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Physiological and biochemical adaptations of
endemic antarctic marine fauna to continuous sub-
zero temperatures are multiple and can be de-
termined at the organismic and tissue levels.
Diverse studies were undertaken from January to
September 1974, and each is identified briefly here.
A full account will be published elsewhere.

Holes were cut in the sea ice of McMurdo Sound
(figure 1) by U.S. Navy personnel who kept them
open throughout the austral winter. Ice thickness
ranged from approximately 0.6 to 1.6 meters and,
when formed after the austral summer breakout,
permitted vehicle travel and movement of small
heated houses for working thrOugh the ice. The
water column ranged from 76 to 750 meters, from
which 87 bottom-trap and vertical plankton-net
samples were collected. Dredge and plankton

*Dr . McWhinnie was station science leader at McMurdo dur-
ing the 1974 austral winter.

samples were taken from a raft used for animal
collections during the brief period of open water
between 24 February and 28 March.

In anticipation of the opportunity to study
seasonal characteristics of a single species, col-
lections of the amphipod Orchomene plebs (identi-
fication of this species was confirmed by J. Hurley,
N.Z. Oceanographic Institute) were made in the
months of January, February, April, May, and July
from shallow (<100 meters) and deep (>500
meters) populations. Several hundred animals
were enumerated in each collectiorl according to
age, sex, stage of development, and length. The
deep population showed a decline in the largest
animals between January and July, with a small
recruitment of juveniles (7 to 12 millimeters) from
February onward, and a significant increase in fe-
males by July.

In contrast, shallow regions showed a generally
younger population in early winter (April), but
these animals reached essentially the same size dis-
tribution as the deep population by June/July.
Females dominated the deep populations while
males dominated the shallow; juveniles appeared
earlier and persisted longer in the shallow popu-
lations, suggesting major species recruitment in
inshore regions followed by movement to deeper
waters through the winter. This results in a pre-
dominant adult population in deeper water during
the summer. This study was done by Dr. Rakusa-
Suszczewski.

To gain some insight into growth rates of this
ubiquitous, predacious, and necrophagous amphi-
pod, food consumption and assimilation were in-
vestigated by study of the intensity and time course
of radio-activity levels in 0. plebs that were fed pre-
radio-labeled (carbon-14-leucine) fish muscle. The
average food consumption of these animals (mean
dry weight, 40 milligrams) was 6 milligrams of fish
muscle in 24 hours; 96 percent of this food volume
could be accounted for in the amphipods after an
additional 48 hours of no feeding. Animals per-
mitted to remain with labeled food for 52 hours
consumed only about 24 percent more than those
fed for 24 hours.

Digestion and assimilation of food appears to be
very slow, as evidenced by only a 4-percent loss
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in radioactivity during 48 hours after feeding. This
loss was accounted for by radioactivity of urine and
feces in the environmental seawater. It appears that
rates of food movement through the digestive tract
depend upon more food becoming available for
continued propulsion of digestate along the tract.
Since food appears to move in a plunger-like ac-
tion, intermittent feeding would result in a higher

Table 1. Freezing point depression of body fluids of inverte-
brate animals collected from McMurdo Sound during the

1974 austral winter.

Habitat	Freezing point, ±s.d
Species	(taxon)	Afp, °C, body fluid

Seawater N(20) 1.93 ±0.17
Orchomene	Primarily	 (16) 2.04 ±0.11

plebs	benthic, also
pelagic
(Amphipoda)

Rhincalanus	Pelagic	 2) 2.05
gigas	(Copepoda)

Euphausia	Pelagic	 1)2.13
(lystalloro-	(Euphausiacea)
phi as

Glyptonotus	Benthic	 (10) 1.97 ±0.09
antareticus	(Isopoda)

Colossendeis sp Benthic	 1)2.15
(Pycnogonida)

Odont aster	Benthic	 (10) 1.98 ±0.15
z'alzdus	(Asteroidea)

efficiency of digestion and absorption due to the
longer residence time of food. It was, however,
observed that 10 days of winter starvation (in July)
significantly reduced the dry/wet weight ratios to
about 50 percent of that in a fed population.

Soluble nutrient absorption was investigated
with several substrates and with several species.
While uptake and assimilation occurred in most
invertebrates, the levels are in picomoles. The
nutrient contribution during periods of decreased
food availability remains undefined.

Respiration studies of several species were con-
ducted with a Gilson differential respirometer
throughout the summer and winter. This measure
of antarctic amphipod metabolic rates showed
characteristics common to age, sex, and season
known for a number of species. On a unit weight
basis, juveniles, adult males, and females showed
a decrease in oxygen consumption from early
winter (April/May) to midwinter (July). Midwinter
values for each category were essentially the same
as midsummer. All age classes, excluding mature
females, showed a peak in respiratory activity in
early winter, and juveniles showed the highest rate
of all groups. All age classes increased oxygen up-
take at elevated temperatures of acclimation (10 to
4°C). Females, immature or mature, showed no
respiratory acclimation at 7°C, though mixed
populations survived for several days in laboratory
conditions at 9°C. Acclimation to 7°C was charac-
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terized by increased oxygen consumption by juve-
niles and males but did not alter the water or lipid
content of this species (based on dry weight).

To account for freezing resistance of animals
living in seawater, which remains near its freezing
point throughout the annual cycle, tolerance to
excessive supercooling was evaluated for nine in-
vertebrate species ranging from nemerteans to
echinoderms. Seawater temperature was slowly
reduced to between -3.9° and -7.8°C and animals
were held at subfreezing temperatures for 2 to 10
hours. All invertebrates showed a high tolerance
and no mortality during exposure to these tem-
peratures. The fish Trematomus bernacchi, however,
was more sensitive and at -4°C showed respira-
tory distress; some 50 percent died before ice
solidification. Ice platelets formed variously but
primarily on the respiratory organs of both ver-
tebrates and invertebrates (figure 2).

The freezing points of several species' body
fluids were studied with a cryoscope designed,
constructed, and generously made available to us
by A. L. DeVries, Scripps Institution of Oceanog-
raphy. All invertebrates showed hyperosmoregula-
tion (table 1) in normal seawater (freezing point,
- 1.93°C). However, higher blood concentrations
often characterize pelagic species, though none
exceeded a concentration of 37 milliosmoles above
seawater.

Freezing resistance of a wide spectrum of ant-
arctic invertebrates thus results from maintenance
of slight hypertonicity to their medium coupled
with a high tolerance to supercooling.

From limited data, a high lipid content has pre-
viously been ascribed to antarctic species in gen-
eral. Similarly, some measurements have shown a
low respiratory quotient (the ratio of carbon di-
oxide produced to oxygen consumed). Through
extensive respirometric measurements, we have
extended and confirmed these observations; some
data are given in table 2. Levels of total lipid,
among a variety of species, ranged from 32 to 50
percent of the dry weight of nonmuscle tissues;
muscle of T. bernacchi showed the lowest lipid
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Figure 2. Ice platelets formed on the gills of the benthic iso-
pod Glyptonotus antarcticus during supercooling at -6.5°C.
Animal appears undamaged by such exposure.

content measured (17 percent). Moreover, the res-
piratory quotients are among the lowest known
(0.64 and less); very few individuals reached 0.7
or above. These values showed no variation with
season.

The generalized occurrence of high lipid levels
and low respiratory quotients for each of the spe-
çies studied suggests a metabolic pattern that
supports high lipid synthesis and reduced aerobic
oxidations. Moreover, lipid reserves represent the

Table 2. Lipid content and respiratory quotient (CO 2102) of
selected antarctic species.

Lipid
Species	(percent of dry weight) CO2/02

Urcinopsis	 N = (40) 44.93
antarctzcus

Linneus	 (32) 34.82
corrugatns

Rhincalanus gigas	 (10) 0.44

Orchomene plebs	 (60) 38.80	(35) 0.64

Glyptonotus antarctzcus
hepatopancreas	 (22) 50.84	( 6) 0.38
muscle	 (22) 39.24	( 7) 0.48

Trematomus bernacchz
liver	 (31) 53.66	(27) 0.34
muscle (white)	 (17) 17.24	(31) 0.64
gill	 ( 7) 43.00	(15) 0.37

Table 3. Distribution of carbon-14-labeled glucose (C- 1, C-6) in tissue fractions of antarctic fauna and carbon dioxide,
including the anemone Urcinopsis antarcticus, amphipod Orchomene plebs, isopod Glyptonotus antarcticwc, the asteroid

Odontaster validus, and the nototheniid fish Trematomus bernacchi.

Percent of total incorporated
CO2	 Total lipid	 Lipid-free, dry

	

G-1	 G-6	 G-1	 G-6	 G-1	 G-6

Mean,	 0.069	 0.050	 58.56	 63.17	 41.40	 36.78
N = 60

Range	0.01 to 0.18
	

0.01 to 0.18	37.99 to 85.24	43.50 to 87.48	14.74 to 61.85	13.12 to 56.52
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Table 4. Reduction of nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate
(NADP) with glucose-6-phosphate as substrate.

Species,
tissue

Micromoles of nucleotide reduced/milligram protein/10 minutes
NAD/NADH	 NADP/NADPH	Percent oxidized, via NADP

Rhincalanus giga.	 N = ( 9)1.91
Orchomene plebs	 ( 3) 0.74
Euphauiasuperba	 ( 5)1.61
Glyptonotus antarcticu.c

hepatopancreas	 (15) 2.53
muscle	 (15) 4.44

Odontaster valithis	 ( 9) 0.23
l'reinatomwc bernacchi

liver	 (11) 4.30
muscle (white)	 ( 9) 3.36
gill	 ( 7) 4.05

metabolic energy available to antarctic marine
poikilotherms.

'To estimate the extent of substrate utilization
through conventional biochemical routes (hexose
monophosphate shunt, HMs), glycolysis, and tn-
carboxylic acid cycle (TcA), various tissues are
incubated at - 1.8-C, in seawater labeled with
carbon-14 substrates including glucose (carbon I
or 6 being labeled). Radioactivity was traced into
respired carbon dioxide, total lipid, and the lipid-
free dry residue. Since all species studied showed
the same pattern of carbon-14 distribution when
glucose was substrate, they have been grouped for
convenience (these mean values are given in table
3). It is evident that glucose undergoes very little
carbon dioxide oxidation (<1 percent) in these di-
verse species, and that the greatest occurrence of
the glucose-carbons appeared in the total lipid (38
to 88 percent). The distribution of radioactivity
into these fractions was essentially the same
whether the first or sixth carbon of glucose was
labeled.

When coupled with the high lipid content of
these animals, low carbon dioxide production pro-
vides inferential evidence for a dominant role of
cellular oxidations through the HMS, and limited
oxidation through the aerobic TCA cycle. Carbon
dioxide (produced in the first step of HMS) appears
to be utilized in lipid synthesis and may be used
also in phosphoenolpyruvate carboxylation.

To obtain direct evidence for participation of
HMS oxidations, reduction of nucleotides (nicotina-
mide adenine dinucleotide, NAD) and nicotinarnide
adenine dinucleotide phosphate (NADP) by tissue
and organism homogenates (supernatant liquid)
was studied spectrophotometrically. The nucleo-
tide NAD is required for oxidations in the glyco-
lytic route: NALW is required for oxidations through
HMS. Some data obtained for various species
studied are briefly summarized in table 4. With
the exception of muscle from fish and the crusta-

(10) 13.96	 87.93

	

4)	2.65	 78.23
(11) 26.03	 94.18

(12) 13.14	 83.83
(14) 4.63	 51.06

	

(17) 28.62	 99.20

	

(17) 54.46	 92.68
(13) 5.77	 63.18

	

(16) 102.96	 96.21

cean G. antarcticus, the data show that oxidation
through the direct oxidative route (HMS) accounts
for 78 percent or more of the glucose utilization
by these antarctic species. This had been previously
suggested for Euphausia superba (McWhinnie, 1964)
based on a limited number of measurements. Other
studies of selected temperate species, which had
been acclimated to low temperatures, have also led
to the suggestion that oxidation of glucose shifts
to the direct oxidative pathway (Ekberg, 1958,
1962; Somero et al., 1968), but definitive evidence
has not been presented.

These investigations show that the HMS is the
principal biochemical route of substrate oxidation
in antarctic piokilotherms. Study of oxidation with
a series of other metabolic intermediates (fructose
diphosate, phosphoglyceraldehyde, pyruvate, lac-
tate, acetate, citrate, etc.) with these species sup-
ports this conclusion.

Summarily, the high lipid content of polar spe-
cies and their low production of carbon dioxide
are the consequence of the biochemical character-
istics of low temperature adaptation; namely, high
utilization of the hexose monophosphate oxidative
pathway to support synthesis of lipids that then
constitute a reservoir for sustained metabolic
energy production.

In vitro study of the incorporation of carbon-14-
leucine into tissue protein showed exceedingly low
values, which is in keeping with slow growth rates
reported for antarctic fauna.

We express our gratitude to Stephen Grabacki
and Dennis Schenhorn, who served as field and
laboratory assistants during these studies. We are
also grateful to Detachment Alpha, U.S. Naval
Support Force, Antarctica, whose support through
the rigorous 1974 winter contributed to our
studies.

This research was supported by National Science
Foundation grant (;v-39912.
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rocks from the Ross Sea near
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During the 1974-1975 austral summer we col-
lected rocks that had been entangled in fish and
animal traps set on the floor of the Ross Sea by
A. L. DeVries, Scripps Institution of Oceanog-
raphy, and his assistants. These traps were under
the annual ice about a kilometer southwest of
McMurdo Station where the water is about 500
meters deep. We are grateful to Dr. DeVries and
his assistants for their help in collecting the speci-
mens described below.

All of the specimens from this site were large
enough (15 to 70 millimeters in diameter) to be
identified megascopically. The results of our study
are presented in table 1. A representative suite of
clasts was studied in thin section (table 2). Our work
shows that all of the (.-lasts are rounded, indicating
that they were transported and/or worked; further,
all are volcanic rocks that probably were produced
in the Ross Sea area.

Very similar rocks occur on volcanic islands south
of the collection site. We therefore are unable to
indicate the direction of transport from our studies
of this collection. During the 1973-1974 season we
were able to postulate some southerly transport of
volcanic rocks to this localit y on the basis of the

Table 1. Petrography of sediment sample from
McMurdo Sound.

Description	 Percentage

Rounded, brown, mixed tuft	 14.2

Rounded, black, aphyric basalt	 12.2

Rounded, light brown, laminated t nfl	 10.1

Angular, brown-black scoria	 18.2

Rounded, black, vesicular olivine-
augite basalt	 8.1

Angular, black-brown scoria	 20.1

Rounded, brown. volcanic breccia	 6.1

Rounded, black, aphyric basalt	 4.0

Rounded, black vesicular, hornblende
basalt	 5.0

Rounded brown, mixed tuft	 2.0

100.0

occurrence of anorthoclase trachyte (Kenyte) in a
similar collection (Treves ci al., 1974).

Other submarine sediment samples were col-
lected ft)r us by Paul Dayton, G. Roubilliard, and
John Oliver, all of Scripps, while studying benthic
communities of McMurdo Sound. Samples from a
variety of depths were collected while scuba diving
in the Cape Armitage, Winter Quarters Bay, Hut
Point, Cinder Cones, Cape Evans, and Cape Royds
areas off Ross island, and offshore of New Har-
bor at the mouth of Taylor Valley. We are grateful
to the collectors for the specimens described below.

A collection of rock fragments from Cape Armi-
tage, averaging about 20 millimeters in diameter
and ranging from 60 to 10 millimeters, is des-
cribed in table 3. The collection was made at a
depth of 15 meters from a bedrock surface that is
an extension of the lower slopes of Observation
Hill. 'Thinsection analyses of the various varieties
are in table 4. Our data show that rocks at this site
come from Observation Hill and that the rocks have
been rounded probably as a result of wave action.

The next suite of specimens to be described was
collected from the Winter Quarters Bay area. Speci-
mens described in table 5 were coarse enough to
he identified megascopically. Specimen 13 (table 5)
was collected from a depth of 30 meters; the frag-
ments range in size from 10 to 22 millimeters, and
more than half were rounded. Specimen 14 (table
5) was collected from a depth of 20 meters; the
fragments range in size from 7 to 34 millimeters
in diameter, and two-thirds are rounded. Specimen
15 (table 5) was collected from a depth of 25 meters;
the fragments range in size from 10 to 70 milli-
meters, and 60 percent are angular. Specimen 16
(table 5) was collected from a depth of 30 meters:
the fragments range in size from 9 to 63 millimeters
in diameter, and 50 percent are angular. Specimen
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