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The Research on Antarctic Coastal Ecosystem Rates (RACER)

program is an interdisciplinary study whose primary goal is to
understand the mechanisms which give rise to the extraor-
dinarily high productivity of the coastal shelf ecosystem of the
Antarctic Peninsula, a principal breeding, feeding, and spawn-
ing ground of the antarctic krill, Euphausia superha. Most prior
studies of this region asked, "How much?" They examined the
structure of the ecosystem. RACER asks, "How fast?" We seek
to understand the functioning of this ecosystem by examining
rates of transfer among its component parts.

Our research was focused on two central hypotheses:
• Stability/Productivity Hypothesis: Upper ocean physical dy-

namics favor high productivity at all levels of the Antarctic
Peninsula coastal food web. Productivity is significantly
greater than offshore.

• Island-Effect/Residence-Time Hypothesis: Islands interrupt
the flow of waters onto the Antarctic Peninsula coastal shelf,
increasing mean residence time. Increased residence time on
the coastal shelf allows greater productivity relative to
offshore.
The area of study is a 100- by 250-kilometer rectangle at the

western end of Bransfield Strait (figure 1). It incorporates two
shelf environments (Antarctic Peninsula and South Shetland
Islands), two distinct deep-water zones, and a frontal zone
between waters of the Bellingshausen Sea and Bransfield Strait.

An important feature of RACER was the strategy for high-
frequency, high-resolution sampling. We conducted four suc-
cessive 15-day cruises aboard RIv Polar Duke, spaced equally in
time, from 15 December 1986 through 30 March 1987. During
this time we covered the 25,000-square-kilometer study area
eight times. Synoptic sampling of physical, optical, and biolog-
ical variables was accomplished by two modes of sampling: a
"fast" sampling grid for rapidly defining horizontal scales of
variability (69 stations in less than 5 days) and a "slow" sampling

grid for defining the vertical field and for conducting detailed
biological rate studies (24 stations in 10 days). Station locations
are shown in figure 2. A scientific crew of 14 maintained a 24-
hour sampling schedule during all cruises.

At each "fast" grid station we made conductivity-tem-
perature-depth casts, frequently to the bottom, and continuous
vertical profiles of spectral irradiance and beam attenuation to
200 meters. Water samples were taken from up to eight depths,
depending on water depth, for measurements of chlorophyll,
particulate organic carbon and nitrogen, and phytoplankton
taxonomy. Near-surface measurements were made for (1) par-
ticulate ATE (less than 20 micrometers and less than 200 microm-
eters), (2) particulate DNA (less than 20 micrometers and less
than 200 micrometers), (3) dissolved DNA (less than 0.22 mi-
crometers), (4) bacterial, flagellate, and ciliate cell abundances,
(5) dissolved free amino acid and dissolved combined amino
acid concentrations, (6) radiolabeled glutamic acid turnover rate
determinations, and (7) bacterial uptake of radiolabeled thy-
midine. Zooplankton tows were made to a depth of 40 meters
for measurements of abundance, in situ gut pigment, and dry
weight of representative species and developmental stages. We
performed rate experiments on phytoplankton (photosynthesis
vs. irradiance; photosynthesis vs. temperature) and zoo-
plankton (rates of ingestion, molting, and egg production).
Between stations we made continuous meteorological measure-
ments—temperature, barometric pressure, relative humidity,
and incident solar radiation. Average station time was 35
minutes.

Measurements made during the "fast" grid thus provided
information on geostrophic circulation, water masses, and asso-
ciated features in the distributions and physiological rates of
bacterioplankton, phytoplankton, zooplankton, and krill.

The primary purpose of the "slow" grid was to enable longer
station time required for biological measurements through the
water column. At each station we performed the same measure-
ments as at "fast" grid stations. In addition, we made zoo-
plankton tows in three discrete depth intervals (0-50, 50-100,
and 100-200 meters). At 20 percent of the stations we made 24-
hour deployments of free-floating sediment traps for the mea-
surement of vertical flux of organic matter and free-floating, in
situ primary productivity incubators at eight depths. Measure-
ments were also made of dissolved inorganic and organic nu-
trients (nitrate, nitrite, ammonium, phosphate, silicate, DON,

DPO, DOC, and D-ATP). At the 24-hour stations we collected
zooplankton at regular 6-hour intervals.

Measurements made during the 'slow" grid thus provided
additional information on geostrophic circulation, distribution,
rates of primary and secondary production, uptake of dissolved
nutrients, and the downward flux of particulates. Experimental
studies on physiological rates of bacterio-, phyto-, and zoo-
plankton were conducted both on shipboard and at Palmer
Station between cruises.
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Figure 1. Antarctic Peninsula: Bathymetry and geography of the coastal zone. Depths in meters. The RACER study area is shown at the western
end of Bransfield Strait.

/
/

	

31	 54

	

(i^
19	 41	 63

	

29	40	52	62

9	17	28

	

®27	060
38

	

726	 49

59

	

EI 14	 36	 58	67

5	 24	 47	57

4	 23	34	 56 65

3	11	22	 45

	

10	21
2	 32	44

Orebent

rr F

The 1986-1987 program incorporated the following investiga-
tions:
• upper ocean physics (A.F. Amos), microbiology and sedi-

mentation (D.M. Karl);
• phytoplankton processes and optical oceanography (0.

Holm-Hansen, D.A. Kiefer, and B.C. Mitchell);
• trophodynamics of krill and other zooplankton (M. Huntley

and E. Brinton). The field scientific crew included 25 partici-
pants from eight nations, representing seven institutions.
Results and acknowledgments of support are presented in
the following separate papers, listed in the references below.
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Figure 2. Station locations during the 1986-1987 RACER program. All
69 stations were occupied during the 5-day "fast grid:' The 25
circled stations were occupied during the 10-day "slow grid," in-
cluding the five 24-hour stations indicated by double circles. The
cruise pattern was repeated four times between 15 December 1986
and 31 March 1987.
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RACER: Physical oceanography of the
western Bransfield Strait
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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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