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Our four-member team arrived at McMurdo Sta-
tion on September 1, 1971, to continue work begun
the previous season. Calculations of last season's data
showed Weddell seal pups to have daily weight gains
of 3.5 kilograms and oxygen consumption rates two
to threefold greater than that of terrestrial mammals
of similar weight. This year's program concentrated
on the energy requirements for the newborn pup im-
mediately after delivery and in the prenursing period.
The field laboratory and living quarters were set up
at Turtle Rock.

In order to observe pups being born, we continu-
ously surveyed the seal colony once the pupping sea-
son started in mid-October. Constant communica-
tion between the observation hut and the field party
alerted the crew of any birth. It was thus possible
to start recording oxygen consumption and body core
temperature of the newborn pup within 9 to 20 min-
utes of life. Eight females were observed during

Birth of a Weddell seal pup. Temperature probe cable is attached
to the hind flipper.

active labor. Seven pups were born head first, with
labor lasting 1 to 7 minutes. The eighth female had
a breech delivery and was in labor approximately 1
hour before manual assistance was given. Rectal
temperatures were monitored in two adult females
4 days before and during labor. The newborn pups
showed very high metabolic rates during the im-
mediate postpartem period. These rates decreased
about the time that the fur became dry and fluffy.

Four weaned seal pups were flown to Ohakune,
New Zealand, whence the animals were transported
to Massey University. The animals were used in
temperature regulation and electroencephalographic
studies. Using the university's advanced radiological
equipment, the relationship of temperature regula-
tion to the amount of blood flowing to the peripheral
circulation system was determined. Isolated femoral
artery strips from these animals indicated that in
this species, as in most others, arterial constriction
is a sympathetic alpha adrenergic response , blocked
by phentolamine but not by propranolol or atropine.

We carried out a pilot study to determine the
methods and techniques for implantation and re-
cording of electroencephalographs. The program
consisted of surgical implantation of electrodes and
monitoring of brain wave patterns of seal pups of
varying ages, with information being collected in the
field and later at Massey University. The data ob-
tained clearly indicate the feasibility of doing electro-
encephalograms under field conditions or in remote
laboratories.

This work was supported by National Science
Foundation grant GV-23899.
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The presence of DDT compounds in antarctic eco-
systems has become perhaps the most conspicuous
example of the global dispersal of persistent pol-
lutants. Concentration of the DDT compounds in
species of wildlife resident south of the Antarctic
Convergence, however, are substantially lower than
in related species of the Northern Hemisphere (Sla-
den et al., 1966; Tatton and Ruzicka, 1967; Rise-
brough and Carmignani, 1972; Risebrough et al.,
1968), in contrast to the distribution pattern of
heavy metal residues (Anderlini et al., 1972). More-
over, they are lower, by at least an order of magni-
tude, than in species that also breed in the Antarctic,
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but that migrate to waters north of the Convergence
during the nonbreeding season (Risebrough and
Carmignani, 1972). The importance of studies of
the distribution of DDT compounds in the Antarctic
does not therefore derive from potentially deleterious
effects on wildlife species, but from a substantial con-
tribution to our understanding of the dispersal path-
ways and global accumulation rates of these and
similar pollutants.

Another family of organochiorine compounds, the
polychlorinated biphenyls (PCB), is as abundant as
or more abundant than the DDT group in marine
ecosystems of both the Northern and Southern Hemi-
spheres (Risebrough et al., 1968; Jensen et al.,
1969), including those of subantarctic islands of
New Zealand (S. Bennington, C. Connors, and R. W.
Risebrough, unpublished results), and of Kerguelen
(J.-L. Monod and R. W. Risebrough, unpublished
results). These groups of pollutants share a number
of physical and chemical properties that explain in
part why they usually show a parallel distribution in
ecosystems (Risebrough et al., 1968; Jensen et al.,
1969). Potentially deleterious pollutants of future
technologies might be expected to share some of
these properties, which are ultimately responsible for
the buildup of pollutants in distant ecosystems.
Thus, a central problem in marine pollution ecology
is the determination of the accumulation rates of
these pollutants in oceanic sinks. The studies in the
Southern Hemisphere therefore become essential in
the formulation of the global mass balance equations.

The initial studies, begun at Palmer and Hallett
stations in 1970, have shown that PCB is present
in species that migrate north of the Convergence
during the antarctic winter (Risebrough and Car-
mignani, 1972). Moreover, PCB was more abun-
dant than DDE, the principal DDT compound. If
the global dispersal pathways, including transport
southwards across the Convergence, of both groups
of compounds were comparable, PCB might be ex-
pected in all antarctic specimens in which the DDT
compounds have been detected. We could not find
PCB, however, in 10 eggs of the snow petrel (Pago-
droma nivea) from the vicinity of Hallett Station,
although DDE was present (Risebrough and Car-
mignani, 1972). PCB was present in tissues of adult
birds, although the chlorine composition was different
from that of PCB in tissues of Wilson's petrels
(Oceanites oceanicus) breeding in the same area,
suggesting different contamination sources (Rise-
brough and Carmignani, 1972). Nor could PCB be
detected in eggs of the Adélie penguin (Pygoscelis
adeliae) from either Hallett or Cape Crozier (Rise-
brough and Carmignani, 1972; Risebrough et al.,
1968), although DDT compounds were present.
Initial results from Palmer station showed PCB in

one of three eggs analyzed (Risebrough and Car-
mignani, 1972), but subsequent analysis of 13 ad-
ditional eggs, obtained in January 1970, detected no'
PCB (C. Connors, unpublished results).

If DDT and PCB are brought to the Antarctic by
the same pathways of aerial dispersal and fallout,
why should a substantial number of specimens con-
tain DDT compounds but no detectable PCB? The
ubiquitousness of DDT compounds throughout the
Antarctic has ruled out local contamination as a
significant input. The possibility exists, however,
that waste disposal practices and incineration of
waste in the Antarctic might contribute to local PCB
contamination, but the absence of PCB or the very
low levels in the specimens analysed suggest that such
contamination, if present, is not excessive.

Analysis of larger samples might provide sufficient
material for the detection of PCB in populations that
so far have shown none. Messrs. Gary Carmignani
and Victor Anderlini of the Bodega Marine Labora-
tory therefore visited Hallett and McMurdo Stations
in early 1972. Young Adélie penguins were obtained
from both areas. Pollutants in these, beyond those
originally present in the egg, would necessarily be
derived from the local ecosystems rather than from
the wintering grounds of the adults. Moreover, these
analyses, as yet incomplete, might show whether dif-
ferences in contaminant levels exist between the
McMurdo and Hallett areas and whether such dif-
ferences can be attributed to local sources.

During the northern winter of 1971-1972, Seddon
Bennington of Dr. George Knox's laboratory of the
University of Canterbury in Christchurch visited the
Bodega Marine Laboratory to analyze a series of
specimens obtained on Snares Island of the New
Zealand subantarctic. All contained substantial
amounts of both DDT and PCB compounds. Simi-
larly, specimens obtained on Kerguelen during
Eltanin Cruise 47 by Jean-Louis Monod of the Sta-
tion Marine d'Endoume in Marseille contain PCB
(J.-L. Monod and R. W. Risebrough, unpublished
results). These results have provided additional evi-
dence of the global dispersal of organochlorine pol-
lutants by a combination of air and water transport.

Research has been supported by National Science
Foundation grants GA-14202 and GV-23898 to the
Institute of Marine Resources, University of Cali-
fornia.
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Tidal zone ecology
at Palmer Station
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The presence of ice in the antarctic marine en-
vironment has been studied extensively. Ice reduces
the intensity of light entering the water, causes large
seasonal variations in the salinity of the water, de-
nudes the near shore zone, and limits the vertical
migration of plants and animals. While studying
tidal zone ecology at Palmer Station in 1970 under
the direction of Dr. Joel W. Hedgpeth, the author
observed the effect of many of these phenomena on
the ecology of Arthur Harbor.

Anchor ice (bottom-forming ice) formed on June
2 and lifted on June 10, 1970, as observed during
scuba dives. Oceanographic and biological impli-
cations of anchor ice have been discussed by Dayton
et al. (1969). The limit of anchor ice formation in
Arthur Harbor was very sharp and occurred to a
depth of 2.85 meters below mean sea level (fig. 1), in

marked contrast to the 33 meters depth that Dayton
et al. (1969) found in McMurdo Sound. The an-
chor ice had a negligible effect on the biota; when
it lifted on June 10, its unconsolidated nature pre-
vented extensive tearing and lifting of plants and
animals.

Large icebergs entering Arthur Harbor often be-
come grounded. Generally they remain for several
days, but a stay of 2 to 3 weeks is not uncommon. A
grounded berg crushes and churns the substrate as it
oscillates owing to the effects of the tide, wind, and
waves. Fig. 2 shows a typical mud buttom after
the passage of a grounded berg. Note the large num-
ber of broken shells of the bivalve Laternula elliptica
and the algal fragments. The destruction of the sub-
strate and its fauna is extensive, and in most cases
few of the larger benthic invertebrates survive.

Observations made during almost 200 scuba dives
suggest that the movement of brash ice may be in-
directly related to the distribution of at least four
species of ctenophores in the surface waters (fig. 3).
No ctenophores were observed in Arthur Harbor be-
fore June 2. During dives below the brash ice on
this date, densities of 0.5 per cubic meter were ob-
served. (All densities are approximate and were
estimated from photographs.) No ctenophores were
observed in ice-free areas. On June 3, wind-blown
brash ice entered the harbor. Ctenophore densities
of 25 to 50 individuals per cubic meter of water were
found. The greatest densities occurred from the
water-ice interface to a depth of 1.5 meters. In an
area approximately 50 meters upwind from this
point, there was no brash ice and no ctenophores.

Densities were always lower beneath fast ice in
comparison to those under the brash ice, even when
the two adjoined. On June 16, the following densi-
ties were observed: 5 per cubic meter beneath fast
ice, and 70 per cubic meter beneath brash ice. The
sudden appearance of ctenophores in June remains
unexplained.

Figure 1. Anchor ice formation. Note	Figure 2. Mud bottom, 15 meters below	Figure 3. An individual of the most
limpets, Pahnigera polaris, and alga,	water's surface, after an iceberg had	abundant species of ctenophores observed

lridaea sp.	 grounded. Note shells and algal fragments.	 in Arthur Harbor.
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