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AMLR program: Distribution and abundance of krill around
Elephant Island, Antarctica, in the 1993 austral summer
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O
ne of the principal goals of the Antarctic Marine Living
Resources (AMLR) program is to relate the feeding ecolo-

gy and reproductive success of krill predators to aspects of the
prey field. Bio-acoustic methodology was used to map the
distribution of krill and to estimate biomass (Hewitt and
Demer 1993). Specific objectives for the 1993 field season
included the following:
• to map mesoscale [lOs to lOOs of kilometers (km)] features

of the distribution, density, and abundance of krill in the
area around Elephant Island;

• to map the microscale (1-10s of kilometers) features of the
distribution, density, and abundance of krill immediately
north of Elephant Island, within the foraging range of hill
predators breeding at Seal Island;

• to investigate possible survey biases caused by vertical
movement of krill in and out of the acoustic observation
window;

• to collect target strength measurements on both individual
and aggregated krill over a range of animal size, sexual
maturity, condition, and gender; and

• to describe the dominant horizontal and vertical scales of
bill aggregation patterns.

To address the first three objectives, two large-area surveys
(Surveys A and E) and four small-area surveys (Surveys B, C, D,
and F) were conducted in the vicinity of Elephant Island
between mid-January and mid-March 1993 (see Rosenberg,
Hewitt, and Holt, Antarctic Journal, in this issue). Distribution
and abundance results from these surveys are presented here;
work relating to the other objectives will be reported elsewhere.

Acoustic data were collected with a Simrad EK500 echo
sounder configured with a 120-kilohertz (kHz) split-beam
transducer. During Surveys A, B, and C, the transducer was
attached to a hydrofoil and towed at 6 knots (kn) and a depth
of 7 meters (m). During Surveys D, E, and F, a different trans-
ducer was housed in a dead-weight body and towed at 10 kn
and a depth of 7 m. Both systems were calibrated after the
cruise using the standard sphere method outlined in Demer
and Hewitt (1992). Data from Surveys A, B, D, E, and F were
adjusted for consistency with the calibration results. Survey C
was terminated prematurely and the results are not reported
here. Furthermore, the first transect on the western end of
Survey A was not included because the towed-body used to
collect these data was lost at sea.

Echo power levels for each ping were sampled approxi-
mately every 3 centimeters (cm) (25-kHz sampling rate), and
adjustments were made for spherical spreading and absorp-
tion losses. These data were averaged every 0.5 m over
depths ranging from 10 in 250 m, and the resulting set of
mean volume backscattering strength measurements were
used to generate echograms. The threshold volume
backscattering strength was set at -81 decibel (dB) [equiva-
lent to approximately 0.1 krill per cubic meter (m 3)], and
portions of the echogram attributed to nonkrill (bottom
return, system noise, and other scatterers) were filtered from
krill echoes. The ship's position was recorded every 10 sec-
onds and time-keyed to the acoustic data set. To generate
distribution maps and biomass estimates, volume backscat-
tering strength attributed to bill was integrated from 10 to
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Figure 1. Distribution of krill biomass density [in	 58	57
grams per square meter (g/m 2)] for Survey A.
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250 m depth and averaged over 0.1—nautical-mile (185-rn)
distance intervals.

Integrated volume backscattering strength per unit sea
surface area was converted to estimates of areal krill biomass
density by applying a factor equal to the quotient of the
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weight of an individual krill and its backscattering strength
(Hewitt and Derner 1993). We used average size distributions
of krill caught during the surveys (Loeb and Siegel, Antarctic
Journal, in this issue) to calculate average weight [using
Siegel's (1986) length/weight relationships] and average
backscattering strength [using Greene et al.'s (1991) defini-
tion of krill target strength as a function of length]. The
resulting data sets, indexed by time and ship's position, were
gridded and contoured for each of the five surveys. Total bio-
mass was estimated by treating the mean biomass density on
each transect as an independent estimate of the mean densi-
ty over the survey area (Jolly and Hampton 1990; Simmonds
et al. 1992).

During Survey A, highest krill densities were located
northwest of Elephant Island and between Elephant and
Clarence islands (figure 1). During Survey B, the highest den-
sities of krill were found along the northeast edge of Elephant
Island and in deeper water to the north and northeast (figure
2A). During Survey D, conducted 18 days after Survey B, high-
est krill densities were mapped along the northwest edge of
Elephant Island in the immediate vicinity of Seal Island (fig-
ure 2B). During Survey F, conducted 20 days after Survey D
and 38 days after Survey B, highest krill densities were imme-
diately adjacent to Seal Island and 30-40 nautical miles north
of the island (figure 2C'); results from directed sampling sug-
gested that the northern area of high krill density may be
reproductively mature animals emigrating into the survey
area from the north and west. Survey E was conducted 30
days after Survey A; low densities of krill were mapped
throughout the eastern half of the survey area, except near the
northern and southern shores of Elephant Island. Krill densi-
ties in the western half of the grid were higher, with highest
densities 50 nautical miles (92.6 km) north of Seal Island, 30
nautical miles (55.6 km) southwest of Elephant Island, and
immediately north of King George Island (figure 3).
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Figure 2. Distribution of krill biomass density (g/m 2) for Surveys B,	Figure 3. Distribution of krill biomass density (g/m 2) for Survey E.
D, and F.
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AMLR program: Krill and macrozooplankton in the
Elephant Island area, January to March 1993
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N
et sampling operations during the Antarctic Marine Liv-
ing Resources (AMLR) 1993 field season provided infor-

mation on krill (Euphausia superba) stock structure and the
distribution and abundance of other macrozooplankton com-
ponents in the Elephant Island area. Sampling was done at
large-area survey stations (Rosenberg, Hewitt, and Holt,
Antarctic Journal, in this issue) using a 1.8-meter (m) (6-foot)
Isaacs-Kidd Midwater Trawl (IKMT) fitted with a 505-
micrometer (rim) mesh plankton net. Data presented here are
derived from 87 hauls made during Survey A (15-31 January)
and 80 hauls made during Survey E (21 February to 6 March).
Sample processing was done on board. Fresh or freshly frozen
krill were measured (total length), sexed, and staged accord-
ing to the classification scheme of Makarov and Denys (1981).
One-liter (L) samples or 1-L subsamples of larger catches
were preserved in 10 percent formalin prior to identification
and enumeration of the larger sized zooplankton con-
stituents. Counts of copepod and chaetognath categories
were made only during Survey A. Abundance estimates of krill
and the dominant macrozooplankton taxa are expressed as
numbers per square meter (m2) and/or numbers per 1,000
cubic meters (m3). Data are presented for the large-area sur-
veys and for the more restricted "Elephant Island area" (a box
around Elephant Island; 60-62°S 53-57°30W) to allow com-
parison with previous AMLR cruises.

The Survey A tows yielded approximately 22,100 krill. The
median abundance value was 1.6 krill per m2 (table 1). The
catch sizes showed no obvious spatial pattern other than that
the larger catches were relatively frequent northeast of King
George Island; whereas small catches were generally charac-
teristic of the area south of Elephant Island (figure 1). The bill
were dominated by reproductively mature (66 percent) and

immature (29 percent) stages; juveniles made up only 5 per-
cent of the total (table 2). Females and males were equally
represented. The majority of the females were mature stages
3a and 3b (73 percent); few demonstrated advanced ovarian
development (stage 3c, 14 percent) or were gravid (stage 3d, 2
percent). The maturity-stage composition is reflected in the
overall length-frequency distribution, which shows domi-
nance by 35-50-millimeter (mm) size classes and few individ-
uals less than 30 mm (figure 2). Cluster analysis indicates that
two length-maturity categories were included in the survey
area. One was composed primarily of immature and juvenile
bill of 31-41-mm length (35-mm mode) and represents the
2+ age group (that is, 1990-1991 year class; Siegel 1987) that
was a dominant component in last year's catch. These krill
generally occurred in Bransfield Strait waters south of King
George and Elephant Islands. The other category was com-
posed primarily of 41-51-mm (47-48-mm mode) mature bill.
These generally occurred in Drake Passage waters to the
north of the islands. Mixtures of the two groups occurred in
the transition and Weddell-Scotia Confluence (WSC) water
masses (Amos, Antarctic Journal, in this issue).

Forty-three macrozooplankton species were identified
during Survey A. Saips (Salpa thompsonz) were present in all
samples and were the overall dominant macrozooplankton.
The maximum catch was 47 L with an estimated abundance of
more than 16,000 salps per 1,000 m 3 (table 1); the median
catch was 2.5 L and about 175 salps per 1,000 m 3. The largest
saip concentrations occurred in the eastern portion of the
study area (figure 3). The euphausiid Thysanoessa macrura was
the second most abundant species. It was present in 92 per-
cent of the tows and had a median abundance of 30 per 1,000
M3. Krill was third in overall abundance. Two other relatively
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