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Lichens and lichenized fungi 

Lichens are dual (often triple) organisms involving two, and often three, 
different Kingdoms: 
 

 Fungi 
 Plants 
 Bacteria 

 
“A self-supporting, stable association between an exhabitant 
fungal partner and inhabitant population of extracellularly 
located unicellular or filamentous algal or cyanobacterial 
cells.” 
 
The fungal partner in the lichen is the mycobiont 
The algal and cyanobacterial partners are the photobionts 
 



Pezizomycotina is the largest subphylum of Ascomycota 
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Lichen fungi are polyphyletic, like other nutritional or 
ecological fungal groups (e.g. mycorrhizal fungi, human or 
plant pathogens), but the majority of lichens belong to a 
single lineage. 
 
lichenization has evolved multiple times (also lost?) 

Lecanoromycetes is the largest, > 90% of lichen species 
The largest class in terms of numbers of species, diversity 

 Ascocarps primarily apothecia but a few families have 
    perithecial ascomata 

 



Lecanoromycetes are exclusively lichenized 
The largest class of ascomycete fungi, approximately 14,000 species 
Total lichen biodiversity estimated 17,000-20,000 species 
 
Only three genera of lichenized basidiomycetes:  Dictyonema 
(Atheliaceae), Multiclavula (Clavariaceae) and Lichenomphalia 
(Tricholomataceae); the name Lichenomphalia is now used for 
lichenized Omphalina. 
 
Licenized ascomycetes mainly class Lecanoromycetes 
(Pezizomycotina), however some lichenized species occur in other 
asocomycete classes—Leotiomycetes, Arthoniomycetes, and 
Eurotiomycetes. 
 
Some ascomycete classes/orders contain both lichenized and 
nonlichenized spp. (Arthoniomycetes, Eurotiomycetes, Leotiomycetes) 
 
 



Common basidiomycete lichens 

Lichenomphalia (formerly Omphalina) 



Multiclavula mucida Clavariaceae 

Common basidiomycete lichens 



The oldest putative fossil lichen comes from the Rhynie 
Chert  400 MYA (early Devonian)—approximate time of 
divergence of main phyla of fungi 

  

Usnea sp in Eocene amber 

Winfrenatia photobionts were cyanobacteria 
Mycobiont hyphae lack septa—possible Glomeromycota? 

Winfrenatia reticulata  



The main lichenized Ascomycota lineages appeared as 
early as the Carboniferous, 350 MYA, with successive 
radiations in the Jurassic and Cretaceous that generated 
the diversity in the main modern groups. 
 
Lecanoromycetes divergered at around 300 MYA, 
expansions occurred during Jurassic and Cretaceous, 150
—200 MYA, coinciding with diversification of Angiosperms 



Pezizomycotina ~530 MYA 

Lichenized lineages 350 MYA 

Lecanoromycetes 300 MYA 

Prieto M, Wedin M (2013) Dating the Diversification of the Major Lineages of Ascomycota (Fungi). PLoS ONE 8(6): e65576. doi:
10.1371/journal.pone.0065576 
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0065576 



Lichen systematics 
 
Names and classification of lichens is based only on the 
mycobiont 
Lichen names are integrated into the system of fungal 
nomenclature 
13 of 46 ascomycete orders contain lichenized species 
only 4 orders are exclusively lichenized 

  
Class Lecanoromycetes, the majority of lichenized species 

 Four orders: 
  Lecanorales, 5700 spp 
  Peltigerales, 1200 spp 
  Teloschistales, 1200 spp 

Class Lichinomyetes 
 One order: 
  Lichinales, 350 spp., all lichenized with cyanobacteria  
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Nostoc 

Trentepohlia 



Pertusaria Icmadophila 
Candelaria Acarospora 



Lichen photobionts 
 
Chlorococcalean (single celled algae) 

 Coccomyxa, Trebouxia, Myrmecia 
 
24 genera of green algae are lichenized, but Trebouxia accounts for >75% of 
known lichens 
 
Filamentous algae 

 Trentepohlia, Phycopeltis 
Cyanobacteria 

 Calothrix, Nostoc, Scytonema, Stigonema 
Cyanophycophilous lichens:  Approx. 10% of lichens have a cyanobacterium 
as the only or primary photobiont; most of these belong to Nostoc 
 
Secondary compounds produced 

 lichen acids   
 polyketide derivatives (depsides and depsidones, 
 anthraquinones and xanthones)  
 terpenes  
 pulvinic acid derivatives 
   



Trebouxia 
Green alga 

Nostoc 
Cyanobacteria 



Fewer genera/species of algae and cyanobacteria are represented in lichens 
than fungi 
 
Most belong to genera that have free living species 

 ~25 genera of algae 
 Cephaleuros, Coccomyxa, Myrmecia, Trentepohlia 
 Trebouxia is primarily lichen-forming alga, rarely found free-living 

 
15 of cyanobacteria 

 Calothrix, Gloeocapsa, Nostoc, Scytonema, Stigonema 
 
More than one algal strain or species can be involved in formation of the same 
lichen thallus (but not different fungi) 
 
Diphycophilous lichens have a primary photobiont green alga and secondary 
cyanobacterial photobiont in specialized organs (cephalodia) 
 
Cephalodia may also establish independent of the primary photobiont as an 
distinct lichen (Lobaria and Dendriscocaulon) 



Photobiont/mycobiont interface is wall-to-wall or intracellular haustoria 



Many families are exclusively lichenized 
 
Some families (and genera) contain both lichenized and non lichenized 
members (and lichenicolous spp.) 

  e.g. Arthonia, Omphalina (= Lichenomphalia) 
 
Suggests lichenization has been repeatedly acquired and lost 
 
Mycobionts can be cultured independently from spores or thallus 
fragments, tend to be very slow growing, do not form ascomata 
 
Resynthesis has been accomplished for only a few lichens 
 



Lichen ecology 
 
Habitats 

 epiphytes of trees 
 bare soil (soil crusts) 
 bare rock (saxicolous) 
 freshwater streams (Hydrothyria) 
 marine intertidal 
 endolithic (Antarctica) 

 
Worldwide distribution (terrestrial) 

  
may be dominant autotroph in polar, 
subpolar, alpine and subalpine habitats 
 
Particularly diverse in temperate 
rainforests, N and S hemisphere 
 
Long lived, often slow-growing 
 
used to date glacial moraines, used as 
indicators of air pollution 
 







Poikilohydric and homiohydric organisms 

Like homiotherms and poikilotherms for temperature regulation 
 
Lichens are poikiolhydric 

 thalli absorb and lose water passively 
 precipitation, fog, dew, high RH 
 water potential of lichen is lower than that of the atmosphere 
 lichens absorb water from non saturated atmosphere 
 requires low temperature (<20 C) and high RH (> 75%) 

 
Water content of lichens varies passively with environment 
Adapted to cycles of wetting and drying 
Polyols protect proteins and membranes from dessication, maintain low water 
potential so lichen thalli rapidly absorb water from ambient air 
 
Air-dried water content can be as low as 15-30% of oven dry wt. 
Fully hydrated can be 200 - >2000% 
 
25% hydration is sufficient to support net photosynthesis  



Lichen Secondary metabolites 
 
Comprise 40% or more of the thallus dry weight 
> 400 secondary metabolites identified 
Metabolites are unique to the association, not produced by 
either partner when grown alone 
produced by fungus 
Useful for taxonomy/systematics before DNA sequences 
 
Lichen acids 
Unknown bioloical function, defenses against other organisms? 
Protect against ROS? 



Properties of lichen secondary metabolites  

Antibiotics, anti fungal 

 Usnic acid in commercial antiseptic creams 

Anti tumor 

 Usnic acid and various lichen polysaccharides investigated for anti 
 tumor properties 

Anti viral 

 Some sulfonated deriviatives of lichen poly saccharides inhibit HIV 
 attachment to T lymphocytes 

Poisons 

 Letharia vulpina, pulvinic acid 

Skin irritation “woodcutters eczema” 

Perfume 

 Evernia prunastri, Pseudevernia furfuracea collected for extraction 

Dyes 

 traditional dyes, Harris tweeds 



Cycles of hydration - desiccation  
 
Photosynthesis is limited by hydration 
More photosynthate retained by photobiont at lower water content 
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transferred to mycobiont at 
higher water content 
 
glucose converted to 
mannitol 
 
alternating wet and dry 
cycles allow for balanced 
distribution of fixed carbon 
between the two symbionts 



Temperature 
 
Extremophiles 
Lichens are the dominant life form on about 8% of land area 

 -polar, alpine 
 
Psychrotolerant/psychrophilic, dominant terrestrial organisms of Antarctica 

 can survive at temps < - 50 C 
 grow at temps near 0 C 
 endolithic lichens in porous rocks 

Thermotolerant, grow in deserts where temps > 55C 
 
Grow on exposed substrates 

 rock sufaces often 20 - 30 C higher than air temp 
 
Heat tolerance depends on hydration, dry lichens tolerate temps > 70 C 
Can survive freezing of -196 C and then rehydrate and photosynthesize 
 
High solute concentration, polyols, polyamines prevent ice crystal formation 

 protect proteins, membranes 





Endolithic fungi in 
Antarctica 

Stratified microbial 
communities in porous 
sandstone 



Nitrogen fixation 
 
About 10% of lichen species have cyanobacteria as primary or secondary 
photobiont 
 
Cephalodiate lichens (cyanobacteria secondary photobiont in cephalodia) 
 

 heterocysts are specialized cells for N fixation 
 maintain low O2 content 

Higher frequency of heterocysts in the 
cyanobacteria in cephalodia 
 
Most N2 fixed by cephalodial photobiont is 
absorbed by the mycobiont 
 
Lichens may be the major source of fixed N 
in several terrestrial ecosystems 
 
> 50% for old-growth Douglas-fir 



Peltigera membranacea, a diphycophilous lichen 
Cyanobacteria in cephalodia 



Chimeras 
 
Two “species” with different photobionts and distinct morphology 
found together in the same composite thallus 
 
Different “photomorphs” result from interactions of one mycobiont 
and different photobionts 

Peltigera britannica chimera 

Green alga 

cyanobacteria 



Thallus organization 
 
Non stratified—photobiont distributed throughout the thallus, not in a 
specific layer or structure 
 
Stratified—photobiont occurs in a distinct layer 
 
six general forms: 
 
fruticose, foliose, crustose, squamulose, leprose, filamentous 
 
combinations of growth forms occur in e.g. Cladonia, Stereocaulon 
(squamulose/fruitcose) 



Fruticose Cladina (Cladonia) 



Fruticose Cladia 

Fruitcose Cladia 



Squamulose 

Cladonia 

podetia 



Squamulose/fruticose Cladonia 



Crustose Caloplaca 


