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This study of the hydrography of the upper waters of the
Gerlache Strait was done as part of the RACER (Research on
Antarctic Coastal Ecosystems and Rates) study (Huntley et al.,
Antarctic Journal, this issue). As with the meteorological meas-
urements (Amos, Antarctic Journal, this issue), the goal was to
aid in answering two questions posed by the RACER inves-
tigators: namely, what physical mechanisms account for the
productivity of the Gerlache Strait and what role does mass-
transport play in determining biomass gradients there. Four
series of replicate conductivity-temperature-depth (CTD) sta-
tions to 500 meters were made at the RACER grid locations
(Huntley et al., Antarctic Journal, this issue) within a period of
26 days. Each series took 84 hours to complete and will be
viewed here as quasi-synoptic. In addition, four time-series
were made at station A with CTD profiles repeated at 6-hour
intervals over the approximately 3 days on location. Crucial to
RACER is the question: as the spring phytoplankton bloom
waxes and wanes, would changes in the water-column and
circulation patterns indicate the extent that physical processes
control the bloom? We limit our discussion here to examining

the changes which occurred during the four time-series and
the dynamics during fast grid FC, the same time period used
by Amos (Antarctic Journal, this issue) to illustrate the RACER
meteorological observations. When the data are further ana-
lyzed the RACER group will attempt to integrate the interdis-
ciplinary data sets to aid in answering the questions.

A Seabird SBE-9 CTD with a high-speed ducted pumping
system, SeaTech 25-centimeter transmissometer, Biospherical
Instruments cosine-response, ambient surface-light intensity
(PAR) sensor, and General Oceanics 12 x 10 liter bottle rosette
sampler were lowered to near bottom at each fast grid station.
At station A, profiles were made to 375 meters or less. A rosette
bottle was tripped at the bottom of each cast, with the rest
tripped on the uptrace, in the upper 150 meters (for biological
sampling). Salinity determinations were made on all rosette
samples collected for in situ calibration of the CTD. Both down-
trace and uptrace CTD data were collected at a rate of 24 CTD
scans per second and recorded on 44 megabyte removable
Bernoulli cartridges, using a Data World 386 25 megahertz PC.
In all, some 200 stations were occupied and the total data set
amounted to over 200 megabytes.

Time-series at station A. The time-series relationship of waters
in the RACER area in November 1990 show the influence of
four distinct water masses (figure la). They are a fresh surface
layer which warms to above 1 °C as the month progresses, a
colder subsurface layer around 34%, probably a remnant of
"Winter Water," a high-salinity warm water (>34.6%o) found
below 300 meters in the Bransfield, and a cold (<0 °C), saline
(>34.5%o) water found at the bottom.

Within the Gerlache Strait, specifically at time-series station
A, there is evidence of each of these masses influencing the
water column, as indicated by the shape of the time-series
curve (figure ib). Toward the end of November, surface waters
at station A had warmed from <0 °C to 1.5 °C (figure ic). This
is in contrast to the situation in the late summer and spring
of 1986-1987 (Amos 1987) at the same location, when surface
temperatures reached 3 °C and the time-series curve was es-
sentially a straight line. It is interesting to note that, except for
a few hours on one day, air temperatures were always colder
than sea-surface temperatures (Amos, Antarctic Journal, this
issue), hence the temperature increase observed may be caused
by advection of warmer surface water into the Gerlache or by
local heating in a highly productive area of sluggish circulation.

We show here envelopes enclosing the extremes of sigma-
T (figure 2) and beam attenuation coefficient at 1-meter depth
intervals for the first and last of the 3-day time-series (figure
2). Beam attenuation coefficient is per meter for a 660-nano-
meter, 25-centimeter transmissometer.
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Figure 1. Time-series relationship for (A) fast grid FC, 16 to 19
November 1990; (B) time-series Station A(1), 30 October to 5 No-
vember 1990; and (C) time-series station A(4), 19 to 21 November
1990. Points plotted are 1-meter averaged data. Gray lines are is-
opycnal surfaces. (ppt denotes parts per thousand.)

• Series Al, 30 October to 2 November (8 CTD profiles). The top
of the pycnocline is around 35 meters and extends down to
120 meters (figure 2a). Beam attenuation (figure 2b) is low,
and most particles are confined to the upper mixed layer.
Clear water is found below 60 meters.

• Series A4, 19 to 21 November (13 profiles). A thin upper mixed
layer has developed, with a strong pycnocline at 20 meters
(figure 2c). Below the main pycnocline sigma-T profiles vary
little with time, unlike the previous series when significant
variation occurred down to 120 meters. The highest light
attenuation of the cruise was measured in this time period,
but particle concentrations dropped rapidly coincident with
the pycnocline at 20 meters (figure 2d). By the end of the
time-series surface waters were considerably clearer, prob-
ably indicating the decline of the bloom.

Between these two series, step-like features in the vertical
density and beam attenuation profiles illustrate the alternation
of wind-mixing and advection events that ultimately stabilize
the surface waters and allow the bloom to form. There is a
clear indication of the interrelationship between the particle
concentration and the vertical density profile of the upper water
column in the Gerlache Strait during the genesis and decline
of a spring bloom. We see the water column change from a
winter to a spring profile. The nature of that relationship will
be further explored as data analysis continues.

Geostrophic flow. On a larger spatial scale, the fast grid CTD
stations enabled us to estimate the geostrophic flow in the
Gerlache and adjacent Bransfield at four separate periods within
the month-long study. Figure 3 shows the height of the sea
surface relative to 200 decibars for fast grid FC. Quite similar
to the other three fast grids, the main feature is the flow to
the northeast, along the axis of the Gerlache Strait. The stream
enters the study area in the narrow region between Brabant
Island and the Palmer Peninsula, and exits to the Bransfield
between Intercurrence and Trinity Islands. Some evidence of
Bellingshausen water entering the Gerlache north of Brabant
Island can be seen in the dynamic topography and the time
series diagrams, but there is no indication of Weddell Sea water
in the Gerlache. Only station 20 in the extreme northeast shows
evidence of that water mass. Cells of cyclonic motion may be
found adjacent to the Palmer Peninsula, where embayments
are producing meltwater, but the station grid is not close enough
to resolve these in detail. Station A is in a convergence zone
to the east of the main axis of flow.

Previous studies by Grelowski, Majewicz, and Pastuszak
(1988), Stein (1988), and the RACER I study in 1986-1987 (Amos
1987; Niiler, Amos, and Hu in press) show similar flow pat-
terns in the Bransfield. Most importantly, the paths taken by
Lagrangian drifters deployed near the flow axis (see Niiler,
Illeman, and Hu, Antarctic Journal, this issue) followed the
streamlines shown in figure 3, including the bifurcation around
Trinity Island and the re-entrant flow between Liege and Two
Hummock Islands. Those deployed at station A meandered
for days before entering the stream. What is evident here, but
not in previous studies, is the contribution to the flow in the
Bransfield Strait by the waters of the Gerlache Strait, which
presumably enter south of Anvers Island.

We wish to thank the officers and the crew of the RN Polar
Duke for their excellent support. We also acknowledge the able
assistance of Karen Schmidt and Peter Jorgenson and the Pal-
mer Station crew. This work was supported by the National
Science Foundation grant DPP 89-07287.
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In the past few years, the development of accurate tech-
niques of measuring Lagrangian motion in the ocean has spurred
the deployment of a variety of acoustic and satellite located
ocean drifters. At the Scripps Institution of Oceanography, we
have developed a new family of Argos satellite tracked near
surface drifters, called TRISTARs, which have the capability
of following water particles of a few meters' horizontal and
vertical scale in the upper ocean with the accuracy of 1 cen-
timeter per second or 1 kilometer per day. This drifter consists

of a small, spherical fiberglass surface float tethered with coated
wire to a large subsurface drogue made of dacron in the shape
of a radar reflector triplane. It is easily deployed in a folded
configuration from a moving vessel and it unfolds gently after
a few minutes in the water (Niiler, Davis, and White 1987).
The water-following capabilities of this drifter have been cal-
ibrated by placing current meters on the top and the bottom
of the drogue and measuring the flow of water past the drogue
as a function of wind speed and upper ocean vertical shear.
Over 300 of these drifters have been released in temperate
oceans in the past 5 years, and we built 18 specially configured
TRISTARs with thermistors attached to the tether line and
released these in the Gerlache Straits during the Research on
Antarctic Ecosystem Rates (RACER) 1989 field season. This
article is a report on what is the first extensive set of accurate
water motion measurements in the upper 15-40 meters of the
southern oceans.

Drifter tracks in the Gerlache Strait. The TRISTARs released in
the Gerlache Strait had drogues attached at either 15- or 40-
meter depth. In this preliminary report, we present only the
15-meter drifter location data because differences in circulation
between these two levels and the temperature data from the
thermistor chains are beyond the scope of this short article.

The complex circulation patterns in the Gerlache Strait and
the immediate vicinity of its merging with the Bransfield Strait
are revealed in figure 1.

First, it should be noted that all the drifters exited from the
Gerlache Strait northward and eastward, but they did so at
very different rates. The fastest, which was placed into the
center of the channel, exited in 12 days, and the slowest, which
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