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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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Figure 1. Drifter tracks, with 15-meter-depth drogues, in the Geriache Strait. A star marks a deployment location and the number closest
to a star designates the year/date of launch (in 1989, November 1 is year/date 305). A circle is placed along each track every ten days from
deployment. The shaded curves denote land.

was placed in one of the bays on the eastern side of the Ger-
lache Straits took 90 days. Thus, there is a persistent northward
current of 10-18 centimeters per second in the middle of the
Gerlache Strait; the residence time of water parcels on the
continental shelf is much longer than in the deep water.

Second, drifters continue northward, sometimes through
quite tortuous paths, but they all end up in a well-ordered
coastal current on the southern flank of the South Shetland
Islands.

Third, it is evident that there are mesoscale features on either
flank of the strong flow which emanates from the Gerlache

Strait. Drifters are trapped in these eddies for periods of 20-
30 days, because they are around some of the islands in the
western part of the Bransfield Strait.

It is evident that there are very small spatial scale (3-10-
kilometer scale) features, with very long residence times in the
Gerlache and Bransfield straits areas. This is hardly surprising,
in light of the complicated pattern of islands, channels, and
shallows which are found there. The time lapse from deploy-
ment to the time that the drifters exited north of 62°S latitude
was 12, 14, 28, 41, 48, 90 days, respectively; the longest resi-
dence time was on the shallow continental margin embayment,

1990 REVIEW	 135



and the shortest was for the drifters deployed into the center
of the Gerlache Strait. One drifter which was deployed into
the center of the Gerlache Strait took 41 days to make the
journey because it spent 30 days meandering around in a mes-
oscale eddy.

Large-scale circulation in the Bransfield Strait. The drifters were
fitted with battery power to last 6 months, and many of them
also survived that length of time. Their long-term tracks are
displayed in figure 2. On this figure, the deployment area is
in the vicinity of 64°N 62°W and four of the six drifters exit
past 55°W in a rather well defined and rapid current on the
southern flank of the South Shetland Islands. The average
displacement of the drifters through this current was 13 kil-
ometers per day or a speed of 14 centimeters per second. (One
of the drifters stopped transmitting before it went through this
flow.) A number of them were expelled to its southern flank
for a period, where they moved in the opposite direction and
then were again entrained into its northeastward rush. The
most dramatic pattern was displayed by drifter number 11516
(figure 3) which was rapidly entrained into the South Shetland
current, about 30 days later it was expelled to the south and
then it slowly meandered in the opposite direction in the center
of the Bransfield Strait. Six months, or 180 days later, it was

back again in the vicinity of the Gerlache Straits from where
it was launched.

The Bransfield Straits clearly contains a coherent, narrow,
and rapid flow against the southern flank of the South Shetland
Islands and a much more sluggish and eddy-filled counter flow
to the southwest in the greater part of its area is indicated by
the displacement of a number of the drifters. Thus, there ap-
pears to be a clockwise rotating gyre in the Bransfield Straits
which has the residence time of at least 6 months. The gyre
is asymmetric (like all ocean gyres are) with a strong and nar-
row boundary current on one of its flanks. The drifter dis-
placements are also marked by occasional tightly bundled path
lines—these are areas where drifters stay for many days in
calm water and many satellite fixes in one location render the
graphical display the appearance of a densely occupied spot.

Conclusions. We deployed 18 drifters and, in the ice-filled
sea, 12 of them survived long enough to provide the excellent
data set (part of which is displayed on figure 2). This Lagran-
gian technique is a very powerful tool in rendering an insight-
ful view of circulation patterns especially in areas where no
measurements have ever been done before, because both tem-
poral and spatial scales are revealed in real time. There are
many new patterns to be discerned in antarctic waters as this
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Figure 2. Composite drifter tracks for the period of November 1989 to May 1990. The 1989 year/date is marked at a star at the time of launch
and the last data point is also designated with a year/date number. A circle is drawn along a track every 10 days. Land areas are shaded.
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Figure 3. The track of drifter number 11516 (Argos identification number). Its date of launch was 1989 year/date 309 (4 November 1989)
and the last position graphed is on yeardate 409 (4 April 1990). Note that this drifter makes a nearly complete loop in the Bransfield Strait
in 180 days. A circle marks every 10 days along the track. Land areas are shaded.

is a very data-sparse area of the oceans, especially in direct
current measurements. Lagrangian devices are thus very ef-
fective tools in this area of the world.

The strongest impression we are left with is how small the
spatial scale of the persistent circulation patterns are. Biological
processes which depend upon upper ocean circulation will,
thus, have similar small spatial scales. We set out to test the
hypotheses that longest residence times were on the conti-
nental shelves, and the single drifter which survived the rafts
of sea ice in one of these embayments did indeed remain inside
an area for 70 days where an intense bloom was measured
through the first 30-day period by the RACER scientists. Thus,
isolated biological communities can be nurtured and amply

nourished to maturity in this rich embayment, before being
transported out to the circumpolar ocean. In the 1991-1992
field season, we hope to deploy again Argos-tracked drifters
to further test hypotheses and to further explore the circulation
patterns in this rich nursery ground for a host of antarctic
species.
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