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WINTER SUPPORT

ACTIVITIES AT

UNITED STATES STATIONS*

This year, the United States left 213 navymen
to winter over on the continent. About 85 percent
of the 213 are concentrated at McMurdo Station,
while only about 30 percent of the 37 wintering-
over scientific personnel are at the same location.
To many this ratio appears disproportionate.

McMurdo, however, was originally built as a
logistic center for United States operations and has
continued to be so operated. Even though scientific
programs there during the winter are relatively
few, the large number of navymen are necessary to
support the overall United States effort.

McMurdo Prepares for Summer

One of the most important tasks performed by
the navymen is to determine resupply requirements.
A myriad of articles is necessary at McMurdo to
support the logistical demands of summer operations
and to resupply Byrd, South Pole, Plateau, and
Hallett, all of which draw upon the logistics center.
The success of the programs carried out by the
summer population, which may swell to some 1,000
men, and the continued functioning of inland sta-
tions, are dependent upon the foresight and efforts
of those who winter over.

Transportation to the continent is limited both in
capacity and time of operation. A very large per-
centage of supplies, equipment, and material de-
livered one season is stored over the winter and
used the next season. This means that many
requirements must be determined two years in ad-
vance of use. The limitations on transportation
make it important that only essential items are
ordered.

Resupply Requests Pour Out

McMurdo, as the logistics center, has the task of
determining what materials should be delivered the
following season. To do this, the men maintain a
central inventory of stock on hand, determine at
what rate certain items are expended, and assess

* This account has been prepared from messages received
throughout the winter season.

whether the rate of expenditure is likely to differ in
the future. For this task, they require the assistance
of the men at the inland stations, who report their
local inventories, rates of usage, and estimates of
quantities needed in the time ahead. After review
and consolidation at McMurdo, the requisitions are
forwarded to Davisville, R.I., where procurement
action is initiated and the supplies are gathered and
prepared for shipment to Antarctica during the next
austral summer.

Extensive Maintenance and Preparation
The most important maintenance function is the

overhaul of equipment, including tractors, sleds,
trucks, generators, and other mechanical units
which require periodic attention for proper opera-
tion. They receive hard and concentrated usage
during the summer, and winter affords an opportun-
ity to put them back in tip-top condition.

A number of outdoor projects are accomplished,
as weather permits. These include segregation and
stowage of cargo delivered late in the summer sea-
son and minor construction and rehabilitation of
facilities.

During the first five months of the current winter
at McMurdo, 20 of 36 scheduled rehabilitation proj-
ects were completed. These included such diverse
projects as constructing an addition to the photo-
graphic laboratory, replacing and repairing plumb-
ing, mounting 5,000-gallon-capacity fuel tanks on
skis, installing new electrical wiring, and generally
reconditioning building interiors. The projects re-
maining to be completed must await warmer weather
and are best performed just before the new season
begins. These include preparing facilities for re-
sumption of air operations and renovating the snow-
compacted shelf-ice road.

Another task taking men outdoors is to monitor
the thickness of ice on McMurdo Sound, in the
areas where air operations will be undertaken dur-

(U.S. Navy Photo)
Winter at McMurdo.
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ing the summer and over which personnel will
travel to and from Williams Field. The common
method of thickness measurement in the past has
been to drill through the ice and, by using a marked
pole or weighted tape measure to catch at the bot-
tom of the hole, read the thickness. This method,
however, is time-consuming, often inaccurate due to
the irregularity of the bottom formation, and apt to
be misleading unless subsequent measurements are
made in exactly the same spot. A method developed
by the Naval Civil Engineering Laboratory has been
put in use. This winter, ice stations are permanently
installed, and at each there is a high-tensile wire of
measured length attached to a 6-pound weight below
the surface and supported from a stanchion. In
operation, a handle is raised until the weight
strikes the bottom of the ice. The thickness is then
the known length of the wire less the distance from
the handle to the ice surface. The historically
minded will recall that Scott employed a not dis-
similar rig.

Weather Satellite Pictures Received

Another type of observation important to polar
operations is that of the weather. In the Southern
Hemisphere, land areas are scarce and reporting
stations infrequent. Weather satellites promise to
help greatly in filling the gaps.

On March 12, the automatic tracking station at
McMurdo began receiving pictures from the En-
vironmental Survey Satellite launched on the last
day of February from Cape Kennedy. With the
approach of winter and increasing darkness over
the continent, the quality of the pictures declined,
but enough had been received to hold considerable
promise for the future. The satellite's true value to
antarctic operations will be revealed when spring re-
turns and air operations between New Zealand and
McMurdo Station recommence.

Storm Damages Elliott Quay

On the whole, there had been nothing excep-
tional about the weather at McMurdo during the
first five months of winter, except for a severe
storm on March 7. Winds reaching 54 knots in
gusts blew grit into insulators and caused many
power failures. More important, when the storm
had cleared it was found that Elliott Quay, the
unloading area for ships, had received consider-
able damage. Six feet had been cut off its natural
ice face, and in many places there was severe
undercutting. Four feet of frozen spray and numer-
ous potholes on the surface rendered the quay
unsafe even for persons on foot. Considerable ef-
fort will be required to put it into working order

before the ships arrive in December, and measures
to prevent further damage are under consideration.

Airfield Prepared for Evacuation Flight
An unexpected happening of a different sort oc-

curred in June when injury to a sailor made an
evacuation flight necessary. Williams Field, which
had been closed down in March, had to be reacti-
vated. Electronics equipment was unpacked and re-
installed; helicopters were returned to operation;
and runways with emergency landing lights were laid
out and smoothed off. Even though successful, this
effort had its inherent irony. The gear was packed
up again, and the snow drifted back across the run-
ways. The whole job would have to be done
again in preparation for the summer operating
season.

Off-Duty Hours Enjoyed
All was not work for either navymen or scien-

tists. There existed both opportunities for recrea-
tion and occasions to celebrate. The more serious-
minded attended classes at McMurdo's "Antarctic
College," where courses were being offered in
trigonometry, Russian (taught by the Soviet ex-
change scientist), German, photography, basic
mechanics and carpentry, religion, and music.
Others had correspondence courses which they
sought to complete.

In a lighter vein, visits were exchanged with the
men at New Zealand's Scott Base, a scant three
miles away. The New Zealanders entertained their
United States colleagues on Saint Patrick's Day at
an Hibernian feast complete with emerald punch
and green ice cream. Following the old antarctic
tradition of Midwinter Day, June 21, the cooks at
McMurdo raided the food lockers for whatever
delicacies could be found. A menu which included
shrimp, steak, lobster, and strawberry shortcake
testifies to the youthfulness and good health of the
current Antarcticans.

The same might be said of the improvised pro-
visions for sport beyond the usual darts and bil-
liards. McMurdo, for a number of years, has had
a bowling alley, and this winter, the men installed
a golf driving range and putting green in an empty
Quonset Hut and a miniature basketball court in
unused warehouse space. On July 4, sports en-
thusiasts moved outdoors for a motor toboggan
race, euphuistically called the McMurdo Grand
Prix, and in which the New Zealanders were in-
vited to compete. After the race, held in minus
15°F. weather, and a traditional fireworks display,
contestants and spectators adjourned to the mess
hall for charcoal grilled steaks and chicken.
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(U.S. Navy Photo)
Fourth of July Fireworks at McMurdo.

As elsewhere in the world, birthdays are an ex-
cuse for celebration; so too are promotions, reen-
listments, and the birth, far away, of children.
Movies are presented regularly, and, if nothing else
offers, men can always indulge in conversation. To
further this pleasurable activity, the enlisted men
built their own meeting place, called "Club Ere-
bus" after the volcano which towers above Ross
Island.

Neither are more spiritual needs neglected. Books
and records are available, and religious services are
held in the Chapel of the Snows. On Easter Sunday,
April 10, sunrise services were held for both Prot-
estants and Catholics. Despite cold winds and blow-
ing snow that reduced visibility to a few yards, the
Chapel was packed for both services. There were
facsimile lilies in the sanctuary, and the Chapel
was filled by the majestic tones of the "Hallelujah
Chorus" after the benediction.

South Pole Sealed for Winter

The last tunnel leading to the outside at South
Pole Station was allowed to drift-in during March
so that the only way to the surface was through
hatches. Before allowing this to happen, the men,
in temperatures fluctuating between minus 40°
and minus 70°F., erected a shelter over the en-
trance to the VLF building, which was becoming
clogged with drifting snow.

Twilight Period Arrives

The sun set for the winter on March 22, not to
rise again until September 21. During the winter,
the 12 navymen have as their first responsibility
to keep the station operating for the six scientists
and their programs. This entails housekeeping
duties and station maintenance, including repair
and rehabilitation of facilities. After securing all

the vehicles and closing the tunnel entrance in mid-
March, the men busied themselves with these rou-
tine duties and also with taking inventory and esti-
mating requirements. In April, when it became
necessary to empty the garbage sled, one of the
tunnels was with difficulty cleared of snow. When
the party returned below from the minus 50-degree
outside temperature, it was decided that a program
should be instituted to minimize accumulation of
garbage.

Ingenuity is a way of life in Antarctica. When
unexpected problems occur, the men find a way to
solve them. At South Pole Station, they experi-
enced several blackouts in the beginning of win-
ter when the electrical load got too heavy for the
generator. The blackout problem was solved by one
of the men who rigged a monitor in his room.
Equipped with voltage and frequency meters, this
monitor triggers a light bulb which shines when the
power drops too low, warning of likely power fail-
ure. This provides sufficient time to adjust power
demands to avoid overload on the generator.

Recreation Facilities Well Used

For a small group of men who must live closely
together in complete isolation for eight months,
recreation is a major morale booster. At the South
Pole, the men have principally indoor recreation op-
portunities. These have, therefore, been made as
complete as possible. Model-building and wood-
working projects are common as individual activities;
Scrabble, Monopoly, cards, chess, checkers, and
pool rank high as group participation programs, and
weight lifting, as at all stations, is quite popular to
offset the results of excellent and abundant food.
There are also the regular Wednesday night bingo
and Saturday night movie and party in "Club 90
South."

Sun Begins Its Ascent

On June 21, the sun began its ascent, marking
Midwinter Day. As at all stations, this turning
point of the winter was celebrated. With the day
marked by holiday routine, practically everyone
slept late; the only exception was the cook, who
was busy preparing a lavish meal for that evening.

With the passing of midwinter, and with
thoughts turning toward the approaching summer,
the men took advantage of an unexpected rise in
temperature to get the D-8 tractor outside for some
necessary work. This proved to be one of the most
formidable tasks of the winter. Before the D-8
could be taken out, the snow which had drifted
into the tunnel had to be removed. The crew split
into shifts, each working outside for a half-hour be-
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Byrd received its first flight last year. After din-
ner, several members of the station complement
entertained with skits.

fore coming in to get warm. Eighteen hours later,
with the tractor topside, the men quit for the day.

Byrd Personnel Busy
When the last aircraft departed Byrd on Febru-

ary 26, it left behind 18 military and 12 scientific
personnel to carry out the winter projects. Of the 22
rehabilitation and maintenance projects left for the
navymen, over a fourth were immediately accom-
plished. These included placing all the equipment
in storage, inventorying the supplies, and rehabil-
itating some of the buildings. The other projects
would be accomplished as the winter progressed. A
few, of course, are continuing in nature and need
attention year around. An example is the walls of
the tunnels in which the buildings are placed.
Since ice is plastic, the walls tend to close up and
must be scraped periodically to retain their origi-
nal dimensions.

Special Problems
Although Byrd has had no really major prob-

lems this winter, several occurrences have caused
added labor. A storm on April 3, with winds up to
58 knots, supplied enough stress to shear the bolts
at one end of the crossbeam truss which supports
the plywood roof over the hydrogen generating
building. Another storm on June 4 resulted in the
shearing of the bolts on the other end of the truss,
but wooden beams, installed as braces after the first
storm, prevented the crossbeam from falling, and
will suffice to support the structure until next sum-
mer, when additional repairs can be made.

As a result of a fire in the garage tunnel at
Byrd in 1962, the metal Wonder Arch, which sup-
ports the snow roof, was weakened. Since that
time, one section of the arch has been buckling
slightly. Its condition has been watched, and its
rate of deformation measured regularly. Since the
winter season started, the rate of deformation has
been about three inches per month. Although no
immediate danger is involved, the damaged por-
tion of the Wonder Arch will be removed and, if
necessary, the ice shaved during Deep Freeze 67.

Off-Duty Recreation
As elsewhere, the big event at Byrd was Mid-

winter Day. The evening meal started off with
champagne which had been donated last summer
by Sir Charles Wright, a member of Scott's 1911
expedition. The entree was a quarter of beef
retrieved from nearby old Byrd Station, established
in 1957 and closed in 1962 when threatened with
collapse. The dessert was a gigantic cake decorated
with 106 flowers—one for each day remaining
from June 21 to October 4, the date on which

Earlier in the winter, following a lecture on
obesity by the station medical officer, the men set
about to do something to keep their weight down.
They set up an exercise room in the barracks and
a badminton court in one of the tunnels. To pro-
vide incentives to use these facilities, a weekly
"blubber bowl" contest was started.

VLF Substation Undermined

At the VLF substation, located about 13 miles
from Byrd Station, it was discovered, on March 23,
that the snow under one portion had developed a
large cavity which, if left uncorrected, could become
a serious danger. The cavity averaged 1 1/2 feet deep
with a maximum of 4 1/2 feet, and covered an area
of approximately 380 square feet. At the time of the
discovery, the "permawalk" at the entrance to the
transmitter van had already settled 1 1/2 inches.

The substation is composed of vans which are
connected by the "permawalk," and the whole is
arched over to form a single complex. The vans are
maintained at positive pressure and it is possible
that this pressure, pushing hot air out between the
"permawalk" and transmitter van, combined with an
insufficient air pocket between the bottom of the
vans and the snow surface, melted the snow and
caused the undermining of the foundation (fig. op.).

The pressure in the vans was reduced immediately
to prevent further cavitation and subsequent settling
of the foundation footings. Navy construction per-
sonnel jacked the "permawalk" into place and sealed
its intersection with the transmitter van to prevent
further leakage. They then installed an exterior fan
to blow air beneath the complex to keep the under-
mined area cool. These measures were expected to
suffice for the remainder of the winter.

Palmer Station

Palmer Station, on the Antarctic Peninsula, is
situated farther north than any other United States
station, making it possible for the British ship
Shackleton to call there in late March, almost a
month after the last ship had left McMurdo Sound.

Three days after their isolation began, the men
witnessed the first storm of the winter, with rain and
50-knot winds. The following morning, an inspec-
tion revealed that the only casualty from the whole-
gale winds was the loss of the flag from its pole.

Aside from such exceptional events, weather is

178	 ANTARCTIC JOURNAL



-	WONDER ARCH	> N
STATION SUPPORT
VAN I T[Ir;Ii_- i:I=1
PERMAWALK	 25,000 GAL. FUEL BLADDERS

VAN 2
VLF LAB & BERTHING flLJLJ

(A. Weber, U.S. NAVFACENGCOM)
Diagram of Byrd VLF Substation.

usually good in the area, and winter field work is
possible. This year, however, poor weather has
hampered outdoor activity. Overall, there has been
much overcast accompanied by snow. The tem-
perature sank to a record low of minus 21.1°F. on
July 18. The glaciologists have taken advantage of
such clear days as have occurred. On one oc-
casion in May, when they got onto the ice cap, the
weather took a sudden turn for the worse, and
one of the party was unable to return to the station
because of poor visibility. Prevented by high winds
from erecting a tent, he dug a hole in the snow and
pulled the tent over himself. He returned to the
station the next afternoon, a little chilled but no
worse for wear.

An objective of the glaciological program has
been the measurement of snow accumulation for
the past year. On the highest part of the area
(2,500 feet), the annual snowfall has been 22

feet; at 2,300 feet, it has been 20 feet; at 1,000 feet,
it has been 9 feet; and at 500 feet, it has been almost
5 feet.

Midwinter Harvest Yields Results

In the history of Antarctica, there have been
many attempts to raise fresh vegetables. Palmer has
been no exception, and by mid-June the men were
ready to harvest their first crop of lettuce. Al-
though the quantity was low (20 leaves), the
quality was reported as high. They were put
under a tuna salad that evening for all to enjoy. A
second crop was harvested about two weeks later,
and there was hope that the radish crop would also
be ready. When pulled, it was discovered that, al-
though the leaves were in fine shape, there were no
bulbs. Not to let fresh vegetables go to waste,
they ate the radish leaves anyhow.
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Plateau Station

It was expected that the temperature at Plateau
Station this winter would be the lowest ever experi-
enced in Antarctica by any group of men. Because
of its location high on the polar plateau, the sta-
tion was designed to withstand a temperature of
minus 130°F. Up to July 30, no such extreme had
been experienced, although the weather has been
cold.

Shortly after the sun set for the last time, on
April 20, the temperature began dropping. On
April 27, it reached minus 106.1°F. (-76.7°C.),
and on May 11, went to minus 112.5°F. (-80.3°
C.). A striking phenomenon occurred later in the
month when the temperature rose from minus 110 to
minus 37°F., a 63-degree change, in 36 hours. In
June, the lowest temperature was recorded as minus
116.4°F. (-82.40C.), surpassing the lowest ever
reached at any United States station and only 10°F.
above the lowest ever reported on the continent. The
July low, which was expected to be below that of
June, was actually only minus 99.4°F. (-73°C.).
There existed the possibility that the full impact of
winter would not be felt until August and that the
temperatures might then sink to the low expected
by the planners.

Emergency Necessitates Camp Evacuation

The thoroughness with which Plateau Station
had been designed and the precautions taken to
meet emergencies brought their reward during July.'
On the sixth of the month, the officer-in-charge, Lt.
J. L. Gowan, MC, USN, reported that, while one
generator at the main station had been secured for
repair, the other had blown a gasket and had to
be shut down. A crisis was at hand, because, with -
out generators in the main camp, the snow melter
began to freeze, and the possibility existed that the
main fuel supply, stored in bladders, would do the
same.

Emergency measures were started immediately.
At the emergency camp, located about 1,000 feet
from the main complex and especially equipped
for this type of contingency, the generator was
turned on and the heaters started. Drummed fuel
was moved into the building so that it would warm
sufficiently for use when needed, and personnel made
preparations to move into the temporary quarters.

At the main station, an emergency furnace was
turned on and worked satisfactorily. The generator

See S. K. Kauffman and A. M. Weber, "Design for
Survival," Antarctic Journal, Vol. I, No. 4, p. 156-160.

at the emergency camp was cut into the general
electrical system and made some power available
so that, even though there was no heat supplied to
the fuel system, the fuel pump continued to operate.
With the fuel circulating between the buildings and
the bladder, its temperature remained for the time
being at 20°F., which permitted its use in the furnace.
Gowan decided to keep the main station heated as
long as the fuel did not freeze, and, in agreement with
the scientific leader, Mr. R. B. Flint, Jr., to maintain
as much of the scientific work as the limited power
supply would support. About 70 percent of the
planned program was being continued on July 8, with
only aurora studies completely suspended. The per-
sonnel, meanwhile, had moved to the emergency
camp.

In the meantime, advice had been forwarded to
Plateau by the Public Works Officer at McMurdo
Station and by the cognizant member of the staff
of Commander, Antarctic Support Activities. The
manufacturer of the generators, the Caterpillar
company, was consulted and offered suggestions on
how to make gaskets from materials on hand and
how the generators might be operated more ef-
fectively at the altitude and temperatures prevailing
at the station.

As long as it seemed possible for the equipment to
be returned to use, it was desirable to keep the
fuel in the bladders flowing so that the main camp
could be reoccupied without difficulty. It was
therefore ordered that power be diverted to reen-
ergize the "Electro-wrap" that heated the outside fuel
lines, and to the pump which circulated the fuel
through the system. This diversion reduced the scien-
tific work to about 50 percent of normal. Because the
observation domes went unheated and became
frosted, the balloon portion of the meteorological pro-
gram had to be cut out. The very-low-frequency
(VLF) project was reduced to 50 percent. Geomag-
netic observations continued, however.

Even with the most expert advice, the responsi -
bility for repairing the generators fell upon Chief
Construction Mechanic G. H. Damschroder, USN.
In addition to a lack of gaskets and other parts,
he faced a problem that grew from the complexity
of the mechanical room which contained not only
the generators but also the pumps, fans, switches,
heat exchangers, tanks, and other equipment to
make the system work. There was, as one of the
designers had previously commented, "no waste
space." With no gear to lift the generators from
place, they were nearly inaccessible and Damschroder
could only effect repairs by what one message tersely
described as "gymnastics."
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Despite all efforts, with outside temperatures
fluctuating around minus 100°F., the temperature
of the fuel slipped downward. At the same time,
the emergency generator showed signs of improper
functioning. By July 12, however, the station re-
ported that overhaul of one generator was com-
plete except for installing the engine head. Two
days later, the generator was started and oper-
ated smoothly. The heat exchangers were re-
activated and, on the fifteenth, with the personnei
back in the main camp, scientific activity had re-
turned to just about normal.

With the immediate crisis past, work began to
restore the other generator at the main station. It
was tested successfully on July 18 so that, within
12 days, a situation which might have proved dis-
astrous was met and overcome. So fortunate a re-
suit could not have come about without the fore-
thought that went into planning the station, but no
amount of forethought could have been effective
except for the training and skill of the individuals
on the spot.

Wintering-Over Personnel, 1966

At the conclusion of the 1965-1966 summer season, the
United States left 250 men wintering over in Antarctica.
Of this total, 213 are Navy and 37 are USARP personnel.
In addition, one Soviet scientist is wintering over at
McMurdo Station and one of the United States scientists is
wintering at the Soviet station, Vostok. The scientific per-
sonnel are conducting research under the auspices of the
U.S. Antarctic Research Program (USARP) of the National
Science Foundation. The military personnel are assigned to
Antarctic Support Activities (ASA), Air Development
Squadron Six (VX-6), or the Navy Nuclear Power UniL
(NNPU).

Summary of Wintering-Over Personnel, 1966

Military Military USARP
Station	Officers Enlisted Personnel	Totals
Amundsen-Scott

South Pole	1	11	6	18
Byrd	 2	16	12	30
McMurdo	14	161	11 *	186
Palmer	 0	4	4	8
Plateau	 1	3	4	8
Vostok	0	0	l**	1
Totals	 is	195	38	251

* Includes Soviet Exchange Scientist
** USARP Scientist

Amundsen-Scott South Pole Station
Ambalada, Cesar N., EM I, ASA
Andersson, Lars E., Cosmic Radiation, Bartol Res. Found.,

USARP
Benson, Anthony J., HM I, ASA
Burrage, Roy E., Jr., CMH2, ASA
Davis, Bobby J., CS2, ASi
Griffin, William R., LT (MC), Officer-in-Charge, ASA
Hollingsworth, Jerry L., Meteorology, U.S. Weather Bureau,

USARP
Mallis, Robert R., Geomag., U.S. Coast & Geod. Survey,

USARP
Pape, Bernard C., BUL3, ASA
Przywitowski, Richard F., Ionospheric Physics, Nat]. Bur.

of Standards, Station Scientific Leader, USARP
Shepard, Danny L., CEP3, ASA
Sheppard, Paul D., SK2, ASA
Shomo, Barry C., EON3, ASA
Smith, Robert C., ETN2, ASA
Stephen, Ronald R., Meteorology, U.S. Weather Bureau,

USARP
Thomas, Kenneth E., RM1, ASA
Tomovick, Donald S., UTC, ASA
Woodberry, Barry D., Ionospheric Physics, Natl. Bur. of

Standards, USARP

Byrd Station
Benedict, Philip C., Aurora, Univ. of Colorado, USARP
Cabrera, Quirino (NMN), CMA2, ASA
Callender, Gordon W., LT (CEC), Officer-in-Charge, ASA
Cox, Tony L., Geomag., U.S. Coast & Geod. Survey, USARP
Davey, Gary R., Meteorology, U.S. Weather Bureau, USARP
Dorrel, Leo E., HM 1, ASA
Fischer, Alvin A., RMI, ASA
Gale, Phillip E., Meteorology, U.S. Weather Bureau, USARP
Gerrish, Samuel D., Ionospheric Physics, Natl. Bur. of

Standards, USARP
Heckman, Dallas G., CEWCN, ASA
Hodgson, Ronald A., BUL2, ASA
Hunt, Robert B., LT (MC), ASA
Huntington, Thomas W., ETN2, ASA
Jaynes, James T., EON2, ASA
Jeffrey, Stuart S., Ionospheric Physics, Natl. Bur. of Stand-

ards, USARP
Madden, Michael C., EMI, ASA
McGee, Wayne R., EON3, ASA
Melbert George W., UTWCN, ASA
Mink, Harold D., UTP2, ASA
Park, Chung G., Ionospheric Physics, Stanford Univ.,

USARP
Partridge, Billy W., EOC, ASA
Scudder, Brent E., Meteorology, U.S. Weather Bureau,

USARP
Sefton, Ronald L., Ionospheric Physics, Stanford Univ.,

Station Scientific Leader, USARP
Spaulding, Howard R., BUL2, ASA
Spitz, A. Lawrence, Aurora, Arctic Inst. of N. Am., USARP
Sztorc, Phillip S., EM2, ASA
Teeters, Robert E., SK2, ASA
Wunneburger, Henry E., Jr., CS2, ASA

Byrd Substation
Brush, Bernard E., Station Engineer, Univ. of Wisconsin,

USARP
Rogers, James C., Electrical Engineer, Univ. of Washing-

ton, USARP
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McMurdo Station
Adams, Melvin E., SPS, U.S. Army, NNPU
Adams, Wayne D., AK2, VX-6
Aiken, Fred E., CMACN, ASA
Allison, Fredric H., CMH2, ASA
Allison, John P., ET1, ASA
Anderson, Russell F., HM2, NNPU
Anderson, William H., SKC, ASA
Andrews, Dale L., HMI, NNPU
Ary, Darrell A., ETN3, ASA
Austin, James L., AG3, ASA
Ballou, Justin G., CDR, Officer-in-Charge and Commander,

Antarctic Support Activities, Detachment Alpha
Barstow, Lyle M., AE2, VX-6
Bell, Dale G., EON3, ASA
Bell, James H., LT, ASA
Bell, Myron H., EOC, NNPU
Berggren, Laurel C., RM1, ASA
Biehl, Bradley A., CMACN, ASA
Bier, Jeffrey W., Biology, Roanoke College, USARP
Bjerkan, Harvey K., CSSN, ASA
Boenninghausen, Thomas L., LT, Officer-in-Charge, NNPU
Bowman, Ernest G., ACC, ASA
Boyd, Gordon W., MR1, ASA
Brandenburg, William E., AZ!, VX-6
Brawn, James E., ADJCJLCPO, VX-6
Brien, Robert J., ATN3, VX-6
Brooks, Roy S., III, BUL3, ASA
Brown, Stanley (NMN), HMC, NNPU
Bryan, David L., RM2, ASA
Buehl, Eugene J., HM2, ASA
Bunnell, Robert L., EOl, ASA
Burke, Joseph A., SW1, ASA
Byas, James W., BUH3, ASA
Carter, Jack L., 5H2, ASA
Casady, Paul D., CS3, ASA
Castellane, Allan B., CEPCN, ASA
Clausnitzer, Frazer W., Ionospheric Physics, Douglas Air-

craft Co., USARP
Cochrane, Charles R., DKI, ASA
Conklin, Jack R., RM1, ASA
Connolly, William J., ETR3, ASA
Corbett, William G., CMACN, ASA
Coyle, Dennis W., CEPCN, ASA
Crumley, Clyde W., ADR2, VX-6
Davis, Walter L., CMCS, ASA
Dean, Leon D., RMC, ASA
Dean, Wesley T., CSCS, ASA
De'Arion, Ociel V., Jr., SD3, VX-6
Deem, Charles E., ABF2, ASA
Dewald, Bruce F., AG!, ASA
Dewitt, Ernest 0. W., 1C2, ASA
Dippel, Robert L., RM3, ASA
Doffer, William L., SK3, ASA
Drummond, Melvin 0., RMI, ASA
Dunn, Dallas (NMN), Jr., SH1, ASA
Edmonson, Larry D., Satellite Geodesy, New Mexico State

Univ., USARP
Eppler, Francis H., CETCN, ASA
Fleming, John P., CECS, NNPU
Foth, Michael J., CEPCN, ASA
Funkhouser, Earl F., SP5, U.S. Army, NNPU
Gannon, John W., EOC, NNPU
Garner, Glenn W., ETN2, ASA
Garrison, James M., EN!, ASA
Gentry, Johnny J., RM1, ASA
George, Edwin D., DTP2, ASA

Goodwin, Barry A., AN, VX-6
Gould, Harold A., RM3, ASA
Greenwald, Frank W., PH!, ASA
Grende, Michael R., CMH3, ASA
Haifley, Vaughn W., BUL2, ASA
Hair, Robert B., Jr., SK2, NNPU
Hannah, James L., CEC, ASA
Hartl, Donald F., EON2, ASA
Hatcher, Frank L., Jr., BUH3, ASA
Heist, James D., AMS3, VX-6
Hendrickson, Matthew J., CMA3, ASA
Herma, Eugene (NMN), RMI, ASA
Heveriey, Harry W., BUL3, ASA
Hill, Alonzo M., SK2, ASA
Hockett, Clive C., AK1, VX-6
Hoffmann, Edward H., CEI, NNPU
Hoover, Rex A., CE1, NNPU
Hughes, Garrett A., Cosmic Radiation, Bartol Res. Found.,

USARP
Hughes, Ronald M., LT (MC), ASA
Hugle, Clarence M., AMH2, VX-6
Huisenga, Robert L., RM1, ASA
Hutcheson, Robert C., SW!, ASA
Hutton, Tommie (NMN), BU1, ASA
Ironi, Franklin H., EM!, ASA
Johnson, Berry (NMN), AN, VX-6
Johnstone, C. Raymond, USARP Coordinator, Arctic Inst.

of N. Am., USARP
Kaib, Lawrence R., SK3, ASA
Kasenchak, Peter (NMN), LCDR (DC), ASA
Katz, Robert M., Jr., RMSN, ASA
King, Jerry W., ENS, NNPU
KIam, Clark L., CEP2, ASA
Klansnic, William J., RM1, ASA
Klimov, L. V., Geology, Inst. of Arctic Geol. (U.S.S.R.)
Knighton, Thomas L., UTW3, ASA
Lederhouse, Gerald E., CM!, ASA
Licciardi, Dominick (NMN), Jr., ADJ3(AC), VX-6
Maass, Robert D., SWFCN, ASA
MacLean, Wing P., CEWCN, ASA
Marino, Victor J., Jr., EOH3, ASA
Maxwell, Joseph C., SK3, ASA
Mayfield, Robert L., UTP2, ASA
McCarroll, Leland J., UTPCN, ASA
McCarthy, Peter C., Biolab Manager, North Star R&D,

USARP
McDaniel, James R., Satellite Geodesy, New Mexico State

Univ., USARP
McLawhorn, Bruce M., ETR2, ASA
Mignone, John C., LT (CHC), ASA
Miller, Arthur J., Jr., ETR3, ASA
Miller, Warren B., RM1, ASA
Moffat, Robert J., CEC, NNPU
Moore, Bruce F., PH2, VX-6
Moriarty, Jack 0., LCDR, ASA
Morgan, William T., AG3, ASA
Morton, John E., AMSI, VX-6
Mounce, Wilford 0., RM1, ASA
Noice, Gary E., LT, VX-6
Norris, James L., HM2, ASA
North, Edwin A., CMH3, ASA
Northcutt, Richard A., CMH3, ASA
O'Connor, George V., Jr., CEC, NNPU
Osgood, George E., BU!, ASA
Parkhill, James L., CMA3, ASA
Perrin, Dean L., YN2, ASA
Perrotti, Donald J., SP6, U.S. Army, NNPU
Persell, Horace L., HM!, NNPU
Pink, William P., UTPCN, ASA
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Plichta, Richard T., HMI, NNPU
Presley, Ernest L., ACCS, ASA
Priest, Theodore L., AMH2, VX-6
Prince, Burton L., RM2, ASA
Prince, Joseph F., ADR2 (AC), VX-6
Pyzik, Robert W., UTP3, ASA
Ramsey, Marshall E., CMC, NNPU
Rand, Larry L., EM2, ASA
Ray, Jerome E., CEC, NNPU
Reed, Charles E., CEC, NNPU
Reed, Ralph G., PN1, VX-6
Reine, Reed J., EMI, ASA
Rhoads, Paul F., Jr., UTWCN, ASA
Rhodes, Joseph J., LTJG (CEC), ASA
Richards, Donald W., PR2 (PJ), VX-6
Rivera, Ricardo P., SH2, ASA
Robertson, James E., CECS, NNPU
Robinson, Richard R., Station Engineer, Univ. of Wiscons in,

USARP
Robson, Robert J., CE1, NNPU
Rodrigue, Robert J., CS3, ASA
Roe, Derrell M., Station Engineer, Univ. of Wiscons in,

USARP
Roemeling, Thomas H., CN, ASA
Russell, William C., HMC, ASA
Sawyer, Joseph 0., Satellite Geodesy, New Mexico State

Univ., USARP
Schockley, William E., LCDR, Officer-in-Charge, VX-6
Serwacki, David W., UTW2, ASA
Shelton, Samuel W., EAS3, ASA
Sims, Roger D., LTJG, ASA
Smiley, Robert J., SH2, ASA
Smith, Charles E., UT1, ASA
Smith, Dupont P., HMI, ASA
Sprau, Marvin L., EON2, ASA
Stafford, Charles T., UTWCN, ASA
Stover, William M., BURCN, ASA
Taube, Arden R., LT, ASA
Teachout, Richard M., ET1, ASA
Troutman, Michael G., CEPCN, ASA
Tucker, Samuel J., Jr., ACI, ASA
Vavra, James V., Jr., BUH3, ASA
Veon, Harry G., RM1, ASA
Vogel, Leroy E., LT (CHC), ASA
Wainwright, Julius V., CS2, ASA
Walmsley, Edward L., Jr., EON3, ASA
Wasson, William G., AE1, VX-6
Watkins, Gary C., ATN2, VX-6
Watkins, William F., RM1, ASA
Weaver, Jerry A., RM1, ASA
Weese, Howard L., CN, ASA
Welsh, George M., EOH2, ASA
White, Glen D., BURCN, ASA
White, Russell F., Jr., AG2, ASA
Whiteman, Richard J., UTCS, NNPU
Wilds, Ronald F., ADRAN, VX-6
Willette, John R., YN3, ASA
Williams, Russell J., EM2, ASA
Williams, Silas D., EONCN, ASA
Wilson, George H., PN1, ASA
Worrell, Charles H., ET1, ASA

Palmer Station

Brown, Lawrence E., Surveying, Ohio State Univ., USARP
DeWitt, Steven R., Meteorology, Ohio State Univ., USARP
Murch, Paul L., CS 1, ASA
Nance, Vernon L., RM1, ASA

Peckham, Verne E., Biology, Bishop Museum, USARP
Rundle, Arthur S., Glaciology, Ohio State Univ., Station

Scientific Leader, USARP
Skelly, Donald J., HMC, Noncommissioned-Officer-in-

Charge, ASA
Wrigley, Richard J., EOl, ASA
Plateau Station
Damschroder, Gerald H., CM1, ASA
Flint, Robert B., Jr., Radioscience, Stanford Univ., Station

Scientific Leader, USARP
Geissel, Robert H., Geomag., U.S. Coast & Geod. Survey,

USARP
Gowan, Jimmy L., LT (MC), Officer-in-Charge, ASA
Horton, Edward C., Jr., ETN2, ASA
Lulow, William F., CS2, ASA
Muir, Hugh M., Aurora, Arctic Inst. of N. Am., USARP
Sponholz, Martin P., Meteorology, U.S. Weather Bureau,

USARP
Vostok Station
Taylor, John H., Ionospheric Physics, Natl. Bur. of Stand-

ards, USARP

Construction Contract Awarded for
Antarctic Research Trawler

A new antarctic research vessel will be built for
the National Science Foundation by Harvey Gamage,
Shipbuilders Inc., South Bristol, Maine. It is ex-
pected that the keel will be laid in early October of
this year and that the vessel will be ready for serv-
ice in the Antarctic Peninsula area during the 1968
austral summer. A Northwest Atlantic-type side-
rigged trawler, she will serve as an adjunct to
Palmer Station. Her principal dimensions are:
length overall 125 feet, beam 31 feet, draft 12 feet,
and gross tonnage about 300 tons.

ca-

(Drawing by Stanley Potter, Potter & McArthur, Inc.)
Antarctic Trawler: Arrangement of Decks above Main Deck
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A REVIEW OF YEAR-ROUND AND STATESIDE ACTIVITIES IN

THE U. S. ANTARCTIC RESEARCH PROGRAM, 1965-1966

Introduction

The extensive use of C-130 Hercules aircraft by
the U. S. Naval Support Force, Antarctica, has
greatly altered the concept of antarctic exploration,
particularly in the programs dealing with the char-
acteristics of the ice sheet, the geology and biology of
ice-free areas, the aerial photography, and the
related surface geodetic control. This is illustrated by
the more than 4 to 1 ratio of antarctic summer
scientists to those involved in year-round observa-
tions.

In the July-August issue of the Antarctic Journal,
reports were published from USARP programs that
were active during the 1965-1966 summer season.
There are, however, many data that are required
on a year-round basis and a few, such as auroral
observations, are pertinent only for the winter
months. In this issue of the Journal, progress reports
for these programs are given. For the most part, the
wintering personnel are concerned with the continual
recording of the temperature, wind, humidity,
radiation factor, and upper air studies that make up
the meteorological program; the continual operation
of earthquake seismographs and geomagnetic record-
ers; recording of data from satellites; and observa-
tions of cosmic rays, electromagnetic propagation
of radio signals, characteristics of the ionospheric
regions, and man-made signals generated by the
long-wire antenna. In these continuo.is programs,
the objectives may not appear as specific as those
of many of the summer programs. Also, in many
ways these studies may not be as spectacular as the
summer field studies, particularly those summer
studies which require large logistic efforts, but they
are nonetheless vital to our understanding of Antarc-
tica and the relationship of the antarctic area to
more northerly parts of the world.

The year-round operations of the research vessel
Eltanin are included in this category. Almost a dozen
of these ocean programs have been carried out
continuously in antarctic waters since 1962. Most
of the programs are typical of those carried out
aboard oceanographic research vessels, although
Eltanin is not specialized and all possible survey-
type programs are included that can be accommo-
dated by space on the ship, or in the time allocated
to the experiments. There is about an equal ratio on
the ship between the biological and physical scien-
tists.

In many cases, studies of antarctic data or
specimens are carried out in United States labora-
tories by scientists who are not directly involved in
the field work. Very often the skills required in
detailed analysis of the data or material are widely
different from those required in the collection, or
the analysis of the great diversity of collections is
outside the resources of the collecting agency.
Whether or not this is the case, progress reports
furnished in this issue of the Journal represent a
continuation of information given in the previous
issue.

Another category of programs summarized in this
issue involves supporting functions to the many
scientific programs. Most of these are of an inter-
disciplinary nature and many are aimed at the col-
lection and dissemination of information for use by
both scientists and nonscientists. Like the scientific
programs, these support services are funded and
coordinated by the National Science Foundation
under the U.S. Antarctic Research Program.

Finally, descriptions are given of some activities
involving international cooperation. The United
States attaches considerable importance to the
exchange of ideas and personnel with other nations
active in antarctic research and is continuously
seeking to increase such cooperation for the mutual
benefit of the countries involved.
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Upper Atmosphere Physics

University of Washington Research
Program in Antarctica, 1965-1966

DONALD K. REYNOLDS and
H. MYRON SWARM

Department of Electrical Engineering
University of Washington

During 1965-1966, a permanent building was
constructed at the long-wire site, about 12 miles
from Byrd Station, and a second dipole antenna, 10
miles in length, was laid perpendicularly to the 21-
mile antenna. A diagram of the layout of these
antennas is shown in fig. 1. Research was carried

Fig. 1. Diagram of Long-Wire Antennas

out by the University of Washington group on five
different problems, viz.:

VLF ionospheric studies. The D-region, located
in the height range 50 to 100 kilometers above the
surface of the Earth, is the interface between the
relatively un-ionized lower atmosphere and the
ionosphere. This is a complex and rapidly varying
region, especially at auroral latitudes, and is char-
acterized by very low electron densities, high colli-
sion frequencies, and rapid motions. The electron
density varies rapidly at times of magnetic disturb-
ance and may increase enormously to cause the so-
called polar-cap absorption events.

Experimental study of the D-region by reflection
of electromagnetic waves has not been successful in
the past owing to limitations in antennas. The long-
wire antennas at Byrd Station have removed these
experimental restrictions. Unlike the extremely nar-

row band vertical antennas used with conventional
VLF stations, the horizontal antennas near Byrd
Station have very broad bandwidths and produce
maximum radiation in the vertical direction.

A VLF D-region sounding system was installed
and put into operation at Byrd Station during the
1965-1966 season, and has been in daily operation
during the 1966 winter. The system consists of a
keyer unit and transmitter at the long-wire antenna
site, and a receiver at the Stanford VLF site. The
keyer unit generates a sequence of pulses at a succes-
sion of frequencies between 3 and 30 kc./s., which
are amplified to peak power levels of about 10
kilowatts and applied to the 10-mile antenna. The
envelopes of the pulses are approximately Gaussian,
which reduces to a minimum the spectral width of
the signal at each operating frequency. Oscilloscopic
photographs of the current wave form fed to the
antenna at 5 and 30 kc./s., respectively, are shown
in fig. 2. Reflected signals from the ionosphere are

Fig. 2. Current Wave Forms. Left, 5 kc./s.; Right, 30 kc./s.

picked up in a loop antenna at Byrd Station and
transmitted back to the long-wire site via a 450
mc./s. telemetry link, where a phase-comparison
system is used to measure the propagation delay
between transmitted and received signals. The rec-
ords are currently on film; however, a digital tape
system is planned for next year.

Results to date from the D-region sounding system
are very encouraging. Ionospheric reflections are
being received consistently, and a more accurate
picture of the physics of the D-region is emerging.

Continued antenna research. The input impedance
of the 21-mile dipole has been measured periodically
to determine the effects of temperature and depth
of burial under the snow. During January and
February 1966, the second dipole antenna, 10 miles
in total length, was laid down perpendicularly to the
21-mile antenna. Like the longer antenna, the new
one is made from the core of RG 17/U cable, con-
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sisting of a polyethylene-covered, solid copper wire.
The new antenna increases considerably the capabil-
ities of the site, making possible either separate op-
eration of the two antennas, or the combination
into a single antenna system of controllable polariza-
tion.

Airborne field-strength measurements. An attempt
was made during February 1966 to measure from
an aircraft the radiated fields from the 21-mile
antenna. While the aircraft was to have flown to a
maximum distance of 500 miles from the center of
the antenna and measured field strengths at a succes-
sion of frequencies in the 1 to 30 kc./s. range, high
noise levels in the airborne receiving equipment
prevented all but local measurements from being
made. The experiment was not a complete failure,
however, as good data were obtained on the current
distribution along the antenna.

Earth-ionosphere cavity resonances. There has
been considerable interest in recent years in the
resonances of electromagnetic waves in the Earth-
ionosphere cavity. The lowest resonant frequencies
have been calculated to occur at 8.0, 14.1, 20.3, and
26.4 cps. In the past, experimental studies of these
resonances have depended entirely on the natural
radiations resulting from lightning activity throughout
the world. The feasibility of exciting and detecting
these resonances, using man-made signals from the
21-mile antenna, is being studied by the University
of Washington group.

Exospheric electron density program. The objec-
tive of this program is to measure the propagation
time of signals transmitted at a series of VLF fre-
quencies between Byrd Station and the Seattle,
Washington, area via exospheric paths. From the
propagation delay vs. frequency, electron densities in
the exosphere can be calculated. Since the strength
of the signals received in the Northern Hemisphere
is expected to be very low, a special binary, coded
sequence and correlation-detection scheme is being
employed. Equipment to key the 100-kilowatt solid-
state transmitter at the long-wire site was shipped
to Antarctica for the 1965-1966 summer program.;
however, problems with the transmitter prevented
the keyer from being used, and field modifications
were initiated to adapt the keyer to the lower-
powered transmitter used in the D-region sounder
program.

Receiving equipment will be installed during 1966
at an electrically quiet location in the San Juan
Islands, about 70 miles north of Seattle, Washington.
It is hoped that the field modifications at the long-
wire site will be successful and that data can be
obtained during 1966.

Ionospheric Forward-Scatter Program
in the Antarctic

MARTIN A. POMERANTZ
Bartol Research Foundation

of the Franklin Institute

The three ionospheric forward-scatter circuits:
Byrd-Pole, Byrd-McMurdo, and McMurdo-Vostok,
operated satisfactorily during the past year. Only
one polar cap absorption (PCA) event, indicating
the arrival of solar protons with energies exceeding
10 MeV., was observed during the one-year period.
The solar particle influx was detected on March 24
following the importance 3 solar flare that com-
menced at 0233 UT. The records, which displayed
unusual characteristics, are being studied in detail.

More than 70 relativistic electron precipitation
(REP) events have now been identified in the
records of the Alaskan forward-scatter paths. Their
characteristics have been established, and generalized
conclusions concerning the spectra of precipitated
electrons have been deduced. It is noteworthy that
this phenomenon has never been observed on
the antarctic paths, a fact that is of prime import-
ance in confirming our hypothesis concerning the
mechanism responsible for this new type of radio-
wave absorption event. Elaborate calculations now in
progress should make it possible to determine the
electron flux and energy spectrum for any specific
event from the observed radio-wave absorption.

Analysis of recordings of the occurrence of the
sporadic E mode of signal propagation has yielded
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The Maximum Occurrence of Sporadic E at Two Conjugate
Points Occurs at the Same Local Time if Represented in
Geomagnetic Rather Than Geographic Coordinates.
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significant results. An especially interesting finding
is that the diurnal variations at the magnetically
conjugate midpoints, Byrd-Pole in Antarctica and
Frobisher Bay-Great Whale River in Canada, are
identical if the data are plotted as a function of
geomagnetic time. A relationship between the occur-
rence of E and geomagnetic activity has also been
established.

Investigations of Cosmic Ray
Intensity Variations in Antarctica

MARTIN A. POMERANTZ
Bartol Research Foundation

of the Franklin Institute

Neutron monitors and meson telescopes are oper-
ated at McMurdo and South Pole Stations. A new,
completely solid-state electronics system, with data

Feb	March	April	May	June

The Cosmic Ray intensity Reached its Peak Level During
the Last 11-Year Solar Cycle in May, 1965, Seven Months
A fter Sunspot Minimum. The Dashed Curve Represents
the Lower Energy Particles Which Reach South Pole Sta-
tion (Altitude 9,186 Feet) but do not Penetrate Through
the Thicker Atmospheric Shield over McMurdo Station
(Altitude 160 Feet).

accumulator that punches all relevant readouts di-
rectly on paper tape, has been constructed. It oper-
ates on batteries, thus eliminating the problems
arising from power interruptions. This equipment
was installed at McMurdo and commenced full oper-
ation on March 21, 1966, after a period of testing
and systematic overlap with portions of the old sys-
tem for normalization purposes. The punch tapes
are fed directly to the teletype transmitter, and the
received teletype tapes are mailed from Christchurch
to the Bartol Research Foundation at Swarthmore
for machine processing. An elaborate machine pro-
gram has been developed to carry out all aspects of
data reduction, including detection and correction of
transmission, preparatory to shipment to South Pole.

Analytic studies are being pursued assiduously,
and have already yielded a number of significant
results concerning cosmic ray modulation and aniso-
tropies. For example, the antarctic observations
have revealed that the intensity maximum which oc-
curred early in May 1965 (seven months after solar
minimum) was reached at the same time at sta-
tions having directions of viewing either in or
steeply inclined to the ecliptic plane, and there was
no significant anisotropy at the onset of the new
cosmic ray cycle. Comparison of recordings at South
Pole and McMurdo showed that recovery of lower-
energy particles predominated during the epoch of
solar minimum, but both low- and high-energy com-
ponents reached their peak intensities at the same
time. Although the average annual diurnal vector at
McMurdo is anomalously small, the amplitude on
individual days is not. This is indicative of day-to-
day changes in the energy dependence of the di-
urnal modulation.

Geodetic Satellite Observations
at McMurdo Station

DAVID L. MOTT
Physical Science Laboratory
New Mexico State University

The Physical Science Laboratory of New Mexico
State University has operated a Doppler satellite
tracking station at McMurdo since February, 1965.
Three men, one engineer and two student assistants,
staff the station. A continuous watch is maintained,
and during the first year about 700 satellite passes
per month were recorded.

The tracking equipment is designed to receive two
coherent radio frequencies transmitted from satel-
lites launched in polar orbits specifically for Dop-
pler-tracking purposes. The received frequencies dif-
fer from the transmitted frequencies because of the
Doppler effect, which involves the following two
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factors: the relative velocity (RV) between the trans-
mitter and receiver, and the rate of change of inte-
grated electron density (lED) along the transmission
path through the ionosphere. At the tracking sta-
tion, the two received signals are processed in a
special mixing circuit which provides two continuous
outputs: one frequency proportional to RV and the
other proportional to the rate of change of lED.

The RV data from McMurdo, together with
those gathered from a worldwide network of track-
ing stations, are used in a study of the Earth's gravi-
tational field. By calculating from these data the
precise motion of a satellite as it orbits the Earth,
it is possible to infer the precise nature of the gravi-
tational field in which the motion takes place. This
geodetic study is being carried out at Johns Hopkins
University.

(Photo: K. G. Sandied)
Doppler Tracking Equipment at McMurdo.

A measure of the lED along vertical paths through
the ionosphere can be obtained by processing the
data of the rate of change of lED in a reduc-
tion procedure which includes consideration of the
motion of the transmission path relative to the iono-
sphere. This work is being carried out at the Physi-
cal Science Laboratory and provides a record of the
total electron content of the antarctic ionosphere.
The chief value of this record is to establish long-
term trends in the electron density.

The accuracy of the data recorded depends on
the station's standards of time and frequency. The
clock at McMurdo is kept in synchronism with the
Bureau of Standards' clock at station VOW in
Washington, D.C., to an accuracy of ± 50 micro-
seconds, and the frequency standard is calibrated
periodically to an accuracy of one part in loll.

Antarctic Research and Data Analysis,
1965-1966

RUDOLF B. PENNDORF and
GERALD F. ROURKE
Space Systems Division

Research and Technology Laboratories
A vco Corporation

Beginning in 1962, Avco's Space Systems Division
has conducted a general program of geophysical re-
search dealing with the Antarctic. The myriad of
data continually being obtained, beginning with the
International Geophysical Year, has been an im-
portant element of these studies. The major sources
of data are the World Data Centers in Boulder, Colo-
rado (ionosphere) and Rockville, Maryland (geo-
magnetism).

The continuing exploration of the antarctic iono-
sphere has focused attention on several unusual
properties of the F-layer. In the area of the Antarc-
tic Peninsula, the anomalous diurnal behavior of
this layer has been the subject of an investigation by
Rourke (1966). Characteristic of the anomaly is a
summer diurnal variation with a late evening and
early morning maximum and a noontime minimum.
Alouette—I topside electron-density profiles have
shown that the evening increase extends to an alti-
tude of at least 1,000 kilometers. Electron-density
changes are accompanied by a decrease in the local
scale-height, which we interpret as primarily due to
a decrease in the electron-ion temperature. The geo-
physical model to account for the observed iono-
spheric changes depends upon the geomagnetic field
lines being sunlit in one hemisphere and dark in
the other. Electrons precipitate from the protono-
sphere into the ionosphere at certain times after
sunset in each hemisphere. The study concludes that
the summer evening increase in F-layer density
above the Antarctic Peninsula is but one element in
a worldwide F-layer system that is dependent upon
ionosphere-protonosphere coupling for its mainte-
nance.

The interrelationship between ionospheric F-
layer height changes, blackout conditions, and mag-
netic activity during relatively quiet magnetic peri-
ods prior to storm sudden commencements has
been reported by Bowman (1966a). Among the re-
sults is evidence for 24-hourly periodicities in
these parameters, suggesting that 24 hours before
sudden commencements, the frequency of occur-
rence of negative magnetic bays and auroral-zone
ionospheric height rises is enhanced.

lonogram information on the angle of elevation
of spread-F satellite echoes has been used to in-
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vestigate the nature of ionospheric irregularities in
Antarctica (Bowman 1966b). The angle of elevation
of these signals can be determined for Ellsworth
Station from the interference effects between the di-
rect ray and that which travels through the 300-
meter thickness of ice and is reflected at the ice-
seawater interface. A system of nulls is produced
which moves to different frequencies for different
off-vertical angles (Evans, 1961; Bowman, 1966c).
Also, many months of antarctic ionograms have been
inspected for clues to possible theories of irregular-
ity shapes. An important observation is that al-
though the spread-F ionograms often appear as dif-
fuse echoes, a structure can be seen through the
diffuseness. The structure appears in the form of
traces having the same shape as the main trace, i.e.,
near vertical. This and the angle of elevation infor-
mation suggest that whether or not a small-scale
structure (i.e., columns of enhanced ionization with
dimensions of the order of one kilometer or less)
exists, a large-scale structure of the order of tens of
kilometers also exists, giving rise to the observed
resolved traces.

Several research problems are currently being in-
vestigated. One is an analysis of the topside elec-
tron-density morphology during an M-region mag-
netic storm. The time history of the electrons will
shed light on the phenomenon of F-layer reduction in
peak electron density during ionospheric storms.
Another study involves the use of ionogram angle
of elevation information to investigate large-scale
irregularities over Ellsworth Station. The time period
is the early evening hours during equinoctial months.
These irregularities move towards the Equator with
speeds of several hundreds of kilometers per hour.
At the position of maximum disturbance, the elec-
tron content can be reduced by a factor as high as
ten.
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Geomagnetism: Plateau Station

JAMES V. HASTINGS and D. J. ELVERS
U. S. Coast and Geodetic Survey

Environmental Science Services Administration
A special magnetograph, differing markedly from

conventional instrumentation, was designed and fab-
ricated for use at Plateau Station, at the Fredericks-
burg Geomagnetic Center.

The magnetograph consists of a triaxial, satur-
able-core, inductor-type (fluxgate) system for meas-
uring variations in declination (D), horizontal inten-
sity (H), and vertical intensity (Z). Magnetograms
are recorded on two multiple-channel, potentiomet-
nc-type recorders. The rapid-run recorder has an
option of eight chart speeds from 0.125 to 16
inches per minute and is equipped with proper input
filtering for recording short-period variations. The
normal recorder is unfiltered and provides a record
of long-period variations as well as daily variations
and magnetic storm activity. Chart speed of the
normal recorder is 1 inch per hour. Both normal
and rapid-run recordings are in real-time.

The sensor mounting is designed to eliminate, by
means of a level-maintaining suspension, the errors
produced by differential settling of the instrument
piers. The sensing unit is housed in a small building
approximately 500 feet from the main camp. The
normal and rapid-run recorders are located in the
main camp, allowing the observer to monitor the re-
corders and change records daily without leaving the
main camp building. The periodic absolute meas-
urements of the magnetic elements, for the purpose
of maintaining base-line control, are made in a
small building approximately 60 feet from the
sensor house. The absolute instruments consist of a
suspension-type magnetometer for D, a quartz hori-
zontal magnetometer for H, and a proton magnetom-
eter for measurements of total intensity (F). Abso-
lute Z is computed from H and F.

The installation of housing, piers, and the mag-
netograph began in late January 1966 and was
completed by February 8. A portion of the data
obtained on February 9 and 10 is shown below.
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Polar Studies of
Solar Cosmic Radiation, 1962-1966

A. J. MASLEY and A. D. GOEDEKE
Space Sciences Department

Missile and Space Systems Division
Douglas Aircraft Company, Inc.

The Douglas Antarctic Geophysical Observa-
tory (77°51'S. 166°43'E.) at McMurdo Sound be-
gan operation in February 1962. The magnetically
conjugate arctic observatory (68'49'N. 93'26'W.)
at Shepherd Bay, Canada, began operation in August
1963. These stations, at a magnetic latitude of 800
(L = 32), were established to study the characteris-
tics of solar cosmic ray events continuously, at a fixed
location, and at a reasonable cost. The locations
were chosen inside the polar cap regions, removed
poleward from the auroral zones to minimize auroral
interference and geomagnetic cutoff effects.

Radio techniques are used which allow effects
taking place at altitudes from 30 to 90 kilometers
to be observed with ground-based equipment. Rio-
meters are operated which measure the signal
strength of galactic radio noise at 30 and 50 mc./s.
The ionization produced by the interaction of the
charged particles with the atmosphere increases the
electron density so that radio waves passing through
the ionosphere are significantly absorbed. The ab-
sorption of the radio waves at a given frequency is
proportional to the square root of the intensity of
charged particles for a fixed energy spectrum. This
technique is sensitive to protons from about 5 to 100
MeV. Also operating at the stations are 27 kc./s.
spherics receivers and magnetometers.

Extensive theoretical research has been carried
out in order to better understand the relationship
between solar cosmic radiation and the absorption
of galactic radio waves. The response of riometers
to different intensities, energies, and types of parti-
cles as a function of radio frequency has been
determined (Adams and Masley, 1963, 1965, and
1966).

Solar Cosmic Ray Events

The solar cosmic ray events observed since Feb-
ruary 1962 at the Douglas observatories are listed
with related information in table 1 (Goedeke and
Masley, 1964; Goedeke, Masley, and Adams, 1966;
Masley, Goedeke, and Adams, 1965; Masley and
Goedeke, 1966a and 1966b). The radio noise ab-
sorption at 30 mc./s. ranged from 0.2 db. to 4 db.
for the events listed. Several additional events were
observed concurrently with space measurements
but the low absorption level made definite identifi-
cation questionable. Events on April 18, 1965;

June 15, 1965; December 24, 1965; and January 20,
1966, were of this type. The September 21 and
26, 1963, events were the largest observed during
the period since early 1962. Next in order of size
were the July 7, 1966, and February 5, 1965, events.
A further discussion of these events follows:

September 1963 Events. The period of enhanced
cosmic noise absorption extends from September 14
through September 30, 1963. This period can be
divided into three intervals: September 14-19, when
several small events took place; one large event
from September 21 through 25; and the final large
event from September 26 through 30. Several flares
produced in McMath Plage Region 6964, which
crossed the solar meridian on September 20, 1963,
were responsible for several solar cosmic ray events,
sudden commencements, sudden cosmic noise ab-
sorption events, and Forbush decreases. The follow-
ing is a discussion of the two larger events.

A 2+ flare began at 0706 UT on September 20.
From 2255 to 2351 UT on September 20, flares of
class 2+ and 3 were reported which lasted until
about 0201 UT on September 21. Type IV radio
noise was reported starting at 0010 UT and still in
progress at 0055 UT. The absorption began to in-
crease at 0020 UT on September 21, over an hour
after the later flare series began. The maximum for
this event took place at 1900 UT on September 21,
reaching 2.7 db. at McMurdo and 4.2 db. at Shepherd
Bay.

In the final event of this series, a class 3 flare be-
gan at 0648 UT on September 26 and continued past
1000 UT. Absorption began at 0745 UT at Shep-
herd Bay and continued until 2000 UT. During the
sudden commencement at 1942 UT on September 27,
several spikes up to 3 db. were seen at Shepherd Bay.
The general absorption continued to decrease until
September 30. The events of September 21 and Sep-
tember 26 both decayed exponentially (et/10) with a
to  of about 10 hours.

February 5, 1965, Event. A class 2 flare (7°N.
25°W.) began at 1750 UT on February 5, 1965.
Type IV radio emission was observed between 1810
and 1905 UT. The event was observed by 30 and
50 mc./s. riometers at both McMurdo and Shepherd
Bay. The absorption began at about 1850 UT at
Shepherd Bay. At McMurdo, the start of the event
was obscured by solar radio noise during the
flare, but absorption did begin at about 1900 UT
(cf. fig. 1). The delay time from flare start was about
50 minutes. The absorption reached a peak of 1.8
db. at 2200 UT on February 5. The event was ob-
served in continuous sunlight at McMurdo.

July 7, 1966, Event. A 2B flare (30°N. 35°W.)
began at 0020 UT on July 7, 1966, accompanied
by Type IV radio noise beginning at 0026 UT. At

190	 ANTARCTIC JOURNAL



Z4	vu	eq	vu	en	vu	en	vu	e4

.80

McMurdo Sound 50 c!s Riometer

.00
0	24	12	24	12	24	12	24	12	24

February 4 -.4..-- February 5 —b----- February 6 -.---..-- February 7 —4--- February 8

Universal Time

Fig. 1.

about 0030 UT an SCNA was observed at Shepherd
Bay. The SCNA reached a maximum absorption of
1.6 db. at 0039 UT. When the SCNA decreased to
0.4 db., at 0115 UT, absorption due to solar
cosmic rays continued to increase to a peak of 2.1
db. at 30 mc./s. at 1215 UT, July 7 (cf. fig. 2).
The event was still in progress on July 11, with ab-
sorption over 0.2 db. This event was observed in
continuous sunlight at Shepherd Bay.
Propagation Conditions

A number of solar cosmic ray phenomena give in-
formation concerning charged particle propagation
conditions in interplanetary space. Table 1 shows
delay times between the flare and the observation
of particles near the Earth. The observed delays of
40-90 minutes correspond to rectilinear travel times
for 10 to 30 MeV. protons.

All events where accurate start times could be de-
termined, originated at west solar longitude. Half of

July 7	 July 8	-July 	July 10	July 11

Universal Time

Fig. 2.

the west solar longitude events near the last solar
maximum had less than a 90 minute delay time
and half had a longer delay time. All of the west
longitude events shown in table 1, which includes
the period since early 1962, have less than a 90
minute delay. This comparison, added to the fact
that we are considering lower energy particles dur-
ing the minimum period, indicates that propaga-
tion conditions are somewhat better during the
solar minimum period for west longitude events.

When considering east solar longitude events, it
appears that the "garden. hose" magnetic fields in
space are still active in their influence on propaga-
tion near solar minimum. Table 2 gives the dis-
tribution of originating flares and overall flare num-
bers for the 15 largest events from February 1962
to 1966. There is a greater number of east longi-
tude flares than west longitude flares during this
period. In spite of this, west longitude flares were
predominant in producing events observed near
Earth. That it is easier to see particles from west
longitude flares is consistent with observations near
solar maximum. If propagation conditions are in-
vestigated by comparing the time-intensity profiles
of events due to east longitude flares to those due
to west longitude flares, the results are similar for
solar maximum and solar minimum. Events origi-
nating in west longitude flares typically have a short
delay after the flare (about one hour), a sharp in-
crease to maximum intensity in a few hours, and
a gradual decay for several days. East longitude
events have a long delay and a broadened profile
without a sharp maximum, since the particles are
forced to diffuse across the magnetic lines of force.
It is because of this effect that it is difficult to get
accurate start times for the small solar-minimum,
east-longitude events.
Summary

Twelve solar cosmic ray events have been ob-
served at the Douglas observatories since February
1962. The absorption ranged from 0.2 to 4 db. and
the peak intensities for protons with energies greater
than 0.5 MeV. range from about 10 to 7000 pro-
tons/cm. 2 sec. ster. for the events. Eleven of the
events were flare associated, while one was due to a
recurring region. The events near solar minimum
are in general of lower intensity and lower energy
than solar maximum events. Charged particle propa-
gation appear to be somewhat better during the
minimum period for west solar longitude events.
Propagation continued to be difficult from east
solar longitude events.

Acknowledgment. We are indebted to the Na-
tional Science Foundation, the Douglas Independ-
ent Research and Development Program, and the
Canadian Government for allowing us to carry out
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Table 1. Solar Cosmic Ray Events Near Solar Minimum
Date	Time of Flare	Imp	Position	 Type IV	Max db	Delay Time

1656-1813

al1 Events)

2410-2455D

1604-1722

1810-1905

0026-0036

Feb. 20, 1962

Oct. 23, 1962

Feb. 9, 1963

Apr. 15, 1963

Apr. 30, 1963

Sept. 14-19, 1963

Sept. 21, 1963

Sept. 26, 1963

Mar. 16, 1964

Feb. 5, 1965

Mar. 24, 1966

July 7, 1966

1222 Feb. 19
1245E Feb. 19
1811 Feb. 19
2134 Feb. 19
0548 Feb. 20
0815 Feb. 21

1642 Oct. 23

Recurring Region

1034 Apr. 15	2
1603E Apr. 15	2
1143 Apr. 30	2
0513 May 1	3'-f-

— 14 Flares Cla ss 2

0706 Sept. 20	2+
0713 Sept. 20	2
2255 Sept. 20	3
0039E Sept. 21	2
)300E Sept. 21	2
1438 Sept. 24	2

)638E Sept. 26	3+

1553E Mar. 16	2+

1750 Feb. 5	2

)233 Mar. 24	3B

)020 July 7
	2B

(E = in progress)

N10 E79
S08 E78
N10 E90
SIO E90
SIO E81
S09 E60

NO2 W71

SIO W07
sil W10
N16 E56
N13 E46

(Several Sri

N15 E05
N04 W12
N10 W09
N18 W04
N13 W09
N16 W52

N15 W78

N04 W74

N07 W25

N18 W37

N30 W35

0.7

	

0.9	—45 Mm.

0.6

	

0.9	86 Mm.

0.2

0.8

4.0

—85 Mm.

	

4.0	57 Mm.

	

0.2	>40 Mm.

	

1.8	—50 Mm.

	

1.6	—30 Mm.

	

2.1	<50 Mm.

2
2
2I
2
2

2

Table 2. Flare and Event Distribution
West	East

Events	 11	4
Flares	2	85	121

this work. Assistance of all members of the Douglas
Geophysical Observatory Program Staff is appreci-
ated. Special assistance from J. W. McDonough is
acknowledged.
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Very-Low-Frequency Phenomena,
1965-1966

DONALD L. CARPENTER and
ROBERT A. HELLIWELL

Stanford Electronics Laboratories
Stanford University

Research using antarctic data during the past year
has led to a number of important results. Of special
interest is the fact that a Ph.D. thesis has been writ-
ten at Stanford based almost entirely on antarctic
data. This study, by J. J. Angerami, has been par-
tially summarized in a recent article in the Journal
of Geophysical Research entitled "Whistler Studies
of the Plasmapause in the Magnetosphere-2; Equa-
torial Density and Total Tube Electron Content
Near the Knee in Magnetospheric Ionization." An -
other point of interest is that the results described
below on convective motions are in large part the
result of work by a first-year graduate student, Kep-
pier Stone. His work has provided the basis for a
joint paper (with D. L. Carpenter) that was pre-
sented at the 1966 Belgrade Symposium on Solar-
Terrestrial Physics.

Research on hydromagnetic motions in the mag-
netosphere. Until a recent whistler study at Stan-
ford, there was no direct evidence of slow (order of
1 hour) motions of the magnetospheric plasma. Many
predictions had been made as to the co-rotation of
the inner magnetosphere with the Earth and the ex-
pected motions that would take place in the outer
magnetosphere due to the interaction between the
magnetosphere and the solar wind. The experimen-
tal methods that did exist depended upon ground-
based magnetometer measurements and upon many
inferences about the coupling between the ground
observations, the ionosphere, the tubes of force, and
the region at great heights. Through the whistler
method and particularly through the uniquely ex-
tensive and clear data obtained at Eights and Byrd,
there exists a way of looking directly at the slow
motion of discrete whistler paths and thus, by infer-
ence, at the slow motions of the plasma transverse
to the geomagnetic field.

The principal results of the recent study are as
follows: 1) the inner plasmasphere * (to an equa-
torial radius of about 3.5-4R) approximately co-
rotates with the Earth; 2) slow (order of 0.1REIhour)
radial motions in the plasmasphere agree well
with the known diurnal variation in the position of
the plasmapause during the period 2400 LT to

* The plasmasphere is the dense region inside the knee,
or plasmapause; the plasmapause is typically observed near
I. = 4.

about 1700 LT. Thus the slow radial variations in
the boundary of the plasmapause are identified in
general with the gradual compression and expan-
sion of the material inside, and not with erosion or
accretion at the boundary; 3) rapid radial motions
(order of 0.3RE/hour) occur occasionally in the
plasmasphere. These motions tend to be limited in
duration to one or two hours and at least on one
occasion appear to be associated with a polar sub-
storm. The correlation records taken at Byrd and
Eights Stations since 1963, although very impor-
tant in themselves, take on new significance in light
of the aforementioned. It appears likely that, for the
first time, quantitative estimates of plasma drifts
(and thus the associated electric fields) in the re-
mote magnetosphere may now be added to the
simultaneous measurements of phenomena near the
feet of the associated field lines.

Study of the upper cutoff frequency of ducted
whistlers in the magnetosphere. For a number of
years, it has been known that whistlers frequently ex-
hibit an abrupt high-frequency cutoff (> 10 db. over
an interval less than 1 kc./s.). Since 1961, there
have been a number of attempts to interrupt this
cutoff as evidence of absorption of the whistler-wave
energy by cyclotron interaction with electrons in
the tail of the thermal distribution. The attempts to
apply the theory of Landau damping to whistlers
have been seriously impeded, however, by a lack of
experimental investigation.

An initial study has recently been made using
whistler examples recorded at Eights Station in 1963
and in 1965. Spectrographic records of the cutoff
properties of more than 500 whistler components
were examined for the period June-August 1963.
These examples represented field-line paths with
equatorial range of 3-5.5R E. It was found that in-
side the plasmapause: 1) The ratio of whistler noise
frequency to cutoff frequency (f, 1/f(.0) is to first
order independent of time, magnetic activity, and
path latitude. 2) For about 80 percent of the meas-
ured components, 0.70<f Il/f(( , <0.80. 3) The whis-
tler wave frequently shows evidence of amplification
above f 11 , the effect being pronounced just below

4) Quasi-constant tones of —200 cps. bandwidth
and 0.05-1.0 sec. duration are frequently triggered
at the cutoff. This is the most common form of noise
triggered by whistlers inside the plasmapause.
5) Stimulation of magnetospheric noise by a
low-power (-100 watts) Omega transmitter (10.2
kc./s.) has been observed only at the upper cutoff
frequency of an observed whistler path. 6) For a
diffusive-equilibrium model of the distribution of
magnetospheric ionization, the ratio of f( . ( , to f111,
the equatorial gyrofrequency, is such that 0.47<f0/
fH11I, < 0.53.
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The theory of whistler propagation in ducts of en-
hanced ionization predicts a cutoff at L/f 111111 —O.5.
Therefore, it is concluded that the sharp whistler
cutoff is basically a ducting effect, and that there
is an associated instability that may result in
amplification of the whistler below f0 (thus accentu-
ating the cutoff effect) and in triggering of noise
tones near f(( , both by whistlers and by low-power
transmitters.

It appears that the whistler cutoff phenomenon is
a fundamental aspect of propagation of whistlers
through the magnetosphere, and that an under-
standing of stimulation of noise by low-power
transmitters or by whistlers themselves must be un-
derstood in conjunction with the ducting effect.
Other Subjects

Knee effects observed on polar-orbiting satellites.
A number of remarkable discoveries have been made
about the knee effect as observed by polar-orbiting
satellites. On the basis of extensive studies using
Eights data from 1963, precise information on
the position of the knee in 1963 was available.
Alouette-I records from 1963 were then ex-
amined and it was found that an abrupt cutoff in
occurrence of whistlers occurs as the satellite moves
poleward through the position of the knee. In addi-
tion to the very high correlation between the plas-
mapause position and the cutoff in whistler rate,
a highly correlated change was found in the back-
ground VLF noise observed on Alouette-I. Further
studies of these noise changes and whistler cutoff
effects on POGO data are being made.

Saucers. In many high-latitude (e.g., Byrd Sta-
tion) recordings of various satellites, a heretofore un-
reported phenomenon has been observed in which a
noise band decreases in frequency to a minimum,
then rises again. The noise appears to have some
relation to the lower hybrid resonance (LHR) and
is never seen on the ground. A noise band with
this characteristic spectrum has been termed a
"saucer." Saucers appear to fall into two categories:
one in which the duration is from 10 to 30 seconds
or longer, and which is somewhat irregular, and
another category (called "demi-tasse") with a dura-
tion of 1 to 3 seconds, with fairly pure tones, and
a remarkable degree of geometric symmetry. Demi-
tasses have principally been observed on Alouette-
I, suggesting that the noise is electrostatic.

The evidence so far seems to suggest that saucers
are a nonpropagating, spatially-varying phenome-
non.

Impulsive VLF noise at high latitudes. Another
type of noise observed in the satellite and not on the
ground is quite impulsive in spectral form with fre-
quencies of maximum intensity that fluctuate rapidly.
These noises usually last several minutes and are

observed at latitudes higher than those where saucers
are observed.

VLF/LF hiss associated with aurora. During
the 1965 winter at Byrd Station, noise with a con-
tinuum from 4 to 465 kc./s. was observed during
auroral storms. The observations are being extended
up to several megacycles during the 1966 austral
winter.

Radiation from Atomic Hydrogen
in Aurora

MANFRED H. REES
Geophysical Institute
University of Alaska

Amongst spectral emission features in the aurora,
only those associated with atomic hydrogen origi-
nate directly from the stream of energetic, neutral
plasma which bombards the upper atmosphere dur-
ing an aurora. All other atomic lines and molecular
bands are produced by the atmospheric gases, nitro-
gen and oxygen. The two prominent hydrogen fea-
tures in the visible region of the spectrum are the
alpha and beta lines of the Balmer series. A quanti-
tative study of these lines yields information on the
energy and flux of protons in an aurora. Observa-
tions being carried out this year at Byrd Station are
designed to yield information on auroral protons
which has not been available so far.

Byrd Station is located in the southern auroral
zone, the region of maximum auroral occurrence.
Moreover, at 80°S. latitude, it experiences several
weeks of total darkness during June and July. It is
during this period that auroral hydrogen may be
monitored throughout the 24-hour night. Already in
May, the observer reported hydrogen radiation
present on spectrograms for 20 hours during one
active aurora. Particular interest is attached to the
latitudinal position of the hydrogen lines, and there-
fore the proton stream. The location of the protons
in the magnetosphere relative to the position of the
sun may prove to be most important in understand-
ing the mechanism which accelerates the protons
during auroral bombardment.

The instrument which is being used to carry out
this experiment is a grating spectrograph which views
a narrow band of the sky extending nearly 90° to
each side of the zenith, and is placed so as to
monitor the aurora along a geomagnetic meridian.
The spectrum is recorded on 35-millimeter film which
is processed and analyzed at Byrd Station.
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Micropulsation Studies
at the Geomagnetic Poles

V. P. HESSLER and E. M. WESCOTT
Geophysical Institute
University of Alaska

The objectives of this research program are to
study the characteristics of magnetic micropulsa-
tions at very high latitudes and to determine to
what extent the significant magnetoconjugate rela-
tions regularly observed at lower latitudes are also
observed at the geomagnetic poles. Induction-loop
systems using strip-chart and slow-speed magnetic
tape-recording systems have been in operation since
December 1964 at the U.S.S.R. antarctic station
Vostok in cooperation with Soviet scientists and at
Camp Tuto, near Thule, Greenland, with the assist-
ance of the U.S. Army Radio Propagation Agency.
All recordings are made in duplicate. The Tuto
system will be moved to nearby Kanak during the
summer of 1966 and will become a cooperative
program with the Danish scientific group there. The
Vostok operation also includes an experimental
telluric-current system, the first such installation in
a polar ice cap.

It had been expected that the very high resistivity
of the unconsolidated snow and the underlying ice
would preclude telluric-current recording on the ice
cap; however, by extending the electrode configura-
tion to a length of several meters and using a quan-
tity of NaCl solution as electrolyte, it was possible
to attain an electrode-pair resistance of less than 500
kilohms. Thus the available l-megohm input imped-
ance amplifier produced an adequate signal for strip-
chart recording. This experiment was performed
during the summer. With the advent of the extreme
winter temperatures at Vostok, the electrode-pair
resistance increased to many megohms and pre-
cluded further recording. During the 1966-1967
antarctic summer, an electrode system using a more
highly ionized electrolyte will be installed. It is hoped
that the resistance of these electrodes will remain low
enough to permit year-round telluric-current record-
ing in the ice cap.

The analysis program includes spectral analysis of
the ELF fluctuations, polarization studies of the
magnetic polarization vector, sonographic studies of
Pc 1 (Pearl) type events, diurnal and seasonal
changes in activity as related to field-line distortion
and tipping of the field line with respect to the sun,
and magnetoconjugate relationships in all of these
phenomena.

Rayspan records have been made of most of the
Vostok and Tuto magnetic tapes from 1965. These
records provide synoptic information on the inci -
dence of activity in the various frequency bands.
For example, they show that Pc 1 events are quite
common at the geomagnetic poles, a fact hitherto
unreported in the literature. Many Pc 1 events ob-
served at College, Alaska, are also found in the
Tuto records and vice versa.

Scaling of the Tuto strip charts shows that the
diurnal and seasonal pattern of the short-period,
small-amplitude activity recorded by this system
corresponds generally with the patterns established
by studies of the longer-period activity from normal-
run magnetograms. The ratio of summer to winter
level of general activity is about 3 to 1. A prelimi-
nary scanning of the Vostok and Tuto records indi-
cates that the overall correlation of the types of ac-
tivity which normally display magnetoconjugate rela-
tionships at lower latitudes, is random.

Sufficient simultaneous N-S and E-W telluric D
and H induction-loop, and D and H normal-run
magnetometer records were obtained at Vostok dur-
ing January 1966 to attempt a magneto-telluric
analysis of the conductivity and layering of the
rocks underlying the ice cap.

V. P. Hessler revisited Vostok during December
27, 1965—January 27, 1966, for a complete cali-
bration and maintenance check on the induction-
loop system and for further experimentation on the
telluric-current system. He was accom panied by
John D. Jacobs, who wintered over at Vostok in
1964, and John H. Taylor, who is operating the
United States equipment at the station during the
1966 winter. Thanks are due to the Soviet person-
nel at Vostok for their interest in the U.S.-U.S.S.R.
cooperative experiments and for the assistance given
the visitors during their sojourn. Drs. John C. Noyes
and James F. Kenney of the Boeing Scientific Re-
search Laboratories are cooperating in this research
program. Part of the instrumentation for the project
was furnished by the Boeing laboratories.

Geomagnetism: Byrd and South Pole

JAMES V. HASTINGS
U. S. Coast and Geodetic Survey

Environmental Science Services Administration
During the current year, as in the past several

years, the Coast and Geodetic Survey is conducting
programs in geomagnetism at Byrd and South Pole
Stations. Continuous-recording magnetographs, pro-

September-October, 1966	 195



ducing photographic records of short- and long-pe-
riod changes in declination, horizontal intensity,
and vertical intensity, are operated at these stations.
In addition, absolute instruments, with standardiza-
tions traceable to international magnetic standards,
are used to maintain base-line control to the highest
possible degree of accuracy.

Secular change patterns in Antarctica portrayed
on the latest issues of magnetic charts, as well as
isolines of the magnetic elements, have been greatly
improved in accuracy over similar charts issued a
few years ago.

The Byrd and South Pole observatories are among
15 widely scattered magnetic observatories oper-
ated by C&GS from Antarctica to Point Barrow,
Alaska, and from Puerto Rico to Guam.

In combination with the magnetic observatories at
Byrd and South Pole, C&GS also operates seismo-
logical observatories at these stations.

Antarctic Plateau VLF Studies

J. H. CRARY
Institute for Telecommunication Sciences &

Aeronomy
Environmental Science Services Administration

Unusual phase and amplitude changes have been
seen on very-low-frequency (VLF) signals that are
apparently the result of abnormal ionization in the
D-region created by the effects of electrons precipi-
tated from the Van Allen belt and impinging upon
the D-region. These events are believed to occur
during magnetic disturbance, but little is known of
the details or the conditions under which abnormal
D-region ionization is produced. The region of the
South Atlantic magnetic anomaly should be very
sensitive to any such dumping.

The Plateau Station VLF program was planned
because of the station's unique position. The great
circle path from the U. S. Navy VLF transmitter
NAA (17.8 kc./s.) at Cutler, Maine, passes very
close to the center of the South Atlantic magnetic
anomaly. The path from the U.S. Navy Station
NSS (21.4 kc./s.) at Annapolis, Maryland, passes
through a part of the magnetic anomaly and also
passes nearly over a VLF recording station at Tucu-
man, Argentina. Paths from other VLF transmitting
stations pass a considerable distance from the mag-
netic anomaly. This fortunate orientation of the
propagation paths of the VLF signals should make

it possible to investigate the effect of the South At-
lantic magnetic anomaly on VLF propagation. In
addition, the proximity of some paths to the receiv-
ing station at Tucuman should make it possible to
separate effects occurring in the equatorial and mid-
dle-latitude parts of at least some of these paths
from those occurring in the anomaly or on the high-
latitude portion.

An improved three-channel VLF system for re-
cording phase and amplitude on a paper chart was
designed and built for Plateau Station. The equip-
ment was installed when the station was first set up
early in 1966. The equipment was not operating early
enough for data to be sent out from the station
this season, so it is not possible to give any analysis
now. Radio messages indicate that the equipment
is operating satisfactorily. The VLF data gathered
at Plateau Station should be interesting and useful as
a tool for the study of electron precipitation phe-
nomena and should provide a natural supplement to
other VLF data obtained in the Antarctic and
nearby regions for high-latitude VLF propagation
studies.

Future plans include the addition of another re-
ceiving and recording channel and a digital data
acquisition system, with paper tape output, for the
VLF system at Plateau. This equipment is ex-
pected to be ready for installation during the 1966-
1967 season.

Conjugate Point Investigations

WALLACE H. CAMPBELL
Institute for Telecommunication Sciences &

Aeronomy
Environmental Science Services Administration

Natural field variations in the 0.005 to 5.0 cps.
frequency range are recorded at Byrd, Pole, and
Plateau Stations. Of particular interest during the
past year was the behavior of a natural field phe-
nomenon, called type Pc I geomagnetic micropulsa-
tions, at the conjugate locations of Eights Station
(discontinued in October 1965) and Quebec, Canada,
and Byrd and Great Whale River, Canada. Unique
field-guided characteristics such as signal polariza-
tion, recurrence structure, and spatial distribution are
used to verify a hydromagnetic mode of energy pro-
pagation. Signal behavior at various solar-terrestrial
disturbance levels is investigated to reveal the under-
lying source characteristics. The differing daylight
periods at the two stations of a conjugate pair are
used to evaluate the absorption of hydromagnetic
waves in the ionosphere.
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Antarctic Aurora Program, 1965-1966

HUGO A. C. NEUBURG
Arctic Institute of North America

The Arctic Institute currently operates auroral re-
cording equipment at Byrd and Plateau Stations.
All-sky cameras, auroral spectrographs, and photom-
eters are used. Auroral events of special interest
are photographed on several types of high-speed
color film with 35-mm. cameras. The observations at
Byrd are synchronized with identical ones at this
station's conjugate in the Northern Hemisphere,
Great Whale River. The data obtained enables better
determination of the zone of maximum occurrence
of aurora, permit investigation of the simultane-
ity of auroral parameters at geomagnetically conju-
gate points and the correlation of aurora with other
geophysical phenomena, and provides information
on the upper atmosphere. At Byrd Station, two new
Canadian all-sky cameras and a five-channel photom-
eter were installed for the 1966 studies. A like set
of instruments is operating at Great Whale River.

During the winter of 1965, the Institute con-
ducted programs at South Pole, Byrd, and Eights
Stations. When the latter station was closed, the
auroral equipment was transferred to Plateau Sta-
tion. An interesting dividend of the program at
South Pole was the recording of a polar satellite
passage on the all-sky camera.

Two former Institute observers are presently
studying the relationship of aurora to other geo-
physical phenomena observed at South Pole Station.

^P	NNUM(W

(Photo: Lawrence Spitz)
Canadian All-Sky Camera on the Roof of the Aurora
Tower at Byrd Station.

Scanning Spectrometer
at the South Pole

M. GADSDEN
Institute for Telecommunication Sciences &

A eronomy
Environmental Science Services Administration

This equipment was installed in January 1966 to
study the distribution of sodium and the spectral
distribution of polar-cap-glow aurora. The first ob-
serving period, March 31—April 15, had completely
clear skies and the equipment worked well. Ten
hours of data, taken on April 6 and radioed to
Boulder, have been reduced and plotted. Sodium
emission has been recorded very satisfactorily, with
good intensity and resolution.

Vertical Incidence
Ionosphere Sounding Program

WILLIAM S. HOUGH
Institute for Telecommunication Sciences &

Aeronomy
Environmental Science Services Administration

Electron densities at various heights to 700 kilo-
meters have been recorded at Byrd and South Pole
Stations since 1957. The measurements, obtained
at intervals of 15 minutes, show the characteristics
of the reflecting levels of ionization above each sta-
tion. The sounder transmits short pulses of energy
upward toward the ionosphere and receives the re-
flected energy during an observing period of 30 sec-
onds. The operating frequency of the instrument is
changed continuously during the observing period,
from 0.25 to 20 mc./s., while the data are recorded
on 35-millimeter film.

At Pole Station, the principal ionizing agent, di-
rect rays from the sun, is absent from the ionosphere
for several weeks each year. The ionosphere contin-
ues to exhibit a diurnal variation, however, during
this period. The data collected have made possible
improvements in the accuracy of long-term (six
months) predictions of radio propagation condi-
tions in Antarctica and elsewhere in the Southern
Hemisphere.

Another upper atmosphere project of the U.S.
Antarctic Research Program active during the past
year was:

VLF Observations at Vostok, 1965. Dartmouth
College; Leif Owren, Principal Investigator.
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Meteorology

On the Asymmetry of the Southern
Circumpolar Vortex, in the Winter

WERNER SCHWERDTFEGER
Department of Meteorology

University of Wisconsin

An interesting result of a study of the intense cir-
cumpolar vortex over and around Antarctica in the
winter is a well-defined picture of the field of verti-
cal motion in the upper troposphere and lower
stratosphere. Considering the horizontal, or isobaric,
motion alone, it might appear as if there were only
insignificant deviations from a circular symmetric
pattern, the center of the vortex at the 200 mb. level
being located near the Pole or, to be exact, at a lati-
tude higher than 85°S., every winter. It is then re-
markable that the contour lines of the 200 mb. sur-
face and the isotherms (nine-year averages for July
and August; cf. fig. 1) intersect, and that the tempera-
tures in the Weddell Sea area are several degrees
lower than at the same latitudes in the Ross Sea
region.

An analysis of twice-daily individual aerological
soundings from the winter of 1962 puts in evidence
that warm air advection predominates over one sec-
tor of Antarctica without the corresponding increase
of temperature being observed, and cold advection
over another sector without corresponding de-
crease of temperature. Such conditions can persist
only if there is positive vertical motion (rising — cool-
ing in a stable atmosphere) in the first and negative
vertical motion (sinking — warming) in the second.
This interpretation of the observations is corrobo-
rated by an analysis of the temperature lapse rate
over Antarctica as shown in fig. 1. Thus, the asym-
metry of the circumpolar vortex, eventually related
to the asymmetric configuration and topography of
the continent, appears much clearer in the vertical
than in the horizontal field of motion, and the mech-
anism of exchange of air between the upper levels
and the troposphere becomes evident. These find-
ings will be described in more detail in a paper by
G. Kutzbach and W. Schwerdtfeger, Temperature
variations and vertical motion in the free atmos-
phere over Antarctica, in the winter, to be presented
at the International Symposium on Polar Meteorol-
ogy at Geneva in September 1966.

Fig. 1.
Average winter map (July and August, 1957-1965) of the
200 mb. surface over Antarctica. The solid lines represent
the height in geopotential meters, the first two digits of
every number being omitted, 800 10,800 meters. The
dashed lines are the isotherms, in °C. The dash-dotted lines
are lines of equal temperature lapse rate in the layer be-
tween 300 and 200 mb. (with a thickness of about 2,500
meters); the number .30 designates a lapse rate of 0.3°C.
per 100 meters. The shading marks the area of relatively
large lapse rate values.

Study of the Open Water Areas
Existing Along Parts of the

Antarctic Coast, in the Winter

WERNER SCHWERDTFEGER
Department of Meteorology

University of Wisconsin

Warren W. Knapp, a research associate of the
Department of Meteorology, is working as United
States representative at the International Antarctic
Meteorological Research Centre (formerly the In-
ternational Antarctic Analysis Centre) at Melbourne,
Australia. The main topic of his work is an analysis
of the polynyas near the coast of the Antarctic
Continent as observed in Nimbus-satellite HR1R
pictures as well as the AVCS photographs taken in
August and September, 1964.
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A planimetric evaluation from satellite-picture
enlargements of cases selected for study, mainly
near the coast of East Antarctica from Enderby
Land to the Davis Sea, indicates that the areas of
these polynyas vary between 10 and 1.5 x 10
km. 2 In general, the agreements in location and size
of the polynyas on HRIR and AVCS, taken on
the same day, are close. There are cases in which
the area determined from an HRIR enlargement is
an order of magnitude larger than the area measured
on an AVCS photograph. However, the two areas
tend to coincide when one includes parts of the
AVCS photograph which, although they are not
completely black, are darker than the surrounding
ice; it is assumed that these semidark areas repre-
sent sea smoke and/or small-scale convective cloud
forms over the relatively warm, open water.

The quantitative determination of the polynyas,
together with an analysis of the concurrent conven-
tional meteorological observations taken at the
coastal stations, is used to examine the question of
whether the formation, persistence, and disap-
pearance of open water areas are clearly related to
such meteorological parameters as surface wind,
pressure gradient between neighboring coastal sta-
tions, passage of strong allobaric systems with cor-
responding wind shifts, and others. A significant
relationship has been found between negative sur-
face-pressure changes and an increase in size of the
open water areas. On the other hand, the observed
size variations of the polynyas do not appear to be
related to the sea-level pressure gradient along the
coast, nor to the winds observed at surface and at
various heights in the atmospheric boundary layer,
at stations near to the polynyas. Preliminarily, one
might conclude that the intense, traveling, cyclonic
storms off the coasts of Antarctica, together with
the configuration of the coastline, are the key to the
variations of the polynyas, and that local wind
regimes such as the katabatic winds, affect the poly-
nyas only if the right combination of other condi-
tions is present.

Antarctic Plateau
Radiation Climatology

PAUL C. DALRYMPLE and LEANDER A.
STROSCHEIN

Regional Environments Branch
U. S. Army Natick Laboratories

In mid-January 1966, the U.S. Army Natick
Laboratories established a radiation climatology pro-

gram at Plateau Station. During 1967, the program
will be supplemented by a micrometeorological
tower program.

The radiation program is similar to one conducted
at Point Barrow, Alaska, during 1963-1964. Im-
proved radiation instrumentation and fast data re-
covery through a modern data acquisition system
are features of the program. Net and total global
radiation is being measured with CSIRO (Funk)
radiometers and the global shortwave and reflected
shortwave radiation, by Kipp and Zonen solari-
meters. During 1967, these instruments will be re-
placed by the Davos four-component radiation bal-
ance meters of Mörikofer. For the first time in the
history of polar meteorology, the above four ele-
ments of radiation will be measured with one in-
strument. Instantaneous measurements are being
made of direct shortwave radiation with the Kipp
actinometer, using standard OG-1, RG-2, and RG-
8 filters. Regional sky radiation is also being meas-
ured during periods of optimum conditions.

Data are retrieved in two forms—analog and in-
tegrated. Mechanical ring-type integrators connected
to the analog strip-chart recorders provide half-
hourly integrated values of the radiative components.
These values are printed out on tape and can then
be transmitted directly to the United States for
monitorship and preliminary analysis.

Interdisciplinary Research Program
in Antarctic Meteorology

WILLIAM S. WEYANT
Polar Meteorology Branch

Institute for Atmospheric Sciences
Environmental Science Services Administration
The following is a brief summary of work com-

pleted or in progress:
Radiation. Work on the IGY solar radiation data

was completed and corrections transmitted to the
World Data Center in Geneva. Mean monthly
charts of incoming solar radiation and albedo for
the antarctic region have been prepared. Work
continues on the evaluation of the longwave com-
ponents of the radiation budget, using mean atmos-
pheric soundings and empirical relationships.

A more detailed study of the recent decrease in
solar radiation observed at the South Pole (briefly
reported in Science, 148(3669): 493-494, April 23,
1965) is being completed and will be presented at
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the Polar Meteorology Symposium in Geneva in
September 1966.

Stratospheric analyses. A series of mean monthly
20-mb. charts for the antarctic region, covering the
three years 1962-1964, has been completed and sub-
mitted for publication as an ESSA technical report.
A paper containing a scientific discussion of these
charts and their implications is nearly completed.

Mean monthly 50-mb. and 100-mb. charts for
the antarctic region for the 1962-1964 period are
being prepared and will be submitted for publica-
tion early in fiscal year 1967.

Radiometersondes. Work is in progress on the
preparation for publication of all antarctic radio-
metersonde data through 1965, accompanied by a
technical paper detailing the instrumentation, com-
putational methods used in data reduction, and an
evaluation of the atmospheric longwave contribu-
tion to the antarctic winter heat budget.

Albedo. A series of flights to measure the albedo
of various representative arctic surfaces was com-
pleted during the autumn of 1965. These flights, on
which simultaneous albedo measurements and aerial
photographs were obtained, covered parts of the
Arctic Basin, the Greenland Ice Cap, and the land
areas of northern Canada and Alaska. The results
will b compared with those of the antarctic air-
borne albedo program of a few years ago. The arctic
data are now being reduced, and the results will be
published during fiscal year 1967.

Subsurface heat flux in interior Antarctica. A
study relating the heat flux within the snow at the
South Pole to the surface heat budget and determin-
ing values of thermal parameters in the snow has
been completed and the results will be presented at
the Polar Meteorology Symposium in Geneva in
September.

Antarctic tropopause. A study of the behavior
of the summer tropopause at Wilkes Station was
completed and is now being revised in the light of
reviewers' comments before being resubmitted for
publication. A study of the winter antarctic tropo-
pause and jet stream, and the structure of the south-
ern circumpolar vortex, is now in progress.

Vorticity distribution. An investigation has begun
of the distribution of vorticity in the antarctic region.
An assessment of the effect of the Antarctic on the
lower latitude Southern Hemisphere circulation, and
an evaluation of the meridional transport of energy
in the antarctic region, are two of the aims of this
vorticity study.

Ozone. All ozone observations taken in 1964 at
United States antarctic stations are being analyzed,
and the implications for atmospheric circulation over
Antarctica discussed, in a study now near completion.

The results of this investigation are to be presented
at the Geneva Symposium in September 1966.

Map Folio Series. The material for the Upper Air
Meteorological Folio is nearly complete, and publi-
cation of this folio is expected early in fiscal year
1967. The material for the Surface Meteorological
Folio is about 75 percent complete, and work is
continuing on the remainder of this publication.

Arctic stratospheric study. A case study of a
somewhat unusual circulation pattern in the arctic
stratosphere, using data from ice floe Charlie dur-
ing its brief existence, was prepared and presented
at the recent Airlee Symposium on Arctic Drifting
Stations. The proceedings of this Symposium are to
be published early in fiscal year 1967.

Plateau field program. In addition to the above
investigations, the Polar Meteorology Branch is con-
ducting a special research program at Plateau Station.
The field portion of this program, a study of the
great inversion over interior Antarctica, is now in
progress.

Meteorological Research
in Antarctica, 1965-1966

CHARLES L. ROBERTS, JR.

Overseas Operations Division
Weather Bureau

Environmental Science Services Administration
The meteorological programs currently conducted

by the Weather Bureau in and adjacent to Antarc-
tica are primarily concerned with the investiga-
tion of specific meteorological problems, although
the long-term collection of surface and upper-air
data begun in 1957 continues. The programs include
investigations of the contribution of infrared radia-
tion to the heat budget of mesoscale weather pat-
terns, detailed analysis of the heat loss to space, the
contribution of ozone to longwave radiative flux, the
role of Antarctica in the Earth's heat budget, the
general atmospheric and global stratospheric circula-
tion, ozone as a tracer of atmospheric circulation,
the location, migration and strength of jet streams,
stratospheric warming phenomena, and the clima-
tology of Antarctica.

The programs are carried out at three locations on
the continent and aboard USNS Eltanin. The princi-
pal programs, continued over the longest time period,
are those at Byrd and South Pole Stations. In addi-
tion to the regular personnel, two meteorological
technicians are assigned to Byrd and Pole Stations
during the summer to provide increased observations
required in support of aircraft operations. Highly
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specialized investigations are being carried out at
the new Plateau Station, established last January.
Other unique programs were conducted at Eights
Station until the station was closed in November
1965. Synoptic and limited research programs are
conducted aboard Eltanin to provide comparative
data from areas adjacent to Antarctica.

On January 31, an explosion demolished the in-
flation shelter at the South Pole Station. Fortunately,
no one was injured by the blast which was felt
throughout the station. The shelter was rebuilt in
record time by the Naval Mobile Construction Bat-
talion Six, and upper-air observations were re-
sumed by mid-February.

The operations aboard Eltanin were routine. In
addition to the synoptic surface and upper-air ob-
servations, data and specimens were obtained for
studies of ozone concentration, carbon dioxide, in-
coming and outgoing radiation, and comparative
rain-gauge measurements.

Weather Balloon Being Launched from USNS Eltanin.

Terrestrial Geology

Age of Frigid Conditions in Antarctica

EDWARD J. ZELLER
Department of Geology

University of Kansas

The thermoluminescence of carbonate rocks is a
temperature-sensitive phenomenon which has been
used to provide an estimate of the age of the onset of
frigid conditions on the Antarctic Continent. When
heated on an electric furnace, marble and limestone
samples emit light in two temperature ranges. One
has its peak at about 230°C. and another at about
320°C. It is now known that the 230°C. peak is

strongly influenced by the thermal environment of
the samples. Carbonate rocks from high tempera-
ture regions of the Earth's surface, however, show
very little thermoluminescence in the 230°C. peak.
The 320'C. peak is essentially unaffected by climatic
temperatures. Typical samples from Death Valley
show less than two percent of the total possible
thermoluminescence for the 230°C. glow-curve peak.
On the other hand, two marble samples from Taylor
Dry Valley were found to have over 63 percent of
their total possible thermoluminescence. The same
type of material was collected at Marble Point and
the natural thermoluminescence in the 230°C. peak
was found to be lower. One sample from a high,
raised beach showed 50.5 percent and another,
taken near the present shore, showed only 28 per-
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cent of the total possible thermoluminescence. The
low value near the present shoreline suggests that
the rocks were kept warm by the relatively warm
waters of the antarctic seas. Similar measurements
were made on limestones from Ward Hunt Island in
the Canadian Arctic and it is interesting to note that
samples collected near the present seashore showed
30 percent while those from the high, raised beaches
reached 61 percent of the total possible thermo-
luminescence.

A series of experimental investigations has shown
that thermoluminescence is not lost from samples
which are held below about 0°C. and, in fact, a
slow increase in the natural 230°C. glow-curve peak
takes place. The rate of growth of the glow-curve
can be estimated and it appears that average tem-
peratures in Taylor Dry Valley did not substantially
exceed 0°C. in the warmest month for more than
1,400,000 years.

This does not mean that interglacial periods were
without effect in Antarctica. The thermolumines-
cence methods provide only time-temperature data.
Interglacial periods could have been cold and dry
with the attendant shrinkage of the ice cap be-
cause of lack of nourishment from precipitation. On
the other hand, the interglacial periods could have
been warm enough to produce substantial melting
without causing the rock temperatures to rise much
above 0°C. It does seem clear, however, that the
main mass of the polar ice cap did continue to exist
throughout all of the interglacial periods, otherwise
the climate would not have remained cold enough
to maintain the high levels of natural thermolumi-
nescence.

Recent studies have shown that thermolumines-
cence is highly sensitive to microclimatic environ-
ments. If the uppermost centimeter of rock is used,
it becomes possible to measure glacier retreat, and
a successful test of the method has been made on
a glacier in Switzerland. The method would be es-
pecially advantageous in Antarctica where glacial
deposits are often lacking or hard to interpret. Ice
front positions could be determined by thermolumi-
nescence in bedrock valleys which are totally free of
glacial deposits.

The thermoluminescence methods are unique in
that they provide paleotemperature information di-
rectly from land surfaces. If samples could be ob-
tained from a number of areas in Antarctica, it
should be possible to determine which part of the
continent has been cold for the longest period of
time. If this should prove to be in the margins of
the continent rather than in the interior, it would
suggest that continental drift has taken place within

the Pleistocene. Continuing development of the tech-
niques will make them of increasing importance for
antarctic studies.

Analysis of Geologic Materials

CAMPBELL CRADDOCK
Department of Geology
University of Minnesota

Efforts have been concentrated on the analysis of
material collected by University of Minnesota par-
ties to the Jones and Ellsworth Mountains and on
contributions to the Antarctic Geology Folio of the
American Geographical Society. Evidence suggesting
Tertiary glaciation in the Jones Mountains has been
compiled in a preliminary manuscript. Additional
radiometric ages have been obtained from rocks
collected there, and final laboratory results are ex-
pected shortly.

The analysis of geomorphic processes and history
in the Ellsworth Mountains is nearing completion.
Geologic cross sections are in preparation, a tectonic
map of the mountains has been completed, and struc-
tural analysis is under way. Additional petrographic
work has been done on the older rock formations.
Study of the important Webers Peaks Upper Cam-
brian fossil collection indicates the presence of ten
species of trilobites, nine species of mollusks, two
genera of brachiopods, and one archaeocyathid
species. Collections of Devonian brachiopods and
Permian plants are under study elsewhere.

A small-scale geologic map of the Ellsworth
Mountains with accompanying text has been sub-
mitted for inclusion in the Antarctic Geology Folio.
Substantially all antarctic geological literature has
been assembled to permit compilation of a geologi-
cal map of the continent for this folio.

Petrographic work on rocks from the Whitmore
Mountains and th Hart Hills has been completed,
and geologic maps and a preliminary manuscript
have been prepared.

Another geological project of the U.S. Antarctic
Research Program active during the past year was:

Support of Antarctic Geomorphology. Tufts Uni-
versity; Robert L. Nichols, Principal Investigator.
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Marine Geology and Geophysics

Marine Geological Investigations
in the South Pacific Ocean

H. G. GOODELL and J. K. OSMOND

Department of Geology
Florida State University

During the period February 1965—June 1966,
USNS Eltanin completed Cruises 16 through 23.
All of these cruises took place in the Pacific sector
of Antarctica except Cruise 22, which went back
into the Scotia Sea. Table 1 summarizes the piston
coring activities for this period and compares the
results with those from Cruises 1-15.

Table 1

	

No.	Longest	Avg.	Total	Cumulative

	

Cruise	Cores	(cm.)	Length (cm.) Length (cm.)Length (cm.)

	

1-15	320	2642	'	690.1	220,835	220,835

	

16	11	705	340.0	3,741	224,576

	

17	45	1935	719.8	32,392	256,968

	

18	3	1364	1078.3	3,235	260,203

	

19	14	1750	386.9	6,190	266,393

	

20	17	1168	549.6	9,343	275,736

	

21	23	1940	539.6	12,410	288,146

	

22	34	1251*	614.0*	20,875*	309,021*

	

23	19	2563*	1229.6*	23,362*	332,383*

	

16-23	166	2563*	672.0	111,548	111,548

	

1-23	486	2642	683.9	332,383	332,383
*Estimated from deck logs.

In addition to the piston cores, 74 Phleger cores
and 21 dredge hauls were obtained, giving totals of
1 25 Phleger cores and 106 dredge hauls for Cruises
I through 23. A series of bottom photos was ob-
tained at almost every coring station.

The piston cores are obtained with a Ewing
corer, modified to take plastic liners. The liners
are removed from the barrel after coring, waxed,
and capped, and are shipped to the United States
as commercial ocean freight. Beginning with Cruise
23, the cores are stored aboard Eltanin at sea-floor
temperatures and shipped to the United States
under chilled conditions for storage at VC. at the
recently completed Antarctic Marine Geology Re-
search Facility at Florida State University. At the
University, the cores are stripped of wax, split, de-
scribed, photographed, and sampled for textural,
mineralogical, geochemical, and paleoinagnetic anal-
yses.

The studies of the cores have more clearly deline-
ated the areal and vertical distribution of glacial
marine, siliceous and calcareous oozes, and clayey
silts over a wide sector off the Antarctic Continent.
The belt of manganese concretions which follows
the "Eltanin Fracture Zone" and the Antarctic Con-
vergence across the Pacific, through the Drake Pass-
age, and across the Burdwood Bank, has been sharply
defined. The paleomagnetic studies have revealed
the reversal in polarity at the Brunhs-Matuyama
boundary about 14 meters below the surface in the
Pacific-Antarctic Basin and the Drake Passage, while
cores from the Pacific-Antarctic Ridge and Scotia
Arc have the same reversal at about 1 meter.

The Geochronology of Eltanin Cores
from the South Pacific Ocean

C. W. HOLMES, J. K. OSMOND, and
H. G. GOODELL

Department of Geology
Florida State University

The geochronologic studies during 1965-1966 in-
cluded: a) determination of sedimentation rates of
foraminiferal ooze by the thorium method; b) de-
velopment of methods of age determination from
protactinium/thorium ratios; c) age determination
and history of manganese nodules by thorium and
uranium isotope methods; and d) attempts at age de-
terminations using biogenic materials such as dia-
toms and coccoliths.

Approximately 1 50 samples were used to deter-
mine the sedimentation rates in six foraminiferal
cores from Eltanin Cruises 11, 13, 14, and 15 to
the South Pacific. These samples had much less
Th232 than did similar samples from the Drake Pas-
sage and a total Th2t0 method, rather than a tho-
rium ratio method, was therefore employed. The sedi-
mentation rates obtained, 1-2 cm./103 years, were
not surprising. There are definite indications; how-
ever, that sedimentation rates have not been uni-
form and, in fact, that there were periods of non-
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deposition, as was the case in the Drake Passage
area. Many of these samples were also analyzed for
their Pa 231 content, although considerable analyti-
cal difficulties were encountered. The Pa231/Th230
ratios obtained were consistent with the ages de-
rived by the total Th230 method, but were not reli-
able enough to use as an independent measure of
age.

The manganese nodules were analyzed for tho-
rium and uranium isotopic content in conjunction
with independent determinations of the trace ele-
ment content. The results on a variety of surface
nodules and several found at depth along one core
suggest that the nodules are much older inside than
at their outer "skin," and that the source of the
radioactive elements is unlikely to be the same as in
foraminiferal tests, where it is presumed to be dis-
solved ions. Attempts to determine sedimentation
rates for diatom oozes were mostly unsuccessful;
coccolith oozes proved more amenable to the thori-
um-isotope dating method.

Radiolaria and Diatoms in Sediments
of the Southern Oceans

LLOYD H. BURCKLE, JESSIE H. DONAHUE,
JAMES D. HAYS, and BRUCE C. HEEZEN

Lamont Geological Observatory
Columbia University

Nearly 2,000 samples have been taken from cores
obtained on Eltanin Cruises 10, 11, 13, 15 and 17
and Vema Cruises 16, 17 and 18. The cores are
sampled at 40-centimeter intervals and the study of
the microfossils is both stratigraphic and taxonomic.

There are many cores in the Bellingshausen
Sea that penetrate the c-x boundary (probably the
Pliocene-Pleistocene boundary) and, in general, rates
of sedimentation are slow in the central portion of
the basin. It is very probable that many of these
cores contain a complete Quaternary section. Sedi-
mentation rates increase as the northern edge of the
pack ice is approached and are also higher under
the Antarctic Convergence.

An average rate of sedimentation of 0.5 cm./
1,000 years was determined for the upper three
meters of a core in the central part of the basin
by radiometric dating at Lamont. From this de-
termination, it has been possible to estimate the age
of the faunal zones. The -x boundary (Plio-Pleisto-
cene) has an estimated age of 1.60 ± 0.32 million
years.

Neutron activation analysis has been made in
order to determine the percentage of manganese in
the sediments and assess its relation to the geochemi-
cally determined rates of sedimentation.

In Pleistocene cores some ecologic conclusions,
based upon diatoms, were made and compared
with radiolarian zones. This has permitted some
rather broad conclusions about the Pleistocene his-
tory around the periphery of the Antarctic Conti-
nent:

1. The onset of the Pleistocene was rather abrupt
and, south of the Polar Front (Antarctic Conver-
gence), is recorded in the cores by a change of lith-
ology from red clay below to a diatomite above.
There is a great change in the radiolarian fauna
across this lithologic boundary and equally significant
changes took place in the diatoms across this bound-
ary. In cores north of the Polar Front, this faunal
and floral change is also present although there is no
change in lithology.

2. The Early Pleistocene around Antarctica was
mild, perhaps warmer than at present. The diatom
species, Coscinodiscus margaritaceus, which today
lives in temperate waters, is common in lower Pleis-
tocene sediments. The point at which it dies out
may mark the beginning of a more frigid climate
around Antarctica.

3. The Pleistocene cores record an interglacial
period warmer than the present. The radiolaria in
the p zone appear to have some affinities with types
from warmer waters. The diatoms within this zone
indicate interglacial conditions, but in many cases
Coscinodiscus margaritaceus is also present, suggest-
ing that climate conditions were as warm as those
at the beginning of the Pleistocene.

Marine Geophysics from USNS Eltanin

JAMES R. HEIRTZLER
Lamont Geological Observatory

Columbia University
A program of geophysical measurements was

begun aboard USNS Eltanin in early 1965. Seismic
reflection and magnetic measurements are made
when the ship is under way, and heat-flow measure-
ments when the ship is on station. In late 1966, a
sea gravimeter will be added.

The seismic equipment utilizes both high-voltage
spark and pneumatic sound sources. The Pacific-
Antarctic Basin has become an area of concentrated
attention. Sediment thicknesses of 1 kilometer (as-
suming an average velocity of 2 km./sec.) have been
recorded over a large area. Maximum thicknesses
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have been obtained along the southern limit at
about 68°S.; the northern limit is defined by tongues
of sediment at about 60°S. The eastern and western
limits have not been mapped. Highly reverberant
sub-bottom reflectors extend over wide areas.

Another area for which the seismic records have
been studied in detail is the New Zealand Plateau,
in particular the Chatham Rise, Bounty Basin,
Campbell Plateau, Northwestern Shelf, and Hikur-
angi Trench areas. Believed to be Cretaceous out-
crops in several places, these areas will be sampled
during a special coring program in late 1966. El-
tanin seismic records have been correlated with those
of R/V Vema and Conrad for the study of this area.

Geomagnetic total field intensity measurements
have been recorded digitally. These data, along with
bathymetric information, will be issued in profile

form in a series of technical reports. Studies of the
data have emphasized the magnetic anomaly pat-
tern produced by the Pacific-Antarctic Ridge. Mag-
netic anomalies show mirror symmetry about the
Ridge axis, in some places to nearly 500 kilometers
from the axis. In terms of the Vine and Matthews
hypothesis of ridge formation, these anomalies yield
a history of geomagnetic field reversals over a pe-
riod of eight million years. Magnetic anomalies over
other ridges, and the field reversals recently found
in antarctic cores, tend to support the Vine and
Matthews hypothesis and the geomagnetic reversals
that this hypothesis demands. Aside from the anom-
alies on and near the Pacific-Antarctic Ridge,
there are elongated anomalies, paralleling the
Ridge, between the axis and the New Zealand
Plateau.

Cartography
Cartographic Activities

of the U. S. Geological Survey

GEO. D. WHITMORE
Topographic Division

U. S. Geological Survey

The Geological Survey's mapping activities in
the field were described in the July-August, 1966,
issue of the Antarctic Journal. Other activities in
connection with this project were performed in the
Washington, D.C. area.

The results of earlier field work were computed
and used with aerial photography flown by Air De-
velopment Squadron Six (in accordance with Survey
specifications) to compile maps in support of USARP
activities. Six maps of the Britannia Range project
and six of the Queen Alexandra Range project were
published at 1:250,000 scale, covering 61,950 square
miles. All together, 31 quadrangles in shaded relief
editions are now available at this scale, covering
125,500 square miles, and 39 additional maps, repre-
senting 163,500 square miles, are in various stages
of compilation. Also, a shaded relief edition of the
northern Victoria Land sketch map covering 50,000
square miles, was printed at 1:500,000 scale, and a
planimetric sketch map of western Marie Byrd Land,
covering 64,000 square miles, was compiled and will
be published in a shaded relief edition. A planimetric
sketch map of the Pensacola Mountains was com-
pleted for field use during the 1965-1966 season.

The American Geographical Society's

Antarctic Cartographic Activities

CHARLES B. HITCHCOCK
American Geographical Society

In June 1965, the American Geographical Society
published a map of the Antarctic in three colors on
the scale of 1:5,000,000. Since that time, a consid-
erable amount of new mapping data has been re-
ceived by the Society from domestic and foreign
sources, including sketch maps, preliminary plot-
tings from aerial photography, and observations
obtained during traverses. The most important ma-
terials have been the United States aerial surveys of
the Transantarctic Mountains and along the coast
of Marie Byrd Land, and the British Directorate of
Overseas Surveys' new sheets of its 1:250,000 series
of the Antarctic Peninsula. In addition, a number of
place names have been changed or added.

All new and revised materials received are prompt-
ly incorporated on the Society's four-sheet base map,
on the scale of 1:3,000,000. Prints of this map can
be supplied at any time on request.

During the past year, the Society was also called
upon to prepare a chart of the South Pacific for
plotting data obtained on cruises of USNS Eltanin.
The projection chosen was Lambert's Conformal
Conic with standard parallels at 30°S. and 67°S.
The chart was published on two scales, 1:7,500,000
and 1:15,000,000, in black and white with a 10

graticule and with a gray tint over the land area.
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On the larger scale, this chart is in two sheets. An
additional chart, covering a section of the southeast
Atlantic, was prepared on the same projection as
a supplement to the Eltanin plotting chart.

Solander Case
A hinged box, large enough to hold 10 folios, is

available from the American Geographical Society.
The box cover is of good quality buckram over
binder's board and bears a label with the title and
publisher of the series.

Antarctic Map Folio Series

VIVIAN C. BUSHNELL
American Geographical Society

The objective of this series of map folios is to
summarize the present knowledge of the Antarctic.
Each folio consists of several unbound maps and a
text section, all contained in a heavy paper cover
measuring 11 by 17 inches. Map sheets are printed
on only one side and color is used where it will re-
sult in greater clarity. Published folios are for sale
by the American Geographical Society.
Published Folios

Folio 1: Aeronomical Maps for the Antarctic,
by R. Penndorf, T. M. Noel, G. F. Rourke, and
M. A. Shea.

Maps of this folio are devoted chiefly to synoptic
conditions in the ionosphere during the IGY and
IGC, a period of maximum sunspot activity. Data
obtained by ionospheric sounding at 28 stations
south of 30°S. form the basis for the synoptic maps.
The text briefly explains the principle of ionospheric
sounding and the significance of the results.

Folio 2: Physical Characteristics of the Antarctic
Ice Sheet, by C. R. Bentley, R. L. Cameron, C.
Bull, K. Kojima, and A. J. Gow.

This folio summarizes present knowledge of the
character and morphology of the ice sheet. The
maps of the folio are devoted to surface eleva-
tions, ice thickness, average annual snow accumula-
tion, average annual surface temperatures, and near-
surface densities. Diagrams and photographs present
results of studies made of deep pits and cores at 10
stations.

Folio 3: Antarctic Maps and Surveys 1900-1964;
plates compiled by the American Geographical So-
ciety with the cooperation of the United States
Geological Survey; text by George D. Whitmore.

Eight plates in this folio are devoted to map cov-
erage, two plates to aerial photography coverage,
and one to the extent of mapping control. The
text summarizes briefly the history of mapping in
Antarctica, present international cooperation, pro-
cedures for naming geographical features, and cur-
rent survey techniques. Appendices give addresses
of antarctic mapping centers, names of map pub-
lishers, and a list of published maps covering the
entire continent.

Antarctic Geographic Nomenclature

MEREDITH F. BURRILL
Office of Geography

U. S. Department of the Interior
The Office of Geography continued to perform

research and other staff functions in working with the
Advisory Committee on Antarctic Names (ACAN)
during the past year. ACAN, which makes recom-
mendations on antarctic names and names policy to
the Board on Geographic Names and the Secretary
of the Interior, met 10 times and approved 1,031
new names. Sixty-four names were amended or their
descriptions changed, and 30 decisions were vacated.
Members of ACAN are Kenneth J. Bertrand (Chair-
man), Albert P. Crary, Henry M. Dater, and Herman
R. Friis. Meredith F. Burrill is member ex officio.

As in the past, the work involved three prob-
lems which are rather special to Antarctica: the nam-
ing of newly identified features, determining the
proper application of names, and dealing with mul-
tiple names. Established policies have been contin-
ued. Progress was made toward name shortening by
recommending that names which still include sur-
name and christian name be shortened to surname
only.

Cooperation continued with other countries. The
New Zealand Antarctic Place Names Committee
has submitted names derived from the Allan Hills
Expedition and the Holyoake, Cobham, and Queen
Elizabeth Ranges Expedition which have either been
approved or are under consideration by ACAN.

Names have been supplied for 11 U.S. Geological
Survey 1:250,000-scale maps of the Nimrod Glacier
and Queen Maud Mountains areas and a 1:500,000-
scale sketch map of Marie Byrd Land.

The highlight of this year's antarctic place name
research will come to fruition with the publication
of a new gazetteer entitled Antarctica. It will have
the regular format of BGN gazetteers, listing name,
designation, geographic coordinates, and cross-ref-
erences. Containing approximately 11,500 entries, it
will include names of features in adjacent ocean areas
northward to the Antarctic Convergence. The gazet-
teer is expected to be available this fall.
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Glaciology

Deep Core Drilling in Ice
and Core Analysis at Camp Century,

Greenland, 1961-1966

B. LYLE HANSEN and C. C. LANGWAY, JR.
U. S. Army Cold Regions Research &

Engineering Laboratory

The results obtained from holes drilled by USA
SIPRE (now USA CRREL), under the scientific
leadership of Henri Bader, as part of the U.S. IGY
glaciology program in Greenland and Antarctica,
confirmed the desirability of continuous core drill-
ing through the Greenland and antarctic ice sheets.
Equipment and techniques for deep core drilling,
core analysis, and drill-hole measurements were to
be developed and tested in Greenland prior to their
use in Antarctica.

By the summer of 1963, a thermal coring system,
the CRREL drill, had been developed which can be
used to drill holes in clear ice to a depth of 500
meters. Three of these drills have been made: one
for drilling in Antarctica, one for the Canadian
Polar Continental Shelf Project, and one for the
Australian National Antarctic Research Expedi-
tions. In the process of developing this equipment,
three holes were drilled at Camp Century, Green-
land (77°10'N. 61°08'W.). A 186-meter long core
was recovered during the 1960-1961 season. A sec-
ond hole was started in 1962 from which 238 meters
of core were obtained. A third hole was started in
1963 and 264 meters of core were obtained. These
holes were filled with fluid after the drilling had been
completed. In 1964, the third hole was extended to
535 meters using the thermal drill in a fluid-filled
hole. In 1963 the Electrodrill, an electromechani-
cal coring drill, was used to extend the third hole
to a depth of 1,002 meters. Continuous core was
recovered.

In June 1966, drilling was resumed with the
Electrodrill, which had been modified. On July 2, at
a depth of 1,370.5 meters, ice containing silt bands
and small pebbles was encountered. On July 4, after
drilling through 16.9 meters of this material, the in-
terface at the bottom of the ice cap was reached
at a depth of 1,387.4 meters. The bottom material

is frozen till; 3.55 meters of this material was re-
covered. The total depth of the hole is 1,391 meters.

For analytical purposes, the core quality is in
general very good, improving to excellent at great
depths. Near the bottom, unbroken cores up to 5
meters long were recovered. This entire profile is
currently being studied in detail with immediate em-
phasis being placed on the sub-ice material. Several
ice core studies (e.g., structural features, bulk
density measurements, thick- and thin-section analy-
ses, dissolved solids content, crystal size measure-
ment, artificial radioactive reference horizons, and
Pb21 -dating) have been completed, and others (e.g.,
an extensive investigation of ionic variations with
depth, Si-12 age dating, down-borehole CO2 gas ex-
tractions for C14 dating purposes, volcanic dust index
horizons, cosmic dust concentrations, atmospheric
pollution studies, stable isotope investigations, com-
positional analyses of fossil atmospheres and clima-
tological correlation of ice core data with historically
recorded events) are planned or in progress. A com-
prehensive and detailed report on the stratigraphic
analyses of an earlier 411-meter deep ice core from
Site 2 in Greenland has been completed and will
soon be available.

Thermo Drill Installed in Subsurface Trench at Camp
Century, Greenland.

September-October, 1966	 207



The diameter, inclination, and drift of the hole
have been measured in addition to the depth-temper-
ature profile. The minimum temperature was —24.
6°C. at 154 meters, and the bottom temperature was
- 13.0°C. The temperature gradient is linear in the
bottom 300 meters, indicating a geothermal heat
flow of 1.00 microcalorje/cm. 2/sec. Measure-
ments next year may show whether the thickness of
the ice cap is changing and if flow is occurring. The
latter data can be compared with surface move-
ment data being obtained by CRREL.

The Greenland core drilling has been completed
and the equipment is en route to Antarctica, where
preparations for core drilling to bedrock will be
started in November 1966.

The authors wish to acknowledge the major contri -
butions made by H. Ueda and D. Garfield, CRREL,
in the design, development, and field work related to
the drilling.

Glaciology of the Ross Ice Shelf

CHARLES SWITHINBANK
Scott Polar Research Institute

Cambridge, England

An analysis has been carried out of data obtained
by University of Michigan field parties during the
1959-1960, 1960-1961, and 1961-1962 seasons, in-
cluding the movement, regime, and morphology of
the principal valley glaciers flowing into the Ross Ice
Shelf. The surface velocity of Liv Glacier, measured
over a period of two years by a New Zealand survey
team, was found in close agreement with measure-
ments made during a five-day period in 1962.

Ice movement, strain, temperature, and snow
accumulation studies have been carried out near
the western and southern margins of the Ross Ice
Shelf. Rates of movement, measured on the pin-
nacled ice (the part of the Ross Ice Shelf lying
to the south and west of McMurdo Station), are
from 1 meter/year to 20 meters/year. This con-
trasts with the main part of the Ice Shelf off Cape
Crozier, where velocities of more than 700
meters/year are found. It is evident that under
present conditions, the moraine and organic mate-
rial carried by ice flowing northwards from Minna
Bluff takes many thousands of years to traverse
the 70 kilometers to the ice front. The ice itself
which flows from Minna Bluff never does reach
the ice front; it is lost by melting from the upper
surface and replaced by new ice forming on the
lower surface of the Ice Shelf.

A Sonic Device
for Measuring Thickness Changes

at the Bottom of Floating Ice

NORBERT UNTERSTEINER
Department of Atmospheric Sciences

University of Washington

The device consists of a commercially available
transducer for generating and receiving sound
signals of about 400 kc./s. The output is displayed
on an oscilloscope which allows a sound path of
2 meters to be resolved within ± 0.1 centimeter.
The transducer is kept in a fixed position (rela-
tive to the interior of the ice) at the end of a
polyvinyl chloride tube which is lowered through
a 10-centimeter hole in the ice at an angle of 30°
from the vertical. The transducer is mounted at
the same angle with the tube and "looks" vertically
up at a spot which has not been disturbed by the
drilling.

Two transducers were installed under sea ice of
3-meter thickness near Ice Island T-3 in November
1965 at a depth of about 1.5 meters below the ice
bottom. They functioned satisfactorily until March
1966 when a propane gas explosion destroyed the
instrument shelter and all cable connections. For-
tunately, the oscilloscope was not in the shelter at
the time.

In order to eliminate temperature drift of the
oscilloscope, a third transducer, whose signals are
reflected by a pin at a distance of exactly one
meter, was kept in the water and used to calibrate
the sound path before taking a reading of the ice
echo.

During the whole time of observations there
were small, irregular daily thickness changes of
generally < 1 centimeter which may be associated
with changes in the skeletal surface layer of grow-
ing sea ice. Between December 2 and January 17,
however, the thickness decreased by 10 centimeters.
After that, the ice grew steadily until March. The
relationship of these changes to the temperature pro-
file in the ice and the velocity of the relative water
current is presently being evaluated.

It appears that the device described here would
be suitable for measuring ablation and accretion
at the underside of thick, floating ice masses such
as ice islands or ice shelves, particularly the, Ross
Ice Shelf whose energy exchange with the under-
lying sea water has been a point of speculation for
some time. For that application, it would be nec-
essary to drill a vertical hole and mount the
transducer on an appropriately designed arm
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which holds it vertically but pointing at a spot one
or two meters away from the drill hole. It would
also be necessary to provide the transducer hous-
ing with a low-output heating element to avoid the
possible nucleation and buildup of ice on the
equipment in case the ocean water is supercooled.

Studies in Surface Glaciology

CHARLES R. BENTLEY
and

MARIO B. GIOVINETTO
Geophysical and Polar Research Center

University of Wisconsin

An analysis is in progress of annual snow ac-
cumulation data from locations in Antarctica where
annual snow layers have been dated back 15 years or
more. The objectives are to determine temporal
and areal anomalies in snow accumulation and the
relationship of accumulation to topography and con-

densation levels of antarctic air masses. Correlation
coefficients for particular time periods, and the total
variability of two- and three-year increments, are be-
ing computed for observation series longer than 50
years, to eliminate the effects of local variations in
accumulation.

A comparative study of the characteristics of
frequencies of accumulation anomalies in polar,
subpolar, and subtropical deserts has been under-
taken with data from 215 stations in southwest
Asia and northeast Africa.

Other glaciological projects of the U. S. Ant-
arctic Research Program active during the past
year included:

Glaciology and Meteorology of Anvers Island.
Ohio State University Research Foundation; Richard
L. Cameron, Principal Investigator.

Radiocarbon Dating Ice-Cored Glacial Drift.
Yale University; George H. Denton, Principal In-
vestigator.

Biology

The Distribution of Fatty Acid Classes
in Lipids of Antarctic Euphausids

LELA M. JEFFREY, NESTOR R. BOTTINO,
and RAYMOND REISER

Department of Oceanography
Texas A &M University

In a study of the metabolism of long-chain
polyunsaturated fatty acids in antarctic organisms,
samples of euphausids (Euphausia, Thysanoëssa,
Stylocheiron, and Nematoscelis), collected aboard
USNS Eltanin, were analyzed for their constituent
lipids and their fatty acid composition.

By silicic acid chromatography fractionation,
phospholipids were found to be the most abundant
class, amounting to approximately 48 percent of
the total lipids. They were followed by triglycerides
(19 percent), sterol esters and tocopherols (18
percent), free fatty acids (5 percent), sterols (3
percent), monoglycerides (2 percent), hydrocar-
bons and waxes (2 percent), and diglycerides (1
percent).

Fatty acid analyses by gas-liquid chromatography
of the major glyceride fractions indicated that the
C20 and C22 polyunsaturated fatty acids typical of
marine fish and mammals constitute up to 52 percent
of the phospholipid fatty acids, whereas those acids
amount to no more than 4 percent of the triglyceride
fatty acids.

Thin-layer chromatographic fractionation of the
phospholipids indicated that phosphatidyl choline
and phosphatidyl ethanolamine are the major com-
ponents of that class. Phosphatidyl choline contains
mainly palmitic (Ci0), oleic (Ci:i) and eicosa-
pentaenoic (C20:5) acids. Phosphatidyl ethanolamine
also contains palmitic and oleic as major acids but
the third major acid is docosahexaenoic (C22:) acid
rather than eicosapentaenoic acid.

It thus appears that pentaene and hexaene fatty
acids of marine fish and mammals have their origin
mainly in the phospholipids of lower food chain
levels rather than in their triglycerides.

The prevalence of a pentaene acid in phospha-
tidyl choline and of a hexaene in phosphatidyl
ethanolamine suggests that these two phospholipids
are metabolically independent.

September-October, 1966	 209



West

Utilization of Inorganic and Organic
Carbon Compounds

by Antarctic Zooplankton

MARY A. McWHINNIE
and

ROSEMARIE JOHANNECK
Department of Biological Sciences

DePaul University

Antarctic Crustacea of the genus Parathemisto
and Euphausia triacantha were studied during the
antarctic winter, 1965, in the Pacific sector from
55°S. to the pack ice, principally between 1300
W. and 140°W. and between 95°W. and 110°W.
(cf. fig. 1). The results showed that inorganic car-

acid absorption by Crustacea (Stephens and Schinski,
1961) and the observations of alanine absorption by
polar species, a physiological basis has been found
for adaptation to low temperature and to long periods
of low light intensity at high latitudes. The results of
this study support the position of Fox and Coe
(1943) concerning phytoplankton feeders within
food chains, but do not require the thesis that soluble
molecules be converted to colloidal dimensions for
nutrient utilization.
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Fig. 1. Stations Taken in the Pacific Sector of Antarctic
Waters during Cruises 17, 18, and 19 of USNS Eltanin.
Stations where Amphipods (Parathemisto) and Euphausids
(E. triacantha) were Collected, are Shown.

bon, provided as Na2C14O3, is absorbed from
seawater and the C 14 -label is recovered in glycogen,
lipid, and respiratory CO 2 . In addition, there was
a net decrease in total CO2 in seawater. The pres-
ence of soluble glucose significantly reduced C 14

incorporation from Na 2C1403 or from C14-acetate,
providing evidence of metabolic incorporation of
each of these molecular species. The presence of
soluble protein reverses the action of glucose depres-
sion of Na2C1403 incorporation and leads to in-
creased C' 4-glycogen synthesis.

The possibility that soluble organic compounds
act as a nutrient source for oceanic zooplankton is
inferred. Based upon the reported lack of amino

Systematics, Distribution, and Origin of
Antarctic Deep-Sea Marine Isopoda

ROBERT J. MENZIES
Duke University Marine Laboratory

During the past year, close affinities were dis-
covered between abyssal species in the Caribbean
and the Pacific, suggesting either exceptionally slow
evolutionary rates for abyssal species, or an abyssal
exchange across the Panama isthmus in the not
too distant geologic past (Menzies and Franken-
berg, in press).

This next year, studies are planned on the huge
antarctic isopod Glyptonotus and on the similarly
large antarctic species of Serolis. A project involv-
ing observations of living specimens of Glyptono-
tus at McMurdo is planned as part of the work on
the systematics of this isopod.

Groups not yet studied include the Valvifera,
Flabellifera, and Anthuroidea. Many of the
Asellote genera and species are now completed.
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Vertical Zonation of Antarctic and
Subantarctic Benthic Marine Algae

JACQUES S. ZANEVELD
Institute of Oceanography

Old Dominion College

Continued analysis of field data and collections
(22, 23) made in the Ross Sea during two sum-
mer seasons (1963-1965) has revealed a well-
marked zonation of the marine algal vegetation.
This zonation is traceable as far down as the
depths which were indicated by Kjellman in 1877
as the elittoral region (10, 11).

Vertical Distribution in the Ross Sea
The different regions and the vertical distribu-

tion of the algal covering in the Ross Sea are as
follows:

1. Epilittoral (or supralittoral) region, above
the mean extreme high water spring tide. Charac-
teristic are only two species: Ulothrix australis
Gain and Prasiola crispa (Lightf.) Menegh. ssp.
antarctica (Kütz.) Knebel f. antarctica Knebel.

2. Littoral (or mediolittoral) region, between
the mean extreme high and the mean extreme low
water spring tide. Both levels are characterized by
a brown, diatomaceous layer. This region is destitute
of algae due to the severe ice conditions.

3. Sublittoral (or infralittoral) region, between
the mean extreme low water spring tide and 37
meters.

a. There is an upper belt in this region which
could best be named sublittoral fringe; it goes
down to a depth of about 10 meters. Algal growth
is abundant here, also under shore-fast ice of 2- to 3-
meter thickness (22). The dominant species are
Monostroma hariotii Gain, Hildenbrandia lecan-
nellieri Hariot, Phyllophora antarctica A. et E. S.
Gepp, and Iridaea obovata Kütz. I. obovata often
grows in beds several kilometers long.

b. The lower sublittoral belt extends between 10
and 37 meters depth. The dominant species grow-
ing in this belt can be seen in fig. 1. Some of these
have not been found south of 73°S. (fig. 2).

4. Elittoral (or circalittoral) region, from 37
meters down to the limit of attached macroscopic
algal growth.

The lower limit seems to be in the Ross Sea at
a depth of 668 meters. The 10 species occurring
here are shown in fig. 1. There is one, Ballia cal-
litricha (C. Ag.) Kütz., with an upper limit of 37
meters. This can be considered to be a true elit-
toral species.

All species mentioned
below are present here
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Fig. 1. Vertical Distribution of the Dominant Species of
Benthic Marine Algae in the Western Part of the Ross Sea
and around the Balleny islands.

Most of the elittoral algae collected were still at-
tached to their substratum. They were fresh, had
their natural shape and colors, and were often
fruiting. Therefore, it is very unlikely that these
algae are drift deposits and had been transported
by floating icebergs as was suggested in the past
(10). While camping along the coasts of the Ross
Sea, it was observed that transportation of bottom
material by floating icebergs normally does not
cover any distance of importance. In the process
of thawing, pieces of ice drop off constantly; the
iceberg then turns partly over and exposes other
parts to the sun. Consequently, the attached bot-
tom vegetation is returned to the sea bottom
much closer to the place from which it was picked
up than has been suggested in the past.

Vertical Distribution in Antarctic and
Subantarctic Seas Outside the Ross Sea

In checking the records of a number of former
expeditions (literature 1-14, 16-20 and 24), I
found that the vertical distribution was reported
accurately for 353 species.
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Two hundred of these species are adapted to the
shallow water conditions of the littoral and down
to a depth of 10 meters. For these species, I
propose the term steno-littoral. The other 76
species occurring in these regions are eury-littoral.

In the lower sublittoral, between 10 and 37 meters,
there are 30 species, or 8.5 percent. These I will call
steno-sublittoral species.

Below a depth of 37 meters, there are 23 species,
or 6.6 percent; these are the steno-elittoral algae.

Since all depths were recorded by the ship's
sonar depth finder, the depths are accurate.

Therefore, the present investigations, together
with those of former expeditions, are indisputable
evidence of the existence of an elittoral benthic
algal flora.
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Fig. 2. Horizontal Distribution of the Dominant Species of
Marine Algae in the Ross Sea. The Approximate Southern-
most Limit of each Species is Indicated by the Latitude
Opposite the Name of the Species.	 -

Observations by Author
As Recorded in Literature
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Table I. Vertical Distribution of 353 Species of Antarctic and Subantarctic Benthic Marine Algae as Reported in the Literature

Occurring
Depth in m	Autochthon	Excl.	between

Division	 Littoral	0 & 10
Chiorophyta Nos.	53	 22	28

%	15.0	6.2	7.9
Phaeophyta Nos.	95	25	 63

%	26.0	7.1	17.9
Rhodophyta Nos.	205	38	123

%	59.0	10.7	34.3
Totals	Nos.	353	 85	214

%	100.0	24.0	60.6

	

Ratio (Rh)(F:2.3	1.5	1.9

Occurring	Occurring Occurring Occurring Occurring
between	between	between	between	Below
11&37	38&95	96&	150 151&219	220

	

7	3	2	0	0

	

2.0	0.9	0.6	0.0	0.0

	

27	 5	 2	1	1

	

7.8	1.5	0.6	0.3	0.3

	

96	31	12	3	1

	

27.2	9.0	3.6	0.9	0.3

	

130	39	16	4	2

	

37.0	11.4	4.8	1.2	0.6

3.5	6.0	6.0	3.0	1.0

Study of Parasites of Antarctic
Vertebrates and Invertebrates

WILLIAM J. HARGIS, JR.
Virginia Institute of Marine Science

The collection phase of this study began in 1959
at McMurdo Station and continued through 1962
with other field parties at Wilkes Station and
aboard USNS Eltanin. Comparison collections of
host materials have been made from these stations
and along the coasts of Chile, Australia, and New
Zealand. Other antarctic collections have been pro-
vided by Dr. Harry L. Holloway of Roanoke Col-
lege. Of the parasites removed from the host ma-
terials at Virginia Institute of Marine Science, the
digeneids have been given to Dr. Mitchell Byrd of
William and Mary College for study and the
acanthocephalans and nematodes to Dr. Holloway.
The Australian and Chilean comparison collec-
tions are still being processed.

During 1965-1966, the major laboratory effort
was devoted to studying the parasites of antarctic
fishes. In all, 610 individual fishes of 15 species were
examined and the parasites removed and prepared
for examination. The drawings and descriptions have
been made, and several manuscripts are in advanced
stages of preparation. Involved are several new spe-
cies and one new genus. A paper on antarctic
parasites by three prominent Russian scientists has
been translated into English as an aid in the taxo-
nomic studies.
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A Study of Articulate Brachiopods
in the Antarctic Region

HELEN McCAMMON
Department of Earth & Planetary Sciences

and
RALPH BUCHSBAUM
Department of Biology
University of Pittsburgh

The antarctic brachiopod fauna is suited for a
study of behavior and ecology because of its
abundance and variability, representing cosmopoli-
tan, endemic, and recent immigrant genera. Six
species of brachiopods were found on Cruise 21
of USNS Eltanin. Two species were cosmopolitan,
abyssal forms; the other four species occurred on
the continental slope and shelf. Prior to the de-
parture of Eltanin on Cruise 21, the University of
Chile's Marine Biological Station at Viña del Mar
generously allowed full use of its vessel for trawl-
ing and diving for brachiopods in Valparaiso Bay.
After Cruise 21, the dory aboard Eltanin was
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used for a 3-day, 200-mile excursion into the Strait
of Magellan, where hand trawling yielded a number
of populations. Fishermen from the Punta Arenas
area supplied specimens from depths of 8 to 45
fathoms.

Aboard Eltanin, experiments on heat- and flow-
rate in brachiopods were unsuccessful because of
difficulties with the equipment. The engineering
difficulties are being corrected so that subsequent
studies made in the ship's laboratories are likely to
be successful. Linear measurements of the valves
were made as the brachiopods were collected.

Living animals were shipped, in plastic bags in
insulated ice chests, to the University of Pitts-
burgh. Ninety-five percent of the animals survived
the journey. The brachiopods are kept in circulat-
ing seawater at 2°, 4°, and 6°C. Some of the
animals show growth around mantle margins. For
example, individuals of Terebratella dorsata aver-
aged three mm. in four months; Magellania venosa
have grown two mm. in the same time. Many speci-
mens have ripe gonads, allowing study of the re-
productive picture. Studies on larval settlement
will be made as the material warrants.

Data have been obtained on rate and rhythmicity
of current flow at 2° and 7°C. with the aid of an
electrode flowmeter especially constructed for this
study. It is hoped that the principles of construc-
tion in this flowmeter can be utilized for flow
measurements in other filter feeders and for slow-
moving water currents.

The populations collected have been analyzed
to determine the parameters which reflect environ-
mental effects, and those which reflect the inherent
growth pattern of a species. The most abundant
species, M. venosa, has shown a distinct change
in width-length relation with depth, while the thick-
ness-length relation remains constant within statisti-
cal limits. Frequency distributions of M. venosa
indicate that the species is a seasonal breeder.

Interior of Malzellania venosa (So/under), Showing Loplzo-
p/lore in the Brachial Valve and Mantle Canal System
Containing Ripe Gonads in the Pedicle Valve. Length of
Shell 6.2 cm.

Ecology of Skeletal Plankton

NORMAN S. HILLMAN
Lamont Geological Observatory

Columbia University

The Lamont antarctic plankton program was
initiated with Eltanin Cruise 8. Daily plankton sta-
tions have been attempted. The sampling equip-
ment consists of an opening-and-closing Multiple
Plankton Sampler (MPS), which collects separate
plankton samples at three discrete depths-500-
250 meters, 250-100 meters, and 100-0 meters—
during an oblique tow. A pressure-sensitive piston
controls the opening and closing device. Also used
is a Bathypelagic Plankton Sampler (BPS), similar
to the MPS but calibrated to sample from 1,000-
500 meters. Beginning with Cruise 15, a second
BPS was added to sample from 2,000-1,000 meters.
Vertical and oblique hauls were taken in poor
weather with a simpler net when the MPS and
BPS could not be used. Surface samples (0-10
meters) were also collected. Nanoplankton samples
were obtained using millipore filter techniques.

Over 1,800 plankton samples have been col-
lected from Eltanin Cruises 8 through 21, covering
most of the southern South Pacific and the Scotia
Sea area.

The plankton groups studied by Lamont person-
nel are: Foraminifera, A. W. H. Be and C. Chen;
Pteropoda, C. Chen; pelagic Ostracoda, N. S. Hill-
man; and Coccolithophoridae, A. McIntyre. One-
half of each plankton sample has been made avail-
able to the Smithsonian Oceanographic Sorting
Center for sorting into taxa and distribution to
specialists throughout the world.

It has been found that several species of ant-
arctic Foraminifera and Pteropoda may be used
as possible indicators of water masses. These two
groups fall into three natural faunal zones: ant-
arctic, transitional, and subantarctic. The transi-
tional zone roughly straddles the Antarctic Con-
vergence.

The Antarctic Convergence appears to be re-
lated to a distributional decline of both antarctic
and subantarctic Ostracoda, i.e., several antarctic
species decline rapidly or begin to decline just
north of the Convergence, and subantarctic species
decline similarly south of the Convergence. The
depth layer most favorable to large numbers of
ostracods is 100-250 meters, although a greater di-
versity of species occurs below this depth.
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In a belt extending from the Convergence to 3-5
latitude degrees south of the Convergence, there is
a monospecific flora of Coccolithus huxleyi. In
subantarctic waters, the flora grades from two species
near the Convergence (C. huxleyi and C. leptoporus)
to a more diverse flora representing warmer water
types.

Biological Productivity
of Antarctic and Subantarctic Waters

SAYED Z. EL-SAYED
Department of Oceanography

Texas A &M University

A program to study the biological productivity
of subantarctic and antarctic waters in the At-
lantic sector was initiated a few years ago by
Texas A&M University with the cooperation of
the Argentine Navy. In the course of this investiga-
tion, primary organic production and standing
crop of phytoplankton were estimated during nine
cruises along the Argentine continental shelf south
of Tierra del Fuego, the Drake Passage, the Brans-
field and Gerlache Straits, and the Weddell and
Bellingshausen Seas. In 1965, a similar program
was undertaken in the Pacific sector of Antarctica
from aboard USNS Eltanin. Stations occupied
during a total of 13 cruises are shown in fig. 1.

'ANTARCTIC I• CRUISE I ,...., /
CRUISE 2
CRUISE 3	 ..	.,
CRUISE 4	 ... .
CRUISE	5.t	...,'.	..
CRUISE 6	 .	 .	.
CRUISE	7	 ..	 .
CRUISE 8	 0.	.	.	 .. CRUISE 9	 .	.. .. 4	.,

ELTANIN	 . -.,.
CRUISE	18	 ..	t.
CRUISE 19
CRUISE 20	..
CRUISE	21

I

)( (_I	-	 -/	/	T

Fig. 1.

The main objectives of this investigation are to
measure primary production (by the C 14 uptake
method) and the standing crop of phytoplankton
(using chlorophyll-a) at different depths; study
the distribution and concentration of soluble and
particulate organic carbon in antarctic and sub-

antarctic waters; measure the amount of incident
solar radiation throughout the cruises, as well as
submarine light intensity at stations occupied at
local apparent noon; study the species of phyto-
plankton which contribute to the bulk of the plant
biomass; investigate the effect of certain chemical
and physical parameters on phytoplankton produc-
tion in antarctic and subantarctic waters, with spe-
cial attention to the distribution and concentration
of the nutrient salts; and collect zooplankton
samples at surface and subsurface levels in order
to study the phytoplankton-zooplankton relation-
ship in the study areas.

Analysis of the data collected aboard Eltanin
is still under way. Productivity data collected
from the Atlantic sector of Antarctica show con-
spicuous regional as well as seasonal variations.
Productivity values off the Argentine coast ex-
hibit a high degree of variability related to the
complexity of the different water masses in that
region. High productivity of the waters off north-
ern Argentina is related to the phenomenon of
upwelling.

Discernible latitudinal variations in productivity
occur in the Atlantic sector of Antarctica, with
the regions between 400450S. and 60°-65°S. show-
ing the richest phytoplankton of all the areas in-
vestigated.

Striking differences in the productivity values
have been found between the coastal (inshore)
and open oceanic regions (offshore). In the ant-
arctic waters, the chlorophyll—a content and C14

uptake in surface water samples are five times
as high for the inshore as for the offshore waters.
The integrated values of chhrophyll and carbon fixa-
tion in the euphotic zone are two to three times higher
in the inshore than the offshore regions. Similar
results have been obtained for the inshore and off-
shore waters in the subantarctic regions.

Surface antarctic waters are richer than surface
subantarctic waters in pigment content: 1.27 mg./
rn. 3 compared to 0.78 mg./m. 3 In terms of sur-
face C" uptake, however, the mean values of all
the stations occupied north and south of the Ant-
arctic Convergence are about the same (5.14 mg.
C/h/rn. 3 and 4.19 mg. C/h/rn. 3 , respectively). The
integrated C 14 uptake in the euphotic zone also shows
similar results in both regions (about 0.9 g. C/m.2/
day).

A study of the main factors which influence
phytoplankton production in the Antarctic
(nutrient salts, stabilization of surface water, tem-
perature, grazing, and light) show that light, tur-
bulence, and grazing are the most important factors
governing phytoplankton production in antarctic
waters.
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Distribution of Antarctic Marine Fungi

JACK W. FELL and CHRISTOPHER MARTIN
Institute of Marine Science

University of Miami
During the past year, studies were initiated to

examine the distribution of fungi in the terrestrial
Antarctic and in the various water masses of the
antarctic seas. A particular objective is to deter-
mine the extent to which the relatively abundant
terrestrial and inshore fungi influence the distribu-
tion of offshore fungal populations. During the
austral summer, support facilities of USCGC East-
wind were utilized to occupy 30 oceanographic sta-
tions along the Antarctic Peninsula from Marguerite
Bay through the Gerlache and Bransfield Straits
and into the northern Weddell Sea. Aseptic sampling
techniques were employed to obtain several hundred
cultures of yeasts and filamentous fungi from se-
lected depths to 3,500 meters. At the same time,
investigations were under way to determine the oc-
currence of fungi in terrestrial and inshore en-
vironments of the Peninsula region. At Palmer
Station, Anvers Island, several distinct but interre-
lated habitats for microfungi were recognizable. Of
special interest was the presence there of a num-
ber of small, easily accessible islands and their in-
lets and surrounding channels. These islands have a
relatively rich land flora. Some of them contain
penguin and cormorant rookeries and nesting sites
for a number of other seabirds. Four species of
seals have been reported from this region. More-
over, the shallow and remarkably clear inshore
waters possess diverse plankton and benthic algal
populations. Microfungi were found to be abundant
in each of these habitats.

Offshore studies have included examination of
the mycoflora at the Antarctic Convergence (El-
tanin Cruise 23) and the Subtropic Convergence
(Cruise 24) from surface to bottom waters, with
emphasis on the relationship of fungal populations
to environmental conditions and the presence of
bacteria and phytoplankton.

The initial observations have shown a rich
microfungal flora in soils, muds, freshwater ponds,
and meltwater. Quantitative determinations have
indicated significant populations of fungi in in-
shore and offshore antarctic waters. The fungi col-
lected in the Antarctic have been returned to the
Institute of Marine Science for classification and
physiological studies. Many of these organisms are
low-temperature tolerant or dependent. A compari-
son of the distribution of these fungi with the en-
vironmental conditions of the waters in which they
were found, may reveal the effect of biological and

physical factors on the existence of these het-
erotrophs in the Antarctic. The extent to which
current patterns and other physical forces and the
movements of birds and mammals contribute to the
dispersal of microfungi of terrestrial and inshore
origin into the deeper offshore waters will be
further examined. Such studies are essential to an
understanding of the distribution of antarctic
marine fungi.

Photosynthesis and Respiration
of Antarctic Lichens

VERNE AHMADJIAN and T. P. GANNUTZ
Biology Department

Clark University

Equipment has been developed during the past
year to record the relationship between micro-
climate and general weather conditions, and to cor-
relate this information with the rates of carbon
dioxide turnover in lichens. The variables that are
being considered are wind velocity, wind direction,
light intensity, temperature, and relative humidity.

The instrumentation is mounted in heated,
weatherproof, aluminum cases, with the necessary
power supplied by gasoline generators. The instru-
mentation is completely self-contained and studies
can be made on lichens anywhere in the world.

The plant material is placed in 12 small alumi-
num pans, each with a sealing transparent cover.
Air is pumped through each chamber and, by means
of a complex switching system, from the individual
chambers through gas analyzers. Changes in the car-
bon dioxide content of the air in each chamber are
used to determine the metabolism of the plant mate-
rial which, in turn, is correlated to the external con-
ditions. All measurements are carried out in the field
under normal environmental conditions. Previous
studies on lichens have involved the removal of the
material to the laboratory, thus drastically changing
the environmental conditions and possibly disrupting
the delicate symbiosis.

This study will be extended to lichens in temper-
ate and tropical regions in an attempt to correlate
the responses of these lichens to their environ-
mental conditions and to the responses of ant-
arctic lichens.
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Lichen Flora of Antarctica
and Adjacent Islands

CARROLL W. DODGE
Department of Botany
University of Vermont

The antarctic lichen flora is much richer than I
had expected when I began this study over 30 years
ago. So far I have studied lichens from 29 families,
82 genera, and over 400 species. When I began,
Darbishire had listed 18 families, 30 genera and
208 species from the Antarctic Peninsula and the
Ross Sea coasts. Still, after a century and a half of
exploration, many areas are practically unsampled,
e.g., the south coast of the Weddell Sea east to
20°E. (and poorly sampled to 60°E.) and the coast
of Marie Byrd Land to Thurston Island. Very few
collections are available from the Eights Coast and
the base of the Peninsula south of 69°S. and from
the mountains between 60°W. and 144°W., and
only a few are available from the northern Sen-
tinel Mountains. Although I have studied more
than 8,000 specimens, the sampling error is still
high for many regions. Further collections will
probably yield some new endemic species and
some extensions of ranges without changing the
basic patterns of geographic distribution as known
at present.

Isotherms show a greater correlation with species
distribution than does latitude alone, since they
take into account altitude, latitude, and cloudiness
during the growing season. Most lichens colonize
the surfaces of rocks. A few grow on moss tufts,
either as parasites or as saprophytes (forming
parasymbiosis in the case of Rinodina fecunda).
Most antarctic rocks are volcanic, granitic, or
highly metamorphosed sedimentary, and they show
a richer flora than that on similar rocks farther
north. Calcareous outcrops are very rare and they
seem to have a much poorer flora than similar
ones farther north.

Wind is the chief factor in the dispersal of
lichens in Antarctica. Perhaps the skuas and pet-
rels carry the soredia of the relatively few species
with asexual reproduction, as the birds often
alight on rocks bearing such lichens. Rocks drain-
ing from bird roosts often have a more luxuriant
lichen flora, but I know of no species confined to
such habitats.

The South Orkneys, the South Shetlands, and
the coasts of the Antarctic Peninsula and adjacent
islands are distinctly warmer than the main con-
tinent and have a richer flora (238 species),
including 34 genera not found elsewhere in Ant-

arctica. Thirty-one species in 15 families are also
found in the mountains of Tierra del Fuego. I
have seen very little material south of 69°S., and
the few species present seem to be endemic. The
few species examined from Thurston and Dustin
Islands and the Eights Coast (Jones Mountains)
west of the Peninsula, are either endemic or found
on the Peninsula, except for Usnea frigida, which
has apparently migrated northward from the Sen-
tinel Mountains.

The coast of East Antarctica from 20°E. to 170°
E. has a rich and fairly uniform flora. The coast of
Victoria Land from Cape Adare to McMurdo has
also fairly uniform flora, with some species ex-
tending partway along the coast of East Antarctica.
Ellsworth Land (Sentinel Mountains), the moun-
tains of southern Marie Byrd Land, and the Queen
Maud Mountains have a poorer flora but it con-
tains some endemics and a few species that reach
Ross Island and the mountains to the southwest.
The mountains of northern Marie Byrd Land, Ed-
ward VII Peninsula, and Ross Island have a richer
flora, with a few species apparently skipping Ross
Island but occurring at Cape Hallett and extending
partway along the coast of East Antarctica. A few
endemic species occur in each of these regions.

Origin of the Lichen Flora
In no case have I found any relationship to

the lichen flora of Kerguelia (Crozet Archipelago,
Kerguelen, and Heard Islands) nor to that of Mac-
quarie Island and the subantarctic islands south of
New Zealand. The flora of the Antarctic Peninsula
shows some relation to that of Tierra del Fuego,
with 31 species in common. Perhaps the Peninsula
has been repopulated since the present ice age by
migration from Tierra del Fuego via the South
Orkneys and the South Shetlands, by occasional
storms with strong north and northwest winds. Such
migrations must have occurred long ago to account
for the considerable species differentiation at present.

The flora of East Antarctica probably represents
a richer preglacial flora, surviving on nunataks
by adapting to the more severe climatic conditions
during the present ice age. As the ice receded
from the lower inland peaks and along the coasts,
the lichens were spread northward by the prevail-
ing south winds from t h e polar plateau. Once
colonized in the zone of westerly winds, from
about 67° to 77°S., they spread along the coasts.
This would account for the present completely
endemic flora with the few endemic genera.

If we consider the distribution of Usnea subg.
Neuropogon, agreeing with Motyka that the subg.
Protousnea from southern South America and
Tierra del Fuego is the most primitive, the species
of subg. Neuropogon from the subantarctic
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islands, except Tierra del Fuego, are not closely
related to those of the antarctic flora. One or two
species seem to have migrated northward along
the Andes to the Arctic, although there are great
gaps in their present distribution. The species of
Antarctica show much diversity in the Peninsula
(11 species). Usnea antarctica ranges from Marie
Byrd Land to the Queen Mary Coast and gives
rise to six species along the coast of East Antarctica.

Species of Buellia, the largest genus in Antarc-
tica (74 species), are found in practically every
locality where collections have been made, but
each species has a rather limited distribution. The
group with a thallus of rhizomorphs and assimila-
tive areoles seem endemic in Antarctica. Le-
canora, the next largest genus (20 species), with
the closely related Omphalodina (12 species),
have their species about equally divided between
the Peninsula and Marie Byrd Land to the coast of
East Antarctica, but each species has quite limited
distribution. Lecidea (28 species) occurs in most
regions, with 16 species in the Peninsula and 12
from Marie Byrd Land to the coast of East Antarc-
tica, but most of the species also have very
limited distribution.

Rinodina frigida seems to be the most wide-
spread lichen in East Antarctica. It is rather rare in
Marie Byrd Land and the Edward VII Peninsula,
but increasingly common in Victoria Land and even
more so along the coast of East Antarctica. The
species shows some variability, but has not yet
segregated into geographic races or microspecies
(260 specimens studied).

The species of Alectoria from the Peninsula are
closely related to those of Tierra del Fuego and
the Andean Mountains, while A. antarctica from
Ellsworth Land to Ross Island, and A. congesta
from Marie Byrd Land to Queen Maud Land, are
very distinct, with lecideine apothecia, and might
be considered a separate genus, more closely re-
lated to the subantarctic species of Cladia than
to Alectoria.

The Biatorellaceae and related Acarosporaceae
are quite uniform, in thalline anatomy in the tem -
perate zone and in alpine regions of the tropics,
but have differentiated endemic genera or sub-
genera in Antarctica, with more highly differenti-
ated structures in the thallus, suggesting a long
segregation and independent evolution in Antarc-
tica. In the case of Biatorellopsis, the more primi-
tive species are found in Marie Byrd Land and
the more highly evolved ones in the Peninsula,
suggesting that the ancestors of the latter migrated
from Marie Byrd Land to the Peninsula.

In summary, the lichen flora of East Antarctica
to Marie Byrd Land and Ellsworth Land seems to

be an ancient flora surviving on nunataks during
the last ice age and spreading northward with the
return of milder climate. The flora of the Antarctic
Peninsula seems to have been partly derived from
Tierra del Fuego via the South Orkneys and South
Shetlands since the ice age, but so long ago that there
has been much subsequent differentiation of species.

Ecology and Floristic Investigations
of Lichens

E. D. RUDOLPH
Department of Botany

College of Biological Sciences
and Institute of Polar Studies

Ohio State University

Work continued during the past year on the
writing of an analytical paper, using data accumu-
lated during three summer field seasons (1961-
1964) at Hallett Station and other locations in
the Ross Sea sector. The mapping of lichen distri-
bution and the text for that section of Life on the
Land, a volume in the American Geographical
Society's Antarctic Map Folio Series, was com-
pleted. Much of the introduction to that volume
was also written.

A paper was submitted for publication in the
Antarctic Research Series volume on soils, which is
to appear shortly. Analysis of field collections of
soil fungi, now in laboratory culture, and airborne
disseminules, preserved on field-exposed slides, has
indicated some local dissemination of plant pro-
pagules. This material is now being prepared for
publication.

Anatomical Investigations
of Weddell Seals

BARBARA LAWRENCE
Museum of Comparative Zoology

Harvard University

During the past year, skeletal material and
certain organs of the Weddell seal, Leptonychotes
weddelli, were prepared and preserved for future
studies. A detailed osteology and myology of the
seal will be made by Jean A. M. Piérard, Ecole de
Médecine Vétérinaire de Ia Province de Quebec.
Comparisons will be made with earlier accounts of
pinnipeds, especially of the Phocidae, to which
family Leptonychotes belongs; special attention
will be given to a search for phylogenetic evidence.

218	 ANTARCTIC JOURNAL



Polar Adaptation of the Weddell Seal
	

Identification Manual
to Antarctic Birds

GERALD L. KOOYMAN
Department of Zoology

University of Arizona
The past 12 months have been devoted to the

analysis of data collected in the two preceding
austral summers. Most of the data have now been
analyzed and presented to the Graduate College
of the University of Arizona (Kooyman, 1966a.).

Two significant results of the study are the
demonstration of discrete diving patterns (Kooy-
man, 1965), and the estimates of maximum diving
capacities (Kooyman, 1966b). At least three basic
dive patterns seem apparent: 1) local, shallow
dives lasting about five minutes during which the
seal remains near the breathing hole, 2) short
duration dives of 8-15 minutes to depths usually
ranging between 300 and 400 meters, and 3) long
duration, shallow dives of 20-43 minutes in length
and less than 200 meters in depth. The deep dives
are probably hunting dives in which the seals are
making a vertical search for prey to mid-water
depths, whereas the long duration dives are prob-
ably exploratory in which the seal's intent is to
find other breathing holes. The deepest dive re-
corded during this study was approximately 600
meters, and the longest submersion observed was
43 minutes, 20 seconds. Both of these determina-
tions are believed to be near the natural limits of
the Weddell seal.
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GEORGE E. WATSON and J. PHILLIP ANGLE
Museum of Natural History

Smithsonian Institution

There is at present no field manual in any lan-
guage for identification of antarctic birds. Indeed,
since the publication of Robert C. Murphy's ex-
cellent Oceanic Birds of South America in 1936,
no single, readily available work on antarctic
ornithology has appeared. To meet this need, ma-
terial is being gathered for an illustrated guide to
antarctic birds which will cover such topics as field
identification characteristics, voice, flight, food,
breeding ecology, habitat, and distribution. The
manual is not intended as a definitive handbook,
but should facilitate field identification, particularly
at sea, and hopefully will increase the amount of
reliable ornithological data collected by non-
specialists. Over 250 references have been con-
sulted thus far in preparing both the distribution
maps and the guide.

In order to check field identification character-
istics for some of the species and to secure photo-
graphs and movies of birds in flight for the prepa-
ration of illustrations, the authors participated in
the USCGC Eastwind expedition to the Antarctic
Peninsula during January and February 1966. Ob-
servations were made on the South Shetland Is-
lands including Elephant and Gibbs Islands, the
South Orkney Islands, and Anvers and Adelaide
Islands. A good, representative collection of birds
was obtained, but the major effort was on photog-
raphy, voice recording, and visual observations. A
number of Wilson's petrels as well as skuas were
banded. Probably the most significant finding on
the trip was that both forms of skuas, the brown
loennbergi and the south polar maccormicki, breed
together in the Arthur Harbor area. The larger
loennbergi nested close to the penguins on which it
appeared to prey heavily, while the nests of mac-
cormicki were more scattered over the available
open ground. A mixed pair was found with its
half-grown chick on Dream Island. In the Mc-
Murdo region, maccormicki is pale gray, but on
Anvers Island, it is darker and thus superficially
resembles loennbergi, differing mainly in its smaller
body size, bill, and legs.

Further information on the relationship and
ecology of the two forms of skuas breeding in
Arthur Harbor may come from our field study of
the birds banded in 1966.
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Cooperative Systematic Studies
in Antarctic Biology

I. E. WALLEN
Office of Oceanography and Limnology

Smithsonian Institution
As large a variety as possible of biological

specimens is taken aboard Eltanin and other
United States vessels visiting antarctic waters, and
at shore stations of the U. S. Antarctic Research
Program (USARP) of the National Science Found-
ation (NSF). The specimens become an interna-
tional resource of data concerning the antarctic
biota, its evolution, and its modifications for sur-
vival under the special antarctic conditions.

The Smithsonian Oceanographic Sorting Center
serves USARP, other NSF projects, and other
agencies by providing a specimen sorting and dis-
tribution service to increase the rate and quantity
of research on marine organisms. The Center has
sorted more than 8,400,000 specimens in the last
3 1/2 years and more than 5,000,000 of these have
been shipped to 190 specialists throughout the world.

Although nearly all of the research done by
these specialists is supported directly by NSF and
other agencies, as a specimen-oriented agency the
Smithsonian Institution provides advice and as-
sistance through the Sorting Center and the U. S.
National Museum. As a special contribution to
USARP, the Smithsonian Institution, through this
project, provides for studies of groups of organisms
which are not included in regular NSF proposals.

During the first year of this project, five groups
of organisms have been approved for study under
Smithsonian-NSF auspices. These groups include
ascidians (sea squirts), octocorals (gorgonians),
asteroids (star fishes), Serolidae (isopods), and
the mesoscalpellids and arcoscalpellids among the
cirripeds (barnacles). These groups will be docu-
mented in publishable form under the Smithsonian
project.

Depending on the bulk of material available
and the time available to the researcher, the manu-
scripts will be completed in one year (3) or in two
years (2). Special arrangements are made to in-
sure that the studies take place in a productive
atmosphere where abundant specimens and library
support can be made available. In one case
(asteroids), transportation to the United States and
local support was arranged. In the others, the
studies will proceed in the local environment where
additional specimens have been sent by the Smith-
sonian Institution and other organizations.

The groups remaining to be studied, as funds

and specialists become available, include the fol-
lowing taxa and others which may not be included
in the USARP grants program: hydroids, actinar-
ians, certain trematodes, nemerteans, nematodes,
diatoms, sipunculids, pelagic isopods, and certain
copepods. Qualified scientists wishing to work on
the systematics of these groups may wish to con-
tact the principal investigator for this project.

Participation in USARP Expeditions

I. E. WALLEN
Office of Oceanography and Limnology

Smithsonian Institution

The Smithsonian Institution, in its Museum of
Natural History and Oceanographic Sorting Center,
has what is probably the world's largest assem-
blage of scientists competent in marine systematics.
Their participation in USARP expeditions serves
to enrich the national holdings of antarctic speci-
mens for research and permits the Smithsonian
Institution to use Eltanin, a very important national
facility for antarctic research.

The Institution continues to pay salaries, supply
laboratory equipment, and provide facilities for its
scientists. The USARP funding has permitted 14
Smithsonian employees to travel to the Antarctic
and has provided ship support and minor supplies
and shipping for collections taken aboard Eltanin
and Eastwind.

Seven staff members have participated as pro-
fessional scientists, collecting research specimens of
echinoderms, corals, birds, plants, insects, and
Foraminifera from the Antarctic and adjacent is-
lands. Another six (including five women) have
been sent from the Smithsonian Oceanographic
Sorting Center (SOSC) as technical specialists to
assist with collecting, labelling, preserving, and
shipping of all types of organisms. Collections were
taken by plankton-capturing nets and by mid-water
and bottom dredges and trawls. The specialists
from SOSC were responsible for securing as many
specimens as practical and to bring them back in
good condition for study.

Many barrels of specimens were collected and
work is proceeding to prepare the resulting in-
formation for publication. The sorted specimens
are sent to qualified scientists throughout the
world, based on recommendations of five-scientist
advisory committees on each of seven marine
groups of organisms, selected to cover all marine
forms.

220	 ANTARCTIC JOURNAL



Patterns of Vertical and Horizontal
Distribution of the Pelagic and Benthic

Fauna in Antarctic Seas

JAY M. SAVAGE and STEPHEN R. GEIGER
Department of Biological Sciences
and Allan Hancock Foundation
University of Southern California

During 1965-1966, biologists from the Univer-
sity of Southern California continued to work on
materials collected from USNS Eltanin. Research
emphasis was shifted from the exploratory and
survey nature of the program during earlier cruises,
to one which attempts to elucidate ecological pat-
terns in specific areas. The organisms chosen for
study are those which show promise of providing
a better understanding of the interrelationships
between faunal distribution, water masses, and
convergences.

Significant findings resulting from this continuing
program have been reported at appropriate meet-
ings and published in scientific journals. In all,
some 30 reports were prepared during 1965 and
the first half of 1966; four of the major studies
are summarized below.

The importance of utilizing present faunal dis-
tributions and ecology as indicators of conditions
in former times has been emphasized by Orville
L. Bandy. He found two independent indicators of
an intermittent, if not continuous, ice cover in
Antarctica from the Pliocene or latest Miocene
to Recent, an interval of 11 million years. The
first of these is the finding that subantarctic and
antarctic planktonic Foraminifera extended far into
temperate regions during the later Miocene, mid-
dle Pliocene, and much of the Pleistocene. A
second line of evidence is the dominance of cold-
water radiolarians in deep-sea cores of the south-
ern oceans from latest Miocene to Recent.

The nototheniiform fishes have been under in-
tensive study by Hugh H. DeWitt. This year he was
able to examine the type specimens of this group
in five institutions in Great Britain and Sweden.
He has concluded that the groups of the Notothenia,
which are based on morphological similarities, are
consistent with the current patterns of the south-
ern oceans; that the area of the antarctic islands has
been populated by chance drifting from the islands
of the Scotia Ridge; and that the distinctness of the
"Magellanic District" from the "Antarctic Zone"
is due to their separation relatively long ago.

Benthic zonation, as exemplified by antarctic
polychaetes, has been a subject of considerable in-

terest to Olga Hartman. She has shown that the
highly endemic benthic fauna near the Antarctic
Continent is related to the long separation of the
Continent from other land areas and that little
bipolarity is in evidence. The abyssal fauna is
characterized by individuals of large size and by
distinct taxonomic units; the deep slope of the
Bransfield Strait has an unusually large and diversi-
fied fauna.

Thomas L. Hopkins has completed part of his
standing-crop studies of the Atlantic sector of the
antarctic seas. In the Scotia Sea, zooplankton in
the upper 1,000 meters of a 1 square meter column
averaged 3-5 grams (dry weight). Little difference
was found between winter and summer standing
crop; plankton in the winter concentrated below
500 meters, whereas in the summer it was in the
upper 100 meters. The bulk of the plankton found
in the upper 1,000 meters consisted of herbivores,
which feed primarily on phytoplankton produced
in the upper 100 meters of water.

Botanical Studies

of West Antarctica

I. MACKENZIE LAMB
Farlow Reference Library and

Herbarium of Cryptogamic Botany
Harvard University

The study and classification continue of collec-
tions obtained in West Antarctica in prior years.
Most of the marine algae from these collections
are now with Dr. R. Delépine at the Laboratoire
de Biologie Végétale Marine in Paris, for prelimi-
nary taxonomic disposition and microscopic prepa-
rations for the anatomical reproductive studies.

The lichens are at the Farlow Herbarium and
have been sorted to genera and prepared, with
duplicates when available. The species of Buellia
and Rinodina have been fully studied, as has ma-
terial of the same genera from several British and
Argentine collections received on loan; a manu-
script is in preparation and will be published
shortly as a continuation of the "Antarctic Lichens"
series in the British Antarctic Survey Reports. The
mosses and hepatics have been sent to the New
York Botanical Garden. Some preliminary drawings
of antarctic algae have been made, as well as il-
lustrations for the report on Buellia and Rinodina.
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Other biological projects of the U. S. Antarctic
Research Program active during the past year in-
cluded:

A Biogeochemical Study of the Skeletal Car-
bonates of the Benthic Organisms in the Antarctic
Seas. California Institute of Technology; Heinz A.
Lowenstam, Principal Investigator.

Bio-Acoustics of Leptonychotes weddelli. Woods
Hole Oceanographic Institution; William E. Sche-
vill, Principal Investigator.

Monographic Treatment of Antarctic Bryophyta.
New York Botanical Garden; William C. Steere,
Principal Investigator.

Systematics and Geography of Cephalopods. Uni-
versity of Miami; Gilbert L. Voss, Principal Investi-
gator.

Ecological Survey of Land Arthropods. Bernice
P. Bishop Museum; J. Linsley Gressitt, Principal
Investigator.

Oceanography

Systematic Oceanographic Survey
of the Southern Oceans

BRUCE C. HEEZEN
and ARNOLD L. GORDON

Lamont Geological Observatory
Columbia University

The exploration and explanation of antarctic
water masses, currents, submarine morphology,
sediments, tectonics, and their interrelationships
are the principal objectives of this study.

More than 200,000 miles of precision sound-
ings and 4,000 bottom photographs (150 stations)
have been obtained by USNS Eltanin in the Bell-
ingshausen Sea.

The rocky crest of the Mid-Oceanic Ridge in
the western Bellingshausen Sea is displaced dex-
trally 600 miles by the "Eltanin Fracture Zone."
The Chile Ridge in the northern Bellingshausen
Sea is a rugged, rifted branch of the Mid-Oceanic
Ridge. The Bellingshausen Abyssal Plain lies at the
base of the wide antarctic continental rise.

South of the Polar Front (Antarctic Conver-
gence), sediment bottom is seen in nearly all
photographs, whereas to the north, both ridge and
basin photographs (60 out of 70 stations) show
either scattered rocks, outcrops (two show pillow
lava), or nodules. Boulders occur only beneath
the pack ice and to the north of the Front. Ano-
malously smooth bottom, occasionally showing
weak scour marks, lies between the pack limit and
the Front. The almost total lack of photographic
evidence of rafted boulders between pack and

Front and the smoothing seen in the photo-
graphs are partly the result of extremely high rates
of pelagic biogenic deposition, but frequent scour
marks suggest smoothing by bottom currents as
well. Manganese nodules north of the Polar Front
become larger and more numerous from west to
east and finally give way to strong scour and rip-
ples (in 4,000 meters) in the constricted Drake
Passage.

During 1965, Lamont Geological Observatory
personnel took 114 hydrographic stations from
USNS Eltanin. These stations, mostly south of 50°S.
and east of 170°W. in the Pacific Ocean, were
taken with standard Nansen bottles at 23 levels.
Temperature, salinity, oxygen, silicate, nitrate, and
phosphate data were gathered, in addition to some
pH values. The data were processed manually
aboard the ship and finally by computer at La-
mont.

The Eltanin hydrographic stations have in-
creased our knowledge of the oceanography of
the antarctic seas significantly, especially in the
deep bottom layers, and have permitted an investi-
gation of the bottom circulation in the Bellings-
hausen Basin, Drake Passage, and Scotia Sea. Re-
suits indicate a bottom-water component in the
Bellingshausen Basin which is derived from the
Ross Sea and a westward bottom current in the
southern Drake Passage. The Eltanin data, due to
the complete network of stations, are the primary
source of data for one of the Antarctic Map Folios
of the American Geographical Society. This atlas
deals with the main core layers and dynamic topog-
raphies from 20°W. westward to 170°W. and
south of 50°S. (this being the area of concentra-
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tion of Eltanin Cruises 4 to 21). The striking in-
fluence of the bottom topography on the circula-
tion and the distinct separation of the Weddell and
Bellingshausen currents are evident.

Ten large-volume water samples were collected
on Cruise 17 and returned to Lamont for analysis
for C", Cs137 and Sr90 content. These samples
were taken along 135°W. between 57°S. and 68°S.,
at depths from 10 to 4,500 meters.

The 2,465 bathythermograph observations made
during the six cruises of 1965, together with sur-
face salinity samples, are useful in studying the
position and variability of the Polar Front. The
positional variability along meridians in the west-
ern and central Bellingshausen Basin can probably
be correlated with features in the core layers of
the deep water, and with bottom topography. The
data also show great variety in the structure of the
Front.

the ship snapped and fell over the deck, dam-
aging the hydrowinch and some of the measuring
devices and forcing the vessel to return to base for
repairs.

The data from the current station show that the
mean speed of the current varied from 52.7 cm./
sec. at the surface, to 9.1 cm./sec. at 1,500 meters,
with the prevailing directions from ENE to ESE
(0580 to 102°). These speeds are lower than those
recorded at a current station 150 miles further
north during the 1963-1964 cruise.

Rotating Model Experiment
on Circulation in the Antarctic Seas

TAKASHI ICHIYE
Lamont Geological Observatory

Columbia University

LUIS R. A. CAPURRO
Department of Oceanography

Texas A &M University

Since 1963, subsurface and deep current meas-
urements in the Drake Passage have been carried
out aboard Argentine naval vessels by scientists from
Texas A&M University and from Argentina. Current
stations have been occupied close to Cape Horn,
Staten Island, and Elephant Island, using parachutes
and neutrally buoyant pinger techniques. During
July and August and again in November, 1965, some
trial measurements were carried out in the Argentine
Basin to improve the quality of the reception of the
pingers and to gain some experience in anchoring
deep-sea buoys with the time release incorporated
into the system.

This summer, the Argentine research vessel
Zapiola left Buenos Aires at the beginning of
January and remained in the area until the middle
of April. It was only possible to occupy one cur-
rent station in the middle of the Drake Passage
(57 0 29'S. 66 0 50'W.), where parachute drogue
measurements were made from the surface to 500
meters and one pinger was tracked at a depth of
1,500 meters. Subsequently, during a severe storm,
the reference buoy broke loose from the releaser
and, while trying to recover it, the main boom of

A wooden scale model of the Antarctic from
the South Pole to 45°S., with horizontal and vertical
scale ratios of 10 and 4 x 10, respectively,
has been constructed and set up in a circular
plexiglass basin of 63-centimeter radius and 30-
centimeter height. The whole system is mounted
on a table which rotates with speeds of 1 to 15
rpm. (fig. 1). Westerly and easterly winds are

Fig. 1.

simulated with eight blowers mounted on the model.
Each blower is adjustable in direction and strength.
The meridional density gradient is simulated by heat-
ing the rim of the model with a thermo-resistance
tape attached to the outer wall.

The experiments with winds only indicate that
the circulation of the Weddell Sea is most sensitive

Surface and Deep Current
Measurements in the Drake Passage
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to the strength of the westerly wind and becomes
clockwise or counterclockwise as the wind is strong
or weak, respectively. Actually, sense of the rota-
tion depends also on the Rossby number. When
the Rossby number exceeds 0.1, the circulation
becomes clockwise. The effect of the meridional
temperature gradient is to generate seven to nine
cellular vortices of alternatively cyclonic and anti-
cyclonic rotations in the whole ocean. In the Wed-
deli Sea, this effect produces small, clockwise ed-
dies to the east of the Antarctic Peninsula, up to
three in number when the meridional temperature
difference reaches 2°C.

The Distribution of Sr, Ba, Co, Ni,
and Ag in Ocean Water Profiles of the
Pacific Sector of the Antarctic Seas

elements. The possibility of a source of metals
from Antarctica by the solution of glacial flour,
hinted at by the Pacific data, is presently being
explored in the Scotia Sea-Weddell Sea boundary.

This program is supported by the National
Science Foundation and the Atomic Energy
Commission.
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The distribution of barium, cobalt, nickel, sil-
ver, and strontium in ocean water profiles in the
East Pacific sector of the antarctic seas has been
determined using neutron activation analysis (Ba,
Co, Ni, Ag) and X-ray fluorescence (Sr) in order
to understand the marine geochemical processes
controlling the trace-element distributions in the
world ocean.

Barium shows an almost constant concentration
of 20 micrograms/ liter in continuum with obser-
vations in the Pacific north of the Antarctic
Convergence. Cobalt (0.03g/1), nickel (1.6 /Lg/
I), and silver (0.017 pg/I) are the lowest in
their concentrations in the antarctic seas relative
to adjoining areas. The averages for the world
ocean are 0.39 pg Co/l, 6.6 tLg Ni/i, and 0.28
jsg Ag/I. Strontium is slightly but definitely lower
along the approximately 90°W. meridian relative
to the 115'W. meridian.

On the basis of these results and trace element
material balance calculations, it appears that the
antarctic seas are not strongly coupled with the
Pacific Ocean, at least not east of 115'W.

There is no significant transport of cobalt, nickel,
or silver from the Pacific Ocean to the Atlantic
Ocean through the Drake Passage; hence, these
two oceans are essentially isolated for some trace
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Support Services

Recording of Data for Specimens
Collected under the

U. S. Antarctic Research Program

H. A. FEHLMANN
Smithsonian Oceanographic Sorting Center

Smithsonian Institution

The antarctic records program was established
at the Smithsonian Oceanographic Sorting Center
(SOSC) in September 1963 to collect and record
data on all biological and geological specimens ob-
tained by members of United States expeditions
into Antarctica and the surrounding oceans. It is
planned that, when complete, the central records
compiled by SOSC will include all available
sampling and environmental data, specimen identi-
fications, present locations, and information on the
extent of study of the specimens. Data on previous
collections are recorded as are data on the vast
collections which are now accumulating from the
cruises of USNS Eltanin. The central records will
be valuable in the planning of future research efforts
to extend our knowledge of the natural history of
the Antarctic.

Program activities also include storage and
maintenance of a descriptive record of the bottom
photographs taken from Eltanin. Current hold-
ings are about 13,600 prints, negatives, and slides,
of which more than 8,400 duplicate prints have
been distributed to qualified scientists. In addition,
SOSC has the responsibility for keeping the offi-
cial file of antarctic collecting permits.

Prior to the initiation of the U. S. Antarctic
Research Program, 268 known United States
expeditions to the Antarctic had taken place, al-
though many of these were commercial and speci-
mens were not collected. Biological and geological
data for 1,272 stations have been listed from the
early expeditions, primarily those of the U. S.
Navy Operation Deep Freeze and the Stanford
University antarctic biology program. Also, some
data have been recorded for 101 stations of the
Byrd Antarctic Expedition, 1933-1935, the Ant-
arctic Service Expedition, 1939-1941, and the U. S.
Navy Operation Windmill, 1946-1947.

The collections taken aboard Eltanin include
more than 3,200 plankton, mid-water, and benthic
samples, in addition to the extensive core sampling
which has been undertaken. Certain groups of or-
ganisms are retained by the collecting institutions
for active study. The bulk of the collections, how-
ever, is sent to SOSC for sorting and distribution
to specialists for identification and study. To date,
more than 5,500,000 antarctic specimens have
been sorted, and the resulting information on the
sorted groups and distribution of the specimens will
be included with the station and environmental
data in the central records.

Significant progress has been made in obtaining
records of the extensive collections of organisms
now held by the U. S. Museum of Natural History.
Lists have been prepared of the specimens in the
Divisions of Birds, Marine Invertebrates, Mammals,
Entomology, Fishes, Mollusks, Invertebrate Pale-
ontology, and Cryptogams, and those in the Na-
tional Herbarium. Also, inventories have been made
of specimens of antarctic bryophytes, hepatics,
and lichens at the New York Botanical Garden and
of antarctic birds at the American Museum of
Natural History. The inventories made by the
SOSC staff are supplemented by records of identi-
fications which are submitted by scientists studying
antarctic material.

As the number of records begins to approach
capacity for easy access, one of the major prob-
lems to be solved is the development of an auto-
matic data processing system for rapid storage and
retrieval of information. Since most of the records
will progressively expand from the time of collec-
tion of a sample through final identification and
deposition of the specimens, the system must handle
a large amount of data for each sample and specimen,
and must also be capable of storing and retrieving
accurately the binomial names of organisms. Staff
members have been actively concerned with these
problems and their possible solutions, and various
systems have been studied to determine their ap-
plicability. This year, a specialist in automatic data
processing systems will be available to complete
the design of an appropriate system to permit rapid
and accurate retrieval of data. The success of this
attempt will greatly increase the efficiency of
operations at SOSC and add to the value of these
central records on the natural history collections
from the Antarctic.
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Sorting of Collections from the
U. S. Antarctic Research Program

H. A. FEHLMANN
Smithsonian Oceanographic Sorting Center

Smithsonian Institution

A project for sorting of collections from the U. S.
Antarctic Research Program (USARP) was initi -
ated in November 1963 by the Smithsonian Oceano-
graphic Sorting Center (SOSC). A vast quantity of
natural history specimens has been taken by biolo-
gists and geologists visiting the Antarctic Continent
and the surrounding oceans. Many different inter-
mixed groups, of plants and animals are often col-
lected along with sediments. Thousands or even
millions of specimens may occur in a single plankton
or mid-water trawl sample, the studies of which are
basic to an understanding of the biology of the ant-
arctic seas. It is the function of the SOSC project to
receive bulk collections and to carry out the inter-
mediate processing of such collections in order that a
maximum number of specimen groups and associated
data may become available to scientists.

Technicians are hired for the sorting of antarctic
collections and are trained by the regular Smith-
sonian supervisory staff and experienced techni-
cians. In addition to its regular responsibilities in
the collecting, preserving, storing, sorting, labelling,
recording, and shipping of marine specimens,
SOSC makes space available for governmental
and private scientists to separate their own antarc-
tic collections with the assistance and support of
the Sorting Center staff, as required. Assistance by
SOSC is provided upon request in the preparation
of labels, improvement of collecting techniques,
preserving, packaging, and shipping procedures, or
in other ways to increase the volume and improve
the study condition of antarctic collections going
to scientists. In connection with these services, six
SOSC personnel have participated in three USNS
Eltanin cruises. A record of all specimens passing
through SOSC is retained after identifications have
been received from specialists. Such a record will
make it possible for scientists to reconstruct the
complete assemblages of organisms in the original
samples.

Over 3,000 biological samples have been taken
by USARP investigators during the first 21 cruises
of USNS Eltanin. Of this number, the Sorting Cen-
ter has received material for sorting and distribu-
tion from 1,676 plankton, 591 Isaacs-Kidd mid-
water trawl, and 506 benthic samples. New mate-
rials from Eltanin are received regularly. Cur-

rently, SOSC technicians sort the antarctic material
into about 85 groupings of animals. Depending
upon the needs and requests of specialists, as well
as the abilities of the staff and time requirements,
certain of these groupings are subdivided further
prior to shipment. In addition to the sorted groups
of organisms distributed to specialists for taxonomic
work, unsorted sub-samples of most plankton and
some mid-water trawl samples are shipped rou-
tinely to scientists for ecological and other studies.

A large block of partially sorted collections
taken from earlier Eltanin cruises has been re-
ceived by SOSC. This material will require ex-
tensive further sorting before specimen distribution.
The principal effort is on sorting arid distribu-
tion to specialists of the current collections of
antarctic specimens as they are needed. About
1,650 biological samples of antarctic material re-
main. to be processed; however, SOSC has sorted
completely approximately 725 samples and partial-
ly an additional 175 samples. About 5.5 million
specimens have been sorted, of which 4.0 mil-
lion specimens and 2,100 unsorted lots have been
shipped to 64 specialists for identification and
study in the United States and five other countries.
In addition to processing Eltanin collections, staff
members of SOSC have sorted, packaged, and
shipped 29,675 specimens from Waldo L. Schmitt's
USARP collection taken aboard Staten Island. A
total of 26,465 specimens have been sorted and
made available for study from Operation Deep
Freeze material held by the U. S. National Mu-
seum.

Abstracting and Indexing Service
for Current Antarctic Literature

GEORGE A. DOUMANI
Science and Technology Division

Library of Congress

This service is designed to provide the antarctic
researcher and other interested parties with ac-
cess to current antarctic literature published in any
country, in any language, and on any pertinent
subject. The geographic coverage includes the Ant-
arctic Continent, the surrounding seas, and the
subantarctic islands.

Initiated in 1963, the bibliography is issued on
3- by 5-inch cards containing citations, abstracts,
and index terms. The cards are distributed free
of charge to individuals or organizations participa-
ting or interested in antarctic research, upon re-
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quest to the Information Officer of the Office of
Antarctic Programs. They are eventually repro-
duced in bound volumes, each containing 2,000
entries. The cumulative volume is divided into 13
major subject categories and includes an author
index, a geographic index, and a grantee index.
Antarctic Bibliography, Vol. 1, was published in
1965 and is for sale by the Superintendent of
Documents, U.S. Government Printing Office,
Washington, D. C. 20402. Volume 2 is being
readied for the press.

Operation and Maintenance
of Laboratory Facilities

HAROLD A. NASH
North Star Research and

Development institute

Hypodermic syringes, fish nets, spectrophotome-
ters, power winches, and test tubes are among the
thousands of items which must be purchased to sup-
port research activities in the Antarctic. The con-
tract for providing the support to the McMurdo
Station Biology and Earth Sciences Laboratories and
the Hallett Station Biological Laboratory is held by
North Star Research and Development Institute of
Minneapolis.

The contract is unusual not only for the multi-
plicity of items which must be anticipated but by
the attention to lead time which must be exercised
by both the investigators and the contractor. Mate-
riel needed for the early summer season must de-
part the United States in July. This means that the
orders must be placed in April and May to allow for
delivery time, packing, and shipping.

Laboratory facilities at McMurdo were consid-
erably expanded during 1965 with the opening of the
Earth Sciences Laboratory. Although this labora-
tory was not finished until late in the season and
had only token laboratory equipment, it was used by
12 different research teams before the end of the
summer. It is expected that it will be much more
adequately equipped for the 1966-1967 season.

Principal efforts during the past season were di-
rected toward the improvement of techniques for
anticipating needs and preventing supply shortages.
Special projects included the preparation of a de-
scriptive brochure of the laboratories for use of po-
tential investigators, the establishment of a library
catalog system, and aid in the planning of a new bio-
logical laboratory at Palmer Station.

Antarctic Research Series

JUDITH S. McCOMBS
American Geophysical Union

The Antarctic Research Series, established in
1963, provides a medium for the publication of
research papers in all fields of antarctic research.
Since May 1965, four volumes have been pro-
duced which present original contributions di-
rected not only to scientists actively engaged in
the specific discipline, but to graduate students
and scientis's in related fields as well. The individual
volumes are for sale by the American Geophysical
Union.

Volume 4, Geomagnetism and Aeronomy,
edited by Arthur Waynick, describes some of the
unusual properties of the ionosphere and the Earth's
magnetic field in the antarctic region. The central
theme is supplemented by papers on the properties
of radio noise and precipitation static at Byrd Sta-
tion.

Volume 5, Biology of the Antarctic Seas, II,
edited by George A. Llano, is the second collec-
tion of reports on studies made in antarctic waters.
This volume contains papers concerned with
phenomcna as well as systematics and deals with
studies carried out in McMurdo Sound, Drake Pas-
sage, Weddell Sea, and other areas.

Volume 6, Geology and Paleontology of the
Antarctic, edited by Jarvis B. Hadley, contains ana-
lytical and interpretative discussions of recent field
work and a concise history of geological explora-
tion in the Antarctic.

Volume 7, Polychaeta Myzostomidae and Seden-
taria of Antarctica, is the second and concluding
part of a comprehensive review by Olga Hartman
of the known species of antarctic polychaetes. The
first part of this reference work, Polychaeta Er-
rantia of Antarctica, appeared in 1964 as Volume
3 of the Antarctic Research Series. The concluding
part is concerned principally with the sedentary
benthic species, but discusses also the small, aber-
rant family Myzostomidae, linked with the more
readily recognized polychaetes by larval similari-
ties.

Volume 8, Antarctic Soils and Soil Forming Pro-
cesses, scheduled to be released in October 1966,
draws together the factors relating to soil genesis
and closely related subjects as they are now known
on the Antarctic Continent. The volume is edited
by J. C. F. Tedrow.
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Information Bulletin
of the Soviet Antarctic Expedition

WALDO E. SMITH
American Geophysical Union

The Information Bulletin of the Soviet Antarctic
Expedition has been published in Russian since
1955, with six to eight numbers appearing each
year. The Bulletin contains reports on all phases of
Soviet research in Antarctica—brief, readable
summaries of current findings, preliminary reports
on research projects, and discussions of new theo-
ries and methods. In 1963, the American Geo-
physical Union began the translation and produc-
tion of an English edition of the series, beginning
with No. 31.

Since then, the group of bulletins designated
Volume 4, containing Numbers 31 through 42, has
been completely translated and published. The first
issue of Volume 5 was released in May 1965.
Since then, three additional issues of Volume 5 have
been published, and will be followed by the re-
mainder of the volume as the issues become avail-
able from the U.S.S.R.

Translations of the first 30 numbers of the series,
published by the American Elsevier Publishing
Company, are available in three volumes contain-
ing 10 issues each. Subsequent issues are available
individually or on subscription from the American
Geophysical Union.

Committee on Polar Research
Activities, 1965-1966

HARRY W. WELLS
National Academy of Sciences

The Committee on Polar Research held its
Nineteenth Meeting in November, 1965, in Wash-
ington, and an Executive Committee Meeting in
May, 1966, in Minneapolis. Earlier in 1965, the
Committee was reorganized to eliminate inactive
panels and to provide greater flexibility of operation
through the use of special or ad hoc groups.

Plans were coordinated for the Symposium on
Antarctic Oceanography and the IX Meeting of
SCAR, scheduled for September 13-16 and Septem-
ber 20-24, 1966, respectively, in Santiago, Chile, as
well as for the United States contribution to the
International Antarctic Exposition that is to be held

in conjunction with these meetings. Information was
provided to the SCAR Secretariat, Cambridge,
England, for the preparation of a SCAR Manual.
Liaison was continued with United States commit-
tees of various scientific unions. In cooperation with
the National Science Foundation, liaison was also
continued with the Soviet Committee on Antarctic
Research in arranging an exchange of scientific
personnel.

The Panel on Biological and Medical Sciences
met in May and November 1965. In addition to
activities in the various aspects of biological pro-
grams and research, the Panel initiated, through its
ad hoc Working Group on Antarctic Conservation, a
report to assist the National Science Foundation in
the preparation of Recommendations for Species
and Areas Deserving Special Protection.

The Glaciology Panel held meetings in May 1965
and April 1966. A "long-range program" prepared
and submitted to the National Science Foundation,
reviews the objectives of specific studies in Ant-
arctica and gives recommendations covering 14
categories. Ad hoc committees within the Panel
began studies of spacecraft applications to glaci-
ology, data exchange, and long-term recommenda-
tions for arctic glaciology.

An ad hoc Committee on Antarctic Geology met
in April 1966 and formulated recommendations on
the antarctic geological program for the National
Science Foundation.

At the request of the National Science Founda-
tion, the Executive Secretary of the Committee
served as USARP Representative on Cruise 22 of
Eltanin.

Other Committee activities included the prepara-
tion, in cooperation with the National Science
Foundation, of Report No. 7 to SCAR on United
States antarctic research activities; a statement on
international scientific cooperation in the Antarctic
for a White House Conference on the International
Cooperation Year (ICY); a continuing review of
arctic research; and preparation of testimony for
congressional hearings on antarctic legislation.

Support of the
Institute of Polar Studies

COLIN BULL
Institute of Polar Studies

Ohio State University

The Institute of Polar Studies was founded in
1960 through the efforts of Dr. R. P. Goldthwait,
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who was its first director, and the encouragement
of many senior members of the Ohio State University
administration. In addition to support from the
National Science Foundation, the Institute has en-
joyed grants-in-aid from the University and a large
"seed grant" from the Mershon Center for Education
in National Security. During the past 6 years the
Institute has received more than 80 grants and con-
tracts for work in the polar regions, including 33
from the National Science Foundation for work in

Antarctica. These have included studies in traverse
and station glaciology, bedrock and glacial geology,
lichenology, algology and bacteriology, pedology,
and meteorology, as well as glacier mapping and
photogrammetry projects, laboratory studies of
microparticles, theoretical studies of the densifica-
tion of snow, and analyses and compilations of
existing data. Currently the 48 research associates
and graduate students of the Institute represent 8
departments in 4 colleges of the University.

Adelie Penguins in the Milwaukee County Zoo

GEORGE SPEIDEL
Milwaukee County Zoological Park

As early as 1936 it was determined that it was
impossible to successfully maintain antarctic and
subantarctic penguins in the north central area of
the United States without special quarters and
treatment. In planning space in our new birdhouse
for these immensely popular, but delicate, birds, we
took many factors into consideration:

The water tank at the front extends the entire
width of the exhibit area. It comes right up to the
glass, enabling visitors to view the birds under water.
Simulated rockwork with a natural appearance
forms the background. Water sprays, installed at the
top, are arranged in two banks so that half the
exhibit can be sprayed at a time, giving the birds a
choice of being in or out of the water.

Light comes from a full overhead skylight and
cold, fluorescent tubing at the front, out of visitors'
view. The most efficient air filters obtainable are
used, with equipment that guarantees temperatures
between 70 and 13°C. (45° and 55°F.).

On March 26, 1964, four king (Aptenodytes
palagonica) and four rockhopper (Eudyptes cre-
status) penguins were released in the exhibit room.
On February 14, 1965, our bird supervisor returned
from Antarctica with 19 Adélie penguins (Pygo-
scelis adeliae). A special effort has been made to
choose what was believed to be three pairs of mated
adults and 13 young, not yet in adult plumage. It
was necessary to force-feed the birds for several
weeks. They show a preference for salt-water
smelt and remain on this food at the present time.

Rigid sanitation and medication programs are
observed by the birdhouse staff and every precau-
tion is taken to eliminate sources of infection. All
the birds get salt and vitamin capsules, inserted into
the mouths of fish, as well as Nystatin, an antibiotic
with antifungal properties which helps combat
aspergillosis, a disease almost always fatal to
penguins. Despite these precautions, however, one
young Adélie succumbed to aspergillosis 16 months
after arrival. The other birds are in good condition.

During May 1966, two pairs of the Adélies
showed marked nesting behavior and it was
decided to keep the fluorescent light in the exhibit
area burning at night. A generous supply of
sterilized stones was made available to the penguins.
One pair became very possessive of its territory.
On May 29, 1966, one egg was laid, and on June
1, another. Incubation commenced immediately,
with the male and female exchanging duties three or
four times a day.

On July 2, at 4:00 P.M., 34 days after the start
of incubation, the cracked egg was observed as one
of the parents turned it. By noon the following day,
the dark brown, downy chick, about five inches
tall, was fully free of the egg. By 5:30 P.M., the
parents were feeding it regurgitated food. At the
present time, the young penguin, named "Little
America," is growing rapidly and doing very well.
At 30 days of age, it is almost three-fourths the size
of its parents. The second egg was infertile.

Other species of penguin have been reared in
captivity; however, we believe this to be the first
Adélie.
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INTERNATIONAL ACTIVITIES

Belgium-Netherlands
Antarctic Expedition, 1966

FRASER R. MYERS1
Lieutenant, U.S. Navy

U.S. Naval Oceanographic Office

The Belgium-Netherlands Antarctic Expedition,
1966, is the third joint undertaking of these two
countries in Antarctica. Following the occupation of
Roi Baudouin Base on the Princess Ragnhild Coast
by three Belgian expeditions from 1958 through
1961, activities were terminated. Then, in 1963, the
Belgian government agreed to further antarctic
expeditions with the collaboration of the Nether-
lands.

The first joint Belgo-Dutch party left for Roi
Baudouin in December 1963. It built a new base
400 feet west of the old one, which by then was 12
feet under the snow. The scope of these renewed
operations has been limited; until this year, there
had been little field work and no aircraft available
during the winter.

The Roi Baudouin Base is situated on an ice
plain nine miles south of Breid Bay. The choice
of this particular spot on the Princess Ragnhild
Coast was dictated by the ice cliffs which fringe the
continent for 350 miles east to the Japanese station
Showa and 250 miles west to the Soviet station
Novolazarevskaya. Averaging over 100 feet in
height, these cliffs make access from the sea
practically impossible except where calving has pro-
duced natural entry ramps. Such an area occurs in
Breid Bay. On a clear day, the S4r Rondane
Mountains can be seen from here 70 miles to the
south.

The new base includes facilities for 18 men. The
structures are similar to the American Clements
panel buildings used in the original station but, for
reasons of economy, the new wooden buildings were
fabricated in Belgium. The 100- by 20-foot living
area has individual sleeping cubicles for each man.
A commodious and attractive combination of living
and dining room, library, and bar is the core of this
area. Adjacent are the kitchen, a bath and laundry

'U.S. Foreign Exchange Representative.

room, and a wine cellar. Communications equipment
is in the radio operator's room at the end of the
wing.

Connecting the base's three major buildings is an
enclosed wooden corridor, 140 feet long. At the
western end are the living quarters, at the eastern
end the scientific laboratories, midway the power-
house, and between the latter two, the lavatories.
Cases of provisions line the walls of the corridors.
Ladders at both ends provide access to the outside.
Opposite the entrance to the living quarters, stairs
descend to the cavernous icebox. The expeditions
have always had a Belgian cook and the cuisine is
excellent.

The central powerhouse is divided into three
sections: the generating room with the three 16-
kilowatt generators, the workshop, and the ice
tunnel and water-melting system. The 45- by 20-
foot science building contains a darkroom, dispen -
sary, aurora dome, ionospheric and meteorological
equipment, and cubicles for the geomagnetician,
the topographers, and the expedition chief. A new
addition, completed by the 1965 expedition, is a
chamber under the snow that houses the hydrogen-
generating equipment and is directly connected to
the balloon-launching shelter above.

Three buildings are raised clear of the ground.
The oldest is the fiberglass rawin dome salvaged
from the original base. Like the rest of the rawin
equipment, it is on loan from the United States. The
1965 expedition built two more buildings, one
housing apparatus for the new ozone program, and
the other a simple balloon-launching shelter. Other
outlying buildings, now covered by snow, include
two housing geomagnetic instruments and another
containing solar radiation equipment, as well as the
old base complex, and the station's refuge. Nick-
named "De Coene" after its manufacturer, the
heavily reinforced emergency facility with its sup-
plies can sustain 20 men for 8 months. Since the
main base has little capacity for expansion, De
Coene is used by all summer personnel. No provi-
sion is made to house vehicles or aircraft.

The 1966 Expedition

The 1966 Belgo-Dutch expedition differs from its
two predecessors by including field scientists, two
geologists and two topographers. While the 18 men
(12 Belgian, 6 Dutch) are fewer than the largest
Belgian team of 22 that wintered over in 1959,
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they are two over the 1965 and four over the 1964
teams. Eight are military support personnel: two
from the Dutch Navy, two from the Belgian Army,
one from the Belgian Navy, and three from the
Belgian Air Force. Two have served before in the
Antarctic. The leader, Tony van Autenboer, spent
two successive seasons at the base, 1959-1961, dur-
ing which time he sledged for over 10 months in
the Sr Rondane Mountains doing geologic work.
Van Autenboer has planned similar field work this
year by dog team.

Logistics requirements are handled by chartered
ships. The Norwegian sealers Polarhav and Polar-
sirkel were hired in 1957 and 1958. Subsequent
contracting has been with the J. Lauritzen Lines of
Denmark. In 1959 and 1960, the 3,000-ton Erika
Dan was used, but with the reduced size of the
present undertaking, the 1,800-ton Magga Dan has
proved adequate. The charter contract permits the
expedition to use the refrigerated holds for such
cargo as it may obtain for the return voyage to
Europe, and, on the last two trips, frozen fish has
been carried from South Africa to Spain.

The 1966 expedition departed Brussels for Cape
Town on December 27, 1965, aboard a Belgian
Air Force transport. The United States Representa-
tive left Washington, D.C., on December 19 for a
week's briefings in Brussels and The Hague before
departure. In Cape Town, an unusual opportunity
afforded itself with the simultaneous departure of
the 1966 South African National Antarctic Expedi-
tion (SANAE). Two joint receptions and a visit to
the expedition ship RSA allowed members to ex-
change experiences.

Magga Dan arrived in Cape Town on New Year's
Day with the expedition's 300 tons of cargo and
three crated aircraft. She had sailed from Antwerp
on December 5. A naval electrician aboard was
charged with the care of the 13 huskies, and 6
puppies born en route, all housed in wooden ken-
nels on the forecastle. While luggage and fresh
provisions were taken aboard in Cape Town, the
helicopter was shifted aft to be uncrated on the
platform. Fuel and water were topped off.

Flags and whistle blasts observed the crossing of
the 60th parallel and entry into the realm of the
Antarctic Treaty, while celebrations on the following
day marked the crossing of the Antarctic Circle.
On January 10, 1966, the pack ice was encountered
at 67 0 301S. With the aid of the helicopter, Magga
Dan reached the continent in 70 hours of easy
steaming through 5110 to 7/10 pack ice.

Cargo discharging commenced on January 13, in
Leopold III Bay. First, the mail and fresh provisions
were unloaded, then the two aircraft, a Cessna 180
and a U-lB Otter on loan from the U.S. Navy. Fol-

lowing a breakout of ice on January 16, the ship
was moved five miles south to the head of Leopold
III Bay. Here Magga Dan's booms could unload
cargo directly onto the ice-shelf ramp. The cargo
was cached at an intermediate depot one mile in-
land, from where the winter party would transport
it the final eight miles to the base. Discharging was
completed in six days, leaving ten days to conduct
the summer's scientific programs.

While Magga Dan went out to conduct oceano-
graphic and hydrographic work in Breid Bay, a
biologist was busy in Glacier Bay capturing penguins
and seals. Thirty-seven emperors, 18 Adélies, and
a Weddell seal were collected for the Antwerp Zoo.
The eight-man military aviation detachment kept
the aircraft operating, while the Alouette TI heli-
copter usually remained aboard Magga Dan. The
Cessna flew aerial photography of the coastal area
east of Leopold HI Bay to Brekilen. On the ice
shelf, two teams of geodesists supported the photo-
grammetric work by establishing three astronomical
positions. The Cessna also made an exploratory flight
to the Belgica Mountains on January 25. In a dozen
flights, the Otter ferried 10 tons of supplies to the
Sr Rondane Mountains in support of the winter's
field parties. A special program of high-altitude
balloon launchings for cosmic-ray observations was
conducted as part of a project involving seven polar
stations.

A six-ton Hanomag bulldozer, on loan for the
summer from the Belgian Army, was an immediate
success. Bulldozer operations at Roi Baudouin had
hitherto been considered unfeasible, but the Hano-
mag leveled drifts, dug supply trenches, and pulled
sled loads quadruple the weight of those handled by
the Sno-Cats. Permission was obtained to keep the
bulldozer for the winter to supplement the two Sno-
Cats, two Muskegs, two Polaris toboggans, and two
dozen huskies.

Construction projects included the excavation of
two supply trenches and the elevation of the rawin
dome to 15 feet above the snow surface. Inside
the base, two diesel engines were replaced on the
generating units.

Responsibility for scientific programs shifted to the
1966 expedition on February 1, 1966. On February
3, the official change of command took place, and the
flag of the 1966 team was raised as van Autenboer
relieved Winoc Bogaerts as base leader. That
evening the 16-man 1965 expedition and 18-man
summer team sailed homeward. All but the one bio-
logist debarked in Cape Town to continue their
return by Belgian Air Force transport. The biologist,
with the seal and the penguins, accompanied a new
cargo of frozen fish on the three-week transit to
Europe.
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South African Expedition
to Bouvet Island, 1966

PARKE STARKE1
Radiation Systems Section

Environmental Science Services Administration
Since M. J. B. C. Bouvet de Lozier, with the

French exploring ships Aigle and Marie, discovered
land on January 1, 1739, at a location erroneously
determined to be near 54°S. 09°37'E., many expedi-
tions and less formal parties have explored this area
of the South Atlantic. The land sighted by Bouvet
was determined to be an island by Captain James
Lindsay of the Enderby whaler Snow Swan, in com-
pany with Captain Thomas Hopper, in Otter, on
October 6, 1808. They estimated the island's posi-
tion as 54°22'S. 04°15'E., but bad weather
prevented them from landing. On December 10,
1825, the island was sighted again by Captain
George Norris with the Enderby whalers Sprightly
and Lively. Named "Liverpool Island," it was re-
ported to be located at 54°15'S. 05°E. On Decem-
ber 16, 1825, a landing was made. In November
1898, a party aboard the German exploring vessel
Valdivia determined the center of the island to be
located at 54°26'S. 03°14'E.

Captain Harald Horntvedt of the Norwegian re-
search vessel Norvegia visited Bouvet Island in De-
cember 1927. He raised the Norwegian flag on the
island, stayed about a month, made several landings,
and left an emergency food depot. Since 1927,
several expeditions have attempted to explore the
island. An extensive radar survey was conducted in
February 1955 by Lt. A. Fawthrop, South African
Navy, under the direction of Captain R. P. Dryden-
Dymond, aboard SAS Transvaal. The expedition
investigated the feasibility of establishing a meteoro-
logical station on the island, as part of South Africa's
contribution to the International Geophysical Year,
1957-1958. The island has been described in con-
siderable detail (Mosby, 1934; Holtedahl, 1929;
Aagaard, 1930). USCGC Westwind, en route from
Cape Town to Ellsworth Station, stopped at Bouvet
Island on January 1, 1958, and made a helicopter
reconnaissance. A joint British-South African expe-
dition in 1964 (Taljaard, 1964; Lunde, 1965) and
the South African expedition of March 1966, indi-
cate South Africa's continuing interest in the feasibil-
ity of constructing and operating a weather station
on this island.

Covering an area of about 50 square kilometers
(19 square miles), Bouvet, a possession of Norway,
is the southernmost island of the Mid-Atlantic Ridge.

1 U.S. Antarctic Research Program Representative, sup-
ported by the National Science Foundation.

It is of volcanic origin and rises to heights of about
800 meters (2,600 feet) on peaks surrounding the
Wilhelm II Plateau, an inactive crater located
slightly west of the center of the island (cf. map).
The island is characterized by steep cliffs ,of 75 to
400 meters (250 to 1,300 feet) in height around the
perimeter. Its ice cap is believed to average almost
100 meters (330 feet) in thickness. From the south-
eastern end of the island, the cap slopes gently
upward for about 3 kilometers (2 miles), with a
fairly uniform slope of about 5° to 7°. From other
directions, the slopes are generally steeper and often
less uniform.

On February 22, 1966, the South African expedi-
tion left Cape Town for Bouvet aboard the research
vessel RSA. RSA carried two helicopters and was
accompanied by the naval ship Natal. In addition
to South African personnel, the scientific comple-
ment included Thore S. Winsnes of the Norwegian
Polar Institute, and the author, U. S. Antarctic Re-
search Program Representative. The expedition was
under the command of Captain B. Hegerty, with
S. A. Engelbrecht, Director of the South African
Weather Bureau, as the scientific leader. The scien-
tific group included meteorologists, geologists, gla-
ciologists, biologists, surveyors, civil engineers, a
cosmic ray specialist, photographers, and other spe-
cialists.

The primary purpose of the trip was to enlarge
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upon the work done by previous expeditions and
to assess the feasibility of placing and maintaining
a manned weather station on the island. Earlier
expeditions had not been able to complete definitive
site surveys because of unfavorable weather or lack
of means for surveying the surface of the ice cap.
The time schedule for this expedition was planned
to accord, as nearly as possible, with favorable
weather for helicopter operations. Most of the
planned operations required cloud ceilings above
300 meters (1,000 feet) and frequently above 1,000
meters (3,300 feet), visibilities above 0.5 miles, and
winds of less than 25 knots. The expedition was
prepared to stay at Bouvet for several weeks, if
necessary, to accomplish its primary purpose. Be-
cause of better-than-expected weather, however, the
helicopters were able to use up their available flying
time in six consecutive days, during which the
weather usually permitted intermittent, if not con-
tinuous, operations.

Daily weather maps were prepared. These indi-
cated that the seemingly unusual weather resulted,
in part, from a "blocking" high moving slowly
northeastward (about March 2) from the Weddell
Sea past the South Orkney and South Georgia
Islands. It began to pick up speed as it moved
toward Gough Island, which it passed about March
7. At the beginning of this period, March 2, the
expedition arrived at Bouvet behind a low-pressure
center of about 967 mb. Open waves apparently
formed on the cold front, far to the northwest of this
center, moving rapidly southeastward as they in-
creased in intensity and approached Bouvet. Their
centers, however, were judged to be relatively weak
(about 970 and 985 mb.) when they passed Bouvet,
on the 4th and 6th. The passage of these centers
produced brief periods of snow or rainfall, but the
resulting poor visibility seldom interrupted heli-
copter operations for more than an hour or so.

The nine days spent en route to Bouvet had
been characterized by southwesterly winds of seldom
less than 20 knots, and frequently more than 40
knots. At Bouvet, during this favorable change in the
weather, they were predominantly west-southwest-
erly from 10 to 25 knots. The mountain peaks were
at times clear of clouds, but usually they were
shrouded above approximately 500 meters (1,640
feet).

Members of the first party ashore were lowered
from a hovering helicopter to the ice cap at the loca-
tion considered most likely to be free from crevasses.
Roped together at about 15-meter (50-foot) inter-
vals, they tested the snow surface in the immediate
vicinity for hidden crevasses. When none was found,
the helicopters began to land supplies and additional
t,ersonnei. Other working sites on the ice cap were
investigated in the same manner.

The surveyors, using Tellurometers and precision
altimeters, determined the heights and relative posi -
tions of many landmarks with considerably greater
precision than had been possible in the past. Nu-
merous photographs were taken that should be of
great value in correcting maps of the island. A tide
gauge was set up on a group of rocks at the west end
of the island, but it was wrecked by waves before
any record had been collected. Biologists obtained
samples of moss, lichens, and several varieties of
seaweed, as well as soil andwater samples.

The geologists were particularly interested in the
Westwind Beach area because members of the 1964
expedition, during their brief visit to the beach, had
found evidence that it was the result of recent,
local volcanic activity (Lunde, 1965). Marked
enlargement of the beach area between 1955 and
1958 appeared to have resulted from rock slides.
The slides may have been induced by weathering of
the rocks, earth tremors, or both. If the rock slides
resulted from underwater volcanic outbreaks in the
beach area, the geologists could find little, if any,
evidence of such activity among the surface debris
that they examined during their brief visit.

Two or three active fumeroles were observed along
the north coast, about 0.75-1.5 nautical miles east-
ward from Cape Circoncision. In two cases, vapor
was observed to escape periodically from caves im-
mediately above mean sea level. The vapor usually
appeared several seconds after occasional waves
washed into the caves. Somewhat farther east, near
Posadovsky Glacier, and perhaps 100 meters (330
feet) up the steep cliff that dominates the area,
small streams of vapor blew rather constantly from
two small vents, a meter or two apart. The rock
near the vents was stained yellowish to slightly
orange. The chemical nature of the stains could not
be determined.

The animal life on the island has been described
in the reports of other expeditions (e.g., Lunde,
1965). In brief, it consists mainly of sea elephants
and seals, and abundant numbers of penguins, in-
cluding chinstraps and macaronis, as well as a
variety of other birds. On Westwind Beach, the
penguin colony numbers about 1,000. The island's
total population may be several times this figure.

Core samples of the ice cap were taken to a depth
of about 8 meters (26 feet). Casual examination
of the vertical profile to a depth of about one meter
suggested a snow and ice accretion rate of about 0.5
meters (1.6 feet) per year for the past two years.

Each annual accumulation increment comprised
two layers: a layer of ice (presumably from summer
melting) and a less compact layer of snow. The core
samples were placed in a cold chamber and re-
turned to South Africa for detailed analysis.
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General consideration was given to two possible
sites for a manned weather station. The first was on
the smooth, gently sloping glacier surface about one
mile inland from the eastern tip of the island; the
other was an area of bare rock on Rusted Hill. The
plateau site is near the center of the largest area
found to be free of evidence of crevassing. The
surface is relatively flat, perhaps slightly concave,
with a slope believed to be less than six degrees for
distances of at least one half and, generally, one
mile from the center. The topography of this area
should have minimum adverse effect on the repre-
sentativeness of observations for synoptic and clima-
tological purposes. There is an unlimited supply of
snow and ice as a source of fresh water.

The elevation of the site is about 250 meters (820
feet), as compared to about 400 meters (1,300
feet) for the Rusted Hill site. This relatively low
elevation means that observations could be taken
below the ceiling of the clouds more frequently than
if the site were at a higher elevation. This site would
provide for line-of-sight communications from north-
east through southeast to southwest. Some remote
placement of antennas might be required to achieve
line-of-sight communications from west to north.
The author did not visit the Rusted Hill site.

Undesirable or potentially undesirable features of
both sites include the following: inaccessibility,
except by helicopter; confinement to very small
areas, on the order of 600 meters (2,000 feet) on
a side; possibility of volcanic action requiring rescue
operations; and possible radical changes in the
thickness of the ice cap from one year to another.

With respect to existing gaps in the observational
network of the South Atlantic Ocean, Bouvet Island
is strategically located for purposes of the World
Weather Watch. It is the center of an area with a
radius of about 1,000 nautical miles in which there
are no fixed or routine weather-observing stations.
A station in this area would provide, in addition to
obviously valuable climatological information, very
valuable clues to the size and intensity of most extra-
tropical disturbances that approach the southern tip
of Africa.

Official evaluation of the findings of the expedi-
tion should add considerable detail to the knowledge
of Bouvet. The feasibility of placing a manned
station on Bouvet does not appear to be ruled out by
the findings of this expedition. Some additional in-
formation about annual changes in the ice cap may
be necessary before a manned station can be estab-
lished. Emergency facilities, escape routes, and the
potential for removing personnel in case of impend-
ing danger, summer or winter, appear to be necessary.
An alternate observation site may be needed to
insure continuity of observations.

WiFe" MlLhi

Aagaard Glacier Area; Observer Facing SSE froin West-
wind Beach
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With the Japanese
to Antarctica

HENRY S. FRANCIS, JR.'
Office of Antarctic Programs
National Science Foundation

During the search for an antarctic station site in
1956-1957 for the International Geophysical Year,
the Japanese Antarctic Research Expedition suc-
ceeded in penetrating Lützow-Holm Bay. Because of
the light ice conditions prevailing at the time, the
expedition's ship, Soya, was able to approach close
to East Ongul Island where Showa Station was
established. Subsequent expeditions, however, en-
countered increasingly heavy pack ice. As a result,
the 1958 expedition failed to complete the resupply,
and the station was vacated for that winter. Eventu-
ally, it was decided that Soya could neither stand
further battering nor support the program adequately
in this location, and Showa was closed on February
8, 1962.

The recommencement of the program in 1965-
1966 represented a major effort by Japan to share
in the continued scientific exploration of Antarctica
and to support the peaceful intent of the Antarctic
Treaty. It would appear that the Japanese Govern-
ment is prepared to take a long-range view of its
antarctic commitments and that the Japanese people
look upon the prospect with interest and enthusiasm.
The opportunity provided by the Antarctic Treaty
to cooperate with other countries in the scientific
exploration of the continent is certainly one of the
facets of Antarctica that appeals to the Japanese.
In this regard, there has been considerable coopera-
tion since the 1GY between the United States and
Japanese antarctic research expeditions. United
States representatives accompanied the Japa-
nese Antarctic Research Expeditions of 1958-1959
and 1960-1961. Japan has sent representatives on
six United States expeditions. Japanese exchange
scientists have made limnological studies in the dry
valley area of Victoria Land for the last four years.
Japanese newspaper correspondents have accom-
panied the United States expeditions on a number
of occasions, and members of the Japanese Diet
visited United States antarctic stations in 1963. Dur-
ing the 1964-1965 season, the commanding officer
of Fuji spent several weeks on United States ice-
breakers in McMurdo Sound to gain firsthand ex-
perience in icebreaking before taking command of

'U.S. Antarctic Research Program Representative to the
Japanese Antarctic Research Expedition VII, 1965-1966.

his ship. Continuing this tradition of cooperation,
the Science Council of Japan invited the National
Science Foundation to send a representative of the
U. S. Antarctic Research Program on the Japanese
Antarctic Research Expedition VII.

The expedition departed Tokyo on November 20,
1965, aboard the new icebreaker, JMSDF 2 Fuji (fig.

I-
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(Photo: H. S. Francis, Jr.)
Fig. 1. icebreaker Fuji.

1). Built especially for antarctic service and com-
missioned in June 1965, Fuji has a length of 100
meters (330 feet), a beam of 22 meters (73 feet),
and a draft of 8.1 meters (27 feet). The icebreaker
has a normal displacement of 7,760 tons and is
powered by diesel-electric engines of 12,000 max.
shp., giving a maximum speed of 16 knots and a
cruising speed of iS knots.

As a logistic support vessel, Fuji carries 400 tons
of cargo and is equipped with two Sikorsky S-61A
helicopters, capable of payloads of 4,000 pounds
or 26 passengers, and a Bell 47GA helicopter for
reconnaissance purposes. The hangar is large enough
to hold the three helicopters with their blades folded,
with ample space for maintenance work.

Fuji is also designed and equipped to serve as
a research ship. She has a well equipped meteoro-
logical office, supported by an excellent com-
munications system. Two atmospheric physics labo-
ratories are located on the bridge, and four addi-
tional laboratories are located under the flight deck
in the stern. Three of the latter are equipped for
studies in geophysics, hydrography, and marine
microbiology. The fourth laboratory is planned for
use by geologists or glaciologists.

On December 11, 1965, Fuji, under the command
of Captain Toshiharu Honda, departed Fremantle,
Australia, for Antarctica with 182 officers and crew,
41 scientists and technicians, 3 news media personnel,
and the USARP Representative. The three weeks

'Japanese Maritime Self-Defense Force.
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required to transit the South Indian Ocean were
spent in planning and preparation for the reopening
of Showa. The scientific party, under the leadership
of Masayoshi Murayama, was a very cohesive and
carefully selected group of antarctic veterans, some
of whom were returning to Antarctica for the third
and fourth time. Eighteen men were to winter over
at Showa. While the men of the Maritime Self-
Defense Force were responsible for the delivery of
personnel and materiel to Antarctica, the scientific
party was responsible for the station itself and for
activities on the continent. For this reason, the
scientific group had brought its own housekeeping
and construction personnel.

On December 18, Fuji crossed 60°S. in the
vicinity of the Queen Mary Coast and proceeded
westward to the edge of the pack ice. Off Mawson
Station, the helicopters, which until this time had
been stored in the hangar, were prepared for flight.
As Fuji rounded Enderby Land, heavier pack ice
was encountered, and nearly a week was required to
make the approach to Lützow-Holm Bay, which was
reached on December 31.

Shipboard scientific programs were carried out
throughout the voyage. The upper atmosphere
physics program included very-low-frequency and
extremely-low-frequency studies, vertical ionospheric
soundings, and radio noise measurements. Surface
weather observations, upper-air soundings, and a
forecast based upon the McMurdo-Mawson collec-
tives and facsimile reports from the International
Antarctic Meteorological Research Centre in Mel-
bourne, Australia, were made daily. A proton mag-
netometer was towed for much of the cruise north of
the pack ice and bottom profile and sediment thick-
ness were recorded seismically using an air gun. The
marine biological program included a study of
phytoplankton and determination of chlorophyll.
Bathythermograph stations were taken at least
twice daily. Four hydrographic stations were made
along the cruise track. Meteorological, aeronomical,
and oceanographic observations were continued dur-
ing support operations in Lützow-Holm Bay as
weather, ice conditions, and work schedules per-
mitted.

The supply operations to Showa were based on
the use of helicopters to ferry personnel and mate-
riel from the ship moored 40 to 100 nautical miles
north of the station at the edge of the fast ice. The
location of Fuji on December 31, 1965, was about
40 nautical miles north-northeast of East Ongul Is-
land. Two flights carrying advance personnel were
made to the station on that date. Bad weather
prevented further helicopter operations until Janu-
ary 2, 1966, when the remainder of the advance
party was flown to the station.

The station resupply period was estimated at 40
days. Four of these were devoted principally to
reopening the old facilities. The remaining period
was divided equally between the delivery of cargo,
the construction of new facilities, and the installa-
tion of scientific equipment. Only during the last
phase was scientific work possible ashore.

Considering that the station had been unoccupied
since 1962, its condition was generally good. This
was a warm year, and most of the drifted snow was
gone from around buildings, caches, and tunnels. The
buildings had been carefully sealed, and except for
dampness, they were in good condition, but the
tunnels were filled with ice and debris. The caches
had suffered severe wind damage, and their contents
were scattered over much of the surrounding area.

Showa is located on the northwest corner of East
Ongul Island. The island is a series of weathered
and eroded ridges of metamorphic sediments and
valleys filled with sand and gravel (fig. 2). There
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(Photo: H. S. Francis, Jr.)
Fig. 2. Showa and Environs.

are very few boulders. The high points of the
ridges are cleared of snow by the wind, while the
valley troughs and hollows are filled with snow
which melts to form lakes in the summer months.

Upon arrival at the station, the advance party ac-
complished two jobs simultaneously—the opening up
of the buildings and the preparation of a helicopter
landing pad on high ground to the south of the sta-
tion. The landing site was covered with canvas over-
laid with metal pads to prevent the helicopter back-
wash from blowing sand and rocks around the
station and into the helicopter engines. As soon as
the pad was prepared, the helicopters began deliver-
ing cargo from the ship. Although the landing site
was only 100 meters (330 feet) from cache areas
and the south end of the station, it quickly became
apparent that the helicopters could deliver more
cargo than the ground party could segregate with its
two small, wheeled vehicles and a D-4 tractor. A
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16-hour work day was the rule, and between 30 and
50 members of the science party and ship's com-
pany were at work at the station during each day of
this period.

All cargo was divided into bundles supposedly
light enough for two men to lift. Outside crating was
removed aboard the ship. The helicopters transported
stripped-down loads in the cabin, and heavy items
and drummed automotive fuel by underslung cargo
nets. Station fuel was delivered in bulk by means of
removable cabin tanks in the helicopters. This system
made for great savings in ship's hold space and for
ease of delivery. Initially, the cargo was lifted over the
side onto fast ice, where a temporary helicopter pad
was assembled. After the sea ice broke up, however,
cargo was loaded directly from the holds to the heli-
copters on the flight deck. Allowing for periods of
bad weather and time out for service checks, the
transportation of 368 tons of fuel and cargo and three
passenger flights from the ship to the station required
approximately 30 percent of the total available air-
lift capacity between December 13, 1965 and Feb-
ruary 1, 1966.

As soon as most of the construction materiel had
been delivered, the principal effort was directed to
setting up new buildings. Eight were added to the
old station. First, a warehouse was built for sum-
mer support party sleeping quarters and winter stor-
age. Then, a new generator building and a lavatory
were built. These were followed by a combined
radio communications and barracks building and a
new ionospheric laboratory. Several smaller build-
ings were also erected, including a reefer, a trans-
mitter building and a new geomagnetic observatory.
Great care was taken to level the foundation for each
structure and to seal and guy it properly. As
soon as the buildings had been roofed, the installa-
tion of equipment began. In the case of the generator
building, the placement of two new 240-hp., 45-kw.
diesel generators and a snow-melting apparatus
came as part of the construction. The helicopters
were used as flying booms to lift the generators into
place.

The snowmelter/water heater utilizes both the
exhaust heat and the radiator coolant from the
generators. The system is capable of heating 1,800
liters (465 gallons) of water from 10°C. to 40°C.
(50°F. to 104 0 F.) in three hours. The station is
now equipped with flush toilets, and hot and cold
water is piped into the galley. Sewage disposal is
accomplished by means of a Mercedes Unimog
truck, equipped with a high-pressure pumping sys-
tem and a 300-gallon tank. About one-half of the
old tunnel system was replaced, after much arduous
use of the pick ax, by a 2-meter (6.5-foot) diameter,
corrugated culvert.

The final phase of the summer activities was
devoted to installing scientific equipment, painting
and renovating the living quarters, and cleaning
the environs. Several antennas were installed, in-
cluding a rhombic antenna for the communications
transmitter, an ionospheric-sounding antenna, four
riometer antennas, and a VLF antenna.

The station scientific program centers around
meteorology and upper atmosphere physics. The
meteorology program is a synoptic surface and upper
air project that includes ozone observations on the
ground and aloft. The upper atmosphere physics
program covers ionospheric absorption, VLF, aurora,
and geomagnetism. A set of seismic instruments and
a tide gauge will also be operated.

Perhaps the most impressive piece of scientific
equipment is the surface meteorological data recorder.
This equipment, in addition to recording the
standard surface weather elements, shows, visually
and simultaneously, mean values of wind speed
and direction as well as relative humidity. Through
an analog computer, all of the standard surface
data are automatically typed out in coded form
every three hours.

The Captain of Fuji took advantage of the rapid
deterioration of the sea ice during January and, on the
25th, began a penetration of Ltitzow-Holm Bay.
Taking the route of least ice resistance, which cor-
responded very closely to that of Soya in 1956-
1957, Fuji worked her way southwest through the
softening sea ice around and behind the Ongul Is-
lands. The icebreaker then proceeded north up the
straits to the northeast tip of East Ongul, arriving
on January 27. This penetration made possible the
delivery of the final piece of cargo, a new traverse
vehicle which was too heavy for the helicopters to
lift. It also made possible the participation of all
the ship's company and summer scientific party in
the ceremonies on January 31 and February 1, when
the station was turned over to the wintering party
under Akira Muto, a medical doctor.

On February 1, 1966, Fuji sailed south to open
water around the Langhovde Hills where parties went
ashore for an afternoon. Then, following the same
route, the vessel proceeded north through the ice to
open water and sailed east-northeast along the
Enderby Land coast.

On February 3, the Japanese paid a social call on
the Soviet station, Molodezhnaya. The party arrived
by helicopter from Fuji, which was standing off the
ice about 20 miles north of the station. The visit
coincided with the unloading of the Soviet vessel
Ob'. Despite the fact that the Soviet party was hard
at work moving supplies, the Japanese were re-
ceived cordially, were shown the station facilities,
and invited to dinner. Molodezhnaya, established in
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1961, is still under construction. During the winter
of 1965, approximately 40 men wintered at the
station and, during this resupply period, nearly 100
were present. The station is located on a large and
relatively flat area of exposed rock, with ready ac-
cess to the plateau. The station facilities are spread
out, and every precaution is being taken to reduce
snowdrift problems. Some buildings are raised on
stilts. The location permits the resupply vessels to
berth against a low ice shelf to the west of the
station, and convenient aircraft runway facilities are
located on the plateau behind the station.

The next morning, after returning to Fuji for the
night, the Japanese party flew by helicopter to Ob'.
The Captain of Ob' entertained the Japanese
and took them on a tour of his ship. In return, a
Soviet group, including the expedition leader, the
senior officers of Ob', the incoming and outgoing
station leaders of Molodezhnaya, and several other
members of the expedition, were flown to Fuji,
where they were shown the ship and entertained.

It had been intended to depart February 5 for
Lützow-Holm Bay for a last visit to Showa, but a
severe blizzard (the only one of the season) oc-
curred with winds gusting to 45 m./sec. (95 mph).
The last of the summer personnel were picked up at
Showa on February 7 and, after a final farewell Visit
to the station, Fuji sailed westward. With almost no
pack ice left, progress was steady on Breid Bay. On
February 9, contact was made with the Belgo-Dutch
Expedition at Roi Baudouin. Weather prevented an
exchange of visits until February 10, when five mem-
bers of the Belgo-Dutch party came aboard Fuji
briefly. The ship sailed again on February 11.

Fuji proceeded westward to 69°30'S. 11'30'E.,
where the course was changed (on February 13) to
north-northeast for Cape Town, South Africa. Ocean-
ographic stations were made every five degrees of
latitude north to 40°S. After an uneventful voyage
which was broken only by a visit to a division of
the Japanese whaling fleet, Fuji docked at Cape
Town on February 24, 1966.

The return of the Japanese to year-round activities
in Antarctica was crowned with success. The ice-
breaker, Fuji, proved to have substantial logistic sup-
port capability. The old Showa Station was well re-
established with new buildings, a good science pro-
gram, and a fine group of men to operate it during
the winter of 1966. The expedition reflected a high
dedication to the purpose of antarctic exploration
and science, and it demonstrated good planning and
a thorough knowledge of antarctic operations. Every
courtesy was extended to the U. S. Antarctic Re-
search Program representative in the best tradition
of antarctic cooperation.

Chile-United States
Botanical Expedition to

Juan Fernandez Islands, 1965

FREDERICK G. MEYER'
U. S. National Arboretum

Washington, D.C.

Introduction
The archipelago of Juan Fernandez holds great

interest to botanists on account of the high endemism
of the flora (70 percent for the vascular plants) and
the interesting geographic affinities with far-flung
areas of the Pacific, such as New Zealand and
Hawaii, and with the Magellanic flora of Chile, the
Andes and Mexico. Located near 33°45'S. 79-80°W.
and 400-485 miles west of Valparaiso, Chile, the
three principal islands, in order of size, are Ma's a
Tierra 2 ("Landward"), Ma's Afuera2 ("Farther
out"), and Santa Clara, with a total area of about
80 square miles. A possession of Chile, the group
lies west of the Humboldt Current and enjoys a
salubrious oceanic climate, frost free, at least at
sea level, and with heavier rainfall than the adjacent
mainland of Chile at the same latitude. Snow was last
observed on Más Afuera in September 1963, but is
unknown on Ma's a Tierra. The islands are of
volcanic origin. Darwin, in The Voyage of a Natural-
ist Round the World in H.M.S. "Beagle," remarks
on the submarine connection between Juan Fernán-
dez and the coast of Chile during periods of earth-
quakes, but there is no evidence of a land connec-
tion between them,. The sea at various points be-
tween the islands and the mainland forms one of
the deepest troughs in the eastern Pacific.

The islands were discovered in 1574 by Juan
Fernández, a Spanish navigator, who introduced the
first goats and, presumably, the first weeds. On
Ma's a Tierra, a Jesuit colony existed from 1580 to
1596, probably at Cumberland Bay (fig. 1), but a
permanent settlement was not established until the
end of the 19th century. Langouste trapping and
fishing now support the present population of about
700 residents, many of whom were born at Cumber-
land Bay. On Ma's Afuera, some 25 itinerant fisher-
men and their families live for about 8 months of

1 In collaboration with other United States members of
the expedition.

2 By Chilean Presidential Decree No. 130 of January 13,
1966, Más Afuera was renamed Isla Alejandro Selkirk and
Más a Tierra, Isla Robinson Crusoe. Owing to the late
arrival of this information at the editorial office, the former
names have been retained throughout Dr. Meyer's paper.
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(Photo: F. G. Meyer)

Fig. 1. Cumberland Bay.

the year at Quebrada de ]as Casas during the
langouste trapping season. The introduced animals
on Más Afuera include several thousand goats, some
cattle, and a few horses. On Ma's a Tierra, a count
of 20 years ago reported 5,000 sheep, 600 cattle,
500 goats, and 300 horses; rabbits also occur. Santa
Clara, without permanent water, is uninhabited ex-
cept for sheep and rabbits.

Fig. 2. Quebrada de las Casas.
(Photo: F. G. Meyer)

Uncontrolled grazing, particularly by goats and
sheep, is thought to be one cause for the extreme
rarity of some of the indigenous flowering plants.
Some plants recorded by Skottsberg about 50
years ago were not seen at all, or only as isolated
specimens, during the present expedition. A sooty
mold plus an associated insect (Saissetia oleae) are
thought to have effected the decrease of the Luma
(Myrceugenia schulzei), the principal forest tree on
Ma's Afuera. Coatis (Nasua), a carnivorous, rac-
coon-like mammal, have also been introduced with
an equally bad effect on the endemic birds. The is-
lands are without any indigenous species of mammal.
Despite the alarming ecological changes affecting the
native vegetation, only one species, the Sandalwood
(Santalum fern andezianu m), which was cuf out for its
fragrant wood, is known to have become extinct.
Other plants of no economic value are highly
threatened and are becoming increasingly rare.
The islands were designated a National Park of
Chile in 1935, but little progress has been made in
conserving the native vegetation.

During the long period of buccaneers, Juan Fer-
nández was a regular stop for the victualing and
careening of ships. The most famous resident during
this period was Alexander Selkirk, who lived on
Más a Tierra from 1704 to 1709, and whose
adventures inspired Defoe's well-known tale of Rob-
inson Crusoe. The incident is commemorated by a
brass plaque at Portezuelo de Villagra above Cum-
berland Bay and by two endemic genera of flower-
ing plants, Selkirkia and Robinsonia. Más a Tierra
and Más Afuera have also served as penal settle-
ments at various times.

The earliest plant collections, made by Mrs. Maria
Graham (later Mrs. Callcott), date from 1823. She
is commemorated by the plant Escallonia callcottiae.
David Douglas, a Scot, was the first botanist
to visit the islands (1824). He was followed by
Carlos Bertero (1830), Claude Gay (1832), Philibert
Germain (1854), E. C. Reed (1869-1870), H. N.
Moseley (1875), Federico Johow (1890's), and Carl
Skottsberg (1908, 1916-1917, and 1954-1955).
About 20 persons had made plant collections on
Juan Fernández prior to the present expedition. Per-
sonnel of the Goodspeed Expeditions of 1938 and
1940 from the University of California were the last
U.S. botanists to collect plants on Juan Fernandez.
On both occasions visits were made to Ma's Afuera
to collect the wild tobacco (Nicotiana cordifolia), an
endemic species now extremely rare and found in
flower only once in 1965. General accounts of the
flora have been published by Philippi (1856) and
Johow (1896). The latter was the first to recognize
plant communities, and his book is illustrated with
excellent lithographs of the plants and terrain. Skotts-
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berg's The Natural History of Juan Fernández and
Easter Island (1920-1956) is the most definitive
account of the flora to date. Skottsberg was a pro-
lific collector in all groups, with an intense interest
in the Juan Fernandez flora, in other insular floras
of the Pacific Basin, and in those of southern South
America.
The 1965 Expedition

The Chile-United States Botanical Expedition to
Juan Fernandez, under National Science Founda-
tion sponsorship, was conceived by Carlos Muñoz
Pizarro of the Museo de Historia Natural, Santiago,
Chile, during the International Botanical Congress
at Edinburgh, Scotland, in 1964. The timing of the
expedition was propitious in view of related investi-
gations under the U. S. Antarctic Research Program
on problems of distribution and origin of biota in
the southern oceans. Known to biologists as one of
the most isolated and remarkable island groups in the
Pacific, the islands of Juan Fernandez are 4,700
miles from New Zealand, 400 miles west of Chile,
2,300 miles north of Antarctica, and 5,500 miles from
Hawaii. In spite of earlier botanical collecting, going
back nearly a century and a half, many areas on the
islands are still botanically unexplored. Collect-
ing on Juan Fernandez is very time-consuming
owing to the rough and difficult terrain, and most
visits have been very brief. The Magellanic element
of the flora on the summit of Más Afuera, for
example, is only barely known.

The scientific personnel of the 1965 expedition
included four Chileans and eight United States
botanists under the overall leadership of Carlos
Mufloz Pizarro. The Chilean group included
Nibaldo Bahamonde N. (marine biologist), Fernando
Saravia B. (forester), and Eugenio Sierra R. (botan-
ical illustrator), all representing the Museo de Historia
Natural in Santiago. The United States group in-
cluded Raymond Hatcher (bryophytes) and his assist-
ant, John Engel, of the University of Wisconsin
(Milwaukee) ; Henry A. Imshaug (lichens and fungi),
assisted by Dennis Jackson (fresh-water algae), of
Michigan State University; Frederick G. Meyer
(introduced plants and ferns) of the U. S. National
Arboretum; Harold E. Moore, Jr. (palms) of the
Bailey Hortorium, Cornell University; and Otto
Solbrig (flowering plants) and his assistant, James
Walker, of the Gray Herbarium, Harvard Univer-
sity3 . This joint inter-American undertaking, the
first to include specialists in cryptogams, was the
most elaborate botanical expedition ever to visit the
Juan Fernández Islands. Collecting dates covered the

'Dr. Soibrig is now with the Department of Botany,
University of Michigan, Ann Arbor.

period of November 26 to December 27, a total
of 32 days.
Brief Itinerary

November 23—The expedition sailed from Val-
paraiso aboard USNS Eltanin. In the early morning
of the third day, Más a Tierra, the largest island
of Juan Fernandez, was sighted. In late afternoon
of the same day and 90 miles farther west, the
vessel anchored off Quebrada de ]as Casas (fig. 2)
on the western side of Más Afuera. This farthest
west island of the archipelago rises out of the sea as
a block of volcanic rock now much dissected by
"quebradas" (rugged canyons and ravines) which
radiate seaward from the center of the island. Ma's
Afuera is about six miles long by three miles wide,
oval in shape, and oriented almost due north-south.
With an overcast and very gray sky, the island
from the sea appeared in shadowy outline, shrouded
in low clouds and mist, signalling an oncoming
storm. Although the sea was running fairly high,
debarkation of personnel and unloading of 15 tons
of camping and collecting gear were undertaken
without incident. Landing at Q. de las Casas is
often precarious with no protection from rocks and
surf other than a small landing slip where the fishing
boats normally land. Altogether, unloading was
spread over 7½ hours divided between parts of two
days. A suitable camping site was found in 0. de las
Casas along the stream about a quarter of a mile
from the settlement.

The higher parts of Más Afuera, in some places,
resemble a domeshaped plateau. In most areas below
1,000 meters, the slopes are extremely steep, often
in excess of 60°. Vertical cliffs are common around
the perimeter, and the western side of the island
drops from heights of over 1,200 meters almost
directly to the sea. The quebradas on the western
side are thus very short and difficult to reach except
from the summit of the island. Streams in the
quebradas dry up during part of the summer
months (November-March). Our arrival coincided
with the end of a prolonged dry period, but rainfall
was plentiful and all of the streams were full of
water throughout our stay.

The vegetation of Ma's Afuera falls into two gen-
eral categories: (1) the quebrada flora at sea level
to about 1,000 meters and (2) the Magellanic flora,
confined to elevations mainly above 1,000 meters.
With a higher rainfall above 250 meters, the greatest
concentration of interesting flora is found above this
elevation. At sea level, where it is drier, the flora
is less rich and has suffered greatly from spoilage by
humans, animals, and weed encroachment. The
upper slopes of the island and the western side are
constantly wet throughout the year. The innermost
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parts of the quebradas are lush with ferns, Gunnera,
and other moisture-loving plants. The Luma (Myrce-
ugenia schulzei) is the most common forest tree and
is found in depressions and on protected slopes. On
the open slopes above 250 meters, a fern, Lopho-
soria quadripinnata, dominates all other native
vegetation. On the summit of the island, the flora is
represented by species with strong Magellanic affin-
ities, such as Empetrum rubrum, Nertera granadensis,
A caena masaf uerana, Ranunculus caprorum, Lageno-
phora hariotii, Rubus geoides, Pernettya rigida,
Abrotanella crassipes, and some others; also, lichens
and bryophytes are abundant.

Collecting on Ma's Afuera is slow and tedious for
even the most physically able because of the gen-
erally difficult terrain. Climbing often is highly
risky because the volcanic rock is soft and fractures
easily without warning. Nylon rope is useful and
proved particularly helpful in ascending Quebrada
Vacas en route to Cerro Inocentes, the tallest peak
on Ma's Afuera (elevation 1,350 meters, as de-
termined by Solbrig). Even the shore of Más Afuera
is difficult on account of boulders and poor trails.

December 6—The expedition departed Ma's
Afuera for Ma's a Tierra aboard the local fishing
schooner Falken, arriving at Cumberland Bay the
next day about noon. This schooner sails twice
monthly throughout the year from Valparaiso to
Cumberland Bay and to Ma's Afuera during the
eight-month langouste season.

December 7-27—Ma's a Tierra. This is the largest
of the three main islands, with a length of about
13 miles and a width of about 5 miles. Cumberland
Bay is the only harbor; otherwise, the island is
mostly unprotected along the highly irregular and
rocky shore. Climatically and floristically, Ma's a
Tierra differs from Ma's Afuera. The western end of
the island is a dry, treeless grassland, almost
desert-like. By contrast, the center of the island
and the area around Cumberland Bay consists of
lush evergreen rain forest where tree ferns are
abundant and most of the rare endemics occur among
the flowering plants. Foot travel in the forested area
can be extremely slow and tedious, since few trails
exist. The best trail leaves Cumberland Bay for
Portezuelo de Villagra, where the Alexander Selkirk
tablet is located, and continues to the sea on the
opposite side of the island. The trail to Camote at
the foot of El Yunque is now little used and may
soon disappear. El Yunque, elevation 915 meters, is
the tallest peak on the island and of particular
interest to botanists because of Yunquea, a flower-
ing plant of the composite family which occurs on
the summit. El Yunque was not climbed because the
only known route was destroyed by the hurricane
of 1965. Dr. Foilman, a lichenologist from the

Berlin-Dahlem Museum, climbed this mountain in
1961.

The shore of Ma's a Tierra is extremely rocky
and often too narrow or precipitous for foot travel.
In some places, the cliffs rise nearly 250 meters
vertically from the sea. In order to carry out a
satisfactory survey of the plants of Ma's a Tierra, a
boat is essential.

Santa Clara, the smallest island, and El Morro del
Spartan, a small islet separated by a narrow tidal
channel adjacent to Santa Clara, were visited once
by Imshaug, Jackson, and Bahamonde. Both islands
are uninhabited and without water and trees, al-
though rabbits and sheep occur on Santa Clara
itself. Weeds seem to be the commonest plants, al-
though Dendroseris litoralis, D. pruinata, and a few
other indigenous species do occur.

December 19—The expedition, with the exception
of Meyer and Walker, departed Juan Fernandez
aboard Corbeta Casma, a Chilean naval vessel,
arriving at Valparaiso on December 21. Meyer and
Walker continued collecting for another week, de-
parting December 27 aboard Falken and arriving at
Valparaiso on December 30.
Collections

Algae. Totals of 228 collections of freshwater
algae and 166 collections of marine algae were made,
principally by Jackson. An undetermined number of
marine algae were collected independently by Baha-
monde.

Lichens. The 1,624 collections of lichens obtained
by Imshaug and Jackson represent the largest
sampling of this group ever made on the islands.
The lot includes 18 genera previously unreported
from this region. These plants are a conspicuous
element of the vegetation.

Bryophytes. Eight hundred collections of mosses
and hepatics were made by Hatcher and Engel.
They represent the first substantial collection by
specialists of Juan Fernández bryophytes. The leafy
and thalloid hepatics, in particular, are extremely
abundant in the more moist habitats above 250
meters, and often cover large areas in woodlands and
sometimes in open places. Mosses, by comparison,
are less conspicuous. Selected living hepatics were
brought back for study at the University of Wis-
consin (Milwaukee).

Ferns and Allies. About 150 collections of ferns
were made by the various members of the expedi-
tion. Ferns are among the most abundant and con-
spicuous plants of the Juan Fernández flora, with
about 50 known species. Among the fern allies,
Lycopodium is represented by two species and
Ophioglossum by one species. Four cyatheoid ferns
include Thyrsopteris (T. elegans), which is endemic,
Lophosoria quad ripinnata, and two arborescent
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species of Dicksonia, with trunks 2.5-3 meters tall.
On Más Afuera, Lophosoria is one of the dominant
species on steep, open slopes, in association with
Dicksonia externa. On Ma's a Tierra, the forest area
around Cumberland Bay is dominated by ferns, in-
cluding tree ferns, climbing, and epiphytic species.
Ferns are abundant along the sea front on Ma's
Afuera, where Adiantum chilensis and Asplenium
obliquum var. chondrophyllum are common. Pel-
laea chilensis is rare in such places. The most
abundant tree fern on Ma's a Tierra is Blechnum
cycadifolium, which often occurs in almost pure
stands, making travel very difficult when the plant
is encountered. Nothing less than a machete is nec-
essary to get through a forest of these ferns. Two
climbing ferns, Blechnum schottii and Arthropteris
altescandens are often abundant on Ma's a Tierra
above 250 meters. Arthropteris is a pronounced
Polynesian element in the flora. Filmy ferns are
particularly well represented by 15 species, includ-
ing Hyrnenophyllum (10 spp.), Trichomanes (3
spp.), and Hymenoglossum and Serpyllopsis, each
with one species. A set of living ferns was brought
back for follow-up chromosome studies.

Flowering Plants. Separate collections were made
by the Chilean group under Muñoz Pizarro; by
Soibrig, Moore, and Walker (320 collections); and
by Meyer (350 collections). Wood samples were
also prepared by Soibrig, Moore, and Walker (50)
and by Meyer (50). A total of 90 living plants
(ferns and flowering plants) and 30 seed samples
were collected by Meyer for the U.S. National
Arboretum. Moore, a palm specialist, was partic-
ularly keen on collecting Juania australis, an endemic
palm on Ma's a Tierra. Although the palm is becom-
ing more rare, Moore estimates that perhaps 1,000
specimens of mature Juania may still exist on the
ridges and in forest areas outside of the dry western
end of the island. This palm has never been
adequately studied nor its affinities fully evaluated;
the materials collected should provide the basis for a
better understanding of its relationships to other
palms. Soibrig, a specialist on the composite family
(Compositae), was particularly interested in collect-
ing all members of this group, especially the
endemic woody genera, e.g., Dendroseris, Robin-
sofia, Centaurodendron, Yunquea, and Rhetinoden-
dron. Meyer concentrated on the introduced plants,
which in number of species nearly equal the native
plants.

One of the highlights of the trip was the finding
of Lactoris fernandeziana by Walker only a few days
before departure. This interesting plant, confined to
Ma's a Tierra, belongs to a monotypic family (Lactor-
idaceae) whose taxonomic position requires further
assessment. The plant is very rare, and only four
flowering specimens and a few seedlings were found

in two different sites. Undoubtedly, more plants
could be found with further searching, but Lactoris
is confined to the upper reaches of the forest belt in
habitats that could only be reached through slow
and patient effort.

According to Skottsberg, the number of indige-
nous species of flowering plants on Juan Fernandez
is 146, not a large number in a land area of about
80 square miles. More interesting, however, is the
fact that 16 out of 87 genera (18.4 percent) are
endemic, as are 101 (70 percent) of the species. Of
the introduced flora—trees, shrubs, and herbs-
Skottsberg records 137 adventive species, many
now bad weeds, such as Acaena argentea, Rubus
ulmifolius (a bramble), and Aristotelia maqui, a
small evergreen tree introduced from Chile.

In some plant groups, the collaboration of special-
ists was arranged for their identification. The marine
algae, consisting largely of crustaceous forms from
collections made by Jackson, Imshaug, and Moore,
were sent to Sylvia Earle, Cape Hazen Marine
Laboratory, Sarasota, Florida. Sooty molds collected
by Imshaug will be reported by Stanley J. Hughes,
Plant Research Institute, Central Experimental Farm,
Department of Agriculture, Ottawa, Canada. Mar-
garet Fulford, University of Cincinnati, will col-
laborate in the identification of hepatics, while the
mosses will be determined by Harold Robinson,
Department of Botany, Smithsonian Institution,
Washington, D.C. The palm material requires the
attention of a number of specialists who will
examine the anatomy of the plant in some detail
under the direction of Moore. Other groups may also
be referred to botanical specialists. A final, collec-
tive report of the findings of the expedition will be
published later.

Representative sets in all groups will be deposited
in the Museo de Historia Natural, Santiago, Chile,
and the United States National Museum, Washington,
D.C. Duplicates will be distributed to other leading
herbaria.
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