
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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Long-term experimental benthic
studies in McMurdo Sound
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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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organization. These cages are also artificial habitats that col-
lect a unique bottom assemblage which has been manipul-
ated by single-member removal of competing couplets, ex-
posure to light and algal growth, and predator exclusion.
Many permanent line transects mark study sites that are
photographed to document recruitment, survival, growth,
and mortality of large sessile species, especially slow-growing
hexactinellid sponges. Numerous individuals of many species
are also tagged for similar measurements. Finally, there are
several other artificial habitats used to collect specific animal
assemblages and then manipulated to study interactions
among resident species. The habitats include plastic panels
and settling plates, floaters, tuffie scrubbers, plastic algae,
plastic caves, and several others.

Many manipulative experiments are set up in the local
soft-bottom communities. Some azoic sediments are caged,
some are contained to prevent lateral burrowing, some are
placed in racks above the bottom to eliminate non-swimmers,
and some include large epifaunal predators. Other azoic
areas are modified to prevent the penetration of tube builders
into a depth refuge from predators, and impede the activities
of large burrowing crustaceans. A large number of experi-
ments are also set up in small plastic cups and placed on the
bottom, on tables above the bottom, and in midwater racks.
These cups contain single species "cultures" of several in-
faunal animals. The results from these contrasts will help to
establish the importance of species-specific adult-larval in -
teractions among small infaunal organisms. A series of cages
is being used to assess the community effects of increased
sedimentation, decreased currents, and larval entrainment.
These habitat modifications are characteristic of many preda-
tor-exclusion cages placed on soft bottoms and are potentially
more important to settling larvae than the presence or ab-
sence of predators. Anchor ice scour and iceberg grounding,
the two most important physical disturbances in the region,
are also being studied.

Finally, we are testing the hypothesis that the input of pri-
mary food accounts for the remarkable differences in bottom
communities living on the east and west sides of the McMur-
do Sound. These are among the first field experiments
designed to unravel some of the mechanisms resulting in a
number of the pronounced and well-known differences be-
tween relatively eutrophic shallow-water communities and
the more oligotrophic soft-bottom assemblages such as those
of the deep sea. It is possible that McMurdo Sound offers a
unique opportunity to perform these experiments.

The long term studies briefly described above, which have
included over 2,000 dives, are currently in progress and in-
volve a much longer monitoring interval than similar experi-
ments performed in warmer seas.

Their success depends upon the cooperation of future
researchers in the McMurdo Sound. A bottom grab or dredge
could destroy years of hard work and the unique continuity of
much of this study. Fish and invertebrate traps are especially
destructive, as they are relatively large and move with the cur-
rents, destroying everything they contact. Because the bottom
is characterized by a thin layer of silt and a particularly fragile
infauna, a diver simply swimming near the bottom could
cause substantial damage. The two main study areas are
shown in the figure. We would greatly appreciate cooperation
of future researchers in avoiding these sensitive areas.

In addition to requesting cooperation, we take this oppor-
tunity to offer our help to future workers interested in benthic

problems. We have no plans to continue the work, and we
offer our assistance and invite future workers to use our tran-
sects, cages, and other equipment. In the same sense, future
workers should be aware that much of the habitat in our im-
mediate study area has been damaged by our collections and
work. We will be happy to furnish as much help and infor-
mation as possible to anybody interested in studying these
habitats.
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March 1977 to June 1978 was the final year of our
research under National Science Foundation grant DPP
76-23043. We investigated the abundance, species composi-
tion, food habits, and feeding rates of demersal fishes and the
species composition, food habits, and general biology of
selected echinoderm groups. Large collections are now
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