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a b s t r a c t

Experiments (6–8 days) were conducted during late summer, late fall and late winter, 2003 with waters
collected off Bahía Nueva, Chubut, Argentina (42.7� S, 65� W) to determine the combined effects of solar
ultraviolet radiation (UVR, 280–400 nm) and nutrient addition on phytoplankton communities. Samples
were put in UVR-transparent containers and incubated under two radiation treatments: (a) Samples
exposed to full solar radiation (PAB treatment, 280–400 nm) and (b) Samples exposed only to PAR
(PAR treatment, 400–700 nm). At the beginning of the experiments, nutrients (i.e., NaPO4H2 and NaNO3)
were added to one set of samples from each radiation treatment (N cultures) whereas in the other set,
nutrients remained at the concentration of the seawater. Chlorophyll a, biomass, UV-absorbing com-
pounds and taxonomic composition were recorded throughout the experiments. N cultures always had
significantly higher growth rates (P < 0.05) than that in non-enriched cultures. At the beginning of exper-
iments, phytoplankton communities were generally dominated by monads and flagellates but by the end,
diatoms comprised the bulk of biomass, with only one to four taxa dominating, suggesting a selection
towards more tolerant/less sensitive species. Over the experimental time frame, the observed taxonomic
changes were mostly due to nutrient availability, and to a lesser extent to solar UVR exposure. Overall,
the results indicate that environmental conditions (i.e., light history, nutrient concentration) together
with the physiological status of the cells play a very important role at the time to assess the combined
effect of nutrient addition and solar radiation on coastal phytoplankton assemblages from Patagonia.

� 2008 Elsevier B.V. All rights reserved.

1. Introduction

Ultraviolet radiation (UVR, 280–400 nm) is the most reactive
waveband that affects aquatic organisms [1,2] and consequently,
the ecosystem as a whole. UVR is generally considered a stress fac-
tor, causing negative effects on phytoplankton such as a reduction
of growth and photosynthetic rates [3] and damage to the genetic
material [4]. At the individual level, responses to UVR essentially
depend on the balance between specific sensitivity/acclimation
capacity, and the radiation levels impinging the organism. Studies
have demonstrated that in combination with other factors (e.g.,
nutrient status, temperature) the responses to UVR can be signifi-
cantly different than if only UVR is considered. For example, Litch-
man et al. [5] demonstrated the increased sensitivity to UVR in
nutrient-limited cultures of dinoflagellates. Shelly et al. [6] showed
that the decline in growth rates and fluorescence parameters of a
chlorophyte species was significantly faster after phosphorus star-

vation in the presence of UVR. Lesser [7], working with symbiotic
algae in corals, found significantly higher cellular concentrations
of superoxide radicals and hydrogen peroxide when the cultures
were exposed to elevated temperatures with and without exposure
to UVR. In studies addressing the interactive effects of UVR and
mixing, Helbling et al. [8] demonstrated that when phytoplankton
moved slowly within a simulated upper mixed layer, UVR inhibited
photosynthesis, whereas under fast mixing conditions carbon fixa-
tion increased in the presence of UVR. Finally, Sobrino et al. [9]
studied the combined effects of UVR and CO2 in two picoplankters
and they found that the response to UVR was different in each spe-
cies, depending on the CO2 treatment imposed during the
experiment.

It is thus clear that the assessment of the UVR impact upon a
particular phytoplankton community is very complex, as a number
of factors contribute to the overall response. The whole picture is
further complicated by the fact that there are several mechanisms
that act over long term periods of time (i.e., days, weeks) that allow
phytoplankton either to repair the damage produced and/or to
acclimate and thus minimize the negative effects caused by expo-
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