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thalli of P. muralis hosted Coniosporium with Rhinocladiella 
and Cladophialophora with Rhinocladiella respectively. Only 
one culturable fungal strain from the above-mentioned genera 
of black fungi was present in the lichen samples of Caloplaca 
erodens, Dermatocarpon miniatum, Fulgensia fulgida, Physcia 
dimidiata, Physconia americana, and Tephromela atra according 
to the sequencing results with several isolates retrieved from these 
lichens (Table 1). 

DISCUSSION

High diversity of life-styles characterises the Chaetothyriomycetidae 
and Dothideomycetidae (Ruibal et al. 2008). In these two subclasses, 
genera can comprise animal and human pathogens, endophytes 
or epiphytes of living plants and fungi (de Hoog 1994, Geiser et 
al. 2006, Schoch et al. 2006). On the other hand, phylogenetic 
studies indicate a rather scattered distribution of lichenised fungi 
in Dothideomycetidae (Del Prado et al. 2006, Muggia et al. 2007), 
whereas in Chaetothyriomycetidae, lichenised forms belong to the 
large monophyletic orders Pyrenulales and Verrucariales (Geiser 
et al. 2006). Repeated loss of lichenisation and lichenicolous habit 
occurred in Verrucariales (Navarro-Rosinés et al. 2007). However, 
black fungi detected by us do not belong to any of the lineages of 
lichenised fungi in Chaetothyriomycetidae or Dothideomycetidae. 
The BLAST analysis revealed indeed high sequence similarity 
primarily with the genera Capnobotryella, Cladophialophora, 
Coniosporium, Mycosphaerella, and Rhinocladiella. Within these 
genera genetic similarities were found with undetermined fungal 
strains isolated directly from rock surfaces, or with plant and human 
pathogenic species. 

Lichens can host a wide range of associated fungi with rather 
varied ecologies, specificities, and biological behaviours (Lawrey 
& Diederich 2003). Some fast-growing lichenicolous species (e.g. 
Athelia, Marchandiomyces) with often low host specificity can 
rapidly eradicate lichen vegetation, whereas many others grow 
slowly without expressing any or showing only local pathogenic 
symptoms on their specific hosts. Pathogenic and commensalic 
interactions with their hosts appear to be corners of an ecological 
continuum, yet, known lichenicolous fungi have clear affinity to 
lichens as hosts and are not found without their hosts. 

In this publication we find indirect evidence that some lineages 
of black fungi can opportunistically grow on lichens. Generally 
lichen-colonising forms did not form monophyletic groups, although 
in Rhinocladiella (Arnanlou et al. 2007), only one published marble-
colonising strain was found among a genetically homogeneous 
group of lichen inhabitants. This pattern might nevertheless be 
incomplete because only few strains from rock are published so far. 
We suspect that Rhinocladiella is only a facultative lichen coloniser 
(Fig. 2), also because the same strains can be found in different 
co-occurring lichen species. More evidence for this hypothesis is 
found in Coniosporium and Capnobotryella, where lichen-inhabiting 
strains are scattered among groups of rock-inhabitants. This clearly 
contrasts with the ecological relationships found in Mycosphaerella 
and Cladophialophora. Mycosphaerella strains from lichens form 
two clades which are related to plant-associated fungi. Sequence 
divergence suggests that the lichen associates could represent 
distinct species with so far undetermined host specificity. The 
lichenicolous genus Stigmidium is phenotypically recognised in 
the mycological literature by the similar phenotypic features as the 
phytopathogenic Mycosphaerella (Mycophaerella Johanson being 

a younger name than Stigmidium Trevis.). The understanding of 
relationships between these two genera will clarify whether some 
our Mycosphaerella-like strains could in fact represent Stigmidium 
species. If this is the case, it will be interesting to assess whether 
they represent new species or individuals growing cryptically in 
a suboptimal host. Stigmidium species are regarded as highly 
specialised for their lichen host species but they are only recognised 
by their fertile structures. Cladophialophora isolates from lichens are 
represented in several distinct lineages. Some of them are related 
to the human pathogens C. bantiana, C. boppi and C. carrionii, 
while others are related to the moss-inhabitant C. minutissima (and 
a strain isolated from rocks).

Microscopic observations of the interactions between black 
fungi and their host lichens are difficult. Some black fungi, including 
the ones found by us, are well pigmented only at the surface of 
the thalli. Their hyphal walls can lose their pigmentation when they 
stretch downwards through lichen cortex plectenchyma into the 
thallus, and then become unapparent. At present we cannot assess 
how extensively hyphae can invade the thallus and how they 
interact with the lichen symbionts. Only Intralichen (Hawksworth 
& Cole 2002) species form mycelia that also visibly extend deep 
into the thallus. Clear mycoparasitic or algal-parasitic behaviour 
is not evident and the hyphae of Intralichen grow well between 
fungal plectenchyma, which might be evidence for an affinity to the 
fungal partner in lichens. However, this is perhaps not a general 
feature of lichen-colonising black fungi. A direct involvement of 
black fungi in fungal-algal interactions was earlier described for 
Coniosporium aeroalgicolum, which seems to establish a balanced 
stage of algal parasitism (Turian 1977). Also, co-culture of various 
rock-inhabiting microcolonial fungi with lichen algae can develop 
into lichenoid structures after 2–12 mo, with the fungi contacting 
algae by haustoria- and appressoria-like structures (Gorbushina 
et al. 2005). Finally, Brunauer et al. (2007) showed that a lichen-
associated black fungus (with unclear position at the basis of 
Chaetothyriomycetidae) discovered on Lecanora rupicola forms 
lichenoid structures with a range of coccal green algae in vitro.

As some Cladophialophora strains are involved in degradation 
of aromatic hydrocarbons (Prenafeta-Boldú et al. 2006), it might 
be possible that black fungi can take benefits from the numerous 
aromatic polyketide secondary metabolites found in lichens, but 
there is so far no clear evidence for this from our observations. 
Parts of the lichens colonised by black fungi are not necessarily 
bleaching or devoid of secondary compounds. Moreover, aromatic 
hydrocarbons can also originate from other sources. Turian (1975) 
noticed that Coniosporium aeroalgicolum was tolerant to high 
levels of air pollution, and was abundant at urban places where 
hydrocarbons originate from traffic exhausts. High incidence of 
black fungi is also noticed on roadside trees in Armenia (de Hoog, 
unpubl. data). 

In extremely hostile places on Earth, meristematic fungi are 
frequently associated with lichens (Onofri et al. 2007b), where they 
can directly or indirectly benefit from primary production of the algae 
at very low temperatures and limiting water conditions. Lichens from 
increasingly arid habitats are often more pronouncedly colonised 
by dark pigmented fungi, not only at the edges of the thallus areoles 
and squamules, but also on the more central surfaces. The isolation 
of black fungi from several visually uninfected thalli suggests that 
black fungi are ubiquitous in lichens and wait for chances to grow 
out, e.g. when parts of the host become senescent (Aptroot & Alstrup 
1999). Microscopic studies also confirm the frequent presence of 
dark-walled hyphal fragments in otherwise healthy parts of lichens. 
We hypothesise that black fungi readily colonise most, if not all, 
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lichen thalli from dry sites. Moreover, we have shown here that 
several distinct strains can be present on a single thallus at the 
same time. Preliminary results using single strand conformation 
polymorphisms (SSCP, L. Muggia, prelim. data), indicate that up to 
8 fungi can be present in a single lichen thallus (incl. the mycobiont). 
It is possible that we might have been able to isolate additional 
black fungal strains from the same samples with specific media for 
xerophilic fungi. However, black discolourations, especially at the 
thallus or areole margins do not always indicate the presence of 
black fungi. They may rather represent thallospores or prothalline 
edges formed by the lichen itself. These dark coloured mitospores 
can be found in a various crustose lichens, and are particularly 
common in arid habitats (Poelt & Obermayer 1990).

We have no evidence that associated black fungi overgrow the 
host when it is in a wealthy ecological state, but they may become 
more prominent when the lichen hosts are somewhat affected by 
sustained aridity. We observed that the upper cortex becomes more 
brittle in arid habitats than found in samples of the same species 
collected from more humid situations. Water dropped on such brittle 
surfaces is usually taken up very quickly. The thalli also do not keep 
the water for extended time in a gelatinous intercellular matrix, 
which is often better developed in the samples from more humid 
locations (unpubl. observation). Some of the lichen-associated 
meristematic black fungi may be rock-inhabitants, which appear as 
opportunists on lichens under certain circumstances. We observed 
more commonly meristematic forms on the brittle surfaces, whereas 
gelatinous surfaces might more often host filamentous forms of 
hyphomycetes. Adjacent lichens, which slightly differ in their cortical 
structures, can contain black fungi that were different in appearance 
and abundance, but further studies are required to see whether 
these represent different co-inhabiting species or just represent 
growth modifications of the lichen-colonisers. We also observed 
that the algal layers beneath the colonised parts of the host lichens 
can look rather wealthy, indicating that the algae seem to proliferate 
under a cover of black fungi rather than being negatively affected. It 
is still unclear whether black fungi could influence hydration of the 
lichens or even dissipate excessive sunlight to protect the algae. 

However, when black fungal hyphae become abundant on the 
surface, the thallus structure is severely impaired. Reinfection of 
Lecanora rupicola with a concentrated inoculum of a black fungus 
isolated from the same lichen actually led to necrotic symptoms 

(Brunauer et al. 2007). Moreover, there are also examples 
for negative interactions and rather aggressive dematiaceous 
hyphomycetes on lichens. Black fungi apparently interact in 
various ways with lichens and they likely have different degrees 
of specificity. Future studies will show which black fungi are 
facultative opportunists on lichens, and which ones represent 
obligate and specialised lichen inhabitants. Such studies will also 
elucidate relationships with described lichenicolous fungi. Growing 
on their hosts, some of our fungi have at least some similarities 
with poorly understood lichenicolous species assigned to, e.g., the 
genera Taeniolella or Torula. Some of these described species are 
regarded as highly host-specific (e.g. Etayo & Calatayud 2005). 
This may perhaps be questioned, if future sequencing data may 
reveal that growth and behaviour of these fungi can be modified 
in other potential lichen hosts. Future studies may also resolve the 
relationships with the fertile lichenicolous genus Lichenostigma 
and poorly known species assigned to the lichenised genus 
Lichenothelia, which are capable of meristematic growth. 
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