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During austral spring 1990 a collaborative investigation (Ice-
colors '90) was undertaken to directly measure the effects of
ozone diminution and ultraviolet (UV) radiation on southern
ocean phytoplankton. Scientific objectives included the quantifi-
cation of temporal, spatial, and ozone-dependent variations in (1)
the magnitude and ratio of ultraviolet B (280-320 nano-
meters):ultraviolet A (320-400 nanometers):photosynthetical-
ly active (400-700 nanometers) irradiance (UVB:UVA:PAR) inci-
dent on and penetrating the euphotic zone of the marginal ice
edge (MIZ) in antarctic waters and (2) phytoplankton abundance,
composition, pigmentation, absorption, quantum efficiency, pho-
tosynthetic potential, and in situ productivity. This report sum-
marizes the phytoplankton pigment measurements (photosyn-
thetic and photoreprotective) and direct cell counts performed
during Icecolors '90.

Field operations. A series of four north-south and four east-west
transects were carried out in the Bellingshausen Sea during a 6
week cruise (September-November 1990) aboard the R/V Polar
Duke. Water samples were obtained with a Bio-Optical Profiling
System (BOPS) equipped with a 12 place rosette sampler. Samples
were filtered through Whatman CF/F filters and analyzed for
phytoplankton pigments and TJVB blocker compounds by high
performance liquid chromatography following the methods of
Bidigare et al. (1989) and Dunlap and Chalker (1986), respectively.

Phytoplankton pigments and direct counts. Distribution of algal
pigments measured along north-south transect 2 (62.6' S to
64.6' S. along 72' W) are shown in figure 1. The concentration of
chlorophyll a, a measure of phytoplankton biomass, was highest
near the edge of the pack ice (Stations 30-31) and at Station 24
located to the north in ice-free waters. The prymnesiophyte
Phaeocytis spp. dominated the phytoplankton sampled at most
stations, with the exception of diatoms, which were numerically
most abundant at Stations 26 and 28 (figure 2). A good agreement
was observed between microscopically enumerated phytoplank-
ton counts (Phaeocystis spp. and diatoms) and concentrations of

their respective diagnostic pigments 19-hexanoyloxyfucoxanthin
and fucoxanthin (figures 1 and 2). Corresponding regression
analyses of all coincident phytoplankton pigment and count data
are shown in figure 3. Concentrations of diadinoxanthin (a
photoprotective carotenoid found in Phaeocystis spp. and dia-
toms) measured along the transect were highest in surface waters
and decreased with increasing depth (figure 1). Very low abun-
dances of dinoflagellates were observed in plankton samples
(less than 1 cell L- 1 ). The low and variable concentrations of
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Figure 1. Distributions of phytoplankton pigment concentrations
(chlorophyll a, 1 9'-hexanoyloxyfucoxanthin, fucoxanthin, and
diadinoxanthin; units = ng pigment 1.1) along a north-south transect
through the marginal ice zone. The interval between stations is 12
nautical miles. Stations 22-24 were in open water, 25-29 were in a
transition zone from open water to close ice, and 30-32 were in
increasingly dense pack ice.
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Figure 2. Distributions of Phaeocystis spp. and diatoms (units-
cells 1- 1 ) along a north-south transect through the marginal Ice
zone. The interval between stations is 12 nautical miles. Stations
26-29 were in a transition zone from open water to close ice, and
30-32 were in increasingly dense pack ice.

chlorophyll b and alloxathin measured along the transect suggest
that green algae and cryptophytes were only minor phytoplank-
ton biomass components (data not shown).

UVB blocker compounds. Mycosporine-like amino acids (MAAs)
absorb strongly in the 280-370 nanometer waveband and are
thought to have a photoprotective function in marine inverte-
brates, macroalgae, and phytoplankton (Karentz et al. 1991). A
survey of MAA distributions in the MIZ was performed along
east-west transect 4(78.8' W to 64.3' W, along 65' S). The quanti-
tatively important MAAs detected have been identified (based
on diode array spectroscopy and coinjection analysis with au-
thentic standards) as porphyra-334 (X max = 334 nanometers),

shinorine (?c max = 334 nanometers), and palythine (? max = 320
nanometers). A fourth MAA has been tentatively identified as
mycosporine-glycine:valine (A max = 336 nanometers) based on its
absorption properties and relative retention time. Their respect-
ive concentrations along the transect ranged from not detect-
able (ND) to 4.0 nanomolar, ND to 0.2 nanomolar, ND to 7.7
nanomolar, and ND to 3.6 nanomolar. Analysis of antarctic phy-
toplankton isolates provided by D. Karentz (University of San
Francisco) revealed that porphyra-334 and shinorine were only
present in diatom clones, while mycosporine-glycine:valine was
only found in Phaeocystis spp.; palythine was not detected in any
of the phytoplankton isolates. These results are consistent with the
measurements of phytoplankton absorption measured during
Icecolors '90 (Schofield and Nelson, University of California at
Santa Barbara; unpublished data) and confirm the suggestion of
Vernet et al. (1989) that the pronounced UVB absorption peak
measured in antarctic suspended particulate matter is attribut-
able to MAAs.
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Figure 3. Linear regression analysis of Phaeocystis spp. and diatom abundances and their respective diagnostic pigments 19'-
hexanoyloxyfucoxanthln and fucoxanthin for all coincident pigment and count data collected during Icecolors '90.
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