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Abstract 
Photosynthetic activity pattern of Bryum sp. was monitored for 28 days using a 
chlorophyll a fluorescence measuring system installed in the field. For the study, long-
term research plot, a moss-dominated vegetaiton oasis at seashore located close to the 
J.G. Mendel station (James Ross Island, Antarctica) was selected. In this study, two 
measuring sites were used: (1) control plot with moss cover and (2) moss located inside 
open top chamber (OTC). At both sites, effective quantum yield of photosynthetic 
processes in photosyntem II (PSII) was measured and relative photosynthetic electron 
transport rate (ETRrel) evaluated each 15 min. Simultaneously, microclimate of the sites 
was measured including air and moss surface temperature, relative air humidity and 
photosynthetically active radiation. The length of photosyntetically active period 
depended mainly on hydration of moss cushion. Water availability, however, was not 
limiting in the measuring period (Jan 8 - Feb 18, 2009), because the sites were well 
suplied by melt water from neighbouring snowfield. Thus, daily courses of ETRrel were 
dependent on incident PAR. On sunny days, ETRrel reached values over 400. Inhibition 
of primary photosynthetic processes due to below-zero temperature and resulting 
freezing of moss cushions appeared two times within the measuring periods thanks to 
rapid decreases in air temperature. The effect of low air temperature on ETRrel was less 
apparent in OTC site since moss cushion freezing period was shorter and less 
pronounced than in control site thanks to OTC-induced shift in air temperature. For 
future photosynthetic studies in Antarctic mosses, simultaneous measurements of gas 
exchange- and chlorophyll fluorescence-related parameters is recommended so that the 
effects of particular limiting factors for photosynthesis and photosynthetic productivity 
can be distinguished and evaluated.  
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Symbols and abbreviations: e – electron, ETRrel – photosynthetic electron transport 
rate,  PSII – effective quantum yield of photosynthetic processes in photosystem II, 
LTRP – long-term research plot, PAR – photosynthetically active radiation, PS II – 
photosystem II  
 
 
Introduction     
 
     Since the 80-ies of the last century, in 
situ photosynthesis in Antarctic mosses 
and lichens has been measured using a 
CO2 exchange by infra-red gas analysers 
(e.g. Kappen 1989, Kappen et al. 1998, 
Kennedy 1993). Over last two decades, 
however, chlorophyll fluorescence cover-
ing a wide range of methods has been 
increasingly involved into photosynthetic 
research (e.g. Roháček et al. 2008) and 
numerous portable fluorometers devel-
oped. Recently, they are available for 
long-term field measurements (Schreiber 
et al 1994, Schlensog et Schroeter 2001). 
However, for extreme conditions, Antarc-
tic environments in particular, no commer-
cial instrument has yet been produced. In 
spite of the fact that a long-term measure-
ment of photosynthetic activity in polar 
regions, is challenging for plant ecologists 
and physiologists, there is a high demand 
for a robust instrumentation. However, 
several attempts have been made to adapt 
commercial instruments for the measure-
ments at harsh conditions. Among them, 
several instrumental set ups made by prof. 
Kappen and Assoc. Prof. Schroeter must 
be mentioned. They pioneered this particu-
lar field of science and improved pulse 
amplitude modulated fluorometers for 
field conditions (Kappen et al. 1998). 
Later, some more attempts were made by 
the international group formed by Aus-
tralian and German scientists who meas-
ured in situ photosynthesis in Antarctic 
lichens using simultaneous gas exchange 
(CO2 consumption by infra-red gas ana-
lysers) and fluorometric measurements. In 
the Antarctica, gasometric (e.g. Kappen 

1989), chlorophyll fluorescence, and com-
bined (e.g. Kappen et al. 1998) approach 
to study in situ daily courses of photo-
synthetic processes in Antarctic mosses 
has been used only sporadically. To our 
best knowledge, only several long-term 
fluorometric studies were published since 
2000 focused on Antarctic lichens and 
mosses (Pannewitz et al. 2005, Schlensog 
et Schroeter 2001, Schlensog et al. 2013, 
Schroeter et al., 2010, 2011, 2012).  
     After the completion of construction of 
the Czech Antarctic Scientific Station 
(Mendel station) in 2006 (Prošek et al. 
2013), Czech scientist started to measure 
chlorophyll fluorescence characteristics of 
Antarctic lichens on long-term basis. Chlo-
rophyll fluorescence approach has been 
applied both in field- and laboratory-based 
experiments. The measurements are based 
on the application of strong light (satu-
ration pulse) on plant material that is a-
dapted to environmental light conditions. 
Before that date, the measurements per-
formed by the Czech group, were time-
limited and dependent on hand operation 
of instruments in field set ups (Barták 
2005, Barták et al. 2005, Barták et al. 
2007). Within last couple of years, Czech 
specialists tested several instrumental set 
ups and gained experience in technical 
solutions for field set ups of instruments. 
Here we report overview and first results 
from in situ fluorometric measurements of 
photosynthetic processes in Bryum sp., a 
moss species abundant in wet part of 
Antarctic vegetation oasis at James Ross 
Island, Antarctica. 
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Material and Methods 
 
Overview of in situ fluorometric measurements (James Ross Island) 
 
     Fluorometric measurements of photo-
synthesis of Antarctic mosses are a part of 
the long-term research program aimed to 
the evaluation of their physiological re-
sponse to manipulated warming of air and 
soil temperature. For such a purpose, open 
top chambers (OTCs) are used to increase 
air temperature. The OTCs are installed at 
three different coastal ecosystems of the 
James Ross Island (coastal terrace, top of a 
table mountain, glacier forefield) in order 
to evaluate site-specific response (for more 
details, see Barták et al. 2009). In this 
paper, we focused on photosynthetic proc-
esses in Bryum sp., a dominant species of 
small-area vegetation oasis at a coastal 
terrace (63° 48′ 00″ S, 57° 52′ 56″ W, 6 m 
a.s.l.) of the northern coast of James Ross 
Island. The vegetation oasis is a part of a 
long-term research plot (LTRP), that was 
established in January 2007. The first in 
situ measurements of primary photosynthe- 

tic processes in Bryum sp. started in 2007/ 
2008 austral summer. A modified PAM-
210 fluorometer (Heinz Walz, Germany) 
was installed at LTRP and measured 
effective quantum yield of photosynthetic 
processes in photosystem II (PSII) as 
dependent on hydration/dehydration and 
microclimatic parameters. In this set up, a 
tiny fiberoptic cable was used as a probe. 
The probe end was fitted into a holder 
placed into a moss cushion. The end of 
fiberoptics was positioned on the top of 
the cushion touching gently its upper 
surface. Values of PSII were measured in 
15 min. step for 28 days. However, the 
measuring system was not found robust 
enough to perform long-term measurement 
since the probe suffered from vibrations 
caused by a wind. Thus, new fluorometric 
systems were prepared for the 2008/2009 
austral summer. 

 
Pulse amplitude modulated fluorometery  
 
     In 2009, two different fluorometers 
were used to measure diurnal courses of 
PSII: (1) a multichannel monitoring fluo-
rometer Moni-PAM (Heinz Walz, Germa-
ny) and (2) FluorPen FL-100 fluorometer 
(Photon Systems Instruments, Czech Re-
public) – see below. In this paper, results 
gained by the Moni-PAM fluorometers 
(Fig. 1) for February 2009 are presented. 
General technical description of the Moni-
PAM system and its operation in the field 
conditions is given by Porcar-Castell et al. 

(2008). In our field experiment, we used 2 
monitoring heads (located above two par-
ticular measuring spots of Bryum sp. 
cusion) connected to a data-collecting unit 
and an on-line linked PC. Such set up 
allowed us to use repetitive saturation 
pulse method. The pulses of light (duration 
1 s, intensity 3 500 µmol m-2 s-1) were 
applied on moss thalli in light-adapted 
state under natural irradiation each 15 min. 
In such a way, PSII was evaluated re-
peatedly (Eqn. 1).  

 
PSII = (F´M - FS) / F´M                                  Eqn. 1 
 
In Eqn. 1, values of steady state chlorophyll fluorescence (FS) and maximum chlorophyll 
fluorescence in light adapted state (F´M) were used. 
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Together with data available on photosyn-
thetically active radiation (PAR) incident 
to measuring spots (Moni-PAM reflective 
plate and a PAR sensor), photosynthetic 

electron transport rate (ETRrel) was evalu-
ated and stored in a Moni-PAM data 
logger.  

 
ETRrel = PAR * PSII                           Eqn. 2 
 
Simultaneously with Moni-PAM fluorome-
ters, FluorPen (FL-100, Photon Systems 
Instruments, Czech Republic) fluorometers 
were installed at two additional spots to 
measure PSII, its long-term changes in 

particular. Since 2009, PSII in Bryum sp. 
has been measured continuously to evalu-
ate seasonal changes in physiological activ-
ity, duration of winter dormancy in par-
ticular (Barták 2013). 

 
 
               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. View on a fluorometer head installed in the field at the long-term research plot (LTRP).  
The metallic frame with reflexive white plate (for PAR measuremenst) delimits measuring spot on 
Bryum sp. cushion. 
 
 
Microclimatological measurements 
 
     Microclimate measurements were taken 
both at the LTRP using EdgeBox V12 data 
loggers (Environment Measuring Systems, 
Brno, Czech Republic) equipped with sev-
eral sensors. Air temperature sensors were 
located at the height of 30 cm, moss and/or 
lichen surface, and in soil at the depths of 
5, and 10 cm. The sensors were copper-
constantan thermocouples for air and moss 
surface measurements, and platinum sen-

sors (Pt100) for soil temperature measure-
ments. Apart of microclimatic data meas-
ured at the LTEP, local climate, spe-
cifically global, photosynthetically-active, 
UV-A, UV-B radiation, reflected radi-
ation, relative air humidity, wind speed 
and direction, soil temperature at different 
depths were monitored by a weather sta-
tion located 250 m away from the LTEP as 
described elsewhere (Láska et al.  2011).  
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Results and Discussion 
  
     For control plot, temperature of the 
upper surface of the moss varied within     
-8.0 and +11.8°C (Fig. 2) for control plot 
which is a typical range for summer 
season at the LTRP at James Ross Island 
(unpublished data). Within the measuring 
period, proportion of days with maximum 
moss surface temperature above 5°C was 
57.9% (22 out of 38 days). Proportion of 
days with maximum temperature above 
0°C was 84.2%. Therefore, photosynthetic 
processes in Bryum sp. were not inhibited 
by temperature per se during a light period 
of majority of days. There were two pe-
riods of several consecutive days with 
surface temperature below zero, the first 
one from Feb. 2nd to Feb 5th, the second 
one from Fab. 10th to Feb 14th. The first 
one was typical by medium to high daily 
doses of PAR and partial negative tem-

perature effect on ETRrel, the second one 
was typical by low PAR (overcast days – 
see Fig. 3, and freezing temperature). Posi-
tive effect of surface temperatute on is 
apparent also from the differences found 
between control and OTC measuring site 
(see Fig. 2), where moss surface tem-
perature was higher throughout the whole 
measuring period. Such conclusion can be 
supported by data of Davey et Rothery 
(1996, 1997) who reported substantial 
photosynthetic rates in Antarctic mosses 
during summer season at temperature 
above 5°C. Photosynthetic optima for ma-
jority of mosses in Antarctica, however, 
are higher, ranging typically between 10 
and 22°C (Collins 1976). Even wider range 
for optimum photosynthesis (7 - 23°C) was 
found in Sanionia uncinata at Svalbard by 
Uchida et al. (2002).  

 
 

 
 
Fig. 2. Surface temperature of Bryum sp. moss cushions recorded at the costal experimental plot at 
the James Ross Island between January 8th and February 18th 2009. Blue line – moss cushion on 
control plot, violet line – moss cushion inside open top chamber (OTC). 



M. BARTÁK et P. VÁCZI 

68 

 
 
Fig. 3. Diurnal courses of photosyntehtically active radiation (PAR)  incident on at the costal 
experimental plot at the James Ross Island, Antarctica, between January 8th and February 18th 
2009.  
 
 
 
     In January – February 2009, ETRrel in 
partly/fully hydrated thalli of Bryum sp. 
showed daily courses delimited by night-
related zero values (at the site, there is a 
dark period lasting for 3 h in January – 
February) and maxima reached during a 
midday. Within the periods abbreviated A 
(Jan 8th – Jan 15th) and C (Feb 2nd – Feb 
6th, 2009), daily maxima of ETRrel for 
control site reached the values above 400 
in majority of cases (Fig. 4). Such high 
daily peaks of ETRrel indicated that both 
values of incident PAR and surface tem-
perature were high enough to allow sub-
stantial net photosynthetic rate. The ETRrel  
maxima values are well comparable to the 
data reported by Schroeter et al. (2012) 
who, using an approach of light-response 
curves of ETRrel, found ETRrel as high as 
400 mol m-2 s-1 at 900 mol m-2 s-1 PAR 
in sun form of Bryum argenteum. In our 
ETRrel measurements, no water limitation 
of photosynthetic processes occurred in 
the A and C periods. Moss cushions were 
fully hydrated and, especially during the C 
period, covered by a several centimeters 

thick column of stagnant melt water. 
     Throughout the whole period of ETRrel 
measurements, two drops in air tempera-
ture to below zero values were apparent in 
the periods of January 30 – February 2nd, 
and February 7th – 15th, 2014. Such rapid 
and several days lasting drops caused 
partial and or full inhibition of ETRrel in 
Bryum sp. Photosynthetic processes were 
inhibited thanks to freezing temperature-
dependent decrease of an effective quan-
tum yield of photosynthetic processes in 
photosystem II to zero. Moreover such situ-
ation led to a complete freezing of moss 
cushions that had been fully wet im-
mediately before the freezing temperature 
came. The cushions of Bryum sp. remained 
frozen for several consecutive days. At the 
freezing days, only the upper surface of 
the cushions exhibited temperature slightly 
above zero for limited time during a mid-
day (see Fig. 2). Such small and short-term 
increase to above zero temperature, how-
ever, did not lead to a substantial increase 
in ETRrel.  
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Fig. 4. Diurnal courses of photosynthetic electron transport rate (ETRrel) recorded by a Moni-
PAM fluorometer on Bryum sp. moss cushions located at the costal experimental plot at the James 
Ross Island between January 8th and February 18th 2009. Main factors affecting photosynthetic 
performance are: sunny days with sufficient water availability (A, C), sunny days with partial 
water and temperature limitation (B), D (cloudy days with freezing temperature and resulting 
strong inhibition of ETRrel). 
 
 
 
 

 
 
Fig. 5. Diurnal courses of photosynthetic electron transport rate (ETRrel) recorded on Bryum sp. 
moss cushions in open top chamber (OTC) by a Moni-PAM fluorometer (costal experimental plot 
at the James Ross Island) between January 8th and February 18th 2009.  
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Concluding remarks 
 
     Long-term measurements of photosyn-
thetic activity in Bryum sp. gained diurnal 
courses of electron transport rate (ETRrel) 
that indicated subperiods of pronounced 
and/or inhibited photosynthesis in the 
moss species. From data followes that 
photosynthetic processes within the period 
of Jan 8th – Feb 18th 2009 were not limited 
too much by water unavialibility. That was 
caused by two main reasons. First, the 
experimental plot was located within large 
carpet of Bryum sp. of eliptic sape and 
dimensions 15/4 m in length/width. Such a 
large area represented important water 
retention that kept liquid water for quite 
long time even during a period without 
precipitation. Second, at the beginning of 
January, there was small water source 
available from meeting snowfield in close 
vicinity of experimental plot. Therefore, 
water was not limiting factor at least at the 
beginning of January 2009. Maximum of 
ETRrel were thus found during the days 
with highest values of incident PAR (data 
not shown here).  

     As shown earlier (e.g. Leisner et al. 
1997, Green et al. 2002 ), the measurement 
PSII and ETRrel represents a tool to moni-
tor the physiological activity time courses 
of lichens especially hydration and/or 
dehydration of lichen thalli. To quantify 
net photosynthesis from PSII and ETRrel 
data, however, is not possible because net 
CO2 uptake (measured gasometrically) is 
not linearly related to ETRrel (chlorophyll 
fluorescence) - Green et al. (1998). More-
over, in water suprasaturated lichen thalli 
net photosynthesis is inhibited while 
ETRrel not (Pannewitz et al. (2006). Thus, 
for photosynthesis studies in Antarctic 
mosses and lichens, simultaneous gas 
exchange and chlorophyll fluorescence 
measurements can be recommended. Such 
trend in photosynthetic studies carried out 
in situ is expected to increase in future 
(Barták 2014) in orded to evaluate im-
portance of particular physical factors for 
limitation of photosynthesis in Antarctic 
mosses and lichens. 
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