
Sampling localities ranged from the Argentine Islands in the
south, to the Bransfield Strait and Hope Bay (Bahia Esperanza)
in the north. A total of 17 trawl stations were made at depths
ranging from 30 to 676 meters. At three of these stations, intact
sediment samples were obtained with a grab sampler. Analysis
of this sediment will provide information on bacterial and meio-
faunal abundance and on the composition of the diatom flora.
Comparisons of environmental sediment with sediment from
stomachs of organisms taken at the same sites will help to
determine the diets of a number of deposit-feeding
echinoderms.

Eight camera stations were made at depths ranging from 52 to
676 meters. A total of 15 rolls of film was used. These pho-
tographic data provide information on the distribution, orienta-
tion, and associations of echinoderms and other
macroinvertebrates.

A total of 153 whole or dissected specimens of asteroids and
ophiuroids was taken for morphological study with SEM. Two
fixatives were used in processing these samples. Some spec-
imens were fixed in a phosphate buffered solution of 4 percent
formalin, 1 percent glutaraldehyde. Others were fixed in 2
percent glutaraldehyde in 77 percent seawater. All specimens
were retained in the fixative solutions for transport and subse-
quent storage.

At each trawl station, extensive collections of echinoderms
were preserved for later analysis of stomach contents. Some
large asteroids such as Pilaster charcoti, Bat hybiaster loripes obesus,
and Diplasterias brucei were measured, sexed, and dissected
aboard ship. Stomach fullness was noted and gut contents pre-
served for complete analysis in Maine. Smaller asterozoans
were preserved whole. Representative collections of selected
invertebrates were also preserved from most localities as part of
a cooperative program with the Smithsonian Oceanographic
Sorting Center.

In addition to the work conducted aboard IIv Hero, numerous
shallow-water collections in the vicinity of Palmer Station were

made by hand or by traps set from zodiacs. One particular
objective of this local work was the collection of the shallow-
subtidal sea star Granaster nutrix. This little-known asteroid is
abundant on rocky substrates throughout Arthur Harbor, but
can be extremely difficult to collect because of its habit of wedg-
ing itself into crevices and under rocks. Previous attempts at
dip-netting this sea star from zodiacs have met with little suc-
cess. This season a sufficient number of specimens was ob-
tained by wading and SCUBA for reliable analysis of gut contents
and morphological variation.

We succeeded in measuring two fundamental physiological
parameters of Granaster nutrix in the Palmer Station laboratory.
Oxygen uptake rates were determined by Winkler titration on
animals that had been maintained at -0.50C ± 0.5 0, 34.5 %
salinity and starved for 10 days. In two separate experiments 13
animals of the available size range (0.20-0.94 grams whole ani-
mal wet weight) were used to determine the metabolism-size
relationship for this animal. Values of oxygen uptake ranged
from 11 to 64 microliters per gram per hour. The equation
relating the logarithm of oxygen uptake (y) to the logarithm of
whole animal weight (X) is y -0.9298X + 1.0898; r2 = 0.509.
Ammonia excretion rates were measured using a spec-
trophotometric method. Nine animals were incubated for 90
minutes in 25 milliliters of sea water (34.5 %o salinity) main-
tained at -0.5°C ± 0.5°; all animals were starved for 10 days.
Ammonia excretion rates were 8.7-57.0 nanomoles per gram
per hour. (Whole animal wet weight range was 0.38-0.94
grams.) From the oxygen uptake data and these ammonia excre-
tion rates, oxygen-to-nitrogen atomic ratios have been calcu-
lated. Data were also obtained on the proximate biochemical
composition and ash content for this unusual asteroid.

We are indebted to Capt. Pieter J . Lenie and the crew of the
RIv Hero for excellent field assistance and to personnel at Palmer
Station for laboratory support. Pat Mosier and Mark Olson
carried out the SCUBA operations. This work was supported by
National Science Foundation grant DPP 79-21537.

Superswarms of antarctic krill
(Euphausia superba Dana)

ERIC SHULENBERGER

San Diego Natural History Museum
San Diego, California 92112

In February-March 1981 over 20 U.S. scientists participated
in cruise Vulcan leg 7 (R/v Melville, Scripps Institution of
Oceanography) to the Scotia Sea (figure 1). We originally in-
tended to do a statistical investigation of the open-sea patches of
krill (Euphausia superba Dana) which are well known in the
popular literature, but about which there is disconcertingly
little detailed information. We found no "ordinary" krill swarms
but received reports (from the German R/V Meteor) of a massive

krill swarm near Elephant Island, just off the tip of the Palmer
Peninsula (figure 2). We located the swarm initially due to the
presence of a very large Soviet trawler fleet which was harvest-
ing the krill (we observed over 40 trawlers at one time, by
unaided eye, from the Melville's bridge). We located and map-
ped the patch acoustically (Macaulay, Antarctic Journal, this is-
sue): it was several kilometers wide in both horizontal dimen-
sions, up to several hundreds of meters thick, performed no
diurnal vertical migration, and had no surface manifestation.
The krill patch was nearshore, occurring near "shelf breaks"
(figures 2 and 3). It had very sharp lateral and upper boundaries
(figure 3), and was persistent and mobile. We adopted the term
"superswarm" to describe the phenomenon. Macaulay's acous-
tic estimates gave a total krill biomass for this superswarm of
about 2-10 million tons: up to 10,000 animals (10 kilograms per
cubic meter. If accurate, this is the largest collection of one
species of animal tissue ever discovered on Earth. This super-
swarm phenomenon had basically not been documented or
reported before.
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Figure 1. Region investigated by Fl/V Melville (cruise Vulcan, legs 6 and 7), January—March 1981.

Our limited shiptime forced simple goals upon us: (1) try to
describe the phenomenon as best we could and (2) get net
samples from which we might be able to infer the superswarm's
function in the species' ecology. We used a Multiple Opening-
Closing Net and Environmental Sensing System (nicknamed
"MOCNESS"): it is controlled from the deck and provides real-
time readouts of depth, angle and speed of tow, temperature,
etc. We aimed our towing using Macaulay's simultaneous
acoustic results, and performed 25 tows (8 nets per tow). From
these zooplankton samples all adult krill have been sorted out,
identified, and measured. (For copepod results, see Wormuth,
Antarctic Journal, this issue.)

Abundance of total zooplankton and of krill varied tremen-
dously over the 25 tows: despite this, there is a very strong
tendency toward constancy of numerical rank-order of abun-
dance of various groups (copepods were always most numer-
ically abundant, euphausiids second, etc.). This consistency
extends across times of day, depths, and considerable horizon-
tal distance (scales from about 70 meters up to tens of kilo-
meters). The various taxonomic categories did not, however, co-
vary in abundance: there was no tendency for all groups to be
abundant in the same tows. Apparently the different groups
are responding either (1) differently to the same environment or
(2) to different aspects of the environment.

The superswarm is not composed entirely of euphausiids:
saips, amphipods, and phytoplankton are also included. There
is no evidence that any major category systematically excludes
other categories from subregions within the superswarm (ex-
cept euphausiid larvae, discussed below). The euphausiids in
the swarm are of several species (E. superba, E. crystallorophias,
Thysanoessa sp.). Adult euphausiids of various species co-occur
within the swarm on all spatial scales examined.

We also found that E. superba and Thysanoessa sp. larvae co-
occurred (in all tows) and were highly positively correlated in
abundance: this suggests that the two species' larvae (1) are not
interfering with one another and (2) are responding in parallel
ways to whatever environmental factors influence larval
abundance.

We found that between successive nets, each fished for as
little as 50-70 meters of horizontal travel, there could be up to
1.5 orders of magnitude difference in larval or adult abundance:
clearly there is intense patchiness on these relatively "small"
scales. Combining all eight nets in each tow into a single sample
(with horizontal length 300-2000 meters) we found the same
degree of variation.

Adult euphausiids are omnivorous and can eat their own
larvae. We captured adults and larvae together many times, but
statistical analyses showed that the larvae of E. superba tended
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Figure 3. This 120 kilohertz acoustical record of adult krill superswarm shows local time along the top axis. Vertical bars indicate points at
which MOCNESS nets were opened and closed. MOCNESS path is shown as a heavy horizontal line at a depth of about 75 meters. Samples were
taken at 2.5 knots. The gray areas in the center of the swarm are caused by response characteristics of the dry-paper chart recorder and do not
represent real regions of reduced population density. Tape-recorded data eliminate this apparent problem entirely. Note "shelf break" of the
bottom during nets 6 and 7.
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strongly not to be abundant where adult E. superba were abun-
dant, and likewise with Thysanoessa. The larval vs. adult separa-
tions occurred in both horizontal and vertical directions. All this
makes good ecological sense, but we do not know how such
distributions are generated or maintained.

As yet, our analyses are incomplete, and the samples we
obtained are simply inadequate to answer most of the intriguing
questions: (1) How is such a huge swarm generated and main-
tained? (2) Where does the food come from to support such a
mass of euphausiids? (Or, indeed, are individuals in the swarm
actively feeding? Euphausiids can live for long periods without
eating.) (3) What is/are the function(s) of such a swarm? (Proba-
bly not breeding, for our samples contained not one egg-carry-
ing female euphausiid nor one loose euphausiid egg.) (4) What
percentage of the total antarctic krill population is represented
in these huge aggregations? (5) How many such swarms are
there scattered throughout the Antarctic? And finally, given all
this uncertainty about superswarms, (6) precisely what will be
the consequence to krill (and to the whales, sea birds, squid,
penguins, and seals which depend upon them) of intensive
fishing pressures that seem inevitable given man's need for
protein and his past failure to exploit intelligently marine living
resources?

Many of these questions will be investigated by us during our
next cruise (funded by the National Science Foundation for
February-March 1984 on the R/v Melville), which will be dedi-
cated to an intensive investigation of the Elephant Island
superswarm.

Cruise Vulcan was funded by National Science Foundation
grant DPP 79-21295 to Scripps Institution of Oceanography.
Analyses of krill samples were funded by National Science
Foundation grant DPP 81-20492 to the San Diego Natural History
Museum. I thank M. Macaulay for permission to use some of his
acoustic information, particularly figures 2 and 3.
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Antarctic krill (Euphausia superba)
swarms from Elephant Island

MICHAEL MACAULAY

Northwest and Alaska Fisheries Center
Seattle, Washington 98115

The National Oceanic and Atmospheric Administration
funded a project to participate with a collaborative project sup-
ported by the National Science Foundation. The purpose of the
experiment was to investigate open-sea patches of krill, as well
as to gather other biological and physical data. The observations
presented in this paper were taken on the iIv Melville during the
second survey of the Scotia Sea (cruise Vulcan, leg 7) 26 Febru-
ary to 27 March 1981.

Primary acoustic observations were made by simultaneous
soundings with 50- and 120-kilohertz sounder,  systems. A side-
looking 105-kilohertz system was used to detect the presence of
krill in the upper 5 to 10 meters which would not be detected by
the downward-directed systems. Frequency modulated analog
recordings of the envelope-detected signal from each of the
three frequencies were made in the field.

Analyses were done using the NWAFC Acoustic Research Con-
tainer computer system by echo integration (SCAR 1981). This
method estimates the abundance (weight per unit volume) of
targets present in the water column for any depth interval
where target strength is known or can be estimated by length-
frequency or length-weight relationships. The estimates of

average abundance over the total water column selected was
calculated to 250 meters or to bottom, whichever occurred first.

Transects were subdivided to give a similar number of obser-
vations in each group and combined into blocks of area for
calculation of biomass. These blocks were selected to give a
range of sizes for statistical comparison. The variance associated
with these biomass estimates was computed by two indepen-
dent methods. The first used serial correlation; the second used
the cluster sampling estimator method of Williamson (1982) as
an independent method for comparison.

During the survey, numerous patches and large con-
centrations of krill were found. The average size patch was 100
to 500 meters in horizontal extent by 40 to 60 meters in vertical
extent with mean abundance of 50 to 200 grams per cubic meter
(approximately 75 to 300 individuals per cubic meter). The very
large swarm found northwest of Elephant Island contained
abundances up to 600 to 800 grams per cubic meter, but typ-
ically abundance was 300 to 500 grams per cubic meter. The
large biomass was due to distributions that extended as deep as
250 meters and the large area covered (150 square kilometers).
In the shallow area northwest from Elephant Island, con-
centrations of krill were found in layers associated with the 100-
to 150-meter depth contour.

Two large swarms were observed in the vicinity of Elephant
Island. The first occurred from 1 to 3 March and the second
appeared on 7 March and was being fished by more than 40
Soviet trawlers. The Soviet fleet had also been fishing in the
vicinity of the earlier swarm. After a survey period in Bransfield
Strait, the Melville returned to Elephant Island. This second
occupation was characterized by a lower incidence of patches
with some associated with shallow regions near the island. The
Soviet fleet had also dispersed and only a few vessels remained
in the area.
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