paper is to summarize the conclusions reached during this 

workshop and to propose a new preliminary taxonomy at the generic level. This revision 

integrates both the morphological and molecular data available at this time and represents 

a starting point for subsequent taxonomic studies on Verrucariaceae. It is agreed that 

many problems remain and that this preamble will have to be completed, modified and 

improved in the future. 

The main goal if this study is to summarize the currently available molecular 

phylogenies of Verrucariaceae, confront the current morphology-based generic 
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classification with this molecular data, and try to reconcile phylogeny and classification. 

As pointed out as part of a discussion on lichen classification (Tibell, 1998), 

classification and phylogenetic reconstruction do not have the same objective. 

Classifications can be defined as ‘conventions for recognizing and naming distinctive 

groups’ (Tibell, 1998), whereas phylogenetic reconstruction aims at inferring the 

evolutionary relatedness among groups of organisms. An accepted viewpoint on 

establishing classifications is that it has to take into account evolutionary relationships 

among groups of organisms (but see e.g., Tang & Lu, 2005, for an alternative viewpoint). 

Therefore, monophyly is the grouping criterion that is conventionally adopted. Molecular 

data have been especially important in characterizing monophyletic groups: DNA 

sequences provide a large number of informative characters, resulting in increasing 

resolution and support for phylogenetic reconstructions. However, attributing taxonomic 

ranks to monophyletic groups is a subjective process. As a consequence, the process of 

ranking supraspecific taxa has been the subject of much discussion (e.g., Avise & Johns, 

1999; Cantino & de Quieroz, 2007). 

Among lichenologists, a recent concern about taxonomic ranking was caused by 

the excessive increase in number of new generic names, which resulted in confusion for 

users of lichen taxonomy (Nimis, 1998). As guidelines to avoid this caveat, Nimis (1998) 

proposed five criteria to test the relevance of the description of new genera:  (1) 

monophyly should be tested, in particular using molecular data (2) the description of a 

new genus should be based on a phylogenetic analysis, which should demonstrate the 

relatedness between its species, (3) new generic entities should be supported by a 

significant number of morphological characters, (4) the taxon sampling should be large 
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enough to be representative of the morphological, ecological and phylogenetic diversity 

of the entity considered, and (5) the content of the new genera should be informative in 

order to avoid unnecessary division of homogeneous entities. The applicability of these 

criteria to the generic delimitation within the Verrucariaceae is commented upon in the 

discussion. Using these criteria as a guideline, the specific aims of this study are: (1) to 

summarize recent systematic work on taxa within Verrucariaceae, (2) to propose 

taxonomic changes when the data available are considered sufficient, and (3) to point out 

taxa for which further work is needed before a taxonomic revision can be proposed. 

2.2 Material and Methods 
 

Molecular phylogenies used in this project were obtained from Amtoft et al. 

(2008), Gueidan et al. (2007), Heiðmarsson (2003) and Savić et al. (in review). 

Phylogenetic relationships inferred in these different studies are summarized in figure 1. 

This tree is only a graphical representation of the well-supported phylogenetic 

relationships known so far, and does not result from a single analysis. This study was 

limited to 16 of the 45 genera currently listed as part of Verrucariaceae (Eriksson, 2006). 

The summary of systematic studies is based on Breuss (1996a) for the catapyrenioid taxa, 

Orange (2004) for the Verrucaria fuscella-group, Navarro-Rosinés et al. (2007) for the 

genera Verrucula and Verruculopsis, Savić et al. (in review) for Polyblastia and related 

taxa, Heiðmarsson (1998, 2001) and Amtoft et al. (2008) for Dermatocarpon, Nimis 

(1993), Clauzade & Roux (1985) and Santesson et al. (2004) for lichen floras and 

catalogues, as well as diverse other publications that are mentioned throughout the article. 

A problem became evident during morphological studies of members of this 

family. Many species in Verrucariaceae have been interpreted differently depending on 
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the author or the geographic region of study, as suggested in different studies (e.g., 

Christiansen & Roux, 1987 for Verrucaria viridula; Orange, 2004 for Verrucaria 

fuscella-group). The study of type specimens is required to solve this problem. However, 

type specimens have never been designated for many species within this family, or have 

been destroyed or lost. This confusion led authors to qualify many species as “auct.”, 

because the valid name for these species is not currently known. Moreover, many 

synonyms are available, some of which have not been critically evaluated, although they 

might have priority over species names currently used. Therefore, a particular effort was 

also provided in order to clarify the nomenclature of the investigated species. Type 

specimens were investigated when possible, and detailed descriptions of problematic taxa 

were provided when necessary. 

The grouping criterion that we adopted in this study was monophyly. As 

guidelines for taxonomic ranking, the five criteria proposed by Nimis (1998) were 

applied:  (1) DNA testing for monophyly, (2) phylogenetic analysis, (3) number of 

morphological characters used, (4) number of species considered, and (5) information 

content of the new division. 
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2.3 Results 
 

Genera investigated in this study are listed below alphabetically. For the clades 

including paraphyletic taxa for which taxonomical changes were not proposed in this 

article because of lack of data, taxa can be found under their group names as used by 

Gueidan et al. (2007) and Savić et al. (in review). Phylogenetic relationships between 

investigated taxa are summarized in figure 9. 
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Figure 9a: Graphical representation of the well-supported phylogenetic relationships 
known so far amongst genera of Verrucariaceae based on Amtoft & al. (2008), Gueidan 
& al. (2007), Heiðmarsson (2003) and Savić & al. (in review). A star indicates generic 
types. 
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Figure 9b: Graphical representation of the well-supported phylogenetic relationships 
known so far amongst genera of Verrucariaceae based on Amtoft & al. (2008), Gueidan 
& al. (2007), Heiðmarsson (2003) and Savić & al. (in review). A star indicates generic 
types. 
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2.3.1 Bagliettoa A. Massal., Mem. Lichenogr.: 146 (1853). 

Type: Bagliettoa limborioides A. Massal., Mem. Lichenogr.: 147 (1853). Type: Italy, ‘Vive sulle roccie 

calcaree nel Bosco Bagato presso Genova,’ F. Baglietto s.n. (VER, holotype, not seen; see Halda [2003]). 

Diagnostic characters: 

• Saxicolous calcicolous endolithic thallus, usually with outline of the thallus well 

visible on the rock surface. 

• Upper cortex differentiated into a lithocortex (Pinna et al., 1998; Gueidan & 

Roux, 2007). 

• Perithecia immersed, with or without an involucrellum. 

• Involucrellum, when present, shield-shaped and with a radially split aperture. 

• Oil cells (macrospheroids sensu Zukal, 1886) often present in the lower part of the 

medulla, laterally or terminally branching and often with a basal swelling. 

• Ascospores absent or deformed in several species for which short 

pseudoparaphyses are numerous, lack a gelatinous matrix, and have detachable 

apical cells. 

Comments: Bagliettoa is sister to the endolithic genus Parabagliettoa, from which it 

differs mostly by its immersed perithecia and lithocortex. Unfortunately, the type of 

Bagliettoa (B. limborioides) was not included in our study. Because it is a rare species, no 

recent collections seem to be available (Halda, 2003: 16). However, according to the 

morphology of B. limborioides (thallus and perithecia endolithic, presence of oil cells and 

radially split involucrellum), the species studied here are undoubtedly congeneric with 

this species. The presence of an involucrellum with a star-shaped aperture was a 
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diagnostic character in the original description of the genus Bagliettoa (Massalongo 

1853). However, our molecular and morphological study shows that this genus also 

includes species without this characteristic aperture of the involucrellum, such as 

Verrucaria calciseda and Verrucaria marmorea. New combinations are proposed in 

Gueidan et al. (2007) for V. marmorea and in Gueidan & Roux (2007) for V. calciseda.  

Nomenclatural note: Identifications of specimens belonging to Verrucaria calciseda DC. 

have always been problematic. Some authors suggested that this species, characterized - 

among other features - by the lack of an involucrellum, only represents poorly developed 

specimens of Bagliettoa parmigera (Clauzade & Roux, 1985; Nimis, 1993), while others 

have argued that V. calciseda and B. parmigera constitute two distinct species (e.g., 

Fröberg, 1989). Observations on recent material as well as of two specimens from 

Arnold’s exsiccati, Arnold Lich. exs. 311 (ZT), studied by Zschacke (1933: 83) and 

Arnold Lich. exs. 311 (G), showed that two different species were traditionally included 

under the name V. calciseda. The first species often lacks an involucrellum, either 

because the thallus was damaged or because the environmental conditions were not 

optimal and prevented its formation, and has abundant oil cells in the medulla (Arnold 

Lich. exs. 311, G). This material clearly corresponds to weakly developed specimens of 

B. parmigera, as suggested in Clauzade and Roux (1985). The other species always lacks 

an involucrellum, and does not have oil cells in the medulla (Arnold Lich, exs. 311, ZT). 

This species corresponds to V. calciseda DC. sensu Fröberg (1989), sensu Zschacke 

(1933) - although this author reported the presence of oil cells in the medulla - and 

probably to most of the material identified by different modern authors as V. calciseda 

DC. The type specimen of V. calciseda DC. is missing (Clerc, pers. com.) and its original 
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description does not give any information on the two important characters, the structure 

of the involucrellum and the presence of oil cells in the medulla. In order to minimize 

nomenclatural changes and respect the common name use, the species V. calciseda DC. 

was neotypified with the specimen Arnold Lich. exs. 311 (ZT) and the new combination 

Bagliettoa calciseda (DC.) Gueidan & Cl. Roux was proposed (Gueidan & Roux, 2007).  

Species investigated: 

- Bagliettoa baldensis (A. Massal.) Vězda, in Poelt & Vězda, Biblioth. Lichenol. 

16: 363 (1981). 

- Bagliettoa calciseda (DC.) Gueidan & Cl. Roux, Bull. Soc. Linn. Provence 58: 

187 (2007). 

- Bagliettoa cazzae (Zahlbr.) Vězda & Poelt, in Poelt & Vězda, Biblioth. Lichenol. 

16: 363 (1981). 

- Bagliettoa marmorea (Scop.) Gueidan & Cl. Roux, in Gueidan et al., Mycol. Res. 

(2007) ≡ Lichen marmoreus Scop., Fl. Carniol. 2: 367 (1772) ≡ Verrucaria 

marmorea (Scop.) Arnold, Verh. Zool. Bot. Ges. Wien 32: 147 (1882) ≡ 

Amphoridium marmoreum (Scop.) Baroni, Nuov. Gior. Bot. Ital. 23: 445 (1891). 

Type: [Slovenia,] montes Julijske Alpe, in declivibus vallis ‘dolina Triglavskih 

jezer’ supra Veliko jezero, secus viam, 1830 m, 23 June 2000, J. Halda & S. 

Haldová s.n. (PRM, neotype; selected by Halda [2003]). 

= Verrucaria purpurascens Hoffm., Descript. et Adumbr. Plant. Lichen. 1: 74 

(1790). 

= Amphoridium purpurascens (Hoffm.) Massal., Memor. Lichenogr.: 145 (1853). 

= Verrucaria calciseda v. decipiens Trevis., Conspect. Verruc.: 8 (1860). 
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- Bagliettoa parmigera (J. Steiner) Vězda & Poelt, in Poelt & Vězda, Biblioth. 

Lichenol. 16: 363 (1981). 

- Bagliettoa parmigerella (Zahlbr.) Vězda & Poelt, in Poelt & Vězda, Biblioth. 

Lichenol. 16: 363 (1981). 

- Bagliettoa steineri (Kušan) Vězda, in Poelt & Vězda, Biblioth. Lichenol. 16: 363 

(1981). 

Literature: Gueidan & Roux (2007, neotypification), Gueidan et al. (2007, oil cells), 

Halda (2003, revision), Pinna et al. (1998, anatomy), Servít (1939, revision), Tretiach & 

Geletti (1997, physiology). 

 

2.3.2 Clade C (as defined in Savić et al., in review)2 

 Trimmatothele perquisita joins a currently not identified species of Verrucaria (C. 

Gueidan 742, DUKE) with strong support (Savić et al., in review). Both species have 

small perithecia and a distinct involucrellum. However, they differ insofar that T. 

perquisita has polysporous asci and much smaller spores. Ertz & Diederich (2004) 

argued (by analogy with e.g., Buellia s.l. and Candelariella, which include species with 

both octosporous and polysporous asci) that since only the polysporous asci distinguish 

Trimmatothele from Verrucaria, these genera should be united, and consequently 

proposed the combination V. perquisita (Norman) Ertz & Diederich. Trimmatothele 

perquisita is, however, only remotely related to the type of Verrucaria (Savić et al., in 

review). 

                                                
2 Section contributed by S. Savić (see Savić S. 2007. Doctoral Dissertation, University of 
Uppsala, Uppsala, Sweden). 
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2.3.2.1 Trimmatothele Norman ex Zahlbr., in Engler & Prantl, Nat. Pflanzenfam. 1(1): 

56 (1903). 

Type: Trimmatothele perquisita (Norman) Norman ex Zahlbr., in Engler & Prantl, Nat. Pflanzenfam. 1(1): 

56 (1903). Type: Norway, Nordland, Stegen, on calcareous rocks, J.M. Norman s.n. (O, lectotype, not seen; 

selected by Ertz & Diederich [2004]). 

Diagnostic characters: 

• Thallus, thin, smooth. 

• Perithecia small, semi-immersed, without involucrellum. 

• Asci polysporous. 

• Ascospores small, simple. 

Species investigated: 

- Trimmatothele perquisita (Norman) Norman ex Zahlbr. (1903) ≡ Verrucaria 

perquisita (Norman) Ertz & Diederich, Mycol. Prog. 3: 231 (2004). 

Literature: Ertz & Diederich (2004, taxonomy), Nash (2002, Sonoran desert), Savić et al. 

(in review, molecular phylogeny). 

 
2.3.2.2 Other species investigated in clade C: 

- ‘Verrucaria’ sp. C. Gueidan 742 (DUKE). 

 

2.3.3 Clade E (see Savić et al., in review)3 

                                                
3 Section contributed by S. Savić (see Savić S. 2007. Doctoral Dissertation, University of 
Uppsala, Uppsala, Sweden). 
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Clade E, as defined by Savić et al. (in review), includes Sporodictyon and 

Henrica, as well as Verrucaria rupestris, Thelidium sp. (S. Savić 3157, UPS), and several 

species of Polyblastia. The genus Sporodictyon is well characterized both with 

morphological and molecular data (Savić & Tibell, in prep. 1). The sister group of 

Sporodictyon, including Polyblastia wheldonii and an undescribed species of Polyblastia 

(Z. Palice 7182, UPS), will be included in a new genus in a separate publication, 

primarily based on molecular data (Savić & Tibell, in prep. 2). Verrucaria rupestris 

forms a monophyletic group together with Henrica, a genus emended here and well 

supported by molecular data. The lineage including Thelidium sp. (S. Savić 3157, UPS) 

may also represent a new genus. 

 

2.3.3.1 Henrica B. de Lesd., Bull. Soc. Bot. France 68: 206 (1921). 

Description: Thallus crustose, white, pale grey to fawn, thin to thick, smooth to 

verrucose to strongly areolate or almost peltate and with subcrenulate margins, non-

pruinose to strongly white pruinose. Perithecia medium-sized to rather large, 0.5-0.9 mm 

diam., hemispherical, sessile or partly immersed. Excipulum spherical, black to dark 

brown. Involucrellum well developed, in the upper part fused with the excipulum. Asci 

without apical thickening when mature, ellipsoidal to clavate, 8-spored, 73-173 x 33-101 

µm. Hamathecium consisting of periphyses and short pseudoparaphyses. Ascospores 

muriform, 30-71 x 17-33 µm, ellipsoidal, when mature medium to dark brown, muriform, 

with 5-16 transversal and 1-5 longitudinal walls. Grow on siliceous and calcareous rocks. 
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Type: Henrica ramulosa B. de Lesd. = Henrica theleodes (Sommerf.) S. Savić, Tibell & 

Nav.-Ros. 

Diagnostic characters: 

• Saxicolous, thallus white, pale grey to fawn, smooth to verrucose or peltate with 

subcrenulate margin. 

• Perithecia medium-sized to rather large, sessile to semi-immersed, involucrellum 

well developed. 

• Asci without apical thickening when mature, 

• Ascospores muriform, medium-sized to large, ellipsoidal, when mature medium 

to dark brown. 

Comments: Henrica is well supported as a monophyletic group, but its sister-group 

relationship with Verrucaria rupestris is only moderately supported (Savić & Tibell, in 

prep. 1). Henrica melaspora and H. theleodes have, like Sporodictyon, a well-developed 

involucrellum, and they may be mistaken for Sporodictyon. However, unlike 

Sporodictyon, Henrica does not seem to form cephalodia. Molecular data show Henrica 

to be quite distinct from Sporodictyon. 

Species investigated: 

- Henrica melaspora (Taylor in Hook.) S. Savić & Tibell, comb. nov. ≡ Verrucaria 

melaspora Taylor in Hook., London J. Bot. 6: 153 (1847). Type: Carig Mountain, 

Kerry County, rocks over which water trickled, 23 September 1836, collector 

unknown s.n. (FH, holotype, not seen; see Hawksworth [1978]). 
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- Henrica theleodes (Sommerf.) S. Savić, Tibell & Nav.-Ros., comb. nov. ≡ 

Verrucaria theleodes Sommerf., Suppl. Fl. Lapp.: 140 (1826). Type: ‘Hab. In 

rupibes interdum stillicidiis irrigatis per Nordlandiam saltensem ex. gr. Ad 

Fiskevaagsosen Saltdalen copiosae,’ collector unknown s.n. (UPS!, lectotype; 

selected here). 

= Henrica ramulosa B. de Lesd., Bull. Soc. Bot. France 68: 206 (1921). Type: 

Spain, Cataluña, Lleida, Valle de Aran, 1990, Hladun & Navarro-Rosinés s.n. 

(BCC, neotype; selected by Navarro-Rosinés & Hladun [1992: 129]). 

 

 Henrica theleodes is described in detail here because it has been overlooked and 

misunderstood. A detailed description was given by Navarro-Rosinés (1992) under the 

name of Henrica ramulosa. The specimens described and depicted by Navarro-Rosinés 

(1992) have a well developed subthalline cushion extended to a ‘stalk’, just as in the 

original description.  Such morphotypes have not been observed in Northern Europe. The 

description below is based on material from Northern Europe and the adjacent Arctic. 

The name Verrucaria theleodes has been rather consistently misapplied for a long time – 

see the nomenclatural note below. 

Thallus superficial, moderately thick, matt, pale grey to fawn, when young consisting of 

scattered, convex granules, later forming scattered or confluent, flattened and almost 

peltate areoles, 0.7-3.1 mm wide, with subcrenulate margins; pseudocortex 15-18 µm 

thick, smooth, medium brown in section. Basal part of the thallus senescent, containing 

dead photobiont cells and strongly carbonized hyphae, sometimes forming a cushion. 

Perithecia rather large, 0.58-0.76 mm diam., hemispherical, emerging from the base of 
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the thalline areoles; in later stages semi-immersed in the thallus with only the ostiole 

being exposed; upper part of the perithecia with rather smooth surface. Involucrellum 

well developed apically, c. 110-130 µm thick, strongly carbonized and fused with the 

excipulum, diverging from the excipulum at half the height of the perithecium; in its 

lower part, the excipulum is 29-36 µm thick, medium brown in section, consisting of a 

paraplectenchyma formed from short cylindrical cells 10-13 x 4-8 µm; excipulum very 

pale brown or almost hyaline at the base; hamathecium formed by periphyses and 

numerous short pseudoparaphyses, the latter covering the inner perithecium wall halfway 

down, thin, c. 1 µm wide, branching at wide angles and anastomosing. Hymenium I+ red, 

KI+ blue. Asci 151-169 x 62-101 µm, ellipsoidal to clavate, 8-spored. Ascospores 52.5-

68.7 x 26.3-31.9 µm, ellipsoidal to narrowly ellipsoidal, often slightly curved and 

primary septum not at right angle compared to the long axis of the spore; when mature 

medium brown, muriform, with 8-11 transversal walls reaching the periphery along one 

side of the spores in a median optical section, and with 3-5 longitudinal walls in the 

central part. 

Habitat and distribution: On calcareous, humid rocks in open situations, usually along 

rivers or by lakeshores. Often closely associated with lichens with cyanobacterial 

photobionts like Collema, Lempholemma, Placynthium and Psorotichia. Known from 

Central and Northern Scandinavia, in high altitudes in Central and Southern Europe, 

Iceland, Greenland and the U. S. A., Colorado, here also in high altitudes. Altitudinal 

range: 20-3600 m. 
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Characterization: Henrica theleodes is recognized by a well-developed fawn thallus, 

often with subcrenulate margins, the rather large perithecia that are semi-immersed in the 

thallus, rather smooth outer perithecium surface at the ostiole, and medium brown, large 

but rather narrow spores. It has been confounded with Sporodictyon schaererianum, 

which differs in having a verrucose, initially rather smooth and continuous thallus, a 

perithecium apex with very rough outer surface; perithecia originating from the base of 

thalline verrucae, but eventually enclosed by lobe-like, thalline extensions, and the dark 

brown, broadly ellipsoidal spores. 

Nomenclatural note. Sommerfelt material of Verrucaria theleodes was found in O and 

UPS. Lynge curated the three collections from O. One of them has, in Lynge’s 

handwriting, a label mentioning ‘Saltdalen’ as the locality and ‘Sommerfelt’ as the 

collector, but lacks annotations in Sommerfelt’s handwriting. The other two collections 

have small labels in Sommerfelt’s handwriting, which, like the material, are glued to a 

piece of cardboard. One of these collections is labeled as the variety ‘contigua’, the 

second one is labelled ‘Verrucaria theleodes Somf. Saltdalen’. Two collections were 

found in UPS: one belonging to ‘contigua’ (not in Sommerfelt’s handwriting), and the 

second – which has a label in Sommerfelt’s handwriting – is labeled ‘Verrucaria 

theleodes Somf.’ with an additional label in E. Fries’ handwriting. The varieties 

‘contigua’ (one in O and one in UPS) cannot be selected as types for V. theleodes since 

they are attached to a different name. They correspond well to the original description of 

the variety ‘contigua’, and, in our opinion, belong to S. schaererianum. The specimen in 

O that does not have any annotation in Sommerfelt’s handwriting is not suitable for 

typification, since it may be questioned if Sommerfelt has studied this material. We are 
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thus left with two specimens among which a lectotype should be selected, both labelled 

Verrucaria theleodes in Sommerfelt’s handwriting. None of them are from 

Fiskevaagosen, the only locality specified in the protologue in addition to Saltdalen. 

According to our observations, these two specimens belong to different species. In the 

protologue, Sommerfelt offers a very sharp-eyed characterization of the two species 

involved, describing V. theleodes as having a ‘thallo crenatulis, dispersis’, and the variety 

contigua as having a ‘thallus continuus, areolatus’ – as suggested by its name. We clearly 

find the material from UPS – which is here designated as lectotype – to be in accordance 

with Sommerfelt’s description of V. theleodes, whereas the material from O, annotated as 

V. theleodes, belongs in fact to S. schaererianum. The lectotype selected here also has a 

label written by Elias Fries, and mentioning ‘Verrucaria thelena Sommerf.’, which, when 

published, constituted an illegitimate name. Unfortunately, the names of V. theleodes and 

of its homotypic synonyms – Polyblastia theleodes (Sommerf.) Th. Fr. and Sporodictyon 

theleodes (Sommerf.) Th. Fr. – have quite consistently been misapplied to material of 

Sporodictyon schaererianum, whereas the species described as Verrucaria theleodes var. 

contigua has been neglected (but see Navarro-Rosinés & Hladun, 1992). 

Specimens investigated: NORWAY. Hordaland. Odda, 0.5 km WNW of Svandalsflona, 

alt. 1020 m, 1982, Timdal 3504 (O). Odda, SE of Midlega, 1150 m, 1982, Timdal 3434 

(O). Sör-Tröndelag. Oppdal par., Dovre, 1870, Zetterstedt s.n. (UPS). Oppland par., 

Dovre, 1 km S of Kongsvoll, Blesebekken, 62°17’48’’N, 09°36’36’’E, 2007, Savić 3196, 

3201, Tibell s.n. (UPS). Nord-Tröndelag. Verdal par., Inndalen, at the W end of Innsvatn, 

63°39’36’’N, 12°09’18’’E, 2006, Tibell s.n. (UPS). Nordland. Steigen, Laskestad, 

Norman s.n. (O). SWEDEN. Lycksele Lappmark. Tärna par., Umfors, 1924, Magnusson 
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8799 (UPS). Torne Lappmark. Jukkasjärvi par., Björkliden, by Kåppasjokk, 1921, 

Magnusson 5456 (UPS). Karesuando par., Pikku Tanta, 1909, Th.C.E. Fries s.n. (UPS). 

Abisko, Abiskojokk Canyon, 68o21’47’’N, 18o47’28’’E, 2005, Savić 3140, 3143 (UPS). 

ICELAND. Iau. Nordur-Mulasysla, Hjaltastadur, Klifid, 65.52°N, 14.23°W, 9. 8, 1997, 

Heiðmarsson s.n. (AMNH). GREENLAND. Narsarsuaq, in a valley just W of the village, 

2005, Heiðmarsson 2068 (AMNH). U.S.A. Colorado. Clear Creek Co., E of Guanella 

Pass in basin NW of Mt Bierstadt, T. 5. S., R. 74 W., ca. 3600 m, 1974, Anderson 8848, 

Carmer s.n. (ASU). Grand Co., Rocky Mountain National Park, Sheep Rock near Milner 

Pass, ca. 3245-3300 m, 1974, Anderson 8625 (ASU). 

 

2.3.3.2 Sporodictyon A. Massal., Flora 35: 326 (1852). 

Type: Sporodictyon schaererianum A. Massal., Flora 35: 326 (1852). Type: ‘Ad saxa arenar. aqua suffusa 

in M. Gurnigel’ (as Parmelia atra v. areolata-verrucosa), collector unknown s.n. Schaerer, Lich. Helv. exs. 

538 (probably kept in VER, not seen; but material of Schaerer, Lich. Helv. exs. 538 in UPS was studied). 

Diagnostic characters: 

• Thallus grey, greenish grey or brownish, thin to thick, smooth to rimose or 

areolate or sometimes almost missing. 

• Perithecia medium-sized to rather large, hemispherical, with a thalline cover at 

least in the lower part. 

• Ascospores large, ellipsoidal or often slightly curved, when mature yellowish to 

medium or dark brown, muriform. 

• photobiont a green alga, but cyanobacteria (Nostoc sp.) occur as an additional 

symbiont in cephalodia. 
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Comments: Sporodictyon was recently resurrected to accommodate a group of species 

often referred to as Polyblastia, characterized by having large spores, perithecia often at 

least partially covered by the thallus, and cephalodia (Savić & Tibell, in prep. 1, 

including a historical review of Sporodictyon). Only S. terrestris may occasionally grow 

on soil or mosses. The other species are epilithic and prefer humid and often shaded 

habitats along streams or on lakeshores. They are sometimes found in temporarily 

inundated localities. They occur in Northern Europe, North America, the Arctic and also 

in the mountains of mainland Europe and the British Isles. The species are 

morphologically quite plastic and several species formerly recognized are now 

considered taxonomic synonyms (Savić & Tibell, in prep. 1).  

Species investigated: 

- Sporodictyon cruentum (Körb.) Körb., Parerga Lichenol.: 332 (1863). 

- Sporodictyon schaererianum A. Massal., Flora 35: 326 (1852). 

- Sporodictyon terrestris (Th. Fr.) S. Savić & Tibell, Mycol. Res. (in prep. 1). 

 

Literature: Savić & Tibell (in prep. 1, revision), Swinscow (1971, revision), Zschacke 

(1914, 1934, revisions). 

 

2.3.3.3 Verrucaria Schrad., Spic. Fl. Germ. 1: 108 (1794). 

Type: Verrucaria rupestris Schrad., Spic. Fl. Germ. 1: 109 (1794). Type: ‘Ad saxa calcarea; passim etiam 

in lapidibus arenariis provenit,’ collector unknown s.n. (probably kept in GOET, not seen). 

Diagnostic characters: 

• Thallus endolithic. 
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• Perithecia superficial, with dimidiate involucrellum. 

• Excipulum pale. 

• Spores simple, colorless. 

Comments: Once the largest genus within Verrucariaceae, Verrucaria is here restricted to 

its type V. rupestris. However, further morphological and molecular studies will most 

probably find closely related species to V. rupestris, and this genus will not stay 

monotypic for long. Preliminary analyses did not confirm the currently accepted 

synonymy between V. muralis Ach., a mostly epilithic species, and V. rupestris, a strictly 

endolithic species with similar range of spore sizes, although the distinction was made by 

previous authors, including Zschacke (1934). A molecular analysis including a typical 

specimen of V. muralis provided by Keller (W139, WSL) suggests that this species 

belongs to the Staurothele group, and is more closely related to V. praetermissa. 

Specimens studied in Gueidan et al. (2007) and Savić et al. (in review), both strictly 

endolithic, are more likely to belong to V. rupestris, the type of Verrucaria. The 

phylogenetic placement of this genus is, therefore, considered here as part of Clade E, 

and sister to Henrica. The examination of the type specimen of V. rupestris will however 

be necessary to confirm the identity of the two specimens of V. rupestris investigated 

with molecular data (Gueidan et al., 2007; Savić et al., in review) and the phylogenetic 

affiliation of the genus Verrucaria. 

Species investigated: 

- Verrucaria rupestris Schrad., Spic. Fl. Germ. 1: 109 (1794).  
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2.3.3.4. Other species investigated in clade E: 

- ‘Polyblastia’ wheldonii Travis, North Western Natural. 22: 240 (1947). 

- ‘Polyblastia’ sp., Z. Palice 7182 (UPS). 

- ‘Thelidium’ sp., S. Savić 3157 (UPS). 

 

2.3.4 Dermatocarpon Eschw., Syst. Lich.: 21 (1824). 

Type: Dermatocarpon miniatum (L.) W. Mann, Lich. Bohemia: 66 (1825). Type: Dillenius 1742: 223, tab. 

30, fig. 127B (OXF, epitype; lectotype slected by Jørgensen et al. [1994: 378]). 

Diagnostic characters: 

• Thallus foliose umbilicate. 

• Lower cortex of Dermatocarpon-type (Harada, 1993b). 

• Perithecia immersed in the thallus, almost entirely pale. 

• Ascospores simple, 8 per ascus. 

• Pycnidia of Dermatocarpon-type (Janex-Favre & Wagner, 1986). 

Comments: Dermatocarpon is a well-supported monophyletic clade within the 

Verrucariaceae, which can be easily recognized morphologically. Dermatocarpon 

included in the past Catapyrenium s. lat. (Zschacke, 1934; Zahlbruckner, 1926) and 

several crustose species. A short review of the historical delimitation of the genus can be 

found in Heiðmarsson (2001). The genus has recently been treated in the Nordic 

countries where 11 species were found (Heiðmarsson, 2001) and in the Ozark Mountains 

in the USA where seven species and one variety occur (Amtoft et al., 2008). Other recent 

revisions of the genus are from the British Isles (Orange, 1998) and Japan (Harada, 

1993b). Apart from these revisions, the genus is insufficiently known in the rest of the 
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world, and a molecular study by Heiðmarsson (2003) on the D. miniatum-complex 

indicates that specimens superficially similar to D. miniatum may belong to another 

taxon. 

Species investigated: 

- Dermatocarpon americanum Vain., Dansk Bot. Ark. 4(11): 25 (1926). 

- Dermatocarpon arenosaxi Amtoft, in Amtoft et al., Bryologist 111(1): 24 (2008). 

- Dermatocarpon bachmannii Anders, Hedwigia 63: 271 (1922). 

- Dermatocarpon deminuens Vain., Acta Soc. Fauna Fl. Fenn. 49 (2): 15 (1921). 

- Dermatocarpon dolomiticum Amtoft, in Amtoft et al., Bryologist 111(1): 27 

(2008). 

- Dermatocarpon luridum (Dill. ex With.) J. R. Laundon, Lichenologist 16(3): 222 

(1984). 

- Dermatocarpon meiophyllizum Vain., Acta Soc. Fauna Fl. Fenn. 49(2):16 (1921). 

- Dermatocarpon miniatum (L.) W. Mann, Lich. Bohemia: 66 (1825). 

- Dermatocarpon moulinsii (Mont.) Zahlbr., Nat. Pflanzenfam. 1(1): 60 (1903). 

- Dermatocarpon muhlenbergii (Ach.) Müll. Arg., Bot. Jahrb. Syst. 6: 377 (1885). 

- Dermatocarpon multifolium Amtoft, in Amtoft et al., Bryologist 111(1): 36 

(2008). 

- Dermatocarpon polyphyllizum (Nyl.) Blomb. & Forsell, Enum. Plant. Scand. 96 

(1880). 

- Dermatocarpon reticulatum H. Magn., Ann. Cryptog. Exot. 5: 18 (1932). 

- Dermatocarpon rivulorum Dalla Torre & Sarnth., Fl. Tirol: 504 (1902). 

- Dermatocarpon taminium Heiðmarsson, Mycol. Res. 107(4): 466 (2003). 
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- Dermatocarpon tomentulosum Amtoft, Bryologist 109: 182 (2006). 

Literature: Amtoft et al. (2008, Ozarks), Breuss (1995, Polyrhizion section; 2003, 

Canada), Harada (1993b, Japan), Heiðmarsson (1996, pruina; 1998, species delimitation; 

2001, Nordic countries; 2003, miniatum complex), Heiðmarsson & Breuss (2004, 

Sonoran desert), Orange (1998, British Isles). 

 

2.3.5 Endocarpon-group (as defined in Gueidan et al., 2007). 

 The Endocarpon group includes the genera Endocarpon and Neocatapyrenium as 

well as six species of ‘Verrucaria’. Together with the Staurothele group, it is a group in 

which paraphyletic species of ‘Verrucaria’ make the generic circumscription problematic 

(Fig. 9). Two options are available to accommodate this paraphyletic assemblage of 

species. The first option would be to include all species from the Endocarpon group into 

one large genus. However, the resulting genus would be morphologically diverse and 

difficult to characterize. The second option would be to describe a new genus for each of 

the paraphyletic entities. This option also has drawbacks, since it might potentially lead 

to a multiplication of monotypic or small genera. Because of the poor sampling for this 

group, it was decided to not propose taxonomic changes at this time. 

 

2.3.5.1 Endocarpon Hedw., Descr. Micr.-Anal. Musc. Frond. 2: 56 (1789). 

Type: Endocarpon pusillum Hedw. (1789), Descr. Micr.-Anal. Musc. Frond. 2: 56. Type: ‘Mihi circa 

Lipsiam obviam suit Schoenfeldi supra murum antiquum argilaceum, et ad declivitatem aggeris praestructi 

piscinae, in sylva lindenthalensi’, collector unknown s.n. (probably kept in G, not seen; in need of a 

lectotypification). 

= Willeya Müll. Arg., Flora 66: 345 (1883). Type: W. diffractella Tuck.) Müll. Arg. 
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= Phalostauris Clem., Genera of fungi 39: 173 (1909). Type: P. diffractella (Tuck.) Clem. 

Diagnostic characters: 

• Thallus squamulose, occasionally crustose. 

• Upper cortex usually well differentiated. 

• Photobiont often arranged in columns in the algal layer. 

• Hymenium with algal cells. 

• Ascospores muriform, often pigmented and 1-4 per ascus. 

• Pycnidia of Endocarpon-type. 

Comments: In the past, this genus comprised only squamulose species, but a molecular 

data showed that Endocarpon diffractellum, a crustose epilithic species previously 

included in the genus Staurothele, belongs to Endocarpon. The generic concept of 

Endocarpon was therefore slightly broadened to include both crustose epilithic and 

squamulose species. Crustose epilithic species from this genus can be mistaken for 

species of Staurothele. However, it has been observed that many species of Endocarpon 

have algal cells arranged in columns in the algal layer (Gueidan et al., 2007). To our 

knowledge, this trait has not been observed in Staurothele. Another important character 

to distinguish Staurothele from the Endocarpon group is the pycnidium type (Gueidan et 

al., 2007). Species in the Endocarpon group have typical Endocarpon-type pycnidia, 

which can be commonly observed on specimens. In Staurothele, the pycnidia are only 

very rarely observed and their type has not been clearly characterized yet. 

Nomenclatural note: Müller Argovensis (1883) and Clements (1909), who separated taxa 

with colorless ascospores from those with brown ascospores at the generic level, had 
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already independently segregated the species Staurothele diffractella into the two 

monotypic genera, Willeya and Phalostauris, respectively. These genera are now 

considered as synonyms of Endocarpon. 

Species investigated: 

- Endocarpon adscendens (Anzi) Müll. Arg., Bull. Murith. Soc. Valais. Sci. Nat. 

10: 58 (1881). 

- Endocarpon diffractellum (Nyl.) Gueidan & Cl. Roux, in Gueidan et al., Mycol. 

Res. 111(10): 1159 (2007) ≡ Verrucaria diffractella Nyl., Mem. Soc. Acad. 

Maine-et-Loire 4: 33 (1858) ≡ Staurothele diffractella (Nyl.) Tuck., Genera Lich. 

258 (1872). Type: Nova Anglia, ad schistes micaceas, Frost 44, ex Tuckerman 

134 (H-NYL!, lectotype; designated here). 

- Endocarpon pallidulum (Nyl.) Nyl., in Hue, Lich. Exot.: 278 (1892). 

- Endocarpon petrolepideum (Nyl.) Nyl., in Hue, Lich. Exot.: 278 (1892). 

- Endocarpon psorodeum (Nyl.) Th. Fr., in Blomb. & Forssell, Enum. Plant. 

Scand.: 97 (1880). 

- Endocarpon pusillum Hedw., Descr. Micr.-Anal. Musc. Frond. 2: 56 (1789). 

Literature: Harada (1993a, Japan; 1997, Micronesia), McCarthy (1991, 2001, Australia), 

Breuss (2002a, Sonoran desert), Singh & Upreti (1984, India), Thomson (1991, E. 

diffractellum), Wagner (1987, perithecium ontogeny), Wagner & Letrouit-Galinou (1988, 

thallus ontogeny). 
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2.3.5.2 Neocatapyrenium H. Harada, Nat. Hist. Res. 2: 129 (1993). 

Type: Neocatapyrenium cladonioideum (Vain.) H. Harada, Nat. Hist. Res. 2: 129 (1993). Type: Japan, 

Honshu, Gunma-ken (as Prov. Kozuke), Mt. Myôgi, on rock, 19 April 1916, A. Yasuda 142 (TUR, 

holotype, not seen; see Harada [1993b: 129]) 

Diagnostic characters: 

• Thallus squamulose. 

• Squamules with dark rhizines (Breuss 1996a).  

• Upper cortex usually well differentiated. 

• Ascospores simple. 

• Pycnidia of Endocarpon-type. 

Species investigated: 

- Neocatapyrenium rhizinosum (Müll. Arg.) Breuss, Ann. Naturh. Mus. Wien, B, 

98 (Suppl.): 41 (1996). 

Comments: The catapyrenioid genus Neocatapyrenium, described by Harada (1993b) for 

species of Catapyrenium s. l. with Endocarpon-type pycnidia and dark rhizines as the 

only attachment structure, seems to belong to the Endocarpon group. Unfortunately, the 

type of this genus, N. cladonioideum, was not sampled in our study. Therefore, further 

morphological and molecular work is necessary to confirm the proper use of the name 

Neocatapyrenium. 

Literature: Harada (1993b, new genus), Breuss (1990, monograph; 1996a, revision; 2005, 

N. disparatum). 
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2.3.5.3 Other species investigated in the Endocarpon-group: 

- ‘Verrucaria’ macrostoma Dufour ex DC., in DC. & Lamarck, Fl. Franç., ed. 3, t. 

2: 319 (1805). 

- ‘Verrucaria’ nigrescens Pers., Bot. Mag. (Römer & Usteri) 15: 36 (1795). 

- ‘Verrucaria’ polysticta Borrer, in Hook. & Sowerb., Engl. Bot. Suppl. 2: plate 

2741 (1834). 

- ‘Verrucaria’ submersella Servít, Česk. Lišejníky Čel. Verrucariaceae: 142 (1954). 

- ‘Verrucaria’ viridula (Schrad.) Ach., Methodus, Suppl.: 16 (1803). 

- ‘Verrucaria’ weddellii Servít, Stud. Bot. Čechoslov. 7: 80 (1946). 

Comments: The two sister species ‘Verrucaria’ viridula and ‘V.’ weddellii share an 

apomorphy: their narrow elongated conidiospores (up to 14 µm long). This trait was not 

found in any other species investigated in the Endocarpon group. They might be 

recognized as a new genus in the future, distinct from the group formed by ‘V. 

nigrescens’ and ‘V. macrostoma’. Verrucaria polysticta has previously been 

misidentified as Verrucaria fuscella by many authors (see Orange, 2004). Molecular data 

have shown that these two species are only distantly related (Gueidan et al. 2007). 

 

2.3.6 Heteroplacidium Breuss, Ann. Naturh. Mus. Wien, B, 98 (Suppl.): 40 (1996). 

Type: Heteroplacidium imbricatum (Nyl.) Breuss, Ann. Naturh. Mus. Wien, B, 98 (Suppl.): 40 (1996). 

Type: France, Hérault, ‘ad Mireval prope Monspelium,’ collector unknown 3985 (H-NYL, lectotype; 

selected by Breuss [1990: 73]). 

Diagnostic characters: 
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• Thallus crustose-areolate to squamulose, entirely paraplectenchymatous or 

subparaplectenchymatous. 

• Perithecia immersed in the thallus, lacking an involucrellum. 

• Ascospores simple, 8 per ascus, rounded to ellipsoid. 

• Pycnidia of Dermatocarpon-type. 

Comments: Heteroplacidium was described by Breuss in an attempt to account for 

morphological diversity in the genus Catapyrenium s.l. (Breuss, 1996a). Both molecular 

and morphological evidence supports the inclusion of the crustose parasitic species 

Verrucaria fuscula Nyl.within the genus Heteroplacidium (Figs 2 and 6). As for 

Heteroplacidium, the structure of the thallus of Verrucaria fuscula is entirely 

paraplectenchymatous (synapomorphy for the genus Heteroplacidium), and as for all 

members of the Placidium group studied so far, pycnidia are of the Dermatocarpon-type 

(Figs 4a and 5). The inclusion of Verrucaria fuscula within Heteroplacidium, is in 

agreement with Breuss (1990) who reported morphological similarities between V. 

fuscula and Heteroplacidium contumescens. The genus Heteroplacidium, first described 

as including species with mostly small squamulose thalli (Breuss 1996), is here shown to 

also comprise species with crustose-areolate thalli. Based on morphology, two other 

parasitic lichens, Verrucaria compacta (A. Massal.) Jatta (found as a saxicolous lichen or 

as an epiphyte on crustose or non-crustose allied lichens) and Verrucaria zamenhofiana 

Clauzade & Cl. Roux (a parasite on Staurothele areolata), were suggested to also belong 

to Heteroplacidium (Gueidan et al., 2007). Preliminary molecular data seem to confirm 

that V. compacta belongs in Heteroplacidium (Prieto, unpublished). 
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Species investigated: 

- Heteroplacidium contumescens (Nyl.) Breuss, Ann. Naturh. Mus. Wien, B, 98 

(Suppl.): 40 (1996). 

- Heteroplacidium fusculum (Nyl.) Gueidan et Cl. Roux, in Gueidan et al., Mycol. 

Res. 111(10): 1159 (2007) ≡ Verrucaria fuscula Nyl., Bot. Notiser.: 161 (1853) ≡ 

Encliopyrenia fuscula (Nyl.) Trevis., Conspect. Verruc.: 19 (1860). Type: Ad 

calcem Jurassicam prope Cambouse, collector unknown s.n. (H-NYL). 

= Placidium insulare A. Massal., Lotos 6: 78 (1856); 

= Verrucaria insularis (A. Massal.) Jatta, Syll. Lich. Ital.: 502 (1900); 

= Endopyrenium insulare (A. Massal.) DT. & Sarnth., Fl. Tirol 4: 509 (1902); 

= Physalospora insularis (A. Massal.) Sacc. & D. Sacc., Syll. fung. 17: 586 

(1905); 

= Laestadia insularis (A. Massal.) Vouaux, Bull. Soc. Mycol. France 28: 218 

(1912); 

= Guignardia insularis (A. Massal.) Keissler, Rabenh. Krypt.-Fl. Auflage 2, 8: 

343 (1930); 

= Dermatocarpon insulare (A. Massal.) Migula, Kryptogamenflora von Deutschl. 

4: 578 (1931); 

= Placidium iranicum Szat., Ann. Mus. Nat. Hung. n. s. 5: 131 (1954). 

- Heteroplacidium imbricatum (Nyl.) Breuss, Ann. Naturh. Mus. Wien, B, 98 

(Suppl.): 40 (1996). 

Literature: Breuss (1990, monograph; 1996a, new genus; 2001a, Australia). 
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2.3.7 Hydropunctaria Keller, Gueidan & Thüs gen. nov. 

 Thallus crustosus, continuus ad rimosus vel areolatus, subgelatinosus. Cortex 

superus infirme evolutus. Punctae atrae in pagina thalli interdum visibiles. Stratum 

algarum e cortice supero non clare delineatum, cellulae algarum vulgo paliformes. 

Medulla paraplectenchymata, interdum tenuis vel destituta, saepe strato atro carbonaceo 

substituta. Perithecia immersa vel semi-immersa, involucrello nigro, dimidiato vel 

integro; excipulum pallidum ostiolo fusco vel omnino atro-pigmentosum. Hymenium 

incoloratum, K/I + caeruleum. Hamathecium periphysis et pseudoparaphysis brevibus 

formatum. Asci claviformes, 8-spori, bitunicati. Ascosporae simplices, rotundatae ad 

ellipsoidales, generatim longae (medium > 10 µm). Conidia aliquando observata. 

Conidiosporae simplices, bacilliformes, 3-4.5 x 1-1.5 µm. Habitat in petris aquae 

marinae et dulcis. 

Description: Amphibious saxicolous species, colonizing either marine or freshwater 

habitats. Thallus crustose, continuous to rimose or areolate, yellowish-brown, green, 

dark grayish olive to black, subgelatinous. Upper cortex weakly differentiated, formed 

by cortical cells of a diameter usually relatively smaller than the fungal cells from the 

algal layer. Uppermost layer of cortical cells, when present, often with yellowish to 

brown or olive-blackish pigments, but also sometime colorless (especially in specimens 

from shaded sites). Black punctae sometime visible at the surface of the thallus, at least in 

wet thalli. Algal layer not clearly delimited from the upper cortex, with algal cells 

usually arranged in vertical columns, sometime interrupted by black punctae or columns. 

Medulla paraplectenchymatous, sometimes very thin or absent, often replaced by a black 

carbonaceous layer, interrupted by isolated black punctae or columns, but never forming 
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black ridges. Perithecia immersed to half-immersed, with black involucrellum apical to 

dimidiate or entire, and excipulum either pale with a brown ostiole or entirely pigmented. 

Hymenium colorless, K/I + blue in lugol. Hamathecium consisting, at maturity, of 

periphyses and short pseudoparaphyses. Asci clavate, 8-spored, bitunicate. Ascospores 

simple, rounded to ellipsoid, of size variable between species or populations, but, in 

general, characterized by an median length greater than 10 µm and a length/width index 

greater than 2. Conidia sometimes present. Conidiospores simple, bacilliform, 3-4.5 x 1-

1.5 µm. 

Type: Hydropunctaria maura (Wahlenb.) Keller, Gueidan & Thüs 

Diagnostic characters: 

• Hydrophilic species, restricted to sites with periodical inundation or strong 

influence by water spray. 

• Thallus crustose, subgelatinous when wet, often interrupted by black punctae or 

columns. 

• Upper cortex weakly differentiated. 

• Medulla not differentiated or forming a black basal layer. 

• Algal layer with algal cells usually arranged in vertical columns. 

• Involucrellum with upper surface often uneven-rough. 

• Ascospores simple, with a median length usually in the range of 10-18 µm. 

Species investigated: 

- Hydropunctaria adriatica (Zahlbr.) Keller & Gueidan, comb. nov. ≡ Verrucaria 

adriatica Zahlbr., in Ginzberger, Denkschr. Math.-Naturw-Cl. K. Akad. Wiss., 
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Wien 92: 303 (1915). Type: locality unknown, collector unknown s.n. (probably 

kept in W, not seen). 

- Hydropunctaria maura (Wahlenb.) Keller, Gueidan & Thüs, comb. nov. ≡ 

Verrucaria maura Wahlenb., in Ach., Methodus, Suppl.: 19 (1803). Type: 

‘Finmarkiae Norvegicae in saxis petrisque maritimis aqua marina interdum 

perfusis per insulas promontoriaque vulgaris,’ collector unknown s.n. (UPS!, 

lectotype; selected here). 

Probable synonyms (not verified): 

= Verrucaria aractina Wahlenb., in Ach., Methodus, Suppl.: 17 (1803). Type: 

‘Finmarkia Norwegiae ad Påsekop in scopulis maritimis,’ 25 April 1802, G. 

Wahlenberg s.n. (UPS!, lectotype; selected here). 

= Lichen maurus Sm., in Sm. & Sowerb., Engl. Bot. 35: 2456 (1812). Type: 

Scotland, ‘from rocks near the seaside at Dunbar,’ W. Borrer s.n. (probably kept 

in LINN, not seen; see Sm. & Sowerb. [1812: 2456] for synonymy). 

= Verrucaria scotina Wedd., Mém. Soc. Natl. Acad. Cherbourg 19: 298 (1875). 

Type: France, Pays-de-la-Loire, Vendée, île d’Yeu, ‘sur les rochers de la zône 

sur-marine de divers points du littoral,’ collector unknown s.n. (probably kept in 

P, not seen). 

= Verrucaria antricola Wedd., Mém. Soc. Natl. Acad. Cherbourg 19: 302 (1875). 

Type: France, Pays-de-la-Loire, Vendée, île d’Yeu, ‘tapisse l’intérieur de 

quelques grottes de la Côte Sud, noyées à haute mer,’ collector unknown s.n. 

(probably kept in PC, not seen). 
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= Verrucaria perareolata Erichsen, Ann. Mycol. 38: 306 (1940). Type: Germany, 

Schleswig-Holstein, Nordfriesische Insel Pellworm, Hoogefähre, an 

kristallinischen Blöcken des Deichschutzes (obere Spritz-zone), 25 August 1936, 

Erichsen s.n. (HBG, holotype, not seen; see Jacobsen & Coppins [1989] for 

synonymy). 

= Verrucaria pseudomemnonia Zschacke, Hedwigia 65: 51 (1925). Type: Irische 

Küste, Knowles s.n. (probably kept in DBN, not seen). 

= Verrucaria zschackeana Erichsen, Nyt Mag. Naturvidensk. 68: 163 (1930). 

Type: Schweden, Västergötland, Kirchspiel Styrsö, Brännö, Kattegatt, collector 

unknown s.n. (probably kept in HBG, not seen). 

Nomenclatural note: Hydropunctaria maura species was in need of a lectotypification. 

The type material of Verrucaria maura Wahlenb. (1803) includes 13 homogeneous rock 

fragments, all collected in the same locality. The label indicates, for all fragments, 

‘Finmarkia Norvegia in insula sinus Altensis, 11 May 1802’. One of the fragments was 

selected as a lectotype. The other fragments, obviously coming from the same collection, 

can be considered as isolectotypes. Because this species is known to be quite variable, a 

short description of the type material is provided below. 

Thallus crustose-areolate, effigurate, dark brown to black. Areoles (0.2)0.4-0.6(0.8) x 

(0.1)0.3-0.4(0.5) mm, angular. Thallus margin sometimes paler and rimose-areolate. 

Upper cortex weakly differentiated, thin (10-15 µm), the upper most layer of cells dark 

pigmented. Algal layer 50-60 µm high, with algal cells arranged in vertical columns 

(palisade). Algal cells 7.5-10.0 µm in diameter, often in pairs or tetrads. Medulla absent. 
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Dark basal layer present, with dark columns reaching up to the upper cortex. Areole 

margins also dark pigmented, continuous with the dark basal layer. Perithecia (0.2-

0.3 mm in diameter), immersed in the thallus to slightly prominent. Excipulum dark-

brown to black. Involucrellum black, dimidiate, often appearing continuous with the 

black basal layer. Hymenium I + (blue) in Lugol. Short pseudoparaphyses 20.0-30.0 × 

1.5-3.0 µm. Asci ca. 70 × 20 µm, 8-spored. Ascospores simple, colorless, 11.0-

17.0 × 6.5-8.7 µm. 

 

- Hydropunctaria rheitrophila (Zschacke) Keller, Gueidan & Thüs, comb. nov. ≡ 

Verrucaria rheitrophila Zschacke, in Verh. Bot. Vereins Prov. Brandenburg 64: 

108 (1922). Type: In einem Bächlein unter dem Meiseberge, Nordost-Harzes, 20 

July 1920, Zschacke s.n. (B!, lectotype; selected by Harada [1996c: 317]; see 

Thüs [2002: 99]). 

= Verrucaria kernstockii Zschacke, Hedwigia 67: 65 (1927). Type: locality 

unknown, Arnold 1566 (W, syntype; see Thüs [2002: 99]), 

= Verrucaria scotinodes Zschacke, Hedwigia 67: 57 (1927). Type: Sudeten 

(Eulengebirge): Auf Felsblöcken in einem Gebirgsbache über Steinkunzendorf bei 

Reichenbach, Schumann s.n. (WRSL; see Thüs [2002: 99]), 

= Verrucaria minutipuncta Erichsen, Schriften. Naturwiss. Vereins Schleswig-

Holstein 22: 94 (1937). Type: Deutschland: Kr. Winsen, Garlstorfer Wald an 

überspültem Feuersteingeröll eines Baches, Irmscher, collector unknown s.n. 

(HBG, holotype; see Thüs [2002: 99]), 
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= Verrucaria sagedioides Servít, Stud. Bot. Čechoslov. 11(1-2): 27 (1950). Type: 

Tschechien, Bohemia: Klosterec, Gneiss, 400 m, 1947, Servít 31.267-p/n-41 

(PRM, see Thüs [2002: 99]). 

- Hydropunctaria scabra (Vĕzda) Keller, Gueidan & Thüs, comb. nov. ≡ 

Verrucaria scabra Vĕzda, Folia Geobot. Phytotax. 5: 308 (1970). Type: 

Slowakei, Carpathen, Niedere Tatra: in declivi orientali montis ‘Kosariska’ dicti, 

in parte supriore vallis ‘Biela voda’, alt. 1300 m, ad lapides schistosos siliceos in 

torrente minore, 7 October 1966, collector unknown s.n. Vĕzda Lich. Sel. exs. 876 

(W and M, isotypes; see Thüs [2002: 106]).  

Comments: Verrucaria maura, V. adriatica, and V. scabra form a monophyletic group in 

Gueidan et al. (2007), and V. rheitrophila was found to be sister to V. rheitrophila (Thüs, 

unpublished). These four species are included here in the new genus Hydropunctaria. 

The most typical character of this genus of amphibious species with small to medium 

sized and ellipsoid ascospores is the frequent formation of carbonaceous structures in the 

thallus with punctiform to column-like appearance. These structures can also originate 

directly from the involucrellum, which often has a distinctly rough and uneven upper 

surface. Black carbonaceous structures in the thalli of other amphibious species with 

small sized ascospores (e.g., Wahlenbergiella striatula) tend to fuse and form elongated 

ridges and sometime ramified structures, giving a fingerprint like appearance if viewed 

from above. These fingerprint-like structures are never found in Hydropunctaria where 

the carbonaceous structures appear punctiform if viewed from above. Wahlenbergiella 

striatula can develop similarly isolated punctae, but, in this species, the upper surface of 
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the involucrellum is always smooth, and not irregularly roughened as often observed in 

Hydropunctaria. 

Literature: Brodo & Santesson (1997, key), Flenniken & Gibson (2003, Cape Ann, MA), 

Fletcher (1975, key), Grummann (1937, ecology), Harada (1996b, 1996c, taxonomy), 

Lewis (1964, 1965, ecology), Renobales & Noya (1991, Costa Vasca), Thüs (2002, 

revision). 

 

2.3.8 Parabagliettoa Gueidan & Cl. Roux, gen. nov. 

≡ Verrucariomyces Thomas ex Cif. & Tomas. nom. illeg., Ist. Bot. Univ. Lab. Crittog. Pavia Atti ser. 5. 

10(1): 31, 58 (1953). Type: V. dufourii (DC.) Thomas ex Cif. & Tomas. 

 Thallus crustaceus endolithicus de continuo ad rimosum, de cinereoviridi ad 

cinereofuscum, saepe limitatus atrofusca hypothallina linea, thallum quoque dividente in 

quibusdam speciebus. Cortex superus constitutus prosoplectenchymati tenui et minutis 

crystallis sparso, corticalibus cellulis subcoloratis in culmine aliquando stratis. Algosum 

stratum non distincte delimitatum, cum algosis cellulis glomerulis. Medulla 

prosoplectenchymati sine macrospheroidibus formata. Perithecium de superficiali ad ½ 

aut ¾ immersum, de globuloso ad planum in apice, 0.1-0.4 mm diametro, cum nigro 

involucrello, de dimidiato ad integrum ; excipulum de incolorato ad pallidofuscum. 

Hymenium incoloratum, K/I + caeruleum. Hamatecium formatum periphysis et 

brevibus pseudoparaphysis, eis posterioribus copiosis aut non, sed nunquam expansis nec 

unquam disjunctis ut in quibusdam Bagliettoae speciebus. Ascus claviformis, cum 8 

sporis, bitunicatus. Ascosporae incoloratae, ellipsoidales, plerumque simplices, sed 

aliquando uniseptatae. Conidia aliquando in thalli margine observata. Conidiosporae 
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simplices, bacilliformes, 3.5-3.8-4.5 x 0.5-1.0-1.5 µm. Habitat: saxatiles et calcicolae 

species, plus minusve sciaphiles. 

Description: Saxicolous calcicolous species, more or less sciaphilous. Thallus crustose 

endolithic, continuous to rimose, grey-green to grey-brown, frequently delimited by a 

dark brown hypothalline line, also subdividing the thallus in some species. Upper cortex 

formed by a thin prosoplectenchyma intermingled with microcrystals, sometimes with the 

presence at the top of one layer of slightly pigmented cortical cells. Algal layer not 

clearly delimited, with algal cells in clusters. Medulla formed by a prosoplectenchyma, 

lacking oil cells. Perithecium superficial to ½ or ¾ immersed, globose to flat on the top, 

0.1-0.4 mm in diameter, with black involucrellum dimidiate to reaching the base of the 

excipulum; excipulum colorless to pale brown. Hymenium colorless, K/I + blue. 

Hamathecium consisting of periphyses and short pseudoparaphyses, the latter abundant 

or not, but never spreading and detachable as in some species of Bagliettoa. Ascus 

clavate, 8-spored, bitunicate. Ascospores colorless, ellipsoid and mostly simple (but 

sometimes some uniseptate spores present). Conidia sometime observed at the thallus 

margin. Conidiospores simple, bacilliform, 3.5-3.8-4.5 x 0.5-1.0-1.5 µm. 

Type: Parabagliettoa dufourii (DC.) Gueidan & Cl. Roux 

Diagnostic characters: 

• Calcicolous endolithic species. 

• Upper cortex not well differentiated (pseudocortex). 

• Medulla lacking oil cells. 
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• Perithecia superficial or semi-immersed, with well developed and not radially 

split involucrellum. 

• Short pseudoparaphyses relatively abundant, but never spreading and detachable 

as in Bagliettoa. 

Comments: Parabagliettoa is sister to Bagliettoa. It differs from this genus mainly by the 

thallus having a pseudocortex (in opposition to the well differentiated lithocortex in 

Bagliettoa), and superficial perithecia with involucrellum not radially split. 

Species investigated: 

- Parabagliettoa cyanea (A. Massal.) Gueidan & Cl. Roux, comb. nov. ≡ 

Verrucaria cyanea A. Massal., Mem. Lichenogr.: 144 (1853). Type: ‘Vive sulle 

roccie nummolitiche del Paese di Garda (Rocca) nel Veronese,’ collector 

unknown s.n. (probably kept in VER, not seen). 

Probable synonyms (not verified): 

= Verrucaria limitata Kremp., in A. Massal., Sched. Crit. 6: 123 (1855). Type: 

‘Ad saxa jurasica in oppido Grezzana, et eocenica in oppido Avesa haud rara 

Massal. E Franconia misit quoque Clar.’ Arnold s.n. (probably kept in VER, not 

seen; see Garovaglio [1865: 31] and Zschacke [1933: 127] for synonymy). 

= Verrucaria decussata Garov., Tent. Disp. Lich. Longob.: 40 (1865). Type: 

locality unknown, collector unknown s.n. (probably kept in PAV, not seen; see 

Garovaglio [1865: 31] for synonymy). 

- Parabagliettoa dufourii (DC.) Gueidan & Cl. Roux, comb. nov. ≡ Verrucaria 

dufourii DC., in DC. & Lamarck, Fl. Franç., ed. 3, t. 2: 318 (1805). Type: France, 
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‘on stones of a wall in Meudon,’ collector unknown s.n. (probably kept in G, but 

missing). 

= Verrucaria concinna Borrer, in Hook. & Sowerby, Engl. Bot. Suppl. t. 2623: 

152 (1830). Type: locality unknown, collector unknown s.n. (BM, not seen; see 

Laundon & Waterfield [2007]). 

Literature: Khodosovtsev (2003, Crimea), Clauzade & Roux (1985, occidental Europe). 

 

2.3.9 Placidium A. Massal., Symm. Lich. Nov.: 75 (1855) 

Type: Placidium michelii A. Massal., Sched. Crit. 5: 100 (1856). Type: ‘Ad terram ubique in prov. 

Veronensi. —in nemore Mantico (78-80 metr. supra mare), in Mont. Belocca prope Tremniacum 700-900 

metr. supra maree.’ Massalongo s.n. Massalongo, Lich. exs. Ital. 161 (W, lectotype; selected by Breuss 

[1990: 95]). 

Diagnostic characters: 

• Thallus squamulose with a well-differentiated upper cortex. 

• Perithecia immersed in the thallus, without involucrellum. 

• Asci clavate to cylindrical, containing 8 simple ascospores. 

• Pycnidia of Dermatocarpon-type. 

Comments: Together with five other genera (Anthracocarpon, Catapyrenium, 

Involucropyrenium, Neocatapyrenium, and Scleropyrenium), Placidium, 

Heteroplacidium and Clavascidium were described or resurrected in an attempt to 

account for morphological diversity in Catapyrenium s.l. (Breuss, 1996a). The distinction 

between some of these genera was confirmed using molecular data (Catapyrenium s.s., 

Heteroplacidium, Neocatapyrenium), but the separation of Placidium and Clavascidium 
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was shown to be more problematic (Gueidan et al., 2007). The type of Clavascidium, C. 

umbrinum, as well as an undescribed Clavascidium-like species from the Ozarks in North 

America (RC. Harris 46789, NY) are nested within a group of Placidium (Fig. 9). The 

two genera Placidium and Clavascidium differ from each other by the shape of their 

young asci and by the ascospore arrangement. Clavascidium has clavate asci with 

biseriate ascospores, whereas Placidium has asci, which are, at least at the beginning of 

their development, cylindrical and with uniseriate ascospores (Breuss, 1996a). However, 

in our molecular phylogenetic analysis, two species of Placidium are more closely related 

to Clavascidium than to the other species of Placidium, and, together with Clavascidium 

sp. (RC. Harris 46789, NY), they form a monophyletic group (Fig. 9). To our knowledge, 

no morphological characters seem to characterize these two monophyletic groups 

(Clavascidium ssp., Placidium sp. [K. Knudsen 733, DUKE] and P. lacinulatum versus 

other Placidium ssp.). Therefore, the simplest solution to maintain the monophyly of 

Placidium is to unite Clavascidium with Placidium. 

DNA extraction from specimens available of the generic type, Placidium michelii, 

failed because the material was too old. This species being rare, no recently collected 

specimens were found for molecular work. However, the study of the morphology of this 

type species gave no doubt on its close relationship with species of Placidium s.l. 

Whether P. michelii is more closely related to Clavascidium/Placidium or to the other 

species of Placidium is of no importance because the two genera Clavascidium and 

Placidium are united. The resulting group of Placidium is still monophyletic and the type 

species P. michelii has the priority over the type species of Clavascidium. Therefore, we 

propose to include Clavascidium in Placidium. A new combination for the type species 
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Clavascidium umbrinum is proposed here. Taxonomic changes for the three remaining 

species of Clavascidium, Cl. liratum (Breuss) Breuss, Cl. antillarum (Breuss) Breuss, and 

Cl. kisovense (Zahlbr.) Breuss will be undertaken in a future study, if molecular data 

confirms their placement in the genus Placidium (Prieto et al., in prep.). 

Species investigated: 

- Placidium acarosporoides (Zahlbr.) Breuss, Bull. California Lichen Soc. 7(2): 39 

(2000). 

- Placidium arboreum (Schweinitz) Lendemer, Mycotaxon 90(2): 320 (2004). 

- Placidium chilense (Räsänen) Breuss, Ann. Naturh. Mus. Wien, B, 98 (Suppl.): 

38 (1996). 

- Placidium lachneum (Ach.) de Lesd., Ann. Cryptog. Exot. 5: 100 (1932). 

- Placidium lacinulatum (Ach.) Breuss, Ann. Naturh. Mus. Wien, B, 98 (Suppl.): 

39 (1996). 

- Placidium squamulosum (Ach.) Breuss, Ann. Naturh. Mus. Wien, B, 98 (Suppl.): 

39 (1996). 

- Placidium sp. A. Aptroot 56961 (DUKE). 

- Placidium sp. K. Knudsen 733 (DUKE). 

- Placidium sp. RC. Harris 46789 (NY). 

- Placidium umbrinum (Breuss) Prieto & Breuss, comb. nov. ≡ Catapyrenium 

umbrinum Breuss, Linzer Biol. Beitr. 22(1): 78-79 (1990). ≡ Clavascidium 

umbrinum (Breuss) Breuss, Ann. Naturhist. Mus. Wien. B, 98 (Suppl.): 41 (1996). 

Type: Jugoslawien: Dalmatien, Nordseite der Svilaja-Planina zwischen Sinj und 

Vrlika, Kalk, ca. 1400 m, 14 May 1906. J. Baumgartner s.n. (W, not seen). 
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Literature: Breuss (1990, monograph; 1996a, key). 

 

2.3.10 Placocarpus Trevis., Consp. Verruc.: 19 (1860). 

Type: P. schaereri (Fr.) Breuss, Pl. Syst. Evol. 148: 314 (1985). Type: Gallia, Lozera, sub Parmelia 

schaereri, Dufour s.n. E.M. Fries, Lichenogr. Europ. Reform. exs. 106 (UPS, lectotype; selected here). 

Diagnostic characters: 

• Juvenile parasite on Lecanora muralis var. versicolor. 

• Thallus thick, areolate to placodioid, with subumbilicate areoles. 

• Medulla prosoplectenchymatous, I+ (blue), interspersed with small colorless 

crystals. 

• Ascospores simple, halonate (particularly visible in young spores), 8 per ascus. 

• Pycnidia of Dermatocarpon-type. 

Comments: Breuss reinstated Placocarpus to accommodate Verrucaria schaereri, for 

which the generic attribution has always been problematic (Breuss, 1985). The remaining 

species originally included by Trevisan in Placocarpus were transferred to other genera, 

so that it is now monotypic. According to molecular results, Placocarpus is sister to the 

parasitic genus Verrucula (Gueidan et al., 2007). 

Species investigated: 

- Placocarpus schaereri (Fr.) Breuss, Pl. Syst. Evol. 148: 314 (1985). 

Literature: Breuss (1985, resurrected genus). 

 

 



 

 
 

 

107 

2.3.11 Placopyrenium Breuss, Stud. Geobot. 7 (Suppl.): 182 (1987). 

Type: Placopyrenium bucekii (Nádv. & Servít) Breuss, in Nimis & Poelt, Stud. Geobot. 7 (Suppl.): 182 

(1987). Type: Bulgarien, Rhodope, Karlik Batak, 1800 m, Silikatgestein, J. Buček s.n. (M, lectotype; 

selected here; see Servít [1936: 267]). 

Diagnostic characters: 

• Often parasitic on diverse crustose species. 

• Thallus crustose areolate to placodioid. 

• Areoles with black borders. 

• Perithecia immersed, lacking or with a rudimentary involucrellum. 

• Black basal layer present or not. 

• Ascospores colorless, simple to uniseptate. 

• Pycnidia of Dermatocarpon-type. 

Comments: The genus Placopyrenium, represented in our study by its type species P. 

bucekii, also includes some species previously placed in Verrucaria, and often found as 

parasites on other lichens. These crustose species related to the placodioid Placopyrenium 

are characterized by an epilithic thallus, black-bordered areoles and by having immersed 

perithecia (‘V.’ fuscella, ‘V.’ canella, but with the exception of ‘V.’ polysticta, which is 

nested in the Endocarpon-group, and ‘V.’ lecideoides, now within Verruculopsis). 

Placopyrenium fuscellum and P. canellum have been the subject of a recent detailed 

study in Great Britain and Ireland by Orange (2004), where their taxonomy was clarified. 

Some specimens thought to belong to Placopyrenium canellum, but showing a broad 

diversity in morphology and anatomy, were subjected to a molecular study and were 

shown to have entirely identical ITS sequences (Navarro-Rosinés et al., 2007). Therefore, 
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some characters such as the presence or absence of a hypothallus, the melanization of the 

medulla (from slightly melanized to carbonaceous), the lobation of the thallus margin 

(from not lobate to slightly lobate) and the spore size and septation (0 to 1 septum) could 

be very variable amongst closely related taxa likely to belong to the same species. 

 According to Roux (unpublished), the hamathecium of P. bucekii is composed, as 

in all Verrucariaceae, of periphyses (very difficult to observe and not seen in Ménard & 

Roux, 1995) and of short pseudoparaphyses (mistaken for periphyses in Ménard & Roux, 

1995). Short pseudoparaphyses were shown to be present in the primordial stage of the 

development of perithecia in Verrucariaceae (Janex-Favre, 1970, 1975), and, at maturity, 

are located in the upper part of the perithecial cavity, below the ostiolar collar. Periphyses 

are only formed during the development of the ostiole, and are, at maturity, located in the 

ostiolar collar. 

Species investigated: 

- Placopyrenium bucekii (Nádv. & Servít) Breuss, in Nimis & Poelt, Stud. Geobot. 

7 (Suppl.): 182 (1987). 

- Placopyrenium canellum (Nyl.) Gueidan & Cl. Roux, in Navarro-Rosinés et al., 

Bull. Soc. Linn. Provence 58: 174 (2007). 

- Placopyrenium fuscellum (Turner) Gueidan & Cl. Roux, in Navarro-Rosinés et 

al., Bull. Soc. Linn. Provence 58: 174 (2007). 

Literature: Breuss (1987, new genus; 2002d, Sonoran desert), Khodosovtsev (2005, 

Crimea), Ménard & Roux (1995, P. bucekii), Orange (2004, fuscella group), Zehetleitner 

(1978, parasitic Verrucaria). 
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2.3.12 Polyblastia A. Massal., Ric. Auton. Lich. Crost.: 147 (1852)3 

Type: Polyblastia cupularis A. Massal., Ric. Auton. Lich. Crost.: 148 (1852). Type: ‘Vive sulle roccie 

arenacee della Provincia Veronese, specialmente nel paese di Tregnago (Zengiè),’ collector unknown s.n. 

(probably kept in VER, not seen). 

Diagnostic characters: 

• Species crustose epi- to endolithic, or growing on soil and mosses. 

• Thallus immersed to continuous, verrucose to areolate. 

• Perithecia sessile to immersed, with or without involucrellum. 

• Ascospores colorless, muriform, small to medium-sized. 

Comments: Polyblastia s.s. is supported as sister to the Thelidium group. This genus, as 

delimited in this study, is molecularly well characterized, and differs morphologically 

from most of the other members of the Thelidium group in spore size and septation. 

However, the three species of ‘Polyblastia’ that are nested within the Thelidium group 

(‘P.’ abscondita, ‘P.’ clandestina and ‘P.’ lutosa,), are morphologically and anatomically 

quite similar to Polyblastia s.s., except for ‘P.’ clandestina, which has larger spores. A 

major difficulty in defining Polyblastia s.s., is that we did not have the opportunity to 

study the type collection of P. cupularis, and consequently, the connection with the 

material representing P. cupularis in molecular studies (Gueidan et al., 2007; Savić et al., 

in review) needs confirmation. 

Species investigated: 

                                                
3 Section contributed by S. Savić (see Savić S. 2007. Doctoral Dissertation, University of 
Uppsala, Uppsala, Sweden). 
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- Polyblastia bryophila Lönnr., Flora 39: 631 (1858). 

- Polyblastia cupularis A. Massal., Ric. Auton. Lich. Crost.: 148 (1852). 

- Polyblastia fuscoargillacea Anzi, Comment. Soc. Crittog. Ital. 2: 26 (1864). 

- Polyblastia gotlandica (Servít) R. Sant., Lich. Lichenic. Fungi Sweden Norway: 

173 (1993). 

- Polyblastia hyperborea Th. Fr., Lich. Arct.: 266 (1860). 

- Polyblastia integrascens Zschacke, Mitt. Naturf. Ges. Davos 1925-26: 20 (1927). 

- Polyblastia sendtneri Kremp., Flora 38: 67 (1855). 

- Polyblastia sp. A. Nordin 5501 (UPS). 

Literature: Zschacke (1914, 1934, revisions), Servít (1954, revision), Swinscow (1971, 

revision), Savić et al. (in review, molecular phylogeny). 

 

2.3.13 Staurothele-group 

The Staurothele group is one of the clades, together with the Endocarpon group, 

where paraphyletic species of ‘Verrucaria’ make the generic circumscription problematic 

(Fig. 9). Two main options seem available for accommodating three paraphyletic species 

of ‘Verrucaria’ (V. caerulea, V. praetermissa and V. tristis). One could describe a new 

genus for each of these species. The taxon sampling of this study being quite limited 

compared to the species diversity of this family, it is very likely that none of these three 

genera will be monotypic. But it is also possible that many taxa not sampled yet will also 

be paraphyletic and, therefore, also constitute new genera. One inconvenience of this 

option is the potential multiplication in the number of genera in this group. Another 

problem would be, that it is likely that most of these new genera will share many 
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plesiomorphic characters, and that clear morphological diagnostic differences between 

them will be difficult to find. One could also decide to transfer these three species into a 

large genus including both Catapyrenium and Placidiopsis. The monophyly of these two 

genera has been questioned in the past (Breuss, 1996b; Breuss & Hansen, 1988; and see 

below for more explanations). The inclusion of the three paraphyletic species of 

Verrucaria into a large genus also including Catapyrenium and Placidiopsis might not 

only take care of the problem of paraphyly of the species of Verrucaria, but also of the 

possible non-monophyly of the two genera Catapyrenium and Placidiopsis. Amongst 

other characters, the paraphyletic species of Verrucaria differ from Catapyrenium and 

Placidiopsis by having a crustose thallus. The resulting genus would therefore have a 

quite diverse morphological assemblage of species, which might be an inconvenient in 

finding common morphological characters to characterize it. An undescribed species 

collected in California and parasitized by Verrucaria subdivisa Breuss (K. Knudsen 5333, 

DUKE) is sister to all of the other taxa from the Staurothele group, and might constitute a 

new genus. Unfortunately, the data available so far is probably not sufficient to take a 

decision on nomenclatural changes for these taxa. Further morphological and molecular 

work will be needed to solve these taxonomic problems. 

 

2.3.13.1 Staurothele Norman, Nytt Mag. Natur. 7: 240 (1853) nom. cons. 

Type: Staurothele clopima (Wahlenb.) Th. Fr., Nova Acta Regiae Soc. Sci. Upsal. 3(3): 363 (1861). Type: 

‘Finmarkia Norvegicae In parietibus rupiem montis Konsamfjället ad Altenfjord.’ 7 May 1802. G. 

Wahlenberg 6 (UPS!, lectotype; selected here). 

Diagnostic characters: 
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• Thallus crustose epilithic, continuous to areolate. 

• Upper cortex weakly differentiated (pseudocortex). 

• Perithecium immersed in areole to partially superficial, with hymenial algal cells. 

• Ascospores muriform, pigmented, 2-8 (or rarely 1) per ascus. 

Comments: Staurothele seems to be quite well accommodated within the Staurothele 

group, and includes exclusively epilithic species. Gueidan et al. (2007) showed that the 

crustose epilithic species Staurothele diffractella in fact belongs to Endocarpon, and is 

now called E. diffractellum (Nyl.) Gueidan & Cl. Roux. Both Staurothele and 

Endocarpon have muriform spores and algae in their hymenium, but they differ by their 

thallus structure (crustose for Staurothele and squamulose for Endocarpon). The presence 

of a palisade algal layer in S. diffractella indicated that it was more closely related to 

Endocarpon (palisade algal layer frequently found in this group) than to Staurothele 

(palisade algal layer never observed). Further morphological and molecular studies will 

be necessary to see if other species of Staurothele also belong to the genus Endocarpon. 

Moreover, two endolithic species of Staurothele, S. immersa and S. rupifraga, were 

shown to belong to the Thelidium group (Gueidan et al., 2007; Savić et al., in review). 

Additional work will also be needed in order to confirm the phylogenetic affiliation of the 

other endolithic species of Staurothele. 

Nomenclatural note4: No lectotype has been designated in the past for Staurothele 

clopima (Wahlenb.) Th. Fr. Wahlenberg described this species as Verrucaria clopima in 

Acharius (1803, Suppl.: 20). The protologue included the following information: ‘Habitat 

                                                
4 Section contributed by S. Savić (see Savić S. 2007. Doctoral Dissertation, University of 
Uppsala, Uppsala, Sweden). 
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Finnmarkiae Norvegicae in rupibus alpium aqua nivali saepeirrigatis umbrosisquae ad 

Altenfjord minus copiose, Wahlenberg. In Ostro-Gothia, Westring’. Original material 

collected by Wahlenberg included 17 numbered specimens, among which number 6 was 

chosen as a lectotype. The specimen information for the lectotype is: ’Finmarkia 

Norvegicae In parietibus rupiem montis Konsamfjället ad Altenfjord. 7 Maji 1802. 

Verrucaria clopima’, Wahlenberg (in Wahlenberg’s handwriting). The locality probably 

refers to Komsafjellet in Alta. The lectotype is a well-developed specimen with numerous 

perithecia, a very dark brown, thin, rimose thallus, the hymenial algal cells are cylindrical 

and the spores brown, 2 per ascus. Glued to the same sheet are also additional specimens 

of the same species plus another species, identified as S. frustulenta by Santesson in 

1959. For the specimens in the upper part of the sheet another collecting date is indicated. 

Because of the mixed material in this collection, Santesson considered V. clopima to be a 

nomen dubium, and adopted the later name S. fuscocuprea (Nyl.) Zschacke for this 

species (Santesson et al., 2004). Here we choose to lectotypify Verrucaria clopima on 

specimen 6, and hence also the type of Staurothele. As a consequence, S. clopima 

becomes the legitimate name for S. fuscocuprea. 

Species investigated: 

- Staurothele areolata (Ach.) Lettau, Hedwigia 52: 84 (1912). 

- Staurothele clopima (Wahlenb.) Th. Fr., Nova Acta Regiae Soc. Sci. Upsal. 3(3): 

363 (1861). 

= Staurothele fuscocuprea (Nyl.) Zschacke, Hedwigia 54: 187 (1913) - vide 

Santesson et al. (2004). 

- Staurothele drummondii (Tuck.) Tuck., Gen. Lich.: 257 (1872). 
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- Staurothele fissa (Taylor) Zwackh, Flora 45: 552 (1862). 

- Staurothele frustulenta Vain., Acta Soc. Fauna Fl. Fenn. 49(2): 93 (1921). 

Literature: Harada (1992a, taxonomy), Janex-Favre (1975, anatomy and ontogeny), 

McCarthy (2001, Australia), Swinscow (1963, Great-Britain), Thomson (1991, North-

America; 2002, Sonoran desert). 

 

2.3.13.2 Catapyrenium Flot., Bot. Zeitung 8: 361 (1850). 

Type: Catapyrenium cinereum (Pers.) Körb., Syst. Lich. Germ.: 325 (1855). Type: ‘Reperi hanc speciem 

prope Schanzfeld: circa die alte Kirche & prope montem Meisner,’ collector unknown s.n. (in need of 

lectotypification, but previous attempts to locate the type material had failed). 

Diagnostic characters: 

• Thallus squamulose, with relatively small squamules. 

• Upper cortex a cinereum-type pseudocortex (Breuss, 1996a). 

• Perithecia immersed. 

• Ascospores usually simple, but not uncommonly one-septate. 

• Pycnidia of Dermatocarpon-type (Breuss, 2000). 

Comments: Recent molecular analyses showed that Catapyrenium is sister to the genus 

Placidiopsis (Gueidan et al., 2007; Savić et al., in review). Although both Catapyrenium 

and Placidiopsis appear to be monophyletic (but only two species of each genus were 

included; see Fig. 9), the recognition of these two genera has already been criticized in 

the past (Breuss & Hansen, 1988; Breuss, 1996b). The only character separating them is 

the presence of a transversal septum in the spores of Placidiopsis. Observations show that 
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the septation is rarely either totally absent or always present, and that some specimens of 

Catapyrenium can have some uniseptate spores. Therefore, the division into 

Catapyrenium for nonseptate taxa and Placidiopsis for uniseptate taxa seems arbitrary, 

and the fusion of these two genera can be envisaged. However, Breuss & Hansen (1988) 

also noticed that the septation in Placidiopsis (“true” septa) was different than the one in 

Catapyrenium (pseudosepta). Therefore, the monophyly of both genera Catapyrenium 

and Placidiopsis is still an open question. 

 Pycnidia remained for a long time unknown in this genus and the closely related 

Placidiopsis, in spite of exhaustive revisions (Breuss, 1990; Breuss, 1996a, 1996b). 

However, a recent description of a new species of Catapyrenium from New Mexico, C. 

dactylinum Breuss, shows that pycnidia are of Dermatocarpon-type in this genus (Breuss, 

2000). This pycnidial type has already been found in several other genera in the 

Verrucariaceae: Dermatocarpon, Placidium, Heteroplacidium, Placopyrenium, 

Verruculopsis, Placocarpus and Verrucula. 

Species investigated: 

- Catapyrenium cinereum (Pers.) Körb., Syst. Lich. Germ.: 325 (1855). 

- Catapyrenium daedaleum (Kremp.) B. Stein, in Cohn, Krypt.-Fl. Schlesien, 2, 2: 

312 (1879). 

Literature: Breuss (1990, revision; 1996a, generic concept; 2000, pycnidia; 2001b, 

Australia; 2002b, Sonoran desert); Breuss & Hansen (1988, Greenland). 
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2.3.13.3 Placidiopsis Beltr., Lich. Bassan.: 212 (1858). 

Type: Placidiopsis grappae Beltram., Lich. Bassan.: 212 (1858) (=Placidiopsis cinerascens (Nyl.) Breuss). 

Type: Italy, Prov. Venezia, ‘In terra fra Lecidea decipiens a 1500-1600 m sul Grappa,’ V. Trevisan 929 (FI, 

lectotype; selected by Breuss [1996b: 79]). 

Diagnostic characters: 

• Thallus squamulose, with relatively small squamules. 

• Upper cortex a pseudocortex, similar to the cinereum-type (Breuss, 1996a,b). 

• Perithecia immersed. 

• Ascospores mostly one-septate. 

Comments: See the previous section “Catapyrenium”. 

Species investigated: 

- Placidiopsis custnani (A. Massal.) Körber, Parerga Lichenol.: 305 (1863). 

= Placidiopsis cartilaginea (Nyl.) Vain., Acta Soc. Fauna Fl. Fenn. 49(2): 23 

(1921). 

- Placidiopsis cinerascens (Nyl.) Breuss, Pl. Syst. Evol. 148: 315 (1985). 

Literature: Breuss (1983, P. pseudocinerea; 1994, North-Africa; 1996b, revision; 2002c, 

Sonoran desert), Breuss & Hansen (1988, Greenland), Etayo & Breuss (1994, P. 

cavicola), Harris (1979, P. minor), Thomson (1987, North-America). 

 

2.3.13.4 Other species investigated in the Staurothele-group: 

- ‘Verrucaria’ caerulea DC., in DC. & Lamarck, Fl. Franç., ed. 3, t. 2: 318 (1805). 
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- ‘Verrucaria’ praetermissa (Trevis.) Anzi, Comment. Soc. Crittog. Ital. 2(1): 24 

(1864). 

- ‘Verrucaria’ tristis (A. Massal.) Kremp., Flora 40: 376 (1857), nom. illeg., non V. 

tristis Hepp in Zoll. (1854). 

- ‘Verrucaria’ sp. K. Knudsen 5333 (DUKE). 

 

2.3.14 Thelidium-group (as defined in Savić et al., in review)4 

 The Thelidium group contains rather many species and a surprising variation is 

found in thallus development (immersed to superficial, crustose), symbiotic relationships 

(with and without hymenial photobiont cells), spore pigmentation (hyaline to dark 

brown), perithecium anatomy (with or without involucrellum) and spore septation (non-

septate to muriform). It seems that the poor resolution calls for additional molecular 

information, and more representatives from the large genus Thelidium, as well as from 

related genera. At this time, few conclusions are evident. As pointed out earlier (Gueidan 

et al., 2007; Savić et al., in review), Polyblastia is not monophyletic and the ‘Polyblastia’ 

species in the Thelidium group will have to be transferred in a different genus in the 

future. Likewise, Staurothele immersa and S. rupifraga cannot be kept in Staurothele (see 

above). 

 

2.3.14.1 Thelidium A. Massal., Framm. Lichenogr.: 15 (1855). 

                                                
4 Section contributed by S. Savić (see Savić S. 2007. Doctoral Dissertation, University of 
Uppsala, Uppsala, Sweden). 
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Type: Thelidium amylaceum A. Massal., Symm. Lich. Nov.: 103 (1855). Type: ‘Ad saxa eonica in opp. 

Velo (M. Purga) Prov. Veronens.,’ collector Massalongo s.n. (probably kept in VER, not seen; in need of a 

lectotypification; see Clements & Shear [1931: 288] for designation of the generic type). 

≡ Thelidiomyces Cif. & Tomas., Ist. Bot. Univ. Lab. Crittog. Pavia Atti ser. 5. 10(1): 31, 59. (1953). Type: 

T. amylacei Cif. & Tomas. 

Diagnostic characters: 

• Species saxicolous, mostly calcicolous. 

• Thallus epi- to endolithic. 

• Perithecia immersed to superficial. 

• Ascospores transversally septate. 

Comments: Recent molecular studies (Gueidan et al., 2007; Savić et al., in review) have 

cast a doubt on the monophyly of the genus Thelidium. Although T. papulare, T. 

pyrenophorum and T. umbilicatum form a monophyletic group, T. decipiens appears to be 

more closely related to Staurothele immersa, and T. incavatum to Polyblastia nidulans. 

Molecular data on the type of Thelidium, T. amylaceum, will be necessary in order to 

further re-circumscribe this genus. 

Species investigated: 

- Thelidium decipiens (Hepp) Kremp., Denkschr. K. Bayer. Bot. Ges. 4(2): 246 

(1861). 

- Thelidium incavatum (Nyl.) Mudd, Man. Brit. Lich.: 295 (1861). 

- Thelidium papulare (Fr.) Arnold, Flora 68: 147 (1885). 

- Thelidium pyrenophorum (Ach.) Mudd, Man. Brit. Lich.: 294 (1861). 

- Thelidium umbilicatum Th. Fr., Bot. Not.: 112 (1865). 
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Literature: Zschacke (1934, revision), Servít (1954, revision), Savić et al. (in review, 

molecular phylogeny). 

 

2.3.14.2 Other species investigated in the Thelidium-group: 

- ‘Polyblastia’ abscondita (Nyl.) Arnold, Flora 46: 141 (1863). 

- ‘Polyblastia’ clandestina (Arnold) Jatta, Syll. Lich. Ital.: 567 (1900). 

- ‘Polyblastia’ epomphala (Nyl.) Zschacke, Rabenh. Krypt.-Fl. 9(1): 431 (1934). 

- ‘Polyblastia’ lutosa Zschacke, Rabenh. Krypt.-Fl. 9(1): 467 (1934). 

- ‘Polyblastia’ magnussoniana Servít, Rozpravy Česk. Akad. Věd 63(7): 25 (1953). 

- ‘Polyblastia’ moravica Zschacke, in Hilitz., Preslia 5: 3 (1927). 

- ‘Polyblastia’ nidulans (Stenh.) Arnold, Ber. Naturhist. Vereins Augsburg 14: 64 

(1861). 

- ‘Polyblastia’ torrentis Servít, Rozpravy Česk. Akad. Věd 63(7): 28 (1953). 

- ‘Polyblastia’ viridescens Zschacke, Rabenh. Krypt.-Fl. 9(1): 416 (1934). 

- ‘Polyblastia’ sp. S. Savić 3164 (UPS). 

- ‘Staurothele’ immersa (A. Massal.) Dalla Torre & Sarnth., Fl. Tirol: 553 (1902). 

- ‘Staurothele’ rupifraga (A. Massal.) Arnold, Verh. Zool.-Bot. Ges. Wien 30: 149 

(1880). 

- ‘Verrucaria’ deversa Vain., Acta Soc. Fauna Fl. Fenn. 49(2): 49 (1921). 

- ‘Verrucaria’ hochstetteri Fr., Lichenogr. Eur. Reform.: 435 (1831). 

 

2.3.15 Verrucula J. Steiner, Sitzungsber. Kaiserl. Akad. Wiss., Math.-Naturwiss. Cl., 

Abt. 1, 105 (1): 444 (1896). 
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Type: Verrucula aegyptiaca (Müll. Arg.) J. Steiner, Sitzungsber. Kaiserl. Akad. Wiss., Math.-Naturwiss. 

Cl., Abt. 1, 105 (1): 444 (1896). Type: ‘Egypt, Wuste (Wüste) Wadi Cheresa in Aegyptem (between Cairo 

and Suez).’ 1877. J. Schweinfurth s.n. (G, lectotype; see Navarro-Rosinés et al. [2007]). 

Diagnostic characters: 

• Parasitic on Caloplaca with anthraquinones and Xanthoria elegans. 

• Thallus areolate to squamulose-areolate, sometimes reduced. 

• Upper cortex weakly differentiated (pseudocortex). 

• Medulla I+ (blue) or I-. 

• Excipulum pale except for the part around the ostiole, which is pale to pale 

brown. 

• Ascospores colorless, simple to rarely uniseptate. 

• Pycnidia of Dermatocarpon-type. 

Comments: Verrucula is sister to the monotypic genus Placocarpus. Both genera only 

include parasitic species. Young thalli of Placocarpus schaereri often parasitize 

Lecanora muralis, and species of Verrucula are parasitic on Caloplaca with 

anthraquinones and Xanthoria elegans. Verrucula was recently resurrected to include 

some but not all species of ‘Verrucaria’ found as parasites on Caloplaca with 

anthraquinones (Navarro-Rosinés et al., 2007), the remaining taxa belonging to 

Verruculopsis, a genus sister to Placopyrenium. Species of both Verrucula and 

Verruculopsis are morphologically quite similar, probably as a result of a convergence to 

parasitism. Only few characters help in distinguishing them: in Verrucula, the excipulum 

is pale except for the part around the ostiole, which is pale to pale brown, whereas in 

Verruculopsis, the excipulum is, at maturity, pale brown at the base and dark brown in 
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the upper part. Moreover, the medulla in Verrucula is I+ (blue) to I-, whereas 

Verruculopsis has an I- medulla. 

Species investigated: 

- Verrucula arnoldaria Nav.-Ros. & Cl. Roux, in Navarro-Rosinés et al., Bull. Soc. 

Linn. Provence 58: 152 (2007). 

- Verrucula biatorinaria (Zehetl.) Nav.-Ros. & Cl. Roux, in Navarro-Rosinés et al., 

Bull. Soc. Linn. Provence 58: 153 (2007). 

- Verrucula granulosaria (Clauzade & Zehetl.) Nav.-Ros. & Cl. Roux, in Navarro-

Rosinés et al., Bull. Soc. Linn. Provence 58: 157 (2007). 

- Verrucula helvetica (B. de Lesd.) Nav.-Ros. & Cl. Roux, in Navarro-Rosinés et 

al., Bull. Soc. Linn. Provence 58: 158 (2007). 

- Verrucula inconnexaria Nav.-Ros. & Cl. Roux, in Navarro-Rosinés et al., Bull. 

Soc. Linn. Provence 58: 160 (2007). 

- Verrucula pusillaria Nav.-Ros. & Cl. Roux, in Navarro-Rosinés et al., Bull. Soc. 

Linn. Provence 58: 165 (2007). 

Literature: Navarro-Rosinés et al. (2007, monograph), Zehetleitner (1978, parasitic 

Verrucaria). 

 

2.3.16 Verruculopsis Gueidan, Nav.-Ros. & Cl. Roux, in Navarro-Rosinés et al., Bull. 

Soc. Linn. Provence 58: 139 (2007). 

Type: Verruculopsis poeltiana (Clauzade & Cl. Roux) Gueidan, Nav.-Ros. & Cl. Roux, in Navarro-Rosinés 

et al., Bull. Soc Linn. Provence 58: 139 (2007). Type: ‘Francio, Provenco, Bouches-du-Rhône, Mouriès, 

Alpilles, Le Destet, sur krutaĵo el kalkopetro kompakta kaj tre kohera, el supra rognacio, orient.: de U ĝis 
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N, dekl.: 10-90°, 100 m.’ 19 October 1982. G. Clauzade & C. Roux 22640 (MARSSJ, holotype; see 

Navarro-Rosinés et al. [2007]). 

Diagnostic characters: 

• Non-parasitic, or parasitic on Caloplaca with anthraquinones. 

• Thallus areolate to squamulose-areolate, sometimes reduced. 

• Upper cortex weakly differentiated (pseudocortex). 

• Medulla I-. 

• Excipulum, at maturity, with pale brown base, the upper part being dark brown. 

• Ascospores colorless, simple to rarely uniseptate. 

• Pycnidia of Dermatocarpon-type. 

Comments: Verruculopsis is sister to the genus Placopyrenium. Like Placopyrenium (as 

newly circumscribed by Navarro-Rosinés et al., 2007), Verruculopsis includes mostly - 

but not only - species parasitic on other lichens. Species of Verruculopsis are 

morphologically and anatomically very similar to species of Verrucula (see previous 

section “Verrucula”). 

Species investigated: 

- Verruculopsis flavescentaria Gueidan, Nav.-Ros. & Cl. Roux, in Navarro-Rosinés 

et al., Bull. Soc. Linn. Provence 58: 166 (2007). 

- Verruculopsis irrubescentis (Ménard & Cl. Roux) Gueidan, Nav.-Ros. & Cl. 

Roux, in Navarro-Rosinés et al., Bull. Soc. Linn. Provence 58: 168 (2007). 

- Verruculopsis lecideoides (A. Massal.) Gueidan & Cl. Roux, in Navarro-Rosinés 

et al., Bull. Soc. Linn. Provence 58: 174 (2007).  
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- Verruculopsis poeltiana (Clauzade & Cl. Roux) Gueidan, Nav.-Ros. & Cl. Roux, 

in Navarro-Rosinés et al., Bull. Soc. Linn. Provence 58: 168 (2007). 

Literature: Clauzade & Roux (1984, V. poeltiana), Navarro-Rosinés et al. (2007, 

monograph), Ménard & Roux (1991, V. irrubescentis). 

 

2.3.17 Wahlenbergiella Gueidan & Thüs, gen. nov. 

 Thallus crustosus, continuus, laevissimus, subgelatinosus, viridis, in sicco 

helvolus vel cinereovirens, interdum cristis atris carbonaceis interruptus. Cortex superus 

nullus. Stratum algarum hyphis verticalis formatum, cellulae algarum interdum 

paliformes. Medulla absens vel praesens. Punctae atrae in pagina thalli desunt. 

Perithecia immersa vel superficialia, 0.08--0.2 mm diametro, involucrello dimidiato vel 

deminuto; excipulum pallidum vel omnino atrum. Hymenium incoloratum, K/I + 

caeruleum. Hamathecium periphysis et pseudoparaphysis brevibus formatum. Asci 

claviformes, 8-spori, bitunicati. Ascosporae simplices, incoloratae, subrotundatae ad 

ellipsoidales, generatim breves (medium < 10 µm). Conidia unilocularia, ostiolo nigro, 

cellulae conidiogenae elongatae parieti pycnidii directe affixae. Conidiosporae 

simplices, bacilliformes, 3-4 .5 x 1-2 µm. Habitat in petris marinis. 

Description: Marine saxicolous lichens growing in the intertidal zone, periodically 

immersed. Thallus crustose epilithic, smooth and continuous, subgelatinous, green to 

grayish yellow green when dry, transparent green when wet (at least at the margins of 

young and thin thalli), sometime interrupted by black carbonaceous ridges. Upper cortex 

absent; algal layer reaching the uppermost part of the thallus. Algal layer formed by 
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vertically oriented hyphae, with algal cells arranged in columns or not. Medulla absent or 

when present with hyphae not differentiated from the algal layer and some sparse algal 

cells. Carbonaceous ridges sometime present, but black punctae absent. Perithecia 

immersed to superficial, small (0.08-0.2 mm diam.), with involucrellum from reduced to 

dimidiate, and excipulum from pale to entirely black. Hymenium colorless, K/I + blue. 

Hamathecium consisting of periphyses and short pseudoparaphyses. Asci clavate, 8-

spored, bitunicate. Ascospores simple, colorless, subglobose to ellipsoid, with a median 

length usually shorter than 10 µm. Conidia with a single cavity (although nearby cavities 

sometimes are connected laterally), a dark pigmented ostiole, and elongated 

conidiogenous cells bordering directly a rudimentary pycnidium wall (mucosa-type). 

Conidiospores simple, bacilliform, 3-4.5 x 1-2 µm. 

Type: Wahlenbergiella mucosa (Wahlenb.) Gueidan & Thüs 

Diagnostic characters: 

• Marine species with green to olive-green subgelatinous thalli. 

• Upper cortex generally absent. 

• Medulla thin and not differentiated, or absent. 

• Ascospores simple, generally with a median length shorter than 10 µm. 

• Conidia of mucosa-type, only observed in W. mucosa so far. 

Comments: The new genus Wahlenbergiella is described here to accommodate two 

marine species V. mucosa and V. striatula. The name Wahlenbergiella was given after the 

author of these two species, Göran Wahlenberg. Wahlenbergiella is quite similar to 

another genus also including marine species, Hydropunctaria. They both are 
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characterized by a subgelatinous thallus, and the black ridges of W. striatula could easily 

be compared to the black punctae present in the thallus of Hydropunctaria. However, 

Wahlenbergiella differs from Hydropunctaria, as well as from other amphibious species 

traditionally placed in the genus Verrucaria, by the following combination of characters: 

small ascospores (median length shorter than 10 µm), subgelatinous thallus, smooth 

surface of the involucrellum, greenish thallus color, and the general absence of an upper 

cortex or a differentiated medulla. 

Nomenclatural note: A lectotypification is proposed for both Wahlenbergiella mucosa 

and Wahlenbergiella striatula. The type material of these two species is kept in UPS, one 

specimen labelled V. mucosa and two specimens labelled V. striatula. The specimen of V. 

mucosa is a fragment of rock collected in ‘Alten, Finnmark’ by Wahlenberg in 1802, 

covered in part by a large thallus of V. mucosa, which is here designated as lectotype, and 

by several small thalli of V. striatula. For V. striatula, the first specimen contained three 

fragments collected in ‘Finmarkia’ by G. Wahlenberg, and the second contained 22 

homogeneous fragments collected in ‘Finmarkia Norvegica in rupe ad littores maris 

peninsulae juxta Påsekop’ by Wahlenberg in 1802. The locality of the second specimen 

corresponded best to the indication in the original diagnosis by Wahlenberg in Acharius 

(1803, Suppl.: 23): ‘Finmarkiae Norvegicae in petris marinis sub fluxus semper aqua 

immersis ubique vulgaris’. Therefore, amongst the 22 fragments of the second specimen, 

the one bearing the largest thallus was chosen as a lectotype. In the type material of W. 

striatula, specimens show carbonaceous structures, areole-like in the center of the thallus 

and lobe-like at the margin, instead of the typical ridge-like structures more commonly 

observed in this species. According to Santesson (1939), and also confirmed by Thüs 
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(unpublished), an areole-like or almost lobate appearance of W. striatula is characteristic 

for specimens growing at the margins of their ecological amplitude, but differs from the 

morphology of the vast majority of the specimens growing under more suitable 

conditions. 

Species investigated: 

- Wahlenbergiella mucosa (Wahlenb.) Gueidan & Thüs, comb. nov. ≡ Verrucaria 

mucosa Wahlenb., in Ach., Methodus, Suppl.: 23 (1803). Type: Norway, 

‘Finnmark: Alten, adest Verrucaria striatula,’ 1802. G. Wahlenberg s.n. (UPS!, 

lectotype; selected here). 

Probable synonym (not verified): 

= Thrombium laetevirens A.L. Sm., Monogr. Brit. Lich. ed. 2: 306 (1911). Type: 

Great Britain, ‘on smooth rocks between tide-marks,’ collector unknown s.n. 

(probably kept in BM, not seen). 

- Wahlenbergiella striatula (Wahlenb.) Gueidan & Thüs, comb. nov. ≡ Verrucaria 

striatula Wahlenb., in Ach., Methodus, Suppl.: 21 (1803). Type: Norway, 

‘Finnmark: Finmarkiae Norvegicae, peninsula juxta Påsekop, in rupe littores 

maris,’ 25 April 1802 and 20 May 1802. G. Wahlenberg s.n. (UPS!, lectotype; 

selected here). 

Probable synonym (not verified): 

= Verrucaria microspora Nyl., Ann. Sci. Nat., Bot., ser. 4, vol. 3: 175 (1855). 

Type: ‘ad rupes calcareas submarinas porpe Cancale Galliae occidentalis,’ de 

Brébisson s.n. (probably kept in H-NYL, not seen). 
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Literature: Brodo & Sloan (2005, Queen Charlotte Islands), Flenniken & Gibson (2003, 

Cape Ann, MA), Fletcher (1975, key), Ried (1969, physiology), Dethier & Steneck 

(2001, growth). 

2.4 Discussion 

In order to test the relevance of newly delimited generic entities, five criteria were 

suggested by Nimis (1998): (1) DNA testing for monophyly, (2) phylogenetic analysis, 

(3) number of morphological characters used, (4) number of species considered, (5) 

information content of the new division. The first criterion (DNA testing for monophyly) 

constituted the foundation of our work. The generic delimitation as proposed here could 

not have been justified without using DNA data. The second criterion (phylogenetic 

analysis) also constituted an essential part of our work. Only well-supported groups were 

considered for re-delimitation. This criterion will ensure the stability of the classification 

in the future. 

While working on this preliminary new generic classification for the 

Verrucariaceae, it became evident to us that the third criterion (number of morphological 

characters used) was more problematic. The new monophyletic groups, inferred from 

molecular data and taken into consideration to delineate new generic entities or to re-

delineate existing genera, were only sometimes supported by clear morphological 

synapomorphies. Because many of the available morphological character states are 

symplesiomorphic or homoplastic, clear (unique) morphological synapomorphies were 

rare. For example, the presence of algal cells in the hymenium was acquired at least three 

times in the Verrucariaceae (Staurothele s.s., Endocarpon and ‘Staurothele’ immersa) 

and constitutes an obvious case of homoplasy (Gueidan et al. 2007). Species of 
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‘Verrucaria’ forming paraphyletic lineages within the Endocarpon group are 

morphologically quite similar to some ‘Verrucaria’ found in the Staurothele group, 

because they share pleisiomorphic character states, such as simple ascospores, a crustose 

thallus, and a pseudocortex (Gueidan et al. 2007). Sometimes, however, a combination of 

morphological features can characterize the strongly supported clades we wish to 

recognize as genera, particularly if these features are allowed to be slightly variable or 

homoplastic, as suggested by Miller & Huhndorf (2005). 

However, even by combining different characters, it is not always possible to 

morphologically delineate all genera recognized here. For example, the two highly 

specialized genera Verrucula and Verruculopsis, which include species that are extremely 

reduced, possibly as a result of their parasitic lifestyle, cannot be clearly delimited using 

morphological data. In such cases, molecular data may be taken into consideration as a 

source of synapomorphies. Strong signals from phylogenetic analyses of molecular data – 

corresponding to numerous synapomorphies and comparatively low levels of homoplasy 

– seem to us to be a substantial argument for evolutionary distinctiveness, particularly if a 

similar pattern is found in functionally independent parts of the genome. We may have 

more hope for finding phylogenetic resolution in molecular data, quite simply because 

the information content is vast as compared to the amount of data on morphological 

features that are observable with standard methodology in many organisms. Although 

molecular data offer a plethora of information for exploring and comparing infraspecific, 

specific and superspecific differences, using molecular data to delineate taxa in 

morphologically relatively uniform groups is not a common practice. Sporodictyon, a 

recently resurrected genus (Savić et al., in review), is an interesting example of a 
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morphologically reasonably well-characterized genus (usually recognizable in the field), 

that has distinctive molecular features (Savić & Tibell, in prep. 1). When an alignment of 

the ITS-region of Sporodictyon and other species of the ‘Thelidium group’ is studied, a 

number of synapomorphies, occurring in single positions, are found for Sporodictyon. In 

addition, there are also very distinctive indels in the Sporodictyon sequences, which are 

not alignable with the other sequences. One fairly large indel, which is a synapomorphy 

for Sporodictyon (GTGAGGGGGTGCCCCCYCGCGGGTTCCCCCGMYA), is situated 

close to the beginning of ITS1. Similarly there is another synapomorphic indel 

(RCCGBCTCAACCGGAAGTGT) in the last part of ITS2. The precise limits of these 

indels are, however, somewhat uncertain. These indels form very strong ‘motifs’ 

characteristic at the generic level. If we want our classification to strongly reflect our 

evolutionary hypotheses, we would argue that genera might be recognized also in cases 

when easily observed morphological synapomorphies cannot be demonstrated, provided 

that they obtain strong support in phylogenetic analyses and from other molecular 

features (such as the indel ‘motifs’ mentioned) – ideally from independent parts of the 

genome. 

The fourth criterion (number of species considered - which we interpret as 

adequate taxon sampling) was decisive in some cases, such as in the Endocarpon and 

Staurothele groups, for which undersampling issues combined with obvious problems of 

paraphyly prevented us from proposing taxonomic changes. However, in some other 

cases, such as Wahlenbergiella, Hydropunctaria, and Parabaliettoa, new genera were 

proposed based on only few taxa. Although it is important to try to propose taxonomic 

changes that will be stable in the future and will prevent ‘high nomenclatural disorder’ 
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(Nimis, 1998), it is also sometimes necessary to propose a solution for taxa left out of 

their original genera. In our study, it was obvious that, for example, Wahlenbergiella 

mucosa and W. striatula could not be referred to as Verrucaria anymore, because they 

were shown to belong to a lineage distinct and distant from the type of Verrucaria. 

Moreover, additional taxon sampling would probably result in adding more species in 

this genus, but not in rejecting it. The descriptions of these previously mentioned genera 

were, therefore, justified in this context. 

Finally, the fifth criterion (information content of the new division) was addressed 

in most cases. The use of this criterion avoids the unnecessary division of homogeneous 

entities containing phylogenetic structure. Not every monophyletic groups need to be 

named. For example, Verrucaria marmorea, which could have constituted a new 

monotypic genus, was instead included in Bagliettoa (Gueidan et al., 2007). However, its 

application should not be mandatory, and should be considered only after accounting for 

the nomenclatural status of the genus of interest, with the objective of avoiding 

unnecessary additional nomenclatural changes. 

 In general, the use of Nimis’ five criteria was found to be extremely helpful in re-

delineating genera in Verrucariaceae, although their application were sometime slightly 

modified, mostly in order to address problems inherent to the scarcity of morphological 

characters in this family. Some taxonomic changes were proposed here accordingly, for 

taxa for which enough data was available. Many changes no doubt remain to be 

proposed, but they need further investigations based on additional taxon and gene 

sampling, as well as morphological and ecological studies. Nomenclatural changes will 

also be brought about by the examination of type specimens. However, the main genera 
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of Verrucariaceae and their phylogenetic relationships are now starting to be discernable, 

and these will, hopefully, help lichenologists to establish a phylogenetic generic 

classification in this family. 
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Chapter 3: 

An Extremotolerant Rock-Inhabiting Ancestor for 
Mutualistic and Pathogen-Rich Fungal Lineages1 
 

                                                
1 Project done in collaboration with C. Ruibal Villaseñor, G.S. de Hoog, A.A. 
Gorbushina, W.A. Untereiner, and F. Lutzoni. 
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3.1 Introduction 
 
 During the evolutionary history of the Fungi, associations with various substrates 

and hosts have evolved, as well as different nutritional modes and symbiotic interactions. 

As a consequence, fungi are often referred to as “ecological opportunists”, in order to 

emphasize their ecological diversity (Thompson, 1994; Gargas et al., 1995; Berbee 

2001). The evolution of ecological traits has previously been investigated, in particular 

with the pioneer work of Gargas et al. (1995), Hibbett et al. (2000) and Lutzoni et al. 

(2001). Recent large-scale multigene analyses have helped to unravel phylogenetic 

relationships within and between main groups of fungi, resulting in a better 

understanding of the evolution of morphological characters important for higher-level 

classification, such as their reproductive structures (Lutzoni et al., 2004; James et al., 

2006; Grube et al., 2004; Schmitt et al., 2005; Lindemuth et al., 2001). However, with the 

recent contribution from these large-scale phylogenetic studies, new questions arise on 

the evolutionary history of the ecology of some groups, particularly the newly delimited 

clades that include puzzling assemblages of ecologically diverse taxa. 

 Verrucariales and Chaetothyriales, two ascomycetes orders from the class 

Eurotiomycetes, are a good example of one of these evolutionary puzzles. Strongly 

supported as sister groups in many recent studies (Lumbsch et al., 2002, 2005; Lutzoni et 

al., 2001, 2004), these two orders are extremely disparate ecologically: Verrucariales are 

mostly found as lichenized, i.e. forming stable mutualistic associations with one or two 

photosynthetic partners (mostly from the green algae), and have a preference for rock 

substrates. Chaetothyriales, in the other hand, was originally mostly known for its 

saprophytic species and opportunistic animal and human pathogens (Winka et al., 1998). 
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Forerunner studies, looking at the evolution of lichenization in ascomycetes by using 

ancestral state reconstruction methods, have shown that the most recent common ancestor 

of these two orders was likely to be lichenized, and that saprophytes and opportunistic 

pathogens were likely derived from this ancestor by a loss of lichenization (Lutzoni et al., 

2001; James et al., 2006). However, recent contributions to molecular phylogenetics have 

drastically improved our knowledge on the systematics of the class Eurotiomycetes, by 

confirming that the two orders Coryneliales and Mycocaliciales belong to this class 

(Spatafora et al., 2006; Geiser et al., 2006). Moreover, a peculiar guild of ascomycetes, 

inhabiting rock surfaces and highly adapted to extreme environmental conditions, has 

consistently been overlooked when considering the evolution of ecological traits in this 

phylum. Although previous studies provided the first molecular evidence of their 

phylogenetic affiliations (Sterflinger et al., 1997), rock-inhabiting fungi have mainly 

triggered interest in the fields of biodeterioration (Gorbushina et al., 1993; Diakumaku et 

al., 1995; Wollensien et al., 1997) and exobiology (Gorbushina et al., 2002; Gorbushina, 

2003). Only recently have they been integrated to a more phylogenetic and evolutionary 

context (Sterflinger et al., 1999; de Hoog et al., 1999; Ruibal, 2004; Sert et al., 2007). 

 First discovered in extreme environments, in the desert of Arizona (Staley, 1982; 

Krumbein, 1981) and in Antarctica (Friedman, 1982), where they particularly thrive 

thanks to the absence of competition, rock-inhabiting fungi were later shown to also 

colonize rock surfaces under more temperate climates (Urzi et al., 1995; Sterflinger & 

Prillinger, 2001). Species found in semiarid and arid habitats are particularly well adapted 

to extreme environmental conditions. Their melanized hyphal cells are well protected 

against UV and solar radiation, but also extremes of temperature and desiccation. The 
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production of internal asexual spores and their typical meristematic growth form 

(isodiametrical hyphal growth), which keeps the volume-surface ratio optimal, are both 

common adaptations to drought conditions for these fungi (Wollensien et al., 1995). 

Previous physiological studies revealed that these highly specialized fungi could tolerate 

surprisingly wide ranges of temperature, irradiation and osmotic stress (Sterflinger, 1998; 

Palmer et al., 1987, 1990; Ruibal, 2004). Together with their extremotolerance, their 

ability to rely on sparse low molecular weight nutrients provided by the air in the form of 

dusts (oligotrophism), contribute to their amazing survival capabilities in these extreme 

and bare habitats. 

 The first molecular phylogenetic studies to include some of these rock fungi 

showed that they belonged to two main groups of ascomycetes, the Dothideomycetes and 

the order Chaetothyriales in the Eurotiomycetes (Sterflinger et al., 1997, 1999; Ruibal, 

2004). However, because these studies included either many strains but a fast evolving 

phylogenetic marker which did not allow well-supported broad-scale phylogenetic 

reconstructions (Ruibal, 2004; Sert et al., 2007), or a slow-evolving phylogenetic marker 

but only few rock-inhabiting strains (Sterflinger et al., 1997, 1999), precise phylogenetic 

placements of most rock-inhabiting fungi are still unknown. A recent investigation of 

rock-inhabiting fungi in different sites in Central Spain and Mallorca (Ruibal, 2004) 

allowed us to investigate a large number of undiscovered strains from the 

Chaetothyriales, and to infer their phylogenetic relationships to other members of this 

order using a multigene analysis. Ancestral state reconstructions were carried out in order 

to characterize the most recent common ancestor of these two orders, and develop a 

hypothesis concerning the evolutionary history of this group of fungi. Two main 
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ecological traits were investigated: (1) the evolution of lichenization, and (2) the 

evolution of the rock-inhabiting habit. 

 

3.2 Material and Methods 
 
3.2.1 Taxon Sampling  

 Two different datasets were used. The evolution of lichenization, which was 

shown in previous studies to be highly dependent on the relationships inferred between 

classes of ascomycetes (Lutzoni et al., 2001; James et al., 2006), was analyzed with a 

dataset representative of almost all main groups of this phylum, except for some early 

diverging lineages. This dataset included a total of 92 accessions (Pezizomycotina 

dataset; Appendix 1), sampled in order to represent the phylogenetic and ecological 

(lichenized vs. non-lichenized) diversity of this phylum. The study of the evolution of the 

rock-inhabiting habit was limited to our group of interest, the class Eurotiomycetes, and 

included a total of 183 accessions (Eurotiomycetes dataset; Appendix 2). This dataset 

includes 25 rock isolates, most of which available from a larger pool of strains isolated in 

a previous study (Ruibal, 2004), and selected in order to represent each groups obtained 

when using a 95 % ITS similarity criterion. 

 
3.2.2 Molecular Data  

 The Pezizomycotina dataset included three phylogenetic markers, the nuclear 

ribosomal small and large subunits (nucSSU and nucLSU) and the largest subunit of the 

RNA polymerase II (RPB1). For this dataset, the gene sequences of 75 taxa were 

obtained from GenBank. The Eurotiomycetes dataset included the same three loci, and 

one additional phylogenetic marker, the mitochondrial ribosomal small subunit (mtSSU). 
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In total, this study generated 68 nucLSU sequences, 64 nucSSU sequences, 134 mtSSU 

sequences and 61 RPB1 sequences, most of them for taxa within the Eurotiomycetes 

(Appendices 1 and 2). The sequences of nucLSU, nucSSU and RPB1were generated 

using protocols as described in Gueidan et al. (2007), whereas sequences of mtSSU were 

obtained following the protocol published by Zoller et al. (1999). 

 
3.2.3 Alignments and Phylogenetic Analyses 

 Sequence editing, alignment and congruence assessment were done as described 

in Gueidan et al. (2007). Phylogenetic relationships and confidence were inferred using a 

Bayesian approach. Additional support values were estimated using Maximum 

Likelihood (ML) bootstrap. For the Bayesian approach, the Akaike Information Criterion, 

as implemented in Modeltest 3.7 (Posada & Crandall, 1998), was used to estimate models 

of molecular evolution. For both datasets, a GTR+I+G model was used for the different 

partitions (nucLSU, nucSSU, mtSSU, RPB1 first, second and third codon positions), 

except for the 3rd codon position of RPB1 region D-G, which was not concatenated with 

region A-D in the Eurotiomycetes dataset, and was subjected to a HKY+I+G model. For 

each datasets, two independent analyses of two parallel runs and four chains were carried 

out for 5,000,000 generations using MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2005), and 

trees were sampled every 500 generations. A burn-in sample of 5000 trees was discarded 

from the first run. The remaining 5000 trees were used to estimate branch lengths with 

the sumt command in MrBayes, and posterior probabilities with the majority rule 

consensus tree command in PAUP* 4.0b10 (Swofford, 1999). The program RAxML-VI-

HPC (Stamatakis et al., 2005) was used for the Maximum Likelihood bootstrap analysis 
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with 1000 bootstrap replicates and a GTRMIX model of molecular evolution applied to 

the partitions previously defined for the Bayesian analysis. 

 
3.2.4 Ancestral State Reconstructions 

 Two methods were used: a Bayesian approach using BayesMultiState and a 

Maximum Likelihood approach applied on a sample of 5000 Bayesian trees using 

MultiState (both available in the package BayesTraits at www.evolution.rdg.ac.uk; Pagel 

et al., 2004). Ancestral state reconstructions of lichenization were carried out on 23 nodes 

of the Pezizomycotina dataset (Table 1, Fig. 1), and the rock-inhabiting habit on 28 nodes 

of the Eurotiomycetes dataset (Table 2, Fig. 2). All nodes were present in all 5000 

Bayesian trees, except for nodes 5, 7, 10, and 12 of the Pezizomycotina dataset (Table 1). 

The program uses a continuous-time Markov model of trait evolution, allowing unequal 

rates of losses and gains (Lewis, 2002). For the Bayesian approach, a uniform prior (0, 

100) was chosen, and the analysis was allowed to run for 5,000,000 iterations, with a 

sample period of 100. The option AddMRCA was chosen, which allows the 

reconstruction to be carried out on all trees, even if they do not have the node of interest, 

by finding, for these particular trees, a node that contains at least all the species otherwise 

present in the node of interest. For the four nodes that were not present in all Bayesian 

trees, the option AddNode, restricting the reconstructions to the trees having the node of 

interest, was also used for comparison. The ancestral state reconstruction of lichenization 

was also carried out on 500 trees obtained with branch length from the RAxML bootstrap 

analysis for the nodes 13, 17, 18, and 21 of the Pezizomycotina dataset in order to assess 

the effect of PP overestimation on short internodes. Output files from BayesMultiState 

were analyzed using Tracer v.1.2.1 (Rambaut & Drummond, available at 
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http://evolve.zoo.ox.ac.uk/beast), with a Burn-in of 50,000 iterations, and output files 

from MultiState were analyzed with Excel. 

 

3.3 Results 
 
3.3.1 Pezizomycotina Dataset. 

 A Bayesian consensus tree is presented in Figure 1 with branch lengths, indication 

of support (numerical values available in Table 1), and ancestral state reconstructions. 

The tree topology is similar to the ones recovered in two recent studies by James et al. 

(2006) and Spatafora et al. (2006), except for the placement of the Geoglossaceae, which 

is here strongly supported as an early diverging lineage in the Pezizomycotina, as 

previously shown in Wang et al. (2006). Ancestral state reconstructions gave similar 

results with ML and Bayesian methods (MCMC), except for some nodes supported in 

more than 95 % of the Bayesian trees with ML (nodes 2 and 17), but with moderate 

supports with MCMC (90 % < PP < 95 %; Table 1). For nodes not present in all trees 

from the Bayesian sample, whether all trees were used (option AddMRCA) or only the 

trees with the node of interest (option AddNode), did not have a major effect on most of 

the reconstructions, at the exception of node 3, for which the posterior probability to be 

non-lichenized increased from 0.579 to 0.834 when using the option AddNode. 

Lichenization is suggested to have evolved independently at least 4 to 5 times in the 

Pezizomycotina, once in the lineage including Lecanoromycetes and Lichinomycetes 

(PPMCMC=0.997), once in the Pyrenulales (PPMCMC=0.947), once in the Verrucariales 

(PPMCMC=0.999), and once or twice in the lineage including Arthoniomycetes 

(PPMCMC=0.994) and Dothideomycetes (PPMCMC=0.999 for Trypetheliaceae). The most 
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recent common ancestor of Eurotiomycetes is reconstructed as non-lichenized 

(PPMCMC=0.980), as well as the ancestor of both Verrucariales and Chaetothyriales, 

although with lower support (PPMCMC=0.932). 
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Figure 10: Three-gene phylogeny of the Pezizomycotina obtained from a Bayesian 
MCMC analysis depicting ancestral state reconstruction of lichenization. Thick branches 
represent nodes supported by PP ≥ 95 % and MLBS ≥ 75 % (see Table 4 for numerical 
values). Boxes after each name indicate the state for each extant taxon (white box=non-
lichenized, black box=lichenized). Posterior probabilities for each of the two states are 
represented in pie charts at each reconstructed node (numbered from 1 to 23). Additional 
information for these 23 nodes is provided in Table 4. 
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Table 4: Support values for the phylogeny of the Pezizomycotina dataset (PP and MLBS) and for the ancestral state 
reconstruction of lichenization. For the Bayesian reconstructions (MCMC), the PPs of each state are indicated [P(0) and P(1)]. 
For the ML reconstructions on the Bayesian tree sample (ML), the number of trees supporting each state [Nt(0) and Nt(1)] or 
ambiguous [Nt(a)] are indicated, as well as the mean of the probabilities for each state across the 5000 trees [Pav(0) and 
Pav(1)]. Node numbers in this table refer to node numbers in Figure 1. Bold numbers indicate PP greater than 95 %. 

Ancestral state reconstruction of Lichenization              
(0=non lichenized, 1=lichenized) 

MCMC ML n
o

d
e
s
 

taxonomical groups 

P
P

 (
%

) 

M
L
 B

S
 

(%
) 

P(0) P(1) Nt(0) Nt(a) Nt(1) Pav(0) Pav(1) 
1 Pezizomycotina 100 88 0.980 0.020 5000 0 0 0.999 0.001 
2 Pezizomycotina - Pezizomycetes 100 100 0.911 0.189 4983 17 0 0.992 0.008 
3  -  100 84 0.708 0.292 270 4730 0 0.877 0.123 
4 Leotiomycetes + Sordariomycetes 100 99 0.992 0.008 5000 0 0 0.998 0.002 
5 Leotiomycetes * 65.38 67 0.9971 0.003 5000 0 0 0.999 0.001 
6 Sordariomycetes 100 100 0.987 0.013 5000 0 0 0.996 0.004 
7 Pezizomycetes * 99.66 74 0.9792 0.021 5000 0 0 0.994 0.006 
8 Arthoniomycetes 100 100 0.006 0.994 0 0 5000 0.003 0.997 
9 Trypetheliaceae 100 100 0.001 0.999 0 0 5000 0.001 0.999 
10 Dothideomycetes * 50.34 <50 0.5793 0.421 14 4986 0 0.632 0.368 
11 Dothideomycetes - Trypetheliaceae 100 91 0.997 0.003 5000 0 0 0.999 0.001 
12 Lichinomycetes + Lecanoromycetes * 99.68 <50 0.003 0.9974 0 14 4986 0.002 0.998 
13 Eurotiomycetes 100 88 0.9805 0.020 5000 0 0 0.997 0.003 
14 Mycocaliciales 100 100 0.997 0.003 5000 0 0 0.999 0.001 
15 Eurotiomycetidae 100 100 0.985 0.015 5000 0 0 0.995 0.005 
16 Eurotiales/Onygenales 100 100 0.996 0.004 5000 0 0 0.999 0.001 
17 Eurotiomycetidae + Chaetothyriomycetidae 100 99 0.9056 0.095 4969 31 0 0.975 0.025 
18 Chaetothyriomycetidae 100 100 0.5537 0.447 0 5000 0 0.644 0.356 
19 Pyrenulales 100 100 0.053 0.947 0 555 4445 0.036 0.964 
20 Chaetothyriales 100 100 0.993 0.007 5000 0 0 0.998 0.002 
21 Chaetothyriales + Verrucariales 100 100 0.9328 0.068 4985 15 0 0.976 0.024 
22 Rock Fungi/Verrucariales 100 75 0.592 0.408 0 5000 0 0.649 0.351 
23 Verrucariales 100 100 0.001 0.999 0 0 5000 0.000 1.000 

Results with AddNode option: 1 P(0)=0.996 (3269 trees supporting state 0; 731 absent); 2 P(0)=0.979 (4983 trees supporting state 0; 17 
absent); 3 P(0)=0.834 (14 trees supporting state 0; 2503 with ambiguous reconstruction; 2483 absent); 4 P(1)=0.996 (4984 trees supporting 
state 1; 16 absent). 
Results using RAxML BS replicates: 5 P(0)=0.813 for node 13; 6 P(0)=0.891 for node 17; 7 P(0)=0.681 for node 18; 8 P(0)=0.779 for node 
21. 
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3.3.2 Eurotiomycetes Dataset. 

  

 A Bayesian consensus tree is presented in Figure 2, with branch lengths, 

indication of support (numerical values available in Table 2), and ancestral state 

reconstructions. Relationships between orders were strongly supported and congruent 

with previous analyses (Lutzoni et al., 2004; Geiser et al., 2006). Most of the rock 

isolates are shown to belong to the Chaetothyriales, except for two strains (TRN242, 

A14), which are here resolved (but not supported) as sister to the lichen order 

Verrucariales. Within the Chaetothyriales, some rock isolates are nested within the crown 

group and closely related to previously described species (e.g, the rock isolate TRN4 and 

Phaeococcomyces catenatus), but many strains constitute novel lineages (e.g., TRN497, 

TRN506, H5), some of which early diverging (e.g., TRN475, TRN488). When 

reconstructing the rock-inhabiting habit, the most recent common ancestor of the 

monophyletic group including Verrucariales and Chaetothyriales (node 18) is supported 

as inhabiting rock surfaces (PPMCMC=0.95), as well as the ancestor of the Verrucariales 

(PPMCMC=0.99). The ancestor of the Chaetothyriales is only moderately supported as rock 

inhabitant (PPMCMC=0.86). 
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Figure 11 a and b: Four-gene phylogeny of the Eurotiomycetes obtained from a 
Bayesian MCMC analysis depicting ancestral state reconstruction of the rock-inhabiting 
habit. Thick branches represent nodes supported by PP ≥ 95 % and MLBS ≥ 75 % (see 
Table 5 for numerical values). Boxes after each name indicate the state for each extant 
taxon (white box=non rock substrate, blue box=rock substrate). Posterior probabilities for 
each of the two states are represented in pie charts at each reconstructed node (numbered 
from 1 to 28). Additional information for these 28 nodes is provided in Table 5. A blue 
font indicates the extremotolerant slow-growing rock-inhabiting fungi. Lichens are 
highlighted with green flowers and opportunistic human parasites with red stars. 
Numbers present in the white boxes indicate the substrates for the non-rock inhabitants 
(see detail in the figure). 



 

 
 

 

145 

 



 

 
 

 

146 

 
 



 

 
 

 

147 

 
Table 5: Support values for the Eurotiomycetes phylogeny (PP and MLBS) and the ancestral state reconstruction of substrate 
preferences (PP). See Table 5 for explanations. Node numbers in this table refer to node number in Figure 11. Bold numbers 
indicate PP greater than 95 %. 

Ancestral state reconstruction of the rock inhabiting habit                     
(0=other substrates, 1=rock-inhabiting) 

MCMC ML n
o

d
e
s
 

Taxonomic groups 

P
P
 (

%
) 

M
L 

B
S
 (

%
) 

P(0) P(1) Nt(0) Nt(a) Nt(1) Pav(0) Pav(1) 
1 Eurotiomycetes 100 100 0.80 0.20 0 5000 0 0.83 0.17 
2 Eurotiomycetidae 100 98 0.80 0.20 0 5000 0 0.83 0.17 
3 Eurotiales/Onygenales/Arachnomycetales 100 100 0.95 0.05 4765 235 0 0.96 0.04 
4 Onygenales 100 80 0.94 0.06 4973 24 0 0.97 0.03 
5 Eurotiales 100 100 0.99 0.01 5000 0 0 1.00 0.00 
6 Eurotiomycetidae/Chaetothyriomycetidae 100 100 0.59 0.41 0 5000 0 0.59 0.42 
7 Chaetothyriomycetidae 100 100 0.22 0.78 0 5000 0 0.18 0.82 
8 Pyrenulales 100 100 0.85 0.15 0 5000 0 0.88 0.12 
9 Chaetothyriales 100 100 0.14 0.86 0 4774 226 0.08 0.92 
10  -  100 93 0.27 0.73 0 5000 0 0.21 0.79 
11 Cyphellophora group 100 100 0.05 0.95 0 4 4996 0.03 0.97 
12 Coniosporium group 100 100 0.03 0.97 0 0 5000 0.02 0.98 
13 Chaetothyriaceae? 100 81 0.58 0.42 0 5000 0 0.58 0.42 
14  -  100 100 0.92 0.09 717 4283 0 0.94 0.07 
15 Cladophialophora group 100 78 0.88 0.12 0 5000 0 0.90 0.10 
16 Exophiala group 100 94 0.34 0.66 0 For 5000 0 0.30 0.70 
17  -  100 86 0.98 0.03 5000 0 0 0.99 0.01 
18 Verrucariales/Chaetothyriales 100 100 0.05 0.95 0 0 5000 0.02 0.98 
19 Verrucariales 100 100 0.01 0.99 0 0 5000 0.00 1.00 
20 Staurothele group 100 96 0.00 1.00 0 0 5000 0.00 1.00 
21 Polyblastia group 100 99 0.00 1.00 0 0 5000 0.00 1.00 
22 Placopyrenium group 100 97 0.92 0.08 578 4422 0 0.94 0.08 
23 Endocarpon group 100 95 0.00 1.00 0 0 5000 0.00 1.00 
24 Hydropunctaria 100 99 0.02 0.99 0 0 5000 0.01 0.99 
25 Verrucula group 100 82 0.53 0.47 0 5000 0 0.53 0.47 
26 Placidium group 100 100 0.84 0.16 0 5000 0 0.87 0.13 
27 Bagliettoa group 100 88 0.00 1.00 0 0 5000 0.00 1.00 
28 Mycocaliciales 100 100 0.93 0.07 1725 3265 0 0.95 0.06 
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3.4 Discussion 
 
A multigene phylogenetic analysis allowed us to investigate the affiliation of 

some rock isolates related to Chaetothyriales, and to show that the early diverging 

lineages within this order are particularly diverse in rock inhabiting fungi. The addition of 

rock-inhabitants to our taxon sampling helped understanding the evolution of the two 

orders Verrucariales and Chaetothyriales, first perceived as ecologically quite disparate 

(Winka et al., 1998). Ancestral state reconstructions suggest that the ancestor of both 

lichenized Verrucariales and saprophytic and pathogenic Chaetothyriales was most likely 

non-lichenized and inhabited rock surfaces. Similar to present rock-inhabiting fungi, this 

ancestor most probably possessed adaptations to life in extreme conditions, such as 

melanized hyphae, meristematic growth, extremotolerance and oligotrophism. 

In arid and semiarid habitats, rock-inhabiting fungi and saxicolous lichens are 

known to colonize similar rock substrates, although each has different niche preferences. 

Lichens are more abundant on outcrops with a Northern exposure, whereas rock-

inhabiting fungi colonize preferentially more exposed outcrops, where the competition 

with lichens for substrate is limited (Palmer et al., 1990). The ancestor of Verrucariales 

and Chaetothyriales was probably a rock-inhabiting and non-lichenized fungus and relied 

on sparse nutrients provided by the winds or rainfalls. However, where microalgae could 

survive on rock surfaces (mainly the North exposed side), it is possible that rock-

inhabiting fungi were able to evolve symbiotic relationships with these photosynthetic 

organisms in order to ensure a more constant source of carbohydrates. Recent studies 

have shown that, when cultured in vitro together with pure isolates of lichen photobionts, 

some rock-inhabiting fungi and one melanized anamorphic lichenicolous fungus could 
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develop structures allowing a cellular contact (appressoria) with the photobiont 

(Gorbushina et al., 2005; Brunauer et al., 2007). This ability to develop mutualistic 

interactions with algae, might have allowed some lineages to evolve lichenization, such 

as the Verrucariales. Strikingly, preliminary data suggest that rock-inhabiting fungi also 

constitute early diverging lineages in Arthoniomycetes, another independently derived 

lichen lineage nested within a primarily non-lichenized group (data not shown). 

Pathogenic species of Chaetothyriales, causing diseases ranging from cutaneous 

to neurotropic (de Hoog et al., 2000), have previously been shown to be polyphyletic and 

closely related to some saprophytic species (Hasse et al., 1999; Untereiner & Naveau, 

1999). Therefore, these opportunistic pathogens were suspected to have evolved recently 

multiple times in this order from a saprophytic ancestor (Haase et al., 1999). They infect 

their hosts either by ingestion or by traumatic inoculation, provoking a variety of 

illnesses, including chromoblastomycosis, a skin disease specific to this group of fungi 

(de Hoog et al., 2000). The presence of melanins and meristematic growth are two 

probable virulence factors involved in the pathogenesis of these fungi (Dixon et al., 1987; 

Schnitzler et al., 1999; Feng at al., 2001). Therefore, as previously suggested (de Hoog, 

1993; Haase et al., 1999), adaptations of a non-lichenized rock-inhabiting ancestor for 

survival in extreme environments could have evolved into virulence factors in many 

recent independent lineages within Chaetothyriales. As all descendants in Chaetothyriales 

potentially shared these adaptations, numerous independent transitions to opportunistic 

pathogens seem to have occurred in this group. Because clinical strains must survive and 

multiply at body temperature, relying only on small molecules provided by the hosts, 
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extremolerance and oligotrophism might also be preadaptations for the evolution of 

animal and human pathogens. 

Physiological studies have shown that non-lichenized rock-inhabiting fungi were 

generally not able to degrade complex molecules, such as lignin or pectin (Ruibal, 2004). 

Saprophytic species within Chaetothyriales are mostly known as secondary decomposers, 

colonizing dead wood or mushrooms already colonized by other microfungi, and 

scavenging on small carbohydrates released by these primary decomposers (Barr, 1987; 

Müller et al., 1987; Untereiner et al., 1999). Similarly, opportunistic pathogens mostly 

rely on small molecules obtained from their hosts. In the lichen symbiosis, carbohydrates 

provided by the algae to the fungal partner in the form of polyols also have rather low 

molecular weights (Nash, 1996). Therefore, all members of the two orders Verrucariales 

and Chaetothyriales seem to mostly rely on low molecular weight nutrients, provided by 

the environment or by their symbiotic (or parasymbiotic) partners. Oligotrophism seems 

to constitute a shared ancestral character within this group of fungi. 

 Previous studies have suggested that the lichen symbiosis has evolved multiple 

times in fungi (Gargas et al., 1995; Lutzoni et al., 2001). In ascomycetes, where the great 

majority of lichen species belong, the evolution of lichenization was previously shown to 

be limited to only one to three gains, and three to four losses (Lutzoni et al., 2001). These 

results agreed with the idea that lichenization results from complex interactions between 

symbiotic partners and highly specialized and derived adaptations, unlikely to have 

evolved independently in different lineages, but more conceivably to have been lost 

multiple times. Our results, based on a more representative taxon sampling, suggest 4 to 5 

gains of lichenization in the ascomycetes, a slightly higher estimate compared to previous 
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studies. In contrast to Lutzoni et al. (2001), the lichen orders Verrucariales and 

Pyrenulales are here reconstructed as independent gains of lichenization, and the ancestor 

of the Eurotiomycetes is most likely non-lichenized.  

 Although our results show strong support for a non-lichenized ancestral state for 

the Eurotiomycetes, issues with the reconstructions exist. Bayesian and ML ancestral 

state reconstructions on Bayesian trees allow, in theory, to take into account phylogenetic 

uncertainties (Pagel et al., 2004). However, because the Bayesian approach as 

implemented in MrBayes was shown to sometimes overestimate posterior probabilities 

on short internodes (Alfaro et al., 2003), phylogenetic uncertainty linked to nodes with 

100 % PP but low or moderate BS values is not accounted for in our analyses. When 

reconstructed on 500 trees obtained with branch lengths from bootstrap replicates in 

RAxML (Table 1), posterior probabilities for the state “non-lichenized” were only 

moderately supported in the MRCA of the Eurotiomycetes (PPMCMC=0.980 with Bayesian 

tree sample, and PPMCMC=0.813 with BS tree sample). Therefore, even with the currently 

available taxon sampling, we cannot reject the hypothesis stating that the ancestor of 

Eurotiomycetes was lichenized, and that medically important fungi belonging to 

Eurotiales (such as the genera Aspergillus and Penicillium) or Chaetothyriales (such as 

the opportunistic human pathogen Fonsecaea monophora) evolved from a lichenized 

ancestor, as suggested in Lutzoni et al. (2001). 

 Recent contributions to fungal molecular phylogenetics have drastically improved 

our understanding of phylogenetic relationships between main orders in ascomycetes (see 

Hibbett et al., 2007 for a review), in particular for the class Eurotiomycetes (Geiser et al. 

2006). Some non-lichenized lineages, including the rock-inhabiting fungi (but also the 
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Coryneliales and the Mycocaliciales), were recently confirmed to belong to this class, and 

this seems to account for most of the differences observed in ancestral state 

reconstructions. Taxon sampling, although greatly improved, still needs to be completed. 

Some groups of ascomycetes (e.g., Arthoniales, Pyrenulales, Trypetheliaceae, 

Chaetothyriaceae) have been only partially or superficially investigated using molecular 

techniques. Moreover, phylogenetic affiliations of members of guilds, such as rock-

inhabiting fungi or lichenicolous fungi, will have to be confirmed in order to obtain a 

better understanding of the evolutionary history of this phylum. In particular, efforts in 

sampling rock-inhabiting fungi have been geographically limited, both at a local scale 

(only few rock fragments investigated in a locality) and a more general scale (only few 

geographic areas investigated). Therefore, it is expected that more rock-inhabiting fungi 

are still to be discovered. Because entirely new lineages of non-lichenized taxa seem 

more likely to be discovered in ascomycetes, in particular by investigating poorly studied 

guilds such as lichenicoulous or rock-inhabiting fungi (Hawksworth, 2001), our results 

are likely to be confirmed in the future. 

This new insight in the evolution of the Eurotiomycetes raises the question of the 

role that adaptations to extreme conditions prevailing on bare rock surfaces might have 

had on the lifestyle transitions often observed in this class. Other opportunistic fungal 

pathogens have also been shown to primarily colonized ecologically extreme niches in 

this class – such as Coccidioides immitis, the agent of the respiratory disease known as 

valley fever, which occurs in desertic areas in the Americas (Rippon, 1988; Fisher et al., 

2001) –, but also in other group of ascomycetes – such as Hortea werneckii 

(Dothideomycetes), the agent of the skin disease known as tinea nigra, which thrive is 
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salty marshes and pools (Gunde-Cimerman et al., 1999; Zalar et al., 1999) –. As 

mentioned in Geiser et al. (2006), Eurotiomycetes and Dothideomycetes are two of the 

main classes of ascomycetes that include opportunistic vertebrate pathogens. 

Coincidentally, they are also the two main classes to include rock-inhabiting fungi. 
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Appendix 1: Voucher and GenBank information for cultures (marked with an asterisk) or specimens used in the first chapter. 
GenBank accession numbers (bold) represent sequences published here for the first time and GenBank ID numbers represent 
sequences already published. Abbreviations of herbaria are: DAOM for the National Mycological Herbarium (Ottawa, 
Canada), DUKE for Duke University (Durham, USA), LI for Oberösterreichischen Landesmuseums (Linz, Austria), MARSSJ 
for Université d’Aix-Marseille III (Marseille, France), NY for New York Botanical Garden (New York, USA). 
 

Taxon Locality Collection number Collection date Collector (herbarium) nucLSU nucSSU RPB1 
Bagliettoa baldensis (A. 
Massal.) Vězda 

France, Var, Nans-les-Pins, 
Ste-Baume, vallon de 
Castelette 

CG 23 13 May 2001 C. Gueidan (MARSSJ) EF643786 EF689823 EF689744 

Bagliettoa cazzae (Zahlbr.) 
Vězda & Poelt 

France, Bouches-du-Rhône, 
Marseille, Marseilleveyre, 
fontaine d’Ivoire 

CG 572 21 May 2003 C. Gueidan (DUKE) EF643789 EF689824 EF689745 

Bagliettoa parmigera 
(Steiner) Vězda & Poelt 

France, Var, Nans-les-Pins, 
Ste-Baume, vallon de 
Castelette 

CG 27 13 May 2001 C. Gueidan (MARSSJ) EF643805 EF689825 EF689746 

Bagliettoa parmigerella 
(Zahlbr.) Vězda & Poelt 

France, Bouches-du-Rhône, 
Marseille, Marseilleveyre, 
fontaine d’Ivoire 

CG 573 21 May 2003 C. Gueidan (DUKE) EF643806 EF689826 - 

Bagliettoa steineri (Kušan) 
Vězda 

France, Ardèche, Vallon-Pont-
d’Arc, Le Planas 

CG 355 28 Jul. 2001 C. Gueidan (MARSSJ) EF643809 EF689827 EF689809 

Bagliettoa sp. [Verrucaria 
calciseda auct. pp] 

France, Jura, lac des Rousses CG 614 7 Jun. 2003 C. Gueidan (DUKE) EF643788 EF689828 EF689790 

Capronia munkii Untereiner* Culture from DAOM 216390, 
wood of Populus tremuloides, 
Canada 

WUC 72 - W.A. Untereiner 
(DAOM) 

148628048 148628057 149794934 

Capronia pilosella (P. 
Karsten) E. Müller et al.* 

Culture from DAOM 216387, 
Hypoxylon sp. on Fagus sp., 
USA 

WUC 28 - W.A. Untereiner 
(DAOM) 

110816337 110816344 111278792 

Catapyrenium cinereum 
(Pers.) Körb. 

Iceland, INo, Skagafjardarsysla SH 2017 7 Nov. 2004 S. Hei∂marsson (DUKE) EF643747 EF689829 EF689747 

Catapyrenium daedaleum 
(Krempelh.) Stein 

France, Jura, col de Crozet CG 115 2 Sep. 2001 C. Gueidan & A.M. Fioré 
(MARSSJ) 

EF643748 EF689830 EF689748 

Clavascidium umbrinum 
(Breuss) Breuss 

Mexico, Baja California, 
Vizcaino 

OB 14.461 30 Dec. 1997 Breuss (LI) EF643749 EF689831 EF689749 

Clavascidium sp. Ozark USA, Missouri, Newton 
County 

RCH 46789 6 Nov. 2002 R.C. Harris (NY) 134140621 EF689832 EF689750 

Dermatocarpon luridum 
(With.) J.R. Laundon 

France, Var, Roquebrune-sur-
Argens 

CG 574 7 May 2002 C. Gueidan & T. Ménard 
(MARSSJ) 

EF643750 EF689833 EF689751 

Dermatocarpon miniatum (L.) 
Mann 

France, Haute-Savoie, Onnion, 
les Granges de Plaine-Joux 

CG 387 19 Aug. 2001 C. Gueidan (MARSSJ) 134140622 EF689834 EF689752 

Endocarpon adscendens Switzerland, canton Schwyz, CG 671 18 Jun. 2003 C. Gueidan & C. Keller EF643751 EF689835 EF689753 

155 
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Taxon Locality Collection number Collection date Collector (herbarium) nucLSU nucSSU RPB1 
(Anzi) Müll. Arg. Würzli (DUKE) 
Endocarpon pallidulum (Nyl.) 
Nyl.* 

USA, North-Carolina, Jones 
County, Croatan National 
Forest 

SJ 4028 11 Oct. 2003 S. Joneson (DUKE) 110816335 110816342 111278788 

Endocarpon petrolepideum 
(Nyl.) Nyl. 

USA, Maryland, Prince 
Georges County 

U-492F 16 Feb. 2005 C. Uebel (DUKE) EF643752 - EF689754 

Endocarpon psorodeum 
(Nyl.) Th. Fr.* 

Estonia, Harjümaa, Kostivere CG 684 23 Aug. 2004 C. Gueidan (DUKE) EF643753 EF689836 EF689755 

Endocarpon pusillum Hedw. France, Bouches-du-Rhône, 
Fos-sur-Mer, Crau 

CG 470 29 Jan. 2002 C. Gueidan & C. Roux 
(MARSSJ) 

EF643754 EF689837 EF689756 

Heteroplacidium 
contumescens (Nyl.) Breuss 

Morocco, Tinerhir, Foum El 
Kous 

s. n. 14 Apr. 1987 J.M. Egea (LI) EF643755 EF689838 EF689757 

Heteroplacidium imbricatum 
(Nyl.) Breuss 

Baleares Islands, Mallorca, 
Son Cervera 

OB 4791 15 Apr. 1987 Breuss (LI) EF643756 EF689839 EF689758 

Neocatapyrenium rhizinosum 
(Müll. Arg.) Breuss 

Greece, Crete, Gorge of 
Samaria 

s. n. Jul. 1971 W.A. Weber & P.W. 
Richards (LI) 

EF643757 EF689840 EF689759 

Placidiopsis cartilaginea 
(Nyl.) Vain. 

France, Vaucluse, Javon CG 458 7 Feb. 2002 C. Gueidan, C. Roux, O. 
Bricaud (MARSSJ) 

EF643758 EF689841 EF689760 

Placidiopsis cinerascens 
(Nyl.) Breuss 

France, Bouches-du-Rhône, St-
Mitre-les-Remparts, Lèbres 

CG 585bis 24 Mar. 2002 C. Gueidan & C. Roux 
(MARSSJ) 

EF643759 EF689842 EF689761 

Placidium acarosporoides 
(Zahlbr.) Breuss 

USA, California, San Diego 
County 

VR 22-XII-05/3 22 Dec. 2005 V. Reeb & K. Knudsen 
(DUKE) 

EF643760 EF689843 EF689762 

Placidium arboreum 
(Michener) Lendemer 

USA, Missouri, Madison 
County, Rock Pile Mountain 
Wilderness 

CG 579 14 Oct. 2003 C. Gueidan, R.C. Harris, 
A. Amtoft (NY) 

EF643765 EF689844 EF689767 

Placidium chilense (Räs.) 
Breuss 

Mexico, Baja California, 
montes Guadalupe 

s. n. 3 Jan. 1998 Breuss (DUKE) - EF689845 EF689763 

Placidium lachneum (Ach.) 
de Lesd. 

Iceland, INo, Skagafjardarsysla SH 2018 7 Nov. 2004 S. Hei∂marsson (DUKE) EF643761 EF689846 EF689764 

Placidium lacinulatum (Ach.) 
Breuss 1 

France, Var, Nans-les-Pins, 
Ste-Baume, vallon de 
Castelette 

CG 13 6 May 2001 C. Gueidan (MARSSJ) 134140620 EF689847 EF689765 

Placidium lacinulatum (Ach.) 
Breuss 2 

USA, California, Riverside 
County 

KK 733 15 Dec. 2003 K. Knudsen (DUKE) EF643762 - EF689766 

Placidium squamulosum 
(Ach.) Breuss 

France, Var, Plan d’Aups, Ste-
Baume, col du St-Pilon 

CG 62 4 Jun. 2001 C. Gueidan (MARSSJ) EF643764 EF689849 EF689768 

Placidium sp. China China, Yunnan Province, 
Lunan County 

AA 56961 27 Oct. 2002 A. Aptroot (DUKE) EF643763 EF689848 EF689769 

Placocarpus schaereri (Fr.) 
Breuss 

France, Vaucluse, Apt, 
Rocsalière 

CG 588 11 Jun. 2002 C. Gueidan, C. Roux, E. 
Gaya, P. Navarro-Rosinès 
(MARSSJ) 

EF643766 EF689850 EF689770 

Placopyrenium bucekii 
(Nádv. & Servít) Breuss 1 

France, Var, Roquebrune-sur-
Argens, rocher de Roquebrune 

CG 595 7 May 2002 C. Gueidan & T. Ménard 
(MARSSJ) 

EF643767 EF689851 EF689771 
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Taxon Locality Collection number Collection date Collector (herbarium) nucLSU nucSSU RPB1 
Placopyrenium bucekii 
(Nádv. & Servít) Breuss 2 

Croatia, Istria, Kruncici, fjord 
of Lim  

CG 679 12 Jul. 2004 C. Gueidan (DUKE) EF643768 EF689852 EF689772 

Polyblastia cupularis A. 
Massal. 

France, Ain, Gex, col de la 
Faucille 

CG 616 29 Jun. 2003 C. Gueidan & A.M. Fioré 
(DUKE) 

EF643769 EF689853 EF689773 

Polyblastia melaspora (Tayl.) 
Zahlbr. 

Scotland, Argyll, Sunart, 
Bellsgrove lead mine 

AA 62248 30 Jul. 2004 A. Aptroot (DUKE) 148628047 148628056 149794932 

Polyblastia viridescens Zsch. France, Jura, lac des Rousses CG 608 7 Jun. 2003 C. Gueidan (DUKE) EF643771 EF689855 EF689774 
Staurothele areolata (Nyl.) 
Vain. 

France, Haute-Savoie, Onnion, 
les Granges de Plaine-Joux 

CG 378 19 Aug. 2001 C. Gueidan & C. Roux 
(MARSSJ) 

EF643772 EF689856 EF689775 

Staurothele diffractella (Nyl.) 
Tuck. [Endocarpon 
diffractellum (Nyl.) Gueidan 
& Roux, comb. nov.] 

USA, Missouri, Perry County, 
Seventy-Six Conservation 
Area 

CG 585 13 Oct. 2003 C. Gueidan (DUKE) EF643773 EF689857 EF689776 

Staurothele drummondii 
(Tuck.) Tuck. 

USA, Alaska, Denali National 
Park 

CG 831 7 Jun. 2005 C. Gueidan (DUKE) EF643774 - EF689777 

Staurothele fissa (Taylor) 
Zwackh 

France, Cantal, Ste-Marie, la 
Fondelsol 

CG 586 1 Jun. 2003 C. Gueidan (DUKE) EF643775 EF689858 EF689778 

Staurothele frustulenta Vain. Netherlands, Noord Holland, 
Andijk, Molenhoek 

AA 53935 18 Dec. 2001 A. Aptroot (DUKE) 110816336 110816343 111278790 

Staurothele immersa (A. 
Massal.) Dalla Torre & 
Sarnth. 1 

France, Var, Nans-les-Pins, 
Ste-Baume, vallon de 
Castelette 

CG 590 20 May 2003 C. Gueidan (DUKE)  EF643776 - EF689779 

Staurothele immersa (A. 
Massal.) Dalla Torre & 
Sarnth. 2 

France, Bouches-du-Rhône, 
Ste-Baume, col de 
l’Espigoulier 

CG 600 20 May 2003 C. Gueidan (DUKE) EF643777 - EF689780 

Thelidium decipiens (Nyl.) 
Kremp. 1 

France, Jura, Les Rousses CG 676 7 Jun. 2003 C. Gueidan (DUKE) EF643778 - EF689781 

Thelidium decipiens (Nyl.) 
Kremp. 2 

Switzerland, Canton St-Gallen, 
Lutertannen 

CG 713 19 Jun. 2003 C. Gueidan & C. Keller 
(DUKE) 

EF643779 EF689859 EF689782 

Thelidium incavatum Nyl. ex 
Mudd 

France, Ain, Gex, col de la 
Faucille 

CG 621 29 Jun. 2003 C. Gueidan & A.M. Fioré 
(DUKE) 

EF643780 EF689860 EF689783 

Thelidium papulare (Fr.) 
Arnold 

France, Ain, Gex, col de la 
Faucille 

CG 619 29 Jun. 2003 C. Gueidan & A.M. Fioré 
(DUKE) 

EF643781 EF689861 EF689784 

Thelidium pyrenophorum 
(Ach.) Mudd 

Switzerland, canton of St-
Gallen, Krummenau, Seeben 

CG 723 19 Jun. 2003 C. Gueidan & C. Keller 
(DUKE) 

EF643782 - EF689785 

Verrucaria adriatica Zahlbr. Croatia, Istria, Fontana, 
Puntica 

CG 669 12 Jul. 2004 C. Gueidan (DUKE) EF643783 EF689862 EF689786 

Verrucaria canella Nyl. 1 France, Bouches-du-Rhône, 
Ste-Victoire, pic des Mouches 

CG 808 19 May 2003 C. Gueidan (DUKE) EF643784 EF689863 EF689787 

Verrucaria canella Nyl. 2 France, Bouches-du-Rhône, les 
Alpilles, Destet 

CG 467 29 Jan. 2002 C. Gueidan & C. Roux 
(MARSSJ) 

EF643785 EF689864 EF689788 

Verrucaria caerulea DC. France, Haute-Savoie, Le 
Petit-Bornand-les-Glières, col 

CG 507 21 Aug. 2001 C. Gueidan & C. Roux 
(MARSSJ) 

EF643787 EF689865 EF689789 
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Taxon Locality Collection number Collection date Collector (herbarium) nucLSU nucSSU RPB1 
des Glières 

Verrucaria cyanea A. Massal. France, Ardèche, Vallon-Pont-
d’Arc, le Planas 

CG 497 28 Jul. 2001 C. Gueidan (MARSSJ) EF643790 EF689866 EF689791 

Verrucaria dolosa Hepp Estonia, Ida-Virumaa County, 
Ontika 

CG 742 12 Aug. 2004 C. Gueidan (DUKE) EF643791 EF689867 EF689792 

Verrucaria dufourii DC. France, Var, Nans-les-Pins, 
Ste-Baume, vallon de 
Castelette 

CG 579 20 May 2003 C. Gueidan (DUKE) EF643792 EF689868 EF689793 

Verrucaria fuscella (Turner) 
Winch 

Estonia, Saaremaa County, 
Muhu Island 

CG 757 13 Aug. 2004 C. Gueidan (DUKE) EF643794 EF689870 EF689795 

Verrucaria fuscula Nyl. 
[Heteroplacidium fusculum 
(Nyl.) Gueidan & Roux, 
comb. nov.] 

France, Bouches-du-Rhône, 
Ste-Victoire, Pic des Mouches 

CG 582 19 May 2003 C. Gueidan (DUKE) EF643793 EF689869 EF689794 

Verrucaria hochstetteri Fr. 1 France, Ain, Gex, col de la 
Faucille 

CG 627 29 Jun. 2003 C. Gueidan & A.M. Fioré 
(DUKE) 

EF643795 EF689871 EF689796 

Verrucaria hochstetteri Fr. 2 Spain, Catalonia, Nùria CG 601 28 May 2003 C. Gueidan (DUKE) - - EF689797 
Verrucaria lecideoides (A. 
Massal.) Trevis. 

France, Vaucluse, Mirabeau, 
mont Saint-Sépulcre 

CR 23460 16 Sep. 2005 C. Roux (MARSSJ) EF643798 - EF689800 

Verrucaria macrostoma DC. Netherlands, Zeeland, 
Walcheren 

AA 59401 20 Sep. 2003 A. Aptroot (DUKE) EF643799 EF689874 EF689801 

Verrucaria marmorea (Scop.) 
Arnold [Bagliettoa marmorea 
(Scop.) Gueidan & Roux, 
comb. nov.] 

France, Lozère, Gard, 
Freyssinet-de-Fourques, 
Nîmes-le-Vieux 

CG 739 26 Aug. 2005 C. Gueidan (DUKE) EF643800 EF689875 EF689802 

Verrucaria maura Wahlenb. France, Finistère, Plouescat CG 383bis 31 Jul. 2004 C. Gueidan (DUKE) EF643801 EF689876 EF689803 
Verrucaria mucosa Wahlenb. France, Finistère, Kerlouan CG 687 31 Jul. 2004 C. Gueidan (DUKE) EF643802 EF689877 EF689804 
Verrucaria muralis Ach. France, Ardennes, Château-

Porcien 
CG 578 15 Jun. 2003 C. Gueidan, F. Jaeger, 

JM. Bichain & J. Hering 
(DUKE) 

EF643803 EF689878 EF689805 

Verrucaria nigrescens Pers. France, Bouches-du-Rhône, 
Mouriès, les Alpilles, le Destet 

CG 475 29 Jan. 2002 C. Gueidan & C. Roux 
(MARSSJ) 

EF643804 EF689879 EF689806 

Verrucaria poeltiana 
Clauzade & Cl. Roux 

France, Bouches-du-Rhône, 
Marseille, mont Puget 

CR 21536 
CR 21537 

16 May 1993 P. Navarro-Rosinès & C. 
Roux (MARSSJ) 

EF643822 EF689880 EF689822 

Verrucaria polysticta Borrer Switzerland, Zugerberg, 
Choellenroeid 

CG 689 25 May 2002 C. Gueidan & C. Keller 
(MARSSJ) 

EF643807 - EF689807 

Verrucaria praetermissa 
(Trevis.) Anzi 

France, Cantal, Ste-Marie, la 
Fondelsol 

CG 567 1 Jun. 2003 C. Gueidan (DUKE) EF643796 EF689872 EF689798 

Verrucaria scabra Vĕzda France, Lozère, Freissinet-de-
Lozère, cascade des Runes 

CG 898 25 Aug. 2005 C. Gueidan & C. Coste 
(DUKE) 

EF643808 EF689881 EF689808 

Verrucaria striatula Wahlenb. France, Finistère, Kerlouan CG 688 31 Jul. 2004 C. Gueidan (DUKE) EF643810 EF689882 EF689810 
Verrucaria submersella Serv. Switzerland, Canton St-Gallen, 

Lutertannen 
CG 726 19 Jun. 2003 C. Gueidan & C. Keller 

(DUKE) 
EF643797 EF689873 EF689799 
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Taxon Locality Collection number Collection date Collector (herbarium) nucLSU nucSSU RPB1 
Verrucaria tristis (A. Massal.) 
Krempelh. 

Spain, Catalonia, Pyrenees, 
Nùria 

CG 606 28 May 2003 C. Gueidan (DUKE) EF643813 EF689883 EF689813 

Verrucaria viridula (Schrad.) 
Ach. 

France, Bouches-du-Rhône, St-
Mitre-les-Remparts, 
Mauvegeane 

CG 587bis 24 Mar. 2002 C. Gueidan & C. Roux 
(MARSSJ) 

EF643814 EF689884 EF689814 

Verrucaria weddellii Servít France, Bouches-du-Rhône, 
Ste-Victoire, Saut-du-Loup 

CG 460 3 Feb. 2002 C. Gueidan (MARSSJ) EF643812 EF689885 EF689812 

Verrucaria sp. California USA, California, Ventura 
County 

KK 5333 5 Mar. 2006 K. Knudsen (DUKE) EF643811 - EF689811 

Verrucula arnoldaria Nav.-
Ros. & Cl. Roux non publ. 

France, Vaucluse, Apt, 
Rocsalière 

CG 594 
CG 595 

11 Jun. 2002 C. Gueidan, C. Roux, E. 
Gaya, P. Nav.-Ros. 
(MARSSJ) 

EF643816 EF689886 EF689816 

Verrucula biatorinaria 
(Zehetl.) Nav.-Ros. & Cl. 
Roux non publ. 

France, Alpes-de-Haute-
Provence, Saint-Paul, 
Fouillouse 

CR 24443 8 Jul. 1998 C. Roux & V. Reeb 
(MARSSJ) 

EF643815 EF689887 EF689815 

Verrucula granulosaria 
(Clauzade & Zehetl.) Nav.-
Ros. & Cl. Roux non publ. 1 

France, Vaucluse, Sivergues CG 592 11 Jun. 2002 C. Gueidan, C. Roux, E. 
Gaya, P. Nav.-Ros. 
(MARSSJ) 

EF643817 EF689888 EF689817 

Verrucula granulosaria 
(Clauzade & Zehetl.) Nav.-
Ros. & Cl. Roux non publ. 2 

France, Bouches-du-Rhône, 
Ste-Victoire, ermitage de St-
Ser 

CG 593 24 Feb. 2002 C. Gueidan & C. Roux 
(MARSSJ) 

EF643818 EF689889 EF689818 

Verrucula inconnexaria Nav.-
Ros. & Cl. Roux non publ. 1 

France, Var, Plan-d’Aups, Ste-
Baume, col du St-Pilon 

CG 652 10 Jun. 2002 C. Gueidan & E. Gaya 
(MARSSJ) 

EF643819 EF689890 EF689819 

Verrucula inconnexaria Nav.-
Ros. & Cl. Roux non publ. 2 

France, Haute-Savoie, Le Petit 
Salève 

CG 584 22 Aug. 2001 C. Gueidan & C. Roux 
(MARSSJ) 

EF643820 EF689891 EF689820 

Verrucula inconnexaria Nav.-
Ros. & Cl. Roux non publ. 3 

France, Bouches-du-Rhône, 
Ste-Victoire, la Croix-de-
Provence 

CR 22721 15 May 1995 P. Navarro-Rosinès & C. 
Roux (MARSSJ) 

EF643821 EF689892 EF689821 

 



Appendix 2: GenBank information for sequences used in chapter 3 (Pezizomycotina dataset). GenBank accession numbers 
highlighted in bold represent sequences published here for the first time. 

 
GenBank accession numbers Taxon AFTOL 

no. 
Taxonomical affiliation 

nucLSU nucSSU RPB1 

Candida albicans 1074 Saccharomycetes Genome Genome Genome 

Saccharomyces cerevisiae 1069 Saccharomycetes Genome Z75578 X96876 

Kluyveromyces lactis 1075 Saccharomycetes Genome Genome XM_455310 

Debaryomyces hansenii 1077 Saccharomycetes AF485980 DHA508273 XM_456921 

Dermea acerina 941 Leotiomycetes DQ247801 DQ247809 DQ471164 
Mollisia cinerea 76 Leotiomycetes DQ470942 DQ470990 DQ471122 

Meria laricis 907 Leotiomycetes DQ470954 DQ471002 DQ471146 

Bulgaria inquinans 916 Leotiomycetes AY789344 AY789343 DQ471152 

Leotia lubrica 1 Leotiomycetes AY544687 AY544644 DQ471113 

Cordyceps capitata 192 Sordariomycetes AY489721 AY489689 AY489649 

Xylaria hypoxylon 51 Sordariomycetes AY544648 AY544692 DQ471114 

Neurospora crassa 1078 Sordariomycetes AF286411 X04971 XM_959004 

Diaporthe eres 935 Sordariomycetes AF408350 DQ471015 DQ471161 

Nectria cinnabarina 159 Sordariomycetes U00748 U32412 AY489666 

Hypocrea lutea 156 Sordariomycetes AF543791 AF543768 AY489662 

Lanspora coronata 736 Sordariomycetes U46889 DQ470996 DQ471141 

Orbilia vinosa 905 Orbiliomycetes DQ470952 DQ471000 DQ471145 

Orbilia auricolor 906 Orbiliomycetes DQ470953 DQ471001  -  

Peziza vesiculosa 507 Pezizomycetes DQ470948 DQ470995 DQ471140 

Aleuria aurantia 65 Pezizomycetes AY544654 AY544698 DQ471120 

Gyromitra californica 176 Pezizomycetes AY544673 AY544717 DQ471130 

Morchella esculenta 60 Pezizomycetes AY544664 AY544708 DQ471117 

Pleopsidium gobiense 1003 Lecanoromycetes DQ883698 DQ525573 DQ883746 
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GenBank accession numbers Taxon AFTOL 
no. 

Taxonomical affiliation 
nucLSU nucSSU RPB1 

Pleopsidium chlorophanum 1004 Lecanoromycetes DQ842017 DQ525541 DQ782858 

Hypocenomyce scalaris 687 Lecanoromycetes DQ782914 DQ782886 DQ782854 

Lasallia pustulata 554 Lecanoromycetes DQ883690 DQ883700 DQ883719 

Dibaeis baeomyces 358 Lecanoromycetes AF279385 AF113712 DQ842011 

Trapelia placodioides 962 Lecanoromycetes AF274103 AF119500 DQ366259 

Lecanora hybocarpa 639 Lecanoromycetes DQ782910 DQ782883 DQ782829 

Ramalina complanata 966 Lecanoromycetes DQ883783  - DQ883782 

Buellia frigida 889 Lecanoromycetes DQ883695 DQ883699 DQ883724 

Physcia aipolia 84 Lecanoromycetes DQ782904 DQ782876  -  

Acarosporina microspora 78 Lecanoromycetes AY584643 AY584667 DQ782818 

Stictis radiata 398 Lecanoromycetes AF356663 U20610  -  

Lobariella pallida 310 Lecanoromycetes DQ883796 DQ883787 DQ883739 

Lobaria scrobiculata 128 Lecanoromycetes AY584655 AY584679 DQ883736 

Geoglossum nigritum 56 Geoglossaceae AY544650 AY544694 DQ471115 

Trichoglossum hirsutum 64 Geoglossaceae AY544653 Y544697 DQ471119 

Peltula umbilicata 891 Lichinomycetes DQ832334 DQ782887 DQ782855 

Peltula auriculata 892 Lichinomycetes DQ832330 DQ832332 DQ782856 

Simonyella variegata 80 Arthoniomycetes  -   -  DQ782819 

Schismatomma decolorans 307 Arthoniomycetes AY548815 AY548809  - 

Opegrapha dolomitica 993 Arthoniomycetes  -  - DQ883717 

Rocellographa cretacea 93 Arthoniomycetes DQ883696 DQ883705 DQ883716 

Staurothele areolata 2291 Eurotiomycetes EF643772 EF689856 EF689775 

Heteroplacidium imbricatum 2281 Eurotiomycetes EF643756 EF689839 EF689758 

Endocarpon pallidulum 661 Eurotiomycetes DQ823097 DQ823104 DQ840552 

Verrucaria viridula 2299 Eurotiomycetes EF643814 EF689884 EF689814 
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GenBank accession numbers Taxon AFTOL 
no. 

Taxonomical affiliation 
nucLSU nucSSU RPB1 

Thelidium papulare 2249 Eurotiomycetes EF643781 EF689861 EF689784 

Placopyrenium bucekii 2238 Eurotiomycetes EF643767 EF689851 EF689771 

Verrucaria dufourii 2254 Eurotiomycetes EF643792 EF689868 EF689793 

Verrucaria maura 2263 Eurotiomycetes EF643801 EF689876 EF689803 

Placocarpus schaereri 2289 Eurotiomycetes EF643766 EF689850 EF689770 

Verrucula inconnexaria 2305 Eurotiomycetes EF643819 EF689890 EF689819 

Norrlinia peltigericola GB Eurotiomycetes AY300845 AY779280  -  

Exophiala dermatitidis 668 Eurotiomycetes DQ823100 DQ823107 DQ840555 

Capronia semiimmersa 658 Eurotiomycetes GB # GB # GB # 

Exophiala castellanii  -  Eurotiomycetes GB # GB # GB # 

Fonsecaea monophora  -  Eurotiomycetes GB # GB # GB # 

Glyphium elatum 1145 Eurotiomycetes GB # GB # GB # 

TRN475  -  Eurotiomycetes GB # GB # GB # 

TRN488  -  Eurotiomycetes GB #  -  GB # 

Phialophora europaea  -  Eurotiomycetes GB # GB # GB # 

TRN214  -  Eurotiomycetes GB #  -  GB # 

TRN115  -  Eurotiomycetes GB # GB # GB # 

Anthracothecium nanum 1649 Eurotiomycetes GB #  -  GB # 

Pyrenula pseudobufonia 387 Eurotiomycetes AY640962 AY641001 DQ840558 

Pyrenula aspistea 2012 Eurotiomycetes EF411063 EF411060  -  

Granulopyrenis seawardii 2013 Eurotiomycetes EF411062 EF411059  -  

Pyrgillus javanicus 342 Eurotiomycetes DQ823103 DQ823110 DQ842010 

TRN242  -  Eurotiomycetes GB # GB # GB # 

A14  -  Eurotiomycetes GB # GB #  -  

Arachniotus littoralis  -  Eurotiomycetes GB # GB # GB # 
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GenBank accession numbers Taxon AFTOL 
no. 

Taxonomical affiliation 
nucLSU nucSSU RPB1 

Shanorella spirotricha  -  Eurotiomycetes GB # GB # GB # 

Arachnomyces glaerosus  -  Eurotiomycetes GB # GB # GB # 

Aspergillus fumigatus 1079 Eurotiomycetes GB # AB008401 XM_747744 

Chromocleista malachitea  -  Eurotiomycetes GB # GB # GB # 

Caliciopsis orientalis 1911 Eurotiomycetes DQ470987 DQ471039 DQ471185 

Caliciopsis pinea 1869 Eurotiomycetes DQ678097 DQ678043  -  

Sphinctrina turbinata 1721 Eurotiomycetes EF413632 EF413631  -  

Stenocybe pullatula  -  Eurotiomycetes AY796008 U86692  -  

Chaenothecopsis savonica  -  Eurotiomycetes AY796000 U86691  -  

Pleospora herbarum 940 Dothideomycetes DQ247804 DQ247812 DQ471163 

Preussia terricola 282 Dothideomycetes AY544686 AY544726 DQ471137 

Delphinella strobiligena 1257 Dothideomycetes DQ470977 DQ471029 DQ471175 

Capnodium coffeae 939 Dothideomycetes DQ247800 DQ247808 DQ471162 

Mycosphaerella punctiformis 942 Dothideomycetes DQ470968 DQ471017 DQ471165 

Aureobasidium pullulans 912 Dothideomycetes DQ470956 DQ471004 DQ471148 

Myrangium duriaei 1172 Dothideomycetes AY016365 AY016347  -  

Tubeufia cerea 1316 Dothideomycetes DQ470982 DQ471034 DQ471180 

Botryosphaeria dothidea 946 Dothideomycetes DQ678051 DQ677998 EU186063 

Trimmatostroma abietis 1789 Dothideomycetes GB # GB # GB # 

Trypethelium sp. 110 Trypetheliaceae AY584652 AY584676 DQ782824 

Trypethelium nitidiusculum 2099 Trypetheliaceae GB #  -   -  

Laurera megasperma 2094 Trypetheliaceae GB #  -   -  



 

 

 
Appendix 3: GenBank information for sequences used in chapter 3 (Eurotiomycetes dataset). GenBank accession numbers 
highlighted in bold represent sequences published here for the first time. 
 

GenBank accession or identification no. Taxon Voucher/ 
Strain no. 

Taxonomic 
affiliation nucLSU nucSSU mtSSU RPB1 

Bagliettoa baldensis AFTOL 2270 Verrucariales EF643786 EF689823 GB # EF689744 
Bagliettoa calciseda AFTOL 2229 Verrucariales EF643788 EF689828 GB # EF689790 
Bagliettoa cazzae AFTOL 2227 Verrucariales EF643789 EF689824 GB # EF689745 
Bagliettoa marmorea AFTOL 2262 Verrucariales EF643800 EF689875  -  EF689802 
Bagliettoa parmigera AFTOL 2271 Verrucariales EF643805 EF689825  -  EF689746 
Bagliettoa parmigerella AFTOL 2228 Verrucariales EF643806 EF689826 GB #  -  
Bagliettoa steineri AFTOL 2272 Verrucariales EF643809 EF689827 GB # EF689809 
Catapyrenium cinereum AFTOL 2230 Verrucariales EF643747 EF689829 GB # EF689747 
Catapyrenium daedaleum AFTOL 2273 Verrucariales EF643748 EF689830 GB # EF689748 
Dermatocarpon luridum AFTOL 2277 Verrucariales EF643750 EF689833  -  EF689751 
Dermatocarpon miniatum AFTOL 2278 Verrucariales EF469160 EF689834  -  EF689752 
Endocarpon adscendens AFTOL 2231 Verrucariales EF643751 EF689835 GB # EF689753 
Endocarpon diffractellum AFTOL 2241 Verrucariales EF643773 EF689857  -  EF689776 
Endocarpon pallidulum AFTOL 661 Verrucariales DQ823097 DQ823104 GB # DQ840552 
Endocarpon 
petrolepideum 

AFTOL 2232 Verrucariales EF643752  -  GB # EF689754 
Endocarpon psorodeum AFTOL 2233 Verrucariales EF643753 EF689836 GB # EF689755 
Endocarpon pusillum AFTOL 2279 Verrucariales EF643754 EF689837 GB # EF689756 
Heteroplacidium 
contumescens 

AFTOL 2280 Verrucariales EF643755 EF689838  -  EF689757 
Heteroplacidium 
fusculum 

AFTOL 2255 Verrucariales EF643793 EF689869  -  EF689794 
Heteroplacidium 
imbricatum 

AFTOL 2281 Verrucariales EF643756 EF689839 GB # EF689758 
Hydropunctaria adriatica AFTOL 2251 Verrucariales EF643783 EF689862 GB # EF689786 
Hydropunctaria maura AFTOL 2263 Verrucariales EF643801 EF689876 GB # EF689803 
Hydropunctaria 
rheitrophila 

AFTOL 2266 Verrucariales EF643808 EF689881 GB # EF689808 
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GenBank accession or identification no. Taxon Voucher/ 
Strain no. 

Taxonomic 
affiliation nucLSU nucSSU mtSSU RPB1 

Neocatapyrenium 
rhizinosum 

AFTOL 2282 Verrucariales EF643757 EF689840 GB # EF689759 
Norrlinia peltigericola GenBank Verrucariales AY300845 AY779280 AY300896  -  
Parabagliettoa cyanea AFTOL 2294 Verrucariales EF643790 EF689866  -  EF689791 
Parabagliettoa dufourii AFTOL 2254 Verrucariales EF643792 EF689868 GB # EF689793 
Placidiopsis cartilaginea AFTOL 2283 Verrucariales EF643758 EF689841 GB # EF689760 
Placidiopsis cinerascens AFTOL 2284 Verrucariales EF643759 EF689842 GB # EF689761 
Placidium 
acarosporoides 

AFTOL 2234 Verrucariales EF643760 EF689843  -  EF689762 
Placidium arboreum AFTOL 2285 Verrucariales EF643765 EF689844  -  EF689767 
Clavascidium sp Ozark AFTOL 2276 Verrucariales EF469159 EF689832 GB # EF689750 
Clavascidium umbrinum AFTOL 2274 Verrucariales EF643749 EF689831 GB # EF689749 
Placidium chilense AFTOL 2235 Verrucariales  -  EF689845 GB # EF689763 
Placidium lachneum AFTOL 2286 Verrucariales EF643761 EF689846  -  EF689764 
Placidium lacinulatum 1 AFTOL 2287 Verrucariales EF469158 EF689847 GB # EF689765 
Placidium lacinulatum 2 AFTOL 2236 Verrucariales EF643762  -  GB # EF689766 
Placidium squamulosum AFTOL 2288 Verrucariales EF643764 EF689849  -  EF689768 
Placidium sp China AFTOL 2237 Verrucariales EF643763 EF689848  -  EF689769 
Placocarpus schaereri AFTOL 2289 Verrucariales EF643766 EF689850  -  EF689770 
Placopyrenium bucekii 1 AFTOL 2290 Verrucariales EF643767 EF689851 GB # EF689771 
Placopyrenium bucekii 2 AFTOL 2238 Verrucariales EF643768 EF689852 GB # EF689772 
Placopyrenium canellum 
1 

AFTOL 2252 Verrucariales EF643784 EF689863 GB # EF689787 
Placopyrenium canellum 
2 

AFTOL 2292 Verrucariales EF643785 EF689864 GB # EF689788 
Placopyrenium fuscellum AFTOL 2256 Verrucariales EF643794 EF689870 GB # EF689795 
Polyblastia cupularis AFTOL 2239 Verrucariales EF643769 EF689853  -  EF689773 
Polyblastia melaspora AFTOL 1356 Verrucariales EF413601 EF413600 GB # EF413602 
Polyblastia tarvesedis AFTOL 3614 Verrucariales See Savic et al. See Savic et al. GB #  -  
Polyblastia viridescens AFTOL 2240 Verrucariales EF643771 EF689855 GB # EF689774 
Staurothele areolata AFTOL 2291 Verrucariales EF643772 EF689856 GB # EF689775 
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GenBank accession or identification no. Taxon Voucher/ 
Strain no. 

Taxonomic 
affiliation nucLSU nucSSU mtSSU RPB1 

Staurothele drummondii AFTOL 2242 Verrucariales EF643774  -  GB # EF689777 
Staurothele fissa AFTOL 2243 Verrucariales EF643775 EF689858 GB # EF689778 
Staurothele frustulenta AFTOL 697 Verrucariales DQ823098 DQ823105 GB # DQ840553 
Staurothele' immersa 1c AFTOL 2244 Verrucariales EF643776  -   -  EF689779 
Staurothele' immersa 2a AFTOL 2245 Verrucariales EF643777  -   -  EF689780 
Thelidium decipiens 1b AFTOL 2246 Verrucariales EF643778  -   -  EF689781 
Thelidium decipiens 2a AFTOL 2247 Verrucariales EF643779 EF689859  -  EF689782 
Thelidium incavatum AFTOL 2248 Verrucariales EF643780 EF689860  -  EF689783 
Thelidium papulare AFTOL 2249 Verrucariales EF643781 EF689861  -  EF689784 
Thelidium pyrenophorum AFTOL 2250 Verrucariales EF643782  -   -  EF689785 
Verrucaria' caerulea AFTOL 2293 Verrucariales EF643787 EF689865 GB # EF689789 
Verrucaria' dolosa AFTOL 2253 Verrucariales EF643791 EF689867 GB # EF689792 
Verrucaria' hochstetteri 2 AFTOL 2257 Verrucariales EF643795 EF689871 GB # EF689796 
Verrucaria' hochstetteri 3 AFTOL 2258 Verrucariales  -   -  GB # EF689797 
Verrucaria' praetermissa AFTOL 2259 Verrucariales EF643796 EF689872 GB # EF689798 
Verrucaria' latebrosa AFTOL 2260 Verrucariales EF643797 EF689873 GB # EF689799 
Verrucaria' macrostoma AFTOL 2261 Verrucariales EF643799 EF689874 GB # EF689801 
Verrucaria muralis AFTOL 2265 Verrucariales EF643803 EF689878 GB # EF689805 
Verrucaria' nigrescens AFTOL 2296 Verrucariales EF643804 EF689879  -  EF689806 
Verrucaria' polysticta AFTOL 2297 Verrucariales EF643807  -  GB # EF689807 
Verrucaria' cf. subdivisa AFTOL 2268 Verrucariales EF643811  -  GB # EF689811 
Verrucaria' weddellii AFTOL 2300 Verrucariales EF643812 EF689885  -  EF689812 
Verrucaria' tristis AFTOL 2269 Verrucariales EF643813 EF689883 GB # EF689813 
Verrucaria' viridula AFTOL 2299 Verrucariales EF643814 EF689884 GB # EF689814 
Verrucula arnoldaria AFTOL 2302 Verrucariales EF643816 EF689886 GB # EF689816 
Verrucula biatorinaria AFTOL 2301 Verrucariales EF643815 EF689887 GB # EF689815 
Verrucula granulosaria1 AFTOL 2303 Verrucariales EF643817 EF689888  -  EF689817 
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GenBank accession or identification no. Taxon Voucher/ 
Strain no. 

Taxonomic 
affiliation nucLSU nucSSU mtSSU RPB1 

Verrucula granulosaria2 AFTOL 2304 Verrucariales EF643818 EF689889 GB # EF689818 
Verrucula inconnexaria1 AFTOL 2305 Verrucariales EF643819 EF689890 GB # EF689819 
Verrucula inconnexaria2 AFTOL 2306 Verrucariales EF643820 EF689891 GB # EF689820 
Verrucula inconnexaria3 AFTOL 2307 Verrucariales EF643821 EF689892 GB # EF689821 
Verruculopsis lecideoides AFTOL 2295 Verrucariales EF643798  -  GB # EF689800 
Verruculopis poeltiana AFTOL 2298 Verrucariales EF643822 EF689880 GB # EF689822 
Wahlenbergiella mucosa AFTOL 2264 Verrucariales EF643802 EF689877 GB # EF689804 
Wahlenbergiella striatula AFTOL 2267 Verrucariales EF643810 EF689882 GB # EF689810 
Capronia fungicola CBS 614.96 Chaetothyriales GB # GB # GB # GB # 
Capronia moravica WUC 15.551 Chaetothyriales GB # GB # GB # GB # 
Capronia munkii AFTOL 656 Chaetothyriales EF413604 EF413603 GB # EF413605 
Capronia parasitica CBS 123.88 Chaetothyriales GB # GB # GB # GB # 
Capronia pilosella AFTOL 657 Chaetothyriales DQ823099 DQ823106 GB # DQ840554 
Capronia semiimmersa AFTOL 658 Chaetothyriales GB # GB # GB # GB # 
Capronia sp. 26 WUC 26 Chaetothyriales GB # GB # GB # GB # 
Capronia sp. 102 WUC 102 Chaetothyriales GB # GB # GB # GB # 
Capronia sp. 236 WUC 236 Chaetothyriales GB # GB # GB # GB # 
Capronia sp. 315 WUC 315 Chaetothyriales GB # GB # GB # GB # 
Ceramothyrium 
carniolicum 

 Chaetothyriales GB # GB #  -  GB # 
Cladophialophora boppii CBS 126.86 Chaetothyriales GB # GB # GB # GB # 
Cladophialophora 
carrionii 

CBS 160.54 Chaetothyriales GB # GB # GB # GB # 
Cladophialophora 
minourae 

CBS 556.83 Chaetothyriales GB # GB # GB # GB # 
Cladophialophora 
modesta 

CBS 985.96 Chaetothyriales GB # GB # GB # GB # 
Coniosporum perforans CBS 885.95 Chaetothyriales GB # GB # GB #  -  
Cyphellophora laciniata  Chaetothyriales GB # GB # GB # GB # 
Exophiala bergeri CBS 353.52 Chaetothyriales GB # GB # GB # GB # 
Exophiala castellanii CBS 158.58 Chaetothyriales GB # GB # GB # GB # 
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GenBank accession or identification no. Taxon Voucher/ 
Strain no. 

Taxonomic 
affiliation nucLSU nucSSU mtSSU RPB1 

Exophiala dermatitidis AFTOL 668 Chaetothyriales DQ823100 DQ823107 GB # DQ840555 
Exophiala jeanselmei CBS 507.90 Chaetothyriales GB # GB #  -  GB # 
Exophiala lecanii-corni CBS 123.33 Chaetothyriales GB # GB # GB # GB # 
Exophiala nigra2 dH 12296 Chaetothyriales GB # GB # GB # GB # 
Exophiala oligosperma CBS 725.88 Chaetothyriales GB # GB # GB # GB # 
Exophiala pisciphila AFTOL 669 Chaetothyriales DQ823101 DQ823108 GB # DQ840556 
Exophiala salmonis AFTOL 671 Chaetothyriales EF413609 EF413608 GB # EF413610 
Exophiala xenobiotica CBS 115831 Chaetothyriales GB # GB # GB # GB # 
Fonsecaea monophora CBS 102243 Chaetothyriales GB # GB # GB # GB # 
Glyphium elatum CBS 268.34 Chaetothyriales GB # GB # GB # GB # 
Phaeococcomyces 
catenatus 

CBS 650.76 Chaetothyriales  -  GB # GB # GB # 
Phialophora europaea CBS 129.96 Chaetothyriales GB # GB # GB # GB # 
Phialophora verrucosa AFTOL 670 Chaetothyriales EF413615 EF413614 GB # EF413616 
Ramichloridium anceps AFTOL 659 Chaetothyriales DQ823102 DQ823109 GB # DQ840557 
Sarcinomyces petricola CBS 101157 Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 1  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 4  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 14  Chaetothyriales  -  GB # GB # GB # 
rock isolate TRN 30  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 107  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 115  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 210  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 214  Chaetothyriales GB #  -  GB # GB # 
rock isolate TRN 242  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 247  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 436  Chaetothyriales GB # GB #  -   -  
rock isolate TRN 475  Chaetothyriales GB # GB # GB # GB # 
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Strain no. 

Taxonomic 
affiliation nucLSU nucSSU mtSSU RPB1 

rock isolate TRN 486  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 488  Chaetothyriales GB #  -  GB # GB # 
rock isolate TRN 493  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 497  Chaetothyriales  -  GB # GB # GB # 
rock isolate TRN 506  Chaetothyriales GB #  -  GB # GB # 
rock isolate TRN 508  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 515  Chaetothyriales GB # GB # GB # GB # 
rock isolate TRN 531  Chaetothyriales GB # GB # GB # GB # 
rock isolate A14  Chaetothyriales GB # GB #  -   -  
rock isolate A95  Chaetothyriales GB # GB #  -  GB # 
rock isolate H5  Chaetothyriales GB # GB #  -  GB # 
Anthracothecium nanum AFTOL 1649 Pyrenulales GB # GB # GB # GB # 
Granulopyrenis seawardii AFTOL 2013 Pyrenulales EF411062 EF411059  -   -  
Pyrenula aspistea AFTOL 2012 Pyrenulales EF411063 EF411060  -   -  
Pyrenula cruenta AFTOL 386 Pyrenulales  -  AF279406 AY584719  -  
Pyrenula pseudobufonia  AFTOL 387 Pyrenulales AY640962 AY641001 AY584720 DQ840558 
Pyrgillus javanicus AFTOL 342 Pyrenulales DQ823103 DQ823110 GB # DQ842010 
Aspergillus fumigatus GenBank Eurotiales GB # AB008401  -  XM747744 
Aspergillus nidulans GenBank Eurotiales AF454167 ENU77377 V00653 XM653321 
Byssochlamys nivea CBS 100.11 Eurotiales GB # GB # GB # GB # 
Chaetosartorya 
stromatoides 

CBS 500.65 Eurotiales GB #  -  GB #  -  
Chromocleista 
malachitea 

CBS 647.95 Eurotiales GB # GB # GB # GB # 
Eupenicillium javanicum AFTOL 429 Eurotiales EF413621 EF413620 GB #  -  
Leiothecium ellipsoideum CBS 607.74 Eurotiales GB # GB # GB # GB # 
Monascus purpureus AFTOL 426 Eurotiales DQ782908 DQ782881 GB # DQ842012 
Thermoascus crustaceus CBS 374.62 Eurotiales GB #  -  GB #  -  
Trichocoma paradoxa CBS 788.83 Eurotiales GB # GB # GB #  -  
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GenBank accession or identification no. Taxon Voucher/ 
Strain no. 

Taxonomic 
affiliation nucLSU nucSSU mtSSU RPB1 

Xeromyces bisporus CBS 236.71 Eurotiales GB # GB # GB # GB # 
Arachniotus littoralis CBS 454.73 Onygenales GB # GB # GB # GB # 
Arachnomyces glareosus CBS 116129 Onygenales GB # GB # GB # GB # 
Arachnomyces minimus CBS 324.70 Onygenales GB # GB # GB #  -  
Ascosphaera apis CBS 402.96 Onygenales GB # GB #  -  GB # 
Ascosphaera colubrina CBS 160.87 Onygenales GB # GB #  -  GB # 
Ascosphaera larvis CBS 163.87 Onygenales GB #  -  GB #  -  
Chrysosporium georgiae AFTOL 428 Onygenales EF413625 EF413624 GB #  -  
Coccidioides immitis Genome Onygenales genome genome L14536 genome 
Ctenomyces serratus CBS 187.61 Onygenales GB # GB # GB #  -  
Eremascus albus CBS 975.69 Onygenales GB # GB #  -  GB # 
Gymnoascus reessii CBS 259.61 Onygenales GB # GB # GB # GB # 
Histoplasma capsulatum Genome Onygenales genome genome  -  genome 
Leucothecium emdenii CBS 576.73 Onygenales GB # GB # GB # GB # 
Onygena corvina CBS 281.48 Onygenales GB # GB # GB # GB # 
Shanorella spirotricha CBS 304.56 Onygenales GB # GB # GB # GB # 
Spiromastix warcupii AFTOL 430 Onygenales DQ782909 DQ782882 GB #  -  
Caliciopsis orientalis AFTOL 1911 Coryneliales DQ470987 DQ471039 GB # DQ471185 
Caliciopsis pinea AFTOL 1869 Coryneliales DQ678097 DQ678043 GB #  -  
Sphinctrina turbinata AFTOL 1721 Mycocaliciales EF413632 EF413631  -   -  
Stenocybe pullatula GenBank Mycocaliciales AY796008 U86692  -   -  
Chaenothecopsis 
savonica 

GenBank Mycocaliciales AY796000 U86691  -   -  
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