
their appendages in the recovery stroke. Reaching meta-
nauplius stage the same specimens swam more frequently and
over longer distances than before. From video recordings, I
measured sinking rates of nauplii and metanauplii during the
phase of no flapping. Nauplii (with three swimming appen-
dages) sank with 0.07-0.15-centimeters-per-second rate, and
metanauplii (with two swimming appendages) sank with
0.22-0.25-centimeter-per-second rate, hence far more slowly
than they swim upward.

When first calyptopis stage was reached, swimming behavior
changed. From this stage on the larvae frequently swam in
different directions. Swimming speed of first calyptopis varied
between 0.4 and 0.8 centimeters per second and between 0.4
and 1.0 centimeters per second in first furcilia stage. Experi-
ments with different light levels showed that from first calyp-
topis onward the larvae seemed to avoid higher light intensities.

To measure sinking rates of these stages, I anaesthetized
larvae with nitrogen-saturated seawater. The drag of their ap-
pendages caused them to turn on their backs and they sank with
their long axis in an almost horizontal position. Sinking rates for
first calyptopis were 0.16-0.26 centimeters per second and
0.40-0.61 centimeters per second for first furcilia.

Using a 16 millimeter movie camera and a video system, I also
recorded movements of feeding and swimming appendages as
well as the water currents they produced. Because the early
larvae are so small, an inverted microscope was used to gain
higher magnification and proper illumination. To obtain film

sequences over longer periods, the larvae were glued to hairs
using cyanoacrylat.

The results of these studies and an investigation of the mor-
phology of feeding appendages (Marschall in press) should
lead to an understanding of the functional morphology of the
feeding appendages of krill larvae.

I thank the National Science Foundation for the opportunity
to work at Palmer Station and R.Y. George for preparing my
stay. The support personnel at Palmer Station, the crew of the
iIv Hero and Captain Lenie contributed outstanding help. I am
also grateful to L. Quetin and W. Hamner and their field parties
for their assistance during my time at Palmer Station.
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Analysis of data on the feeding
biology of antarctic sea stars and

brittle stars

J. H. DEARBORN and K. C. EDWARDS

Department of Zoology
University of Maine
Orono, Maine 04469

During the period August 1983 to June 1984, we completed
analyses at the University of Maine at Orono of the diets of 11
species of sea stars and 9 species of brittle stars obtained be-
tween 1981 and 1983 around the South Shetland Islands and
along the Antarctic Peninsula. The field work which provided
material for these studies was conducted aboard the R/v Hero
and has been described in prior reports (Dearborn, Edwards,
and Pratt 1981; Dearborn et al. 1982; Dearborn et al. 1983).

To date we have (1) identified the stomach contents from a
total of 7,315 individual specimens of asterozoan echinoderms,
(2) entered these data into computer files and completed appro-
priate statistical analyses, (3) prepared and examined by scan-
ning electron microscopy tissue samples from 18 species of
echinoderms, and (4) completed examination of a large number

of photographs of the sea floor and of living specimens feeding
in the laboratory at Palmer Station. All of these activities were
part of our continuing long-term goals of investigating the
diets, feeding behavior, and functional anatomy of feeding
structures of antarctic sea stars and brittle stars. Formal support
for this project terminated on 30 June 1984 but our activities
have continued with the preparation of manuscripts dealing
with individual species (e.g., Fratt and Dearborn in press, for
the brittle star Ophionotus victoriae).

Antarctic asterozoan echinoderms exhibit a wide variety of
dietary patterns and feeding behaviors. Some species such as
members of the genus Acodontaster which feeds on sponges and
Granaster nutrix which feeds primarily on small gastropods have
diets restricted to few prey items. In contrast, opportunistic
animals like Ophionotus victoriae and Labidiaster annulatus have
catholic food habits and may interact with 50 or more prey
species. Some of these echinoderms obtain their food primarily
from the water column as in the case of the large euryalid
ophiuroid Astrotoma agassizii which eats copepods and other
small planktonic crustaceans. Some echinoderms have signifi-
cant amounts of krill in their diets. Food of the large, multi-
armed sea star Labidiaster annulatus consists of up to 80 percent
by volume of krill at some locations. At least six other asterozoan
species have diets which include 40 percent or more by volume
of krill. Clearly the interactions between asterozoans and their
prey are complex and foods are obtained from both the sea floor
and the water column above.
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We are grateful to a number of taxonomists for aid in the
identification of prey organisms. Most recently these include
James A. Blake, Battelle New England Marine Research Labora-
tory (Polychaeta), Frank D. Ferrari, Smithsonian
Oceanographic Sorting Center (Copepoda), Joseph Rosewater,
U.S. National Museum of Natural History (Mollusca), Les E.
Watling, University of Maine at Orono (various crustaceans),
and Judith E. Winston, American Museum of Natural History
(Bryozoa). We thank David B. Fratt, Gordon F Hendler, and
William E. Zamer for technical assistance and continued collab-
orative efforts.

This work was supported by National Science Foundation
grant DPP 79-21537.
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Lipid composition of antarctic
midwater invertebrates
S. B. REINHARDT and E. S. VAN VLEET

University of South Florida
Department of Marine Science
St. Petersburg, Florida 33701

Total lipid, hydrocarbon, wax ester, triacylglycerol, and phos-
pholipid contents were determined by gas-liquid chromatogra-
phy and combined gas chromatography/mass spectrometry for
16 major macrozooplankton biomass species of a midwater
community in the East Wind Drift system. Samples for this
study were collected by T.L. Hopkins and B.H. Robison during
March and April of 1983 in basins (depths of 800-1,200 meters)
of the Croker Passage off the Antarctic Peninsula (figure) using
a discrete depth Tucker trawl. Principal biomass species in-
cluded: Euphausia superba, Salpa thompsoni, Metridia gerlachei,
Calanoides acutus, and Euchaeta antarctica. Before this study, the
lipid composition of a comprehensive sample of an antarctic
midwater community had not been analyzed.

Total extractable lipid content, expressed as percent of dry
weight, ranged from 0.5 percent in the coelenterate Diphyes
antarctica to 59.7 percent in the euphausiid Thysanoessa macrura
(table 1). Species with high lipid levels (greater than 40 percent)
included: the amphipod Eurythenes gryllus; the copepod Cal-
anoides acutus; and the euphausiid Thysanoessa macrura. These
organisms were caught at depths greater than 230 meters. In
general, total lipid levels in this study were similar to values
reported for more temperate species. Antarctomysis ohlinii (16.8
percent) did not have a significantly higher lipid content than
the 9-13 percent reported for temperate and subtropical mysids
(Linford 1965; Morris and Hopkins 1983). Lipid levels in the
antarctic chaetognath Sagitta gazellae (17.4 percent) were similar
to the 19 percent found in the bipolar species Eukrohnia hamata
by Lee in 1975, and less than the 30 percent measured in tempe-
rate species (Blumer, Mullin, and Thomas 1964). Lipid levels in
antarctic copepods Calanoides acutus (45 percent) and Metridia
gerlachei (21.4 percent) were lower than the 50-64 percent de-
tected in arctic copepods (Lee 1975), but within the 12-47 per-

cent range found in temperate and subtropical species (Sargent
and Lee 1975; Lee, Nevenzel, and Paffenhofer 1971). The 59.7
percent lipid in Thysanoessa macrura, however, exceeded the
23-40 percent range found for the temperate species T raschii
(Sargent and Lee 1975).

Hydrocarbons generally comprised less than 1 percent of the
total lipids in all species studied. Two types were analyzed:
aliphatic hydrocarbons and polycyclic aromatic hydrocarbons
(PAH's). No PAH compounds were detected in any of the organ-
isms analyzed in this study. These compounds may be trans-
ported too quickly to the sea floor to allow incorporation into
the mesopelagic food web.

Aliphatic hydrocarbons, measurable in all samples, ranged
from less than 0.01 percent of the total lipids in several samples
to 4 percent in Calanoides acutus. The ratio of odd carbon chain-
length (0) alkane abundances to even chain-length (E) abun-
dances was calculated. Seventy-four percent of the antarctic
invertebrates studied had o/E values less than one, indicating a
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