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The antarctic krill Euphausia superba Dana spawns seasonally
in late December and early January in the Bransfield Strait and
in the vicinity of the Antarctic Peninsula. Gravid females were
captured in Charlotte Bay and Gerlache Strait as late as mid-
February in 1983. Eggs were shed in the laboratory at 1.5°C in
Palmer Station. The fecundity varied from as low as 958 eggs to
as much as 9,500 eggs, larger females of 5.8-6.1 centimeters
carrying the maximum laod of eggs. This is in agreement with
observations on krill fecundity by the Soviet investigators (Si-
egel 1985). Improved fecundity is probably encountered in
older larger gravid females with reproductive phase prolonged
to the extent of 7-11 years as reported by Ikeda (1985).

The newly shed eggs are fertilized during the act of spawning
on contact with spermatophores attached to the females. The
eggs are fragile and transparent spheres about 670 micrometers
in diameter. In sea water of 1.028 grams per cubic centimeter

density, the eggs sink at a speed of 130 to 160 meters per day
during cleavage, 80-90 meters per day during gastrulation and
100-120 meters per day prior to hatching (George and Strombert
1985). The sinking eggs and embryos are subjected to increas-
ing hydrostatic pressure in the water column. However, pres-
sure does not exert any influence on the sinking rate because the
density of sea water increases with depth and simultaneously
the embryos are getting compressed by pressure. As a con-
sequence of these two antagonistic impacts of similar magni-
tude, sinking rate is not presumably influenced by pressure
(Ross and Quetin 1985). Nevertheless, increasing pressure ac-
celerates rate of cleavage in krill eggs and our research at Palmer
Station clearly established the fact that 32-celled stage is attained
in 5 hours under ito 20 atmospheres of pressure while it took 13
hours at 1 atmosphere (George and Stromberg 1985).

Changes in the biochemical composition of the eggs occur
during embryogenesis. The zygotes contained 31 percent lipid,
1 percent carbohydrate, and 57 percent protein on a dry-weight
basis. During egg development, twice as much protein than
lipid was used for embryonic energetics (Amsier and George
1985). The high protein content and somewhat low lipid content
in krill eggs is also reflected in the low calorific value of 4837 +
30 gram-calories per gram of dry weight (George in prepara-
tion). Light micrograph of eggs revealed the abundance of yolk
droplets in the central portion of the centrolecithal egg and a
thin cortical cytoplasm. Ultrastructure analysis of the egg by
transmission electronmicroscopy showed numerous
mitochondria between the yolk droplets (Dillaman, George,
and Stromberg 1985).
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Figure 1. Diagram illustrating schedule of egg development and larval growth in the antarctic krill Euphausia superba.
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Figure 2. Krill eggs abruptly exposed to 200 atmospheres of pres-
sure. A. Note the abnormal shapes under pressure. B. Note the
damaged egg membrane under pressure.

The eggs, being denser than the antarctic surface water oc-
cupying the upper 300 meters and the circumpolar deep water
below 300 meters, make a downward journey while going
through cleavage, blastulation, gastrulation, and
organogenesis. The depth of hatching is still not clearly estab-
lished and may depend on what depth the spawning takes
place. However, the schedule of egg and larval development is
now known on the basis of experimental studies in the laborato-
ry (figure 1). The hatching depth is probably between 800 and
1,500 meters and evidently hatching process occurs at an am-
bient pressure of 80 to 150 atmospheres.

Abrupt exposure of fertilized krill eggs to 200 atmospheres
inhibits development and 30-40 percent of the eggs attain ab-
normal shapes, often exuding cytoplasmic material (figure 2, a
and b). However, exposure of fertilized eggs to gradual increase
in pressure, simulating the sinking rate, accelerates rate of cleav-
age (figure 3, a and b). In the deep waters west of South
Orkneys, Hempel and Hempel (1986) discovered krill eggs and
embryos in the open ocean (4,100 meters bottom depth) at
densities as much as 5,600 eggs per 100 cubic centimeters be-
tween 1,000 and 2,000 meters. I believe there is a considerable
wastage of krill eggs in the great depths because of the inhibiting
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Figure 3. Krill eggs exposed to gradual increase in pressure, sim-
ulating the actual sinking rate. A. Cleavage at 5 atmospheres at 9:45
a.m. B. Rapid cleavage of the same eggs at 15 atmospheres at 1:40
p.m. on 14 February 1983 at Palmer Station.

influence of pressure on development. Eggs spawned in the
open ocean and eggs transported by downwelling waters to
great depths are probably wasted. Samyshev (1984) hypoth-
esized that "effective reproduction of the (krill) population is
ensured only through its spawning in shallow and deeply in-
dented coastal zones isolated from the open ocean by a system
of currents which prevent the eggs from being transported into
the deep water regions of the (Antarctic) ocean." It should be
also borne in mind that the nauplii sink after hatching at a
maximum velocity of 0.1 centimeter per second and even after
molting, the metanauplii sink at a speed of 0.25 centimeter per
second (Marschall 1984). The presence of early larvae at depths
greater than 1,500 meters suggests that the larvae are adapted to
hyperbaric conditions even though they can survive and grow
at I atmosphere.

This work was supported by National Science Foundation
grant DPI' 80-26535.
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Role of antifreeze glycopeptides and
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The members of our team for the 1986-1987 season were
Arthur DeVries and Chris Cheng from the University of Illinois,
Jim Raymond from the Alaska Department of Fish and Games,
Charles Knight from the National Center for Atmospheric Re-
search, Joe Eastman from Ohio University, Mike Smith from
Johns Hopkins University, and Richard Willis from New Zea-
land. Our program ran from 9 October 1986 to 5 January 1987.
Three fish houses were set up on the annual sea ice to catch
specimens of Dissostich us mawson i, Pagotheina horchgrevi nki,
Trematomus bernacchii, and Rhigophila dearborni. Other species
that were inadvertently caught are T. cent ronotus, T. hansoni,
Gymnodraco auliceps, and Paraliparis devriesi. This season we also
caught for the first time another eel pout, Australycicthys
brachycephalus which is related to R. dearhorni. The eel pouts
have antifreeze peptides and the others antifreeze glycopep-
tides, which enable the fish to survive in the freezing waters
(-1.9°C) of McMurdo Sound.

Studies of the physiological and biochemical roles of biolog-
ical antifreezes in the freezing avoidance of the antarctic fishes
were continued again this season. One of the interesting and
puzzling aspects of antifreeze glycopeptides is their presence in
the cerebrospinal fluid of the notothenioid fishes, despite intact
blood/brain and blood/cerebrospinal fluid barriers in these fish-
es as demonstrated by the exclusion of hydrogen-3-antifreeze

glycopeptides injected systemically. The presence of antifreeze
glycopeptides in the cerebospinal fluids prompted us to exam-
ine the presence of other proteins. Biorad protein assays show-
ed protein concentrations of 13.8 milligrams per milliliter and
16.8 milligrams per milliliter for cerebrospinal fluid and plasma,
respectively, from D. mawsoni. The protein concentration of the
cerebrospinal fluid reflects that of proteins other than the anti-
freeze glycopeptides which do not react with the Coomassie
dye in the Biorad reagent. Polyacrylamide gel showed that the
cerebrospinal fluid lacks the high molecular weight proteins in
plasma, but have similar intermediate to low molecular weight
forms, with large amounts of a group of intermediate molecular
weight ones. The cerebrospinal fluids of vertebrates are thought
to be protein-free because of the blood/brain and blood/cere-
brospinal fluid barriers. The presence of large amounts of anti-
freeze glycopeptide and other proteins in the cerebrospinal
fluid of these fishes opens up many interesting questions such
as whether they are translocated (how?) or synthesized locally
(where?), as well as their physiological roles, which will require
further investigations.

The new eel pout, Australycicthys brachycephalus, were caught
in fairly large numbers at 78°15'S 169°45'W in very deep waters
of 750 meters. The antifreeze peptides from this fish were pu-
rified with Sephadex G-75 chromatography followed by re-
verse-phase, high-performance liquid chromatography. Unlike
the related eel pout R. dearborni which has three major anti-
freeze peptides and at least four minor ones, A. bracliycephalus
has only one major antifreeze peptide (over 95 percent) and two
very minor ones. The sequence of the major antifreeze peptide
has been determined. It is 64 amino acid residues in length, a
molecular weight, therefore, of 6,800 daltons, and has 70 per-
cent homology with respect to the sequence of one of the major
antifreeze peptides from R. dearborni (Schrag et al., 1987).

The antifreezes are thought to exert their function, i.e. to
prevent ice crystal growth, via an adsorption-inhibition mecha-
nism (Raymond and DeVries 1977; DeVries 1984). This mecha-
nism for the freezing avoidance of fishes implies that ice is
present somewhere in the live fish. Thus far, no visible ice has
been located within antarctic fishes taken from their natural
environment. However, our work this season showed indirect
evidence for its presence. Fishes taken from the ice-laden sur-
face waters and subjected to low temperatures (- 2.7°C) in ice-
free seawater will freeze with ice visibly propagating through
their superficial tissues as well as through the clear fluids of
their eyes, and death occurs within 1 minute. Freezing occurs in
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