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Figure 3. Transmission curves for Schott long-pass filters used in
the spectral exposure incubations. Each filter is characterized by
its nominal 50 percent transmittance wavelength. The actual 50
percent transmission points for the 305 and 320 filters were shorter
than the nominal values.
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Ultraviolet radiation in antarctic waters:
Response of phytoplankton pigments
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Reduced ozone concentrations in the stratosphere over Ant-
arctica have recently received much worldwide attention, be-
cause the seasonal "ozone hole" has been increasing in severity.
This is of much concern ecologically, because decreased ozone
concentrations will result in increased ultraviolet radiation in-
cident upon the Earth. The fluence of ultraviolet-B (280-320
nanometers) incident upon the southern ocean under "nor-
mal" column ozone concentrations is considerably less than
that at lower latitudes. It was hypothesized that antarctic phy-
toplankton are less well adapted to minimizing deleterious
effects of increased ultraviolet radiation as compared to phy

-toplankton in temperature or tropical environments. If ant-
arctic phytoplankton are less well adapted to coping with
ultraviolet radiation, then the dramatic increase in short-wave-
length ultraviolet-B radiation resulting from decreased ozone

concentrations over Antarctica may have serious effects on
phytoplankton cells.

Phytoplankton synthesize many compounds that absorb light
in the ultraviolet-B (290-320 nanometers) and ultraviolet-A (320-
400 nanometers) regions of the spectrum. For example, a group
of compounds which have maxima of absorption from 320 to
340 nanometers are abundant in certain red-tide dinoflagellates
(Yentsch and Yentsch 1982; Carreto, DeMarco, and Lutz 1988;
Vernet et al. in press). Furthermore, most photosynthetic pig-
ments whose absorption peaks are in the visible range of the
spectrum, also absorb substantially below 400 nanometers. Some
of these pigments may even have secondary peaks of absorp-
tion around 340 and/or 370 nanometers (Goodwin 1980).

The objective of this study was to document the rate and
extent of photoadaptation by antarctic phytoplankton as evi-
denced by the synthesis of "screening" pigments which act to
absorb ultraviolet radiation and may protect sensitive chrom-
ophores from ultraviolet radiation which would otherwise re-
sult in cellular damage. Our experimental approach was to
study natural populations of phytoplankton under ambient
environmental conditions as much as possible. We, therefore,
concentrated on studying the degree of photoadaptation of
phytoplankton throughout the upper water column as a func-
tion of the spectral irradiance to which they were exposed.

Water samples were obtained in 10-liter Niskin bottles at-
tached to the rosette which held our optical profiling instru-
mentation (Mitchell, Vernet, and Holm-Hansen Antarctic Journal,

this issue). Pigments were determined using several methods.
Chlorophyll a and phaeopigments were determined by fluo-
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Figure 1. In vitro absorption spectra of antarctic seston, extracted
in methanol. Spectra were normalized to the absorption at 665
nanometers, the peak of absorption due only to chlorophyll a and
phaeopigments in methanol. The comparison shows strong spec-
tral variation of absorption in the ultraviolet with respect to the
visible for a sample from the mixed layer (0 meter) and another
from below the mixed layer (50 meters) at station 1129C (64003.5'S
69°07.9'W on 29 November 1988) (m denotes meters. nm denotes
nanometers.)

rescence of chlorophyll in total extract following Holm-Hansen
and Riemann (1978) and Holm-Hansen et al. (1965). Individual
chlorophylls, carotenoids, and phaeopigments were estimated
by high-performance liquid chromatography, using the water
chromatography system available at Palmer Station. A gradient
system of pigment elution with a reverse-phase carbon-18 col-
umn was used, following the method of Mantoura and Llew-
ellyn (1983) with minor modifications. In addition, ultraviolet-
absorbing compounds were estimated by absorption of seston
extracted in methanol. More than 150 samples from 24 stations,
from 0 to 100 meters, were analyzed for pigments.

Ultraviolet-absorbing compounds. Antarctic phytoplankton ex-
posed to ambient levels of ultraviolet radiation seem to have
the ability to synthesize ultraviolet-absorbing compounds that
are considered potential blockers of damaging radiation. Com-
pounds that absorb at 320-340 nanometers were observed in
all samples (figure 1). There was a marked decrease in the
absolute concentration of these compounds with depth, fol-
lowing the decrease of phytoplankton biomass. The decrease
in the total concentration of these ultraviolet compounds with
respect to chlorophyll a, as measured by the ratio of absorption
at 335 nanometers to absorption at 665 nanometers, is variable,
with a maximum of 5-fold decrease for samples within the
mixed layer (figure 2a). Ultraviolet-absorbing compounds change
with depth not only relative to chlorophyll a but also with
respect to other pigments, in particular carotenoids. This is
shown in figure 2b, station 1129C, where the ratio of absorp-
tion at 335 nanometers to absorption at 455 nanometers after
correcting for absorption of chlorophyll a, decreases markedly
with depth. Other stations (station 1129A) did not show such
changes.

12345678	0 20 40 60 80 100
Optical Depth	 Depth (m)

(Kz PAR)
Figure 2. In vitro absorption of pigments in antarctic phytoplankton. (a) Ratio of absorption of ultraviolet-absorbing compounds (absorption
at 335 nanometers) with respect to chlorophyll a (absorption at 665 nanometers) as a function of the optical depth at the base of the mixed
layer (Kz PAR), for all stations studied. Optical depth is used as an estimate of photosynthetically active radiation (PAR) in the mixed layer,
and is calculated from PAR 1 = PAR, e1. A value of Kz = 4.6 corresponds to the 1 percent light level. (b) Comparison of change of
concentration of ultraviolet-absorbing compounds (absorption at 335 nanometers) with respect to photosynthetic accessory pigments
(absorption at 455 nanometers) as a function of depth for two stations with the same mixed layer depths (13 meters) and high irradiance
(Kz from 1.2 to 1.4) station 11 29C (see figure 1) and station 11 29A, 64 059.3'S 63055.4'W, 29 November 1988). Absorption ratio was estimated
from absorption spectra of total phytoplankton extracts in methanol, after subtracting the absorption due to pure chlorophyll a in methanol.
(m denotes meters.)
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The absorption of ultraviolet radiation in methanol extracts,
which peaks from 320 to 340 nanometers, seems to be com-
posed of several compounds. The shift of the ultraviolet-peak
of absorption with depth (for example, from 331 nanometers
at surface to 321 nanometers at 75 meters) in several stations
may be interpreted as a change in composition. Diversity of
ultraviolet-absorbing compounds of samples collected during
this cruise will be analyzed following the methods of Sekikawa
et al. (1986) and Dunlap, Chalker, and Oliver (1986).

Photosynthetic pigments. The pigments in phytoplankton known
to be protective of the photosynthetic apparatus when exposed
to high irradiance in the visible (Krinsky 1979) have maximum
concentration in antarctic phytoplankton in the surface waters.
Because these pigments also absorb in the near ultraviolet,
their function might extend to protection as well as use of
ultraviolet radiation for photosynthesis (Mitchell et al. Antarctic
Journal, this issue). For example, when comparing two stations,
one with (station 1125b) and the other without (station 1126a)
signs of photoinhibition of chlorophyll a fluorescence as mea-
sured by the MER profiler (Vernet unpublished data), the ratio
of protective yellow xanthophylls (diadinoxanthin plus dia-
toxanthin) to photosynthetic fucoxanthin-like pigments is 10
times higher in the phytoplankton not photoinhibited (figure
3). The phytoplankton which did not show photoinhibition
had a high concentration of yellow xanthophylls and equal
amounts of fucoxanthin and 19' hexanoyloxyfucoxanthin. Ph y

-toplankton that was photoinhibited at the surface was rich only
in 19' hexanoyloxyfucoxanthin, probably indicating a domi-
nance of prymnesiophytes. This difference exemplifies the im-
portant role that phytoplankton species composition may play
in the ability to withstand potential harmful radiation.

In conclusion, antarctic phytoplankton show photoadaptive
characteristics which include both the synthesis of potentially
protective "screening" pigments, which may dissipate the en-
ergy of absorbed radiation, and the capability to utilize some
of the ultraviolet radiation in the energy-requiring reactions of
photosynthesis (Mitchell et al., Antarctic Journal, this issue)
through photosynthetic pigments that absorb below 400 na-
nometers.

The sampling was performed on board the R/V Polar Duke
with the assistance of Brian Schieber and Heidi Goodwin. Data
analysis and graphics were performed by Brian Schieber and
Eric Brody. This work was supported by National Science
Foundation grant DPP 88-10462.
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