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Pressure and temperature
adaptations of antarctic krill and
common peracarid crustaceans

ROBERT Y. GEORGE

Institute for Marine Biomedical Research
University of North Carolina at Wilmington

Wilmington, North Carolina 28403

During the U.S.-Argentina joint research cruise aboard
Islas Orcadas, experimental studies were performed on cold-
adapted planktonic and benthonic antarctic marine crus-
taceans. Scavenging amphipod Ampelisca eschrichti were
captured alive with baited traps near Elephafit Island. Pop-
ulations of the giant isopod Glyptonotus antarcticus were
trawled alive off South Georgia. Larval and adult stages of
Euphausia superba (krill) were collected in healthy condi-
tions south of the Antarctic Convergence down to the pack
ice limit by means of the Reeve plankton system containing
a 5-gallon cod-end capsule. Pressure acclimation experi-
ments were conducted at controlled temperature (1°-7°C)
in a stainless steel pressure chamber with viewports for
continuous observations and photography.

Pressure acclimation studies on adult and larval stages of
E. superba revealed that metanauplius and first calyptopsis
exhibited greater pressure tolerance than advanced furcilia
larvae and adult krill. The pressure-induced phenomenon
of hyperactivity syndrome occurred at relatively higher
levels of simulated pressure (145-180 atmospheres) for the

early larval stages and at lower pressure (90-140 atmo-
spheres) for the advanced larval stages and adult krill. This
finding is consistent with the depth distribution pattern as
illustrated in figure 1. Adult krill and furcilia stages ex-
hibited violent convulsive reactions at elevated pressure
levels exceeding 220 atmospheres; in contrast, early larval
stages showed no convulsive reactions when exposed to
elevated pressure, indicating their greater tolerance to hy-
drostatic pressure (figure 2). Short sojourns at 300-320 at-
mospheres invariably induced inactivity or tetany-type
reactions leading to rigidity and paralysis in both adult and
all larval stages of krill. The data suggest that the non-
feeding and deep-living naupliar larvae of krill, living
mostly at depths of between 400 and 1,000 meters or more,
seem to be adapted to the moderately high pressure condi-
tions prevailing at habitat conditions. This observation
lends support to the recent discovery of greater abundance
of advanced eggs and naupliar stages at 400 meters and at
deeper layers (Hempel 1979). Analysis of samples from 10
selected stations within the Weddell Sea-Scotia Sea area also
indicated marked difference between east and west sectors
in relative abundance of krill larvae. This pattern of larval
distribution may be created by the pattern of water move-
ment within the Weddel gyre (Deacon 1979) which shows
some synchrony with the progressive larval development
of krill.

Continuous monitoring of respiration over 24-hour cy-
cles suggested that soon after capture adult krill exhibit a
circadian cyclic rhythm which may reflect upon their
swarming behavior, vertical migratory habit, and con-
sequent cyclic feeding activity. Experimental studies of
temperature tolerance of adult krill pointed out that E. su-
perba can successfully acclimate up to 8°C if the process of
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Figure 1. Illustration showing the early embryology of krill at deep depths and subsequent emergence to energy-rich surface
layers for completion of larval development, juvenile growth, and adolescence. Note apparent patterns of dual vertical migra-
tion (Indicated by bidirectional arrows) and downward gravitational sinking of eggs (unidirectional arrow). Implication of
discrete depth or pressure-dependent early development of krill Is depicted in this diagram.

-

1980 REVIEW	 145



HYDROSTATIC PRESSURE -ATM

(Aa	0	0

	

-	0	0	0	0

a.
a.r

Metanauplius	 I—.--1

Colyptopsis 11

	

Colyptopsis nIl	 I—.--'	
U S
0 o.cZV
<r1

Furctlia	 I-.-,	U

Furcilia	 i-•-I	U
cnzX0ox

Adult Krill	 U

Figure 2. Behavioral pressure responses of adult and larvae
of krill showing the lack of convulsive reactions to pressure
In early larval stages and higher pressure levels of hyper-
activity syndrome in early larval stages at 2 ± 0.5°C.

acclimation is slow and stepwise, involving an increase of
1°C per day. Warm-acclimated krill showed enhanced rest-
ing metabolic rate (181.1 microliters/gram/hour at 7.5°C in
comparison with 36.4 microliters/gram/hour at 4° Q. Pro-
longed maintenance at 7°C for 30 days appears to stimulate
the molting process.

Studies of amphipod crustaceans north and south of the
Antarctic Convergence provided new data on their marked
differences in thermal sensitivity. Measurement of oxygen
consumption and ammonia excretion in the antarctic giant
isopod C. antarcticus in relation to temperature confirmed
the extreme stenothermal adaptation of this endemic crus-
tacean living only in the southern ocean (George 1977,
1979).

I wish to thank Ellen Brown for her technical assistance
during the Islas Orcadas cruise to the Antarctic Ocean. This
research was supported by National Science Foundation
grant DPP 78-7021.
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Biological studies of krill,
austral summer 1979-80

C. J. DENYS, T. P. Poicic and M. M. 01,EARY
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Our work this season at Palmer Station was a continu-
ation of previous studies of the biology of krill, Euphausia
superba. Though the field season was shortened from its
usual 4 months (December-March) to 2 months (February-
March) because of problems with Rfv Hero, we did expand
our studies of fecundity, embryology, vision, lifespan, and
rates of maturation and growth.

During the 1978-79 austral summer, E. superba which had
spawned in the laboratory were sampled at 2-week inter-
vals. These samples revealed that females did not die after

spawning but regressed to a more juvenile appearance, sug-
gesting that the females might spawn 2 years in succession.
Consequently, at the end of the season, the remaining ani-
mals were left to winter-over in the aquaria so that station
personnel could take monthly samples during the winter to
determine the time of onset of second maturation. By Octo-
ber 1979, when the last sample was taken, the females did
not show any significant increase in ovarian egg size over
that observed at the end of March 1979. Similarly, the males
exhibited no dear evidence of onset of spermatophore pro-
duction. It may be tentatively hypothesized that the onset
of second maturation is delayed until later in the year, and
that the animals spend the winter in reproductive diapause.

Our previous observations on winter-over animals had
Shown that krill are capable of decreasing in size under poor
feeding conditions. These same animals (kept over the 1978
austral winter) nevertheless advanced in maturity,with some
mating and spawning the following summer. This, coupled
with observations of large variations in body length of ani-
mals at the same maturity stage, suggested that rate of
maturation might be a more constant factor in the krill life
cycle than increase in body length. Thus, examination of

146	 ANTARCrIC JOURNAL




