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ABSTRACT 
The effect of increased UV radiation on photosynthesis estimated as in vivo chlorophyll fluorescence i.e. optimal quantum yield 

(Fv/Fm) and electron transport rate (ETR) in the green filamentous alga Zygnemopsis decussata (Streptophyta, Zygnematales) 
growing in the high mountain lake "La Caldera" (Sierra Nevada, Spain) at 3050 m altitude was evaluated. Two sets of in situ 
experiments were conducted: (1) On July 2006, Fv/Fm was measured throughout the day at different depths (0.1, 0.25, 0.5 and 1 m) 
and in the afternoon, ETR and phenolic compounds were determined. In addition, in order to analyze the effect of UV radiation, 
Fv/Fm was determined in algae incubated for 3 days at 0.5m under three different light treatments: PAR+UVA+UVB (PAB), 
PAR+UVA (PA) and PAR (P). (2) On August 2007, Fv/Fm was determined under PAB, PA and P treatments and 
desiccation/rehydration conditions. Fv/Fm decreased in algae growing in surface waters (0.1 m) but also at 1 m depth compared to 
that at 0.5 m depth. The decrease of Fv/Fm at noon due to photoinhibition was small (less than 10%) except in algae growing at 1 m 
depth (44%). The maximal electron transport rate was 3.5-5 times higher in algae growing at 0.25-0.5 m respectively than that at 0.1 
and 1 m depth. These results are related to the accumulation of phenolic compounds: i.e. the algae at 0.25-0.5 m presented 
respectively about a 3-5 times higher concentration of phenolic compounds than that of algae at 0.1-1 m depth. The protection 
mechanisms seem to be stimulated by UVB radiation, since Fv/Fm was higher in the presence of UVB (PAB treatment) compared to 
PA or P treatments. UVA exerts the main photoinhibitory effect, not only at midday, but also in the afternoon. UVB radiation also 
had a protective effect in algae grown under desiccation conditions for three days. During re-hydration, the rapid increase of Fv/Fm 
(after 1 h) was higher in the UVB-grown algae than in algae grown under UVA radiation. After 5 h, Fv/Fm values were similar in 
algae submitted to desiccation/rehydration under PAB and P treatments as they were in the control (submerged algae). The 
combined effect of desiccation and UVA produced the greatest decrease of photosynthesis in Z. decussata. Thus UVB, in contrast to 
other species, may support the recovery process. Z. decussata can acclimate to severe stress conditions in this high mountain lake by 
the photoprotection mechanism induced by UVB radiation through dynamic photoinhibition and the accumulation of phenolic 
compounds (UV screen and antioxidant substances). 
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1. INTRODUCTION 

Increased UVB radiation at the Earth's surface due 
to stratospheric ozone depletion (Shindell et al. 1998) 
and low-ozone events in Europe (Pérez et al. 2002; Keil 
et al. 2007) can negatively impact the structure-function 
of aquatic ecosystems (Franklin & Forster 1997; 
Bischof et al. 2006) and processes from molecular to 
ecophysiological scales, i.e. DNA synthesis, biochemi-
cal composition, photosynthesis (Day & Neale 2002), 
nutrient uptake (Hessen et al. 1997), biomass, species 
composition, and growth rates in phytoplankton and 
peryphyton (Vinebrooke & Leavitt 1996; Buma et al. 
2003; Leu et al. 2007). 

Although the concentration of ozone-depleting sub-
stances in the atmosphere is decreasing, the ozone layer 

is still far from recovering its values of the eighties. 
There is greater uncertainly about future UVB radiation 
than future ozone concentrations, as UVB radiation will 
be additionally influenced by climate change 
(McKenzie et al. 2007). At some sites in the Northern 
Hemisphere, UVB irradiance may continue to increase 
because of continuing reduction in aerosol extinction 
since 1990. The ozone layer is not expected to recover 
until 2070 due to the decrease of the temperature in the 
stratosphere as an effect of climate change (Caldwell et 
al. 2007). The decrease of the ozone layer in the south 
of the Iberian Peninsula has been about 0.3% per year, 
corresponding to a 0.5-0.75% increase in biological 
weighted irradiance related to DNA damage and algal 
photoinhibition (Häder et al. 2007).  

UVB radiation is naturally greater in high mountain 
lakes, due both to altitude (UVB increasing about 8-


