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WHAT MAKES LICHENS UNIQUE?  

ÅăTheir self-construct and self-replicate characteristic body plan 
arises only with a symbiotic lifestyle and differs strongly from 
life-forms of the organisms participating in this symbiosis when they 
live individuallyò (Spribille, 2018)

Å0nce the symbiotic phenotype is established, the lichen thallus can 
be maintained for several thousand years

ÅThe ability to live in extreme environments where few other 
macroscopic organisms can survive

(approx. 20 000 mycobiont + 130 photobiont species)
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WHAT IS A 
LICHEN? 

- latest definition (Hawksworth and 
Grube, 2020): ăA lichen is a self-
sustaining ecosystem formed by the 
interaction of an exhabitant fungus and 
an extracellular arrangement of one or 
more photosynthetic partners and an 
indeterminate number of other 
microscopic organismsò
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SYMBIOSIS
ăSymbiosisis a relationship between two or more organisms that live 
closely together.ò

Symbiosis

Interaction Result

Prey - predator predator

Prey

Competition

Commensalism commensal

0 host

Mutualism

Parasitism parasire

host





THE EVOLUTION OF VIEWS ON 
LICHENNATURE OVER TIME

ÅFirst classified by Linnaeus (1753) as part of the 
algae

ÅLater, lichens weremoved around in the 
classification systems of life for over a century,
including to the mosses, to the fungi, and to a 
standalone grouptransitional between fungi and 
algae (Krempelhuber, 1867)

ÅSymbiotic nature of lichens discovered in1867 by 
Simon Schwenderer (1867 ðpublic presentation, 
1869 paper published)



From Honneger (2000): Bryologist



ÅăGonidiaò(Ÿ gonidial layer): outgrowths of hyphae with 
a reproductive function.

ÅSchwenderer did not observe different developmental 
stages of gonidia, but he did notice their similarity to 
algae (cyanobacteria).

ÅSchwenderer defined the so-called dual nature of lichens

ÅThis discovery inspired de Bary, who later introduced the 
term òsymbiosisó (1879) to describe the broader concept 
of living together of different organisms.



FIGURE 3. Tafel III (the third out of three 
lithographs) of the 1869 publication (see Fig. 1). 
The figure legend, liberallytranslated, reads as 
follows:

ôôFigs. 1ð7. (x 500) Polycoccus punctiformis. 
Various developmental stages of the colonies. 
Figs. 8ð11. (x1000) Gloeocapsa. Larger and 
smaller colonies being transformed to 
Omphalaria-like tissues by invading fungal fibres. 
Fig. 12. (x 500) Phylliscum endocarpoides. A 
gonidium after division, identical with 
Chroococcus turgidus KuÌtz. fig. 13. (x 500) 
Pannaria triptophylla. Corticate thallus squamule  
overgrown algal group on the so-called prothallus 
of the lichen. figs. 14ð19. (x6001) Roccella 
fuciformis. Groups of gonidia, identical with 
Chroolepus5. Multicellular groups were
preferentially drawn, although more simple ones, 
as shown in Fig. 19, are distinctly more common. 
Fig. 20ð23. (x 500) Chroolepus umbrinum6. More 
or less intensely overgrown cell groups. Drawn 
after an original specimen of KuÌtzing. Fig. 24. (x 
500) Pleurococcus vulgaris7 (x 500) A group of 
four daughter cells. Fig. 25.(x 500) Cystococcus
humicola. Single cell with nucleus and an excentric 
bright zone9.õõRemarks: 1. slightly reduced; 
dimensions of the original plate are 19 x16.4 cm 
(frame). 2. free-living Nostoc punctiforme(KuÌtz.) 
Hariot, known as the cyanobacterial photobiont of 
numerous lichen-forming fungi. 3. Thyrea. 4.
hyphae. 5. Trentepohlia. 6. free-living 
Trentepohlia umbrina (KuÌtz.) Bornet, known as the 
photobiont of Roccellaspp. and of a range of 
other lichen-forming ascomycetes. 7. common and 
widespread aerophilic green alga. 8. Trebouxia
arboricola De Puymaly. 9. Schwendener assumed 
the very conspicuous pyrenoid of the large, central 
chloroplastto be the nucleus; the latter is located 
at the cell periphery in the ôôexcentric bright zoneõõ 
as mentioned in the figure legend.

Honneger(2000): Bryologist



Å Most lichenologists initially rejected the idea; other biologists accepted it

ÅSchwendener suggested resynthesis experiments to test the theory

Å First attempts in the 1870sð1880s showed that fungi and algae could associate, but fully functional 
lichen thallus was not reliably reconstituted

Å Thomas (1939, Z¿rich) achieved the first successful resynthesis of aposymbiotically cultured Cladonia 
pyxidata and its alga

Å Schmidt (1953) attempted to refute the dual-nature theory, 15 years after Thomas

Resynthesis



Belosokhov and 

Spribille 2025



ÅLichens ðfirst scientifically documented symbiotic 
association-concept of òsymbiosisó coined by 
de Bary, 1879

ÅOther symbioses discovered later:

o Zoochlorellae and zooxanthellae of 
invertebratesand protists (Brandt 1881, 1883)

o Mycorrhizal fungi with plant roots ðFrank 
(1885)

o Nitrogen-fixing bacteria in root nodules of 
FabalesðHellriegel & Wilfarth (1886ð1888)

o Various microbial partnerships ðobserved by 
Winogradsky (late 19th century)



(é FOR THE RECORD)

The term symbiosis was first used by Frank (1877) in his study of crustal lichens and later 
adopted by de Barym (1879) in the more general sense of ''living together of dissimilar 
organisms.''

The term mutualism was first used by van Beneden (1875) for mutually beneficial animal 
associations



Schwenderer considered 
the relationship between 
fungus and algae to be 
parasitic: H: wise parasite, 
œ: ''helots'' (slaves in 
ancient Sparta)

another analogy ăspiders 
and preyò



fungus

photobiont

Some lichens have haustoria inside in algal cells, advanced 

only on the surface



ARE LICHENS PRISONS OR REFUGES FOR 
PHYCOBIONTS? (SANDERS 2023)

ÅDifferent opinions (sometimes provocative: òTo call a lichen association mutualistic is similar to 
believing that domestic cattle and humans have a comparable relationship because we 
provide them with food and shelter and increase their populations before we slaughter themó, 
Ahmadjan 1993)

ÅCarbohydrates are not removed from photobiont cells by fungal haustoria but rather actively 
released in quantity by the alga itself over its entire cell surface

Å30-90% of the carbon fixed by the photobiont may be transferred to the mycobiont

ÅăLichen thallus more closely resembles a base rather than a prison for algal symbionts.The 
rent may be high, and sexual activity prohibited, but from this sanctuary, a phycobiont 
manages the riskò



Mycobiont

Photobiont

gains provides

Photosynthesisproducts from a photobiont Thallus (safe and stable place)

Water regime

UV and grazing protection (secondary 

metabolites)

(Reproduction)

gains provides

Shelter Photosynthesis products

Longer period of hydration (plus protection 

against over saturation)

(Nitrogen fixation)

Chemical protection

Can live where it couldnõt survive alone



POLYOLS: 
NUTRITION OR 

PROTECTION 
AGAINST 

DESICCATION?

Spribille et al. 2022



RECENT VIEW

ÅToday, lichens are perceived as 
meta-organisms in which many 
different "roommates" live, that 
contribute to the prosperity of the 
whole system in various ways

ÅOther potential partners: 

o Microscopic fungi

o Bacteria

Allen and Lendemer 2022



OTHER FUNGI

ÅEither they affect the morphology of 
lichen: lichenicolous fungi

Åor do not affect (are asymptomatic): 
endothalic fungi (endolichenic fungi)

ÅSpribille (2016):



https://youtu.be/Fkw_VF5zDT0

https://youtu.be/Fkw_VF5zDT0


YEAST AS ANOTHER 
PARTNER?...

ÅBryoria tortuosa and Bryoria fremontii differ in the 
production of vulpinic acid 

Åyeasts of the order Cyphobasidiales were found in 
the cortex (in B. tortuosa ca. 10 times more than in B. 
fremontii)

ÅŸ "more than one fungus may be involved in its 
(cortex) construction" 

Åthe authors did not explicitly use the term "third 
partner ("Here we show that many common lichens are 
composed of the known ascomycete, the 
photosynthesizing partner, and, unexpectedly, specific 
basidiomycete yeasts").



(A) B. fremontii, with (B) few FISH-hybridized live 

yeast cells at the level of the cortex. (C) B. tortuosa, 

with (D) abundant FISH-hybridized cortical yeast 

cells (scale bars, 20 ˃m).

Fluorescent cell imaging of dual fungal elements in lichen thalli. (A) Scanning electron 

microscopy image of a thallus filament of B. capillaris (scale bar, 200 ˃m). (B) FISH 

hybridization of B. capillaris thallus, showing Cyphobasidiales yeasts (green) and the 

lecanoromycete (blue) with algal chlorophyll A autofluorescence (red). The volume within 

the two vertical lines is visualized on the right; the unclipped frontal view is shown at the 

top. Movie S2 shows an animation of the three-dimensional ~100- m˃ z-stack. (C) Detail 

of yeast cells (scale bar, 5 ˃m). 

Spribille et al. 2016



Tuovinenet al. 2019

Lethariavulpina



... YEAST AS ANOTHER PARTNER?

ÅThis strong conclusion was later criticized: "In summary, it is obvious that basidiomycetous 
yeasts in lichen thalli are not a third component of symbiosis, but rather the vegetative 
propagules of mycoparasites." (Oberwinkler, monograph on Pucciniomycotina: 2017)

ÅIn a 2018 paper(and later on), T. Spribille already emphasizes the role of complex biofilm 
in the bark rather than the yeast itself

Åcontribution of other partners to phenotype formation???



Cystobasidiales confirmed in only 2.7% of the 

total number of 339 species studied

(ébut probably due to too shallow sequencing)



strong geographic pattern for yeasts 



MILLANES ET AL. 2025

ÅTremella in Hypogymnia physodes 
and H. tubulosa

Åfilamentous phase restricted to galls 

Ågall-free lichen thalli 
containedTremellayeasts in the 
cortex, soredia and medulla, and 
pseudohyphae in the cortex

Åyeasts in soredia (dispersed with 
other partners)





BACTERIA

ÅBacteria in lichens were first detected by Uphof in 
1925 ð then silence for a long time

ÅFirst decade of the 21st century ð development: 
cultivation and molecular-biological procedures

ÅStudy of the composition of the lichen microbiomeð 
both taxonomic and functional

Aschenbrenner et al. 2017 

Cardinale et al. 2012



CONTRIBUTION OF BACTERIA
ÅCurrent use of metagenomics, metatranscriptomics and proteomics

Grube et al. 2014



LICHEN SPECIALISED BACTERIA?

Ånot many (if some)

Ådominance of alphaproteobacteria

Schneider et al. 2012 Bates et al. 2011



FACTORS INFLUENCING COMPOSITION OF 
BACTERIAL COMMUNITIES IN LICHENS

MoŜkov§ 2023 (based on Grimm et al. 2021)



é TO CONCLUDE

ÅExtremelly successful (nutritional) 
strategy: lichenized 17% of all fungi 
(27% of all Ascomycota)

ÅIt has arisen several times in evolution

Å98% Ascomycetes, 2% 
Basidiomycetes (+/ -)

L¿ckinget al. 2017 Bryologist



Secondary metabolites



Zdroje:

Str. 104-133

https://www.anbg.gov.au/lichen/chemistry-
1.html

https://www.anbg.gov.au/lichen/chemistry-1.html
https://www.anbg.gov.au/lichen/chemistry-1.html
https://www.anbg.gov.au/lichen/chemistry-1.html


Two basic groups of compounds in lichen:

Primary metabolites (intracellular) 
Å produced by algae and fungus
Å ensure the basic processes of life
Å proteins, amino acids, polysaccharides, carotenoids, 

vitamins, etc.
Å in the protoplast or in the cell wall
Å often soluble in water

Secondary metabolites (extracellular)
Å produced by mycobiont
Å they do not provide basic life processes
Å mostly on the surface of hyphae
Å insoluble in water

Photosynthesis products delivered by a photobiont to mycobiont: 
cyanobacteria ςglucose
green algae ςso-called polyols (sugar alcohols) ςribitol, erythritol, sorbitol
The mycobiont modifies them so that they are no longer usable for the 

photobiont



Secondary metabolites:

Åcurrently known ca. 1050 secondary metabolites
Åmost substances produced exclusively in lichenized thallus; Ca. 50-60 substances by other 

organisms ïe.g. anthraquinone parietin, and in non-lichenized fungi (e.g. Aspergillus, Penicillium) 
and plants (e.g. Rheum, Rumex)

Å Culberson 1969: Basilidiolichens do not produce secondary metabolites ï data scarce, but it turns out 
that some do

Å For some lichens, sec. metabolites present e.g. only in the apothecium, soralia, in the cortex or vice 
versa in the medulla

Å Some species of lichens can produce up to 20 different substances, others have not been shown to 
produce any secondary metabolites

haemoventosin present in 
apothethecia (Ophiparma ventosa)



Biosynthetic pathways:

1) Acetyl-polymalonyl pathway ï most lichen substances synthesized by this pathway
2)  Mevalonic acid pathway
3)  Shikimic acid pathway



in brackets the number of known substances of the group (Orange 2011)



Study of secondary metabolites

Ådifferentiation of the genera Physcia and 
Xanthoria based on the colour of the 
thallus (presence vs. absence of parietin) 
ï the beginning of the use of sec. 
metabolites as important traits for 
taxonomy

ÅHowever, most secondary metabolites 
are colorless! ï it is more difficult to 
detect them

ÅNylander (Helsinki, Paris) in the 60s of 
the 19th century began to use the so-
called thallus spot reactions ï K, C; I

ÅHesse + Zopf: 1st extensive research on 
lichen chemistry

Ågreat progress ï Japan, the 30s ï 
Asahina, Shibata ï and the structure of 
substances



Spot reactions:
Å Fast, simple ï can be used in the field

Å Rather suitable for pre-determination ï a specific substance should be further confirmed by a more sensitive 

method

Å help to detect not only the presence of the studied substances (or groups of substances), but also their 

specific location in the insole

Å also suitable for distinguishing closely related species differing in the presence of a certain substance

parietin present in the thallus reacts with K (K+ red)

I ïpolysacharides



Spot reactions

http://lichens.science.oregonstate.edu



Microcrystallization:

Å method based on the characteristic shape of lichen crystals

Å this technique, developed by Asahina, allowed for routine determination of secondary metabolites

Extraction of lichen thallus in acetone

transfer of the extract to the slide

heating (evaporation of acetone)

Adding a suitable solvent

heating (evaporation of the solvent)

Crystal observation (comparison with 

literature)

currently replaced by more sensitive 

chromatography methods



http://lichens.science.oregonstate.edu

atranorin
(Stocker-Worgotter2007)


