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During the austral summer of 1978-79,43 bottom grab
stations were obtained along five closely spaced transects
taken from the continental slope to the ice front in the
Dumont D'Urville Sea (figure 1). Field work was conducted
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Figure 1. Study area location.

on board the USCGC Glacier during Deep Freeze 79. Bottom
grab samples were examined for benthonic foraminifera
and a dendrogram was manually constructed to determine
whether the various populations unique to each station
could be grouped together as faunas. The criteria used in
defining faunas are population similarities shown by: (1)
the predominance (greater than 75 percent) of calcareous or
arenaceous individuals, or the presence of mixed calcareous
and arenaceous assemblages and (2) the common occur-
rence or absence of important taxa of benthonic for-
aminifera at these stations. This process resolved the 43
station populations into seven faunas. The percentage
ranges of all taxa used in defining faunas were then com-
puted for purposes of comparison. It was found that taxa
that appear in more than one fauna have different per-
centage ranges in different faunas. This supports the origi-
nal division of populations into seven faunas and places
more rigorous statistical controls on the faunal division. The

distributions of foraminiferal faunas were then mapped
and compared to a contour map of bathymetry (Domack
1980) and contour maps of bottom temperature, salinity,
and density (re). In this manner, causal relationships be-
tween ecological conditions and faunal distribution pat-
terns were inferred.

The boundary separating arenaceous and calcareous
shelf faunas in the study area (the shelf calcium-carbonate
compensation depth, CCD), which varies in depth from ap-
proximately 300 meters to slightly below 500 meters, coin-
cides with a major sedimentary boundary that separates
organic rich biogenic sediments characteristic of shelfal ba-
sins from reworked glacial sediments found on banks and
topographic highs (figure 2). Thus, dissolution of calcium
carbonate apparently occurs at relatively shallow depths on
the continental shelf and is responsible for limiting the
distribution of calcareous foraminifera there. Biogenic sedi-
ments are probably enriched in carbon dioxide, which ren-
ders calcium carbonate unstable and prevents calcareous
forminifera from living in these sediments.

Other factors limiting the distribution of benthonic for-
aminifera appear to be (1) depth, which exerts a secondary
influence on faunal distribution patterns on the continental
shelf floor—especially in shelfal basins which reach depths
of 1,500 meters, (2) the oceanic lysocline which occupies the
depth interval of 500 to 1,900 meters on the continental
slope, and (3) the oceanic CCD which intersects the continen-
tal slope at approximately 1,900 meters. Relationships
between benthonic foraminiferal populations and hy-
drographic conditions also can be inferred from faunal
diversities. The shelf is generally typified by low-diversity
populations, with high-diversity populations being excep-
tional. High-diversity populations inhabit those areas of
the outer shelf and upper slope where upwelling of
nutrient-rich upper circumpolar deep water (ucDw) takes
place. UCDW upwelling from abyssal depths spills over the
continental shelf break at places and is injected along an
isopycnal between density-stratified, shelf-derived waters.
The area overlain by these plumes of upwelling UCDW

probably varies with the progression of seasons, but its
maximum extent appears to be fairly well defined and is
reflected by the distribution of high-diversity populations
of benthonic foraminifera (figure 3). The causal relationship
between upwelling UCDW and high-diversity benthonic
foraminiferal populations is highly complex and is more
fully discussed elsewhere (Milam 1980).

This article is a synopsis of a master's thesis submitted in
April 1980 at Rice University, Houston, Texas. Research
was funded by National Science Foundation grants DPP 77-
26407 and DPP 79-80242) and by a grant from the American
Chemical Society—Petroleum Research Fund (PRF-2472-
AC2) to John B. Anderson of Rice University. Stan S. Jacobs
of Lamont-Doherty Geological Observatory provided
hydrographic data essential to this research, and was also
funded by a National Science Foundation grant (DPP
77-2209). Special thanks are extended to the men of the
USCGC Glacier, who made Deep Freeze 79 a success, and
to A. F. Amos of the University of Texas at Port Aransas,
who took the oceanographic measurements on board. This
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research was conducted in collaboration with Eugene W.
Domack of Rice University, who compiled the bathymetric
map of the study area and conducted sedimentological in-
vestigations from the same samples. Finally, I would like to
thank Richard E. Casey of Rice University for his sug-
gestions and ideas about interpreting high-diversity ben-
thonic foraminiferal populations.
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Antarctic phytoplankton:
Fieldwork and establishment

of living cultures
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As part of the cooperative cruises with the Argentines on
board the Islas Orcadas, preserved and living phytoplankton
samples were collected. On cruise 17-78 (2 September-14
October 1978) collections were made by M. A. Hoban, and
on cruise 19-79(22 February-9 April 1979) collections were
made by C. C. Trees, R. A. Warner, and L. H. Weber.

During the early spring cruise a diverse assemblage of
phytoplankton was found on the cruise track south from
Buenos Aires across the Drake Passage and skirting along
the edge of the ice. On the northern leg of the cruise,
however, the water column north of South Georgia Island
was dominated by one species, Tha!assiosira scotia C. Fryxell
and Hoban (Fryxell, Villareal, and Hoban 1979). Drum-
shaped cells with slightly beveled corners were united by
thick threads in long chains, and the valves were heavily
silicified with a spiny appearance from the ring of occluded
processes near the margin (figure 1). At station 35, resting
spores were noted, indicating that the spring increase of
this species was terminating. No surface water discol-
oration was noted, and the top 90 meters of the water
column was well mixed. In spite of this, there were bimodal
maxima noted within a few meters of the surface and again
lower in the water column.

Living material was returned to Texas A&M Univer-
sity on ice from both cruises; about 100 strains of 12 species
have been established. The refrigeration was inadvertently
turned off on board the Islas Orcadas as it came into port
during the early spring cruise; as a result the dominant
diatom in the rough cultures was a relatively eurythermal
species, Thalassiosira antarctica Comber. It was originally
described from the southwest Atlantic, and it is considered
to be bipolar in distribution (Hasle 1976; Hasle and Heim-
dal 1968), with large populations common in the early bo-
real spring in Oslofjord, for example.

Ten clonal cultures from the southwest Atlantic and two
from Oslofjord are being compared at Texas A&M Univer-
sity. An early finding is that the morphological characters
of the vegetative cells appear to vary along a continuum in
the two disjunct populations, but the siliceous valves of the
resting spores are clearly different (figures 2 and 3) (Fryxell
and Doucette in preparation). The bands are similar. Now
being studied are variations in nutrients and light that trig-
ger resting spore production, and the determinate number
of divisions involved in formation of resting spores. Al-
though one would expect that resting spore formation is an
excellent adaptation for survival in the high latitudes
where light is limited for months at a time, we have had
more success in early experiments with high light than low
light in producing resting spores, suggesting that these
heavily silicified forms are produced at or near the surface
rather than at great depths or during the dark winter
months.

Figure. 1. Scanning electron micrograph of Thalassiosira
scotia vegetative cell. Note the row of large marginal oc-
cluded processes, the fl-chitin threads secreted by central
and marginal strutted processes, and the finely structured
girdle band complement. 3,000 X. Scale = 10 micrometers.
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