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Antarctic Journal of the United States,
established in 1966, reports on U.S. activi-
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The National Science Foundation
(NSF) provides awards for research in the
sciences and engineering. The awardee is
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lication. The Foundation, therefore, does
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or their interpretation.
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minorities, and persons with disabilities to
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crimination under any program or activity

receiving financial assistance from the

Foundation.

The National Science Foundation has

TDD (Telephonic Device for the Deaf)

capability, which enables individuals with

hearing impairments to communicate with

the Foundation about NSF programs,
employment, or general information. This
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Engineers With Disabilities (FASED) pro-
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equipment to enable persons with disabili-
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projects. See the program announcement
(NSF 91-54), or contact the Facilitation
Awards Coordinator at the National Sci-

ence Foundation, 4201 Wilson Boulevard,
Arlington, Virginia (703)306-1636.

The Director of the National Science

Foundation has determined that the publi-

cation of this periodical is necessary in the

transaction of the public business required
by law of this agency.

T

he editor of the Antarctic Journal 
will

consider unsolicited manuscripts for

publication in the Antarctic Journal. For-
mat and content requirements for articles

are summarized below. Interested authors

should review previous issues for style and

content or contact the editor directly.
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T

he audience for the quarterly issues is

broad in background and interests, so

authors should make sure that their arti-

cles will be intelligible to readers outside

of their scientific discipline or other area

of expertise. Avoid specialized jargon and

abbreviations, but use technical terms as

necessary. Define terms likely to be

known only by readers who are familiar

with subject. Spell out acronyms when

they first appear, including standard sci-

entific terms and chemical abbreviations,

as well as names of organizations.

Papers will be edited to improve style,

clarity, and grammar. Authors will have

the opportunity to review their edited

manuscripts before publication, but galley

proofs are not furnished.
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Cover. The Nathaniel B. Palmer, the ice-

breaking research ship designedfor

and leased by the National Science

Foundation's U.S. Antarctic Prograin

(USAP), makes its way through seaice

of the Weddell Sea during a winter I

cruise. A new data-collection network,

which provides remote-sensing dat z to

USAP's research ships, is improving

the program's ability to support

marine science investigations in sed

ice. The system was developed by ^

Kevin Wood, an employee of the UW

contractor Antarctic Service Associates,

and is described on page 4 of this issue

of the Antarctic Journal.

(Photo by Kevin Wood.)

ANTARCTIC JOURNAL — DECEMBER 1993

2



R-om the Director—
Renewing the antarctic adventure

l

rher this century, Antarctica was synonymous with the spirit of adventure. The

expeditions of the great explorers such as Amundsen, Scott, and Byrd helped to

create this association and refine the public's concept of what it meant to travel to

the southernmost continent. The spirit and courage of these explorers drove them to

discover what lay beyond the icy barriers surrounding Antarctica and captured the

public's attention. Their zeal to tackle the polar plateau, unraveling the mysteries

concealed there, challenged the imagination and, to some extent, inspired others to

follow their example.

Four decades of investigation have revealed many of Antarctica's secrets and

given us a better understanding of its history, environment, and ecosystems. Techno-

logical advances have brought the continent out of isolation and made it accessible

to niore rather than a few intrepid adventurers. Yet, we continue to be drawn to this

place.

What attracts us to Antarctica today? Antarctica still represents the spirit of

adventure expressed as the intellectual challenge of research and discovery.

Science is the heart of the modern antarctic adventure, because scientists bring

with them the special skills and vision that open fresh frontiers. Science in Antarctica

helps us understand this planet, the evolution of the Universe, and global ecology

and environmental processes. We have come to recognize the significant connection

,between polar and global components and processes that sustain life on Earth.

This issue of the Antarctic Journal provides examples of the opportunities that

antarctic research offers. On page 12, you 
will 

read about the discovery of active vol-

canoes beneath the west antarctic ice sheet. Ice sheets, an important component of

the global climate system, affect and are affected by climate and the ocean. If the west

antarctic ice sheet were to break up, the most immediate effect would be a potential

-raisilng of sea level 60 meters. Consequently, understanding how local geology influ-

ences this ice sheet is essential to predicting possible global climate change.

The polar regions are a bellwether of changes in Earth's environment and cli-

mate. Each austral spring during the last decade, we have witnessed how human

acti( ns far from the antarctic continent impact this nearly pristine environment, as

manmade chlorofluorocarbons, trapped in the stratosphere by the dynamics of the

^soutlhern polar climate, deplete the protective ozone layer. The 1993 austral spring

.4 level of ozone depletion set new records, dropping below 100 Dobson units, and

raised new questions about what, besides chlorofluorocarbons, controls the level of

destruction. How much influence did unusually low temperatures recorded this

spring have on the process? Because ozone depletion can lower temperatures, is a

feedback loop created where lower atmospheric temperatures increase the destruc-

,tion which in turn lowers temperature?

Increases in ultraviolet (U`V) radiation, resulting from ozone depletion, are pro-

ducing the greatest antarctic environmental impact in history. Already biologists

Continued on page 6
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Neal F. Lane
confirmed as
new NSF Director

0 n Thursday, 7 October, the U.S. Senate

confirmed the President's nomination

of Neal F. Lane as the tenth Director of the

National Science Foundation (NSF). Dr.

Lane, who was nominated by President

Clinton in July, succeeds Walter Massey,

who left the Foundation in April 1993 to

become Senior Vice President for Academ-

ic Affairs and Provost of the University of

California system.

Lane, a physicist speciaking in theo-

retical atomic and molecular physics with

an emphasis on collision phenomena

involving electrons, atoms, and molecules,

joins NSF after 7 years as Provost of Rice

University. In addition to serving as Chan-

cellor of the University of Colorado at Col-

orado Springs for 2 years (1984-1986), he

also was the Director of NSF's Division of

Physics from 1979 to 1980. Since 1966, Lane

has taught physics at Rice, beginning as an

assistant professor eventually becoming

professor of physics and professor of space

physics and astronomy. His current

research includes the theoretical study of

charge-transfer and excitation in ion-atom

and ion-molecule collisions, energy trans-

fer and state changing in slow collisions

between highly excited atoms and mole-

cules, vibrational excitation of polyatomic

molecules by electron impact, and excita-

tion and ionization of highly stripped ions

in dense high-temperature plasmas.

A native of Oklahoma, the 55-year-old

Lane holds B.S., M.A., and Ph.D. degrees

from the University of Oklahoma. He also

studied as a postdoctoral fellow at the

Queen's University in Belfast, Northern Ire-

land, and has held several visiting fellow-

ships at the joint Institute for Laboratory

Astrophysics in Boulder, Colorado. He is a

fellow of the American Physical Society and

American Association for the Advancement

of Science, a

member of the

American Associ-

ation of Physics

Teachers and Sig-

ma Xi, and has

been a member

of various NSF,

National Acade-

my of Sciences,

and American

Physical Society	Neal F. Lane, 1 Oth

committees.	NSF Director



New data collection network improves
USAP ship operations
Article and photographs by Kevin Wood

F

ew ships have traveled to the ice-cov-

ered regions of the southern oceans

where two U.S. Antarctic Program (USAP)

research ships, the Nathaniel B. Palmer
and the Polar Duke, operate year-round,
conducting research even during the

harsh austral winter. Winter conditions,

especially the extent and thickness of sea-

ice, define the boundaries of a voyage for

all vessels venturing into the southern

oceans, even those as well-equipped to

challenge the ice as the Palmer and the

Polar Duke. Every ship has finite resources
and capacities, and these two ice-going

USAP ships are no exception, but unlike

other vessels, they often must operate

near the limits of their endurance to

accomplish their scheduled science work.

On those occasions when ice condi-

tions overwhelm. the capacity of the ships,

cruise objectives have to be reconsidered.

Determining sea-ice conditions in

advance ensures that reasonable decisions

are made—decisions that not only weigh

the science objectives against the range

and endurance of the ship but also incor-

porate a crucial margin of safety for the

researchers and crew on board.

Deteciftsea-1ce
n the distant regions of the southern

oceans, the only information on the

environment in general, and on the devel-

opment of sea-ice in particular, comes

from remote sensing. Satellite data pro-

vide a means of estimating the extent and

thickness of the sea-ice.

To obtain advance information on

sea-ice conditions, the USAP support con-

tractor, Antarctic Support Associates

(ASA), has developed a satellite data-col-

lection network at its headquarters in

Englewood, Colorado. Using Internet,

satellite data are collected from several

sources. Currently, ASA marine operations

is collecting data from the National

Oceanic and Atmospheric Administration

(NOAA) Domestic Satellite (DOMSAT) sys-

tem thxough the University of Miami's

downlink at the Rosenstiel School of

Marine and Atmospheric Science and

from receivers located in the Antarctic.

The receivers relay data through the Arctic

and Antarctic Research Center (AARC) at

Scripps Institution of Oceanography. The

data collected in the Antarctic come pri-

marily from the Defense Meteorology

Satellite Program (DMSP) spacecraft,

which carry high-resolution visible and

infrared sensors as well as the Special Sen-

sor Microwave/ Imager (SSM/I). The

NOAA data are from the Advanced Very-

High-Resolution Radiometer (AVHRR) vis-

ible and infrared sensors on the NOAA- 11

and NOAA-12 spacecraft.

ASA receives weather forecasts, cli-

mate information, and composite weather

imagery from the Space Science and Engi-

neering Center at the University of Wis-

consin. This information, in addition to

being generally useful for planning ship-

board activities, is required to estimate

sea-ice development and the dynamic

motion of the ice pack. The National Ice

Center also provides sea-ice analysis

charts and assistance with sea-ice recon-

naissance and forecasting to ASA.

Additionally, data from

other sensors, which may be

of special interest, can be

collected and relayed to the

ships. Recently, this has

included imagery from the

Total Ozone Mapping Spec-

trometer (TOMS) carried on

the Nimbus-7 and Meteor-3

spacecraft. These data, pro-

vided by the Goddard Space

Flight Center, were used on

board the Nathaniel B.
Palmer to schedule incident
ultraviolet-B experiments

during fluctuations of polar

ozone and to help interpret

these in situ measurements.

TrandadWMformadon
Into acdon

T

wo basic products

derived from satellite

sea-ice image data aid in the operati n of

the Nathaniel B. Palmer and the J3olar
Duke- long-term forecasts, which are used

to develop specific cruise plans, and dail^

remote-sensing support for the ship§

while they are under way.

Long-term forecasts are generate pri-

marily from NOAA AVHRR image data,

which are collected weeks or mo nths

before a cruise, in combination with Dthelf

archival information available frora th5

National Ice Center, the National Snow

and Ice Data Center, and other sources.

When discrete features or locations, I such^

as recurring ice-free polynyas, are of spe-

cial interest, then high-resolution DMSP

data can be collected. Using this informa-

tion, investigators can balance their ship-

time requirements and scientific objectives

against the capabilities of the ships under,

specific sea-ice conditions. Sea-ice condi-

tions cause wide variations in ship perfor-

mance. In particular, fuel consumption,

which is strongly affected by the concen-

tration and thickness of sea ice, can keep

the ship from functioning at 
full 

capacity—

and from completing its mission.

ANN

The RN Polar Duke operating in heavy pack ice in the Wed-
dell Sea.
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This high-resolution DMSP OLS image of the Weddell Sea was received at Palmer Station and
then transmitted to the RN Nathaniel B. Palmer to aid in cruise decision-making. Fast ice in the
Antarctic Sound west of Dundee Island and polynyas to the south are easily detected.

I

OEM

Consolidated first-year pack ice in the Wed-
dell Sea. Under these conditions, remote
senting plays an important role in ship rout-

A Ing. ,	
I

Daily remote-sensing support

includes AVHRR and DMSP image data

and weather data, which are collected at

ASA headquarters. After the data are

..checked for quality and coverage, they are

transferred to the ships via satellite com-
A
munications. Crews use this daily-support

information in several ways:

The imagery provides a basis for short-

term or strategic decision - making—

typically involving vessel routing—

while the ships are underway. Remote-

sensing data alert the crews to open

areas in the pack ice, so that they can

plan routes that take advantage of

available openings.

Knowing the limit of second-year or

fast ice helps the crew not only mini-

mize delays but also reduces the risk of

besetment in heavy ice.

Some operations, such as marine geo-
k physical work, which involves towing

equipment behind the ship, may be

limited by sea-ice cover. Because towed

equipment is vulnerable to ice damage,

avoiding concentrated pack ice is

important. Remote-sensing data help

the crews find the best operating areas

for this delicate work.

Ultimately, the purpose of the daily
,*A support is to maximize the use of ship

time by allowing investigators to base

operational decisions on knowledge of

actual sea-ice conditions, rather than on

speculation.

Trammission consavints

T

he technical parameters of source data

rate, resolution, and availability deter-

mine how remote-sensed data are relayed

from the data-collection sites to the

Palmer and the Polar Duke.

The high source data rate associated

with satellite acquisition systems creates

large data sets that are difficult to manipu-

late and transfer. For example, one pass of

the DMSP spacecraft typically produces

110 to 120 megabytes of data at the

McMurdo Station receiver. This quantity

of data is difficult to handle locally and

impossible to transfer via normal electron-

ic means. The problem is avoided by sub-

sampling and by limiting full-resolution

data to 900 lines by 1,152 samples. Using

this technique, data can be sized not only

to maximize information content but also

to make transfers across the network prac-

tical. A 900-by-1,152 compressed image

corresponds to a geographic area of 540

kilometers by 691 kilometers; that size

area is sufficient for strategic decision-

making, and the corresponding 
file 

size is

a manageable 500 kilobytes or so.

Even with these reduced data vol-

umes, the amount of information that can

be economically transferred to the ships is

limited. Data throughput capabilities are

constrained for now to about 9,600 baud.

For this reason, the data are carefully

selected, edited, and compressed as much

as possible before transfer to the ships.

The resolution of the data depends upon

the source and varies from about 0.6 kilo-

meters per pixel for the DMSP optical line

scanner (OLS) visible-channel sensor to

12.5 kilometers for the 85-gigahertz chan-

nel SSM/ I passive microwave sensor.

The availability of data is largely gov-

erned by weather. All of the visible and

infrared sensors are limited by cloud

cover, which is significant in the antarctic

marine environment; the SSM/I passive

microwave sensor, however, is not limited

by cloud cover. The relatively low-resolu-

tion SSM/I data allow at least a general

estimation of sea-ice extent and concen-

tration during periods of prolonged over-

cast, making SSM/ I data particularly valu-

able in the Amundsen and southern Bel-

lingshausen Seas, which tend to be

extremely cloudy. The DMSP OLS data are

of sufficiently high resolution to detect

local features such as fast ice and small

polynyas, but they require persistent effort

to acquire a cloud-free view of a discrete

area of interest. The AVHRR data, which

has a relatively large area of coverage and

ready availability over Internet, is useful

ANTARCTIC JOURNAL - DECEMBER 1993
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I
The RN Nathaniel B. Palmer operating in winter pack ice in the northern Bellingshausen Sea. 
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From the Director
Gontinuedftom page 3

have documented that increased exposure to UV radiation is reducing marine pro-

ductivity in the marginal-ice edge. This destruction of marine biomass, brought

about by actions entirely outside of Antarctica, is greater than that which resulted
from the antarctic whaling industry during the 1930s. At its height, the industry

removed an average of 2 million tons of marine biomass per year; the effects of

increased exposure to UV radiation are destroying about 7 million tons of carbon
each year, about 2 percent of the ice zone's estimated production.

By extending its Long-Term Ecological Research (LTER) program to two antarc-

tic sites, the National Science Foundation has opened another frontier in antarctic

science. As research at the Palmer LTER moved into its third year, this season marked

the beginning of research at the second antarctic LTER site, this one in the McMurdo

Dry Valleys. Here, scientists are using knowledge of the unique terrestrial and aquatic

ecosystems of the dry valleys to model simplified biodiversity and ecosystem func-

tioning. They hope to learn how selected fauna and flora interact and how the organ-

isms respond to environmental changes. The results 
will 

provide data from which to

develop hypotheses applicable to more complex temperate systems under similar

environmental stress.

Antarctica also provides us with the opportunity to reach beyond this planet.

During 1993 astronomers announced that their data from South Pole revealed evi-
dence of cosmic structures that formed shortly after the Universe began. For years,

astronomers have searched for slight variations in the radiation from the early Uni-

verse to help explain inhomogeneous distribution of matter in today's Universe.

Until recently, measurements showed that primal radiation was uniform, implying

that its source, the early hot matter, was also smooth. The South Pole discovery com-

plements and refines earlier observations recorded by Cosmic Background Explorer
(COBE) satellite and balloonborne experiments. It also is an example of the unique-
ness of Antarctica as a natural laboratory.

Antarctica continues to beckon with the promise of discovery. It offers us the

opportunity to re-examine our world. Exploring—nowadays done by working in and
studying—this nearly untouched environment continues to be an adventure that

inspires imagination and fuels creativity. As participants in this adventure of mind

and spirit, the antarctic scientists also set an example for others.

ANTARCTIC JOURNAL — DECEMBER 1993
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for tracking the broad development of^ the

sea-ice cover.

MAMW a good s3w1em better

F

uture efforts will concentrate on

improving the operational usefulness

and availability of satellite image data on

board the two ice-going ships. Data

throughput capability of the shipbe ard

communications systems will be'^'

increased by upgrading to higher speed

equipment and adopting improved d 3ita-

compression software as it becomes a, rail-

able. These improvements will bdost

access closer to near real-time and rdake

more types of data available simultane-"_

ously and at lower cost.

An advantage of the ASA satellite

data-collection network approach is at

any number of sensors can be accessed

and used on board the ships, with out

additional special equipment—an im . or-

tant consideration when new sem iors,,

become available or a special lim ted

application is required. For exam le,

when synthetic aperture radar (SAR) data

from antarctic earth stations become

available, present systems will be abl ie to

receive it. The SAR image data, which' has,

a resolution measured in tens of meters

and is independent of cloud cover, would

be eminently useful on board the ships,

both for operations and for research pur-

poses. Because of the size and expense of

the receiving hardware, the most practical,

means of accessing these data would be

through an approach similar to the ASA

marine operations satellite data-collection

network.

By combining advanced technology, ^

such as the new remote-sensing data net-.

work, with new, more capable ships such

as the Nathaniel B. Palmer, USAP is able

to provide better support for marine sci-

entists. The ability not only to plan

research cruises more effectively but also

to make adjustments in the field helps to

ensure that science teams can achieve

their goals and obtain the data needed to

understand the processes in this distant

region of the ocean. The new system also

makes operations safer and more reliable.

Kevin Wood is Marine Projects Coordina-
tor, for An tarctic Support Associates in
Englewood, Colorado.



Since the 1986-1987 austral summer, scientists have been monitoring the level of ozone depletion
in the antarctic stratosphere during the austral spring. In October 1993, instrumented balloons and
ground-based monitors at the South Pole recorded the lowest levels to date. Balloonborne sys-
temc,; recorded levels of 90 Dobson units (DU) and a ground-based spectrophotometer, 88 DU. This
is a nearly 20-unit decrease compared with lows recorded during the 1992 austral spring. Monitor-
ing continueEl at all three U.S. stations during the austral summer. Shown here is an instrumented
balloon being launched at McMurdo Station.

*'Record-breaking ozone losses matched by record increase in
ultraviolet radiation levels

T
or the fourth consecutive austral
spring, the antarctic ozone "hole"

broke existing records for decreased levels
of ozone abundance. Despite the 3-year
trend of increasingly greater losses in the
abundance of stratospheric ozone above

'*Antarctica, scientists believed that ozone
V levels would not drop below 100 Dobson

units (DU) and that the ozone "hole" could
not get deeper—that is, until October 1993.

On 6 October, researchers from the
National Oceanic and Atmospheric

"'Adrninistration (NOAA) launched from
South Pole Station, the

U.S. station at the geographic South Pole,
a baRoon carrying instruments that mea-
sure ozone abundance. These instruments
recorded ozone levels of 90 DU, which,

'*alorig with a measurement of 88 DU
recorded at the station with a ground-
based spectrophotometer, constitute the
lowest levels to date. Reflecting a nearly
20-unit decrease when compared to lows
recorded during the 1992 austral spring,
the NOAA findings are supported by pre-
liminary data from the National Aeronau-
tics and Space Administration's TOMS

(Total Ozone Mapping Spectrometer)
satellite system. TOMS data for October
showed concentrations below 100 DU
during October above the South Pole.
During the same period, scientists at the
British Antarctic Survey station Halley on
the coast of the Weddell Sea recorded lev-
els of about 100 DUs, about 7 units lower
than last austral spring.

Stratospheric ozone forms a protec-
tive layer encircling the Earth. The layer
prevents harmful wavelengths of solar
ultraviolet (UV) radiation from reaching
the Earth's surface by filtering most of the
harmful UV radiation out. Consequently,
it is not surprising that this austral sum-
mer's record-setting decrease in ozone
abundance is accompanied by record
increases in the amount of LJV radiation
that reaches the Earth's surface in the
antarctic region.

VnusuaWlow temperatures may
enhance ozone loss

T
he new record surprised researchers
because ozone loss over the last few

years, particularly during the 1992 austral

summer, was nearly total at altitudes
around 17 kilometers (km)—the altitude
at which polar stratospheric clouds (PSCs)
form and provide the environmental con-
ditions that are favorable for ozone
destruction. This year, however, a much
larger region of the stratosphere was
affected. The balloonborne instruments,
set aloft on 6 and 12 October, showed near
total depletion in a 5.5-km region between
13.5 and 19 km. This is more than double
the depth in each of the previous seasons
when the area of greatest depletion was
between I and 2 krn thick. Additionally,
ozone appears to have been destroyed to
some extent in regions above 19 krn to
about 23 km.

Although ozone at lower altitudes
(between 10 and 13 km) was affected for
the first time during 1992 by the destruc-
tive chemical reactions between the chlo-
rine in manmade chlorofluorocarbons
and the stratospheric ozone, the damage
was not as extensive as it was this austral
spring. Researchers suggested that the loss
at these lower altitudes in 1992 was caused
by the presence of volcanic haze carried in
the global atmosphere by the eruption of
the Philippine volcano Mount Pinatubo.
One of the constituents of the haze is sul-
furic acid, which precipitates conditions
that destroy ozone.

During the 1993 austral spring,
researchers found no evidence of volcanic
particles in the atmosphere, consequently,
ruling this phenomenon out as potential
cause. What they did detect were record
low temperatures in the stratosphere. At
these lower- than -normal temperatures,
more PSCs would form, creating more ice
crystals on whose surfaces the ozone-
destructive chemical reactions occur and
extending the area where destruction
could result below and above the usual 16
to 17 km region. Scientists also observed
this year that the polar vortex (the belt of
winds that seal off the antarctic atmos-
phere, preventing mixing with ozone-rich
air and creating the winter environment in
which PSCs form), was stable.

The unusually low temperatures and
stable vortex suggest that climate dynamics
may have played a major part in the

Continued on page 23
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NSF's Long-Term Ecological Research program:
Me antarctic connection

n 1980, the National Science Founda-
tion (NSF) began its Long-Term Ecologi-

cal Research (LTER) program with a bud-
get of $1.2 million and five sites selected
on the basis of competitive proposals.
Since then, the LTER program has grown
to an $11 -million budget and 18 sites
located throughout North America and in
Antarctica, involving more than 200
research scientists and some 300 technical
personnel and students. The program's
goals are long-term analysis of site-specif-
ic ecological phenomena, comparison of
observations across diverse ecosystems,
conduct of major synthesis and theoretical
studies, and provision of large, secure,
ecologically diverse sites with well-devel-
oped support capabilities.

During the program's 10-year history,
scientists have conducted extensive
research on important ecological process-
es and the characteristics of the sites.
These long-term research programs have
documented the status and trends of envi-
ronmental conditions from the 18 LTER
sites. In addition, the LTER program has
established interactions with and provid-
ed guidance to related programs in several
foreign countries.

Recently NSF's Biological Sciences
Directorate commissioned an indepen-
dent group of scientists to appraise the
performance of the LTER program across
the entire network. In their report, Ten-
Year Review of the National Science Foun-
dation Long- Term Ecological Research
(LTER) Program, the group notes that in
many instances, research from the LTER
program has been instrumental in guiding
policies and providing a scientifically
credible basis for prudent management
decisions about natural resources. For
example, in establishing its "New Perspec-
tives in Forestry" program the U.S. Forest
Service used significant amounts of infor-
mation from studies at three LTER sites-
H.J. Andrews Experimental Forest in Ore-
gon, Coweeta Hydrological Laboratory in
North Carolina, and Hubbard Brook
Experimental Forest in New Hampshire.
Similarly, the LTER program contributed
significantly to the current reorientation
of many Federal agencies toward a more

comprehensive "ecosystem management"
because the program is unique in that "it
specifically studies phenomena that occur
over longer time periods, and the funding
and research are designed to recognize
these long-term dynamics."

The power of the network approach
of the LTER program rests in the ability to
compare similar processes (for example,
primary production or decomposition of
organic matter) under different ecological
conditions. As a result, LTER scientists are
able to understand how ftindamental eco-
logical processes operate at different rates
and in different ways under different envi-
ronmental conditions.

LTER progrmms In Antarcdca

A
Ithough some important ecosystem
types are not yet represented in the

LTER program, in 1990 NSF extended the
program to Antarctica. The first antarctic
site selected, the Palmer LTER, covers
approximately 900 kilometers by 200 kilo-

Research components of the Palmer LTERa

Remote sensing, climatology,
environmental optics, hydrography, and
bio-optical modeling of primary production

Phytoplankton and inorganic nutrient
dynamics; photosynthetic regulation of bio-
optical modeling of primary production

Distribution, abundance, and ecological
physiology of secondary producers;
biological/physical modeling

Seabird population dynamics and
reproductive ecology; population modeling

Oceanic circulation; biological/physical and
population modeling

Microbial loop studies

meters along the Antarctic Peninsula, oen-
tered near the United States' Palmer $ta-
tion.

The Palmer LTER project focuses on
the pelagic marine ecosystem in the
peninsula region and the ecological6
processes linking the extent of the arnival
pack ice to the biological dynamics of dif-
ferent trophic levels. The central hypothe-
sis for all of these research projects is that
interannual variations in physical process-
es affect all levels of the food web of, theA_
southern oceans. Objectives for the
Palmer LTER are the following:	I
• Document interannual variability in

the development and extent of annual
pack ice and in fife-history parameters
of primary producers and populations#
of key species from different trophic
levels in the marine food web;

• Quantify the processes that underlie
natural variation in these representa-
tive populations;

• Construct models that link ecosystem

Raymond Smith,
Department of Geography,
University of California at Santa Barbara

Barbara Pr6zelin,
Department of Biological Sciences,
University of California at Santa Barbara

Robin Ross and Langdon Quetin,
Marine Science Institute,
University of California at Santa Barbara

William Fraser and Wayne Trivelpiece,
Center for Coastal Physical Oceanography,
Old Dominion University

Eileen Hofmann and John Klinck,
Center for Coastal Physical Oceanography,
Old Dominion University

David Karl,
School of Ocean and Earth Science and

Technology,
University of Hawaii

aAdapted in part from Ross, R.M. and L.B. Quetin. 1993. Palmer long-term ecologic research
(LTER): An overview of the 1991-1992 season. Antarctic Journal of the U.S., 27(5), 235-236.
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processes to physical environmental
variables and that simulate the
spatial/ temporal relationships between
representative populations;
Use these models to predict and vali-
date how periodic changes in the
extent of the annual pack ice affect
ecosystem dynamics.

Five basic components made up the
original 6-year research plan, but the plan
was expanded to include a sixth compo-

Onent during the 1992-1993 field season.
The table lists 

all 
six research components

with the associated principal investiga-
tors. The research plan and characteristics
of the site were described in detail in the
December 1990 issue of the AntarcticJour-

A 
nal ("Biologists begin long-term ecological

,research near Palmer Station;" pages
13-15). The results of the first two field
seasons, 1991-1992 and 1992-1993, are
described in the 1992 and 1993 Antarctic
Jourl?wl review issues.

A

Second antamdc site added

U
nderstanding the unique aspects of
high-latitude ecosystems (such as

heightened sensitivity to environmental
and climate change) will help other inves-

tigators better understand climate- and
environment-related changes in other
parts of the world. This factor was among
the reasons that drew researchers to
establish the LTER site at Palmer. Similar-
ly, a second group of biologists have
recently begun studies of terrestrial
ecosystems in the McMurdo Dry Valleys.
This group hopes to extend scientific
understanding of these simple terrestrial
and aquatic ecosystems to more complex
temperate systems. By using the antarctic
systems as models for simplified biodiver-
sity and ecosystem functioning, they can
study how selected flora and fauna inter-
act and how the organisms respond to
various environmental changes. The
results will provide them with the data
from which to develop hypotheses applic-
able to more complex systems functioning
under similar environmental stress.

The McMurdo Dry Valleys, located
along the western shore of the Ross Sea,
are Antarctica's largest ice-free region and
one of the world's most extreme deserts,
with exceptionally low temperatures, min-
imal precipitation, and substantial salt
accumulation. Despite low species diver-
sity and abundance and limited trophic

interactions and biogeochemical nutrient
cycles, dry valley lake, stream, and soil
ecosystems have complex interactions
among species and between the biological
and physicochernical environment. The
effects of an extreme environment cou-
pled with the general simplicity of ecosys-
tem structure make this region ideal for
studying the basic relationships in an
ecosystem.

The McMurdo LTER team began its
first field season in October 1993. The arti-
cle that follows describes the research site,
objectives, and plans. Written by Robert
Wharton, Jr., of the Desert Research Insti-
tute, the article was originally published in
the fall/winter 1993 issue of Network
News% the newsletter for the Long-Term
Ecological Research Network and is
reprinted in the Antarctic Jo umal with the
permission of the Network News editor
Stephanie Martin and Dr. Wharton, who is
a senior investigator and organizer of the
McMurdo LTER.

* Network News is a publication of the LTER Net-
work Office, University of Washington, College of
Forest Resources AR- 10, Seattle, Washington 98195
(phone-206/543-4853; electronic mail-
Office@LTERnet.edu). For additional information
on publications and activities of the LTER Network
Office, please contact them directly.

McMurdo Dry Valleys: A cold desert ecosystem
A Long-Term Ecological Research (LTER)
,site for the Taylor Valley in the McMurdo
Dry Valleys, approximately 100 kilometers
(km) west of McMurdo Station, Antarctica,
has been funded through the Office of
Polar Programs at the National Science
Foundation. McMurdo Dry Valleys LTER

Jaunched its first field campaign October
1993 through February 1994.

T
he McMurdo Dry Valleys are the
largest ice-free area [approximately

4,800 square kilometers (kM2)] on the
.antarctic continent and are located on the
western coast of the Ross Sea (77*00'5"S

, 162*52'5"E). They are among the most
extreme deserts in the world, far colder
and drier than any of the established LTER
sites. The perennially ice-covered lakes,

loephemeral streams, and extensive areas of
soil -Adthin the valleys are subject to low
temperatures, limited precipitation, and
salt accumulation.

The McMurdo Dry Valleys were
formed by the advances and retreats of
glaciers through the coastal ranges of the
Transantarctic Mountains, which rise sev-
eral thousand meters above sea level and
act as barriers to the flow of ice from the
polar plateau. Glacial and periglacial. fea-
tures are a major component of the land-
scape. Taylor Valley is approximately 33
krn long by 12 km wide and contains three
major lakes (Bonney, Hoare, and Fryxell)
fed by 15 glaciers. The valley bottoms are
predominantly glacial till, and the higher
slopes consist of granites, dolerites, sand-
stones, and occasional volcanics. Typical-
ly, rock outcrops are highly weathered by
the foehn winds. Outlet, piedmont, and
alpine glaciers drain from the polar
plateau and cirques onto the valley floors.
The dry valleys have been predominantly
ice-free for the past 4 million years. The
lakes in the Taylor Valley are the remnants
of a much larger lake, Glacial Lake Wash-

burn*, that existed 10,000 to 24,000 years
ago.

The climate of Taylor Valley is
extreme. Annual precipitation, which is
received as snow, averages less than 10
centimeters per year. The low precipita-
tion, low surface albedo, and dry foehn
winds descending from the polar plateau
result in extremely and conditions. Mean
annual temperature is approximately
-200C, average wind speeds are 5.0 meters
per second, mean relative humidities are
less than 50 percent, and solar flux (avail-
able energy) is less than 100 watts per
square meter. This region of Antarctica
has 4 months of continuous sunlight and 4
months of darkness, each followed by
transition periods of twilight.

McMurdo Dry Valleys landscapes are
a mosaic of ice-covered lakes, ephemeral

*"Glacial Lake Washburn" was a meltwater lake
that geologists believe e)dsted in the Taylor Valley
region.
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This map shows the general region of study for the McMurdo LTER, the second antarctic LTER.

I

The barren landscapes of the McMurdo Dry Valleys probably would
not suggest to an observer that this region is ideal for ecosystems
studies, but the mosaic of ice-covered lakes, melt-water streams, and
soils, permafrost, and glaciers harbors simple but unique microbial
populations and microinvertebrates. Despite the apparent simplicity,
there exist in this environment ecosystems with complex interactions
among species and between the biological and physicochemical com-
ponents. By Audying and gaining an understanding of how these
ecosystems respond to changes in the environment, LTER researchers
will be able to develop models that can be applied to more complex
temperate systems under similar conditions of environmental stress.

A cold desert ecosystem
Continuedfrom page 9

streams, and soils, permafrost, and sur-

rounding glaciers. Materials are transport-

ed between sites by wind and water, and

these two forces define functional rela-

tionships between the landscape compo-

nents. Water flows primarily from glaciers

to streams to lakes (except in cases where

glaciers are in direct contact with the

lakes, for example, Taylor Glacier/Lake

Bonney and Canada Glacier/Lake Hoare),

whereas wind disperses particulate matter

throughout the valleys. The transport of

these materials appears to enhance the

overall productivity of the area. Were it

not for the melting of surrounding glaci-

ers, there would be no streams or lakes,

and the lakes would eventually freeze and

sublimate. Furthermore, glacial meltwater

and leaching from soils adjacent to

streams provide solutes to both streams

and lakes, enhancing production. Winds

deposit sediments on and remove organic

mats from the surface of lake ice. The pro-

ductivity of soils appears to exceed site-

specific photosynthetic capacity and may

be due to alloclithonous inputs of wind-

bome organic carbon.

Transported materials can be divided

into two categories: inorganic (solutes,

water) and organic (bound carbon and

nutrients). Transport media are abiotic

(primarily wind and water), and the direc-

tion of transport is determined by topogra-

phy and wind direction. Through the

actions of wind and water, lakes receive

materials from streams, glaciers, and soils.

Groundwater inflow may also be impor-

tant to the solute budgets of the lakes.

Streams receive the majority of water from

glacier melt, and they

receive both sedi-

ments and solutes

from glacial water

and soils. Particulate

organic matter input

to streams is proba-

bly small compared

to stream productivi-

ty. Soils receive water

from snow melt, with

spatial abundance

determined by drift-

ing patterns (wind-

dependent) and, pos-

sibly, by subsurface

lateral flow. Some

mineral inputs may

be of significance to

soils, and organic

materials appear to

be provided by

streams and lakes

(including the ero-

sion of buried Glacial

Lake Washburn sedi-

ments).

The biological systems in the McMur-

do Dry Valleys are relatively simple. ^ For

example, there are no vascular plants or'

vertebrates and very few insects. Trophic

interactions and biogeochemical nutrient

cycles are largely limited to microbial pop-

ulations and microinvertebrates. Species

diversity and abundance are low as would

be predicted for such extreme environ-

ments. Despite this simplicity, compleiq

interactions among species and between

the biological and physicochemical dnvi-

ronment exist in the lakes, streams,,and

soils. Furthermore, interactions between

various components of the ecosystems

enhance the overall productivity of the dry)

valleylandscapes.
Physical factors largely control biolog-

ical processes in the dry valleys. Stream

ecosystems are controlled by the quafitity

and timing of glacial meltwater during the

austral summer (October through Febru-

ary). Discharge from these streams I and

thickness of perennial ice cover are the

primary factors regulating the lake envi-

ronment. Soil communities are controlled

by moisture availability, salt concentra-

tions, and allochthonous carbon inputs.,

The most productive sites (aquatic) are

those buffered from the most severe,

short-term climatic fluctuations. Aeolian

transport of organic carbon from these

sites may form the base of the food chain

on the most exposed sites (terrestrial,

soils). In turn, nutrients are carried by

water and wind from glaciers and sots to

the streams and lakes.
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Hi pothews

11 ecosystems are shaped to varying

Legrees by climate and material trans -

port, but nowhere is this more apparent

than in the McMurdo Dry Valleys. The

LTER project focuses on two hypotheses

that embody this theme.

Hypothesis 1. The structure and func-
tion of the Taylor Valley ecosystems are

differentially constrained by physical and

biological factors. The Grimes hypothesis

predicts the relative importance of envi-

ronmental and biotic interactions in

structuring plant communities and is

highly relevant to dry valley ecosystems.

Grimes defined disturbance as any event

that reduces standing biomass and stress

as any event that reduces productivity. For

example, freeze-thawing and flooding

might remove organisms and, therefore,

constitute a disturbance. In contrast, con-

sistently low temperature, reduced nutri-

ent availability, or decreased light levels

may simply reduce productivity to below

full potential, representing environmental

stress. The importance of biological inter-

actions would be greatest in systems of

minimal stress and disturbance. Competi-

tive interactions between producers and

overall primary and secondary productivi-

ty would be greatest under these condi-

tions. In the dry valleys, major differences

exist both in the relative importance of

abiotic and biotic factors in structuring

ecosystems and the sensitivities of these

systems to environmental changes.

Hypothesis 2. The structure and func-

tion of the Taylor Valley ecosystems are

modified by material transport. Biological

activities of dry valley ecosystems are

higher than expected, given the extreme

climatic conditions. This may result from

the transport of materials between ecosys-

tems. Glacial melt is the primary source of

water to aquatic systems, carrying dis-

solved solutes and sediments from the

glaciers and soils. In addition, high winds

(up to 160 km per hour) disperse sedi-

ments and organic materials throughout

the valleys that variously affect recipient

ecosystems. Our efforts will focus on the

inti^gration of the biological processes

w4in, and material transport between,

the ^lakes, streams, and terrestrial ecosys-

tems constituting the Taylor Valley land-

scape.

The McMurdo LTER project will

address these hypotheses through system-

atic environmental data collection, long-

term experiments, and model develop-

ment. During the first 6 years, studies will

be concentrated within the Taylor Valley,

site of several nonintegrated ecological

studies since the 1960s and presently a

focal point for terrestrial and limnetic

research by the United States and New

Zealand. Generally representative of all

antarctic ice-free areas, Taylor Valley is 40

minutes from McMurdo Station by heli-

copter (weather permitting) and contains

three relatively large lakes, numerous

streams, and a variety of terrestrial ecosys-

tems.

Senior personnel include Robert A.

Wharton, Jr., (principal investigator, lim-

nology), Andrew Fountain (glacial hydrol-

ogy), Diana W. Freckman (soil ecology),

Jordan T. Hastings (data and information

management), W. Berry Lyons (geochem-

istry), Diane M. McKnight (hydrology),

Daryl L. Moorhead (systems ecology),

John C. Priscu (microbial ecology), and

Cathy M. Tate (stream ecology).

For more information contact Robert A.

Wharton, Jr., Biological Sciences Center,

Desert Research Institute, P.O. Box 60220,

Reno, Nevada 89506; phone-7021673-

7492; e-mail—rwharton@LTERnet.edu .

Waste regulations for nongovernmentala S 0
activities effective 1 March 1994
Waste -management regulations affecting virtually all activities by U.S. citizens or

U.S.-sponsored programs 
will 

become effective for nongovernmental activities on I

March 1994. U.S. citizens 
will 

be required to apply to the National Science Founda-

tion (NSF) for a waste -management permit. The permit application must list all

materials to be used or released in Antarctica and must detail arrangements for waste

management. (See Antarctic Journal, 27(4), 5-6.)

The regulations, included in 45 CFR part 670 (Conservation of Antarctic Animals

and Plants), part 671 (Waste Regulation), and part 672 (Enforcement and Hearing

Procedures), became effective for government activities on 15 August 1993, with an

exception made for permit applications already submitted by that date. The purpose

of the regulations, implemented under the authority of the Antarctic Conservation

Act (ACA) of 1978, is to protect the antarctic environment by controlling materials

that may be used and released in Antarctica and by promoting waste minimization

and recycling.

The ACA directs NSF to designate as pollutants any substance liable to create

hazards to human health, harm living resources, damage amenities, or interfere with

legitimate uses of Antarctica. Substances that are banned because they are consid-

ered to be highly toxic or detrimental to the environment include pesticides (except

those for scientific or hygienic use), polychlorinated biphenyls (PCBs), nonsterile soil,

polystyrene beads, and plastic chips. Additionally, other substances designated as

pollutants require the implementation of procedures to ensure proper handling and

management while in Antarctica. These include any substance, listed by name or

characteristic, in such U.S. environmental regulations as the Clean Air Act, Clean

Water Act, or Resource Conservation and Recovery Act. The ACA requires that these

pollutants or wastes containing them be used, stored, and disposed of in a way that

will prevent their release to or adverse effect upon the environment.

For further information on waste -management permit requirements, please con-

tact:

National Science Foundation
Office of Polar Programs

4201 Wilson Boulevard, Room 740
Arlington, VA 22230

Attention: Peter R. Karasik,

Associate Compliance Manager
Phone: (703)306-1031
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Volcanic fire may fuel antarctic ice streams

T

he antarctic continent is divided into

two ice sheets by the Transantarctic

Mountains. The smallest of the two, the

west antarctic ice sheet, is inherently

unstable because it is a marine-based ice

sheet. Much of this ice sheet, the largest

remaining one of its type, is grounded well

below sea level. It is held in place by large

floating ice shelves and protected, in part,

from exposure to the ocean by fast-mov-

ing rivers of ice called ice streams.

Ice sheets are an important compo-

nent of the global climate system, particu-

larly in the antarctic region where they

affect and are affected by climate and the

ocean. The most immediate effect of ice

sheets on climate is that they contain

enough ice to raise sea level as much as 70

meters. Consequently, understanding not

only how climate fluctuations might affect

this ice sheet but also how local geology

has influenced and is influencing it is

essential for predicting what part West

Antarctica might have in global climate

change.
The discovery of an active volcano

beneath the west antarctic ice sheet

emphasizes the importance of under-

standing the local geologic setting and its

potential influence on the ice sheet's sta-

bility. Scientific theories hold that this ice

sheet capping West Antarctica may have

melted relatively rapidly during the last

interglacial period 125,000 years ago.

Whether the ice is now stable or is actually

in the process of renewed collapse is

under considerable dispute.

According to a February 1993 paper

(Blankenship et al. 1993) published in the

journal Nature, the heat produced by sub-

glacial volcanoes strongly shapes the char-

acter of the ice today by melting it from

beneath and saturating sub-ice sediments,

thus setting the ice aflow in rapid streams.

This study by Donald Blankenship of the

University of Texas at Austin, Robin Bell of

Columbia University's Lamont-Doherty

Earth Observatory, and co-authors from

the U.S. Geological Survey and Naval

Research Laboratory suggests that the

geophysical setting of the ice may affect

the ice sheet's stability independently of

global climate. "What's going on under the

ice may be as important as the meteorolo-

gy and climatic conditions on top,"

Blankenship explains.

The east and west antarctic ice sheets

are controlled by very different dynamics.

Because half the volume of the western

portion rests below sea level, scientists

estimate that if the west antarctic ice sheet

collapsed, it would raise global sea level by

6 meters. The ice system, unique on the

planet, caps an unstable zone of crust that

is rifting apart, apparently allowing

molten magma to well up from the under-

lying mantle layer and to build volcanoes

beneath the ice.

Six parallel streams of fast ice, 50-100

kilometers wide and 500 kilometers long,

drain the slow-moving inland ice sheet of

West Antarctica. They course rapidly, up

to 750 meters a year, through slow or stag-

nant ice, merging together into a broad

front—the floating mass of the Ross Ice

Shelf—that fans out across the Ross Sea.

The authors of the Nature article suggest

that the ice streams buffer the bulk of the

inland ice from the ocean's destructive

power.

The fast streams ride along on a lubri-

cant of saturated sediment slurry 7 meters

thick. "Ice streams require both water and

the right kind of sediments beneath

them," says Blankenship, "so the change

to fast flow could be due to a change in

geothermal flux, or to a change in rock

type beneath the ice. There's a good

chance that it's both."

If volcanoes are indeed spurring the

slow ice on to rapid surges—that is, if the

geology hidden under the ice, rather than

the weather and climate above, dictates

the boundary between slow and fast-mov-

ing ice—then the transition is geographi-

cally fixed. The authors suggest that if the

sea chewed back the head of the Ross Ice

Shelf, destroying the ice stream buffers in

the process, the inland ice sheet could fall

prey to rapid razing by the sea.

During the 1991-1992 austral sum-

mer, the scientists flew an instrumented

Twin Otter airplane on 1 10-kilometer-long

transects over the headwater region of the

fast ice, looking for clues to what sets it

streaming. The airplane carried a laser

altimeter to profile the ice-sheet surface,

while simultaneously measuring the mag-

netism, height, and gravitational pul
: 
I of

the rock bed beneath.

The data portray a distinct hole in the

ice 6 kilometers across and 50 meters

deep, where ice is flowing downward and

melting into the hot spot. The size and

shape of the depression suggest a heat

flow of 10 to 25 watts per square meter—

similar to that of Yellowstone National*"

Park, and 1,000 times greater than the heat ir

flow of 20 to 40 milliwatts per square

meter typical for nonvolcanic areas.

Beneath the ice, a topographical peak

rises 650 meters high, atop a broader

caldera or crater 23 kilometers in diame-

ter. The under-ice peak registers a unique

magnetic signature common to active vol-

canoes, which are often rich in magnetic

minerals. Additionally, satellite images

have revealed strikingly circular features

beneath another ice stream in West

Antarctica that resemble the caldera delin-

eated by the aerogeophysical studies. the

authors suggest that these might also be

volcanoes.	
I

Their discovery suggests that the

active volcanoes beneath the ice may sig-

nificantly control the dynamics of the ice

sheet. The geothermal heat produced by

active rifting melts the ice and provides

the necessary water to saturate the sub-ice

sediments, creating ice streams in the ice

sheet. If this is true, the region where rift-

ing occurs would act as a geologic bound-

ary beyond which the ice sheet could ^ not

migrate. Retreat of ice-stream terminu's to

this boundary would expose slower mov-

ing ice to the destructive effects of sea

water, leaving the entire ice sheet un 'P ro

-tected and making it unstable. the

authors believe that such a boundary does

exist between the Ross embayment re *on

and the region of the Ellsworth-Whitmore

crustal block and the Byrd subglacial,

where they believe the inland edge of the

west antarctic rift system lies.

Predicting the ice sheet's future will

require more precise confirmation oj the

mechanisms that set the ice flowing today,

as well as what sent it surging--or caused

collapse—in the past. A new coordinated,

interdisciplinary study of the west anta.-ctic

ice sheet, under discussion as part ol the

Continued on page 18
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* South Pole researchers observe early structure of the Universe

The two CARA telescopes used at the the Pole, so a telescope can be used much

South Pole during the austral summer of more efficiently there than at lower lati-S

ientists working at the South Pole

ave discovered evidence of cosmic

structures that formed just I million years

after the Universe began. They announced

their results at a June 1993 meeting of the

American Astronomical Society in Berke-

ley, California.

Physicists Mark Dragovan and Jeff-rey

Peterson, both from Princeton University,

made their observations at the Center for

Astrophysical Research in Antarctica

(CARA), operated by the University of

Chicago. CARA is a Science and Technolo-

-1 gy Center funded by the National Science

Foundation (NSF) and managed under the

NSF's U.S. Antarctic Program.

Using two specially designed radio

tele,^copes at CARA's South Pole observa-

tory, the researchers detected small tem-

4perature fluctuations in microwave radia-

tion left over from a scant I million years

after the Big Bang. Scientists believe that

the massive explosion gave birth to the

Universe 12 to 20 billion years ago.

The temperature fluctuations suggest

the seeds of the clustered structures that

al 
may have evolved into the galaxies seen

today. The fluctuations detected from

shortly after the Universe's birth mean

that parts of the Universe were slightly

denser than others, according to Dragov-

an. "Although more work needs to be

done to confirm the results, we probably

"have seen the beginnings of structure in

i the Universe," he said.

For years, astronomers have searched

for slight variations in the radiation from

the early Universe. They have sought the

origin of the very "lumpy," or inhomoge-
Oneous, distribution of matter in today's

UniVerse—a structure featuring massive

gala)des with billions of stars, separated by

vast expanses of nearly empty space. Until

very recently, however, measurements

showed the primal radiation to be perfect-

Oly uniform, implying that its source, the

I early hot matter, was just as smooth.

The new findings complement mea-

surements announced last year by other

researchers using the Cosmic Background

Explorer (COBE) satellite. COBE's tele-

scope obsbrved irregularities in the

microwave radiation over relatively large

patches in the sky, about 70 across.

1992-1993 measure variations on smaller

scales than the COBE telescope. One, a

0.75-meter telescope developed by Drago-

van, observes regions 30 across. The larger

one, a 1 -meter telescope developed by

Peterson, "sees" a narrower part of the

sky—about 0.50 wide.

The cosmic background radiation the

researchers studied is just 2.7*C above

absolute zero. Only Dragovan's telescope

detected the tiny temperature variations,

discerned at a level of approximately 30

parts per million.

Although Peterson did not detect vari-

ations, he showed that if variations do

exist they must be at levels of less than 8

parts per million, an observation that is

difficult for current theories to explain. "A

'fog' or 'cosmic mist' of free electrons may

be obscuring our view of the smaller scale

structure of the Universe," Peterson sug-

gested.

The researchers hope to refine these

results through future observations at the

pole. The smaller telescope will be used

over the 1994 austral winter, and a new

2.5-meter telescope will be built next year

to continue the search for temperature

variations and the structures they repre-

sent at the smaller scale.

CARA director Doyal Harper, a Uni-

versity of Chicago astrophysicist, said

there are distinct advantages to working as

part of a Science and Technology Center

such as CARA. "The scientists and other

center personnel can share ideas and

technical and logistical support," he said.

"This makes it possible to conduct com-

plex experiments using state-of-the-art

detectors even in the demanding polar

environment." For example, the radio

wave detectors at the South Pole had to be

cooled nearly to absolute zero—difficult

enough in a 
fully 

equipped laboratory, not

to mention at a remote outpost.

The advantages of doing astronomy at

the South Pole, however, far outweigh the

discomforts. The extremely dry air is

almost completely free of water vapor,

which ordinarily obscures observations of

the microwave glow. Also, the same patch

of sky can be observed continuously from

tudes.

Lynn Simarski, Public Affairs Specialist,
Office oftegislative and Public Affairs,
National Science Foundation
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U.S. Government
receives award for
Bahia Paraiso cleanup
efforts

A t the Second Biennial Clean Seas

1-I.Exhibition and Conference, hosted

by the Government of Malta in

November 1993, the United States was

recognized for its efforts to contain

and clean up the oil spill that resulted

from the 1989 sinking of the Argentine

Navy ship Bahia Paraiso. The "Clean

Seas Awards," the first presented by

Malta, recognize excellence in pollu-

tion prevention and control.

The Gold Medal presented to the

U.S. Government was one of three pre-

sented for environmental cleanup

efforts following the 1989 grounding

and sinking of the Argentine Navy

polar ship, the Bahia Paraiso, near
Palmer Station in Antarctica. Other

recipients were the Argentine Navy

(Clean Seas Trophy) and the Govern-

ment of the Netherlands (Gold Medal).

Thomas Forhan, Office of Polar Pro-

grams of the National Science Founda-

tion (NSF), accepted the award for the

United States.

Immediately after the sinking of

the Bahia Paraiso, NSF worked with

the Argentine Navy to develop a con-

tingency plan, including a study on

risk management and an environmen-

tal impact assessment, for Arthur Har-

bor, Anvers Island, the area adjacent to

Palmer Station.
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Climate processes on the antarctic plateau

E

xperiments on solar radiation, infrared

radiation, snow chemistry, and air

chemistry were begun at the South Pole in

the 1990-1991 summer season and carried

out during the full year December 1991 to

December 1992. The motivation and

design of these experiments were

described in a series of articles in the 1991

review issue of the Antarctic Journal. All
four authors worked at the South Pole

during summer 1991-1992; the experi-

ments were continued through the winter

by Warren.

Effect ofmw~ on bldhwdonal
refiectance of snow
Vhowledge of the angular pattern of

XXreflected sunlight—called the bidirec-
tional reflectance distribution function

(BRDF)—is required for satellite remote

sensing of the antarctic surface and atmos-

phere using reflected solar radiation.

BRDF has been measured for flat snow

surfaces, but it is dramatically altered by

surface roughness. In the interior of

Antarctica, surface roughness is usually in

the form of longitudinal dunes called sas-
trugi, whose axes align with the direction
of the strongest winds. The BRDF changes

over the course of the day as the solar

azimuth changes relative to the sastrugi

axis. The effects of sastrugi on BRDF are

largest in spring, when the Sun is low and

the sastrugi are high. Spring is also the

time of maximum ozone depletion, so sas-

trugi can affect the use of reflected sun-

light for remote sensing of ozone.

For our experiment, a directional

probe with a 10-degree field of view was

mounted on a hand-operated angle-set-

ting device and attached to a fiber-optics

guide, which directs the light through

selected spectral filters into a photometer.

The photometer and a datalogger were

housed in a heated, insulated box. A full

set of angular measurements took about

40 minutes.

Measurements of BRDF at 600

nanometers wavelength were made on

clear days at 2-hour intervals from a

height of 20 meters on the meteorological

tower (near the Clean Air Facility) in Feb-

ruary and March 1992 at solar elevations

of 12, 8, and 4 degrees. Data for higher

solar elevations had been collected in pre-

vious years. Data for intermediate solar

elevations between 8 and 0 degrees were

also collected at 6-hour intervals (Sun-

parallel and perpendicular to the sastrugi

axis) when possible. The instrument

worked without fail until sunset, at tem-

peratures down to -65*C. Measurements

were resumed at sunrise.

Temperaturm In the near-surhce

snow

A

thermistor string was installed in the

top 3 meters of the snow northeast of

the meteorological tower to measure tem-

peratures at 10 levels in the upper snow-

pack every 15 minutes throughout the

year. These data will be used to evaluate

mechanisms of heat transfer in snow

(Brandt and Warren 1993) and to estimate

the potential for water-vapor migration to

alter the seasonal cycle of oxygen-isotope

composition in the deposited snow. To

reduce the solar heating of the thermis-

tors, they were coated with radiation

shields of aluminized mylar. Wires from

the thermistors lead to a heated insulated

box, buried in the snow 7 meters to the

south; the box houses a datalogger. The

datalogger was retrieved and downloaded

weekly, and data were sent monthly to the

United States for analysis via the satellite

communication link.

The snow-density profile was mea-

sured at the site during summers. This is

needed along with the temperature mea-

surements to estimate the thermal con-

ductivity of snow.

Atmospheric lonpmve radiation
spectrum

T

he radiation emitted by the atmos-

phere down to the surface (terrestrial,
infrared, or longwave radiation), which
falls mostly in the wavelength range of

5-50 micrometers, is responsible for the

greenhouse effect. Longwave radiation is

always a large part of the surface energy

budget everywhere but becomes the dom-

inant source of heat to the Earth's surface

at night and during the antarctic winter.

The spectrum of the downward longwave

radiation emitted by the atmosphere over

the South Pole between 6 and 17 microm-

eters wavelength was measured twice a

day throughout the year in a collabon itive-

project with Frank 1. Murcray and Re^ate

Heuberger at the University of Denver.

We are using these data to exapline

the longwave radiation in spectral detail

and to isolate the contributions of cairbon

dioxide, ozone, and water vapor. Tlieseo

analyses cannot be done with or^ly a

broadband measurement. The effects on

the downward longwave radiance of the

different cloud types, as well as diamond-

dust ice crystals, blowing snow, and the

near-surface temperature inversion are'

also being studied. Another objective was

to provide well-documented case studies

of the clear atmosphere for use in te$ting

atmospheric radiation models, which are

in need of improvement.

The University of Denver interfe^om-o

eter and an Eppley pyrgeometer were

installed on the roof of Skylab in early Jan-

uary 1992 (Murcray and Heuberger 1992).

A mount was built for an external r^fer-

ence blackbody which was used to ^ali-

brate the interferometer once a monih to

track any degradation of the external opti-

cal components.	
A

Interferometric measurements ^vere.

taken routinely twice a day (one a^ the

time of the daily radiosonde launcO) at

elevation angles of 15, 30, and 45 degTees.

Visual observations of the sky condi^ions

were noted and were supplemented no?

only by photographs in summer but also

by continuous operation of a laser

ceilometer by the South Pole weather

office. Special supplementary interfero-

metric measurements were taken when

the sky was clear and when the morithly'

water-vapor sonde is launched by the,

National Oceanic and Atmospheric

Administration to obtain more accurate

humidity profiles.	
I

We operated the Eppley pyrgeon,ieter

at nearly the same height above the snovO

surface as the interferometer. It measured

the total downward longwave irradiance

from 5 to 50 micrometers once every hour.

During the winter, its dome collected Yost

whenever clouds were thin or absent, so it

was cleaned every 12 hours by washin

with pure ethanol.
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The stump of a tree in the region in question. This is a silicified Permian
tree trunk in growth position on Mount Achernar, near the Law Glacier
(84022'S 164037'E) in the central Transantarctic Mountains.

to detect snow particles larger than 40

micrometers diameter as they interrupt a

beam of light. Most of the blowing snow

particles we have examined in winter,

however, have diameters of 10-15

micrometers, so they are not detectable by

this instrument. Because the particles are

so small, they can be lifted far above the

top of the tower. Blowing snow usually

reaches the top of the tower in winter

whenever the wind speed exceeds 14

knots for more than a few hours.

The blowing snow also contributes to

radiative heating of the surface in winter.

To compute its effect, the size distribution

of particles is needed. Therefore, we rou-

tinely measured the size distribution of

snow grains by capturing falling particles

on a gridded microscope slide and pho-

tographing them. Analysis of the pho-

tographs will provide size distributions of

blowing snow, diamond-dust ice crystals,

and snow grains falling from clouds.

Acknoidedgments

R

andy Borys suggested using a plank-

ton net as a windsock to collect falling

snow. Chuck Stearns recommended alu-

minized mylar to shield the thermistors

from sunlight. Gary Freeman built a wind-

break for the infrared interferometer. Rae

Spain and Paul Mazure built insulated,

heated boxes for the BRDF and snow-tem-

perature experiments. Paul Mahoney and

John Vonesh installed the pumps for air

sampling. Bill Getz repaired the flowme-

ters and built a hoop for the windsock. Bill

Coughran helped design the large funnel,

and John Parlin, Tom Mikolajczak and

Don Bacco erected it on top of the tower.

Don Bacco also built a mount for the cali-

bration blackbody. David Gaines helped

set up the water-vapor sampler. Martha

Stathis, Roger Barlow, Kitt Hughes, Peter

Surrey, Jarvis Belinne, and Michael Star-

buck assisted with the winter snow-pit

sampling. R.A. Schmidt lent us the snow-

particle counter. Ellsworth Dutton helped

calibrate the pyrgeometer.

This work is supported by National

Science Foundation grants OPP 88-18570

and OPP 91-20380. Thomas Grenfell,

Pieter Grootes, and Robert Charlson are

co-principal-investigators.
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Letters to the Antarctic Journal:
0

Highest latitudeforestfound?

T

he article "An ancient forest suggests a

new view of Antarctica's past" appeared

in the March 1993 issue of the Antarctic

journal. This article, which was based on a

peer-reviewed paper published in a 1992

issue of Science, described the results of a

recently completed study by Ohio State

University paleobotantists Edith Taylor,

Thomas Taylor, and Rub6n Cbneo and

reported their assertion that this forest,

which existed about 640 kilometers from

the South Pole, was the highest-latitude for-

est ever found.

The March 1993 article, as well as a

paper published in the 1991 review issue of

the Antarctic Journal, caught the attention
of George Doumani, a former National Sci-

ence Foundation (NSF) program manager

who had participated in the U.S. Antarctic

Program. Dr.

Doumani felt that

the claim for the

discovery of the

"highest -latitude

forest" was incor-

rect and asked that

NSF publish the

short article below,

"The ancient for-

ests of Antarctica."

In response, Edith

and Thomas Tay-

lor have provided

a brief note, sup-

porting their claim

and explaining the

criteria they used

in their research.
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Air snow exchange processes
nterpreting ice-core records of isotopes

and impurities in terms of atmospheric

composition requires knowledge of the

mechanisms by which these isotopes and

^impurities are removed from the air into

the 'snow. We are studying sulfate and two

radioactive isotopes of beryllium (7Be and
10B a), which occur in the atmosphere

most commonly as components of submi-

cron aerosol particles. We also collected

samples of air and snow for Pieter Grootes

to analyze for oxygen isotopes in the water

molecules.

The oxygen-isotope ratio (180/160) is

routinely used as a paleotemperature indi-

cator. Beryllium isotopes may be useful to

estimate past rates of snow accumulation

(Raisbeck and Yiou 1985). Sulfate aerosols

are important for climate because they

serve as the nuclei for condensation of

nearly all cloud droplets worldwide

(Charlson et al. 1987). The concentration
A 
of salfate in ice-age ice is larger than in

int(rglacial ice (Legrand, Delmas, and

Chalson 1988); this would have implica-

tions for ice-age clouds if the higher con-

censation observed in ice was due to a

higier atmospheric concentration of sul-

fateduring the ice age.

The aerosol particles in surface snow

mal have entered the snow by acting as

nudei for snow-crystal formation or by

beiiftg scavenged by falling snow crystals

("wet deposition"). They may also become

inc(irporated into the surface snowpack

,by "dry deposition" as the air flows in and

out A snow due to pressure gradients, the

snow acting as a filter to collect particles

(Cunningham and Waddington in press).

If sulfate is deposited mainly by dry mech-

anisms, the higher concentrations in ic

,age ice may be due mainly to a lower pre-

cipitation rate rather than a higher atmos-

pheric concentration. The wet deposition

is being evaluated by measuring the sul-

fate content in air and falling snow using

2-day or 4-day samples. The top 30 cen-

timeters of the surface snow were sampled

every 8 weeks to estimate the rate of dry

deposition.

The oxygen-isotopic composition of

falling snow is generally preserved in

annual layers of the snowpack because

^there is no melting, but it may change

after deposition because of water-vapor

migration due to temperature gradients in

the snow. To evaluate these processes, we

sampled water vapor from the air every 3

weeks, falling snow every 4 days, and the

top meter of the snowpack every 8 weeks.

One meter of snow includes about five

annual layers.

sampung of JaHmg snow

T

he falling snow was collected at the

top of the 22-meter tower, to minimize

the contamination of the samples by sur-

face snow when the wind is strong enough

to cause drifting. We installed a large fun-

nel (I square meter) and a smaller funnel

(55 centimeters diameter) on the top level

of the 22-meter tower. A windsock collec-

tor (a modified plankton net) was support-

ed from a retractable boom extending

about 3 meters horizontally from the

tower, in the 030-degree direction. Snow

samples were harvested every 2 days in

summer and every 4 days in winter. In a 4-

day period both the windsock and the

large funnel sometimes collected more

than 1 kilogram of snow.

However, 22 meters turned out not to

be high enough to prevent contamination

by surface snow blown up by the wind.

Most of the blowing-snow particles were

so small (less than 10 micrometers radius)

that they could be lifted to 100 meters or

more, so our collectors, especially the

windsock, did collect blowing snow during

blizzards. Because high winds are episod-

ic, there are some 4-day periods without

blowing snow during which we collected

uncontaminated samples of snow grains

falling from clouds or diamond-dust ice

crystals.

SampHng of surface snow

S

now pits were dug 10 kilometers (km)

southeast of the station once a month

in summer. A pit was also dug I km

upwind of the Clean Air Facility, in the

053-degree direction, to correlate with the

10-km site. The 1-krn site is probably sub-

ject to more accumulation by drifting due

to its proximity to the station. The snow

stratigraphy was documented during

summer at both sites. The 1-krn site was

chosen as the location for winter snow

sampling, so that it would be within walk-

ing distance at temperatures of -60*C. Sul-

fate contamination of the snow from the

station's power plant is unlikely to be sig-

nificant, based on the soot survey of War-

ren and Clarke (1990). Surface snow sam-

ples were taken along the 053-degree line

to determine sulfate contamination as a

ftmction of distance from the station; they

showed no trend.

In winter, the snowpit samples were

collected every 8 weeks at times of ade-

quate moonlight. The Be-isotope studies

require 1-2 kilograms of snow for each

sample. The samples required for oxygen-

isotope and sulfate analysis are much

smaller and were obtained simply by

pushing into the snow partitioned frames

that collect 10 or 25 samples at once. The

samples were later parceled into separate

containers back at the station. The com-

plete set of samples could be obtained in

two 3-hour trips.

Air sampHng

P

umps were set up in the Clean Air

Facility, drawing air through filters

mounted on stacks on the root The filters

are being analyzed for sulfate and berylli-

um isotopes. The pumps were switched

off whenever an airplane was at the sta-

tion or when the wind came from outside

the clean-air sector. The filters were

changed at the same time the falling snow

was harvested, every 2 days in summer

and every 4 days in winter.

A condensation-nucleus counter was

taken up and down the 22-meter tower on

2 days in February 1992 to obtain the ver-

tical profile of aerosol concentration. Pre-

liminary analysis indicated that the

aerosol concentration increases with

height; this finding is consistent with the

hypothesis that the snow surface is a sink

for aerosol particles.

In January 1992, Ed Waddington

(University of Washington) visited South

Pole briefly to install a water-vapor sam-

pler for oxygen-isotope analysis. Air was

drawn, from both 1 meter and 7 meters

above the snow surface, through cold-

traps at -900C to deposit the water vapor

as frost. In winter, the air temperature

averages -580C, so sampling times as long

as 7 weeks were required to obtain a 1-

gram sample.

Blouft and drifflng snow

A

snow-particle counter (Schmidt 1977)

was installed at South Pole. We

intended to use it to measure the density

of blowing snow as a function of height on

the meteorological tower, to quantify the

contamination of our failing snow by

blowing snow. The instrument is designed
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'The ancient forests of Antarctica

jjn the March 1993 issue of the Antarctic
ournal, remains of an ancient forest

were reported from the central
Transantarctic Mountains "near Mount
Archernar [Achemar?] (84022S 164037'E)."
The report was attributed to Ohio State
University paleontologists Edith Taylor,
Thomas Taylor, and Rub6n Cimeo.

The report states that "During the
i Permian, the forest was located at about
800 to 85*S. It is the highest latitude forest,
living or fossilized, that has ever been
found." Reference is made in the same
article to a previous one (1991) by the
above scientists who state (p. 23) that
"there has been only one other report of
fossil forest preserved in growth position
(Jefferson 1982)." These statements are
decidedly erroneous, and a correction is in
order to set the historical and paleonto-
logical records straight.

Fossil trees associated with Glos-
sopteris flora have been reported from
numerous localities in Antarctica, includ-
ing tree stumps with roots, and in upright
positions, indicating burial in the place of
growth (see, for example, Doumani and

.Long 1962; Doumani and Minshew 1965;
and Doumani 1966). The most impressive
occurrence was on wide terraces on the
slopes of Mount Glossopteris in the Ohio
Range, where our party stood literally on
the floor of an ancient forest. I recall

,spending several hours excavating a root-
ed, upright stump, which I back-packed

'back to "Camp Ohio," and eventually
handed over to the late James M. Schopf at
Ohio State University for further analysis.

4n response

More relevant to this note is the flora
on Mount Weaver (86 0 55S 153050'W)
where numerous fossil trees, with obvi-
ous roots, were discovered by this author
in December 1962. This location is
decidedly at a higher latitude than the
one quoted above. Before this discovery,
Quinn A. Blackburn, with the Byrd
Antarctic Expedition II, had reached the
summit of Mount Weaver in 1934, 28
years to the day earlier than we had. He
reported abundant flora and sections of
petrified wood from what he called "the
rubble moraines" at the foot of Mount
Weaver.

Reporting his findings in 1937, Black-
burn wrote, "The topmost sedimentary
bed was heavily plant-bearing, and many
leaves and stems were in evidence.
Numerous fossil tree sections attaining a
maximum of 18 inches in diameter were
found in the moraines." In a letter dated
25 June 1962, Blackburn recalled from his
field notes that he collected from the
moraines 84 sample bags of "fragments"
of coal, petrified wood, and plant-bearing
shales.

On Mount Howe, farther south of
Mount Weaver, within three degrees of
latitude from the South Pole, we collected
more Glossopteris flora in 1963. There,
prolific horizons of densely matted leaves
occur in several shale beds and mud-
stones.

The above record shows that "forests"
fossilized in situ have been reported from
very high latitudes, within three degrees of
today's geographic South Pole.
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GeorgeDoumani, aformer NSF program
manager, conducted research in Antarctica
in the 1960s.

Dear Editor:
Thank you for providing a forum for a

response to George Doumani's letter. We
,are, of course, familiar with his papers
because they are cited in our Bibliography
of Antarctic Paleobotany and Palynology
(Taylor and Taylor 1990).

In Doumani's letter, he lists four
sources of "fossil forests." We will address
each of these separately, but first it is
important to clarify what we mean by the
phrase "in situ fossil forest." This term

refers to trees that are not only upright but
are still rooted in the place in which they
grew. It is possible to have upright
stumps deposited within a fluvial system.
Moreover, it is not uncommon for these
transported trees to have a portion of the
roots attached (e.g., Fritz and Harrison
1985). Such trunks, however, were obvi-
ously not growing in the middle of a
stream but were transported there by a
flood event.

, 40-
'j

A second fossil tree in nearby Gordon Val-
ley. This 1-meter-high stump is from the
Triassic period.
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In response
Continuedfrom page 17

Fritz and Harrison provide several cri-

teria for determining whether or not

stumps are transported. One of these is a

low percentage of upright stumps to hori-

zontal logs. Their material included 4 to

13 percent upright stumps and 78 to 94

percent horizontal logs. The material

from Mount Achernar included 100 per-

cent upright stumps. The term "in situ"

has been used to indicate logs that have

not weathered out of the strata in which

they were originally deposited, but our

paper on the in situ fossil forest from

Mount Achernar (Taylor, Taylor, and

Cimeo 1992) clearly refers to a forest that

was fossilized where it grew.

Dournani's "fossil forests" include the

following citations:

1.Mount Glossopteris, Ohio Range

Although there may be a fossil forest

at this site, we are unaware of any pub-

lished information describing it to date. A

single trunk is figured in Doumani and

Long (1962), but there is no accompanying

sedimentologic information to indicate

that it is part of a forest in growth position.

Long (1965) describes many logs, includ-

ing stumps in upright position, on Mount

Glossopteris and notes, "most of the logs

were evidently transported as driftwood."

He provides a diagram of the orientation

along the paleocurrent direction of the

horizontal logs from Big Log Ledge, clearly

evidence that they were deposited in a

stream bed.

Schopf (1962) lists one wood speci-

men from Mount Glossopteris as in situ

(his sample H 21) but describes this as

"horizontally embedded," which would

exclude a fossil forest deposit.

2. Mount Weaver, Queen Maud Moun-

tains

Dournani and Minshew (1965) noted

the presence of large logs in their unit E

on Mount Weaver. One of these logs was

illustrated again in Doumani (1966). The

unit is described by Doumani and Min-

shew as consisting of "cyclical sequences

of alternating sandstone, shale, and

coal." According to their description, the

logs appear to be in a channel sandstone,

characterized by large-scale trough cross-

bedding. Without further information,

we would have to conclude that the

trunks, both upright and horizontal, were

transported.

3. Mount Weaver

Blackburn (1937) reported on the

geology of the Thorne Glacier area (Queen

Maud Mountains) and did indeed report

abundant plant materials and "fossil tree

sections." The fossil wood, however, was

found on the moraines and, thus, did not

represent an in situ forest.

4. Mount Howe

Doumani notes that he and his field

party collected leaves at this site but makes

no mention of fossil wood or trunk sec-

tions. Parenthetically, the mere presence

of Glossopteris leaves does not prove that

the plants were trees. Some Glossopteris

plants appear to have been shrubby.

Although 
all 

of these citations provide

evidence that Antarctica was once forest-

ed at very high paleolatitudes, none pro-

vides clear evidence of in situ forests. We

have never suggested that the material

from Mount Achernar represented the

highest latitude permineralized wood

from Antarctica. Wood is very common

throughout the Transantarctic Mountains,

but fossil forests are rare. Unfortunately,

wood in a fluvial system or in a marine

setting can be transported thousands of

kilometers and is, therefore, not reliable

evidence for paleoclimate reconstructions

unless it can be combined with other

sources of data, such as leaf floras, faunas,

paleosols, and the like. Although it is

probable that other fossil forests will be

found in situ at higher paleolatitudes, we

stand by our report on the Mount

Achernar forest as being the highest lati-

tude in situ forest to date.
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Volcanic fire
Continuedfrom page 12

U.S. Antarctic Program, proposes to assess

ice dynamics in a comprehensive manner

over the next 5 years, including further

probes of volcanism's role in ice flow.
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Active volcanism beneath the west antarctic
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Office oftegislative and Public Affairs,
National Science Foundation

ANTARCTIC JOURNAL — DECEMBER 1993

.1 a



After ice cores are drilled from the ice sheets in Antarctica and Greenland, they are returned to the
United States for storage, evaluation, and distribution to other scientists for study. The new facili-
ty in Boulder provides state-of-the-art laboratories for on-site investigations, or the facility will ship
samples tc scientists at their home institutions for more complex, nonroutine studies.

1 NSF, USGS, University of Colorado open new ice core laboratory

A

ceremony in August 1993, officials

;romthe National Science Foundation
(NSF), the U.S. Geological Survey (USGS),

and the University of Colorado at Boulder

dedicated a new ice core laboratory and

curation facility at the USGS Core

Research Center in Lakewood, Colorado. A

project jointly supported by the three

organizations, the National Ice Core Labo-

ratory (NICL) provides facilities for stor-

ing, curating, and studying ice cores

recovered from the Arctic and Antarctic.

Cores from more than a dozen drilling

sites in Greenland and Antarctica are rep-

resented in the collection.

Completed in January 1993, the new

1,430-cubic-meter facility is located at the

Deoer Federal Center and is administered

by ^he Institute of Arctic and Alpine

Resoarch of University of Colorado. USGS

staff manages day-to-day operations,

maintains the facility, and coordinates visi-

tor activities and ice-core shipments. Deci-

sions concerning how ice-core samples

should be distributed are made by the

NICL sample-allocation committee, which

is made up of the NICL scientific coordina-

tor and three others appointed by the Ice

Core Working Group, an advisory commit-

tee to NSF's Office of Polar Programs.

The main storage area, which houses

more than 10,000 meters of ice core, is

maintained at -35'C to ensure the longevi-

ty of the core, whereas the cold laboratory

with its Class 100 clean room is kept at

-22'C. Visitors to the laboratory are pro-

vided with cold-weather clothing and

equipment to perform routine core exami-

nation. For more detailed, nonroutine

studies, researchers either can have cores

shipped to their home institutions or can

set up their 
own 

equipment in spaces pro-

vided at NICL.

Technological advances have enabled

researchers to retrieve a wealth of infor-

mation—particularly information pertain-

ing to ancient climates and changes in the

global climate over thousands of years—

from the annual ice layers in ice cores.

Yearly ice records provide a record of past

temperatures and levels of precipitation,

the content of ancient atmospheres, and

the timing, direction, and magnitude of

storms, fires, and volcanic eruptions. For

example, by studying the atmospheric

gases trapped in the ice cores, researchers

have been able to determine how much

carbon dioxide, methane, and other gases

were in the atmosphere before and after

ice ages and at other times of rapid cli-

mate change.

Any NSF-funded investigator may

submit a request for ice-core samples to

NICL. Researchers funded by organiza-

tions other than NSF or from outside of

the United States must collaborate with an

NSF-funded researcher who can submit a

request for samples. With each request,

researchers should include a detailed,

concise description of the proposed inves-

tigation, methods and procedures to be

used, objective of the study, and the

names and addresses of all collaborators.

Approval of the initial request does not

constitute approval for the receipt of addi-

tional samples. Each request, after the ini-

tial request, must include a descriptive

statement detailing the progress of the

investigation and justifying the need for

additional samples. Finally, data obtained

from measuring and analyzing samples

must be placed on file at NICL within 1

year of the acquisition of samples and may

be held confidential for another year if

requested in writing by the investigator.

Scientists visiting NICL can obtain

computerized records describing the han-

dling, distribution, subsampling, analyti-

cal results, and storage location of cores

for all archived cores at the facility

through a data-management system.

Additional information on the availability

and location of cores will be provided

through a semiannual newsletter and

through dial-in access to the NICL data-

base.

To obtain additional information

about procedures for obtaining cores,

researchers should contact the NICL sci-

entific coordinator Tad Pfeffer at the

Department of Geological Sciences and

the Institute of Arctic and Alpine

Research, University of Colorado, Boulder,

Colorado 80309; phone-303/492-3480;

Internet address—pfeffer@snowy.col-

orado.edu.
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Foundation awards of funds for antarctic projects,
1 June to 31 August 1993

F

ollowing is a list of National Science

Foundation antarctic awards made

from 1 June to 31 August 1993. Each item

contains the name of the principal investi-

gator or project manager, his or her insti-

tution, a shortened title of the project, the

award number, and the amount awarded.

If an investigator received funds from

more than one program in the Office of

Polar Programs (OPP), the award is listed

under the heading for each program with

the funds provided by that program listed

first and the total award amount in paren-

theses. If an investigator received a joint

award from more than one Foundation

program, the antarctic programs are listed

first, and the total amount of the award is

listed in parentheses. Numbers for awards

initiated by the Office of Polar Programs

contain the prefix OPP.

Biology and medicine

DeVries, Arthur L. University of Illinois, Urbana,

Illinois. The role of antifreeze proteins in freez-

ing avoidance of antarctic fishes. OPP 93-70044.

$5,000.

Harbison, G. Richard. Woods Hole Oceano-

graphic Institution, Woods Hole, Massachu-

setts. The 

b ' 

iology of gelatinous zooplankton:

Investigations on the trophic relationships of

Salpa thompsoni and Salpa gerlachei in the

southern oceans. OPP 92 -18850. $291,590.

Howes, Brian L. Woods Hole Oceanographic

Institution, Woods Hole, Massachusetts.

Antarctic dry valley lakes: Pathways of organic

matter production and decomposition. OPP 93-

49413. $4,200.

Johnson, Jeffrey C. East Carolina University,

Greenville, North Carolina. Social structure,

agreement, and conflict in groups in extreme

and isolated environments. OPP 90-11351.

$22,989. ($45,979)

Kareiva, Peter M. University of Washington,

Seattle, Washington. Foraging behavior and the

dispersion of pelagic birds. OPP 93-70764.

$122,510. ($122,546)

Karentz, Deneb. University of San Francisco,

San Francisco, California. Physiological ecology

of ultraviolet-absorbing compounds in antarc-

tic organisms. OPP 93-49285. $9,188.

Kensley, Brian. Smithsonian Institution, Wash-

ington, DC. Recording of data and sorting of

collections from polar regions. OPP 93-48138.

$135,000.

Palinkas, Lawrence A. University of California,

San Diego, California. Human performance and

adaptation in polar environments. OPP 93-

70272. $1. ($12,601)

Weathers, Wesley W. University of California,

Davis, California. Foraging ecology and repro-

ductive energetics of antarctic petrels. OPP 92-

18536.$76,750.

Williamson, Craig E. Lehigh University, Bethle-

hem, Pennsylvania. Impact of ultraviolet-B

radiation of pelagic freshwater ecosystems: A

workshop. OPP 93-16534. $20,000. ($30,000)

Marine and terrestrial geology and
geophysics

Anderson, John B. Rice University, Houston,

Texas. Quaternary marine stratigraphy and sed-

imentology of Chilean fiords and continental

shelf, western Patagonia. OPP 93-49781.

$20,000.

Askin, Rosemary A. University of California,

Riverside, California. Eocene terrestrial palynol-

ogy of Seymour Island, Antarctica. OPP 93-

48860. $13,530.

Bell, Robin E. Columbia University, New York,

New York. Airborne lithosphere and ice-cover

experiment (ALICE): The antarctic rift system

examined with corridor aerogeophysics. OPP

91-20638.$92,648.

Bentley, Charles R. University of Wisconsin'

Madison, Wisconsin. Collaborative research:

Seismic refraction /wide-angle reflection inves-

tigation of the Byrd Subglacial Basin (field test).

OPP 92-22092. $28,998.

Blankenship, Donald D. University of Texas,

Austin, Texas. Airborne lithosphere and ice-

cover experiment (ALICE): Corridor aerogeo-

physics southeastern Ross transect zone

(CASERTZ). OPP 91-20464. $114,489. ($214,489)

Burckle, Lloyd H. Columbia University, New

York, New York. Late Quaternary warm events

in the southern ocean: Their impact upon the

stability of the west antarctic ice sheet. OPP 92-
20216. $90,000.

Burke, Kevin C. University of Houston, Hous-

ton, Texas. Support for activities of the presi-

dent of the Inter-Union Commission on the

Lithosphere of the International Council of Sci-

entific Unions (ICSU). OPP 90-22350. $4,133.

($28,930)

Corliss, Bruce H. Duke University, Durham,

North Carolina. Southern ocean paleoproduc-

tivity: The Eocene-Oligocene record. OPP 92-

19143.$119,001.

Cowart, James B. Florida State University, Talla-

hassee, Florida. Curatorship of antarctic collec-

tions. OPP 93-48498.$50,838.

Dalziel, Ian W. University of Texas, Austin,

Texas. Collaborative research: Seismic traverse

of the Byrd Subglacial Basin (field test). OPP 92-

22121. $30,000.	 1

Elliot, David H. Ohio State University, Colum-

bus, Ohio. Jurassic Ferrar tholeiites: Time of

emplacement, cause of young ages, and tecton-

ic implications. OPP 93-70321. $18,000.

Goodge, John W. Southern Methodist Universi-

ty, Dallas, Texas. Comparative petrologic, struc-

tural, and geochronometric investigation of

high-grade metamorphic rocks in the

Transantarctic Mountains. OPP 92-19BI8.

$52,222.

Harwood, David M. University of Nebri ^ska,

Lincoln, Nebraska. Neogene palynology ^ !rom

antarctic marine and glacial sediments. OPP 92-

19572.$55,208.	
1

Kurz, Mark D. Woods Hole Oceanographic

Institution, Woods Hole, Massachusetts.

Sources of Cenozoic volcanism in McMurdo

Sound: An isotopic study. OPP 92-20065.

$106,899.	 1

Leventer, Amy. Ohio State University, Colum-,,&

bus, Ohio. Quantitative diatom analysis from

Antarctic Peninsula surface sediments and a

test of paleoclimatic utility. OPP 92-18951.

$70,746.

Markgraf, Vera. University of Colorado, Boul-

der, Colorado. Paleoclimate in southern South

America and its relation to antarctic paleocli-4*

mates. OPP 93-49217.$4,034.

Marsh, Bruce D. Johns Hopkins University, Bal-

timore, Maryland. Solidification front instability

and silicic chaos in basaltic sills. OPP 93-4^924.

$7,759.

Mukasa, Samuel B. University of Michigan, Ann

Arbor, Michigan. A neodymium, osmium, lead,

and strontium isotopic study of the Dufek

Intrusion, Pensacola Mountains, Antarctica: Re-

assessment of differentiation mechanisnRs in

layered mafic complexes. OPP 92-19012.

$103,000.

Smithson, Scott B. University of Wyoming,

Laramie, Wyoming. Collaborative research-

Seismic refraction wide-angle reflection mirsti-

gation of the Byrd Subglacial Basin, An tica.

OPP 92-22428. $25,132.

Taylor, Edith L. Ohio State University, Ccium-

bus, Ohio. Paleobotany and biostratigraphy Of

the Allan Hills area. OPP 93 -48539. $28,628.
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Taylor, Thomas N. Ohio State University,

Columbus, Ohio. Paleobotany and biostratigra-

,t phy of the central Transantarctic Mountains.

OPP 92-18637. $117,592.
A
Thompson, George A. Stanford University,

4 Stanford, California. Seismic investigation of
sediment stratigraphy beneath the east antarc-

tic ice sheet. OPP 92-20462. $89,663.

Walker, Nicholas W. University of Texas, Austin,

Texas. Comparative petrologic structural and

4geo^hronometric investigation of high-grade

meiamorphic rocks in the Transantarctic

Mountains: Nimrod Group and Lanterman.

OPP 92-19555. $0. ($59,746)

Wilson, Terry J. Ohio State University, Colum-

bus, Ohio. Transverse structural segmentation

of the Transantarctic Mountains. OPP 93-70172.

$22,894.

Ocean and c1hnate studies

Ackley, Stephen F. U.S. Army Cold Regions

Research and Engineering Laboratory,

Hanover, New Hampshire. Sea-ice properties

and processes in the Weddell Gyre: A compo-

nent of AnZone, an integrated research pro-

gram into the oceanic structure of the western

Weddell Sea. OPP 93-47030. $180,552.

Balsley, Ben B. University of Colorado, Boulder,

Colorado. A proposal to install a wind profiler

radar on the Peruvian antarctic base Machu

Picchu on King George Island. OPP 90-22446.

$168,264.

Bromwich, David H. Ohio State University,

Columbus, Ohio. Boundary-layer dynamics

over West Antarctica. OPP 93 -49044. $58,433.

Bromwich, David H. Ohio State University,

Columbus, Ohio. Collaborative research: A

three-dimensional and time-dependent study

of the katabatic winds at Terra Nova Bay. OPP

92-18922. $75,079.

N;SF proposal guidelines and kit revised

N

SF's Grants for Research and Education in Science and

Engineering, or GRESE (NSF 92-89), has been revised and
will now be titled The Grant Proposal Guide, or GPG (NSF 94-2).

This revision standardizes and simplifies certain proposal

requirements to improve the proposal preparation, submission,

and review process. These changes are listed below.

• NSF has developed a "Proposal Forms Kit" that provides a

complete package of forms necessary for proposal submis-

sion. The kit will be available as a perforated, pull-out sec-

tion of the GPG and also as a separate publication with its

own publication number (NSF 94-3). The forms are also

available on STIS—the Science and Technology Information

System—and proposers are encouraged to submit proposals

electronically.

• The following new NSF forms have been added and appear

in the "Proposal Forms Kit": (1) Project Summary (NSF form

1358); (2) Table of Contents (NSF form 1359); (3) Project

Description (NSF form 1360); (4) Bibliography (NSF form

1361); (5) Biographical Sketch (NSF form 1362); and (6) Facil-

ities, Equipment, and Other Resources (NSF form 1363).

• The Project Description section will now allow only 15 pages

(including text and visual materials) unless modified by a

program announcement or solicitation and approved in

-advance by the applicable Assistant Director. This is to avoid

difficulties in defining visual materials, counting pages, and

.keeping overall proposal length limited.

• The "Cover Sheet for Proposal to the National Science Foun-

iation" (NSF form 1207) has been revised to include a block

)n the form, clarifying where the project is to be performed.

It also includes a new box to indicate whether a proposal is

Tom a "Beginning Investigator," is submitted as a "Group

roposal," or is a "Small Grant for Exploratory Research."
• new section, titled "Conformance with Instructions for

roposal Preparation," provides guidance on deviation from

NSF proposal requirements, as well as explicit instructions

indicating where an authorized deviation can be placed

within the proposal.

• Appendixes have been eliminated unless modified by a pro-

gram announcement or solicitation and approved in

advance by the applicable NSF Assistant Director.
• New information has been added to clarify NSF's policy and

requirements regarding cost-sharing. The "Summary Budget

Page" (NSF form 1030) has been modified to allow proposers

to enter cost-sharing amounts. The GPG clarifies that when

the budget of an NSF award includes figures for cost-sharing,

they are a condition of the award and are subject to audit.

• The method for indicating the level of effort given to a pro-

ject by the principal investigator must now be expressed in

terms of "person-months devoted to the project." "Current

and Pending Support" (NSF form 1236) has been updated to

include this change.

• New language has been included stating that the NSF Grants

Officer is the only individual authorized to obligate and

commit federal funds.

• Other changes include miscellaneous editorial changes

made throughout the publication as well as an updating of

text and information where applicable.

The GPG will be effective for 
all 

proposals submitted on or

after 4 April 1994. After this date, all versions of GRESE and its

forms should be discarded.

Researchers submitting proposals for research in Antarcti-

ca or antarctic-related research and data analysis at facilities in

the United States are reminded that they should also obtain

Antarctic Research: Program Announcement and Proposal Guide

(NSF 93-49). This booklet, which is to be used with the new

GPG, summarizes research opportunities, describes support

available in Antarctica, explains how to prepare a proposal, pro-

vides the worksheets necessary to prepare an antarctic research

proposal, and suggests sources of further information.

Copies of the Grant Proposal Guide, the accompanying

"Proposal Forms Kit," and Antarctic Research: Program

Announcement and Proposal Guide are available from the NSF

Forms and Publications Unit, Room P15, 4201 Wilson Boule-

vard, Arlington, Virginia 22230.
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Dibb, Jack E. University of New Hampshire,
Durham, New Hampshire. Gamma-ray detector
for snow deposition studies: Development and
testing. OPP 92-21836. $42,226. ($57,588)

Gordon, Arnold L. Columbia University, New
York, New York. Weddell Gyre physical oceano-
graphic studies. OPP 93-70017. $9,860.

Kareiva, Peter M. University of Washington,
Seattle, Washington. Foraging behavior and the
dispersion of pelagic birds. OPP 93-70764. $36.
($122,546)

Martinson, Douglas G. Columbia University,
New York, New York. Modeling deep- and bot-
tom-water formation along the continental
margin of the western Weddell Sea based on Ice
Station Weddell data. OPP 92-20407. $78,773.

McNider, Richard T. University of Alabama,
Huntsville, Alabama. Nonlinear dynamical
analysis of time-dependent nocturnal boundary
layers. OPP 91-20321. $30,085. ($60,170)

Parish, Thomas R. University of Wyoming,
Laramie, Wyoming. Collaborative research: A
three-dimensional and time-dependent study
of the katabatic winds at Terra Nova Bay. OPP
92-18544. $56,719.

Astronomy, aeronomy, and
astrophysics

Bieber, John W. Bartol Research Institute,
Newark, Delaware. Solar and heliospheric stud-
ies with antarctic cosmic-ray observations. OPP
92-19761. $200,189.

Gaidos, James A. Purdue University, West
Lafayette, Indiana. Observation of very-high-
energy gamma-ray sources from the South Pole.
OPP 92-20547. $50,000.

Harper, Doyal A. University of Chicago, Chica-
go, Illinois. A center for astrophysical research
in Antarctica. OPP 93 -70304. $99,788.

Inan, Umran S. Stanford University, Stanford,
California. Very-low-frequency remote sensmig
of thunderstorm and radiation belt coupling to
the ionosphere. OPP 93-70308. $11,539.

Jefferies, Stuart M. Bartol Research Institute,
Newark, Delaware. Probing the solar interior
and atmosphere from the geographic South
Pole. OPP 92-19515. $210,372.

Murcray, Frank J. University of Denver, Denver,
Colorado. Infrared measurements in the
Antarctic. OPP 92-19209. $39,845. ($69,845)

Proenza, Luis M. University of Alaska, Fair-
banks, Alaska. Preliminary fifth-year program
plan budget. OPP 93-47376. $150,000.
($2,500,000)

Spilhaus, A.F. American Geophysical Union,
Washington, D.C. Our Sun-Earth environment:
An exhibit project for the space sciences. OPP
93-48983. $5,000. ($10,000)

Glaciology

Alley, Richard B. Pennsylvania State University,
University Park, Pennsylvania. Presidential
Young Investigator Award. OPP 90-58193.
$31,250.($62,500)

Berkman, Paul A. Ohio State University, Colum-
bus, Ohio. Holocene environmental variability
associated with west antarctic ice sheet retreat
along the Victoria Land coast: Collaborative
research. OPP 92-21784. $139,13 1.

Bindschadler, Robert A. National Aeronautic
and Space Administration, Goddard Space
Flight, Greenbelt, Maryland. West Antarctic
Glaciology-III. OPP 93-48556.$146,000.

Blankenship, Donald D. University of Texas,
Austin, Texas. Airborne lithosphere and ice-
cover experiment (ALICE): Corridor aerogeo-
physics of the southeastern Ross transect zone
(CASERTZ). OPP 91-20464. $100,000. ($214,489)

Denton, George H. University of Maine, Orono,
Maine. Sensitivity of the antarctic ice sheet to
Late Quaternary climate change. OPP 91-18678.
$136,361.

Harrison, William D. University of Alaska, Fair-
banks, Alaska. The measurement of tempera-
ture in the margin of ice stream B, Antarctica,
and its interpretation. OPP 93-48428. $27,148.

Harwood, David M. University of Nebraska,
Lincoln, Nebraska. Presidential Young Investi-
gator Award. OPP 91-58075. $62,500.

Meier, Mark F. University of Colorado, Boulder,
Colorado. National Ice Core Curatorial Facility.
OPP 93-70318. $21,165. ($121,165)

Prentice, Michael L. University of Maine,
Orono, Maine. Holocene environmental vari-
ability associated with west antarctic ice sheet
along the Victoria Land coast: Collaborative
research. OPP 93-08437. $17,827.

Prentice, Michael L. University of Maine,
Orono, Maine. Warm climate antarctic ice
dynamics: Sirius Formation evidence. OPP 93-
70451.$15,115.

Proenza, Luis M. University of Alaska, Fair-
banks, Alaska. Preliminary fifth-year program
plan budget. OPP 93-47376. $50,000.
($2,500,000)

Proenza, Luis M. University of Alaska, Fair-
banks, Alaska. Preliminary fifth-year program
plan budget. OPP 93-70539. $198,759.
($1,507,362)

Whillans, Ian M. Ohio State University, Colum-
bus, Ohio. Mass balance and ice-stream
mechanics in West Antarctica. OPP 93-70226.
$22,728.

Support and services

Benioff, Ron. Environmental Protection Ageiicy,
Washington, DC. Country studies to address cli-
mate change. OPP 93-15699. $78,215.
($1,366,000)

Miami, Florida. Satellite communications for
scientific purposes: UNOLS. Fleet management
and polar program support. OPP 91-13^74.
$115,000.($125,157)

Crockett, Alan B. Idaho National Er
Laboratory, Idaho Falls, Idaho. Envii
measurements support for the U.S.
Program. OPP 93-49745. $133,158.

Karasik, Peter R. Department of
Protection, Montgomery County, Rockv
Maryland. Intergovernmental Personnel
mobility assignment. OPP 93-20640. $75,84(

Koger, Ronald G. Antarctic Support Assoc
Orange, California. Logistics support of o
tions/research activities related to the U
States Program in Antarctica. OPP 93-41
$15,000,000.

Nelson, Marilyn. Blue Pencil Group, Ioc.,
Reston, Virginia. Editorial services for the
Antarctic Journal of the United States. OPP 93-
19347.$41,511.

Petty, Jimmie D. U.S. Department of the Interi-
or, Fish and Wildlife Services, Columbia, Mis-
souri. Application of semipermeable membrane
devices (SPMDs) as passive monitors of the
environment of Antarctica. OPP 93-14735.
$67,800.

Proenza, Luis M. University of Alaska, Fair-
banks, Alaska. Preliminary fifth-year program
plan budget. OPP 93-47376. $1,000,000.
($2,500,000)

Proenza, Luis M. University of Alaska, Fair-
banks, Alaska. Preliminank fifth-year program
plan budget. OPP 93-70539. $25,429.
($1,507,362)	 i

Shah, Raj N. Capital Systems Group, I
Rockville, Maryland. Proposal processing
travel support to the Office of Polar Progr^
National Science Foundation. OPP 93-48
$11,095.

Shah, Raj N. Capital Systems Group, I
Rockville, Maryland. Proposal processing
travel support to the Office of Polar Progr
National Science Foundation. OPP 93-70
$15,000.

Sullivan, Cornelius W. University of
California, Los Angeles, California. In
mental Personnel Act assignment
49284. $9,961. ($19,922)

Wirth, David. University of California, Scopps
Institution of Oceanography, La Jolla, Califor-
nia. Shipboard technician support. OPP^93-
49113. $7,310.

Bentley, Charles R. University of Wisconsin,	Brown, Otis B. University of Miami, Rosentiel
Madison, Wisconsin. Geophysical studies of the	School of Marine and Atmospheric Sciences,
lateral transition zone of an active antarctic ice
stream. OPP 93-70227. $14,984.
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ather at U.S. stations

Av^rage temperature (O C)	-28.2	-4.7

Ter^perature maximum ('C)	-7.9----F 2.4

Temperature minimim (OC)

Average station pressure

Pressure maximum (mb)

Pressure minimum (mb)

Snowfall (mm)
Prevailing wind direction
Average wind (m/sec)
Peak wind (m/sec)
(date, direction)

Average SKY cover
Number of clear days
Number of partly cloudy day
Number of cloudy days
Number of days with visibility
less than 0.4 krn

-39.9	-17.6
(20)	(30)

980.80	985.2

1001.02	1007.5
(10,11)	(11)

952.19	957.7
(20)	(26)

38.10	352

300	Northeast

5.66	5.82

32.95	32.43

(25, 1200)	(2,340')

4.2/10	7.9/10

17	4

8	5

6	22

1.35	-

-22.9	-4.6

-7.9	2.3
(2)	(12)

-38.7	-16.9
(21)	(27,28)

979.11	982.3

1005.99	1015.8
(16)	(4)

955.00	955.7

99.06
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600
	

Southwest

5.66
	

5.92

20.59
	

35.52
(1, 70';
	

(6,360')
8, 1200;
11, 700)

6.3/10
	

9.4/10

11
	

1

7
	

0

12
	

29

1.73

	

-19.1	-3.3
	

-51.5

	

-3.1	5.0	-33.9

	

(25)	(6)

	

-33.9	-15.4
	

-62.4

	

(5)	(1)
	

(15)

	

978.50	984.4
	

674.1

	

1001.9	1008.5
	

687.2

	

(11)	(19)
	

(31)

	

955.30	955.1
	

662.3

	

40.6	655	Trace

	

600	Southwest	200

	

5.15	4.84	6.49

	

19.56	27.28	17.88
(14,140')	(27,350')	(9,350')

	

5.6/10	9.1/10	6/10

6	2	8

11	0	8

14	29	15

0	1	-	5.0

South Pole data were not available for August and September 1993. These will be included in a later issue.

Prepared from information from the stations. Locations: McMurdo 77"51'S 166'40'E, Palmer 64046'S 6403'W, Amundsen-Scott South Pole 900S. Eleva-
tions: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2,835 meters. For prior data and daily logs, contact the National Climate Center,

j, Ashpville, North Carolina 28801.

I
Record-breaking ozone losses
Conti nuedfrom page 7

incieased levels of destruction. NOAA

-researchers point out that ozone depletion

may, in fact, contribute to the record low

temPeratures. Besides shielding the Earth's

surf ice from UV radiation, the ozone layer

acts as an insulator, allowing the strato-

sphere to heat up. Destruction to this layer,

-^comequendy, could lead to lower temper-

aturps. For now, however, researchers need

more data before they can determine how

much of a role such a feedback loop would

hav^ in the ozone depletion cycle.

.AUVJ bcreasm measured at South
Pot ^, McMurdo, and Palmer Stadons

W

ith support from the National Sci-

ence Foundation (NSF), scientists

continue to investigate the impact that the

increased exposure to harmful wave-

Aengths of LTV radiation has on antarctic

life and what natural mechanisms animals

and plants may employ to avoid harm

from UV. Studies during previous austral

springs and summers have already esti-

mated that UV damage reduces the pro-

ductivity of ocean phytoplankton-the

tiny plants that constitute the base of the

food chain in the southern oceans-by 6

to 12 percent.

This austral spring, the NSF UV-moni-

toring network, run by Biospherical Instru-

ments, Inc., did show significant increases

in the amount of UV radiation reaching the

surface. At the South Pole, up to 3 Novem-

ber, the average level of UV-B-the part of

the spectrum most harmful to Iffe-was 19

percent higher than in the past 2 years.

The average "erythema" level of UV-a

measure relating sunlight to skin cancer-

is 23 percent higher than in the past.

According to another criterion, an assess-

ment of UVs damage to exposed DNA, this

year's values were 56 percent higher.

At the McMurdo Station on the Ross

Sea coast, where UV has been monitored

since 1988, UV-B was 44 percent higher

this year, the erythema level 55 percent

higher, and the potential for DNA damage

96 percent higher than in past years. Val-

ues are significantly greater at McMurdo

because the Sun is higher in the sky and

delivers a stronger dose of UV radiation

than at the Pole.

On the other side of the continent, at

Palmer Station on the Antarctic Peninsula,

record UV levels that significantly exceed

any measurements from the entire moni-

toring network over the past 6 years were

recorded. The average UV-B levels were 55

percent higher, erythema 73 percent high-

er, and the DNA dose 113 percent greater

than in the past.

Various NSF-supported researchers

are also studying how the rising LIV levels

may affect antarctic life. Currently,

researchers aboard the R/V Nathaniel B.
Palmer, the U.S. Antarctic Program's ice-

breaking research vessel, are investigating

how ozone depletion affects phytoplank-

ton in Antarctica's Weddell Sea.

ANTARCTIC JOURNAL - DECEMBER 1993

23



NATIONAL SCIENCE FOUNDATION
ARLINGTON, VA 22230

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE $300

RETURN THIS COVER SHEET TO ROOM P35 IF YOU 00

NOT VASH TO RECEIVE THIS MATERIAL Q , OR IF

CHANGE OF ADDRESS IS NEEDED 0 , INDICATE

CHANGE INCLUDING ZIP CODE ON THE LABEL (DO NOT

REMOVE LABEL).

The Science & Technology Information Systeo (STI
at the National Science FoitndatitSTIS io

What Is STIS?

STIS is an electronic dissemination sys-
tem that provides fast, easy access to National
Science Foundation (NSF) publications.
There is no cost to you except for possible
long-distance phone charges. The service is
available 24 hours a day, except for brief
weekly maintenance periods.
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pus has access to these Internet information
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tions. If you have the capability, it is the easi-
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Getting Started with Documents Via E-Mail

Send a message to the Internet address
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all 
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on STIS and instructions for retrieving them.
Please note that all requests for electronic
documents should be sent to stisserv, as
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Getting Started with Anonymous FTP

1717P to stis.nsf.gov. Enter anonymous for
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WAIS: The NSF WAIS server is
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If you are on the Internet: telnet
stis.nstgov. At the login prompt, enter "pub-
lic".

Getting Started with Direct E-K ill

Send an E-mail message to the IntOr
address stisserv@nsf.gov. Put the followin,
the text:

get stisdirm
You will receive instructions for ti is servic(

Getting Started with Gopher afw I WAIS

The NSF Gopher server is c n port&,
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