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As part of the U.S. Antarctic Marine Living Resources
(AMLR) program (see Holt, Hewitt, and Rosenberg, Antarctic
Journal, this issue), we have studied the relationship between
krill (Euphausia superba) distribution and the structure of the
upper waters in the vicinity of Elephant Island. These data will
also help understand the predator/prey relationship in the Ant-
arctic and the foraging behavior of the seal and penguin pop-
ulations of Elephant Island (Bengtson, Boveng, and Jansen,
Antarctic Journal, this issue). Four summer cruises were made
aboard the National Oceanic and Atmospheric Administra-

tion's Surveyor, two each in 1990 and 1991. Our method was to
measure the surface temperature and salinity continuously
throughout each cruise and to make a series of conductivity-
temperature-depth stations, surface-to-bottom (to 750 meters
in deeper water) to identify water masses and compute the
geostrophic circulation. Simultaneous shipboard measure-
ments of krill abundance, phytoplankton biomass, chlorophyll-
a, inorganic nutrients, and zooplankton distribution and land-
based studies of krill consumers were made in these multidis-
ciplinary research cruises (see accompanying fourteen AMLR
articles in this section).

The Elephant Island area has long been known as a region
of importance for krill, and much krill harvesting takes place in
these waters. Because it lies at the end of the Palmer Peninsula
and South Shetland Island group, it is at the boundary between
oceanic and antarctic continental shelf waters.

In 1990, a coarse grid of stations around Elephant Island was
occupied four times from January through early March to in-
vestigate the temporal variation in water structure as the sum-
mer progressed. Based on these results, the 1991 grid was ex-
panded and additional, finer-scale sampling grids and sections
were added. By grouping stations with similar temperature/
salinity characteristics, we identified five water-mass types
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Figure 1. AMLR conductivity-temperature-depth station locations and approximate water mass-boundaries. Solid curve is the southern
boundary of type I, dashed curves bound type II, dotted curves bound type Ill and the northern edge of type IV water mass. AMLR 1990
stations are identified by crosses, 1991 stations by open circles. Two sections across the northern Elephant Island front are identified (see
also Amos et al., Antarctic Journal, this issue).
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with distinctly different water structures in the upper 750-
1,000 meters in both 1990 and 1991. They result from mixing in
the vicinity of Elephant Island between waters with origins in
the Weddell, Scotia, and Bellingshausen seas. In summer, they
can be modified by atmospheric warming, ice melting, wind
mixing by strong gales, and mixing by contact with waters
entering the Bransfield Strait in both the north and south.

Figure 1 shows four of the regions with similar water-mass
characteristics identified in 1990 and 1991. All station positions
and two cross-shelf sections north of Elephant Island are also
shown in figure 1. To illustrate the spatial variability of the
upper water column, we used the "worm" technique of Hu
(Niiler, Amos, and Hu 1991) to graph the temperature/salinity
characteristics of each station of the AMLR 91 coarse grid (Holt
et al., Antarctic Journal, this issue) onto a Mercator map of the
area (figure 2). The mean temperature/salinity relationship was
computed for each 1-meter level of these grouped stations and

the resultant curves plotted in temperature/salinity space (fig-
ure 3).

The water mass descriptions are as follows.
• Type I. Drake Passage water; warm, low-salinity water at the

surface, a strong subsurface temperature minimum ("Winter
Water," approximately - 1 °C in temperature, and 34.0 parts
per thousand salinity), Circumpolar Deep Water near 500
meters.

• Type II. A transition water; temperature minimum near
0 °C, isopycnal mixing below the temperature-minimum,
Circumpolar Deep Water evident at some locations. There
were some dramatic examples of transition water during the
1991 cruises, showing considerable mixing along isopycnals.
In some instances, there is little density difference between
water at 500 meters and that at 75 meters (see figure 2 for
examples).

• Type III. Possibly the western edge of Weddell-Scotia Conflu-

SURVEYOR AMLR9I: LEG I SURVEY A
WATER MASSES: 18 JAN - 1 FEB 1991
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Figure 2. Temperature/salinity diagrams for Surveyor leg I coarse grid stations in January 1991 (AMLR 91) superimposed on area map.
Station locations indicated by crosses in circles. Origins (lower left-hand corner) of temperature/salinity scale reproduced at bottom is
indicated by large crosses.
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Figure 3. Mean temperature/salinity relationship of 1990-1991 AMLR stations, averaged at 1-meter vertical intervals. Four water masses of
the Elephant Island area are shown. Depths are annotated at the surface, 50, 100, 150, 200, 300, 500, 750, and 1,000 meters. (ppt denotes
parts per thousand.)

ence water, although similar temperature/salinity types are
found between Elephant and King George islands; less pro-
nounced subsurface temperature-minimum, warmer than
type I, cooler than type II, saltier than both, some mixing
with type II, no Circumpolar Deep Water, temperature at
depth generally above 0 °C.

• Type IV Eastern Bransfield Strait water; almost straight-line
relationship in temperature/salinity space. Deep tempera-
ture near - 1 °C, salinity 34.5 parts per thousand.

• Type V Weddell Sea surface water, found only in southeast-
ern part of study area in 1990. Water column well mixed,
surface-to-bottom, surface temperature near 0 °C.
The water column is also well-mixed in the summer on the

Elephant Island group shelves and might constitute a separate
water mass. Possibly two other types may exist in the region
but are not included in this preliminary classification. Nomen-
clature used in the literature for these water masses is not
consistent. For example, Patterson and Sievers (1980) consider
the region to be in the Weddell-Scotia Confluence zone, sepa-

rating Scotia Sea from Weddell Sea surface waters. SIBEX work-
ers (BIOMASS 1990) use the term "South East Pacific Basin
Surface Water" for the Drake Passage water adjacent to the
South Shetlands. We have avoided ascribing names to the water
mass types at this stage of our study by not capitalizing the
word "water" in the above descriptions.

The water-mass zones identified here are characteristic of the
whole upper water column (750-1,000 meters). As such, they
may not necessarily be directly relevant to the distribution of
krill, the highest concentrations of which were often limited to
the upper few tens of meters in the Elephant Island region
(Macaulay and Mathison, Antarctic Journal, this issue). Note that
the boundaries are not always easy to recognize (figure 1). The
overlap of the boundaries is due to seasonal and interannual
variations in their geographical position. The grids, especially
to the west are not fine enough to resolve the boundaries well.
The most dramatic boundary region is to the north of Elephant
Island, roughly parallel to the continental shelf break. An ab-
rupt front, detectable at the surface by a rapid increase in sal-
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inity approaching the Elephant Island shelf appears to be as-
sociated with kniT and phytoplankton biomass increases
(Amos, Heibling, and Holm-Hansen, Antarctic Journal, this is-
sue). The complexity of the hydrography in this region, and its
variability may well govern the variation in the foraging dis-
tance of krill consumers observed by Bengtson et al. (Antarctic
Journal, this issue).

Hydrographically, it is interesting to note (figure 3) that the
temperature/salinity curves for all types intersect at approxi-
mately +0.5 CC and 34.35 parts per thousand at a depth of
about 100 meters and a Sigma-theta of nearly 276. Also at
depths of 750-1,000 meters, Sigma-theta is 27.8 for all the
water-mass types. Thus, from density considerations there
could be horizontal communication at depths around 1000150
meters throughout the area and potential for mixing up or
down in the water column to 1,000 meters.

Further analysis is in progress on the hydrography of the
Elephant Island surface waters and its relationship to the dis-
tribution of the plant and animal biomass investigated by our
AMLR colleagues. We will also relate this to the hydrography
of the Gerlache and Bransfield straits investigated earlier in the
1989°1990 season (Amos, Jacobs, and Hu 1990) for the Research
on Antarctic Coastal Ecosystems and Rates (RACER) program.

This research was performed under U.S. Department of
Commerce, National Oceanic and Atmospheric Administra-
tion/National Marine Fisheries Service contract NA90AA-H-
AF025. We wish to thank the officers and crew of the Surveyor
and especially the Survey and Electronic Technicians on board.

The authors also acknowledge Barney Trams and Christian Bo-
nert Anwandter who assisted in the conductivity-temperature-
depth work.
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Do the winds blowing over the surface of the waters around
Elephant Island influence the observed distribution of krill (Eu-
phausia superba) as the structure of the upper waters change due
to wind mixing? This question has been tested during the U.S.
Antarctic Marine Living Resources (AMLR) program by moni-
toring weather conditions continuously throughout the Na-
tional Oceanic and Atmospheric Administration's Surveyor
cruises in 1990 and 1991. Although the answer is not obvious
from the preliminary analysis of these data, the results are of
sufficient interest to be presented here. Weather observations
have long been routine during oceanographic expeditions in
the Antarctic and elsewhere, but too often the data are collected
in a spotty fashion and are seldom incorporated into the final
results of the cruise investigations. For the past few years, I
have attempted to collect continuous meteorological (wind
speed and direction barometric pressure, air temperature, and

humidity), and sea-surface (sea temperature and salinity) data
in the Antarctic (Amos 1990). More recently, these data have
been augmented with atmospheric solar radiation, water trans-
missivity, and chlorophyll fluorescence monitoring by the
Scripps Institution of Oceanography phytoplankton research-
ers (see Amos, Helbling, and Holm-Hansen, Antarctic Journal,
this issue).

Aboard Surveyor, a Coastal Climate Weatherpak provides the
wind input. Other inputs come from Weathermeasure barom-
eter, air temperature, sea temperature, and humidity sensors
and signal conditioning units. A Sea-Bird thermosalinograph
provides surface salinity and additional sea-temperature in-
puts. A Hewlett-Packard data-acquisition system channels the
inputs to a personal computer and navigation information from
the ship's Magnavox global positioning system provides a po-
sitional as well as a temporal reference frame. Data were aver-
aged over 1 minute, at 10-minute intervals and at more frequent
intervals whenever a station or other event took place.

Two methods of presenting the data are given here. Figure 1
shows the data as a function of time without regard to position.
The time period covers AMLR 91, leg I from 16 January to 11
February 1991, including Drake Passage crossings at the start
and end of the leg. Note how, during the body of the time in
the Elephant Island region, the northwesterly winds bring
warmer air and the air temperature is persistently warmer than
the sea surface (light shading in figure 1D). A cold front with
southerly winds on 5 February (dark shading in figure 1D)
brought the only subfreezing air temperatures of the cruise,
reversing the air-sea heat-transfer process.

1991 REVIEW	 213




