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Abstract 
 
Two lichen species collected in maritime Antarctica (King George Island) were exposed under laboratory conditions to 
excess irradiance to evaluate the response of photosystem 2 (PS2). The response was measured on fully hydrated lichen 
thalli at 5 oC by means of a modulated fluorometer using chlorophyll (Chl) fluorescence induction curve supplemented 
with analysis of quenching mechanisms. Chl fluorescence parameters [i.e. ratio of variable to maximum Chl fluores-
cence (FV/FM), quantum yield of PS2 photochemical reactions (Φ2), quenching coefficients] were evaluated before and 
several times after exposition to high irradiance in order to characterise the extent of photoinhibition, fast and slow phase 
of recovery. Strong irradiance (2 000 µmol m-2 s-1) caused high degree of photoinhibition, particularly higher in fruticose 
(Usnea antarctica) than in foliose (Umbilicaria decussata) lichen species. Fast phase of recovery from photoinhibition, 
corresponding to regulatory mechanisms of PS2, was more apparent in U. decussata and Φ2 than in U. antarctica and 
FV/FM and Φ2 within 40 min after photoinhibitory treatment. It was followed by a slow phase lasting several hours, cor-
responding to repair and re-synthesis processes. After photoinhibitory treatment, recovery of non-photochemical 
quenching (NPQ) was faster and more pronounced in U. decussata than in U. antarctica. Significant differences were 
found between the two species in the rate of recovery in fast- (qE) and slow-recovering (qT+I) component of NPQ. 
 
Additional key words: chlorophyll fluorescence; low temperature; photoinhibition; photosynthesis; non-photochemical quenching; 
recovery. 
 
Introduction 
 
Lichens can survive in extreme ecosystems due to their 
ability to cope with unfavourable factors of the environ-
ment, such as drought, extremes and fast fluctuations in 
temperature, long-lasting snow cover, etc. During their 
lifetime, some lichen must also cope with both episodic 
and long-term exposure to high irradiance. High irradi-
ance may induce regulatory mechanisms and, especially 
when a lichen thallus is fully hydrated, negative changes 
in photosynthetic apparatus of lichen photobiont. The 
negative effects are more apparent in lichen species hav-
ing green alga as photobiont than in cyanobacterial lichen 
species (Demmig-Adams et al. 1990a,b). During the last 
few decades, the attention of lichen physiologists has  

been focused on the question whether high irradiance 
may cause photoinhibition of photosynthesis in lichens in 
situ. There are two contradictory opinions on photoin-
hibition in lichens that possess green algae as photo-
bionts. According to the first one, photoinhibition is a 
common phenomenon in the field at least in shade-
adapted species (Gauslaa and Solhaug 2000), or species 
with a limited pool of xanthophyll cycle pigments 
(Valladares et al. 1997). The other opinion is that photo-
inhibition is very rare in the field (Kappen et al. 1998). 

Generally, lichens possess several mechanisms to 
avoid photoinhibition. In the field, high irradiance is ob-
viously accompanied by increased temperature of thallus. 
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Lichens, being poikilohydric organisms, desiccate rapidly 
with increasing temperature and become photosyntheti-
cally inactive when water content in thallus decreases 
under 15 % of fully hydrated state, see, e.g., Hájek et al. 
(2001). Desiccating or dry thallus is less influenced by 
high irradiance, because desiccation leads to functional 
disconnection of antennae complexes (LHC) of PS2, 
which might lead to further photoprotection at high ir-
radiance (Bilger et al. 1989). On the other hand, high 
hydration of thallus increases the probability of photoin-
hibition, because it reduces availability of CO2 for photo-
synthesis due to hydration-induced resistance to CO2 
diffusion into the thallus (Lange et al. 1999). Under low 
temperature, full hydration of a thallus may, due to re-
duced rate of evaporation, last substantially longer than 
under high temperature. Therefore, the probability of 
photoinhibition may increase at low temperatures. 

The reflectance of the cortex layer of a lichen thallus 
represents another protective mechanism against high 
irradiance effect. The spectral reflectance of lichen thal-
lus changes according to its hydration status (Solheim et 
al. 2000). The presence of photoprotective pigments and 
compounds like, e.g., flavonoids (UV screens) in lichen 
thallus may substantially reduce the probability of irradi-
ance-induced negative effects on photosynthetic appara-
tus of photobiont. In the cells of photobiont, the presence 
of xanthophyll cycle pigments and especially the capacity 

of conversion of violaxanthin (V) to zeaxanthin (Z) 
represents another photoprotective mechanism because Z 
is involved in quenching of excitation energy in LHCs. In 
spite of the photoprotective mechanism, photoinhibition 
is reported in lichens both when induced in laboratory 
experiments simulating outdoor conditions (Gauslaa and 
Solhaug 1996) and in the field in low irradiance-adapted 
lichens (Gauslaa and Solhaug 2000). 

In the present paper we hypothesised that photoin-
hibition in lichens is a common phenomenon that might 
be pronounced at low temperature. Globally, lichens face 
low temperature to the largest extent in alpine zones of 
high mountains and polar regions. Since our recent re-
search in Brno is focused on eco-physiology of lichens 
and mosses from maritime Antarctic ecosystems, we have 
chosen two Antarctic lichen species to study low-tem-
perature photoinhibition. In our experiments, we focused 
on the following questions: (1) Does photoinhibition 
occur in green-algae lichens under laboratory-simulated 
physical conditions of Antarctic environment? (2) Is 
photoinhibition reversible or under which physical condi-
tions does recovery from photoinhibition occur? (3) Is 
there any difference between two lichen species with 
contrasting anatomy (foliose vs. fruticose thallus) in the 
extent of photoinhibition and in the capacity of non-pho-
tochemical quenching mechanisms to protect from excess 
irradiance energy? 

 
Materials and methods 
 
Lichen collection and handling: Thalli of Usnea 
antarctica and Umbilicaria decussata were collected in 
close vicinity of the Peruvian Antarctic Station (Machu 
Picchu) situated at the King George Island (Admiralty 
Bay, 62°S, 58°W) in maritime Antarctica. Thalli of  
U. decussata, foliose lichen with typical umbilicate ana-
tomy, were collected from rock surfaces at the altitude of 
150 m a.s.l. and the distance of approximately 200 m 
from the coastline. Clumps of thalli of U. antarctica, a 
fruticose lichen with typical miniature shrub morphology, 
were collected in the neighbourhood of the station from 
stone blocks forming a moraine. After collection, the 
thalli were desiccated under natural outdoor conditions, 
then stored in dark at 5 °C, and transferred to the 
Masaryk University, Brno (CZ) where they were stored 
under dim irradiation at 2 °C. 24 h before measurements, 
the thalli were re-wetted at 5 oC by de-mineralised water 
supplied to a sheet of filter paper placed in close contact 
with lichen thalli. For measurements, thalli of U. antarc-
tica were divided into upper (more dark-pigmented) and 
lower (less pigmented) parts and measured separately 
because we expected different sensitivity to photoinhibi-
tion in the two thallus parts. 

 
Chlorophyll (Chl) fluorescence measurements: After 
re-wetting, the thalli in fully hydrated state were exposed 
to photoinhibitory irradiance (2 000 µmol m-2 s-1 for  
 

30 min at 5 °C) denoted as photoinhibitory treatment in 
the following text. The irradiance provided by a halogen 
lamp passed a water filter in order to cut off infra-red 
radiation. Fully hydrated lichen thalli (U. decussata) or 
their fragmented parts (U. antarctica) were placed on the 
surface of an aluminium block that was cooled to 5 °C by 
cold water circulating between the thermostat and the 
block. Surface temperature of exposed lichen thalli was 
measured every 5 s using a contact temperature sensor 
and a data logger HOBO (Onset Computers, USA). To 
avoid interfering effects of thalli desiccation during the 
exposure to high PPFD, the lower surface of thalli was in 
permanent contact with a moist paper supplied with cold 
(5 oC) water. Before, and several times after the photo-
inhibitory treatment, typically at 30-60 min intervals, a 
set of Chl fluorescence parameters (specified in Table 1) 
was measured using a fluorometer PAM-2000 (H. Walz, 
Effeltrich, Germany). After photoinhibitory treatment, 
recovery was measured in samples placed in the dark at 
5 °C. Photoinhibition and recovery were monitored as 
time-dependent changes of the following Chl fluores-
cence parameters. Basic parameters (FV/FM, Φ2 = ∆F/FM´, 
where ∆F = FM´ – FS) and quenching coefficients (qP, 
NPQ, q0—see Table 1) were determined from analysis of 
slow kinetics of Chl fluorescence supplemented with 
saturation pulses using the following sequence. On dark-
adapted (10 min) thalli of lichens, weak irradiance was 
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Table 1. Quenching coefficients of the chlorophyll (Chl) fluorescence used in experiments. FM – maximum Chl fluorescence on dark-
adapted thalli, FM´ – maximum Chl fluorescence on light-adapted thalli (under actinic irradiance), FM´´ – maximum Chl fluorescence 
measured 40 s after turning off the actinic radiation, F0 – background Chl fluorescence before the induction of photosynthesis, F0´ – 
background Chl fluorescence during actinic radiation, Fs – steady-state Chl fluorescence during actinic irradiation. For calculations of 
quenching coefficients in which FM is an input parameter, pre-photoinhibition FM values were used. 
 

Abbreviation Definition Reference 

Photochemical quenching, qP (FM´– FS)/(FM´– F0´) Bilger and  Schreiber (1986) 
Non-photochemical quenching, NPQ (FM – FM´)/FM´ Bilger and Björkman (1990) 
State transition + photoinhibitory quenching, qT+I (FM – FM ´´)/( FM – F0´) Roháček and Barták (1999) 
Quenching of background Chl fluorescence, q0 (F0 – F0´)/F0´ Bilger and Schreiber (1986) 
Energy dependent quenching, qE [1 – ( FM´– F0´)/( FM – F0)] – qT+I Krause and Weis (1991) 

 
first applied in order to determine background Chl fluo-
rescence (F0). Then a saturation pulse of 5 000 µmol m-2 
s-1 allowed to calculate maximum capacity of PS2 
(FV/FM). Actinic radiation (35 µmol m-2 s-1) was then 
applied for 5 min until steady-state Chl fluorescence (FS) 
was reached. A saturation pulse was then applied in order 

to measure FM´. Actinic radiation was then turned off and 
a final saturation pulse was applied after 40 s in order to 
evaluate fast-relaxing (qE, dosens of seconds) and slow-
relaxing (qT+I, dosens of minutes) components of non-
photochemical quenching (the peak was denoted as FM´´). 

 
Results 
 
Photoinhibitory treatment induced a strong decrease in 
FV/FM and Φ2 values (Fig. 1). The time course of the 
decrease and following recovery was similar in both 
species studied. However, the extent of the decrease 
differed between species. In U. decussata, FV/FM was 
reduced to 78 % of initial value in contrast to more sensi-
tive U. antarctica that showed a FV/FM decrease to 38 % 
of initial value. Upper and lower thallus parts of 
U. antarctica did not differ in the reduced value of FV/FM.  
 

Fast phase of recovery was apparent, especially in 
U. antarctica, as a steep rise of FV/FM values within the 
first 40 min after the end of photoinhibitory treatment. 
Slow phase of recovery was characterised by less 
pronounced FV/FM rise ongoing within the following 4 h. 
There was a large difference between the two species 
studied in the time required for full recovery of FV/FM. 
While full recovery was completed in U. decussata after 
3 h, the FV/FM reached only about 75 % of initial values 
 

 
 

Fig. 1. Photoinhibition and recovery of Chl fluorescence parameters expressed as time courses of photochemical efficiency of photo-
system 2, PS2 (FV/FM), quantum yield of PS2 (Φ2), photochemical quenching (qP), and the quenching of background Chl fluorescence 
(q0, calculated as F0 – F0´/F0´). The time courses are recorded for Umbilicaria decussata (●) and Usnea antarctica lower (□) and upper 
thalli parts (∆), respectively, before, and immediately after high irradiance treatment at 2 000 µmol m-2 s-1 for 30 min, and during 
subsequent recovery in dark. Thalli were fully hydrated during the measurements and thalli temperature was maintained at 5 °C. 
Standard errors of means (n = 6 for U. antarctica lower part, n = 5 for U. antarctica upper part and U. decussata) are indicated by 
vertical bars when larger than symbol. Except q0, relative values are presented, i.e. absolute values of individual Chl fluorescence 
parameters were divided by initial pre-photoinhibiton absolute value. Normalisation was necessary for the comparison of the two 
species because absolute values of Chl fluorescence parameters were substantially lower in U. decussata than U. antarctica. 
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in U. antarctica after 4 h of recovery. Slight difference in 
the rate of FV/FM recovery was found between the upper 
(faster-recovering) and lower (slower-recovering) thalli 
parts. In both species, strong irradiance induced a de-
crease of Φ2 values, much more pronounced in 
U. antarctica (55 % of initial value) than in U. decussata 
(92 % of initial value). Subsequent recovery of Φ2 was 
extremely fast in the latter species and completed 20 min 
after the end of photoinhibitory treatment. U. antarctica, 
on the contrary, showed uncompleted recovery even after 
4 h, when the thalli exhibited only about 80 % of initial 
value of Φ2. 
 

 
 

Fig. 2. Photoinhibition and recovery of Chl fluorescence pa-
rameters expressed as time courses of non-photochemical 
quenching (NPQ), energy-dependent quenching (qE), and state 
transition and photoinhibition-related quenching (qT+I). The 
time courses are recorded for Umbilicaria decussata (●) and 
Usnea antarctica [lower (□) and upper (∆) thalli parts, respec-
tively] before, and immediately after high irradiance treatment 
at 2 000 µmol m-2 s-1 for 30 min, and during subsequent recov-
ery in dark. Thalli were fully hydrated during the measurements 
and thalli temperature was maintained at 5 °C. Standard errors 
of means (n = 6 for U. antarctica lower part, n = 5 for  
U. antarctica upper part and U. decussata) are indicated by 
vertical bars when larger than symbol. Data points are pre-
sented as relative values, i.e. absolute values of individual Chl 
fluorescence parameters were divided by initial pre-photoin-
hibiton absolute value. Normalisation was necessary for the 
comparison of the two species because absolute values of Chl 
fluorescence parameters were substantially lower in U. 
decussata than U. antarctica. 
 

After photoinhibitory treatment, photochemical quen-
ching (qP) showed different time course in each species. 
In U. decussate, it slightly decreased immediately after 

exposure to high irradiance, recovered fast (within 30 
min), and became more or less constant with slight fluc-
tuations throughout next 4 h. U. antarctica, in contrast, 
exhibited an increase in qP values immediately after the 
photoinhibitory treatment. The increase was more pro-
nounced (by a factor of about two) in lower than in upper 
thallus part. Upper part showed full recovery of qP to 
initial value after 2 h. In the lower part, however, no 
recovery of qP was apparent even after 4 h. 

The time course of non-photochemical quenching and 
its components during photoinhibitory treatment and sub-
sequent recovery are summarised in Fig. 2. NPQ in-
creased after photoinhibitory treatment by a factor of 4.0–
12.0, most apparently in U. decussata and the lower 
thallus part of U. antarctica. The following recovery was 
typical by a gradual decrease of NPQ values recorded 
within next 4 h. Fast phase of NPQ recovery was appar-
ent within the first 30 min after the end of photoinhibitory 
treatment in U. decussata, while it was not distinguish-
able in U. antarctica. In both species, full recovery of 
NPQ was not reached after the following 4 h. Time 
course of qT+I, a dominant component of non-photo-
chemical quenching in photoinhibited thalli, was simi-
larly shaped to NPQ time course. The increase of qT+I was  
 

 
 
Fig. 3. Dependences of background Chl fluorescence quenching 
(q0, upper panel), closure of photosystem 2 (PS2) reaction 
centres (1 – qP, central panel), and non-radiative excitation 
energy dissipation in PS2 antennae (FV´/FM´, lower panel) on 
non-photochemical quenching (NPQ). Data points are means of 
at least 5 replicates ± standard error of mean indicated by a bar. 
Data were recorded after photoinhibitory treatment during 
recovery. ● – U. decussata, ∆ – U. antarctica (upper thallus 
part), □ – U. antarctica (lower thallus part). 
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more pronounced in U. decussata (by the factor of 3.0) 
than in U. antarctica (by the factor of 1.5–2.2). 
 

 
 

Fig. 4. Dependence of state transition and photoinhibition-
related quenching (qT+I) on background Chl fluorescence 
quenching (q0). Data points are means of at least 5 replicates. 
Data were recorded after photoinhibitory treatment during 
recovery. ● – Umbilicaria decussata, ∆ – Usnea antarctica 
(upper thallus part), □ – U. antarctica (lower thallus part). 
 

Similarly to NPQ, significant difference was found 
between thallus parts in qT+I values after photoinhibitory 
treatment: lower thallus parts exhibited higher qT+I than 
upper parts. Fast phase of qT+I recovery was apparent 
only in U. decussata within the first 30 min of recovery, 
while it lacked in U. antarctica. Increase in qE induced by 
strong irradiation was more pronounced in both upper 
and lower parts of U. antarctica (factor of 1.6) than in  
U. decussata (factor of 1.2). The latter species showed  
 

full recovery of qE after 1 h in dark, while in U. antarc-
tica, only partial qE recovery was apparent after 4 h in 
dark. 

Species-specific differences in the involvement of 
quenching mechanisms are demonstrated in Fig. 3. Dur-
ing recovery, quenching of background Chl fluorescence 
(q0) was strongly positively correlated to NPQ. Both 
upper and lower thalli parts of U. antarctica reached 
much higher q0, and NPQ values than the less sensitive 
U. decussata. Pooled data showed that the q0 to NPQ re-
lationship was fairly linear with a high slope indicating 
involvement of antenna-type quenching. Parameter  
1 – qP, when plotted against NPQ, remained more or less 
constant throughout the whole recovery period indicating 
that the parameter is not dependent on decreasing NPQ 
during recovery. Between the two species studied, how-
ever, substantial differences were found in 1 – qP values. 
U. antarctica exhibited much higher values than  
U. decussata demonstrating a higher photoinhibition. The 
extent of PS2 reaction centre closure in U. antarctica 
differed between the upper and lower thalli parts. It was 
significantly higher in upper than lower thallus part. Lin-
ear relation was found between q0 and qT+I (Fig. 4). For 
U. antarctica, q0 and qE reached higher values but the 
slope of the relation was somewhat lower than in 
U. decussata. For both species, qE reached substantially 
lower values (below 0.07) than qT+I and thus the qE data 
are not shown in Fig. 4. 

Discussion 
 
FV/FM, quantum yield of PS2: In this study, photoin-
hibition of PS2 in two contrasting lichen species was 
examined with a special respect to excess energy dissipa-
tion by non-photochemical quenching and its compo-
nents. Both species studied showed decrease of FV/FM 
and Φ2 after photoinhibitory treatment and consequent 
recovery towards initial values. Extent of photoinhibition, 
however, differed between species. U. decussata exhib-
ited a lower irradiance-induced decrease of FV/FM than  
U. antarctica. FV/FM fully recovered in U. decussata after 
3 h (the FV/FM value found after 4 h of recovery is an 
artefact), while it did not in U. antarctica. The inter-
specific difference in extent of photoinhibition was also 
apparent in Φ2. We may, therefore, suggest that both po-
tential and actual photosynthetic processes might be more 
photoinhibited in the lichen with fruticose rather than 
foliose anatomy when exposed to high irradiance under 
full thallus hydration. This idea might be supported by 
several field and laboratory experiments that reported 
different level of photoinhibition in fruticose (Gauslaa 
and Solhaug 1996) and foliose species (Gauslaa et al. 
2001, MacKenzie et al. 2002). Within a single thallus of 
U. antarctica, however, the upper and lower thallus parts 
do not apparently differ in the extent of FV/FM and Φ2 de-
crease and consequent recovery. This might indicate that 
dark colour of the upper hairy thallus part has no effect 

on the sensitivity of the species to photoinhibition. In the 
field, however, the upper part of the thallus desiccates 
more rapidly than the rest of thallus, becomes physiologi-
cally inactive, and thus protects the lower parts of the 
thallus by effective photon absorption and reflectance 
(Solheim et al. 2000). For more comments see Eco-
physiological consequences. 

In our experiments, the decrease in FV/FM after 
photoinhibitory treatment was caused by a decrease of FM 
rather than by an increase of F0 (data not shown). In 
higher plants, for photoinhibition a decrease of FM and, in 
most cases, an increase of F0 is typical (e.g. Xu and Wu 
1996, Hong and Xu 1999). In lichens, in contrast, F0 
decreases in most cases after photoinhibitory treatment as 
found by Heber et al. (2000, 2001) and in our earlier 
observations (Barták et al., unpublished). In our experi-
ment, FM decreased to a larger extent than F0 after 
photoinhibition that numerically resulted in a decreased 
FV/FM. The reason for F0 drop after photoinhibitory 
treatment in poikilohydric mosses and lichens is not yet 
satisfactorily elucidated. It might be attributed to a high 
irradiance-induced detachment of antennae, re-arrange-
ment of chloroplast, and resulting increased re-absorption 
of Chl fluorescence as shown earlier for a poikilohydric 
moss (Bartošková et al. 1999). 
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Quenching parameters: High irradiance-induced non-
photochemical quenching represents involvement of non-
radiative excitation energy dissipation processes. They 
comprise: (1) Trans-thylakoid ∆pH-dependent inter-con-
version of xanthophyll-cycle pigments (qE). (2) Structural 
changes in PS2 related to photoinhibition (qT+I). Since 
NPQ recovered much faster and in more extent in  
U. decussata than U. antarctica, we may consider that the 
capacity of the above protective mechanisms (qE, qT+I) is 
higher in the former species. In U. antarctica, NPQ is 
mostly due to photoinhibited PS2 centres because qE (see 
Fig. 2) was less efficient than in U. decussata. An in-
crease of NPQ was, irrespective to lichen species and 
phase of recovery, accompanied by an increase in q0 (see 
Fig. 3), which is typical for antennae-type quenching 
(Bukhov et al. 2001). Recent studies focused on inter-
relation between NPQ, qE, and zeaxanthin-dependent 
quenching (e.g. Li et al. 2002) during recovery from 
photoinhibition revealed that qE is fast-recovering while 
de-epoxidation state of xantophyll-cycle pigments is 
slow-recovering. Fast-recovering qE is located in PS2 
antennae (Laisk and Oja 2000) and lasts several minutes 
(Müller et al. 2001) while xanthophyll de-epoxidation 
state recovers in dosens of minutes (Li et al. 2002). Li et 
al. (2002) suggest that the rate of NPQ recovery strongly 
depends on proportion between qE and xanthophyll de-
epoxidation state at the end of photoinhibitory treatment. 
If the photoinhibition is moderate or short-term, qE forms 
major part of quenching and therefore recovery of NPQ is 
fast, in terms of minutes. Our data obtained on lichens 
suggest that severe or long-term photoinhibition leads to 
a higher involvement of xanthophyll-dependent quen-
ching and, consequently, to a slow recovery of NPQ after 
photoinhibitory treatment. This opinion is supported by 
the slow recovery of de-epoxidation state of xanthophyll-
cycle pigments reported by Li et al. (2002) on PsbS-
lacking mutants and wild plants of Arabidopsis thaliana. 
Other supporting item is a high correlation of NPQ (qT+I 
in particular) to de-epoxidation state of xanthophyll-cycle 
pigment pool during recovery from severe photoinhibi-
tion found in our previous study in a green alga photobi-
ont isolated from a foliose lichen species Umbilicaria 
hirsuta (unpublished). Similar studies (Gilmore et al. 
1996, Färber et al. 1997) made on higher plants also 
revealed positive relation between NPQ and Z+A pool 
during photoinhibitory treatment. In higher plants, V to 
Z conversion in PS2 antennae during photoinhibition is 
qE- and also qI-dependent (Färber et al. 1997). 

Different shapes of qP time courses found in this study 
for U. decussata and the upper thalli parts of U. antarc-
tica may suggest that fraction of open, i.e. QA reducing 
PS2 centres, either decreases or increases but recovers 
quickly (1 h). Increase in qP and no recovery found in 
lower thalli parts of U. antarctica shows the complexity 
of post-photoinhibition response. Non-uniform response 
of qP might be supported by the interpretation of qP data 
presented in the study of Parmelia quercina (Calatayud et 

al. 1997) showing non-uniform response in gradually 
desiccating thallus treated by medium irradiance. When 
measured under full hydration, qP showed rather gradual 
increase similarly to the upper part of U. antarctica in 
this study. In photoinhibition studies, rather increase of qP 
(e.g. Demmig-Adams et al. 1990a) than decrease is re-
ported. The reason why both positive and negative effects 
of photoinhibitory treatment on qP were found within the 
same thallus in this study is not clear. We may attribute it 
either to the seemingly different optical properties of the 
upper part of U. antarctica caused by dark pigmentation 
of the hairy tips, to the method of F0´ evaluation at the 
steady state Chl fluorescence, or to another unknown 
reason. The value of F0´ is, however, essential for qP 
calculation (see Table 1). 

 
Low temperature effects: In our experimental set-up, we 
measured lichen response to high PPFD under low tem-
perature (5 ºC) in order to simulate the likely outdoor 
Antarctic conditions during Austral summer. We may, 
therefore, expect low temperature effect on components 
of non-photochemical quenching and V to Z conversion. 
In lichens, however, the effect is unclear. In higher plants, 
it was shown previously that a short-term drop to low 
temperature induces increase in non-photochemical 
quenching (e.g. Król et al. 1999) and reduces de-epoxi-
dation rate and V to Z conversion (Arvidsson et al. 1997, 
by 50 % at 4 ºC). When higher plants pass cold acclima-
tion prior to the high-irradiance stress, they exhibit higher 
rates and contents of xanthophyll-cycle pigment conver-
sion as shown by Jung et al. (1998), Verhoeven et al. 
(1999), Koroleva et al. (2000), etc. To our best know-
ledge, similar study on lichens is lacking. We can thus 
only speculate about the low temperature effect on the 
capacity of xanthophyll-cycle pigment pool and non-
photochemical quenching mechanisms, and their exploi-
tation under low temperature photoinhibition. However, 
our previous findings (Hájek et al. 2001) showing long-
term acclimation of Φ2, and non-photochemical quen-
ching to low temperature and the Chl fluorescence data 
presented in this study, indicate that the photoprotective 
capacity of U. antarctica and U. decussata might be 
sufficient to cope with a strong photoinhibition under low 
temperature. 

 
Ecophysiological consequences: We found that photoin-
hibition might be induced in Antarctic lichen species 
under the close-to-reality external conditions. We also 
demonstrated sufficient capacity of photoprotective 
mechanisms of the two species studied. It is, however, 
still disputable how frequently these responses may occur 
in the field. We still do not have enough data describing 
long-term (seasonal) variation in local microclimate and 
physiological state of a lichen thallus. Available field 
studies (Schroeter et al. 1995, 1997) estimated the time of 
lichen thallus metabolic activity to about 50 % of total 
annual time. Majority of the active time is, however, 
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characteristic by prevailing respiration, particularly due to 
long-lasting snow cover and winter conditions. In spite of 
the fact that some lichen species, especially in maritime 
Antarctica, may be physiologically active under snow 
cover (Pannewitz et al. 2003), the time interval of in situ 
physiological activity with positive lichen net photo-
synthesis (PN) is rather short. Nevertheless, photoinhibi-
tion may theoretically happen any time when the lichen is 
physiologically active, no matter whether exhibiting 
positive or negative PN. It is questionable how large por-
tion of the time may cover situations when low-tempera-
ture photoinhibition is probable. We can, however, 
consider that photoinhibitory conditions might happen 
during the beginning of Austral summer, when lichen 
thalli are well hydrated either from melting snow or 

snowfall episodes together with high irradiance. The 
duration of such situations probably does not exceed tens 
of minutes due to progressive desiccation of thalli but, 
according to our results presented in this paper and field 
measurements (Gloser 2001), may be sufficiently long to 
induce in situ photoinhibition. The probability of photo-
inhibition might be higher in fruticose rather than foliose 
lichens, because the latter desiccate more rapidly in the 
maritime Antarctic climate due to their anatomy (Huiskes 
et al. 1997). We may, therefore, conclude that in situ 
photoinhibition is likely in Antarctic lichens, especially in 
those from maritime regions. To confirm this idea needs 
further long-term field measurements because the studies 
made so far (Kappen et al. 1991, 1998) are not sufficient 
for any conclusion about in situ photoinhibition. 
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