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Reminder ðage of lichens ð400 mil. yrs, 

Devon, Rhynia , silicit deposits (Scotland)

Eriksson2005: 

Protolichenes hypothesis

(Pezizomycotina from

lichenized ancestors ) 

ErikssonOE (2005) Ascomyceternas ursprung och 
evolution ðProtolichenes -hypotesen . [Origin and 
evolution of Ascomycota ðthe Protolichenes
hypothesis .] Svensk Mykologisk Tidskrift26: 22ð33.

vs.

L¿ckingRL, Huhndorf S, Pfister DH, Rivas-Plata E, 
Lumbsch HT (2009) Fungi evolved right on track. 
Mycologia 101: 810ð822.



Lutzoni et al. 2004: Lichenization was

formed several times independently

Lutzoni et al. 2001: lossof lichenization

during evolution (Eurotiomycetes )



Fig. 1. Thin-section photomicrographs of two better -preserved specimens - Coccoidal

thallus divided by dense filaments in the middle. Further compartmentalization of 

coccoidal thallus by less densely packed filaments is visible at higher magnification .

(551-635 MaBP)

X. Yuan et al. Science 2005; 308:1017-1020.

Published by AAAS

the oldest lichen fossil?



Rhynia chert ðDevon, lichen

Lobaria - mioc®n



Biogeography of lichens

arcto -alpin tundra, taµga, temperate

rain forests, ....

8 % of Earth surface ðlichens as 

dominant organisms (Ahmadjian 1995)



8 % of Earth surface ? Who measured ? How do we know this ? We don Ët...



Biogeography ðstudies past and recent distribution / expansion

of organisms

Classification of lichens according to their distribution :

cosmopolitan ðspecies found throughout the globe ðmany species

(Calicium , Chaenotheca , Cladonia , Peltigera , Normandina , 

Thamnolia vermicularis .... many sp. of Parmelia s.l.ðFlavoparmelia

caperata



The formation 

of the 

continents on 

Earth

www.people.eku.edu



overview of geological periods



Endemic lichens

some lichens are small and have a narrow distribution ðe.g ., some

species in Macaronesia * (Usnea krogiana , U. macaronesica ), the

west coast of South America** ( Nephroma ocultum )New Zealand

23% of lichens are endemic (Galloway 2007)

Speciation processes also conditioned by the environment ð
glaciations in Europe , desertification of South Africa (rapid 

speciation of Xanthoparmelia sp. div .

In the Czech Republic, Peccania cernohorskyi ðlong known only

from the diabase of the Bohemian Karst (Mal²ľek et Palice 2009) 
(currently only 3 other locations in Europe )



Xanthoparmeliatinctina

www.bluetier.org

Caloplacaerectaςholotype 
όŦƻǘƻ WΦ ±ƻƴŘǊłƪ



South, Gondwanian species
- distribution in continents formed from Gondwana , paleo -

Australian species + new Pleistocene and Holocene species. 

Many species of southern tropical rainforests ðmainly 

foliicolous lichens ðare distributed only in the southern 

hemisphere (New Zealand and Tasmania ( L¿ckinget al. 2003)

www.flickriver.com



Bipolar species

Paleotropical species

Neotropical species

Pantropical species

Australasian species

Western Pacific

Circum -Pacific

Circum -Atlantic

East American -Western European

Boreal -Arctic ðAlpine species

Mediterranean , ...

- many distributions , speciation centers / events are 

important , phylogeography



interesting article : cluster analysis of lichen checklists .....



Biology of lichens

Bioindication using lichens



Lichensςimportant
characteristicsfor
bioindication

- composite(dual) organisms

- wide rangeof substrates

- long-living, slowgrowth

- no protectivelayers

- continuousmetabolism



Bioindication
SO2 ,NOx, 
eutrophication, 
ecologicalcontinuity, 
radioactiveelements, 
globalwarming, forest
management, heavy
metals, fluor...

4

4

4



Bioindication

What is important for bioindication? 

Whatdo species/communitieshaveto complywith? 

Whybioindication?



Important rules for bioindication :

- well -defined species

- well -identified , conspicuous

- growing where instruments cannot be

- sensitive, low tolerance to range factor

- simplicity and cheapness required



Methods of bioindication

- floristic -chorological

- transplantation

- phytocenological

- anatomical -physiological

- fumigation experiments

- dynamics in time - monitoring

- physico -chemical (biochemical ) analyses

(conductivity , heavy metal content )



Effects of pollutants on lichens

- reduced reproductive potential ( gener . and veg. 

reproduction )

- reduction of growth

- bleaching

- change in chloroplasts (degradation of chlorophyll 

to pheophytin)

- enlargement of vacuoles

- disintegration of membrane intergrity

- etc .

Lecanoraconizaeoides



Air pollution bioindication milestones

1866: Nylander , ăhygiom¯tressensiblesò, Paris

1891-1901: Arnold ( Munich )

1959: Roģkov§and Kmoch, Pilsen, 1st Czechoslovak

bioind . work

1966: Brodo, Long Island, improved transplantation

method , fructicose lichens

1962: Piģ¼t, Rudřany, ironworks , copper , (character

of the area)

1966: LeBlanc a Rao ðresearched nearby pollutant 

measuring station



1969: Kofler, influence of SO2 on ascospore germination

1970: Hawksworth et Rose ăQualitative scale for

estimation sulphur dioxide air pollution in England and 

Wales using epiphytic lichensò, London

In a context where SO2 was the dominant pollution, the qualitative method of Hawksworth 
and Rose (1970)was developed. This method consists of classifying about 80 species of 
epiphytic lichens into 11 groups. Each group is assigned a specific SO2 concentration value. 
This method has been widely used since its inception because of its relative simplicity to map 
pollution in many European countries. 

With the gradual reduction of pollution caused by SO2, some authors have noted a certain 
shift between experimentally observed values and direct physical measurements and the 
presence of species in other communities

Severalauthorsthereforemodifiedthe originalscalesand abandonedthe exactSO2

concentrations.



Bioindication SO2 , Hawkswortha Rose (1970)

Zone Characteristicspecies SO2

ҡƎκƳ3

0 Epiphytesmissing ?

1 Desmococcusviridiss.l. ispresent, but only at the base of trunk ~ 170

2 Desmococcuss.l. all overtrunk; Lecanoraconizaeoidesonlyat the base of trunk ~ 150

3 Lecanoraconizaeoidesall overtrunk; Leprariaincanaabundantlyat the base of trunk. ~ 125

4
Hypogymniaphysodesand/or Parmeliasaxatilisor Parmeliasulcataapperat the base of trunk they do not spred
further. Lecideascalaris, Lecanoraexpallensand Chaenothecaferrugineaare often present.

~ 70

5
Hypogymniaphysodesor P. saxatilisgrowto two metersor more from the ground; P. glabratula, P. subrudecta, 
Parmeliopsisambiguaand Lecanorachlaroteraappear; Caliciumviride, Leprariacandelaris, Pertusariaamara can
appearat the base of trunk if Ramalinafarinaceaand Everniaprunastriare present; Platismatiaglaucacangrow
horizontalbranches.

~ 60

6
Parmeliacaperataispresentat least at the base of trunk, abundantlyPertusaria(P. albescens, P. hymenea) and 
Parmelia(P. revoluta(exeptSE), P. tiliacea, P. exasperatula(N) Graphiselegans; Pseudeverniafurfuraceaand 
Alectoriafuscescenspresentin mountainregions.

~ 50

7
Parmeliacaperata, P. revoluta(exeptSE), P. tiliacea, P. exasperatula(in N) are spreadingup trunkse; Pertusaria
hemisphaerica, Usneasubfloridana, Rinodinaroboris(in S) and Arthoniaimpolita(in E) are apper. ~ 40

8 Usneaceratina, Parmeliaperlataor P. reticulata(S and W) are appear; Rinodinaroboris(S) isspreading; 
Normandinapulchellaand U. rubigena(S) are generallypresent.

~ 35

9
Lobariapulmonaria, L. amplissima, Pachyphialecornea, Dimerellalutea or Usneafloridapresent; if not the 
crustosespecies are very well developed and on well sunned trees there are even more than 25 species per 
trunk..

~ 30

10 Lobariaamplissima, L. scrobiculata, Stictalimbata, Pannariassp., Usneaarticulata, U. filipendulaor Teloschistes
flavicans. 

Optimally
cleanair



Exampleof use: Cartography of the areas according to 

the results of the methods

Hawksworthet Rose LDV

(Svoboda 2004) 



1970: Leblanc et De Sloover, ăIndex of Atmospheric

Purityò, Montr®al

- The method consists of observing epiphytic lichens on trees and then 
calculating an index with the inclusion of various parameters. A higher value 
indicates better air quality. However, there are several uncertainties in the 
original formula regarding the concept of some parameters, and the method 
leaves a lot of space for interpretation. The flexibility of interpretation 
precludes the possibility of comparing measurements by different authors.

- Herziget al.(1987)studied the applicability of IAP using lichen images, 
measuring species frequencies on a defined grid of ten fields. From these 
values, they calculated IAP values. They further tested the correlation of these 
IAPs with 8 different pollutants (SO2, NOx, Pb, Cd, Cu, Zn, Cl, and dust 
particles). The best correlation (r = 0.98) was found for the shape IAP = Ɇf (i.e., 
sum of species frequencies).



2002: The European Guideline for 
mapping lichen diversity as an indicator 
of environmental quality (LDV method)

- sums of frequencies of lichen 
species on a defined portion 
of a tree trunk

- four cardinal pointssurveyed

- Lichen Diversity Value (LDV) 
index

Asta J. et al.  (2002): Mapping lichen diversity as an indicator of environmental quality, In: Nimis 
P.L., Scheidegger C. & Wolseley, P.A. (eds.): Monitoring with Lichens ςMonitoring Lichens. ς
Kluwer Academic, Dordrecht, 273ς279.

N

S

trunk



2002: Asta et al., ăEuropean guideline for mapping lichen

diversity as an indicator for environmental stressò, Europe

The value of the lichen diversity index LDV is calculated according to the following 
formula:
Forthe tree i
Treei : S1

n FiN ; S1
n FiE; S1

n FiS; S1
n FiW

where:
S1

n Fi : sum of the frequencies of lichen species on the grid 
N : northward;
E: eastward;
S: southward;
W : westward.
Forsquare j
LDVj = MS1

n FjN, + MS1
n FjE+ MS1

n FjS+ MS1
n FjW

where:
MS1

n Fj: mean of the sum of the frequencies of lichen species on all trees in square j
N: north-facinggrids;
E: east-facinggrids;
S: south-facinggrids;
W: west-facinggrids.



The European Guideline for mapping 
lichen diversity as an indicator of 
environmental quality

- standardized protocol for 
European monitoring of 
epiphytic lichens

- estimation of air pollution

- conservationbiology

- ecological continuity of sites

- woodland fragmentation

- forest management as whole

-...



European guideline ....



Ecological study of oak woodlands using lichens

Evaluation of the main factors influencing lichen 
diversity in oak woodlands; can lichens be used to 
infer the condition and age (continuity over time) of 
stands?

Svoboda D., PeksaO. & Vesel§ J. (2010): Epiphytic lichendiversity in centralEuropeanoakforests: 

Assessmentof theeffectsof natural environmentalfactorsand humaninfluences. ïEnvironmentalPollution, 

158: 812-819.



Lichen sampling

LDVς5 trees per sampling plot according to Asta et 
al. 2002

Species richnessςon all oak trees at the sampling 
plot (up to 2 m above the ground), macrolichens and 
microlichens)
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Correlations between variables

(Mantel tests)

significant relationships between lichen diversity (LDV, 
species richness) and environmental factors

- precipitation (r = 0.64*** ; 0.50*** )

- forest cover (0.49*** ; 0.25*** )

- altitude (0.29*** ; 0.09*)

- potential direct radiation (0.14**; 0.36*** )

- forest age (0.19*** ; 0.17*** )

- pollution PM10s (-0.34*** ; -0.47*** )



North West vs. South East

- different responses of lichen diversity (LDV/species 
richness) to environmental factors in polluted (NW) 
and unpolluted part (SE):

NW SE

pollution (-0.77***; -0.68***) pollution (0.28**; ns)

precipitation (0.48**; 0.25*) precipitation (0.74***; 0.56***)

altitude (0.43***; 0.26**) altitude (0.42*** ; 0.32*** )

forest age (-0.23*; ns) forest age (0.45***; 0.40***)

forest cover (ns; -0,24*) forest cover (0.78***; 0.61***)



Influences of particular factors on lichen 
diversity

The most important human-influenced factors:

- air pollution

- forest fragmentation

- forest age

(partial Mantel tests of covariations between human-caused and 

natural variables)



Influences of particular factors on lichen 
diversity 

AIR POLLUTION

- strong influence on lichen diversity, 

- always has a negative influence (r = -0.15 to -0.51)

- neither natural nor anthropogenic influence 
decreased the effect of air pollution



Influences of particular factors on lichen 
diversity 

FOREST FRAGMENTATION
- the next important human caused factor after 
pollution (r= 0.15to 0.50)

- only covariation with precipitation can significantly 
reduce its correlation with lichen diversity (species 
richness) 

FOREST AGE

- the weakest influence on lichen diversity from these 
tested factors

- can be overridden by effects of several natural site-
related factors (precipitation) or by air pollution



Species dynamics in the Czech Republic

- acidophilic toxitolerant species - large increase cca 1950-1995, 

since then decline except Ostrava, Most) (Hypocenomyce

scalaris, Lecanora conizaeoides , Scoliciosporum chlorococcum )
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Species dynamics in the Czech Republic

- nitrophilous species - large increase over the last 15 -20 

years(Xanthorion - Xanthoria parietina , X. polycarpa , 

Candelariella , Phaeophyscia nigricans , P. orbicularis )
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Nitrogen is stable, not decreasing, 
sometimes increasing



Species dynamics in the Czech Republic : 

Development of species frequency on trees in NP B. 

Switzerland 2005-2017 in relation to pH

(R1-R3 acido , R4-R6 subneutro R7-R8 neutro -basophilic species)



Species dynamics in the Czech Republic : 

Development of the frequency of species on trees in the 

NPBS2005-2017in relation to nutrients

N1-2 oligo N, N3-N4 (meso N), N5-N6 (slightly eutrophytic ), N7-N9 

(nitrophytic - nitrophiles )



Species dynamics in the Czech Republic

- extinct species - extremely sensitive to SO2, old -growth forest

species - Lobaria pulmonaria , Sticta , but also Flavoparmelia

caperata , Peltigera sp. div. ðespecially the green peltigeras


