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data. Results of the echo-integration analyses were available on
a daily basis in the form of contour plots and color echograms.
While the analyses were being performed, a real-time display
of the vertical and horizontal distribution of the abundance of
prey was available for inspection. This display facilitated selec-
tion of sampling sites for deployment of bongo, MOCNESS and
IKMT nets to obtain samples of prey and other organisms. In
addition to the survey grids, data also were collected and ana-
lyzed during horizontal MOCNESS tows, which sampled layers
of and in patches of zooplankton.

Estimates of mean abundance as geometric means, arith-
metic means, and peak values for depth-time bins correspond-
ing to the net tows were calculated both with and without an
offset in time to compensate for the MOCNESS net being towed
behind the ship further than the acoustic system. Color echo-
grams of the data collected during MOCNESS tows also were
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The field research involved a quantitative hydroacoustic sur-
vey of the population of krill (Euphausia superba) and other tar-
gets in the vicinity King George Island and Elephant Island.
The primary objective was to describe the distribution and
abundance of concentrations of acoustically detectable targets
that might be used as prey by the seals and penguins at Seal
Island. This hydroacoustic data is part of a series of annual
surveys conducted by the National Oceanic and Atmospheric
Administration (NOAA) beginning in 1987 as part of the Ant-
arctic Marine Living Resources (AMLR) program.

Two large-scale surveys and a number of small-scale surveys
were conducted during the two legs of the 1991 field operations.
Hydroacoustic data, collected at 120 kilohertz and 200 kilohertz,
were digitally recorded for a total of 397 hours of quantitative
data for use in subsequent analyses. These two frequencies
have been used on each of the AMLR surveys to date. The
sampling depths were from about 6-10 meters below the sur-
face (nominal towed V-fin depth) to 250 meters (limit of inte-
gration) or bottom, whichever occurred first. The method of
data analysis was echo integration. Length frequency data from
the periodic bongo net sampling of the ensonified populations
were used to calculate target-strength from established equa-
tions. The resulting target-strength was then used to convert
measurements of volume-scattered sound into estimates of bio-
mass.

The distribution of biomass along the trackline was contoured
using a commercial software package. All contouring of the
data was done using a "Kriging" method and the results of the
contouring of the distributions are shown in figures 1 and 2.
The contour interval in these figures is a tapered series in the
horizontal contour plots (figure 1) and 25 tons per nautical mile
squared beginning at 25 tons per nautical mile squared and
extending to the maximum, were used for the stacked contour
plots (figure 2).

The 200-kilohertz signal was completely analyzed in real-
time to acoustic biomass per cubic meter in 1-meter depth bins
for each 100 meters along the trackline, using a target strength
of —35.93 decibels per kilogram. The software for these anal-
yses runs on any AT-compatible computer, making it trans-
portable and easy to duplicate. Concentrations of salps and
other targets considered not to be krill were removed from the
data by a process of selective thresholding of the integrated
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Figure 1. AMLR 1991 survey A and D contour plot of the biomass
distribution. Intervals are 25, 50, 100, 150, 200, 300, 400, 600, 800,
1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2600, 2800 tons per
nautical mile squared. Points marked "X31" through "X39" are part
of a line transect of hydrographic and other observations. Areas
where the data are blanked are considered as totally extrapolated
data.
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Figure 2. AMLR 1991 survey A and D stacked contour plot of the
biomass distribution observed along the cruise track. Intervals are
25 to maximum by 25 tons per nautical mile squared. Areas where
the data are blanked are considered as totally extrapolated data.

made, and an analyses of the hydroacoustic data were provided
to J. Wormuth for comparison with the net catch data (see
Wormuth and Berkowitz, Antarctic Journal, this issue).

The biomass of krill in the Elephant Island survey area during
the first large-scale survey (survey A) was about the same as
last year (0.5 to 1.0 million tons in 1990 and 0.6 million tons
this year). This is an intermediate value between last year's first
and second surveys. This year's survey A was conducted at
approximately the same seasonal timing as the mid-point be-
tween last year's first and second surveys. The total biomass
for the second survey (survey D) was slightly less than the total
for survey A. The biomass for the Elephant Island area was
higher, however, during survey D than during survey A, due
to a high abundance of krill in deeper water northeast of Ele-
phant Island. The total biomass was lower because very few
krill were found around King George Island and because sur-
vey D was later in the year than any previous AMLR survey.
This is in contrast to the dramatic changes in distribution ob-
served last year in the Elephant Island area (1990 four surveys
had estimated biomass around Elephant Island of 0.5, 1, 2, and
2.5 million tons over the course of a similar length, though
slightly, earlier time window). Some changes were noted this
year, more than a quarter of a million tons of krill were found
around King George Island in survey A, which is 27 percent of
the total. By contrast, less than 15 thousand tons were found

Acoustic estimate of krill biomass by survey 1991,
based on nautical-mile sample data

NOTE: Distance is transect line distance containing acoustic data (in
nautical miles), area is the area (in nautical miles squared) used to cal-
culate the biomass (in metric tons), and the confidence interval is the 95
percent confidence interval for the biomass (in metric tons).

± 95% Confidence

	

Region	Survey Distance Area Biomass	interval

Elephant

	

Island	A	870 12,675 689,031 277,100 1,100,800
King George

	

Island	A	182	3,852 253,697 82,488	444,386
Total	A	1,052 16,527 942,728 233,920 1,651,320
Elephant

	

Island	D	739 12,525 821,919 203,130 1,440,610
King George

	

Island	D	120	2,914 14,757	3,559	25,953
Total	D	859 15,439 836,676 196,760 1,476,490

around King George Island during survey D, constituting less
than 2 percent of the total. (See table.)

Plans are in progress for comparisons with other AMLR com-
ponent data. Comparisons with the hydrographic data collected
by T. Amos indicate that the principal krill concentrations are
strongly associated with frontal boundaries associated with
water types classified as "Type I" and "Type II" (see Amos,
Helbling, and Holm-Hansen, Antarctic Journal, this issue).
These associations are pronounced in areas where there is
strong bowing of the frontal boundary. The association of krill
with phytoplankton, both surface and integrated values is sim-
ilarly strong in these frontal features. There is a strong sugges-
tion that the high concentration of krill in the vicinity of stations
"X31" to "X36" contribute to the depression of chlorophyll
shown in Holm-Hansen (see Holm-Hansen, Villafane, and
Helbling, Antarctic Journal, this issue). Changes in the sexual
maturity stages (see Loeb, Antarctic Journal, this issue) suggest
a merging of the populations north of Elephant Island prior to,
and probably during, survey D. Spectral analysis of the krill
distribution observed during these surveys is reported else-
where (see Macaulay, Antarctic Journal, this issue).
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