
• Active biomonitoring: Observations on individual plant species

(Nicotiana tabacum, Trifolium pratense) as bioindicators of a specific

type of pollutants: photochemical smog (ozone);

• Passive biomonitoring: determination of a BIODIVERSITY Index of 

epiphytic lichen communities as indicators of air QUALITY;

• Active and passive biomonitoring: analysis of samples of generally

mosses or lichens, and animals (bees, molluscs) as bioaccumulators of 

metals or persistent airborne organic pollutants



What are lichens

Lichens are an extracellular, stable, multi-kingdom symbiosis between 

a fungus ("mycobiont") and one or more populations of algae and/or 

cyanobacteria ("photobionts") that live hosted within a stable 

morphological structure, the lichen thallus, which is formed by the 

hyphae of the mycobiont.

The thallus also hosts further accessory organisms, from bacteria to 

other fungi (which can live as saprophytes or parasites, both 

generalists or highly specialized).

Overall, the lichen thallus represents a small ecosystem in itself, 

made up of primary producers and consumers of different nature.



~ 15.000 species <1.000 species

<100 specie

~90% of 

lichens

~10% od 

lichens



The thallus of 45% of lichens is considered among the 

morphologically most complex structures formed by a 

fungus. In practice it is a small cultivation chamber of 

PHOTOBIONTS, which are placed in the best growth 

conditions, to the full advantage of the MYCOBIONT



By transversally 

dissecting a lobe of a 

lichen, the hyphae of 

the fungus, and 

colonies of algae or 

cyanobacteria become 

evident

Adglutinated 

hyphae

Web of hyphae

Unicellular algae



Xanthoria elegans, microfotografia SEM ai falsi colori.



In some lichens, 

cyanobacteria 

and green algae 

co-exist 

together, in 

difefrent areas 

of the thallus, as 

in this Peltigera



A striking fact is that this organization is only formed if the two 

partners grow together. When mycobionts are grown in artificial 

conditions alone (once it was thought that this was not even 

possible!), their appearance is very different: they form a classic 

fungal mycelium, poorly differentiated, with hyphae that move 

away to “explore” the substrate.



Morphogenetic 

processes start as 

the fungus is in 

contact with the right 

algae and/or 

cyanobacteria. As 

this happens, is still 

largely unknown.
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FOLIOSE



CRUSTOSE



PERITECIA, a 

sort of flask 

opening 

through a pore

APOTECIA, flat 

disks usually 

with a margin

Sexual reproduction is the prerogative of the mushroom alone. 

Algae (and cyanobacteria) can only reproduce vegetatively, by 

division.

In 99% of species, these structures are long-living
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SOREDIA: they are NON-

cortical structures, often 

formed in well-defined 

areas of the thallus 

(“soralia”). They originate 

from interruptions in the 

cortex, through which the 

hyphae of the medulla 

proliferate, “capturing” 

some algal cells.



The soralia often appear as 

small islands, lines or whitish 

and powdery areas, which 

contrast with the variously 

colored surface of the thallus.
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ISIDIA: are corticated propagules, 

the same color as the external 

surface, or darker, especially at the 

apex.

At the lens, they look 

like small lumps, 

fingers, pills...

Rimozione meccanica degli isidi



ISIDIA always contain cells of the photobiont. 

Contrary to what was stated until recently, they also 

originate from a proliferation of medullary hyphae, which 

however is accompanied by a growth of the hyphae of the 

cortex, so they are always corticated.

3Th – Biologia vegetale x STB – AA 2017-2018



Lecanoric acid

Gyroforic acid

Lichens produce a wide 

range of secondary 

metabolites, collectively 

called "lichen acids“ or 

“lichen substances”, with 

very different functions, 

which are accumulated 

in the apoplastic space, 

on the hyphae.



Lichens are capable of colonizing environments in which the 

two partners alone would be incapable of surviving. A fungus 

normally penetrates into the substrate, living in the darkness, to 

emerge with its sexual structures. 

In the case of a lichen, on the contrary, the fungus is forced to 

live fully exposed to the light, which is fundamental for the 

photosynthetic process of its partner.



Lichens are able to 

colonize even glass, 

plastic or metals.



“Homoiochlorophyllous poikylohydric” 

Lichens are «desiccation tolerant», i.e., they normally 

survive to a deep dehydration of their cytoplams (less 

than 5% of the water at cell turgor), recovering normal 

metabolic activity within minutes as soon as water 

become available. 

This feature is shared 

by many orther 

organisms, from 

mosses (this photo), 

to many pollens and 

seeds, to tardigrads 

and nematods.



bagnato secco





Except for the few species 

sensitive to desiccation, repeated 

“dry-wet” cycles are fundamental 

for the survival of the symbiosis, as 

they allow the exchange of 

substances between the two (or 

more) partners through the water 

mass flow.

Hydrofilic

Hydrofilic

The internal face of 

the cell wall is 

covered by a thin 

layer of hydrofobic 

proteins 

(«hydrophobins»)

Hydrophobic lichen 

substances 

frequently cover the 

outer surface of the 

cell wall (photobionts 

included)

Hydrofobic

(micobiont)

Honegger R., 1997. Plant relationships, pp. 209-221.



When deeply dry, they are extremely resistant to extreme environmental 

conditions, e.g. to low temperatures.



Biological test systems of the Lithopanspermia/Biopan experiment; all samples were exposed to 

space vacuum, cosmic radiation and selected wavelength ranges of solar extraterrestrial 

electromagnetic radiation (UV/VIS).



On the contrary, if they are kept fully hydrated, they syffer irreversible 

damage if exposed to moderate heat shock treatments (e.g. 55° C for one 

hour): they are thermo-sensitive if wet.



We are surrounded by 

lichens, on the trees, on the 

walls and... on the 

monuments.

The only areas without 

lichens suffer from 

excessive environmental 

pollution: sulfur dioxide 

(SO2) is their main enemy, 

together with nitrogen 

oxides (NO, NO2, NOx), 

hydrofluoric acid, etc.

This happens, for example, 

in the largest urban 

agglomerations, and in large 

areas of the Po Valley.


