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Bioindikace pomoc² liģejn²kŨ

Klasifikace liģejn²kŨ



PŠipomenut² - st§Š² liģejn²kŨ ð400 mil. let, 

Devon, Rhynia silicitov®deposity (Skotsko)

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: Lichenizace vznikla 

v²cekr§t nez§visle na sobō

Lutzoni et al. 2001: ztr§ta lichenismu

bōhem evoluce (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.
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nejstarģ² fosilie liģejn²ku?



Rhynia chert ðDevon, liģejn²k

Lobaria - mioc®n



Biogeografie liģejn²kŨ

arkto -alpinsk§ tundra, tajga, temper§tn²

deģtn® lesy, ....

8 % zemsk®ho povrchu ðliģejn²ky 

dominuj² (Ahmadjian 1995)

How do we know this? How do we know this? 



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



Biogeografie ðstuduje minul® a souľasn® rozģ²Šen² organismŨ

Rozdōlen² liģejn²kŨ dle zpŨsobu rozģ²Šen²:

- kosmopolitn² - druhy vyskytuj²c² se na cel® zemōkouli ðmnoho 

druhŨ (Calicium , Chaenotheca , Cladonia , Peltigera , 

Normandina , Thamnolia vermicularis .... mnoho druhŨ Parmelia s.l.

ðFlavoparmelia caperata



VĪvoj 

kontinentŨ 

na Zemi

www.people.eku.edu



pŠehled geologickĪch epoch



Endemick® liģejn²ky ðnōkter® liģejn²ky jen mal®, ¼zce 

omezen® rozģ²Šen² ðnapŠ. nōkter® druhy Makaron®zie* (Usnea

krogiana , U. macaronesica ), z§p. pobŠeĥ² S. Am .** (Nephroma

ocultum )

NovĪ Z®land ð23 % liģejn²kŨ endemit®(Galloway 2007)

speciaľn²procesy podm²nōny i prostŠed²m ðglaci§ly v Evropō, 

desertifikace S. Afriky (prudk§ speciace Xanthoparmelia sp. div. 

s usnovou kyselinou (Blanco et al. 2004)

U n§s Peccania cernohorskyi ðzn§ma dlouho pouze z diabasŨ 

Ľesk®ho krasu (Mal²ľek et Palice 2009) (v souľasnosti jen 3 dalģ² 

lokality v Evropō)

Austr§lie, Antarktida ðtak® pŠes 20 % endemitŨ



Xanthoparmeliatinctina

www.bluetier.org

Caloplacaerectaςholotype 
όŦƻǘƻ WΦ ±ƻƴŘǊłƪ



Jiĥn², Gondwansk®druhy
- rozģ²Šen² v kontinentech vzniklĪch z Gondwany , paleoaustral

species + nov® druhy pleistoc®nn²a holoc®nn². Mnoho druhŨ 
jiĥn²ch tropickĪch pralesŨ ðhlavnō folikoln²liģejn²ky ðjsou 

rozģ²Šeny jen na jiĥn² polokouli (NovĪ Z®land a Tasm§nie 

(L¿ckinget al. 2003)

www.flickriver.com



Bipol§rn² druhy

Paleotropick® druhy

Neotropick® druhy

Pantropick® druhy

Australasijsk® druhy

Z§padopacifick®

Circum -pacifick®, circum -atlantick®

VĪchodoamerickoz§padoevropsk®

Boreo -arktick® ðalpinsk® druhy

Mediter§nn², ...

- rozdōlen² v²ce, dŨleĥit§ centra speciace , 

speciaľn²ud§losti a vztahy s fylogeografi²



zaj²mavĪ ľl§nek: klastrov§ analĪza checklistŨdruhŨ.....



Biologie liģejn²kŨ

Liģejn²ky a bioindikace



LiǑŜƧƴƝƪȅςŘǻƭŜȌƛǘŞ 
charakteristiky pro 
bioindikaci

-ǎƭƻȌŜƴŞ όdułƭƴƝ) organismy

-ǑƛǊƻƪŞ ǎǇŜƪǘǊǳƳ ƻǎƛŘƭƻǾŀƴȇŎƘ ǎǳōǎǘǊłǘǻ

-ŘƭƻǳƘł ȌƛǾƻǘƴƻǎǘΣ ǇƻƳŀƭȇ Ǌǻǎǘ

-ƴŜƳŀƧƝ ƻŎƘǊŀƴƴŞ ǾǊǎǘǾȅ

-ƪƻƴǘƛƴǳłƭƴƝ ƳŜǘŀōƻƭƛǎƳǳǎ



Bioindikace

SO2 ,NOx, eutrofizace, 
ŜƪƻƭƻƎƛŎƪł ƪƻƴǘƛƴǳƛǘŀΣ 
ǊŀŘƛƻŀƪǘƛǾƴƝ ǇǊǾƪȅΣ 
ƎƭƻōłƭƴƝ ƻǘŜǇƭƻǾłƴƝΣ 
forestmanagement, 
ǘŠȌƪŞ ƪƻǾȅΣ ŦƭǳƻǊΦΦΦ

4

4

4



Bioindikace

Co je pro bioindikaciŘǻƭŜȌƛǘŞΚ 

/ƻ ƳǳǎŜƧƝ ŘǊǳƘȅκǎǇƻƭŜőŜƴǎǘǾŀ ǎǇƭƶƻǾŀǘΚ 

tǊƻő bioindikace?



DŨleĥit§ pravidla pro bioindikaci :

- dobŠe definovanĪ druh

- dobŠe identifikovatelnĪ, n§padnĪ

- rŨst tam, kde pŠ²stroje nemŨĥou

- citlivĪ, n²zk§ tolerance k rozsahu faktoru

- nutn§ jednoduchost a nen§kladnost



Metody bioindikace

- floristicko -chorologick®

- transplantaľn²

- fytocenologick®

- anatomicko -fyziologick®

- fumigaľn² experimenty

- dynamika v ľase - monitoring

- fyzik§lnō-chemick® (biochemick®) analĪzy (vodivost, 

obsah tōĥkĪch kovŨ)



Ēľinky ģkodlivin na liģejn²ky

- sn²ĥen² reprodukľn²ho potenci§lu (gener . i veg. 

mnoĥen²

- redukce rŨstu, 

- blednut², 

- zmōna chloroplastŨ (degradace chlorofylu na 

feofytin ), 

- zvōtģen² vakuol,

- rozpad membr§nov® intergrity

- atp.

Lecanoraconizaeoides



Miln²ky bioindikace zneľiģtōn² ovzduģ²

1866: Nylander , ăhygiom¯tressensiblesò, PaŠ²ĥ

1891-1901: Arnold (Mnichov)

1924: Sernander , ălichen desertò, Stockholm

1959: Roģkov§a Kmoch, Plzeř, 1. ľs. bioind . pr§ce

1966: Brodo, Long Island, zdokonalil metodu 

transplantace, keŠ²ľkovit® liģejn²ky

1962: Piģ¼t, Rudřany, ĥelez§rny, mōň, (charakter 

ter®nu)

1966: LeBlanc a Rao ðzkoumali pobl²ĥ mōŠ²c² 

stanice ģkodlivin



1969: Kofler, vliv SO2na kl²ľen² askospor

1970: Hawksworth et Rose ăQualitative scale for

estimation sulphur dioxide air pollution in England

and Wales using epiphytic lichensò, London

VƪƻƴǘŜȄǘǳΣ ƪŘȅ ōȅƭƻ ŘƻƳƛƴŀƴǘƴƝ ȊƴŜőƛǑǘŠƴƝ ȊǇǻǎƻōƻǾłƴƻ {h2Σ ǾȊƴƛƪƭŀ ƪǾŀƭƛǘŀǘƛǾƴƝ ƳŜǘƻŘŀ 
Hawksworthea Rose (1970).¢ŀǘƻ ƳŜǘƻŘŀ ǎǇƻőƝǾł ǾǊƻȊǌŀȊŜƴƝ ƪƻƭŜƳ ул ŘǊǳƘǻ ŜǇƛŦȅǘƛŎƪȇŎƘ 
ƭƛǑŜƧƴƝƪǻ Řƻ мм ǎƪǳǇƛƴΦ YŀȌŘŞ ǎƪǳǇƛƴŠ ƧŜ ŘƻǎŀȊŜƴŀ ǳǊőƛǘł ƘƻŘƴƻǘŀ ƪƻƴŎŜƴǘǊŀŎŜ {h2 . Tato 
ƳŜǘƻŘŀ ōȅƭŀ ƻŘ ǎǾŞƘƻ ǾȊƴƛƪǳ ǾŜƭƳƛ őŀǎǘƻ ǇƻǳȌƝǾłƴŀ ǇǊƻ ǎǾƻǳ ǊŜƭŀǘƛǾƴƝ ƧŜŘƴƻŘǳŎƘƻǎǘ ƪŜ 
ƪŀǊǘƻƎǊŀŦƛƛ ȊƴŜőƛǑǘŠƴƝ ǾƳƴƻƘȇŎƘ ǎǘłǘŜŎƘ Evropy.
SǇƻǎǘǳǇƴȇƳ ǎƴƛȌƻǾłƴƝƳ ȊƴŜőƛǑǘŠƴƝ ǇǻǎƻōŜƴŞƘƻ {h2 ƴŠƪǘŜǌƝ ŀǳǘƻǌƛ ƪƻƴǎǘŀǘƻǾŀƭƛ ǳǊőƛǘȇ Ǉƻǎǳƴ 
ƳŜȊƛ ŜȄǇŜǊƛƳŜƴǘłƭƴŠ ȊƧƛǑǘŠƴȇƳƛ ƘƻŘƴƻǘŀƳƛ ŀ ǇǌƝƳȇƳƛ ŦȅȊƛƪłƭƴƝƳƛ ƳŠǌŜƴƝƳƛ  ŀ ǇǌƝǘƻƳƴƻǎǘ 
ŘǊǳƘǻ ƛ Ǿ ƧƛƴȇŎƘΦ 
5ƻǑƭƻ ƪ ƳƻŘƛŦƛƪŀŎƝƳ ȌŜōǌƝőƪǻ ŀ Ǉŀƪ ƻǇǳǑǘŠƴƝ ǾȊǘŀȌŜƴƝ ŘŀƴŞ koncentrace SO2



Bioindikace SO2 , Hawkswortha Rose (1970)

½ƽƴŀ/ƘŀǊŀƪǘŜǊƛǎǘƛŎƪŞdruhy SO2

ҡƎκƳ3

0 9ǇƛŦȅǘȅ ŎƘȅōŠƧƝΦ ?

1 Desmococcusviridiss.lΦ ǇǌƝǘƻƳŜƴΣ ƻǾǑŜƳ ǇƻǳȊŜ ƴŀ ōłȊƛ ƪƳŜƴŜΦ ~ 170

2 Desmococcuss.lΦ Ǉƻ ŎŜƭŞƳ ƪƳŜƴƛΤ LecanoraconizaeoidesƭƛƳƛǘƻǾłƴŀ ƴŀ ōłȊƛ ƪƳŜƴŜΦ~ 150

3 [ŜŎŀƴƻǊŀ ŎƻƴƛȊŀŜƻƛŘŜǎ Ǉƻ ŎŜƭŞƳ ƪƳŜƴƛΤ [ŜǇǊŀǊƛŀ ƛƴŎŀƴŀ ƘƻƧƴŠ ƴŀ ōłȊƛΦ~ 125

4
Hypogymniaphysodesa/nebo Parmeliasaxatilisnebo ParmeliasulcataǎŜ ƻōƧŜǾǳƧƝ ƴŀ ōłȊƛ ƪƳŜƴŜΣ ŘłƭŜ ǎŜ 
ƴŜǊƻȊǑƛǌǳƧƝΦ Lecideascalaris, Lecanoraexpallensa ChaenothecaferrugineaƧǎƻǳ őŀǎǘƻ ǇǌƝǘƻƳƴȅΦ

~ 70

5
Hypogymniaphysodesnebo P. saxatilisǊƻǎǘƻǳ Řƻ ŘǾƻǳ ƳŜǘǊǻ ƻŘ ȊŜƳŠ őƛ ǾƝŎŜΤ ƻōƧŜǾǳƧƝ ǎŜ tΦ glabratula, P. 
subrudecta, Parmeliopsisambiguaa Lecanorachlarotera; Caliciumviride, Leprariacandelaris, Pertusariaamara 
se mohou objevovat; je-ƭƛ ǇǌƝǘƻƳƴŀ Ramalinafarinaceaa EverniaprunastriΣ ǘŀƪ ǇƻǳȊŜ ƴŀ ōłȊƛ ƪƳŜƴŜΤ Platismatia
glaucaƳǻȌŜ ǇƻǊǻǎǘŀǘ ƘƻǊƛȊƻƴǘłƭƴƝ ǾŠǘǾŜΦ

~ 60

6
ParmeliacaperataǇǌƝǘƻƳƴŀ ŀƭŜǎǇƻƶ ƴŀ ōłȊƛ ƪƳŜƴŜΣ ƘƻƧƴŠ Pertusaria(P. albescens, P. hymenea) a Parmelia(P. 
revolutaόƪǊƻƳŠ W±ύΣ tΦ tiliacea, P. exasperatula(S) Graphiselegans; Pseudeverniafurfuraceaa Alectoria
fuscescensǇǌƝǘƻƳƴŞ ǾƘƻǊǎƪȇŎƘ ǊŜƎƛƻƴŜŎƘΦ

~ 50

7
tŀǊƳŜƭƛŀ ŎŀǇŜǊŀǘŀΣ tΦ ǊŜǾƻƭǳǘŀ όƪǊƻƳŠ W±ύΣ tΦ ǘƛƭƛŀŎŜŀΣ tΦ ŜȄŀǎǇŜǊŀǘǳƭŀ όƴŀ {ύ ǎŜ ǊƻȊǑƛǌǳƧƝ ƴŀ ƪƳŜƴƛΤ ƻōƧŜǾǳƧŜ ǎŜ 
Pertusaria hemisphaerica, Usnea subfloridana, Rinodina roboris (na J) a Arthonia impolita (na V). ~ 40

8 Usneaceratina, Parmeliaperlataőƛ tΦ reticulataόW ŀ ½ύ ǎŜ ƻōƧŜǾǳƧƝΤ ǑƝǌƝ ǎŜ Rinodinaroboris(J); Normandina
pulchellaa U. rubigenaόWύ Ƨǎƻǳ ƻōŜŎƴŠ ǇǌƝǘƻƳƴŞΦ

~ 35

9
Lobariapulmonaria, L. amplissima, Pachyphialecornea, DimerellaƭǳǘŜŀ őƛ UsneafloridaǇǌƝǘƻƳƴȅΤ ŎƘȅōŠƧƝ-li, tak 
ƪƻǊƻǾƛǘŞ ŘǊǳƘȅ Ƨǎƻǳ ǾŜƭƳƛ ŘƻōǌŜ ǾȅǾƛƴǳǘȅ ŀ ƴŀ ŘƻōǌŜ ƻǎƭǳƴŠƴȇŎƘ ǎǘǊƻƳŜŎƘ ƧƛŎƘ ƧŜ ƛ ǾƝŎ ƴŜȌ нр ŘǊǳƘǻ ƴŀ ƪƳŜƴƛΦ~ 30

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

ƻǇǘƛƳłƭƴŠ 
őƛǎǘȇ ǾȊŘǳŎƘ



PŚ²klad pouģit²: Kartografie ¼zem² podle vĨsledkŢ metod

Hawksworthet Rose LDV

(Svoboda 2004) 



1970: Leblanc et De Sloover, ăIndex of Atmospheric

Purityò, Montr®al

- aŜǘƻŘŀ ǎǇƻőƝǾł ǾǇƻȊƻǊƻǾłƴƝ ŜǇƛŦȅǘƛŎƪȇŎƘ ƭƛǑŜƧƴƝƪǻ ƴŀ ǎǘǊƻƳŜŎƘ ŀ ƴłǎƭŜŘƴƻǳ 
ƪŀƭƪǳƭŀŎƝ ƛƴŘŜȄǳ ǎŜ ȊŀƘǊƴǳǘƝƳ ǊǻȊƴȇŎƘ ǇŀǊŀƳŜǘǊǻΦ ±ȅǑǑƝ ƘƻŘƴƻǘŀ ǎƛƎƴŀƭƛȊǳƧŜ 
ƭŜǇǑƝ ƪǾŀƭƛǘǳ ƻǾȊŘǳǑƝΦ ±ǇǻǾƻŘƴƝƳ ǾȊƻǊŎƛ ƧŜ ƻǾǑŜƳ ƴŠƪƻƭƛƪ ƴŜǳǊőƛǘƻǎǘƝ ǾǇƻƧŜǘƝ 
ƴŠƪǘŜǊȇŎƘ ǇŀǊŀƳŜǘǊǻ ŀ ƳŜǘƻŘŀ ǘŀƪ ƴŜŎƘłǾł Řƻǎǘ Ǿƻƭƴƻǎǘƛ Ǿinterpretaci. 
±ƻƭƴƻǎǘ ƛƴǘŜǊǇǊŜǘŀŎŜ ƻǾǑŜƳ ȊƴŜƳƻȌƶǳƧŜ ƳƻȌƴƻǎǘƛ ǎǊƻǾƴłƴƝ ƳŠǌŜƴƝ 
ƧŜŘƴƻǘƭƛǾȇŎƘ ŀǳǘƻǊǻΦ 

- Herziget al.όмфутύ ȊƪƻǳƳŀƭƛ ǇƻǳȌƛǘŜƭƴƻǎǘ L!t ǎǇƻǳȌƛǘƝƳ ƭƛǑŜƧƴƝƪƻǾȇŎƘ ǎƴƝƳƪǻΣ 
ƪŘȅ ƳŠǌƛƭƛ őŜǘƴƻǎǘƛ ŘǊǳƘǻ ƴŀ ŘŜŦƛƴƻǾŀƴŞ ƳǌƝȌŎŜ ƻ ŘŜǎŜǘƛ ǇƻƭƝŎƘΦ ½ǘŠŎƘǘƻ 
ƘƻŘƴƻǘ ǇƻőƝǘŀƭƛ ƘƻŘƴƻǘȅ L!tΦ 5łƭŜ ǘŜǎǘƻǾŀƭƛ ƪƻǊŜƭŀŎƛ ǘŠŎƘǘƻ L!t ǎ у ǊǻȊƴȇƳƛ 
polutanty (SO2, NOx, Pb, Cd, Cu, ZnΣ /ƭΣ ǇǊŀŎƘƻǾŞ őłǎǘƛŎŜύΦ bŜƧƭŜǇǑƝ ƪƻǊŜƭŀŎŜ 
(r = 0,98) byla nalezena pro tvar IAP = SŦ όǘƧΦ ǎƻǳőŜǘ őŜǘƴƻǎǘƝ ŘǊǳƘǻύΦ 



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

IƻŘƴƻǘŀ ƛƴŘŜȄǳ ƭƛǑŜƧƴƝƪƻǾŞ ŘƛǾŜǊǎƛǘȅ [5± ƧŜ ǇƻőƝǘłƴŀ ǇƻŘƭŜ ƴłǎƭŜŘǳƧƝŎƝƘƻ ǾȊƻǊŎŜΥ
Pro strom i
Strom i: S1

n FiN ; S1
n FiE; S1

n FiS; S1
n FiW

kde je:
S1

n FiΥ ǎƻǳőŜǘ ŦǊŜƪǾŜƴŎƝ ƭƛǑŜƧƴƝƪƻǾȇŎƘ ŘǊǳƘǻ ƴŀ ƳǌƝȌŎŜ
N : ǎƳŠǊŜƳ ƴŀ ǎŜǾŜǊΤ
E: ǎƳŠǊŜƳ ƴŀ ǾȇŎƘƻŘΤ
S: ǎƳŠǊŜƳ ƴŀ ƧƛƘΤ
W : ǎƳŠǊŜƳ ƴŀ ȊłǇŀŘΦ
tǊƻ őǘǾŜǊŜŎ j
LDVj = MS1

n FjN, + MS1
n FjE+ MS1

n FjS+ MS1
n FjW

kdeje:
MS1

n FjΥǇǊǻƳŠǊǎƻǳőǘǳ ŦǊŜƪǾŜƴŎƝ ƭƛǑŜƧƴƝƪƻǾȇŎƘ ŘǊǳƘǻ ƴŀ ǾǑŜŎƘ ǎǘǊƻƳŜŎƘ ƴŀ őǘǾŜǊŎƛ j
N: ƳǌƝȌŜƪ ƻǊƛŜƴǘƻǾŀƴȇŎƘ ƴŀ ǎŜǾŜǊΤ
E: ƳǌƝȌŜƪ ƻǊƛŜƴǘƻǾŀƴȇŎƘ ƴŀ ǾȇŎƘƻŘΤ
S: ƳǌƝȌŜƪ ƻǊƛŜƴǘƻǾŀƴȇŎƘ ƴŀ ƧƛƘΤ
W: ƳǌƝȌŜƪ ƻǊƛŜƴǘƻǾŀƴȇŎƘ ƴŀ ȊłǇŀŘΦ



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 ....



9ƪƻƭƻƎƛŎƪł ǎǘǳŘƛŜ ŘƻǳōǊŀǾ ǇƻƳƻŎƝ ƭƛǑŜƧƴƝƪǻ

ȊƘƻŘƴƻŎŜƴƝ ƘƭŀǾƴƝŎƘ ŦŀƪǘƻǊǻΣ ƪǘŜǊŞ ƳŀƧƝ ǾƭƛǾ ƴŀ 
ƭƛǑŜƧƴƝƪƻǾƻǳ ŘƛǾŜǊǎƛǘǳ Ǿ ŘƻǳōǊŀǾłŎƘΤ ƭȊŜ ǇƻƳƻŎƝ 
ƭƛǑŜƧƴƝƪǻ ǳǎǳȊƻǾŀǘ ƴŀ ǎǘŀǾ ŀ ǎǘłǌƝ όƪƻƴǘƛƴǳƛǘǳ Ǿ őŀǎŜύ 
ǇƻǊƻǎǘǻΚ

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



Dynamika druhŨ v ĽR

- acidofiln² toxitolerantn²druhy ðvelkĪ n§rŨst ca 1950-1995, od t® 

doby pokles vyjma Ostrava, Mostecko) ( Hypocenomyce scalaris, 

Lecanora conizaeoides , Scoliciosporum chlorococcum )
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Dynamika druhŨ v ĽR

- nitrofiln² druhy ðvelkĪ n§rŨst za posledn²ch 15-20 let ( Xanthorion -

Xanthoria parietina , X. polycarpa , Candelariella , Phaeophyscia

nigricans , P. orbicularis )
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5ǳǎƝƪ ƧŜ ǎǘŀōƛƭƴƝΣ ƴŜǳōȇǾłΣ ƴŠƪŘŜ 
ǇǌƛōȇǾł



Dynamika druhŨ v ĽR: 

vĪvoj frekvence druhŨ na stromech v NP Ľ. ĢvĪcarsko 

2005-2017 ve vztahu k pH

(R1-R3 acido , R4-R6 subneutro R7-R8 neutro -basifiln²druhy

(Svoboda et al. in prep .)



Dynamika druhŨ v ĽR: 

vĪvoj frekvence druhŨ na stromech v NPĽĢ 2005-2017

ve vztahu k ĥivin§m

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

(nitrophytic - nitrophiles )



Dynamika druhŨ v ĽR

- vymizel® druhy ðextr®mnō n§chyln® na SO2, pralesovit® druhy, -

Lobaria pulmonaria , Sticta , ale i Flavoparmelia caperata , 

Peltigera sp. div. ðhlavnō zelen® h§vnatky


