
 

 

 University of Groningen

Ultraviolet radiation and primary productivity in temperate aquatic environments of Patagonia
(Argentina)
Villafañe, Virginia

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2004

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Villafañe, V. (2004). Ultraviolet radiation and primary productivity in temperate aquatic environments of
Patagonia (Argentina). [Thesis fully internal (DIV), University of Groningen]. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://research.rug.nl/en/publications/9d7174c8-4375-44bf-a319-5e07c8a124d8


71

Chapter 5

Combined effects of solar ultraviolet radiation and nutrient addition upon natural
phytoplankton communities off Patagonia (Argentina)

Villafañe VE, Marcoval MA, Helbling EW

ABSTRACT

Experiments to determine the long-term (i.e., 12-14 days) combined effects of solar radiation
and nutrient addition were conducted with natural phytoplankton assemblages collected at
three sites off the Patagonian coast, Argentina – 42 - 44°S (i.e., Bahía Engaño, Bahía Camarones
and Bahía Nueva) during January – March 2003.  Samples from each site were put in UVR
transparent containers and incubated under three (ambient) radiation treatments: a) Samples
exposed to UVR + PAR (280-400 nm) - PAB treatment; b) Samples exposed to UV-A + PAR
(320-400 nm) – PA treatment, and, c) Samples exposed to PAR only (400-700 nm) – P treatment.
Nutrients (i.e., f/2 concentration) were added to the samples either at the beginning (i.e., N0
cultures) or after 6-7 days of exposure to solar radiation (i.e., Nx cultures).  Growth (i.e.,
estimated from chl a measurements) and floristic composition were monitored every 1-2
days; in addition, primary productivity rates were determined at the beginning and during the
exponential phase of N0 cultures.  At the three sites we determined significantly higher growth
rates in the Nx than in the N0 cultures.  In addition, we found that photosynthetic inhibition due
to UV-A was higher than that produced by UV-B, and that overall inhibition decreased with
time suggesting acclimation of cells to the new (i.e., experimental) radiation conditions.  At
all sites the communities were dominated by small flagellates but differences in the diatom
composition were found between experiments, as well as within radiation / nutrient
treatments.  N0 cultures of Bahía Engaño were characterized by Guinardia delicatula, whereas
in the Nx cultures this diatom co-dominated with other species.  In Bahía Camarones, and
except for N0_P cultures, where Asterionellopsis glacialis was dominant, Nitzschia longissima
always accounted for an important fraction of the diatom community.  In Bahía Nueva
Skeletonema costatum generally dominated the diatom community, but co-dominated with
Leptocyilindrus sp. in the treatments N0

_
PAB and N0

_
PA cultures.  Overall, our results indicate

that no generalizations can be made in regard to the responses of different phytoplankton
assemblages to the combination of solar radiation exposure and nutrient addition.  The
responses seem to be related to the initial composition of the assemblages, the previous light
history and the nutrient status of cells.  However, UVR exposure and nutrient addition do
seem to account, at least in part, for an important part of the observed phytoplankton biodiversity
from Patagonian waters.

INTRODUCTION

Ultraviolet radiation (UVR, 280-400 nm) has been considered the most reactive waveband
that might cause negative effects on organisms, hence reducing their performance within
their habitat (Caldwell et al. 1995, Häder et al. 1995).  In the 80’s, and after the discovery of
the Antarctic ozone ‘hole’ (Farman et al. 1985) photobiological studies were devoted to
evaluate the impact that solar UVR might have on aquatic organisms, and by the end of that
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decade it was thought that enhanced UVR, mainly UV-B (280-315 nm) would cause such
deleterious effects on phytoplankton – i.e., significant reduction in primary production and
growth rates - that it would result in a collapse of the Antarctic ecosystem (El-Sayed 1988).
It is known now however, that although both normal and enhanced levels of UVR do cause
significant negative effects on short-term basis (Holm-Hansen 1997, Wängberg & Selmer
1997) there are several mechanisms that act over longer 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 the exposure to those short wavelengths
(Roy 2000, Banaszack 2003).
Long-term acclimation mechanisms to UVR of phytoplankton cells essentially include, at
the individual level, a modification of physiological conditions, such as for example through
the synthesis of protective UV-absorbing compounds, e.g., mycosporine-like amino acids
(MAAs) (Helbling et al. 1996a, Zudaire & Roy 2001) or carotenoids (Underwood et al.
1999).  At the community level, taxonomic alterations (Bothwell et al. 1993, Villafañe et al.
1995a, Wängberg et al. 1996, Cabrera et al. 1997) and changes in growth (Kim & Watanabe
1994, Wängberg et al. 1996) and productivity rates (Lesser 1996, Helbling et al. 1996a) are
frequently cited.  In addition, other factors (e.g., nutrient status, temperature) can interact
on the long run and account for the overall response of phytoplankton when exposed to
UVR: For example, Litchmann et al. (2002) demonstrated the increased sensitivity to UVR
in nutrient-limited cultures of dinoflagellates, and Lesser (1996) and Lesser et al. (1996)
have shown the interaction of UVR effects and temperature on phytoplankton.
In this paper we are evaluating the long-term responses to solar UVR of phytoplankton
communities collected at three different coastal sites of the Patagonia region (Chubut,
Argentina).  We are also considering the contribution of nutrients addition to the overall
effects of UVR on these communities.  The study sites present very interesting characteristics
in regard to their radiation climate (i.e., with relatively high heliophany and with episodic
ozone depletion events) (Orce & Helbling 1997), but relatively few studies have evaluated
the effects of solar radiation on natural marine phytoplankton communities (Buma et al.
2001a, Helbling et al. 2001a, Villafañe et al. 2001, 2004a, c).  In this study, the three sites
chosen are relatively close in distance – hence having a rather similar ground radiation
climate (Helbling et al. unpub. data) but they present enough differences in their bio-optical
as well as in their geo-morphological characteristics that allow interesting comparisons
about long-term effects of solar UVR in summer phytoplankton communities of the Patagonia
region.

MATERIALS AND METHODS

Sampling sites

Long-term experiments (i.e., 12-14 days) were done with samples collected at three sites of
the Chubut coast of Argentina: a) Bahía Engaño (43.3° S, 65° W); b) Bahía Camarones
(44.9° S, 65.6° W) and, c) Bahía Nueva (42.7° S, 65° W).  The cities of Playa Unión,
Camarones and Puerto Madryn are located alongshore Bahía Engaño, Bahía Camarones
and Bahía Nueva, respectively (Fig. 1).
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Figure 1: Map of the study area
indicating the three sites of
sampling (Bahía Engaño,
Bahía Camarones and Bahía
Nueva).  The inset shows the
relative position of the
Chubut Province within
South America.

a) Bahía Engaño: The study area is located at the mouth of the Chubut River, thus receiving
nutrients supply through river runoff.  The bay is relatively open to Atlantic Ocean waters,
and it is characterized by wide sandy beaches alongshore.  Several studies have been
conducted in the area, oriented to determine its geo-morphological characteristics (Perillo
et al. 1989), bloom and nutrient dynamics (Villafañe et al. 1991, Helbling et al. 1992a) as
well as UVR responses of natural phytoplankton populations (Barbieri et al. 2002, Villafañe
et al. 2004a, c).  The long-term experiment with water collected from this site was carried
out during the period 17-30 January, 2003.
b) Bahía Camarones: As in Bahía Engaño open waters characterize the area but relatively
abrupt cliffs build the coast and rocky shores dominate.  Studies assessing the impact of
solar UVR upon natural phytoplankton communities have been carried out in the nearby
Bahía Bustamante (Buma et al. 2001b, Helbling et al. 2001a).  The experiment with water
collected from this site was carried out during the period 5-18 February, 2003.
c) Bahía Nueva: This study area is clearly different from the two previously described, as it
is located within Golfo Nuevo, which is an enclosed system with relatively little exchange
with open waters from the Atlantic Ocean (Rivas & Beier 1990).  Phytoplankton studies in
this area have particularly focused on monitoring toxic species, such as Alexandrium
tamarense and Prorocentrum lima (Gayoso 2001, Esteves et al. 1992, Gayoso et al. 2002).
The experimentation period with water collected in Bahía Nueva was February 25 to March
9, 2003.

Experimentation

Surface water samples were collected 500-1000 m offshore with an acid- cleaned (1 N HCl)
polycarbonate carboy and immediately taken to the Estación de Fotobiología Playa Unión
(EFPU) where long-term experiments were conducted as following: For each experiment
(i.e., with waters from Bahía Engaño, Bahía Camarones and Bahía Nueva, respectively),
the samples were put in six 4-liter UV-transparent containers (Plexiglas UVT, GS 2458,



74

Röhm and Haas, Darmstadt, Germany) and exposed to three radiation treatments: (1) Two
samples receiving full radiation (UVR, 280-400 nm, and PAR, 400-700 nm) – uncovered
containers - PAB treatment; (2) Two samples receiving UV-A (320-400 nm) and PAR –
containers covered with UV cut-off filter foil (Montagefolie, N°10155099, Folex) (50%
transmission at 320 nm) - PA treatment; and (3) Two samples receiving only PAR –
containers covered with Ultraphan film (UV Opak, Digefra) (50% transmission at 395 nm)
- P treatment (the spectra of these materials have been published in Figueroa et al. 1997b).
Nutrients were added to the containers (f/2 concentration - Guillard & Rhyter 1962) at
different times during the experiments: One container from each radiation treatment
received nutrients at the beginning of experimentation (i.e., N0 cultures), whereas nutrients
were added to the other three containers approximately one week after experimentation
started (i.e., Nx cultures).  The containers where placed in a water-bath with running water
as temperature control and exposed to natural radiation for 12-14 days.
At the beginning of each experiment, samples were taken to determine chlorophyll-a (chl
a), UV-absorbing compounds (i.e., spectral absorption characteristics) and floristic composition
(see below).  Sampling was done on daily basis to determine growth rates (i.e., through chl
a concentration), whereas every other day sub-samples were taken to determine UV-
absorbing compounds and taxonomic composition of the community.  In addition, at the
beginning (t0) and during exponential / maximum growth phases (i.e., from the N0 cultures,
and also in Nx cultures in Bahía Engaño samples) sub-samples from each radiation treatment
were put in 20 ml quartz tubes to determine photosynthetic rates (see below) under three
radiation treatments: (1) Samples receiving full radiation (UVR + PAR) – uncovered tubes;
(2) Samples receiving UV-A + PAR – tubes covered with UV cut-off filter foil (as above);
and (3) Samples receiving only PAR – tubes covered with Ultraphan film (as above).

Analyses and measurements

The analytical procedure for each determination / measurement was as follows:
Chlorophyll a (chl a). Chl a concentration was measured by filtering a variable amount of
water sample onto a Whatman GF/F glass fiber filter (25 mm) and extracting photosynthetic
pigments in absolute methanol (Holm-Hansen & Riemann 1978).  The fluorescence of the
methanolic extract was measured using a Turner Designs fluorometer (model TD700)   before
and after acidification, and chl a concentration was calculated from these readings
(Holm-Hansen et al. 1965).  The fluorometer was calibrated using pure chl a from Anacystis
nidulans (Sigma # C 6144).
UV-absorbing compounds. UV-absorbing compounds were determined by filtering a variable
amount of water sample onto a Whatman GF/F glass fiber filter (25 mm) and extracting
these compounds in absolute methanol overnight.  The estimation of concentration of UV-
absorbing compounds (Helbling et al. 1996a) was done by peak analysis of the scans
(250-750 nm) obtained using a Hewlett Packard spectrophotometer (model 8453E).
Floristic analysis. Water samples were fixed with buffered formalin (final concentration in
the sample = 0.4 % of formaldehyde).  The quantitative analysis of phytoplankton cells was
carried out using an inverted microscope (Utermöhl 1958).  The samples (25 ml) were
settled for 24 h, and then counted with 200x magnification for microplankton (> 20 µm)
and with 400x for nanoplankton cells (< 20 µm).  A drop of Rose Bengal was added to the
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sample in the settling chamber to better distinguish between cells which were live or dead at
the time of collection (Villafañe & Reid 1995).
Photosynthetic rates. Samples were put in 20 ml quartz tubes and inoculated with 2.5 - 5 µCi
of labeled sodium bicarbonate - ICN Radiochemicals (Steeman Nielsen 1952).  After 4-6 h
of incubation, samples were filtered onto a Whatman GF/F glass fiber filter (25 mm).  Then
the filter was placed in 7 ml scintillation vials, exposed to HCl fumes overnight, dried, and
counted using standard liquid scintillation techniques (Holm-Hansen & Helbling 1995).
Radiation measurements and other atmospheric parameters. Incident solar radiation was
measured continuously using a broad band ELDONET radiometer (Real Time Computers
Inc.) that measures UV-B (280-315 nm), UV-A (315-400 nm) and PAR (400-700 nm) with
a frequency of one reading per minute.  In addition, continuous monitoring of other atmospheric
parameters (i.e., temperature, humidity, wind speed and direction, barometric pressure and
rain) was carried out using a meteorological station Oregon Scientific (model WMR-918)
(no temperature data was obtained during the experiment carried out with waters collected
from Bahía Nueva).
Statistics. A non parametric analysis (i.e., Kruskal-Wallis) (Zar 1984) was used to establish
differences among treatments; a confidence level of 95% was used in all analyses.

RESULTS

Solar radiation and ambient temperature data during the period January – March 2003 is
shown in Fig. 2.  There was a day-to-day variability in daily doses due to cloud cover but, in
spite of this, there was a clear trend for decreasing values after Julian day 50.  Maximum
daily doses were measured during January, reaching values of ~ 12 MJ m-2, 1600 KJ m-2 and
45 KJ m-2 for PAR (Fig. 2A), UV-A (Fig. 2B) and UV-B (Fig. 2C), respectively.  Very low
values, however, were determined during the experimentation period (i.e., Bahía Camarones
experiment) with values of ~ 1 MJ m-2, 300 kJ m-2 and 6 kJ m-2 for PAR, UV-A and UV-B,
respectively.  Ambient temperature (Fig. 2D) also had high variability during January - March,
with mean values ranging from ~ 11 to 27 °C that fell within the range 5°C - 35°C.
The PAR irradiance conditions during the three experiments is presented in Fig. 3.  Maximum
PAR irradiance levels were higher during the Bahía Engaño experiment (i.e., ~ 550 W m-2)
(Fig. 3A) than during that of Bahía Camarones (i.e., ~ 450 W m-2) (Fig. 3B) and that of
Bahía Nueva (i.e., ~ 400 W m-2) (Fig. 3C).  In general, maximum PAR values (and also
UV-A and UV-B, data not shown) were rather similar within each experiment, with the
exception of day #11 in the Bahía Camarones experiment (Fig. 3B), were values as low as
50 W m-2 were recorded.  During the Bahía Engaño experiment (Fig. 3A) scattered clouds
characterized most of the days (except for day #9), whereas experiments with Bahía
Camarones and especially with Bahía Nueva waters (Fig. 3B, C, respectively) were done
under mostly clear sky conditions.
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Figure 2: Incident solar radiation and atmospheric
temperature during the austral summer (period
January – March 2003).  Solar radiation is
expressed as daily doses for: A) PAR (MJ m-2);
B) UV-A (KJ m-2) and, C) UV-B (KJ m-2).  (D)
Mean daily temperature – in °C (solid line) and
minimum and maximum values (broken lines).
The lines on top A indicate the experimentation
time at Bahía Engaño (BE), Bahía Camarones
(BC) and Bahía Nueva (BN).

Figure 3: Incident solar radiation (PAR, in
W  m-2) received by the phytoplankton
natural assemblages during the experiments.
A) Bahía Engaño experiment; B) Bahía
Camarones experiment and, C) Bahía
Nueva experiment.

The daily variation in chl a concentration for Bahía Engaño, Bahía Camarones and Bahía
Nueva waters exposed to different radiation / nutrient treatments is presented in Fig. 4.  Chl
a concentration in the three study sites was either constant or decreased during the first 6-7
days in the Nx samples (open symbols).  On the other hand, N0 samples (solid symbols) had
an exponential increase in chl a concentration from day 1 except for the Bahía Camarones
experiment (Fig. 4B) where a short lag phase of one day was noticed.  Maximum chl a
concentration in the three places reached values close to 100 µ chl a l-1 for N0 samples.
With the exception of Bahía Engaño samples, Nx cultures reached lower chl a values than
N0 samples (although the difference was not significant), and had smaller differences
between radiation treatments, with the exception of Bahía Camarones samples.
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Figure 4: Chlorophyll-a concentration
(in µg l-1) during the experiments.
Solid symbols indicate the N0

cultures while open circles indicate
the Nx cultures. A) Bahía Engaño
experiment; B) Bahía Camarones
experiment and, C) Bahía Nueva
experiment.

Within the same experiment, growth rates (i.e., µ) were significantly lower in N0 than in Nx
cultures (Table 1).

Table 1: Mean growth rates (day-1) for Bahía Engaño, Bahía Camarones and Bahía Nueva experiments.
The radiation treatments were
PAR+UV-A+UV-B (PAB);
PAR+UV-A (PA) and PAR only
(P).  N0 indicate addition of    nu-
trients at the beginning of the ex-
periment whereas Nx indicate the
addition of nutrients after       6-7
days.  The asterisks indicate sig-
nificant differences between N0
and Nx cultures (i.e., comparing the
same radiation treatment).

On the other hand, and within the same nutrient treatment from each experiment, there were
not significant differences in growth rates between radiation treatments (p > 0.05).  When
comparing the effect of nutrient addition at the three sites, it is seen that Bahía Camarones
samples had the highest change in growth rates, with the lowest µ values in the N0 (i.e., 0.62
day-1 in the PAB treatment) and the highest in the Nx cultures (i.e., 2.38 day-1 in the P treatment).
On the other hand, samples from Bahía Engaño and Bahía Nueva presented less variation in
µ between N0 and Nx cultures.

Treatment Bahía Bahía Bahía
/ Site Engaño Camarones Nueva
N0_PAB 0.77 0.75 0.87
N0_PA 0.86 0.62 0.96
N0_P 0.83 0.65 0.99
Nx_PAB 0.95* 1.53* 1.40*
Nx_PA 1.06* 2.13* 1.35*
Nx_P 1.22* 2.38* 1.45*
p (µN0 = µNx) 0.029 0.002 0.001



78

Fig. 5 shows the photosynthetic inhibition due to UV-B and UV-A during different stages
(i.e., different treatments) of the experiments; the inhibition values were normalized by the
mean PAR during the incubation to account for the different radiation conditions during the
exposure of samples.  In the three experiments photosynthetic inhibition due to UV-A (Fig.
5B) was higher than that produced by UV-B.  Within each experiment, there were not
significant differences in photosynthetic inhibition due to UV-B between samples
incubated at the beginning and later on (i.e., N0 and Nx cultures) (Fig. 5A).  However, in
Bahía Engaño and Bahía Camarones experiments (Fig. 5B) photosynthetic inhibition due
to UV-A was significantly different when comparing samples incubated at the beginning of
the experiment with those collected later on.

Figure 5: Photosynthetic inhibition due
to UV-B and UV-A during the
Bahía Engaño, Bahía Camarones
and Bahía Nueva experiments
when exposed to different nutrient
/ radiation treatments.  T0 denotes
the photosynthetic inhibition
(UV-B and UV-A) at the beginning
of the experiment, whereas N0 and
Nx are the photosynthetic inhibition
in the treatments in which nutrients
were added at the beginning or later
on in the experiments, respectively.
The asterisk on top of the bars
indicates significant differences
(p < 0.05).

The initial taxonomic composition of samples collected at Bahía Engaño, Bahía Camarones
and Bahía Nueva waters was different (Fig. 6): Even though at the three sites unidentified
monads / flagellates dominated, and that dinoflagellates abundance was negligible (i.e.,
always accounted for < 1% of total cells throughout experiments), differences in the diatom
composition were determined between the study sites, with variable proportion of centrics
/ pennates (Table 2).
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Figure 6: Relative contribution
of diatoms species at the
beginning (t0) and during
the exponential phase of
the N0 and Nx cultures and
for the three radiation
conditions (i.e., PAB, PA
and P, respectively). A)
Bahía Engaño experiment;
B) Bahía Camarones
experiment and, C) Bahía
Nueva experiment.  D_10-20:
discoids 10-20 µm in
diameter; Di_br: Ditylum
brightwellii; P_10-20:
pennate 10-20 µm in
 30-40 µm in diameter;
Ch_sp: Chaetoceros spp.,
Gu_de: Guinardia
delicatula; As_gl:
Asterionellopsis glacialis;
Ni_lo: Nitzschia
longissima; Ps_sp:
Pseudonitzschia spp;
Sk_co: Skeletonema
costatum; Le_sp:
Leptocylindrus sp.

Table 2: Initial composition (cells ml-1) of samples collected at Bahía Engaño, Bahía Camarones and
Bahía Nueva.

Group Bahía Engaño Bahía Camarones Bahía Nueva

Centric diatoms 47 8 147

Pennate diatoms 45 363 74

Dinoflagellates 14 4 8

Monads / flagellates 1649 2667 3650

Total cells 1775 3042 3879

The species that accounted for 75% (or more) of the diatom community in Bahía Engaño
were pennates 30-40 µm in diameter and Asterionellopsis glacialis (Castracane) Round,
and the centrics Guinardia delicatula (Cleve) Hasle and diverse Chaetoceros Ehrenberg
species (Fig. 6A).  The pennates A. glacialis, various Pseudonitzschia H. Peragallo in H.



80

and M. Peragallo species and Nitzschia longissima (Brébisson, in Kützing) Ralfs in Pritchard
dominated the diatom community in Bahía Camarones (Fig. 6B).  On the other hand, in
Bahía Nueva the diatoms Leptocylindrus Cleve, N. longissima and Chaetoceros spp. were
the most important species at the beginning of the experiment (Fig. 6C).  As the experiments
progressed, the diatom composition changed, so that in the experiment with waters from
Bahía Engaño, G. delicatula dominated the N0 cultures.  In the Nx cultures, G. delicatula
co-dominated together either with small pennate and centric diatoms (10-20 µm in diameter),
or with A. glacialis and Ditylum brightwellii (West) Grunow (i.e., in the PA treatment).  In
the Bahía Camarones experiment, and except for the samples exposed to full radiation in
the N0 cultures (i.e., where A. glacialis was the dominant species), N. longissima always
accounted for an important fraction of the diatom community.  However, it co-dominated
together with small diatoms in the other treatments, except for samples exposed only to
visible radiation in the Nx cultures (i.e., co-dominance with A. glacialis).  Finally, in the
Bahía Nueva experiment Skeletonema costatum (Greville) Cleve accounted for an important
proportion of the diatom community and co-dominated with Leptocyilindrus sp. in the treatments
PAB and PA of the N0 cultures.

DISCUSSION

Studies have demonstrated that UVR is a very important controlling factor for aquatic
communities, producing adverse effects on phytoplankton, e.g., reduction of growth and
photosynthetic rates and DNA damage (Häder et al. 1995, Buma et al. 2003, Villafañe et al.
2003) which can affect the overall performance of higher trophic levels within the ecosystem.
As a whole, UVR impact on the phytoplankton community depends on the radiation levels
at which organisms are exposed, their specific tolerance and their ability to reduce and / or
minimize any damage produced (Roy 2000).  When assessing UVR effects on phytoplankton,
the interaction of UVR with other abiotic factors– e.g., temperature and nutrient status
(Lesser 1996, Lesser et al. 1996, Litchman et al. 2002) and the temporal scale of observation
(Holm-Hansen 1997, Wängber & Selmer 1997) are important as well.  Although extensive
research has been carried out to address the short-term effects of UVR on phytoplankton
(i.e., with experiments lasting less than one day, see review of Villafañe et al. 2003), the
performance of phytoplankton communities over longer temporal scales (i.e., days / weeks
- Villafañe et al. 1995b, Helbling et al. 1996a, 2001c, Lesser 1996, Cabrera et al. 1997,
Halac et al. 1997, Zudaire & Roy 2001) have been relatively less studied.  As a new
contribution to the understanding of the UVR effects on the aquatic biota, here we present
data on the long-term combined effects of nutrients addition and solar UVR exposure on
three summer phytoplankton assemblages from the Patagonia coast off Argentina.
The three sampling sites in the Patagonia coast chosen for our study are relatively close in
distance (Fig. 1), but differences in the initial diatom taxonomic composition of the three
communities were found, with varied proportions of centrics to pennates (Fig. 6, Table 2).
It should be noted that although diatom concentrations were low in the three experiments
(Table 2), they contributed for a variable share - and sometimes important - of total carbon
biomass (data not shown).  These differences in taxonomic structure were rather expected
due to the timing of experimentation (i.e., January – March).  This timing difference also
was reflected in the irradiances / doses levels received by cells, with somewhat large values



81

during the Bahía Engaño than in the Bahía Camarones and Bahía Nueva experiments (Figs.
2, 3), but probably these variable (ground) radiation levels are not the main factor accounting
for differences in the diatom community composition.  Instead, phytoplankton diversity
differences are more probably related to the geo-morphological characteristics of the three
study sites, which are in turn related to water turbidity, underwater radiation field, as well as
the physico-chemical environment.  Although Bahía Engaño and Bahía Camarones are
open waters to the Atlantic Ocean, the former differs from Bahía Camarones because it is
located at the mouth of the Chubut River.  Bahía Nueva waters on the other hand, encompass
a semi-enclosed system with little exchange with open waters.  Consequently, there are
differences in regard to the radiation field under which cells are exposed, with relatively
opaque waters in Bahía Engaño (i.e., KPAR up to 0.9 m-1, Helbling et al. unpub. data) due to
heavy sediment load transported by the river (Perillo et al. 1989, Helbling et al. 1992a) as
compared to Bahía Camarones (KPAR = 0.31 m-1) or Bahía Nueva waters (KPAR < 0.3 m-1)
(Helbling et al. unpub. data).
On the other hand, the three study sites share climatic characteristics – i.e., they are highly
exposed to strong winds during spring / summer seasons (Villafañe et al. 2004a) which
results in mixed conditions that seem to favor the development of flagellate - dominated
communities as found in the Southern Ocean (Kopczynska 1992, Villafañe et al. 1995a).  In
fact, time series studies carried out at Bahía Engaño (Barbieri et al. 2002, Villafañe et al.
2004a) have determined pre- and post-bloom communities dominated by unidentified monads
/ flagellates, and in studies done nearby Bahía Camarones – i.e., Bahía Bustamante (Buma
et al. 2001b, Helbling et al. 2001a) and in Bahía Nueva (Gayoso 2001) the authors reported
the conspicuous presence of pico - nanoplankton cells during late spring / summer.  In
addition to strong mixing, other factors might shape the taxonomic structure as found in our
study sites.  For example, low nutrient concentrations have been found to favor the growth
of pico - nanoplankton cells because their high surface-to-volume ratio allows these cells to
optimize nutrient utilization (Falkowski 1981).  In fact, as shown in our study, nutrient
concentration was limiting these post-bloom assemblages, with a relatively long lag phase
in Nx cultures and, conversely, a rapid exponential growth when nutrients were added at the
beginning of the experiments (i.e., N0 cultures); moreover, when nutrients were added to
the Nx cultures, a fast exponential growth was also observed (Fig. 4).
As phytoplankton assemblages were exposed to the experimental conditions (i.e., different
radiation / nutrient treatments), it was determined that growth rates were significantly lower
in the N0 than in the Nx cultures (Fig. 4, Table 1).  This response is probably associated to
the previous light history of these assemblages (i.e., which were collected during the strong
mixing period and thus acclimated to low irradiance levels) so that cells in the N0 cultures
had a high energetic cost in adjusting to the new radiation conditions (i.e., similar of being
at the surface).  Nx cultures, on the other hand, had enough time to acclimate to the new (and
maximum) radiation conditions as imposed in the experiment, so that the “selected” cells
took full advantage of nutrient addition and had higher growth rates as compared to the N0
cultures.  In addition, and within the same nutrient treatment, no significant differences in
growth rates were found among radiation treatments (Table 1), as also seen in other
long-term studies (Villafañe et al. 1995b, Davidson et al. 1996), suggesting that cells
acclimated relatively fast and that any adverse effect produced by UVR was not chronic.
Measurements of photosynthetic inhibition show that UV-A induced inhibition was higher
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that than produced by UV-B (Fig. 5).  The fact that UV-A is generally responsible for the
bulk of inhibition in diverse freshwater and marine environments of the World – as seen in
studies carried out by Bühlmann et al. (1987), Helbling et al. (1992b) and Villafañe et al.
(1999) among many others - is because even though UV-B wavelengths are potentially
more damaging, the amount of UV-A energy that reaches the Earth´s surface is higher.
Nevertheless, we determined in this study that UV-A induced photosynthetic inhibition
was significantly higher at t0 than later on (i.e., N0 cultures) at Bahía Engaño and Bahía
Camarones experiments (Fig. 5B).  Again, this seems to be related to the previous light
history of cells collected from a mixed environment which are inhibited by UV-A; after a
short acclimation period to higher radiation conditions (i.e., 2-4 days) however, photosynthetic
inhibition decreased significantly.  Particularly, and for the case of Bahía Engaño experiments,
we also observed differences in assimilation numbers: N0 cultures had a mean of 2.0 µg
C (µg chl a)-1 h-1, (SD, 0.3 µg C (µg chl a)-1 h-1), whereas Nx samples have a mean value of
2.9 µg C (µg chl a)-1 h-1 (SD 0.6 µg C (µg chl a)-1 h-1) (data not shown).  Nevertheless, there
were no significant differences in photosynthetic inhibition between these two cultures,
either by UV-B (Fig. 5A) or by UV-A (Fig. 5B), suggesting that a period of 4 and 10 days
(i.e., for N0 and Nx cultures, respectively) was enough to acclimate the cells to the new
radiation conditions.
Acclimation mechanisms to UVR in phytoplankton can be either physiological or by changes
in the taxonomic composition of the community.  Long-term physiological acclimation to
UVR mainly occurs through the synthesis of photoprotective compounds, especially
mycosporine-like aminoacids (MAAs) (Banaszak 2003).  However, we did not find significant
amounts of these compounds (data not shown) in any of the samples, although we are aware
that the technique used by us (i.e., spectrophotometric) is not as sensitive as HPLC analysis.
Thus, acclimation mechanisms to UVR (and in our case to nutrient addition) in our
phytoplankton communities might probably be related to a selection of more tolerant
species, as suggested by Worrest (1983).  However, in some cases (i.e., Bahía Nueva or N0
cultures at Bahía Engaño) this “selection” due to UVR is not clear.  Nevertheless, what is
clear from our experiments is that the combined response and changes in species
dominance are highly dependable on the duration of UVR exposure and nutrient addition.
For example, in Bahía Engaño and Bahía Camarones experiments we found that, regardless
the treatment, and although there was a change in the relative proportion of cells (as also
seen in studies carried out by Halac et al. 1997), 1-4 diatom taxa dominated at the end of
each phase of experiments, clearly indicating a selection towards more (radiation / nutrient)
adapted cells.  The N0 cultures of Bahía Engaño experiment was dominated by the
microplankton diatom G. delicatula; however, in the Nx cultures (i.e., already acclimated to
the high radiation conditions) smaller cells also contributed to dominance.  In the Bahía
Camarones experiment though, size does not seem to be determinant, as variable responses
were found in the different nutrient / radiation treatments.  On the other hand, all Bahía
Nueva samples were generally characterized by S. costatum, which clearly took advantage
of the new nutrient / radiation experimental conditions.  In fact, S. costatum is a species
capable of readily utilize nutrients and radiation to achieve fast growth (Kiefer & Cullen
1990).  The effect of different radiation treatments (i.e., within the same nutrient condition)
was variable, so that no differences in diatoms dominance were found in the Bahía Nueva
experiment (Fig. 6C, see above) and in the N0 cultures of Bahía Engaño (Fig. 6A).  The lack
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of differences in taxonomic composition was also determined in long-term experiments con-
ducted in samples exposed and not-exposed to UV-B (Halac et al. 1997, Laurion et al. 1998,
Vinebrooke & Leavitt 1999).  However, there was a change in diatom dominance in Nx and
N0 cultures of Bahía Engaño and Bahía Camarones, respectively (Figs. 6A & B), which
agrees with previous findings (e.g., Villafañe et al. 1995b, Davidson et al. 1996), where
radiation seems to play a fundamental role in shaping community structure.  One should be
aware however, that the experimental conditions imposed to the samples are partially re-
sponsible of the type of results obtained by us.  For example, when addressing long-term
effects of UVR on phytoplankton, Sommaruga (2003) has pointed out the importance of the
container’s size.  This author showed that the effects of UVR in small containers were
usually higher than that determined in larger ones, probably because in the former the cells
are exposed to “higher” radiation and thus avoidance mechanisms (e.g., via vertical migra-
tion or by mixing effects) can not take place.
Overall, our data indicate that it is not possible to generalize the role that both solar radiation
and nutrient addition can have even in environments close in proximity as those reported
here.  Environmental conditions (i.e., light history, nutrient concentration) together with the
physiological status of cells are very important to understand the observed responses.  In
addition, the timing of nutrient enrichment seems to be critical, at least for some assemblages.
Thus, for the area studied here, river input (and its control by man activities) might play and
important role affecting the responses of natural phytoplankton assemblages.
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