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Activities During
December 1969-January 1970

Introduction

In the Antarctic, the midsummer season occurs
during the months of December and January. Tem-
peratures then reach their maximum and conditions
are most favorable for outdoor work, whether it is
construction of facilities at the stations or scientific
investigations in the field. This season, activities in
the McMurdo Sound area were somewhat hampered
by unusually heavy snow. During December, 25 inches
fell at McMurdo Station, and the total for October–
December was seven times the 3-month average since
1955. To find a comparable year, it is necessary to
go all the way back to 1911, when Scott and Amund-
sen were struggling to reach the South Pole. Actually,
while the heavy snowfall caused frustrations and
delays, it did not prevent the achievement of most
scientific and logistic objectives, although some proj-
ect leaders had to rearrange their plans.

The number of personnel at the four permanent
and two summer stations fluctuated little during
December and January. On December 3, the total
amounted to 1,046. The low point-980—was
reached at the end of December. During January,
the figure gradually rose, partly as a result of the
return of field parties to McMurdo Station and
partly owing to the arrival of ships with summer
parties at Palmer Station. On January 28, there were
1,134 persons at the various stations.

A Soviet exchange scientist, Dr. Sergei Mikhailo-
vich Miagkov, arrived and commenced geomorpho-
logical studies in the dry valleys. Dr. Miagkov, a sen-
ior scientist at Moscow State University, will spend
the winter at McMurdo Station. Dr. Miagkov arrived
a few days after the departure of Dr. Aleksandr
Vasilev, who had been the Soviet exchange scientist
at McMurdo during the 1969 winter. The two met
briefly in New Zealand.

Research in the McMurdo Sound Region

At Cape Crozier, Messrs. Robert Wood and David
Ainley and Dr. Roberto Schiatter, Johns Hopkins
University, made observations at 4-day intervals of
350 breeding Adélie penguins, 3-8 years of age, and
of selected Adélies of various ages to study behavior
in relation to age and experience. Data on breeding
physiology were also collected. A search for banded
Adélies was made in the east rookery to determine
the extent of emigration—especially by known-age

U.S. Navy Photo

Emperor penguins at Cape Crozier.

birds—from the larger and more disturbed west
rookery. The nests of 73 breeding known-age skuas, 5-
8 years old, were located and marked; each nest was
paired with the nearest nest of an older, established
breeding pair to determine the influence of experi-
ence on productivity. Nests were marked and breed-
ing birds recorded in several areas to compare the
number of breeding pairs with similar data gathered
in 1962-1963, and to measure mortality over the past
7 years. On December 2, a visit was made to the em-
peror penguin rookery, where chicks were counted to
compare productivity with other years; 111 chicks
were banded and 50 were weighed. Dr. William J . L.
Sladen, principal investigator on this project, joined
his party at Cape Crozier in early January.

Upon the departure of Dr. Dietland Muller-
Schwarze from Cape Crozier in late December, the
Utah State University studies of anti-predator be-
havior in Adélie penguins were continued by two of
his assistants. During the incubating period of the
Adélie penguin, observations were carried out on the
frequencies and forms of encounters between skuas
and Adélies. These observations, made by Dr. and
Mrs. Mill ler-Schwarze, included actual predation and
totaled 40 hours (day and night). At the beach, the
interactions between leopard seals and Adélie pen-
guins were observed during 44 hours (day and night).
The relationships between the movements of penguins
and those of the leopard seal, as well as the rate of
predation, were recorded; sounds and other anti-
predator behavior of the penguins were observed.
Over 200 experiments were carried out in which
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penguins were exposed to "skua" models, or flying
objects of various sizes and shapes. Investigations of
the specificity of predator response of Adélies con-
tinued, with 18 experiments of 8 trials each being
carried out with adults and chicks in the "guard"
stage. Finally, 21 hours of observations on the re-
sponses of penguins and their chicks to the flight of
skuas over the colony were completed.

Studies of the status and population dynamics of
seals by a University of Minnesota group at Hutton
Cliffs continued under the leadership of Dr. Donald
B. Siniff and Mr. David Cline. The underwater TV
camera performed flawlessly from October 21 to
December 11, when the studies were terminated be-
cause of deteriorating ice conditions and loss of
visibility in the water. Approximately 12,000 feet of
videotape recordings were made of underwater activi-
ties and behavior of Weddell seals, including the first
recording of a female with pup swimming and play-
ing in the water, and footage of male and female
Weddells copulating. Detailed notes were taken on
various aspects of seal behavior beneath the ice, and
twice-daily censuses were obtained of rookery popula-
tions. Radio transmitters that had been attached to
11 experimental animals provided a continuous rec-
ord of seal biological rhythms. A cooperative pup-
tagging program was carried out, with 51 Minnesota
metal tags and 38 New Zealand plastic tags being
attached to the animals. Thirty-one blood samples
collected in December brought to 89 the total col-
lected during the study.

Representatives of Dr. Robert E. Feeney's, Univer-
sity of California at Davis, continued studies of the
biochemistry of proteins. In late December and in
January, the research was primarily concerned with
Trematomus borchgrevinki muscle enzymes. This
enzyme is phosphofructokinase, important in energy
metabolism. The enzyme was found not to be heat
labile, and preliminary tests showed that it did not
have any particular characteristics related to low-
temperature functions.

Dr. Roy E. Cameron and his party from the Cali-
fornia Institute of Technology collected over 100
soil samples in December and January, mostly in the
dry valleys. All bacteriological media were inoculated
and incubated at 5 0C., 20 0 C., and 31°C.; most of the
growth occurred at 20°C. One soil sample obtained
east of the Beardmore camp was found to be ab-
solutely sterile. In addition to the soil samples, six
snow samples were collected and processed. All bio-
chemical tests had been completed by the end of
December. Six air samples taken at the Coalsack
Bluff camp were processed by two methods which
differed in the diluents utilized to acclimate the
organisms as they were brought to room temperature.
Slightly higher counts were obtained with the diluent
containing glycerol and phosphate.

The taxonomy and ecology of free-living nema-
todes were studied by Drs. Richard W. Timm and
David R. Viglierchio of the University of California
at Davis. Trips were made to Capes Royds and
Crozier in early December to assess the feasibility of
collecting marine and freshwater melt sediments, but
the ice was breaking up and marine collecting was
impossible. Soil and freshwater sediments were sam-
pled throughout the McMurdo Sound area in Janu-
ary, and marine collecting was undertaken at fish-
holes in McMurdo Sound and near Scott Base. From
the shallow depth of 57 m, sponge material was col-
lected from which a large nematode (2 in) and a
smaller one (3/4 in) were found in relative abundance.
From bottom sediment brought up from the deeper
water-457 rn—a number of representative nema-
todes were picked out and preserved for later identi-
fication. Rich collections were obtained from an ice-
breaker off Cape Royds. By the end of January, over
50 genera had been identified. Osmoregulatory tests
using a series of salt solutions with different cations
and anions as well as non-ionic solutes were con-
ducted at the McMurdo biological laboratory.

At the McMurdo biological laboratory, Dr. Wolf-
gang Becker, University of Tübingen, West Germany,
cultivated algae collected at Hallett Station. On new
collections made at The Strand Moraines, Marble
Point, and Dunlop Island, 25 photosynthetic experi-
ments were run using sodium bicarbonate C 14 as a
medium at temperatures between +5'C. and
- 15'C. Other experiments included separation of
the algal extracts by thin-layer electrophoresis and
chromatography, detection of the radioactive spots
by autoradiography, and determination of the radio-
activity by Muller-Geiger counter. In January, nine
additional collecting trips were made to sites on Ross
Island and in the dry valleys.

Dr. Albert R. Towle, Stanford University, began a
study of the comparative physiology of the echino-
derm wall. After setting up the equipment at the
McMurdo biological laboratory in January, traps
were placed through an ice hole near Scott Base.
Additional traps were emplaced at Hut Point using
a small boat. One starfish was obtained from an ice-
breaker at 39-rn depth off Cape Royds and a second
was caught in one of the Hut Point traps, but more
specimens will be required for a successful project.

Dr. Samuel Treves, University of Nebraska, re-
sumed his studies of the volcanics of Ross Island with
visits to the summits of Mounts Erebus, Discovery,
Bird, Terror, and Terra Nova. Specimens were col-
lected and additional geological work was done on
exposed rocks on the lower slopes of Mount Terra
Nova and at Minna Bluff.

Studies of weathering and soil-forming processes
in Taylor Valley were continued by Mr. George Link -
letter of the University of Washington. Field work
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Ohio State University scientist conducting geological investiga-

tions in Wright Valley. Meserve Glacier in background.
Dry-valley site of University of Wisconsin patterned-ground study.

was conducted in the vicinity of the Borns and Rhone
Glaciers and at Mount Falconer. Till and bedrock
were sampled and described at 21 locations over the
course of the field season. A total of 70 till samples
and 20 bedrock samples were returned to Seattle for
laboratory analysis upon completion of this project
on December 17.

From Ohio State University, Mr. Robert Behling
and an assistant continued to study the pedology and
glacial geology of Wright Valley. Three base camps
were occupied during December and a total of 60
soil pits and sample sites were examined and de-
scribed during that month. The soil studies were con-
cluded in January with collections on Loop moraine
laterals and laterals of Goodspeed (alpine) Glacier.
The soil profiles were studied from lateral moraines,
end moraines, ground moraines, outwash, and other
associated deposits, to correlate the complex interac-
tion of alpine glaciation with the Ross and Wright
Upper axial glaciations. One week of January was
spent at the Meserve camp to monitor the buried
temperature probes and to obtain soil-moisture sam-
ples from Alpine III and Alpine II moraines. A seal
carcass associated with Alpine I deposits marginal to
the Bartley Glacier was collected for C 14 dating.

The Ohio State University group lead by Dr. Lois
Jones, after completing its work in Taylor Valley,
moved camp to Wright Valley. Bedrock, soils, and
salts were collected in Wright, Miers, and Garwood
Valleys, and on western Ross Island. Fabric studies of
the elevated beaches of Lake Vanda were undertaken,
and soil, salt, and water samples were collected in
and near Don Juan Pond. Some specimens of the
basement complex in Wright Valley were collected
for future Rb-Sr dating, and volcanic samples were
obtained for K-Ar dating. Laboratory work enabled
the extraction of micrometazoan fractions and the
determination of moisture content of soil samples

from Taylor and Wright Valleys. One area in Wright
Valley, positive for mites, was studied in detail in
January.

Dr. Wakefield Dort, University of Kansas, began
studies in January at Sandy Glacier near the inter-
section of Bull Pass with Wright Valley. Topographic
and structural mapping was carried out on this gla-
cier and one nearby, after which a second camp was
established at the head of Pearse Valley, where two
glaciers were studied. While camped at the Lake Bon-
ney hut, Dr. Dort investigated the structural features
of the snouts of Taylor, Calkin, LaCroix, and Suess
Glaciers. Collections of volcanic rocks were made at
Roaring Valley after reoutfitting at McMurdo. In the
closing days of January, the party was put in at Gar-
wood Valley to search for saline deposits and investi-
gate the structure and glacial geology of Garwood
Glacier. Additional collections of saline materials
were obtained near Howchin Glacier.

This was the final year of the patterned-ground
studies carried out by Dr. Robert F. Black, University
of Wisconsin, for the past ten years. The thermal re-
cording stations that have been recording heat flow
to a depth of 5 m continuously since 1962 in Windy
Crater and at Nussbaum Riegel were removed. The
field batteries were transferred to New Zealand's
Vanda Station. The thermal probes were dug up and
calibrated in the field over the temperature range
—45°C to +20 0 C. to determine shifts in tempera-
ture response that may have occurred during the past
six years. Final measurements were made at contrac-
tion sites in Taylor Valley and in Windy Crater as
part of the ice- and sand-wedge growth-rate study.
Mr. Arthur T. Twomey, who represented Dr. Black
in these activities, subsequently aided Soviet exchange
scientist S. M. Miagkov in a phototheodolite study
of the movement of the Rhone, Taylor, and Canada
Glaciers.
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Beginning on December 4, electrical depth-sound-
ing beneath saline discharges and lakes in Taylor and
Wright Valleys was conducted by Dr. Lyle McGinnis,
Northern Illinois University. Data were obtained
from 13 stations in the vicinity of Lake Vanda in
Wright Valley, and 9 stations were completed in the
Lake Bonney area of Taylor Valley. Preliminary in-
spection of the resistivity-depth curves indicated that
the permafrost layer is generally thin or, in some cases,
absent altogether. Causes of anomalous permafrost
thickness will be explored, and final interpretations of
data will be completed after laboratory analysis. A
sounding that extended to . approximately 50 m in a
small, dry lake basin 1 km west of Lake Vanda was
interpreted as being caused by unfrozen lake sedi-
ments. Unfrozen clay-rich tills and glacial sands were
encountered when a 1–m pit was dug in the lake
basin and a 0.5–rn borehole augered below the base
of the pit. Although the temperature measured at the
base of the borehole was —8.5°C., the clay and till
remained wet and plastic.

Photo: N. Z. Dept. of tscicntific and Industrial Research

New Zealand's Vanda Station, where a University of Wisconsin
meteorologist spent the 1969 winter.

At New Zealand's Vanda Station, Mr. Allen Rior-
dan, University of Wisconsin, wound up his collecting
of micrometeorological data. Surface and soil tem-
perature records were sampled three times daily.
Solar-radiation and albedo measurements were also
made, although difficulties were encountered during
windy' periods. In mid-December, the instruments
were dismantled and packed for shipment to the
U.S.A.

Geological and geophysical studies carried out in
southern Victoria Land by Mr. Donald Murphy, Uni-
versity of Wyoming, and an assistant made substantial
progress in December. Clearly defined isoclinal folds

of an earlier generation than the dominant upright
isoclinal folds were identified and photographed. De-
tailed sketch maps were prepared covering areas of
particular interest as determined in earlier, more
general mapping. The collection of large quantities
of samples for chemical analysis and radioactive dat-
ing had been nearly completed by the end of Decem-
ber. Several minerals not previously encountered were
collected for laboratory identification. Highly specu-
lative, preliminary identification of these minerals
suggests actinolite and perhaps sillimanite. If either
identification is correct, a somewhat higher tempera-
ture environment of metamorphism is called for
than had been thought previously. The Skelton
Glacier party under Mr. Robert Flory, University of
Wyoming, accomplished a limited amount of geo-
logical work under conditions of heavy snowfall and
inclement weather, but significant quantities of litho-
logic and determination samples were obtained. Drs.
Scott B. Smithson and Robert Houston, principal
investigators, visited both field parties to view the
progress being made.

Year-round programs being pursued at McMurdo
Station include observations of polar glow by the En-
vironmental Science Services Administration, geodetic
satellite tracking by the University of Texas, cosmic-
ray studies by the Bartol Research Foundation, and
riometer studies by the McDonnell-Douglas Astro-
nautics Co. All of these activities were proceeding on
schedule.

The Bartol Research Foundation launched five
cosmic-ray balloons in January under excellent flying
conditions. The four of them that were successful
stayed above 15 mb for most of their duration, which
ranged from 27 to 102 hours.

NSF I'/iIo

Dr. Martin Pomerantz, Bartol Research Foundation, preparing
cosmic-ray instrument package for balloon flight.
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Ross Sea Ship Operations

This season saw a fundamental change in the pat-
tern of ship operations that had been followed since
Deep Freeze II (1956-1957). As sufficient fuel stor-
age capacity had been created at McMurdo Station
to sustain operations until about February 1, there
was no requirement to bring in a tanker by the second
half of December as had been customary during the
last few seasons. In the past, it has also required two
small tankers making six round trips to ship all the
needed petroleum products. Obviously, this number
of trips could not be made between the beginning of
February and the end of the season a month or, at
most, six weeks later. Instead of two vessels, it was
therefore decided to employ a single tanker capable
of carrying, on one voyage, the 7,000,000 gallons of
fuels necessary to sustain the operations for a year.

It thus became possible to delay ship operations of
all types until about the first of the year, a month later
than in the past several seasons and two months later
than on the early Deep Freeze expeditions. As the
fast ice in McMurdo Sound would have deteriorated
considerably by January 1, it was believed that two
icebreakers, instead of the three formerly employed,
would be adequate to cut the channel from the edge
of the fast ice to Hut Point. Furthermore, it was
thought that the task was within the capability of
Wind-class icebreakers and that the larger, more pow-
erful USCGC Glacier could be freed for other duties.
This, in turn, would enable Glacier to meet her
schedule for the International Weddell Sea Oceano-
graphic Expedition. Last year, Glacier had been de-
layed over a month because of heavy ice conditions
in McMurdo Sound.

On December 9, two Wind-class icebreakers,
USCGCs Burton Island and Edisto, reported to the
operational control of Commander, Task Force 43.
Burton Island was then at Wellington, while Edisto
was at Auckland. Both ships sailed on December 18
for Antarctica. Burton Island had on board five
United States and two New Zealand scientists and
three New Zealand Boy Scouts. At Campbell Island,
where the New Zealanders maintain a small scientific
station, she disembarked the scientists along with sup-
plies, provisions, and mail. Dr. Henry Imshaug, Mich-
igan State University, is the leader of the U.S. party
of biologists who will be studying aspects of the is-
land's flora and fauna. Burton Island joined Edisto
on Christmas Eve in a belt of loose pack ice that they
broke through into open water the following day. On
December 27, the ships plunged back in the pack at
76 0 29'S. 167 046'E., and at midnight the following
day, they encountered the fast ice in McMurdo
Sound about 13.5 miles from Hut Point.

Channel-breaking was begun immediately. At first

the going was fairly easy, and by December 31, the
ships were only seven miles from Hut Point. From
here on the ice was tougher, but on January 4, they
reached their objective. The icebreakers then turned
back and commenced widening and reworking the
channel. On January 8, in the course of these opera-
tions, Edisto suffered a sheared rudder stock, which
forced her to withdraw two days later and return to
Wellington for repairs. At the end of the month, she
was still in drydock.

On January 9, the day before Edisto sailed, USNS
Put. John R. Towle, the first cargo ship of the season,
arrived and tied up to the fast ice 6.5 miles from Hut
Point. During the following days, Burton Island led
Towle slowly down the ice-choked channel. By Janu-
ary 14, the cargo ship was only 750 yards off Hut
Point. Burton Island then cleared the ice in Winter
Quarters Bay so that Towle could moor at Elliott
Quay the following day.

On January 20, Towle had completed offloading
her cargo and prepared to depart. Burton Island had
no difficulty escorting Towle up the channel because,
by this time, the looked-for southern winds were driv-
ing the brash out into the Ross Sea. The only diffi-
culty encountered was the necessity for detouring
around an iceberg that had drifted into the channel.
As is the custom of such visitors, however, it soon re-
versed itself and made its way out again. Because the
south winds continued to blow, the broken ice gradu-
ally disappeared. On January 22, the Commander,
Antarctic Support Activities reported that all but
about "50 pounds of ice cubes" had been cleared from
the channel. The way seemed to be prepared for the
tanker, USNS Maumee, which was on her way across
the Pacific Ocean, sailing directly from the Panama
Canal Zone to McMurdo Sound. She was due in the
opening days of February.

Construction and Maintenance

The success of the substitution of Maumee for two
smaller tankers depended upon the capacity of Mc-
Murdo Station to store a year's supply of petroleum
products. First priority in the construction program,
therefore, was the erection of two additional fuel
tanks with a combined capacity of 2.5 million gallons
and modification to the fuel distribution system. Both
of these projects had been completed by the end of
January, and the system was ready to receive fuel
from Maumee when she arrived.

Other important construction at McMurdo Station
includes the new quarters for the USARP scientists
and barracks portion of the new Navy personnel fa-
cility. The latter, when finished, will house the entire
wintering-over complement of Antarctic Support Ac-
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One of the two new fuel storage tanks at McMurdo during

construction.

tivities. The overall program at McMurdo was about
74 percent complete at the end of January. One con-
struction project that the Naval Construction Bat-
talion was unable to undertake because of reduction
in personnel—a new administration and operations
building for the National Science Foundation—was
awarded by NSF to Holmes and Narver, Inc. of Los
Angeles. The work commenced in early December
and the building was essentially completed by the end
of January.

At Byrd, some 60 percent of the planned work had
been done, including work on the very important re-
covery system that utilizes waste generator heat for
the heating of living spaces. At Palmer Station, con-
struction did not begin until the end of the first week
in January, when construction personnel arrived by
ship. Palmer, however, has a longer summer than the
other stations so that work can continue through
March.

Amidst this construction, other station support ac-
tivities must go on. Besides feeding personnel, main-
taining buildings, utilities, and vehicles, much of the
work involves the receipt, sorting, and stowing of
large quantities of supplies. At McMurdo, constant
effort is required to maintain the snow roads to Wil-
liams Field, the station's airport. During the first half
of the season, a road across the fast ice is used because
it is short and without grades. After each storm, it has
to be cleared and put back in shape. The exception-
ally heavy snow of the current season made this a
considerable burden. As the season advances and the
ice melts, the road becomes unusable. When this oc-
curs, a road is laid out on the Ross Ice Shelf that con-
nects with a land road that crosses the pass in back
of the station, with one branch going to New Zea-
land's Scott Base. Work was begun on the ice-shelf
portion in early December, and it was ready for use
when, on January 12, the road across the fast ice had
to be abandoned.

Remote Field Parties

Investigations continued at the Coalsack Bluff
camp, where 21 investigators representing 5 institu-
tions carried out a variety of projects. In mid-season,
the project leader decided not to occupy the second
camp, and concentrate instead on completing all the
work at the first camp. The investigations were handi-
capped by erratic helicopter support, and only the
good fortune of having the bone beds within easy
reach of the camp enabled as much work to be done
as was accomplished.

The collecting of vertebrate fossils at Coalsack
Bluff was completed in December, but many new and
promising localities were discovered farther away
from camp. Prospecting of the outcrops towards and
including Mount Sirius was completed also, but with
very limited paleontological success. By that time, the
bone beds at Coalsack Bluff had yielded over 400 in-
dividual specimens. Preliminary, examination showed
that they contribute to some degree a fauna in which
the remains of labyrinthodont amphibians, theco-
dont reptiles, possibly therapsid reptiles—mam-
mal-like reptiles—including the genus Lystrosaurus,
are present. Lystrosaurus is of particular importance
in intercontinental correlation with southern Africa.
Remains of holostean fish were found by Dr. David
H. Elliot of Ohio State University, senior scientist of
the camp, in a sedimentary interbed in the basalts at
Storm Peak; the fish are also of considerable impor-
tance in the theory of continental drift and the ex-
istence of Gondwanaland. In the Lizard Point–
Mount Wild area, Dr. James Schopf of the U.S. Geo-
logical Survey found the first "coal balls" ever to be
recovered from the Gondwanaland coal deposits.
These accumulations of petrified peat are analogous
to the Paleozoic coal balls of Europe and North
America, and will provide extremely useful and sig-
nificant information about the anatomy of plants be-
longing to the Gondwanaland flora. Dr. Schopf also
collected potentially very important Triassic petrified
plant material at Fremouw Peak and Triassic plants
at Mount Falla. All the petrifactions are siliceous.

For the remainder of the program, the lack of heli-
copter support was a serious handicap. Mr. John
Gunner, Ohio State University (OSU), and Dr. Izak
C. Rust, University of Stellenbosch, worked the
Miller Range by toboggan, measuring and collecting
the basement rocks. Subsequently, Mr. Gunner
worked the granites of the Mount Hope area and also
the upper Lowry and Robb Glaciers. Dr. Donald A.
Coates' (OSU) study of Permian tillites was cur-
tailed considerably, as was Dr. William J . Gealy's
(OSU) study of the Permian coal measures and the
overlying Triassic formation; however, Dr. Gealy was
able to work the Mounts Achernar–Sirius–Wild-
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Activities at Coatsack Bluff. Above: Drs. David H. Elliot and
Edwin H. Colbert examine a fossil. Below: Drs. William J. Gealy

and James W. Collinson measure a geological section.

Marshall area before leaving in mid-January. Dr.
Coates, Dr. Rust, and Mr. Jon Powell, University of
Arizona, established camp at Sage Nunataks on Jan-
uary 13 to work in the foothills of the Prince Olav
Mountains. Dr. Elliot made limited progress in his
study of the Prebble Formation and previously ex-
amined Kirkpatrick Basalt outcrops. Dr. John H.
Mercer (OSU) worked the Plunket Point area and
the middle Beardmore Glacier before leaving in early
January. A possible Late Tertiary till found at
Plunket Point was similar to that capping Mount
Sirius. The gravity work by ,Mr. Henry H. Brecher
(OSU) made only limited progress in December, but
the pace improved in January.

In the paleontological survey conducted by Dr.
Paul Tasch of Wichita State University, freshwater
sedimentary interbeds of lava flows were sampled
vertically and laterally in the Queen Alexandra
Range (Blizzard Heights and Storm Peak) and in
southern Victoria Land (Carapace Nunatak). Half
a ton of samples including thousands of fossil con-
chostracans were obtained from measured sections.
Multiple sections at the same elevation clarified the
areal extent of the Jurassic lakes that formed "lake
districts" in these areas. Selected beds with no visible
fauna were systematically sampled in the Buckley
Formation and the overlying Fremouw sandstone in
the Coalsack Bluff area, Mount Sirius, Mount Pic-
ciotto, and Gordon Valley. Three log beds not prev-
iously reported were found at Gordon Valley. This
program was completed on December 29.

Dr. Paul Williams of the U.S. Geological Survey
reports from the Lassiter Coast geologic and topo-
graphic survey that astronomic observations were
completed early in December for establishing a pre-
cise initial position of geodetic control for the 1:250,-
000-scale map series. Horizontal and vertical controls
by electronic traverse and intersections were carried
from base camp through the northern Latady Moun-
tains to the Scaife Mountains in the southern part of
the project area. An effort was made to determine
the elevation of the base camp by altimetry, using
simultaneous barometric readings at the camp and
surrounding stations. The cooperating stations that
provided data by radio were Palmer, Byrd, Argentine
Islands, Halley Bay, and Adelaide Island.

During January, the control traverse was extended
southward from Mount Macnowski. Despite adverse
weather, seven more traverse stations were established
and occupied, the final one in the Wilkins Mountains.
Along the northerly leg of the traverse loop, the west-
crnmost points were Anderson Nunataks and Hagerty
Peak. In an attempt to extend the southerly leg of
the loop, a station in the northern Hauberg Moun-
tains was occupied but, because of heavy ground fog,
the station was not observed. A line of stakes extend-
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ing across Wetmore Glacier near the base camp was
established as part of a glaciological study; observa-
tions at the end of January indicated substantial ice
movement during that month.

Geologic mapping continued in the Latady Moun-
tains and was extended into the Scaife Mountains.
The sedimentary rocks were found to be predomi-
nately argillitic siltstone and slate, with minor chan-
nelling sandstone. Fossils were abundant and included
belemnites, ammonites, and pelecypods, as well as
plant fragments; the assemblage indicates a probable
Jurassic age. The sedimentary rocks were tightly
folded about a gently plunging NE-SW axis. At the
close of deformation, small quartz diorite and gran-
odiorite plutons were emplaced. Contact metamor-
phic effects and intense hornfelsing, with growth of
large porphyroblasts, extend several hundred meters
into the sedimentary rocks from intrusive contacts.

Geologic mapping was carried out in January at
Mount Poster and Mount Tenney, and mapping of
the Scaife Mountains and Prehn Peninsula was com-
pleted. In the Latady Mountains, the Schmitt Mesa,
Mount Wood, and Mount Hyatt were mapped. Dr.
Dwight Schmidt accompanied the topographic party
on the southwest traverse, mapping and making ex-
tensive fossil collections in non-metamorphosed sedi-
mentary rocks in isolated nunataks between the Scaife
and Sweeney Mountains, the northeastern Hauberg
Mountains, and the Wilkins Mountains. More than
1,000 in volcanic flows and ash-flow tuffs of dacitic
to andesitic composition were found-exposed on
Mount Poster. The succession appears to lie con-
formably on sedimentary rocks of probable Jurassic
age. The rocks of the Latady and Scaife Mountains
and the Rare Range were found to be folded and
cleaved marine siltstones, sandstones, and shales of
probable Jurassic age, intruded by plutons of quartz
diorite and quartz monzonite. Field relations indi-
cated successive intrusion of 19 or more small (15-
20 km) plutons at relatively low temperatures at
shallow depths, rather than invasion of the area by a
single large, hot batholith. Plutons are apparently
fewer west of the Scaife Mountains; a pluton was en-
countered at only one locality, and fossils were much
better preserved.

December and early January weather in the Latady
Mountains was characterized by low stratus overcast
which commonly reached the surface as dense fog.
Clear skies or high cirrus occurred about 13 percent
of the time. Temperatures in December ranged from
—20°C. to +7°C. and averaged about —14°C.
Pressures ranged from 830 to 850 mb and appeared
on the barograph as a slow, regular sinuous curve.
Winds were mostly 1 to 10 knots from the east and
south until mid-January, when winds increased to
20-40 knots and blew continuously from W-WSW.

The airborne radio ice-thickness survey conducted
by Drs. Gordon de Q . Robin and Stanley Evans of
the Scott Polar Research Institute, England, began
following the arrival of equipment and personnel at
McMurdo on December 8. One hundred and fifty
hours of airborne operations were carried out in De-
cember and January, with three flights to plateau
regions behind the Transantarctic Mountains, one
flight to Vostok, and one to the Gould-Siple Coasts
area. In addition, useful records were obtained on
one cargo flight to Byrd and one to Pole. However,
bad weather and clouds limited the navigational ac-
curacy. The equipment worked well to moderately
well, but severe ringing of the signal in the antenna
feeders limited operations. The antenna problems
were partly solved by moving the transmitter to the
aft of the aircraft. With strong echoes, as on ice
shelves, good records were obtained to altitudes of
10 5 000 m, but low altitudes were necessary over in-
land ice and crevassed surfaces. The main results
were obtained in western Marie Byrd Land and be-
tween the Transantarctic Mountains and the Pole.
The new beam-switching device proved useful for dis-
tinguishing valley-side echoes from bottom echoes.

Aboard the same aircraft, using remote sensing
techniques for geological studies, were Dr. F. Alton
Wade and Mr. John Wilbanks, Texas Technological
University. These studies were limited to Marie Byrd
Land along the Saunders and Hobbs Coasts.

Research at Inland Stations*

The year-round programs conducted at Byrd Sta-
tion proceeded on schedule, but much time was taken
up by equipment overhaul and repair. These year-
round programs consist of geomagnetic and seismic
observations by the Coast and Geodetic Survey of the
Environmental Science Services Administration
(ESSA), radio-noise' recordings by the Research Lab-
oratories of ESSA, very-low-frequency studies by the
University of Washington and Stanford University,
and auroral observations by the National Research
Council of Canada.

Pursuing a study of silver and iodine in snow, Dr.
Joseph Warburton of the University of Nevada, aided
by Mr. Anthony Gow of the Cold Regions Research
and Engineering Laboratory, collected 50 snow sam-
ples at various depths beyond the vicinity of Byrd
Station.

Snow accumulation was measured by Dr. Gilbert
Dewart of Ohio State University and his party at all

*Reports on activities at Byrd Station in January were not
yet available at the time this summary was written.

36	 ANTARCTIC JOURNAL



survey posts on the Byrd Strain Net. Accumulation
between 1967 and 1969 was greater than had been
expected on the basis of previous records, but almost
all poles were recovered; new poles were emplaced
and measured. Gravity observations were made at key
points along the strain net, and excellent closure was
obtained at intermediate reoccupations and on return
to Byrd Station. Gravity bases were established at the
magnetic calibration building at Byrd and at Byrd's
substation. A precise hexagonal array of strain mark-
ers spaced 500 m apart was begun in the vicinity of
Post 33 of the strain net, a region of relatively simple
strain-rate pattern and regular, parallel surface un-
dulations.

Last year, the ice drill at Byrd Station became stuck
about 2,000 m down the deep borehole. When at-
tempts to free it failed, the recovery effort was post-
poned until the current season. The recovery equip-
ment assembled by Mr. B. Lyle Hansen and his party
from the Cold Regions Research and Engineering
Laboratory was able to penetrate only to 1,540 m,
however, and the cable was cut at that point.

Sonic logging was conducted from mid-December
to mid-January by Dr. Charles Bentley and his party
from the University of Wisconsin. A P-wave log of
the deep drill hole showed a large, steep velocity gra-
dient at 1,150 to 1,300 m depth, and a smaller steep
gradient at approximately 600 m. The general ve-
locity increase with depth over the whole 1,500-rn
range was measured with local maxima and minima
superimposed.

Dr. Bernhard Stauffer of the University of Bern
and his four associates continued their efforts to ob-
tain samples for C 14 dating. During the first part of
December, an 81-rn test hole with a 20-cm diameter
was drilled. In this hole, the first probe collected C14
samples from depths of 75 and 81 m. In addition, two
tons of water from the hole were pumped to the sur-
face for use in S 32 dating. An S 32 sample was also col-
lected by cutting into the trench wall. A CO 2 sample
was collected by melting the cores from 183 to 305 m
in the 353-rn hole drilled in November.

As at Byrd Station, most of the programs at South
Pole Station concern year-round studies of atmos-
pheric phenomena. They include meteorological ob-
servations by the Weather Bureau of the Environ-
mental Science Services Administration (ESSA),
seismic and geomagnetic observations by the Coast
and Geodetic Survey of ESSA, ionospheric studies by
the Research Laboratories of ESSA at Boulder, Colo-
rado, cosmic-ray recordings by the Bartol Research
Foundation, earth-tide recordings by the University
of California at Los Angeles, and auroral observa-
tions by the University of Alaska.

As part of the meteorological program, flasks were
exposed for CO 2-sampling on behalf of Scripps Insti-

tution of Oceanography. Air sampling was also sup-
posed to be carried out for the Atomic Energy Com-
mission, but the equipment for this program still had
not arrived by the end of January.

A pendulum-probe project of the Cold Regions
Research and Engineering Laboratory ran into equip-
ment problems from the start and was never com-
pleted.

At Siple Station, established on December 3, sci-
entific programs started on December 7 with the
launch of a helium-filled balloon carrying University
of California (Berkeley) electric-field detectors. The
flight, which lasted 39 hours, returned very good
data. A very-low-frequency loop antenna and whistler
receiver operating during the flight made useful
broadband data recordings. Magnetic and whistler
activities during this launch were moderate. A second
balloon flight, accompanied by ground-based whistler
recordings, began December 15 during a period of
low magnetic activity and lasted 13 hours. Both flights
were supported by simultaneous data acquired from
balloons launched at Rouyn, Province of Quebec,
Canada, which is magnetically conjugate to Siple
Station.

Other activities at Siple Station included the in-
stallation of a complete VLF antenna system con-
sisting of crossed magnetic loops and vertical electric
monopoles, for direction-finding of exit points of
whistler ducts. A polarimeter received the 137.35
MHz signal from the ATS-Ill satellite in synchronous
orbit over the Atlantic Ocean. The signal was strong,
without scintillation, although the satellite elevation
was only 40 above the horizon.

A 2,500-rn long, elevated dipole was emplaced
and physically secured. Its elevation will keep it above
the snow surface at least until field operations resume
next austral summer. The antenna has been designed
so that it can very easily be raised to a desired height
above the surface as snow accumulates. It is me-
chanically strong and can be inspected with ease. Its
electrical performance exceeded expectations, and
VLF recordings made from it were free of man-made
interference and snow static, even during high winds.
There was VLF activity of some type or other every
clay, with periods of high whistler and emission rates.
The Siple Station operations, which were discontin-
ued on January 16, were directed by Mr. John Kat-
sufrakis of Stanford University.

Hallett Station

Two graduate students of Dr. John R. Baker's,
Iowa State University, continued a study of the incu-
bation behavior of Adélie penguins. Film records were
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completed on December 23 with a total of 2,100
feet of 8-mm film exposed. Egg temperatures of an
experienced pair were monitored for a total of 20
days and of an inexperienced pair for 6 days using a
thermograph recording unit. The graphs are being
analyzed and will be correlated with the film records.

The Iowa State team observed the first penguin
chick on December 6, with the latest known hatching
date occurring on December 25. In December, data
on the incubation period, nest-site occupation,
aggression, and chick mortality were gathered for
350 nest sites. During January, additional data on the
nest-site occupation and chick mortality were col-
lected, and 55 Adélie penguins were marked accord-
ing to sex for a study of incubation behavior with the
aid of the time-lapse cameras.

Two graduate students representing Dr. Frank E.
Strong, University of California at Davis, investi-
gated the low-temperature physiology of arthropods.
The enzyme studies were discontinued, and efforts
were concentrated on determining the rate of oxygen
utilization of Collembola at various temperatures
(-5° to + 27°C.). This study is being done with an
electronic manometer capable of measuring 1/400
of a microliter of oxygen.

Air Operations

Air operations during December were hampered
by excessive snowfall in the McMurdo Sound area
and by a series of helicopter mishaps that caused
more than ordinary maintenance problems. One LH-
34D helicopter had been destroyed in a fatal accident
on November 19, leaving only two of these machines
to carry the heavy load of supporting research in the
McMurdo Sound area. One of these was temporarily
grounded on December 11, and a few days later, on
December 18, it made a precautionary landing near
Don Juan Pond in the Wright Valley. A maintenance
crew flown to the site had the helicopter back in the
air within a few hours, however.

The situation improved greatly on December 28,
when four Coast Guard HH-52A turbine-powered
helicopters flew to McMurdo Station from the ice-
breakers Edisto and Burton Island. Three days later,
after the pilots had been briefed, they commenced
active support of the scientific program. Two of these
aircraft were withdrawn when the damaged Edisto
left McMurdo Sound on January 10 to enter drydock
in New Zealand.

Iroquois (UH-1D) helicopters supported the geo-
logical survey in the Beardmore Glacier area. One of
them suffered an accident on the initial scientific
support flight and had to be withdrawn. On Novem-
ber 28, the other two were grounded for inspection of

their tail-rotor assemblies. When they were found to
be in satisfactory condition, the aircraft began to fly
once again on December 6. The loss of one helicopter,
of course, caused some curtailment of activity.

Even with snow and storm conditions, the Her-
cules (4 LC-130Fs and one LC-130R) continued to
carry on resupply of inland stations and research
groups in the field. On December 3, after a delay of
six days because of bad weather, Siple Station was
established. This camp, where Stanford University
researchers carried on studies of the magnetosphere,
was also the first to close down—on January 16, when
the personnel returned to McMurdo Station. Three
days later, a New Zealand party was picked up at
Terra Nova Bay and brought back to Scott Base. The
British Antarctic Survey geologists in the Shackleton
Range were evacuated to Halley Bay on January 25.
Five days later, the Beardmore Camp was closed
down, and the last of the field personnel returned to
McMurdo, but the U.S. Geological Survey team at
Lassiter Coast was still in the field.

As noted in the last issue of the Antarctic Journal,
air operations at Hallett Station terminated on
November 28. Four days later, the landing area was
declared unsafe. At McMurdo Station, which is
located 400 miles further south, it was possible to
keep the annual sea-ice runway operable until Jan-
uary 24. At that time, the ice was greatly reduced
in thickness and seals were beginning to appear on
the runway, a sure sign of nearby holes in the ice.
The operation of wheeled aircraft was transferred to
Outer Williams Field, which is on the Ross Ice Shelf,
but has the disadvantage of being 14 miles from the
station.

Visitors

For several days in early January, a congressional
delegation toured United States antarctic installa-
tions with Dr. Thomas 0. Jones, Acting Deputy
Assistant Director for National and International
Programs, National Science Foundation. The mem-
bers of the group represented three committees of
the House of Representatives concerned with various
facets of the antarctic program. They were Repre-
sentatives George P. Miller (D-California) and
Jerry L. Pettis (R-California) of the Committee on
Science and Astronautics; Representatives James G.
O'Hara (D-Michigan), John S. Wold (R-Wyoming),
James A. McClure (R-Idaho), and John N. (Happy)
Camp (R-Oklahoma) of the Committee of Interior
and Insular Affairs; and Representative J. Irving
Whalley (R- Pennsylvania)of the Committee on
Foreign Affairs. In the course of their visit, the con-

38	 ANTARCTIC JOURNAL



Nary Photo
Congressional visitor group. Standing, I. to r.: Rep. John S. Wold
(R-Wyo.); Rep. James G. O'Hara (D-Mich.); Rep. J. Irving Whalley
(R-Pa.); Rep. George P. Miller (D-Calif.); Rear Adm. David F.
Welch, USN; Dr. Lewis A. Sigler, Chief Counsel, Committee on
Interior and Insular Affairs; and Rep. John N. (Happy) Camp
(R-Okla.). Kneeling, I. to r.: Lt. Jon Clarke, USN; Capt. C. R.
Frazier, USN (Ret.); Rep. Jerry L. Pettis (R-Calif.); Rep. James A.

McClure (R-Idaho); and Dr. Thomas 0. Jones, NSF.

r
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ij Photo

NA5A visitor group. Standing, I. to r.: Dr. Hermann Weidner, Dr.
Eberhard Rees; Dr. William Lucas; Mr. Donald K. Slayton; Mr.
Robert Thompson; and Col. David R. Scott. Kneeling: Mr. Philip

M. Smith, NSF.

gressmen had an opportunity to review various
aspects of the antarctic program.

On January 5, the congressional party, accom-
panied by Rear Admiral Welch, visited the Soviet
station Vostok. It was Admiral Welch's second flight
to Vostok this season, the first visit having taken
place on December 22 in the customary atmosphere
of Russian hospitality.

This distinguished-visitor group was followed by
another, consisting of officials of the National Aero-
nautics and Space Administration. They included
Dr. Eberhard Rees, Deputy Director (now Director),
Marshall Space Flight Center; Dr. Hermann Weid-
ner, Director, Science and Engineering, Marshall
Space Flight Center; Dr. William Lucas, Director,
Program Development, Marshall Space Flight Cen-

ter; Mr. Robert Thompson, Program Manager for
Apollo Applications, Manned Spacecraft Center; Mr.
Donald K. Slayton, Director of Flight Crew Opera-
tions; and Col. David R. Scott, astronaut. Between
January 7 and 14, under the guidance of Mr. P. M.
Smith, Deputy Head of the Office of Polar Pro-
grams, National Science Foundation, they made an in-
spection tour of stations, facilities, and field activities.

Concurrently with the NASA officials' visit, Mr.
Ronald G. Birch, Legislative Assistant to Senator
fed Stevens (R-Alaska), Mr. Charles D. Ferris, Gen-
eral Counsel, Senate Democratic Policy Committee,
and Mr. Jerry T. Verkler, Staff Director, Senate
Committee on Interior and Insular Affairs, toured the
installations in the company of Capt. H. W. Swin-
burne, Deputy Commander of the U.S. Naval Support
Force, Antarctica.

Antarctic Peninsula

Relief and resupply of Palmer Station on Anvers
Island is carried out entirely by ship. As a result,
contact with the outside world is delayed until Janu-
ary. This season, the icebreaker Glacier, which was
assigned to support operations in the Antarctic
Peninsula area, arrived at Palmer Station with sum-
mer scientific and support personnel on January 8.
On the way from Punta Arenas, she had called at
three islands in the South Shetland archipelago. An
abortive attempt, which resulted in the loss of a land-
ing craft, was made to put a small scientific party
ashore on Gibbs Island. The same day, January 6,
Dr. Ian W. D. Daiziel, Columbia University, and
two companions were landed on Elephant Island by
helicopter, and, on January 7, a similar-size party—
Mr. Olav Orheim and two companions from Ohio
State University—was taken to the Argentine base
on Deception Island.

When Glacier arrived off Palmer Station, she
found Arthur Harbor choked with ice. Because small-
boat operations were impossible, 50 USARP and
support Personnel were ferried ashore by helicopter.
On January 10, the National Science Foundation's
research vessel Hero served as a lighter to carry
Glacier's cargo to the station. The following day,
Glacier departed Arthur Harbor to carry a group of
scientists to the Trinity Peninsula and, herself, to
investigate the ice of the northern Weddell Sea. She
was back at Palmer Station in time to greet the cargo
vessel USNS Wyandot, which arrived on January 20.
Before Wyan dot could enter Arthur Harbor, Glacier
had to clear it of ice, a task that required 35 hours
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Photo: Wm. R. Curtsinger

R/V Hero in the Antarctic Peninsula.

of solid work. Once this had been accomplished,
landing craft could unload the cargo for the station.
On January 23, Wyandot left Anvers Island for Mc-
Murdo Station, which she expected to reach early in
February.

The next day, Glacier sustained serious hull dam-
age when she struck the underwater tongue of an
iceberg. While the ship could continue to operate in
the Anvers Island area, it was doubtful that she
could risk an encounter with the heavy ice usually
present in the Weddell Sea. Thus, it appeared that
it would be impossible to recover the deep current
buoys laid down two seasons ago or to carry out this
year's portion of the International Weddell Sea
Oceanographic Expedition. At the end of January.
plans for Glacier's employment during February and
March were still under discussion.

On December 20, Mr. Rudolf Honkala of the Uni-
versity of Montana, who had arrived at Palmer Sta-
tion aboard the British ship RRS John Biscoe, began
volumetric measurements utilizing troughs on five
small streams as part of his glaciological studies.
Later measurements on 16 streams in the vicinity of
Arthur Harbor indicated a daily discharge in excess
of 6,000 metric tons.

Algae were collected from numerous locations at
Bonaparte Point, Humble and Torgersen Islands, and
new and old Palmer Stations by Dr. Bruce C. Parker
of Virginia Polytechnic Institute. Initial photomicro-
scopic steps were successful in discovering new species.
Two scuba dives made near Port Foster, Deception
Island, could yield information regarding regenera-
tion and succession of marine communities. This
project is being directed by Mr. Stephen B. Shabica
under a grant to Dr. Joel W. Hedgpeth of Oregon
State University. An intertidal-subtidal survey of
Arthur Harbor was undertaken and the results should
be completed in a few weeks.

Other research parties supported by R/V Hero and
utilizing the biological laboratory at Palmer Station
included one led by Dr. Herbert C. Curl, Jr., Ore-
gon State University, concerned with cryophilic algae.
Dr. Robert W. Risebrough, University of California
at Berkeley, investigated the effects of chlorinated
hydrocarbons on birds, while Dr. Steven B. Young,
Ohio State University, carried out biosystematic
studies of vascular plants.

Private Flights

V'X Navy Photo

Mr. Max Conrad landing at Williams Field in his Piper Aztec.

For several years, Mr. Max Conrad, who refers to
himself as the "Flying Grandfather," has sought to
fly around the world across both poles. Last year,
after reaching Adelaide Island off the west coast of
the Antarctic Peninsula, he turned back. This season,
he decided to make the flight in the opposite direc-
tion, approaching the Antarctic from New Zealand.
On January 12, he left Invercargill in a twin-engine
Piper Aztec and arrived safely at McMurdo Station
the following morning. Six days later, he flew to the
South Pole, the first solo flight ever to reach that
remote spot. His plane crashed, however, on January
23, as he attempted to 'take off from the South Pole
for Punta Arenas, Chile. Mr. Conrad, although
shaken up, was not injured. The disposition of his air-
craft has yet to be determined.

On the same day that Mr. Conrad reached the
South Pole, still another private aircraft arrived. Two
Norwegians, Messrs. Thor Tjøntveit and Einar
Sverre Pedersen, flying a twin-engine Cessna, left
Invercargill in the evening of January 18, made a
brief fuel stop at Williams Field, and flew on to the
South Pole. After a stay of about 5 hours, the "Flying
Vikings," as they called themselves, returned to Mc-
Murdo Station where they remained for three days.
From McMurdo, they flew to Punta Arenas.

Such private ventures are charged for fuel and
other services.
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Hero Cruise 69-4 in the Chilean	 PUERTO MONTT

Archipelago	 - '42

HENRY A. IMSHAUG

Gryptogamic Herbarium
Department of Botany and Plant Pathology

Michigan State University

The principal objective of Cruise 69-4 was to sur-
vey various groups of terrestrial plants and inverte-
brates in the Chilean archipelago between Puerto
Montt and Punta Arenas. Whereas previous collec-
tions from this area were either the result of inciden-
tal collecting by nonspecialists or of very brief visits
by specialists on an opportunity basis, plans for
Cruise 69-4 were centered around a team of special-
ists operating in selected areas along one north-south
axis and two west-east axes. The latitudes of the
west-east axes were chosen partly on the basis of
previous studies by Dusén, Skottsberg, the Royal
Society Expedition of 1958-1959, and the 1967 ex-
pedition of Imshaug, Harris, and Engel, and partly
according to the availability of reasonably secure
anchorages. The areas selected included as wide a
variety of habitats as possible, with moorlands, forests,
outcrops on low ridges, and coastal rocks being sam-
pled at virtually all localities. At two sites, it was pos-
sible to collect near glaciers (Fiordo Témpano at
48°43'S. and Fiordo Peel at 50°57'S.). The unique
limestone areas around Isla Guarello were also the
object of special study.

R/V Hero departed from Puerto Montt on Sep-
tember 18 and arrived in Punta Arenas on October
10. The sites visited are shown in Fig. 1. In view of
the earliness of the season, collecting was limited to
areas below the snowline, and alpine areas were not
visited. The early season also prevented the collection
of adult insects. These disappointments were not
without compensation, however, since hepatics were
in excellent fruiting condition and many valuable
collections of sporophyte material were made. Field
observations indicate that many new taxa and range
extensions have been discovered. It was particularly
gratifying that, in several groups of both plants and
insects, it was possible to fill in missing stages in their
life histories and thus elucidate the true relationships
of previously poorly known species.

Lichens were collected by Dr. Henry Imshaug,
assisted by Mr. Karl Ohlsson, Michigan State Univer-
sity. The latter paid particular attention to the genus
Sphaerophorus, a group which he is currently mono-
graphing. Bryophytes, especially hepatics, were
studied by Dr. Rudolph Schuster, University of
Massachusetts, and Mr. John Engel, Michigan State
University. Vascular plants were the specialty of Dr.
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Figure 1. Map showing collecting localities.
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Steven Young, Ohio State University. Insects were
collected by Dr. Oliver Flint, Smithsonian Institution,
in a variety of habitats, with emphasis on aquatic
habitats; caddis flies were especially well represented.
The various specialists will continue their study of the
materials collected and, in all cases, will relate them
to other studies of subantarctic regions currently in
progress or in planning stages. Representative ma-
terial will be deposited in the Smithsonian Institu-
tion and duplicates distributed to various museums.

Two Chilean participants from the University of
Chile (Facultad de Ciencias Pecuarias y Medicina
Veterinaria), Drs. Wladimir Hermosilla and Rene'
Covarrubias, specialized in invertebrates of the soil
and related habitats as part of their long-term study
on soil fauna throughout Chile. Berlese and Winkler-
Moczarski funnels were utilized in extracting diverse
materials. In view of the short time available between
stations, it was not possible to obtain quantitative
community data. Qualitatively, however, the data
were both rich and interesting. Particular attention
will be given to the Collembola, oribatid mites, Pseu-
doscorpionidae, and Staphylinidae, since these are the
current areas of specialization by the ecology group
at the University of Chile.

A,

Photo: II. A. I?nshaug

Photo: If. A. Imshaug

Photo: H. A. Imshaug

Figure 4. Moorland on ridge at inner harbor, Bah(a Tuesday,
Isla Desolación (52051'S.).

Photo: J. J. Engel
Figure 5. Moorland with cushion plants and scattered pools,

Puerto Alert, Isla Marnington (49052'S.).

Photo: II. A. 111,01aug

Figure 6. Moorland with a few stunted and lichen-covered trees
of Pilgeroriendron, Isla Chatham (50'39'S.).

Figure 2 (above, left). R/V Hero at Bahia Borja (53032'S.).
Scattered trees of Nothofagus betuloides.

Figure 3 (left). R/V Hero steaming west through Estrecho Oeste
(50 0 38'S) Isla Duque de York on south side of channel.
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Hero Cruise 69-5

ROGER L. KAESLER

Department of Geology
The University of Kansas

Cruise 69-5 of R/V Hero in the waters of the
Chilean archipelago began at Punta Arenas, Chile,
on October 18, 1969, and terminated there on
November 5, 1969. The area of study, between lati-
tudes 50°S. and 54 0 S., was entirely within the archi-
pelago, but one brief sortie was made into the open
Pacific Ocean at about 50°30'S., just west of Isla
Madre de Dios and Isla Guarello. The multipurpose
cruise involved eight scientists, two of them Chileans
from the University of Concepcion, whose programs
included studies of benthic ostracods, benthic—parti-
cularly neritic—echinoids, molluscs—especially bi-
valves, benthic marine communities, and vascular
plants. Unseasonably calm weather contributed to
the success of the cruise.

Roger L. Kaesler of the University of Kansas and
Richard H. Benson of the Smithsonian Institution
are engaged in a study of the biogeography and sys-
tematics of benthic ostracods of the southern oceans.
Kaesler is making a study of intraspecific variations
of ostracod morphology with environment, and Ben-
son is studying shallow, cold-water species as part of
a larger study of abyssal ostracods. Their original
plan to collect at nine stations occupied previously
by the Challenger and the Swedish Antarctic Expedi-
tion was pared to seven, where samples were ob-
tained using a Sanders epibenthic sled. In addition,
12 Petersen grab or epibenthic-sled samples were
collected, plus 26 samples to be used for a study of
changes in morphology with depth. Ostracods were
abundant in many of the samples, and several species
normally regarded as abyssal were found living in
water only a few tens of meters deep. At least one of
these species has been found in the abyssal environ-
ment of the Indian Ocean. Kaesler and Benson were
assisted by John D. Winslow of the University of
Kansas and the U.S. Geological Survey and Jesse E.
Merida of the Smithsonian Institution.

David L. Pawson of the Smithsonian Institution
obtained echinoderms from more than 40 stations by
dredging, try-netting, grab sampling, and shore
collecting. At least one new species of the holothurian
genus Trochodota was found. Shallow-water occur-
rence of the deep-sea asteroid Porcellanaster was re-
corded, and records of new localities for many species
were noted. Furthermore, good insight was gained
into the general biology of many intertidal and sub-
tidal species. Breeding experiments were unsuccessful,
probably because the cruise took place about one
month ahead of the breeding season.

50

54-

Map of cruise area, showing dredge, grab, or anchorage stations
as large dots. Only one station is shown in Seno Otway, although
the area was sampled in detail. The short bar south of P. A.
(Punta Arenas) indicates the approximate location of samples

taken for the depth-control study mentioned in the text.

Jose' R. Stuardo of the University of Concepcion
participated in the cruise primarily to study: a) the
distribution of intertidal organisms, particularly mol-
luscs, as part of a study of the ecology of rocky shores
and sandy beaches of Chile begun some years ago in
northern Tierra del Fuego and around Punta Arenas;
and b) the distribution of molluscs, primarily proto-
branchs, in sublittoral waters in the area of Patagonia
and Tierra del Fuego. Preliminary observations indi-
cated apparent uniformity of zonation in most of the
localities visited, except where the shore is exposed to
oceanic conditions.

Victor A. Gallardo of the University of Concep-
cion collected 48 quantitative benthic grab samples
and two trawl samples, and took water samples at
three stations and expendable bathythermographs at
four stations in order to study the structure of macro-
infaunal communities. The work was planned to com-
plement studies in the South Shetland Islands and
along the central Chilean coast. The infauna of Seno
Otway is conspicuously sparse in spite of apparently
favorable environmental conditions, perhaps because
the bay is a comparatively recent geological feature
and is relatively inaccessible to planktonic larvae.

Steven B. Young of Ohio State University col-
lected about 350 herbarium specimens of vascular
plants, particularly Hymenophyllaceae, at a number
of locations. Some 35 wood specimens collected for
growth and age studies of Magellanic trees included
mostly specimens of Nothofagus betuloides, Pilgero-
dendron cupressioides, and Drimys winteri, the major
forest trees of the area. Tree species of lesser ecologi-
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cal importance were also collected whenever possible.
Preliminary, rough counts of tree rings indicate that
growth in the western Magellanic area is exceedingly
slow. Pilgerodendron of 15 cm butt diameter and
less than 5 m height may be 300 or more years old,
although the trees are vigorous and healthy in ap-
pearance. The vascular flora of the Magellanic area
is probably more depauperate than that of any other
temperate area of comparable size. It is also remark-
ably uniformly distributed, small variations in com-
position apparently depending largely on climate
rather than geography. Minor habitats—such as over-
hanging cliff faces—which are protected from the
heavy precipitation characteristic of the region, often
contain several species normally found only in drier
areas. In contrast, relatively few differences can be
discerned between the floras of the northern and
southernmost areas of the region.

c) Lower Cretaceous (?) massive volcanic rock
of basic to intermediate composition—"Rocas
Verdes."
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Work areas of Cruise 69-6.

Hero Cruise 69-6

MARTIN HALPERN

Division of Geosciences
University of Texas at Dallas

Cruise 69-6, November 15 to December 21, 1969,
involved a geological and geophysical reconnaissance
of the fiord region of southern Chile shown in the
map. The six participating scientists carried out the
following programs:

Miss Adela Aguilar, Instituto de Investigaciones
Geológicas, Chile, petrology; Mr. Raul Cortés, Em-
presa Nacional del Petróleo, Chile, regional geology
(stratigraphy); Dr. Ian W. D. Dalziel, Lamont-
Doherty Geological Observatory of Columbia Uni-
versity, structural geology; Mr. Estanislao Godoy,
Universidad de Chile, metamorphic petrology; Mr.
Jorge Parra, Universidad de Chile, gravity; and Dr.
Martin Halpern, University of Texas at Dallas, geo-
chronology. Early in the cruise (November 15 to 19),
botanical collections were made by Dr. Steven B.
Young, Ohio State University.

The principal rock units examined were:
a) Igneous plutonic rocks of the Andean Intru-

sive Suite—predominately of dioritic and
quartz dioritic composition, in many localities
cut by numerous mafic dikes.

b) Lower Cretaceous (?) formation of argillace-
ous and arenaceous sedimentary rocks, prob-
ably Erezcano Formation equivalent.

d) Local outcroppings of Lower Cretaceous (?)
sedimentary breccia containing clasts of base-
ment schist.

e) Middle to Upper Jurassic (?) massive volcanic
rock of acidic composition, probably Serie
Tobifera equivalent.

f) Pre-Serie Tobifera (Middle to Upper Jurassic?)
metamorphic basement, probably of low grade
(greenschist facies) regional metamorphism.

g) Permocarboniferous formations of limestone,
sandstone, and shale. At the quarry at Isla
Guarello, the limestone contains fusulinids.
Conglomerate crops out at one small locality
and contains minor amounts of granitic pebble
clasts.

Specimens were collected from about 25 localities
for Rb–Sr isotopic-age analyses. Rock units from
which meaningful l5aleomagnetic data could be
anticipated were sampled by Dr. Dalziel. Fifty gravity
stations were occupied which represent the first
gravity survey of this region of South America.

Individual investigators are responsible for their
respective parts of this program. Their results should
provide a clearer understanding of the local geology
and facilitate regional correlation and comparison of
the geologic development of southern South America,
the islands of the Scotia Arc, the Antarctic Peninsula,
and the Pacific margin of West Antarctica.

Contribution No. 130, Geosciences Division, University
of Texas at Dallas (formerly Southwest Center for Ad-
vanced Studies), Dallas, Texas.
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Eltanin Cruise 39
June 8 to August 5, 1969

K. BOSTR6M1

Rosenstiel School of Marine and Atmospheric Sciences
University of Miami

Cruise 39, a multipurpose cruise with emphasis on
marine geology, was planned to follow a track that
would traverse the Southeast Indian Rise (Indian-
Antarctic Ridge) at approximately 125°, 135°, 145°,
and 150°E. However, delays including unscheduled
port calls at Adelaide and Hobart required shorten-
ing of the cruise and station time.

The marine-geology program, directed by K.
Boström, included sediment coring over a large geo-
graphic area, as indicated in Fig. 1. Fig. 2 shows the
sediment types encountered, judging from preliminary
determinations. This distribution pattern agrees
reasonably well with descriptions given by Arrhenius 2

and by Kozlova.3
The clay-rich sediments obtained were usually light

brown to grey or greenish in color; dark brown
varieties were rare. The globigerina oozes were oc-
casionally very white and coarse, for instance on the
Mill Bank south of Tasmania. These sediments
proved very difficult to sample undisturbed. A 21-rn
core—the longest of the cruise—was obtained of the
diatom-radiolarian oozes on the Wilkes abyssal plain.
In all, 73 acceptable-to-good piston cores were re-
trieved having an average length of 8.5 meters. Nine
coring attempts failed or gave disturbed cores.

In contrast to Cruises 34 to 38, when manganese-
oxide crusts proved to be a menace to coring equip-
ment, often causing bending of pipes and deformation
of core cutters, such layers were encountered only
occasionally during this cruise. However, microno-
dules occurred extensively in the sediments. No sedi-
ments resembling those on the East Pacific Rise
were encountered on the Southeast Indian Rise, per-
haps indicating absence of major volcanic activity or
extensive dilution with terrigenous matter.

The use of 4-foot phleger corers in double suspen-
sion with each piston corer reduced the number of
overpenetrations and increased the quantity of ma-
terial recovered.

Chief scientist on Cruise 39.

'The Sea, vol. III, John Wiley & Sons, New York, 1963,
p. 655-727.

3 Diatons of the Indian and Pacific Sectors of the Ant-
arctic. Moscow, U.S.S.R. Academy of Sciences, 1964.

Boström and Peterson, Marine Geology, vol. 7, 1969,
p. 427-447.

Figure 1. Cruise 39 track and station locations.

I30E	 140E	 150E	 160E	 I70E

Figure 2. Sediment types sampled during Eltanin Cruise 39.

The cores will be used to study (jointly by K.
Boström, 0. Bandy, and associates): a) the extent
and nature of volcanic activity and degassing of the
mantle along the active Southeast Indian Rise; b)
the composition, amount, and temporal variations in
material derived from subtropical and polar weather-
ing in Australia and Antarctica; c) the chronology
and rate of deposition of sediments in various regions;
and d) climatological variations in the Pleistocene
(hopefully also earlier periods if the sediments col-
lected record events that far back).

H. M. Cadot, University of Kansas, collected
benthic ostracods, first by trawling and later by grab-
sampling. From each grab sample, material was ob-
tained for the following studies: a) variations in the
ostracod fauna, by H. M. Cadot; b) variations in the
benthic foraminiferal fauna, by H. Lindenberg, Uni-
versity of Southern California; c) mineralogy, petrol-
ogy, and geochemistry of large particles (pumice,
nodules, etc.) in the sediments, by K. Bostrbm. The
main part (99%) of the grab sample was processed
on deck by wet sieving, while a small, untreated
fraction of each sample was set aside for further
mineralogical, chemical, etc. studies of the top layer.
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Figure 3. Seamount at 45°50'S. 150°20'E. in the Tasman
Sea. The top of the seamount is covered by a very coarse
foraminiferal ooze; at about the 1200-fm contour, the
sediment cover disappears and rocky bottom predominates
down to about 2400 fms, where sediments reappear. Note
the ring-formed depression around the base of the sea-
mount. On the eastern flank of the summit, a small, dotted,
crescent-shaped feature delineates a well-defined wall,

possibly a crater rim.

A program to collect bottom water on the South-
east Indian Rise, using Niskin samplers, was can-
celled due to shortage of time. However, whenever
possible, water trapped in piston corers was recovered
for the purpose of searching for anomalous bottom
waters similar to the Red Sea hot brines, which may
be due to volcanic activity on a spreading oceanic
ridge.4'

Surveying was generally performed on a small scale
at each station in connection with coring. A more
extensive survey was performed on a seamount (see
Fig. 3); subsequent coring revealed only coarse globi-
gerina ooze and no volcanic sediments.

The geophysical studies—seismology, gravimetry,
paleomagnetics—were carried out by the Lamont-
Doherty Geological Observatory under the direction
of R. Marki.

The hydrological programs, directed by F. Rosse-
lot, also of Lamont-Doherty Geological Observatory,
included general hydrological observations (to be
analyzed by A. Gordon) by STD probe and Nansen
casts, and water sampling for C 14 analysis, to be per-
formed by G. W. Fairhall, University of Washington.

Meteorological studies were made routinely during
the entire cruise, under the direction of W. Dingle,
Commonwealth Bureau of Meteorology, Australia.

5 BostrOm and Valdes, Lithos, 1969, vol. 2, no. 4, p. 351-
360.

Antarctic Avian Population Studies,
1968-1969

R. E. LERESCHE, R. C. WOOD,

and W. J. L. SLADEN

Department of Pathobiology
The Johns Hopkins University

The USARP birdbanding program continued, for
the eighth consecutive season, a long-term study of
the ecology and social behavior of the Adélie pen-
guin, Pygoscelis adeliae, and the south polar skua,
Catharacta maccormicki, in a rookery of about 300,-
000 penguins and about 2,000 skuas at Cape Crozier,
Ross Island (Sladen et al., 1966, 1968a; Wood et al.,
1967).

The 1968-1969 season's work with Adélie penguins
included (1) continued productivity and behavioral
studies of known-age birds (now 2, 3, 4, 5, 6, and 7
years old) ; (2) investigation of the effect of human
disturbance on nesting birds; (3) completion of a
full season of observations, begun last year, of leop-
ard seal predation on Adélies; and (4) initiation of
a study of the reoccupation period and of "keeping
company" behavior.

Of the 30,000 Adélie chicks banded during the
first seven years of this study, 1,237 were observed
at Crozier during the season: 123 2-year-olds, 381
3-year-olds, 371 4-year-olds, 216 5-year-olds, 111
6-year-olds, and 35 7-year-olds. In addition, almost
200 current or previous mates of known-age birds
were followed.

Return of birds of known age followed previous
patterns, showing more than 92% mortality during
the first 2 years at sea, with little mortality follow-
ing the first 4 years of life. Productivity this year
was below that of 1967-1968, probably because of
harsher ice conditions during the early part of the
breeding season. The decline resulted primarily from
a decrease in percentages of various age classes breed-
ing (40% of returning 6-year-olds bred vs. 62% in
1967-1968, 31% vs. 42% of 5-year-olds, 14 17c vs.
23% of 4-ycar-olds, and 2% vs. 4% of 3-year-olds).
The known-age birds that did breed, however, pro-
duced on the average as many fledged chicks as did
like age groups a year ago.

Known-age breeders continued to be predomi-
nantly female: 100% of the 3-year-old breeders and
63% of the 7-year-olds. Thus, although 7-year-olds
are approaching modal adult behavior in many ways
(e.g., in date of arrival at the rookery, date of egg-
laying, number of eggs laid, and number of chicks
fledged), 7-year-old males still do not find mates as
successfully as do females of the same age.
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During December and January, the effects of the
reoccupation period on future pairings of Adélies
were studied. During this time, nearly 100 nonbreed -
ing partners of known-age birds were temporarily
marked with picric acid (a yellow dye) and the pairs
were followed daily. When a pair had been together
for 5 days, the partner was banded and the nest
marked. In all, 50 such pairs were permanently
marked for close observation during initial pairing
in 1969-1970. The sample includes birds of all ages
(2-7 years) ; first, second, third, and fourth-time
breeders; nonbreeders; and unsuccessful breeders.

Nearly 5,000 pairs of Adélie feet were examined
for web-punches as an indication of band loss since
fledging. The results show a small loss during the
first 4 years (about 1.5% in 4-year-olds) and an in-
creased loss in our three oldest cohorts (3% in 5-
year-olds, 10% in 6-year-olds, and almost 20% in
7-year-olds). It is believed that this loss is being
significantly reduced by the new, stronger band that
has been in use for the past 5 seasons and that is
now on all birds recaptured with old-style bands in
addition to every banded bird 4 years and younger.

Daily observations of leopard seal (Hydrurga
leptonyx) —Adélie penguin interactions as related to
ice and surf conditions, tide, time, and other param-
eters were begun in December 1967 and carried
through to the end of the 1967-1968 season. Last
year, the observations were resumed on October 20
and continued through December, thus completing
a full season's profile of these interactions. The results
show a definite seasonal variation in the number of
seals present at the rookery and the number of pen-
guins taken by each seal. The seasonal variation is
modified strongly by ice and surf conditions and
tides, as well as by the number of Adélies travelling
to the rookery on a given day.

Four visits were made to the nearby emperor pen-
guin (Aptenodytes forsteri) rookery to (1) assess pro-
ductivity of the rookery for the season, (2) recover
previously banded birds, and (3) band a proportion
of chicks in each colony.

This was a successful year for the Crozier em-
perors, as contrasted with 1967 when no chicks sur-
vived a late-winter storm (Sladen et al., 1968a). At
least 711 chicks were hatched-651 were counted in
crèches on November 16 and 60 were collected as
frozen carcasses on October 26 and November 16.
Other carcasses could have been blown away or buried
under deep snow, so production of chicks was prob-
ably slightly higher. Table 2 estimates the dates of
mortality of some of the frozen chicks recovered.

A total of 26 banded adult emperors was recovered
on October 26 and November 16. Seven of these
were probably breeding and all had been banded as
adults at the Crozier rookery from 1964 to 1967. None
of the 221 emperor chicks banded during this period

has been observed, so it is still not known at which age
emperors first return to their natal rookery. Twenty-
eight emperor chicks were banded on December 1 and
90 on December 6. In addition, 3 adult bands were
changed for newer models.

Studies of skua population dynamics concentrated
on gathering data on the frequency of occurrence and
location of known-age pre-breeders, and comparing
breeding success and faithfulness to mate and nest
site of known-age breeders with those of unknown-
age breeders.

During the 1968-1969 season, 2 2-year, 9 3-year,
42 4-year, 25 5-year, 138 6-year, and 56 7-year old
skuas were observed. This total-272—is 23% of the
chicks banded in these age groups. Very rarely does
• 1-year-old skua return to its natal area, and only
• few return as 2-year-olds. Increasing numbers re-
turn at 3 and 4 years of age, and the number levels
off thereafter. It is felt that the totals of skuas 5
years of age and older represent a high percentage of
the birds surviving in those year-classes because (1)
very few skuas are observed for the first time after
their fifth year, and (2) of the 25 Crozier-reared
skuas observed away from Crozier, 21 (84%) have
been seen at Crozier also.

Known-age skuas are just beginning to enter the
Crozier breeding population in significant numbers.
Sixteen bred in 1967-1968 and 84 in 1968-1969,
ranging in age from 4 to 7 years, plus a 10-year-old
reared at Cape Hallett. Even at 7 years of age, the
peak of breeding activity was not attained, as
slightly more than 50% of those observed were still
nonbreeders.

Nine known-age birds bred for the second consecu-
tive year and two were in their third year of breed-
ing. Most of them retained their previous mates and
territories. The few changes that occurred were usu-
ally associated with the disappearance of a mate, indi-
cating the same high degree of mate and site tenacity
shown by older, more experienced skuas.

About half of the 73 known-age skuas that bred
for the first time this season showed a definite tend-
ency to return to the area of their birth (within ap-
proximately 250 m of their natal sites) ; the others
were scattered throughout the breeding area of ap-
proximately 600 >< 2500 m. Only 13 of these first-
time breeders paired with skuas having a known
breeding history, thereby showing that inexperienced
birds probably have difficulty pairing with experi-
enced birds. Additional evidence is provided by the
9 pairs of breeders (25% of the 73 first-time breed-
ers) in which both birds were of known age—either
of the same age (5, 6, or 7 years) or not more than
one year apart.

The productivity of skuas aged 4 to 7 years is low.
Only 6 chicks were raised to near-fledging in 70 nests
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where one or both adults were of known age. When	of later egg-laying than that of established pairs.
observations were concluded in mid-February, each	Probably not more than half of these 6 chicks fledged
of these chicks was smaller than normal—the result	successfully.

Table 1. Birds marked with USARP bird-banding program bands, July 1968 to June 1969.1

Species	I Organization '	Area

Emperor penguin
do.

Adélie penguin

do.
do.
do.

Black-browed albatross
Giant petrel

do.
South polar skua

do.
do.
do.
do.

Great skua

USARP
EPF

USARP

EPF
NZARP
USARP

EPF
JAG

USARP
USARP
USARP
USARP

EPF
JAG

Cape Crozier
Adélie Coast
Cape Crozier

Adélie Coast
Adélie Coast
Cape Bird
Falkland I.
Adélie Coast
Antarctic Peninsula
Cape Crozier
Dailey I.
The Strand Moraines
Cape Evans
Adélie Coast
Antarctic Peninsula

Bander'

RL,DA

RL, DA, RW, MS,
MCS, JG, FK, JH

EY
RN

RW
RW
RW
RW

Totals:

Banded as

	

Chick	Adult or
Sub-Adult

118

	

5080	169

	

46	23
453

	

160	265
5

36

	

5,404	1	952

Total

118
(50)'

5249

69
453

(4508)'
(100)'
(574)4
425

5

36
(100)'
(123)'

6,356

'All bands used were provided by USARP in the interest
of international cooperation. They bear the address: "Ad-
vise Fish and Wildlife Service, Write Washington, D.C.,
U.S.A." The expeditions using them are responsible for
publishing their own recovery data.

2 EPF, Expeditions Polaires Françaises; H&N, Holmes
and Narver; JAG, Instituto Antártico Chileno; JHU, Johns
Hopkins University; NZARP, New Zealand Antarctic Re-
search Programme; USARP, United States Antarctic
Research Program; USN, United States Navy.

'DA, D. Ainley (JHU); EY, E. Young (NZARP); FK,
F. Kurek (USN); JG, J . Gemming (NZARP); JH, J. Hood

(JHU); MCS, M. Smith (JHU); MS, M. Saltveit (H&N);
RL, R. LeResche (JHU); RN, R. Napier (JHU); RW,
R. Wood (JHU).

Indicates number of bands sent; no report available yet
on number used. These are not included in the totals.

Note. The following totals were received after publication
of the 1967-196.8 summary:

292 Adélie penguins, adults (Young, NZARP, Cape
Bird).

210 Adélie penguins (100 chicks, 110 adults) (Choate,
NZARP, Hallett).

Table 2. Estimated ages and dates of mortality of 51 emperor penguin chick carcasses of known location. Aged
using weights from Wilson (1907) and weights, foot, and flipper measurements from Stonehouse (1953), both of

whom observed known-age chicks.

Wilson	 Stonehouse

Age by weight	Age by weight	Age by flipper	Age by footLocation

Colony B2 .............

Colony B2-3 .........

Colony B3 .............

Colony B4 .............

48

Hatching
(about 25/VIII)

10 days	 2 days
(4/IX)	 (27/VIII)

15 days	 4 days
(9/IX)	 (29/VIII)

42 days	 32 days
(5/X)	 (26/IX)

3 days	 Hatching
(about 28/VIII)

	(about 25/VIII)

4 days	 7 days
(29/VIII)
	 (1/IX)

5 days	 8 days
(30/VIII)
	 (2/IX)

9 days	 14 days
(3/IX)
	 (8/IX)
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A marine gastropod fossil found at Crozier was
sent to Dr. Leo Hertlein at the California Academy
of Sciences for identification and study. A report on
his findings was published in this journal (vol. IV,
no. 5, p. 199-201).

The Johns Hopkins program was assisted in the
field at various times by David Ainley, Michael
Smith, Jack Hood, Frank Kurek, John Gemming,
and Mikal Saltveit. We gratefully acknowledge their
assistance.
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Photosynthesis and Respiration of Plants
in the Antarctic Peninsula Area

T. P. GANNUTZ

Department of Biology
Clark University

During the period January 17 to December 14, 1968,
a third year of study of the metabolism of lichens,
mosses, and algae was carried out at Palmer Station,
with data being collected virtually uninterrupted for
320 days. In anticipation of this extended data col-
lection period, an automated, digital data acquisi-
tion system had been incorporated into the instru-
mentation in December of 1967. This system, in addi-
tion to recording at least 100 times more data in a
24-hour period than previously possible (a complete
sample of all variables is obtained at least 6 times
each hour), applies the recorded data directly to
detailed computer analysis, eliminating the need for
manual preparation of digital data for computer
entry.

This is the first time that the environmental meta-
bolic responses of any plant or plant community have
been examined throughout an entire year. Meteoro-
logical and plant-microclimatic conditions were also
measured during this period, permitting estimates to
be made of the annual productivity of the antarctic
plant community.

The weather is extremely mild at Palmer Station
during the summer (December-March). There are
frequent rain and snow storms which, with the warm
temperatures (almost continuously above freezing—
sometimes reaching + 10°C.) and high light inten-
sities (1.5-2.0 gcal/cm 2 /min) , provide water to main-
tain plants almost continuously in a saturated to
near-saturated condition. Most environmental com-
binations during this period are favorable for high
rates of both photosynthesis and respiration. Lichen
photosynthetic rates average five times the respira-
tion rates during the summer, providing for the ac-
cumulation of a considerable surplus of metabolic
products. During the fall (April-June), average daily
light intensities and temperatures decrease, but pre-
cipitation in the form of rain and snow is still fre-
quent. Although conditions for metabolism are less
optimal than during the summer months, photosyr:-
thesis still occurs.

Respiration rates decrease as temperatures ap-
proach freezing. Mosses do not conduct photosyn-
thesis and respiration as well as lichens do in this
period. Grasses are even less active, being damaged
by below-freezing temperatures. All plants are photo-
synthetically inactive during the winter months
(July-September), when temperatures frequently
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Figure 2. Field study site at old Palmer Station, summer 1968.

Figure 1. Palmer Station in summer.

average —25°C. with little available light (less than
0.1 gcal/cm2/min) . However, mosses and lichens are
normally located beneath a protective snow and ice
cover that maintains their temperature above —6°C.
almost continuously.

Lichens occasionally respire at extremely low rates
during this period. Temperatures begin to moderate
and the light intensity increases during the spring
months (October–November). Lichens, mosses, and
algae located beneath the snow and ice are saturated
by melting and are exposed early in the season to
begin their recovery from winter inactivity. (Grasses
are still completely inactive and generally brown in
color owing to the absence of chlorophyll.) Mosses
are metabolically active during early spring, but lich-
ens do not demonstrate photosynthetic and respira-
tory potentials as they did during summer and fall.
In early spring, maximum photosynthetic rates are
only approximately twice those of respiration, al-
though the microclimatic conditions are favorable for
metabolism. Respiration in early spring occurs only
after lichens have been able to photosynthesize for
at least a few hours during the day. Lichens generally
cannot utilize the low light intensities and tempera-
tures which were optimal for photosynthesis during
the fall. By late spring, lichens recover physiologically
from the winter damage and achieve their metabolic
rates of the previous summer and fall.

These seasonal variations have interesting physio-
logical implications. The antarctic grasses are dam-
aged by the low temperatures (0°C. and below) of

the fall, winter, and spring. However, they are peren-
nials, and their metabolic activity is concentrated
during the summer months, when temperatures are
higher and water is available. Mosses are inactive
during the winter, but are very active during the
spring, summer, and fall. Although mosses do not
demonstrate a reduction in early spring photosyn-
thetic capability as lichens do, they cannot utilize the
wide range of environmental conditions that the lich-
ens can. Mosses cannot photosynthesize at tempera-
tures below —4°C. and light conditions below 0.1
gcal/cm2/min . On the other hand, they do not cease
to metabolize at temperatures above 10 to 15°C., as
do lichens. In general, lichens are physiologically bet-
ter adapted to antarctic stress conditions than mosses.

The physiological responses of lichens to their en-
vironment and the changing nature of the symbiotic
association throughout the year are extremely inter-
esting. Although space limitations do not permit pres-
entation of extensive data here, some speculations
can be made on the implications suggested by the
preliminary results.

Lichens can photosynthesize and respire at lower
temperature, light, and water conditions than other
antarctic plants, and they are extremely resistant to
environmental extremes. By regulating their metabo-
lism, they can take advantage of favorable micro-
climatic conditions and then enter a semi-resting
state during unfavorable microclimatic conditions.
The thallus water content is the primary metabolic
regulatory mechanism of lichens: as the temperatures
and/or light intensities rise to unfavorable levels, the
thalli dry and become metabolically inactive. Artifi-
cially water-saturated lichens subjected to high tem-
peratures and strong light still demonstrate reduction
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Figure 3. Metabolism chambers. Plants are placed in these
chambers to determine changes in carbon-dioxide levels as a

result of photosynthesis and/or respiration.

1'hfo: T. 11 . (;ani,ufz

Figure 4. Instrumentation and acquisition systems for metabolic,
microclimatic, and meteorological data. Palmer Station, winter

1968.

in metabolic activity, suggesting a physiological en-
vironmental adaption.

Metabolic regulation by water content of the thal-
lus implies that a low thallus water content will re-
duce the damaging effects of high respiration rates,
which would quickly exhaust food reserves. Such a
reduction in food reserves would induce increased
fungal parasitism on algal cells. Availability of liquid
water is responsible for the ability of lichens to photo-
synthesize at temperatures below freezing. Lichens
characteristically produce great quantities of chemical
compounds which are deposited within the thallus.
This high concentration of chemical compounds
could prevent thallus water from freezing at tempera-
tures below 0°C.: the water-saturated thalli of several

species of lichens were observed to remain unfrozen
at temperatures of - 10°C. The majority of antarctic
lichen thalli are highly pigmented and contain a high
concentration of chemical compounds.

Variability of lichen photosynthetic capability dur-
ing different seasons suggests a variation in both the
thallus algal population and the nature of the lichen
symbiosis. Lichen algae achieve a high density in the
thallus during summer months, when conditions are
almost continuously favorable for photosynthesis. This
healthy algal population produces sufficient quantities
of photosynthetic products for fungal activities. Sum-
mer is also favorable for respiration; however, photo-
synthesis is conducted at five times the respiration
rate. In fall, when temperatures and light intensities
are lower, respiration is also reduced—many times
eliminated—but photosynthesis continues. Photosyn-
thesis, however, is virtually eliminated once the light
and temperatures reach winter lows. Respiration, al-
though reduced considerably, occurs occasionally as
temperatures permit.

The fungi require raw materials from the algae
throughout the winter, although fungal and algal
activities are considerably reduced. Prior to the end
of the winter and the return of conditions favorable
for photosynthesis, the fungi have depleted their algal
storage materials. The lichen fungi then become more
parasitic upon thallus algae in order to maintain
their reduced activities. Consequently, much of the
algal population is destroyed by fungal parasitic
penetrations during the course of the winter. This
intense fungal action continues until conditions be-
come favorable for active photosynthesis. Once algal
cells can produce sufficient photosynthetic products
to pass materials to the fungus (in the spring), fungal
parasitic activities diminish. At this point, fungi and
algae proliferate within the confines of the thallus in
a more mutualistic, symbiotic relationship. This con-
dition is emphasized by the observation that, during
early spring, lichen thalli are capable of high respira-
tion rates (comparable to respiration conducted dur-
ing similar microclimatic conditions of summer and
fall) at night only after they have been able to photo-
synthesize during the previous 24-hour period. Plants
artificially covered during all daylight hours were
incapable of respiring at significant rates during the
night, suggesting a critical reduction in metabolic
storage products toward the end of the winter and
in early spring.

Climatic conditions which can be considered a
stress upon the lichen symbionts (winter, when the
fungus is in a state of semi-starvation due to algal
inactivity) are important for maintaining the annual
symbiotic balance and promoting growth of the lich-
en thalli. An ideal lichen microenvironment will pro-
vide a balance of conditions both favorable and un-
favorable for photosynthesis. During stress conditions,
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which are not favorable for metabolism in general,
respiration continues intermittently at reduced rates.
This sequence of conditions maintains the lichen sym-
biosis throughout the year, although the degree of
parasitism varies. If the stress periods were too long,
the lichen fungi would destroy many algal cells, in-
creasing the time required for renewal of the algal
population during times of favorable conditions. In
the absence of stress periods of sufficient duration,
both algae and fungi would proliferate, possibly grow-
ing out of the symbiosis. Consequently, algal metabo-
lism is regulated primarily by microclimatic condi-
tions, and fungal metabolism is regulated primarily
by the availability of algal photosynthetic products.
Both controls are critical for the maintenance of the
lichen thallus.

Different world climatic regions are characterized
by environmental complexes which are interpreted by
lichens inhabiting those regions as stress or optimal
metabolic periods. The manner in which lichens in a
particular region respond to their environment can
be termed metabolic balance (the ratio of annual
photosynthesis to annual respiration). Each species
of lichen has a critical metabolic balance whose main-
tenance depends upon microclimate. The metabolic
balance determines which species will inhabit a re-
gion and the rate of growth of those lichen species
in that particular region.

Each world climatic region is inhabited by lichens
adapted to that particular region. They cannot be
moved from one climatic region to another, as dem-
onstrated by the author's previous research. However.
within each general climatic region (e.g., the Ant-
arctic) there are climatic subdivisions. Plants within
a particular climatic region are more abundant in
areas where the metabolic balance is optimal for that
species, i.e., provides sufficient periods of stress and
of optimal conditions for metabolic activity. This
balance provides for optimal lichen symbiotic de-
velopment and growth. Such an area for the Ant-
arctic is the Anvers Island region of the Antarctic
Peninsula. The same species of lichens are found
north and south of this location, but the relative
abundance is lower.

Upon receiving a B.E. (1928) and Ph.D. in Elec-
trical Engineering (1931) at Johns Hopkins Univer-
sity, Dr. Joyce began his career in Federal Govern-
ment science, to be interrupted only by active duty
as a naval officer for five years in World War II.
After service with the Bureau of Mines, the Coast
and Geodetic Survey, Navy, State, and Defense, he
joined the National Science Foundation in 1955 as
head of its Office for the International Geophysical
Year. He was also head of the successor unit, the
Office of Special International Programs, from 1958
to 1961, when the Government initiated the U.S.
Antarctic Research Program to continue the scientific
work beyond the IGY. In 1960, he traveled to Ant-
arctica to tour TJSARP facilities and observe the
program which he had been instrumental in establish-
ing. Following two years as a special assistant to the
Director of NSF, Dr. Joyce returned to the Depart-
ment of State to become Deputy Director of Inter-
national Scientific and Technological Affairs.

Dr. Joyce held membership in many scientific so-
cieties and served for four years as Secretary of the
International Association for Terrestrial Magnetism
and Electricity. He was also President of the Section
on Terrestrial Magnetism and Electricity of the
American Geophysical Union for four years.

Book on Soviet Antarctic Research
Available in English

The following monograph has been translated
into English for the National Science Foundation
and is available at $3.00 per copy from the Clearing-
house for Federal Scientific and Technical Informa-
tion, U.S. Department of Commerce, Springfield,
Virginia 22151:

U.S.S.R. Academy of Sciences. National Commit-
tee for Antarctic Research. Soviet Antarctic Research,
1956-1966: Proceedings of a Conference. Edited by
V. A. Bugaev. 218 p. (TT 69-55004).

Coming in Next Issue
J. Wallace Joyce, 1907-1970

J . Wallace Joyce, who died on January 6, 1970, at
the age of 62, had been associated with the inception
of the present era of U.S. activities in Antarctica that
commenced with the International Geophysical Year.
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The May—June issue of the Antarctic Journal will
feature a collection of articles on Gondwanaland and
continental drift. Authorities on various types of evi-
dence for an earlier supercontinent in the Southern
Hemisphere will discuss the current state of knowl-
edge in their fields of specialty.
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