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Abstract During austral summer 2006, experiments were
carried out to evaluate the effects of ultraviolet radiation
(UVR, 280-400 nm) on carbon fixation of natural phyto-
plankton assemblages from Patagonia (Argentina). Surface
water samples were collected (ca. 100 m offshore) at mid
morning using an acid-cleaned (1 N HCI) dark container.
The short-term impact of UVR (measured as radiocarbon
incorporation) was immediately assessed by exposing
samples to three artificial illumination treatments: PAR
(400-700 nm), PAR + UV-A (320-700 nm), and PAR +
UV-A + UV-B (280-700 nm). Pico-nanoplankton charac-
terized the assemblages, and taxon-specific pigment
fingerprinting combined with CHEMTAX and supple-
mented with microscopic observations showed varied
proportions of diatoms, chlorophytes, and cyanobacteria
throughout January—February 2006. Photosynthetic effi-
ciency, as assessed through assimilation numbers, was high
[between 4.4 and 10.4 pg C (ug chl-a)~' h™'], and it was
probably favored by the supply of inorganic nutrients from
the Chubut River. UVR-induced photoinhibition appeared
to be related to the taxonomic composition: in general,
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higher photoinhibition was observed when diatoms domi-
nated, whereas this was lower when samples were
dominated by chlorophytes. Our data suggest that xantho-
phyll pigments might have provided only limited protection
in these already highlighted acclimated assemblages.

Introduction

Phytoplankton organisms rely on solar radiation to drive
photosynthesis to synthesize carbohydrates. However, this
requirement exposes them also to solar ultraviolet radiation
(UVR, 280-400 nm), which is known to affect key mole-
cules, organelles, and metabolic processes (Vernet 2000;
Villafane et al. 2003; Héder et al. 2007). UVR can cause
photoinhibition, a process that is variable among species
and habitats (Villafane et al. 2003). Moreover, the effect
of UVR depends on nutrient and light history of the algae.
For example, significant variability in UVR-mediated
photoinhibition was observed when the dinoflagellates
Prorocentrum micans and Heterocapsa triquetra were
exposed to solar radiation under different nutrient regimes
(Marcoval et al. 2007). Additionally, inhibition of photo-
synthesis during excessive PAR (photosynthetically active
radiation, 400-700 nm) and UVR exposure was influenced
by acclimation to low irradiance and high irradiance in two
Thalassiosira species (van de Poll et al. 2006).
Phytoplankton have developed a suite of physiological
and biochemical responses that minimize the negative
effects of UVR exposure (Roy 2000; Banaszak 2003).
These include the following: (1) reduction of UVR expo-
sure by migrating downward in the water column, as seen in
the chlorophyte Dunaliella salina (Richter et al. 2007); (2)
protection by synthesizing compounds such as mycosporine
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like amino acids (MAAs) as demonstrated for many species
of cyanobacteria, dinoflagellates, and diatoms (Banaszak
2003), and xanthophyll pigments that can potentially dis-
sipate excessive energy as heat (Demming-Adams 1990;
Demers et al. 1991; Sobrino et al. 2005); and (3) repairing
DNA and/or protein damage (Buma et al. 2003; Bouchard
et al. 2005).

The net UVR impact in natural microbial communities
is the result of species specific differences in sensitivity as
well as in acclimation potential. Because of seasonal shifts
in species dominance and abundance, together with nutri-
ent and irradiance levels, it can be expected that the overall
UVR impact on phytoplankton also shows seasonal varia-
tion. A study carried out with natural phytoplankton
communities from coastal Patagonian waters demonstrated
interseasonal variability of UVR effects, with high UVR-
induced photoinhibition during spring and summer, and
low levels during winter (Villafafie et al. 2004). However,
biological weighting functions for this process showed that
winter communities were more sensitive than those char-
acterizing the summer. On the other hand, another study
(Banaszak and Neale 2001) showed that phytoplankton in
the Rhode River had a moderate sensitivity towards UVR
that mainly varied on short-term rather than on seasonal
time scales. In addition, a study in the Great Lakes dem-
onstrated that, in spite of the large variations in nutrients
and irradiance, phytoplankton sensitivity towards UVR
was similar throughout the year (Furgal and Smith 1997).
Finally, Gao et al. (2007) showed that the size structure of
the community and cloudiness conditioned the overall
impact of UVR on phytoplankton photosynthesis in a
tropical marine site of Southern China. Thus, responses to
UVR stress are not only related to the differential sensi-
tivity of the sampled assemblages, but also to the
combination of UVR exposure with other environmental
variables.

The focus of our study was to obtain knowledge on the
variability of UVR effects on photosynthesis of summer
phytoplankton communities of Patagonian coastal waters
with a resolution of 2-3 days. To achieve this, we evalu-
ated the shifts in phytoplankton community composition by
means of HPLC pigment fingerprinting in combination
with the CHEMTAX program, as well as by classical
microscopy and size fractionation. Then, we studied the
effects of UVR on carbon incorporation using short-term
artificial UVR exposures by means of a solar simulator. In
this way, possible effects of variable exposure quantity and
quality (as caused by season, time of day, atmospheric
influences) were eliminated. In addition, we assessed the
importance of photoprotective mechanisms (xanthophyll
cycling) that would allow these communities to cope with
the normally high radiation levels as registered in the area
at this time of the year (Helbling et al. 2005).
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Materials and methods
Study area and sampling

This study was conducted at Bahia Engafio, Chubut,
Argentina (43°18.8'S, 65°02'W, Fig. 1) during the period
from January 10, 2006, to February 19, 2006. The study
site is located in close proximity to the Chubut River
estuary, where geomorphology, biological, and chemical
characteristics were studied previously (Perillo et al. 1989;
Villafafie et al. 1991; Helbling et al. 1992; Sastre et al.
1994; Commendatore and Esteves 2004). Additionally, the
assessment of the impact of UVR on natural phytoplankton
assemblages was conducted before in this area (Barbieri
et al. 2002; Villafafie et al. 2004; Helbling et al. 2005),
however, using natural exposures and larger time intervals
between sampling.

To evaluate the variations in UVR-induced photoinhi-
bition of phytoplankton assemblages, routine sampling for
experimentation was carried out every 2-3 days. Surface
water samples were collected (ca. 100 m offshore) at mid
morning using an acid-cleaned (1 N HCI) dark container
and immediately taken to Estacion de Fotobiologia Playa
Uni6én (EFPU; 5 min away from the sampling site) where
the short-term effects of UVR upon phytoplankton photo-
synthetic rates were determined.

Experimentation

Samples were dispensed in 50-ml quartz tubes and inocu-
lated with 5 pCi (0.185 MBq) of labeled sodium
bicarbonate. The tubes were then attached to a black alu-
minum frame that was placed in a water bath inside a
temperature-controlled environmental chamber (20°C).
The samples were exposed for 2 h under a solar simulator
(Honle, Sol 1200, Germany). Three different radiation
treatments (duplicate samples for each treatment) were
implemented: (1) PAB treatment: samples receiving
PAR + UV-A 4+ UV-B (280-700 nm, unwrapped quartz
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Fig. 1 Map showing the study area and the relative position of the
Chubut Province in South America
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tubes); (2) PA treatment: samples receiving PAR + UV-A
(315-700 nm), tubes covered with Folex UV cut-off filter
(Montagefolie, No. 10155099), and (3) P treatment: sam-
ples receiving only PAR (400-700 nm), tubes wrapped
with Ultraphan UV Opak Digefra film [the transmission
characteristics of filters and materials were previously
reported elsewhere (Villafaiie et al. 2003)]. The lamp was
covered with acetate film to avoid UV-C exposure of the
samples. The irradiances used in the experiments were 183,
69.9, and 1.7 W m~ 2 for PAR, UV-A, and UV-B, respec-
tively. It should be noted that PAR irradiance is lower
and UVR levels are slightly higher than the mean noon
solar irradiances during the experimentation period (see
“Results”); however, they were within the upper and lower
limits of irradiances measured during the experimental
period. After the incubation period, the samples were fil-
tered onto Whatman GF/F filters (25 mm in diameter) and
the filters were exposed to HCI fumes overnight. Then, the
filters were dried and counted using a liquid scintillation
counter (Holm-Hansen and Helbling 1995). Photosynthetic
inhibition for each wavelength interval (i.e., carbon fixation
in the PAB and PA treatments relative to that in the
P control) over the incubation period was calculated as
follows:

UV-Binhibition = [(Cp — CPAB) — (Cp — CPA)}/(CP) x 100
UV-Ainhibition = (Cp — Cpy )/(Cp) x 100

where Cp Cpa, and Cpap are the carbon fixation values in
the P, PA, and PAB treatments, respectively.

Analyses and measurements
Pigment analyses

Duplicate aliquots of samples (100-250 ml) were filtered
onto Whatman GF/F filters (25 mm in diameter) under dim
light. The filters were immediately frozen in liquid nitrogen
and stored at —80°C until analysis in The Netherlands.
Filters were handled under dim light, freeze-dried (48 h),
and pigments extracted in 4 ml of 90% cold acetone (v/v,
48 h, 5°C). Then, pigments were resolved using HPLC
(Waters 2690 separation module, 996 photodiode array
detector) with a C;g 5 um DeltaPak reversed-phase column
(Milford, MA, USA) and identified by retention time
and diode array spectroscopy (Van Leeuwe et al. 2006).
Quantification was done using standard dilutions of chlo-
rophyll a, b, fucoxanthin, diadinoxanthin, diatoxanthin,
zeaxanthin, lutein, antheraxanthin, prasinoxanthin, allo-
xanthin, peridinin, and violaxanthin. The CHEMTAX
matrix factorization program (Mackey et al. 1996) was
used to assess phytoplankton class abundances. The initial
ratio matrix was largely based on the Southern Ocean

synthetic data set as presented by Mackey et al. (1997)
using peridinin (dinoflagellates), fucoxanthin (diatoms),
alloxanthin (cryptophytes), lutein (chlorophytes), and
zeaxanthin (chlorophytes and cyanobacteria) as marker
pigments. Prasinophytes might have been present in the
samples, despite the absence of prasinoxanthin in our
samples, since not all prasinophytes contain this group-
specific pigment. Yet, microscopy did not indicate the
presence of prasinophyte: in contrast, coccoid green algae
were observed more often in the area. Therefore, only
chlorophytes were included in the calculations. For all
phytoplankton classes, the ratio limits were set to 10% so
that only little variability was allowed for the output ratio
matrix.

Chlorophyll (chl a) concentration was measured twice,
once for pigment fingerprinting (as described before) and
once for calculations of carbon assimilation and size
fractionation, using fluorometry. For this later analysis,
duplicate aliquots of 100 ml of sample were filtered onto
a Whatman GF/F filter (25 mm in diameter) and the
photosynthetic pigments extracted in absolute methanol
(7 ml for at least 1h). The chl a concentration was
calculated from the fluorescence of the extract, before
and after acidification, using a fluorometer (Turner
Designs model TD 700) (Holm-Hansen et al. 1965). Size
fractionation was done by prefiltering a sample with a
Nitex® mesh (20 pm pore size) with subsequent chl a
analyses as described above; in this way, we had infor-
mation of the total chl a concentration as well as on the
chl a concentration in the <20 um size fraction. The
fluorometer is routinely calibrated using pure chl a from
Anacystis nidulans (Sigma C6144). As expected, HPLC-
derived chl a concentration and fluorometer-derived chl a
data were highly correlated (R2 = 0.9, P < 0.0001, data
not shown).

Additionally, scans of the methanolic extracts were
obtained using a spectrophotometer (Hewlett Packard
model HP 8453E) to estimate the amount of UV-absorbing
compounds based on the peak at 337 nm (Helbling et al.
1996).

Taxonomic analyses

Samples for identification and enumeration of phyto-
plankton were placed in 125 ml brown bottles and fixed
with buffered formalin (final concentration 0.4% of form-
aldehyde). A variable amount of sample (10-25 ml) was
allowed to settle for 24 h in a Utermo6hl chamber (Hydro-
Bios GmbH, Germany) and species were enumerated and
identified using an inverted microscope (Leica model DM
IL) following the technique described by Villafafie and
Reid (1995).
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Atmospheric variables

Incident solar radiation over the study area was measured
continuously using a broad band ELDONET radiometer
(Real Time Computers Inc., Germany) that measures UV-B
(280-315 nm), UV-A (315400 nm), and PAR (400-
700 nm) with a frequency of one reading per second and
stored the minute-averaged value for each channel. In
addition, continuous monitoring of other atmospheric
variables (i.e., temperature, humidity, wind speed, and
direction) was carried out using a meteorological station
(Oregon Scientific model WMR-918). Total ozone column
concentrations were obtained from NASA (http://jwocky.
gsfc.nasa.gov).

Statistics

The data were reported either as mean and half-range (as
duplicate samples were incubated due to the effective
area under the solar simulator) or as mean and standard
deviations when triplicate analyses were performed; the
nonparametric Kruskal-Wallis test (Zar 1999) was used
to test for significant differences between the samples
exposed to different radiation treatments, using a 95%
confidence limit.

We used multiple linear regression analysis to explain
the variability observed in photosynthetic performance and
UVR-induced photoinhibition. The variables that accounted
for most of the variability were temperature, xanthophylls
cycling, solar radiation, and species abundance (as deter-
mined by CHEMTAX analysis).

Results
Atmospheric variables

Solar radiation during the sampling period showed a day-
to-day variability in the daily doses due to cloud cover;
nevertheless, there was a trend for decreasing radiation
values after Julian day 29 (Fig. 2a, b). During the study
period, daily doses for PAR and UV-A (Fig. 2a) varied
between 6,200 and 11,200 and 960-1730 kJ m_z, respec-
tively. Following the same trend, daily doses of UV-B
ranged between 24.5 and 46.4 kJ m_z, with low values
determined on Julian days 35 and 36 (Fig. 2b). The mean
noon irradiances for the period were 311 (SD = 72.3),49.4
(SD = 10.5), and 1.55 (SD = 0.3) W m~? for PAR, UV-
A, and UV-B, respectively (data not shown). Ozone values
over Bahia Engafio were variable, but generally high,
ranging from 239 to 323 Dobson Units (D.U.) during
January and February (Fig. 2b). Ambient air temperature
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varied between 14.3 and 27.9°C, with a mean value of
19.4°C (Fig. 2c¢).

Pigments composition

Chl a concentration (Fig. 3a) during most of the study
period had values ranging between 5 and 15 pg chl a 17"
By the end of February, however, chl a concentration
increased and reached values as high as 35 pg chl a 17",
The samples were generally dominated by pico-nano-
plankton cells (<20 um) with more than 50% of chl a
allocated in this fraction (Fig. 3a). Chl b, characteristic of
green algae, showed small peaks during mid January
(0.82 ug chl b17") and at the beginning of February
(2.1 pg chl b1 h (Fig. 3b). Zeaxanthin concentration
varied between 0.19 and 0.72 ng 1_1, whereas lutein
reached a maximum concentration of 0.35 pg 17" (Fig. 3c).
Finally, fucoxanthin, diadinoxanthin, and diatoxanthin
concentrations were generally low (<4 pg17"), but they
increased towards the end of the sampling period, reaching
values as high as 15.7, 2.76, and 1.14 pg 17", respectively
(Fig. 3d).
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Taxonomic composition

There was a general good agreement between CHEMTAX
data and microscopic determinations of species composi-
tion. There was large variability in the relative proportion
of phytoplankton class abundances over the study period as
assessed with the CHEMTAX program (Fig. 4a). Dino-
flagellates as well as cryptophytes abundances were low
during the study period, ranging between 0.01 and 5.4%
and between 0.1 and 7.4% of total biomass, respectively.
Chlorophytes and cyanobacteria (Synechococcus type) also
showed high variability during the study period, ranging
from 3.7 to 51.4% and from 4.8 to 29.8% of total biomass,
respectively. Diatoms were found to be the most abundant
group, ranging from 35.8% (on Julian day 32) to 88.5% (on
Julian day 46) of total phytoplankton biomass. Phyto-
plankton abundance in terms of cell numbers (Fig. 4b) was

also variable, with values ranging between 223 and
2725 cells ml™", with a clear peak on Julian day 23, and
also high values towards the end of the study period. The
abundance of microplankton cells (>20 pm) was generally
low (<200 cells ml™"), but small peaks in cell numbers
were determined on Julian days 23 and 44 with 225
and 434 cells ml™', respectively. Microscopic analysis
revealed the conspicuous presence of picoplankton
(including Synecchococcus like cells) throughout the
study period (Fig. 4c) with concentrations as high as
1,550 cells ml~!. The high diatom concentrations were due
to the presence of small (<20 pm) Thalassiosira species,
although Odontella aurita and Chaetoceros spp. also con-
tributed for an important part to total diatom abundance.
The cell densities of dinoflagellates were always low, with
few species represented in the samples such as Gymnodi-
nium sp., Protoperidinium sp., and Prorocentrum micans.
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UVR impact on carbon uptake

Assimilation numbers obtained during 2 h exposure to the
solar simulator were variable and ranged between 4.4 and
10.4 pg C (pg chl a) ' h™' in the P treatment (Fig. 5a).
Lower assimilation numbers were found in samples
receiving additionally UV-A and UV-B. Inhibition of
photosynthesis (Fig. 5b) was detected in all samples, with
UV-A and UV-B either contributing equally to the inhi-
bition, or UV-B surpassing the contribution of UV-A. This
latter case was especially evident at the beginning of the
experimental period (Julian day 15) with 39% inhibition
due to UV-B and 21% due to UV-A.

Photoprotective compounds
The potential protective role of xanthophylls was evaluated

by considering both the pool of these pigments as
well as the de-epoxidation status (diatoxanthin relative

A
10 — !\
=\
T s @
r=
[$]
E
= 66— =
(&}
> _
=
4|
2
' [ \ \ ' \
10 20 30 40 50
Julian day
50 —
B
40 —| 4—@ UVA
A—A UV-B
<
< 30
c
Qo .
b=
T 20—
£
10 —
0 \ * \ * \ ' \
10 20 30 40 50
Julian day
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throughout the study period for samples exposed to PAR only
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UV-A 4 UV-B (PAB treatment) (note that samples under the PAB
treatment were lost on Julian days 19 and 20); b Percentage inhibition of
carbon fixation due to UV-A and UV-B. The lines on top of the
symbols indicate the half range
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to diadinoxanthin + diatoxanthin—dt/(dt 4+ dd) (Fig. 6).
Xanthophyll cycling of chlorophytes (VAZ cycle) could
not be calculated due to the fact that only traces of viola-
xanthin and antheraxanthin were detected in the HPLC
chromatograms. The total pool of xanthophylls (dt + dd)
was normalized to diatom (as the dominant dd + dt-con-
taining group) chl a, calculated from the fuco/chla ratio
used in the CHEMTAX input matrix. This derived ratio
((dd + dt)/chl-a) was relatively high and ranged between
0.11 and 0.32. The extent of conversion of diadinoxanthin
to diatoxanthin—dt/(dt + dd)—throughout the study per-
iod was also relatively high with a mean value of 0.5
(SD = 0.12) and ranging between 0.29 and 0.69.

Variability of photosynthetic efficiency
and UVR-induced photoinhibition

The relative contribution of the main factors accounting for
most of the variability observed in the photosynthetic
performance of PAR-exposed samples was done using a
multiple linear regression analysis. The best model
obtained (R* = 0.97, P < 0.0001) for the variability of
assimilation numbers is shown in Fig. 7a, and it had the
following equation:

Pas = 0.073T — 2.733dt/(dt + dd) + 0.05E (1)

where P, is the assimilation number of samples receiving
only PAR, T is the ambient temperature, dt/(dt + dd) is the
rate of conversion of the xanthophylls cycle, and E is the
solar radiation dosis.

For UVR-induced photoinhition (UVR;,,), throughout
the study period (Fig. 7b), we obtained the best model
(R*> = 0.96, P < 0.0001) as follows:

UVR;,, = 0.459 Diat — 0.015 Chloro + 5.246 Dino
4+ 0.78 Synec + 2.151 Crypto — 2.098 P

(2)
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Fig. 6 Total pool of xanthophyll pigments, expressed as the sum of
diadinoxanthin and diatoxanthin normalized to diatom chl a—
((dt 4 dd)/chl ap))—assuming a fucoxanthin to chl a ratio of 0.45
(Mackey et al. 1997) and the extent of conversion from diadinoxan-
thin to diatoxanthin dt/(dt + dd) throughout the study period
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(b). The thin lines and symbols are the experimental data while the
thick lines are the modeled data; the broken lines represent the 95%
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where Diat, Chloro, Dino, Synec, and Crypto are the
contributions of diatoms, chlorophytes, dinoflagellates,
Synechococcus, and cryptophytes (as determined by the
CHEMTAX program, Fig. 4a) and P, is the assimilation
number of samples receiving only PAR.

Discussion

In our study, we investigated the UVR-induced photoin-
hibition in relation to phytoplankton composition from
Patagonian coastal waters. To complement our previous
studies carried out in the area (Buma et al. 2001; Helbling
et al. 2001; Villafafie et al. 2004), our approach here was to
expose sea surface samples to constant temperature and
UVR and PAR illumination. Thus, we focused on respon-
ses due to changes in community structure and their
associated sensitivity to UVR. However, samples collected
at different times during the study period had their light

history and environmental preacclimation that conditioned
their overall UVR response. In the following paragraphs,
we will discuss the variability observed in UVR-induced
photoinhibition as associated to changes in taxonomic
composition and other environmental variables.

Summer time is considered the postbloom condition
in coastal Patagonian waters, with phytoplankton assem-
blages generally dominated by pico-nanoplankton cells
(<20 um) (Buma et al. 2001; Helbling et al. 2001; Barbieri
et al. 2002;Villafaiie et al. 2004). This dominance of pico-
nanoplankton cells has been observed in Bahia Engafio
throughout the study period, as seen in both chl a and cell
abundances (Figs. 3, 4). We further determined that
the pico-nanoplankton cells were mostly small diatoms,
chlorophytes, and cyanobacteria (Fig. 4). This pico-nano-
plankton abundance contrasts with the general pattern of
dominance of microplankton species during the winter,
where they cause blooms >100 pg chl a 17" (Barbieri et al.
2002; Villafane et al. 1991, 2004). These blooms are
associated with calm weather conditions during the winter
that allow for the stratification of the water column. In
contrast, the prevalence of high winds during spring and
summer favor the occurrence of deep upper mixed layers
that preclude the growth of large cells (Villafafie et al.
2004) as also seen in Antarctic waters (Kopczynska 1992).
It should be noted that during summer 2006 wind speed
was exceptionally low (daily mean during January
2006 = 2 m s~ ") as compared to the overall daily mean of
5 m s~ that was previously reported for this period (Vil-
lafafie et al. 2004; Helbling et al. 2005). Although wind
data for February 2006 were not available, qualitative
observations allow generalizing on the calm weather con-
ditions as determined during January. Wind has been found
to be a key variable shaping plankton communities in the
Patagonia region (Villafafie et al. 2004; Helbling et al.
2005; Gongalves et al. 2007). Moreover, wind is also
responsible for the amount of time that cells are exposed to
high radiation levels (i.e., at or near surface waters). When
calm conditions prevail, algae near the surface become
high-light acclimated, whereas the opposite occurs when
strong winds dominate. High-light acclimation in the
diatom samples was supported by the high abundance
of xanthophyll cycle pigments relative to chl a and by
the relatively high conversion rates to diatoxanthin
(mean = 0.5, Fig. 6). It has been previously determined
that these compounds increase photoprotection during
exposure to high PAR and UVR (Demers et al. 1991;
Kudoh et al. 2003; Mohovic et al. 2006; van de Poll et al.
2006; Dimier et al. 2007).

The high assimilation numbers (Fig. 5a) as compared to
those determined in an earlier study carried out in coastal
Patagonian waters—~ 1 pg C (ug chl a)~' h™' (Helbling
et al. 2001)—suggest a better photosynthetic performance
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of the phytoplankton assemblages sampled during the
summer of 2006, even under the high radiation levels
observed (Fig. 2). The high photosynthetic performance of
phytoplankton during this period could be related to the
input of nutrients via the outflow of the Chubut River. In
fact and although we did not measure nutrient concentra-
tion during summer 2006, it has been shown previously
(Helbling et al. 1992; Perez, personal communication) that
the river carries a heavy load of nitrogen, phosphorus, and
silicate due to supply of fertilizers used for agriculture
upstream.

The multiple linear regression analysis indicated a
positive relationship between temperature and assimilation
number, which was expected due to the efficiency of
enzymatic mechanisms (Falkowski 1981). In addition, a
negative relation was observed between the rate of
conversion of the xanthophyll cycle and assimilation
numbers of PAR-exposed samples. The high conversion of
xanthophylls to their heat-dissipating state suggests pho-
tosynthetic downregulation in these samples as a result of
(previous) high light exposure, thereby depressing carbon
incorporation rates while under the solar simulator. When
cells were also exposed to UVR, they always displayed
some degree of photoinhibition due to both UV-A and
UV-B (Fig. 5). We observed high variability occurring in a
relatively short period of time, with photoinhibition rang-
ing between 5 and 26% and between 10 and 39% for UV-A
and UV-B, respectively. These inhibition values are in the
range as those previously reported for Patagonian coastal
waters (Helbling et al. 2001; Helbling et al. 2005; Barbieri
et al. 2002; Villafafie et al. 2004). Similar to assimilation
numbers, multiple linear regressions analysis indicated that
the variability in UVR-induced photoinhibition was sig-
nificantly related to the contribution of diatoms,
chlorophytes, dinoflagallates, Synechococcus, and crypto-
phytes in the samples and to the assimilation number of
samples receiving only PAR. Furthermore, the negative
relationship of P,, and dt/(dt + dd) (Eq. 1) was also
supported by the positive relationship between the amount
of diatoms and the UVR;,, (Eq. 2), suggesting that when
high-light acclimated diatoms dominated, the assimilation
numbers decreased and photosynthesis was more inhibited
by UVR. On the other hand, UVR;,,;, was negatively related
to the amount of chlorophytes, suggesting that this group
had a better performance under UVR exposure as com-
pared to others present during the study period.

Moreover, mycosporine like aminoacids (MAAs) were
not detected in significant amounts throughout the study
period (data not shown). The lack of these compounds was
expectable, as during summer, the size structure of the
communities did not favor their accumulation, because
their useful concentration would be too high and osmoti-
cally disadvantageous (Garcia-Pichel 1994).

@ Springer

In conclusion, we have found that phytoplankton com-
munities from Patagonia were sensitive to UVR stress,
although the extent of the inhibition varied during the
summer. Taxonomic composition played a key role in
explaining the observed variability in UVR-induced inhi-
bition throughout the study period. Other environmental
variables, such as wind and nutrient input by the Chubut
River, presumably also played an important role condi-
tioning the photosynthetic performance of cells and so their
response to exposure to UVR.
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