
N. gibberfrons, N. larsenz, and N. angustfrons has been
completed. Tissues are under study, and photographs are
being prepared for publication.

Scales and otoliths of N. coriiceps neglecta, N. gib-
berfrons and N. nudfrons are being examined to evaluate
the rate of growth of these fishes. Also under study are the
effects of feeding and starvation on the proximate analysis of
N. coriiceps neglecta. Whole fish, liver, gonads, and muscle
tissues obtained near Palmer Station are being analyzed.
Growth efficiency can be assessed using these data.

Zoogeography, feeding biology, and chemical composi-
tion of invertebrates: Analyses continue on echinoderms and
other invertebrates obtained during Islas Orcadas cruises 5
and 8. Specimens are being sorted to species. Geographic
and bathymetric distributions of ecologically important
echinoderms are being determined. These data will be cor-
related with the extensive information accumulating on the
prey of benthic fishes. The interactions of the demersal fish
Notothenia gibberfrons and several echinoderm prey
species is of special concern.

Continuing efforts to clarify the predator-prey roles of
antarctic asteroids and ophiuroids have involved analyses of
several hundred stomach contents for each of five ophiuroid
species and smaller samples for six asteroid species. Of par-
ticular interest are the foods and feeding biology of the brit-
tiestars Astrotorna agassizii, Ophiacantha vivipara,
Ophiurolepis gelida, 0. martensz Ophioperla koehleri, and
Ophionotus hexactis. The latter two species occasionally
capture and feed on both moribund and healthy krill.

Studies continue on the composition of echinoderms in
conjunction with Edgar Lowe, graduate student in the
Department of Zoology. Discs and arms of ophiurods are be-
ing analyzed separately for levels of protein, lipid, ash, and
calories. To date frozen samples of 13 species of brittlestars
have been examined. Differences between disc and arm
values are important in understanding the detailed relation-
ships between dermersal fish and echinoderm prey. Fish in-
gesting only exposed distal portions of brittlestar arms will
obtain poor quality food when compared to fish eating en-
tire brittlestars. With the recent acquisition of a Phillipson
microbomb calorimeter for antarctic studies, our calorie
determinations are now underway. These studies on the
composition of echinoderms are correlated with the analyses
of fish food habits. We are investigating not only chemical
composition but also the size, spatial occurrence, and degree
of exposure of brittlestars in regard to their role as prey for
demersal fishes.

This research is supported by National Science Founda -
tion grant DPP 74-08565.
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Processes organizing contrasting
benthic communities of McMurdo

Sound

PAUL K. DAYTON andJoHN S. OLIVER
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The narrow continental shelves of Antarctica have been
exposed to massive glaciations that apparently resulted in
the extinction of many shallow water benthic species. Since
the continent has beer) isolated from other shelf faunas for
some 40 million years (Denton et al, 1971; Denton and
Borns 1974), much of the shallow benthic fauna appears to
represent an upward extension of bathyl species (Dell,
1972). The benthic communities of the McMurdo Sound
areas are representative and extremely interesting because
in some places they are similar to some of the most produc-
tive, high infaunal density habitats in the world and in other
areas they are similar to bathyl deep-sea situations. The east
side of McMurdo Sound has oscillating north-south currents
and extremely productive plankton blooms that probably
contribute to higher infaunal densities than almost any
other assemblage in the world. In marked contrast, the west
side of the Sound is almost always covered with ice and is
bathed by unidirectional currents from beneath the Ross Ice
Shelf. Here the patterns of motile epifauna and low infaunal
densities are similar to those in the bathyl deep-sea (Dayton
and Oliver, 1977).

A three-person winter party consisting of John Oliver,
Donna Oliver, and Peter Slattery returned to McMurdo in
December 1976 to continue the program described by Oliver
et al., 1976. John Boland, Larry Hulberg and Paul Dayton
are to join them in October through December, 1977, when
this continuing project will be deactivated for several years.

Results of the winter program have been rewarding, par-
ticularly with regard to the study of life history patterns of
infaunal animals, including details of reproductive biology,
recruitment success, and survivorship of different age
groups. A laboratory at McMurdo with running sea water
has allowed the isolation of several species so that specific
rates of development and growth can be worked out, allow-
ing more accurate interpretation of size measurements of
field samples. Preliminary work already shows that seasonal
reproductive cycles common to arctic animals exist at
McMurdo Sound, with predation on juvenile life stages be-
ing a major factor in the organization of the soft-bottom
community at McMurdo Sound.

For example, apparently in response to heavy juvenile
mortality, from filter and deposit feeders, several deposit-
feeding maldonid polychaete worms have evolved an ex-
treme life history in which they reproduce by asexual fission,
a reproductive tactic previously unknown in this family. In-
deed, no egg carrying individuals of these species have been
seen at McMurdo, suggesting that sexual reproduction is
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very rare, and the high mortality of the eggs and young have
been all but eliminated. This is an extreme case, but almost
all the infaunal species show adaptations to reduce mortality
to settling larvae. These conclusions are supported by studies
of gut contents of infaunal predators that live among the
dense tube assemblage of the filter and deposit feeders at the
surface of the mud. The most convincing evidence for these
patterns will come from the laboratory and field experi-
ments being established. Such convincing experiments could
not have been established in the absence of the detailed
natural history data being collected by the winter party.

The experiments described earlier (Oliver et al., 1976) are
being monitored, but analysis is slow because sorting and
picking samples is difficult. We saw no significant trends of
the ophiuroid exclusion experiments on infaunal larval
recruitment into the dish pan and excavation experiments at
New Harbor nor for similar Odontaster validus exclusion ex-
periments at Cape Armitage. Epifaunal animals, however,
are strongly influenced by asteroid cropping. These effects
on epifaunal animals are clearly demonstrated by ex-
perimental manipulations of sediment containers, natural
rocks and cages, and other artificial substrata. Dramatic
species-specific infaunal differences are seen in organic
enrichment experiments and in experiments established to
see differences in dispersal tactics. Increased sedimentation,
an artifact of cage experiments, drastically affects succes-
sional patterns by accelerating it the first year but inhibiting
it in subsequent years.

The deep-sea barnacles collected in January 1976 (see
Oliver et al., 1976) reproduced in 1977, and the young have
settled on the sides of the adults. These data may represent
the first successful transplants of deep-sea animals into
shallow water situations. The primary productivity data are
being analyzed and corroborate the higher rates in more
northerly sites discussed in Dayton and Oliver (1977). Final-
ly, baseline survivorship data are being collected in the
sponge community, and many experiments regarding com-
petitive overgrowths of sponges and the biology of sponge
predators (Dayton et al., 1974) are being monitored.
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Effects of ice facies on small
scale oceanic phenomena: R/V

Hero Cruise 77-1
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Ice-dominated regions of the world's oceans are of special
interest to students of marine ecosystems because an ap-
parent anomaly exists whereby such cold waters have large,
rich, and varied populations of birds, mammals, and fishes.
Low temperature per se does not seem to inhibit strongly the
biological activity. In arctic regions productivity at the
photosynthetic level is highly seasonal, mostly occurring in
spring. Typically a spring bloom in the ice adjacent to the
water/ice interface is followed by a bloom in the water.
Presumably this highly seasonally restricted activity is due to
nutrient exhaustion during the summer months.

Antarctic waters, however, are known to be richer in
nutrients, and therefore the seasonal production regime dif-
fers. On the other hand, ice-associated plant production is
known to be important here also (Bunt, 1963; Meguro,
1962, and others). In addition, ice plays a significant role in
determining the composition and structure of the sea water
column in its immediate vicinity. The effect of such physical
and chemical conditions on the biological system is of in-
terest. We therefore proposed to study the effects of ice on
the local near-shore system in the vicinity of Palmer Station,
Antarctica, concentrating on low trophic level biology and
on aspects of seawater chemistry.

Three cruise tracks for the R/V Hero were selected to carry
out the field sampling and oceanographic observations. The
first was directly outside Arthur Harbor, with a series of 10
stations in a grid west of Anvers Island taken over a 3-day
period. The second was somewhat farther south, with
several stations taken enroute, but basically a transect of
four major stations was completed running out to sea off the
Biscoe Islands at a longitude of 66°W. A few samples of sea
ice, some newly forming, were collected. The third track
was to the north of Palmer Station and included another
transect at approximately 62°S. latitude, west of the South
Shetland Islands. We also worked in the bay of Deception
Island and took a series of surface samples on the run back
to Palmer Station. The final aspect of our work was analysis
of nutrient levels in glacial ice, snow, runoff, and precipita-
tion, to be used in estimating nutrient input in the coastal
regions. El-Sayed (1970) describes the shelf west of the Ant-
arctic Peninsula as an area of high production; this may well
be related to a relatively high nutrient input.

Chlorophyll values ranged from undetectable to 9 milli-
grams per cubic meter, with the highest values in the bay at
Deception Island. Primary productivity as measured by the
carbon-14 method (with deck incubation) showed a similar
variation, and light versus photosynthesis experiments sug-
gested two distinct populations with differing responses,
possibly related to nutrient levels. The chlorophyll values
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