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The physical oceanography of the Bransfield Strait has been
investigated over a period of many years [Clowes 1934; Gordon
and Nowlin 1978; and the more recent Biological Investigations
of Marine Antarctic Systems and Stocks (BIOMASS) investiga-
tions—Sievers 1982; Stein 1983; Grelowski and Tokarczyk 19851,
yet much remains to be learned about the mesoscale circulation.
In general, surface waters from the Bellingshausen Sea enter the
Bransfield Strait and move northeasterly where the flow inten-
sifies along the southern coasts of the South Shetland Islands.
This stream then exits near Elephant Island to join waters of the
Weddell Gyre and Scotia Sea. Shallow sills prevent circumpolar
deep water from entering the Bransfield, so the basins of the
Strait are devoid of the warm, deep water typical of much of the
antarctic continental margin (Gordon and Nowlin 1978). Sur-
face water also enters the Bransfield from the Weddell Gyre
and, through mixing, forms the surface water mass charac-
teristic of much of the Bransfield Strait. Simply put, low-sali-
nity, high-temperature surface water enters the Bransfield from
the west, while high-salinity, low-temperature water enters
from the east. The boundary where these two meet has long
been recognized as being of great importance to the biological
productivity of the region (Lipski 1982; Guzman 1983).

As part of the RACER (Research on Antarctic Coastal Eco-
system Rates) pilot program (Huntley et al., Antarctic Journal,
this issue) the hydrography of the western Bransfield was in-
vestigated from i1v Polar Duke by measuring the vertical tem-
perature and salinity structure at each station of the network
from December 1986 to April 1987. In addition, underway mete-

orological and sea-surface observations were made throughout
each of the four RACER legs. Cruise legs were designated A
through D, and each leg occupied the station grid twice: once to
provide as near-synoptic coverage as was feasible (these sta-
tions were designated FA-FD) when all 69 stations were
sampled; once when only selected stations were occupied, pri-
marily for biological sampling (these stations were designated
SA-SD).

Hydrographic data were collected using a Plessey 9040 sali-
nity-temperature-depth sensor with a General Oceanics RM12
Rosette sampler for in situ "calibration" of the salinity-tem-
perature-depth sensor (Amos 1983) and to provide water sam-
ples for other RACER components. Salinity-temperature-depth
data were acquired using a Hewlett-Packard 9825A data acquisi-
tion system and were plotted in real time using a Houston
Instruments DMP-51 drafting plotter. After each station, data
were transferred to a Compaq 286 computer with 20 megabyte
Iomega Bernoulli Box via RS232C link for backup. Mete-
orological conditions were monitored at 1- to 10-minute inter-
vals using a Capricorn weather station and WeatherMeasure
relative humidity/temperature system. Sea-surface temperature
was monitored using a modified Sippican expendable
bathythermograph probe mounted in intake to the ship's aquar-
ia. Data were acquired with a Hewlett-Packard 71C computer
and 3421-A multiplexer. Polar Duke's navigation and bathymetry
information was merged with the weather data using the SAIL
(serial ASCII loop) system acquired by a Compaq 286 computer
and transferred in real time via a General Purpose Interface Bus
(GPIB). The merged data were recorded on 3Y2-inch 720-kilobyte
disks with an HP-9114 disk drive.

On the fast grids, salinity-temperature-depth stations were
generally limited to 250 meters depth, or the bottom if shal-
lower, while the slow grid allowed surface-to-bottom profiling
(deepest station 4,350 meters). Two-hundred-and-sixteen sali-
nity-temperature-depth stations were successfully occupied
and provided near-synoptic coverage of the water column in the
100 by 250-kilometer RACER grid. Because data from the final two
legs of RACER were only recently returned from the field, data
are still in the preliminary stages of reduction and analysis.
Many additional conductivity-temperature-depth profiles of
the upper water column were obtained with a Sea-Bird Elec-
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tronics conductivity-temperature-depth attached to the optical
oceanography sensor package (Mitchell et al., Antarctic Journal,
this issue). Ultimately these will be merged with the salinity-
temperature-depth data bank to provide more detailed
coverage of the hydrography.

Initial results show a complex and dynamic hydrographic
regime in the western Bransfield Strait that was closely corre-
lated with the observed distribution of biological productivity
(Holm-Hansen, Letelier, and Mitchell, Antarctic Journal, this
issue). Some examples follows:
• The existence of several distinct water-mass zones, some not

revealed by previous studies of the Bransfield that employed
coarser station grids.

• An unusually warm zone of surface water at the entrance to
the Gerlache Strait and around Brabant Island that formed in
January and early February 1987, which was not present in
late February or March 1987. This was probably an example of
RACER's island effect hypothesis (Huntley et al., Antarctic Jour-
nal, this issue) and was positively correlated with chlorophyll
a.

• Other examples of island effects-the interruption of the flow
of Bellingshausen Sea water into the Bransfield and subse-

quent modification of the regional hydrography in the Strait,
convergent and divergent flow patterns around the larger
islands, and changes in the relative humidity and wind field
in the lower atmosphere in the vicinity of islands.

• The importance of the front between "Bellingshausen" and
"Weddell" water to the regional productivity.

• Spatial and temporal variability of the vertical density field
from regions with a strong pycnocline to almost neutrally
stable water columns in transition zones.
As an illustration of the complex hydrography encountered,

the surface temperature and salinity field "fast grid B" (FB),
acquired from 20-25 January 1987 is presented in figure 1. It can
be seen that islands and topography have considerable effect on
the distribution of water properties in this region. Figure 1A
shows the Bellingshausen Sea water penetrating into the
Bransfield Strait between Low and Hoseason islands. Perhaps
because the sea-ice had just retreated from the west in De-
cember 1986, this water is characterized by its low temperature
and low salinity (figure ib). High-salinity water occupied much
of the southern Bransfield and the Drake Passage in the north-
east of our study site (figure Ib). A striking feature, not found in
any of the previous investigations of the Bransfield, was the

-62.0

-62.5

6

-63.0

-63.5

-64.0

63.5	bi.0	625	12.0	-61,5	-61.0	110.S	hO.0

A

43.5	63.0	-62.5	42.0	-€1.5

33.8

I,
	

^L A Y q1n g ^1 ^.n 11

(T	 34
,	

t'?	 33.8
33.	 O5•	'33.6
-.-.--.s---y. -	 36

H	/ C 4.2
J33.6	 /	344

/

se 0.q

34.2

-62.0

-62.5

Figure 1. Surface temperature distribution (A) and surface salinity distribution (B) on 20-25 January 1987 (from RACER FB).
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existence of warm surface water, apparently emerging from the
Gerlache Strait and the vicinity of Brabant Island (figure la).
Although extensive in area, this was found to be an isolated
warm patch but was also the site of the greatest concentration of
chlorophyll a measured during the entire RACER experiment. At
this stage of the data analysis, this feature appears to be a result
of local atmospheric warming of water trapped in the lee of the
islands (air temperature was predominantly above 0°C). Figure
2 documents the evolution of the warm water layer from De-
cember through February 1987. By March, no trace of warm
water was found. Note that on 27 January (figure 2: S1343A), due
to surface cooling, an almost 1°C temperature inversion occurs
at 20 meters. Underway sea-surface temperature measurements
in this region showed surface temperature near 3°C on occasion.

Figure 3 shows the 200-meter relative dynamic topography
computed from the FB station network. The typically north-
easterly streamline pattern is similar to that found in previous
studies. However, there is a marked convergence north of
Hoseason Island, and divergence around Snow, Livingston,
and Deception islands. While there is inflow between Smith
and Low islands, there appears to be an eddy deflecting water
around Smith Island (see also a similar eddy at both levels north
of Smith Island). Some Bellingshausen water may enter the
Bransfield from the south and exit again between Smith and
Snow islands. This pattern appears to be topographically con-
trolled and therefore constitutes island-effect flow patterns with
subsequent mixing and modification of the regional hydrogra-
phy.

Smaller-scale features were observed during RACER near ice-
bergs which, in some cases, were seen to be moving at speeds of
almost 3 knots (Amos in press) relative to the surface water.
Productivity in and around the wakes of these icebergs ap-
peared to be enhanced as indicated by considerable activity in
bird and other marine life.

This work was accomplished with support from National
Science Foundation grant DPP 85-19908. Field work from 6 De-
cember 1986 through 7 February 1987 was accomplished by A. F.
Amos and C. Gruenwald; from 8 February through 6 April 1987
by D. Menzies, whose assistance is gratefully acknowledged. I
thank the officers and crew of the RIv Polar Duke and the ITT/
Antarctic Services support group for their able assistance. (This
paper is University of Texas Marine Science Institute Contribu-
tion number 689).

RACER STATION 43; Dec 1986 - Feb 1987
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Figure 2. Temperature and salinity profiles to 250 meters at RACER

station 43 from 16 December 1986 to 2 February 1987. ("ppt" de-
notes "parts per thousand:')

-€3.5	b3.0	-62.5	-62.0	-61.5	-j	- 1" 5	 l

-62.0

-62.5

-63.0

El

-64

-c'1

Figure 3. Dynamic topography in dynamic centimeters relative to
200 meters on 20-25 January 1987 (from RACER FB).
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Studies in polar waters suggest that light is the primary limit-
ing factor for phytoplankton growth (Holm-Hansen et al. 1977;
Platt et al. 1982; Sakshaug and Holm-Hansen 1986; Tilzer, von
Bodungen, and Smetacek 1985). The optical environment,
which appears to be especially critical for antarctic phy-
toplankton, has rarely been studied in any detail. There have
been no intensive optical measurements made in a variety of
antarctic oceanic environments using modern in situ optical
instrumentation. The use of a Secchi disk to estimate light
attenuation, as employed by the great majority of biological
programs concerned with phytoplankton distribution and ac-
tivity in antarctic waters, cannot provide the investigator with
the quantitative radiometric data which are needed to help
answer basic questions regarding phytoplankton metabolic
rates in the upper 100 meters of the water column.

During the Research on Antarctic Coastal Ecosystem Rates
program (RACER) 1986-1987 field year, detailed studies were
conducted on the spectral light flux throughout the upper 200
meters of the water column and of the optical properties of the
particulate materials. In situ analyses included profiles of down-
welling spectral irradiance (7 channels centered at 683, 630, 560,
520, 488, 441, and 410 nanometers), upwelling spectral radiance
(five channels centered at 683, 560, 520, 488, and 441
nanometers), photosynthetically available radiation (2-pi,
400-700 nanometers), chlorophyll a fluorescence, beam at-
tenuation, and solar-induced chlorophyll a fluorescence. Par-
ticulate analyses included determination of spectral absorption
coefficients, spectral fluorescence excitation, and pigment ana-
lyses by conventional fluorescence measurements as well as by
high-performance liquid chromatography procedures.

An in situ optical profiling capability was custom designed
and interfaced to a General Oceanics Rosette with either 5- or
10-liter Niskin sample bottles. The optical-physical package
consisted of a Biospherical Instruments reflectance spec-
troradiometer (MER 1012-F), in situ fluorometer (Sea Tech),
transmissometer (Sea Tech), and temperature and conductivity
probes (Sea-Bird Electronics). Eighteen channels were multi-

plexed and digitized by the MER unit and communicated to the
surface as a frequency signal via a standard single conductor
oceanographic cable. Sampling rates were set so that approx-
imately five samples per meter were acquired while profiling at
30 meters per minute. The data density in the vertical domain is
thus comparable to traditional conductivity-temperature-depth
data. All data from these 18 channels were automatically record-
ed in our shipboard computer and also displayed in real time on
a video screen. The water sample bottles could thus be closed
either at predetermined standard depths, or at depths chosen
on the basis of the profile data displayed on the screen. The
computer also recorded incident photosynthetically available
radiation (400-700 nanometers) from a 2-pi, gimbal-mounted
deck cell which was located in a shade-free area above the
helicopter deck. Whenever a water sampling bottle was closed,
all data from the 18 channels plus the deck cell were automat-
ically printed out. The light energy sensed by the submersible 2-
pi photocell was recorded both in absolute energy units and also
as the ratio of the light intensity relative to that of the deck cell.

During the RACER cruises, stations in the Cerlache Strait (sta-
tion 43) and Drake Passage (station 20) represented contrasting
examples of coastal high stability and open ocean low stability
regimes, respectively. Figure 1 shows the profiles of sigma-t,
temperature, beam attenuation, and downwelling irradiance at
488 nanometers for these two stations during December 1986. It
is evident that station 20 had a deep mixed layer (40 meters), low
biomass, and deep penetration of irradiance. By contrast, sta-
tion 43 had a shallow mixed layer (10 meters), high biomass,
and "complete" attenuation of irradiance within the shallow
mixed layer due to absorption by the high concentrations of
phytoplankton pigments. Spectral diffuse attenuation coeffi-
cients and beam attenuation coefficients observed during max-
imal bloom conditions were among the highest observed for
oceanic waters where the dominant particulates are of biogenic
origin. The high attenuation coefficients result in very low mean
light levels within the mixed layer. Populations below the mixed
layer under such circumstances have inadequate light for pho-
tosynthesis.

The downwelling spectral irradiance for five depths at station
20 in January, 1987, is illustrated in figure 2. Several important
features should be noted. First, spectral narrowing of the irra-
diance occurs relatively deep in the water column. This is of
significance with respect to the light quality available for photo-
synthetic organisms. Since this was a clear, low-biomass station,
the peak irradiance at depth is around 490 nanometers (Jerlov
1968). The second feature to note is the apparently higher irra-
diance below 20 meters for the 683-nanometer channel as com-
pared to the 630-nanometer channel. Such an observation
would not occur in pure seawater since attenuation coefficients
increase rapidly at longer wavelengths. The phenomenon is
attributed to natural fluorescence of absorbed solar radiation
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