Biology of lichens

3. lesson
Physiology of lichens



Basis points :

Photosynthesis and respiration
(water regime, productivity,
desiccation, carbon cycle, growth )

Nitrogen metabolism

Nutrition and substance cycle

The lecture uses materials from, among others, the University of Nebraska in Omaha by Prof. R. S. Regan
(www.unebraska.edu)
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Photosynthesis / Respiration

- Lichens dominate in several ecosystems
(polar regions, mountain  massifs, some
deserts parts)

- Important for understanding the primary
productivity of the entire ecosystem

- measurement using gas exchange ratio
(CO, or O, output )




Gas exchange measurement

Photosynthesis 6 CO ,uptake and O,

output

Respiration d O, uptake and CO,

emission

- methodologically in Lab. using the
marked 1*CO ,, thistechnique is
Inaccurate compared to natural
conditions

- since 1975 Infrared Gas Analysis
System (in a controlled open system,
the consumption of atmospheric
CO,Is measured, after a period of
time the final measurement of
changes

www.unomaha.edu/lichens/



Exchange of CO,

Do all parts of the thallus photosynthesize equally?




Exchange of CO,

What is the comparison of photosynthesis of lichens and

vascular plants?
- Lower rates in lichens, but most studies have used the

entire thallus vs. a part of the plantasaratoof C O,
assimilation per unit of dry weight (lichen) or leaf area
(plant) & measurement disproportion.....




Influence of the environment on gas exchange

Water content inthe thallus
Temperature

Light conditions

CO, content

e

1. Water content in the thallus - wide range, normal
"dry" thallus has less than 15 -30% water (in terms to
dry mass)

- Maximum absorption can be 250 -400% (with green
algae) or 600 -2000% (with cyanobacteria)



Water content and gas exchange

A Gradually, with the hydration of the  thallus, the
output of C O, as a product of respiration increases
(A)

A at about 22% saturation, C O, output and uptake
are at the same level (B) & compensation point

A Additional water intake will  enable increased
photosynthesis
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Water content and gas exchange
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Water content and gas exchange

A photosynthetic activity is at an optimum of about
70-150% of water saturation (green algae) or 300
600% (with cyanobacteria) (C)

A as water saturation increases further, the level of
photosynthesis decreases 0 primarily due to a
reduction Iin CO, solubility (with increased
temperature)
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Water content and gas exchange

A In respiration, the relationship is relatively constant
with maximum values around the values of
maximum photosynthesis (in relation to water
saturation)

A High water content does not significantly reduce
the level of respiration

A Rapid hydration of the dry  thallus has a different
course (see next)
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Why this process ?

1. Necessary reactivation of metabolism

Lichens do not have a stable internal environment,

when they dry out, their metabolism Iisdeactivated and
higher concentrations of lichen polyols and polyamines
prevent the disruption of protein structures in the lichen;

\ 4

l.e. total reactivation consumes energy, hence the

proportionally high rate of respiration compared to
photosynthesis.



Why this process ?

2. CO, dispersion resistance with high water saturation:
the resistance of water to the spread of C O, molecules
IS greater than inair. At maximum saturation, there are

no air pockets/channels in the lichen, which otherwise
facilitate the rapid spread of C O, molecules
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Water sources:

precipitation, fog, dew, high humidity

A All of the above is a source of water for
photosynthesis

A water uptake is best (green algae) at lower
temperature, high humidity, uptake is facilitated by
the hypertonic environment in the lichen using
higher alcohols (mannitol, sorbitol)

A lichens with cyanobacteria do not swell (= they do
not become metabolically active) without liquid
water O the reason why they often require more
humid habitats
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TammA. et al. (2018)Ecophysiologicadroperties of three
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commentaryto previousslide Differentbiocrusttypes responded similarly, being
Inhibited by limited and excess water, saturated by increasing light intensities, and
having optimum temperatures.
Cyanobacteria¢yanolichendominatedbiocrustsreached their water optimum at
lowest contents (0.5¢0.78 mm H20O), were saturated at highest light intensities, and
had a comparably high temperature optimum at&.

Chlorolichendominated crustshad a medium water optimum (0.€%.15 mm H20),
medium saturating light intensities and a moderate temperature optimum odf22

Moss-dominatedbiocrustshad the highest water optimum (1.€8.38 mm H20),
lowest saturating lighintensities, and a similar temperature optimum at @2 Isolated
photoautotrophs responded similar to complete crusts, only isolated moss stems
revealed much lower respiration rates compared to complete crusts. Conclusions In
addition to their overall functional similarities, cyanobactecignolicherdominated
biocrustsappeared to be best adapted to predicted climate change of increasing
temperatures and smaller precipitation events, followeddorolicherdominated
biocrusts Mossdominatedbiocrustsneeded by far the largest amounts of water, thus
likely being prone to anticipated climate change.

TammaA. et al. (2018)Ecophysiologicairoperties of three biological soil crust types and their photoautotrophs
from the Succulent Karoo, South AfricdPlantSoil429:12%146.



Temperature

A Lichens colonize probably the warmest and
coldest habitats

A Differences in microhabitats extreme (exposed
habitats x shaded overhangs )

1. High temperature

Lichens are very tolerant in the dry state

A hydrated - tolerance less40-50 degrees

A it depends on the duration of exposure to the
heat (the longer A the smaller the tolerance )

A some lichens capable of normal levels of
photosynthesis after exposure to -196 C for
several days (but must melt slowly)



2. Low temperature

A the photobiont is particularly sensitive

A in general, photobionts adapted to warm
conditions are the most  sensitive

Principles of adaptation

A high concentrations of polyols (mannitol, ribitol
sorbitol) probably prevent degradation of
temperature -sensitive proteins

A at the same time, they prevent the formation of
crystals when freezing and damage when they
dry out
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Lichen respiration in relation to active time, temperature, nitrogen and ergosterol concentrations
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Temperature and gas exchange

A Different lichens have different optima for
metabolism, although they generally do not have
a very high temperature range

A Desert species maximum metabolism "in winter
mornings "

A in Antarctica in summer at higher temperatures

-

archive.boston.comA balancing stone seen on the Dufek Massif in the
www.cascada.travel/en/Tour/Atacardaesertmorning Pensacola Mountains of Antarctica on January 18, 2007. (Bill
Meurer/National Science Foundation)




Temperature and gas Exchange

What is the temperature of lichens?
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Fig. 1. Diagrammatic representation of the steep temperature gradient adjacent
to the soil surface.

Kershaw, K. A. (1985): Physiological Ecology of Lichens. d Cambridge University Press



Temperature

Kershaw, K. A. (1985):
Physiological Ecology of
Lichens. 8 Cambridge
University Press

Temperature (°C)

and gas exchange
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Fig. 3. The time course of thallus temperature (a) for Peltigera praetextata
growing in closed-canopy deciduous woodland, and (b) for P. rufescens growing
on an adjacent exposed roadside. (From MacFarlane and Kershaw 1980a.)



Temperature and gas Exchange

Saxicolous communities

Temperature (°C)
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Fig. 4. Thallus (=) and air (— ) temperatures for () the shade Verrucarietum
cazzae and (b) the open Aspicilietum calcareae associations. (From Kershaw,
1983.)

Kershaw, K. A. (1985): Physiological Ecology of Lichens. d Cambridge University Press



The effect of
temperature on pure
photosynthesis (and

respiration) in relation to B e
light levels |
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Some lichens capable of seasonal change in activity:

Dependence of photosynthesis
In Peltigera polydactylon on
water saturation at four
temperature levels

for three samples collected

after two months starting on 1
March

In Hamilton , Ontario.
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Light and gas exchange
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Light and gas exchange

PAR 0 different level, lichens from the shade have gas
exchange already at lower values, similar to higher
plants (leaves shade x leaves light)

Light saturation also depends on the water level of
the lichen

54-79 % reduction in light permeability when lichenis
dry

24-54 % reduction in permeability when the lichen is
hydrated

- This phenomenon protects the photobiont cells from
excessive light and the harmful effects of excessive
temperature

- possibility of adaptation to shade x full sun



Photosynthesis and CO ,

generally higher C O, concentrations 0 higher photosynthesis

Dependence of

gross photosynthesis
on conc entration of
CO,

Gross photosynthesis (mg CO, g~ ' dry wt h™")

XANTHOPARMELIA KUROKAWAE

1000 1250

CO, concentration (ul 17)



Photosynthesis and CO ,
Higher concentrations favor photosynthesis
but

It Is rather important to calculate the time of optimal
humidity than just the CO , concentration (especially
fog, dew or precipitation often result in too high

water saturation for maximum photosynthesis)



The net profit of
carbon is only
possible for many
lichens in a very
short period

www.univ.hamburg.de
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Ramalina maciformis in the Negeyv, Israel




Desiccation

Most lichens dry out reversibly daily and rehydrate In
hours
A some lichens dry out for up to 1 year at a
saturation of 1% ( Ramalina maciformis ), some up
to 7 years
A Many experiments have confirmed that lichens
are comfortable with alternating drought x water
saturation and have better growth than with




Desiccation

study of genus Peltigera :

A Higher carbon fixation by photobiont at lower
water saturation

but
A higher carbon transfer to the mycobiont at

medium and higher water saturation




Desiccation

Accumulation of mannitol in the tahllus depending
on Water Saturation (mannitol is made from glucose from photobiont to mycobiont)

Peltigera polydactyla
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l.e.:

Changing of drought x humidity ensures optimal
transport of carbon (products of photosynthesis) In
the thallus



Desiccation

A plunging of Hypogymnia physodes in water for
several days - A rapid decrease in metabolism X
periodic immersion and drying without the effect
of reducing metabolism

AEIl Ni Yo pr &regapve impgatt bno n
lichenoflora, e.g. Galapagos Islands

A Salty precipitation along the coast dries out thall i,
affecting the range of species according to salt
susceptibility



Carbon cycle

- D. C. Smith's experiments with labeled carbon
- Evidence of sugar transfer from photo  biont to my cobiont

- Different photobionts A different sugars
- Mycobiont can somehow stimulate the release of sugars from

fotobiont A mechanism still unknown

Fungus Fungus

Trentepohlia

Other Other
metabolites metabolites

j\j] ‘iﬁrythritol

Ce"d Mannitol Ce“d Mannitol
products products

Trebouxia

Fungus

Hyalococcus

Other
metabolites

Sorbitol l l

Mannitol Cell Mannitol
products

D. C. Smith, E. A. Drew (1965): Studies in the Physiology of Lichens. V. Translocation from the Algal Layer to the Medulla in
Peltigera polydactyla .d New Phytologist,Vol . 64/2: 195-200.



Productivity of lichens 01

A Pacific Northwest rainforest , Lobaria oregana ca
500 kg ha-1i.e. roughly 158 kg ha -tyr?




Pacific Northwest rainforest
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Carmannah valley , Vancouver Island, British Columbia



