
We ended the experiment when we saw no swimming nauplii
in the pressure vessels 18 hours after the eggs hatched in the 2-
liter jars. One potential problem in the small closed vials would
be lack of oxygen. The oxygen concentration in the vials was
below 10 percent saturation and only one live nauplius was
found. However, we were able to stage many of the eggs and
qualitatively compare the two treatments. Stages were deter-
mined for 43 of 70 eggs maintained on the increasing hydro-
static pressure schedule and were as follows: 32 limb bud eggs,
4 nauplius 1, and 7 nauplii that failed to hatch completely. Stages
for 38 of 70 maintained at 1 atmosphere were: 26 limb bud eggs,
1 nauplius 1, and 11 nauplii that failed to hatch completely. The
similarity of the results from the two treatments suggests that
increasing hydrostatic pressure as experienced by krill eggs as
they sink during development has little or no effect on hatching
time. We will continue these experiments in larger glass vials
during USARP 1983-1984.

We would like to thank Elizabeth Kirsch and Stewart Willason
of our field research team for their help, patience, and support,
and also Capt. Lenie and the crew of the RIv Hero, the Palmer

Station support crew, and Don Wiggin for making our USARP
82-83 season a successful one. This research was supported by
National Science Foundation grant OfT 80-20739 to R. M. Moss
and L. B. Quetin of the Marine Science Institute at the Univer-
sity of California-Santa Barbara.
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During the months of January, February, and March 1983
gravid females of the antarctic krill Euphausia superba were cap-
tured from Charlotte Bay in the Antarctic Peninsula. However,
the samples from this Bay and in the waters of adjacent
Bransfield Strait were mainly dominated by juveniles, and ma-
ture krill were always less than 7 percent of the samples. A
careful study on the size frequency pattern of the krill sug-
gested that the Palmer Archipelago is a nursery ground for krill
spawned elsewhere (Fevolden and George in press). A total of
45 egg-bearing krill was transported to Palmer laboratory dur-
ing two cruises of i1v Hero. Embryos developing from the labo-
ratory-spawned eggs were studied closely from the first seg-
mentation of the eggs through the various stages of blastula and
gastrulation to advanced limb-bud stage close to hatching. The
progression of egg development was investigated at 1 at-
mosphere and at increasing hydrostatic pressure simulating the
actual sinking rate of krill eggs. On the basis of measurements
made during this austral summer, it appears that krill eggs sink
at a rate of 150 ± 10 meters per day during the early cleaving
phase and subsequently the vertical velocity is slowed down to
90 ± 10 meters per day during gastrulation. However, the sink-
ing velocity increases again during limb-bud stage of develop-
ment. The data also suggested that pressure does not exert any

profound influence on egg sinking rate. Nonetheless, pressure
appears to accelerate the rate of cleaving as illustrated in the
figure (George and Stromberg in press).

Studies on changes in the biochemical composition of krill
eggs during development indicated that there is significant
depletion in the lipid level from 31 percent in newly spawned
eggs to 20 percent in limb-bud stage. Similarly, the protein
content drops from 57 percent to 38 percent. However, the
carbohydrate level exhibits a slight increase as development
progresses (Amsier and George in press). Research on meta-
bolic performance of various stages of krill at pressures repre-
senting different levels of vertical descent (1-25 atmospheres)
suggests that there is substantial change in oxygen-to-nitrogen
ratio and oxygen uptake rate and ammonia excretion rates in
both adult and juvenile krill (George and Fields in press). Fur-
thermore, the data on ammonia excretion from different on-
togenetic stages of krill indicate that ammonia excretion is some-
what significant reaching peak values as much as 248 micro-
grams of ammonia per gram per hour. Prolonged starvation
appears to depress ammonia excretion rate to extremely low
levels. However, in favorable feeding conditions, the ammonia
flux from krill swarms to ambient environment can be sustained
at high levels and may have trophodynamic implications on the
Antarctic marine food chain (George in press-a, in press-b).

I wish to thank James Fields for technical assistance during
the field study. I am also thankful to S. Frevolden of the Nor-
wegian Antarctic Program and J. 0. Stromberg of Kristineberg
Marine Laboratory in Sweden for their participation and collab-
oration during this field study. This research was supported by
the National Science Foundation grant DPP 80-26535.
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Photographs of krill eggs indicating rapid cleaving process with increasing pressure simulating sinking rate. Photographs taken from video-
tape-TV screen during pressure-embryology experiment at Palmer Station on 14 February 1983. (A) 2-4 celled embryos at 5 atmospheres (= 50
meters); (B) 1 hour later, 4-8 celled embryos at 6.5 atmospheres ( = 65 meters); (C) 2 hours later, 8-16 celled embryos at 10 atmospheres ( = 100
meters); and (D) 1 hour later, 16-32 (64) celled embryos at 15 atmospheres (= 150 meters). ("ATM" denotes atmospheres.)
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