
ing and fecal pellet production, or by aggregate formation and
their associated accelerated sinking rates.
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Table 2. Chlorophyll-based sinking rates and vertical flux
at sites A (76030'S 167°30'W) and B (76 030 1 S 1750E).

Vertical flux data from floating sediment traps
deployed at 50 meters for approximately 24 hours.
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Parameter	 Site A	 Site B

Surface sinking rate 	 0.32	 0.23
Sinking rate at depth of

chlorophyll maximum a	 0.25	 0.09
Total carbon fluxb	 25.6c	 254d

24.9°	 92.71

a In meters per day.
In milligrams of carbon per square meter per day.
Sediment trap deployment 12 January 1990.

ci Sediment trap deployment 4 February 1990.
Sediment trap deployment 16 January 1990.
Sediment trap deployment 31 January 1990.

Bienfang, P.K. 1981. SETCOL: A technologically simple and reliable
method for measuring phytoplankton sinking rates. Journal of Plank-
ton Research, 3, 235-253.

Culver, ME., and WO. Smith, Jr. 1989. Effects of environmental vari-
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25,262-270.

Johnson, T.O., and WO. Smith, Jr. 1986. Sinking rates of natural phy-
toplankton populations from the Weddell Sea marginal ice zone.
Marine Ecology Progress Series, 33, 131-137
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genic-silica accumulation in the Ross Sea and the importance of Ant-
arctic continental-shelf deposits in the marine silica budget. Geochim-
ica et Cosmochimica Acta, 50, 2099-2110.
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Algal blooms observed in the southern ocean have been
dominated either by diatoms or by the colonial prymnesio-
phyte, Phaeocystis (Kopczynska, Weber, and El-Sayed 1986;
Priddle, Hawes, and Ellis-Evans 1986). These same algae uni-
formly dominate ice algal communities (Homer 1976; Fryxell
and Kendrick 1988). The greater the biomass of the bloom, the
greater the proportion of diatoms or Phaeocystis (Sakshaug and
Holm-Hansen 1984). Therefore, we were surprised to discover
that one of the densest blooms ever reported in the Antarctic
(Holm-Hansen and Mitchell in press; Huntley et al. in press)
consisted almost entirely of unicellular green flagellates of the
genus Pyramirnonas.

The objectives and sampling strategy of the Research on Ant-
arctic Coastal Ecosystem Rates (RACER) program have been
described previously (Huntley, Niiler, and Holm-Hansen 1987;
Huntley et al. 1991). Briefly, 69 stations placed regularly over a

25,000-square-kilometer area of southern Drake Passage,
Bransfield Strait and northern Gerlache Strait were sampled
rapidly (within 5 days) four times during the 1986-1987 austral
spring and summer (December, January, February, and March).
More intensive studies were carried out at selected stations
between these monthly regional surveys.

The RACER program uncovered striking spatial and seasonal
heterogeneity in both biomass and productivity of the plankton
within the study area. The greatest primary productivity oc-
curred in December (Holm-Hansen and Mitchell 1991) whereas
the biomass peaked a month later (Karl et al. 1991). During this
period, the size structure of the plankton shifted from net- to
nanoplankton. The stations in Gerlache Strait and adjoining
stations north of Brabant Island were the site of a massive
bloom, reaching 25 micrograms chlorophyll a per liter (Holm-
Hansen and Mitchell 1991).

Surface samples (100 milliliters) for enumeration and floristic
identification were collected at each station. The samples were
passed through a 20-micrometer Nitex mesh, fixed immedi-
ately with glutaraldehyde, concentrated onto 25-millimeter di-
ameter Nuclepore filters (0.8 micrometer porosity), stained
with proflavine (Haas 1982), mounted, and stored frozen until
examined using epifluorescence microscopy. Cells were iden-
tified and counted in transects at 1,250 x magnification.

The January bloom consisted almost entirely of an unicellular
quadriflagellate of the genus Pyramimonas, subgenus Trichocystis
(McFadden, Hill, Wetherbee 1986; figures 1 and 2). The identi-
fication as Pyramimonas was unmistakable based on the cell's
color, morphology (prominent pyrenoid, flagellar pit, chioro-
plast shape), flagellation, the presence of numerous tricho-
cysts, and high-pressure liquid chromatography confirmation
of chlorophyll b (Head personal communication). Chlorophyll
b has been detected previously in pigment extracts from south-
ern ocean habitats (Bidigare et al. 1986; Buma et al. 1990), but
it is typically only a minor constituent compared to chlorophylls
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Figure 1. Contour plot of surface water Pyramimonas abundance
(in cells per milliliter) in the RACER study area, January 1987. The
dark circles indicate the location of the stations; contour interval
is 100 cells per milliliter. The most extensive portion of the Pyra-
mimonas bloom was located in northern Gerlache Strait where cell
abundances exceeded 700 per milliliter.

a and c. Though diatoms had dominated all stations in Decem-
ber, they were nearly absent in the region of the Pyrainirnonas
bloom in January. The next most important organisms in terms
of biomass were heterotrophic dinoflagellates.

The size of Pyramiinonas cells varied greatly among stations.
In Gerlache Strait, cells ranged from 800 to 13,000 cubic mi-
crometers, averaging about 4,200 cubic micrometers, which is
considerably larger than the Pyramimonas gel idicola cells cultured
from antarctic ice by McFadden, Moestrup, and Wetherbee
(1982). Using a biovolume-to-biomass carbon extrapolation of
8.8 x 1,014 grams of carbon per cubic micrometer (Heinbokel
1978) and our mean estimate of Pyrarnimonas cell biovolume, we
conclude that more than 50 percent of the nanoplankton bio-
mass increase (ATP) that was observed (figure 2) is attributable
to the coincident increase in Pyramirnonas cells. These results
support the suggestion that Pyramirnonas is the dominant mi-
croorganism in these selected regions of the RACER study area.

0'
0	 200	 400	 600	 800

Pyramimonas abundance, cells ml -1

Figure 2. Nanoplanktonic living biomass carbon (estimated as par-
ticulate ATP (<20 micrometers) x 250; Karl 1980) versus Pyrami-
monas cell abundance across the study area in January. The nearly
linear relationship between abundance and biomass at the richest
stations reflects the near total dominance by this previously un-
recorded alga. The few moderately rich stations not dominated by
Pyramimonas were dominated by Nitzschia "nana" or hetero-
trophic dinoflagellates. (ng C ml' denotes nanograms of carbon
per milliliter.)

The cells were heavily armored with trichocysts, the number
exceeding 100 per cell for larger cells, whereas Pyramunonas
gelidicola, the only other Pyramimonas species recorded for the
Antarctic (McFadden et al. 1986), is completely devoid of tricho-
cysts. Cells at open-water stations and at stations on the pe-
riphery of the bloom were smaller, about 600 cubic microme-
ters. It is known that the cell volume of P gelidicola is positively
correlated with light level (Burch 1988). The variability in size
in our study area is, therefore, suggested to reflect the known
variability in mixed-layer depth inside and outside the bloom
area with its concomitant effect on average light level (Mitchell
and Holm-Hansen 1991).

It has been emphasized in the past that the southern ocean
cannot be viewed as a single ecosystem (Piatkowski 1989). Dif-
ferences in vertical mixing strongly influence local productivity
and population size (Sakshaug and Holm-Hansen 1984; Mitch-
ell and Holm-Hansen 1991). At the same time, hydrographic
boundaries are often floristic boundaries (Hasle 1969; Piat-
kowski 1989). Both of these influences can be seen at work in
the distribution of Pyramimonas and other dominant taxa in the
RACER study area. Deep-mixing waters to the northwest were
dominated by pico- to nanoplanktonic diatoms and small pho-
tosynthetic dinoflagellates dominated the stations around Liv-
ingston Island. Large and small heterotrophic dinoflagellates
were most abundant in the warm, salty water to the southeast.
These population structure variations are, in part, the result of
the presence of different water masses in the RACER study
area (Niiler, Amos, and Hu 1991).

The discovery of a massive, nearly monospecific bloom of
Pyrarnimonas in the antarctic raises the question of how effec-
tively the production of this organism is transferred to higher
trophic levels. The parallel maximum of copepod and krill bi-
omass in Gerlache Strait (Huntley and Escritor 1991; Brinton
and Townsend 1991) suggests no detrimental effects to crusta-
cean grazers. Although the role of trichocysts in the prasino-
phytes is not known (Norris 1980), it is not difficult to imagine
that they are defensive, perhaps interfering with capture by
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predatory protists which were abundant in January. We might
also ask whether this bloom represented a normal successional
phase that has simply been missed by undersampling in the
past, or was it something rare, or new?

We thank H. Marchant and G.I. McFadden for valuable dis-
cussions of this work, C. Tien for ATP determinations and L.
Lum for her assistance in the preparation of this manuscript.
We are grateful to the RACER program scientists, the officers
and crew of RIV Polar Duke and ITT support personnel for
sampling and logistic support. This research was supported by
National Science Foundation grant DPP 88-18899 to D. Karl.
SOEST contribution number 2931.
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Massive phytoplankton blooms are observed during the
spring in the southern Bransfield and Gerlache straits, both
located on the western coast of the Antarctic Peninsula. Maxi-
mal chlorophyll a concentrations are always in surface (0-20
meters) waters (up to 30 milligrams of chlorophyll a per cubic
meter) and account for 60 percent of the 0-150-meter integrated
water-column pigment (200-300 milligrams of chlorophyll a per
square meter). During the 1989-1990 bloom, estimates of daily
primary production were 2-5 grams of carbon per sqaure meter
per day (Holm-Hansen and Vernet 1990) and nitrate concentra-
tions were usually larger than 15 micrometers (Kocmur, Vemnet,
and Holm-Hansen 1990). Diatoms and a chlorophyll-b-contain-
ing flagellate similar to Pyramimonas sp. dominated the phyto-
plankton in the Gerlache Strait (as found in the northern Brans-
field Strait by Sommer 1989). Cryptomonads dominated the
offshore stations in the southwestern Bransfield Strait, where
no bloom was observed. The questions addressed in this study
were the following:
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