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During austral summer, January to March 1984, I conducted
studies of early development stages of krill including swim-
ming and feeding behaviors. I did my research at Palmer Station
and on three cruises with RIv Hero.

Gravid females, captured in the Gerlache Strait area, were
incubated in the laboratory at Palmer Station in 3-liter jars to
obtain eggs and to raise larval krill.

Fertilization of eggs seemed to take place shortly before or
during spawning. The fertilization rate was always high. Sperm
were usually attached to eggs; free floating sperm were not
observed. During incubation, some gravid females moulted.
One to two days after moulting, they released fertilized eggs,
which developed normally. When observed immediately after
spawning, usually a single sperm was attached to the egg (fig-
ure 1). Egg and sperm were covered by a gelatinous layer, which
was clearly visible only when using phase-contrast microscopy.
Perivitelline space developed within 1-2 hours. One polar body
developed within this space, in the subsequent division plane
(figure 2). During development to the first calyptopis, I pre-
served a series of specimens for light- and electron-
microscopical studies to follow the formation of internal organs.
From first calyptopis stage onward, I fed larvae with various
diatom cultures. I observed cannibalism on several occasions.
Larvae spawned at the beginning of February, reached second
furcilia stage by the time heft Palmer Station at the end of March
when the temperature was (4.5 ± 0.5°C). For further studies, I
brought larvae to the Alfred-Wegener-Institut in Bremerhaven;
some 50 of them are still alive at this time (end of October 1984).
They are presently 9 months old and have reached a total length
(interior margin of the eye to the posterior tip of the felson) of 20
to 25 millimeters.

Using data on sinking rates of eggs and timing of develop-
ment, Marschall and Hirche (1984) and Quetin and Ross (1984)
predict that the majority of nauplii may hatch at a depth of 1,000
to 1,200 meters and 800 meters, respectively. This depth is
considerably less than the 2,500 meters suggested by Marr
(1962). Nevertheless, even a "developmental ascent" of about
1,000 meters from the depth of hatching to the surface layer
where calyptopis aggregate for feeding means a great effort for
the small larvae.

Therefore in my studies, I emphasized swimming behavior
and swimming and sinking rates from nauplius to meta-
nauplius. I continued these studies on all developmental stages
until second furcilia inclusively. All experiments were per-
formed with laboratory-reared specimens. Larvae were filmed
in glass jars using a 16 millimeter movie camera (64 frames per
second) or a video system (25 frames per second).

Nauplii and metanauplii showed relatively uniform swim-
ming behavior. For short intervals, they swam straight upward
by flapping their appendages even when I changed the position
of the light source. Then they stopped flapping and hence
started to sink.

1
Figure 1. Egg of Euphausia superba few minutes after spawning.
Intrusion of the sperm. (400 x.)

2
Figure 2. Egg of Euphausia superba 1.5 hours after spawning (still
one-cell stage). Showing (from outside the egg to the inside) gela-
tionous layer, sperm, chorion, perivitelline space, and polar body.
(400x.)

During ontogenetic migration it would be energetically ad-
vantageous for larvae to swim straight upward. Nauplii show
three, metanauplii two swimming appendages which are inser-
ted in the anterior parts of their bodies well in front of the center
of weight. Thus, merely by beating the appendages equally on
both sides, they should swim straight upward.

Experiments revealed that nauplii, which had become buoy-
ant due to air-bubbles attached to their abdomen, showed an
inverted swimming behavior: upside down, they swam straight
downward and floated upward when they stopped swimming.
I observed no efforts to change swimming direction.

So far, only a few of the video tapes have been analyzed.
Swimming speed measured over distances of 1-4 centimeters
ranged in nauplii between 0.4 and 1.0 centimeters per second
and in metanauplii between 0.6 and 1.1 centimeters per second.
Single-frame analysis (25 frames per second) revealed that
swimming speed varied considerably as a result of the syn-
chronous flapping of appendages. Maximum swimming ve-
locities during the propulsion stroke were 1.4 and 2.4 cen-
timeters per second for nauplius and metanauplius stages,
respectively. They nearly stopped when they had retracted
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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
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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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