
Low Temperature Interaction of Humidity with the Lichen 

Buellia Frigida and Circinaria Gyrosa

New results over extremophiles and observations of Mars missions
regarding the detailed mineralogy, the occurrence of water in the
equatorial region of Mars [1-4] as well as first announcements of MSL
findings and their implications for the surface conditions have stirred
up the debate about the possible development of life on Mars.

An important issue to be tackled in this research is the interaction of
moisture of the planets atmosphere with soil components and
possible existing organisms of the planet’s surface. We quantitatively
studied the water vapor interaction and water-bearing properties of
selected lichens in a broader expanse of surface temperature and
pressure.

The aim is to contribute to an improved understanding of
extremophiles and exobiological aspects on earthlike bodies and to
support data evaluation of in-situ missions such as MSL or ExoMars.

INTRODUCTION

RESULTS 

Samples The lichens Buellia frigida and Circinaria gyrosa (formerly

Aspicilia fruticulosa) were selected. Both represent symbiotic and

eukaryotic associations formed by a heterotrophic fungus and a

photo-autotrophic green alga (Figure 1). While B. frigida is an

extremophile Antarctic endemite, C. gyrosa originates from

continental arid areas in Spain. Both are well adapted to drought and

high levels of solar UV-R experienced at their natural habitats but

also to extremes of cold or heat, respectively.

Methods Thermogravimetry/differential thermogravimetry (TG/DTG,

Netzsch STA 409) and gravimetrical determination of H2O

hydration/dehydration isotherms (T= 256-293 K, RH= 0.1-90%) with

a McBain-Bakr quartz spring balance were carried out to examine the

water vapor interaction of the lichens.

EXPERIMENTAL

DISCUSSIONS and CONCLUSION

B. frigida (Fig. 5) shows a difference between the 298-K-isotherm

and the lower temperatures, C. gyrosa not (Fig. 4). This behavior of

B. frigida is very unusual.

A comparison of the single symbionts of B. frigida (Fig. 6) with the

entire lichen thallus does not give an easy answer. At 273 K or lower

the isotherm of the entire lichen is very close to the mycobiont (Fig.

5) and at 298 K the isotherm of the photobiont is close to the

symbiotic lichen organism (not shown).

Conclusion: By knowing the water vapor pressure or local humidity

of a planet’s atmosphere, the water content of possible occurring

extremophiles (beside soil components) can be determined based

on our results. These data can support the detailed evaluation of

rover missions on Mars such as MSL.

Figure 4. Hydration/dehydration isotherms of   C. 

gyrosa at temperatures between 256-293 K.

Figure 5. Hydration/dehydration isotherms of   B. 

frigida at temperatures between 256-293 K.
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Figure 3. TG (solid lines) and DTG (dashed lines) 

blue: calcium oxalate monohydrate, red: C. gyrosa.

The results are summarized in Figures 1-6:   thermogravimetry (TG, DTG) in Figure 2, 3   and sorption experiments (isotherms) in Figures 4-6. 
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C. gyrosa from the dry warm environment took significant less water

at RH=79% than B. frigida, adapted to the dry and cold Antarctic

location (Fig. 2, T<400 K) and C. gyrosa shows two more steps at

T>400 K related to decomposition of calcium oxalate monohydrate

(whewellite, Fig. 3).

Whewellite decomposes in three steps: ~490 K (hydrate water

separates from CaC2O4 ×H2O), ~760 K (formation of CaCO3 and CO)

and ~1050 K (formation of CaO and CO2).

All isotherms are reversible (water uptake and release follow the

same curve, Fig. 4-6) and the hydration/dehydration process shows

relatively fast kinetics. This observations are in line with the well

known poikilohydric nature of lichens to dry out rapidly in case of

insolation to prevent heat damage in the wet state.

Figure 1. Images of C. gyrosa (left) and B. frigida

(middle) with its photo- and mycobiont (right).

Figure 6. Hydration isotherms of B. frigida at 273K 

(blue); hydration/dehydration photobiont (green) 

and mycobiont (red) at 273 and 293 K.

Figure 2. TG (solid lines) and DTG (dashed lines)  

of red: C. gyrosa and green: B. frigida
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