
The biosynthesis of AFGP and other plasma proteins
was examined in T. han,oni at various times after infu-
sion of radioactive amino acids (see accompanying fig-
ure). The plasma proteins account for 32 percent and
AFGP for about 4 percent of total liver polypeptide syn-
thesis. AFGP in plasma was identified by DEAE-cellulose
chromatography and sDs-gel electrophoresis. These
methods, however, revealed no significant pool of intra-
cellular AFGP in any of the tissues listed in table 2. Ex-
periments are in progress to identify possible precursor
forms in liver and other tissues that may synthesize AFGP.

As a first step toward isolation of the antifreeze gene,
deoxyribonucleic acid (DNA) was purified from several
species by hydroxyapatite chromatography. In view of
the repeating alanine-alanine-threonine sequence of
AFGP, a repetitive DNA may be involved. Depending on
the choice of third base in the codon, such a DNA could
have a guanine-cytosine (GC) content as high as 90 per-
cent. This would lead to banding in CsC1 gradients at a
density well above that of the main-band DNA of other

Table 2. Protein synthetic rates In tissues of antarctic fishes
determined following infusion of 14C-tyrosine into caudal
vein for 16 hours at -1.5° C; results for Trematomus ber-
nacchll, T. hansoni, T. newnesi, and Gymnodraco acuticeps
averaged with standard deviation of the groups and number

of individuals (all fish collected October-December 1978)

(Percent of tissue protein synthesized per
day [k5])

Freshly caught	Food withheld
Tissue	 fish (fed)	(1-2 weeks)

Liver	 6.4 ± 2.2 (10)	7.5 ± 2.1 (11)
Gill	 2.7 ± 1.6 (10)	3.3 ± 1.1 (11)
Spleen	 1.7 ± 1.4 (8)	1.4 ± 0.7 (5)
Head kidney*	2.2 ± 0.2 (5)	3.9(l)
Posterior kidney*	0.7 ± 0.2 (5)	0.5(l)
Red muscle*	0.31 ± 0.02 (5)	0.22(l)
White muscle	0.17 ± 0.05 (10)	0.06 ± 0.02 (11)

* Determined in T. newnesi and G. acuticeps only.

fishes (Thiery, Macaya, and Bernardi, 1976). Analysis of
the antarctic fish DNA is being carried out in collabora-
tion with G. Bernardi, University of Paris.

This work has been supported by National Science
Foundation grant DPP 77-20461. A. P. Hudson was sup-
ported by a NATO postdoctoral fellowship. We thank A.
L. DeVries and W. Van Voorhies for their invaluable
assistance in collecting fish, and we gratefully acknowl-
edge the cooperation of the U.S. Naval Support Force,
Antarctica, in many aspects of this program.
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Fowl cholera outbreak among
brown skuas at Palmer Station

DAVID F. PARMELEE, STEPHEN J . MAXSON, and
NEIL P. BERNSTEIN

Field Biology Program
University of Minnesota

Minneapolis, Minnesota 55455

During a five-day period (4-8 February 1979), we
were astonished by the sudden deaths of four pairs of
our banded and color-coded adult brown skuas (Cathar-
acta lonnbergi) on their nesting sites at a time when their

large chicks were nearly fledged. Surprisingly, the chicks
outlived their parents but presumably were lost when
left unattended.

The deaths occurred on Litchfield Island in the Pal-
mer Station area. As many as eight pairs of our marked
brown skuas have bred on the island since 1974. In the
1978-79 season, however, we were able to locate only
five pairs, including the four that died.

Four of the carcasses were frozen and shipped to the
diagnostic laboratory at the University of Minnesota.
There it was determined that the brown skuas had died
of fowl cholera (Pasteurella multocida), strain 1-X73,
which is the most virulent strain known of the disease.
Fowl cholera is a bacterial syndrome characterized by
inverted age resistance, hence its confinement to the
adult birds.

Brown skua carcasses subsequently were found on
Torgersen Island (five birds), where the one nesting
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failed; on Norsel Point (eight birds), where the birds
often loaf near old Palmer Station but do not breed; and
on Hermit Island (one bird), where the species breeds
occasionally. Carcasses of three giant fulmars (also called
giant petrels) (Macronectes giganteus) and one south polar
skua (C. maccorinicki) also were found on Litchfield Is-
land. Additional dead south polar skuas were discovered
at Norsel Point (eleven birds), Christine Island (one
bird), and Bonaparte Point (one bird). Whether or not
they died from cholera or other causes is not known. No
dead penguins, gulls, or other bird species were ob-
served.

Whether virulent fowl cholera has been previously re-
ported from antarctic regions is not known to us at pres-
ent. It does strike species that are not far removed. Carl-
son and Pennifold (1961) reported that their diagnostic
tests indicated that four captive South American pen-
guins (Spheniscus humboldti) died of fowl cholera in Al-
berta shortly after their arrival from Florida.

We are puzzled why the brown skua (less than 10 per-
cent of the total skua population in the study area) suf-
fered higher mortality than the much more abundant
south polar skuas breeding close by (Parmelee, Fraser,
and Neilson, 1977; Parmelee et al., 1978). The latter
feed on fish and krill and their breeding success fluc-
tuates drastically when ice conditions and other factors
prevent efficient foraging at sea. Brown skuas partition
the penguin rookeries, and their numbers and breeding
success depend on penguins. As unfavorable ice condi-
tions do not inhibit penguin feeding, the brown skuas
dependent upon them have not shown the dramatic
fluctuations in breeding success experienced by their.
close relatives.

It is possible the south polar skuas have developed a
greater immunity to the disease through more frequent

contacts with the bacteria during the birds' long migra -
tions into temperate and arctic regions of the northern
hemisphere. Migrations of brown skuas are not nearly
so well known; presumably those birds of the Antarctic
Peninsula area do not fly beyond South America. Gulls
are known to be important reservoirs of Pasteurella in
other parts of the world. We do not know, however,
whether gulls, skuas, or other species transmitted the
disease to the Palmer Station study area.

This unexpected loss of marked brown skuas in the
study area presents a rare opportunity to investigate
other questions under unique environmental conditions.
For example, will the empty territories adjacent to the
penguin colonies be filled by brown skuas or south polar
skuas? Will surviving brown skuas that were previously
banded abandon their present territories for the newly
empty and conceivably better territories? Will the reduc-
tion in brown skuas, as well as the readjustments within
the study area, result in stepped-up cross-matings be-
tween the two species?

High priority will be given to these and other issues
during the remaining two years of research.

This work has been supported by a National Science
Foundation grant.
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Cutaneous blood flow in the
giant petrel

PAUL C. TIRRELL and DAVID E. MURRISH
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Birds living at high latitudes must maintain their body
temperatures at levels well above the ambient tempera-
ture. Excellent insulation over most of their body helps
maintain this gradient. In addition, heat loss through
the uninsulated areas of the periphery, such as the feet,
legs, and beak, also must be controlled. This control is
mediated by the vascular system, primarily by reducing
cutaneous blood flow (Scholander et al., 1950; Guard
and Murrish, 1974).

The brood patch is an area of skin on the abdomen
of adult birds that becomes defeathered, edematous,

and highly vascularized prior to egg laying (Bailey,
1952). It must supply large quantities of heat to the egg
during incubation and to the chick after hatching. Al-
though development of such an area is of prime impor-
tance for incubation purposes, it is potentially an area
of substantial heat loss from the parent. Reducing blood
flow to the brood patch to minimize heat loss, although
favorable for the parent, would not be beneficial to the
egg or to the chick.

We undertook a study of the control of blood flow to
the brood patch. Field and laboratory experiments with
the giafit petrel, Macronectes giganteus, showed that
brooding adults are able to adjust blood flow to this area
in response to different core body and egg tempera-
tures. This suggests a system of neurological controls
based on an interaction between central nervous system
thermoregulatory centers.

Seven giant petrels were collected from islands near
Palmer Station, Palmer Peninsula. The birds were adults,
each weighing between 3.3 and 5.2 kilograms, and were
kept no more than three days before use. They were
held in outdoor cages with snow provided ad libitum.

Surgical anesthesia was induced with pentobarbital so-
dium (25 milligrams per kilogram of body weight) given
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