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Hydroacoustic survey data of the population of krill (Euphau-
sia superba) and other targets in the vicinity King George Island
and Elephant Island were examined using spectral analysis to
determine what spatial scales may be of importance in their
distribution (Platt and Denman 1975). 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 Antarctic Marine Living Resources
(AMLR) program.

Hydroacoustic data from 200 kilohertz system collected dur-
ing the two 1991 large-scale surveys were integrated and placed
into separate nautical-mile-spaced arrays. The data from each
survey were first detrended by subtracting the mean for the
respective survey and then windowed using a "Hamming" or
Tukey window before performing a spectral analysis on each
survey's data separately. Auto-covariance analyses were also
done on each survey's data to examine other patterns of spatial
distribution.

The spectral density (as log of the spectrum) (see figure 1)
for the two surveys shows strikingly different patterns for the
spectral components. Survey A has a dichotomous spectrum
separated around 5 nautical miles (0.2 cycles per nautical mile)
for both high- and low-frequency components, and survey D
has a more continuous decrease with increasing frequency. Two
spectral analyses are shown for each survey (figure 1).
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Figure 1. AMLR 1991 survey A and D spectral density plot of krill
distribution. Axes are log spectral density (as tons per nautical
mile squared divided by cycles per nautical mile) and frequency
(as cycles per nautical mile). The dotted line is the 95 percent
confidence interval around the smoothed ("Low pass") spectral
density. The "High pass filter" was a wide band pass filter allowing
high frequency components to pass, while the "Low pass filter"
removed them. (NM denotes nautical mile.)

The one marked "High pass filter" was calculated using a
band pass filter on the periodogram which permitted the high
frequency components to be passed through, and the one
marked "Low pass filter" used one which removed them, leav-
ing the smoothed trend of the data. The confidence interval
plotted around the data is the 95 percent confidence interval
(shown on both "high" and "low" pass plots) for the smoothed
trend. Several peaks occur in the frequency domain for both
surveys, less than 0.03, a break in slope at 0.12 to 0.18, a peak
at .23 to .29, and a peak at .35 to .39 cycles per nautical mile.
These correspond to distances of greater than 30 nautical miles,
approximately 6 nautical miles, approximately 4 nautical miles,
and approximately 2.7 nautical miles, respectively (or approx-
imately 60 kilometers, 11 kilometers, 7 kilometers, and 5 kilo-
meters, respectively).

The auto-covariance for the two surveys (figure 2) also shows
different patterns, especially for the "high pass" data. The
increase in auto-covariance at lags of greater than 30 (i.e., 30
nautical miles, since the data are 1 nautical mile spacing) sug-
gests that some features repeat at about that spacing, especially
for high-frequency components. The lack of such a repetition
in the "low pass" auto-covariance plot, suggests that it is the
larger features (i.e., big patches) which exhibit this tendency,
since the large-scale features are present in the "low pass"
auto-covariance plot, and the high-frequency ones are not. An-
other difference is that survey D has a peak at lag 16 to 20,
which approximately represents the spacing of the transects,
one from another. Re-analysis of the survey D data using the
entire data set, but analyzing only straight survey segments to
isolate adjacent transects, revealed that even the straight seg-
ments exhibited this component, and thus, it is a feature of the
krill distribution not an artifact of sampling.

The data from each survey were further analyzed to isolate
the populations around King George Island from those around
Elephant Island. In these analyses, it was found that the sharp
dip in the spectral density plot found in survey A was found
in the data around King George Island, but not Elephant Island.
In addition, this was not the case for survey D and, in fact,
something like the dip observed for the King George Island
data from survey A was observed in the Elephant Island data
in survey D, but mixed in with data having a pattern like survey
A Elephant Island data. This mixture of spectra was found in
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Figure 2. AMLR 1991 survey A and D autocovariance plot of krill
distribution. Axes are auto-covariance expressed as covariance
X 10 and lag (as number of observations). The "High pass filter"
was a wide band pass filter allowing high frequency components
to pass, while the "Low pass filter" removed them.
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the data from northeast of Elephant Island in survey D. The
spectra of data outside the region adjacent to King George did
not exhibit this feature, and more closely resembled the data
from around Elephant Island during survey A. This could sug-
gest movement of the krill from the King George Island area to
Elephant Island, a conclusion supported by the krill demo-
graphic data (see Loeb, Antarctic Journal, this issue) and may
indicate a behavioral difference in krill from the two areas
which could be used as a marker for those populations. To
confirm this hypothesis, hydroacoustic data from previous
years were also subjected to spectral analysis. A bimodal spec-
tral density consistently was found in the acoustic data from
King George Island and much less to no such indication found
in the Elephant Island data, confirming the existence of this
feature in the data in other years as well.

These patterns and features resulting from the spectral anal-
ysis of the survey data will be further examined and compared
with data on the hydrography (with T. Amos) and phytoplank-

ton (with 0. Holm-Hansen) in the manner of Weber, El-Sayed,
and Hampton (1986) as well as the demographic data (with V.
Loeb).

This work has been supported by cooperative agreements
NA90AA-H-AF026 and NA17FDO07-01 from NOAA at the
Southwest Fisheries Center and by the officers and crew of the
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Net sampling was done to provide data on krill (Euphausia
superba) population structure in the Elephant Island area during
the 1991 Antarctic Marine Living Resources (AMLR) field sea-
son. Demographic information included length, sex ratio, re-
productive condition, and maturity stages. This information
was obtained from 169 bongo net and 6-foot Isaacs Kidd Mid-
water Trawl tows taken in the upper 200 meters during large-
and small-scale surveys (Holt, Hewitt, and Rosenberg, Antarctic
Journal, this issue). Sample processing was done onboard using
fresh material. About 30,000 krill were collected and about
4,000 of these were sexed, staged, and measured. Measure-
ments were of standard length; stages were based on the clas-
sification scheme of Makarov and Denys (1981). A summary of
results from 98 large-scale survey bongo samples (pooled data
from surveys A and D) is presented here.

Krill catch sizes during each large-scale survey (figures 1 and
2) reflected the overall pattern of acoustically detected krill bio-
mass (Macaulay and Mathisen, Antarctic Journal, this issue).
Males slightly outnumbered females overall (1.3:1), and there
were indications of some spatial separation of the sexes. This
was most notable in the region north of Elephant Island where
males frequently constituted between 67 percent and 97 percent
of the total catch of larger sized samples. Reproductively ma-
ture forms dominated most catches and constituted 76 percent
of all individuals collected; juvenile and immature stages

equally contributed to the remainder (table). Juveniles occurred
primarily in samples collected in Bransfield Strait waters to the
south and east of King George Island during January (figure
1). Immature forms were most abundant during the February-
March survey and generally occurred in the inshore island shelf
waters (figure 2). About 60 percent of the females were gravid;
no spent individuals were encountered. This differs from 1990

Krill maturity stage and size composition
in AMLR large-scale surveys,
January through March 1991

NOTE: These data represent 98 tows and 819 staged and measured krill.

Composition Percent Mean lengtha

Stage
Juveniles	 11.2	 27.2
Immature	 12.5	 42.1
Mature	 76.3	 47.6
Sex (male-to-female ratio = 1.3:1)
Males	 50.1	 47.3

Immature	 7.4	 42.4
Mature	 42.6	 48.1

Females	 38.7	 46.2
Immature	 5.1	 41.7
Mature	 33.7	 46.9
(Gravid)	 (23.0)	 -
(Spent)

Total krill	 44.6
Size categories
20-29 millimeters	9.0
30-39 millimeters	7.5
40-49 millimeters	58.3
50-56 millimeters	25.2

a In millimeters.
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