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Phytoplankton pigment profiles at the Weddell-Scotia
Confluence during the 1993 austral spring
ANNE C. SIGLEO, U. S. Environmental Protection Agency, Newport, Oregon 97365-5260

PATRICK J. NEALE, Smithsonian Environmental Research Center, Edgewater, Maryland 20715

M
ajor and accessory phytoplankton pigments were exam-
ined in regions of high and low phytoplankton biomass

at the confluence of the Scotia and Weddell Seas as part of an
investigation of the effects of stratospheric ozone depletion
and the concomitant increase in ultraviolet-B (UV-B) radiation
(280 to 320 nanometers) on phytoplankton photosynthetic
processes (Neale and Spector, Antarctic Journal, in this issue).
Pigment analyses were designed to supply supporting data for
potential biochemical changes, repair, and long-term adapta-
tions due to UV-B radiation exposure. Pigment data also can
provide insight on complex watermass -biomass interactions
(Bidigare et al. 1986; Klein and Sournia 1987; Buma et al. 1990).

Phytoplankton for pigment analyses were collected on
glass-fiber filters from 1-2 liters of seawater collected at 10- to
20-meter depth intervals with Niskin samplers. The filters
were submerged immediately in 1.5-milliliter 95-percent ace-
tone (100-percent acetone with a wet filter), extracted for 24
hours at -20°C in the dark, and analyzed shipboard by
reverse-phase, high-performance liquid chromatography
(HPLC). Acetone-extractable pigments were separated using a
three-step solvent gradient based on the solvent composi-
tions and ion pairing solution of Mantoura and Llewellyn
(1983). Chlorophyll pigments were detected with a Waters
Model 420 fluorescence detector (excitation 400-460
nanometers, emission greater than 600 nanometers) paired
sequentially with a Hewlett Packard 1050 variable wavelength
UV-visible absorbance detector programmed to 440 nanome-
ters for carotenoids. The pigment concentrations were deter-
mined from calibrations with authentic standards of the
available pigments (Sigma Chemical Company). Lutein was
used to obtain a response factor for the xanthophyll pigments
and chlorophyll-a was used for the fluorescence response fac-

tor. The relative retention time for each pigment was deter-
mined from pure cultures of phytoplankton with well-estab-
lished pigment contents (Wright et al. 1991), and the chloro-
phyllides and phaeopigments were derived chemically from
chlorophyll-a (Mantoura and Llewellyn 1983).

During October and November 1993, the Weddell-Scotia
Confluence near 60°S 50°W was delineated by a sharp bio-
mass front about 100 kilometers north of the ice edge (Neale
and Spector, Antarctic Journal, in this issue). Stations A and B,
located within the biomass front, had a well-developed upper
mixed layer with a sharp pycnocline at 60 to 80 meters depth.
Chlorophyll-a concentrations in the upper 100 meters ranged
from 0.1 micrograms per liter south of the front to over 6.5
micrograms per liter north of the front. Although higher than
HPLC values reported previously for the southern oceans
(Bidigare et al. 1986; Buma et al. 1990), similar ranges in
chlorophyll-a concentrations have been reported during algal
blooms in temperate waters (Klein and Sournia 1987).

Large concentrations of the accessory pigments fucoxan-
thin, (average, 3.9 micrograms per liter) and chlorophyll-c
(average, 1.1 microgram per liter) were present, along with
significant amounts of the photoprotective carotenoids,
diadinoxanthin (DD), and diatoxanthin (DT). Fucoxanthin
was the most abundant carotenoid and generally covaried
with chlorophyll-a, chlorophyllide-a, or the sum of the two
(figure 1). These results suggest that fucoxanthin is more sta-
ble than chlorophyll-a, and as chlorophyll-a degrades to
chlorophyllide-a, fucoxanthin remains and accumulates
along with chlorophyllide-a. The large amount of fucoxanthin
is characteristic of diatoms, in accord with the identity of Tha-
lassiosira gravida as the predominant species in the water
column. The T. gravida occurred in large colonies up to sever-
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Figure 1. Vertical distributions of chlorophylls (left panels) and
carotenoids (right panels) measured at stations A and B within the bio-
mass front. Pigment concentrations are given in micrograms per liter
(jig L-1 ); depth is in meters. Dashed lines denote chlorophyllide-a.

al millimeters in length. The high concentration of accessory
pigments in the water-column assemblages suggests adapta-
tion to low-light conditions (Perry, Talbot, and Alberte 1981),
consistent with a low ratio of euphotic-zone depth (approxi-
mately 30 meters) to mixed-layer depth (approximately 80
meters). Chlorophyll-b concentrations were low (20 nano-
grams per liter) or below the detection limit. Phycoerythrin,
indicative of cyanobacteria, was minor (approximately 200
nanograms per liter) but persistent at all stations. 19'hexa-
noylfucoxanthin, characteristic of Phaeocystis sp., was present
at several stations in the range 20-150 nanograms per liter.
Peridinin and violaxanthin were detected (approximately 20
nanograms per liter) only in several samples.

Chlorophyllide-a varied in concentration from 0.06 to
over 3 micrograms per liter, and constituted up to 35 percent
of the total sample pigment and over 95 percent of the chloro-
phyll degradation products at stations A and B. The concen-
trations of chlorophyllide-a, a hydrolysis product of chloro-
phyll-a found in senescent cells, frequently increased when
those of chlorophyll-a decreased (figure 1) and was below the
detection limit south of the biomass front (figure 2). High
concentrations of chlorophyllide-a at several stations indicate
that phytoplankton senescence and/or zooplankton grazing
had localized impact on pigment compositions (Bidigare et al.
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Figure 2. Vertical distribution of pigments at station C, south of the
Weddell-Scotia Confluence biomass front. Pigment concentrations

1986; Jeffrey and Hallegraeff 1987). Since chlorophyllide-a
concentrations can exceed those of chlorophyll-a in mature
cells, these results from the southern ocean emphasize the
need for complete pigment analyses to avoid errors in estima-
tions of photosynthetically active biomass.
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