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One Antarctic Marine Ecosystem Research at the Ice-Edge
Zone (AMERIEZ) program objective is to determine how the
seasonal growth and recessional of annual pack ice influences
the distribution of organisms at all trophic levels. Among the
organisms of interest are sea-ice biota which in the Weddell Sea
include the amphipods Eusirus antarcticus and stage 1 juvenile
krill Euphausia superba (Kottmeier and Sullivan 1987). These
organisms were observed to inhabit the sea ice and thus they
encountered the physico-chemical changes associated with the
formation and melting of ice (Andreas and Ackley 1982; Maykut
1985). It is clear that krill and amphipods in intimate contact
with the ice would benefit considerably from physiological and
behavioral adaptations that permit them to survive freezing and
thawing changes in their immediate environment. Cold toler-
ance, euryhalinity, and freezing tolerance might be of adaptive
significance for sea-ice biota.

The amphipod E. antarcticus and the krill E. superba were
collected in the Weddell Sea, Antarctica, in February and March
1986. The animals were sampled from burrows in the ice
through the use of diver-operated, hydraulically based sam-
pling equipment (Aarset and Willumsen 1985). The size of the
animals ranged from 15 to 25 millimeters. To assess the behavior
and survival of the under-ice fauna to freezing seawater, several
low-temperature experiments were performed, with animals

enclosed in freezing chambers containing seawater. The tem-
peratures were determined to ±0.25CC by thermocouples con-
nected to a potentiometric recorder (Aarset and Aunaas 1987b).

The results reveal that the E. antarcticus does not tolerate
freezing into solid sea ice; by contrast, the krill were able to
survive temperatures down to almost - 4°C in solid ice (table 1).
The amphipods, however, were able to stay away from an ad-
vancing ice front during ice growth in the experimental cham-
ber. These laboratory studies correlated well with the in situ
observations made during under-ice dives. During several
dives in the Weddell Sea, underwater frazil ice production was
observed. The frazil ice accumulated on the undersurface of the
congelation ice and made up a 20-30-centimeter thick ice-crys-
tal layer. The amphipods left the congelation ice, crawled
through the frazil ice layer, and took position at the interface of
seawater and frazil ice crystals. The krill disappeared more or
less from the areas during freeze-up, but it was difficult to see
any specimens that actually froze into the ice.

When individuals of E. antarcticus and E. superha were cooled
in air, they froze and died at temperatures of - 11.4°C and
—9.1°C, respectively (table 1). These relatively low supercool-
ing points indicate that no highly potent ice nucleators were
present in the body fluids of the animals. The amphipod Gam-
marus wilkitzkii from the arctic pack ice supercools to about
- 4°C, while the amphipod Gammarus oceanicus associated with
landfast ice at Svalbard, has a supercooling point of about
- 6°C. The antarctic under-ice fauna, therefore, seem to have a
better supercooling capacity than the arctic species I have inves-
tigated so far (Aarset and Aunaas 1987b).

The survival of E. antarcticus and E. superba in a supercooled
state could depend on the presence in their body fluids of
thermal hysteresis agents, which are proteinaceous com-
pounds acting to stabilize the supercooled state and have been
demonstrated in different categories of supercooled animals
(DeVries 1971; Duman et al. 1982). However, tests for thermal
hysteresis agents were all negative (table 1). The presence of
thermal hysteresis agents in the haemolymph of the animals
was tested by measuring temperature differences in

Temperature'

Table 1. Thermal data of the under-ice fauna

Haemolymph
Brine	Supercooling	 freezing

salinity	 point'	 point'

34
	

—11.4±0.6	—1.98±0.1
35
52
69

34	 —9.0±1.6	 - 2.0±0.1
35
52
69
85

100

Haemolymph
melting
pointb	Survivald

—1.95±0.1	 100
--	 100
--	 0
--	 0

Na

E. antarcticus
3

15
15
15

E. superba
6

15
15
15
15
15

—1.5
—2
—3
—4

—1.5
—2
—3
—4
—5
—6

a Numbers of individuals.
In degrees Celsius.
In parts per thousand.
Percentage.
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haemolymph melting and freezing points on a Clifton nanoliter
osmometer (Zachariassen and Husby 1982).

The fact that animals cooled in freezing seawater were injured
at temperatures above the supercooling point of animals cooled
in air could indicate that injury mechanisms other than spon-
taneous internal freezing were involved. A possible mechanism
responsible for injuries of this kind could be seeding of external
ice through the body surface. In the freezing experiment, some
of the animals left the ice during freezing but tolerated staying
in the concentrated brine. The amphipods were injured at tem-
peratures from - 2°C to - 3°C, corresponding to brine salinities
from 35 to 52 parts per thousand, while the krill were injured
from - 3°C to - 5 3C, or brine salinities from 52 to 85 parts per
thousand.

Low temperature, however, seems to promote the salt toler-
ance of both the krill and the amphipod. When the animals
were exposed to high-salinity media at a temperature of
- 1.5°C, E. antarcticus, they tolerated a salinity exposure from 34
to about 40-45 parts per thousand, while the krill E. superha
could be transferred from 34 to about 45-50 parts per thousand
(table 2). In these salinity ranges, the animals also responded by
being osmoconforming organisms (table 2). This implies that
during sea-ice growth the animals may tolerate staying in the
vicinity of the ice by conforming to the ambient brine salinity.
The animals thereby lower the melting point of their body
fluids, until high external salt concentrations become too un-
favorable.

During summer, most of the antarctic pack ice melts at the ice/
water interface with relatively low input of freshwater to the sea
surface (Gordon 1981). Exposure of E. antarcticus and E. superba
to low salinity media at an almost constant temperature of
0- - 1°C, demonstrated that the animals were osmoconformers
over their folerated salinity range (table 2). The amphipod toler-
ated an exposure from 34 to 25-26 parts per thousand, while the
krill tolerated salinities to about 24-25 parts per thousand.
However, the antarctic species investigated were not as eu-
ryhaline as the under-ice amphipods from the Arctic, which
display an osmoregulation down to almost freshwater (Aarset
and Aunaas 1987a). This might be a result of the differences in
the melt progress in the two polar regions. The antarctic under-
ice fauna, however, seem to be well adapted to live in the sea-ice
interface of the Weddell Sea.
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