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In the fiscal 1990 budget request to
Congress, the President has included
$10 million that will enable the U.S. Ant-
arctic Program to begin a comprehensive
approach to improvements in the areas
of safety, health, and environment. The
National Science Foundation (NSF),
which funds and manages the U.S. Ant-
arctic Program (USAP), proposed the ini-
tiative in response to recommendations
included in the July 1988 report of the
U.S Antarctic Safety Review Panel. This

initiative, which will span several years,
was welcomed by environmental
groups, when NSF Director Erich Bloch
presented the proposal at a February
meeting and later when it was presented
as a part of NSF's testimony before
Congress.

The initiative is designed to meet the
following goals:

• Safety: To achieve year-round oper-
ations in the Antarctic with modern tech-
nology and acceptable risk.

• Environment: To clean up the debris
of past operations and to make present-
day operations conform with current
regulations, attitudes, and technology.

• Health: To improve medical facilities
and to provide field parties with safety
experts who also have medical training.

Although NSF has dealt with problems
in these areas, resources have been inad-
equate, and a number of problems re-
main. Environmental improvements to
date at McMurdo Station include ending
ocean dumping, cleaning a disused sea-
side dump, setting up a sorting and stor-
age area for waste, constructing energy
efficient buildings, and shipping un-
needed hazardous material back to the
United States.

Over half of the initial $10-million in-
crement will be used for environmental
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During the 1988-1989 austral summer, civilian and military personnel focused on cleaning up
McMurdo Station and completing building projects. This view of the station shows the new dormito-
nes (right center) and part of the area where much debris was removed.

U.S. Navy photo by Dirk Meehan.
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activities with the balance targeted for
improvements related to safet y and
health. The total initiative is expected to
reach $100 million dollars over 5 years
but does not include funds to acquire
new aircraft. Of the $100-million, about
$30 million will be used for environmen-
tal protection.

The U.S. Antarctic Safety Review Pan-
el, which was appointed by NSF Director
Erich Bloch, outlined its findings and
recommendations in its report Safety in
Antarctic: Report of the U.S. Antarctic Pro-
grain Safety Review Panel. Among its rec-
ommendations were are improved waste
disposal systems, environmental
monitoring, improved technology for
communications and air-traffic control,
expanded survival training for program
participants, and consideration of new
materials and products for cold-weather
clothing. (See the December 1988 Ant-
arctic Journal, Volume 23, number 4,
pages 6-7, for a complete description of
its report.)

U.S. Navy photo by Dirk Meehan.

This close-up shows the extent to which the harbor area was cleaned during the austral summer.

Safety, Environment, and
Health Officer selected
for USAP

In May 1989 Gary T. Staffo, a Certified
Safety Professional, joined the National
Science Foundation's Division of Polar
Programs (DPP) as the Safety, Environ-
ment, and Health Officer for the U.S.
Antarctic Program. The Foundation es-
tablished the SEHO position in response
to recommendations made by the U.S.
Antarctic Safety Review Panel to the
Foundation's Director Erich Bloch. In this
position, Mr. Staffo will plan, coordi-
nate, implement, and manage all matters
related to safety, environmental protec-
tion, and health.

Mr. Staffo brings to the U.S. Antarctic
Program (USAP) special skills and di-
verse experience in the areas of safety
and health. During his career, he has
worked for both Federal government
and private-sector organizations. Imme-
diately before joining DPP, he was the
Senior System Safety Project Manager
for Hernandez Engineering, Inc., a con-
tractor to the National Aeronautics and
Space Administration. He has served as
the Chief Safety Engineer at the head-
quarters of the Department of the Army,
Director of Safety and Health for the
Naval Facilities Engineering Command,
and Safety Engineer at the headquarters

of the Defense Logistics Agency. He also
has been a safety engineer in the Safety
and Environmental Health Division of
Xerox Corporation.

A graduate of Rochester Institute of
Technology, Mr. Staffo has a bachelor of
science degree in industrial engineering.
In 1976, he received a National Institute
of Occupational Safety and Health grant,
which enabled him to study system safe-
ty engineering, ergonomics, and oc-
cupational safety and health at North
Carolina State University.

He became a Certified Safety Profes-
sional by examination in comprehensive
practice and in system safety. Among the
professional societies to which he be-
longs are the System Safety Society, the
Society for Risk Analysis, the Associa-
tion of Federal Safety and Health Profes-
sionals, and the American Institute of
Aeronautics and Astronautics. He also
has participated on such committees as
safety committees of the American Na-
tional Standards Institute, the Chief of
Naval Operations Safety and Occupa-
tional Health Working Group, and the
National Academy of Sciences BRAB!
FCC Standing Committee on Facilities
Safety. Additionally, he has published
numerous papers and made presenta-
tions to U.S. and international profes-
sional organizations on topics that in-
clude facilities system safety, risk man-
agement, hazard analysis, ergonomics,
and home safety.
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Antarctic Journal of the United States,
established in 1966, reports on U.S. ac-
tivities in Antarctica and related ac-
tivities elsewhere, and on trends in the
U.S. Antarctic Research Program. It is
published quarterly (March, June, Sep-
tember, and December) with a fifth an-
nual review issue by he Division of Polar
Programs, National Science Founda-
tion, Washington, D.C. 20550. Tele-
phone: 2021357-7817.
The Antarctic Journal is sold by the copy
of on subscription through the U.S. Gov-
ernment Printing Office. Requests for
prices of individual issues and subscrip-
tions, address changes, and information
about other subscription matters should
be sent to the Superintendent of Docu-
ments, U.S. Government Printing of-
fice, Washington, D.C. 20402.
The Director of the National Science
Foundation has determined that the
publication of this periodical is neces-
sary in the transaction of the public busi-
ness required by law of this agency. Use
of funds for printing this periodical has
been approved by the director of the
Office of Management and Budget
through 31 March 1991.
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NSF photo by Ted DeLaca.

Bahia Paraiso, an Argentine Navy ship carrying tourists and supplies for Argentine antarctic
stations, grounded near the U.S. research station Palmer on 28 January 1989. When the ship
grounded, a 30-meter hole was ripped in its side, and fuel stored in its tanks began to seep into the
water.
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Argentine ship sinks
near Palmer Station

Passengers and crew aboard the Ar-
gentine ship Bahia Paraiso learned how
dangerous antarctic travel can be when
their ship ran aground near Palmer Sta-
tion on 28 January 1989. Like other ships
bringing visitors to the Antarctic Penin-
sula region, Bahia Paraiso called at the
U.S. research station on Anvers Island to
give its 81 tourist passengers (among
which were 41 Americans) their first op-
portunity to see a U.S. antarctic research
station. As the ship left the harbor area, it
struck submerged rocks and grounded.
Although no passengers were injured
and only one crew member suffered
minor injuries as a result of the accident,
diesel fuel and other petroleum products
began leaking from the ship, endanger-
ing local wildlife and ongoing research
projects at the station.

Mishap and rescue
The first tourists from the Ba/rio ftraise

arrived at the Palmer Station at :pprox-
imately 9:00 a.m. to tour station (Liities
and meet science and tatior p&rsonne!
After a 2-hour visit, they returned to the
Bahia Paraiso to continue their trip to
other sites in the Peninsula region. As
the ship left the area, it struck an under-
water ledge, which ripped a 30-foot (10-
meter) gash in its side, and grounded
about 2 miles (3.2 kilometers) from the
station.
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Quickly, the 26 members of Palmer
Station crew—including scientists, sup-
port personnel, and NSF Representative
Ted DeLaca—responded to the request
of the shi p 's captain for assistance. Using
saall motorized, rubber boats (called
"7031acs") that are maintained at the sta-
tion for local research, they began to
transport people from the ship to Anvers
Island.

Meanwhile, the U.S. Antarctic Pro-
gram contacted the operators of other
tour ships that were sailing in nearby
waters. Two ships—Society Explorer and
lllyria—were close enough to assist with
the evacuation of stranded passengers
and some of the crew. Society Explorer,
owned by a Seattle tour company Society
Expedition Cruises, arrived as life rafts
from the sinking ship were being thrown
into the water and was asked to assist
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with rescue operations and left the area
with 132 passengers and crew from Baltia
Paraiso. Arriving at 11:00 p.m., Illyria, a
Greek ship charted by a New York-based
firm Travel Dynamics, took on 80 pas-
sengers and crew from the stricken ship.

The ships transported tourists and
crew members to the Chilean station
Teniente Marsh on King George Island,
an island in the South Shetland Island
group where the Chilean antarctic pro-
gram maintains a hard-surface runway.
From there, a Chilean military airplane
flew the 212 Bahia Paraiso evacuees to
Punta Arenas, Chile, where they were
picked up by an Argentine airplane that
transported them to Argentina.

The remaining 104 crew members of
the Bahia Paraiso departed Palmer Sta-
tions in two groups—the first on 1 Febru-
ary aboard the Chilean ship Cruz de For-

PALMER STATION
ANTARCTICA, AND VICINITY
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Palmer Station, located on Anvers Island, is one of many year-round stations in the Antarctic Peninsula region (see right-hand map). The small islands
near Palmer Station (see left-hand map) are populated by several species of birds and often have a sparse covering of the few terrestrial plants that can
survive the severity of the antarctic environment. The surrounding waters are rich in marine life, ranging from the microorganisms to large mammals. The
United States has maintained Palmer Station for more than 20 years, primarily to support biological investigation of this unique ecosystem.
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ward and the second on 4 February
aboard the Spanish ship Las Palmas. Be-
cause Palmer Station was built to support
about 40 scientists and support person-
nel, every available shelter—including
the station boat house and carpentry
shop—was used to house the marooned
crew members.

Initial impact
Bahia Paraiso, a 430-foot Argentine

Navy ship, carried not only tourists but
also supplies, including fuel and other
petroleum products, for Argentine sta-
tions in the Antarctic Peninsula region.

At the time of the accident the ship's 37
tanks contained about 1,005 cubic
meters (approximately 250,000 gallons)
of various types of fuel. Much of this fuel
was intended for use to power the ship or
for delivery to the Argentine station Es-
peranza, which is 200 miles (320 kilo-
meters) from Palmer Station. The other
petroleum products on board were an
estimated 200,000 gallons (798 cubic
meters) of diesel fuel, 21,000 gallons (83
cubic meters) of JP-1 (a lightweight fuel
used by the ship's two helicopters),
18,000 gallons (73 cubic meters) of gas
oil, and 13,000 gallons (51 cubic meters)

of lubricating oil. The ship was transport-
ing about 450 55-gallon (200-liter) drums
of diesel fuel and 217 canisters of com-
pressed butane and propane gas.

When the ship grounded, the rip in its
hull allowed oil to seep out. Initially, a
0.4-square-mile (1-square-kilometer)
fuel slick formed near the disabled ship.
After about 4 hours, the slick began to
spread east towards the west and south
beaches of Torgersen Island and into
Arthur Harbor on the Palmer Station
side. Shortly after the accident, station
personnel reported that a layer of oil cov-
ered the water in the harbor area and was

Palmer Station and vicinity
Six hundred miles (966 kilometers)

South of Cape Horn lies the Antarctic
Peninsula,, an ice-covered, serrated
arc between 73°25'S and 63°20'S. Like
an arm extending from West Ant-
arctica, the Peninsula consists of a
central plateau, which in certain areas
is as high as 8,000 feet (2,438 meters),
and rocky coasts, which are punctu-
ated by many small islands. Glaciers,
flowing from the plateau to the sea,
mask the geological complexity of the
region. To the east are the ice-covered
waters of the Weddell Sea; to the west
is the South Pacific Ocean.

For more than 100 years, explorers,
sailors, and scientists have crossed
the Drake Passage, despite the pas-
sage's reputed rough seas, to reach
the Peninsula region. Here they
found ocean waters rich in marine
life. Bottom waters, rising to the sur-
face, bring nutrients that support an
abundant phytoplankton population.
These microscopic plants, par-
ticularly diatoms, are so numerous
that they form blooms on the water's
surface and provide food for large
populations of krill, copepods,
pteropods, ostracods, and jellyfish.
Benthic populations of bryozoans,
sponges, hydroids, crustaceans, mol-
luscs, starfish, sea lilies, sea cucum-
bers, and sea spiders inhabit the con-
tinental shelf region. Six species of
seals and seven of whales, along with

various species of fish, make up the
upper levels of the marine ecosystem.

Unlike the dry, cold climate of the
antarctic interior, the climate of the
Peninsula is a polar maritime type—
more closely resembling that of the
northern hemisphere Aleutian Is-
lands. The highest temperatures in
Antarctica occur along the northern
fringes of the Peninsula coast and on
nearby islands. For most of the coastal
areas temperatures range between
-20°F and 40°F (-29°C to 4.5°C), al-
though summer-time temperatures
can remain above freezing for 1 to 4
months depending on the location.

When compared with other areas of
the world, the Peninsula is still bar-
ren. However, ice-free coastal areas
and islands support terrestrial life
that is lush by antarctic standards.
Seventy species of moss and about
350 species of lichen cover the rocky
peninsulas and islands. These areas,
coupled with the rich marine life,
provide a haven for a diverse avian
population. South of 60°S, biologists
have observed one species each of
cormorant, five species each of skuas,
gulls, and terns, two species of
sheathbills, and four species of pen-
guins. Several species of albatross,
petrels, and storm petrels also visit
the region.

Anvers Island and Palmer Station
On the Pacific Ocean coast of the

Antarctic Peninsula, about halfway

between its tip and base, is Anvers
Island, an island in the 155-mile (250-
kilometer) long Palmer Archipelago.
Anvers, which is 43 miles (70 kilo-
meters) long, is the largest and most
southern island in the archipelago.
Since 1965 the island has been the site
of the U.S. Antarctic Program's
(USAP) most northern antarctic re-
search station.

The United States began exploring
and studying the Peninsula region in
the mid 1940s but did not consider
plans for a station in this area until the
early 1960s. As the U.S. program ex-
panded after the International
Geophysical Year (1957-1958) and as
biology became an important compo-
nent of U.S. research in Antarctica,
the large populations of marine fauna
and flora, the variety of bird species,
and the presence of terrestrial flora
and fauna in the Peninsula region
drew the attention of scientists and
program managers. By 1962 all real-
ized that U.S. scientists, particularly
biologists, could enhance and expand
their understanding of Antarctica by
combining work at McMurdo Station
and aboard research ships like the
USNS Eltanin with investigations in
the Peninsula region.

Between 18 January and 5 March
1963 the U.S. Navy icebreaker Staten
Island surveyed 33 possible sites from
Adelaide Island in the South to King
George Island in the South Shetland
Islands. The site had to meet the fol-
lowing criteria:

• a biologically rich environment,
• access by ship and potentially by

airplanes like the program's ski-
equipped Hercules (LC-130)
airplanes,

Palmer Station, Anvers Island

NSF photo by Nadene Kennedy.
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washing up on nearb y beaches. Accord-
ing to (heir observations, it was thick
enough to discolor both the ocean water
and sea ice. As they evacuated the pas-
sengers and crew from ship, the 20-foot-
long Zodiacs churned up "brown wakes"
of the spilled fuel.

Although the spill remained fairly
concentrated in the Arthur Harbor area
for the next 24 to 36 hours, station per-
sonnel noted a light oil film on the water
to the south and southwest of the sta-
tion. It was particularly noticeable
around Shortcut Island and in a tri-
angular area formed by Christine, Lim-

itrophe, and Hermit Islands. In the chan-
nel between Christine and Limitrophe
Islands, the concentration was heavier.

On 31 January, the combined force of
winds, currents, and tides freed the
Bahia Paraiso from its original grounding
site. Once free, the ship drifted to a new
location near DeLaca Island about 1.25
miles (2 kilometers) from Palmer Station.
At this location, it beached, rolled over,
and sank, leaving only about 20 percent
of the ship above the sea surface. As the
ship rolled, barrels of fuel and canisters
of gas broke free from the deck and
floated away from the ship. Anxious to

prevent debris from floating out to sea or
sinking to the ocean floor, all available
personnel at the U.S. station began col-
lecting barrels and canisters.

A new spill streamed from the cap-
sized ship and was carried by local cur-
rents south and southwest for about 3
miles (5 kilometers). After reaching the
shores of Janus, DeLaca, and Hermit Is-
lands, the stream of fuel split in two.
One stream flowed toward the triangle
formed by Christine, Limitrophe, and
Hermit Islands. The second moved past
Laggard and Jacobs Islands and away
from the Anvers Island area toward the

• a large enough ice-free area for
the station's buildings,

• access by small boat from the sta-
tion to nearby research sites.

Additionally, the head of the Na-
tional Science Foundation's Office of
Polar Programs, which managed the
antarctic research program, recom-
mended that the station plan include
a small, shallow-draft research ship
capable of working near the shore. By
adding this ship, the U.S. program
could support ship-based and shore-
based research throughout the
region.

Arthur Harbor on the southwest
shore of Anvers Island was selected
because it best met the established re-
quirements. Its central location also
would make possible investigations
throughout the Peninsula. In 1964
U.S. Navy personnel erected tempo-
rary buildings at Norsel Point near an
abandoned British base. About 1.5
miles (2.4 kilometers) from the pres-
ent U.S. station, this first station—
now known as "Old Palmer" and
maintained as an emergency refuge—
was officially opened on 25 February
1965. During the station's first winter,
it supported five scientists and four
Navy support personnel.

During the next four austral sum-
mers, Navy personnel worked to
complete the permanent station at
Carnage Point (64°46'S 64°03'W). The
two- and three-story, steel-frame biol-
ogy laboratory was completed by the
end of the 1967-1968 summer; the
second main building, consisting of a
garage, warehouse, and recreation
area was two-thirds complete by the
end of the 1968-1969 summer.

While Navy construction crews
worked in Antarctica to complete the
station, construction of the ship, the
125-foot, wooden research ship Hero,
was being completed. After a 9-
month cruise that began in March
1968 from South Bristol, Maine, Hero
arrived at Palmer Station on Christ-
mas Day 1968.

June 1989

Research
Biologists began to survey and

study marine and terrestrial life in
Anvers Island area in 1965. With the
addition of Hero in 1968, they were
able to extend their studies beyond
the immediate area in 1984 Hero was
replaced by 219-foot, ice-strength-
ened research Polar Duke, which is
leased through the National Science
Foundation's support contractor. The
use of this ship, which is capable of
working in moderate pack ice, has en-
abled biologists and other scientists to
expand their efforts in the Antarctic
Peninsula area. New efforts include
investigations of marine populations
during the austral winter, marine biol-
ogy and ocean science studies in
Weddell Sea pack ice, and research
into how marine populations are re-
sponding to increased exposure to ul-
traviolet radiation as a result of the
decreased ozone levels.

Through long-term population
studies, biologists have found that 22
species of birds visit the region an-
nually with 11 of these breeding on
nearby islands. A survey of Adélie
penguin rookeries between 1985 and
1987 recorded nesting sites on
Torgersen, Humble, Litchfield, Cor-
morant, Christine, Dream, and
Joubin Islands. These rookeries
ranged in size from 61 nests to more
than 10,000 nests.

In the same survey, researchers
counted:

• 27 chinstrap penguin nests on
Dream Island,

• 20 chinstrap and 90 gentoo pen-
guin nests on one of the Joubin
Islands,

• blue-eyed shag colonies on Cor-
morant (729 nests) and Christine Is-
lands (8 nests),

• 230 south polar skua nests be-
tween Bonaparte Point and Norsel
Point and 12 nests on Humble Island,

• 6 brown skua nests on Litchfield
Island and 2 nests on Humble Island.
They also observed that southern

giant fulmars, southern black-backed
gulls, American sheathbills, antarctic
terns, and Wilson's storm petrels nest
on nearby islands, as well as the pres-
ence of antarctic, cape, and snow
petrels.

Observations made by inves-
tigators during the first part of the
1988-1989 austral summer (up to 31
January 1989) support these earlier
findings. Researchers from Point
Reyes Bird Observatory banded 1,000
Adélie chicks on Humble Island and
obtained growth data for 1,000 Adélie
chicks on Torgersen and 350 on Hum-
ble. From their preliminary estimates
of breeding success among Adélie
penguins from monitored colonies on
Humble, Torgersen, Litchfield, Chris-
tine, and Cormorant Islands, they es-
tablished that the penguins bred
more successfully than 1987, with
some colonies producing two to three
times the number of chicks.

They found that unlike 1987 the
diet for most of these chicks consisted
largely of krill, rather than a combina-
tion of about 50 percent fish with krill
and amphipods making up the bal-
ance. Because of this dietary change,
the chicks were healthier and better
developed. Additionally, the research
team pointed out that this change
suggests that krill were more plentiful
than in 1987 and that the greater
abundance of krill is indicative of a
relatively healthy oceanic ecosystem.

These observations, combined with
studies of local marine populations
and counts of seals and whales that
breed nearby or visit the Anvers Is-
land area, emphasize the need not
only for continued research but also
for protecting the local ecosystem.
Presently, only Litchfield Island, a
Specially Protected Area, is protected
under the Antarctic Treaty's 1964
Agreed Measures for the Con-
servation of Antarctic Fauna and Flo-
ra. Southwest of Palmer Station, ac-
tivities are restricted in the Biscoe Bay
area (Special Site of Scientific Interest
20).
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NSF photo by Ted DeLaca.

h i s view of Bahia Pa'aso, t a ken from e ship stern shows how much the ship was listing soon
after the grounding. Also visible are the helicopter bays, where two helicopters were stored.
Unfortunately, because the crew could not get the helicopters off the ship before it rolled over on 31
January, both helicopters were lost.

This close-up of the ships deck after it drifted and rolled on 31 January shows oil drums and gas
canisters that were still on the deck at the time of the accident. Working from "Zodiacs," Palmer
Station crew survey the disabled ship.

NSF photo by Ted DeLaca.
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Neumaver Channel. B y 1 Februar y, the
Palmer Station crew estimated that slicks
of fuel and pools of sludge could be
found floating on the water in a 6-mile
(10-kilometer) area around the station.

International clean-up effort
Initially, U.S. and Argentine person-

nel at Palmer Station were restricted in
their efforts to clean up the debris and
spilled fuel because they lacked the nec-
essary containment and clean-up equip-
ment. Shortly after word of the accident
reached the United States, the National
Science Foundation began organizing
U.S. resources and experts to send to
Palmer Station. Other U.S. officials con-
tacted the Argentine government and
began to discuss ways to minimize the
impact of the fuel spill.

Between 4 and 7 February, the ships
and airplanes from the Argentine and
Chilean navies surveyed the site. On 4
February the Argentine Navy ship Al-
,nirante irizar, which had left Argentina
the day of the accident, arrived to survey
the sunken ship; two days later the
Chilean tender Yeiclio arrived arid began
placing the first containment boom
around the stricken ship.

The U.S. team arrived on 7 February
and immediately began clean-up opera-
tions. After 2 days of extensive sur-
veillance and skimming operations, their
activities switched to plugging leaks in
the ship's hull and assisting the Argen-
tine salvage crews with the removal of
fuel from the ship. Experts from the U.S.
and Argentina agreed that, within the
first week, much of the spilled fuel had
dissipated by natural actions, including
evaporation, dissolution, photooxida-
tion, and dispersion (see the accompany-
ing table for definitions of the processes
by which oil or fuel spills dissipate).

They also agreed that only two poten-
tial hazards remained—the possible
break-up of the ship and the continued
leakage of fuel from the ship's breached
tanks. Representatives from the U.S.
Navy's Supervisor for Salvage and a
Dutch company under contract to the
Argentine Navy determined that the
ship was stable and not likely to break
up. Both salvage crews continued
throughout February to pump fuel from
the ship, despite adverse weather to-
wards the end of the month.

By mid-March much of the fuel had
been removed from the ship, and U.S.
and Argentine clean-up and salvage ex-
perts returned home. The U.S. team
skimmed approximately 1,000 gallons (4
cubic meters) of fuel from the surface of
the water. Together, crews from both
countries recovered more than 16,000
gallons (65 cubic meters) from Bahia Para-
iso, and by early March about 67,000 gal-
lons (268 cubic meters) of fuel remained
on the ship.

In March, the salvage and con-
tainment teams were followed by an in-
ternational science team organized by
the National Science Foundation. Their
6



objective was to gather data and to begin
to evaluate the impact of the spill on the
marine and terrestrial ecology. The ac-
companying article, "Research team
focuses on environmental impact of oil
spill," (page 9) describes their efforts and
some of the preliminary findings of their
work.

Future considerations
The full impact of the spill on the local

environment cannot be determined
without additional long-term observa-
tions. However, in the first few days after
the accident, between 125,000 and
150,000 gallons (500 to 600 cubic meters)
of petroleum products spilled into the
relatively enclosed waters near Anvers
Island. During this time, station person-
el observed substantial amounts of fuel
in the water of local intertidal areas and
on the beaches of islands near the ship.
Although wind, wave, and tidal action
dispersed much of fuel, significant
amounts remain trapped in the beach
sediments and sands. Also, reports from
Palmer station indicate that some fuel
continues to leak from the ship.

Immediately after the spill, scientists
working at Palmer Station noted changes
in the local populations of various ma-
rine organisms and bird species. They
observed high death rates among inter-
tidal populations—particularly intertidal
molluscs (limpets), and algal mats. Al-
though the reasons are not clear, the
south polar skua population failed com-
pletely. Some avian specialists have sug-
gested that either the toxicity of the prey
fed to the chicks or substantial changes
in parental behavior may be the cause of
this unusually high death rate. More cor-
morant chicks died this austral summer
than in previous summers, and pre-
liminary evidence suggests that they
were probably killed by contaminated
food provided by their parents. Even
though only a few oiled penguins were
observed, data indicate that many adult
penguins were killed at sea by giant pe-
trels and that large number of penguin
chicks were killed at nesting sites by
skuas. U.S. scientists will continue to
monitor these avian communities, as
well as the marine mammal, benthic,
and intertidal populations to obtain
more data.

Conclusion
Although today's ice-strengthened

ships and icebreakers and improve-
ments in technology for navigation and
ice-sensing have reduced the hazards of
operating in antarctic waters, the need
for caution has not been eliminated.
Bahia Paraiso is the third ship since 1980
to sink in the southern ocean. In De-
cember 1981 the West German ice-
strengthened research ship Gotland II
sank off the coast of northern Victoria
Land, and in January 1986 the private
expedition ship Southern Quest sank near
McMurdo Station. Unlike Bahia Paraiso,
both these ships were crushed by the

pack ice and sank in deep waters. But,
with more countries working in Ant-
arctica and more tourists traveling there,
the risk of accidents like the most recent
one or the two earlier ones increases.
What happened in each case provides an
example of how unpredicable the ant-
arctic environment can be and how im-
portant cooperation among all antarctic
operators (both national programs and
private organizations) is.

The immediate effects of the Bahia Par-
also accident to the U.S. program are best
summed up by Dr. DeLaca, "This event
could have cost much more in terms of
human life lost had the ship been much
farther away from Palmer. As it was, all
USAP resources at Palmer were diverted
to feed and shelter the 316 passengers
and crew from the Argentinean vessel at
the expense of ongoing research
projects."

Drift

Evaporation

Dispersion

Dissolution

Photooxidation

Emulsification

NSF photo by Ted DeLaca.

Crew and passengers from Bahia Paraiso ar-
rive at Palmer Station after the ship grounded
about 2 miles (3.2 kilometers) away. Orange
tents, attached to the ship's rubber life rafts are
scattered in front of the station.

Primary processes that degrade or disperse oil and fuel in the sea

Process	Definition

Wind, surface currents, waves, and tides act together to spread
petroleum products from the moment that a spill occurs until all of
the spill is dissipated. The thicker portions of a spill tend to move
faster than the thinner portions; consequently, these thicker por-
tions will be at the leading edge of a spill.
A primary way by which a spill is removed from the sea, evapora-
tion is dominant process immediately after a spill occurs and may
remove as much as 50 percent of a spill from the sea surface.
Hydrocarbons, present in petroleum products, change from a li-
quid phase to a vapor phase. The rate at which evaporation occurs is
controlled by wind velocity, water and air temperatures, sea rough-
ness, and oil composition.
As oil or fuel enters the sea water, it combines with the water and
forms a dilute oil-in-water suspension. Although the maximum
level of dispersion is reached usually soon after a spill, the process
continues for some time and can be enhanced b y chemical disper-
sants. By increasing the surface area of a spill, the oil or fuel
degrades more quickly, and the impact to the environment is
decreased.
Oil or fuel compounds or droplets transfer from a slick into solution
during dissolution; however, this process affects only a small por-
tion of a spill and is not a significant factor in weathering.
This process is most likely the primary means by which oil or fuel
evaporate.
Water is incorporated into floating oil to form a viscous emulsion.
Sometimes called a "mousse," it can contain between 20 and 80
percent water.

Sedimentation	Organisms, which ingest oil or fuel in the water column, deposit it
as fecal matter in ocean-bottom sediments.

Biodegradation In fresh and ocean water certain organisms (bacteria, fungi, and
others) ingest, metabolize, and degrade hydrocarbons contained in
petroleum products as part of their normal life processes. How fast
this happens and how much of a spill is affected by biodegradation
depends on the size of the population of microorganisms, the
variety of species, the number of predators, the availability of oxy-
gen and nutrients, water and air temperatures, and the composi-
tion of the petroleum product.

*Definitions based on material provided in Van Nostrums Scientific Encyclopedia, Volume 2, 1989 edition, pages
2996-2999.
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NSF launches oil-spill
containment team

Although the Palmer Station crew
began collecting debris, barrels of
fuel, and cannisters of compressed
gas immediately after the spill, they
lacked the necessary equipment to
contain and clean up the fuel spill. In
response, the National Science Foun-
dation quickly organized an emergen-
cy team of spill-containment and
clean-up experts to protect the local
wildlife and research projects in
progress.

Early on the morning of 1 February,
the rapid-response team departed
from the Naval Air Station at Norfolk,
Virginia,. aboard U.S. Air Force C-513
air transport. Under the direction of
the National Science Foundation
(NSF), the team comprised 13 people
from NSF, the U.S. Navy, the National
Oceanic and Atmospheric Admin-

At Punta Arenas, Chile, the C5-13 transport
lands with the U.S. rapid-response team on
board.

NSF photo by Tom Forhan.

Two 24-foot-long workboats are loaded into
the cargo hold of the Polar Duke.
NSF photo by ibm Forhan.

istration (NOAA), the U.S. Coast
Guard, and private contractors who
provide expert assistance to the
Federal government in hazardous-
substance, pollution, and oil-spill
control and containment matters.

To support the clean-up effort, the
U.S. Navy provided 52 tons of equip-
ment, including:

• one 36-foot boat to skim fuel from
the water surface,

• two 24-foot, aluminum
workboats,

• inflatable boom to contain spilled
fuel,

• three floatable, 26,000-gallon
bladders (to hold the fuel once it was
collected),

• a special vehicle with a movable
flatbed for loading and unloading the
boats and containment equipment,

• spare parts, tools, a diesel-
powered pump, a submersible pump
system, and other necessary equip-
ment and supplies.

At Punta Arenas, Chile, the equip-
ment was moved from the airplane to
Polar Duke, the ice-strengthened re-
search ship leased by NSF to support
research in the Antarctic Peninsula re-
gion. From Chile, Polar Duke trans-
ported the team and its equipment
the remaining 900 miles (1,450 kilo-
meters) to Palmer Station.

Survey and clean-up operations
Almost I week after they left the

United States—at 2:00 a.m. on 7 Feb-
ruary 1989—the team, along with
Chilean divers employed to perform
underwater surveys, arrived at Pal-
mer Station. While their equipment
was still being unloaded from Polar
Duke, the group began surveying the
condition of the ship and the extent of
the oil spill.

'.-..-	 -
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NSF photo by Tom Forhan.

The USAP research ship Polar Duke docked at
Palmer Station.

During the first 2 days, the team
devoted its efforts to extensive oil sur-
veillance and skimming operations.
Within 7 hours after their arrival, a
skimmer-boom system with 150-foot
legs of inflatable, spill-containment
boom had been attached to the two
24-foot workboats and towed into
place downwind of the stricken ves-
sel. About 900 gallons of an emulsion
of oil and water were collected by the
skimmer during the first day.

Their survey of the ship during the
first hours of the clean-up effort indi-
cated that 80 percent of the ship,
which lay on its starboard side, was
below the ocean surface. In an effort
to contain the leaking fuel, the crew of
the Chilean Navy ship Yelcho placed a
boom around the aft of the ship. The
U.S. team augmented this con-
tainment system with an additional
boom and sorbent boom between the
hull. Meanwhile Argentine diving
and salvage officers began marking
the tank boundaries and vents to pre-
pare for removing the remaining fuel.

During the second day (8 Febru-
ary), the crew worked to stop leaks,

A containment boom, put in place by the Chileans, extends around the stern of the Bahia Paraiso.
DeLaca Island is in the background.

NSF photo by Tom Forhan.
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NSF photo by Tom Forhan.

Fuel floats on the water near the Bahia
Paraiso.

NSF phov. by Ted DeLaca.
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The Palmer Station crew for the 1988-1989 austral summer--Their excellent support to the crew
and tourists during the rescue and later during the clean-up operations earned them recognition
from NSF Director Erich Bloch.

while divers continued to examine
the condition of the hull. Skimming
continued, but most of the spilled fuel
had dissipated by natural processes
by this point. Although teams con-
tinued to survey the area throughout
February, only-about 1,000 gallons (4
cubic meters) of fuel were skimmed
from the water surface.

The Chilean ship Yelcho brought a
U.S. Navy salvage engineer to the sta-
tion on 10 February to review the con-
dition of the ship. His review indi-
cated that the ship was stable and not
likely to break up; consequently, U.S.
salvage and spill-containment experts
began to assist the Argentine crew
with removing fuel from the ship's
tanks. By using the U.S. skimmer
boat to transport fuel, crews from
both countries were able to remove
most of the fuel from the tanks in
Bahia Paraiso.

Between 125,000 and 150,000 gal-
Ions (500 and 600 cubic meters) of
fuel, primarily diesel and aviation
fuel, spilled from the disabled ship.
Argentine crews removed all of the
barrels and cannisters that remained
onboard after the ship capsized; U.S.
personnel at Palmer Station were able
to recover more than 30 of the barrels
that rolled off the deck before U.S.
and Argentine salvage and spill-con-
trol experts arrived. Unfortunately,
the ship was damaged so badly that it
cannot be repaired and refloated. Be-
cause the onset of winter storms pre-
vented work from continuing, Bahia
Paraiso remains resting on a gravel
slope, mostly submerged, near De-
Laca Island.

Research team focuses
on environmental impact
of oil spill

By the end of March 1989—about 2
months after the Argentine transport
ship Bahia Paraiso ran aground in Arthur
Harbor near Palmer Station—an estimat-
ed 150,000 gallons of diesel and jet fuel
had spilled into the ocean. While small
relative to major world oil spills, this
event threatens the biota in a nearly un-
disturbed area on the Antarctic
Peninsula.

Seventeen scientists departed Punta
Arenas, Chile, for Palmer Station on 6
March 1989. The group, representing
nine institutions from three countries,
was organized by the National Science
Foundation to study the environmental
impact of the oil spill. During their
month-long stay at the station, the re-
searchers assessed the immediate impact
and began a long-term research program
on how the oil spill has or may yet affect
the plants and animals in the area.

Early effects
Four days after the Bahia Paraiso ran

aground, a 10.5-square-mile (27-square-
kilometer) area was covered by an oil
slick. Near Palmer Station, which has
been a research site for over 20 years,
more than a dozen islands provide
breeding sites for seabirds and are prin-
cipal habitats for seals (see map on page

3). In this region, biologists have ob-
served approximately 22 species of birds
and have developed long-term data sets
for several seabird species and for their
prey. Abundant macroalgae and inverte-
brate populations inhabit the intertidal
and subtidal environments.

Immediately after the spill occurred,
station personnel began collecting sea-
water and fuel samples, as well as inter-
tidal macroalgae and invertebrate sam-
ples for later hydrocarbon analysis in the
United States. Their observations show-
ed that by 4 February the shorelines of all
islands within a 2- to 3-mile (3.2- to 5-
kilometer) radius had been oiled. Be-
cause of differences in tides, winds, and
currents, the amount of fuel oil and the
duration of exposure varied from site to
site. Those most affected were Christine,
Hermit, Limitrophe, Janus, and DeLaca
Islands, as well as the shores of Hero
Inlet and Bonaparte Point on Anvers Is-
land—all of these had been exposed to
heavy concentrations of fuel oil since 29
January. The least affected sites were
Norsel Point, the east and south shores
of Cormorant Island, the north and west
shores of Litchfield Island, and the area
around Laggard and Jacobs Islands.

Point Reyes Bird Observatory re-
searcher William Fraser, who was study-
ing avian population biology at the time
of spill, reported that intertidal sites,
particularly those that had been continu-
ously exposed to the spill for 3 to 4 days,
showed the first signs of ecological
damage. Of these intertidal sites, those
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NSF photo by Nacle'ie Kennedy.

Adult Adélie penguins, shown resting on an ice floe, were exposed to fuel that floated on the water
near their nesting sites while feeding in fuel-covered waters. Toxins absorbed by the animals that
they eat or injested by the penguins during preening may have also been passed on to Adélie chicks,
which were near fledging at the time of the spill. Although more studies need to be done, early
evidence suggests that penugins did die at sea after the spill.

-	.----.---.-.-.

that were level and had shallow pools
capable of holding oiled water seemed
the most affected by spill. Because ocean
water alternatel y covers and uncovers
the intertidal or littoral zones as the tide
changes, organisms in these areas were
exposed to fuel oil before it began to dis-
sipate. According Fraser, approximately
50 percent of the limpets, an intertidal
mollusc and a major food source for kelp
gulls, died. By 4 February, many algal
mats in littoral zone also were turning
brown and dying.

The initial impact on seabirds in the
area varied. Although station personnel
found only a few dead penguins and one
dead shag near Palmer Station, most
adult birds appeared to have been ex-
posed to fuel oil. Surveys on 3 February
of all local Adélie penguin rookeries indi-
cated that 80 to 100 percent of the birds
had been exposed to the spill, the
amount of exposure depending on how
long oil slicks had been present.
However, from diet analysis researchers
found that giant petrels apparently were
feeding on a large number of penguins at
sea. This diet, which is unusual for pe-
trels, suggests that penguins, returning
to sea from their nesting sites, were af-
fected by the fuel as they swam through
it.

The effects of the spill on other sea-
birds—gulls, cormorants, and Wilson's
storm petrels—were less clear. Many, if
not all, were exposed, primarily through
feeding on large schools of krill present
in Arthur Harbor. Krill, which appeared
to be a primary source of food this austral summer, rose to the surface through the

spill, and the birds fed on the con-
taminated crustaceans.

At monitored nests sites within the
most heavily effected areas, the average
daily rate at which south polar skua
chicks died increased by 400 percent
after the accident, according to Univer-
sity of California at Irvine biologists, Zoe
Eppley and Margaret Rubega. This
number of deaths, based on observations
made by Eppley and Rubega, represents
48 percent of all egg and chick deaths
since 1 January and suggests that the
adults were affected by exposure to the
oil spill. They noted that adult skuas
were not defending their nests, leaving
the eggs and chicks vulnerable to other
adults and predatory birds.

Blue-eyed shags, nesting on Cormorant Island near Palmer Station, were one of the groups of birds
that may have been affected by fuel spilled from the Bahia Paraiso.

NSF photo.

-	- - --	-- - - -	
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Research team arrives in March
Because this was the first reported oil

spill in a coastal environment of Ant-
arctica, scientists cannot easily predict
what the long-term impact on the region
will be. In addition, very little is known
about the fate of the more volatile hydro-
carbon products, such as diesel fuel, in
the cold waters of polar regions.

Responding to the accident, the Na-
tional Science Foundation (NSF)
organized and coordinated an inter-
disciplinary, rapid-response research
team. The team's objectives were to iden-
tify and determine the fate of hydrocar-
bon compounds, to study the microbial

Antarctic Journal

11
..-7

.	 -	-

10



William Fraser, a U.S. biologist from Point Reyes Bird Observatory in California, collects dead shagson Cormorant Island near Palmer Station shortly after Bahia Paraiso ran aground on 29 January1989.

NSF pho by Ted DeLaca.

degradation of h ydrocarbons, and to ob-
serve and record the response of the ani-
mal and plant biota to the spill. Although
most samples taken during the month-
long assessment will be anal yzed at
home Institutions of the team members,
summaries of each group's initial obser-
vations or field studies follow.

Hydrocarbon chemistry. Between 6 Feb-
ruary and 3 March 1989, William Fraser
and Ted DeLaca (head of the Division of
Polar Program's Polar Science Section)
sampled water, sediments, limpets, and
macroalgae four times at intertidal sites
on several islands. Mahlon C. Kennicutt,
II, a Texas A&M University hydrocarbon
chemist participating in the rapid-re-
sponse effort, returned to these sites and
collected additional samples for com-
parison with Fraser and DeLaca's sam-
ples. Kennicutt's objective was to charac-
terize the hydrocarbon sources; to estab-
lish how hydrocarbons were distributed
in organism tissues, water, and sedi-
ments; and to note changes in con-
centrations and composition since the
spill. Extending the earlier surveys, Ken-
nicutt and his associate Stephen Sweet
collected samples near DeLaca Island
(the spill site), Palmer Station, and old
Palmer Station to determine the impor-
tance of hydrocarbon inputs in the
Arthur Harbor area.

Once released, oil is subject to a
number of processes including evapora-
tion, dissolution, microbial degradation
and deposition in the sediments (see ta-
ble on page 7). Upon arrival, Kennicutt
observed that the oil spill had apparently
dissipated from the immediate station
area. To identify fuel oil spilled from
Bahia Paraiso and separate it from other
hydrocarbon inputs, Kennicutt sampled
diesel and jet fuel, as well as lubricating
oil, present at Palmer and old Palmer Sta-
tion and used aboard Polar Duke. Divers
also collected unaltered fluids from the
damaged Argentine ship. These samples
will help Kennicutt develop molecular
and isotopic "fingerprints" for the spilled
fuel and will enable him to trace and
identify hydrocarbons found in Arthur
Harbor.

Microbiology. Petroleum hydrocarbons
introduced into a marine environment
are degraded primarily by microbial and,
particularly, bacterial metabolism. Be-
cause hydrocarbon-oxidizing bacteria
are common, the size of the population
and the extent of their metabolic activity
generally reflect the amount of hydrocar-
bons in an environment. Assuming that
antarctic waters are oil-free, hydrocar-
bon-oxidizing bacteria should constitute
a small part of the total microbial
assemblage.

After collecting sediments samples
from depths of less than 100 meters, biol-
ogist David Karl of the University of
Hawaii found that the rates of bacterial
hydrocarbon degradation were low,
probably reflecting the pristine condi-
tions of the region. The highest rates
were found in intertidal sediments col-
June 1989

lected from islands where the deposition
of oil from the wreck was well docu-
mented. Although laboratory tests must
still he completed, Karl's field data sug-
gest that in the immediate area of the
spill, dispersal and evaporation of oil are
probably more important than microbial
degradation.

Suht ida! and intertidal cominuniti analy-
sis. A team led by Langdon Quetin from
the University of California, Santa Bar-
bara, sampled plant and animal commu-
nities at intertidal and subtidal sites (to
depths of 20 meters). Divers established
three sampling sites in the oil-impacted
areas and two in oil-free areas near Pal-
mer Station. These sites, which were
mapped and recorded on video tape,
were also marked so that they can be
monitored over time.

Intertidal invertebrates and macroalgae.
William Stockton of the University of
California at Santa Cruz, conducted in-
tertidal sampling transects, similar to
those conducted by Quetin's team, and
permanently marked the sites. This
henthic ecology project and Quetin's will
enable biologists to compare oil-affected
sites with control areas away from the
Palmer Station area.

Macroalgac. To determine how the spill
affected the physiology of marine mac-
roalgae and the consequent impact on
the nearshore ecosystem, Kenneth Dun-
ton and Larry Martin of the University of
Texas Marine Science Institute sampled
fauna and algae at several locations with-
in the exposed area and at a control site
about 10 miles northwest of the spill.
Their objective was to determine how
diesel fuel affects photosynthesis and
respiration rates.

Fish studies. Various species of bottom-
dwelling fish were caught near Palmer
Station by researcher Paul Grecav.
Frozen and live specimens were re-
turned to the University of Delaware for
growth and reproduction studies to he
conducted by Timothy Targett.

Bird physiology. After exposure to oil,
seabirds often develop anemia and other
physiological disorders. To determine
what effect exposure to and ingestion of
diesel fuel had on the local bird popula-
tion, Barrie Todd sampled blood and col-
lected feathers from 107 birds-52 from
exposed areas and 55 from unaffected
(control) areas. These samples, along
with height, weight, and temperature
measurements, will be analyzed by
Michael Fry at the University of Califor-
nia, Davis.

Petrochemistry and Microplankton and
rnicroalgal studies. Collaborative research
by Chilean and Argentine investigators
included petrochemical analyses and
sampling of microplankton and micro-
algae. Watercolumn hydrocarbon ana-
lyses were conducted by Octavio Lescaro
Palma of the University of Magailanes.
Chile. The benthic diatoms and water-
column microzooplankton were charac-
terized by Gustavo Ferrer ya and Viviana
Alder, respectively, of the Antarctic In-
stitute of Argentina.

Long-term effects
The research team predicted that the

water-column community should show
little if any long-term effects. Because oil
may persist in the sediments, the long-
term consequences for the benthic plant
and invertebrate community are unclear.
It will take years to assess completely the
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Increased UV radiation and ozone
depletion—A new threat to the
antarctic environment?

Nearly 100 percent of the south polar skua
chicks that hatched near Palmer Station during
the austral summer died within a week of the
fuel spill. Although researchers have not yet
established the exact cause of the high death
rate, they observed significant changes in how
the skua parents behaved. Many left their nests
unguarded and their chicks vulnerable to other
hunger skuas and predators. South polar skuas
feed predominately on krill and other marine
organisms; consequently, the parents were ex-
posed to the fuel spilling from the Bahia Para-
iso. Brown skua, the other type of skua com-
mon to the Anvers Island area, did not exhibit
behavioral changes or high death rates, but
these birds do not feed as heavily on marine
organisms.

effects on the seabirds. For most species,
the spill occurred during the peak time of
chick growth when adults were foraging
for food in the oiled area. Penguin chicks
fledged and, along with adults, swam
through the oil on their way out to sea.
Through feeding, feather preening, and
swimming, most of the estimated 30,000
birds near Palmer Station came into con-
tact with the oil.

Because Argentine and United States
experts were unable to remove the fuel
from the sunken ship completely before
the onset of the austral winter, some fuel
still slowly leaks from the ship. Addi-
tionally, no one knows how ice will affect
the wreck over winter. Future research
will focus on a long-term program of eco-
system recovery.

—Folly A. Penhale, program manager
for the Division of Polar Program's polar
biology and medicine program, led the
research team, which returned from Pal-
mer in April 1989.
12

According to Universit y of Chicago
geoph ysicists, October 1988 levels of ul-
traviolet (UV) radiation that reached the
Earth's surface were comparable to levels
recorded during the peak of the austral
summer. Using an instrument that de-
tects light across a continuum of wave-
lengths, they recorded changes in
ground-level UV radiation between 19
September to 21 December 1988 at Pal-
mer Station. The team's senior scientist
John E. Frederick described these mea-
surements as the first to show "a clearly
significant enhancement in UV radiation
reaching the ground that is linked to
human impact on the ozone layer."

For 3 years, atmospheric scientists
have carefully recorded and studied the
dramatic changes occurring in the ozone
layer above Antarctica. By analyzing sat-
ellite data and field measurements made
in or above Antar-tica, the' have gradu-
all y begun unraveling the mystery of
what causes the hole. But, while most
researchers were focusing their inves-
tigations on the destructive processes oc-
curring above Antarctica, biologists and
others turned their attention to the con-
sequences of diminished protection
from the ozone layer—specifically, how
environmental conditions have changed
at ground level and how antarctic flora
and fauna are affected by increased ex-
posure to harmful forms of ultraviolet
(UV) radiation.

The project conducted by Frederick
and graduate student Dan Lubin was
one of three projects that the National
Science Foundation (NSF) supported
during the 1988-1989 austral summer to
record and monitor how increased ex-
posure to UV radiation may affect marine
organisms. The monitoring period in-
cluded the time when the ozone layer
above Antarctica was most depleted
(mid-October) and the austral summer
solstice (21 December). These data show
that UV irradiance peaked at about the
same time that the ozone hole was deep-
est and brought UV-radiation levels typ-
ical of summer to the Antarctic Peninsula
2 months early.

Although cloudy skies caused the
amount of UV radiation and visible light
reaching the ground to vary at all wave-
lengths, the ozone hole allowed much
higher than normal levels of UV light to
reach the ground. Lubin and Frederick
were able to distinguish between the im-
pact of the ozone "hole" on LTV light pen-
etration and the effects of variable cloud
cover, because the detector measured in-
cident light across the spectrum. Accord-
ing to Frederick, "Variations related to
cloud cover do not obscure the big in-
crease associated with the ozone hole."
Even though the level of ozone depletion
was lower during the 1988 austral spring

than it was during 1987 (10 to 15 percent
versus 50 percent or more), the dose of
UV radiation at ground-level was as
much as four to five times greater than
normal.

Also working near Palmer Station this
austral summer were two groups of biol-
ogists—a Scripps Institution of
Oceanography team studying the effects
of increased UV-radiation exposure on
marine phytoplankton and a University
of California at San Francisco team eval-
uating the response of marine organisms
to genetic damage caused by UV
exposure.

Working in the Peninsula area in
November and December 1988, the team
Scripps Institution of Oceanography
measured photosynthesis rates of ph'-
to1ankton populations in the upper 30
meters (99 feet) of the water column.
They found that UV light reduced photo-
synthesis rates by approximately 25 per-
cent in the first meter (3 feet), but that
these effects diminished with depth. At
20 meters (66 feet) and below, they found
no discernible effect.

Osmund Holm-Hansen, senior scien-
tist of this group, pointed out that from
laboratory experiments researchers have
known for a long time that exposing
plant-like phytoplankton to direct, un-
filtered sunlight can kill them in a few
hours. He warned, however, that care
should be taken when extrapolating
these data to a natural environment. Dis-
cussing his team's findings, he noted
"any significant decrease in photo-
synthesis rates of phytoplankton would
be of concern because photosynthesis—
whereby the energy of solar radiation is
used to produce organic matter from in-
organic constituents--provides the food
base for all animals."

According to Holm-Hansen, "our pre-
liminary conclusion from these studies is
that there is no immediate threat of the
antarctic marine ecosystem collapsing as
a result of the enhanced UV radiation
caused by the ozone hole. Although the
depression of photosynthesis by UV
light is significant in the upper few
meters of the water column, the overall
reduction of photosynthesis by LTV light
in the upper 50 meters or so where pho-
tosynthesis occurs seems to be no more
than a few percent." He emphasized
that, despite the importance of primary
productivity as ecological measure, how
increased exposure to harmful wave-
lengths of UV radiation may be mutating
phytoplankton and other populations
and what the long-term effects on these
organisms is both need to be assessed.

Focusing on this aspect of LTV radia-
tion effects, the team from the Univer-
sity of California at San Francisco con-
tinued work that they had begun during
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the 1987-1988 austral summer. Because
the ozone "hole" is allowing greater
amounts of UV radiation to reach the
surface, more UV-B radiation (280-320
nanometers) is being transmitted to
ground level. These biologically harmful
wave lengths are absorbed by DNA and
cause changes that can alter the genetic
code in the structure of DNA molecules.

Data from temperate regions indicate
that organisms use various mechanisms
to repair genetic damage. Biologists have
identified three major cellular repair
mechanisms:

• photoreactivation—a system in
which the presence of longer wave-
lengths of light (310-480 nanometers)
enables an enzyme to reverse damage to
DNA molecules;

• excision repair—a process that oc-
curs in the dark and by which an enzyme
removes the damaged segment and re-
places it with a "patch";

• postreplication repair—a mecha-
nism by which cell damage that has not
been repaired is bypassed by when DNA
is replicated (Karentz in press).

Until the 1987-1988 austral summer,
biologists did not have any baseline data
on the ability of antarctic organisms to
repair damaged DNA molecules;
however, the results of work conducted
by the University of California team dur-
ing the season have provided scientists
with first evidence that antarctic organ-
isms can and do repair cell damage in
ways similar to organism from temperate
regions. During their 3-month investiga-
tion, they studied how marine bacteria,
diatoms, krill, macroalgae, limpets, sea
cucumbers, starfish, and other organ-
isms responded to UV exposure and
evaluated what DNA-repair capabilities
these organisms have. After collecting
organisms near Palmer Station, the team
exposed them to 254-nanometer UV
light, which is a short-wavelength, high-
energy light used by researchers to study
DNA repair.

By studying how organisms repair
DNA damage that is caused by exposure
to this light, they can evaluate how cells
would correct changes caused by natural
UV light at higher wavelengths and
lower energy levels. According to Deneb
Karentz, senior scientist for the team,
they found that "photo reactivation is an
important mechanism for cell survival
and subsequent population develop-
ment of antarctic marine mircro-
organisms" (Karentz in press). Although
they saw evidence of excision, this dark-
repair mechanism could not sufficiently
correct the damage, and cell death oc-
curred and population development de-
creased (Karentz in press).

Apparently, during photorepair, the
organisms use UV-A radiation, a higher
wavelength, to fix the damage caused by
UV-B, but Karentz and her colleagues
need more information about how the
organisms accomplish this. In an article
in the News and Comment section of
Science magazine, Karentz pointed out

that the ability to handle ultraviolet ra-
diation varies dramatically from species
to species" (Roberts, page 289, 1989).
While some phvtoplankton can tolerant
high levels of exposure, other more sen-
sitive species cannot survive any
exposure.

In the Science article, Karentz empha-
sized that she does not believe that the
antarctic food chain will be destroyed.
Rather, she believes that the decreased
protection from UV radiation will lead to
a change in the composition of the ant-
arctic marine population. Those species
that are most sensitive to destruction by
UV radiation are likely to die out and be
replaced by more tolerant organisms
(Roberts 1989).
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U.S. personnel winter
at three stations

The following lists researchers and
employees of the ITT/Antarctic Service
Inc., (the National Science Foundation's
contractor), wintering at the three U.S.
year-round stations—McMurdo,
Amundsen-Scott South Pole, and Pal-
mer-and U.S. Navy personnel who are
wintering at McMurdo and Palmer
Station.

The list is arranged by station with
names in alphabetical order. For re-
searchers, their scientific disciplines and
institution to which the NSF grant was
awarded are indicated; for employees of
the contractor (ITT/ANS) and Navy per-
sonnel, positions at the station are
included.

McMurdo Station

Adams, Ann, AG2, NSFA
Adams, Edward, SH2, NSFA
Albershardt, Mark H., plumber, ITT!

ANS
Albrecht, Karen, 1-IM1, NSFA
Albright, Berniece F., clerk typist, termi-

nal operations, ITT/ANS
Anderson, Dennis, DC3, NSFA
Atherton, Robert, heavy equipment me-

chanic, ITT/ANS
Athmann, Suzanne M., administrative

assistant, ITT/ANS
Ballew, Daniel, AC1, NSFA

Baltz, Ronnie P., materialsperson ITT
ANS

Benson, Jeffrey, SK2, NSFA
Bever, Timothy, UT2, NSFA
Billetdeaux, Robert E., boiler technician,

ITT/ANS
Borman, Russel, CEI, NSFA
Boykin, Curtis, DC2, NSFA
Broten, Donald E., supervisor, vehicle

maintenance facility, ITT!ANS
Cameron, George J . , supervisor, power

plant/water plant, ITT/ANS
Cantu, Christopher, AG2, NSFA
Carlson, Robert D., plumber, ITT/ANS
Cleenput, Debra A., material sperson,

ITI7ANS
Collins, Robert, SH1, NSFA
Crabtree, Leight, geodetic satellite ob-

servations and ionospheric studies,
Applied Research Laboratories, Uni-
versity of Texas

Cutler, Craig J., utilities mechanic, ITT!
ANS

Czarniecki, Louise A., equipment oper-
ator, ITTIANS

D'Aoust, Anthony F., assistant manager,
Berg Field Center, ITT/ANS

Demeilo, Brian, EOl, NSFA
Dixon, Kimberly, ET1, NSFA
Duke, Sean H., carpenter, !"TANS
Ebel, Michael S., power plant technician,

ITF/ANS
Edwards, Michael, HMC, NSFA
Egan, Dodd, ET2, NSFA
Ellingson, James B., electrician, ITT!

ANS
Eyler, Frederick, MS2, NSFA
Fetterolf, Lisa G., materialsperson, ITT!

ANS
Foley, Paul, CEC, NSFA
Fowler, Derrick, UT3, NSFA
French, Mitchell, general field assistant,

ITT/ANS
Galles, Thomas W., power plant me-

chanic, ITT/ANS
Getz, William D., water plant technician,

IU/ANS
Gilomen, Larry R., electrical lineperson,

IU/ANS
Gray, Alan R., heavy equipment me-

chanic, ITT/ANS
Greer, Marie, ET2, NSFA
Hahn, John P., Jr., heavy equipment op-

erator, ITT/ANS
Hampton, Dennis, HMC, NSFA
Hansen, John, E01, NSFA
Havard, Tracey, DCI, NSFA
Hayes, David, UTCN, NSFA
Hayes, Richard, DS2, NSFA
Haywood, John N., painter, ITT/ANS
Hill, Quentin K., Jr., utilities mechanic,

ITF/ANS
Hilliard, Timothy, equipment operator,

ITT/ANS
Holje, Brian V., electrician, ITT/ANS
Hurtig, Robert S., resident manager,

ITF/ANS
Johnson, Warren, RM2, NSFA
Jones, Anthony, SKi, NSFA
Kane, Rosemary, DP2, NSFA
Kelly, Gregory, EA2, NSFA
King, Brooks, RMC, NSFA
Kirchner, Richard E., carpenter, ITT!

ANS
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Korzenaskie, Kenneth, BUI, NSFA
Krohn, Daniel, SKI, NSFA
Kuder, Dan R., heavy equipment oper-

ator, ITT/ANS
Larson, Diana Kristin, assistant man-

ager, Eklund Biological Center, ITT!
ANS

Laughlin, James, MSI, NSFA
Leslie, Perry A., general field assistant,

ITT/ANS
Lewis, George C., science technician,

IU/ANS
Little, Michael, light vehicle mechanic,

IYF/ANS
Lockridge, Joe, CM1, NSFA
Lombardo, John, DC3, NSFA
Lostrach, Louis G., boiler technician,

ITI'/ANS
Lothamer, Daniel, BUI, NSFA
Maheu, Craig, ETC, NSFA
Malek, Richard, SW3, NSFA
Martin, Darryl, MS2, NSFA
Martin, Gerard, CE2, NSFA
Matthews, Lonnie, DCFN, NSFA
Matthews, Suzanne, clerk typist, termi-

nal operations, ITT/ANS
McCain, James, S1K2, NSFA
McLean, Russell, supervisor, facilities

maintenance, ITT/ANS
Meneley, Bruce, Lt., MC, NSFA
Merrick, Nick W., water plant techni-

cian, ITT/ANS
Michaelis, Barry D., utilities mechanic,

ITT/ANS
Miller, Michael, ET2, NSFA
Mills, Gina M., janitor, ITT/ANS
Monahan, Kevin, SK2, NSFA
Moody, Lora, EO1, NSFA
Moss, William, MS2, NSFA
Mullinax, Richard D., switchgear techni-

cian, ITT/ANS
Murphy, Christopher, UT1, NSFA
Ness, Gerald T., water plant mechanic,

IU/ANS
Newburn, Vicki R., senior general field

assistant, ITT/ANS
Oates, Noel Jim, senior communications

technician, ITT/ANS
Obrien, Thomas, CM2, NSFA
O'Kell y, Albert W., water plant techni-

cian, ITT/ANS
Padilla, Gilberto, light vehicle mechanic,

IU/ANS
Palko, Robert, computer technician, ITT!

ANS
Paul, Helen, power plant technician,

IU/ANS
Perez, Cheryl, RM1, NSFA
Phillips, Timothy, electrical lineperson,

ITI'/ANS
Plott, Patrick, ABFI, NSFA
Pohlod, Debra, ET1, NSFA
Pommrehn, William, geodetic satellite

observations and ionospheric studies,
Applied Research Laboratories, Uni-
versity of Texas

Pomraning, Dale A., machinist, ITT!
ANS

Quick, Ronnie, light vehicle mechanic,
lT/ANS

Rogers, Jeffrey, RM3, NSFA
Rosenfeld, Alan, YN2, NSFA
Rouse, Marion, RM2, NSFA
Rozlog, Jeffrey, AG2, NSFA

Sanshury, Glenn R., boiler mechanic,
ITT/ANS

Schnider, Juanita E., water plant techni-
cian, ITT/ANS

Sersha, David M., water plant mechanic,
ITT/ANS

Sharp, Betty A., janitor, ITT/ANS
Sharp, Joseph W., lead heavy equipment

mechanic, ITT/ANS
Smith, Timothy, Lt., officer in charge,

NSFA
Smylie, Rickey, MS2, NSFA
Stikeleather, Don B., sheet metal worker,

ITT/ANS
Taber, Eric G., boiler technician, ITT!

ANS
Tait, Marie, power plant technician, ITT!

ANS
Tipton, Treena, materialsperson, ITT!

ANS
Vertosnik, Louis, DC2, NSFA
Viellenave, Paul, plumber, ITT/ANS
Waszil, Andrew S., heavy equipment

mechanic, ITT/ANS
Williams, Mark A., equipment operator,

ITT/ANS
Williams, Samuel F., explosives handler,

ITT/ANS
Windham, Darold, PN1, NSFA

Amundsen-Scott South Pole Station

Bieganski, David, geophysics, U.S. Geo-
logical Survey, ITT/ANS

Brudie, Raymond E., carpenter, ITT!
ANS

Chichester, Douglas, station science
leader, geophysics, U.S. Geological
Survey

Coughran, William A., station manager,
ITT/ANS

Crozier, Elizabeth, LTJG, NOAA Corps,
atmospheric research, National
Oceanic and Atmospheric Admin-
istration (NOAA)

Dickens, Jordan L., power plant me-
chanic, ITT!ANS

Durick, Daniel K., computer technician,
ITT/ANS

Frank, Daniel L., communications tech-
nician, ITT/ANS

Gress, John F., science technician, ITT!
ANS

Gushwa, John B., mate rialsperson, ITT!
ANS

Jensen, Rodney A., general mainte-
nance mechanic, ITT/ANS

Jones, J. Brent, communications coordi-
nator, ITT/ANS

Midlam, Steve J., cook, ITT/ANS
Nielsen, Glenn A., meteorological tech-

nician, ITT/ANS
O'Neill, Dennis D., heavy equipment

mechanic, ITT/ANS
Oylear, Dwight E., electrician, ITT/ANS
Parent, Mark J., meteorologist, ITT/ANS
Schaefer, Patricia K., physician, ITT/ANS
Walker, Alistair, atmospheric physics,

University of Delaware
Winey, Mark, atmospheric research, Na-

tional Oceanic and Atmospheric Ad-
ministration (NOAA)

Palmer Station

Brutscher, Thomas, station manager and
facilities engineer, ITT/ANS

Galles, David, communications techni-
cian, ITT/ANS

Hampton, Dennis, corpsman, NSFA
Jahn, Robert, materialsperson, ITT/ANS
Lamere, Robin, power plant mechanic,

ITT/ANS
Wall, Richard, cook, ITT/ANS
Wilson, Edwin, science technician, ITT!

ANS

Translations of Soviet
publications available

The National Science Foundation ar-
ranges for foreign technical books to be
translated by Amerind, a New Delhi con-
tractor, and Saad, a Pakistani contractor,
using excess Indian and Pakistani cur-
rencies held by United States. The fol-
lowing Soviet publications have been
translated and can be purchased from
the National Technical Information Serv-
ice (NTIS).

Investigations of the POLEX South-77
Program (TT 80-52016), edited by A.F.
Treshnikov and V. G. Savenchenko,
covers the results of hydro-
meteorological studies conducted dur-
ing a 1977 joint U.S.-Soviet investigation
of the australian sector of the southern
ocean. Working aboard the Soviet re-
search ship Professor Zuhov, scientists
studied facets of the interactions and re-
lationships between the south polar at-
mosphere and the ocean. Areas consid-
ered by the researchers include at-
mospheric structure, physics, and cir-
culation above the southern ocean, air-
mass transport, and synoptic variability
of temperature. In the 153-page book au-
thors use long-term measurements,
taken at different depths, of current ve-
locity to explain the spatial and temperal
structure of the Antarctic Circumpolar
Current. They also analyze data on the
formation of cyclonic eddies, which are
found throughout the water column,
and data on spatial and temperal vari-
ability of different atmospheric param-
eters over the study area.

Geological Structure of Mac. Robertson
Land (East Antarctica) (TT 79-52027), sum-
marizes geological studies conducted
between 1971 and 1974 as part of the
11th, 17th, 18th, and 19th Soviet Ant-
arctic Expeditions in Mac. Robertson and
Princess Elizabeth lands, East Ant-
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arctica. Edited by M.G. Ravich, D.S. Sol-
ov'ev, and L.V. Fcdorov, the 254-page
volume is the first survey of regional
geology in this 150,000-square-kilometer
area, which is part of the East Antarctic
Craton. By analyzing their data the au-
thors have separated the metamorphic
Archean from Early Proterozoic com-
plexes, which are approximately 2.5 bil-
lion years old and, along with Upper
Precambrian complexes, comprise 20-
kilometer-thick formations in the narrow
troughs of the formation. Because of the
region's tectonic structure, Soviet
geologists and geophysicists were able
to identify a continental rift zone that
appears to be filled with rocks from the
Mesozoic and Cenozoic eras. The rift
zone near the Lambert and Amery
glaciers is comparable to the African,
Red Sea, Biakal Lake and other rift zones
but has greater vertical movement. The
book also provides data on metamorphic
and igneous rocks, including analysis of
all metamorphic facies, identification of
mineralogical, chemical, and pe-
trological characteristics, and definition
of a developmental scheme for intrusive
complexes.

Problems of the Arctic and the Antarctic,
Volume 59 (IT 82-00-107) edited by B.A.
Krutshkikh, includes 20 papers that
focus on various topics in glaciology. In
the 153-page volume, authors discuss
glacial stratigraphy of the Vavilov Glacier,
radar sounding of ice thickness and ve-
locity near Mirnyy Station, temperature
distribution in the central antarctic ice
sheet, snow accumulation in the area of
the Molodezhnaya runway, ice tem-
perature measurements in deep ice-core
holes, the dynamic relationship of ocean
tides to the border of the ice sheet, ther-
mal action of coastal waters at the bound-
ary with the ice sheet, and other related
topics. They also analyze equations for
describing thermod ynamic processes,
describe radar sounding methods for
studying ice-sheet dynamics, and inter-
pret paleoclimate data resulting from
thermal measurements made in the 900-
meter borehole at Vostok.

Data of Glaciological Studies, number 40
(IT 81-52175), covers various issues re-
lated to glaciology. Edited by G.A. Av-
syuk, this volume contains theoretical
papers on a new ice-sheet classification
and model, a climate theory for the Late
Pleistocene, a snow-drift melting model,
and predictions of glacial responses to
various climate changes. Authors also
analyze the effects of varying climate
conditions on the mass and energy ex-
change of mountain glaciers. One paper
considers current problems of engineer-
ing glaciology while several other papers
present compilations for special maps of
areas in South America, the Alps, and
the Caucasus and describe methods,
used for the World Atlas of Snow and Ice
Resources, of estimating precipitation and
snow in mountain-glacier basins. In the
methods sections, authors present mul-
tidisciplinary observations of aufeis poly-
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gons, methods and results of bore-hole
drilling in Antarctica, Severnaya Zemlay,
and Spitsbergen and descriptions of
mountain glacier and avalanche map-
ping. The book also includes papers on
special glaciology problems in Ant-
arctica, Yakutia, the Caucasus, and the
polar Urals, glaciological classification
terminology, geocryological terms, re-
views of scientific and popular scientific
books on glaciology, and the Ross Ice
Shelf during the Wurm stage.

Climate of Antarctica,(1T 81-52190) edi-
ted by I.M. Dogin, is a compilation of
papers presented during the last 20 years
at the All-Union Symposium on the
Study of the Climate of Antarctica. The
results of long-term meteorologic stud-
ies have radically altered the views of
scientists on meteorology, circulation,
and structure of the Southern Hemi-
sphere's atmosphere. In this volume,
contributors highlight the development
of meteorological studies in the Antarctic
and discuss heat and moisture exchange,
the mechanism of atmospheric circula-
tior', and the results of rocket sampling
in the upper layers of the atmosphere.
They compare the severity of the climate
in different regions of the Antarctic and
describe the flow of radiative heat to and
from the atmosphere. New information
also is presented on variations in the total
amount of ozone, carbon monoxide, and
methane in the atmosphere above Ant-
arctica. Several authors also discuss the
application of statistical methods and
computer techniques to the study of at-
mospheric structure.

The Antarctic Committee Reports, no. 19,
(IT 81-52174) includes papers presented
in May 1978 during the first History of
Antarctic Glaciation conference,
organized by the Paleogeography Sec-
tion of the Interdepartmental Commit-
tee for the Study of the Antarctic. Edited
by G.A. Avsyuk, the 19 papers highlight
the main stages of change in the south-
ern hemisphere environment during the
Late Cenozoic, the factors that caused
these changes (including lithospheric
plate drift, changes in ocean currents,
development of terrestrial relief, and
general cooling), and the development
the antarctic ice sheets. The authors also
discuss the problems of identifying dis-
tinct periods in the glacial history, de-
scribe the heat regime, and analyze the
importance of stromatolites for
biostratigraphy.

Structure and Variability of the Antarctic
Circumpolar Current, edited by E'.I.
Sarukhanyan, describes the salient fea-
tures of the structure of the Antarctic
Circumpolar Current (ACC). The papers
are based on long-term observations
made between 1975 and 1979 in different
regions of the southern ocean. The au-
thors evaluate geostrophic transport in
the ACC and establish basic scales for
tidal, inertial, and synoptic oscillations
of current velocities. The 108-page book,
which draws the results of field experi-
ments during POLEX-South and the In-

ternational Research Studies on South-
ern Ocean programs, will be useful to
oceanographers, meteorologists, fishery
specialists, and navigation specialists.

Scientists are encouraged to suggest
titles of significant works for translation.
Suggestions in letter forum should con-
tain full bibliographic information on the
titles, evaluation of the work's scientific
importance, and a description of the an-
ticipated audience in and benefit to the
United States. A copy of the book should
be sent if possible. The letter should be
sent to the Polar Information Program,
Division of Polar Programs, National Sci-
ence Foundation, Washington, D.C.
20550. Usually more than a year is re-
quired for translation and publication.

When ordering books from NTIS (5822
Port Royal Road, Springfield, Virginia
22151; telephone 703/487-4835), cite the
IT number that is listed in parentheses
after title above. Because prices change
periodically, please contact NTIS for cur-
rent information before ordering. A list
of other books translated and published
in this program is available from the Pol-
ar Information Program.

Volcanic events reported
at various sites

In the Scientific Event Alert Network Bul-
letin (published by the National Museum
of Natural History), U.S., New Zealand,
Spanish, and Argentine geologists re-
ported volcanic activity at Mount Erebus
on Ross Island and at Deception Island.
U.S. geologists also described the results
of an aerial inspection of Mount Siple in
Marie Byrd Land.

Mount Erebus. In December 1988, U.S.
and New Zealand geologists visited the
summit of Ross Island's active volcano.
Although in 1984 Mount Erebus was
jolted by explosions that were recorded
as far as Amundsen-Scott South Pole Sta-
tion, this level of activity has not been
repeated. In December 1988, the volcano
was less active than it has been in recent
years. In the inner crater, magma in the
larger lava lake, previously more than 25
meters in diameter, has congealed;
however, within the inactive lake, three
small pools, up to 10 meters in diameter,
still contain magma.

Only an average of four small
stromobolian explosions (fire fountains
of lava) occurred each week, but while
the geologists were inspecting the crater,
they observed several eruptions from
the largest of the three small pools. The
eruptions were strong enough to throw
some lava bombs onto the floor of the
main crater. They also noted that the col-
lapse the southern wall of the inner
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U.S Coast Guard photo.

In December 1967, a series of earthquakes and volcanic eruptions shook Deception Island in South
Shetland island group. Underwater eruptions formed a new island (see accompanying photo) in
Telefon Bay, Port Foster. At the time of the eruption, the island was occupied by Chilean, Argentine,
and British research parties. British and Chilean personnel were removed by the Chilean ship Photo
Pardo, while Argentine personnel left aboard the Bahia Aguirre.

U.S. Coast Guard photo.

This aerial view of Deception Island, taken in
January 1969, shows the island in Telefon Bay
that was formed by underwater volcanic erup-
tions in December 1967. One of three large
craters in the new island is visible in this photo.

January 1989 climate data
for Palmer Station

Listed below is a summary of the
weather conditions at Palmer Station
during January 1989. This material
updates the weather summar y pub-
lished in the March 1989 issue of the
Antarctic Journal of the United States.
The summary for December 1988
weather at Palmer Station will pub-
lished in the September 1989 issue.

crater continues to enlarge the crater
slowly. To monitor and record eruptions
better, they permanently mounted a vid-
eo camera on the crater rim.

Deception Island, South Shet land Islands.
In December 1988 Spanish and Argen-
tine geologists visited Deception Island,
which has a long history of volcanic ac-
tivity. The island is the caldera of an ac-
tive, but sleeping volcano, whose most
recent activity was in 1967 and 1969. The
geologists visited Deception Island to
study the local and regional seismicity,
thermal activity, gas emissions, magnet-
ic fields, the geodesy, and geology. As
part of their research, they installed six
seismic stations, which transmit data to a
monitoring instrument at Spain's Juan
Carlos I Station on Livingston Island.

Of the more than 2,000 events
monitored, 1,000 were recorded digi-
tally; the distribution of these events di-
rectly correlates with the tectonic fea-
tures on and near the island. They also
recorded small swarms and episodes of
volcanic tremors that lasted between 5
and 360 minutes and noted that changes
in the distribution of fumarolic activity
and thermal fields appear to have af-
fected some of the local fauna.

Mount Siple. Imagery from the Na-
tional Oceanic and Atmospheric Admin-
istration's NOAA 10 satellite, taken dur-
ing passes over Marie Byrd Land on 18
September and 4 October, showed what
16

appeared to be a plume rising from ei-
ther the summit or base of Mount Siple, a
3,110-meter shield volcano with a 4- to 5-
kilometer wide crater. Although no rec-
ords of previous eruptions exist for the
volcano, a review of earlier Landsat im-
ages suggested that eruptions may have
occurred. In images recorded in Febru-
ary 1988, geologists believed that they
saw evidence of ash deposits on the ice
near the volcano.

The base of the volcano, which is near
the southwest terminus of the Getz Ice
Shelf on Siple Island, is exposed at sea
level and is ringed by tuff cones. Al-
though these cones are too young to be
dated by standard potassium-argon dat-
ing methods, tests of basalt samples col-
lected near the base, are estimated to be
about 2 million years old.

Few geologists have visited the vol-
cano, and no one has inspected the sum-
mit crater. In an effort to establish
whether or not any eruptions occurred
in September and October, an aerial in-
spection was conducted in late De-
cember 1988. Because skies were clear,
the geologists were able to survey the
snow-covered volcano. They found no
evidence of fresh ash, new craters, dis-
ruption of the snow, or any other activity
that would suggest a recent explosion.
They now believe that what had ap-
peared to a plume was most likely the
result of meteorologic conditions.

Average temperature (°C)	3.9

Temperature maximum (°C)	9.0
(date)	 (6)

Temperature minimum (°C)	-1.0
(date)	 (30)

Average station pressure (mh) 991.3

Pressure maximum (mb)	1005.8
(date)	 (27)

Pressure minimum (mb)	971.8
(date)	 (13)

Snowfall (mm)	 38.0

Prevailing wind direction	1450

Average wind (mlsec)	5.3

Fastest wind (mlsec)	 27.3
(date)	 (12)
(direction)	 (030°)

Average sky cover	 8/10

Number clear days	 3

Number partly days	 2

Number cloudy	 26

Number days with visibility
less than 0.4 km.	Not applicable
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Annual orientation dates
set

From ii to 14 September 1989 the U.S.
Antarctic Program will hold its annual
orientation conference for scientists de-
ploving to Antarctica during the
1989-1990 austral summer. This year the
meeting will be held at the McLean
Hilton in McLean, Virginia. On 12 and 13
September sessions will cover projects
and activities planned for the 1988-1989
austral summer at the three U.S. stations
and aboard ships in antarctic waters; a
special session on 14 September is
scheduled for wintering personnel only.

The conference is organized to
• provide information on the national

and international significance of ant-
arctic research,

• review previous exploration and
research,

• give investigators an understanding
of the program,

• instruct participants in cold-living
and field problems,

• acquaint participants with each
other,

• and enable investigators to make
final logistics arrangements for their
field programs.

Antarctic specialists will make presen-
tations on the overall science program,
nationaland international policy, and
support. The Division of Polar Programs
staff and scientists who have been to
Antarctica previously will be available
during the meeting to answer questions.

Although scientists who have worked
in Antarctica before are not required to
attend, the following personnel should
plan to participate:

• all research personnel going to Ant-
arctica for the first time;

• a representative from each project
who is knowledgeable about all aspects
of the project and can discuss scientific
objectives and logistic requirements;

• all personnel who will winter dur-
ing 1990.
Any request for exceptions to these
guidelines must be submitted by the
principal investigator to the Section
Head, Polar Science Section, Division of
Polar Programs.

Transportation costs to the orientation
conference are included in grant or con-
tract budgets. Lodging and meals are
paid for through a National Science
Foundation contract, so no per diem is
authorized during the conference.
Please note that the meeting spaces are
not large enough for visitors, and there
are no provisions at the conference for
attendance by relatives or friends.

Foundation awards of funds
for antarctic projects,
1 January to 31 March 1989

Following is a list of National Science Foundation antarctic awards made from I
January to 31 March 1989. Each item contains the name of the principal investigator or
project manager, his or her institution, a shortened title of the project, the award
number, and the amount awarded. If an investigator received a joint award from more
than one Foundation program, the antarctic program funds are listed first, and the
total amount of the award is listed in parentheses. Award numbers for awards initiated
by the Division of Polar Programs contain the prefix DPP, those by the Division of
Ocean Sciences contain the prefix OCE, those by the Division of Atmospheric Sciences
contain the prefix ATM, and those by the Office of Information Systems contain the
prefix OIS.

Biology and medicine

Ainlev, David C. Point Reves Bird Obser-
vator y, Stinson Beach, California. Ant-
arctic Marine Ecosystem Research at
the Ice-Edge Zone (AMERIEZ): Dis-
tribution of sea birds. DPI' 84-19894.
$67,952.

Cullen, John J. Bigelow Laboratory for
Ocean Sciences, West Boothbay Har-
bor, Maine. Spectral sensitivity of pho-
tosynthesis to ultraviolet radiation:
Methods for studying marine phy-
toplankton. DPI' 88-17678. $112,902.

El-Sayed, Sayed Z. Texas A&M Research,
College Station, Texas. Effect of ozone
depletion on antarctic marine phy-
toplankton. DPI' 87-12671. $31,128.

Garrison, David L. University of Califor-
nia, Santa Cruz, California. Antarctic
Marine Ecosystem Research at the Ice-
Edge Zone (AMERIEZ): Distribution
of free-living protozoa. DPP 88-15799.
$57,222.
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Cowing, Marcia M. University of Cal-
ifornia, Santa Cruz, California. The
role of phaeodarian radiolarians in
antarctic biological oceanic processes.
DPP 87-15974. $17,801.

Howes, Brian L. Woods Hole
Oceanographic Institute, Woods
Hole, Massachusetts. Collaborative re-
search on the biogeochemistry of ant-
arctic dry valley lakes: Seasonality and
feedback processes in amictic systems
dominated by internal cycling. DPI'
88-18782. $95,182.

Martin, John H. San Jose State Univer-
sity, San Jose, California. The rela-
tionship between iron availability and
phytoplankton productivity in the
southern ocean. DPI' 87-16460.
$61,717.

McClintock, James B. University of Ala-
bama, Birmingham, Alabama. The
chemical ecology of antarctic shallow-
water sponges: An investigation of
toxicity and feeding deterrence. DPI'

88-15959. $50,549.

McKnight, Diane. Geological Survey,
Denver, Colorado. Collaborative re-
search on biogeochemistry of antarctic
dry valley lakes: Seasonality and feed-
back processes in amictic lakes domi-
nated by internal cycling. DPI'
8817113. $1.

One of the two U.S. Navy work boats motors
from Palmer station to wreck site (upper left) at
DeLaca Island.

NSF photo by Tom Forhan.
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NSF photo by Nadene Kennedy.

During the 1987-1988 austral summer, cargo
is unloaded at the Palmer Station dock.

Rau, Greg H. University of California,
Santa Cruz, California. Carbon-13 and
nitrogen-15 natural abundance in
southern ocean biota: An investigation
of biogeochemistry and trophic struc-
ture. DPP 86-13981. $97,269.

Ross, Robin M. University of California,
Santa Barbara, California. Energetics
of the adults and larvae of krill. DPP
85-18872. $206,494.

Stamnes, Knut. University of Alaska-
Geophysical Institute, Fairbanks,
Alaska. Analysis of ultra-violet radia-
tion measurements in Antarctica. DPP
88-16298. $149,008.

Earth sciences

Anderson, John B. Rice University,
Houston, Texas. Marine geology of the
antarctic continental margin. DPP
88-18523. $100,411.

Dalziel, Ian W. University of Texas, Aus-
tin, Texas. Multichannel seismic study
of the deep structure of a cordilleran
orogen: The southernmost Andes.
OCE 87-16557. $75,000 ($201,400).

Faure, Gunter. Ohio State University,
Columbus, Ohio. Study of sediment,
glacier ice, and silicate spherules, Wal-
cott Neve. DPP 88-16236. $57,399.

Kurz, Mark D. Woods Hole
Oceanographic Institution, Woods
Hole, Massachusetts. Exposure-age
dating applied to antarctic glacial
geology. DPP 88-17406. $78,432.
($98,040).

Kyle, Philip R. New Mexico Institute of
Mining and Technology, Socorro, New
Mexico. West antarctic volcano explo-
ration (WAVE). DPP 88-16342. $57,742.

Luyendyk, Bruce P. University of Cal-
ifornia, Santa Barbara, California.
Geological and geophysical studies in
the Ford Ranges of Marie Byrd Land,
West Antarctica. DPP 88-17615.

18

$55,184.

Malin, Michael C. Arizona State Univer-
sity, Tempe, Arizona. Antarctic abra-
sion target recovery. DPP 87-6505.
$8,796.

Mutter, John C. Columbia University,
New York, New York. Multichannel
seismic study of the deep structure of a
cordilleran orogen: The southernmost
Andes. OCE 87-17627. $75,000
($201,000).

Wilson, Terry J. Ohio State University,
Columbus, Ohio. Mesozoic and
cenozoic kinematic evolution of the
Transantarctic Mountains. DPP
88-16932. $50,024.

Oceans and climate systems

Bromwich, David H. Ohio State Univer-
sity, Columbus, Ohio. Mesoscale
cyclone dynamics around Antarctica.
DPP 88-16792. $98,621.

Carleton, Andrew M. Indiana Univer-
sity, Bloomington, Indiana. Mesoscale
cyclone dynamics around A'tarctica.
DPP 88-16912. $71,883.

Carlson, Robert W. California Institute of
Technology, Pasadena, California.
Spectral bi-directional reflectance of
antarctic snow and ice. DPP 88-16641.
$8,947.

Muench, Robin D. Science Applications
International, San Diego, California.
Physical oceanographic studies of the
Scotia Sea winter marginal ice zone: A
component of AMERIEZ. DPP
87-15979. $54,936.

Warren, Stephen C. University of Wash-
ington, Seattle, Washington. Solar and
infrared radiation modeling for the
polar regions. ATM 86-05134. $20,000
($80,000).

Aeronomy and astrophysics

Berkey, Frank T. Utah State University,
Logan, Utah. All-sky camera measure-
ments of the Aurora Australis from
Amundsen-Scott South Pole Station.
DPP 88-17365. $35,000.

Bieber, John W. Bartol Research In-
stitute, Newark, Delaware. Solar and
heliospheric studies with antarctic
cosmic-ray observations. DPP
88-18586. $181,333.

Clark, Kenneth C. University of Wash-
ington, Seattle, Washington. Antarctic
neutral thermospheric and meso-
spheric dynamics and ther-
modynamics. DPP 88-14563. $114,001.

Pomerantz, Martin A. Bartol Research
Institute, Newark, Delaware. Obser-
vations of ultra-high-energy, gamma-

ray sources from the South Pole. DPP
86-13231. $178,227.

Pomerantz, Martin, A. Bartol Research
Institute, Newark, Delaware. He-
lioseismological observations from the
South Pole. DPP 87-15791. $65,370.

Glaciology

Bentley, Charles R. University of
Wisconsin, Madison, Wisconsin. Con-
tinuation of a glaciophysical survey of
the interior Ross embayment (GSIRE).
DPP 86-14011. $392,964.

Burckle, Lloyd H. Lamont-Doherty
Geophysical Observatory, Palisades,
New York. Diatoms in Sirius Forma-
tion and related sediments: Signifi-
cance to paleoclimate and glacial
geology. DPP 88-16613. $63,001.

Imbrie, John. Brown University, Provi-
dence, Rhode Island. Correlation and
chronology of the Vostok ice-core rec-
ord. ATM 87-06394. $47,000 ($94,000).

Langway, Chester C. State University of
New York, Buffalo, New York. Analy-
sis and dating of a 200-meter ice core
from Byrd Station, Antarctica. DPP
88-17579. $222,622.

Saltzman, Eric S. University of Miami,
Miami, Florida. A 160,000-year record
of biogenic sulfur emissions from the
southern ocean in the Vostok ice core.
DPP 88-20919. $92,566.

Support and services

Brown, Otis B. University of Miami,
Miami, Florida. Satellite communica-
tions for scientific purposes: Univer-
sity-National Oceanographic Labora-
tory System (UNOLS) fleet manage-
ment and polar programs support.
OCE 86-03719. $91,600 ($112,243).

The U.S. rapid-response team and Chilean
Navy personnel investigate the Bahia Paraiso,
which is now 80 percent submerged.

NSF photo by Tom Forhan.
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Weather at U.S. stations

February 1989	 March 1989*	 April 1989

Feature	 McMurdo	Palmer I South Pole	McMurdo I Palmer ! South Pole	McMurdo I Palmer I South Pole

CD

Average temperature (°C)
-13.7	4.1	-41.5 	 -21.2	-1.9

Temperature maximum (°C)	-1.0	8.5	-25.5	 -6.9	3.6(date)	 (3)	(9)	(4)   	(2)	(16)
Temperature minimum (°C)	-23.4	-1.0	-54.8	 -41.9	-7.2
(date)	 (22)	(29)	(27)   	(27)	(13)
Average station pressure (nib)

987.4	985.5	683.2	 990.7	992.1
Pressure maximum (mb)	1002.1	1010.0	693.3	 1010.7	1003.8
(date)	 (7)	(7)	(9)   	(8)	(1)
Pressure minimum (mh)	971.05	957.0	670.0	 954.4	977.0(date)	 (26)	(26)	(26)   	(29)	(30)
Snowfall (mm)	 171.5	TRACE	TRACE   	111.8	334.0
Prevailing wind direction	0900	1500	0100	 1101)	193 0
Average wind

(m/sec)	 6.7	6.1	4.1	 7.2	4.5

Fastest wind	 169	27.8	12.3	 33.5	23.2
(m /sec)	 (27)	(27)	(5)	 (2)	(30)
(date)	 0800	0300	3500	 2200	0400

Average sky cover	 7.2	9/10	6.0 	 7.0	7/10
Number clear days	 0.0	9.9 	 5.0	4.0
Number partly cloudy days	1 0. 0	. 4. 0	4.1	 8.o	8.0
Number cloudy days 15.0 	24 0	14.0  	 17.0 	18. 0
Number days with visibility

less than 0.4 km.	 0.0	---	0.04	 1.0
Prepared for information received by teletype from the stations. Locations: McMurdo 77"51'S 166*40?3E, Palmer 64°46'S 6403'W,
Amundsen-Scott South Pole 90*S. Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2835 meters. For prior
data and daily logs, contact National Climate Center, Asheville, North Carolina 28801.
* Information not received at the National Science Foundation for March 1989. The missing data will be published later.
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Davis, Russell E. Scripps Institution of	Palmer Station was designed to hold no more than 40 people; consequently, housing and feeding the
Oceanography, La Jolla, California.	104 stranded crew members of the Bahia Paraiso strained the station's available resources. For

Palmer Station satellite imaging Ca-	
about 5 days they were sheltered in every available space—the station boat house, the carpentry

pability. DPI' 88-19551. $260,055.	
shop, and the combination life raft and tent shelters shown here. Additionally, the heavy work load
and limited facilities required that food be rationed to two meals a day.

Martin, George F. U.S. Coast Guard,
Washington, D.C. Icebreaker support
for the U.S. Antarctic Program. DPP
82-17331. $212,242.

Nelson, Marilyn. Blue Pencil Group,
Inc., Reston, Virginia. Editorial serv-
ices for the Antarctic Journal of the Unit-
ed States. DPI' 86-16512. $12,557.

Proenza, Luis M. University of Alaska,
Fairbanks, Alaska. Polar ice coring and
support. DPP 88-20948. $1,350,093.

Silvey, Frank. DUAL and Associates,
Inc., Arlington, Virginia. Conduct of a
long-range requirement study and
cost-benefit analysis of ski-equipped
fixed-wing aviation support for polar
programs. DPP 89-01290. $261,944.

Spilhaus, A.F. American Geophysical
Union, Washington, D.C. Managers
of National Antarctic Programs
(MNAP). DPP 89-02838. $88,803.

Tanen, Mark S. Phoenix Systems, Inc.
Arlington, Virginia. Phoenix systems
(software contract) distributed sys-
tems DPP analysis for text-based MIS.
OIS 87-6455. $8,360.

NSF photo by Ted DeLaca.
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