
north of Elephant Island. Two conductivity-temperature-depth
transects were conducted to delineate the hydrography across
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Figure 2. Large-area survey grid (surveys A and D) around Ele-
phant Island, Clarence Island, and the eastern end of King George
Island. The grid included 50 stations and approximately 100 nauti-
cal miles of transects and was occupied during the first half of leg
I and the second half of leg II. Approximately 10 days were required
to complete the grid.

the shelf/slope break. The Surveyor returned to Punta Arenas
on 11 February 1991 for a mid-cruise port call.

Leg II of the AMLR cruise began on 16 February 1991. A third
survey (survey C) was conducted north of Elephant Island;
both bongo and IKMT (Issacs-Kidd Midwater Trawl) nets were
used at each station. A final survey (survey D), which was
similar in scale and scope to survey A (figure 2), was conducted
from 26 February to 7 March 1991. Additional acoustic transects
and stations were conducted in Bransfield Strait. The Surveyor
returned to the north side of Elephant Island where MOCNESS
sampling was directed at an area of high krill density along the
shelf/slope break east of Seal Island. Two conductivity-temper-
ature-depth transects were conducted across the shelf/slope
break north of Elephant Island. The AMLR research cruise was
completed on 17 March 1991 when the Surveyor returned to
Punta Arenas, Chile.

A five-person field team arrived at Seal Island on 4 December
1990 to begin the land-based research of the 1990-1991 AMLR
field program. In accordance with planned research objectives,
the field team conducted extensive research on the reproduc-
tive and foraging behaviors of krill predators living on the is-
land. Research on foraging behavior included tracking studies
that were accomplished during cooperative research programs
aboard the Japanese research vessel Kaiyo Maru in early January
1991, and aboard the Chilean research vessel Alcazar in mid-
February 1991. The field team concluded their research activi -
ties on Seal Island on 11 March 1991.
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One of the major areas for commercial harvesting of krill
(Euphausia superba) is the region north of Elephant Island, Ant-
arctica. The factors responsible for the high krill density in this
area are not known. Previous studies (for example, Macaulay,
English, and Mathisen 1984), however, have shown that krill
are often associated with the 100-150-meter bottom contour.
Data from the 1991 Antarctic Marine Living Resources (AMLR)
program showed that the highest krill concentrations were

often associated with frontal boundaries between different
water masses (Macaulay and Mathisen, Antarctic Journal, this
issue; Amos and Lavender, Antarctic Journal, this issue). Be-
cause phytoplankton biomass also has been reported elevated
near the continental shelf break (Paden et al. 1981) and in frontal
zones (Lutjeharms, Walters, Allenson 1985), one of our objec-
tives in the AMLR program was to see if krill distribution and
abundance are correlated with the distribution of phytoplank-
ton biomass.

During surveys A and D (see Holt, Hewitt, and Rosenberg,
Antarctic Journal, this issue) a frontal zone in the direction south-
west-northeast was observed north of Elephant Island (see
Amos and Lavender, Antarctic Journal, this issue). This was also
the general area where Macaulay and Mathisen (Antarctic Jour-
nal, this issue) recorded elevated krill abundance. To examine
the physical and biological characteristics of this frontal zone
in more detail, a rapid transect with nine conductivity-temper-
ature-depth stations was made across it on 11-12 March, im-
mediately following completion of survey D (see figure 1 in
Amos and Lavender, Antarctic Journal, this issue, for transect
location). To save time, the towable V-fins with the acoustic
instrumentation were not deployed during this transect. Using
ship intake water (5 meters), sensors continuously recorded
temperature, salinity, chlorophyll-a fluorescence, and beam at-
tenuation. At the shallow conductivity-temperature-depth sta-
tions (less than 750 meters), the instrumented profiling unit
(see Amos and Lavender, Antarctic Journal, this issue) included
the following:
• conductivity-temperature-depth sensors,
• transmissometer,
• a pulsed fluorometer,
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• a photosynthetically available radiation light sensor, and
• Niskin bottles for discrete water samples.
At stations exceeding 750 meters, the three optical sensors were
removed and the profiling unit was used to a maximum depth
of 2,000 meters.

Preliminary analysis of the continuous data from the ship's
clean water intake are shown in figure 1. Water temperature
(figure 1A) was lowest close to Elephant Island, and progres-
sively increased in an erratic way at the northerly stations.
Salinity (figure IB) was highest at the southerly stations and
decreased rapidly just north of the continental shelf break (fig-
ure 1E). The chlorophyll-a concentrations (from in vivo fluores-
cence, figure 1C) and the beam attenuation coefficients (figure
1D) were very similar in pattern and indicate low phytoplank-
ton biomass in shelf waters (0 to 15 kilometers) and at the
northernmost station (78 kilometers), with high phytoplankton
in the 78 kilometers north of the shelf break. This conclusion
was supported by the extracted chlorophyll-a concentrations
(figure 1C).

A vertical section (0 to 350 meters) showing water density
along the transect indicates the presence of the frontal zone
between 8 to 12 nautical miles where the isopycnals are con-
centrated and come to the surface (figure 2A). It is also seen
that the waters over the shelf (0 to 15 kilometers) are consid-
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Figure 1. Physical and biological characteristics of surface waters
in a transect across the continental shelf break to the northwest
of Elephant Island. A. Water temperature. B. Salinity. C. Relative
concentrations of chlorophyll-a as determined by in vivo fluores-
cence (solid line) and absolute concentrations of chlorophyll-a
measured on extracted samples (solid circles). D. Beam attenua-
tion coefficient. E. Bottom contour. (km denotes kilometer.)

Distance (nautical miles)

Figure 2. Physical and biological characteristics in the upper 350
meters of the water column during the transect from station X31
to station X39. A. Section showing water density (sigma-t). B. Chlo-
rophyll-a concentrations (in milligrams per cubic meter) deter-
mined on extracted water samples obtained in Niskin bottles. (m
denotes meter.)

erably denser than the waters lying north of the shelf break.
The frontal zone is also reflected in chlorophyll-a concentra-
tions, which were low in shelf waters but started to increase at
about the 15 kilometers mark and reached a maximum (2.7
milligrams per cubic meter) in waters just north of the shelf
break (figure 2B). The surface expression of the front occurs
between stations X34 and X35 and represents the abrupt
boundary between the oceanic Drake Pa ssage/Bellingshausen
Sea water, which has been designated as type I water, and
water more typical of the continental shelf designated types II
and III (Amos and Lavender, Antarctic Journal, this issue).

The stations at each side of the front were quite different in
terms of hydrography and mixing conditions. The station at the
beginning of the transect was well mixed up to almost 100
meters with only a small step at around 85 meters, a condition
that resulted in a fairly uniform distribution of chlorophyll-a
and in vivo chlorophyll-a fluorescence (figure 3A). At the other
end of the transect (north of the front), the water was stratified
with a relatively stable mixed layer of 52 meters. The shallower
mixed layer at this station was reflected in higher concentra-
tions of chlorophyll-a and relative values of in vivo chlorophyll-
a fluorescence (figure 3B).

The species composition of the phytoplankton crop also
changed during this transect across the frontal zone. In the first
18 kilometers of the transect (X31-X34), the phytoplankton crop
consisted mainly of nanoplankton, as compared to the more
northly stations, which had a greater proportion of microplank-
ton (see Villafañe, Heibling, and Holm-Hansen, Antarctic Jour-
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Figure 3. Water-column characteristics at either end of the transect
across the frontal zone, showing profiles of sigma-t (dashed line),
in vivo chlorophyll-a fluorescence in relative units (solid line), and
extracted chlorophyll-a concentrations in milligrams of chloro-
phyll-a per cubic meter (solid circles). A. Station X31, in shelf
waters. B. Station D50, which was close to station X39 and is
shown here because the in situ fluorometer could not be used at
station X39. (m denotes meter.)

nal, this issue). These results will be analyzed with the data
from the other AMLR research components to determine the
significance of these floristic changes in regard to krill distri-
bution and grazing preferences and to the hydrological differ-
ences between the waters on either side of the front.

The continuous measurements on ship intake water were
recorded throughout the entire January-through-March AMLR
cruise. The correlations between biological parameters (phyto-

plankton and krill) and physical factors (shelf break and frontal
zones between water masses) over the entire 5,500-kilometer
cruise track will be analyzed to test the consistency of the
relationships noted in the data of figure 1.
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ment number NA90AA-H-AF020. We thank the Officers and
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to 17 March 1991), and Osmund Holm-Hansen (16 January to
11 February 1991). We also thank Sergio Rosales (Universidad
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Thysanoessa macrura is the most widely distributed euphau-
siid in antarctic waters, frequently exceeding Euphausia superba
in number (Baker 1954; Daly and Macaulay 1988; Kittel, Witek,
and Czykieta 1985; Kittel and Stepnik 1983; Makarov 1979; Fiat-
kowski 1985; Pires 1986). Few studies, however, have focused
on this species, so much of its ecology is not well known. I
report here on its distribution and abundance in the region of
Elephant Island, including a distinct horizontal separation of

larvae and adults, which was closely related to water-mass
distribution observed by conductivity-temperature-depth
casts.

This study was conducted during leg II of the Antarctic Ma-
rine Living Resources program (AMLR) from 16 February to 17
March 1991. One major objective of AMLR was to correlate the
zooplankton data with data from other components of the pro-
gram, including the hydrography, circulation patterns, phyto-
plankton biomass, and primary production. A total of 56 bongo
net tows were taken during the large survey "D" around Ele-
phant Island and along two transects across the eastern Brans-
field Strait (see Holt, Hewitt, and Rosenberg, Antarctic Journal,
this issue). The samples were obtained with a bongo net of 70
centimeters diameter fitted with 505 and 333 micrometer mesh.
Here I discuss only the samples of the 333-micrometer net. All
tows were fished obliquely to a depth of approximately 160
meters. A General Oceanics flowmeter was used to calculate
the volume of water filtered. All T macrura were counted and
the abundances expressed as individuals per 1,000 cubic me-
ters. T macrura were identified by sex and maturity stage and
measured to the nearest millimeter, from tip of rostrum to
telson (figure 1). All larvae and a subsample of adults were
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