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Effects of solar ultraviolet radiation on antarctic
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I
n recent years, much attention has been given to the for-
mation of the seasonal ozone "hole" over Antarctica, with

the concomitant increase in ultraviolet-B [UV-B, 280-320-
nanometer (nm)] radiation levels (see Weiler and Penhale
1994). The enhanced UV-B radiation can be very damaging
to biological systems and has been shown to cause a signifi-
cant decrease in rates of primary production (Smith et al.
1992; Holm-Hansen, Helbling, and Lubin 1993). In this
paper, we are concerned with describing the impact of "nor-
mal" ultraviolet radiation (UVR), as well as enhanced UV-B
radiation, on natural assemblages of phytoplankton as well
as on just the nanoplankton fraction [cells less than 20
micrometers (sm)] and the microplankton fraction (cells >20
tm). Our studies also included estimation of the impact of

UVR as influenced by the taxonomic composition of the phy-
toplankton and the mitigating effect of cellular UV-absorbing
compounds. All studies were carried out at Palmer Station
(64.7 0S 64.1 0W) on Anvers Island from early October to the
end of December 1993. This period provided excellent
opportunities to document the impact of enhanced UV-B
radiation on phytoplankton because the ozone hole was very
well developed over Palmer Station in the month of October;

column ozone concentrations ranged from 140 to 220 Dob-
son units (DU).

During the period of study, incident solar radiation was
monitored continuously (and recorded every minute) using a
spectroradiometer (model PUV-510; Biospherical Instru-
ments, Inc.) with sensors for photosynthetically available
radiation (PAR, 400-700 nm), and four UV wavelengths (305,
320, 340, and 380 nm). Phytoplankton samples were taken at
a coastal site at 1-meter depth with a 5-liter Go-Flo bottle
and were used for chlorophyll-a (chl-a) analysis, determina-
tion of absorption spectra (250-750 nm) of the particulate
fraction, floristic analysis, and carbon-14 ( 14c) incorporation.

Chl-a analyses were performed by fluorometric tech-
niques (Holm-Hansen et al. 1965; Holm-Hansen and Rie-
mann 1978). The chl-a of the nanoplankton fraction was
obtained by prefiltering the sample through a nylon mesh
fabric (Nitex®) with a mesh opening of 20 rim; the filtrate
was treated in the same way as for total chl-a concentrations.
For absorption spectra analysis, a variable amount of seawa-
ter (between 5 and 9 liters) was filtered through a Whatman
GF/F filter (47-millimeter). The pigments were extracted in
10 milliliters of absolute methanol, and the extract was used
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to run a spectrum (250 to 750 nm) with a Perkin-Elmer
Lambda 6 spectrophotometer using 1- or 10-centimeter
quartz cuvettes. Water samples for floristic analysis were pre-
served in buffered formalin, and the analyses were done by
inverted microscope techniques. Phytoplankton biomass in
the different taxonomic groups (diatoms, dinoflagellates, and
flagellates) was calculated from the biovolumes and applying
the equations of Strathmann (1967). For measurements of
14C incorporation, replicate samples of total phytoplankton
and of the nanoplankton fraction were placed in 50-milliliter
tubes under three different spectral treatments:
• quartz tubes (cells exposed to PAR+UV-A+UV-B),
• pyrex tubes covered with a Mylar sheet (PAR+UV-A), and
• pyrex tubes covered with Plexiglas UF-3 (PAR).
The samples were inoculated with 5 microcuries of 14C_
bicarbonate (Steemann Nielsen 1952) and exposed to solar
radiation for 6-10 hours (centered on local noon) in an out-
door incubator with flowing surface seawater for tempera-
ture control. The 14C incorporation by phytoplankton was
measured by standard liquid scintillation techniques.

Data in figure 1 show the PlC incorporation in the total and
the nano- and microplankton fractions of phytoplankton
assemblages. For total phytoplankton (figure 1A), a significant
difference in the assimilation numbers for the three treatments
(quartz, Mylar, and Plexiglas) is evident, with higher assimila-
tion numbers (1.16 milligrams of carbon per milligram of chl-a
per hour) in the Plexiglas treatment (which received only PAR).
A comparison of both fractions of phytoplankton (figure 1B)
shows that the assimilation numbers in microplankton were
slightly lower than those in nanoplankton, but they were not
significantly different. It should be noted that there was no dif -
ferential decrease in chl-a concentrations between any of the
treatments, so that changes in assimilation numbers reflect
changes in rates of carbon dioxide fixation. A significant differ-
ence between the two fractions is evident, however, (figure 1 C
when the relative enhancement of Mylar and quartz are com-
pared. The microplankton under the Mylar treatment showed a
higher relative enhancement of photosynthesis as compared to
the nanoplankton, indicating a greater inhibition of photosyn-
thesis in the microplankton when the samples are exposed to
UV-B radiation. This result is consistent with previous findings
by Helbling et al. (1992).

The absorption spectra of methanol extracts of natural
assemblages of phytoplankton showed a peak at 330 nm.
When the values of the chlorophyll-specific absorption (ap*)
at 330 nm are compared to the relative enhancement of pho-
tosynthesis in phytoplankton, an inverse relationship
between these two variables is evident (figure 2A). Data in
figure 2B show the relationship between the relative
enhancement of photosynthetic rate and the percentage of
biomass that is accounted for by diatoms. When diatoms
dominated the phytoplankton samples, inhibition of photo-
synthesis was less, suggesting that diatoms have greater
resistance to damage by UVR than flagellates and dinoflagel-
lates. Such a relationship was previously discussed by Hel-
bling, Villafafle, and Holm-Hansen (1994, pp. 207-227), who
showed that diatoms have relatively high cellular concentra-

tion of UVR absorbing compounds. This result suggests that
these compounds could act as a "protective" mechanism
against UVR-induced damage and is in agreement with pre-
vious studies of UV-absorbing compounds by Dunlap, Chalk-
er, and Oliver (1986).

During the period from October to December, a sample
of near-surface water from Arthur Harbor was taken every
2-3 days to determine the sensitivity of the natural phyto-
plankton assemblage to incident solar UVR in one of the
standard outdoor incubators. The data show that the per-
centage of enhancement of photosynthesis varies a great
deal, both when UV-B was selectively screened off (figure 3A)
and when all UV-B and UV-A were screened off (figure 3B;
note the change in scale for the ordinate). This variability is

Quartz	Mylar	Plexiglas

Micro	Nano	Micro	Nano
Mylar	Plexiglas

Figure 1. Effects of solar radiation on antarctic phytoplankton when
different portions of the spectrum have been screened out using sharp
cut-off filters: quartz—all radiation (PAR+UV-A+UV-B) received;
Mylar—the UV-B portion screened out; Plexiglas—all UVR screened
out. A. Assimilation numbers of total phytoplankton [in milligrams of
carbon per milligram of chl-a per hour (mg C mg chi-a-' h- i )] as a
function of the different treatments. B. Assimilation numbers (mg C
mg chl-a- 1 h- i ) in the nanoplankton and microplankton fractions of the
phytoplankton as a function of the different treatments. C. Percentage
of relative enhancement as compared to the quartz treatment for
nano- and microplankton under Mylar and Plexiglas.
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Figure 2. Relationship between sensitivity to UVR and presence of cel-
lular UV-absorbing compounds. A. Percentage of relative enhance-
ment of photosynthesis for natural assemblages of phytoplankton
when all UVR has been screened out (by UF-3 filter) as a function of
the specific absorption (ap*) at 330 nm. B. Relationship between the
percentage of phytoplankton biomass that is represented by diatoms
and the percentage of relative enhancement of the phytoplankton
assemblage.
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thought to be due primarily to changes in taxonomic compo-
sition of the phytoplankton, to photoadaptive responses
related to increasing incident irradiation, and to variations in
the ratio of UV-B/UV-A irradiance as influenced by changes
in column ozone concentrations. During the period covered
by our study, column ozone concentrations ranged from 140
DU in October to 325 DU in December. The data shown in
figure 3 are presently being analyzed to gain a better under-
standing of the relative importance of the factors that influ-
ence the sensitivity of antarctic phytoplankton to seasonal
changes in the fluence of incident UV-B radiation.
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Figure 3. Enhancement of photosynthetic rate in experimental samples (as compared to controls in quartz tubes) as a function of the UV-B irradi-
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In situ inhibition of primary production due to
ultraviolet radiation in Antarctica
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Oceanography, University of California at San Diego, La Jolla, California 92093-0202

I
nhibition of photosynthesis due to ultraviolet radiation
(UVR) in antarctic phytoplankton has been documented by

many authors (see Weiler and Penhale 1994). Most of these
studies have used temperature-controlled incubators in which
phytoplankton are exposed to either solar radiation or to UV-
visible radiation provided by lamps. Although such experi-
ments are invaluable for determining the effects of solar radia-
tion on the metabolic activity of phytoplankton, they suffer
from the fact that the cells will not be exposed to the same
spectral irradiance that they would experience at various
depths in the water column. The use of in situ incubations of
natural phytoplankton assemblages provides the most direct
and most realistic procedure to determine the effect of solar
UVR on rates of primary production. In this paper, we report
preliminary data obtained from such in situ incubations car-
ried out from October through December 1993 at Palmer Sta-
tion (64.7°S 64.1°W) on Anvers Island, Antarctica.

Radiation measurements of surface solar irradiance were
done using a PIJV-510 spectroradiometer (Biospherical Instru-
ments, Inc.) and of attenuation of solar radiation in the water
column [surface to 100 meters (m)] using a PUV-500 spectro-
radiometer. Both of these instruments have four channels for
UVR [305, 320, 340, and 380 nanometers (nm)] and one chan-
nel for photosynthetic available radiation (PAR; 400 to 700
nm). The underwater unit also has sensors for depth and tem-
perature, in addition to a sensor for 683-nm upwelling radia-
tion. This combination of sensors allows estimation of the
instantaneous rate of photosynthesis (Chamberlin et al. 1990).
Data from each channel in the surface unit were recorded
every minute on a 386 computer, whereas data from all chan -
nels in the underwater unit were displayed in real time and
stored (once every second) on a laptop computer.

Water samples were obtained at different depths at one
station in Arthur Harbor using a 5-liter Go-Flo bottle. From
each of the eight depths, replicate samples were placed in 50-
milliliter tubes for three different spectral treatments:

quartz tubes (PAR4JV-A+UV-B),

•Pyrex tubes covered with a Mylar sheet (PAR+UV-A), and
• Pyrex tubes covered with Plexiglas UF-3 (PAR).
The samples were inoculated with 5 microcuries of carbon-14
bicarbonate (Steemann Nielsen 1952) and were placed on
trays that were deployed at the same depths from which the
samples had been obtained. The incubations lasted for 6-8
hours (centered on local noon), and the carbon-14 incorpora-
tion into the particulate fraction was measured by standard
liquid scintillation techniques.

Samples were also taken for chlorophyll-a (chi-a) analy-
sis, which was done by fluorometric methods (Holm-Hansen
et al. 1965; Holm-Hansen and Riemann 1978). In addition,
samples were taken and fixed in buffered formalin for deter-
mination and enumeration of phytoplankton species using an
inverted microscope.

Representative profiles of the optical characteristics of
the upper water column are given in figure 1A. The attenua-
tion coefficients of the four UVR wavelengths were 0.25, 0.21,
0. 18, and 0.12 per meter for 305, 320, 340, and 380 rim, respec-
tively. The 1 percent irradiance level for PAR was at about 46
m; an increase in the attenuation coefficients for both PAR
and UVR at 380 nm is noticeable between 5 m and 10 m. This
change in the attenuation coefficient for PAR between 5 m
and 10 m is related to the increase in chl-a concentrations
between the surface (approximately 0.4 milligrams of chl-a
per cubic meter) and at 10 m depth (more than 3 milligrams
of chl-a per cubic meter). The instantaneous rate of photo-
synthesis (data from the PUV-500) also showed a peak at
about 10 m, with values of more than 800 nanomoles carbon
per cubic meter per second (figure 1B). Below this depth, both
chl-a and rates of photosynthesis decreased rapidly. The phy-
toplankton crop at all depths was dominated by cryptophytes.

Data in figure 2 show the results from the in situ incuba-
tions for the same station mentioned in figure 1. The change
of rate of carbon fixation with depth resembled the change
shown by instantaneous production (determined from 683-
nm upwelling radiation), with maximal values at about 10 m
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