Ekologie lisejniku 2022

syllabus:

1. literatura, schémata souziti,
fotobionti, mykobionti, osidlovani
substratu, rost

2. substratova ekologie, biogeografie,
fytfogeografie a spolecenstva
liSejniky

3. sekundarni metabolity, biotické
interakce

4. vztah lisejnikU a prostredi,
orizpUsobeni. Lichen uses -
bioindikace



Ekologie lisejniku
1. Lekce

liSejnik jako ekolo%ucka jednotka,
schéma souziti, fotobionti, rst
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- Eukaryota incertae sedis
- Tradiéni fise vymezené v pfedmolekularni éfe”

B dulesité linie protist

Cyanobacteria
Tomas Panek, compilation



Lisejnik — ekologickd entfita,
ekosystem

Souziti fasy/sinice a houby/hub za
vzniku noveho utvaru - stélky




Cephalodla klasicky pnklad vyuzZiti fotobionta,
co umi vic (1j. Nostoc — vazani vzdusného N,
konkrencm vyhoda)

, T A A, e
Lobaria amplissima a Dendnscocoulon umhousense

cephalodium - jiny fotobiont, 1:1, 1:2



vice fotobiont0...
1:2

Fungus Cephalodium

Cyanobacteria inside

Algal Layer

Fine Tomentum on lower surface

Cephalodia
containing
cyanobacteria

Thallus
containing
green algae






Peltigera aphthosa — cephalodia

o
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Demi- lichenization

Not all associations of fungi
and algae are lichens

alga in the
uppert part
of the
fruitingLody

Trametes versicolor



http://www.nhm.ac.uk/research-curation/departments/botany/organisms/algae/definition.html

¢

Peltigera aphthosé
(mykobiont)

http://www.botany.hawaii.edu/faculty/webb/bot311/cyanobacteria/cyanophyta-8.htm



Specificita

= mira toho, s kolika potencialnimi partnery je
symbiont schopen spolupracovat (vytvorit fungujici
l1Sejnik)

* v podstaté vyjadiuje miru koevoluce
* uz morfologie ukazuje, Ze to neni jen 1:1

* tenka hranice interpretace, kdo si koho vybira...



Trebouxia ITS phylogeny
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Physciaceae ITS phylogeny

-Diploicia canescens | —

Pyxine cocoes 2
rvneirnesal g
Pyxine sorediata 1 3
Dirtnaria sp. 2 | ee—
| |

Dinnaria pictal 1
Dirinariasn. 11 J
Dininaria applanata 2
Dipl b 5

Di lutosum 1
Dinlntomma verustum 4

Haggika dissa 1
Austrakaena streimanyii
Bugllic oanresi 1
Amandinea punciata 2
Amandinea cacuminum 1

Bueliia frigida ] m—

Buellia trivhragmivides 1
Buellia pulverudenta 1
Buglka papiilata 1

Buellia elegans3
Buglka zoharyi 2

ia sorediata 1
Bugllia disciformis 1
Dermati: thunbergii 1

Dimelaena oreina 3
Rinoding olivaceobrunnzg | w—

Rinodina gennarii 1 -
na oleae 1 %_
Ri pyrinal
Rinodina rimisii 1
Physcia krogiae 1
Physcia undulata 1
Physcia atrostriata 1
Physcia alba 1
Physcia integrata 2 oy
Physcia sorediata 1 ™
Physcia erumnens 1
Physcia tribacia 2
Physcia millegrana 1

Physcia 3

Physcia ad: 2 fia 21 ]l

Physcia stellaris 8 =
Physcia diata 1
Physcia aipokia 3
Physcia cagsia 9
Rinodina atrocinerea 1
i whodes 1
Rinodina obnascens 1
i mibvina 1
Tornabea scutellifera 1
Heterodermia lutescens 1
ermia albicans 1
Heterodermia leucomelafboryi 6
Heterodermia flabellata 1
Heterodermia comosa 1
Heterodermia diademata 1 _—

Rinodina luridescens 1

Rinoding lecanorina 1

Finall

troversa 1
Rinoding twicatal

Rinodina zwackliana 1
Phasophyscia endophoenicea 2
Phasop orbicularis 8
Anaptychia wotrichoides 1
A fia ciliaris 8
A b runci 4
iq grisea 8
P muscigena 1
Pl d ha 3
distorta 1
hat za sareptana 1
Phaeorriiza imbosa 1 2
ia perisidiosa 2
i ia venusta 1
v rvscia adelutingta 1 wem—
inodina oxydata 1 y

Lecidea lapicida =~ —

Helms (2003)



Problém s rozmnozovanim

nepohlavn€ x pohlavné /

dle Kalina et Vana (2005)

» krom¢ nalezeni vhodneho stanoviSté musi navic
najit vhodného partnera — hledani je velmi
nesnadne a Casto konci neuspéchem



kli¢ici spora mykobionta (u¢ebnicova teorie)
» nenajde partnera — +
»najde ,,cizi“ fasu — docasna ,,lichenizace*

»najde ,,svou‘ fasu — vznik liSejniku

Asterochloris + Cladonia




Specificita (selektivita)

4 1 MB PB MB PB

* tzn. na vybiravosti | = 2 ® 2

partneru dost zalezi, je 0O—O0 O 0O

na ni zavisly spéch 0<0 0<0

. . O O O O
Ceé asociace Low selectivity of MB Low selectivity of MB

(exclusive)

* nejen ovSem u o o P

h \¥4 N 7 I 4 O O O O

pohlavné se mnozicich o B 5 O

(viz Wornik et Grube o0 0—O
2010) o O o O

High selectivity High selectivity of MB
of MB (exclusive) = association
is highly specific
Fig. 2 Schematic illustration of the definition of selectivity,

Beck et al. (2002) exemplified for lichen mycobionts.



euryekni lisejnik
mala specificita




Ekologie fotobiontu

 zda se, ze fotobionti maji svou vlastni ekologii, do
jist€ miry nezavislou na houb¢

* tasa je pravdépodobné o néco citliveéjSi nez houba
(ma padn¢jsi duvod — fotosyntézu) a mozna ze je to
prave fotobiont, kdo ovlada ekologii a rozsifeni
l1Sejniku

* 1kdyZz samoziejmé jsou to spojené nadoby — jeden
ovliviiuje druheho



Priklady

* ruzni fotobionti v liSejniku Ramalina menziesii na

ruznych druzich dubu v jednom uzemi (Werth et Sork
2010)

* rizni fotobionti v liSejniku Lecanora rupicola v

ruznych klimatickych oblastech — Alpy vs. mediteran
(Blaha et al. 20006)

* stejny fotobiont v riznych liSejnicich na Zelezité skale
(Beck et al. 1998)



,, 1 he population studies on lichenized Trebouxia species
Indicated that the distribution of particular genotypes is
particularly shaped by either climatic factors
(Fernandez-Mendoza et al. 2011) or distribution
patterns of mycobiont partners (Buckley et al. 2014).




Peksa a Skaloud 2011

rasa Asterochloris, lisejniky Stereocaulon a Lepraria

Photobionts from particular algal clades were found to be
associated with taxonomically different, but ecologically
similar lichens.

The rain and sun exposure were the most significant
environmental factors, clearly distinguishing the Asterochloris
lineages.

The photobionts from ombrophobic and ombrophilic lichens
were clustered in completely distinct clades.

the photobiont could exhibit clear preferences for
environmental factors. These algal preferences may limit the
ecological niches available to lichens and lead to the existence
of specific lichen guilds.
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preferences in symbiotic green alga Asterochloris (Trebouxiophyceae). - Molecular Ecology 20: 3936-3948.



Priklady

* Guzow-Krzeminska (2006): ,The low level of
selectivity with respect to the photobiont may
constitute an important aspect in that Lecanora
saxicola is one of the most successful urban lichens
in the world.”

Guzow-Krzeminska B. (2006): Photobiont flexibility oin the lichen Protoparmeliopsis muralis as revealed by ITS rRNA analyses. The Lichenologist 38(5): 469-476.



Priklady
* Yahr et al. (2004): ITS, Cladonia, Florida, different
sites: Fungal species can be grouped into three

significantly different specificity classes: photobiont
specialists, intermediates and generalists.

* Fungal specificity and selectivity for algal
photobionts are major factors in determining the
local composition of symbiotic partnerships.

Yahr et al. 2006 (Cladonia subtenuis, wide
geographical range): ,We suggest that
ecological specialization exists for a specificy
lichen partnership and a site, and that this
selectivity is dynamic and environment-
dependent.”

*Yahr R. et al. (2004): Strong fungal specificity and selectivity for algal symbionts in Florida scrub Cladonia lichens. Molecular Ecology (2004) 13, 3367—-3378



Priklady
Muggia et al. 2014 : (Tephromela
atra, snimkovani po celém svéte,

fotobiont i mykobiont, vysoce i
nizko selektivni clades)

,,Low selectivity apparently allows widespread lichen-
forming fungi to establish successful symbioses with
locally adapted photobionts in a broader range of
habitats.

This flexibility might correlate with both lower
phylogenetic resolution and evolutionary divergence in
species complexes of crustose lichen-forming fungi.

*Muggia L. et al. (2014): Photobiont selectivity leads to ecological tolerance and evolutionary divergence in a polymorphic complex of lichenized fungi. Annals of Botany.



Steinova et al. 2019:

Reproductive and dispersal strategies shape
the diversity of mycobiont-photobiont
association in Cladonia lichens

Highlights

Dispersal strategy was shown to be the key factor shaping photobiont diversity.

Asexual Cladonia species are strongly selective towards their photobionts.
Sexually reproducing lichens were shown to be photobiont generalists.

A strict photobiont specialisation may lead to restricted lichen distribution.

+Steinova et al. (2019): Reproductive and dispersal strategies shape the diversity of mycobiont-photobiont association in Cladonia lichens. — Mol. phylog. and evol.


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/photobiont
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cladonia
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lichen-organism

Pino-Bodas et Stenroos 2021:

,,The mycobiont identity and climate were
found to be the main drivers for the genetic
variation of Asterochloris.

The geographical distribution of the different
Asterochloris lineages was described. Some
lineages showed a clear dominance in one or
several climatic regions.”

*Pino-Bodas et Stenroos (2021): Global Biodiversity Patterns of the Photobionts Associated with the Genus Cladonia (Lecanorales, Ascomycota). — Microbial
Ecology.



Generalisti maji Casto schopnost spolupracovat s vice ekologicky
vyhranénymi fasami (vétsinou druhy stejného rodu, napr.
Trebouxia), Cimz si vlastné svuj ekologicky zabér zvétsuiji.

Samoziejmé museji byt sami ekologicky pfizpusobivi, nejen jejich
rasy.

Je tfeba rozliSovat, jestli je reC jen o substratu, Ci i o klimatu (uzka
vS. Siroka ekologie).



Ekologie se projevuje v rozsireni

e chladné oblasti — 8 % sinice, 9 % Trentepohliaceae, 83 %
zelené kokalni rasy

e teplé oblasti — 5-10 % sinice, 90-95 % Trentepohliaceae,
zelené kokalni rasy minimum

e i jednotlivé linie (druhy, clady, OTU) fotobiontl mohou
mit riznou specificitu na rizné klima (naptr. Cetraria
aculeata ma jiny druh rasy Trebouxia v chladnych
oblastech a v temperatni zoné (Fernadez-Mendoza et al.
2011)



Mykobiontli

vice mykobiontu

- parasitické houby,
- parasitické lisejniky

2:1.2:2....



Parasiti

e y 5.9 _.a"-\s
corzofineveld:M., |

@© Jenny Seawright

Diploschistes muscorum na Cladonia sp. Abrothallus sp. na Flavoparmelia caperata




lichenikolni houba na Sticta lichenikolni houba na Cladonia arbuscula

vice mykobiontu — parasitické houby, parasitické lisejniky
2:1.2:2....



Multiple mycobionts in one lichen thallus?

o Cyphobasidium
(Basidiomycete 1)

® Tremella
(Basidiomycete 2)

@ Letharia (Ascomycete)

@ Alga

Letharia vulpina

| O] N o

Current Biclogy

Tuovinen et al. 2019



Basiodiomycete yeasts influencing ascomycete lichen phenotype

Differential abundance of
Cyphobasidiales yeasts in B. fremontii
and B. tortuosa.

Bryoria fremontii

Bryoria fremontii — no vulpinic acid, brown, B.
tortuosa — vulpinic acid, yellow colour.

(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 um).

Bryoria tortuosa

Spribille et al. 2016; science.aaf8287



Lichenikolni houby, endolichenické houby — interaguji s fotobiontem? Maji
pro celek lisejnikd zdsadni vliv nebo jsou to je komenzalové?

Muggia et al., 2018: The thallus structure of the lichen symbiosis provides a
fungal shelter for the growth of algal partners. The long-living thallus also
provides a habitat for other fungi, but experimental studies, which could inform
us about the detalils of their interactions have hardly been conducted.

(J-L) Muellerella atricola (L1993) and Trebouxia sp.1 (L1379) 3 months (J), six months (K) and one year (L) after
inoculation on malt yeasts medium (MY).



Co urcuje lisejnik?

Co je hlavni slozka?

Kdo domestikuje koho? Houba rasu? Houba houbu s
rasou?

Houba rasu, na povrchu péstuje druhou houbu?
Jakou to ma souvislost s kolonizaci substratu?
Kompetici???

Jakou souvislost s tim mohou mit endofytické houby,
bakterie ve stélce, sekundarni metabolity?

- to se jesté moc nevi. V kazdém pripadé vznika
svebytna entita — lisejnik, ktery ma urcité unikatni
vlastnosti



Dopady lichenizace na vyvoj, aspekty lichenizace:

- vznik nove stélky, nova morfologie, vyhody i nevyhody (vodni reZim,

komplexnost x zranitelnost celku, vétSinové zavislé na stfidani vihko/sucho

- chemismus liSejnikd — valnd vétsina z metabolitl (zndmo pFes 1000 latek)

je jen u lisejnikd

- ekologickeé aspekty lichenizace:

a) osidleni novych ekotopu, skoro vSude (voda, borka, skaly, umélé
substraty, listy, ...

b) obdobi dormance vs. kontinualni metabolismus (i v zimé, sezénnost
dana spis vlhkosti (mlzné pousté, srazky)

c) nizka intenzita fotosyntézy, tasa jen 3-7 % objemu stélky, adaptace na
rizné faktory prostredi



Faze kolonizace lisejniku

- Sireni propaguli — nepohlavnich (konidie) nepohl. vegetativnich (sorédie, isidie) a
pohlavnich (spory) — bezobratli, vitr, dést

o
prichyceni a kliceni \%ﬂ

spory, rozpoznani "t’:f =
mozného fotobionta - B
, : J :
(pomoci lektinu a _ e
komplexu parovacich L-ﬁo |
latek :
.



Faze kolonizace lisejniku

- lichenizace

po rozpoznani vhodného fotobionta pocatek tvorby stélky — hyfy obtaceji rasu
(obr. Trebouxia)

dtto pyknospora

u sorédii a isidii pocatek rdstu na vhodném misté, kde se uchyti na substratu
predstava ubikvitnosti propaguli, uchyti se tam, kde vhodno



Muggia et al. (2013): (zkoumani fas ve stélce Lecanora saxicola, fas na povrchu
stélky a fas v okolnich liSejnicich):

-We suggest that lichen surfaces represent a potential temporary
niche for free-living stages of lichen photobionts, which could
facilitate the establishment of further lichens in the proximal
area.*

Muggia et al. (2013): The symbiotic playground of lichen thalli—
a highly flexible photobiont association in rock-inhabiting lichens. FEMS Microbiol Ecol 85 (2013) 313—-323.



Sifeni soredii, 1zidii — metry az stovky metru max1ma1ne Vyznam
pro velkou kolonizaci in situ 0 e Yy,

Armstrong (1994):

,The majority of soredia were deposited within 5 cm of the source soralium
but some soredia were dispersed to at least 80 cm at a wind speed of 6 m s™.

Resume:

(1) wind dispersal from an individual soralium is influenced by wind speed,
the location of the soralium on the thallus and the level of moisture;

(2) that air currents directed over the surfaces of thalli located on the upper
branches of trees would effectively disperse soredia of H. physodes
vertically and horizontally within a tree canopy.

Armstrong (1994): Dispersal of soredia from individual soralia of the lichen Hypogymnia physodes (L.) Nyl. in a simple wind tunnel. -
Environmental and experimental botany 34:39-45.



Rust lisejniku:
korovité velmi pomalu, i méne, nez 0.1 mm za

rok (lidejniky, co mé&fil Meyer v r. 1824, stéle rostou...., Parmelia

centrifuga dle vlihkosti roste napr. 1,5-2,36 mm za rok — Hakulinen
1966, Acarospora chlorophana v Sierra Nevada nékolik mm za stoleti)

TABLE [
GROWTH OF LICHENS AT VARIOUS HEIGHTS ABOVE SEA LEVEL IN
FINLAND®?
2 m above
Dry zone shore Surf zone
Parmelia cenrrifuga [.50 2.08 (2.59) 2.36
P. conspersa 0.83 .83 (2.48) 3.43
P saxatilis 1.67 2.08 (2.28) 3. 15

“Average annual radial lobe growth over 3 years: values in
parentheses stand for nutrient-enriched colony growth.
P After Hakulinen (1966).



The Lichenologist (2021), 53, 347-393
doi:10.1017/50024282921000335
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Lichen algae: the photosynthetic partners in lichen symbioses

William B. Sanders! {2 and Hiroshi Masumoto?

!Department of Biological Sciences, Florida Gulf Coast University, Ft. Myers, FL 33965-6565, USA and 2Laboratory of Terrestrial Microbiology and Systematics,
Graduate School of Global Environmental Studies, Kyoto University, Yoshida-Honmachi, Sakyo-ku, Kyoto 606-8501, Japan

Abstract

A review of algal (including cyanobacterial) symbionts associated with lichen-forming fungi is presented. General aspects of their biology
relevant to lichen symbioses are summarized. The genera of algae currently believed to include lichen symbionts are outlined; approximately
50 can be recognized at present. References reporting algal taxa in lichen symbiosis are tabulated, with emphasis on those published since
the 1988 review by Tschermak-Woess, and particularly those providing molecular evidence for their identifications. This review is dedicated
in honour of Austrian phycologist Elisabeth Tschermak-Woess (1917-2001), for her numerous and significant contributions to our knowl-
edge of lichen algae (some published under the names Elisabeth Tschermak and Liesl Tschermak).

Key words: chlorobiont, cyanobacteria, cyanobiont, lichenized stramenopiles, phaeobiont, photobiont, phycobiont, xanthobiont

(Accepted 17 June 2021)

Introduction

The principal components of the lichen symbiosis are fungus and
alga. Their intimate trophic relationship remains central to the
lichen concept, despite our growing appreciation that other micro-
organisms harboured within the thallus might also play significant
roles (Lakatos et al. 2004; Grube & Berg 2009; Bates ef al. 2011;
Grube et al. 2015; Spribille et al. 2016; Muggia & Grube 2018;
Mark et al 2020 Smith ef al 2020 T7zovaras ef al 2020) The lichen -

In recent decades, our understanding of algal diversity and biosys-
tematics has advanced substantially with the accumulation, analysis
and integration of DNA sequence data. Systematic schemes for the
eukaryotic algae have changed considerably, as the broad contours
of consensus emerge concerning phylogenies and their reconstruc-
tion. Recent works have reviewed the current status of some principal
algal groups with lichen-forming taxa, such as the genus Trebouxia
(Muggia et al. 2017), the class Trebouxiophyceae (Muggia et al.



Rust lisejniku:

Lupenité a kerickovité se uvadi az 40 mm za
rok.

0.0I0r Cladonia alpestris
=5 r
=
jio2e i
@
E 0.005+
0z L
(D)
(r -
+
o 1 1 i L i I
- I 2 %

Rainfall (mm/day)

FiG. 1. Relative growthrate (RGR)ofyoung Cladonia alpestris specimens in Finland plotted
against mean daily rainfall and the lincar regression line. (From Kirenlampi, 1971.)



Rust lisSejniku:

Foliose species

Cetraria pinastri: 1.15 mm (Hakulinen, 1966)

Hypogvmnia encausta: 1.00 mm (Frey, 1959)

Lobaria pulmonaria: 4.82 mm (Phillips, 1969)

Lobaria quercizans: 5.62 mm (Phillips, 1969)

Menegazzia terebrata: 2.54 mm (Phillips, 1969)

Parmelia centrifuga: 2.50 mm (Linkola, 1918), 0.85 mm (Hausman, 194%)
Parmelia conspersa: 1.60 mm (Hale, 1959), 5.30 mm (Phillips, 1963)
Parmelia pulla: 1.0-1.2 mm (Stérmer, 1934)

Parmelia sulcata: 1.60 mm (Linkola, 1918), 2.22 mm (Degelius, 1964)
Parmeliopsis ambigua: 0.70 mm (Linkola, 1918), 0.90 (Hakulinen, 1966)
Physcia aipolia: 1.30 mm (Hakulinen, 1966)

Umbilicaria deusta: 2.30 mm (Hakulinen, 1966)

Xanthoria parietina: 2.15 mm (Hakulinen, 1966), 2.50 mm (Degelius, 1964)

Fruticose species

Cladonia rangiferina: 2.7-6.0 mm (Scotter, 1963)
Evernia prunastri: 2.00 mm (Degelius, 1964)
Ramalina reticulata: about 30 mm (Herre, 1904)

Crustose species

Diploschistes scruposus: 0.44 mm (Hale, 1959)

Foliicolous species

Strigula: 1.5-1.8 mm (de Wilde-Deyfjes, 1967)
Lecanora alphoplaca: 0.95-1.40 mm (Frey, 1959)
Lecanora muralis: 1.30 (Hakulinen, 1966)

Pertusaria shenandoahensis: 1.6-3.6 mm (Hale, 1973)
Rinodina oreina: 0.57 mm (Hale, 1959)




Rust lisejniku:

RUst ovlivnén zejména:
srazkami,

svetlem,

teplotou,

Zivinami,

rozdily v sezonach

rdst nestejnomérny, podobné jako u jinych
organismu- kolonizace (iniciace), juvenilni
perioda, faze dorustani do ,dospélosti”
(propagule), faze maturity a senescence.

v ramci sérii (sukcese) na novém substratu
nejcastéji napred korovité lisejniky, pak
lupenité a kerickovité, kompetice, konkurence



kolonizace ruznych habitatu, substratova ekologie,
biogeografie — o tom pristé.




