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The combined effect of solar radiation (UV-B (280-315 nm), UV-A (315-400 nm) and PAR (400-700 nm)) and
vertical mixing (i.e., fluctuating radiation regimes) on the marine dinoflagellates Gymnodinium chlorophorum,
Heterocapsa triquetra and Prorocentrum micans was investigated during the austral spring in Patagonia,
Argentina. Photosynthesis, measured as radiocarbon incorporation, and accumulation of DNA damage, as
cyclobutane pyrimidine dimers (CPDs), were investigated under simulated mixed and non-mixed water
column conditions using 3 h incubations centered at local noon. Static samples had significant UVR-induced
photoinhibition that was higher in H. triquetra as compared to the other two species. Increasing mixing
speed significantly increased UVR-induced inhibition of carbon fixation in G. chlorophorum and H. triquetra.
No significant UVR effect was observed in P. micans under any of the mixing regimes. Most of the loss in
carbon fixation in G. chlorophorum was due to UV-B while in H. triquetra it was due to UV-A. Part of these
responses may be associated to the presence of UV-absorbing compounds which were abundant in P. micans,
and low in H. triquetra and in G. chlorophorum. However, other variables such as cell size and active repair
might have also influenced our results. We did not detect CPD accumulation in any of the species, probably
because of the low solar angle that resulted in very low levels of DNA effective UV-B dose. Our results indicate
that exposure to solar UVR in the Patagonia area during spring time (even during ozone depletion events) has
a clear impact on photosynthesis and much less or negligible on DNA in the three studied species.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Wind-induced vertical mixing affects the depth at which phyto-
plankton cells are found in the water column and thus, the mean
irradiance that they receive. Previous studies have shown that vertical
mixing can have different effects on aquatic primary production:
enhancing (Marra, 1978), decreasing (Kroon et al., 1992) or having no
effect (Yoder and Bishop, 1985). In these studies, however, phyto-
plankton was only exposed to variable Photosynthetically Available
Radiation (PAR, 400-700 nm). More recently, the impact of variable
(i.e., under mixing conditions) ultraviolet radiation (UVR, 280-
400 nm) on phytoplankton primary production was also considered
(see review of Neale et al. (2003). For example, studies in Antarctica
showed that a shallow upper mixed layer depth (ZUML) enhanced
short-term effects of UVR on photosynthesis as compared to
conditions of deep mixing (Helbling et al., 1994; Neale et al., 1998a).

The combined effects of vertical mixing and UVR on carbon fixation
were also studied in post-bloom phytoplankton populations from
Patagonia showing that the impact of UVR depended on the fraction of
the euphotic zone being mixed (i.e., the ratio of the depth of the upper
mixed layer (ZUML) to the depth of the euphotic zone, ZEu) (Barbieri
et al., 2002). When the simulated water column had shallow mixing
conditions (ratio ZUML/ZEu=0.6) photosynthesis was inhibited by UVR,
while an enhancement of photosynthesis in samples receiving UVR
was determined under deep mixing (ratio ZUML/ZEu=0.91). Some
studies further addressed the effects of UVR under different mixing
speeds and variable responses were obtained: On the one hand,
modeling showed that fast mixing enhanced photosynthetic inhibi-
tion in Antarctic phytoplankton (Neale et al., 1998a). On the other
hand, simulated in situ mixing studies in tropical waters (Helbling
et al., 2003) showed opposite results with increased carbon fixation in
samples exposed to UVR under fast mixing conditions. Similarly, fast
rotating samples of the red algae Porphyridium cruentum were less
inhibited by UVR as compared to those under slow mixing or
incubated at a fixed depth (Villafañe et al., 2005). Furthermore, it
was demonstrated that rapid vertical mixing not only counteracted
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