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National Science Foundation

guidance provided by the international
science community through the Scientific Committee on Antarctic Research
(SCAR) within the International Council
of Scientific Unions (ICSU) in 1957
(Llano, 1978), have contributed to the
rise in not only life science research but
all research in Antarctica. The growth of
U.S. antarctic research was aided by the
formation of the Committee for Polar Research of the National Academy of Sciences in 1958. This committee, which is
now called the Polar Research Board, advises the National Science Foundation
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Since 1978 biologists have been studying cryptoendolithic microorganisms—bacteria, algae, and
lichen that live in rock fissures in Antarctica's ice-free regions. Near Linnaeus Terrace (77036'S
161°5'E) on the southern slope of Wright Valley, a biologist sets up equipment that will record
environmental changes and transmit these data to a satellite, which will relay the data to centers in
the United States. These data will help biologists understand how endolithic organisms survive the
extended darkness and extremely low temperatures of the austral winter.

Terrestrial biology in Antarctica
since the International
Geophysical Year
The growth of biology
It may seem paradoxical to use the International Geophysical Year (ICY) of
1957-1958 as a milestone for the progress
and growth of the life sciences, but life
science research in Antarctica did in-
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crease following this period. The pattern
of international cooperation established
during the ICY has been continued
through the principles of the Antarctic
Treaty, which entered into force in 1961.
These principles, combined with the
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In 1960 the United States Antarctic Research Program (USARP) was established at the National Science Foundation (Llano, 1978). Although post-ICY
growth of antarctic science was not
unique to the United States, USARP and
the military Operation Deep Freeze support group provided the infrastructure,
field facilities, and logistics base upon
which modern U.S. antarctic life science
research depends. All of this is rooted in
the ICY despite the ICY's inanimate
name. Moreover, some life science research was carried out by ICY scientists.
Carl R. Eklund, after whom the Eklund
Biological Center at McMurdo Station is
named and who was scientific leader of
Wilkes Station during the ICY, initiated
bird banding and seal branding studies
and measured the temperature of incubating skua eggs by radiotelemetry
(Llano, 1973).
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History of antarctic life sciences
The crews of the Cook (1772-1775) and
Bellinghausen expeditions (1819-1821),
as well as individuals associated with the
sealing industry that followed these early cruises, made the first biological observations near Antarctica. Most early
observations naturally tended to concern
marine organisms or such land-based
predators as seals and penguins. Observations on the less accessible continent
and its small terrestrial fraction came
later. Even today the balance in life science studies still favors marine environments. This is not surprising since only
2.4 percent of the antarctic continent is
land (figure 1 and Budd, 1986), which is
often too dry and too cold to support
much soil and life (Heap and Holdgate,
1986). The oceans by contrast are vast
and uninterrupted around the continent, are relatively more hospitable
than the land, and have an abundance of
life (Deacon, 1984).
Several collections of terrestrial organisms were made at the end of the nineteenth century and the beginning of this
century by Belgian, English, French,
German, Norwegian, Scottish, and
Swedish expeditions (Budd, 1986). Many
of these were to the sub-Antarctic islands
and the Antarctic Peninsula. Up to this
point the role of the United States in antarctic research was modest (Llano, 1973);
however, between 1920 and 1948, there
were 10 U.S. expeditions (Bertrand,
1971). During this period and up to the
ICY knowledge about terrestrial flora,
fauna, and ecology gradually accumulated. By the time of the ICY biological
publications were more numerous than
any other single branch of science and
comprised one-fifth of the existing antarctic literature.
The following statements on antarctic
biological literature are derived from
Budd (1986). Currently biology papers
comprise perhaps a third of antarctic literature. The U.S. contribution to biology
literature has shifted in recent years. In
the early 1960s, the U.S. contributed
about 28 percent and was about equal to
that of the Soviet Union. This proportion
has now dropped in both countries, and
U.S. biological contribution is about 11
percent of the total. The reasons for this
are the greater number of contributing
countries and, perhaps more striking, an
increased emphasis in disciplines such
as glaciology and geology, which have
increased in productivity since the ICY.
The star performer in antarctic biology,
and especially in biology of terrestrial
systems, is the United Kingdom. British
antarctic scientists currently publish
much more frequently than their U.S.
counterparts, although several of these
United Kingdom publications concern
the islands in the maritime sub-Antarctic
rather than the Antarctic.
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A biologist extracts samples of endolithic organisms from colonized rocks in Wright Valley,
southern Victoria Land. These samples will be
used in laboratory studies of how these microbiota respond to changing light intensity.

Fewer papers are published on terrestrial biology than marine biology; this
reflects the present balance of research
funding. The rate of publication over the
last 5 years in most antarctic sciences has
been steady and does not seem to be
accelerating (Budd, 1986). Limited funding and logistics are probably the reason
for this trend. In this respect, antarctic
science contrasts with arctic science. The
more urgent and more rapid development of arctic resources and the proximity of the Arctic to population centers
connected by contiguous land masses
partially explain this difference.
Antarctic life sciences have progressed
through the same phases as life sciences
elsewhere—exploration, reconnaissance, and, then, cataloging and description (taxonomy) of what was found.
These phases, in turn, are followed by
investigation of how an organism got
there (origin and systematics) and of
how the organism or system functions
(physiology). Today research emphasizes the latter phase and involves mechanisms of organism adaptation (Parker,
1978) and flows of energy and matter
within ecosystems (Siegfried, Condy,
and Laws, 1985). Nevertheless, survey,
description, paleoecology, biogeography, and evolutionary studies should
continue to remain in future research
programs.
Other trends have occurred. Generally, research has progressed since the
ICY from the single investigator working
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in one or a few localities through groups
of specialists or multidisciplinary teams
to interdisciplinary teams. This trend
also has been accompanied by more international cooperation and a shift in
scale from single localities to regional
and now global and biospheric considerations. The successful International Biological Program (IBP) from 1967 to 1974
(Blair, 1977) demonstrated how valuable
interdisciplinary teams are in studies of
complex systems. The Tundra Biome
program of IBP involved both antarctic
and arctic terrestrial biologists and led to
an exchange of many new ideas and the
production, through synthesis, of other
ideas (Llano, 1978; Bliss et al, 1981).

SCAR has promoted international cooperation in science. For example, it was
the vehicle for planning the international
marine life sciences program, BIOMASS
(Biological Investigations of Marine Antarctic Systems and Stocks) over the last
decade. SCAR has permanent working
groups (including one on biology) that
coordinate science and logistic programs, organize symposia, and plan antarctic contributions to global research
programs. Central to SCAR is the concept of free international exchange of
plans and results among scientists in the
conviction that understanding the complexities of natural systems requires
many observations and many minds.

Histories of the life sciences in Antarctica can be found in Llano (1978), Deacon (1984), Walton and Bonner (1985),
Rutford (1986), and Budd (1986).

Antarctic terrestrial ecosystems

Terrestrial life sciences in Antarctica
are important beyond Antarctica. Although the continent is at an end of the
Earth, it is not isolated from the rest of
the biosphere. The Antarctic is an ideal
laboratory for study of how organisms
adapt and ecosystems function in simple
and extreme environments with minimal amounts of energy, water, and nu-

Map of Antarctica showing generalized regions of mountains and summer-snow and ice-free ground where terrestrial and inland water ecosystems can
develop ( after Tedrow and Ugolini in Tedrow, 1966). A-A is the biogeographic boundary between the maritime Antarctic to the West and the continental
Antarctic to the East (from Pickard and Seppelt, 1984).
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trients. The assertion that the antarctic
terrestrial environment is "the least
favorable for terrestrial life on Earth"
(NSF 1980, P. 3-7) seems justified. Yet,
some organisms have adapted to this environment, although biotic diversity is
much less than in areas of equivalent size
in other land masses and environments.
The low diversity not only relates to the
climatic severity but also to geographic
isolation of the continent and the recent
age of its modern terrestrial biota. Nonvascular cryptogams and invertebrates
contribute most to the diversity of the
terrestrial flora and fauna. There are
some 600 species of lower plants, such as
algae, mosses, and lichens, and some
150 species of invertebrates such as rotifers, nematodes, collembola, and
mites. Only two vascular plant species
are found in Antarctica.
The terrestrial biota has several endemic species but few endemic genera,
suggesting that it is evolutionarily young
and derived from stocks of temperate regions (Rudolph, 1966). In this respect the
marine biota differ; their larger set of endemic species and genera is interpreted
as indicating greater stability and age of
the marine environment (Benninghoff
and Bonner, 1985).
Biogeographers recognize two broad
regions within Antarctica—the maritime
Antarctic and the continental Antarctic.
The latter is often further subdivided by
geologists and glaciologists into East
Antarctica and West Antarctica (figure
1). The maritime Antarctic includes the
Antarctic Peninsula and islands to the
north such as the South Sandwich and
South Orkney islands. The continental
Antarctic includes the coastal fringe of
East Antarctica, the glaciers and inland
mountains, and the interior of the continent (Lewis-Smith, 1984). These regions and their subdivisions have
characteristic climates, fauna, and flora.
Climate is the dominant determinant
of life system type. The maritime Antarctic is warmer and moister than the
continental Antarctic. The maritime Antarctic averages about -10°C in winter; in
summer the average temperatures exceed 0°C by only a little for 1 t 4 months.
Precipitation ranges between 35 and 50
centimeters water equivalent per year
with much of it falling as rain in summer.
The continental Antarctic is extremely
cold and dry all year. Only on the coastal
fringes do mean temperatures go above
freezing for more than a few days or
weeks. Here rain is rare and the total
precipitation is between 10 and 15 centimeters water equivalent.
In the maritime Antarctic, terrestrial
organism diversity and productivity decreases from north to south. In the
north, a complete cover of vegetation
may occur in favorable places. This vegetation may be comprised of moss carpets
or the two vascular plants. In some loca4

tions the balance of moss growth and
decay may be such that peat accumulates. In the south, the two vascular
plants are less frequent but still occur,
closed stands of vegetation are rare, and
peat does not accumulate. In the continental Antarctic, vascular plants do not
occur nor does peat accumulate. Here,
terrestrial ecosystems are restricted to
mountains and nunataks where some
surfaces become free of snow and ice and
to the coastal areaS where beaches occur
sporadically and glacier forelands are
found. Southern Victoria Land has extensive snow- and ice-free valleys, but
most of the continental Antarctic is covered permanent by snow and ice. Apart
from patches of algae in melting snow
and occasional microorganisms and
stray birds, the region is devoid of life.
The terrestrial communities are patchy
and heterogeneous. Nevertheless,
whenever and wherever the appropriate
resources for life exist then the site is
occupied. For example, in southern Victoria Land's icefree valleys endolithic lichens live beneath rock .surfaces (Friedman, 1982); Adelie penguins occupy
pebble beaches of sufficient size and
nearness to the ocean (Penney, 1968);
and mosses grow with sufficient water,
dissolved nutrients, and sunshine
(Green et al., 1967). The patchiness may
be further exaggerated by the tendency
for some organisms—for example, seals
and penguins—to be present in high
densities with few other species.
Three research themes and
some recent achievements
Ample evidence of the maturing of terrestrial life sciences in Antarctica can be
seen in two in-depth compilations and
reviews (Laws, 1984; and Siegfried, Condy, and Laws, 1985). Both books cover
marine and terrestrial systems and together exceed 1,500 pages including voluminous references. The first, Antarctic
Ecology, updates an earlier compilation
with the same title and publisher (Holdgate, 1970). The new book demonstrates
how much has been added to our knowledge since 1970. The other new book,
Antarctic Nutrient Cycles and Food Webs,
covers the state of knowledge of energy
flow and biogeochemistry in antarctic
ecosystems.
Adaptation to extreme cold. The
mechanisms of adaptation to extreme
cold are of great interest, and there is no
better place than Antarctica to study
them. Paradoxically, no adaptation
unique to antarctic organisms has ever
been demonstrated. The adaptations
shown are similar to those of organisms
in high alpine, arctic, and desert regions.
Parker (1978) reviewed these terrestrial
adaptations ranging from acclimation,
inherited tolerance, physiologic tolerance, and avoidance. One spectacular ex-

ample of adaptation is the ability of an
antarctic springtail to withstand freezing
at -50° to -60°C (Pryor, 1962). The exact
mechanism for this freezing resistance is
unknown but probably involves some
natural antifreeze agents such as polyhydric alcohols and sugars in the body
and cell tissues similar to other cold tolerant insects (Baust and Morrissey,
1977). Block and others (1978) report
glycerol in an antarctic mite that survived supercooling to -30°C.
The claim that unique antarctic adaptations have yet to be demonstrated will
depend on definitions and level of focus
within the hierarchy of biological organization. Nevertheless, this reviewer is not
convinced that truly unique adaptations
have been demonstrated.
Conservation. Antarctica is still relatively pristine in spite of extensive
human occupation during the sealing
and whaling era and since the IGY. The
low resilience of terrestrial systems in
this extreme environment following disturbance makes them particularly vulnerable (Heap and Holdgate, 1986).
Many impacts will be cumulative over
time and, with the prospects of increased tourism and even a mineral industry, steps are being taken for better
protection. The two most notable of
these are the preparation of environmental impact statements (Parker and Ho!liman, 1978, and NSF, 1980) and the setting aside of specially protected areas
(Bonner and Lewis-Smith, 1985) by the
Antarctic Treaty with the advice of
SCAR.
The spread of pollution, another aspect of conservation, has shown that
Antarctica is not isolated from the rest of
the Earth. Scientists have found polychlorinated biphenyls in antarctic birds
(Risebrough and Carmigniani, 1972) and
have detected low levels of radioisotopes
from nuclear testing in snow (Bonner,
1984). These manmade substances come
from outside of Antarctica primarily by
long distance atmospheric transport.

Martian analogs for extraterrestrial

life. Many scientists consider southern
Victoria Land's ice-free valleys similar to
a present or past environment of Mars.
That the Viking Lander did not detect life
on Mars was no surprise to scientists familiar with the microbiology of these
antarctic valleys, where many soils are
too dry or saline to support life (Cameron, 1971) and where some cryptoendolithic organisms are found inside
rocks (Friedman, 1982). Planners of the
sampling program for any future life
searching mission to Mars will need to
consider the habitats of these organisms
(Friedman and Ocampo-Friedman,
1984). The endolithic habitat is a favorable microscopic niche in an otherwise
unfavorable macrocosm. Bacteria,
yeasts, fungi, cyanobacteria, algae, and
Antarctic Journal

lichens just beneath the surface of porous rocks occur in these extremely simple ecosystems. (Friedman, 1982).

Future research
Laws (1984) estimates that fewer than
2,000 biologists (marine and terrestrial)
have worked on this vast continent. He
points out that this is fewer biologists
than have worked in some Englishspeaking countries. Thus, despite much
highly acclaimed research, antarctic life
science still has a long way to go. The list
of reasons given earlier for studying antarctic life science remains valid. Most of
the past and recent thrusts in antarctic
terrestrial life science-survey, taxonomy and biogeography, adaptation
and life-history patterns, biogeochemical cycling and system coupling, ecosystem dynamics, and monitoring (Polar Research Board, 1983)-are
still far from complete. In particular, field
research in Antarctica will continue to be
critical because no adequate substitute
has been found for in situ research, despite progress with controlled environmental chambers. Even the search for
analog conditions for extraterrestrial life
and studies of conditions for cryo-preservation of cell lines will benefit by in
situ investigations. In fact, Brown's
(1906) statement (in Lewis-Smith, 1984)
remains true today, "it is.. .extremely desirable that.. .physiological and morphological questions should be studied
on the spot, indeed, the impracticability
of satisfactory investigation in any other
circumstances is most obvious."
Most terrestrial biology is likely to remain focused on whole organisms and
small local systems for a time. Regional
and even continent-wide studies would
not be excluded but the state of our
knowledge and the spatially variable and
heterogeneous nature of antarctic terrestrial systems seem to assure that
much is still undiscovered about individual organisms, populations, and local
ecosystems. Terrestrial systems have a
greater spatial variability and heterogeneity than the more fluid systems of
ocean, atmosphere, and ice. Further, unlike the fluid systems, antarctic terrestrial systems are constrained and unlikely to affect significantly global processes. Conversely, we might expect that
global changes and changes in the adjacent systems of ice, air, and water, to
which terrestrial systems are linked may
have a considerable effect on terrestrial
ecosystems; Hureal (1985) has called for
further study of how systems couple.
The following topics are selected from
recent research papers as suggestions for
future directions. Zumberge (1979) calls
for a further inventory of flora, fauna,
and mapping of soils, landforms and
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communities. Lewis-Smith (1984) suggests that taxonomic revisions, especially of the nonvascular cryptogamic
macroflora are needed. Continued data
gathering and monitoring of terrestrial
systems both year-round and long-term
have been called for by Laws (1985) because such data are essential to understanding function and dynamics. Laws
also suggests comparative studies not
only of polar systems but also among
polar, temperate, and tropical systems.
Research procedures worked out for
the long-term ecological research (LTER)
program of the National Science Foundation, which focuses on major U.S. ecosystems (Callahan, 1984), may be appropriate for antarctic terrestrial biology.
System monitoring can assess human
impact (Benninghoff and Bonner, 1985)
and the effect of global change on local
systems (Roots, 1986). No major terrestrial models have yet been made for
an antarctic ecosystem, perhaps because
we do not yet understand the systems
well enough, but models can be useful
for conceptualizing the systems and, if
reliable, for predicting impacts or environmental changes that might occur.
Laws (1985) and Lewis-Smith (1985) describe structured planning for antarctic
terrestrial ecosystem research.
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Assessing the usable life of an
antarctic station
When to divert substantial funding
from other projects and needs to build
new facilities is a difficult decision. Antarctic construction planners must consider many factors, such as the amount
of time needed for transporting equipment and materials from distant locations, a short construction season, special design considerations, and environmental hazards. Presently, the USA
Antarctic Program is considering when
to replace Amundsen-Scott South Pole

Station. The Naval Civil Engineering
Laboratory (NCEL) has been asked to
provide some of the information necessary to make this decision.
The first year-round station at the geographic South Pole was built for the International Geophysical Year
(1957-1958). After 10 years, this station
was covered with 6 meters of snow. Under the weight of the snow the buildings
distorted, and the station's structural
and operational safety deteriorated. ReAntarctic Journal
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NSF photo by Ann Hawthorne.

The geodesic dome of Amundsen-Scott South Pole Station was completed 13 years ago. Although it is now 3 years past its planned usable life, engineers
from the Naval Civil Engineering Laboratory found after analyzing its structural safety that it is still sound.

cognizing that research at AmundsenScott South Pole Station would continue
beyond the life of the station and that
facility needs were increasing, the National Science Foundation and the U.S.
Naval Support Force Antarctica began
planning a replacement station. NCEL
assisted with research and development
for this project.
Construction began during the
1970-1971 austral summer and was completed during the 1974-1975 austral summer. The design guidelines for this station specified a 10-year usable life rather
than a permanent station that might unnecessarily restrict the science program.
When the usable station life had passed,
new requirements would determine the
kind of station to be constructed. Because the design of this station was more
successful than anticipated, the station
has been in service for 13 years, 3 years
longer than its planned usable life.
Beyond its location and a few special
structures, the station is similar to many
science support facilities in the United
December 1986

States. Like these facilities, South Pole
Station provides food and lodging, has
space for instruments, and is maintained
by work crews. The significant difference between the antarctic station and
a facility in the United States is the hazard associated with support equipment
that breaks down.

Assessing station life
In considering the usable life of a station, engineers at NCEL apply basic facility management principles, while keeping in mind such variables as the need for
reliable life support equipment. Safety,
cost, and required operational capability,
universally important in facility management, can be broken down into five
factors:
• structural safety
• operational safety
• science program requirements

• habitability standards
• annual costs
Evaluation of the current and projected condition of these five factors will
indicate the appropriate date for closing
an existing station and opening the next
one. Although NCEL is studying only
the structural safety of the station dome,
in the discussion below South Pole Station is used as an example of how these
five factors can be applied.

Structural safety
A safe structure is mandatory for continued use of an existing station. If the
structure becomes unsafe or if significant
structural safety problems are predicted,
these conditions must be rectified immediately and may necessitate scheduling
construction of a replacement.
South Pole Station is composed of a
dome and archways. To analyze the current and predicted condition of the
7

dome, foundation settlement and snow,
wind, and operational loads are applied
to a finite element model of the dome
structure. Predicted conditions of these
variables are also imposed on the model.
The results from this analysis are compared to accepted safe allowable stresses
for aluminum structures. This comparison enables NCEL engineers to assess present and future structural safety
of the dome.
The archways are also exposed to differential, snow, and operational loading.
Practical experience from other antarctic
stations with archways exposed to similar or more severe conditions indicate
stress and structural stability are not a
problem now and will not be in the near
future.

Operational safety
Safe operational conditions also are
mandatory for continued use of a station, and efforts to measure operational
safety should be ongoing. The costs of
maintaining operational safety are
charged to continuing operations and
maintenance expenses. Review of fire
regulations, testing of response times of
damage-control teams, and inspection of
back up life support equipment are only
a few of the necessary safety considerations. Often overlooked issues include
the availability of unusual spare parts
that are not needed regularly or of staff
with special skills to cope with unexpected events.

Science program requirements
South Pole Station exists to support
antarctic research. As the research program evolves, the methods used by researchers to study various subjects also
evolve, and different facility support requirements may develop. This may
mean, for example, as radio transmission becomes more important, additional electrical generating capacity has
to be incorporated into the power plant.
More importantly, the growth of the science program may dictate larger station
populations.
At specific intervals, current and future facility needs of the South Pole scientific community should be compared
with current and potential facility capabilities. If the facility's capability to
support science requirements and the
stated needs of the community diverge
significantly, several questions must be
answered. One question is whether
these additional needs can be met economically by modification or new construction. If new construction is the most
economical way to provide additional fa-

cility capability, then replacing the existing station is desirable.
Habitability standards
A certain level of habitability, which
includes berthing, food services, and
work spaces, is provided to South Pole
Station occupants. The adequacy of this
support depends principally upon the
size of the station population at any
given moment.
Generally, facilities are designed and
managed based on appropriate standards of habitability. Decisions about facility management are made by comparing existing habitability with accepted
standards. For example, the decision to
build additional berthing would be
based upon the number of people sharing the existing berthing space. Comparison of existing conditions with accepted standards indicates whether
building the addition is needed.
Habitability standards have been developed for McMurdo Station and could
be developed for South Pole Station. The
standards incorporated into the original
design specification for the present
South Pole Station were based on a station population of 24. However, during
the 1985-1986 austral summer, the station
population frequently exceeded 85 people. It can be argued that a de facto standard exists for South Pole Station because
even with the increased station population the station continues to be used.
However, this de facto standard has not
been measured or documented.
To determine if the existing standard is
acceptable, the following approach
could be used.
• Establish what habitability standards are appropriate for South Pole
Station.
• Determine what level of habitability
is provided by the existing station at current and projected population levels.

• Compare established appropriate
standards with de facto habitability conditions existing at the station.
Coherence with or short-falls from established standards will indicate a level
of construction to recover station
habitability.
Annual maintenance costs
An ideal facility provides the required
operational capacity at minimum cost.
Unfortunately, minimum costs are rarely
achieved, and capacity is always some
margin larger or smaller than the required amount. South Pole Station exhibits both these conditions.
Facilities have three distinct phases in
terms of costs: construction, usable life,
and accelerating deterioration. These
three phases are illustrated in the graph
in figure 1.
Figure 1 shows the three phases of the
annual costs of a facility. Construction
involves purchase of materials, labor expenses for workers, and coordination.
All of these occur while the existing facility is still in use. Because of these large
expenditures, annual costs are high during the construction phase. TO defines
the point when a facility is available for
use. Construction occurs before the facility is available for use, or when T is less
than 0.
Usable life starts at T0, and relatively
constant annual costs exist. Tt concludes the usable life and is characterized by accelerating deterioration of
the facility. This accelerating deterioration continually increases annual costs,
as shown in the right-hand side of figure
1.
Integrating the function shown in figure 1 with time, the total cost of a facility
can be derived. Figure 2 illustrates this
and an important concept regarding
total costs throughout the life cycle of the

Figure 1. Time versus annual facility cost; three phases.
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Conclusion

Five factors (structural safety, operational safety, required operational capability, habitability standards, and annual costs) combine to determine the
remaining usable life of South Pole Station. Preliminary results of NCEL's assessment of the dome structure indicate
that no structural safety problem will develop before the other four areas contribute more significant problems. If the
other four factors were analyzed, an optimal schedule for replacing South Pole
Station could be determined.

Total Cost

T=O

T=t

—Gordon P. Hatcher, U.S. Naval Civil
Engineering Laboratory, Port Hueneme,
California 93043.

Figure 2. Total facility cost in respect to time.
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South Pole Station (elevation 2,835 meters)
stands on top of 2,850 meters of moving ice.
Because the ice sheet moves about 10 meters
per year, U.S. Geological Survey personnel
must relocate the marker for geographic pole
each austral summer.
NSF photo by Ann Hawthorne.

Figure 3. Existing and replacement station cost trade-offs.

facility. Usable life costs contribute only a
fraction of the total facility life cycle cost.
Besides construction costs, which are fixed by required capacity, the largest and
most variable cost is increased maintenance during accelerating deterioration.
Maintenance costs are important when
deciding the appropriate time to replace
a facility. If accumulated costs increase
more quickly in accelerating deterioration than usable life, then a point occurs
when replacing the station is more economical than maintaining it. Figure 3
illustrates this concept.
At point A on the graph in figure 3 a
new station is built. The cumulative cost
of this new station is shown. Point a on
this graph shows the cost of maintaining
the existing station. Consequently, the
graph demonstrates that maintaining a
station during accelerating deterioration
December 1986

can be more expensive than replacing the
old station with a new one.
The graph also suggests how economics can be used to determine the optimum time to replace a station.
However, using an economic analysis to
determine optimal station replacement
requires substantial information, particularly cost data throughout the station
life. Costs of the proposed replacement
station also are needed for this type of
analysis. Because of long lead times for
construction, most of this information
has to be based on predictions derived
from experience and is rarely as accurate
as actual data. Finally, most of the necessary data for this analysis are frequently
unavailable. To have this information,
station designers would have to plan to
obtain it from the facility opening.

Station life at the South Pole
About 1,300 kilometers (728 nautical
miles) from McMurdo Station, the geodesic dome of Amundsen-Scott South
Pole Station breaks the nearly featureless
horizon of East Antarctica's polar
plateau. Each austral summer more than
50 people come to work and conduct re-
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search; in the austral winter approximately 19 maintain the station and continue year-round research. The previous
article discussed the structure and safety
of the station. The following pages pictorially describe life and research at the
South Pole during the austral summer.

NSF photo by Ann Hawthorne.

Inside the dome three prefabricated vans
house living quarters, a galley, a science center, a communications center, a post office, and
a library.

OF

NSF photo by Ann Hawthorne

The station dome is 50 meters wide and 16 meters high. Along with steel archways, 14 meters by 24
meters, the dome covers modular buildings, fuel bladders, and equipment. Two buildings—skylab"
(left of dome) and the weather balloon inflation tower (center right, behind station)—complete the
main station complex. Removed from the main station is the clean air laboratory, which is used to
monitor carbon dioxide, chlorofluorocarbons, and other constituents of the atmosphere.

NSF photo by Ann Hawthorne.
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Although the South Pole receives only trace
amounts of snow, drifting snow has accumulated around the dome and arches so that the
complex is now below the snow surface. Each
austral summer large tracked vehicles (left)
"landscape" the snow around the dome to help
prevent damage to the structure. Snow is also
collected in this way to fill the melter that
provides water for the station.

The South Pole provides a unique combination
of geomagnetic, geographic, and climatic conditions for research. Among these are continuous daylight during the austral summer, high
altitude, low humidity, and isolation from pollution producing sites. Research includes
glaciology, geophysics, meteorology, upper atmosphere physics, meteorolgy, astronomy, and
biomedical studies. Some examples follow.
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NSF photo by Ann Hawthorne.

Ice cores (glaciology).
NSF photo by Ann Hawthorne.

Monitoring of atmospheric constituents (lower atmosphere studies).

\ An automated geophysical observatory, used
to obtain ground-based observations of magnetospheric and ionospheric phenomena (upper atmosphere physics).
'

NSF photo by Ann Hawthorne.

VX

NSF photo by Ann Hawthorne.

Solar telescope (astronomy).
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DPP Polar Coordination and
Information Section reorganized
To improve the ability of the Division
of Polar Programs to respond to Presidential and Congressional mandates in
the Arctic and Antarctic, the Polar Coordination and Information Section was reorganized in November 1986. The section is now composed of two groups, one
focusing on antarctic policy and information projects and the other on arctic
policy.
Succeeding Joseph Bennett as head of
the section is John B. Talmadge, who
joined the division in 1985 to coordinate
the Foundation's activities under the
Arctic Research and Policy Act of 1984.
Anton Inderbitzen, who was DPP's associate chief scientist, is head of the antarctic staff. This group will be responsible for gathering, compiling, and analyzing information about U.S. and foreign
activities in Antarctica, improving inter-

agency and international coordination of
antarctic programs, managing specimen
and data collections, developing and defending the public's interest in interagency and international forums, and
administering U.S. laws and regulations
in Antarctica. They also will continue to
be responsible for the division's antarctic-related publications and an information program.
The arctic staff under the direction of
Jerry Brown will lead government-wide
coordination and communication activities with emphasis on implementing
the arctic 5-year plan. They will focus on
an arctic information network, international cooperation, U.S. arctic research
logistics capabilities, and coordination of
Greenland research. Dr. Brown came to
DPP from the U.S. Army's Cold Regions
Research and Engineering Laboratory in
1985.

Currents, water quality, bottom
sediments, and bathymetry in McMurdo
Sound near McMurdo Station
At the request of ITT/Antarctic Services Inc., Raytheon Service Company
performed a water quality study in
McMurdo Sound in November and December 1982. We were evaluating potential locations for the seawater intake for a
replacement desalination unit, which
was installed at McMurdo Station. In this
article we present data on currents, water
quality, bottom sediments, and
bathymetry, which may be of interest to
researchers conducting projects in
McMurdo Sound adjacent to the station.
Figure 1 shows where we collected
samples and took measurements. We
monitored currents from 24 November
to 23 December 1982 at five locations
identified by depth. We deployed Endeco Model 105 current meters at middepth on moorings suspended from tri12

pods erected over holes in the sea ice.Bottom pressure was monitored at the
14-meter station with an Aanderaa
WLR-5 gage. During this period, water
samples were collected with 2 liter Kemmerer bottles, and bottom sediments
were sampled with a 0.003 cubic-meter
Ponar grab at the stations shown in figure 1. Water depth was measured with
an Elac LAZ 100 depth sounder through
holes drilled in the ice at 55 locations
distributed throughout the study area.
The diurnal tide in McMurdo Sound
strongly influences currents. The tidal
range, which averaged 0.8 meters during the 29 days that we recorded, exhibited a marked variation in range over
a 13-day cycle. The spring range was 1.1
to 1.5 meters, whereas the neap range
was 0.2 to 0.7 meters. The results, shown

Two men die after
fall into crevasse
Two employees of ITT/Antarctic Services, Inc. (ITT/ANS), the National Science Foundation antarctic support contractor, were killed on 23 November 1986
while hiking about 2 mile northeast of
McMurdo Station. Along with another
ITT/ANS employee, Thomas J . Powell,
the two men, Matthew M. Kaz, 25, of San
Carlos, California, and John E. Smith,
44, of Portland, Oregon, were returning
to McMurdo Station from Castle Rock,
an outcrop about 3 miles from the station. They had deviated from the flagged
route to go to nearby Scott Base, the New
Zealand station on Ross Island.
The two victims fell approximately 70
feet into the crevasse. The third man,
Thomas Powell, went to McMurdo Station to get help, and a rescue team was
dispatched to the site immediately. The
men were extracted from the crevasse
but were unconscious when they
reached the surface. They were taken to
the medical facility at McMurdo Station
where they were pronounced dead.
Their bodies were flown to
Christchurch, New Zealand, and onward to their hometowns in the United
States. Their deaths has prompted the
National Science Foundation to establish
a special committee to review safety procedures in Antarctica.
These two fatalities are the first to occur in the U.S. Antarctic Program since
February 1982, when a Navy enlisted
man was killed while assisting in unloading USNS Southern Cross, the annual
supply ship. Since 1946, 49 Americans
(including these two men) have died in
Antarctica while participating in the U.S.
Antarctic Program.

in figure 2, are similar to previous tide
measurements taken in this area by MacDonald and Burrows (1959) and by
Heath (1971). Their analyses indicate that
the range variations result from interaction of the Ki (luni-solar) and 01 (principal lunar) declinational components
which have periods of 23.93 hours and
26.87 hours, respectively, and cause a
360° phase shift every 13 days.
Currents recorded during the study
exhibited two speed maxima every 25
hours, one peak corresponding to tidal
flood and the other to tidal ebb. The tide
floods in a southeasterly direction and
ebbs toward the west and northwest. Depending on the location, either the flood
or ebb predominated in terms of flow
speed and duration. Maximum current
speeds ranged from 15 to 30 centimeters
Antarctic Journal

Figure 1. Field measurement and sampling stations.

per second at the deeper measurement
stations and 10 to 15 centimeters per second adjacent to shore. In Winter Quarters Bay, current speeds were so minimal
(0 to 3 centimeters per second), that conditions could be described as nearly stagnant. Figure 2 shows current speeds and
directions recorded at the 69-meter
station.
Inequalities between flood and ebb
flow resulted in net non-tidal transports.
These transports, calculated for each
measurement location, were 120 to 160
meters per day at the deeper stations, 20
to 30 meters per day near shore, and 7 to
14 meters per day in Winter Quarters
Bay. Note that these distances are roughly one order of magnitude less than the
associated flood and ebb tidal excursions. Net transport vectors averaged
over the 29 days of our study are shown
in figure 3. The orientations of the vectors suggest the existence of a counterclockwise gyre off the coast near
McMurdo Station.
These results reinforce those of earlier
studies of currents in McMurdo Sound
with respect to the diurnal tidal influence and spatial variability. The net
transport directions support the hypotheses proposed by Gilmour (1975),
Hodgson (1907), Dayton and Oliver
(1977), and Hodson and others (1981)
that there is a southerly flow along the
southwestern side of Ross Island.
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Water samples were collected at different tidal stages and at various locations in the water column. We analyzed
these samples for the following constitu-

ents: fecal coliforms, ammonia, hydrogen sulfide, cyanide, PCB's, trace metals
(arsenic, barium, cadmium, chromium,
lead, selenium, silver, and mercury),
and suspended solids. Concentrations of
many of these constituents were below
detectable limits. Those constituents detected in measurable quantities, and
their average concentrations among all
samples, included: fecal coliforms (85 col
per 100 milliliters); ammonia (0.35 milligrams per liter); hydrogen sulfide (0.35
milligrams per liter); cadmium (0.06 milligrams per liter); chromium (0.07 milligrams per liter); lead (0.05 milligrams
per liter), and suspended solids (6.6 milligrams per liter). These results indicate
that the discharge of sewage and other
waste disposal practices have affected
water quality adjacent to McMurdo
Station.
Bottom sediments were sufficiently
compact to resist penetration by gravity
corer, and samples were collected with a
grab. All samples consisted of a heterogenous mixture of gravel, sand, silt, and
clay. Sand was the dominant grain size,
exceeding 50 percent by weight in all
samples; silts and clay-size particles
comprised less than 10 percent. The
sand fraction was predominantly volcanogenic (volcanic glass, quartz) at the
nearshore stations and biogenic (sponge
spicules, skeletal fragments) at the 43meter station. Most of the nearshore
samples contained small quantities of
anthropogenic particles (wood, plastic,
paper, paint chips, fibers, etc). At the
stations sampled, there was no physical
evidence for a layer of sludge, previously

Figure 2. Bottom pressure (14-meter station) and current speed and direction (69-meter station)
recorded from 24 November to 23 December (Julian days 328-357) 1982.
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Hoim-Hansen. 1981. Microbial uptake
of dissolved organic matter in McMurdo Sound, Antarctica. Marine Biology,
61, 89-94.
MacDonald, W.J.P., and A.L. Burrows.
1959. Sea-level recordings at Scott
Base, Antarctica, 1957. New Zealand
Journal of Geology and Geophysics, 2,
297-314.

Tectonic map of the Scotia
Arc published

Figure 3. Relative net current transport vectors, 24 November to 23 December 1982

reported by divers, resulting from discharged sewage.
Trace metal contents in bottom sediments, in milligrams per kilogram dry
weight (DW) averaged for all samples,
were: As-17, Ba-188, Cd-1.9, Cr70, Pb-86, Hg-0.4, Ag-0.7. Both oil!
grease (1788 milligrams per kilogram
DW) and PCB's (73 milligrams per kilogram) were detected in the samples;
cyanide was absent. The average hydrogen sulfide and total volatile solids contents were 6.4 milligrams of sulfur per
kilograms dry weight and 21 milligrams
per gram respectively. Natural background levels of radionuclides were
present in the sediments collected at all
stations. Hydrogen sulfide, oil/grease,
As, Pb, Hg, Cd, and Ag were enriched at
the inshore stations in comparison to the
43 meter station. Contributing factors
appear to be the discharge of sewage inshore and differing mineralogy.
Our Raytheon Service Company report ("Report on the McMurdo Station
water quality study," Raytheon Service
Company, 1983, available through ITT!
Antarctic Services) provides the
bathymetric data and a more complete
accounting of study methodology and
results.
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—Charles V. Beckers, David 0. Cook,
Marian J. Falla, Gary C. Parker, and Martin J. Speranza. Raytheon Service Company, Hammarlund Way, Middletown,
Rhode Island 02840.
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Recently, the first colored tectonic map
of the Scotia Arc region was published by
the British Antarctic Survey (BAS). Preparation and publication were supported
jointly by the U.S. National Science
Foundation's Division of Polar Programs,
through grant DPP 87-20629 to I.W.D.
Dalziel, and by the BAS Natural Environment Research Council.
The 1:3,000,000-scale map illustrates
the tectonic history of the Scotia Arc region, an area between 50°S to 73°S and
25°W to 80°W that covers the Antarctic
Peninsula, South Orkney, South
Falkland, South Sandwich, and South
Georgia islands, and the southernmost
part of South America. The map
provides the latest synthesis of the
bathymetry of the region and terrestrial
and marine geology and geophysics, including shallow and deep earthquake
epicenters and focal mechanisms, magnetic anomalies, the location of dredging
stations, and Deep Sea Drilling Project
drillhole sites. Brief descriptions of tectono-stratigraphic units, which are used
to illustrate the geology of the area, are
given in the legend, along with a chart
that compares the geologic evolution of
South America, the Falkland Island and
South Georgia to the Antarctic Peninsula
and the South Shetland and South
Orkney islands. The legend also includes a list of references.
Marine geophysical and seismic data
for the map were compiled by P. F. Barker
and colleagues at the University of Birmingham in the United Kingdom; terrestrial geologic data were compiled by
I.W.D. Dalziel Lamont-Doherty Geological Observatory of Columbia University* and by B.C. Storey and M.R.A.

IWD Daiziel is now at the Institute for
Geophysics, University of Texas at Austin.
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Thomson of the British Antarctic Survey.
The geologic data are displayed in a tectonic interpretation developed by I.W.D.
Dalziel, B.C. Storey, J.W. Thomson, and
M.R.A. Thomson.
Flat or folded copies of the Tectonic map
of the Scotia Arc, published as Sheet BAS
(Misc) 3, Edition 1 (1985), are available
through Edward Stanford Ltd., 12-14
Long Acre, London WC2E 9LP, United
Kingdom. U.S. purchasers may send either a money order for 10 pounds sterling or may provide a bank credit card
(Visa or Master Charge) number. If a
credit card number is used, the expiration date of the card must be included.
The price in U.S. currency is $15 plus a
$4.50 surcharge to cover bank charges if
paid in U. S . dollars.

Cetacean survey in eastern
Tierra del Fuego and Isla de los
Estados
From 8 to 18 November 1981 we participated in cooperative research, sponsored by the U.S. National Science
Foundation (NSF) and by Argentina's
Centro Austral de Investigaciones Cientifica (CADIC), aboard the NSF research
ship Hero* (Cruise 81-5). With the support of Hero, we were able to study the
Peninsula Mitre of extreme eastern Tierra del Fuego and Isla de los Estados,
areas that scientists cannot reach easily.

*Hero the wooden, ice-strengthened research
ship owned by the National Science Foundation,
operated in Antarctic and South American waters
between 1968 and 1984. The ship is now owned by
Reedsport, Oregon, and is used as a museum.

We surveyed on foot all suitable beaches
for stranded small cetaceans and identified for future studies sandy beach areas
where cetacean bones might remain (as
opposed to rocky beaches where the
bones are broken up and lost). While the
ship was in transit, we also made continuous observations for living marine
mammals.
During the 10-day cruise, we surveyed
33 beaches in 19 different bays and coves
(figure 1) and checked others with binoculars from a Zodiac when sea conditions prevented landings on shore. Two
days of shore time were lost due to lack of
suitable beaches or to high winds. Because of gales, we could not survey the
north coast of Peninsula Mitre, although

Figure 1. Localities visited and beaches surveyed (stippled) during R/V Hero Cruise 81-5. Closed squares indicate farms; open squares, occasionally
occupied or unoccupied buildings.
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decomposed animals found in May 1971
(Pine, Angle, and Bridge 1978).
Lagenorhynchus australis: A beach-worn
cranium and deformed vertebrae were
found at Bahia Valentin.
Lissodelphis peronii: We encountered
only three vertebrae at Puerto Cook, Isla
de los Estados. One skull of this species
was collected by Goodall and two by A.
Goztonyi at Bahia Thetis during a botanical expedition in November 1969
(Brownell, 1974; Goodall, 1978b).

Sightings
Peale's dolphins (Lagenorhynchus australis) followed our Zodiacs on seven occasions in Bahias Sloggett and Moat.
Brief sightings of dolphins, most probably this species, were made off Bahias
Capitan Canepa and Blossom, Isla de los
Estados.

Figure 2. Taking notes on pilot whale skulls aboard A/V Hero.

one exceptional day permitted us to
check all but three beaches on the south
side of Isla de los Estados.
We collected 38 cetacean and 6 pinniped specimens. They were identified
by comparison with the Goodall collection in Ushuaia and are deposited in that
collection and at the local Territorial
Museum.

Strandings
Mystecetes. We found scattered vertebrae of large whales on nearly all
beaches, but most could not be identified
and were not collected.
Balaenoptera borealis: In the eastern
Beagle Channel a complete skull of an
animal stranded in April 1980 was recovered and earbones from two specimens stranded in 1964 were taken. Cervical vertebrae were found at Bahia
Aguirre.
Eubalaena australis: We photographed a
skull at Bahia Valentin, but could not collect it due to its large size and worn state.
Odontocetes.
Mesoplodon hectori: Several vertebrae
were found at Bahia Valentin.
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Ziphius cavirostris: At Bahia Buen
Suceso, we found a cranium and several
vertebrae of a very young animal. In addition, unidentified ziphiid vertebrae
were found at Caleta San Mauricio.
Hyperoodon planifrons sp: A worn cranium which is unlike known specimens
of this species was found buried in the
sand at Caleta Lianos on Isla de los
Estados.
Orcinus orca: We found a mandible and
several vertebrae at Bahia Colnett.
Globicephala melaena: At Bahia Sloggett
and Caleta Brent, we found single
crania. While at Caleta San Mauricio,
Peninsula Mitre, we retrieved 22 crania
and 2 mandibles that represented a mass
stranding. Eight of these crania showed
evidence of unusual bone erosion in the
prenarial region, indicating disease
thoughout the family group. During
subsequent expeditions, nine more
crania were found.
Gale force winds prevented us from
disembarking on the beach of southern
Bahia Flinders, Isla de los Estados,
where Goodall found nine recently dead
pilot whales in November 1971 during
Hero cruise 71-5.
No remains of pilot whales were found
at Puerto Roca, where Angle and Bridge
collected a skull from one of two badly

Other mammals
Although this was a cetacean expedition, we also made notes and collected a
few specimens of other mammals.
Hydrurga leptonyx: A complete leopard
seal skeleton was collected at Bahia
Aguirre.
Mirounga leonina: One southern elephant seal skull was collected at Caleta
Brent on Isla de los Estados. Although
elephant seals are fairly common in
Fuegian waters, we did not see any during this cruise.
Arctocephalus australis: One skull was
collected at Bahia Valentin. We observed
fur seals in Bahia Capitan Canepa,
where they had been seen in May 1971
(Pine et al., 1978).
Otaria flavescens: Crania of southern
sea lions, the most common pinniped in
Fuegian waters, were seen at most localities and were collected at Bahia Valentin and Puerto Roca. We saw sea lions
at Bahia Capitan Canepa and several
other localities during the 1971 and 1981
expeditions. At Bahia Thetis, where a
sealing factory operated in the 1940's,
right mandibles of seals were collected
for future aging studies.
Although Bridge and Angle sighted
otters Lutra provocax at Puerto Celular
and Bahia York and saw tracks at Puerto
Roca (Pine et al., 1978), and Chebez
(1983) saw tracks at Bahia San Antonio,
we saw none. Goodall saw otter runs on
the peninsula at the mouth of Puerto
Basil Hall in 1971.
Guanacos Lama guanicoa are common
all over the Isla Grande de Tierra del
Fuego and especially so on the Peninsula
Mitre where their main enemy (man) seldom goes. We saw animals at Bahias Sbggett, Buen Suceso, Thetis, and Caleta
San Mauricio. No sightings on Isla de
Los Estados have been recorded.
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Summary
Little research has been done on the
small cetaceans of the extreme eastern
part of Tierra del Fuego (Brownell 1974;
Pine et a! 1978). During this brief expedition, we were able to identify the best
beaches for cetacean remains both on the
Peninsula Mitre and Isla de los Estados
and to outline areas for future work.
Through our stranding and sighting programs, carried out in Tierra del Fuego
since 1976 (Goodall, 1978a, b; Mermoz
and Goodall, 1980; Goodall, 1985; and
others), we have found that at least 20
species of smaller cetaceans and 7 species of large whales either strand on or
are sighted near Tierra del Fuego. During cruise 81-5 we found six species of
smaller cetaceans (30 percent) of those
now known to be present) and at least
two of the large whales (29 percent). The
finding of a mass stranding of pilot
whales will enable us to compare this
family grouping with others on Tierra
del Fuego and from other areas of the
world.
We greatly appreciate the competent
work of Captain Pieter J. Lenie and his
crew in very stormy waters, especially
Zodiac drivers Bill Fitz and Harrison
Huster, who efficiently took us to remote
sites that were nearly inaccessible. The
National Science Foundation provided
support by making space available to our
science party on the research ship Hero.
Cetacean studies and surveys in Tierra
del Fuego, supported by the National
Geographic Society since 1977 and by
CADIC since 1981, provide data for evaluating and understanding the behavior
and distribution of marine mammals in
the southern ocean region. They also
contribute to the data base needed for
managing antarctic marine living
resources.

Figure 3. Cranium of sei whale before loading on Zodiac.

Goodall, R.N.P. 1978a. Tierra del Fuego
1979. (Third Edition). Buenos Aires,
Argentina: Ediciones Shanamaiin.
Goodall, R.N.P. 1987b. Report on the
small cetaceans stranded on the coasts
of Tierra del Fuego. Scientific Reports of
the Whales Research Institute 30: 197-230.
Goodall, R.N.P. 1985. Argentina: progress report on cetacean research,
1979-1984. Reports of the International
Whaling Commission, 35: 155-158.

—R.N.P. Goodall and A.R. Galeazzi,
Centro Austral de Investigaciones Cientificas (CADIC), 9410 Ushuaia, Tierra del
Fuego, Argentina.

Mermoz, J.E, and R.N.P., Goodall. 1980.
Argentina: Progress report on cetacean research, 1975-1979. Reports on the
International Whaling Commission, 30:
139-141.
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completed Volume 14 of the Antarctic Bibliography. This volume, part of a continuing series of compilations and abstracts of antarctic literature published
since 1951, is sold by the Government
Printing Office. The National Science
Foundation has provided support to the
Library of Congress for this project since
1963 as part of the Polar Information
Program.
Containing 2,794 abstracts of the
world's antarctic literature, Volume 14
was compiled during 18 months that ended in June 1985. Fully indexed, the 604page, hardbound volume includes abstracts distributed in issues 137 through
154 of Current Antarctic Literature, a
monthly bulletin compiled by the Library of Congress and available to
qualified scientists and institutions
through the Polar Information Program.
A computerized data base is used to generate the bulletins, the bibliographies,
and cumulative indexes. The base can be
queried on line as the COLD data base in
SDC's Orbit bibliographic retrieval
system.
The book is arranged in 13 subject categories: general; biological sciences; cartography; expeditions; geological sciences; ice and snow; logistics, equipment, and supplies; medical sciences;
meteorology; oceanography; atmospheric physics; terrestrial physics;
and political geography. Abstracts that
may fall into more than one category are
listed in one section only and cross-refer17

enced at the end of the other pertinent
sections. Four indexes are included—author, subject, geographic, and grantee.
The author index includes coauthors
and, for anonymous articles, the journal
title. The geographic index contains
names of stations, places, and geographic features as approved by the U.S. Board
on Geographic Names. The grantee index provides the names of organizations
and institutions that have received support from the National Science
Foundation.
Abstracts are designed to be informative, and no attempt is made to verify
or critically evaluate the author's statements or conclusions. For foreign-language articles, the title is given in English first with the original title following
in brackets.
Volume 14 of the Antarctic Bibliography
is available for $26 from the Superintendent of Documents, Government Printing Office, Washington, D.C. 20402.
When ordering, please cite stock
number 030-018-00025-7. Some earlier
volumes are now out of print at the Government Printing Office but are still
available in limited quantities from the
Library of Congress to institutions wishing to complete a set. Inquiries for these
volumes should be addressed to the Library of Congress, Science and Technology Division, Cold Regions Bibliography Project, Washington, D.C. 20540.
An order blank for volume 14 may be
obtained from the Polar Information Program, Division of Polar Programs, National Science Foundation, Washington,
D.C. 20550 (telephone 202/357-7817).

Staff changes at DPP:
departures and arrivals
in 1986
Between 1 January and 31 December
1986, several staff changes occurred at
the Division of Polar Programs.
Departures
After almost 34 years of service to the
Federal government, Kendall N. Moulton,
associate manager for the Polar Operations Section, retired on 31 December
1985. Mr. Moulton's career in polar science support began in 1951 when, as an
employee of the U.S. Weather Bureau, he
wintered at Donki Station in Thule,
Greenland. He made his first trip to Antarctica in 1955 as part of the National
18

Academy of Sciences team for the International Geophysical Year (IGY) during
which he served at McMurdo Station as
U.S. Antarctic Program representative.
He came to the National Science Foundation in 1959 as a member of the Office
of Antarctic Programs. During more
than 25 years with the U.S. antarctic program, Mr. Moulton held various positions, including associate program director, program manager for field operations, and associate manager of the Polar
Operations Section. While on extended
assignment in Antarctica he was often
appointed Senior U.S. Representative in
Antarctica.
In recognition of his contributions to
the management of operations and logistics for the U.S. Antarctic Program, Mr.
Moulton was presented NSF's Distinguished Service Award by Erich
Bloch, Director of the National Science
Foundation, during a ceremony in December 1985. The Distinguished Service
Award is the highest honorary award
that the Foundation grants to employees;
it recognizes individuals who render singularly outstanding service within or
beyond their required duties.
In January 1986, Francis S. L. Williamson
resigned from the Division of Polar Programs (DPP) to become Director of the
University of Alaska's Institute of Arctic
Biology. Dr. Williamson, who joined the
DPP staff as program manager for polar
biology and medicine in 1978, had been
Chief Scientist since November 1979. Before joining the National Science Foundation, he also served as commissioner
of the Alaska Department of Health and
Social Services and as director of the
Chesapeake Bay Center for Environmental Studies of the Smithsonian
Institution.
Walter Karver, U.S. Navy, completed a
4-year assignment as aviation projects
manager for the Division of Polar Programs in February 1986. Commander
Karver, who joined the DPP staff in September 1982, has been assigned to the
USS Nimitz as head of the safety department. Before coming to work with the
Foundation, he had served aboard the
Nimitz as a pilot and maintenance officer.
In May 1986 the Division of Polar Programs bid farewell to Walter R. Seelig,
international coordinator in DPP's Polar
Coordination and Information Section.
After a 44-year career in the Federal service, Mr. Seelig retired. After graduating
from Brooklyn College in 1941, he began
his government career when he joined
the U.S. Geological Survey (USGS) in
1942. From 1958 to 1960 he was on the
USGS planning staff. During this time he
was special assistant to the Chief Topographic Engineer for Antarctica.

Mr. Seelig made his first trip to Antarctica in 1959. Shortly after this he came
to the National Science Foundation for a
9-month assignment and remained with
NSF until he retired in May 1986. During
the last 26 years, Mr. Seelig has served in
a variety of positions related to the U.S.
Antarctic Program, including geodetic liaison officer, associate program director
for the international cooperation and information program, and international
coordinator. From 1976 until 1986 he was
the U.S. Antarctic Program representative in Christchurch, New Zealand, during the austral summer. For his contribution to the U.S. Antarctic Program, Mr.
Seelig received NSF's Meritorious Service Award. This award, the second highest granted to Foundation employees,
recognizes individuals who render meritorious service within or beyond their
required duties.
In October 1986, Joseph E. Bennett,
head of the Polar Coordination and Information Section, retired from Federal
service. Before joining the NSF'S Division of Polar Programs in 1976, Mr. Bennett had been in charge of special projects in the ocean science and technology
division of the Office of Naval Research
(ONR). While at ONR, he managed the
development of a shipboard navigation
system for the University-National
Oceanographic Laboratory System and
was project officer for development of an
unmanned arctic research submersible
under contract to the University of
Washington. A graduate of the U.S.
Naval Academy, he also held a master's
degree in geodetic science from Ohio
State University. For his contribution to
U.S. policy in Antarctica, Mr. Bennett
received the National Science Foundation's second-highest honorary recognition, the Meritorious Service Award.

Arrivals

In February 1986 Arthur L. Kilpatrick,
U.S. Navy, succeeded Commander Walter Karver as aviation projects manager
in DPP's Polar Operations Section. Commander Kilpatrick previously was the executive officer at the Naval Station, Annapolis, Maryland. He has also served in
the Pentagon office that is responsible for
Naval aviation manpower and was the
Commanding Officer of Training Squadron Twenty-seven in Corpus Christi,
Texas. As a Navy aviator, he has flown
5,000 hours and made 500 carrier landings in jet and propeller airplanes.
Ted E. DeLaca joined the staff as head of
the Polar Science Section in July 1986 for
a 2-year assignment at the National Science Foundation. A marine biologist, Dr.
DeLaca has been an assistant research
biologist at Scripps Institution of
Antarctic Journal

Oceanography in La Jolla, California. He
received his bachelors degree in aquatic
microbiology in 1969 and his doctorate in
marine microbial ecology in 1976 from
the University of California at Davis. Dr.
DeLaca, who succeeds Francis S.L.
Williamson, has conducted research in
the Ross Island and Antarctic Peninsula
regions since 1971.
In August 1986, Craig S. Lingle joined
the polar science section as program
manager for glaciology. Dr. Lingle, who
fills the position that has been vacant
since 1985, was previously a research associate at the Cooperative Institute for
Research in the Environmental Sciences,
University of Colorado. He received his
doctorate in geophysics, mathematics,
mechanics, and geology from the University of Wisconsin.
Herman B. Zimmerman came to the division in September 1986 as program
manager for earth sciences. Prior to joining the division, Dr. Zimmerman was a
professor and chairman of the Department of Geology at Union College in
New York state. He holds a Ph.D. in
geology and oceanography from the
University of Rhode Island.
Although as announced above Kendall
Moulton retired in 1985, he returned to
the U.S. Antarctic Program in October
1986 to serve as NSF Representative New
Zealand, the position previously held by
Walter Seelig. Mr. Moulton acted as the
NSF representative in Christchurch during the 1986-1987 austral summer
season.

Antarctic Research Series,
Volume 43, published
Oceanology of the Antarctic Continental
Shelf is devoted to the antarctic continental shelf because of the region's great
depth and its climatic role in producing
sea ice, ventilating the deep ocean, and
wasting the antarctic ice sheet. In his
preface editor Stanley S. Jacobs of Lamont-Doherty Geophysical Observatory
defines oceanology as a "transitional
stage between classical, discrete shipboard measurements and continuous remote sensing." Composed of 16 papers
prepared by 32 scientists from 8 countries, the book is the first Antarctic ReDecember 1986

NSF photo by Ann Hawthorne.

From the U.S. icebreaker Polar Star researchers lower instruments that will record temperature,
salinity, and conductivity of sea water in the Ross Sea.

search Series volume that charts this
transition from traditionally acquired
oceanographic observations to continuous data collection by sophisticated
technology.
The volume emphasizes the evolutionary process, which Dr. Jacobs describes in his introduction, not only by
presenting literature reviews, early results from an ongoing experiment, and
an updated description of some pioneering long-term current and temperature
measurements but also by bringing together the work of oceanographers,
geologists, geophysicists, and
glaciologists. The papers are based on
data obtained during austral summer
cruises, time series measurements from
bottom-moored instruments, and satellite imagery. By using geochemical
tracers, high-resolution vertical-profiling instruments, and computer modeling the authors have been able to provide
new insights into continental shelf
circulation.
The book is accompanied by the GEBCO circum-Antarctic chart, which portrays the continental shelf in relation to
the glaciated continent and surrounding
deep ocean. It displays several
ephemeral bathymetric features and extensive areas that are relatively
unknown.
The Antarctic Research Series, produced by the American Geophysical
Union under a grant from the National

Science Foundation, is designed to serve
scientists and graduate students actively
engaged in antarctic or closely related

A oceanographer lowers buoys into the Ross
Sea from the icebreaker Polar Star
NSF photo by Ann Hawthorne.
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research and others versed in the biological or physical sciences. It provides a
continuing, authoritative medium for
presentation of extensive and detailed
scientific research results from Antarctica, particularly the results of the
United States Antarctic Research Program, that are too long or otherwise inappropriate for the standard scientific
journals. Much of the research that produced the data in this volume was conducted as part the U.S. Antarctic Research Program and supported by the
National Science Foundation.
The hardbound, 312-page volume is
available from the American
Geophysical Union, 2000 Florida Avenue, N.W., Washington, D.C. 20009 (toll
free telephone number; 800/424-2488) for
$39.

Obituaries
Paul C. Daniels

On Sunday, 6 April 1986, at the Memorial Sloan-Kettering Cancer Center in
New York City, former Ambassador Paul
C. Daniels died of a heart attack after
surgery for cancer of the tongue. Ambassador Daniels, a former U.S. State Department Special Advisor on Antarctica,
was a leading American figure in the formulation of the Antarctic Treaty. A memorial service was to be held in
Lakeville, Connecticut, in June 1986 after
the funeral.
Born in 1903 in Buffalo, New York,
Ambassador Daniels graduated from
Yale University in 1924. He did
postgraduate work in France at universities in Dijon, Grenoble, and Toulouse.
After teaching French briefly, he joined
the foreign service and held diplomatic
and consular posts in Colombia, Brazil,
Honduras, and Ecuador. He was ambassador to Honduras in 1947 and to Ecuador from 1951 to 1953. Before becoming the Special Advisor on Antarctica,
Ambassador Daniels also served as the
chairman of the InterAmerican Coffee
Board, director of American Republic Affairs in the U.S. State Department, and
Ambassador to the Council of the Organization of American States.
From the point of view of many, Ambassador Daniels was the chief architect
of the Antarctic Treaty. When Secretary
of State John Foster Dulles recalled Ambassador Daniels from retirement and
20

appointed him Special Advisor on Antarctica, Daniels knew little about Antarctica. He was, however, one of the State
Department's leading experts in Latin
American affairs and was familiar with
the disputes that existed among Chile,
Argentina, and Great Britain, three of
the countries that assert antarctic claims.
The United States began reviewing its
antarctic policy in the fall of 1957. By May
1958, the United States government had
sent notes to the 11 other countries participating in Antarctic programs in the
International Geophysical Year. The note
proposed that these countries, join together and develop a treaty. The preparatory talks for the Treaty began in
June 1958. For more than 1 year, Daniels
carefully guided these talks that led to
the signing of the final draft of the treaty
in December 1959.
In recognition of his contributions to
the Antarctic Treaty, the U.S. Committee
on Antarctic Names honored Ambassador Daniels by naming a mountain
range after him. The Daniels Range
(71°15'S 160°E) is the principal mountain
range in the Usarp Mountains and is 50
miles long and 10 miles wide.

John T. Crowell

John T. Crowell, Special Projects Officer for the U.S. Antarctic Research Program from 1960 to 1969, died on 25 April
1986 at his home on Kimball's Island, Isle
au Haut, Maine.
Mr. Crowell's polar career began in the
Arctic in 1925 when he became an associate of Donald B. MacMillan, who led a
1925 U.S. expedition to Etah, Greenland;
Richard E. Byrd commanded the Navy
Flying Unit attached to this expedition.
During the next decade, he served as
master for the schooners Sachem (1926),
Radio (1927), Gertrude Thebaud (1937), and
Bowdoin (various years) on expeditions to
Greenland, Iceland, Baffin Island, and
Laborädor. While in the U.S. Army,
Crowell was in charge (1940-1941) of the
installation and first wintering group at
the Frobisher Bay base on Baffin Island.
During World War II, he planned and
operated ferrying bases and weather stations in Canada and Greenland as part of
the Army-Air Force arctic air route to
Europe. After retiring from the Army, he
returned to the Arctic in 1951 to take
charge of the U.S. weather station at
Thule, Greenland, until 1953 and was
also an arctic specialist and advisor to the
U.S. Air Force Northeast Air Command.
During this time he also assisted in the
installation of Distant Early Warning stations in arctic Canada, HIRAM stations
in Greenland, emergency air strips in
north Greenland, and Fletcher's Ice Island (T-3) in the Arctic Ocean.
In 1960 he joined the staff of the National Science Foundation's Division of
Environmental Sciences, where he was

instrumental in developing a two-research-ship fleet for the U.S. Antarctic
Research Program. He planned and
monitored the conversion of USNS
Eltanin from a cargo ship to a floating
scientific station and was responsible for
the design, construction, and commissioning of the research ship Hero. While
with NSF, Mr. Crowell also supervised
multiple contracts for feasibility studies
of a manmade Arctic Basin drifting station, led reconnaissance parties to the
Antarctic Peninsula, and developed with
marine scientists and polar logisticians
the Palmer Station/research ship operation still used by the U.S. antarctic
program.

Merle Dawson
Colonel Merle "Skip" Dawson, former
project manager in the NSF Office of Polar Programs, died of respiratory failure
on 14 February 1986. The 76-year-old retired Army Colonel also served in Antarctica during Deep Freeze II
(1956-1957).
Before his antarctic service, Dawson
served in the U.S. Army from 1943 to
1964. He served in Europe and Asia during World War II and later in the Korean
War. Among his assignments were command of Operation Swamp Fox in the
Panamian jungle, participation in the
construction and resupply of the Distant
Early Warning stations across North
America (1952-1953), and instructor at
the Army Transportation School at Fort
Eustis. During his military career, he received 44 decorations from the U.S.
Army and Navy.
In 1956 he was called out of retirement
to help establish a safe route from Little
America V on the Ross Ice Shelf to Byrd
Station in West Antarctica. During a reconnaissance of the route the previous
austral summer, Navy personnel had
discovered that the more-than-600-mile
route was filled with crevasses. In fact, a
tractor had fallen into a crevasse, and the
driver was killed. Dawson's responsibility was to lay out a trail that would be
safe for the tractor trains that would
bring supplies to Byrd Station. With the
assistance of members of the Army
Transport Corps from Greenland,
Dawson began the task on 7 November
1956 and completed the trail on 16 December 1956. Through his efforts, the
Navy was able to complete Byrd Station
for use during the International
Geophysical Year.
Dawson joined the staff of the National Science Foundation's Office of Polar Programs in 1965 and was project
manager for ship operations until he retired in 1970.
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Foundation awards of funds for antarctic
projects, 1 July to 30 September 1986
AYLL, VA. 8G2 MI. (

Following is a list of National Science Foundation antarctic awards made from 1 July
to 30 September 1986. Each item contains the name of the principal investigator or
project manager, his or her institution, a shortened title of the project, the award
number, and the amount awarded. If an investigator received a joint award from more
than one Foundation program, the antarctic program funds are listed first, and the
total amount of the award is listed in parentheses. Award numbers for awards initiated
by the Division of Polar Programs contain the prefix DPP, and those initiated by the
Division of Ocean Sciences contain the prefix OCE.

Biology and medicine
O'Brian, John T. National Navy Medical
Center, Washington, D.C. Thyroid
hormone kinetics in cold-exposed
man. DPP 85-19514. Logistics support
only.
Sullivan, Cornelius W. University of
Southern California, Los Angeles,

MOM -

California. Antarctic marine ecosystem research at the ice-edge zone.
AMERIEZ: Sea ice microbial dynamics. DPP 84-44783. $102,932.
Trivelpiece, Wayne Z. Point Reyes Bird
Observatory, Stinson Beach, California. Pygoscelid penguin population
studies. DPP 83-14667. $85,384.
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NSF photo by Ann Hawthorne.

A reminder of how far away home is from the
South Pole, these signposts stand near the
ceremonial South Pole. Each season station
personnel add new markers.

An atmospheric researcher adjusts instruments on the 27-meter meteorologic tower at AmundsenScott South Pole.
NSF photo by Ann Hawthorne.

Earth sciences
Boyce, Joseph. Universities Space Research Association, Houston, Texas.
Antarctic meteorite working group.
DPP 84-12353. $40,403.
Daiziel, Ian W. University of Texas, Austin, Texas. Tectonic development of
West Antarctica and its relation to East
Antarctica. DPP 86-43404. $100,000.
Daiziel, Ian W. University of Texas, Austin, Texas. Kinematic evolution of the
Scotia Ridge and southernmost South
America: A study of orogenic processes at convergent plate margins.
DPP 86-43441. $188,715.
Hammer, William R. Wayne State University, Detroit, Michigan. Triassic
vertebrates from the Beardmore
Glacier area. DPP 84-18428. $38,201.

Glaciology
Bindschacller, Robert A. National Aeronautics and Space Administration,
Goddard Space Flight Center, Greenbelt, Maryland. DPP 85-14543.
$84,150.
Kamb, Barclay. California Institute of
Technology, Pasadena, California.
Flow mechanism of ice Stream B, West
Antarctica. DPP 85-19083. $228,015.
December 1986

21

Starr, Lowell E. U.S. Geological Survey,
Reston, Virginia. Surveying and mapping. DPP 85-12516. $150,000.
Barbee, William D. University of Washington, Seattle, Washington. Support
for the University-National
Oceanographic Laboratory System
(UNOLS) Office. DPP 85-00868.
$3,000. ($25,330).

lilt

Moller, Donald A. Woods Holes
Oceanographic Institute, Woods
Hole, Massachusetts. Shipboard scientific support equipment—
Oceanographic wire rope. OCE
86-17324. $31,550. ($151,550).

-

Wirth, David. Scripps Institution of
Oceanography, San Diego, California.
Shipboard technician support. OCE
83-16603. $9,494.
Becker, Robert A. ITT/Antarctic Services,
Inc., Paramus, New Jersey. Specialized support of the Antarctic Program. DPP 80-03801. $5,697,985.
NSF photo by Ann Hawthorne

Ski-equipped Lockheed C-130 (LC-130) airplanes wait near the station skiway. These airplanes are
essential for maintaining South Pole Station because they transport all personnel, supplies, and fuel
from the coast.

Meteorology

Upper atmosphere studies

Henry, Robert F. State University of New
York, Albany, New York. The electrode layer at the South Pole. DPP
85-18001. $149,470.

Grenwald, Raymond A. Johns Hopkins
University, Baltimore, Maryland.
High-frequency radar studies of conjugate behavior in the polar
ionosphere. DPP 86-02975. $195,126.

Scribner, Orville E. National Oceanic and
Atmospheric Administration, Washington, D.C. Argos data collection and
location system. OCE 86-43511.
$13,300. ($56,100).

Ocean sciences
Biggs, Douglas C. Texas A&M University, College Station, Texas. Upper
ocean particulate fluxes in the Weddell
Sea. DPP 86-02762. $9,987.
Foster, Theodore D. University of California, Santa Cruz, California. Antarctic bottom water formation. DPP
85-21083. $56,516.
Weiss, Ray F. Scripps institute of
Oceanography, San Diego, California.
Wintertime chiorofluoromethane and
surface-water trace-gas measurements
in the Weddell Gyre. DPP 85-05631.
$203,082.
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Kuivinan, Karl C. University of
Nebraska, Lincoln, Nebraska. Logistics support for polar ice core drilling.
DPP 83-18538. $5,464. ($396,174).
Srite, David A. Department of Defense,
Washington, D.C. Logistic support for
the U.S. Program in Antarctica. DPP
76-10886. $37,000.
Wilson, Jack. Department of Interior.
Washington, D.C. Aviation management services. DPP 84-15220. $1,000.

Radke, Lawrence F. University of Washington, Seattle, Washington. Airplane
maintenance of the data acquisition
and display system for the National
Science Foundation's LC-130R. DPP
85-07730. $22,151.
Rosenberg, Theodore J. University of
Maryland, College Park, Maryland.
Riometry in Antarctica and conjugate
regions. DPP 86-10061. $149,231.
($173,705).

Support and services

Correction
The 1985 review issue of the Antarctic Journal of the United States was
incorrectly designated Volume 19,
number 5. This issue is actually Volume 20, number 5.

Abbott, Sherburne B. National Academy
of Sciences, Washington, D.C. Support for the Polar Research Board. DPP
82-07098. $80,424. ($208,274).
Nelson, Marilyn. Blue Pencil Group Inc.,
Reston, Virginia. Editorial services for
the Antarctic Journal of the United States.
DPP 86-16512. $17,841.
Antarctic Journal
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Prepared from information received by teletype from the stations. Locations: McMurdo 77 051'S 166°40'E, Palmer 64°46'S 6403'W,
Siple 75 0 55'S 83 0 55'W, Amundsen-Scott South Pole 9005 Elevations: McMurdo sea level, Palmer sea level,
Siple 1054 meters, AmundsenScott South Pole 2835 meters. For prior data and daily logs, contact National Climate Center, Asheville, North Carolina 28801.
* September 1986 climate data for McMurdo Station is not available.
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