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Plans and Projects
For the 1969-1970 Season

Introduction

For the sixteenth consecutive year, the United
States Navy is engaged in antarctic operations; for
the twelfth consecutive year, the scientific activities
are being managed by the National Science Founda-
tion.' These research activities, known collectively as
the United States Antarctic Research Program
(USARP), will be conducted from five stations and
a number of field camps and from ships and aircraft.
To support the scientific effort, the U.S. Naval Sup-
port Force, Antarctica (Task Force 43) will main-
tain the five stations, establish the camps, and oper-
ate three Coast Guard icebreakers. two cargo ves-
sels, a tanker, and 15 naval aircraft. Further aerial
assistance will be received from C-141 Starlifter cargo
planes of the Military Airlift Command (MAC),
C-130 Hercules transports of the Royal New Zealand
Air Force, and ship-based helicopters. As in the past,
the Navy will also support New Zealand scientific field
parties and provide aerial transportation between
Christchurch and McMurdo Sound for New Zealand
as well as United States personnel. This support is in
exchange for the use of operating facilities in New
Zealand.

During the austral summer, about 200 scientists
will conduct a variety of projects in the fields of
biology, geology, glaciology, topography, paleontology,
and upper atmosphere physics. For the first time,
women scientists will participate in field activities in
the McMurdo Sound area. Some 20 scientists, all
male, will remain over the winter, carrying out studies
in upper atmosphere physics and seismology. A United
States biologist will winter over at the Soviet Bell-
ingauzen (Bellingshausen) Station in the South Shet-
land Islands.

Even before the official opening of the season, two
LC-130 Hercules aircraft flew into the Antarctic,
arriving at McMurdo Station on August 31. The
purpose of the flight was to bring in some scien-
tists who desired to commence their work early. Ad-
vantage was taken of the opportunity to fly out to
Byrd Station and pick up a petty officer in need of
hospital treatment.2

1 The scientific programs of the International Geophysical
Year (July 1, 1957-December 31, 1958) were conducted
under the direction of the National Academy of Sciences.

' For further details, see p. 308.

Season Opens on October 15

Williams Field, the airport for McMurdo Station,
had been put back into operation for the pre-season
fly-in. This gave the installation a head start in pre-
paring for the official beginning of Operation Deep
Freeze 70 which occurred when two LC-130Fs
arrived from New Zealand on October 15. Aboard
the aircraft were Rear Admiral David F. Welch,
Commander, U.S. Naval Support Force, Antarctica;
Mr. Kendall N. Moulton, USARP Representative,
Antarctica; Captain E. B. Ruby, Jr., Commander,
Antarctic Support Activities; Commander J . R. Pilon,
Commanding Officer, Antarctic Development Squad-
ron Six (VXE-6); and other key personnel.3

As soon as possible, hopefully the next day, the
two summer weather stations, necessary for the safe
conduct of operations, would be reestablished. One,
Hallett Station, located on the cape of the same
name, lies 400 miles north of McMurdo on the air
route to New Zealand. The other, Brockton, is on
the Ross Ice Shelf at 80 0 01'S. 179 000'W., where it
can provide meteorological information for flights to
the inland stations Byrd and South Pole. It is hoped
to reestablish physical contact with Byrd on October
20 and with South Pole on November 1. Palmer
Station, reached by ship, will be resupplied in early
January.

During the last 15 days of October, the Hercules
and Constellations of VXE-6 will be ferrying in sup-
port and scientific personnel and urgently needed
cargo from New Zealand. On the return trips, they
will carry those who have passed the winter in isola-
tion and start them on the long journey home. If all
goes well—subject to the vagaries of weather and
communications—the build-up should be well along
by the end of October. VXE-6 will then turn its
attention to the annual resupply of inland stations
and to placing scientists in the field.

Remote Scientific Field Parties

The largest of the field parties will conduct a sur-
vey of the central Transantarctic Mountains. There
will be five principal projects involving 15 investiga-
tors working throughout the season from about
November 5 to February 1. Two other groups will
join the party for briefer periods to complement re-
search being carried out in the McMurdo Sound area.
The senior scientist will be Dr. David H. Elliot of
Ohio State University, a geologist. He will he respon-
sible for coordinating the scientific projects with local
aerial support, to be provided by three UH-11) tur-
bine helicopters. These are the same machines that

'Events subsequent to the initial fly-in will be treated in
later issues of the Antarctic Journal.
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were formerly flown by Army pilots but were turned
over to the Navy last spring. 4 For ground transporta-
tion in the vicinity of their two camps, the scientists
will have three motor toboggans and a like number of
sleds. The helicopters with their crews and the scien-
tists will be transported to the field sites by LC-130s.

The first camp will be set up in the vicinity of Coal-
sack Bluff (84°15'S. 162°25'E.). Significant rock
outcrops within a 100-mile radius will be investigated.
About mid-season, the party will make a traverse to
the Nilsen Plateau, after which a second camp will
be established near Mt. McGregor (85°08'S. 174°50'
W.).

Of the six season-long investigations, three are in
paleontology. The discovery in Antarctica of a verte-
brate fossil (a labyrinthodont) on December 27, 1967
stimulated the interest of paleontologists and provided
a starting point for the search for additional speci-
mens of four-legged animals. Dr. Edward H. Colbert
of the American Museum of Natural History, who
identified the first fossil, will lead a party of four in
an extensive effort to supplement the original find.
The museum group will work closely with Dr. Paul
Tasch and an assistant from Wichita State Univer-
sity, and with Dr. James Schopf of the U.S. Geologi-
cal Survey. Dr. Tasch will make a detailed sampling
of the same stratigraphic sequence in which the fossil
vertebrate was located two years ago. (At the end of
the season, Dr. Tasch hopes to spend a week or 10
days collecting in the Lashly Mountains, working out
of McMurdo Station.) Dr. Schopf will investigate
and collect plant fossils from these same geological
formations.

The paleontologists will collaborate with the Ohio
State University geological party of nine under Dr.
Elliot, with which Dr. Izak C. Rust of the University
of Stellenbosch will be associated. Dr. Rust's specialty
is South African sediments, and he will study the
Lower Beacon Group of sandstones to determine
whether a correlation can be made between the stra-
tigraphy in the Transantarctic Mountains and that of
South Africa. The Ohio State geologists will employ
conventional methods to describe and examine rocks
in the field, measure stratigraphic sections, and col-
lect rock and fossil samples for subsequent laboratory
analysis. They will also carry out studies in glaciology
and geophysics. The results of this combined effort
should contribute to the understanding of the theory
of continental drift and to the existence and paleo-
environment of Gondwanaland.

Mr. G. Lambrecht of the University of Liege, Bel -
gium and an assistant will investigate coal measures
by helicopter in the vicinity of the two field camps.
Towards the end of the season, they hope to visit the

See T. L. Orr, Army Helicopter Operations in Antarctica,
in this issue.

coal deposits in the ice-free valleys to the west of
McMurdo Sound.

For periods of two or three weeks, scientists from
two projects in the McMurdo area will visit the camp
at Coalsack Bluff. They are Dr. Thomas E. Berg and
an assistant froiii the University of Wisconsin who,
during the remainder of the season, will be conduct-
ing a study of patterned ground around McMurdo
Sound, and Dr. Roy E. Cameron and one of his
party of four from the Jet Propulsion Laboratory
whose principal endeavor is a study of microorgan-
isms in the dry valleys. While these two groups are in
the field, the total number of scientists in the central
Transantarctic Mountains will be raised to 22.

A combined field party of four topographic engi-
neers and four geologists, all from the U.S. Geologi-
cal Survey, will be placed in the field about Novem-
ber 10 in the vicinity of the Wetmore Glacier (74°38'
S. 63°35'W.). Under the direction of Dr. Paul Wil-
liams, the eight men will use motor toboggans to
carry out a survey of the Lassiter Coast. Moving
south from the base camp, they will investigate the
eastern slope of a prominent 6,000-foot plateau. They
also expect to make a journey northeastward from
the Wetmore Glacier. While away from base, they
will live in tents. Before placing the party in the field,
VXE-6 will fly a reconnaissance of the study area
and, in late December, will conduct a resupply mis-
sion.

This summer, the Stanford University scientists
who have been studying VLF phenomena at Byrd
Station intend to move into the field. Led by Mr.
John Katsufrakis, a party of five will occupy a camp
in Ellsworth Land at approximately 76°S. 84°W.
to study the equatorial plasmapause. With a repre-
sentative of the University of California at Berkeley,
they will fly four large balloons carrying equipment
to measure the geo'lectric field. The station, which
will be reoccupied during the 1970-1971 summer, has
been designated Siple Station.

Support will also be furnished to a remote field
project of the British Antarctic Survey in its investiga-
tions of the geology, glaciology, and topography of
the Shackleton Range. The party, which includes 27
sled dogs, will be picked up at the British Halley Bay
Station and then flown into the mountains. Two New
Zealand investigations will also be assisted by LC-
130s—one at Scott Glacier and the other in the Terra
Nova area.

Airborne Sensing and Photography

Equipment for radio ice-thickness measurements
fabricated at the Scott Polar Research Institute, Cam-
bridge, England, will be installed in an LC-130 at
Christchurch, probably in early November. The new
gear is based upon that tested in Antarctica two years
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Research on marine life in McMurdo Sound by scuba-divers is a regular feature

of the U.S. Antarctic Research Program.
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ago, during Deep Freeze 68. Two parties will work
closely together in carrying out this research. Dr.
Gordon de Q . Robin of the Scott Polar Research
Institute will lead one group of five; the second
group of four will be under the direction of Dr. F.
Alton Wade of Texas Technological College. First,
a series of exploratory flights will be made over por-
tions of the Continent from which little information
is currently available. At Halley Bay, the British have
available 50 tons of jet fuel to help support the air
operations necessary to place the survey party in the
Shackleton Range and to carry on airborne sensing
activities.

A second group of flights will be related to specific
projects in geology and glaciology either already com-
pleted or planned for the future. For example, several
traverses will be made during the next decade from
points along the coast of Wilkes Land to the Soviet
Vostok Station as part of the International Antarctic
Glaciological Project. As a preliminary step, radio-
sounding flights will be carried out between Vostok
and the coastal stations Dumont d'Urville, Casey,
and Mirnyy. This program is expected to continue
over a period of years, and such flights will be made
this season as weather conditions and the availability
of fuel at inland stations permit. A third type of
flight will be made in support of Dr. Wade's investi-
gations. During the past three years, teams under his
direction have studied the geology of the Marie
Byrd and Ellsworth Land coasts. This year, Dr. Wade
will make radio ice-thickness measurements in the
same area that will aid in the determination of sub-
ice topography and in showing the interrelationships
of various nunataks, mountains, and mountain
ranges.

Aerial photography in the Antarctic is the respon-
sibility of VXE-6. This season, the principal effort
will be to complete photography of the southern part
of the Antarctic Peninsula and offshore islands that
was originally scheduled for Deep Freeze 69. In addi-
tion to its mapping photography, VXE-6 also does
special photography requested by the National Sci-
ence Foundation. As an aid to population studies, the
Adélie and emperor penguin rookeries and the seal
colonies of McMurdo Sound will be photographed,
the latter in black-and-white and infrared. Black-
and-white and infrared photographs of Deception
Island, Meserve Glacier, and the tongues of Hart
and Bartley Glaciers have been requested. In addi-
tion, the Working Group on Biology of the Scientific
Committee on Antarctic Research (SCAR), at its
August 3, 1968 meeting, recommended oblique aerial
photography of the specially protected areas. VXE–€
has been asked to photograph those areas accessible
to its aircraft.

Aerial Logistics
The direct support furnished the science program

is only one of the missions performed annually by
VXE-6. It transports passengers and cargo across the
Pacific and between New Zealand and Antarctica,
carries out the relief and resupply of Byrd, Hallett,
and South Pole Stations, provides search and rescue
service south of New Zealand and in Antarctica,
maintains a par arescue team at McMurdo Station,
and conducts weather observations and ice reconnais-
sance flights.

To carry out its multiple tasks, the squadron has 15
aircraft of 4 different types. For long-range transport,
it uses five ski-equipped Hercules (four LC-130Fs
and one LC-130R). Two wheeled Super-Constella-
tions (C-121J) are employed principally to carry
passengers between Christchurch and McMurdo Sta-
tion and to fly a limited number of trips between the
United States and New Zealand. For scientific sup-
port and local transport in the McMurdo Sound area,
there are five LH-34D piston-engined helicopters.
The three Iroquois, UH-11) turbine-powered heli-
copters are used in the field to carry out scientific
surveys of remote areas.

Assistance in the transpacific airlift is received
from the Military Airlift Command (MAC) of the
U.S. Air Force. For this purpose, MAC employs
either its own C-141 Starlifters or chartered com-
mercial aircraft. It is expected that approximately
1,540 passenger and 145,000 pounds of cargo will be
moved from the United States to New Zealand dur-
ing Deep Freeze 70, and a like number of passengers
will be returned to the U.S.A.

After the initial fly-in on October 15, the next
phase of aerial logistics will be the deployment of
scientific and summer personnel and the airlift of
urgently needed cargo to Antarctica. At the height of
the deployment period—late October and early No-
vember—MAC Starlifters and Royal New Zealand
Air Force Hercules will also participate in the logistics
effort. During the season, about 615 tons of cargo
and 1,365 passengers will be flown to the Antarctic
from New Zealand. Personnel going to Palmer Sta-
tion fly to Punta Arenas, Chile, and then proceed by
ship.

McMurdo Station with its airport, Williams Field,
serves as the logistic base for United States antarctic
operations, except those related to Palmer Station.
From McMurdo, people and goods, including fuel,
are flown inland in the Hercules of VXE-6, begin-
ning shortly after the arrival of the first aircraft in
mid-October and continuing to the end of the sea-
son. Deliveries to Byrd Station will total 1,700 tons,
with an additional 98 tons going directly to the VLF
research facility located about 11 miles from the
main installation. South Pole, the second wintering-
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over station, will receive 1,140 tons. The Hercules
will carry 52 tons to Brockton and 70 tons to Hallett,
and 260 tons will be delivered to scientific field par-
ties. From most stations, the amount of return cargo
is small, but this season it is planned to move a 100,-
000-gallon disassembled fuel tank, weighing 27 tons,
from Hallett to McMurdo.

Beginning about mid-January, passenger traffic
from the Antarctic increases rapidly as scientists and
summer support people wind up their projects and
start for home. The amount of cargo is small, how-
ever, and VXE-6 aircraft can handle the redeploy-
ment to New Zealand without assistance.

To support all phases of the antarctic program
will require an estimated 8,704 flight hours. Of this
total, 3,338 hours will be devoted to the movement
of personnel and cargo between the United States
and New Zealand and between the latter country and
Antarctica. Intra-Antarctic cargo and personnel
movements will consume an additional 2,582 hours.
Some 1,750 hours will be spent in direct support of
scientific projects. In this effort, 864 hours will be
flown by LC-130s, 567 hours by LH-34D helicop-
ters from McMurdo Station, and 320 hours by the
three ex-Army UH–lDs. Such strictly Navy require-
ments as routine and emergency maintenance flights,
search and rescue practice and actual alerts, check
flights to test navigational aids and communication
equipment, and training the pararescue team are
expected to take up about 1,030 hours. HH-52 Coast
Guard helicopters, operating from icebreakers, will
assist in scientific support and in Navy Task Force
activities when the parent ships are operating in the
vicinity of established stations.

It is interesting to note that of the grand total of
8,704 flight hours, over half-4,906 hours—will be
flown by the five LC-130s. The next largest contri-
bution will be by the two C-121Js--1,330 hours, fol-
lowed by the LH-34s-887 hours; MAC C-141s--
746 hours, to which MAC chartered DC-8s will add
80 hours; Coast Guard HH-52s--400 hours; Navy
UH–IDs--320 hours and, finally, Royal New Zea-
land Air Force C-130s--45 hours.

Ship Operations

This season, six ships will be used to support the
antarctic program, the smallest number of any Deep
Freeze operation and a reduction of one icebreaker
and one tanker from last year. This reduction is
possible because of the fact that USNS Maumee, the
one tanker assigned, can in a single trip deliver to
McMurdo Station an entire year's supply of bulk
petroleum products—about 7,000,000 gallons. In
Deep Freeze 69, it took two smaller tankers six trips
to deliver approximately the same amount of fuel.

U.S. \'ii'jj Photo

USNS Maumee, which will carry a year's supply of fuel to Mc-
Murdo in one trip.

LA
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USCGC Glacier (above) will go to Palmer Station and then
participate in the third year of the International Weddell Sea

Oceanographic Expedition.
U.C. Navy Photos

USNS Pvt. John R. Towle (below) will be the first cargo vessel to
arrive at McMurdo Station this season.

1p
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This change has been made possible by increased
fuel storage capacity at McMurdo Station. Formerly,
if flying schedules were to be maintained, a tanker
had to reach the Antarctic about mid-December.
Now that this is no longer necessary, it is possible to
delay the arrival of the tanker until about February
1, and, as in the past, to bring in the first dry-cargo
vessel in early January. As a result, the cutting of the
channel through the fast ice of McMurdo Sound to
Winter Quarters Bay need not be commenced until
the end of December, a month later than last season.
By this time, ice conditions will be considerably
ameliorated, and only two, instead of three, icebreak-
ers should be required to do the job. For the first
time since 1955, USCGC Glacier, the most powerful
United States icebreaker, will not be used in McMur-
do Sound but will go to Palmer Station, arriving
about January 7, at which time she will supply the
station with 125,000 gallons of arctic diesel. She will
mount an expedition for seal survey and phytoplank-
ton work in Bransfield Strait and operate around the
Antarctic Peninsula until the end of the month,
when, after a brief period at Punta Arenas, Chile, for
resupply, she will participate in the third year of the
International Weddell Sea Oceanographic Expedition.

The other two icebreakers, USCGC Burton Island
and USCGC Edisto, will leave Wellington and Auck-
land, respectively, on December 18. On the way to
Antarctica, Burton Island will stop at Campbell
Island to land USARP personnel and supplies at that
New Zealand scientific station. The two ships will
commence breaking the channel into Winter Quar-
ters Bay on December 30, and should, if conditions
are favorable, complete the task in time for the
arrival of the first cargo vessel, USNS Put. John R.
Towle, on January 18. The tanker Maumee will
sail directly from Panama to McMurdo Station,
reaching the latter on February 1. USNS Wyandot,
the third of the resupply vessels, will stop at Palmer
Station on January 25, and, after unloading person-
nel and supplies, proceed to McMurdo, arriving on
February 8. All three ships will call at New Zealand
ports on the return journey.

Burton Island and Edisto, in addition to cutting
the channel and escorting supply ships in and out of
McMurdo Sound, will visit Hallett Station during the
season. For ten days in February, Edisto will take
ice-prediction observations in the Ross Sea and, in
early March, will stop at Campbell Island on the
return trip to New Zealand. Burton Island will be
available to make studies of the currents in the Mc-
Murdo area, if it is decided to continue that project.
On March 1, she will depart McMurdo Station, the
last ship to leave the Ross Sea. Glacier, on the other
hand, will remain in the Weddell Sea well into
March.

Station Construction and Maintenance

Construction at antarctic stations is the responsi-
bility of Naval Construction Battalion Unit 201
(CBU-201), under the command of Lieutenant
J . E. Perry, Jr., CEC, USN. A reduction in personnel
from 300 to 200 has caused some projects earlier
scheduled for this year to be held in abeyance.5

At McMurdo Station, one project that cannot be
delayed is the erection of two fuel tanks—one of
2,000,000-gallon capacity, the other of 500,000-gal-
lon capacity. It is necessary that they be completed
before the arrival of the tanker Maumee on February
1, 1970: otherwise, storage capacity for a full year's
supply of fuel will not he available. New fuel pumps
will also be installed in the pump house at Hut Point.
In terms of man-hours, the most ambitious project
is the completion of the berthing areas in the new
personnel building. Success in this endeavor will make
possible full operation of the facility and pennit hous-
ing of all wintering naval support personnel under
one roof. It is also expected that the interior of the
new quarters for scientists will be finished and the
building made ready for occupancy. The same thing
will be undertaken for the officers quarters and shops
of VXE--6. Waterlines, where not already installed,
will be extended to these new buildings and to some
older ones.

Routine maintenance and repair is taken care of
by the Public Works Department of Antarctic Sup-
port Activities. This function frequently calls for
doing minor construction work. This season, at Wil-
liams Field, it will include the installation of mobile
buildings for a 180-man berthing facility.

CBU-201 will also do some work at Byrd, South
Pole, and Palmer Stations. Byrd and South Pole both
require considerable repair and rehabilitation if they
are to remain in use. Specific pro j ects at Byrd Sta-
tion include completing the waste-heat recovery sys-
tem and jacking up the balloon-inflation shelter,
which is threatened by snow drifts. The ventilation
system will be improved, as will the existing cold-air
plenum, and another cold-air plenum will be in-
stalled.

A 28-man detachment from CBU-201 will arrive
at Palmer Station on January 3. While there, the
Seabees will finish the combined garage /warehouse/
recreation building and make some alterations to the
biology laboratory. The detachment will return on
Glacier when that ship leaves Palmer Station for the
last time on March 30.

Some of the major projects that have been delayed

' For a short outline of the original program, see P. L. Hall,
Construction Report Deep Freeze 69, Antarctic Journal,
vol. IV, no. 4, p. 147.

258	 ANTARCTIC JOURNAL



Photos by The Washington Post

at McMurdo Station are the Navy administration
building and a warehouse for Antarctic Support Ac-
tivities. If labor becomes available in the latter part
of the season, some work will be commenced on these
and other deferred projects.

McMurdo Station Summer Programs
The location of McMurdo Station makes it an

ideal locale for summer scientific programs. B2sides
the abundant sea life of the nearby waters, there are
the penguin rookeries at Capes Bird, Crozier, and
Royds with their satellite skua colonies. Ross Island
itself is of considerable geological interest, while across
the sound, there are the ice-free valleys of Victoria
Land and behind them the mountains with glaciers
of varying types. A short way off, the ice shelf begins
and stretches 400 miles to the south. From the sta-
tion, all these natural phenomena may be reached
easily by either vehicle or helicopter. To complement
the field work of the scientists, the National Science
Foundation has provided up-to-date laboratories for
the biological and earth sciences so that scientists
working in these disciplines may alternate periods of
collecting in the field with periods of analysis in the
laboratory.

Work on the first summer scientific project in the
McMurdo area began in early September, a few
days after the winter fly-in. Drs. Gerald Kooyman
and Eugene Strider from the University of California
at San Diego, with two assistants, are continuing an
investigation of the deep-diving biology of Weddell
seals and emperor penguins. The ability of the seals
to attain depths of the order of 2,000 feet and to
remain submerged for periods of a half-hour or more
make them important for the study of cardiovascular
physiology, asphyxial defense, and the mechanism of
adaptation to rapid pressure changes. Naval person-

Dr. Dietland Muller-
Schwarze and his
wife Christine (right)
will	study Adélie
penguins at Cape

Crozier.
U. S . iVory Photo

nel from McMurdo Station will assist in the project
by setting the sub-ice observation chamber in place.
The investigators will also invade the seals' domain
using scuba-diving techniques. For several days in
early November and again in early December, mem-
bers of the party will pass several three-day periods
at Cape Crozier carrying out experiments with em-
peror penguins.

In mid-October, Ave investigators from the Univer-
sity of Minnesota, led by Dr. Donald B. Siniff, will
commence the third year of a study on the population
dynamics of antarctic seals, probably at the Hutton
Cliffs rookery. In addition to visual observations from
the sea ice, they will use telemetric devices and, for
the first time, experiment with underwater television
equipment. Among the devices used will be transmit-
ters attached to the seals that will be monitored from

For the first time in the history of the U.S. Antarctic Research Program, women scientists will
participate in field work on the Continent. One group of four will work in the dry valleys
(see p. 260 for details); they are (I. to r., above): Kay L. Lindsay, Terry Lee Tickhill, Eileen R.

McSaveney, and Lois M. Jones (leader).
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fixed locations on the surface and from helicopters
flying overhead. Aerial photography will be flown as
part of a population survey.

Another group of four, from the University of Cal-
ifornia at San Diego, will carry out a project of
more limited scope. They will study the temperature
regulation in the newborn seal, seeking information
on the metabolic mechanisms that protect the pup
during his first critical days. Until the principal in-
vestigator, Dr. Robert W. Eisner, arrives in Novem-
ber, the field work will be directed by Dr. Douglas
Hammond. Like other parties working on the sea
ice, they will terminate their investigations about
mid-December, when the ice in McMurdo Sound
normally deteriorates and becomes unsafe.

Dr. Robert E. Feeney of the University of Cali-
fornia at Davis will return with three assistants to
McMurdo Station to continue his studies of the
blood proteins of Adélie penguins and cold-adapted
fishes. Further emphasis will be placed on the isola-
tion and characterization of emperor-penguin egg
whites, and an examination will be made of genetic
differences in egg whites of Adélie penguins from
four different rookeries. After collecting at Cape
Crozier and from the sea ice in the Sound, the biolo-
gists will continue their work in the laboratory.

At Cape Crozier, Dr. Dietland Mflller-Schwarze
of Utah State University and his wife, also a biolo-
gist, and two assistants will study anti-predator be-
havior in the Adélie penguin. The Adélie is an ideal
subject for such studies because, in the relatively
simple antarctic ecosystem, he has only two predators,
the skua and the leopard seal. It should thus be pos-
sible to determine rates of predation and the types
and effectiveness of the Adélie's defenses. Dr. Muller-
Schwarze will work closely with a party from Johns
Hopkins University completing a 10-year study of
Adélie populations. Messrs. Robert Wood and David
Ainley will start the project early in the season and,
in January, will be joined by the principal investi-
gator, Dr. W. J. L. Sladen. Dr. Roberto Schlatter, a
Chilean scientist now studying at Johns Hopkins un-
der a USARP exchange program, will work at Mc-
Murdo Station and Cape Crozier. Observations will
be made of previously banded birds—Adélie and em-
peror penguins and skuas—to obtain information on
breeding and mortality. Aerial photographs will be
taken three times during the season to facilitate popu-
lation counts. These two projects will require about
50 hours of helicopter support.

Two projects in zoology and two in botany will
complete the summer biological work based at Mc-
Murdo Station. Drs. Richard W. Tirnmn and David
R. Viglierchio will conduct a survey of the terrestrial
and marine habitats of free-living nematodes (elon-
gated cylindrical worms). They will visit locations

in the ice-free valleys and on Ross Island and will
carry on laboratory experiments to obtain ecological
data and information on adaptation to cold. Dr.
Albert R. Towle of Stanford University will be en-
gaged in a comparative study of polar and tropical
starfish for a better understanding of the role of the
body wall in respect to respiratory rates and bio-
chemical and histological constitution. A guest scien-
tist from the University of Tiibingen in West Ger-
many, Mr. E. Wolfgang Becker, will investigate the
effect of low temperature on terrestrial algae, carry-
ing out experiments both in the laboratory and the
field. Dr. Henry Imshaug of Michigan State Univer-
sity will lead a party of five in a study of crypto-
garnic (non-flowering) plants, entomology, and relict
vegetation—principally on Campbell Island, where
they will be dropped off by Burton Island in late De-
cember. They will be picked up about February 1
and transported to McMurdo Station by HMNZS
Endeavour. One member of the party, Dr. Rudolph
Schuster of the University of Massachusetts, will re-
main in the McMurdo area till the end of the season.

The role of crvptogamic plants as biological weath-
ering agents is the subject of investigations by Dr.
Fiorenzo Ugolini and a field assistant from the Uni-
versity of Washington. In this second year of the
project, attention will be focused on ion and water
migration with the use of Sodium-22 at previously
selected sites in the Wright Valley, and the prepara-
tion of soil maps of parts of two valley systems. Near-
by, and also interested in weathering processes, will
be the first United States all-woman scientific team to
work in the Antarctic. Dr. Lois M. Jones and three
assistants from the University of Georgia and Ohio
State University will investigate chemical weathering,
salt content of snow and ice, paleogeography and
paleolimnology, distribution and movement of the
most recent glacial advances, and the geochemimical
ecology of terrestrial arthropods (small insects and
related species such as mites). They will devote most
of their time to Lake Vanda, but will also visit Lake
Bonney—in the Taylor Valley—for comparative
studies.

The glacial geology of the area east of Lake Vanda
will be studied by Mr. Robert Behling, also of Ohio
State, and a field assistant. They will map the surface
geology, determine the relative ages of outlet and
alpine glaciers, investigate the physical geochemistry
of mineral alteration processes, and study the dis-
tribution and origins of soils that have formed on
glacial moraines. For the second year, Mr. George
Linkletter of the University of Washington will con-
duct a project in weathering and soil formation at
selected sites in the dry valleys. Specific objectives of
this research are to determine the processes presently
contributing to soil development and the relative
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Many research projects in the McMurdo area are carried out at
Ross Island (above, left) and the dry valleys (above, right). The
McMurdo biological laboratory (right) is used extensively by field

investigators.

importance of lithology and time in antarctic soil
formation under conditions where the other variables
are essentially constant. The party will alternate 10
to 21 days in the field with 2 or 3 days of laboratory
work.

Dr. Thomas E. Berg and an assistant will com-
plete a 10-year University of Wisconsin investigation
of patterned ground on Ross Island and in the ice-
free valleys. The continuous and periodic records,
including data compiled through the antarctic winters
by automatic recording stations, will give added sig-
nificance to the measurements of the annual growth
rates of several hundred ice and sand wedges. The
two investigators will spend the first two weeks of
December at Coalsack Bluff with the Transantarctic
Mountains Survey. At the end of the season, the
automatic recording equipment will be dismantled
and removed. The sites, however, will be marked so
that measurements can be made at intervals of five
or ten years.

In the Taylor Valley and, if time permits, near
Lake Vanda in the Wright Valley, Dr. Lyle McGin-
nis, of Northern Illinois University, and two assistants
will conduct an electrical-resistivity survey to investi-
gate the relationship of surface to subsurface waters
in the ice-free valleys. A University of Kansas party
under Dr. Wakefield Dort, Jr. will continue a study
of antarctic cirques commenced in 1965. Of particu
lar interest to the researchers will be the recent ad-
vance and retreat of four types of glaciers found in

south Victoria Land: small alpine glaciers flowing
from isolated cirques; large alpine glaciers nourished
by névés outlet glaciers draining the ice cap; and
piedmont glacier tongues. The 4-man party will
occupy several field camps in the area in the course
of their work.

Two projects from the University of Wyoming
involve geological and geophysical studies. One party
of four, under Drs. Scott Smithson and Robert Hous-
ton, will engage in field work in the Wright 'Valley,
conducting research on the rocks of Precambrian and
Paleozoic age over an area of several hundred square
kilometers. They will split into two groups of two
each for their field work. The other Wyoming party
will consist of Mr. Robert Flory and an assistant who
will conduct similar research on the Skelton Glacier.
Because of the distance from McMurdo Station—
about 130 miles—the second party will require sup-
port by LC-130 rather than by helicopter.

At the station itself, Drs. Martin Pomerantz and
George Baird of the Bartol Research Foundation will
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spend about six weeks commencing in December con-
ducting a series of balloon launches for the study
of cosmic radiation. The balloons, identical to those
used last year by Dr. Pomerantz, are capable of rising
to 100,000 feet. After the departure of Drs. Pome-
rantz and Baird, the wintering-over Bartol cosmic-ray
observer will continue the program throughout the
year.

Four New Zealand projects from Scott Base will
also be supported by the Navy helicopters from Mc-
Murdo Station. The latter will also assist in the re-
supply of New Zealand's small research station at
Lake Vanda. In early October, supplies for the sta-
tion will be carried across McMurdo Sound to the
Wilson Piedmont Glacier by tractor train. Included
will be a quantity of aviation gasoline, because it is
expected that the supplies will be lifted by helicopter
from the glacier to Lake Vanda. This procedure will
reduce vehicle traffic over the scientifically important
valley floor. Late in the season, food and some equip-
ment will be flown directly from Scott Base for the
use of the wintering-over party.

Summer Projects at Hallett Station

The biological laboratory at Hallett Station will be
used by three USARP teams this season. Two grad-
uate research assistants representing Dr. Frank Strong
of the University of California at Davis will study the
low-temperature physiology of arthropods. Dr. Milton
W. Weller of Iowa State University, leading a party
of three, will also be at Hallett, substituting for Dr.
John Baker in his third season of study of the early
embryology of the Adélie penguin. A prune objective
of this season's work will be to determine the propor-
tion of surviving embryos among both the older, ex-
perienced and the younger, inexperienced brooders.
Late in the season, 1)r. Steven B. Young of Ohio
State will arrive from Palmer Station. He is making
a study of vascular plants in the Antarctic Peninsula
and will transplant examples of a grass and a pink
from tlis area to Hallett Station.

Summer Programs at Byrd and South Pole
Stations

At Byrd Station, Mr. B. Lyle Hansen will lead a
team of four from the Army's Cold Regions Research
and Engineering Laboratory (CRREL). It is their
hope to free the drill that last year became stuck
about 6,500 feet down the deep borehole. If the drill
cannot be freed, an attempt will be made to cut the
cable as far down as possible with an explosive device.
Other studies will be made in one of the shallow
(500-foot) holes drilled last summer.

When the hole is free of the drill, Mr. James
Rogers of the University of Washington will carry
out studies of the dielectric loss properties of ice using
a very-low-frequency (VLF) transmitter and a sens-
ing device lowered into the drill hole. (He also ex-
pects to spend some time at the Byrd Station long-
wire facility.) Dr. Charles R. Bentley of the Univer-
sity of Wisconsin will carry on seismic logging in one
or more of the existing drill holes, preferably the deep
hole. A seismic source will be lowered and accurate
measurements made of the travel times of both com-
pressional and shear waves returning to the surface.
More accurate determination of ice thicknesses will
result, and it is expected that information will be
obtained on the anisotropic nature of the ice.

Messrs. Hansen and Rogers and Dr. Bentley will
coordinate their work with that of a party of five
under Dr. B. Stauffer from the University of Bern,
Switzerland, who will be in the Antarctic for the
second successive year. Their project involves deter-
mination of the age of the ice at various levels, in-
formation basic to an understanding of ice flow in the
Antarctic and a key to past changes in climate and
atmospheric contamination rates.

A party of two from the University of Wisconsin,
under Mr. John Clough, will use an electromagnetic
sounding device developed at the University to meas-
ure ice thickness in the vicinity of the deep drill hole,
at other spots near Byrd Station, and possibly at the
long-wire facility. The results, it is hoped, will deter-
mine more accurately the thickness and nature of
the ice in one of these unique areas of the antarctic
ice sheet.

Other glaciological studies will be carried out by
Dr. Joseph Warburton and a field assistant from the
University of Nevada, and by an Ohio State Univer-
sity party of four led by Dr. Gilbert Dewart. Dr. War-
burton will collect about 200 ice cores in and around
Byrd Station that will be shipped back to the United
States and analyzed for their naturally occurring
concentrations of silver and iodine. Using USARP
vehicles, the party from Ohio State will resurvey the
strain network that extends approximately 100 miles
northeast of Byrd Station. During the traverse, they
will conduct glaciological studies and make magnetic
and gravimetric measurements. Their aim is to ob-
tain as complete a knowledge as possible of the form
and dynamics of the ice sheet in the area covered.

Dr. James Barcus and three assistants from the
University of Denver will launch a series of balloon
and rocket flights to determine the interrelationship
of particle bombardment, geomagnetic effects, and
ionospheric structure at high latitudes. TIme flights
will be made simultaneously with similar flights from
Byrd's conjugate point in the Northern Hemisphere
—Great Whale River in Canada.
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During late November and early December, three
topographic engineers from the U.S. Geological Sur-
vey will be at Byrd Station making astronomic obser-
vations in order to determine the station's exact
position. In the latter part of December, they will
transfer to the South Pole to carry on similar work.
At the same time, a member of the CRREL team
will also visit the South Pole to conduct a project
originally scheduled for last year, but held over be-
cause of the difficulties encountered with the drill
at Byrd. He will lower a pendulum probe into the
ice by using electric heat to melt the ice, and measure
temperatures and depths at intervals down the hole.

In another CRREL project, Mr. Anthony Gow
and a field assistant will visit Byrd and South Pole
Stations and the Dailey Islands in the McMurdo
Sound area. At each, they will investigate a different
aspect of the nature and properties of snow and ice.
At Byrd, they will collect thick sections of firn at
various depths in a snow mine; remeasure the inclina-
tion, temperature, and rate of closure of the 11-year
old drill hole at the old Byrd Station; and reexamine
the line of accumulation stakes set out in 1962. They
will spend about a week at the South Pole collecting
100 freshly precipitated crystals for the purpose of
studying the size and composition of freezing and
condensation nuclei formed at very low temperatures.
At the Dailey Islands, they will survey ice movement
and ablation since 1965 and examine the distribution
of the remains of invertebrate animals lying on top of
the ice. From the latter, it is hoped that the depth
of water under the ice may be ascertained together
with the depths at which anchor ice forms, because
this type of ice is responsible for lifting materials
from the sea bed to the underside of the local ice
tongue.

Year-Round and Station Winter Programs

Some 16 scientists and 4 technicians will winter
over at Byrd, McMurdo, and South Pole Stations.
The four technicians will include a mechanical engi -
neer to maintain the long-wire facility near Byrd
Station. The other three will be at McMurdo Station
to take care of the biological laboratory, the field
party processing center, and the USARP vehicles.

Research will be conducted principally in upper
atmosphere physics and meteorology. To be most
effective, observations in many of these programs
must be made over long periods of time; some of
the programs have been in existence since the start
of the International Geophysical Year in 1957.

At Byrd and South Pole Stations, the U.S. Coast
and Geodetic Survey, a part of the Environmental
Science Services Administration (ESSA), will con-
tinue to conduct studies in geomagnetism and seis-

mology. At each station, a single representative of
the Survey will conduct both projects. At Byrd Sta-
tion, he will also take observations of PKP seismic
waves (i.e., waves passing through the core of the
earth). The PKP data will be furnished to the Stan-
ford Research Institute for reduction and analysis.
At the South Pole, the earth-tide measuring equip-
me-fit of the University of California at Los Angeles
will continue in operation.

Another branch of ESSA, the Environmental Re-
search Laboratory at Boulder, Colorado, will have an
observer at each of the following stations: Byrd,
McMurdo, and South Pole. They will carry out
studies of VLF, ULF, and transient ionospheric phe-
nomena, and will operate ionospheric sounders at
all three stations as well as riometers (relative iono-
spheric opacity meters) at Byrd and the South
Pole. A representative of the McDonnell-Douglas
Astronautics Company will continue conjugate-point
riometer studies at McMurdo Station, while the
University of Washington will conduct a VLF project
at the long-wire facility located 11 miles from Byrd
Station. Variations in the intensity of cosmic rays
are studied by the Bartol Research Foundation at
Byrd and McMurdo Stations. At Byrd Station, the
ESSA personnel will conduct conjugate-point auroral
studies for the National Research Council of Canada.
Other auroral observations will be made at South
Pole Station by the Geophysical Institute of the Uni-
versity of Alaska. Three University of Texas scien-
tists will carry out geodetic and upper atmosphere
studies at McMurdo Station using signals from satel-
lites. The Weather Bureau, another component of
ESSA, will continue to make weather observations
at Byrd and South Pole Stations, but on a more lim-
ited scale than during previous seasons. Navy aerolo-
gists will man the weather facility at McMurdo Sta-
tion.

Antarctic Peninsula Programs

In the Antarctic Peninsula area, research will be
conducted from aboard the Coast Guard icebreaker
Glacier, the National Science Foundation's research
ship Hero, at Palmer Station on Anvers Island, and
at various island sites in the South Shetlands.

Even before Glacier sails from Punta Arenas on
December 29, the first of the scientific projects will
be in the field. An Argentine naval vessel will trans-
port three members of an Ohio State University team
to Deception Island. The other three members will
arrive aboard Glacier on January 1. While on the
island, they will be supported by the Argentine sta-
tion. This season, under the leadership of Mr. Olav
Orheim, they will concentrate on the geologic effects
of the volcanic activity of the last two years. It is
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planned to evacuate the researchers either by Glacier
in late January or by Hero in mid-February, although
it is possible that two members of the party may wish
to remain longer to complete their work. They can
be returned to Punta Arenas by Glacier on its last
trip in late March.

Other scientists will also be aboard the icebreaker
when she departs Punta Arenas. From Columbia
University, there will be a party of three, led by Dr.
Ian W. D. Dalziel, that will engage in a study of the
geologic structure of the Scotia Ridge. On January 1,
following a reconnaissance and photographic flight,
the ship's helicopters will put them ashore on Ele-
phant Island. Later, when Glacier returns to the area,
the party will be transferred to either Clarence or
Gibbs Island.

Upon arrival at Palmer Station on January 3,
Glacier will disembark most of the remaining scien-
tists who boarded at Punta Arenas. Two parties,
however, will remain on the ship. One of four mem-
bers from the University of Minnesota under Dr.
Albert Erickson, will make a population survey of
seals in the area from Adelaide Island to the South
Orkneys. About 100 hours of helicopter time will
be required to obtain photographs, census counts,
and blood samples. Specimens will be collected
and space will be provided aboard ship for dissecting
the seals. This project is part of a larger one, con-
cerned with the study of seals in several parts of
Antarctica, and includes the work being done by
Dr. Siniff at McMurdo Station. While Dr. Erickson
is carrying out his short investigations, Dr. Sayed Z.
El-Sayed, with three assistants, will collect plankton
as part of a study of the biological productivity of
antarctic waters. Because Dr. El-Sayed's project in-
cludes study of algal blooms at high latitudes, he will
remain aboard Glacier when she goes to the Weddell
Sea in February.

For several years, a study has been in process of
the glaciological and meteorological factors affecting
the accumulation of ice on Anvers Island. This year,
Mr. Rudolf Honkala and an assistant from the
University of Montana will emphasize the study of
loss by melting as it relates to the mass balance. The
party will be transported to Palmer Station by the
British ship RRS John Biscoe in mid-December so
that work may start as soon as the seasonal melting
begins.

A number of scientific parties, operating aboard
Hero and investigating phenomena around the islands
of the Bransfield and Gerlache Straits, will also spend
some time at Palmer Station and use the biological
laboratory located there. One of these groups will take
up the study of the cryophilic (cold-adapted or

"snow") algae that some scientists believe may be
adaptable to Mars or other extraterrestrial environ-
inents. This research, by a team of three investigators
from Oregon State University led by Dr. Herbert C.
Curl, Jr., will concentrate on the adaptation of cryo-
philic algae to the rigorous antarctic environment.
Another party of two from the same university will
study intertidal ecology in the vicinity of Palmer Sta-
tion and around Wiencke Island, using scuba diving
techniques. One of the investigators, Mr. Stephen V.
Shabica, who is to be Station Scientific Leader at
Palmer, will continue the ecological prograin through
the winter.

Another project involves study of the algae found
in meltwater ponds and streams. Dr. Bruce C. Parker
and two companions from the Virginia Polytechnic
Institute will try to ascertain the taxonomic and eco-
logical range of the algae and determine their role
in the freshwater ecosystem of which they are a part.

Dr. Steven B. Young of Ohio State University,
who began his studies of vascular plants aboard Hero
in southern Chilean waters, will continue them in
the Antarctic. His is a wide-ranging project calling
for biosystematic studies and comprehensive sampling
in the subantarctic regions. In late January, he will
board Wyandot for transportation to McMurdo
Sound and from there to Hallett Station. At the latter
location, he will experiment with transplanting of
vascular plants collected in the Antarctic Peninsula
area.

The chlorinated hydrocarbons used in pesticides,
such as DDT, have become worldwide pollutants
appearing even in the remote Antarctic. Residue
levels in marine birds have resulted in a high inci-
dence of reproductive failure involving calcium me-
tabolism. Dr. Richard W. Risebrough of the Univer-
sity of California at Berkeley and an assistant will
collect bird and egg specimens for laboratory analysis
of the phenomenon. Dr. Risebrough expects to re-
main at Palmer after the departure of Hero and will
return to Punta Arenas aboard Glacier at the end of
March.

Among those arriving at Palmer aboard Glacier on
January 3 will be Dr. LeRoy Scharon of Washington
University (St. Louis), who has previously done paleo-
magnetic research as exchange scientist with the
Soviet Antarctic Expedition. He will collect rocks in
the vicinity of Anvers Island until January 19, when
he will be picked up by the British ship John Biscoe;
he will remain aboard that vessel until the end of the
season in late April.

About mid-February, Hero will return to Punta
Arenas. When she sails again in early March, she will
carry a scientific party of six, three from the Bureau
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of Commercial Fisheries and three from the Smith-
sonian Institution's Oceanographic Sorting Center.
This combined team, headed by Mr. Miles Alton,
will carry out the second phase of a 3-year project to
assess the protein potential of antarctic seas by trawl-
ing for bottom fishes and also for krill, a small crus-
tacean that is basic to the antarctic food chain. The
waters about Tierra del Fuego will first be investi-
gated, after which Hero will turn southward across
the Drake Passage. Before her departure from the
area about May 1, she is expected to make three short
stops at Palmer for upkeep, replenishment, and re-
fueling.

U.S.S.R.-U.S. Exchange Scientists

On February 6, when Glacier departs Punta Arenas
for the Weddell Sea, she will have among the pas-
sengers Mr. John Groom of Roanoke College, Vir-
ginia, who will be put ashore at the Soviet station
Bellingauzen (Bellingshausen) on King George Is-
land as United States exchange scientist. There, he
will continue a study begun last summer at Palmer
Station of ciliated protozoans (a one-celled animal
that propels itself by the use of minute hairs), inves-
tigating tidal and meltwater pools and the waters
of the shoreline.

A Soviet exchange scientist, Mr. Sergei Mikhailo-
vich Myaghov, a glaciologist from Moscow State Uni-
versity, will arrive at McMurdo at about the same
time. Mr. Myaghov is expected to work on problems
of glacial geotnorphology in the McMurdo Sound
region.

International Weddell Sea Oceanographic Ex-
pedition-1970

Following her visit to King George Island, Glacier
will join the Argentine icebreaker ARA General San
Martin for the third year of the International Wed-
deli Sea Oceanographic Expedition. Ice conditions
permitting, a line of current meters may be placed
across the Bransfield Strait between King George and
the Joinville Islands. If this is done, it is probable
that some proposed oceanographic stations in the
Weddell Sea will be omitted.

The first order of priority, once the Weddell Sea
is reached, will be the recovery of four current-meter
arrays laid down in 1968 in the vicinity of 74°S.
40°W. These meters were anchored on the bottom
and were set to record the temperature as well as

the speed and direction of flow of the bottom water
for a period of 12--14 months. One of the arrays also
contains a device to take and store a sample of the
water every 10 days. Their recovery is expected to
lead to a better understanding of the quantity and
composition of Antarctic Bottom Water which, it is
suspected, forms in this area during the winter. Last
season, efforts to reach the arrays were thwarted by
heavy ice conditions and it is believed that they can-
not survive another winter. In charge of the retrieval
will be Dr. Thor Kvinge and an assistant from the
University of Bergen, Norway.

Immediately upon arrival in the Weddell Sea,
Glacier will try to reach the vicinity of 74°S. 40°W.,
depending heavily upon satellites for navigation and
ice observations. If the ship is unsuccessful on the
first try, it will revisit the area periodically in the hope
of better luck.

During the intervals between tries, other oceano-
graphic projects will be supported. They include con-
tinuation of Dr. El-Sayed's study of biological pro-
ductivity and of Dr. Erickson's investigation of seal
populations, both of which were begun off the Ant-
arctic Peninsula earlier in the season. Dr. Lawrence
Frakes of the University of New Mexico will super-
vise the taking of piston cores for the purpose of
studying sedimentation processes and delineating
ancient depositional environments. These cores will
be taken at the conclusion of ocean stations, provided
time is available. The Coast Guard Oceanographic
Unit of eight men led by Lieutenant Commander J.
Seabrook, USCG, has proposed about 60 stations at
which physical and chemical observations will be
made, with emphasis on the characteristics of Ant-
arctic Bottom Water. Time on station is usually eight
hours or less, and the stations are planned for inter-
vals of 30 nautical miles. If all goes well, it will be
barely possible to complete this program; any delay
will necessitate the omission of some stations.

Aboard San Martin will be scientists from the Ar-
gentine Naval Hydrographic Service. In addition, a
party of three or four from Texas A&M, under Dr.
Luis R. A. Capurro, will be aboard to carry on studies
of water masses, currents, and the origin of bottom
water. These studies complement those of Dr. Kvinge
and the Coast Guard.

Toward the end of March, as the onset of winter
begins, Glacier will depart the Weddell Sea. If cur-
rent meters were installed across the Bransfield Strait
on the inward voyage, theywill be retrieved on the
return trip. Between March 27 and 30, Glacier will
stop briefly at Palmer Station to pick up the last of
the summer scientists and naval support personnel
before going on to Punta Arenas and home.
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The potential usefulness of unmanned stations in
the United States' antarctic program has been ap-
parent for many years. Steady increases in construc-
tion and operational costs, especially in the continen-
tal interior, have focused attention on automated
facilities as all to the manned stations.
Automatic stations would be useful also as a system
of auxiliary observatories to the manned-station net-
work oil Continent. For the pack-ice zone around
Antarctica, automatic stations offer a real hope for
collecting sophisticated data without the risk of life
in manned stations located oil 	highly unpredict-
able and constantly moving sea ice.

However, despite the desirability of developing un-
manned stations for Antarctica, it was only recently
that a study of their feasibility became practicable.
One reason is that the U.S. program in Antarctica
has only limited funds available for equipment de-
velopment, and must utilize technological advances
derived from other research projects and industry.
Three technological advances of the last decade have
been especially important in this respect. First, per-
fection of isotope and other power sources has made
available equipment providing sustained, reliable
power with low maintenance characteristics. Second,
the development of solid-state electronics and printed
circuitry, hastened by the Space Age's demands, has
produced electronic components of low weight, com-
pactness, and high reliability. Third, and perhaps
most important, communication links provided by the
synchronous telecommunication satellites now perlilit
direct coiiiiiiunications between stations in the south
polar region and universities and institutions of all
nations working in Antarctica. With these three ad-
vances producing a variety of off-the-shelf" hard-
ware and new l)ove1 and telecommunication systems,
it seemed appropriate in 1967 to commence a detailed
study of an unmanned, automatic antarctic station.

In August 1967, through a grant to Stanford Uni-
versity, the National Science Foundation's Office of
Antarctic Programs launched a study of unmanned,
automatic geophysical observatories for use in Antarc-
tica. The objectives of the study were to identify
major problems of building and operating unattended
stations for a year in the polar environment and en-
coding and transmitting data to the U.S.A. via
conimunication satellites. Once established, the sta-
tions would be visited annually by scientists and en-
gineers who would revise the experiments conducted
and Perform station maintenance. If the investiga-
tions showed the concept to be feasible, the design
and construction of a prototype station might then
proceed.

The first year's investigations resulted in a compre-
hensive report oil feasibility of the unmanned
automatic station (Jenny and Lapson, 1968) . Other
reports have dealt with the use of the automatic sta-
tion by scientists of several nations as well as the
comparative capital investment and operating costs of
manned and unlllanned stations (Smith and Jenny,
1968), the electronic design of the station (Jenny,
1968a), and design optimization for data collection
systems such as those which will be employed in the
automatic station (Jenn y, 1968b) . In this report, we
summarize the feasibility study and outline current
research and development activities, including plans
for field testing of station components during the
1969-1970 austral summer and the 1970 austral win-
ter, and discuss the role of the station user—the ex-
periumenter---in the preparations for the eventual
placement of a frilly operational automatic station in
Antarctica.

The Feasibility Study

In the feasibility study, all the atmospheric and
meteorological experiments presently being conducted
in Antarctica were to be examined as potential can-
didates for an automatic station. While the automatic
stations eventually built might not include all the
experiments considered, the station-sensor interface,
power requirements, and other criteria for each po-
tential experiment would have been examined at the
time the basic station system design was developed
and hopefully provided for in the station design. Sta-
tion experiments can be expected to vary with geo-
graphic location. For example, stations located in
areas of poor weather might not include sky-looking
sensors such as amoral photoiimeters. In other in-
stances, proximity to the Geomagnetic Pole iiiight
dictate emphasis on certain ionospheric experiments.
lime nine fields of experiments considered in the ini-
tial feasibility studs' (Table 1) incorporated much of
the observational J)rogramli presently conducted by the
U.S.A. in the atmimospheric/iommosphieric sciences in
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Antarctica. For each experiment, estimates were
made of power requirements, the space needed for
the experiment packages, and the volume of data to
be transmitted from the station to the communica-
tion satellite. As the studies progressed, the early esti-
mates of experimental design requirements remained
fairly valid with one exception—failure to assess ade-
quately the scientific requirement for a network of
stations, systematically spaced throughout a 100 km2
or 200 km 2 area of the ice cap, to provide data on the
near-surface meteorological regime in Antarctica
(Lettau and Schwerdtfeger, 1967). Micro- and mac-
rometeorological instrumentation associated with au-
tomatic stations, possibly reporting to a central,
manned observatory, will be necessary in future ant-
arctic programs.

Once the experiments' power requirements, data
transmission rates, and space requirements were
known, a design study of the housing—or "shell"1—
of the station and the station's data encoding and
transmission systems could proceed. The station hous-
ing was to meet worst-case criteria for the antarctic
environment: temperatures as low as —88°C., winds
to 240 km/hour, and snow accumulation up to 2 in
year. Placement of the station instrument package
below and above the snow surface was considered.
Below the surface, a more constant temperature is
obtained for the station environment and, at a depth
of a few meters, the temperature stabilizes near the
mean annual surface temperature of the location.'
Offsetting the environmental advantages of a buried
station were certain advantages in a surface or ele-
vated station, such as ease of communication and the
orientation of sky-looking optical sensors.

As the feasibility study progressed, it became ap-
parent that insulation against antarctic environmen-
tal extremes could be provided for a surface or above-
surface installation, and that the erection of the hous-
ing on a tripod-like leg arrangement above the snow
surface provided a solution to the snow-accumulation
problem. Calculations showed that such an arrange-
ment would probably meet a most important criter-
ion: the alignment of the station's antenna with the
communication satellite would remain constant re-
gardless of wind load or buffeting of the station.
Thus, the plan for an elevated station emerged, sup-
ported by considerable engineering data. The artist's
concept of the station was remarkably similar to the
prototype station housing now under construction
(see cover and Fig. 1). Mounted on the station in-
strument capsule and in the surrounding snow are

'A solution similar to the burial of the station housing has
been employed in Soviet automatic weather stations in the
Arctic Ocean, where the instrument package is oftentimes
suspended in the water below the sea ice (Olenicoff,
1968).

Figure 1 . Artist's concept of the antarctic automatic station as-
sembly, the station checkout van, and power supplies.

the various sensing transducers and antennas. Sensors
which are exposed to the environment will require
careful design to insure that they operate throughout
the year; experience gained in designing the station
should be applicable to sensor development, especially
of those which are subjected to environmental condi-
tions. The riometer, micropulsation, magnetometer,
and VLF antennas will be buried in the snow to re-
duce noise generated by static electrical discharges of
the dry, blowing snow, and to prevent damage by
wind and ice. Some meteorological sensors and sky-
looking instruments, such as auroral photometers,
will be mounted directly on the instrument capsule.

In the feasibility study, attention was given to con-
trol mechanisms that would maintain the temperature
in the electronics module of the automatic station
near 20°C. regardless of outside temperature fluctua-
tions. A thermal switching or venting mechanism to
regulate the temperature was identified as a key part
of the automatic station design, although the detailed
studies of solutions now adopted did not emerge at
that time.

In addition to the design, certain "housekeeping"
requirements for the station were considered. One of
these was the operation, on command, of a flashing
strobe and/or radio beacon to guide the aircraft
bringing engineers for the annual maintenance of the
station and revision of its experiments. Also, the me-
chanical engineering in the study merged with the
electronic design to consider methods of erecting the
station in the field. A station checkout van (Fig.
1), equipped with jacking mechanisms to erect the
station and calibration equipment for the verification
of the station's electronic and communication systems
as well as experiments, will be utilized in the sta-
tion's field installation and in the annual mainte-
nance. This van, configured to be air-transportable
by LC-130 Hercules aircraft, will have weight and
traction characteristics that will permit its movement
from the aircraft to the automatic station site by two
motor toboggans operating in tandem.
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The electronic design goals were a low-power, high-
reliability, small-volume electronic package that could
be incorporated in a compact station instrument cap-
sule. A large portion of the work in the feasibility
study concerned means of achieving these goals, in-
cluding preliminary designs of circuitry for the solu-
tions adopted. In the control of the station experi-
ments, three alternatives presented themselves, all of
which had been used successfully in spacecraft con-
trol systems: sequencers, command decoders, and
general-purpose computers. Sequencers execute tasks
in a fixed, prearranged chronological order, while
command decoders execute commands transmitted
from a controlling station in any sequence. Both of
these methods of experiment control are inflexible in
that the timing sequences and/or command reper-
toires are fixed by the hardware configuration
adopted in station construction. The general-purpose
computer, on the other hand, permits reprogramming
of central functions. Available computers, including
several projected for spacecraft use in the early 1970s,
were surveyed for application to the antarctic auto-
matic station (Cliff, 1966). No suitable computer was
found, however. The most suitable off-the-shelf com-
puter, the IBM 4 - Model TC, has a mean time be-
tween failures of 8,000 hours, which implies a 37 per-
cent chance of successful operation throughout a cal-
endar year. The NASA-sponsored computer develop-
ments for spacecraft would yield higher reliability at
lower power consumption; however, the cost of these
computers is expected to be above the limits set for
the antarctic unmanned station development. Devel-
opment of special-purpose station components which
perform the basic functions of the computer became
the alternative adopted in the feasibility study, with
the hardware taking the form of a data encoder, a
command decoder, and a sequencer or clock). The
data encoder accepts the data from the various sta-
tion experiments as well as engineering or house-
keeping data such as voltages, temperatures, and
pressures. The command decoder accepts the signals
received via satellite from the home laboratory and
assembles them into commands which adjust the sta-
tion experiment sampling rates. Design of these spe-
cial-purpose components emerged as one of the main
tasks in the construction of a prototype station.

The planned operating system for the automatic
station is shown in Fig. 2. Using a command link or
encoder as a means of changing the experiment op-
erating modes in the field, the facilities required in
the U.S.A. include a command encoder, a receiving
system with both recording and real-time monitoring
equipment, and associated transmitting and receiving
antennas. In Antarctica, within the automatic station,
there will be a command receiving system associated
with the antennas, a decoding unit which directs the
changes in experiment mode through inputs to the

SENSORS	STATION	ANTENNA 
1- ANTARCT ICA - - -	-t—

SATELLITE
RELAY

UNITED STATES

TAPE	RECEIVER 1*—' ANTENNARECORDER

OFF-LINE
I
 REAL-TIME

COMPUTER	MONITOR I ITRANSMITTEI

TAPES TO COMMANDEXPERIMENTERS ENCODER

Figure 2. Operating system for the unmanned antarctic station.

various sensors, and the encoding systems which re-
ceive the data from the sensors and prepare them for
transmission. A digital clock system will also be
provided.

The design study called for communication via
satellite systems. Communication with polar-orbiting
satellites requires data storage facilities at the station,
including mechanical components such as tape-re-
cording systems. These were ruled out, however, be-
cause of the high degree of probable failure, in addi-
tion to the fact that they could not "dump" the

1800	
AT 5- I

Figure 3. Visibility of planned synchronous communications satel-
lites, including Intelsat (INT) and NASA experimental (ATS) ve-
hicles. The shaded portion of Antarctica, approximately 28 percent

of the Continent, is served by Pole and Vostok Stations.

November—December 1969	 269



amount of data accumulated at the station during
the brief period that the satellite was passing over-
head. The synchronous satellites are the only satellites
capable of relaying the data at the high rates of speed
that they are generated at the proposed station. Syn-
chronous satellites also have the advantage of pro-
viding data availability on a real-time basis in the
U.S.A. if so desired. These satellites are not visible
above 81°S., however; therefore, the choice of loca-
tion for unmanned, automatic stations using direct
satellite relay links is limited to some extent (Fig. 3)
With the United States' manned station at the South
Geographic Pole, and the U.S.S.R. Vostok Station at
the Geomagnetic Pole--both likely to continue in op-
eration into the foreseeable future—this blind area to
the synchronous satellites south of 81 O S. is not a real
limitation. Seventy-two percent of Antarctica, includ-
ing the scientifically interesting Ross and Filchner Ice
Shelves, is in direct view of one or another of the
synchronous communication satellites.

The prototype design calls for a 6-foot parabolic
antenna. The final antenna-size : transmitter-power
combination will depend on the actual satellite used
and the operational power of the other ground sta-
tions using the satellite. Projections for the Intelsat
satellite and ground stations in use in 1972 indicate
that an 8 or 10-foot antenna would be desirable. The
feasibility of using larger antennas will be determined
front gathered during the 1969-1970 austral
summer.

Finally, attention was given to power sul)plieS. Ex-
amination of isotope lower supplies proved somewhat
disappointing, many of them being unsuitable because
of mechanical configuration, excess weight, or high
degree of heat radiation that would require special
foundation mounting on a snow surface. Overall,
however, the determinant limiting feature of the iso-
tope power supply is the high cost. One power source,
the SNAP 27–A, which uses a plutonium 238 core, is
very effective front standpoint of design (it was
specifically developed for the Apollo lunar automatic-
station experiment packages) . It produces sufficient
power (70 watts) , is light weight, and is con-
structed so that waste containment is well provided
for—which is a consideration of some importance in
meeting the provisions of the Antarctic Treaty. The
limitations of isotope power sources are a temporary
problem: by the late 1970s, they should become more
cost -effective as well as efficient. Propane was ruled
out because of the high probability of mimechanical
failure and the ever-present condensation problem.
Wind-powered generators, which utilize one of Ant-
arctica's most abundant comniodities, also received
attention by the design team. Toward this end, data
provided by the Australian National Antarctic Re-
search Expedition on wind-powered generators 01)-
crated at Lewis and Chick Islands were most helpful.

Evaluation of the wind-powered generators reveals
that, with modifications, several of them in series
could provide sufficient power to a battery storage
bank to operate the automatic stations over a period
of a year.2

Current Work

Once the feasibility study had been evaluated, it
was decided to proceed in a two-phase development
contract toward the production of a prototype auto-
matic unimianned station. The first phase of the work,
which began in August 1968, concentrates on the pro-
duction and field testing of a full-scale model of the
automatic station, the design and prototype construc-
tion of a thermal regulating system, and the design
and prototype production of the electronic compo-
nents such as the data encoder. Furthermore, the
Stanford design team has as a requirement the prepa-
ration of specifications that will allow, in the second
phase of the prototype development, a contract with
an industrial firm for the production of off-time-shelf
hardware and station assembly, should it he decided
to adopt that approach to phase two of the work. The
second phase, in other words, may proceed as a con-
tinuing in-house project at Stanford University, or it
may be competitively awarded to an industrial firm
which would take the Stanford-developed compo-
nents and mate them with specified off-the-shelf items
of hardware to produce a fully operational prototype
of the station.

As noted, the design of the station housing has pro-
ceeded to a very large degree along the lines of the
preliminary sketches made during the feasibility study.
Between April and August 1969, a full-scale working
mimodel was constructed at the Stanford mechanical
engineering laboratories. The static testing of this
model was SO successful that plans for wind-tunnel
testing at NASA's Ames Research Center were aban-
doned. Under simulated wind loads of up to 320
kin/hour, there was very little movement of the sta-
tion, thus verifying to a large extent a computer
modelin g of the station's tower members and their
inherent strength. This model will he shipped to Byrd
Station in mid-Decemimbem' for erection near the out-
lying very-low-frequency facility operated by Stanford
University.

1)uring tIme 1970 austral winter, a series of tests will
be made to measure foundation-settling problems and
the effects of wind load on the station, its tower as-
semubly, and the antenna dish. These measurements
of mechanical adjustmiients in the foundation and vi-
brations caused by wind are imuportamit in assessing

2 Currently, our design team is receiving very useful reports
from the New Zealand Department of Scientific and In-
dustrial Research's Antarctic Division, which is operating
a wind-powered generator at Vanda Station.
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the reliability of the data link between the station and
the satellite. The measurements will be conducted by
the wintering personnel from Stanford University—
Evans Paschal and Robert Bly, Jr.

A second phase of the mechanical engineering
process has been the design of a foundation unit (Fig.
4) that will be placed at a depth of approximately
4 ft in the snow. Once the foundation is in place, the
station-tower legs will be erected and the capsule and
antenna placed on top of the tower. The foundation
design has utilized the snow engineering data ob-
tained in Antarctica by the U.S. Naval Civil Engi-
neering Laboratory and the U.S. Army Cold Regions
Research and Engineering Laboratory.

Additional measurements planned for the 1969-
1970 austral summer include testing of a flashing
strobe light beacon (at Byrd Station) to allow air-
craft pilots to assess the beacon's visibility." These
tests will determine the effectiveness of the strobe in
guiding incoming aircraft to the station on the fea-
tureless antarctic ice cal). Another measurement con-
teinpiated during the 1969-1970 summer is a test of a
satellite communication link between Byrd and/or
Siple Station in Ellsworth Land and Stanford Uni-
versity. The assessment of the satellite link is, at this
moment, perhaps the least important field test to be
conducted, since tests have already been made using
NASA's ATS-C satellite. In these tests, sea-ice con-
ditions as seen by the ESSA Nimbus satellite were
relayed to USCGC Glacier in the first year of the
International Weddell Sea Oceanographic Expedition
(Dale, 1968), and repeated in the second year of the
project. Nonetheless, additional tests of the Antarc-
tica-U.S.A. communication link via synchronous
communication satellite will be useful, especiall y at
the horizonal limits around 81°S.

The rest of the current work relates to develop-
Inents taking place in the electronic and mechanical
engineering laboratories at Stanford University. The
electronic engineering includes the design and test-
ing of the data encoder and command decoder, the
design of the transmitter and receiver components
and the specification of components for these two
units, the specification of system-integrating equip-
ment such as cable runs and housekeeping compo-
nents, and the preparation of the overall engineering
design specifications for phase two of the project. The
components of the automatic station, together with
the current development tasks, are shown in Fig. 5.

The electronic units currently being fabricated are
the data encoder and the command decoder. The
data encoder receives analog and digital signals from

In the final station design, a high-frequency radio homer
or flashing strobe will he installed on the station that can
be activated from the satellite or from the incoming air-
craft.

Figure 4. Model of the automatic station foundation assembly.

the experiments and combines them into a single
digital data stream which is applied to the transmit-
ter. The sampling rate of any input channel can be
changed by modifying the contents of a memory unit
through the command link. The data encoder is fab-
ricated using bipolar and metal-oxide semiconductor
integrated circuits mounted on printed circuit cards.
These cards plug into wirewrap connector blocks,
where interconnections are made. The command de-
coder accepts command bits and synchronization sig-
nals from the command receiver and produces pulses
or level changes in the appropriate command wire,
or transfers a new word to. the data encoder memory
depending on the information it receives. The corn-

SD ! I	DBPI	J	 DSDATA
SENSORS F-^I ENCODER Ij MODULATOR

DS

RANSMITTER

ANTENNA tl-*1 DIFLEXER

DBP	 DS

	

COMMAND Ld	 COMMAND

	

DECODER F	 I RECEIVER

I	POWER sT;•![_	DC/DC	 SYSTEM
LSUPPLY r" CONVERTER	CLOCK

Figure 5. Stanford equipment development tasks for the unman-
ned antarctic geophysical station (station components). DBP =
Design and Build Prototype; DS	Design and Specify Compo-
nents; P	Purchase; S = Specify (off-the-shelf item); SD =

Separate Development (not funded under this contract).
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Station Components

1. Telemetry

(a) Parabolic antenna
(b) Receiver
(c) Transmitter
(d) Sampler
(e) A/D converter
(f) Clock
(g) Command decoder
(h) DC/DC converter

and regulator

Table 1. Summary of automatic-station requirements

Bit rate	Power	Volume
(bits/sec)	(Watts)	(in')

37.5	4,100

6ftdia.
200

15
	 1,700

3	 200
200

1,200

	

1.5	 200
7
	 400

Comments

10 bits/word
I part in 1010

65	 7,900

10	 600	30' X 30' ground plane
5	 0	6" diameter dome
5	 1,700

10	 800
6	 600	Three 6-foot loops
5	 200
5	 800
5	 1,700	Analog bandwidth

10	 800
5	 500

12	 200	Beacon strobe and antenna
outside

2. Experiments	 400

(a) Riometer	 10
(b) Aurora and airglow	5
(c) Cosmic rays	 5
(d) Geomagnetism
(e) Micropulsations	300
(f) Meteorology	 0.1
(g) Seismology	 80
(h) VLF-spectrum	 2.5 kHz
(i) VLF-phase	 2
(j Housekeeping

3. Beacon (radio + strobe)

4. Totals	 400 + 2.5 kHz	102.5
	12,000	Volume = 15 ft' including

packaging allowance.

mand decoder uses technology identical to that of the
data encoder.

Other work in progress at Stanford University is
the design and testing of a thermal regulating mecha-
nism for the venting of excess heat in the station. Al-
though recognized as a vital part of the overall sta-
tion design, the specific solution that has been
adopted did not emerge until the first phase of the
current work began. The thermal regulating device
is a slender tube, vertically oriented, with the greater
portion of its lower end embedded in the heavily in-
sulated electronic instrument package, and the upper
end exposed to the outside environment. The tube
contains freon vapor and liquid and a nitrogen gas
bubble. In operation, the freon condenses on the cold
surface at the upper end of the tube. There, the
freon evaporates, absorbing heat from the package
and, flowing as a vapor, recondenses at the cold end
of the tube where the heat is released. Since the evap-
oration and condensation processes take place at es-
sentially the same temperature, it is possible to
achieve the effect of a very high thermal conductivity
structure in a small-diameter tube. Temperature reg-
ulation is provided by the nitrogen gas bubble, which
is confined by the flowing freon vapor to the cold
end of the tube. As the tube's temperature increases,
the freon vapor pressure increases and compresses the

nitrogen bubble. The diminished gas bubble exposes
more of the cold surface of the tube to the freon
vapor, resulting in an increased rate of condensation
and, consequently, heat transfer. By careful design of
this device—called a heat pipe—it will go from a
state of high to low thermal conductivity in response
to temperature changes of only a few degrees in the
electronic package.

By June 1970, all activities in the first phase of the
development of the station will have been completed,
and sufficient data will have been received from Byrd
Station on the working model to evaluate the success
of the field and laboratory tests. We fully expect to be
ready then to proceed with the second phase of the
station's development, which will lead to the com-
pletion of a fully operational prototype.

Interface of Station and Experiments

Under current plans, a full-scale working prototype
of the automatic station will be completed by the
1971-1972 austral summer. At that time, prospective
experimenters should have readied their antennas and
other sensors and be prepared for the interfacing of
their equipment with the automatic station itself. The
role of the experimenter in the automatic station is
not unlike that of the scientist participating in pro-
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Furnished by experiment

DC voltage or digital value
stored in shift register

Change of operating mode

Special voltage converters

Compliance

Compliance

Important test points brought
out to connector

Interface	 Furnished by station

Data encoder	Periodic sampling (switches
and timing signals)

Command decoder	Pulses and level changes on
command

Power supply	± 5 V and ± 15 V. Average
power about 6 W

System clock	Stability: 5 parts in 1011.
Available clock values:
1 MHz, 100 kHz, 10 kHz

Mechanical	Mechanical specification

Radio-frequency	RFI specification
interference

Checkout	 Van, standard test equipment,
programming of tests,
consultation

Comments

Experimenter specifies
desired sampling rate

Experimenter specifies
number and type of
commands desired

Experimenter specifies
current for each
power supply

Experimenter specifies
calibration procedure
and acceptable per-
formance levels

Table 2. Interfaces between the antarctic automatic station and the experiments

grams aboard scientific satellites in which packages
of sensors are installed. The design of experiments for
use with the station described above will require radi-
cal changes in the makeup of antarctic experiments.
The unmanned station concept requires that experi-
ments be designed for low power consumption, high
reliability, and limited space requirements. The aver-
age experiment will have a power budget of 5-6 watts
to run all electronic circuitry. This compares favor-
ably with the 3-4 watts available on satellites, but it
is orders of magnitude lower than the power require-
ments of most experiments carried out in Antarctica
today.

Low-power devices and circuit techniques are gen-
erally available and will have to be used in designing
experiments for the automatic station. Since the un-
manned station will be serviced only once a year,
equipment reliability will be an important factor, and
a formal reliability analysis will have to be performed
on each experiment package to determine its depend-
ability. High reliability is required to assure that the
experiment survives for one year—for example, the
mean time between failures for the experiment must
be 10 years in order to yield a probability of 0.9 of
surviving for one year. This requirement will neces-
sitate the redesign of some equipment to eliminate
unreliable parts (e.g., vacuum tubes) . It will also
necessitate careful attention to the design of the sen-
sors themselves.

Average space of 0.5 ft has been allowed for each
experiment, which is generous by spacecraft stand-
ards, but far less than the space that antarctic experi-
menters are accustomed to having available. There

will be three standard experiment sizes whose exact
dimensions will be made available later to prospective
investigators. These specifications will also deal with
the recommended packaging techniques, thermal
problems, and locations, type, and use of standard
connectors. Each experiment will have to be designed
so as not to interfere with the other experiments and
the operation of the station itself. The principal
source of interference is RF emissions, and a set of
design principles will have to be followed to mini-
mize them. Sufficient decoupling will be required
from the power busses to prevent pulses from propa-
gating along them. Also, adequate RF shielding will
have to be provided. DC-to-DC converters will use
high switching frequencies (e.g., 100 kHz) in order
not to interfere with the VLF experiments.

Table 2 summarizes some of the major relation -
ships or interfaces between individual scientific ex-
periments and the automatic station components. The
experimenter must specify how often he wants his
output sampled. This output sample rate should be as
low as possible consistent with the desired accuracy;
in the ideal case, the sampling rate is simply twice the
highest frequency of interest. However, real phenom-
ena usually do not have abrupt frequency cutoffs and
aliasing errors result from the overlapping of their
low amplitude : high frequency spectral trails. There-
fore, in order to choose a sampling frequency, the
experimenter must have a good idea of the frequency
spectrum of the phenomenon. The sampling fre-
quency of any experiment can be changed through
the command link so that the choice, though impor-
tant, is not irrevocable.
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Figure 6. The automatic-station housing in its final assembly and
check-out stage at Stanford University. The mechanical prototype
will be shipped to Byrd Station in late December, 1969 for erec-

tion and evaluation durng the 1970 austral winter.

The command decoder furnishes signals to the ex-
periment to change operational modes. These signals
are of two types—one a short pulse that can be ap-
plied to a relay or control counter, and the other a
steady connection supplied by a latching relay. Ex-
perimenters will have to determine how man y and
what type of commands they will require.

The specifications that will be of use to the pro-
spective experimenter utilizing the unmanned antarc-
tic automatic station will be summarized in a techni-
cal handbook on the interfaces between the station
and the experiment packages. This manual should be
completed during the first phase of the development
study. It is clear that, in many of the atmospheric
disciplines, work at the universities and agency labor-
atories must proceed concurrently with the automatic
station development if designs of new sensors are to
be readied by the time the automatic station itself has
been completed.
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Eltanin Shipboard Data
Processing
DENNIS E. HAYES

Lamont-Doherty Geological Observatory
of Columbia University

and

KENNETH H. CRIFFITHS, JR.

Alpine Geophysical Associates, Inc

During USNS Eltan-
ins recent yard period in
New Zealand, August 5-

1	 September 15, 1969, a
data processing facility
was installed for the use
of shipboard investiga-
tors. It consists of an
IBM 1130 Model 2B

*	processor with an 1132
printer, 1442 card read/

punch, 1134 paper-tape reader, 1055 paper-tape
punch. and 1627 plotter. The equipment was in-
stalled in the 178 ft 2 former VLF laboratory, located
below deck just forward of the living quarters. This
location has proved ideal because it is in close prox-
imity to the science office, the effects of the ship's
motion are minimal, and the environment is easily
controllable. The room was completely stripped of the
old equipment, and a door was cut through the
forward bulkhead to provide ready access to the sci-
ence office. A 5—ton recirculating-type air conditioner
was installed to cool the computer room and the sci-
ence office. The computer room is slightly pressurized
with respect to the passages, so that no dust or other
foreign materials are brought into the room, The air-
conditioner filters are thus able to remove any dust
particles in the room and maintain a clean atmos-
phere.

The power requirements of the computer facility
are low. A 30 A, 110 V power panel was installed
in the room, with an RF line filter to protect the
most sensitive circuits. The manufacturer specifies
115 V ± 10 percent and 60 ± /2 cps; at present,
the machine is connected directly to the ship's serv-
ice power line and has withstood regular voltage
fluctuations of ± 20 V and ± 3 cps without any ill
effects. When a power failure occurred during the
early part of Cruise 40, the computer shut down in
orderly fashion.

To prevent ground-loop paths from affecting the
system, the equipment is electrically insulated from

the ship except at a single point. The peripheral
equipment frames are bonded to the central processor
frame with heavy copper wire, and the whole system
is grounded to the deck at the base of the processor.

The major system pieces are mounted on 3-inch
angle iron frames welded to the deck, and the equip-
ment is bolted to these frames through insulating
spacers. There. have . been no detectable adverse
'effects from the ship's motion or vibration.

Following installation, approximately 2'/ days of
manufacturer's checkout was needed to ready the
system. The bulk of this time was consumed in test-
ing and alignment, with only two minor faults need-
ing correction. The system worked without any down
time for corrective maintenance throughout the 21-
day first leg of Cruise 40.

System generation and checkout have been carried
out, with emphasis on navigation reduction and daily
data-sheet preparation. The navigation programs,
provided by Lamont-Doherty Geological Observa-
tory personnel, required only minor uumodifications to
fit the Eltanin installation.

The system has already proven its worth by de-
tecting navigational errors while the period in ques-
tion was still fresh in the investigators' minds. Addi-
tional programs written on hoard to perfonn some
aspects of hyd rographic-station calculations for
Cruise 40 resulted in a significant reduction in the
routine work load.

Special prograniming on board ship is aided by
the physical proximity of programmer, computer, and
problem. In almost all cases, programs brought
aboard by investigators should be pretested; however,
modifications can be made in the field to fit chang-
ing conditions.

A computer system for the reduction, storage, and
display of underway data acquired at sea has been
developed at the Lamont-Doherty Geological Ob-
servatory over a number of years, primarily by M.
Talwani. As this system evolved, programs were
written and subsequently modified for several types
of IBM computers. The most recent version of the
programs utilizes the IBM 1130 system with card
reader, card punch, line printer, magnetic disk drive,
and drum plotter. This hardware configuration is
essentially identical to the Eltanin facility; conse-
quently, a large library of programs exists which will
operate without significant change on the Eltanin
system. It may be useful, therefore, to review the
plans of the Lamont-Doherty geophysical program
to utilize the new shipboard data-processing facility
on Eltanin, to describe briefly the experience with
this system of programs and hardware at Lamont-
Doherty, and to suggest possible ways in which other
investigations might benefit from this experience.

Talwani (1969) describes in considerable detail
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Figures 1 and 2. Views of
the new data processing

facility aboard Eltanin.
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the philosophy and organization of the numerous
programs and subprograms which comprise the pro-
cedures for the reduction and display of marine
geophysical data, and gives complete FORTRAN
listings of the programs.

Knowledge of the ship's geographic position at any
time is the first logical requirement in the reduction
and analysis of any shipboard observations. The re-
quirements of the broad sjectrum -of disciplines
represented on Eltanin vary widely in this aspect, and
the positions as recorded for many observations often
reflect the navigation in various stages of refinement.
This variable standard has resulted in numerous
small inconsistencies and a general uncertainty in the
reliability of the reported observations. Therefore,
the first priority in the utilization of the computer
system on Eltanin is to establish the "final navigation"
of the ship on board in nearly real time. Although
this can be done on a fix-to-fix basis (satellite fixes
at high latitudes are generally obtained on the aver-
age of every hour), our experience indicates that
processing the navigation data once or twice daily is
a practical and efficient mode of operation.

The track adjustment is determined from the
ship's fixes (normally satellite fixes') and dead-
reckoning information (gyrocompass and electromag-
netic log). The position is dead-reckoned from fix
to fix in the usual fashion, and the track is subse-
quently adjusted by assuming a constant current
between fixes (see Talwani et al., 1966). A continu-
ous analogue recording of the ship's heading and
speed allows for a detailed reconstruction of its
maneuvers. By utilizing the digital computer, very
small changes in the ship's course and speed are
taken into account.

'Antarctic Journal, vol. I, no. 4, p. 165.

Some programs (e.g., determination of the Eötvös
correction in gravity measurements) require a pre-
cise knowledge of the ship's course and speed at all
times. The technique described should, under normal
conditions, allow determination of the ship's position
at any time to an accuracy of a fraction of a mile.
If the gyrocompass, electromagnetic log, and satellite
navigator were virtually error-free and we ignored
the wind drift, this analysis would yield, as a by-
product, the average near-surface currents between
each Pair of fixes (see Fig. 3). A more sophisticated

Figure 3. Adjusted track from portion of Eltanin Cruise 28. As-
terisks indicate satellite fixes. Ship's time is annotated for all
navigation points. Arrows indicate direction and magnitude of

inferred current between pairs of fixes.
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Figure 4. Final plotted profiles of topography and
gravity for the last 600 n.m. of Eltanin Cruise 28.
These profiles are plotted with respect to cumulative
distance along the ship's track. Ship's time is an-
notated near the top and navigational information
(coordinates, course, speed) near the bottom. The
scales are shown at right. The depth (D) is in nomi-
nal fathoms (1/400 sec. reflection time) and free-
air anomaly (G) is in milligals. Normally, a profile
of magnetic anomaly (M) in gammas is also in-
cluded, but the magnetometer was inoperative for
this segment of the cruise. The heavy bar at the top
indicates section of profile represented in Figs. 3
and 5.
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—and considerably more complicated—analysis of
the navigation is possible (Taiwani et al., 1966;
Hayes et al., 1967), but it does not appear warranted
as a routine procedure.

The basic inputs to the navigation reduction pro..
gram are fixes and dead-reckoning information.
These are entered as ship's time, latitude, and longi-
tude, and as ship's time, heading, and electromag-
netic log reading, respectively. The dead-reckoning
information is entered at each change of course or
speed, or at least every 3-4 hours. These data, com-
bined with the fixes, constitute "navigation points,"
and the adjusted track can thus be recorded as small
segments of constant speed and course between con-
necting points. In all interpolative procedures that
follow, ship's time is used as the common variable.
The determination of the navigation as expressed in
ship's time, latitude, longitude, course, speed, and
cumulative inilage is the first step in all subsequent
data reduction programs.

For example, the bathymetric data are digitized
as ship's time and depth—a time series—at the mini -
mum number of unequally spaced time intervals
required to describe the PDR trace accurately. The
position of each sounding is then computed by
scanning the navigational data, stored on magnetic
disk, and making the appropriate interpolations. A
similar procedure is employed in reducing the other
observed geophysical parameters (gravity, magnet-
ics). Additional corrections which depend on the
ship's navigation (e.g., International Gravity Form-
ula, EOtvös Correction, International Geomagnetic
Reference Field) can be computed following the
navigational interpolations. The heart of these pro-
grams lies in a number of incorporated algorithms,

one of the most important being, in effect, a "calen-
dar." This algorithm permits determination of a total
time in hours, referred to a specified base year, from
real time (hours, minutes, days, months, and years).
The computation of total time is common to all pro-
grams and is used in the basic interpolation of the
navigation. Observations from any program on
Eltanin could be expressed as a time series—even
station data separated by many hours or days. Ship's
time can be readily used to identify these observa-
tions (e.g., start and stop of trawls, core hits, etc.)
with prompt, accurate, and internally consistent co-
ordinate information.

In addition to the family of programs employed
to determine the navigation and to reduce the
marine geophysical data, two other families of pro-
grams exist which provide a graphic display of the
reduced parameters by utilizing an on-line incremen-
tal drum plotter. One group of programs produces
plotted profiles (Fig. 4), the other plotted charts
(Fig. 5). A combination of these programs allows
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Figure 5. Plotted soundings (in nominal fathoms) along the seg-
ment of Eltanin Cruise 28 shown in Fig. 2.
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profiles to be plotted on lIlaps—a technique particu-
larly helpful in reconnaissance surveys (see, for
example, Herron, in press).

The production of charts merits further discussion
because of the potential application of this tech-
nique to other investigations. For instance, final ad-
justed track charts could be produced on board ship
on a- day to day basis. The programs incorporate
subprogFams which provide scaling, grid drawing,
and annotating for a Mercator Projection 2 of vari-
able scale. Functions are employed which convert
latitude and longitude to the proper x-y coordinates
for plotting within a specified area. These programs
utilize tables (within the program) which are effec-
tively tables of meridional parts and allow plotting
of all areas of the world from 80°N. to 80°S. The
size of a specific plot is limited only by the scale
chosen and the physical limitations of the plotter.

It is the intention of the Lainont-Doherty investi-
gators eventually to do all basic data processing and
display on board Eltanin within a few hours or a
day of the actual data collecting. There are many
advantages to this approach: Errors in data collec-
tion will be caught early and corrected, more intelli-
gent decisions regarding the day-to-day and cruise-
to-cruise schedule and track of the ship can be made,
and time in the laboratory can be devoted entirely
to the detailed analysis of the data collected. Experi-
ence indicates that the machine time required for the
reduction and display of the navigation and of the
geophysical data is less than one hour per day of
data collection.

2 The inappropriateness of the Mercator Projection for the
southern portion of antarctic waters is readily apparent.
There is no reason why conic or polar projections could
not he employed, however; in fact, a Lambert conformal
conic projection has already been programmed but has
not yet been widely utilized. In the Lamont-Doherty
plotting programs, subprograms have been used exten-
sively, and plotting at other map projections can he
realized with no basic changes in programming logic.
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An Operational
Data Processing System for
Natural History Specimens

B. J. LANDRUM
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In this fast-moving world where advances in
technology often seem to outpace the progress in
science, there are some areas where the phase dis-
placement is particularly evident. A good example
is museums, which, although faced with formidable
problems in inventorying and cataloging specimens
collected over decades and even centuries, only re-
cently have begun to apply computers to the task
of inventorying and retrieving their ever-increasing
holdings. As a result, large and significant collections
exist about which little is known. Thus, in an age
when even railroad operations have become com-
puterized, a systematist studying natural-history
specimens may still have to go from museum to
museum to view endless rows of labelled containers
merely to see if there might be specimens available
that would be useful in his research. Depending upon
his specific needs, he may conclude that it is easier,
and possibly more profitable, to undertake a field-
collecting excursion of his own, or to participate in
a large-scale, multipurpose program.

If he happens to join a marine expedition, our
systematist, who may be concerned with only one
taxonomic group of animals or plants, will find that
the use of trawls and similar collecting devices often
produces assemblages that far exceed his immediate
needs and interests, while time and shipboard facili-
ties may limit efforts to preserve and record any but
the needed materials. The collector may elect to
return everything to the sea that is not of direct
interest to him, or he may remove wanted specimens,
briefly label the remainder and ship it to his home
institution, where it may rest with its presence un-
known to most of the scientific community. Thus, the
opportunity to utilize the total assemblage by chan-
neling "unwanted" specimens into the hands of other
specialists is lost.

To assure optimum efficiency, a multipurpose,
large-scale, and continuous expeditionary effort re-
quires a focal point for coordinating all phases of
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work involved in the care, preservation, recording,
and distribution of the natural-history collections.
Without prompt identification of the specimens, the
worthwhileness of the effort is dissipated. Conse-
quently, it is vital to place the unstudied materials
quickly in the hands of specialists. To expedite this
process, three ingredients are required: (1) a cen-
tral receiving and sorting repository with technical
competence to match the spectrum of materials, (2)
a data-handling facility capable of storing and re-
trieving information essential to the study of the
collections, and (3) a body of senior scientists corn-
petent to evaluate and recomniend the most appro-
priate systematist for each group of specimens.

The problems of data and specimen handling were
recognized early in the U.S. Antarctic Research Pro-
gram (USARP), perhaps because the program is a
prime example of the multipurpose, large-scale
expeditionary effort requiring detailed coordination
for optinmumu efficiency. The Smithsonian Institution,
very much aware of the same problems, decided to
establish its Smithsonian Oceanographic Sorting
Center (SOSC) at about the same time (Wallen,
1963).

The U.S. Antarctic Research Program is a national
program in which academic institutions across the
land participate along with government agencies and,
a few commercial organizations, it is financed en-
tirely with government funds and managed by the
National Science Foundation (NSF), which, through
its Office of Antarctic Programs, also provides for
the required support of the scientists that it funds
(Sandved, 1965).

In the field, USARP is supported logistically
largely by the efficient and capable U.S. Naval Sup-
port Force, Antarctica; however, in addition to spe-
cialized logistics, there are numerous other support
services that must be provided by the National Sci-
ence Foundation. B'sides such obvious, major re-
quirements as the operation of the NSF research
ships Eltanin and Hero, the scientists, for example,
need special clothing for use in the field; advice
and assistance both in the field and at the staging
point in Christchurch, New Zealand; laboratory and
transportation equipment and facilities; and aid
while working up their data in the United States.
In this brief introduction, we shall focus on one of
these latter services, available to scientists before they
depart for Antarctica and after they return, and to
those who may never make the trip at all—informa-
tion on natural-history specimens and collections.

As a result of the nationwide participation of sci-
entists in the antarctic program, the USARP and,
particularly, pre-USARP natural-history specimen
collections are scattered throughout the United
States and abroad. Not until 1963 were serious efforts

made to channel representative specimens into the
collections of the U.S. National Museum (Sandved,
1965). In the meantime, large collections had been
brought back. Some of them were stored or forgotten
for lack of interest, funds, or time to study them.
Some were examined, then disposed of at the con-
clusion of the research project. Others were left
behind in the no-man's- land of university storage
cabinets when the collector moved on to new posts
and different challenges. In these and many other
cases, the collections remained inaccessible to other
scientists who wanted to study them, quite often
because their existence was known only to a few
individuals.

The bulk of the collections brought back from
Antarctica are still distributed widel y to individuals
and institutions for identification and study. The
significant differences today are that preliminary sort-
ing has been made before distribution, and after the
specimens leave the distribution center, efforts are
made to ascertain any further changes in their loca-
tion and to determine the stage of processing.

During April and May of 1963, two meetings were
held between representatives of the Smithsonian In-
stitution and the Office of Antarctic Programs of
NSF for the purpose of discussing an arrangement
whereby the Smithsonian Institution would assume
the responsibility for sorting, distributing, and main-
taining records on natural-history specimens col-
lected under USARP. These exploratory meetings
led to further discussions and on November 1, 19631
NSF made a grant to SOSC to begin processing of
the marine biological collections from Eltanin and
other vessels operating in antarctic waters. It was
soon followed by another grant for the recording of
data on these and other antarctic specimen collec-
tions. Both projects are now carried out under con-
tract with NSF.1

NSF supports similar antarctic records centers at
other institutions. For example, a core library and
distribution center for antarctic bottom-sediment
cores exists at Florida State University, and the
Army's Cold Regions Research and Engineering
Laboratory at Hanover, N.H. assumes a similar role
for the continental ice cores. With a contract signed
last year with the Smithsonian Institution for the
processing of rock samples at SOSC, the circle ap-
pears to have been completed, and present investiga-
tors and future generations are assured of access to,
and preservation of, the antarctic collections obtained
at the expense of the U.S. Government. The centers
enhance the value of the collections by making repre-

Annual reports on these operations are given in the Sep-
tember-October issues of time Antarctic Journal of the
United States.
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Smithsonian Institution Photo

Figure 1. View of stack area at SOSC housing marine collections.

sentative samples available to any bona fide investi-
gator, and reduce duplication of work in the collect-
ing as well as in the study of specimens.

The Smithsonian Oceanographic Sorting Center
(SOSC) now serves as one of the major sorting,
distributing, and recording centers for USARP
natural-history collections. One of SOSC's advant-
ages from a government (and university) adminis-
trator's point of view is its impartiality: i.e., it has
no research objective or other requirements for
a priori demands on the collections. In fact, its sys-
tern of distributing specimens to specialists with the
aid of advisory groups was developed to assure fair
treatment of interested scientists and optimum utili-
zation of the collections. At present, eight advisory
committees, each usually with five members, con-
sider requests for specimens and provide the SOSC
with recommendations for distribution of the speci-
mens. The eight committees are designated by tax-
onomic groups or specialties as follows: Algae, Ver-
tebrates, Meiobenthos, Molluscs, Arthropods, Worms,
Lower Invertebrates, and Higher Invertebrates. The
members of the committees are selected on the basis
of recognized competence and overall familiarity with
the community of scientists working in their area.
Each member serves for a period of one to five years,

and new members are generally solicited on the basis
of committee recommendations.

It was realized from the outset that an automatic
data processing system would be a prime requirement
at SOSC in order to process the cumulative antarctic
records efficiently, and the development of such a
system was pressed forward concurrently with the
build-up and maintenance of manual files. The plans
for the system included one important auxiliary ob-
jective: although the system was to be designed for
a specific need, it should not become an "antarctic"
system in the sense that it could not be used for col-
lections from any part of the world. It is hoped,
therefore, that the system described in this article
will be of interest to anyone trying to cope with the
records on large collections of natural-history speci-
mens.

The Records System

There were a number of requirements for the type
of data processing system that was developed at
SOSC. First, it was to be basically an inventory con-
trol system, distinguished by the requirement to record
information according to the arbitrary and dynamic
taxonomic hierarchies that are used by scientists to
classify natural-history specimens. Second, it should
be responsive td specific questions as well as to a sys-
tematic readout of the entire data bank. Thus, one
user might wish to know if specimens of a given taxon
have been collected below a certain depth in a par-
ticular area, while another might require listings of
all recorded antarctic invertebrates. Third, the cap-
ture of information should not impose additional
workloads on the Sorting Center technicians during
the processing of specimens. And fourth, the system,
while designed to fit into the normal operations of
the Sorting Center, should be sufficiently flexible to
permit inclusion of records from any other source
with minimal changes in either procedures or data
manipulation.

The Unit Record

The rationale for the system development rests in
part on the fact that the vast majority of natural-
history specimens—be they rocks or rotifers, one
specimen or one thousand—are stored in containers,
which are traditionally labelled to show the contents
(taxon), date and locality of collection, and other
pertinent information. Containers, each holding a
specific kind of specimen, are therefore the items to
be inventoried, and the container label can serve as
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Figure 2. Example of the SOSC specimen label showing the kinds
of information entered into the computer inventory for the various

taxonomic groups found in a sample.

the source document for the information to be cap-
tured.

For the unit record, a label was designed (Fig. 2)
that would contain information in a form readily
understood by persons unfamiliar with the records
system, yet one which would satisfy the formating
requirements of electronic data processing. With the
aid of high-speed automatic typewriting systems,
which also can punch and read symbols on paper
tape, the labels are prepared and the data captured
simultaneously on paper tape, later to be edited and
transferred automatically to magnetic tape for stor-
age and retrieval. This process eliminates the need
for the more commonly used punched cards, thereby
reducing both labor requirements and the probability
of introducing errors by repeated manual transcrip-
tions of data.

The Label Entries—Basic Data
The records system is oriented towards mainte-

nance of inventories of taxonomic groups of speci-
mens along with the data essential to their scientific
value. The types and quantities of data most neces-
sary for taxonomic studies were selected with this
fact in mind and with due consideration to the cost
of electronic data processing. The label in Fig. 2
illustrates the major data categories—or fields—
established for the system.

The fields for Program, Collector, Vessel, Cruise
Number, and Station Number identify the collection
and serve as the sequence key for data storage. The
fields for Taxon and Number of Specimens show the
kind and quantity of organisms, and the remaining
fields include the basic data for the sample.

The fields for Latitude, Longitude, and Depth may
have only one entry, or they may include data for
the start and finish positions and minimum and maxi-
mum depths of the sample. Coordinates may be re-
corded to minutes, seconds, and tenths or hundredths
of minutes. Depths are recorded to the nearest whole

meter. Also, approximations of data in these fields
may be indicated by the abbreviation "ca" for circa.
If only the general locality from which the sample
was collected is known, a Marsden Square number
may be entered instead of coordinates.' This facili-
tates retrieval of records by the locality of sampling.
Similarly, if the taxon is of such a nature (e.g., phy-
toplankton) that specimen counts are impossible, a
volumetric measure in cubic centimeters can be en-
tered. In some instances, only the number of lots
(containers) may be known, and the entry would
reflect only this rough measure of quantity. The
entry for aliquot shows that the specimens were re-
moved from a completely sorted sample, or prior to
subsampling, or else from a subsample—for example,
a '/8 portion of a plankton sample.

The inventory also includes with each unit record
the location of the specimens at the time of data
entry, whether they were processed at SOSC, and the
date that the entry was made. These items are sup-
plied by programmed information inserted auto-
matically during label preparation. The label data
are typed and punched linearly on paper tape in the
following order: Taxon, Program, Date, Collector,
Gear, Vessel, Latitude (start and finish), Cruise
Number, Longitude (start and finish), Station Num-
ber, Depth (minimum and maximum), Aliquot, and
Number of Specimens. With the automatic insertion
of code symbols to indicate the start and finish of
each field, the computer can distinguish and store
each type of data in the appropriate data category.
Any remarks typed on the labels are excluded from
the computer entries.3

Programming Catalogs
Anticipating that the data bank on antarctic speci-

mens alone will eventually contain enormous num-
bers of records, some information on the labels is
coded and stored in shorter forms than those appear-
ing on the label. Such coding is accomplished auto-
matically during computer input. We attempted,
however, to devise coded forms that were either com-
monly known abbreviations or easily learned nota-
tions. There is often little or no difference between
the information on the label and that stored in the
data hank. For example, USARP becomes AUSR,

'It should be noted that the Marsden Square grid system,
designed to cover the earth's surface and widely used by
other institutions including the National Oceanographic
Data Center, provides poor precision in the polar regions.

'The most commonly used remarks give the general locality
of sampling, primarily of near-shore or intertidal collec-
tions, for the benefit of specialists who receive the speci-
mens for study.
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while USC (University of Southern California) re-
mains USC. Because of the need for coding, four
catalogs were developed, each giving the appropriate
label entries and the corresponding coded forms for
storage and retrieval. The catalogs are for the label
fields Program, Collector, Vessel, and Gear. Only
gear, of which few types have commonly accepted
and distinctive abbreviations, are numerically coded.
For ease in sorting and scanning, however, the basic
type of gear is indicated in the coded form by suf-
fixes, e.g., P=planktonic, B=benthic, C=cores, etc.

Although the scientific names of natural-history
specimens are often quite lengthy, abbreviations are
generally recognized to be undesirable: The similar-
ity of some scientific names would lead to ambiguities
or errors if abbreviated. Such names as I)ecapoda,
for example, are equally applicable to more than
one group: without further qualification, Decapoda
could refer to some types of crustaceans, molluscs, or
algae. The system, therefore, requires the use of com-
plete scientific names with any necessary qualifiers to
distinguish each taxon unequivocally.

In the natural sciences, many different hierarchical
classifications of plants and animals exist and, by the
dynamic nature of the sciences, others will enter the
literature in the future. Meanwhile, records systems
require an arbitrary classificatory scheme that will
meet present needs. The classification we adopted
was established empirically on the basis of pertinent
literature, requests received from specialists for parti-
cular groups of organisms, specimen records from
museums, past SOSC sorting records, and personal
communications with specialists. Although the taxo-
nomic catalog as established covers the spectrum of
the animal and plant kingdoms, the complexity and
degree of subdivision included for any one taxonomic
unit varies widely depending on the expected needs
in that unit. For example, the small phylum Pogono-
phora is not further subdivided, while all orders and
families of fishes are included under Pisces. The
scientific names used, therefore, range from kingdom
to generic levels, while miscellaneous categories to
cover all material encountered include such terms as
unknown, unsorted, wood, rocks, and residue.

The taxa catalog is quite open, i.e., additions can
be made easily at any level. Although changes in the
basic structure which would alter the level of exist-
ing categories impose a more serious problem in that
a portion or all of the data bank also would require
revision, such changes are not impossible, cost being
the prime inhibitor to numerous alterations.

The Master Inventory Files
The system comprises two Master Files. The first

file, the Inventory of Samples, includes data on spe-

cimens prior to their identification to the species level.
The second file contains records on specimens which
have been identified to species. Programming for
the first file was completed in February 1968, and
the file contained approximately 60,000 records by
July 1969. Programming for the second file, the
Species Inventory, began in September 1968 and the
data bank was begun in January 1969. Because the
information recorded in the two files is basically the
same, the Species File being distinguished primarily
by the inclusion of specific identifications, the two
files can be readily correlated to retrieve all informa-
tion on any recorded parameters of interest. For ex-
ample, all records on a taxonomic group such as
polychaetes can he extracted readily from both files,
as can all records on organisms found in a given
sample or geographic area.

Processing an Eltanin Plankton Sample
To illustrate how the files are established and main-

tained, including updating of records, and how data
are retrieved, we will explain the sequence of data
roccssing for a hypothetical plankton sample taken

aboard USNS Eltanin. For ease of discussion, we
will follow the records on chaetognaths collected in
the sample through to the point of species identifica-
tion and final deposition in a museum.

When the hypothetical sample is first taken aboard
the vessel, pertinent data are recorded by the collec-
tor, usually a member of an institution in charge of
the plankton sampling program. The sample and
related data are sent to SOSC for sorting and dis-
tribution of the taxonomic groups to specialists. A
technician at SOSC examines the sample, or a suit-
able subsample, and classifies the organisms into
homogeneous taxonomic groups. Suppose he finds 20
groups including 35 chaetognaths; he then prepares
a list of these groups. After determining and format-
ing the sample data for computer input, using the
programming and taxa catalogs, he requests the
necessary 20 labels from the Records Section. At this
point, automatic data processing begins.

Much of the information needed on each of the
20 labels is repetitive; only the taxon and number of
Specimens are variable. Using a CDC-2816 electronic
system (Fig. 3), the repetitive data (typed once and
punched simultaneously on a paper tape which is
edited by the operator) are entered automatically on
the labels via a tape reader and the typewriter. The
CDC-2816 operations are specially programmed to
control the data input procedures including tab set-
tings, carriage returns, insertion of special code sym-
bols, etc. At the variable fields for taxon and number
of specimens, control is returned to the operator for
manual typing. Each character that is typed auto-

282	 ANTARCTIC JOURNAL



Smithsonian Institution Photo

Figure 3. High-speed automatic typewriters used for label prepa-
ration simultaneously produce a punched paper tape containing

data for computer entry.

matically and manually is punched simultaneously
on a paper tape. Special code characters that are
entered on the tape indicate to the computer when
new records are starting, the beginning and ending
of each field, and the end of each record.

The computer tape for this sample will be added
to those for other samples, and with a header tape
which indicates that the data originated at SOSC,
the resulting reel of tape is sent to the Information
Systems Division of the Smithsonian Institution.
There, the paper tape is machine-read and the data
transferred to magnetic tape. During the transfer,
the computer (a Honeywell 1250) is programmed to
edit the various fields of data. The first edit program
checks each field for completeness as indicated by
the beginning and ending of field and record codes.
It also checks the appropriateness of data in some
fields in terms of the length of the data recorded.
Records which do not pass this edit are flagged on
the printout sheets which are then returned to SOSC
for correction. During the second edit, the entries for
Taxon, Program, Collector, Vessel, and Gear are
checked for conformity with the programming cata-
logs, and errors are flagged and printed on a reject
list. All "clean" records are then stored in the Master
Inventory File. The taxa in the hypothetical sample
are now listed alphabetically under the major filing
sequence of Program, Collector, Vessel, Cruise Num-
ber, and Sample Number (PCVCS). Before reach-
ing the Master File, during the second edit proced-
ures, the coordinates of the sample have been used
to calculate a Marsden Square number for the sam-

ple. Similarly, the information entered in the coded
fields is now in code form as a means of reducing
storage needs and restricting the record to two lines
of printout. Also, the location of the specimen is
shown as SOSC and date of entry is recorded for in-
house bookkeeping.

Invoice preparation, too, is part of the data pro-
cessing system. Some time after sorting, the chaetog-
naths will be sent from SOSC to a scientist at, say,
Scripps Institution of Oceanography in California.
At the time of shipment, an invoice will be prepared
that probably will include the chaetognaths from
many samples taken during the cruise. In a manner
similar to that for label preparation, a paper tape is
generated containing the identifying information
(PCVCS and Taxon), the new location, and date of
shipment. The data on the invoice tape are sent to
the computer and compared with the records in the
Master File. When a match on the key fields occurs,
the former location of SOSC is changed to Scripps.

Eventually, the scientist at Scripps will complete
the study on the chaetognaths. Let us assume that
the 35 specimens which left SOSC included three
species. Through contact with the specialist, the
genus and species names will be obtained. The origi-
nal record in the Sample Inventory will be deleted
and the new records on three species, including
counts, if known, will be entered into the Species
Inventory. If the specialist has finished with the spe-
cimens, representative lots may have been sent to one
or more museums for final deposition; if so, the new
locations for each group of specimens will be entered
into the file. Indications of type specimens and cata-
log numbers are included.

Data entry into the Species Inventory is accom-
plished with the use of keypunch cards rather than
punched paper tape. Usually, species listings received
from the specialists or from publications are not
arranged suitably to take advantage of the benefits
of high-speed automatic entry of data using the
CDC--2816. That is, the most common types of
species document will list the sample numbers for
each species found in the collection rather than the
species found in each sample. Only the latter type
of document could advantageously be processed on
automatic, tape-punching equipment, as the data for
each sample would be repetitive.

Processing Records on Collections at Other In-
stitutions

Only a portion of the natural-history collections
taken from the Antarctic are processed and distri-
buted by SOSC. These collections have consisted
primarily of planktonic and benthic invertebrates
collected during the Eltanin cruises. For other ant-
arctic collections, we must obtain records from either
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the original collector who may be studying the ma-
terial, or from another curator. Many of these collec-
tions have been inventoried, including pelagic and
benthic fishes at the University of Southern Califor-
nia; invertebrate specimens, birds, and cryptogams
at the U.S. National Museum; part of the entomol-
ogical collections at the Bernice P. Bishop Museum;
bryophytes at the New York Botanical Gardens;
cephalopods at the Institute of Marine Science, Uni-
versity of Miami; and invertebrates collected by
Lamont Geological Observatory biologists aboard
Vema which are now being sorted and distributed
to specialists from the American Museum of Natural
History.

The processing of records obtained from other in-
stitutions is quite similar to the methods used for
specimens which have passed through SOSC; how-
ever, actual labels are not required. If the specime1s
have been identified to species, the records will be
entered in the Inventory of Species file. If identifica-
tion has been made only to a higher level, the records
will be entered into the Inventory of Samples file.
The data in either event are essentially formated,
stored, and retrieved from both files in the same man-
ner. Retrieval of information on any specimen
group, sample number, or collection type can include
collation of all available records whether the or-
ganisms are at SOSC, have been shipped, or have
always been at some other institution.

Data Retrieval

In designing data retrieval methods, we recognized
that many of the demands on the system would re-
quire printouts or other manipulations of large seg-
ments of the data bank. To meet such needs, the
Master Files are sequenced on the key of PCVCS as
discussed earlier. Under this sequence, the taxa are
listed alphabetically for each sample. Any given
record, therefore, can be readily found in a list of
the records by scanning in the same manner as one
would consult a telephone directory. Also, since a
question commonly asked is, "Are specimens of taxa
X available at SOSC and in what quantity," the data
banks can be resequenced in order of locations and
taxonomic groups, and the resultant printout again
consulted as a directory. The two directories are
periodically updated and produced as needed.

As the volume of records in the data bank grows,
however, such "directories" will become cumbersome,
and specific questions will yield to visual scanning
with greater and greater difficulty. Another concern
is the cost of excessive operation of the computer
while printing the entire data bank when only a
small portion of the records may be pertinent to the
question. To alleviate this problem, a query system

has been programmed to extract only records with
specified parameters. For example, if a specialist re-
quests information on the whereabouts of all chaetog-
naths collected during the months of November-
January below 550 m south of latitude 63°S. in the
Pacific Ocean, the printout will include only records
having these characteristics.

Conclusions

The described data processing system by neces-
sity and intent will neither fulfill all needs of the
scientific community concerned with natural-history
collections, nor all those of any given scientist. It does
have, however, the potential of becoming a valuable
scientific tool aside from the master inventory serving
as an index to antarctic specimens, the latter being
unique in its scope, versatility, and subject matter.
Eventually, the expected data bank and the speed
with which computers can extract, transpose, and
manipulate data predicts a time when some of the
tediousness of traditional natural-history studies can
be left to electronic and mechanical devices. One ap-
plication, for example, could be the construction of
an atlas showing the horizontal and vertical distribu-
tions of all antarctic copepod species. With present-
day XY plotters and the growth of the data bank,
a qualified scientist would have access rapidly to
such an atlas, freeing hirn for other pursuits and
thus possibly increasing the rate of acquisition and
the depth of knowledge of the world's biota.
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First Flight over the
South Pole
HENRY M. DATER

Historian
U.S. Naval Support Force, Antarctica

Today, a flight to the South Pole is no longer
a novelty. Yet, as recently as 15 years ago, no one
had landed there, and the number of flights over
that remote spot could be counted on the fingers
of one hand. Forty years ago, no one had ever seen
the South Pole from the air, until Admiral (then
Commander) Richard E. Byrd did so on November
29 1929.'

The plane selected for the flight was a modified
Ford Tr-motor that Byrd had named the Floyd
Bennett after his friend and pilot on the North Pole
flight of 1926. To save weight, some 564 pounds
of nonessential fittings were stripped off: and to
increase the total horsepower, the standard 220 hp.
Whirlwind in the nose of the plane was replaced
with a Wright Cyclone 550 hp. engine. The standard
Whirlwinds were retained under the wings. Bernt
Balchen, along with Floyd Bennett, who unfortunate-
ly died before the expedition sailed, tested various
types of airplane skis in Canada.

Planning for the flight went on all during the win-
ter night. All factors were carefully weighed and
discussed by the aviators and the mechanics—and
then reweighed and rediscussed. Byrd once com-
mented that he had never before seen so many
pages covered with figures. They calculated that,
if they took off with 14,500 pounds gross weight,
enough fuel would be consumed by the time they
reached the Queen Maud Mountains to allow the
Floyd Bennett to climb to 11,000 feet—enough to
slip through the pass at the head of the Axel Hei-
berg Glacier and out onto the polar plateau.

Although Byrd delayed the selection of the chief
pilot until almost the day of the flight—he finally
chose Baichen—the others of the flight crew he had
selected earlier. They were Harold I. June, copilot
and radio operator, and Ashley C. McKinley, aerial
photographer; Byrd himself would serve as navi-
gator. The inclusion of McKinley effectively disposes
of the allegation, occasionally made, that the South

' For accounts of the flight, see R. E. Byrd, Little America,
p. 326-345; R. E. Byrd, Conquest of Antarctica by Air,
National Geographic Magazine, vol. LVIII, no. 2, p.
127-227; and B. Baichen, Come North With Me, p.
186-191. Although varying in details, these accounts are
in general agreement

Pole flight was purely a stunt. McKinley, with his
aerial camera and necessary survival gear, added
600 pounds to the load. This additional weight
made it impossible to fly round trip, and forced upon
the expedition a hazardous flight to lay a fuel cache
at the foot of the Queen Maud Mountains.

For weather forecasting, Byrd had the services
of an expert meteorologist, William C. Haines, at
Little America. Haines' observations were supple-
mented by those radioed from a geological party,
led by Dr. Laurence M. Gould, which was making
its way towards the mountains to the south. Gould
would also be able to assist if the aircraft were forced
down over the ice shelf. Once in the mountains or
beyond, the flight crew, in event of mishap, would
have to depend on itself and its survival gear.

On November 18, 1929, the base-laying flight was
carried out but not without incident. The landing
was rough and Byrd reflected on the advantages
of the long, broad skis chosen for the Floyd Bennett.
Shorter ones, he felt, might have smashed on the
"razor-back" sastrugi. He also had an opportunity
to examine the rugged mountains over which he
would have to fly, including the Axel Heiberg Gla-
cier. As he looked, Byrd began to have doubts about
his chosen route. On the return flight to Little
America, an unsettling incident occurred. Fuel con-
sumption was greatly in excess of what the compu-
tations had shown, and the Floyd Bennett was
forced to land 100 miles short of Little America.
Fuel was flown out to the stranded men, and after
some difficulty in starting the engines, they com-
pleted their journey.

Although in his book Byrd merely states. that the
mechanics made the necessary adjustments, we know
from Baichen's account that the whole incident wor-
ried him, as was perfectly natural. After the me-
chanics completed their work, an annoying spell of
poor weather delayed the takeoff. Byrd had to
have clear skies over the plateau if he were to locate
the South Pole and, what was more important, find
his way back to Little America. Finally, during the
evening of November 27, Gould reported excellent
weather over the mountains. Names' observations
were also favorable, and he told Byrd something to
the effect that, if the flight were not made then, so
favorable a chance might not reoccur.

The entire population of Little America turned
to and loaded the plane. At this point, one of the
few discrepancies in the primary sources occurs.
Byrd states that an extra 100 gallons of gasoline
were put aboard, while Balchen fails to mention the
fuel but says that Byrd, at the last minute, added
300 pounds of food as a safety precaution.2

'Byrd, Little America, p. 327; Balchen, Come North With
Me, p. 187. Byrd makes no mention of the food.
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At 1529 (GMT) on November 28, Thanksgiving
Day, Baichen eased the plane into the air. The
hour had been carefully chosen so that the sun would
be on the beam when going in both directions in
order to obtain better results from the sun com-
pass. Also, as the South Pole was approached, the
sun would lie about south of the plane's course, and
the lines of position from solar observations would
run east and west, facilitating the determination of
latitude.3

After Hying for a few minutes through an over-
cast, the Floyd Bennett broke into the clear. Course
was set for the mountains, following closely the
route used by Amundsen in 1911 and that being
pursued by Gould at the moment. At 2045, they
sighted the geological party, and dipped low over
it to parachute some supplies, messages, and aerial
photographs taken by McKinley during the depot-
laying flight of November 18. They would prove
of value to Gould in carrying out his investigations.

As the mountains drew near, McKinley started up
his camera, and Byrd moved UI) to the cockpit where
he stood beside Balchen, peering at what lay ahead.
Although something was known of the Axel Heiberg
from Arnundsen's description—for example, that the
high point of the pass on the "hump" as Byrd called
it, was 10,500 feet—Amundsen had not looked at it
from the viewpoint of a pilot and had indicated
neither the width of the pass nor the violence of the
downdrafts flowing from the high peaks that
flanked the glacier on either side. Ten days before,
when laying the cache, Byrd had been favorably
impressed by the Liv Glacier, which was slightly west
of the Axel Heiberg and seemed to be wider and not
so high at the summit. (Balchen states that they
estimated it at 9,500 feet.)

The moment came when a choice had to be made
between the known quantities of Axel Heiberg Gla-
cier and the unknown ones of Liv Glacier. What
seems to have determined the decision was the
appearance of a cloud at the head of the Axel Hei-
berg, although it may have been only the snow stir-
face; they were not sure. Their margin of altitude
over the hump was so slender that clouds meant real
trouble. No such phenomenon could be observed on
Liv Glacier, and the plane was headed that way.

While Balchen opened the engines to full throttle
and McKinley took pictures, June calmly opened
fuel cans, poured the contents into the main tank,

Neither Byrd nor Balchen mentions this factor, but see
H. E. Saunders, The flight of Admiral Byrd to the South
Pole and the exploration of Marie Byrd Land, Proceed-
ings of the American Philosophical Society, vol. 82, no. 5,
1940, p. 803.

and dropped the empty two-pound tins overboard .4

As the Floyd Bennett flew upward above the glacier,
it encountered the down-currents from the mountains
on either side and bounced about like a cork. Balchen
did a wonderfully skillful job of flying close to the
itiountain sides, where the wind was less violent, but
soon he faced another problem. Try as he might, he
could not bring the aircraft to the height of the pass.
It was evident that they must either turn back or
jettison something. June moved over to the main
fuel tank and put his hand on the dump valve. A
little pressure would release 600 gallons of gasoline,
but if that were (lone, their chance of returning from
the plateau were slim indeed. Byrd thought for a
moment and then directed that a hag of food be
dropped. McKinley had anticipated the order and
was standing by the trap door with a hag at his feet.
He let it go and the plane responded immediately.
Again, however, the Floyd Bennett reached its ceiling
unable to cross the hump. Balchen demanded that
more be jettisoned and McKinley dropped a second
bag. 5 This one he saw land and scatter over the ice.
This time sufficient altitude was attained, an(l the
aircraft crossed the high point with 500 feet to spare.

From there on. Byrd had smooth flying. The pla-
teau slopes downward from the mountains to the
Pole. On the return, enough gas would have been
consumed so that the hump would cease to be an
obstacle.

For a time, the mountains that Amundsen had
described in 1911 were visible in the east. Finally,
they passed from sight, and the Floyd Bennett flew
on over the featureless plain. At 0038 on November
29, Byrd obtained a sun shot that showed his position
to be 55'/2 miles front the Pole, and at 0114, he
radioed Little America that the South Pole had been
reached. First, Byrd dropped an American flag
weighted by a stone from Floyd Bennett's grave.
Then, he directed the plane on various courses out
from the estimated position of the Pole, to ensure
that it passed over or very close to the actual spot."'

Byrd, Little America, p. 332, but in the National Geo-
graphic Magazine, vol. LVIII, no. 2, p. 211, he gives the
weight as one pound.

The weight of these bags is uncertain. Byrd gives two fig-
ures, 150 pounds each, in the National Geographic Maga-
zine, vol. LVIII, no. 2, p. 212, and 125 pounds, Little
America, p. 336. Balchen gives 150 pounds, Come North
With Me, p. 189. Balclten also states that June dropped
the food. Byrd states that he told June, who relayed the
order to McKinley.

' Aerial navigation by solar observation is far from a precise
science. The wisdom f this precaution was underlined
26 years later, when the South Pole construction party
was landed eight miles from its destination even though
the navigators had more complex instruments than those
used by Byrd.
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As they flew home, those aboard the aircraft ex-
perienced an emotional let-down. Byrd decided that
what counted was not reaching the Pole, but the
effort to get there. Baichen felt that their presence in
this eternally white world seemed a symbol of man's
vanity and that the sound of the engines profaned
the silence.

Rather than return by the route they had come,
Byrd directed the pilot to fly down the Axel Heiberg
Glacier. This change was adopted to give McKinley
the opportunity to photograph as much new territory
as possible. Because more than enough fuel to reach
the cache remained when they had descended the
glacier, the aircraft turned eastward in search of
Carmen Land, the existence of which Amundsen had
reported. They failed to find it, and concluded that
the great Norwegian explorer had been deceived by
a mirage or some other natural phenomenon. The
correctness of their conclusion was confirmed by
Gould who, later in the season, examined the area on
foot.

At 0447, the Floyd Bennett landed beside the
cache. There followed over an hour of arduous
labor. Fuel cans had to be broken open and handed
up to June, who poured the contents into the tanks.
They were all thoroughly weary when they again
took off at about six o'clock. After an uneventful
flight over the Ross Ice Shelf, the aircraft landed
at Little America at 1008 on November 29. They had
been away 18 hours and 39 minutes, of which 17
hours 26 minutes had been in the air, while covering
a distance of approximately 1,600 miles.

The men at Little America gave them a rousing
welcome which reflected the feelings of their country-
men at home. The New York Times had picked up
the radio signals directly from Byrd's plane and
spread the good news to the crowds in Times Square
by means of loudspeakers. The average citizen felt
immensely proud that an American in an American-
built machine had been the first man to fly over the
South Pole. To use a present-day phrase, each felt
vicariously that he had a piece of the action. From
the rest of the world, congratulations came pouring
in. Byrd had become more than ever an international
as well as a national hero.

In Little America (p. 345), Byrd modestly attri-
butes the success of the flight to his crew mates:
Balchen, McKinley, and June. They richly deserved
all the praise they received, but Byrd was being more
than a little unfair to himself. Flying over a trackless,
unknown waste without electronic aids is a test for
any navigator. The distance to be covered and the
range of the aircraft can be calculated in advance.
It may reasonably be assumed that, if the aircraft
is in good condition and the weather conditions ac-
ceptable, the flight will be successful, provided that

the navigator can keep the plane on course. A mis-
take may have fatal consequences. Byrd, who had
participated in the development of both the bubble
sextant and the Bumstead sun conipass—indispensable
tools of polar navigation—met the challenge of the
South Pole flight superbly. No one doubts that the
Floyd Bennett reached its objective. On the return
trip, Byrd found the Axel Heiberg Glacier and
located the cache. Without his competence in the art
of navigation, the flight would have been impossible.

Even more significant was the fact that he had
conceived it; in planning, no matter how much skill-
ful assistance he received, it was he who had to make
the decisions. His remark that the effort to get there
was more important than the actual arrival at the
South Pole does much to reveal Admiral Byrd's
nature. Like Amundsen before him, he was a meti-
culous planner who left nothing to chance if it could
be avoided. He was not one, however, to panic if
plans went awry or if the situation turned out to be
different from that expected. If a chance had to be
taken, he accepted the risk, as witness the decisions
to fly up Liv Glacier and to drop overboard precious
food.

The question remains just how important was
the flight. Captain Harold Saunders, a lifelong
friend of Byrd's and a cartographer, was very much
impressed by McKinley's 250 aerial photographs.
In 1940, front 	perspective of 11 years, he sum-
marized the significance of the flight as follows:

From this flight Byrd brought back the honor
of having first carried the flag of any nation to
both poles, and of having first flown over both
ends of the earth by airplane. However, of far
more importance to the world and lasting value
to science, he came back with the knowledge
that vast stretches of rugged unknown country
could be safely flown with the proper prepara-
tion, and he brought back the information neces-
sary to correlate all other discoveries in the re-
gion. Strangely enough, these include not only
the previous discoveries by other explorers, and
the more recent work of his own men, but the
work of many others who will tramp these wastes
and fly these routes in the years to come.7
Yet, Saunders stated, and Byrd agreed, that from

the viewpoint of science and exploration, other flights
made by the expedition, notably those over Marie
Byrd Land, were more productive. Byrd, however,
like other antarctic explorers and, for that matter,
pioneer aviators—he was both—faced a perpetual
problem of raising funds. Prospective donors were

H. E. Saunders, Byrd's flight to the South Pole . . . , Pro-
ceedings of the American Philosophical Society, vol. 82,
no. 5, p. 809.
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apt to be more interested in the spectacular gesture
than in the pursuit of science. Even more than the
man in the street, they felt that they had a piece of
the action if the gesture was successfully pulled off.
The South Pole flight had to be made if Byrd were to
pay off his debts and continue his exploring.

It is noteworthy that, on his second expedition,
Byrd confined his activities to science and explora-
tion. But by then, the situation had changed, a change
largely brought about by Byrd himself. When he re-
turned from Antarctica in 1930, he received a hero's
welcome. His books and articles were read, his movie
attended, and his lectures listened to. Almost single-
handed, he had made the Antarctic part of the
American consciousness, and it was the flight over
the South Pole that first awakened the interest of
his countrymen.

During the next decade, Byrd managed to mount
his second expedition and then to elicit Government
support for an antarctic venture. From those events
grew the post-war expeditions High jump and "Wind-
mill", led in the field by men whom he had trained,
and finally United States participation in the antarc-
tic activities of the International Geophysical Year
and in today's permanent antarctic research program.

New Director of
The Ohio State University's

Institute of Polar Studies
Dr. Emanuel D. Rudolph, Professor in the Aca-

demic Faculty of Botany, has been appointed Direc-
tor of the Institute of Polar Studies, The Ohio State
University. He succeeds Dr. Cohn B. Bull, who has
become Chairman of the university's Department of
Geology.

Soviet Geological Monograph
Available in English

The following Russian monograph is available in
English ($3.00 per copy) from the Clearinghouse
for Federal Scientific and Technical Information,
U.S. Department of Commerce, Springfield, Virginia
22151:

Ravich, M. G. and D. S. Solov'ev. Geology and
Petrology of the Mountains of Central Queen Maud
Land, East Antarctica. 1966. 438 p. (TT 68-50488).

Army Helicopter Operations
In Antarctica:

Eight Years of Support
THOMAS L. ORR

Major, USA
U.S. Naval Support Force, Antarctica

In January 1969, the U.S. Army Aviation Detach-
ment (Antarctica Support) returned from the Ant-
arctic to the United States for the last time. This
unit, equipped with the UH series of Bell "Iroquois"
turbine-powered helicopters, had since Deep Freeze
62 played a major role in support of field work,
especially that conducted at remote campsites. In
eight years of deployment, the detachment flew over
3,000 hours in support of the antarctic program and
proved beyond all doubts the usefulness of the tur-
bine helicopter in the antarctic environment.

Topo North and South
In 1961 5 in response to a request from the Navy

to provide helicopter support for Topo North and
South—a U.S. Geological Survey (USGS) topo-
graphic survey of the Victoria Land coast—the U.S.
Army Transportation Board, Ft. Eustis, Virginia
formed Task Detachment No. 3, consisting of nine
men and two U-I-1B helicopters. The choice of the
turbine-powered UH-1B for this project seemed to
be a good one. Although never before used in a polar
environment, it had several significant advantages
over the gasoline-powered piston-engine helicopters
used by the Navy. The UH-1B could operate at alti-
tudes up to 13,000 feet, had an average payload of
over 2,000 pounds, required little or no preheating
for low-temperature starts, and could be easily trans-
ported by LC-130 and Air Force Military Airlift
Command (MAC) aircraft. These advantages were,
however, at least partially, offset by the lack of cold-
weather operational experience on the part of the
Army crews, the limited range of the UH-1B, and
lack of maintenance and repair-parts experience in
operating the aircraft in polar regions.

Topo North and South, as originally planned, en-
visioned two major survey efforts.' Topo South, to
be conducted first, called for a survey of the Trans-
antarctic Mountains from McMurdo Sound south
to the head of the Beardmore Glacier. This portion
of the project was to be supported completely by air.

'For a map of the area covered by Topo North, South,
East, and West and a detailed discussion of topographical
survey techniques used, see Antarctic Journal, vol. I, no.
2, pp. 40-50.
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U.S. Geological Survey engineers making measurements after
being ferried to field site by helicopter.

Topo North was a similar survey north to Cape
Adare, except that icebreakers would be used as
launching platforms for the helicopters. The entire
survey was some 1,500 miles in length, approximately
the distance from Washington, D.C. to the southern
tip of Florida, and covered an area one-third again
as large as New England. Numerous landings at alti-
tudes above 10,000 feet under hazardous conditions
would be required to obtain the necessary topograph-
ical data.

The Army detachment arrived at McMurdo on
October 21, 1961 and, after a short period for test
flights and indoctrination, Topo South was begun.
The project was a success from the start. The UH-1B
Iroquois, like the LC-130 Hercules, proved to be
remarkably well suited to antarctic operations. With
the assistance of Navy aircraft, which established
fuel caches along the traverse route and moved camp
equipment from one site to the next, all the objec-
tives of the survey were completed by December 6.

Based upon their experience in Topo South,
neither the Army pilots nor the USGS engineers

U.S. Nary Photo

Engine change in —20 © F. temperature at 10,500 feet altitude on
Mount Discovery.

agreed with the plan to base the helicopters aboard
the icebreakers for Topo North. Therefore, when
the icebreakers were forced to return to New Zea-
land because of damage sustained during channel-
breaking operations, the original plan was discarded,
and Topo North became a land-based operation. The
survey was begun on December 17 and completed
by January 12.

In all, the UH-111s flew 182 hours in support of
Topo North and South. A total of 68 sites were occu-
pied, many of them at elevations above 10,000 feet
(the highest landing was on Mt. Usher-13,500
feet). Accurate topographic data were obtained for
over 100,000 square miles of previously unmapped,
or only partly charted, terrain.

Although the UH–lBs were able to fly on only 14
of the 57 days spent on the survey, with fuel short-
ages and poor weather causing most of the delays,
Topo North and South was completed a month
ahead of schedule.

Topo North and South accounted for most of the
flight hours during the Deep Freeze 62 season, but
the detachment also flew some 40 hours of general
support in the McMurdo area and at Hallett Station.
At the latter, in 1 1/2 hours, the two UH–lBs, using
external slings, transported 30,000 pounds of cargo
from the icebreaker Eastwind to Hallett Station—an
excellent example of the speed and efficiency of ship-
to-shore operations using helicopters.

Topo East and West

Encouraged by the success of Topo North and
South, two new surveys—Topo East and West—
were planned for the 1963-1964 summer season, to
complement the work of the previous year. Topo
West would extend the area covered by Topo North
some 300 miles west from Cape Adare to Davies Bay;
Topo East would run from the Beardmore Glacier,
where Topo South had ended, to the Horlick Moun-
tains. During the off-season, the two UH–lBs used
in Deep Freeze 62 were refitted with higher perform-
ance engines and a third helicopter was adced to
the project. In October 1963, the detachment arrived
at McMurdo aboard two Air Force C-124s.

On October 29, the two UH-113s selected to sup-
port Topo West (the third was held as a backup at
McMurdo) departed for Hallett Station, a distance
of 395 miles, but were forced to return to McMurdo
because of deteriorating weather conditions. Three
days later, they tried again and, after 3 hours and
55 minutes of flight, arrived safely at Hallett. Poor
weather delayed the start of the survey until Novem-
ber 4, and while the weather remained generally
marginal, the survey was completed in 25 days, only
9 of which were flyable. During this period, UH-113s
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spent some 85 hours in the air and enabled the USGS
engineers to establish control over an area of approxi-
mately 45,000 square miles. The helicopters returned
to McMurdo on November 29.

On December 19, all three UH—lBs flew from
McMurdo to Beardmore Station on the Ross Ice
Shelf, a small summer weather installation located
at the foot of the Beardmore Glacier. The weather
was good, and Topo East was begun the following
day. As on Topo West, only two UH—lBs were used
for the actual survey operations, the third being given
the mission of helping Navy aircraft to move camp
equipment and place fuel caches.

The two surveys covered approximately the same
amount of area in approximately the same time. It
had originally been proposed to extend Topo East as
far as the Whitmore and Thiel Mountains, but when
the Ohio Range of the Horlick Mountains was
reached, the survey team found that to continue
would involve flying under poor weather and light
conditions. The project was therefore terminated
on January 20 after another 40,000 square miles had
been surveyed and a sufficient number of geodetic
control points established to permit the construction
of accurate maps.

While still engaged in the survey operations, one
of the UH—lBs had flown from the base camp at
Bartlett Glacier to the vicinity of Mount Weaver,
where a team of geologists was carrying on investiga-
tions. The one day that the helicopter was able to
assist in this project proved so fruitful that it was
agreed that the entire detachment would return upon
completion of the survey project. It did so on Janu-
ary 23. The subsequent operations around Mt. Weav-
er stirred further the enthusiasm of the geologists,
who reported that they had accomplished in three
days what would have taken at least as many months
using ground transportation .2 This success also estab-
lished a precedent for future Army helicopter opera-
tions in the Antarctic.

FligL t to the Pole

At Mount Weaver, the Army Aviation Detach-
ment found itself far closer to the South Pole than
to McMurdo Sound, and it seemed reasonable to fly
to the Pole to await pick-up by Navy LC-130 air-
craft. It would be a historic flight, and the Army
fliers at Mount Weaver checked and rechecked their
flight planning for 13 days while waiting impatiently
for a break in the weather.

'The impact of the turbine helicopter on the research pro-
gram was discussed by George A. Doumani in the Ant-
arctic Journal, vol. 1, no. 6, p. 255--264; and by Robert H.
Rutford and Philip M. Smith in the Polar Record, vol.
XIII, no. 84, p. 299-303.

I

Army Photo

Crews of the three LIH-1 B "Iroquois" that made the first heli-
copter flight to the South Pole.

Finally, in the afternoon of February 4, after re-
ceiving the go-ahead from flight control at Mc-
Murdo, the UH—lBs, heavily loaded with fuel,
started for the Pole. Flying at 12,000 feet under the
watchful eye of an LC-130F acting as a search and
rescue aircraft, the trip was relatively smooth and
uneventful. Two hours and 24 minutes after takeoff,
the trio of helicopters arrived safely, becoming the
first, and thus far the only, rotary-wing aircraft to
reach the South Pole.

When initially conceived in 1961, the Army heli-
copter support was not planned to be a continuing
prograiti. But, by Deep Freeze 64, the Iroquois had
become so integral a Part of the Navy's Support op-
erations that the Army agreed to continue the mis-
sion of the detachment. Consequently, the unit was
given a more permanent status and redesignated as
the 62nd Transportation Detachment (Medium Heli-
copter) (Provisional).

As a result of the previous year's success around
Mt. Weaver, the detachment was given the task of
supporting geological field work during Deep Freeze
64. Operations were scheduled for the Hallett Station
area and in the Sentinel Range of the Ellsworth
Mountains.

The weather, as it had many times before in Ant-
arctica, defeated well-laid plans when two UH—lBs
were damaged beyond repair by a storm the day
they arrived at Hallett Station, forcing the cancella-
tion of investigations in that area. The damaged heli-
copters were returned to the United States for repair
hut, to insure completion of the second I)at't of the
schedule, the Army provided two new aircraft which
arrived at McMurdo early in December.
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With three UH–lBs available, the remainder of
the operations proceeded as planned. The helicopters
were loaded into 1,C-1301's and flown to Camp
Gould in the Sentinel Mountains. This first use of
the LC-130F to place the UH-1B at a remote field
site emphasized the remarkable flexibility of both
aircraft. The technique was to be used many tiriles
over the following years with continued success. From
mid-December to early February, the UH--lBs flew
some 300 hours in support of the Sentinel Mountains
investigations. permitting the geologists to accom-
plish about five times the work that would have been
possible with ground transportation, and in fact,
much of it in areas accessible by no other means.

For the geologists, it was a rewarding experience.
Freed from the requirement to travel by ground
transportation, they could inspect escarpments, suni -
mits, and inaccessible rock outcrops, and collect a
large volume of samples for further study without
undue regard for their weight.

The work begun in earlier seasons continued in
Deep Freeze 65. During October and November,
1964, the Army Aviation helicopters again supported
U. S. Geological Survey topographic engineers.
Ground-control points were established in the David
Glacier area, completing the Topo North operations
of 1961-1962, and in the Hallett area, extending the
Topo West survey. The detachment devoted the re-
mainder of the tune to supporting geological teams,
first in northern Victoria Land, carrying out the
program that had been cancelled the year before. It
then moved to the Shackleton Glacier area, and final-
ly to the western Horlick Mountains. The pilots
logged twice as many flight hours (over 650) as in
the previous season.

Unfortunately, these accomplishments were marred
by the first U14–IB flight accident. On November 8,
1964, while landing a geological party, a helicopter
crashed just below the summit of a 13,800-foot peak
in the Admiralty Range, Victoria Land. The heli-

U.kS. Nary Photo

Scene of the first UH-18 helicopter crash in Antarctica

copter was damaged beyond repair, but luckily no
one was injured. The crash was attributed to lack of
sufficient power for landing control at that altitude.
Another factor that may have contributed to the
accident was the lack of sufficient oxygen, which may
have caused a mild case of hypoxia in the crew.

In addition to the limitations of the UH-1B which
contributed to the crash, another severe restraint was
the short cruising range of the helicopter. One at-
tempted remedy was the installation of internal and
external auxiliary fuel tanks. They proved unsatis-
factory, however, because they greatly reduced the
useful payload of the aircraft, especially when flying
at higher altitudes.

Multidiscipline Research

Over the years, the UH–lBs had demonstrated
their ability to support more than one kind of re-
search activity. It was not until Deep Freeze 66,
however, that projects in different sciences operating
in the same geographical area were combined into
a single program in order to take full advantage of
the helicopters' versatility. This program, known as
the Pensacola Mountains Survey, was the most coin-
prehesive survey ever planned for a remote part of
the Continent.3

To support the Pensacola Survey, a base camp
called Camp Neptune was established by Navy air-
craft, at 8330'S. 57°00'W., and the UH–lBs were
brought in by LC-130F. The Army detachment flew
over 500 hours in support of various programs—pri-
niarily topographic control, geology, and gravin i etry.
The success of the project established the feasibility
of using the turbine helicopter for such mnultidisci
pline work and encouraged planning of further com-
bined programs.

For the Army detachment it was a good year--
accident free and with few maintenance problems.
Prior to the start of the season, the unit had been
redesignated as the U.S. Army Aviation Detachment
(Antarctica Support) , a name it was to retain
through the rest of its career. The personnel cc mple-
ment was set at six officers and six enlisted men,
while the number of aircraft remained at ti eec. A
new external fuel tank system had been dcvi rd for
the helicopters that increased their flight time by I
hours. In practice, however, the tanks caused exces-
sive vibration whenever the aircraft attained speeds
of 75 knots and above, and the pilots firmly believed
that the increased range was not worth the 1)OSSiblC
damage to the airframes. Thus, the problem of in-
creasing the range remainedned unresolved.

See Antarctic Journal, vol. I, no. 4, p. 123-124.
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Marie Byrd Land Survey
Following up the success of the Pensacola Project,

a major helicopter-supported field operation—the
Marie Byrd Land Survey—was begun in Deep Freeze
67. The survey, a multidiscipline exploration of the
Marie Byrd Land coastal area, involved 18 scientists
and engineers who made geological, biological, topo-
graphic, geophysical, and paleomagnetic observations
over a three-month period from early November to
late January.' To support this operation, the Army
Aviation Detachment deployed with three new UH-
iDs. This helicopter, with much improved perform-
ance characteristics over the UH-1B (see table),
promised to be a much more versatile aircraft. Tak-
ing advantage of the aircraft's increased range, the
UH–lDs were flown the 700 miles to the field camp
established in the Ford Ranges. An LC-130F re-
fueled the helicopters on the surface at Roosevolt
Island and provided navigational assistance during
the flight.

From the start, the Marie Byrd Land Survey was
plagued with bad weather and, although the mar-
ginal weather of the area had been considered in
preseason planning, delays were longer than expected.
To compound the difficulty, t UH-1D fell victim
to whiteout conditions and blowing snow' on Novem-
ber 5, and crashed while trying to evacuate a field
party that had been stranded for two days on a
mountaintop. Although the crew sustained only
minor injuries, the aircraft was lost and could not
be replaced until over a month later.

To make the limited flying time as useful as pos-
sible, fuel caches were placed east and west of the
main camp and, by taking maximum advantage of
breaks in the weather, the detachment was able to
fly 400 hours of the scheduled 600. The first year of
the Marie Byrd Land Survey was another test of the
capabilities of the UH-11), and the Army crews
were pleased with the aircraft's performance.

The Army helicopters continued their support of
the Marie Byrd Land Survey during Deep Freeze 68.
This time, however, instead of ferrying the helicop-
ters to the field campsite, they were loaded into LC-
130Fs at Christchurch and airlifted to the field site,
with cnly a fuel stop at McMurdo, to minimize load-
ing and unloading damage. As expected, the poor
weather again limited flight operations, but the avail-
able flight time was made more productive by limit-
ing the radius of operation to 150 miles. Three camp-
sites were occupied and 372 hours were flown, com-
pared to the planned 5 campsites and 470 flight
hours.

See Antarctic Journal, vol. II, no. 4, p. 92-97.

Operations in Ellsworth Land
In the 1968-1969 season, the survey was extended

eastward into Ellsworth Land. The Army helicopters
were again flown from Christchurch to the field site
by way of McMurdo. From October 24, 1968 to
January 30, 1969, the UH–lDs flew 314 hours in
support of the science program, using the techniques
developed during the preceding two years. This was
the last deployment for the detachment. Upon its
return to the United States, the unit was deactivated
and its helicopters transferred to the Navy, who will
fly them for the support missions beginning with
Deep Freeze 70.

Conclusion
Any assessment of the impressive record of the

U.S. Army Aviation'Detachment (Antarctica Sup-
port) can only conclude that the introduction of the
turbine helicopter to Antarctica was a technological
innovation of major consequence. It allowed scien-
tists to carry out investigations in a fraction of the
time that would have been required with other
means of transport, and enabled them to reach loca-
tions that crevasses and other natural obstacles would
otherwise have rendered inaccessible. Although of
limited range, the helicopter's altitude capability
made possible investigations in the rugged moun-
tains of West Antarctica.

The Army personnel established an enviable rec-
ord and were notable not only for their skill and
devotion to duty, but also for the enthusiasm with
which they participated in the scientific work. The
whole series of operations was a monument to coop-
eration between military men and USARP scientists
and between the Army, which flew and maintained
the helicopters, and the Navy, which transported
them to the field and set up and supplied the base
camps. The experience of the entire eight years was
a rewarding one for all concerned and constituted
an outstanding example of using military capabilities
to achieve a peaceful purpose.

Technical data

UN-lB	UH-ID

Rotor span	53'	 48'
Height	 1312"	 14'5'/2"
Length	 38'3"	 44'10"
Power plant	Lycoming gas	Lycoming gas

turbine	turbine
Gross weight	6,600 lbs.	9,500 lbs.
Average payload	2,115 lbs.	2,900 lbs.
Passengers	5-8	 5-8
Fuel consumption 60 gals/hour	75 gals/hour
Fuel capacity	165 gals	220 gals
Maximum speed	120 mph	120 mph
Crew	 2	 2
Average range	200 miles	360 miles
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U.S. Army helicopter operations in Antarctica, 1961-1969

Season

Deep Freeze 62

Deep Freeze 63

Deep Freeze 64

Deep Freeze 65

Deep Freeze 66

Deep Freeze 67

Deep Freeze 68

Deep Freeze 69

Detachment	Major activities	Hours	Operational areas
commander	 supported	flown

Lt. J . H. Green	Topo North and	240 Beardmore Glacier
South	 north to Cape Adare

Capt. F. H. Radspinner Topo East and West;	216 Northern Victoria
Geological field work	Land; Beardmore

Glacier to Horlick
Mountains; Geographic
South Pole

Maj. P. M. Cagle	Geological field work; 304 Sentinel Range;
Geodetic control	 Ellsworth Mountains

Maj. W. C. Hampton Geological field work; 659 McMurdo; Hallett;
Geodetic control	 David Glacier;

Shackleton Glacier;
Horlick Mountains

Maj. W. C. Hampton Pensacola Moun-	536 Pensacola Mountains;
tains Project: Geo-	McMurdo
logical field work

3 UH-113	Maj. B. R. Hawkins	Marie Byrd Land
	

403 Marie Byrd Land
Survey

3 UH-11)	Maj. B. E. Luck, Jr.	Marie Byrd Land
	

372 Marie Byrd Land
Survey II

3 UH-113	Maj. B. E. Luck, Jr.	Ellsworth Land
	

314 Ellsworth Land
Survey

Number of Numbers and
personnel	type of heli-
assigned	copters

10	2 UH-1B

10	3 UH-1B

14	3 UH-1B

12	3 UH-113

12	3 UH-1B

13

13

13

Chronology of U.S. Navy
Support Activities

April 1—August 31, 1969
In Greenwich Mean Time

April
2—Two UH-lDs formerly assigned to the U.S. Army

Aviation Detachment (Antarctica Support) transferred
to VXE-6.

7—Third and final Army UH-ID transferred to VXE-6.
18—Last VXE-6 LC-47 transferred to the Ferrymead Mu-

seum of Science and Industry, Christchurch, on in-
definite loan from the U.S. Government.

May
14—VXE-6 celebrated 30,000 accident-free flight hours in

support of Deep Freeze operations.

June
1—PM-3A nuclear power plant shut down due to conden-

ser malfunction.
5—PM-3A resumed power output.

November—December 1969

13—PM-3A nuclear plant shut down due to malfunction in
reactor coolant pump.

15—PM-3A resumed power output.
19—R. Adm. D. F. Welch relieved R. Adm. J . L. Abbot, Jr.,

as Commander, U.S. Naval Support Force, Antarctica
and Task Force 43.

July
5—PM-3A nuclear power plant shut down for unscheduled

maintenance.
6—PM-3A resumed power output.
9—PM-3A nuclear power plant shut down for scheduled

maintenance.
11—PM-3A resumed power output.
22—Two VXE-6 aircraft (LC-130F, LC-130R) reported to

operational control of CTF-43 for winter flight (Win-
fly ) to Antarctica.

25—Winfly LC-130R departed Washington, D.C. CTF-43
aboard. The LC-130F left the following day.

31—Both Winfly aircraft arrived Williams Field. CTF-43
aboard LC-130R.

—LC-130R arrived and departed Byrd Station on medical
evacuation flight. CTF-43 aboard.
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A Round-the-World Cruise
by Southwind

SUMNER R. DOLBER'

Captain, USCG
Coast Guard Headquarters

and

ROBERT T. GETMAN
Commander, USCG

Executive Officer, USCGC Southwind

U.S. Navy Photo

Figure 1. The U.S. Coast Guard Cutter Southwind (WAGB-280)
in the pack ice.

Although icebreakers may be a familiar subject to
many readers of the Antarctic Journal, the broad
Spectrum ofof tasks performed by these vessels may not
be fully realized. For this reason, it appeared appro-
priate to document a recent icebreaker deployment,
giving an account of the myriad subsidiary projects
undertaken in conjunction with the primary task.

The United States Coast Guard Cutter Southwind
(WAGB 280) (Fig. 1), whose Deep Freeze 69 de-
ployment is the subject of this article, is a 25-year-old
icebreaker with a unique history of service under four
commission pennants. 2 Southwind's 269-foot hull is
specially designed and strengthened for the sole pur-
pose of breaking ice. Her shell is of high-tensile steel,
ranging in thickness up to 1 5/ inches where it is
needed most. Within this special-purpose shell are six
diesel engines whose generators deliver 10,000 horse-
power to two powerful motor-driven propellers;
enough fuel to drive the ship 38,000 miles; stores for
a seven-month voyage; and 200 officers and men,
who bring dedication and ability to their tasks.

Oversimplified, that is South wind. What follows

' Commanding Officer of USCGC Southwind from October
1966 to June 1969.

'Antarctic Journal, vol. III, no. 1, p. 20.

is the story—in part—of Southwind's participation
in Deep Freeze 69 and her homeward cruise.

The Primary Job
Southwind was designated a unit of the Ross Sea

Ship Group for Deep Freeze 69 by the Commander,
Task Force Forty-Three. In support of United States
scientific and logistic activities in Antarctica, the
Ross Sea Ship Group was assigned the following
tasks:

Load Deep Freeze cargo bound for New Zealand
and the Ross Sea area.

Transport designated officer, civilian, and enlisted
passengers.

Break and maintain a shipping channel through
the fast ice to Hut Point, McMurdo Station.

Provide helicopter support.
Furnish personnel, helicopters, boats, and equip-

ment to assist in cargo handling.
Prepare cargo offloading and loading sites.
Backload retrograde cargo from Hallett Station to

McMurdo Station.
Support science programs in the McMurdo Sound

area with boats and helicopters.
Provide scheduled logistic support for Campbell

Island.
Continue to completion a hydrographic survey of

Winter Quarters Bay to ascertain the feasibility of
berthing a T5 tanker.

The performance of these tasks can be said to have
started at Wellington, New Zealand, on November
13, 1968,' when operational control of Southwind
shifted to the Commander, U.S. Naval Support
Force, Antarctica, although this omits description of
the many preceding days spent en route in a nasty
North Atlantic, a cabs Caribbean, an interesting
transit of the Panama Canal, and a placid Pacific.
Southwind's brief stay was most successful from the
standpoint of rest and recreation; hospitality seemed
to be the motto of the people of Wellington, who
also hosted at this time the crew of USS America.

Southwind's first commitment after leaving Well-
ington on November 22 was to land mail and sup-
plies at New Zealand's subantarctic Campbell Island.
Arrival and departure were made on November 25,
with all cargo being transferred ashore by small boat
and helicopter from an anchorage in Perseverance
Harbor. Southwind then headed south to a rendez-
vous with USCGC Burton Island, which was met
in open water on Thanksgiving Day.

The next morning, Burton Island and Southwind
entered the pack at about 178°W. and rendezvoused
with USCGC Glacier (Fig. 2). The Ross Sea Ship
Group was now formed, with its commander (CTG- .-

'All times are local.
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Figure 2. USCGCs Southwind, Burton Island (right foreground),
and Glacier together in the pack ice. This photograph illustrates

the close maneuvering sometimes required of icebreakers.

43.3) in Burton Island. Starting on November 29,
the three icebreakers proceeded through the pack in
column, weaving and pushing their way from polynya
to polynya, sometimes in open water, sometimes grind-
ing to a halt in pressured and ridged floes. Helicopters
were often aloft to recommend the paths of least
resistance. The approach to McMurdo Sound was
ultimately made west of Beaufort Island.

On December 3, the ship group met the edge of
the fast ice. This ice presented an entirely different
situation. Up to then, the icebreakers had been tran-
siting the offshore pack, in which there is generally
some open water between adjacent floes. This pro-
vides space for displacement of the ice as the ship
moves along. Even if the pack should consolidate,
through the action of weather, and the icebreaker
finds herself beset—a helpless but not disgraceful
condition—it is not dangerous for a strengthened
vessel. A wind shift will relieve the pressure eventu-
ally, or another icebreaker may break her free. (This
reciprocal arrangement, in fact, was employed several
times.)

Fast ice, however, is an entirely different matter.
There is no open water, and there are no widening
cracks—just a solid field of ice, perhaps several feet
thick, extending from shore to shore. With no place
for the ice to move laterally, the icebreaker can
proceed only by employing its weight and the shape
of its bow (which acts as an inverted inclined plane)
to rise up onto the ice and break it. If the ice is less
than four feet thick, the icebreaker may, under full
power, move ahead steadily and continuously with a
slight humping motion.

The task group commander was faced with the
problem of how best to utilize the three icebreakers
to form a channel through the fast ice to Winter
Quarters Bay. (The first of the relatively thin-skinned

supply ships was due near the end of December.)
CTG-43.3 detailed the more powerful Glacier to
commence breaking one channel, while 3 miles to
the east, Burton Island and Southwind would work
together to break what became known as the east
channel.

The cutting of the east channel made a most im-
pressive scene. Burton Island and Southwind—sister
ships of the Wind-class—were working 50 to 75
yards apart in the fast ice, employing the "railroad
track" technique. Alternately, each ship backs and
rams. Picture Burton Island backing off three or four
ship lengths, applying full power and charging. Faster
and faster she goes down the right side of the channel.
By the time her bow reaches the notch in the ice,
she has attained full speed. Despite her tremendous
mass, her bow leaps out of the water, rending and
smashing the ice ahead before she settles and comes
to a halt. As Burton Island is backing off for her
next onslaught, Southwind makes her full-power ap-
proach down the left side of the channel. When
Southwind meets the notch, geysers of water shoot
into the air as the ice ahead of her folds under her
weight. A crack shoots through the ice, running over
to the right side of the channel just vacated by Bur-
ton Island. In this manner, the two ships ram the
ice every 6 to 8 minutes, hour after hour, day after
day, creating a channel 100 to 150 yards wide.

Initially, great progress was made—a ship's length
or more at each ram. But the ice, which at its north-
ern edge was about 3 feet thick, steadily increased in
thickness as further penetration was made towards
Hut Point. With still 25 or so miles remaining, it was
found that the icebreakers advanced only 10 to 25
yards per ram, totalling on some days a bare 1 or 1.5
miles. For 15 days the channel cutting continued,
with time out occasionally to rerun the channel,
which was refreezing. Glacier, meanwhile, was mak-
ing good progress in the west channel, and the two
parallel channels had been joined by cracks and
cross channels. Wind and current carried the large
floes thus created out to open water.

Early in the morning of December 19, after the
channel had been pushed through 37 miles of ice to
within 5 miles of, Hut Point, one blade of South-
wind's starboard propeller could stand the strain no
longer. Its failure terminated South wind's participa-
tion in channel-cutting operations. Burton Island
carved out a turning basin and assisted Southwind
in turning around. With her bow snubbed tightly in
the notch in Burton Island's stern (a configuration
that was wryly nicknamed "Burtwind"), Southwind
was towed out of the channel to open water, South-
wind giving a push with her one good shaft when
needed. After pumping all unneeded fuel and lube
oil to Burton Island and Glacier, Southwind headed
back to Wellington for repairs.

November—December 1969	 295



From December 31, 1968 until January 8, 1969,
Southwind was in drydock, where a complete set of
new propeller blades was installed. After refueling,
Southwind made for McMurdo again. En route, she
picked up HMNZS Endeavour, which was waiting
in the pack to be escorted the rest of the way through
the ice. Upon arriving at McMurdo with Endeavour
at the end of her towline, Southwind found that
Burton Island and Glacier had completed the chan-
nel into Winter Quarters Bay and broken out the
mooring area.

From January 17 until departure from McMurdo,
Southwind was occupied with the escort of Endea-
vour, USNS Towle, USNS Alatna, and USNS Wyan-
dot, sometimes working with Burton Island, some-
times independently. During this period, Burton
Island returned to New Zealand for a well-earned
rest, and Glacier departed for the Weddell Sea.
Southwind also made a round trip to Hallett Station
and, between other tasks, wiredragged and sounded
Winter Quarters Bay.

All this was interesting work for the men of South-
wind, who never seemed to tire of icebreaking or
escorting. The work assumed a new dimension when
it was realized that Southwind's employment held
considerable fascination for those on shore. South-
wind entertained many visitors during this period,
some for hours, others for days. During the channel
cutting, some of the more agile visitors quickly
scrambled down a ladder at the bow and out onto
the ice to take pictures of the icebreakers head-on
as they charged, reared up, and settled into the shat-
tered ice.

While Southwind was engaged in these Ross Sea
operations, plans were being developed for her sub-
sequent assignments. These included the establish-
ment of a satellite-tracking station on tiny, sub-
antarctic Heard Island in the Indian Ocean, and a
courtesy visit to Tanzania, on the eastern coast of
Africa. While Burton Island was en route from
Wellington to McMurdo, Southwind was directed
to proceed via Hallett Station to Perth, Australia,
to load cargo and receive passengers for the Heard
Island project. With Wyandot following, Southwind
left Winter Quarters Bay for the last time on Febru-
ary 7. On this outward voyage, open water was
found over the entire route, a condition that would
have been most unlikely had it not been for the
earlier dogged determination of the icebreakers in
breaking the 42-mile channel to McMurdo.

Thala Dan Assistance

The day after her departure from McMurdo, and
prior to arrival at Hallett Station, Southwind learned
by message of the difficulties being encountered by
the Danish vessel Thala Dan, which was attempting
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Figure 3. M/S Thala Dan in the pack ice.

to penetrate the pack to resupply Australia's Wilkes
Station on the Knox Coast. Thala Dan, at the time,
was beset in the pack, unable to move either ahead
or astern.

Pausing at Hallett only long enough to dispatch a
helicopter to the station, Southwind set out on her
1,800-mile mercy mission. In an effort to minimize
the time en route, a satellite readout of ice condi-
tions was requested from Task Force 43's advance
headquarters in Christchurch. A return message
recommended a track believed to be the shortest
route possible while keeping Southwind outside the
pack.

On February 14, South wind approached Thala
Dan (Fig. 3) in consolidated pack 5 miles from open
water. All hands and passengers were topside on
Thala Dan to watch Southwind make her slow but
steady approach through the compacted medium
floes. Heavy snow cover made the going more diffi-
cult. Southwind caine up astern of Thala Dan, which
had been sitting for a week, swung out around her,
clearing her side by but 15 yards, and then cut in
ahead. The path created by Southwind was enough
to relieve the pressure of the ice on Thala Dan's side,
and she slipped in astern. Because of the total con-
centration of floes, the ice closed in rapidly about 100
yards astern of Southwind. This made it necessary
for Thala Dan to follow Southwind as closely as
possible, often within 50 yards, sometimes closer.
Reliable bridge-to-bridge FM radio communications
permitted instantaneous exchange of information be-
tween Southwind's conning officer and the master of
Thala Dan, who was maneuvering his ship from the
"ice house" high up on the Danish vessel's forward
mast. The easing of nervous tension was evident dur-
ing this very close escort as Australian scientists and
Danish crewmnembers on the forecastle of Thala Dan
exchanged volleys of snowballs with the American
crewmen on Southwind's flight deck.
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Above. USCGC Southwind anchored in Atlas Cove, Heard
Island, during cargo offloading operation.
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Just before dark, and about half-way to open
water, Southwind was suddenly stopped by a stub-
born floe. Thala Dan, alerted by radiotelephone, at-
tempted evasive action, but there was not enough
distance between the two ships to permit Thala Dan
to stop or sheer completely away. Before she came to
a halt, the flare of her bow, overhanging Southwind's
main deck, caught the after starboard corner of the
icebreaker's flight deck and curled it under. This was
the only contact that occurred in an entire season of
close calls.

Open water was attained in the middle of the
night, and the "miniconvoy" backtracked about 50
miles to a point opposite Wilkes Station. By daylight,
it was heading into the pack again. Snow and re-
duced visibility prevented helicopter reconnaissance,
so it was simply a matter of bulling through about
30 miles of fairly solid pack to a good lead that be-
came open water the rest of the way to Wilkes. Then
the really hard work started. Even though Thala Dan
was behind schedule, 20 days had been allotted to
offload her fuel and cargo, to exchange wintering-
over personnel, and to activate the replacement
station that had been built across Newcombe Harbor
from Wilkes. Since it was apparent that Thala Dan
would need an escort out through the pack again, it
was agreed that Southwind would remain until the
work was finished and would contribute personnel,
boats, and helicopters to reduce the time involved.
The extent of Southwind's participation and the
energy expended by her crew may be best illustrated
by the fact that the 20 days were reduced to 4.

The modern, well-equipped, well-staffed Casey

Left. USCGC Southwind (background) and Burton Island cut-
ting channel into Winter Quarters Bay.

U.S. Nary Photo

Station was dedicated on February 19, 1969. It re-
places the U.S.-built Wilkes Station, which is slowly
being buried in snow. Wilkes had been opened offi-
cially on February 16, 1957. A little less than two
years later, it was transferred to Australian control,
although American scientists continued to work there
in subsequent years. These memories of past coopera-
tion were strengthened by the fact that Southwind,
which was aiding in the deactivation of Wilkes and
the opening of Casey Station, had, under her former
name of USS Atka, assisted in the establishment of
Wilkes in 1957.

Southwind and Thala Dan departed Casey around
midnight on February 19, following a route deter-
mined by helicopter reconnaissance the preceding
day. That night, however, there were many more
floes than expected. By dawn, the two-ship convoy
was making only very slow progress in snow and
greatly reduced visibility. The floes, heavy with snow,
were closing in directly astern; even up close, Thala
Dan had difficulty maintaining headway. Time after
time, Southwind had to back down to push away
with her stern a large floe blocking the path of the
cargo ship or pinning her sides. The range between
the ships during these maneuvers was often measured
in inches. Towing was attempted, then abandoned
because Southwind herself was having problems with
the pack. When the snow stopped that afternoon,
there was the frustrating sight of open water no more
than 8 miles away. It seemed that there had to be an
easier way, and the helicopters found it. They recom-
mended that the two ships backtrack a few miles,
then proceed west and north through less concen-
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trated pack. Exiting the heavy pack as night fell,
Southwind went on ahead to scout and found prog-
ress quite easy in 6 oktas of brash and small floes
having little snow cover. Thala Dan was advised of
these conditions, and it was suggested that she join
Southwind.

The scene that followed was vividly impressive. It
was a quiet, pitch-dark night. The surface of the
water was nearly covered with brash and floes.
Southwind was proceeding slowly, awaiting Thala
Dan. Surrounding the two ships were hundreds of
monstrous tabular icebergs. Carbon-arc searchlight
beams from both ships swung back and forth, as the
ships weaved and turned. Piercing through the dark-
ness, the brilliant shafts pointed out the best route to
follow—and the dangers. They illuminated, one at a
time, the ghostly giants, many of which passed close
aboard and utterly dwarfed the two puny intruders.
Altogether, it was a fascinating, eerie, and thrilling
evening that made it truly a night to remember.

The next morning, Southwind and Thala Dan
entered open water and assumed their respective
tracks, Thala Dan heading for Melbourne, and
Southwind for Fremantle, the port for Perth, capital
of Western Australia.

Thus ended an adventure in international coopera-
tion, in which a United States icebreaker assisted a
Danish ship under charter to French and Australian
expeditions and helped, too, in the establishment of a
new Australian station dedicated to the advancement
of science. This assistance epitomizes the spirit of the
Antarctic Treaty.

On to Heard Island

The seven-day voyage to Perth was uneventful
except for the onset of evaporator problems which
were to plague Southwind for many days. Arriving
at Fremantle on February 27, Southwind proceeded
immediately to load cargo and receive passengers for
her next project, the establishment of a satellite-
tracking station on Heard Island. In addition to per-
sonnel of the U.S. Army Topographic Command
(formerly the Army Map Service), Southwind was
to carry three stalwart Australians who would con-
duct a wildlife census and glacier study for the Aus-
tralian National Antarctic Research Expedition
(ANARE). Following a well-earned rest, Southwind,
her water problems still unsolved, departed Fremantle
for Heard Island on March 4.

The construction of the PAGEOS (Passive Geo-
detic Satellite) tracking station on Heard Island
proved to be the least glamorous, but one of the
most interesting projects awarded Southwind. The
glacier-covered island lies in the southern Indian
Ocean at 53°S. 73°E., some 900 miles north of the
Antarctic Continent but still within the Antarctic

Convergence. Information available to Southwind
prior to her arrival at Heard Island indicated that it
would be cold, windy, and cloudy at her destination,
with frequent gales, an average of only 1.7 hours of
sunshine per day, and rain or snow to be expected on
300 days of the year. The lack of safe anchorages
also presented a problem. Atlas Cove appeared to
be the safest, but it enjoyed a reputation of being
unusable half the time, often being swept by gales
commonly gusting between 60 and 100 knots. Need -
less to say, "apprehension" was the byword en route
to Heard Island.

Southwind arrived at Heard Island on March 11
in relatively pleasant weather with a falling barom-
eter, 3-mile visibility, 20-knot wind, rain, and 10-foot
seas. The "fair" weather held long enough to enable
the shore party, consisting of 20 South wind personnel
and 6 Topographic Command personnel to land in
Atlas Cove, using LCVPs. There, they commenced
to locate prepositioned supplies which, together with
the cargo aboard Southwind—including the elec-
tronic, timing, and photographic equipment—would
support the tracking station for nine months.

As the first day wore on, Heard Island began to
live up to its reputation, with rain, fog, 45-knot winds,
and 6-foot swells within the confines of Atlas Cove.
This was obviously not an environment suitable for
offloading delicate precision instruments. Indeed, it
wasn't suitable for remaining at anchor, and as dark-
ness approached and the weather worsened, prudence
dictated a retreat to open water. At sea, Southwind
rode out a gale, first heading into, and then running
before, 30-foot seas, jealously guarding the 40 tons of
critical cargo lashed to her flight deck.

The remainder of Southwind's stint at Heard
Island was spent under relatively favorable condi-
tions enabling rapid offloading by LCVPs and two
LARC amphibious vehicles, although they did it with
an ever-present sea swell entering the cove and break-
ing on the beach. The shore party worked from
dawn to dusk daily, setting up a 3-generator power
plant, leveling the terrain, assembling prefabricated
buildings, installing plumbing, heating and wiring
systems, and renovating usable buildings from the
ANARE station abandoned in 1957.

An interesting sidelight to the Heard Island ven-
ture was the establishiiient there of an amateur radio
station by Southwind's operations officer. Although
marked "Australian" on maps, Heard Island is listed
in the ham register as a separate country, and it had
never been heard from. The hastily constructed sta-
tion, given its own call sign by the Australian govern-
ment, was operated continuously, night and day, for
the entire period. Over 2,800 contacts were made by
jubilant amateurs in 87 countries.

In the midst of the Heard Island project, South-
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wind was advised that Thala Dan was in trouble
again, being unable to penetrate the outer pack for
the annual resupply and relief of Dumont d'Urville,
the French antarctic station. Southwind immediately
announced her readiness to assist. With the chance
of returning to Antarctica to assist T/iala Dan loom-
ing very large on her operational horizon, South-
wind's previously marginal freshwater situation—a
result of the malfunctioning evaporators—suddenly
became intolerably critical. Glacial meltwater pro-
vided an unlimited, but not easily accessible, source
of fresh water on Heard Island. After damming one
meltwater stream to form a pool, crewmen pumped
water into 15-man rubber lifeboats that had been
inflated inside LCVPs and LARCs, which then trans-
ported the water to Southwind. Because 65,000 gal-
lons of fresh water were needed, the use of these
jury-rigged water lighters would have required 3 days
of round-the-clock operations.

Direct pumping offered the only possibility of
expediting the watering operations. This entailed
maneuvering Southwind to within 400 yards of the
shore and within five feet of Atlas Cove's rocky,
poorly charted bottom. Utilizing every available foot
of hose, the connections were made and pumps
started. Fresh water began to splash into Southwind's
tanks, but before long, the hose parted under the
stresses of its own weight and the attention of play-
ful leopard seals, who found canvas and rubber a
new taste thrill. After several unsuccessful attempts
to rerig the hose, it became apparent that rubber-
boat lightering operations would have to be resumed
on a continuous basis to obtain as much water as
possible prior to departure the following day.

South wind left Heard Island in the evening of
March 17, leaving behind the six Topographic Com-
mand personnel, a completely self-sustaining satellite-
tracking station, and one LCVP, which had
broached in the surf and been washed ashore during
the water-lightering operation.

The next day, Southwind learned that Thala Dan
had becp joined by another Danish supply vessel, and
that the combined helicopter strength of the two
ships was adequate to ferry passengers and cargo
across the pack. The station was relieved without the
necessity of entering the ice, eliminating the need for
Southwind to dash southward.

Across the Indian Ocean to Africa

Southwind set out from Heard Island for a differ-
ent type of "icebreaking," one not dependent upon
the strength of her hull or her engines. The forth-
coming venture in the field of "diplomatic icebreak-
ing" would rely solely on the appearance of South-
wind and her crew, and the manner in which they
conducted themselves during the first visit by a U.S.

Government vessel to the United Republic of Tan-
zania since the union in 1964 of the republics of
Tanganyika and Zanzibar.

In order to restore Southwind's external appear-
ance, which had suffered severely during the four
months spent operating in and around the Ant-
arctic, a 3-day stopover in Port Louis, Mauritius, was
scheduled to commence on March 25. This was in-
tended to be a working visit, but the sight of this
strange-looking vessel in their harbor apparently
aroused the curiosity of local officials, and Southwind
soon found herself readying her sideboys and honor
guard to receive official visits from the Governor
General, the Mayor, and other Mauritian digni-
taries. In addition to the honor of receiving these
distinguished visitors, Southwind gained invaluable
experience in the protocol of honors and ceremonies,
which was to be the main theme of the Tanzanian
visit. Working around and between official visits, the
crew managed to paint the hull and repair many of
the scars of ice and weather.

After a 4-day run across a mirrorlike western
Indian Ocean, during which her facelifting was com-
pleted, a rejuvenated Southwind rode the morning
tide into the beautiful little harbor of Dar es Salaam,
Tanzania. A polar icebreaker riding at anchor was,
to say the least, a unique sight in this African harbor.
A shipboard press conference was followed by official
calls on such personages as the Second Vice President
of Tanzania, the Chief of Defense Forces, the Inspec-
tor General of Tanzanian Police, and the Mayor of
Dar es Salaam. The return calls were most impres-
sive, with honors rendered to the dignitaries as they
debarked from Southwind's helicopters on the ship's
flight deck or ascended the accommodation ladder
to the quarterdeck.

On the premise that people-to-people diplomacy is
the best way to make a goodwill visit successful,
Southwind was opened to the public for both after-
noons of her 2-day stay in Dar es Salaam. Mean-
while, many of her crew, immaculate in tropical
white uniforms, investigated the exotic east African
city, and Southwind athletes shared honors with the
Tanzanian Defense Force's basketball and volleyball
teams. Approximately 2,000 Tanzanians took ad-
vantage of the opportunity to tour the unusual
American vessel.

A request from the U.S. Consul at Zanzibar resulted
in Southwind stopping at the legendary "Clove
Island." During her 12-hour stay in Zanzibar, South-
wind managed to duplicate on a smaller scale all
that had been accomplished in Dar es Salaam. It was
with a great deal of satisfaction that Southwind set
sail from Zanzibar, completing 3 days of creating
goodwill among the leaders and populace of Tan-
zania.
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Southwind's final (but first purely recreational)
stop was in the colorful African resort city of Lou-
renço Marques, Mozambique, where she arrived on
April 8. With no cargo to handle, no official visitors
to receive, and no frantic efforts to restore the ship's
appearance, all hands spent 3 days thoroughly enjoy-
ing themselves in the bustling modern city.

Homeward Bound

Having taken on enough diesel fuel to get her back
to Baltimore easily, Sout/iwind departed Lourenço
Marques on April 11 on the long last leg of her jour-
ney around the world. After the expected rough seas
around Cape of Good Hope, the icebreaker was wel-
comed by a most cooperative Atlantic Ocean. Her
tired old engines, however, had been so strained and
knocked about in antarctic operations that they
started to gulp lubricating oil at a rate that surpassed
all earlier consumption records. It became necessary
to cut back to two-engine operation, extending the
lengthy deployment by a few more days. But the seas
were calm, and the sun was shining heartily; with all
chores successfully accomplished, holiday routine was
observed each afternoon after quarters and drills.

Arrangements were made by radio message to have
drums of lube oil ready at Bermuda for helicopter
pickup as Southwind cruised by. As it turned out,
this scheme fitted in very well with an assistance case
Southwind was called upon to perform. An American
bulk-cargo carrier had requested medical advice for
a seaman thought to have a bleeding ulcer. Com-
munications were established when Southwind was
325 miles away, and a rendezvous point was agreed
upon. When the two ships were 25 miles apart,
Southwind dispatched a helicopter bearing the ice-
breaker's doctor, a corpsman, and all the equipment
the doctor thought necessary to sustain the merchant
mariner. The medical team was lowered to the mer-
chant ship, and a blood sample taken immediately
from the patient was dispatched in the hovering heli -
copter to Southwind for testing. When tests revealed
that the patient had lost much blood, the doctor lined
up donors of the proper blood type among the crew
of the merchant ship.

The patient, still in critical—but stable—condition,
was transferred to a hospital in Bermuda the follow-
ing morning. After the cargo airlift was completed,
the doctor and the corpsman were returned to South-
wind by helicopter. It can be stated with a certain
amount of conviction that Southwind's doctor saved
the life of the seaman, adding the capstone to a long
but exciting cruise.

On May 6, Southwind discharged her helicopter
detachment at Norfolk, Va., and that afternoon and
evening she made a leisurely trip up Chesapeake Bay.
In the morning of May 7, Southwind moored at her

berth at the Coast Guard Yard in Baltimore, where
many of the crew were reunited with their families
to the accompaniment of a local band.

The Big Picture

What had transpired in the 207 days since South-
wind's departure from Baltimore on October 13,
1968? Fuel consumption had totaled 1,290,000 gal-
lons. Nine ice escorts had been conducted. South-
wind had been beset in the ice on three occasions and
struck once, but the ice proved no match for her--
she ultimately broke an estimated 15,000,000 tons of
ice at a cost of just one 3'/2-ton propeller blade. She
had participated in the construction and commission-
ing of two new stations. In visiting 14 places around
the world, she had entertained some 7,500 visitors.
She had operated her helicopters for 250 hours and
her boats for 302 hours. She had transported 30 pas-
sengers and 280,000 pounds of cargo to various places
in the Southern Hemisphere.

In short, she had completed a 35,000-mile, around-
the-world voyage without major incident and accom-
plished all assigned tasks.4

The crew of Southwind was subsequently awarded the
Coast Guard Unit Commendation Ribbon for exception-
ally meritorious service.

Last VXE-6 LC-47 to be Placed
on Exhibit in Museum

The last of VXE-6's "Gooney Birds," a ski-
equipped LC-47H Dakota, was presented April 18,
1969 to the people of Christchurch by the U.S. Am-
bassador to New Zealand. The Mayor of Christ-
church accepted the aircraft during ceremonies at
Christchurch International Airport.

The aircraft, which had been in service with the
U.S. Navy for 27 years, will be placed on exhibit at
the Ferrymead Museum of Science and Industry,
Christchurch. A prototype of the first aircraft to
land at the geographic South Pole in 1956, the LC-
47 had served with VXE-6 since 1963.

The "Gooney Bird" made its last flight on Febru-
ary 22 in New Zealand, where it had been used for
local training and proficiency flights since its retire-
ment from antarctic service. The last LC-47 antarctic
flight was from Hallett to McMurdo on Decern-
ber 2, 1967.

-
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Deep Freeze Wintering Personnel, 1969

At the conclusion of the 1968-1969 summer, 244
men remained for the winter at U.S. stations in Ant-
arctica. Of this number, 213 were Deep Freeze sup-
port personnel, 31 were USARP researchers, and
one (Dr. Aleksandr Aleksandrovich Vasilev) was a
Soviet exchange scientist. Two U.S. exchange scien-
tists wintered at foreign stations (Mr. F. Michael
Maish at Vostok and Mr. Allen J . Riordan at Van-
da) and eight members of the Coast and Geodetic
Survey wintered at Australian stations (four each
at Casey and Mawson).

Listed below are the names of military support
personnel, who were assigned to Antarctic Support
Activities (ASA) or the Naval Nuclear Power Unit
(NNPU). The names of the USARP personnel were
reported in the September-October issue of the Ant-
arctic Journal.

Summary of wintering personnel, 1969'

Military Enlisted USARP

	

Station	officers	men	personnel	Totals

Amundsen-Scott

	

South Pole	2	12	6	20
Byrd	................2	14	7	23
McMurdo	11	164	132	1882
Palmer ..............2	6	5	13

Totals ..	17	196	312	2442

'Does not reflect personnel changes resulting from winter
flights.

' Includes one Soviet exchange scientist.

Amundsen-Scott South Pole Station

Allen, Cary E., CMI, ASA
Bowman, Bradley J., LT, ASA, Officer-in-Charge
Britt, Dale R., BU2, ASA
Cronrath, Cletus E., SK2, ASA
Davie, Robert A., ETR2, ASA
Disselhorst, Maurice E., RMJ, ASA
Endres, Robert A., E02, ASA
Feeney, Francis A., Jr., CS2, ASA
Grondin, Lucien A., EM2, ASA
Miles, Roderick H., RM2, ASA
Runyon, William E., CE2, ASA
Russell, Ronald R., HM2, ASA
Wallace, James W., UTC, ASA
Worley, Richard J . , LT (MC), ASA

Byrd Station

Abrahamson, Richard L., CE2, ASA
Birdwell, Keith W., ETN2, ASA
Cabrera, Quirino, CM1, ASA
Cole, Lawrence M., BU2, ASA
Dunn, William J . , EM2, ASA
Granato, John D., CM3, ASA
Hagey, Donald W., LT, ASA, Officer-in-Charge

Hengl, Donald E., RM1, ASA
Hollar, David C., RM3, ASA
Mayfield, Robert L., UT1, ASA
McDaniel, Cecil M., CS2, ASA
Peterson, Vernon L., UT3, ASA
Rokey, Ric R., HM2, ASA
Thomas, Herbert C., Jr., LT (MC), ASA
Weller, Robert H. J . , SK2, ASA
Williams, Silas D., E02, ASA

McMurdo

Abel, Robert P., MR3, ASA
Adams, Eugene, ETN2, ASA
Affeldt, James A., SW2, ASA
Albert, Paul J . , CSSN, ASA
Aliberti, Ramon F., RM2, ASA
Allison, Frederic H., CMI, ASA
Alvarez-Quiles, Miguel, DC1, ASA
Anderson, Leroy G., UTC, ASA
Archer, Robert A., BU2, ASA
Asher, Bill F., CEC, NNPU
Augustine, Rocco, E02, ASA
Ayres, James M., AG3, ASA
Baar, Harold L., LCDR (CHC), ASA
Babbitt, Harold W., SFP2, ASA
Balk, Cornelius, Jr., SN, ASA
Barcus, Charles K., SP6, U.S. Army, NNPU
Bates, John E., RM3, ASA
Beaver, Gary E., CMCN, ASA
Belair, Zenon A., UT3, ASA
Bell, Paul L., EOI, ASA
Bell, Robert A., MR3, ASA
Berggren, Laurel C., RMC, ASA
Berthelson, Zane, EMI, ASA
Besenyei, Joseph A., SK2, ASA
Birckhead, Michael B., CE2, ASA
Bjorklund, James C., RMI (SS), ASA
Blevins, Michael R., BU3, ASA
Bloodsworth, Ronald W., EA2, ASA
Brantley, Rudy F., ETR2, ASA
Brown, Larry E., CE3, ASA
Buchanan, Ronnie J . , SP5, U.S. Army, NNPU
Burney, Edwin W., II, CSSN, ASA
Busch, John M., E03, ASA
Byrnes, Ronald, CS2, ASA
Cady, Charles J . , EM2, ASA
Carraway, Herman D., RM3, ASA
Carruthers, Bobby J., SK2, ASA
Case, Roger S., LCDR (MC), ASA
Cash, William A., Jr., SK2, ASA
Castillo, Joe D., ETN2, ASA
Cavanaugh, Ronald F., CMI, NNPU
Chambers, Michael H., E02, ASA
Cheek, Lewis V., CE1, NNPU
Church, Lucian P., SH1, ASA
Clark, Dryden E., LTJG, ASA
Cofer, Robert C., Jr., ETN2, ASA
Collins, Dan E., LCDR, ASA
Cook, James M., RMSN, ASA
Cookston, Harold L., EMI, ASA
Corbelli, Victor, AGI, ASA
Corcoran, Anthony E., LT, ASA
Cosner, Walter R., ETN3, ASA
Craig, John K. T., PH2, ASA
Cryan, Richard A., LT, ASA
Daigle, Gregory E., CS2, ASA
Davidson, Francis G., BM3, ASA
Delmundo, Pedro A., TN, ASA
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Dorchuck, Robert E., CMC, NNPU
Eachus, Fred, III, EN3, ASA
Eastwood, Edward L., HMC, ASA
Eldred, David T., EOC, NNPU
Evans, Raymond D., Jr., E03, ASA
Farbo, Richard R., EOC, ASA
Feuele, Erasmo A., CEI, ASA
Flannery, Robert L., UT3, ASA
Fly, Jerry D., RM2, ASA
Fodor, William R., CSSN, ASA
Fox, William D., EN1, ASA
Fuigham, Donald R., ABFI, ASA
Garland, Robert A., CECS, NNPU
Garrett, Gary A., AN, ASA
Gibson, James W., Jr., ETN2, ASA
Gregor, James D., ET1, ASA
Grover, Carvel L., Jr., MRC, ASA
Hales, Herman L., SFC, U.S. Army, NNPU
Hanson, James L., Jr., CECS, ASA
Heckelmoser, Donald J . , RM2, ASA
Hicks, Donald D., CM2, ASA
Hill, Lawrence L., ETN2, ASA
Hillis, Ronald E., UT3, ASA
Holick, John, Jr., ETN2, ASA
Holsinger, Robert L., BT2, ASA
Hughes, Andrew J . , Jr., SK2, ASA
Hunter, William G., CDR, ASA, Officer-in-Charge
Hutton, Tommie, BUC, ASA
Irvine, Alvin L., CEC, NNPU
Jenkins, Edgar J., Jr., ABF3, ASA
Jones, John B., DKI, ASA
King, James S., CMI, ASA
King, William G., SK3, ASA
Kobylarz, Edward P., AC2, ASA
Krueger, Larry L., HM2, ASA
Kurtz, James P., LCDR (CEC), NNPU, Officer-in-Charge
Law, George L., CECS, NNPU
Levesque, Terrence J . , RMSN, ASA
Loomis, Frederic D., RM2, ASA
Lopez-Nogueras, I., RM3, ASA
Luttrell, Melvin D., SN, ASA
Lyons, Walter T., CM!, ASA
MacConnell, Douglas I., RM3, ASA
MacDougall, Alan, IC!, ASA
Majors, Alonzo H., SK2, ASA
Manogue, Edward M., HMC, ASA
McCabe, Thomas D., BUI, ASA
McCale, William M., SN, ASA
McCord, Larry D., SK2, ASA
McCormick, Richard P., SF1, ASA
McDade, Ronald R., CE3, ASA
Medow, Aaron M., CS2, ASA
Miller, Frank P., HMC, NNPU
Miller, Gerald, CW02, NNPU
Miller, Lester C., Jr., RMI, ASA
Moore, Jack E., HM I, ASA
Moore, Roy A., AG2, ASA
Morrow, Gerald C., RM3, ASA
Nazzaro, Ralph, RMSN, ASA
Owen, Robert S., SKI, ASA
Owens, Thomas W., RMI, ASA
Pace, Hugh C., UTI, NNPU
Patterson, Charles J . , AG2, ASA
Pelkey, Robert A., SH2, ASA
Perkins, Warren D., SFC, ASA
Peters, Marshall H., 1C2, ASA

Petroni, David L., YNC, ASA
Pierce, Jerry M., AG2, ASA
Post, Lee A., CM2, ASA
Powell, Jimmy D., RMI, ASA
Powell, Russell T., BU3, ASA
Prevento, Andrew, CS!, ASA
Primeaux, Ronald L., EN! (SS), ASA
Putman, Donald W., CEC, NNPU
Quinn, Donald A., Jr., SK2, ASA
Rambo, Rick A., AK3, ASA
Richardson, William G., LCDR (DC), ASA
Riley, Guthrie, ACC, ASA
Rudy, John C., LTJG, ASA
Sandlin, Raymond E., AC!, ASA
Sandlin, William G., E03, ASA
Schloredt, Jerry L., CEC, NNPU
Schrader, James C., III, RM3, ASA
Schramm, Clifford W., RM3, ASA
Schwan, Robert J . , RM2, ASA
Schwarz, Klaus, SKI, NNPU
Segovia, Gustavo, Jr., MR1, ASA
Simmons, James A., IV, SWI, NNPU
Simpson, Daniel C., YN3, ASA
Smith, Richmond M., HMC, NNPU
Spaulding, Howard R., BUI, ASA
Sprau, Marvin L., EOI, ASA
Stark, Jerry L., AG2, ASA
Stearns, Kenneth L., ETI, ASA
Stewart, Alexander C., SH3, ASA
Swanner, James F., CE3, ASA
Tate, Arthur C., HMC, NNPU
Tejera, William, SN, ASA
Teter, Lewis A., CE2, ASA
Thielen, Bruce E., DCI, ASA
Tirpak, John W., BU3, ASA
Traner, Charles L., E03, ASA
Violette, Ronald E., SFC, U.S. Army, NNPU
Walsh, Gary M., DT2, ASA
Ward, Clifton A., CEC, NNPU
Warren, Edward R., RMCS, ASA
Wash, Rickey J . , DC3, ASA
Watkins, John W., ETCS, ASA
Watkins, Robert E., EM2, ASA
Watson, William N., FN, ASA
Wells, James E., Jr., CS3, ASA
Werner, Melvin R., UTC, ASA
West, Richard L., UT2, ASA
Williams, Thomas E., RM3, ASA
Winter, Douglas E., BT2, ASA
Wyrick, Danny L., E02, ASA
York, Gordon S., PN2, ASA
Young, Donald L., HMC, NNPU

Palmer

Benson, Arthur K., LT (MC), ASA
Berkey, Rodger A., UT2, ASA
Coker, Walter B., RMI, ASA
Delmonaco, Drew C., CE3, ASA
Dozier, David D., CSI, ASA
Hellerman, Lance W., LTJG, ASA, Officer-in-Charge
Turner, Eric A., HMI, ASA
Westmoreland, Robert J . , CM2, ASA
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Soviet Exchange Scientist
at McMurdo

B. G. LOPATIN

Institute of Arctic Geological Research
U.S.S.R.

Under the U.S.S.R-U.S. exchangy-scientist pro-
gram, I joined the U.S. Antarctic Research Program
for more than a year in 1968-1969, spending about 4
months in field camps and 9 months at McMurdo
Station, where I wintered over. My main objective
was to carry out a geological reconnaissance of prac-
tically unexplored parts of West Antarctica: eastern
Marie Byrd Land, Eights Coast, and Thurston Island.
These areas, on the opposite side of the Continent
from Soviet stations, are very important geologically
because of their location relative to the Antarctic
Platform [East Antarctic shield] and the Andean
fold belt.

The facilities provided for geological investiga-
tions in both the Marie Byrd Land Survey and the
Ellsworth Land Survey were excellent, especially the
turbine helicopters. Motor toboggans were available,
but the location of the field camps far from the ex-
posed rocks to be studied curtailed their use. Unfor-
tunately, the area's notoriously bad weather frus-
trated many of our plans; on the average, we had
8-9 days a month for field work. Nevertheless, we
managed to collect very interesting data which, after
laboratory analysis, should elucidate some problems
of structure, age, and petrology of geological forma-
tions.

Along with the Americans, representatives of three
other nations took part in the reconnaissance. The
spirit of friendly cooperation in the survey group was
very high. We discussed mutual problems, helped
each other in collecting rock samples, and are now
going to exchange scientific information.

My second objective was to carry out a detailed
investigation of the basement complex of the Trans-
antarctic Mountains in the "McMurdo Oasis" (Vic-
toria Land). The dry valleys are outstanding objects
for detailed petrology work because of their excellent
exposure. The basement complex has not drawn as
much attention hitherto as glaciology, the Beacon
group, or Cenozoic history. Because of the season
(February and September-October), I had to work
independently in the dry valleys. I was provided with
helicopter support from McMurdo and lived for sev-
eral days in temporary camps at Lakes Vanda and
Bonney. There, I was joined by voluntary assistants,
who cooked and carried shoulder bags full of rock
samples. I should like to mention their names: Lt.

Elliott Freeman, USN, and Grahame Champress
from New Zealand's Scott Base.

The work in the dry valleys was also successful: a
stratigraphic section of the metamorphic rock was
compiled, and the composition and structure of
intrusions—mostly granitic—were studied. My third
goal was to study volcanic rocks around McMurdo.

In the winter, I kept busy in the Earth Sciences
and Biological Laboratories at McMurdo, using dia-
mond saws, microscopes, and other equipment for
preliminary examination of my rock specimens. For
recreation, I thoroughly enjoyed the social get-to-
gethers at McMurdo and Scott Base. Foremost
among my impressions was a sense of continuous
friendly attitude of all the foreign colleagues with
whom I lived and worked. This greatly encouraged
me during the long polar night. I believe that, be-
sides advantages in scientific research, the exchange
program in Antarctica is very important for establish-
ing close personal contacts and better understanding
among nations. We had a lot of fun playing chess
ping-pong, and other games, some of which are un-
known in the U.S.S.R. I gave lessons in the Russian
language, but my pupils found this language too
difficult.

In conclusion, I should like to thank Philip Smith,
Jerry Huffman, Richard Przywitowski, Kerby La-
Prade, Alton Wade, and many others for friendly
assistance in carrying out my scientific program. The
first American I have ever met was Edward Goodale,
who received me at the Christchurch International
Airport; this agreeable veteran of antarctic explora-
tion made a dccl) impression upon Inc.

Reorganization at NSF
On October 27, a major reorganization took effect

at the National Science Foundation, Among the
changes affecting the U.S. Antarctic Research Pro-
grain was the establishment of the positions of As-
sistant Director and Deputy Assistant Director for
National and International Programs. Dr. T. 0.
Jones, formerly Division Director, Environmental
Sciences, was appointed Acting Deputy Assistant Di-
rector for National and International Programs, of
which the Office of Antarctic Programs became a
part.

Other NSF activities that became part of Na-
tional and International Programs were the Offices
of Sea Grant Programs, International Programs, Na-
tional Centers and Facilities Operations, Computing
Activities, and Science Information Service.
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Pagetopsis macroplerus, photo-
graphed at 30-rn depth in

McMurdo Sound.
Photo by Gordon A. Robilliard

Notes on the Biology of the
Chaenichthyid Fish

Pagetopsis macro pterus
from McMurdo Sound, Antarctica

GORDON A. ROBILLIARD and PAUL K. DAYTON

Department of Zoology
University of Washington

The taxonomy and anatomy of the chaenichthyids,
the so-called antarctic "ice-fishes," have been well
established (Norman, 1938; Nybelin, 1947) ; some
respiratory measurements have been made (Hem-
mingsen and Grigg, 1967; Hureau, 1966; Ralph and
Everson, 1968); and some aspects of the blood physi-
ology have been investigated (Ruud, 1954, 1965).
Ruud (1954, 1965), on the basis of habitus as well as
circulatory physiology, hypothesized that the chaenich-
thyids are probably sluggish, benthic, and predatory
fishes. However, in situ observations on the ecology
and behavior are nonexistent.

We report here some observations made on the
general behavior, swimming, defense posture, and
respiration in the chaenichthyid Pagetopsis macro-
pterus. A single female specimen (standard length
20 cm, wet weight 90 g) was captured December 19,
1968 in 40 in water just south of McMurdo Sta-
tion while we were scuba diving. The fish was resting
on the sponge Tetilla leptoderma; its fins were not
erected, the mouth was closed, and the posterior third
of the body was bent in a slight curve. As soon as it
was disturbed, it began to swim slowly, never getting
more than a meter off the bottom. The fish was cap-
tured by hand, whereupon it assumed a "defense"
posture (see below), but, within 10 seconds of re-
lease, it began to swim slowly away again. It was
recaptured and placed in a cage suspended in the
water column.

When allowed to swim free the next day, the fish
would almost invariably come to rest atop a sponge.
If Ruud (1965) is correct in his hypothesis that the
chaenichthyids are "sit and wait" predators, i.e.,
waiting for small fish and crustaceans to swim near
enough to be caught with a quick snapping move-
ment, then it would be advantageous to be some-
what elevated in the water column, where pelagic
animals are likely to swim by. The stomach of our
specimen contained bones and scales of a small fish
and crustacean exoskeleton parts, thus lending cre-
dence to the hypothesis. Except for Champocephalus
gunnari, which reportedly feeds on krill (Nybelin,
1947), most chaenichthyids studied seem to fit the
hypothesized behavior pattern (Hureau, 1966; Olsen,
1955; Ralph and Everson, 1968; Ruud, 1965). This
may explain why few chaenichthyids are caught in
traps baited with meat: they are probably not scav-
engers, but may occasionally enter the traps to eat
the various crustaceans and fish trapped therein.

Most accounts in the literature (see Olsen, 1955,
for review) suggest that the chaenichthyids are rela-
tively deep-water (over 50 m) fishes and enter shal-
low water for only a brief period in the austral
autumn in order to spawn. Hemmingsen and Grigg
(1967) collected their specimen in a trap at 75 m
near McMurdo Station during November. These
shallow-water observations may represent isolated
cases where fishes have wandered into shallow water,
but it is also possible that the fishes are normally
present and that their apparent rarity is due to their
reluctance to enter traps. As more scuba diving oper-
ations are done in the appropriate areas, more of
these fishes may be observed and the distribution
more clearly delineated. It should be stressed that,
to a diver, Pagetopsis is similar to and may be con-
fused with Gymnodraco acuticeps.

Swinirning
The fish swam slowly and made no rapid move-

ments even when chased or grabbed. We estimated
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the maximum speed to be about 2-3 rn/mm. Forward
movement was accomplished by "rowing" through
the water using the large, expanded pectoral fins.
Very slight sinusoidal waves could be seen passing
slowly along the body, but they probably contributed
relatively little to movement. The fish would swim
for a short time, usually about 30 sec, and then rest.
On one occasion, when released about 15 m from
the bottom, it swam for a minute or so, usually at a
slight angle upwards, and then stopped and sank
slowly. This cycle was repeated a number of times,
and in this manner, it stayed pelagic for about 5
min before being recaptured.

Defense Posture

When disturbed, the fish assumed a "defense" pos-
ture. The mouth was opened wide, the corners of
the mouth and the opercula were expanded laterally,
the dorsal fin was erected, the pectoral fins were flared
and held at right angles to the body, and the body
was bent in a semicircle. The whole body was rigid
and the posture was held from 15 sec to a couple of
minutes after the disturbance had ceased.

We suggest that this behavior has evolved as a
defense mechanism against the piscivorous Weddell
seal, Leptonychotes weddelli (see Dearborn, 1965),
and other fish. Support for this hypothesis comes
from two sources: First, a very similar behavior
pattern is displayed by the benthic fishes Gymnodraco
acuticeps, Trematomus bernacchii, T. hansoni, T.
centronotus, and T. nicolai, and by one usually pel-
agic fish, T. borchgrevinki. All of these are preyed
upon by seals, while the Trematoinus spp. are also
preyed upon by Gyrnnodraco and possibly chaenich-
thyids. Second, this behavior is displayed by all of
the above fishes when a diver swims rapidly towards
them, probably being mistaken for a seal or other
large predator. How effective this protective behavior
might be we cannot say, but a chaenichthyid 50 cm
long in this defensive posture would present an inges-
tive problem to a predator.

Respiration

There is some controversy in the literature con-
cerning the respiratory rate of the chaenichthyids.
Ralph and Everson (1968) reported that Chaeno-
cephalus aceratus had a respiratory rate of 45.2 mg
0.,/kg/hr, or about the same as other antarctic fishes
(Wohlschlag, 1964). Hureau (1966) reported a
value of 68.4 mg 0 2 /kg/hr, but did not indicate the
size of the fish. He did the experiments at 9-11°C.,
an extremely high temperature for antarctic fishes.
Heminingsen et al. (1969) found that Pagetopsis
rnacropterus used 14.7-29.3 mg 0 2/kg/hr, about half
to a quarter as much as other antarctic fishes (Wohi-
schiag, 1964).

Respiratory rates for the chaenichthyid Pagetopsis
macropterus, obtained at McMurdo Station.

Individual trials	Average
Date	 mg 0,/kg/hr	mg 0,/kg/hr

34.92Dec. 9	
31.04	

345332.59
39.57

Dec. 10	 95.08
68.82	

8

	

93.10	 6.91
92.71
84.85

Dec. 11	 61.97
51.99	

5

	

54.71	 9.73
57.03
72.94

Overall average	60.39

We made 3 series of 4, 5, and 5 respiration measure-
ments on 3 consecutive days and analyzed the oxygen
consumption with the Winkler method. The respira-
tory rate averaged 60.4 rng 0 2 /kg/hr, with a range
of 34.5-86.9 mg 0 2 /kg/hr (see table). This value
seems somewhat high, but may be attributable to the
small size of the fish: 90 g compared to the 1-2 kg
fish used by Ralph and Everson (1968). It should
be noted that the fish used by Hemmingsen et al.
weighed only 76 g. Other investigators have kept the
fishes in laboratory aquaria, while we kept ours in a
cage in the water column at ambient temperature
(-1.8°C.) and carried out the respiration tests in
the same place.

Acknowledgements. We are grateful to Charles P.
Gait, University of Washington, and to William
Curtsinger, USN, for their help in the project. The
research was supported by NSF grant GA-1187 to
Robert T. Paine, University of Washington.
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USARP-1970 Field Personnel
Prepare for Antarctica

During the week of September 15-20, the National
Science Foundation held an orientation session to
familiarize scientists of the U.S. Antarctic Research
Program with the background and scope of the 1969-
1970 program. Dr. Louis 0. Quam, Chief Scientist
of the Foundation's Office of Antarctic Programs,
welcomed the gathering of more than 250 partici-
pants to Skyland Lodge in the Shenandoah National
Park.

Dr. T. 0. Jones, then Division Director for Envir-
onmental Sciences in the Foundation, and Rear Ad-
miral David F. Welch, Commander, U.S. Naval
Support Force, Antarctica, opened Monday's pro-
gram by discussing the duties and responsibilities of
the Foundation and the Support Force, respectively.
Stressing the spirit of international cooperation, for-
mer Ambassador Paul C. Daniels spoke on the im-
portance of the Antarctic Treaty, which he aided in
drafting. Rear Admiral George J. Dufek, USN
(Ret.), Director of the Mariner's Museum at Nor-
folk, Virginia, was the featured evening speaker,
reminiscing about the early days of Operation Deep
Freeze.

Dr. Raymond M. Gilmore, Research Associate at
the N.tural History Museum, San Diego, highlighted
Tuesday's biology program with an account of whale
research aboard Hero. Dr. Ernst Stuhlinger, Associ-
ate Director for Science at NASA's George C. Mar-
shall Space Flight Center, described the planning
for lunar exploration, with reflections on its sim-
ilarity to planning for antarctic work. Other discus-
sions included such subjects as extraterrestrial life-
detection systems and marine ecosystems.

In the afternoon, Dr. Dennis E. Hayes of Lamont-
Doherty Geological Observatory presented a talk on
sea-floor spreading and global tectonics of the south-
ern oceans. Group meetings were held in the after-

noon, and after dinner, Mr. Donald F. Styles, Acting
Director of the Antarctic Division, Australian Depart-
merit of Supply, and Mr. Robert B. Thomson, Super-
intendent of the Antarctic Division, New Zealand
Department of Scientific and Industrial Research,
described their respective countries' programs in
Antarctica.

On Wednesday morning, Dr. J. Campbell Crad-
dock, Department of Geology of the University of
Wisconsin, spoke on "Antarctica and Gondwana-
land," and Dr. Cohn B. Bull, Chairman of the De-
partment of Geology, The Ohio State University,
briefed the participants on antarctic glaciology and
the work of his University's Institute of Polar Studies.
The afternoon meetings were devoted to atmospheric
physics and to group meetings. Dr. E. K. Gunderson,
Head of the Operational Psychiatry Division, Navy
Medical Neuropsychiatric Research Unit, spoke
Wednesday evening on man's social environment and
the problems and adjustments that isolation requires
man to confront.

Thursday's sessions included presentations by Dr.
R. A. Helliwell, Professor of Electrical Engineering
at Stanford University, on ionospheric-magneto-
spheric research, and Dr. M. A. Pomerantz, Director,
Bartol Research Foundation of The Franklin Insti-
tute, on cosmic-ray research. The afternoon con-
cluded with sessions on operational procedures and
administrative aspects of the field operations. Dr. A.
P. Crary, the Foundation's Deputy Division Director
for Environmental Sciences, gave a stimulating eve-
fling talk about the future of antarctic science.

The morning program on Friday included talks
by Dr. Bruce B. Lusignan, Associate Professor of
Electrical Engineering, Stanford University, on
"Technological Contributions to Antarctica's Fu-
ture," and by Mr. Neal Potter, Resources for the
Future, Inc., on economic potentials of Antarctica.
Mr. Robert F. Scott, Chief of the Division of Wild-
life Refuges, Department of Interior, gave a presen-
tation on the Alaskan oil strike at Prudhoe Bay and
discussed its effects on conservation.

Latest Figures on
Antarctic Journal Distribution

As of the Septeniher-October issue, the total dis-
tribution of the Antarctic Journal had increased to
7,400 copies, of which 5,000 were sold on subscrip-
tion by the Superintendent of Documents. Another
600 copies are distributed regularly to depository
libraries by that office, while most of the remainder
is accounted for in the National Science Founda-
tion's official distribution list.
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Populations, Distribution,
and Behavior of Whales

in the Western South Atlantic:
Cruise 69-3 of R/V Hero

RAYMOND M. GILMORE

San Diego Natural History Museum

During the period June 15 to August 7, 1969, for
the purposes of this grant, R/V Hero was at sea in
the western South Atlantic Ocean off the coast of
Argentina and Uruguay, and also zigzagging over
the 200-rn isobath between 32°S. and 55°S. It was
hoped that a winter cruise in this sector of the South
Atlantic would reveal some populations of the larger
whales which had not migrated to lower latitudes
and warmer waters for calving and mating. Former
hand-whaling in this coastal area and modern whal-
ing at South Georgia, 1,000 miles to the east, as well
as subantarctic winter cruises of the Discovery Com-
mittee's research vessels in the 1930s, indicated that
we could expect to find some blue whales, finbacks,
seis, and possibly humpbacks and, perhaps, even
right whales, which had long been considered almost
extinct.

To our great satisfaction, we found a concentra-
tion of 20-25 right whales, courting and presumably
mating, in an area of 1-2 sq. n. mi. close to shore at
the entrance to the almost land-locked Golfo Nuevo
(43°S.). This is the first time that right whales have
been reported from this locality. They were, however,
the only large whales that we saw on the entire trip.
Perhaps the absence of the other species is a result
of the extreme over-catching in the Antarctic over
the past 20 years; the great blue whale—the largest
animal ever to have lived on this earth and the pre-
dominant species in the antarctic catch from 1910
to 1935—may now be rarer in the southern oceans
than the right whale!

Another cetological observation of interest was that
of pilot whales, a small whale reaching 14-21 feet in
length in the adult stage. On June 3, 1969, the
Norwegian tanker Gazelle, en route from Rio de
Janeiro to Punta Arenas, encountered "several hun-
dred" small whales at about 43°S. 59W. On June
19, Hero entered this same area, and within three
hours encountered two large groups of pilot whales.
The first group, located in water of 285 fathoms just
over the continental shelf, comprised about 100 in-
dividuals in a number of smaller pods. The second
group, also of about 100, was observed nearby in
water of 63 fathoms, just within the continental
shelf. We felt strongly that these could have been
the same whales that Gazelle had observed, and that
they had been in "temporary residence" in this gen-
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Photos by Gilbert A. Vo88

Southern right whales observed in Golfo Nuevo on July 15, 1969.
The whales in the top and center photos are courting.

eral area for at least 17 days—perhaps even longer.
If so, we concluded tentatively that the area was
rich in food, such as squid and fish—i.e., it was an
area of high productivity. However, we were unable
to record any environmental factors except depth and
water temperature.

As concerns the smaller Cetacea—the porpoises—
we occasionally observed, but were unable to collect,
two of the southern species of the genus Lagenorhyn-
chus (australis in the cool, southern waters; obscurus
in the warmer, northern waters). We also saw the
white-belted, or piebald, porpoise Cep/talorhynchus
commersoni—one of the world's most beautiful por-
poises. All were in coastal waters. None was seen
pelagically.

Among the Otariidae (fur seals and sea lions), we
observed numerous specimens of the large South
American sea lion, Otaria byroni, all the way from
Uruguay to Isla Estados. We also saw a few southern
fur seals, Arctocephalus, but definite identifications
were made only at Isla Lobos, Uruguay. This for-
merly abundant, but now severely depleted, fur-bear-
ing species has been reported from only one location
along the entire Argentine coast.

Of the Phocidae, we saw elephant seals at the
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northwestern tip of Peninsula Valdes, just north of
Golfo Nuevo, and possibly one leopard seal in the
eastern mouth of the Straits of Magellan.

Marine birds were common in most places. All
were logged and a few were collected.

Three Argentine scientists participated in the last
leg of the cruise (July 20-August 5) : Dr. Norberto
Bellisio and his assistant, Mr. Aldo Tomo, of the
Museo Nacional and the Servicio de Hidrografia
Naval, respectively, and Mr. Atila Gozstonyi, of the
Centro de Investigación de Biologia Marina. All
three were ichthyologists—Dr. Bellisio a recognized
authority on the antarctic family Notothenidae, and
Messrs. Tomo and Gozstonyi doctoral candidates.
For Mr. Gozstonyi, we made a number of bottom
drags with a Blake trawl in relatively shallow water
from Puerto Deseado to Isla Estados and the Burd-
wood Bank. But these produced many more inverte-
brates than fishes. For Dr. Bellisio and Mr. Tomo, we
made four hauls with an Isaacs-Kidd midwater trawl
to depths of 1,000 in deep water (2,000 m) in the
northern Drake Passage.

Antarctic Winter Flight 1969
The fourth annual winter fly-in from Christchurch,

New Zealand to McMurdo Station was conducted
by two ski-equipped LC-130 Hercules aircraft from
Antarctic Development Squadron Six. The two
aircraft arrived at McMurdo August 31, carrying
Rear Admiral David F. Welch, Commander, U.S.
Naval Support Force, Antarctica and seven scientists
who wished to start their research early in the sum-
mer season. In addition to the men, the aircraft car-
ried 1,700 pounds of fresh provisions and 5,100
pounds of mail.

While one aircraft remained at McMurdo, the
other, piloted by Commander Jerome R. Pilon, com-
mander of VXE.-6, flew with Admiral Welch to
Byrd Station to evacuate Commissaryman Second
Class Cecil M. McDaniel, who had been under the
care of the navy doctor at Byrd, Lt. Herbert Thomas.
Commissaryman McDaniel, although in satisfactory
condition, required hospitalization and further medi-
cal evaluation in the United States. The aircraft
also carried McDaniel's replacement, Commissary-
man Third Class James E. Wells, Jr., as well as 400
pounds of fresh provisions and 200 pounds of mail
for the wintering-over group.

The aircraft landed in relatively good weather
(-45°F. temperature and 15-knot winds), and the
men at Byrd required only 20 minutes to unload the
cargo and embark McDaniel. On the return flight
from McMurdo, the aircraft also transported four
scientists and six navymen to Christchurch.

Army Helicopters Transferred to VXE-6
During April, the three UH-11) helicopters form-

erly assigned to the U.S. Army Aviation Detach-
ment, Antarctica arrived at NAS Quonset Point to
join the VXE-6 air fleet. Beginning with Deep
Freeze 70, VXE--6 will assume the Army's flying mis-
sion in the Antarctic.

The UH-lDs, unlike the H-34D helicopters pres-
ently used by the squadron for short-range missions
around McMurdo, can be loaded into the LC-130
Hercules and lifted anywhere in Antarctica for re-
mote field operations.

Because of its turbine engine, the UH-11) can oper-
ate at higher altitudes than the H-34D, which has a
conventional reciprocating engine. This additional
flexibility enables scientists to work from inland field
camps at elevations 10,000 feet or more above sea
level.

A New Way to Travel
A new and more comfortable means of travel will

be tested this season in Antarctica. A portable cabin
designed to fit the LC-130 Hercules aircraft cargo
compartment has been delivered by the National Air-
ways Corporation of New Zealand for experimental
use by VXE-6.

The cabin will enable up to six aircraft passengers
to work and sleep without interference from the air-
craft noise. Included in the cabin are two tables and
six chairs which are interchangeable with six bunk
beds. Heating, cooling, and electrical power will be
provided by the aircraft's systems. Built at a cost of
only $7,800 (U.S.), the cabin was fabricated in just
11 weeks.

Translation in Preparation
The following Russian monograph has been sub-

mitted for translation to the Clearinghouse for Fed-
eral Scientific and Technical Information:

U.S.S.R. Academy of Sciences. Zoological Insti-
tute. Results of Biological Research by the Soviet
Antarctic Expedition (1955-1958), 4. Leningrad,
1968. 272 p.

Erratum in vol. IV, no. 5, i• 173: The photos of
Diet yocha and Distephanus should be reversed.
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