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Figure 3. Pond at Dartmouth Point showing abundant tus-
sock stands at low elevations. Mount Paget (2,940 meters),

the highest point on South Georgia, is in background.

eating invertebrates, some pintails fed on very fine
filamentous marine algae adhering tightly to boulders
and cliffs in the tidal zone. They avoided the common
alga Porphyra sp. used by kelp geese (Chloephaga
hybrida) in the Falkland Islands.

Birds were observed, filmed, and tape-recorded dur-
ing courtship sequences for comparison with pub-
lished data on the continental race. Several broods
were observed during November and December in
freshwater ponds or in pools formed by wallowing
elephant seals. I suspect that the wave action is too
severe for consistent use of marine areas by very young
birds, especially when food resources are available
only at low tide.

In addition to South Georgia pintails, speckled teal
(Anas fla:viro'stris) were observed regularly in the
Moraine Fjord area. This species occurs commonly on
the Falkland Islands but had not been reported pre-
viously from South Georgia.

This work was supported by National Science
Foundation grant GV-21491.

Reference

Murphy, R. C. 1916. Anatidae of South Georgia. Auk, 33:
270-277.

To measure potential food sources, samples were
taken in areas where pintails were observed feeding.
Macroscopic planktonic organisms were sampled with
three 1-meter (3-foot) sweeps of a 7.5- by 30-centi-
meter (3- by 12-inch) net, and benthic organisms
were taken in the same net by making a 30-centimeter
(12-inch) sweep in bottom sediments. In puddles,
seashore gravel, and other areas where quantitative
net samples were impractical, hand-grabs were used
to locate representative specimens.

Feeding behavior was observed as a clue to types
of food organisms selected, to measure the influence of
tides on feeding sites, and to determine differences in
behavior according to age.

In general, pintails preferred ponds surrounded by
tussock grass (Poa' flabellata) or other grasses of the
more mature climax vegetation as opposed to areas
surrounded by gravel, rock, or early plant successional
stages. These areas also were frequented by adult and
young elephant seals (Mirounga leonina) whose ex-
crement undoubtedly enriched the waters. Freshwater
ponds were extremely acid (pH 4.1-4.9) but had
large numbers of a few taxa of invertebrates. Fairy
shrimp (Branchinecta gaini) were particularly com-
mon during this summer period.

Pintails regularly left freshwater loafing areas and
fed on the seashore during the extreme neap tides of
late November and early December. In addition to
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This season's field study of freezing resistance in
antarctic fishes began with a preseason flight to Mc-
Murdo Sound on September 1 and ended December
15, 1971. Fishing stations were established soon after
our arrival, and a number of Trematomus fishes were
caught by trap and hook-and-line. Blood samples were
collected and the blood chemistry investigated. Whole
organism freezing temperatures were determined for
several species, and it was found that freezing oc-
curred at approximately —2.0°C. Blood serum freez-
ing points were measured, and the contributions of
inorganic and organic solutes to the freezing point
depression were determined. It was found that for
most of the Treniatomus fishes sodium chloride ac-
counts for slightly less than half of the blood serum
freezing point depressions while the remainder results
from the presence of a series of relatively large molecu-
lar weight glycoproteins.

In contrast to other areas of the southern ocean the
water temperature of McMurdo Sound remains near
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its freezing point (- 1.9°C.) throughout the year. As
a consequence Trematoinus fishes would not be ex-
pected to show seasonal variations in their levels of
blood serum glycoproteins. However, it is of interest
to know whether they still retain the capacity to alter
their glycoprotein levels when the water temperature
is experimentally changed. Therefore, a warm and
cold acclimation experiment (30 days each at +1.0°
and —2.0°C.) was done with 25 T. borchgrevinki.
The results indicated that the level of glycopruu..i
does not appreciably change with either warm or cold
acclimation. It can be concluded from this observation
that the level of glycoprotein in the blood cannot be
modulated by temperature as it can be in northern
fishes.

For several years, it has been observed that the
Weddell seal, Leptonychotes weddelli, can dive to
great depths and capture the large fish Dissostichus
mawsoni. In McMurdo Sound we occasionally have
collected this fish for study by taking it from the jaws
of a surfacing seal. This past season, using a set-line,
we collected 70 of these fishes weighing between 15
and 50 kilograms. The fishes were captured on hooks
baited with live T. borchgrevinki, and the specimens
were removed from the hooks while still alive and in
good condition. Approximately 20 liters of blood were
collected by heart puncture and processed for serum.
The glycoproteins were isolated from 2 liters of this
serum by column chromatography, and the remainder
was frozen and shipped to the laboratory at Scripps
Institution of Oceanography.

The glycoproteins isolated from the blood serums of
the various fishes have been studied in detail and their
complete structure determined. Nuclear magnetic res-
onance spectroscopy analyses of the acetylated glyco-
proteins permitted us to assign the linkages within the
disaccharide and between the disaccharide and the
polypeptide chain (Shier et al., 1972). The fB-D-
galactopyranosyl - (1 -4) -2 -acetamido-2-deoxygalacto-
pyranose structure that constitutes the disaccharide
moiety is shown in fig. 1.

The glycoproteins appear in the blood in different
sizes. The large glycoproteins have been designated
glycoproteins 3 4, and 5 and have molecular weights
of 21 5500, 17,000 and 10,500 daltons. The small glyco-
proteins are designated as 7 and 8 and have molecular
weights of 3,500 and 2,600 daltons, respectively. Glyco-
proteins 3, 4, and 5 are composed of a basic structural
unit that is

alanyl-alanyl-threonine

0

disaccharide

In the case of glycoproteins 7 and 8, the same struc-
tural unit exists, but proline residues have been found
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Figure 1. Structure of glycodipeptide from subtilisin digestion of
glycoproteins.
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Figure 2. Complete structures of glycoproteins 7 and 8.

to occur in place of the alanine residues at a number
of positions (Lin et al., 1972). In fig. 2, the positions
of the proline residues are shown. The large amount
of the two small glycoproteins and their presence in
muscle extracts lead one to suggest that they may
play a role in prevention of intracellular freezing.

Some studies of the mechanism of action of the
glycoproteins have been done, and the results suggest
that the glycoproteins prevent freezing by binding to
the surface of small ice crystals, which are potential
nucleation sites (DeVries, 1971). Our data, however,
have not allowed us to unequivocally state that water
structuring is not involved. Nevertheless, whatever the
interaction is, it is a specific one, because oxidation of
the hydroxyl groups on carbon 6 of the galactose resi-
dues to a carboxyl is sufficient to cause the loss of all
antifreeze activity.

This work was supported by National Science
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