
Figure 2. The JOIDES Resolution (registered name SEDCO/BP 471)
with seven-floor laboratory stack forward of the drill tower.
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Dominants. Nitzschia cylindrus has been found in water sam-
ples (often in doublets) throughout the Antarctic Marine Eco-
system Research at the Ice-Edge Zone (AMERIEZ) austral spring
(1983) and autumn (1986) cruises. In spring ice-melt regions,
the surface water reached near-bloom proportions (Fryxell and
Kendrick 1988). Under the ice, the maximum integrated num-
bers of full cells from the surface to 105 meters were higher in
autumn than in spring (spring = 2.01 x 10 per square meter;
autumn = 3.52 x 10 1 per square meter). In addition, many
empty cells were found under the ice during autumn, with
preliminary quantitative estimates from Glacier stations 0 and
12 (see figure legends for positions) indicating that 41 percent

stack that includes equipment for studies in sedimentology,
paleontology, petrology, paleomagnetics, geochemistry, and
physical properties. A marine geophysics laboratory produces
single-channel seismic reflection profiles while the ship is un-
derway. This year phytoplankton and sediment-trap collec-
tions augmented core-sample collections from the ODP drilling
sites in the Indian Ocean. Quaternary sediment assemblages
will be compared with those from the austral summer living
community in antarctic waters. Most of the diatom-dominated
collections were made from the service vessel, the Maersk Mas-
ter, which was assigned the task of protecting the drilling op-
eration by moving icebergs either by using the currents from
its propellers ("prop washing") or by putting hawsers around
the larger ones ("lassoing") and deflecting their direction of
movement ("towing").

ODP Leg 120 later drilled on the central Kerguelen Plateau
for another 60 days in the Indian Ocean. Synthesis of these
combined Indian Ocean results, together with the earlier 1987
drilling in the Weddell Sea and the sub-antarctic Atlantic Ocean,
will provide a more complete picture of the history of Antarc-
tica.

of all N. cylindrus cells were empty (using values integrated
from the top 105 meters of the water column). N. cylindrus was
not only common in the ice, but fecal pellets have been noted
that contained cells of this species almost exclusively—empty
frustules as well as a few intact cells. It is possible that the
number of empty cells in the water samples indicates grazing
pressure; the small N. cylindrus was abundant in 35-micrometer
mesh net hauls under the ice in autumn and must have been
concentrated in fecal material (Fryxell in preparation). Ger-
mination experiments showed that N. cylindrus often lived
through the guts of zooplankton (Fryxell, Kang, and Reap
1987), and after austral summer field work (1988) with the
Ocean Drilling Program (Fryxell, Antarctic Journal, this issue),
a life history is hypothesized for N. cylindrus that incorporates
rapid transport throughout the water column by zooplankton
via fecal pellets.

In water columns under the ice in austral fall, Phaeocystis
and N. cylindrus were dominants (figures 1 and 2). Phaeocystis
was the more abundant, with 3.42 and 4.88 x 10 cells per
square meter in Glacier stations 0 and 12, respectively, inte-
grated over the top 105 meters. Since Phaeocystis co-varies in
abundance with diatoms in austral spring antarctic waters, it
is possible that it is a different species from that in the North
Atlantic. The nature of its gelatinous colonies (e.g., Jahnke and
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Phytoplankton Distribution at Glacier Station 0
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Figure 1. Histograms of cell numbers versus depth of Phaeocystis
and Nltzschia cylindrus (both full and empty cells) in the water
column under the ice; Glacier station 0, AMERIEZ 1986 (6 March
1986, 65°57.8'S 50 012.9'W. (m denotes meter.)

Baumann 1987) and its pigments, now under study (Bidigare
personal communication), may eventually provide key tax-
onomic characters, as they have in the North Atlantic. Enough
fixed material has been observed to suggest a life history se-
quence progressing from biflagellated swarmers through a ro-
sette stage to a colony (Fryxell in preparation), but this has
not yet been confirmed by culture work. Although there is
little evidence it is a preferred food source, this Phaeocystis
thrives in and under ice, as well as in open water.

Phytoplankton Distribution at Glacier Station 12
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Figure 2. Histograms of cell numbers versus depth of Phaeocystis
and Nitzschia cyllndrus ( both full and empty cells), in the water
column under the ice; Glacier station 12, AMERIEZ 1986 (13 March
1986, 65°44.9'S 48 007.8'W). (m denotes meter.)

Life stages. Life stages provide seasonal contrast. Strong, veg-
etative growth was seen in the spring, clogging nets with long
chains of diatoms with lightly silicified frustules; few resting
spores were observed then (figure 3, from an ice sample).
Auxospores, isolated cells often of maximum size, and resting
spores were observed in the austral autumn. In the austral
summer field work (1988), an unexpected variant of resting
spore transport was seen when fecal pellets with intact spores
were found throughout the water column (Stockwell and Fryxell,
unpublished data). The presently held paradigm of spore
transport includes the sinking of resting spores after a bloom
in near-surface water, with spore production triggered by light
inhibition, depleted nutrients, or a pulse of ammonia from
heavy grazing; however, preliminary shipboard study has im-
plied production of resting spores by a Chaetoceros species be-
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Figure 3. Scanning electron micrograph of Eucampia antarctica winter stage, broad girdle view, showing sibling hypothacae of two "spores"
facing each other, demonstrating that they are the result of division. Sample taken from peach-colored hard ice; U.S. Coast Guard icebreaker
Westwind station 19, AMERIEZ 1983 (28 November 1983, 61 008.7'S 39026.4'E) (m denotes micrometer.)
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low the euphotic zone and subsequent transport throughout
the water column by grazing zooplankton, with eventual re-
lease of some viable spores from fecal matter.

Indicators. Coscinodiscus oculoides Karsten, a large-celled dia-
tom (Fryxell and Ashworth, 1988) was the only species in the
genus to be common near the pack ice. An austral summer
transect (Fryxell, Antarctic Journal, this issue) south from the
northern Kerguelen Plateau strengthened previous work on
indicator species and varieties. Azpeitia tabularis was seen mainly
north of the Antarctic Convergence Zone, as were varieties of
Thalassiosira tumida and Eucampia antarctica. Far to the south in
Prydz Bay, Antarctica, in an area recently cleared of ice by a
gale, the ice-edge varieties of the latter two were seen instead,
and are under study. Comparison of the floras, time-averaged
in sediment, is very promising and adds a new time scale to
work resulting from combined biological and geological sam-
pling.

For the first time, a method of making permanent mounts
in a water-soluble, methacrylic resin was used aboard ship for
quantitative estimates from water samples (Crumpton 1987).
A comparative study is underway by Kang.

This work was supported in part by National Science Foun-
dation grants DPP 82-18491 and DPP 84-18850, supplemented
by Research Experiences for Undergraduates, which are much

appreciated. M. Mann and T.K. Ashworth provided technical
assistance with the figures. Figure 3 is credited to B.R. Bogle.
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Phytoplankton photosynthesis-
irradiance relationships

during austral winter
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Participation in WINCRUISE II during June and July of 1987
offered an opportunity to study phytoplankton photosynthetic
responses during the reduced light and photoperiods of austral
winter. Despite significant amounts of light which are present
at the northern reaches of the ice-edge in winter, little is known
about the productivity and biomass of phytoplankton popu-
lations during this period. The objective of this study was to
determine the biomass and distribution of phytoplankton dur-
ing austral winter, the photosynthesis-irradiance relationships
of the winter populations, and contributions of any primary
productivity during the winter period to the annual carbon
cycle in comparison to other seasons and locations.

* Present address: Department of Marine Science, University of South Flor-
ida, St. Petersburg, Florida 33701-5016.

Water samples were collected onboard the WV Polar Duke
during austral winter from the Bransfield Strait region in Ant-
arctica (figure 1). These samples were used to determine chlo-
rophyll a concentrations, biogenic silica, particulate organic
carbon and nitrogen concentration, photosynthesis-irradiance
responses, and simulated in situ primary productivity (Bright-
man and Smith unpublished data). Samples were collected at
both open-water and ice-covered stations at depths from 0 to
150 meters. A quantum meter was used to determine the depth
of the euphotic zone and an expendable-bathythermograph
(XBT) was used to detect any thermal stratification within the
water column. Incident irradiance was recorded throughout
the sampling period.

Photosynthesis-irradiance relationships (P-I curves) were
determined using short-term incubations (2-4 hours) and 5-
milliliter samples (procedure adapted from Lewis and Smith
1983). Photosynthetic rates (chlorophyll-specific) were calcu-
lated using estimates of carbon-14-uptake measurements over
a range of irradiances (10-2,000 microeinsteins per square me-
ter per second). Photosynthetic parameters were derived from
the objective curve-fitting procedures of Zimmerman et al.
(1987) by fitting the data to the equation of Platt, Gallegos, and
Harrison (1980):

pB(J) = P(1 -e"°) e'

where p' = the photosynthetic rate (milligrams of carbon
per milligram of chlorophyll a per hour) at ir-
radiance I (microeinsteins per square meter per
second)

P = the light-saturated photosynthetic rate (same
units as PB) in the absence of photoinhibition,
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