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Phytoplankton responses to natural ultraviolet irradiance
during early spring in the Weddell-Scotia Confluence:

An experimental approach
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I
n the last few years, antarctic stratospheric ozone thinning
has resulted in an increase of ultraviolet (UV) -B radiation

incident on the southern ocean surface waters (Smith et al.
1992). Recent investigations have suggested that the
enhanced UV-B can decrease areal primary production in the
southern oceans, but the exact reduction remains controver-
sial (6-12 percent, Smith et al. 1992; 0.12-0.33 percent, Hel-
bling et al. 1994, pp. 207-227). One factor that can reduce
long-term exposure to UV radiation is vertical mixing of the
water column (Helbling et al. 1994, pp. 207-227). Further-
more, several internal mechanisms have been suggested as
possible strategies to minimize cell damage (Vincent and Roy
1993). The synthesis of photoprotective substances could
reduce deleterious effects on microalgae physiology (Smith et
al. 1992; Heibling et al. 1994, pp. 207-227; Vemet et al. 1994,
pp. 143-158). Most of the experimental research deployed
until now has focused on short-term exposure effects and has
not considered the influence of irradiance under mixing con-
ditions of the water column (with the exception of Heibling et
al. 1994, pp. 207-227).

During the austral spring 1993 onboard the R/V
Nathaniel B. Palmer, we studied the long-term (days) effects
of natural UV radiation (UV-R) on phytoplankton physiology,
using fixed and variable UV filters. Primary productivity and
synthesis of photoprotective substances were measured. Two
experiments were carried out in an on-deck incubator
exposed to natural photosynthetically available radiation
(PAR) and UV irradiance. Eight 2.5-liter cylindrical teflon cul-
ture chambers were immersed in a thermostatic bath, which
reproduced in situ water temperature. The light environment
inside the culture chambers is illustrated in figure IA and B.
Variable light conditions were obtained by means of a rotat-
ing system with a various neutral density filters, allowing the
passage of different light intensities. A Mylar filter was also
included. This system was rotated once per hour, over one
acrylic and one quartz-covered culture chamber (figure 1A).
For fixed-filter incubations, different PAR intensities were
achieved in each of the chambers by means of neutral filters
(figure 1B). Three chambers were covered with UV-opaque
acrylic sheet, whereas the other three were covered with
quartz to allow the passage of UV-R. In some of them, UV-B
(280-320 nanometers) was differentially filtered from UV-A
(320-400 nanometers) with Mylar sheets. Mean PAR intensity

(24 percent of incident) in the rotating system was close to
that received in the containers with fixed filters.

Mycosporine -like amino acids (MLAAs) were deter-
mined and quantified by reverse-phase isocratic high-per-
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Figure 1. Percentage of incident light inside the culture chambers
under variable light conditions (A), and under constant light conditions
(B). PAR, UV-A and UV-13 measurements were performed with an
International Light ILl 700 radiometer/photometer. P (acrylic); Q
(quartz); M (mylar).
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formance liquid chromatography (HPLC, Dunlap and Chalk-
er 1986), by using a photodiode array detector Waters 991.
Photosynthesis-irradiance (P-I) response was measured fol-
lowing Lewis and Smith (1983) and chlorophyll-a was deter-
mined fluorometrically according to Parsons, Maita, and
Lalli (1984).

Because the pattern of the two experiments carried out
was similar, only data corresponding to 6 and 8 November are
presented here (second experiment). During this experiment,
the dominant phytoplankter in all the incubation chambers
was colonial diatom Thalassiosira gravida. Only one UV-
absorbing compound could be detected by HPLC analysis.
The retention time was 5.38 minutes, and the absorbance
maximum was 334 nanometers. These characteristics suggest
that the identified substance is shinorine. This MLAA has
been previously described for antarctic organisms (Karentz et
al. 1991; Smith et al. 1992), although this is the first report for
early-spring southern ocean phytoplankton. The detection of
shinorine is consistent with observations of a 334-nanometer
peak in the particulate absorbance spectra of water column
samples at the time of our experiments (Neale and Spector,
Antarctic Journal, in this issue). As shown in figure 2A and B,
the amount of shinorine per unit chlorophyll-a was always
higher in the culture chambers exposed to fixed UV than in

those where liv was filtered. No
clear differences were evident
between the chambers with and
without UV-B, a finding that
suggests that the synthesis of the
UV-absorbing substance was
essentially triggered by UV-A
radiation. The response of phy-
toplankton incubated under
variable light conditions showed
an opposite pattern for the two
dates, probably related to differ-
ences in ambient light between
days (Heibling et al. 1994, pp.
207-227).

On 6 November, under con-
stant light incubation conditions,
the maximum rate of photosyn-
thesis per unit chlorophyll
(Pmax) was higher where UV-R
was screened out compared to
full UV-R exposure (figure 2C).
These differences weakened at
the end of the experiment (figure
2D). Despite the synthesis of UV-
blocking substances, the ob-
served reduction of Pmax in

24	45	ROTATING	these chambers suggests that
% PAR phytoplankton was significantly

affected by IJV-A radiation. The
latter findings are supported by
previous work (Cullen, Neale,
and Lesser 1992; Kim and Watan-

abe 1993; Helbling et al. 1994, pp. 207-227). Algae exposed to
variable light conditions, however, consistently photosynthe-
sized at a higher rate in the chamber exposed to UV-R (figure
2C and D). This suggests that under variable light conditions,
phytoplankton of the studied community were able to utilize
the slightly greater amount of solar radiation available for pho-
tosynthesis in the LIV exposed chambers, for example, due to
UV-A absorbed by photosynthetic pigments. We conclude that
mixing conditions can minimize the damaging effects of UV-R
on antarctic phytoplankton.
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Figure 2. MLAA concentration per unit of chlorophyll-a (mole per mole) (A-B) and Pmax (gram C per gram
Chia per hour) (C-D), inside the different culture chambers corresponding to 6 November and 8 Novem-
ber 1993. P (acrylic); Q (quartz); M (mylar).
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Spectral measurements of ultraviolet and visible solar
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S
pectral measurements were made of incident and undersea
solar irradiance in the October and November 1993 austral

spring, during transits of a low ozone "hole" over the Wed-
dell-Scotia Confluence. Several scanning radiometers were
intercalibrated between research groups and used for measure-
ments of ultraviolet (UV) and visible exposure for in situ
processes and for on-deck and in-lab productivity, photoinhi-
bition, and photochemistry experiments. The intercalibration
of instruments also gave valuable information for comparison
of data from various published and unpublished sources. Fur-
ther details on biological investigations are given in companion
articles (see Neale and Spector, Antarctic Journal, in this issue).

An Optronics model OL 752 scanning spectroradiometer
(250-800 nanometers) and a LI-COR LI-1800UW spectrora-
diometer (300-850 nanometers) were used to measure sur-
face incident solar irradiance. The LI-1800UW spectrora-
diometer is submersible and also was used to measure near-
surface undersea spectral irradiance (data not shown). These
instruments were intercalibrated at sea in a light-sealed dark
room on an optical bench using a known-spectrum 1,000-
watt lamp. The OL 752 spectroradiometer also was calibrated
over a broad range of temperatures (-5°C to +25°C), and a
record was kept of its operating temperature during the
cruise. A factory-calibrated Biospherical Instruments PUV-
510 medium-resolution five-channel radiometer [7.5-

nanometer half-height bandwidth at 304, 318, 344, and 384
nanometers, plus photosynthetically available radiation
(PAR)] was mounted on the mast. An optically similar
radiometer, the PUV-500, with an additional natural fluores-
cence channel (680 nanometers), was attached to a hand-
winch for simultaneous undersea measurements (data not
shown). Atmospheric ozone concentrations were derived
from Total Ozone Mapping Spectrometer (TOMS) satellite
imagery. Meteorological data, hydrologic data, and ship
pitch-and-roll data also were collected (data not shown) to
assist in processing the optical data, and to allow future mod-
eling of optical processes as well as the modeling of the physi-
cal-mixing processes that determine the distribution of
organisms and chemical compounds in the water column.

TOMS satellite imagery indicated that the region of low
atmospheric ozone concentrations, the austral spring ozone
hole over the Antarctic, rotated and oscillated during the time
of this research cruise. As a result, the ozone concentration
over the ship varied considerably day to day. Although the
concentration was normally greater than 300 Dobson units
(DU), it dropped to less than 175 DU at near 60 0S 520W on 26
October 1993 (data not shown). TOMS images were usually
available to the ship within several days.

For real-time estimates of total atmospheric ozone, the
concentration can be derived from incident solar irradiance
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