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Preserving the Environment in Antarctica
It used to be that only two things were considered

inevitable—death and taxes. Recently we have come
to recognize two more as apparently equally un-
avoidable—inflation and pollution. Contrary to
death and taxes, there is no benefit in the latter
two. The price tag, in goods and social comfort, to
eliminate them is enormous. Both of them are of
concern to the U.S. antarctic program. On the fol-
lowing pages we look briefly at one of them—pollu-
tion.

It used to be also that the polar regions, and
especially Antarctica, were looked upon as the last
remaining clean and unspoiled areas of earth. In
omparison with the rest of the world they still are,

but local and the so-called worldwide pollutants
have long since reached even Antarctica.

Slowly but surely, DDT and other chlorinated
hydrocarbons have advanced to the antarctic shores
and even to the polar plateau; radioactive fallout
from atmospheric tests has left its message in the
snow; and some of the less desirable trademarks of
modern man are becoming visible—the garbage
dump, the smog, the abandoned equipment, the
noise.

During September 10-12, 1971, a conference will
be held at the Virginia Polytechnic Institute and
State University to discuss conservation in Antarc-
tica and to review the status of the region in context
with contemporary problems of pollution. In this
issue we present some background information on
pollution and local pollution control in Antarctica.
On p. 61-62 is a bibliography of the most pertinent
lfterature on the subject.

Worldwide pollution

Although perhaps it had to be expected, it was
evertheless sobering to learn in 1965 that DDT had

been found in antarctic animals. Since then, a num-
er of papers have been published on research lead-

ing to the identification of pesticides in various ani-
ate and inanimate samples, first in the Ross Island

area, then in the South Orkney Islands. The seem -
i0gly irrepressible expansion of the limit of contami-
nated territory eventually reached Plateau Station
where, at 3,600 m above sea level and thousands of
miles from any populated area, DDT was found in
melted snow samples. The U.S. Antarctic Research
Program presently includes a study of chlorinated hy-
drocarbons and polychlorinated biphenyls (found in
many plastics) in West Antarctica to determine the
extent of contamination and the fallout patterns.

Observations of radioactive fallout from nuclear
explosions have been made at many antarctic sta-
tions and from ships at sea, often with the primary
or secondary objective of identifying snow layers or
studying atmospheric-stratospheric circulation. The
rate of fallout from bomb tests has been relatively
low in both the atmosphere and the oceans of the
Southern Hemisphere.

Other types of fallout that have been studied in
the antarctic snow include silver and iodine, from
the large-scale cloud-seeding operations that began
in the early 1950s, and lead, injected into the atmos-
phere by industries in the Northern Hemisphere. The
gradual increase in carbon dioxide and other chemi-
cal constituents of the air has also been measured.

Local pollution

The extent of local pollution has not been well
documented, partly because it has not been consid-
ered of very great importance by national expedi-
tions and partly because members of expeditions have
been reluctant to criticize their own pollution. Also,
it is well known that many nations, including the
U.S.A., have invested much effort in developing
efficient waste disposal systems and methods for the
polar regions. These systems, developed principally
for use in the Arctic, are treated only ephemerally
in this brief survey.

Concern for local pollution at U.S. antarctic
stations has been present for years, and on the fol-
lowing pages are described some of the precautions
that have been and will be taken to minimize it. Of
concern are garbage disposal methods, audio and
electrical noise, vehicular traffic, human activities,
and spillage of fission products. To the traditional
expeditionary polluters has been added a source with
a somewhat unpredictable future—the tourists.

On a continent the size of Antarctica it may seem
unnecessary to worry about pollution by a few in-
dividuals. In the icy wastes of the interior, where
everything is eventually mercifully buried in the
snow, it may be just that. At the larger stations along
the coast, in the precious dry valleys, and near rook-
eries, however, pollution is a very real threat to ani-
mals, area pristinity, and scientific studies.

The close cooperation of the U.S.A. and New
Zealand around McMurdo Sound and at Hallett
Station is reflected in the following articles. Beyond
that, the coverage is limited, except in the bibliog-
raphy, to the situation in the U.S. antarctic program.

—K. G. SANDVED
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The Case for Conservation in Antarctica
BRUCE C. PARKER

Department of Biology
Virginia Polytechnic Institute and State University

Seven years have passed since the farsighted agreed
measures for conservation of plant and animal life
were developed under the Antarctic Treaty, yet
Antarctica and its circumpolar waters may soon face
an irreversible pollution crisis. Efforts to keep this last
outpost of our global environment in its pristine state
must be prodigious to offset the harmful effects of
increases in scientific exploitation, tourism, and per-
turbations caused by pollution problems elsewhere in
the world. While these efforts to preserve and use
wisely the resources of Antarctica may seem ludicrous
to some in the light of pollution crises closer to home,
the gains from the undertaking will be not only aes-
thetic and scientific but also of economic and social
relevance.

That the conservation measures in the Antarctic
Treaty have advanced over these 7 years is docu-
mented by a continual flow of publications pointing

"Efforts to keep this last
outpost of our global envi-
ronment in its pristine state
must be prodigious

out problems and dangers to the antarctic environ-
ment. These include numerous treatments on ant-
arctic wildlife conservation: Panzarini, 1962a, b;
Murphy, 1963; Winterbottom, 1963; Stonehouse,
1965; Roberts, 1966; Wace, 1966; Anderson, 1968.
There have been papers on the dwindling numbers
of whales and other resources of the antarctic seas
that, in themselves, are not protected under the
Treaty: Cockrill, 1965-1966; Budker, 1966. Other
papers have treated the general subject of conserva-
tion, usually emphasizing the important aspects of
conservation of such wildlife as whales, seals, and
birds, with clear-cut documentation of their endan-
gered state: Carrick, 1960, 1963; Murphy, 1962,
1967; Dasmann, 1968; Rudolph, 1970. These prob-
lems are still imminent. In this series of papers one
finds a growing awareness of antarctic pollution prob-
lems and conservation needs that stretch beyond the
local disturbances of wildlife populations. By 1970,
Rudolph recognized that a number of disturbances

(foreign microorganisms, insects, toxic substances,
etc.) had reached antarctic and subantarctit regions
from outside those territories without having been in-
troduced deliberately. His observation affords proof
for the well-known ecological concept that the bio-
sphere—the part of the world wherein life occurs—is
a discrete unit that cannot be divided entirely and
successfully into two or more parts. Thus, the antarc-
tic continental land mass cannot be separated from
its atmosphere or its circumpolar waters. Further-
more, misuse of antarctic resources will have relevance
to resources and human beings elsewhere in our
world. This concept is further elucidated by several
pollution trends recognizable in Antarctica.

Pesticides (or biocides)

A prime example of the inseverable connection
between Antarctica and the rest of the world is the
occurrence there of synthetic organochiorine pesti-
cides, even though there is no record of their previous
use in that region. Sladen et al. (1966) found traces
of DDT in the fatty tissues of six Adélie penguins and
one crabeater seal collected at Cape Crozier on Ross
Island. George and Frear (1966) confirmed the pres-
ence of DDT in Adélie penguins and also found it
in several Weddell seals, numerous skuas, and one
fish. The skuas also had DDE, a toxic metabolite of
DDT. However, water, snow, an emperor penguin,
and a variety of marine invertebrates also collected
in the McMurdo and Ross Island area lacked detect-
able pesticides. Tatton and Ruzicka (1967) identified
DDT and a number of other organochlorine pesti-
cides in penguins, penguin eggs, skuas, blue-eye
shag, one fish, krill (Euphausia) from penguin sto -
achs, and sheathbills, all collected near Signy Island.
The skuas possessed the exceptionally high conce -
trations of 26 parts per million of DDE and 2.5 pprn
of DDT in their fat.

A number of possibilities have been proposed t
explain the movement of these persistent pesticides
through the biosphere and their accumulation i
animal fatty tissues. Among the more plausible route
they could be trapped in airborne dust, which ca
travel great distances in the winds and then fall or
be carried to earth in rain or snow. Risebrough et a.
(1968a) have demonstrated such transatlantic move-
ments of pesticides in the northeast trades. Another
mechanism of long-distance movement might be the
oceans. Wurster (1968) has found DDT in oceanic
phytoplankton, and Tatton and Ruzicka (1967) have
observed that there are lower concentrations of sev-
eral pesticides in krill than in Adélie penguins and
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preserving the environment

that there are traces of several compounds in sub-
antarctic waters. These findings suggest that migra-
tion of marine organisms or passive transport in cur-
rents, in addition to airborne transport, may carry
these pesticides to Antarctica. Finally, the poor solu-
bility of many of these substances in water suggests
that they may concentrate in surface slicks on the
obean, where they may spread rapidly over great
dstances (Parker and Barsom, 1970). Such a mech-
a ism of transport would increase in efficiency in the
presence of oil slicks, which have been increasing
s eadily worldwide since the advent of tankers.

The pesticide picture is by no means complete.
Soon other related toxins like the polychlorinated
biphenyls (Risebrough et al., 1968b) may be detected

I
o may reach antarctic ecosystems from elsewhere in
olir biosphere. Studies are under way to assess the
current concentrations of lead and vanadium in air-
borne dust and to measure their precipitation over
Antarctica. These and other toxic metals already
nliay have had an initial impact on the antarctic
biota. Because silver iodide may be used increasingly
iii cloud seeding to induce rain in and parts of the
world, in future years we may be concerned with
atmospheric ionic silver, an exceptionally potent
biocide.

Radioactivity

Radioactive substances as pollutants in Antarctica
resemble the pesticides and heavy metals in that they
can be borne in air, water, soil, and biota. However,
prior global awareness of the lethal effects of excess
radioactivity has tended to minimize indiscriminate
use of nuclear explosives and careless disposal of
radioactive waste material. Nevertheless, as nuclear
power increases in the world, the hazards from acci-
dental release of radioactivity into the biosphere will
increase also. As with pesticides, the problem of radio-
activity is global, and Antarctica cannot remain
immune.

Because of the slow metabolic rates of antarctic
cold-blooded animals, plants, and microorganisms,
the accumulation of radioactivity in them may be
orders of magnitude greater than in organisms of
warmer climates. Indeed, the situation could be worse
were it not for the Antarctic Treaty, which prohibits
use of nuclear explosives and disposal of radioactive
waste material in the Treaty area. So far, great care
has been taken to achieve these goals, as exemplified
in the meticulous studies that preceded and have
followed installation of the nuclear power plant at
McMurdo Station (D'Emidio, 1962; Brewer, 1963).

Local pollution

Of course, not all antarctic pollution originates
from areas outside the continent and its circumpolar
waters. Solid and chemical pollution near the bases
themselves poses local problems in conservation that
are vital to the conservation of the entire region and
deserve immediate attention. Stations at the ocean's
edge, such as McMurdo, Hallett, and Palmer, fre-
quently use the ocean as their chief disposal system
for solid, chemical, and domestic waste. Some of
these activities will disturb—indeed already have dis-
turbed—local ecosystems.

At Palmer Station on Anvers Island during the
austral summer of 1969-1970, we noted frequent oil
slicks in Arthur Harbor. On several occasions, Adélie
penguins on nearby Humble Island emerged from
the water with noticeable oil slicks on their bodies.
Neither the fate of the birds nor the exact source of
the slicks was ascertained, but the potential hazard
posed by this slick to local marine and terrestrial
wildlife was obvious. Because of the slow rates of
microbial decomposition and chemical recycling at

"Adélie penguins .
emerged from the water with
noticeable oil slicks on their
bodies."

polar temperatures, the absolute dependence of ter-
restrial life upon the marine ecosystem, and the sim-
plicity of antarctic ecosystems, seemingly small pollu-
tion problems of this type often may shift the natural
balance locally. The length of time for recovery of
such a disturbed ecosystem in Antarctica has never
been determined, but from experience with more
complex, more stable ecosystems in the Arctic, some
have estimated the recovery time to be more than a
century.

Solid waste and domestic waste disposal pose addi-
tional problems (Fair, 1963; Drobny, 1965; Sassani,
1966). Temporary solutions, such as the flushing
chemical toilet (Nehisen and Halton, 1964) and the
incinerator latrine (Smith, 1963) have been sug-
gested for small camps, but they do not seem practi-
cal for large stations, especially in light of the pre-
dicted increase in tourism. An enclosed sewage treat-
ment system heated by the surplus thermal energy
from a nuclear reactor might be economically feasible.
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Once in operation such a plant could produce sur-
plus methane and other combustible gases that could
be burned as a secondary energy source. Chlorination
would no doubt be necessary since sewage bacteria
are known to survive in sea water at 0°C. (U.S.
Naval Civil Engineering Laboratory, 1963).

Another of the more local problems is that of the
destruction of terrestrial vegetation. Numerous case
histories substantiate the steady retreat of these slow-
growing lichens, mosses, liverworts, algae, and, on the
Peninsula, two angiosperms. At McMurdo Station,
lichens once occurred within a short walk of the
base, but no longer (G. A. Llano, personal communi-
cation). The depletion of vegetation along with ap-
pearance of solid waste (paper cups, beer cans) was
even apparent on Humble Island, 3 km from the
several-year-old Palmer Station. There, a noticeable
change had occurred between 1970 and 1971 (G. L.
Samsel, personal communication). Numerous cases
of declines in populations of marine and terrestrial
wildlife have been reported (Carrick, 1960, 1963;
Murphy, 1962, 1967; Dasmann, 1968; Rudolph,
1970).

The need to act

The need for pollution abatement and the con-
servation of Antarctica with its circumpolar waters
is obviously greater now than it was 7 years ago,
when outside and local stresses upon this environ-
ment were less. The need for preserving the simple
terrestrial ecosystems of interesting vegetation and
wildlife remains important aesthetically and scientifi-
cally. Even small antarctic lakes and melt pools are
vital as undisturbed sites for scientific study. This is
borne out by the discovery that chemical eutrophi-
cation, a man-induced pollution problem found
throughout the inhabited world, occurs naturally in
antarctic lakes entirely free of human influence (Sam-
sel and Parker, in press). Such scientific discoveries
on remote antarctic ecosystems can thus lend new
insights and new approaches to pollution prevention
and control outside the antarctic region.

Most of us were at first surprised to learn that
chemical pollutants such as pesticides could travel
through the biosphere and reach remote areas of
Antarctica. Since the interactions in the biosphere are
multidirectional, and since we have discovered just
a few ways that pollution in the rest of the world can
affect Antarctica, one should ask, "How might pollu-
tion and exploitation of Antarctica affect the rest of
the world?" This question implies many others, such
as: What might overexploitation of krill do to ant-

arctic marine ecosystems, and how might this affect
migratory fishes, whales, and birds? In short, I believe
that a major disturbance of the ecosystem in Antarc-
tica could have an economic impact on other parts
of the world; such feedback mechanisms are well
recognized in nonpolar regions.

A satisfactory solution to the global pollution prob-
lem obviously is beyond the capability of any consex-
vation program in Antarctica. Similarly, little can b
done in Antarctica to prevent pesticides, toxic metals,
and other biosphere-wide pollutants from enterin
antarctic ecosystems. However, scientific investiga-
tion to detect new pollutants and changes in ther
concentrations, to identify their pathways of tran-
port, and to understand their ecological and physi -
logical effects in antarctic ecosystems can bring about
more serious global concern and may lead to disco -
ery of remedial measures.

At the stations, a more vigorous research effort t
find new techniques for minimizing pollution will be
necessary before additional persons (tourists, scientist
and support personnel) visit antarctic bases. Tech-
niques must be developed to preserve freshwater eco-
systems, to improve sanitation and sewage disposal,
and to minimize marine slicks, underwater deposition
of refuse, terrestrial solid wastes, distribution of water-
borne, airborne, and soil-borne pathogens, local at-
mospheric pollution and fallout, and radioactive and
thermal release. Some of these new techniques may
prove applicable to nonpolar pollution problems as
well.

The Antarctic Treaty nations must continue to
evaluate and develop their conservation programs.
Additional "specially protected areas" must be estab-
lished with their restrictions on plant collecting and
animal killing. The Treaty countries should seek
further to improve the regulation of conservation in
antarctic circumpolar waters and pack ice zones, as
these areas have been proved an integral part of food
chains that support life on the continent and ice
shelves now covered by the Treaty.

The United States has a large and complex pro-
gram in Antarctica and consequently runs the risk
of being a major polluter. It therefore seems only
proper that the U.S. should have a comprehensive,
effective conservation program. As shown in other
articles below, a start has been made. One way to
continue in this direction might be to have a con-
servation officer (a scientist) at each base with the
necessary knowledge and authority and with the re-
sponsibility for educating personnel, establishing local
conservation procedures, and seeing to it that the
procedures are implemented.

52	 ANTARCTIC JOURNAL



preserving the environment

References

Anderson, D. 1968. The conservation of wildlife under the
Antarctic Treaty. Polar Record, 14: 25-32.

Brewer, P. W. 1963. Nuclear power in the antarctic envir-
onment. American Society of Civil Engineers. Proceed-
ings, 89(SA 4): 45-56..

ludker, P. 1966. Les grands cétacés menaces de disparition
totale. Science Progres Nature, 3369: 11-13.

Jarrick, R. 1960. Conservation of nature in the Antarctic.
Polar Record, 10: 299-306.

Carrick, R. 1963. Problems of conservation in and around
the southern ocean. Polar Record, 11: 506.

Cockrill, W. R. 1965-1966. Deep sea whaling-an industry
in decline? Ciba Journal, 36: 52-57.

Dasmann, R. F. 1968. Conservation in the Antarctic. Ant-
arctic Journal of the U.S., III: 1-6.

D'Emidio, J . A. 1962. Radioactive waste disposal in the
Arctic and Antarctic. Navy Civil Engineer, 31: 36-38.

Drobny, Neil L. 1965. Survey of antarctic water supply and
waste disposal facilities, practices, and problems. U.S.
Naval Civil Engineering Laboratory. Technical Note N-
708, Type C, 24 p.

Fair, G. M. 1963. Sanitary engineering in polar regions.
World Health Organization. Public Health Papers, 18:
116-137.

George, J . L., and D. E. H. Frear. 1966. Pesticides in the
Antarctic. Journal of Applied Ecology, 3(Supplement):
155-157.

Murphy, R. C. 1962. Antarctic conservation. Science, 135:
194-197.

Murphy, R. C. 1963. Conservation of the antarctic fauna.
Polar Record, 11: 505-506.

Murphy, R. C. 1967. The urgency of protecting life on and
around the great southerly continent. Natural History,
76: 18-31.

Nehisen, W. R., and J . E. Halton. 1964. Flushing chemical
toilet for temporary polar camps. U.S. Naval Civil Engi-
neering Laboratory. Technical Note N-666, Type C, 13 p.

Panzarini, R. N. 1962a. Wild life. UNESCO Courier, 15:
36-40.

Panzarini, R. N. 1962b. La protección de la naturaleza en
el Antártico. Instituto Antrtico Argentino. Contribución,
no. 66. 23 p.

Parker, B. C., and G. Barsom. 1970. Biological and chemi-
cal significance of surface microlayers in aquatic ecosys-
tems. BioScience, 20(2) : 87-93.

Risebrough, R. W. et al. 1968a. Pesticides: transatlantic
movements in the northeast trades. Science, 159: 1233-
1236.

Risebrough, R. W., et al. 1968b. Polychlorinated biphenyls
in the global ecosystem. Nature, 220: 1098-1102.

Roberts, B. 1966. Wildlife conservation in the Antarctic.
Oryx, 8: 237-243.

Rudolph, E. D. 1970. Conserving the antarctic terrestrial
ecosystem. Biological Conservation, 3: 52-54.

Samsel, G. L., and B. C. Parker. In press. Comparison of
two antarctic lakes with different trophic states. Virginia
Journal of Science.

Sassani, M. J . 1966. Sanitary and hydraulic engineering in
the Antarctic. In: International Conference on Perma-
frost, Lafayette, Indiana, 1963. Proceedings, p. 442-447.
National Academy of Sciences.

Sladen, W. J . L., C. M. Menzie, and W. L. Reichel. 1966.
DDT residues in Adélie penguins and a crabeater seal
from Antarctica. Nature, 210: 670-673.

Smith, G. D. P. 1963. An incinerator latrine. In: Sympo-
sium on Antarctic Logistics (1962), p. 202-205. National
Academy of Sciences.

Stonehouse, B. 1963. Animal conservation in Antarctica.
New Zealand Science Review, 23: 3-7.

Tatton, J . O'G., and J . H. A. Ruzicka. 1967. Organochlo-
rine pesticides in Antarctica. Nature, 215: 346-348.

U.S. Naval Civil Engineering Laboratory. 1963. Survival of
sewage bacteria in zero-Centigrade sea water. Its Techni-
cal Report, R-256, 6 p.

Wace, N. M. 1966. Last of the virgin islands. Discovery,
27: 36-42.

Winterbottom, J . M. 1963. The antarctic fauna. South
African Journal of Science, 59: 559-560.

Wurster, C. F., Jr. 1968. DDT reduces photosynthesis by
marine phytoplankton. Science, 159: 1474-1475.

Implications of Pollution
To the McMurdo Sound Benthos

PAUL K. DAYTON

Scripps Institution of Oceanography
University of California, San Diego

and

GORDON A. ROBILLIARD

Department of Zoology
University of Washington

There are three possible sources of marine pollution
in McMurdo Sound near McMurdo Station: heated
sea water released from the nuclear-powered distilling
plant, inorganic trash dumped on sea ice, and organic
food wastes and sewage dumped on sea ice that is
eventually broken in situ by icebreakers.

Although the hot water outlet of the distilling plant
technically is a source of thermal pollution, the au-
thors have made a number of dives near the outlet
and are convinced that, at the current level of dis-
charge, there are no noticeable ecological conse-
quences whatever. The sea water temperature within
0.5 m of the elevated outlet is at the ambient
(- 1.8°C) temperature. Nevertheless, in a small area
(25-35 sq m) in the vicinity of the outlet, the inver-
tebrates have been killed, possibly as a result of flush-
ing the distilling system. Should the plant ever be
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The Benthic Community Near McMurdo Station
To this end respiration rates were determined
for most of the major predators. Considered
with estimates of the energy channelled into
growth (negligible in 1 year) and reproduction
(measured by bomb calorimetry of the gonads),
the respiration rates allow a rough estimate of
caloric turnover per individual per year. Such
data, with predator density and size frequency
data, allow an estimate of the total caloric de-
mands of the higher trophic levels on the
sponges. Again, in relation to other known com-
munities, these calculated energy turnover rates
are remarkably low.

Despite the very low growth rates, there is
an extremely large
standing crop of spong-
es. The bottom is es-
sentially covered with
large sponges, many of
which reach truly gi-
gantic proportions of
up to 2 meters high and
1.5 meters across. With
their very slow growth
rates, such sponges
could be extremely old.
Almost all the sponges
are certainly much
older than the rela-
tively small and ubiqui-
tous asteroid Odon-
taster validus, which
Pearse (1969) estimates
could reach ages of

P. K. Dayton	over 100 years.
the growth rates of the	Diver and large sponge in McMurdo Sound.	 Besides the nrobable
sponges and prey con-
sumption by the predators were essentially too
small to measure in 1 year. To estimate the
growth rates of some species of asteroids, we
weighed, measured, and tagged 190 asteroids in
1967; almost 30 percent of these marked ani-
mals were recovered in 1968. Most grew very
little, if at all. These data on growth rates and
prey consumption suggest that the turnover
rate in this community is very much slower
than in any other known marine community.

Because the turnover rates were too small
to measure directly, some of the dynamic char-
acteristics of the community were estimated by
evaluating the energy pathways in the food web.

The antarctic benthic community below 33
meters, composed of many species of sponges
and their various asteroid and molluscan pred-
ators, is characterized by an extremely stable
physical environment (Dayton, Robilliard, and
Paine, 1970). This stability suggests that bio-
logical interactions are the dominating factors
in evolution and maintenance of the commu-
nity. The community is of considerable ecologi-
cal interest because most of the conspicuous
sessile species share the primary substratum as
their most important potentially limiting re-
source and because it is easy to measure the
abundance and distribution of all the major
predators and their
prey.

An attempt was
made to evaluate ex-
perimentally some of
the effects of the higher
trophic levels upon
their prey by establish-
ing over 60 cages, 1
meter square by 0.3
meter high, designed to
exclude or include vari-
ous predators on the
sponge mat at depths
from 33 to 50 meters.
The cage sites and
their controls were
marked and thoroughly
photographed in 1967
and again in 1968. It
was found that both

extreme age of most of
the members and the extremely slow turnover
rates, the benthic community at McMurdo
Sound is unusual among known marine com-
munities in that the predators do not seem to
be fully exploiting their prey. Distribution and
size data that have been collected for 36 of the
dominant sponge species, in conjunction with
calorimetry data, indicate that for some preda-
tors the standing benthic crop in McMurdo
Sound is hundreds of years ahead of the esti-
mated rate of consumption.

(References appear on page 56.)

—P. K. DAYTON AND G. A. ROBILLIARD
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drastically enlarged, the effects of thermal pollution
ought to be considered.

Inorganic pollution

Inorganic litter on the bottom at McMurdo is
dramatic: fuel lines, barrels, honey buckets, rope,
clothing, tractors, pieces of airplanes, thousands of
ber cans, and many other types of trash are every-

here. On many of our transects, the beer cans out-
number some of the sponge species. The density of
litter decreases as one moves away from the station,
but litter is commonly seen as far as 6 km to the
north. Although this litter is an eyesore, it probably
has not seriously damaged the benthic biota. The
most detrimental effect of this inorganic litter is sim-
ply in its covering of the bottom. The sponges are
particularly sensitive to being covered, and even be-
neath such seemingly insignificant materials as card-
board and clothing all the sponges are dead. Prob-
ably because of the cold, bacterial decomposition in
the Sound is slow: even paper, old clothing, and
waterlogged wood last for many years. We are es-
pecially concerned about the recent introduction of
plastic litter, not readily broken down by microbial
activity even in warm water. At McMurdo, the plas-
tic will last practically forever and will kill all or-
ganisms beneath it. Considering the amount of this
litter that has accumulated in the past 10 years and
unless some other method of disposal is found, it is
reasonable to predict that, in place of the fascinating
community there now, eventually the bottom at Mc-
Murdo will be covered by a veritable rug of litter.

Another form of inorganic pollution, apparent only
in the vicinity of the hot water outlet and at Hut
Point, is siltation. In both those places landfill has
introduced some siltation, but in neither does it ap-
pear to have affected the benthic community signifi-
cantly. If extensive construction is ever planned for
Cape Armitage or Hut Point, siltation should be con-
sidered, because it could smother the sponges.

The introduction of pesticides and such inorganic
chemicals as lead, mercury, sulfur, and cadmium into
the sea is fraught with long range implications. How-
ever, we have no evidence that these materials are
being released from local sources around McMurdo,
and there is no obvious indication that they have
begun to affect the benthic community there.

Organic pollution

While the effects of this inorganic pollution are
immediate and apparent, the effects of organic pol-
lution are more subtle. But, potentially, the most

devastating form of pollution to the benthic com-
munity is the large amounts of nutrients introduced
in the form of food wastes and accumulated sewage.

The destructive effects of organic enrichment to
recipient ecosystems in lakes has been well docu-
mented both experimentally (Nelson and Edmond-
son, 1955) and as a result of pollution studies (Whip-
ple, 1918; Edmondson, 1968; California Water
Quality Control Board, 1967). Major disturbances
in marine communities resulting from organic en-
richment have been documented also (North, 1964).
The recent history of southern California kelp sug-
gests that a shift in the ecological balance has re-
sulted from organic pollution. A major die-off of
kelp beds, coincident with unusually warm sea water
temperatures and the increased release of sewage
effluents in some areas, occurred in the late 1950s and
in 1960 (North, 1964, 1965). Heavy exploitation of
the declining kelp beds by the major grazers, the sea
urchins Strongylocentrotus purpuratus and S. fran-
ciscanus, apparently hastened the disappearance of
the kelp beds and prevented their recovery. It is
hypothesized that enrichment of coastal water by
sewage effluent increases recruitment of the urchins
and helps maintain their high populations after they
have consumed all the species of macroalgae in the
community (North, 1965, 1969; North and Pearse,
1970).

A potentially similar situation may be found at
McMurdo, as there are detritus-feeding urchins and
starfish whose populations would respond relatively
quickly to an increase in organic detritus. The result
of such population increases is predictable with some
confidence. The larger population would consume the
detritus much more efficiently and thus would prob-
ably reduce the larval recruitment of many species.

P. K. Dayton
A paint bucket at the bottom of McMurdo Sound.
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Since the same starfish species also eats sponges, it
would eventually eliminate most of the benthic com-
munity at McMurdo by overexploiting a food source
that would be unable to recover.

Preliminary observation of the currents in the vi-
cinity of McMurdo shows that organic pollution in-
troduced in front of McMurdo Station would be
spread over the bottom from Cape Armitage past
Hut Point to Arrival Heights. The distribution of
litter we have observed supports this finding. This
organic enrichment resulting from sewage and local
sinking of garbage is probably spread over the bottom
community in the McMurdo area and could very
likely result in a shift of the ecological balance. The
accompanying consequences would be disastrous.

Low turnover rate

It is true that the level of pollution at McMurdo
is much lower than that in southern California, but
there are two critical differences between those two
ecological systems. First, the small area near Cape
Armitage may be the only experimentally accessible
part of a community that exists only below the Ross
Ice Shelf and in very deep water elsewhere off the
continental shelf (Bullivant and Dearborn, 1967).
Thus, instead of a whole seacoast and continental
shelf as in southern California, a relatively small area
is jeopardized at McMurdo. Second—and most im-
portant—the southern California kelp, with the re-
duction of the urchin population, can recover
completely in 1 to 3 years (North, 1964), but the
turnover rate at McMurdo must be considered in
terms of hundreds, perhaps thousands, of years. The
natural productivity in McMurdo Sound is so low
that slight changes in productivity effected by organic
enrichment may have profound effects on the popu-
lations of the detritus-feeding animals. Once there is
a differential increase in their populations, these ani-
mals will not immediately starve if the organic en-
richment is reduced, but they will begin to eat the
extremely slow-growing sponges, which form the
foundation of the community. Therefore, any changes
wrought by pollution of McMurdo Sound would
be permanent in effect.

Solutions

Unlike many situations where there seem to be no
realistic solutions to pollution problems, the situation
at McMurdo does have acceptable alternatives. A
planned sewage disposal plant will remove most or
all of the polluting material before the effluent is
pumped into the sea. If the outlet for any remaining

material extends into deep water well beyond Hut
Point, the dilution will probably be sufficient to pre-
vent the type of disturbance to the benthic commu-
nity discussed above. In addition to the sewage treat-
ment plant, an incinerator is planned that will burn
the combustible trash. The remaining trash and slag
from the incinerator should be hauled out onto the
ice far beyond the channel to be cut by the icr-
breakers. Then, when the ice does break up, this
material will be carried out to sea where it presu4i-
ably will sink in different, distant areas and will nat
affect the restricted benthic community in the Mc-
Murdo area. If these improvements come in time, a
community very much worth preserving will prob-
ably survive.

We are grateful to the 1967 and 1968 personnel
of the McMurdo Station photo laboratory for their
outstanding support, and to Charles P. Galt for his
assistance in this project. Research was supported by
NSF Grant GA-1187. P. K. Dayton gratefully ac-
knowledges support from Sea Grant GH-112 to the
University of California, San Diego.
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Environmental Awareness
At Hallett Station

I	 LEIGH H. FREDRICKSON

Gaylord Memorial Laboratory
University of Missouri

Conservationists have become increasingly con-
crned about the effects of trash disposal and station
activities on the beauty, fauna, and flora of Cape
Hallett (72 0 19'S. 170°13'E.). Skuas and Adélie pen-
guins provide unique opportunities for biological
studies within walking distance of Hallett Station.
Populations of insects and mites associated with the
rich growth of lichens and mosses in a nearby spe-
cially protected area offer other research opportuni-
ties.

The facility was opened as a year-round station in
1957. Rough terrain required use of the flat rookery
area on Seabee Hook as the only suitable site for the
station. Encroachment on the fauna of the area be-
gan immediately when 7,850 penguins were fenced
from their breeding areas (Eklund, 1959) and the
station was constructed on their former nesting sites.
After several years the tradition for these nesting sites
was broken. As the station developed, more buildings
were constructed and additional antennas were estab-
lished within the rookery. The debris from construc-
tion, empty oil drums, and discarded and broken
equipment were transported to dumps or left where
they fell. Debris from dumps on sea ice located near
the beach was washed ashore. Human wastes and
kitchen garbage added to the waste disposal prob-
lem. Roads were constructed to dumps and to a
glacier that provided fresh water.

The accumulation of trash covered some penguin
nesting sites. Snow that accumulates around station
buildings during the winter was pushed into piles
that encroach on some colonies. Melt water from this
snow flooded nests in depressions. Certain scientific
activities proved detrimental to the success of breed-
ing penguins (Reid, 1964).

Nesting pairs of penguins and skuas have declined
during the last 10 years at Cape Hallett (Reid, 1964;
Tenaza, 1971). Skuas have suffered a high mortality
as the result of direct killing by unknowing persons.
The lack of nesting penguins in areas of intense ac-
tivity suggests the inability of the species to tolerate
continuous disturbance. Counts of both species in
1970 verified their further decline (Jeremy J . Hatch,
personal communication, and author).

Several steps have been taken to improve the
situation at Hallett. Disturbance to penguins and
skuas has been reduced by discontinuing the use of
the glacier as a source of fresh water and by re-
stricting dumping to a small area near the station.
This should result in return of penguins to nest sites
near roads and dumps that now lack nesting birds.
The dump on the sea ice was located a mile from the
station in 1971. The removal of oil drums from the
rookery and their deposition at sea has reduced the
problem of drifting snow and melt water. Plans are
being made for a systematic cleanup of all trash
within the rookery and beaches. Nonfunctional radio
antennas will be removed early in the 1972 season.

If Cape Hallett is to continue to support and main-
tain its beauty, fauna, and flora, other problems need
attention. Birds should be censused annually to de-
termine population trends. Some restrictions on ac-
tivities of investigators, tourists, and visitors would
protect fragile vegetation and prevent widespread
disturbance of birds. Better methods of disposal of
human and nonbiodegradable wastes must be used.
An educational program for the support force at the
station on predator-prey relationships and antarctic
ecology should reduce direct and indirect killing of
birds and protect fragile vegetation.
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Pollution Abatement at U.S. Stations

PHILIP L. HALL

Captain, U.S. Army
U.S. Naval Support Force, Antarctica

Antarctica is a vast area with a sparse population
—about 500 in winter and not 10 times that figure
in summer. Thus, the threat to the ecology by locally
produced pollution is probably limited to the imme-
diate vicinity of the stations. Even so, active steps
are being taken at U.S. installations to dispose of
local pollutants and to counter their effects. At
McMurdo Station, an incinerator and a sewage
treatment plant have been delivered and should be
in operation within 2 years. The sewage treatment
plant will eliminate the dumping of raw sewage into
McMurdo Sound. The incinerator will handle almost
all the waste material that now goes to the unsightly
McMurdo trash dump. If available, commercial
equipment will be installed to convert nonburnable
trash and the ash residue of the incinerator into land-
fill material.

At the new Pole Station, diesel generator exhaust
systems will be equipped with catalytic afterburners
that will remove over 90 percent of the pollutants.
In the past, snow that was melted to provide the
water supply was contaminated by diesel exhaust.

Palmer Station was once a prime example of land
pollution in the Antarctic. Construction crews and
station operating and scientific personnel had strewn
the entire area with construction materials, station
supplies, scientific supplies, packing materials, tin
cans, bottles, and other refuse. Much of the problem

NSF
This 1967 photo shows some of the litter that once was scattered

about Palmer Station.

was caused by a lack of storage space. During Deep
Freeze 70 a combined warehouse, garage, and storage
building, which added a considerable amount of in-
side storage space to the station, was completed. This
additional space, coupled with a sincere desire to
clean up the entire station area, led to an extensiv
and highly successful cleanup campaign in Marc4
1970 by the construction forces, station personnel
and personnel from the Coast Guard icebreaket
Glacier. A similar campaign had been conducted a
the old Palmer Station site during Deep Freeze 6.

The most recent cleanup took place at Hallett Sta
tion (see p. 57). Cooperation between USARP per-
sonnel and the Naval Support Force, Antarctica, led
to a cleanup this past season, and further cleaning of
the rookery is planned for next season.

Although progress is being made, three facts of
life in the Antarctic make pollution control difficult.
First, most sources of pollutants in Antarctica are
small. Ironically, this characteristic complicates or
precludes an efficient, economical solution: con-
cerned with the huge problems facing urban areas,
scientists and engineers have not developed much
equipment or technology for small applications. For
example, sewage treatment to handle the small out-
put of any of our stations except McMurdo would be
prohibitively expensive. Second, the hostile environ-
ment makes any operation, including pollution con-
trol, difficult and expensive. We must ask whether a
pollutant is threatening enough to warrant the
action necessary to eliminate it. The "cure" may be
so costly in money and manpower that we are better
off living with the pollution, at least until a better
solution is found. Third, we are forced in some areas
to catch up with existing pollution by correcting prob-
lems caused by a previous lack of awareness and con-
cern for the environment. This is mainly true with
regard to land pollution as encountered at Palmer
and Hallett Stations.

Two originally unrelated events have given impe-
tus to pollution abatement in the Antarctic and are
expected to provide much of the needed technology
and equipment. One is the awakening of the Ameri-
can people and the United States Government to the
pollution crisis in the United States. The other is the
Alaskan oil strike, which has focused technology on
small, isolated bases that operate in a hostile environ-
ment. Rapid advancements are being made in the

Capt. Hall served as construction and equipment officer,
U.S. Naval Support Force, Antarctica, from December 1968
to April 1971. He supervised the Palmer Station cleanup
and helped plan the Hallett Station cleanup.
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development of sewage treatment equipment for
small applications. One such unit recently tested in
Alaska is contained in an air-transportable van; its
effluent reportedly is so clean that it has passed
Alaska's standard for drinking water.

In the past few years, the Naval Support Force
and the scientific community have become increas-
ingly aware of self-created pollution. Practices that

^
,ave contributed to it are being discovered andI
opped. Ways to eliminate pollution will continue

be sought—and applied.

United States and New Zealand
Cooperation in Environmental

Protection

ROBERT B. THOMSON

New Zealand Department of
Scientific and Industrial Research

Long before man's sudden awareness of the eco-
logical disasters in populated areas of our world,
researchers and administrators in Antarctica were
hot only expressing concern but also taking active
measures to conserve and protect the fauna and
flora of Antarctica.

After the First Antarctic Treaty Consultative
4eeting, held at Canberra in July 1961, representa-
ives recommended to their governments that "they
ecognize the urgent need for measures to conserve
he living resources of the Treaty area and to protect
hem from uncontrolled destruction by man." At the
hird consultative meeting, at Brussels in June 1964,
he representatives agreed on special conservation

measures that have since been implemented by all
ations working in Antarctica. These measures are
nown as the Agreed Measures for the Conservation

of Antarctic Fauna and Flora, or simply the Agreed
Measures.

The position of New Zealand and the United
tates is unique: the two countries are close neigh-
ors in Antarctica, they successfully operate joint sta-

tions, they pool their logistic resources, they cooper-
ate fully in their scientific projects, and they operate

^wher
ethe most part from one countr y—New Zealand
 there is much public interest in Antarctica.

The two countries aim at achieving a high degree of
coordination in implementing the Agreed Measures.

Informal discussion in 1965 between New Zea-
land's Department of Scientific and Industrial Re-
search (DSIR) and the U.S. National Science
Foundation (NSF) led to the drawing up of a map
of Ross Island's Hut Point Peninsula that set aside
science reserves, logistic work areas, central station
complexes, historic sites, and future logistics and
scientific development areas (see fig.).

It was easy to produce the map, but there was still
the problem of marking the boundaries and enforc-
ing the new regulations. Further, a means was needed
for interested parties to get together quickly should
there be a specific requirement that would impinge
on the boundaries. To fulfill these important func-
tions of coordination and control, the McMurdo
Land Management and Conservation Board, con-
sisting of representatives of DSIR, NSF, and the U.S.
Navy, was formed in 1967. Its first work was to ar-
range for tidying up and generally improving Hut
Point Peninsula and for establishing underwater
study areas. Since 1968 the Board has increased its
responsibilities by arranging for cleanup and control
in the ice-free valleys and at Capes Royds, Evans,
and Hallett.

Ice-free valleys

For 13 seasons, field parties from many countries,
but mainly the United States and New Zealand, have
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ment of Scientific and Industrial Research and the U. S. National
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carried out research in the ice-free Taylor and Wright
Valleys. In the early days, helicopter support was
minimal, and there were no semipermanent bases or
huts for storage or shelter. Researchers had to take
along enough food and equipment for a stay of
months. Many cached their supplies at numerous
points. When their projects were over, the researchers
often did not retrieve these supplies; they were con-
tent with the thought that the caches would come in
handy for some future expedition. Often, this was not
to be the case. Sand blown by the wind hid unflagged,
unmapped caches, and the wind itself, tearing at
weakly anchored caches, littered the valley floors
with supplies.

In January 1969, the McMurdo Land Manage-
ment and Conservation Board took action. Supported
by U.S. Navy helicopters, parties formed from NSF,
DSIR, and U.S. Navy personnel cleaned up the
worst of the litter, thus halting pollution of this
unique, otherwise uncontaminated area. Now, field
parties in the ice-free valleys are generally more
closely supported, thus reducing the amount of sup-
plies they need to carry. They are also instructed to
cache at specific locations only, and even these
caches must be retrieved before the close of the
season.

On the recommendation of the Board, NSF and
DSIR recently formed a two-man party to study the
considerable contamination of Hut Point Peninsula
by radio noise, earth currents, light, haze, and vibra-
tions. The party is expected to recommend that cer-
tain areas be designated as noise-free. In those areas,
only observations that are compatible with existing

and planned experiments will be made. The study
group is aware that an important aspect of the main-
tenance of such areas will be the future placement of
logistic support facilities—transmitters, receivers,
generators, power lines, electrical appliances, even
roads and buildings—that might cause interference.

Pollution-free station

One base that from its inception has been kept
from polluting its environs is New Zealand's small
Vanda Station, built in 1967 near Lake Vanda in
Wright Valley. To avoid electrically noisy diesel-
powered generators, only a 12-volt d.c. power supply
has been installed. This small system minimizes the
fuel requirement and, of course, restricts the installa-
tion of noise-producing electrical appliances. Other
than vital communication equipment, no radio-
frequency radiating equipment is permitted. Rubbish
disposal and drainage have required special planning,
for the station's location, 18 miles inland on a snow-
free surface, precludes drainage into the sea or the
ice cap. We have overcome these problems by burn-
ing all combustible rubbish in an incinerator. Other
rubbish—cans, bottles, human waste—is sealed in
drums and transported by helicopter to the Scott
Base dump on the annual sea ice. Drainage is con-
fined to a small area of a deep depression some dis-
tance from the lake. Thus, operation of Vanda Sta-
tion should not pollute the lake. Based on the policies
established for Hut Point Peninsula, sites have been
set aside for particular activities. As well, in coopera-
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The joint New Zealand—United States controlled visitor site at Cape Royds includes Shackleton's historic hut and a penguin rook.
Sign requests visitors to keep 10 ft from nests.
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tion with the United States and Japan, we are cur-
rently selecting an area near Lake Vanda best suited
as a "specially protected area" as provided for in the
Agreed Measures. The prime purpose of this action
is our strong desire to retain part of the lake and the
unique surrounding area in a completely undisturbed
state.

Controlled visitor site

Another development stemming from the close re-
lationship of the United States and New Zealand
was the decision in early 1969 to set aside an area
of Cape Royds as a controlled visitor site. Everyone
going to Antarctica wants to see and photograph pen-
guins, and many also wish to visit an historic hut. As
both can be done at Cape Royds, we developed this
area as a small zoo-museum and thus considerably
reduced the number of people disturbing other sites.
Two caretakers provided by the New Zealand Ant-
arctic Society took up residence at Cape Royds dur-
ing the peak activity period of the 1969-1970 sum-
mer. The caretakers marked out a track that would
allow visitors to see and photograph penguins with-
out the usual need for getting in amongst them, and
they guided visitors through Shackleton's hut. During
nonvisitor periods the caretakers attended to hut
maintenance, area tidiness, penguin counts, and
meteorological observations. This scheme proved so
successful that it was repeated during November
1970 and is likely to be continued indefinitely.

Through their close cooperation and long-term
thinking and planning, the United States and New
Zealand have established mutual policies that, once
proved workable and beneficial, have formed the
basis for recommendations made to consultative
meetings of the Treaty nations. Important Antarctica-
wide measures taken as a result of these recommenda-
'tions have included establishing historic sites, select-
ing specially protected areas, controlling use of radio-
isotopes, regulating tourism, and finding ways to
protect the antarctic environment from human
interference.

In addition to current work in dealing with en-
vironmental problems in Antarctica, DSIR's plans
for the coming season call for a detailed study of
possible pollution around Scott Base. This study
should detect and measure environmental changes
that have occurred during the 14 years of man's
habitation there. We hope that the results will assist
in our search for more effective methods to minimize
the effect of man on the antarctic environment.
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Volume 4 of this continuing series, containing
items 6,001-8,000, was released in June. The 491-
page volume, prepared at the Library of Congress
under the auspices of the National Science Founda-
tion, is for sale at $5.75 a copy from the Superin-
tendent of Documents, U.S. Government Printing
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The Photic Zone: Eleven Studies During Eltanin Cruise 46
SAYED Z. EL-SAYED

Department of Oceanography
Texas A&M University

Eltanin Cruise 46 began at Fremantle on Novem-
ber 20, 1970, and ended there on January 20, 1971
(fig. 1). The primary objective of this special biologi-
al oceanography cruise was to study some aspects of
he structure and function of the antarctic marine
cosystem. Although we have a fairly reasonable
nowledge of the composition and abundance of the

-nain components of the antarctic ecosystem, we
acked information about the relationship between

Iy

he trophic levels and the flow of energy through the
stem. What was needed was a program for a thor-

ugh understanding of how the biological system
orks and how it relates to the physical and chemical
ilieu within which it operates. Like Cruise 38

Pomeroy, 1969), Eltanin Cruise 46 was noted for
ts interdigitated biological, chemical, biochemical,
nd physical programs, all of which were designed
o answer some of the outstanding problems of the
ntarctic marine ecosystem (fig. 2).

Eleven major programs were carried out:
Study of hydrographic conditions in the southeast-

rn Indian Ocean; study of primary productivity,
standing crop of phytoplankton, and nutrient chem-
istry. Principal investigator: Dr. S. Z. El-Sayed,

exas A&M University. The objectives of this in-
estigation were to assess the standing crop of phy-
oplankton and phaeo-pigments in the upper 300 m
A the water column and to estimate the rates of pri-
ary production (using the in situ C14 uptake
ethod) in the euphotic zone. Water samples were

aken from the Nansen casts to determine the in-
rganic nutrient salts (for example, silicates, phos-
hates, and nitrates). Studies were also made of the
pecies composition and relative abundance of the
hytoplankton collected in net plankton hauls (35/L)

and in water samples (1 liter each) taken from the
surface to a depth of 300 m. The productivity data
together with other biological and chemical param-
eters studied during this cruise will be correlated
with the prevailing hydrographic conditions in the
areas investigated.

Dr. El-Sayed was the U.S. Antarctic Research Program
representative on Cruise 46.

Carbon pathways in the antarctic ecosystem. Prin-
cipal investigator: Dr. William M. Sackett, Texas
A&M University. The pathways of carbon were
traced through the complete antarctic ecosystem using
natural variations in carbon and hydrogen isotopes.
With knowledge of the C13/C12 and H2 /H 1 ratios in
inorganic compounds and in marine organisms, it is
possible to predict the pathways of carbon through
the marine ecosystem—beginning with carbon dioxide
in the atmosphere and ending with the final members
of the food pyramids.

Occurrence, distribution, and number of zoos poric
and saprophytic fungi. Principal investigator: Dr.
Frederick K. Sparrow, University of Michigan. Data
were obtained on the composition and distribution
of fungal populations in the water column and in the
bottom sediments. Phytoplankton samples were ex-
amined microscopically for parasitic fungi.

Figure 1. Track of Eltanin Cruise 46. Numbers identify stations,
shown as circles.
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Metabolism of the ultra and net plankton. Prin-
cipal investigator: Dr. Lawrence R. Pomeroy, Uni-
versity of Georgia. The metabolic contribution of the
ultraplankton and net plankton in the upper 500 m
of the water column and the factors that regulate
the metabolism of the ultraplankton were studied.
Ultraplankton was taken with Gerard-Ewing sam-
plers and processed with Dodson-Thomas concentra-
tors. Metabolic analysis was conducted on the con-
centrates using the electron transport system assay
and the oxygen electrode-respirometer system.

Distribution of biochemical activity and chemical
composition of plankton. Principal investigators:
Drs. 0. Holm-Hansen, P. J. Williams, and A. F.
Carlucci, University of California (San Diego). The
natural radiocarbon activity in phytoplankton, zoo-
plankton, bathypelagic crustaceans, and fishes was
assessed to determine the rate of transfer of photo-
synthetically fixed carbon from the surface to the
deep sea. Other objectives were to estimate the total
biomass of microbial cells in surface water and in the
water column and to obtain detailed profiles of dis-
solved and particulate organic carbon, nitrogen and

phosphorus, vitamins B 1 and B12 , and biotin. Also
studied was the chemical composition of phytoplank-
ton and zooplankton populations.

Analytical study of nutritional relationships of pri-
mary consumers (zooplankton). Principal investiga-
tor: Dr. Mary Alice McWhinnie, DePaul University.
This study was designed to ascertain whether polar
marine crustaceans absorb soluble nutrients directly or
indirectly (via bacteria, absorbed particulates, etc.).
Also, the effect of antibiotics on the studied organ-
isms was assessed. Animals representing several taxa
were studied with respect to both treatment by anti-
biotics and the extent of absorption of C14-labeled
glycine.

Response of phytoplankton to changes in light and
temperature. Principal investigators: Messrs. Harr
Jitts and David Carpenter, Commonwealth Scientifi c
and Industrial Research Organization, Division o
Fisheries and Oceanography, Cronulla, Australia
Using the C14 uptake method, a comparison wa
made of in situ and simulated in situ primary pro -
duction.Also, the rate of carbon uptake as affecte4
by changes in temperature and radiant energy wa

im
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studied. The first part was carried out in conjunction
with Dr. El-Sayed's investigation. To enable a real-
istic comparison, the same techniques and equipment
of the CSIRO group were applied to both the in
situ and the simulated in situ methods, the only dif-
ference being the place of incubation (fig. 3).

Heterotrophic activity. Principal investigator: Dr.
Richard Y. Morita, Oregon State University. The
rate of heterotrophic activity was measured by ki-
netic analysis of the assimilation and respiration of
C 14-labeled glucose, acetate, and various amino acids.
A liquid scintillation counter (Nuclear Chicago, Inc.,
Unilux 2A) was used to measure the low levels of
activity.

Antarctic copepods: systematic and distribution
studies. Principal investigator: Dr. Tai Soo Park,
Texas A&M University. Zooplankton samples were
collected for study of the systematics and distribution
of antarctic copepods. Special attention was given to
deep-living forms. Brown-McGowan opening and
closing nets (Bongo nets) were used for sampling
the zooplankton population at various depths.

Spectral distribution of solar radiation influencing
primary productivity. Principal investigator: Dr. Guy
A. Franceschini, Texas A&M University. To deter-
mine the spectral composition of solar radiation enter-
ing the water (that is, made available for photosyn-

thesis), downwelling and upwelling radiation was
measured. Four precision spectral radiometers were
mounted on the bow facing downward, and four
similar probes on the helicopter pad facing upward.
A continuous scanning spectroradiometer, enclosed
within a lucite case and mounted on the helicopter
pad, served as a continuity check for the other
probes.

Computer evaluation; record and data analysis.
Principal investigator: Miss Betty Landrum, Smith-
sonian Oceanographic Sorting Center, Washington,
D.C. USARP data forms were evaluated under ac-
tual collecting conditions, and appropriate proced-
ures were developed for their use. The feasibility was
studied of using the computer for permanent docu-
mentation and data retrieval.

In addition to the above programs, two Australian
meteorologists from the Commonwealth Bureau of
Meteorology, Melbourne, Australia, made regular
weather observations.

Cruise track

Eighteen stations were occupied (fig. 1). Stations
1-8 were along 115'E.; stations 8-11 were all in
pack ice. Since ice conditions at the time of the
year of this cruise prevented any further southern

Scientific activities aboard USNS Eltanin during Cruise 46, November 20, 1970—January 20, 1971
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Robert Forrest
Figure 3. Controlled light and temperature incubator (foreground)

aboard Ettanin used by CSIRO scientists during Cruise 46.

or western penetration, we were forced to skirt the
ice by moving northwesterly until we reached 60°S.
The open waters there gave us an excellent oppor-
tunity to resume our southern penetration to ice-free
station 12. This was followed by occupying two ice-
covered stations, 13 and 14, which marked the
southernmost position attained-65°30'S. 74°47'E.

Heading north, Eltanin occupied station 15, al-
most a repeat of station 12 occupied a few days
earlier, to check the variability of the hydrographic
and biological parameters at this exceptionally pro-
ductive station. From station 15 we headed north to
station 16, between Heard and McDonald Islands.
From there we continued on a northwesterly course
and occupied station 17, off the east coast of Ker-
guelen Island and, incidentally, north of the Converg-
ence according to the hydrographic observations.

The last station-18—was southeast of Kerguelen
Island. Although no stations were occupied between
station 18 and Fremantle, XBTs, mechanical BTs,
and surface water samples were collected every 4
hours; the water samples were used mainly to study
the concentration of phytoplankton pigments. Oc-
casionally, we used the midwater trawl to collect ma-
rine organisms for study of their metabolic activities.
Precision depth recorder watches were kept through-
out the cruise. The table summarizes the cruise
activities.

Collaboration of Cruise 46 participants will con-
tinue in the analysis of data and preparation of re-
ports as well as in the projection of plans for annual
cruises through 1975. A cruise in the Ross Sea plan-
ned for January 1972 will continue and expand the
current studies on the dynamic role of the photic
zone in the marine ecosystem.

Reference

Poineroy, L. R. 1969. Eltanin Cruise 38. Antarctic Journal
of the U.S., IV(5): 249.

Antarctic Research Series
Volume 15 Published

Antarctic Oceanology I, the 15th volume of the
Antarctic Research Series, contains 13 papers on the
topography, magnetics, and seismicity of the sea floor,
the characteristics and circulation of the water masses,
and the constituents and chemistry of the sediments
in antarctic waters. The 343-page volume was edited
by Joseph L. Reid.

The Antarctic Research Series is supported by a
grant from the National Science Foundation. Copies
are for sale by the American Geophysical Union,
Suite 435, 2100 Pennsylvania Avenue, N.W., Wash-
ington, D.C. 20037. Vol. 15 costs $22.

Dr. Frank F. Snodgrass
Honored by Flinders University

Flinders University of South Australia has granted
a doctor of science degree to Dr. Frank E. Snodgrass
of the Scripps Institution of Oceanography in rec-
ognition of his investigations of antarctic tides.

Dr. Snodgrass designed and developed a deep sea
instrumentation capsule for recording water tempera-
ture, currents, and pressure on magnetic tape. During
Cruise 41 of the Eltanin (Antarctic Journal, VI(1)
12-14), data collected by means of the capsules
showed the midocean tide to be of modest height,
an observation conflicting with the generally accepted
theory of large-amplitude midocean tides in the
southern oceans.

State and Navy Departments
Reassign Antarctic Responsibility

Both the Department of State and the Department
of the Navy have shifted responsibility for antarctic
affairs within their organizations.

In a March 20, 1971, memorandum, the Honor-
able John W. Warner, Under Secretary of the Navy,
designated the Navy's assistant secretary for research
and development as the representative for antarctic
matters. The Office of the Chief of Naval Operations
had been the responsible agency.

The Department of State, effective April 7, 1971,
transferred responsibility for antarctic affairs from
the Bureau of International Organization Affairs to
the Bureau of International Scientific and Techno-
logical Affairs. In conjunction with this realinement,
Mr. Herman Pollack became chairman of the Ant-
arctic Policy Group, replacing Mr. Samuel De Palma.
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The Antarctic Treaty in Action 1961-1971

HENRY M. DATER

Historian

U.S. Naval Support Force, Antarctica

The Antarctic Treaty was signed on December 1,
1959, and came into force on June 23, 1961, when
the last ratification was received by the depository
government, the United States. Much was written at
the time and later about its significance as a prece-
dent for other treaties and as the opening success in
a series of negotiations that have relieved somewhat
the tensions of the cold war.

While this general view is important, it should
not be overemphasized. The primary purpose of the
Treaty was to reserve a large area for peaceful pur-
poses, and in the absence of currently exploitable re-
sources, that meant the open and full pursuit of sci-
entific investigations. If some antarctic characteris-
tics are similar to those of outer space and the sea-
bed, and if some of the Treaty's provisions have
served as guidelines for other settlements, these are
not neglible but, nevertheless, ancillary benefits. The
ral test of the Treaty's effectiveness should be in
Fow well it has accomplished its principal objective.

Origins of the Treaty

The Antarctic Treaty grew from the experience of
tkie International Geophysical Year (IGY), 1957-
1958, as applied to Antarctica. Scientists from 12
countries, working through their own organizations,
created an international program of coordinated sci-
entific research in Antarctica that proved enormously
productive. In so doing, they enlisted the assistance
of their respective governments in the form of finan-
cial support and a cessation of provocative activities
in support of territorial claims. This suspension was
not written down but existed only as a gentlemen's
agreement.

When the idea of continuing the scientific pro-
grams in Antarctica gained general acceptance, it
was also recognized that further success depended

upon perpetuating the existing cooperative arrange-
ments. To insure this, something more formal than
a gentlemen's agreement was needed. To achieve just
such a settlement the Government of the United
States in a note of May 2, 1958, invited the 11 other
nations that had carried out programs in the Ant-
arctic during the ICY to an Antarctic Conference to
be held for the purpose of seeking an agreement that
would embody the spirit and manner of cooperation
that had existed during the ICY. After more than a
year of preliminary discussions among the represen-
tatives of the governments concerned, the conference
convened in Washington on October 1, 1959.

The conference on Antarctica

By the opening of the conference two fundamental
principles were accepted by all present. First, Ant-
arctica should be used for peaceful purposes only;
all military activity should be prohibited, although
military personnel, equipment, and supplies might be
employed in support of scientific research or for any
other peaceful purpose. Otherwise, some expeditions,
including that of the United States, would have been
forced to desist. The second principle was that free,
cooperative scientific programs, with their full
exchanges of personnel, information, and results,
should be continued. The statement of these princi-
ples occupies the first three articles of the Antarctic
Treaty.

The document then goes on to the heart of the
problem. How could these principles be implemented
without the sacrifice by claimant nations of what they
regarded as their legitimate sovereign rights? The
solution was rather simple. As the United States note
of May 2, 1958, had suggested, the legal status quo
was frozen for the life of the Treaty. No statement
in the Treaty, and no action taken while it remained
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in force, could be construed as a renunciation, dimin-
ution, or extension of existing claims or rights,
nor serve as a basis of a future claim. This provision
protected the position of the United States, which
had not put forward a claim but had reserved its
rights to do so based on the activities of its nationals,
as well as other nations that claimed territory in the
Antarctic.

The remainder of the Treaty is largely composed of
articles insuring the implementation of the basic prin-
ciples and protecting the political arrangements. The
Treaty was to apply to the area south of 600 South
Latitude, including ice shelves, but nothing con-
tained therein should prejudice the rights of any
state on the high seas under the international law. To
the ban on military measures was added another pro-
hibiting nuclear explosions and the disposal of radio-
active wastes. Provision was made for nonsignatory
powers to adhere to the Treaty, and methods were
provided for its modification and amendment. If dis-
putes arose, the parties were urged to settle them by
negotiation, mediation, conciliation, arbitration, judi-
cature, or other peaceful means. Finally, at the end
of 30 years, any contracting party might request a
conference to review the operations of the Treaty,
but no date of termination appears in the document
so that it may be considered to be of indefinite
duration.

To those who emphasize the precedent-setting na-
ture of the Treaty, Article VII is of importance. It
permits any contracting party to designate observers
with the right to inspect all stations and equipment
and ships and aircraft at points of embarkation and
debarkation. Aerial observation may also be carried
out at any time. A last paragraph of this article
obliges the participating governments to exchange
annually notice of all expeditions proceeding to the
Treaty area, of all stations occupied or to be occu-
pied, and of any military personnel or equipment in-
tended to be sent into Antarctica.

The authors of the Treaty were aware that it had
omissions. No provision was made for regulating
economic activity should it ever become feasible. The
thorny question of jurisdiction over persons other
than exchange scientists and observers was avoided
except as a topic to be considered in the future. Both
of these, of course, touch on the matter of the sov-
ereign prerogative. Like good diplomats, the dele-
gates took not what was ideal but what was feasible.
However, machinery was set up to anticipate prob-
lems of mutual concern and to provide a means of
consultation for the solution of such problems.
Within 2 months after final ratification, representa-
tives of the signatory powers were to meet in Can-
berra, Australia, to consult together and to recom-
mend to their governments appropriate measures for
the furtherance of the purposes of the Treaty. Similar

meetings were to be held at periodic intervals, whici
adherants to the Treaty might also attend provide(
they had demonstrated their interest in Antarctica bi
conducting substantial research programs. From thes
gatherings, it was hoped that a body of regulation
would evolve.

First Consultative Meeting

As the delegates to the conference on Antarctica
foresaw, they had drafted an acceptable documeni.
Although light opposition was encountered in several
countries, none of it presented an insuperable ob-
stacle. The final ratification was received on June 2,
1961, on which date the Treaty became effective.

The Consultative Meeting provided for in the
Treaty convened at Canberra on July 10, 1961, less
than a month after completion of ratification. Con-
tained in the Treaty itself was a list of topics for
possible discussion. Four of them covered matters of
implementing the Treaty that would of necessity be
taken up anyway. Two of them dealt with questions
not addressed in the Treaty—the exercise of juris-
diction and the conservation of living resources.

In turning to the coordination of scientific pro-
grams and the exchange of scientific information, the
conferees found that the scientists had already cre-
ated effective organizations and procedures. For the
IGY, the International Council of Scientific Unions,
a nongovernmental organization, had set up data
centers for the collection and dissemination of world-,
wide observations. The Consultative Meeting recom-
mended that these centers be continued and en-
couraged. The Council had also created a Commit-
tee for the International Geophysical Year, which in
turn established a subcommittee to plan and coordi-
nate the antarctic program. In 1958, the Council a-
thorized the replacement of this subcommittee by tFe
Special (later retitled Scientific) Committee on Ant-
arctic Research (SCAR), with substantially the sane
membership and functions. The Meeting recom-
mended that their governments support the work of
SCAR both in coordinating programs and in arranç-
ing exchange of information between scientists. When
the conferees came to the consideration of conserva-
tion of flora and fauna, they noted that SCAR had
already produced guidelines on this subject. They re-
printed these guidelines as part of their official report
and, as an interim measure, urged their adoption by
covernments to the extent possible under national
legislation and international conventions.

The Meeting restated a clause in the Treaty that
encouraged cooperation with the specialized agencies
of the United Nations. It welcomed an offer of as-
sistance from the World Meteorological Organization
in research as well as in the collection and dissemina-
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tion of weather data. Exchanges of scientific person-
nel, they felt, should be made on the basis of bilateral
arrangements between expeditions.

Article V, paragraph 7, of the Treaty had pro-
vided for the exchange of data on operations. The
Consultative Meeting defined the contents of these
reports, to provide complete information on existing
installations and expedition plans. It was recom-
mended that the reports be distributed as early as
possible each year and, in any case, before the end
of November. In this way they would be available
uring the operating season, when the information

would be most usable.
Many items to be included in these reports touched

on logistics. It was the sense of the Meeting that ex-
changes on logistic problems would also be profitable.
Among the topics suggested as suitable for study were
design and construction of buildings, provision of

performance of aircraft, tractors, and other
vehicles, techniques of supply, and transport and

andling of cargo. It was also suggested that these ex-
hanges might best be carried out in a symposium of

k 	experts where the problems could be freely
l iscussed.

A similar meeting was also proposed in the related
field of telecommunications. Earlier, the Antarctic
Committee of the Special Committee for the IGY
had taken the initiative in setting standards and de-
veloping a communications network. In the interim
period between the end of the IGY and the signing
of the Treaty, this activity had been carried forward
by a SCAR working group. Many people, however,
felt that this function was more properly part of
logistic support activity than of the scientific effort
even though the scientists had legitimate telecom-
munications requirements. The recommendation for
the Conference recognized these claims and provided
that SCAR should be consulted.

Interestingly enough the meeting also recom -
mended that expeditions should cooperate in the
collection and distribution of mail. This has fre-
quently been done, especially in the Antarctic Pe-
ninsula area, where five nations have stations in what,
for Antarctica, is reasonably close proximity. In this
part of the Antarctic and also on the shore of the
Ross Sea a number of buildings, built and occupied
by earlier explorers, are still standing. The meeting
recommended that steps be taken to restore and pre-
serve such monuments.

Finally, the delegates recommended administra-
ive arrangements for future Consultative Meetings

including the Preparation and dissemination of the

taft
al report. They also suggested that, in the future.

 Proposals with relevant reports and documen-
ation be circulated at least a month in advance.

No action was taken on jurisdiction over personnel
nor does the topic appear to have been discussed.

May-June 1971

Neither does any mention of regulating future eco-
nomic activities appear in the final report. One of
the four suggestions for implementing the Treaty—
recommendations to facilitate the inspections author-
ized in Article Vu—was also neglected.

This first meeting was important for several rea-
sons. The emphasis upon scientific activities and co-
operation showed the general desire to subordinate
political considerations to the search for knowledge,
and it showed that scientific cooperation could con-
tinue to offer a common ground for agreement.
Encouragement of SCAR and the adoption of its
guidelines on conservation foreshadowed a liaison
that was to grow more fruitful with the years ahead.
Throughout the deliberations there existed a desire
that the meeting succeed in its primary purpose of
furthering the objectives of the Antarctic Treaty.
This spirit has endured through the five subsequent
Consultative Meetings, the first of which was held at
Buenos Aires during July 1962. Since then, meetings
have been held biennially at Brussels (1964), Santi-
ago (1966), Paris (1968), and Tokyo (1970).

Logistics and communications

To obtain a clear idea of what has been accom-
plished under the Treaty, it is preferable to deal with
some of the main topics considered by Consultative
Meetings and activities carried out under its pro-
visions than to recite developments as they occurred
from meeting to meeting. For example, there is no
need to record the continuing efforts to render more
complete and timely the reports of operations. Ad-
ministrative arrangements may also be left aside. It
is sufficient to point out that the Treaty governments
have not developed a secretariat or other permanent
administrative organization.

Many expeditions, encouraged by a recommenda-
tion of the First Consultative Meeting, have marked
and, in some instances, restored buildings, grave sites,
and other reminders of the past. At the 1968 meeting
in Paris, a recommendation was adopted that an
agreed list of monuments be prepared. Two years
later in Tokyo, this recommendation was reiterated,
and it further provided that monuments so identified
be marked by signs in the four Treaty languages:
English, French, Spanish, and Russian. Notable work
has been done by New Zealand and the United States
on the huts in the McMurdo Sound area occupied
by Scott and Shackleton.

Logistics and telecommunications have been gray
areas between the Treaty powers and SCAR. At a
meeting in 1961, the latter expressed the opinion
that both topics were suitable for governmental ac-
tion, but that SCAR working groups would continue
to function until it was demonstrated that suitable
organizations existed under the Treaty to provide for
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them. Despite the recommendation of the First Con-
sultative Meeting for a logistics symposium, SCAR
went ahead with its plans for a similar meeting in
Boulder, Colorado, in 1962. The success of this
gathering made unnecessary for the time being a sec-
ond meeting of this nature. Several of the parties to
the Treaty, however, continued to feel that a sym-
posium of governmental experts was desirable, and
at Santiago in 1966 it was decided to hold the meet-
ing in Tokyo 2 years later. In line with its earlier
statement, SCAR welcomed this initiative, and its
Working Group on Logistics seriously considered a
request that it assist in preparing the agenda for the
Tokyo meeting. On a personal basis, members of the
Working Group attended the meeting as representa-
tives of their respective governments.

From the operators' viewpoint, telecommunication
has been a continuing problem. Most antarctic sta-
tions are small, and consequently their ability to
handle radio traffic is limited. This situation is
further aggravated by Antarctica's susceptibility to
disruption by ionospheric disturbances. To seek a
solution to the difficulties encountered, the meeting
suggested by the First and Second Consultative Meet-
ings convened at Washington in June 1963. Its final
report consisted of 11 recommendations for the con-
siderations of governments. They covered such mat-
ters as routing of traffic (particularly meteorological
observations), schedules, techniques of transmission,
search and rescue procedures, and radio aids to aerial
navigation. The meeting also recognized the impor-
tant work done by SCAR and suggested that, in the
future, its Working Group might wish to limit its re-
sponsibilities to the scientific requirements for tele-
communications. The Working Group did not meet
again. In 1966, it was abolished and its functions
were transferred to the Working Group on Logistics.

During the same period, the telecommunications
situation deteriorated. Implementation of the recom-
mendations of the 1963 meeting was imperfect at
best, in many cases being beyond the capabilities of
small expeditions. Exchanges of information, neces-
sary if compatible telecommunications systems were
to be maintained, virtually ceased. The problem was
exacerbated by the ambitious plans of the World
Meteorological Organization (WMO) to set up a
global reporting system to be known as the World
Weather Watch, in which antarctic weather observa-
tions would be an integral part. The existing tele-
communications facilities simply could not handle
the volume of messages required.

To improve the situation, telecommunications ex-
perts met informally at Brussels in March 1968. By
autumn, the secretary of the SCAR Logistics Work-
ing Group had produced a "SCAR Telecommunica-
tions Guidance Manual" that, if imperfect in some

respects, for the first time brought the available in-
formation together in a single document.

To explore the situation in greater depth, a meet-
ing of governmental experts was held at Buenos
Aires from September 1 to 12, 1969; SCAR, WMO,
the International Telecommunications Union, and
the International Oceanographic Commission each
sent a nonvoting representative. At the meeting,
much was done to clarify the situation, and recom-
mendations were made that would result in improve-
ments if carried out. Important was the suggestion
that information similar to that in the SCAR
Manual be included in the operatons report sub-
mitted annually, using a standard format based on
that already developed by SCAR. The Sixth Con-
sultative Meeting at Tokyo in 1970 approved the
recommendations of the Buenos Aires meeting, and
the recommendations are now before governments
for consideration. Only the future will reveal the ef-
fectiveness of these measures.

Regulation of economic activity

At least from the days of the first Byrd Expedi-
tion, and perhaps even before, many have believed
that an area the size of Antarctica must possess im-
portant mineral resources. None have been found
worth exploiting, but, with more detailed investiga-
tion coupled with technological developments, some
may yet be discovered. Aware of the possibility, gov-
ernments have become increasingly concerned about
the effect such activities could have on the coopera-
tion that now exists.

Some hint of how this important matter may be
handled can be seen perhaps in the experience with
the two forms of economic activity that have so
far been considered at Consultative Meetings: tour-
ism and pelagic sealing. Concern with the second
was aroused when the Norwegians began thinking
about exploiting seals. Partly at the urging of SCAR
and with the technical advice of its biologists, suc-
ceeding Consultative Meetings, beginning with the
Third in 1964, first recommended to governments
that they restrain their nationals engaged in pelagic
sealing from depleting existing stocks as had hap-
pened to whales, and second, that they work out the
draft of an international convention on the subject.
At the Sixth Meeting, the subject was taken out of
the Treaty consultative forum and a draft convention
referred to the interested governments. The Ant-
arctic Treaty and SCAR, however, have served as
the focal point for development of the concepts that
will be embodied in the conventions.

Even before the Treaty was signed the first tourist
cruises were made to the Antarctic Peninsula. Be
cause of its accessibility, this area has continued t
attract more visitors than any other in Antarctic.
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Occasional tour ships have also touched at Hallett
and McMurdo Stations on the shores of the Ross
Sea. It is natural that persons with sufficient time
and money should want to see and enjoy this unique
part of the world. Their presence in numbers—and
the business is growing—constitutes a potential
threat to scientific research, the conservation of flora
and fauna, and the operation of stations.

The potential seriousness of the problem was first
recognized at the Fourth Consultative Meeting in
1966. It was then provided that the government of
a country in which a tourist or other nonscientific
expedition was being organized should inform any
other government with a station that might be vis-
ited. Upon request, governments should also describe
the conditions under which they would penhlit their
stations to be visited. Such permission should be
withheld unless reasonable assurances were received
of compliance with these conditions and with the
provisions of the Treaty.

On the basis of 4 years of experience, these recom-
mendations were expanded at the Sixth Consultative
Meeting in 1970. It was also stipulated that tourists
should comply with whatever ground rules a station
leader had drawn up for their safety and the pro-
tection of scientific programs. Other recommenda-
tions repeated and reinforced measures made in
1964 to preserve flora and fauna.

Obviously, a far more difficult situation would de-
velop if exploitable resources were discovered. Un-
fortunately, the most probable area for such de-
velopment is in the seas around the continent, and
here, of course, the Antarctic Treaty does not apply.

Sources of wealth are unlikely to be found on land
in the near future, and it seems probable that, wisely
or not, action will not be taken until the event occurs.

ion of the environment

A principal objective of the Treaty was to reserve
he Antarctic for scientific investigation. Although
rovisions effectively shielded the area from outside

nterference, they did not necessarily protect it from
he influence of man, whose presence was mandatory
f the area's phenomena were to be studied. Because
f this dilemma, the negotiators of the Treaty sug-

Tested the preservation and conservation of flora and
auna as an item for consideration in Consultative

eetings. Every meeting, including the first in 1961,
as adopted one or more recommendations on this
o 0ic. The question of conservation of flora and
auna developed into a broad-scale concern for the

affect of man on the total environment.
As a basis for interim rules for the conduct of

personnel, the First Consultative Meeting recom-
'nended guidelines already adopted by SCAR. Other
recommendations called for encouragement of scien-

tific studies of antarctic life as a basis for longtime
conservation measures and for consultation on the
form that internationally agreed measures should
take. Held only a year after the First, the Second
Consultative Meeting was not prepared to bring in
such measures but recommended that a draft text
be ready for the next meeting to be held 2 years later.

The delay permitted the Treaty governments to
solicit the advice of SCAR. As a result it was possible
to present the Consultative Meeting held in 1964 at
Brussels with the text of a set of agreements that
were scientifically sound. It was agreed that the Ant-
arctic as defined in the Treaty should be considered
a special conservation area. The actual measures,
therefore, were designed to implement this concept.
Without going into detail, they covered what might
be termed direct interference with native flora and
fauna. Animals and birds, for example, should not
be killed, wounded, molested, or captured except in
accordance with a permit. Permits could be issued
only to provide specimens for scientific study, for
zoos and museums, or for indispensable food for men
and dogs. As a reserve to these measures, rules were
also included to limit the introduction and disposi-
tion of animals and plants foreign to the Antarctic.
Finally, governments were directed to exchange in-
formation as to animals taken, permits issued, and
the actual numbers of animals and birds killed or
captured.

Such general regulations applied to the Antarctic
as a whole. The scientists, however, felt that certain
areas and species deserved more intensive protection.
The agreed measures provided that such areas and
species should be designated in annexes to the agree-
ment. These annexes were left blank at Brussels in
1964 because the Treaty governments wished to ob-
tain the advice of SCAR before proceeding to the
actual designation. Two years later, with recommen-
dations from SCAR available, sixteen specially pro-
tected areas and two specially protected species were
selected. Subsequent Consultative Meetings have re-
vised the agreed measures, added some specially
protected areas, and redefined others.

The provisions to regulate the introduction of ani-
iiials and plants from outside indicated an aware-
ness that factors other than physical interference
with flora and fauna might exist. Man could con-
taminate the environment in more subtle ways, the
effect of which might be delayed but, in the long
run, be more dangerous. In fact, as we know from
experience of the world outside Antarctica, they can
he disastrous. As early as 1961 1 SCAR was con-
cerned with the Problem of pollution and how to
prevent or minimize it. The Treaty governments in-
troduced it as an agenda item for the logistics sym-
posmm of 1968. The first Consultative Meeting to
consider it was that of 1970 in Tokyo. There, a
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recommendation was adopted on the general subject
of man's impact on the antarctic environment. SCAR
was invited to make broad studies of the subject, to
recommend programs to detect changes occurring in
the environment, and to propose measures to mini-
mize harmful interference with it. In the interim,
governments were urged to take steps to reduce the
incidence of known causes of pollution.

Contamination can take many forms. Those con-
sidered above derive from man's tendency to im-
pose himself on flora and fauna either by accident or
on purpose, as happened in earlier eras with the in-
discriminate slaughter of antarctic fur seals, or as a
result of the need to dispose of the byproducts of
human life processes. The negotiators of the Ant-
arctic Treaty incorporated among its articles the
prohibition of nuclear explosions and the disposal of
radioactive materials. Radioisotopes, however, are
employed in scientific investigations, and their usage
could produce harmful effects. At the Sixth Con-
sultative Meeting, a recommendation was adopted
inviting SCAR to investigate this problem and to
propose comprehensive principles of control. As an
interim measure, it was recommended that consulta-
tive parties inform one another of their intention to
use radioisotopes in a given locality lest it interfere
with investigators of another party who later wished
to carry on research in the same locality.

A threat to the antarctic environment undoubtedly
exists. Pollution has occurred locally, but, with the
technical advice of SCAR, the Treaty governments
have become conscious of the problem and are taking
steps to meet it. With continued cooperation under
the provisions of the Treaty and the continuing
recommendations of the Consultative Meetings, they
have a good chance of preserving a unique environ-
ment for scientific investigation and even for the
delectation of visitors.

Inspections

Implementation of the inspection provisions of the
Treaty did not require consideration at consultative
meetings. Whether to inspect or not was a question
for each government to decide. Some decided that,
in the light of the general cordiality and good re-
lations prevailing in the Antarctic, inspections were
unnecessary. Others, while agreeing with this atti-
tude, felt that, since the right had been written into
the Treaty, it should be exercised lest it fall into
desuetude.

The United States was one of the latter group, al-
though it did not carry out the first inspection. For
the record, two New Zealand observers visited Mc-
Murdo Station early in December 1963 and thus be-
came the first inspectors. That same season, Australia,
the United Kingdom, and the United States also

sent out accredited observers. In 1965, Argentina fol-
lowed suit in the Antarctic Peninsula area, and the
United States inspected certain other stations in
1967 and 1971.

Nowhere did the observers meet with any but the
warmest receptions, and nothing was hid from their
view. From their accounts, inspecting was a pleasant
activity. In truth, the observers did not expect to un-
cover violations of the Treaty, nor did they. They
simply confirmed that all expeditions were adhering
to both the provisions and the spirit of the Treaty.

Conclusion

Looking back over 10 years, it may be said that
the objectives of the Antarctic Treaty have been
generally fulfilled. No matter what strains and ten-
sions may have existed elsewhere, expeditions have
gone about their activities in peace and harmony,
cooperating with one another despite differences of
race, religion, ideology, and national ambition. Suc-
cess has been most evident in those matters where
expert technical advice has been readily available.
The contribution of SCAR has been very large in-
deed, especially in measures to protect the environ-
ment. Some controversial questions, such as jurisdic-
tion over persons, have not yet been faced, or, as in
the matter of economic activity, taken up on an in-
dividual rather than a general basis. For example,
measures have not been taken to protect the ecology
of the sea, from which Antarctica's mammals and
birds feed and where they spend much of their lives.

More important than specific measures has been
the determination to make the Treaty succeed. The
knotty problems remain and cannot be avo:ded for-
ever, but their solution becomes more practicable as
time passes and the spirit of mutual forbearance
grows. Mr. R. H. Wade, New Zealand delegate tc
the Sixth Consultative Meeting, summed up the situ-
ation in these words:

It is now time to look ahead to the tasks and
problems of the next decade. Scientists of all
the Treaty nations, working through SCAR,
are in general agreement about the scientific
program which should be implemented. It is to
be hoped that governments will be able to
handle the other issues, which will inevitably
arise, with the same promptness. I do not under-
estimate the seriousness of some of the problems
which may face us . . . but we have established
a tradition of consultation and cooperation
which will serve us well.

Opinions in this article are the author's and do not neces-
sarily reflect the position of the U.S. Government.
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Late-Season Field Activities (February-March 1971)

Two incidents in the late season marred opera-
tions, On February 15, an LC-130F Hercules, The
City of Christchurch, caught fire and burned while
taxiing for takeoff at Williams Field. There were no
injuries, but strong wind and blowing snow pre-
vented crash crews from controlling the fire and the
aircraft was destroyed. One of the first planes of its
type assigned to antarctic service (in 1960), it was
also the first Hercules to be lost in Antarctica.

USCGC Staten Island, en route to inspect foreign
stations as provided for in the Antarctic Treaty,
struck an uncharted pinnacle while approaching the
Australian station Mawson. The hull was cracked
and torn, four compartments were quickly flooded
in the forward section of the ship, and four more
compartments were taking water. Captain Stanley
G. Putzke, commanding officer of the icebreaker, de-
cided not to further endanger his ship, crew, and
passengers and withdrew Staten Island from the ice.
After being checked for seaworthiness in Melbourne.
Australia, the ship headed for her home port of
Seattle, Washington, for repairs.

McMurdo Station

After finishing their work at Deception Island, Dr.
Terence Hughes and Mr. Olav Orheim of The Ohio

jp -

U.S. Navy
LC-130F burned while taxiing at Williams Field. No one

was injured.

State University arrived at McMurdo Station in
early February to work at Meserve Glacier, 110 km
west of McMurdo Station. During the austral sum-
mer of 1968-1969, three holes had been drilled into
the glacier wall, and temperature and inclination
profiles had been obtained. On this visit, the party
remeasured the inclination of two of the boreholes
(the third had been plugged by water leakage).
With the aid of Lt. Comdr. James Brandon and his
helicopter crew, a scheduled 5 days of work was
finished in less than 2 days.

A Virginia Polytechnic Institute and State Univer-
sity group spent most of February in the McMurdo
Station biolab examining more than 1,000 subcultures
derived from 275 samples of fungi in soil, pond water,
and lake water. The samples had been collected in
January on Ross Island and in nearby areas, includ-
ing the ice-free valleys. Before the group left Mc-
Murdo in late February, some of the fungi were iso-
lated into pure or unifungal cultures for transfer to
VPI, where the study is continuing.

At Cape Crozier, Dr. Roberto Schiatter and Mr.
Robert Wood of Johns Hopkins University con-
ducted a study of "clubs" of nonbreeding skuas.
Nonbreeders in these clubs include juveniles, unsuc-
cessful breeders, breeders that have lost their mates
(and thus territories), and visiting birds from other
nonbreeders' clubs on the northern Ross Island
coast. After February 8, when Cape Crozier was
closed, the Johns Hopkins group stayed at McMurdo
Station for 2 weeks to observe birds that gather
around the dumps at McMurdo and Scott Base.

In year-round programs at McMurdo, the geodetic
satellite observatory operated by the University of
Texas tracked 2,121 satellite passes in the late season.
The Bartol Research Foundation cosmic ray labora-
tory was operating normally, as was the McDonnell-
Douglas Astronautics Company relative ionospheric
opacity meter (riometer).

Support operations wound down in early February.
On February 19, Detachments Bravo (aircraft con-
trol) and Charlie (weather) of Antarctic Support
Activities were consolidated at McMurdo. They
had been functioning at Brockton, Byrd, and Pole
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Stations as well as at McMurdo during the austral
summer.

Detachment Alpha of Antarctic Support Activities,
the winter-over support organization, was established
on February 25. Comdr. B. G. Maddox is the officer
in charge. In this position he is responsible for U.S.
support activities during the winter throughout
Antarctica.

Amundsen-Scott South Pole Station

The final flight to Pole Station was made on
February 15. When the Hercules departed, seven
USARP scientists and 14 Navy men remained for the
winter. The flag was lowered on March 22, the day
the sun sank below horizon, and will remain down
until the sun returns on September 22.

This winter there are five scientific programs at
Pole Station: seismic measurement of earth tides by
the University of California (Los Angeles), meteoro-
logical observations by the National Weather Service
of the National Oceanic and Atmospheric Adminis-
tration (NOAA), seismologic and geomagnetic meas-

urements by NOAA's National Ocean Survey, inves-
tigation of the ionosphere by NOAA's Environmental
Research Laboratories, and recording of cosmic ray
intensity by the Bartol Research Foundation.

Byrd Station

Final supply flights of the season were made to
Byrd Station on February 18. The winter-over popu-
lation is four USARP scientists, including Soviet
exchange scientist Aleksandr Shirochkov, and 16
officers and enlisted men from Antarctic Support
Activities.

Winter scientific programs this year are a riometer
program and ultra-low-frequency studies by the En-
vironmental Research Laboratories of NOAA, ob-
servations of aurora (simultaneously with recordings
at Byrd's conjugate station in the Northern Hemi-
sphere) by the Arctic Institute of North America and
Canada's National Research Council, and study of
the magnetosphere based on surface and satellite
very-low-frequency data by Stanford University.
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Weather balloon being prepared for launching at Pole
Station. The "South Pole."
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In addition to his own investigation of the iono-
sphere, Mr. Shirochkov has expressed great interest
in a phase-tracking system set up by NOAA and is
operating that system this winter.

Palmer Station

After the Deception Island investigation ended in
late January, U.S. activities in the Antarctic Penin-
u1a area were limited to the vicinity of Palmer

Station.
Two of the remaining four summer groups at

Palmer were from the Scripps Institution of Ocea-
nography. One group, headed by Dr. Edvard A.
:Hemmingsen, made respiratory, thermoregulatory,
behavioral, and cardiovascular studies of the ice fish
Chaenichthyidae. The other, headed by Dr. Gerald
L. Kooyman, continued its experiments with deep-
diving blue-eyed shags. During simulated dives of up
to 70 m depth, blood samples were taken for gas
analysis. Also, temperatures of the diving birds were
recorded. Both Scripps groups left Palmer on Feb-
ruary 22 aboard R/V Alpha Helix, which had been
at Palmer Station since January 2.

Generators leaking carbon monoxide forced a Uni-
versity of California (Davis) party headed by Mr.
Richard L. Dunkle that had been living at the old
Palmer Station site to move to the new station, far-
ther from its study area, in early February. Neverthe-
less, both a program for determining arthropod den-
ities as well as a study of the respiration of mosses at

Norsel Point were successfully completed.
Messrs. Stephen Shabica and Michael D. Richard-

on of Oregon State University (principal investi-
gator: Dr. Joel Hedgpeth) continued respirometry
studies of Dodecolopoda mawsoni and inter- and
%ubtidal observation of Patinigera polaris. Heart-rate,
freezing-point, and breathing experiments with P.
polaris were made also. Twenty-five benthic crabs
were taken from five stations in and near Arthur
Harbor for later study. Both the University of Cali-
fornia (Davis) and the Oregon State groups left
Iralmer aboard Hero on March 12.

The approach of winter brought its usual changes
of personnel at Palmer Station. Mr. Robert L. Dale,
USARP representative for the Antarctic Peninsula,
left Palmer aboard Westwind on January 31. Mr.
Dale L. Berry of Texas Tech University, who had
arrived aboard USNS Wyandot on January 27, was
named station scientific leader on February 3. Mr.
Berry is accompanied by Mr. Brent L. Davis, also
of Texas Tech. By the end of March, the two biol-
ogists were well into their winter program: a refer-
ence set of slide mounts for terrestrial arthropods
had been prepared, and collection of live arthropods
for population and life-cycle studies was under way.

R/V Hero had a full schedule in the late season.
In addition to supporting scientists at Palmer, she
made a round trip to the South Orkney Islands to
support a party there, stopping at the Soviet station
Bellingauzen and the adjacent Chilean station Presi-
dente Frei both going and coming to exchange pas-
sengers and equipment. To make up for the lost sup-
port of USCGC Staten Island, which, after hitting a
rock halfway around the Continent, could not make
a scheduled visit to Palmer, even laboratory space
aboard Hero was packed with equipment for the
return trip to Punta Arenas via the South Orkneys.
Hero arrived at Punta Arenas on March 31 after a
passage through heavy weather that forced the 125-ft
vessel to take a zig-zag course.

On February 20, the Argentine ships General San
Martin and Bahia Aguirre brought a visiting party
to Palmer Station that included the Hon. John Davis
Lodge, U.S. Ambassador to Argentina, and Dr. Andre'
C. Simonpietri, scientific attaché at the U.S. embassy.
Other vessels visiting Palmer were the British ships
John Biscoe (February 23) and Bransfield (March 8
and 30-31). Brans field was expected to be the last
ship at Palmer until next season.

South Orkney Islands

Continuing previous years' study of the tectonic
characteristics of the Scotia Arc, a party of four
worked in the South Orkney Islands from February
6 to March 25. Headed by Dr. Ian W. D. Dalziel
of Columbia University, the group lived aboard Hero
for part of its stay. For 3 1/2 weeks, while Hero made
a trip to Palmer Station, the four geologists lived on
Signy Island in tents. In Hero's absence, a Zodiac
(an inflatable rubber boat with outboard motor) was
used for commuting among the several islands that
comprise the South Orkneys.

Although at times fierce weather had halted work,
Dr. Dalziel was able to report before leaving that his
party's accomplishments were "considerably beyond
expectation." Among the preliminary findings, Signy
Island was seen to have a tectonic history remarkably
similar to that of western Elephant Island (off the
tip of the Antarctic Peninsula), studied last year.
Specimens collected from the northern part of Powell
Island show that it has a metamorphic complex like
Signy's, not the graywacke previously reported. The
structure of Laurie Island was also found to be differ-
ent from that reported previously.

Kerguelen Islands

From February 15 to March 27, six biologists in-
vestigated the botany and ornithology of the sub-
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antarctic Kerguelen Islands. Dr. Henry Imshaug of
Michigan State University headed a five-man group,
and Mr. Jean L. Monod represented Dr. Robert
Risebrough of the University of California at Ber-
keley. USNS Eltanin fielded the party.

Air operations

At the time of the loss of The City of Christchurch,
all field parties had been picked up, Siple and Brock-
ton Stations had been closed for the austral winter,
Pole Station had received its last flight for the sum-
mer, and Byrd was scheduled to receive its last 3 days
later. The only remaining major airlift effort was the
redeployment of summer support personnel from Ant-
arctica to New Zealand. Antarctic Development
Squadron Six (VXE-6) was able to handle the re-
maining requirements with the four other Hercules.

Attempts to pick up the three remaining remote
field parties, unsuccessful because of weather in Jan-
uary, were continued in early February. The British
party in the Shackleton Range and the Norwegian
Party in the Sverdrup Mountains were finally re-
covered on February 2. During the flight, the LC-130
Hercules air-dropped a copy of the 1971 Surveyors
Almanac to South Africa's SANAE Base. The South
Africans plan a geophysical traverse immediately af-
ter the winter, and their copy of the Almanac had
not arrived prior to their departure. With SANAE
Base only 200 miles north of the Norwegian party,
it was possible to deliver the Almanac en route. The
pickup entailed almost 18 hours of flying time and
required refueling at Pole Station and the British
station Halley Bay. A second Hercules, configured as
a tanker, was sent to Halley Bay to provide fuel for
the pickup aircraft.

An attempt was made on February 4 to pick up
the U.S. Geological Survey party on the Lassiter
Coast, but weather again cancelled the flight. Two

days later the pickup was made during a 12-hour
flight that included a fuel stop at Pole Station.

Final helicopter operations for the season occurred
on February 11. The last flight transferred Brian
Porter, leader of New Zealand's Scott Base, to Cape
Evans. He returned to the McMurdo area on Lind-
blad Explorer.

VXE-6 shifted to Christchurch's Harewood Air-
port on February 19, leaving a detachment at Mc-
Murdo Station.

During the redeployment to New Zealand in Feb-
ruary, VXE-6 LC-130s made 27 northbound flight
transporting 748 passengers. The final flight from
McMurdo Station occurred on February 25. The
next day Williams Field was secured; aircraft will not
operate there until the winter fly-in scheduled foi
September.

Redeployment from New Zealand to the United
States was primarily by U.S. Air Force Military Air-
lift Command C-141 Starlifters. Nine Starlifter
flights transported 780 passengers to the United
States, and one chartered DC-8F carried 165 pas-
sengers northward. An additional 124 Navy passen-
gers were transported north via MAC channel
flights—regularly scheduled military flights that tran-
sit Christchurch.

The one remaining C-121 Super Constellation
carried only cargo on her last flight. Upon her return
to the naval air station at Quonset Point, Rhode
Island, she was transferred from VXE-6 to the
Naval Air Systems Command for deactivation and
retirement.

The four remaining LC-130 Hercules returned two
UH-11) helicopters to Quonset Point along with 10
passengers. One UH-1D and four LH-34D heli-
copters were stored in Antarctica.

At the completion of the redeployment, VXE-6
left the operational control of the Commander, Naval
Support Force, Antarctica, and reported to the Corn-

The last C-121 Super Constellation remaining with VXE-6 is	The tourist ship Lindblad Explorer in Winter Quarters Bay. The
prepared for its final flight,	 vessel visited Antarctica twice this past season.
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rnander, Fleet Air, at Quonset Point on March 8.
Simultaneously, Task Group 43.2, Antarctic Air
Group, was deactivated.

Ross Sea ship operations

The first cargo ship to call at McMurdo this sea-
)n, USNS Pvt. John R. Towle, completed her un-
)ading and departed on February 2. This was the
2th season in the Antarctic for the Towle.
Arriving from Palmer Station, the cargo ship

JSNS Wyandot berthed at Elliott Quay on February
disembarked 11 passengers picked up at Palmer,

nd began unloading. A week later, she departed
4cMurdo with two USARP and 22 Navy passengers
nd 700 long-tons and 2,049 measurement tons of
trograde cargo, most of it public works vehicles and

maintenance equipment destined for reconditioning
in Rhode Island. The equipment will be returned
to McMurdo next season.

Wyandot arrived in Lyttelton, New Zealand, on
February 20, disembarked her 24 passengers, and
took on 141 long-tons and 400 measurement tons of
cargo, mostly scientific and office equipment. She de-
parted Lyttelton on February 23, stopped briefly at
Pitcairn Island to deliver mail, and steamed for the
United States. Off the coast of Ecuador, an Ecua-
dorian gunboat mistook Wyandot for a tuna boat
and fired on her for infringing territorial waters.
Wyandot reached Davisville on March 21 without
further incident.

Fuel oil for a full year's operations arrived at Mc-
Murdo on USNS Maumee on February 12. The large
tanker berthed with the assistance of USCGC Staten
Island, and unloading began immediately. Staten Is-
land received 397,530 gallons of marine and arctic

U.S. Navy

A record number of ships in Winter Quarters Bay. Left to right: USNS Maumee, USCGC Burton Island, USNS Wyandot, USCGC
Staten Island, New Zealand supply ship Endeavour.
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The protective facing at El-
liot Quay, Winter Quarter
Bay, which was completed

this season.
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A shell, or "top hat," is
built over buildings at Pole
Station to displace snow.
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The weight of accumulat-
ing snow has distorted this

tunnel at Pole Station.
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diesel fuel, Burton Island received 187,834 gallons
of marine diesel fuel, and the fuel depot at McMurdo
received 5,457,480 gallons of arctic diesel fuel, motor
gasoline, and jet fuel. Burton Island helped undock
the large tanker with some assistance from a mech-
anized landing craft (LCM) carried aboard Wyan-
dot. The LCM broke up sludge alongside Burton
Island and pushed Maumee's stern clear of Hut
Point. The tanker departed on February 14 en route
t the Canal Zone.

After receiving fuel, Staten Island departed Mc-
Murdo with a team of U.S. observers on board and
proceeded on her planned circumnavigation of the
continent to inspect foreign stations.

Burton Island departed McMurdo for Hallett Sta-
tion on February 15. After assisting in the Hallett
cleanup, she embarked the Hallett personnel and
sailed for Lyttelton on February 16, carrying two
I2SARP and 19 Navy passengers, some from Mc-
Murdo. Burton Island departed Lyttelton on Febru-
ary 27 for her home port of Long Beach, California.

HMNZS Endeavour, an oiler used to resupply New
Zealand's Scott Base, berthed in Winter Quarters
Bay on February 11, unloaded the next day, and de-
parted for Campbell Island on February 14.

One other ship visited during the late season.
Lindblad Explorer, with 60 tourists on board, visited
Hallett on February 14 and McMurdo on February
15-17.

The Ross Sea Ship Group, Task Group 43.5, was
disestablished on February 17 after Burton Island
departed Hallett Station for Port Lyttelton. With
the conclusion of ship operations at McMurdo, the
Navy Cargo Handling and Port Group, Detachment
Echo, concluded its activities and on February 21
departed for New Zealand.

Also operating in antarctic waters on the Austra-
lian side of the continent was R/V Thomas Washing-
ton. An oceanographic research vessel operated by
the Scripps Institution of Oceanography, Thomas
Washington was on a 9-month, Pacific-wide expedi-
tion. The vessel spent some 35 days south of 60°S.
in January and February.

Construction and maintenance

Several construction projects completed during
February were accepted by the Commander, Antarc-
tic Support Activities. The freshwater, sewer, and
electrical monitoring systems were accepted on Feb-
ruary 17. The building housing the utilities, building
trades, and ground maintenance shops, and portions
of the administrative building, were accepted on the
condition that minor corrections will be made next
season.

IN 	on a waste water line for the nuclear power
plant and realinement of the road from McMurdo

Station to Scott Base were discontinued until next
season. The protective facing at Elliott Quay, which
Towle had struck and damaged earlier in the season,
was repaired and the project completed. Then Wy-
andot ran into it. It was repaired again, but the
need for additional work will not be known until
divers examine the facing next season.

Most construction projects carried over from Deep
Freeze 70 were completed during Deep Freeze 71.
The only exceptions were several items in building
155, the McMurdo personnel facility.

Most stations were assigned projects for the win-
ter. McMurdo Station's projects included relocating
the Williams Field galley (finished in March), re-
habilitating the portable weather reporting equip-
ment that had been used at Little Jeana Station
(closed in 1966), and improving the longwire equip-
ment that had been brought from Byrd at the close
of this season. Day-to-day activities at McMurdo
will include continuous monitoring of several Naval
Civil Engineering Laboratory projects, extensive
maintenance of vehicles and equipment, and normal
building maintenance, which includes securing un-
occupied buildings for the winter.

Although the existing complex at Byrd Station will
not be occupied after January 1972, maintenance
will have to continue through the winter. Attention
will be directed toward control of excess heat in an
attempt to reduce the growth of ice inside the
tunnels.

Buildings, equipment, and vehicles will receive pe-
riodic maintenance. Station supplies and equipment
will be examined to determine what will be used in
the surface camp that will remain after the under-ice
facility is closed; unneeded items will be returned to
McMurdo. Snow removal and drift control on the
surface will continue.

The USARP barracks at South Pole Station will
be rehabilitated during the winter. The snow load
was removed during the summer, and a snow-dis-
placing top hat was put in place. Some shoring will
be required in the tunnels. An old generator building
will be converted into a recreation building and
ymnasium.

Inspection team

The six U.S. observers who had arrived at Mc-
Murdo in late January visited Byrd Station, Pole
Station, the ice-free valleys, Capes Royds and Evans,
and Scott Base before departing on board Staten
Island on February 12. For the next 16 days the
observers sailed eastward and inspected France's
Dumont d'Urville Station on February 18, Australia's
Casey Station on the 21st, the Soviet Union's Mirnyy
Station on the 24th, and Australia's Mawson Station
on the 28th. Near Mawson Station, Staten Island
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struck an uncharted pinnacle, and the remainder of
the inspection was cancelled.

While sailing eastward from McMurdo, Staten
Island had been in continuous contact with the
Japanese icebreaker Fuji, stuck in the ice since Jan-
uary. With the assistance of ITOS 1 satellite data
on ice conditions, Fuji broke out of the ice on Feb-
ruary 10 and was able to resupply Showa Station and
return to Japan. The ITOS 1 data, sent from Fleet
Weather Central, Suitland, Maryland, were also
used by Staten Island on her voyage.

SAE Information Bulletin
Volume 7, Issues 3 and 4, Published
The English translation of Soviet Antarctic Expe-

dition Information Bulletin Nos. 71 (1968), 72
(1968), 73 (1969), and 74 (1969) has been pub-
lished. The 100-page Issues No. 3 and 4, each con-
taining two Bulletins, are available at $7.50 apiece
from the American Geophysical Union, Suite 43,
2100 Pennsylvania Ave. N.W., Washington, D.C.
20037.

* U.S. GOVERNMENT PRINTING OFFICE: 1971-436-260/5
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