
Table 2. Opal and carbon fluxes in the Ross Sea,
January and February 1990

Fluxa
Site	 Biogenic opal	Organic carbon

Site A
231 meters

Mooring (3.6 days)	 5.3	 3.3
Drifter 1 (early)	 0.7	 0.8
Drifter 2(late)	 4.2	 2.9

725 meters
Mooring (22.9 days)	14.6	 4.8

Site B
231 meters

Mooring (14.0 days)	 0.3	 0.9
Drifter 1 (early)	 0.2	 0.5
Drifter 2(tate)	 1.2	 3.1

Site C
250 meters

Drifter	 2.2	 1.5

a In millimoles per square meter per day.

one type of fecal pellet was observed at site C; a large cylindrical
variety (figure) which increases in abundance with depth in the
upper 250 meters. Similar pellets in the Antarctic Peninsula
region have been ascribed to euphausiids (Bodungen 1986).

Our results reveal large spatial and temporal variability in
the magnitude and style of the vertical biogenic sediment flux.
Opal fluxes were approximately one order of magnitude higher
in the western Ross Sea than at the same latitude in the central
Ross Sea. Organic carbon fluxes were also higher in the west,

although by only a factor of 2 to 4. Near-bottom fluxes in the
western Ross Sea are higher than fluxes to 250 meters. This is
opposite the trend observed in the central Ross Sea and con-
sistent with mid-and deep-water transport of biosiliceous de-
bris from east-to-west as we have previously suggested based
on seafloor sediment distribution (Dunbar et al. 1985). Fecal
pellets and large aggregates clearly play an important role in
vertical transport. Dense, rapidly settling pellets such as those
observed at sites A and C are less likely to be transported large
distances by shelf currents than the large, low-density aggre-
gates observed at site B. The extent to which the observed
difference in biogenic sedimentation between the western and
central Ross Sea may reflect a genuine long-term disparity in
surface productivity is not yet known. Further refinement
awaits integration of particle flux results with near-surface pro-
ductivity data as well as the long-term perspective offered by
surface-sediment accumulation studies and our winter-over
trap samples.

This research was supported in part by National Science
Foundation grant DPP 88-18136. We thank A. Pyne, C. Moser,
and the crew of the Polar Duke for assistance with the trapping
program.
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In November 1990, we completed the second year of winter
observations of ocean currents in eastern McMurdo Sound. The
winter circulation regime is of great importance to benthic com-
munities because it exerts a primary control on the delivery of
food to the seafloor following the cessation of summer blooms

in surface waters and sea ice. It is also likely that regular sea-
sonal shifts in the circulation pattern within McMurdo Sound
influence the activities and standing stocks of large, highly
mobile organisms such as penguins, marine mammals, and
fish. The links between inter- and intra-annual oceanographic
variability and the distribution of the regional biota can be
elucidated only through careful year-round monitoring of the
current regime coupled with detailed population studies. Ulti-
mately, winter-over current monitoring systems must be in-
stalled and maintained at a number of locations within Mc-
Murdo Sound. In this article, we present results from the
second year of a pilot study using a subsurface moored array
of current meters and sediment traps in eastern McMurdo
Sound. Results from the first year's deployment are given in
Barry et al. (1990).

A subsurface mooring was deployed on 8 January 1990, 16.9
kilometers northwest of McMurdo Station (77°47'23"S
166°02'28"E) at a water depth of 575 meters. This site is ap-
proximately 7 kilometers further west and 1 kilometer further
north than the site occupied during 1989; the change in location
was dictated by sea-ice conditions during deployment. Recov-
ery of the mooring was completed on 25 November 1990. The
mooring was reinstalled at the same location on 1 December
1990 in an effort to obtain the first direct observations of cur-
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rents in McMurdo Sound during the spring-summer transition.
The mooring includes two InterOcean S-4 current meters,
placed at depths of 160 and 560 meters (415 and 15 meters above
seafloor), that collect and record average speed and direction
during four consecutive 30-second intervals every 20 minutes.

Figure 1 shows progressive vector diagrams for both current
meters, calculated from 24-hour vector averages. Net flow near
the seafloor was nearly unidirectional and southerly during the
10.5-month deployment, similar to our results from 1989. Flow
at 160 meters is considerably more variable with southerly flow
between 8 January and mid-March, easterly flow from mid-
March to early August, followed by northerly flow from early
August to late November. In comparison, shallow currents dur-
ing 1989 were mostly to the east between January and early
August, followed by northerly flow between early August and
November (Barry et al. 1990).

Average current speeds calculated from net displacement
during the entire deployment period were 78 and 5.9 centi-
meters per second for the shallow and deep current meters,

respectively. Maximum current speeds of up to 70 centimeters
per second occurred for brief periods during the summer and
early fall. In general, instantaneous current speeds were
slightly greater at 160 meters than at 560 meters during 1990,
just the opposite of our observations during 1989. A surprising
feature of the 1990 current-meter records is the seasonal vari-
ation in current speed (figure 2). Both shallow and deep instru-
ments show generally higher average speeds and peak veloci-
ties during the austral summer and fall than during the winter
and spring. A similar, but less pronounced, decrease in current
speed through the year is evident in the near-bottom record
from 1989 (Barry et al. 1990). During 1989, high monthly aver-
age current speeds at 180 meters occurred during May and
August through November.

Spectral analysis reveals that oscillatory flow over time scales
of hours to weeks is strongly controlled by tidal influences (ta-
ble). Over short time scales, flow at both shallow and deep sites
is dominated by the diurnal tides. Tidal oscillations at shallow
depth produce highly variable current directions; oscillations
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Figure 1. Progressive vector diagrams for 1990 McMurdo Sound current-meter deployment calculated from 24-hour vector averages: (A)
160 meters; (B) 560 meters. Displacement is in kilometers. The records span 321 days, starting 8 January 1990. Symbols mark the lit and
15th day of each month.
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Figure 2. Current speeds from (A) 160 meters and (B) 560 meters presented as averages for each 2-hour interval during the 7,670 hour
deployment period versus date. Note decrease in both average current speed and maximum speed during the austral winter. (cm/sec
denotes centimeters per second.)

near the seafloor are mainly north-south and are probably rec-
tified by the north-south bathymetry of this portion of Mc-
Murdo Sound.

Our results reveal pronounced differences in the flow regime
between the upper and deep water column within years and
between years. The extent to which the 7-kilometer difference

between the 1989 and 1990 mooring locations limits our com-
parisons is not known. We have observed lower velocities in
eastern McMurdo Sound during the austral winter and spring.
In contrast, Pillsbury and Jacobs (1985) report significantly
higher current speeds during the austral winter at three sites
along the edge of the Ross Ice Shelf in the central Ross Sea
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Percent of total variance, north velocity component, 560 meters,
8 January through 13 May 1990

Period (in hours)	Tidal component	Percent of variance

	

327.9	M1 (lunar fortnightly)	 16.4

	

153.7	 9.2

	

86.9	 1.5

	

39.2	 1.4

	

25.8	01 (lunar diurnal)	 22.4

	

23.9	K1 (luni-solar diurnal)	 28.2

	

12.4	M2 (lunar semidiurnal)	 1.0

	

12.0	S2 (solar semidiurnal)	 1.2

phaeocystis laden waters into eastern McMurdo Sound. It is
likely that flow reversal, rather than the onset of high produc-
tivity in the open Ross Sea, controls the precise timing of this
event. The third-year deployment of our current-meter mooring
will provide the first direct observation of ocean currents in
eastern McMurdo Sound during the critical late November
through January period.

This research was supported in part by National Science
Foundation grant DPP 88-18136. We thank Ward Testa, Alex
Pyne, and Ray Tien for assistance in the field and Peter de-
Menocal for assistance with time series analyses. Pat Sole and
Brian Anderson with K-191 (New Zealand Antarctic Research
Program) are gratefully acknowledged for assistance with sur-
veying the mooring sites.

during 1983. If this is a typical feature of Ross Sea circulation,
eastern McMurdo Sound may be decoupled to some degree
from the open Ross Sea flow regime.

Collectively, our current-meter data suggest that important
shifts in upper water column flow recur on a seasonal basis. A
consistent feature of our current meter records is northerly flow
at depths of 160 to 180 meters between August and late Novem-
ber, opposite of the near-bottom flow. This flow, if characteristic
of the uppermost water column, must reverse during Decem-
ber to permit the annually observed southward penetration of
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Surface-sediment floral data from the George V Coast dem-
onstrate that significant environmental information is archived
in the sedimentary record. The downcore application of the
relationships derived from this surface-sediment work should
be instrumental in understanding the deglacial history of this
region of Antarctica.

Figure 1 illustrates the absolute distribution of diatom valves,
in millions of valves per gram of sediment. Concentrations up
to almost 250 million diatom valves per gram of sediment are
observed. The most diatomaceous sediments are found on the
flanks and deeper waters of the George V basin. Increased
biogenic content in antarctic shelf basins has also been noted
in the Ross Sea (Dunbar, Anderson, and Domack 1985; Dunbar,
Leventer, and Stockton 1989) and is the result of deposition of
winnowed and laterally advected diatom frustules. An east-
west gradient is also observed, with diatom abundances in-
creasing to the west. Several environmental factors are respon-
sible for this distribution pattern. First, the East Wind Drift
transports fine-grained diatomaceous material to the west. Sec-

ond, east of 147° E, persistent sea-ice cover is responsible for
decreased primary production. Although the prolific sea-ice
community cannot be ignored—in a single year, ice from
McMurdo Sound, McGrath-Grossi et al. (1987) had an esti-
mated annual production of 40-80 grams of carbon per square
meter, a significant portion of the estimated total production
for the southern oceans—both production rates and standing
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Figure 1. Absolute distribution of diatom values in surface sedi-
ments from the George V Coast.
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