
tion of antifreezes using diethylaminoethly cellulose (DEAE) ion
exchange chromatography followed by gel electrophoresis re-
vealed the presence of only low molecular-weight glycopep-
tides in high concentrations (20 to 40 milligrams per milliliter).
Removal of the gall bladder eliminated the transport of these
glycopeptides from the blood to the intestine. This suggests
that antifreeze is transported from the blood to the bile where it
then flows into the intestinal fluid. Measurements of reabsorp-
lion of labeled antifreeze, both in vivo and in vitro indicate that
reabsorption from the gut does not take place. This suggests
that the intestinal fluid antifreeze is excreted with the feces.
This unusual circumstance of glycoprotein excretion is doubt-
less necessary to prevent the freezing of intestinal fluid. These
results are the first clear evidence that the low molecular-weight
antifreeze molecules have a specific function (O'Grady, Ellory,
and DeVries 1982, 1983) in contrast to the proposed cooperative
function put forward by Osuga et al. (1978). Recent studies have
shown that the low molecular-weight glycopeptides do not
potentiate the activity of the large ones when the samples are
forzen slowly (Schrag and DeVries 1983). Slow freezing more
closely approximates the conditions faced by fishes inhabiting
ice-laden seawater (DeVries 1982, 1983).

A preliminary set of experiments was performed to investi-
gate the distribution of antifreezes into the special fluid com-
partments of the central nervous system. Presumably anti-
freezes should be found in the eye, brain, and associated fluids
because these tissues must be protected from freezing. Cerebral
spinal fluid (csF) was sampled from seven species of fish and
was found to have a freezing point below that of seawater
(- 1.96°C) and the characteristic separation of freezing point
and melting point which indicates the presence of glycopeptide
antifreeze. Sampling of extradural fluid (EDF) and eye fluid
indicated that they too had low freezing points. The antifreezes
of the central nervous system were isolated by DEAE ion ex-
change chromatography followed by gel electrophoresis. The
CSF and eye fluid were found to contain GP glycopeptides 7 and 8
while the EDF contain glycopeptides 1 through 8. This finding is
of interest because CSF and aqueous humor are actively secreted

fluids that are protein free in other species. Thus the presence of
these large molecules in high concentration is a unique dif-
ference between antarctic fish and other vertebrates.

Studies of the structure and function of the glycopeptides
were continued by comparing the structure and activities of the
glycopeptide antifreezes of northern arctic cods with those of
the antarctic nototheniids. Although the northern cod anti-
freezes were found to have slightly different amino acid com-
positions they exhibited the same antifreeze activity as the
antarctic glycopeptide antifreezes (O'Grady et al. 1982; Schrag,
O'Grady, and DeVries 1982).

This research was supported by National Science Foundation
grant DPP 81-16917.
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Preliminary comments on
parasitological collections from

seabirds at Palmer Station, Antarctica

ERIC P. HOBERG

Wildlife Science
College of Forest Resources
University of Washington
Seattle, Washington 98195

Previous studies of parasites of antarctic seabirds have not
focused on a specific locality nor taken an ecosytem approach.
The major studies have been largely taxonomic (Fuhrmann

1921; Johnston 1937; Jones and Williams 1969; Prudhoe 1969;
and others and to date approximately 63 species of helminths
are known from 37 species of birds. However, there are no
previous records of parasites from birds in the Palmer Archi-
pelago, and comprehensive studies of helminths of sympatric
species of antarctic seabirds do not exist.

The present study of helminth parasitism of antarctic sea-
birds was initiated at Palmer Station, Antarctica (64°46'S
64°05'W) from December 1982 through February 1983. An ob-
jective of this investigation was to characterize the helminth
fauna of a diverse assemblage of seabirds breeding at a specific
geographic locality and to attempt to determine factors influ-
encing its ecological and zoogeographic relationships. Of pri-
mary interest was the degree to which differences in helminth
faunas were reflected by dissimilar trophic relations of seabirds
comprising four generalized feeding guilds. The species of
birds included were: (1) zooplanktivores (Adélie penguin,
Pygoscelis adeliae; chinstrap penguin, P. antarctica; gentoo pen-
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Trematodes

AD	YY

0	0
0	0
0	0

15	0

Acanthocephalans

AD	YY

0	0
0	0
0	0

guin, P. papua; southern fulmar, Fulmarus glacialciides; cape
pigeon, Daption capense; snow petrel, Pagadroma nivea; Wilson's
storm petrel, Oceanites oceanicus; and south polar skua, Cat ha rac-
ta rnaccomicki); (2) piscivores (blue-eyed shag, Phalacrocorax
atriceps; and antarctic tern, Sterna vittata); (3) intertidal foragers
and scavengers (American sheathbill, Chionis alba, and southern
black-backed gull, Larus dominican us); (4) scavengers and pre-
dators of other birds (southern giant fulmar, Macronectes gigan-
teus; and brown skua, Catharacta lonnbergi). Two other species,
arctic terns, Sterna paradisaea and antarctic prions, Pachyptila
desolata were to be included in the study but were never encoun-
tered at sea.

Birds were collected principally from the waters and islands
of Arthur Harbor and Biscoe Bay adjacent to Palmer Station and
from the Joubin and Wauwermans Islands. All procellariiform
birds (except Macronectes and some Oceanites) were collected
with assistance of R/V Hero in the Bransfield and Gerlache
Straits. Birds were either necropsied immediately following
collection or frozen for later examination. Potential prey items,
including species of nototheniid fishes, gammarid amphipods,
and limpets, were collected for examination for larval parasites.

Collections included 338 birds of 14 species (table), 126
nototheniid fishes, and several thousand amphipods and limp-
ets. The prevalence of infection by helminth parasites of major
groups in seabirds is shown in the table. Final identifications of
helminths are now in progress. At least three previously un-
known taxa were found: a filariid nematode from the sub-
cutaneous tissues of Larus domincanus and the cestodes Later-
iporus sp. and Tetrabothrius sp. from sheathbills and blue-eyed
shags, respectively. Other specimens represent new host- and
geographic records.

The helminth faunas, particularly cestodes, appear to be
highly segregated both among and within guilds. Few species

of helminths except nematodes appear to be shared by these
species of seabirds. This reflects either a well developed host
specificity on the part of the parasites or an indication of defin-
able differences in food-habits among species of seabirds.

Data concerning the occurrence of parasites in young-of-the-
year birds, food habits, and stage of development of adult
parasites indicated that the life cycles of at least nine species of
helminths are completed in the region near Anvers Island.
These included four species of cestodes (Lateriporus sp. from
sheathbills, Microsomacan thus sp. and A nc'motaen ia dominicanus
from black-backed gulls, and Tetrahothrius sp. from shags); a
single species of trematode (Gymnophallus sp. from cha-
radriiform birds); several species of acanthocephalans (Cor-
ynosoma spp., from shags); and three nematodes (Stegophorus
sp., in skuas, gaint fulmars, and penguins, Tetrameres sp. in
penguins, and Desmidocercella sp. in shags). These data are
significant because they show the importance of breeding
grounds in the maintenance of helminth faunas of antarctic
seabirds at least as far south as 65°S and point to the potential
applicability of specific species of helminths as ecological in-
dicators in studies of food webs and trophic ecology. Only two
species of avian parasites, Paramonostomurn antarcticum and M1_
crosomacan thus sheltiandicus, were known previously to com-
plete their life cycles along the Antarctic Peninsula (Cielecka
and Zdzitowieckj 1981; Graefe 1968).

Future studies should concentrate on the complete elucida-
tion of the life cycles of these parasites, because it reflects an
increased understanding of antarctic food webs. Additional
information should be obtained on geographic distribution and
factors which may limit the ranges of some parasites.

This study was conducted under National Science Founda -
tion grant DPP 81-15975 to R. L. Rausch. I should like to thank C.
Shinn for his assistance in the field. This study also would not

Preliminary results of helm inthological collections from antarctic seabirds near Palmer Station

Prevalence of infection by parasites (percent)a

Species

Zooplanktivores
Pygosce/is ade/iae
P antarctica
P papua
Fu/marus glacialoides
Daption capense
Pagadroma nivea
Oceanites oceanicus
Catharacta maccormicki

Piscivores
Phalacrocorax atriceps
Sterna vittata

Intertidal foragers
Chionis a/ba
Larus dominicanus

Scavengers
Macronectes giganteus
Catharacta Ionnbergi

Number collecteda

AD
	

YY

21
	

20
16
	

16
5
	

0
13 b
	

0
22b	0
13b	0
37b	0
20

21	20
21	0

5	0
21	20

20	15
10	2

Cestodes

AD	YY

47	75
100	83
100	0
+ +d

++

++

++

85	C

	

24	70	0

	

20	0	0

	

100	0	80

	

100	100	71

	

100	0	0

	

80	0	0

0	52	75
0	0	0

0	60	0
80	0	5

0	0	0
0	10	0

Nematodes

AD	YY

14	65
50	90
++	0

++
75	0

66	85
10	0

40	0
28	15

65	46
70	50

a "AD" denotes adults; 'YY" young-of-year.
b Necropsies not yet completed.
C Young-of-the-year birds of Catharacta spp. were not collected due to an apparently complete reproductive failure by skuas in the area near Palmer Station.
d 11

	denotes parasite but prevalence unknown.
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have been possible without the support of the captain and crew
of Wv Hero and the help of other scientists and personnel at
Palmer Station.
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Properties of antifreeze proteins from
fish blood and penguin egg-white

proteins
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YIN YEH
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Yin Yeh, physicist in the Department of Applied Science at
the University of California-Davis (ucD), and Michael Knauf,
Master of Science student from UCD, spent approximately 1
month at McMurdo-Station solely to acquire fish blood serum.
The two arrived on 1 November and were able to begin opera-
lions in a fish house on 10 November 1982. They obtained a total
yield of approximately 1 liter of blood serum from 1,250 spec-
imens of Pagothenia borchgrevinki. As the blood serum was ob-
tained, it was centrifuged from the cellular material and frozen
for transport back to UCD. Specimens of Dissostichus mawsoni,
which had been used as experimental fish in the aquarium at
McMurdo station by A. L. DeVries, were also obtained and bled
(with Dr. DeVries' help) yielding approximately I liter of diluted
serum, which was frozen and taken to Davis.

The crude fractionations have been completed on most of the
serum returned from Antarctica. Final purifications of the anti-
freeze glycoproteins, however, will take more time. The yields
on the P. borchgrevinki serum were comparable to our earlier
studies of both antarctic and arctic species, measuring approx-
imately 33.8 grams of total antifreeze. The purification of these
components will, of course, greatly reduce the overall yields.
Unfortunately, the activities found in the D. rnawsoni serum
were only about 36 percent of what had been previously ob-
tained, undoubtedly due to the biological history of the fish.
Nevertheless, the amount of material obtained in the serum was

approximately 12 grams, and this will be important for our
studies. The usual yields in the antifreeze proteins from P.
borchgrevinki for the so-called larger molecular-weight "active"
components should be approximately 3.9 grams, and for the
smaller molecular-weight much-less-active material, the yield
should be approximately 29.9 grams. Correspondingly, the D.
mawsoni yield will be approximately 36 percent lower because
purifying materials from sera of lower activity is more difficult.

Studies have continued on the potentiation of antifreeze ac-
tivities in mixtures of small and large glycoproteins when ice
made from deeply supercooled solutions is used to nucleate the
solutions (Burcham et al. 1982, 1983). Thus, when the smaller
peptide chains of antifreeze glycoproteins from P. borchgrevinki
are tested with ice made at - 1°C, they function, but when
tested with ice made at —6°C, they do not function. However,
when the smaller ones are mixed with the larger ones, they
function with ice made at —6°C. Both the structure of the ice
and the structure of the antifreeze proteins influence this poten-
tiation; this might be of significance for understanding how the
antifreeze proteins function at ice surfaces.

During the past year, we published a long-term study on the
sulfhydryl-containing proteins of penguin egg white (Osuga et
al. 1983). A "new" major egg-white albumin in penguin egg
white was described. We have named this Penalbumin (table).
Penalbumin replaces about half of the ovalbumin in the egg
white and has some resemblances to the penguin ovalbumin
but has twice the content of carbohydrate and no phosphorous.
The eggs of the two species of penguins tested—the Adélie
(Pygoscelis adeliae) and the emperor (Aptenodytes forsteri)—both
contain this interesting protein.

This work was supported in part by National Science Founda-
tion grants DPP 81-16963 and DPP 78-26015 and National In-
stitutes of Health grant GM 23817.
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