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The net-to-net variation in the abundance of the copepod species
Calanus propinquus in two tows. Tow 11 was taken at 25-meter
depth and tow 24 at 85-meter depth. Both are night tows. (The
quantity of specimens per 300 cubic meters is plotted against the
length in meters of the tow.)

In the stratified oblique tows, we found some layers of very
high krill larvae density. In some of these, we found very low
copepod concentrations, but this pattern is inconsistent. It may
be that these taxa (larval krill, copepod species 1, 2, 3, 4, and 5)

are patchy on a scale smaller than our sampling interval. What
we see in our samples, then, may be the integration of one or
more of these patches. If sampling boundaries are occasionally
coincident with patch boundaries, we then see strong indica-
tions of exclusion. This is particularly likely to happen in this
type of sampling because we were trying to catch acoustic
targets.

Recent unpublished work (Boyd personal communication)
has shown that adult krill are omnivorous and can eat their own
larvae. Presumably they can eat similar-sized copepods as well.
The most abundant copepods, Calanus propinquus, Calanoides
acutus, and Metridia gerlachei are generally herbivores and
should be in competition with the krill for phytoplankton. Yet in
the dense krill swarms we still find relatively "normal" con-
centrations of copepods.

Although the counting of all our samples is complete, the
statistical analysis of the data will require several more months.
We will be bringing together the MOCNESS data and the acoustic
data to gain additional insight into this unique ecosystem.

The Vulcan Expedition was funded by National Science Foun-
dation grant DPP 79-21295 to Scripps Institution of Oceanogra-
phy. The analysis of the zooplankton was funded by National
Science Foundation grant DPP 81-21358 to Texas A&M. Cheryl
Shalan assisted in the splitting, sorting, and counting of the
samples.
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Larval growth and hatching under
pressure of eggs of Euphausia

superba

LANGDON B. QUETIN and ROBIN M. Ross

Marine Science Institute
University of California-Santa Barbara

Santa Barbara, California 93106

Although we conducted both laboratory and field studies on
Euphausia superba during the U.S. Antarctic Research Program
(USARP) 1982-1983, we will confine this report to two facets of
our laboratory work. During austral summer 1983, we con-
tinued our efforts to culture eggs and larvae of E. superba for
physiological and behavioral research. First, we followed the
change in wet weight during development from egg to the

calyptopis 3 stage (third feeding stage). Second, we conducted
preliminary experiments on the effect of increasing hydrostatic
pressure on egg development. The conversion of the science
library to a walk-in, constant-temperature room this past sea-
son greatly increased our culturing success, and allowed us to
conduct experiments at controlled temperatures, unlike the
previous season.

The new Cahn 26 electrobalance at Palmer Station enabled us
to determine wet weights of individual eggs and larvae. We
developed a standardized weighing procedure, because eggs
and larvae continually lost weight once removed from water.
Eggs from individual E. superba were cultured in 2-liter glass jars
maintained at 1.0° ± 0.3°C. Periodically during development
5-10 eggs or larvae from each of 2-6 broods were individually
weighed, except for the calyptopis 3 stage. We removed an
individual from the water with an eyedropper and placed it on a
plastic petri dish. Then we picked it up with a strip of filter
paper which wicked away excess water, before transferring the
egg or larva to a preweighed piece of weighing paper. The
weighing paper containing the individual was immediately
placed on the weighing pan of the electrobalance, and the
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weight was recorded after 10 and 15 seconds. Analysis of the
data indicated that the electrobalance stabilized adequately
within 10 seconds, so we used the wet weights recorded after 10
seconds.

The wet weight of F. superba increases almost five times from
egg (approximately 112 micrograms) to calyptopis 3 (approx-
imately 503 micrograms) in 55 days (figure 1). This increase in
wet weight is not continuous with age, but increase in steps
between larval stages. There is about a 130-microgram gain in
wet weight from metanauplius to calyptopis 1, a 112 microgram
gain from calyptopis 1 to 2, and a 170 microgram gain from
calyptopis 2 to 3 (figure 1). Since the calyptopis 1 stage is
believed to be the first feeding stage the rapid increase in wet
weight when the larvae molt from the metanauplius to the
calyptopis 1 stage is probably due to an increase in body water
content. This data agrees with our observation that E. superba
does not molt until it metamorphoses from metanauplius to
calyptopis 1. We have observed no molts-when larvae change
from nauplius to metanauplius and have found metanauplii
partially within the egg membrane that were unable to com-
plete hatching. From egg through metanauplius, we found only
a slight increase in wet weight and found no increase in wet
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Figure 1. Growth of the eggs and larvae of Euphausia superbaat 1.00
± 0.3°C. Specimens began as eggs on day zero. ("N" denotes nau-
plius; "M" denotes metanauplius; "C" denotes calyptopis; "s' de-
notes mean of larvae fed phytoplankton; "0" denotes mean of lar-
vae not fed; "I" denotes the 95 percent confidence interval. The 95
percent confidence interval was not calculated for the wet weight of
calyptopis 3. Numbers above circles denote the number of
measurements.)
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Figure 2. The schedule of increasing pressure with the' age of the
eggs of Euphausla superba. Eggs were maintained at 0.50 ± 0.1°C.

weight with age within either of the calyptopis 1 or calyptosis 2
stages. We also found no pattern of difference between the wet
weights of starved and fed calyptopis I larvae (figure 1).
However, the lack of difference may be due to cannibalism by
the "starved" larvae. We have collected samples for determina-
tion of dry weight, carbon, nitrogen, protein, lipid, and car-
bohydrate for later analysis to understand better these trends in
larval growth. We compared the wet weights of our live larvae to
dry-weight measurements of preserved larvae (Ikeda 1981) and
calculated that the larvae of E. superba may range from 65-80
percent water during the initial stages of development.

Because the eggs of E. superba sink until they hatch (Hempel,
Hempel, and Baker 1979; Marr 1962; Ross and Quetin 1982),
hydrostatic pressure is one environmental parameter that may
alter the developmental time and/or the sinking rate of these
eggs and thus the deph at which the eggs will hatch. During
USARP 1982-1983 we assembled a system of clear acrylic pres-
sure vessels that will enable us to culture, observe, and deter-
mine the sinking rates of eggs at high hydrostatic pressures.
Our initial efforts at culturing krill eggs at high hydrostatic
pressures produced some interesting results and observations.

Eggs from two separate broods were placed in paired 5-dram
vials at three concentrations: 5, 10, and 20 eggs per vial. The six
pairs of vials were split between two pressure vessels. In one
vessel the pressure was increased twice each day according to a
schedule calculated from the sinking rates of the eggs as deter-
mined by Quetin and Ross (in preparation) (figure 2). The other
vessel was maintained at 1 atmosphere and served as a control.
Eggs from the two broods were also maintained in the standard
2-liter culture jars and the hatching time noted.
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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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Field and laboratory studies on the
antarctic krill Euphausia superba in

austral summer 1982-1983

ROBERT Y. GEORGE

University of North Carolina-Wilmington
Institute for Marine Biomedical Research

Wilmington, North Carolina 28403

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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