
Ammonium (NH) and nitrate (NO) rates of microbial cells from station 138 near Elephant Island
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al. = light flux at sea surface.
b Rate in nanogram-atom nitrogen per liter per day.
c Rate in nanogram-atom nitrogen per microgram chlorophyll a per day.
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Distribution and abundance of krill in
the Scotia Sea as observed

acoustically, 1981

MICHAEL C. MACAULAY

Northwest and Alaska Fisheries Center
Resource Assessment and Conservation Engineering Division

Seattle, Washington 98109

As part of FIBEX (First International Biological Investigations
of Antarctic Systems and Stocks Experiment) the National
Oceanic and Atmospheric Administration (NOAA), in cooper-
ation with the National Science Foundation, this year fielded
a hydroacoustic assessment team to assess the antarctic krill
population. The team, composed of personnel from the North-
west and Alaska Fisheries Center and the Northeast Fisheries
Center, was directed to use high-frequency sound to estimate

the krill population in the area to be covered during the Scripps
Institution of Oceanography's Vulcan-6 and Vulcan-7 surveys
of the Scotia Sea (53°S to 60°S, 50°W to 33°W).

The experiment was conducted by transmitting three fre-
quencies simultaneously from a 4-foot V-fin (Braincon, Inc.)
towed at a depth of 6-8 meters. The transducers were mounted
in the fin in such a way that two frequencies (50 and 120
kilohertz) were directed downward and the third frequency
(105 kilohertz) was directed sideward. This combination per-
mitted simultaneous observations of acoustic targets in the
vertical/horizontal planes.

Field analysis of the acoustic data was done by the method
recommended in BIOMASS handbook 7. The target strength per
unit biomass of krill was estimated to be approximately -65
decibels per gram (wet weight) of krill (Mathison personal
communication). This value was used to calculate the biomass
of krill reported in this article. It should be noted that the
results reported here are based on a limited analysis of data
conducted in the field.

The abundance of krill patches observed on the first leg of
the cruise was very low. Small patches (10-40 meters horizon-
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tally by 5-20 meters vertically) that contained adult krill were
located in the area east of South Georgia Island (samples were
obtained by hauls of a BONGO sampling net). The abundance
in these patches is estimated to be 200-1,000 grams per cubic
meter.

Numerous patches and larger concentrations were found in
certain parts of the area surveyed during the second leg. The
average patch size was larger (patches 100 meters or more
horizontally by 40-60 meters vertically were common) and
occasional large swarms (3-5 kilometers by 8-12 kilometers
horizontally and 80- 100 meters vertically) were noted (figure).
The large patches were estimated to contain 1,000-2,000 grams
of krill per cubic meter. This suggests that individual swarms
ranged in weight from 2 to 10 million metric tons.

On both legs of the cruise, the average size of krill ranged
from 2 to 4 centimeters. In most samples individual krill 3 to
4 centimeters in total length predominated. This indicates that
most individuals were nearly 2 years old. Samples often con-
tained specimens of only one sex.

The use of three frequencies simultaneously was very useful
in establishing the identity of targets and helped make up for
the relatively limited net sampling in some areas. Because of
the discrimination that could be achieved by using three fre-
quencies, a few good net samples provided a clue to the iden-
tity of several patterns of targets. The presence of adult krill
was indicated by strong signals on the 50-kilohertz and the
120-kilohertz systems. The results suggest that problems of co-
occurrence of different organisms can be resolved quite relia-
bly if two or more carefully chosen frequencies are used simul-
taneously.

These studies have revealed certain inadequacies of sam-
pling, particularly in the area of obtaining net samples of
acoustically identifiable targets. In retrospect, it seems that
adult krill must be considered more truly nektonic. The larval,
juvenile, and 1-year-old individuals appear to be quite ade-
quately sampled by small nets (BONGO and MOCNESS, or mul-
tiple opening-closing net systems), towed at speeds up to 2-3
knots. However, individuals older than 1 year appear capable
of avoiding capture at these speeds, at least much of the time.
Also, because they are distributed in highly concentrated lay-
ers and discontinuous patches, positioning of nets to take
samples for comparison with acoustic estimates is exceedingly
difficult. We might recommend using large, midwater trawls
or small nets having coarse mesh (openings 0.5-1 centimeter
large) towed at 4-6 knots.

The pattern of distribution of krill appears to be much more
complicated than is commonly suggested. The sea-surface
expression of patches and swarms appears to be a less com-
mon, perhaps seasonally fluctuating, phenomenon. Swarms
seemed to have an identity for 2 to 3 days and then disperse
into many smaller patches over a period of hours or days,
remaining dispersed for a day or two and then reforming in
a different location. It is not known if this type of behavior is
typical. Long-term studies are needed to determine within-
season and between-season variations in swarm size and rates
of aggregation and dispersal.
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Typical echogram from the large swarm observed at Elephant
Island on 8 March 1981. This is part of approximately 2 hours of
continuous trace of this magnitude and is representative of the
"super swarm" for which the 10-million-metric-ton estimate was
made. The depth scale marks indicate 20-meter Intervals.
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