
(figure 2). Potential population differences were also studied
with krill from the two regions sampled.

Animals collected (2 December) in the Bellingshausen
Sea included mature females; the first spawning in the
laboratory occurred 20 December. Spawning females were
isolated throughout the summer, and development was
studied repeatedly with larvae reared in the laboratory. This
study establishes that high hydrostatic pressure, as exists at
great depths in the water column, is not necessary for spawn-
ing or normal development as previously thought. The time
scale (figure 3) and developmental events from fertilized egg
to metanauplius larva are now known, as is the fecundity of
this species. Post-spawned females were maintained to study
their viability and longevity. These animals molt at appropri-
ate intervals and assume a premature condition showing nor-
mal feeding and viability. The change to an apparent younger
stage after spawning is responsible for the conclusion that
post-spawn females most probably die, because they are
rarely found in populations collected throughout the austral
summer and early fall.

Krill representing a wide size range were isolated in 0.5-
and 1.0-liter containers (170 animals) and kept 4 months to
study molting frequency and growth with each molt.
Phytoplankton collected in Arthur Harbor served as the food
source for these animals. Because crustaceans undergo
"shock molting" when taken from their normal environment,
the intermolt interval for knIt was studied after the initial
burst of molting that occurred for several days after transfer to
laboratory aquaria from live-boxes on R/v Hero, from which
all collections were made. Growth increments were deter-
mined by measuring the uropod of the shed exoskeleton. By
regression correlation of uropod length vs. body length, the
equation so derived was used to determine linear growth or
length differentials at each molt. With these data, growth
rates through late spring to early fall can now be computed
and longevity more accurately estimated. The data support
the empirical hypothesis that time to maturity is considerably
greater than 2 years if molting and growth do no occur in
winter.

The opportunity to maintain a large and healthy stock of
these planktonic animals permitted observations of their feed-
ing behavior. Stock-animal aquaria were provided with a sea-
water flow of approximately 300 liters per hour. These
animals, conducting filtering movements continuously,
showed a sustained phytoplankton feeding level by the inten-
sity of green throughout their digestive tract and by fecal-
string production. With the seasonal decline of
phytoplankton in early February and onward, they became
light green, in general. This index of feeding, as well as other
data, had been the basis for the designation of this species as
an exclusive herbivore. However, careful observation
throughout these 4 months revealed that cannibalism among
knit is relatively common. In addition, these animals, feed on
other zoopiankton. On the basis of data from this study, then,
Euphausia superba must be classified as omnivorous and pre-
datory as are the majority of other euphausiid species. These
new data require revisions of estimations of growth
throughout the austral winter, a period of greatly diminished
phytoplankton availability during which krill growth pre-
viously had been considered negligible.

Several thousand krill are being maintained in the knit
facility at Palmer Station through austral winter 1978 to
determine survivability, growth, advance to maturity, and

feeding behavior. This is the first opportunity to study knIt on
a year-round basis. We are especially grateful to James
Punches, who is conducting this winter study and sur-
veillance.

In addition, we gratefully acknowledge the assistance of
Robert Picken and Thomas Poleck, whose help made the ex-
tent of these studies possible; we are grateful to Michael
Myers (Texas A&M University), who joined our program
and assisted in many ways. Captain P. Lenie of RJv Hero col-
lected krill and worked with us on many stringent cruises;
without his work this broad-based study would not have been
possible.

This study was supported by grant DPP 77-21747 from the
National Science Foundation.

Antarctic krill: ecology and
commercial exploitation

GERALDJ. BAKUS

Tetra Tech, Inc.
Pasadena, California 91107

and
Allan Hancock Foundation

University of Southern California
Los Angeles, California 90007

WENDY GARLING andJoHN E. BUCHANAN

Tetra Tech, Inc.
Arlington, Virginia 22209

The antarctic marine ecosystem is highly productive; it in-
cludes 44 bird, 6 seal, and approximately 14 whale species.
Diatoms are the dominant phytoplankton and copepods are
the dominant small zooplankton. Knit (euphausiids) com-
prise the basic food of many animals.

The density of krill in the Antarctic is believed to be about
one individual per cubic meter. The most important of the 11
species of krill are Euphausia superba (dominant in open
waters), E. crystallorophias (dominant under pack ice),
Thysanoessa macrura, and E. vallentini. Antarctic krill are
basically filter feeders, feeding mostly on diatoms found in
surface waters. The largest concentrations of knIt are found
in the East Wind Drift zone; the Weddell, Ross, Amundsen,
and Bellingshausen Seas; north and east of South Georgia Is-
land; the Scotia Sea north of the Orkney Islands; around the
South Shetland Islands; and west of the South Sandwich Is-
lands.

Fertilization of krill eggs occurs externally, and the eggs
sink. Hatching occurs in deep water, and the developing krill
ascend to the surface layers where they congregate and ex-
hibit diurnal vertical migration. Knit fecundity values vary;
growth rates vary geographically; Euphausia superba may live
for 4 years. KnIt form patchy, dense, but apparently
monospecific, aggregations (swarms), possibly the result of
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light intensity and feeding activity. Krill may remain in the
same area or be transported over large areas.

Standing stock estimates of krill range from 183 million
tons to 1.35 billion tons live weight (all tons metric); estimates
of annual production (based on predation) range from 200 to
330 million tons. Crabeater seals consume 63 to 106 million
tons annually. Cephalopods may consume 100 million tons;
fish, perhaps 64 million tons; whales, 43 million tons; and
penguins, 14 million tons of krill per year. The estimated total
annual predation on antarctic krill does not correspond well
with the estimated total annual production of krill.

Interest in the krill resource greatly increased during the
1976-1977 season. Harvesting gear has included surface side
trawls and frame nets, single and twin midwater trawls, and
purse seines. Recent West German catch rates averaged 8 to
12 tons per hour of towing time, with a maximum haul of 35
tons in 8 minutes. The economics of establishing a krill fish-
ery are largely unknown.

Krill are a potentially valuable, high-quality food, rich in
essential amino acids, vitamins, and minerals. Various krill
products, including whole meats, coagulated paste, protein
concentrates and other dried products, and krill meal has
been produced on an experimental basis. The technology of
processing most products will require substantial develop-
ment. More marketing research is needed.

The most important information gaps appear to be the
relationship between currents, surface rings, and krill dis-
tribution; the biology of all antarctic krill species; the feeding
habits of E. superba in relation to their aggregation and the
abundance of phytoplankton; the exact location of krill
spawning areas; the causes and sustainment of swarming;
longevity and mortality of krill; the rates of predation on krill
by squid and fish; and the role of krill detritus in the antarctic
ecosystem. Accurate information on standing stocks and sus-
tainable yields of E. superba is lacking, and overexploitation
could cause severe environmental damage to the southern
ocean ecosystem. Harvesting and processing technologies
have not yet been fully developed, and commercial-scale costs
cannot be determined from the experimental operations so
far undertaken; the potential salability of krill products is ao
unknown, and potential revenues cannot be estimated.

Management and conservation of the krill resource will
become important as harvesting increases. Exploitation of
this resource should be well planned and carefully
monitored. Many data gaps must be filled. An international
policy and decisionmaking body for krill management is
needed. Careful management should minimize damage to
the environment, encourage limited commercial develop-
ment, and prevent economic losses to the fishing industry.

This study was supported by U.S. Department of State
contract 1722-720188, and a full report with bibliography ap-
pears as Bakus a at. (1978).
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A primary goal of our research, begun in 1967, is to un-
derstand processes that organize marine communities.

The present benthic program was reactivated in 1974 to
monitor field experiments established during 1967 and 1968
in the sponge community and to initiate new studies in the
soft-bottom communities. General results of the last several
years of work were reported in Oliver et at., (1976) and
Dayton and Oliver (1977). The very slow rates of individual
and population growth necessitate relatively long intervals be-
tween periods of observation and measurement. We have
therefore deactivated the present field program for a period of
5 to 10 years.

The work in the sponge community represents one of the
best series of long-term experiments established in any
marine community. Over 100 bottom cages include or ex-
clude various predators to evaluate their roles in community

Sketch of McMurdo Station area showing locations of long-
term study areas. The area directly In front of the seawater in-
take jetty extends out 100 meters and is approximately 70
meters wide. This is a mud substrate. The Cape Armitage
area is about 250 meters from the jetty and extends about 300
meters; it is about 100 meters wide. The Hut Point area is ap-
proximately 200 meters long by 75 meters wide with the outer
edge being 150 meters from shore. The latter two areas are of

mixed cobble and sponge substrata.
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