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described by Nelson and Smith (1986). It is clear that in this
system a large proportion of new production is nitrate-based.
Furthermore, the mean of the f-ratios is 0.567 which is close to
the mean observed in the Ross Sea ice-edge study (0.645). There
was considerable variation within the f-ratios, but at least some
of this can be attributed to variations in the contributions of
detritus to the total particulate nitrogen pool, because it ap-
peared that detritus provided a variable and at times significant
fraction of particulate matter (unlike the Ross Sea study where it
was a minor component). Nonetheless, the large new produc-
tion observed within the AMERIEZ study clearly indicates that not
only is the Weddell Sea ice edge quantitatively important to the
region's production cycle, but it is also an extremely significant
source of biogenic material which is available for transformation
within the food web or export to the benthos. A complete
analysis of the data on new production collected throughout the
formation, movement, and decay of an ice-edge phytoplankton
bloom should enable us to define further the role of these
blooms in the ecology and biogeochemistry of the southern
ocean.

This research was conducted as part of the AMERIEZ project
(National Science Foundation grants DPP 84-20213 and DPP

84-20204).

References

Eppley, R.W., and B.J. Peterson. 1979. Particulate organic matter flux
and planktonic new production in the deep ocean. Nature, 282,
677-680.

Gilbert, P.M., D.C. Biggs, and J.J. McCarthy. 1982. Utilization of am-
monium and nitrate during austral summer in the Scotia Sea. Deep-
Sea Research, 29, 837-850.

Nelson, D. M., and W. 0. Smith, Jr. 1986. Phytoplankton bloom dynam-
ics of the western Ross Sea ice edge II. Mesoscale cycling of nitrogen
and silicon. Deep-Sea Research, 33, 1389-1412.

Olson, R.J. 1980. Nitrate and ammonium uptake in antarctic waters.
Limnology and Oceanography, 25, 1064-1074.

ROnner, U., E Sörensson, and 0. Holm-Hansen. 1983. Nitrogen assim-
ilation by phytoplankton in the Scotia Sea. Polar Biology, 2, 137-147.

Surface sediment diatom
assemblages, McMurdo Sound,

Antarctica

Dayton and Oliver 1977; Dayton et al. 1986; Palmisano et al. in
press), capable of supporting a dense benthic community. The
western Sound, however, is bathed by oligotrophic water enter-
ing the Sound from beneath the Ross Ice Shelf and flowing
north (Dayton and Oliver 1977; Barry and Dayton 1985).

The distribution of diatoms in surface sediments of the Sound
may be used as a tracer of the oceanographic conditions respon-
sible for producing such distinctly different benthic populations
between the eastern and western Sound. Quantitative diatom
counts were performed on surface sediment samples from 69
sites in McMurdo Sound (figure 1). The sites include 38 grab
samples, 23 sphincter core tops, 7 box core tops, and 1 piston
core top. As can be seen in figure 1, coverage of most of the
eastern Sound, Granite Harbor, and New Harbor is excellent.
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Distinct differences in benthic communities from eastern vs.
western McMurdo Sound have been noted previously by many
workers (Bunt 1964; Dayton and Oliver 1977; Holm-Hansen et
al. 1977; Dayton et al. 1986). Infaunal assemblage standing
stocks among the highest in the world's oceans characterize the
eastern Sound, while the western Sound is typified by low
infaunal densities similar to those in deep-sea sediments
(Dayton and Oliver 1977; Dayton et al. 1986).

This well-defined difference in benthic densities has been
attributed to a combination of two factors. Dayton and Oliver
(1977) and Dayton et al. (1986) have suggested that more per-
sistent sea-ice coverage in the western Sound results in lower
primary productivity in the area, providing less food for the
benthos. A second, and possibly more important factor, is the
role played by the regional circulation in McMurdo Sound
(Dayton and Oliver 1977; Dayton et al. 1986). Circulation in the
Sound is generally cyclonic, with high salinity shelf water enter-
ing the eastern Sound from the northeast, flowing south, turn-
ing westward, and finally exiting northward along the western
coast (Heath 1977; Jacobs, Fairbanks, and Horibe 1985; Lewis
and Perkin 1985). Carried within the southward flowing water
are often well-developed planktonic populations (Bunt 1964; Figure 1. Surface sediment sample sites in McMurdo Sound.
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Samples are relatively sparse on the shallow western shelf and
only 2 of the 69 samples are from water depths less than 100
meters. Most samples shallower than 100 meters are composed
of coarse sand and gravel.

Floral counts were performed on smear slides. Smear slides
were used in order to alter the assemblage as little as possible.
Samples were mounted with Hyrax (refractive index = 1.63).
Relative species abundances were determined by counting
transects at 1,000 x until 500-600 specimens had been counted.
Only diatoms with more than one half of the frustule intact were
counted in order to avoid counting the same specimen twice.

The Sound can be divided into three major geographic re-
gions with respect to diatom surface sediment assemblages, the
eastern Sound, the southwestern Sound (New Harbor area),
and the northwestern Sound (Granite Harbor area) (figures 2
and 3). Two groups of diatoms dominate surface sediments of
the Sound, Nitzschia curta and Thalassiosira spp. Differences in
the relative proportions of these two groups distinguish floral
provinces.

Highest relative abundances of Thalassiosira spp. are located
in the central and eastern Sound, where concentrations reach
almost 35 percent. Nitzschia curta, though found in high relative
concentrations throughout the Sound, is relatively sparse in
this region, particularly in the south-central Sound, where val-
ues lower than 20 percent are observed. Very low (<12 percent)
concentrations of Thalassiosira spp. are characteristic of the New
Harbor area. Conversely, concentrations of Nitzschia curta reach
values greater than 65 percent in the southwestern Sound. In
the northwestern Sound, the surface sediments also contain
high abundances of Nitzschia curta (up to 80 percent) and rela-
tively low numbers of Thalassiosira spp. At two sites in Granite
Harbor, however, Thalassiosira spp. concentrations are >20
percent.

To interpret the ecologic and oceanographic significance of
these floral assemblages it is necessary to understand the dif-
ferences between the life histories of these two groups of di-
atoms. Nitzschia curta, a small pennate form, commonly is found
both as a member of the sea-ice microbial community (Leventer
and Dunbar 1987; McGrath-Grossi 1985) as well as in ice-edge

% NITZSCHIA CURTA

Figure 2. Relative abundance of Nitzschia curta in surface sedi-
ments of McMurdo Sound.

% THALASSIOSIRA

Figure 3. Relative abundance of Thalassiosira spp. in surface sedi-
ments of McMurdo Sound.

blooms in the Ross Sea (Smith and Nelson 1985; Wilson, Smith,
and Nelson 1986). Thalassiosira spp., on the other hand, are
rarely found in sea-ice samples, reaching maximum abun-
dances of <0.5 percent in samples from McMurdo Sound (Le-
venter and Dunbar 1987). We suggest that Thalassiosira spp. is
more common in surface sediments from the eastern Sound
and in some areas of Granite Harbor as a result of its advection
into these regions. The advection of Thalassiosira spp. has been
documented by sediment-trap work in Granite Harbor, where
abundance of this group increases at mid-water depths, signal-
ing transport from areas of open water primary productivity
(Leventer and Dunbar 1987). Preliminary data from sediment
traps in the eastern Sound indicate that lateral advection of
Thalassiosira spp. also introduces this genera to eastern McMur-
do Sound. Conversely, data from New Harbor show that
Thalassiosira spp. is not a component of the water column diatom
assemblage in the southwestern Sound.

These data imply that the surface sediment diatom as-
semblage of McMurdo Sound may document the influx of phy-
toplankton into the Sound within high salinity shelf water. The
floral data serves as a record of the regional circulation patterns
in the Sound which are important in producing the distinct
benthic communities noted by previous workers. Downcore
floral analyses are presently being done to assess recent
changes in diatom assemblage and the implications of these
changes with respect to extent of open water primary produc-
tivity in the past.

This project was supported by National Science Foundation
grant DPP 85-16911 and an American Association of University
Women predoctoral fellowship. Surface sediment samples were
provided by the antarctic core storage facilities at Florida State
University and Victoria University, Wellington, New Zealand.
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Sea-ice microalgae in polar regions grow at temperatures
below 0°C. Despite low temperatures, the rates of certain meta-
bolic processes appear higher than would be expected given the
thermal energy available to catalyze these reactions (McConville
1985; Palmisano and Sullivan 1982; Bunt and Lee 1970), a charac-
teristic also observed in temperate microlagae (Li 1980). Bunt
(1968) demonstrated that Fragilaria sublinearis, a diatom isolated
from antarctic sea ice, had a growth rate maximum of about 7°C

which categorizes it as a true psychrophile (Morita 1975). Photo-
synthetic rate (carbon-14 dioxide fixation) of freshly collected
antarctic sea-ice algal communities shows maxima between 4°C
and 8°C (Kottmeier et at. 1984), supporting Bunt's laboratory
data.

The temperature response of specific metabolic pathways
represents the sum of a number of reactions, each of which may
contribute to the overall growth of the organism. We present
the results of experiments designed to examine the influence of
temperature on nitrate and ammonium uptake, and the activity
of the enzyme nitrate reductase from natural assemblages of
sea-ice microalgae. These results will be compared with tem-
perature response of carbon-14 dioxide uptake (photo-
synthesis). Inorganic nitrogen compounds were examined be-
cause they have been shown to regulate the growth of arctic sea-
ice microalgae (Maestrini et at. 1986) and phytoplankton in
many of the world's oceans (McCarthy and Goldman 1979).

Sea-ice cores were collected during the 1985-1986 and
1986-1987 austral summers in McMurdo Sound in the area
between the tip of the Erebus Ice Tongue and Tent Island. The
dominant species present for all experiments were Nitzschia
stellata and Amphiprora spp. Temperature experiments were con-
ducted on microalgae from the lower 15 centimeters of sea-ice
cores which had been melted slowly in Whatman CF/C filtered
seawater to avoid osmotic stress of the algae. Nitrogen and
carbon dioxide uptake experiments were conducted on 10-milli-
liter cell suspensions incubated in a temperature-controlled
glycol-water bath at a photon flux density of 42 microeinsteins
per square meter per second, a saturating irradiance for photo-
synthesis of sea-ice microalgae (Palmisano and Sullivan 1983a).
Following a 30-minute preincubation at the desired tem-
perature, samples were inoculated with nitrogen-15 (99 atom
percent) nitrate or ammonium to a final enrichment of 28.6
micrograms of atomic nitrogen per liter; carbon-14 was added to
a parallel set of samples to a final activity of about 1 microcurie
per milliliter. Following 4 hours of incubation the reactions were
terminated by filtration through pre-combusted Whatman CF/C
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