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Figure 2. Large-area surveys (surveys A and D). Numbers refer to
station locations. During survey A, stations 65 to 72 were omitted
because of time constraints.

biological features across a front north of Elephant Island, inves-
tigators conducted cross-shelf transects during both legs (X sta-
tions, figure 3). Small-area acoustic surveys were conducted
north of Elephant Island in order to describe krill distribution
and abundance within the foraging range of predators breeding
at Seal Island (surveys B and C, figure 3). Fine-scale multiple-op-
ening-closing-net-environmental-sampling-system (MOCNESS)
sampling also was conducted during leg I (areas a, b, c, and d,
figure 3). A census of fur seal and penguin rookeries, and a fine-
scale acoustic survey to acquire data defining the three-dimen-
sional structure of krill aggregations were conducted during leg
II. During the ship's northbound transit from Punta Arenas to
Seattle, studies were completed on physical oceanography and

Longitude

Figure 3. Station locations of cross-shelf transects (X stations);
stations Xl to X16 and X17 to X44 were occupied during leg land leg
II, respectively. Small-area acoustic surveys (surveys B and C,
trackline shown). MOCNESS sampling areas a, b, c, and d.

the effects of ultraviolet radiation on phytoplankton and bacterial
production.

A field team occupied the seasonal field camp on Seal Island
from 2 December 1991 to 11 March 1992. The team conducted
extensive research on the reproductive and feeding behaviors of
antarctic fur seals (Arctocephalus gazella), chinstrap penguins
(Pygoscelis antarctica), and macaroni penguins (Eudyptes
chrysolophus) breeding on the island. Fieldwork at Palmer Station
was initiated on 17 October 1991 and was completed on 7 March
1992; studies on aspects of the ecology of Adélie penguins
(Pygoscelis adeliae) were conducted. This work was part of the U.S.
AMLR program sponsored by the National Oceanic and Atmo-
spheric Administration.

AMLR program: Distribution and
abundance of krill near Elephant

Island in the 1992 austral summer

ROGER P. HEwrrr

Southwest Fisheries Science Center
La Jolla, California 92038

DAVID A. DEMER

Scripps Institution of Oceanography
La Jolla, California 92093

One of the principal goals of the Antarctic Marine Living
Resources (AMLR) program is the relation of the feeding ecology

and reproductive success of krill predators to aspects of the prey
field. We used bio-acoustic methodology to map the distribution
of krill and to estimate biomass. Specific objectives for the 1992
field season included the following:
• Map meso-scale (lOs to lOOs of kilometers) features of the
distribution, density, and abundance of krill in the area around
Elephant Island;
• Map micro-scale (1-10s of kilometers) features of the distribu-
tion, density, and abundance of krill immediately north of Eleph-
ant Island, within the foraging range of krill predators breeding
at Seal Island;
• Delineate changes in krill density and aggregation patterns
across the hydrographic front north of Elephant Island;
• Direct simultaneous high-resolution net sampling in order to
document acoustic signatures for various zooplankton taxa, and
to determine vertical and horizontal variations in the composi-
tion of krill swarms;

* Supported by the John and Fannie Hertz Foundation.
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• Collect acoustic target strength measurements on both indi-
vidual and aggregated krill as a function of animal size, gender,
and sexual maturity;
• Conduct fine-scale mapping of a krill aggregation over a 48-
hour period; and
• Describe the dominant horizontal and vertical scales of krill
aggregation patterns.

To address the first two objectives, we conducted two large-
area surveys (Surveys A and D) and two small-area surveys
(surveys B and C) near Elephant Island between mid-January
abd mid-March 1992 (Rosenberg et al. 1992).

We collected acoustic data with a Simrad EK500 echo sounder
(odholt et al. 1989) connected to a 120-kilohertz split-beam
tansducer. The transducer, deployed on a dead-weight towed
b ody, communicated with the echo sounder via 50 meters of
armored towing cable, a set of slip rings on the towing winch, and
5 meters of shielded deck cable. The echo sounder was con-

nected via ethernet to a UNIX workstation for post-processing
nd archiving of acoustic data (figure 1). We calibrated the entire

system (echo sounder, cables, and winch) before and after the
cruise; calibration drift was less than 1 decibel.

We sampled ping-by-ping echo power levels approximately
very 3 centimeters (25 kilohertz sampling rate) and passed them

^Very
the workstation for archiving. We also subsampled this data set

 0.5 meters over depths ranging from 10 meters to 250
meters. We made adjustments for spherical spreading and ab-
sorption of sound and passed the resulting set of mean volume
backscattering strength measurements to the workstation.

We generated echograms from the subsampled data set and
interpreted them. The threshold volume backscattering strength
was set at -81 decibels, and we attributed portions of the echogram
to echoes from krill and non-krill (bottom return, system noise,

and other scatterers). For the purpose of generating distribution
maps and biomass estimates, we integrated volume backscatter-
ing strength attributed to krill over 10 meters to 250 meters depth
range (or 1 meter above the bottom, if shallower than 250 meters)
and averaged it over 1 nautical mile intervals. We also recorded
the ship's position every 10 seconds and time-keyed it to the
acoustic data set. We used version 2.6 of the Bergen Integrator
software, co-developed by the Bergen Institute of Marine Re-
search, the Christian Michelsen Institute, and Simrad (Knudsen
1990; Foote et al. 1991), as an aid in interpretation of the echograms
and archiving results.

We then gridded and contoured estimates of backscattering
area per square nautical mile of sea surface to produce distribu-
tion maps. We estimated abundance by converting backscatter-
ing area to krill biomass density, using a new definition of krill
target strength (Everson et al. 1990; Greene et al. 1991; Miller 1991)
and treating the mean density on each transect as an independent
estimate of the mean density over the survey area (Jolly and
Hampton 1990; Simmonds et al. 1991).

During the first survey krill were distributed in a wide band
extending along the north side of Elephant Island and wrapping
around the western end (figure 2a); we estimated biomass to be
2.2 million metric tons. During the second survey, the highest
densities of krill were over the shelf extending to the northwest
from Elephant Island and including the Seal Island archipelago;
high densities of krill also extend off the shelf from the northeast
end of Elephant Island into deeper water (figure 3a). We esti-
mated biomass in the smaller survey area to be 0.7 million metric
tons. Three weeks later high krill densities were still apparent in
the vicinity of Seal Island, but the area of high density previously
mapped off the northeast end of Elephant Island had retracted
considerably (figure 3b). We estimated biomass to be 0.4 million
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Figure 1. Principal components of the bio-acoustic survey used to collect, process, and analyze the data reported here include a 120 kilohertz
split-beam transducer, a Simrad EK500 echo sounder, and a UNIX workstation.
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Figure 2. Distribution of backscattering area (proportional to krill
biomass) per square nautical mile of sea surface for survey A and
survey D.

metric tons. During the final survey conducted 6 weeks after the
first survey, krill were mapped in reduced densities primarily to
the west of Elephant Island (figure 2b); biomass over the larger
survey area had declined to 1.1 million metric tons.

This work is part of the U.S. AMLR Program and is supported
by the National Oceanic and Atmospheric Administration.

Estimated krill biomass, vicinity of Elephant island (mid-January
to mid-March 1992).

Survey	Area	 Biomass	Coefficient
(n.mi.2)	 (mtons)	of variation

A	 10,575	 2,168,218	15.75%
B	 2,100	 712,435	22.22%
C	 2,100	 415,840	22.59%
D	 10,575	 1,053,296	 9.25%

212

Figure 3. Distribution of backscattering area (proportional to krill
biomass) per square nautical mile of sea surface for survey B and
survey C.
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