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The journal Arctic Research of the United
States is for people and organizations interested in
learning about U.S. Government-financed Arctic
research activities. It is published semi-annually
(spring and fall) by the National Science Founda-
tion on behalf of the Interagency Arctic Research
Policy Committee (IARPC) and the Arctic
Research Commission (ARC). Both the Inter-
agency Committee and the Commission were
authorized under the Arctic Research and Policy
Act (ARPA) of 1984 (PL 98-373) and established
by Executive Order 12501 (January 28, 1985).
Publication of the journal has been approved by
the Office of Management and Budget.

Arctic Research contains

« Reports on current and planned U.S.

Government-sponsored research in the Arctic;

« Reports of ARC and IARPC meetings; and

« Summaries of other current and planned

Arctic research, including that of the State of
Alaska, local governments, the private sector
and other nations.

Arctic Research is aimed at national and inter-
national audiences of government officials, scien-
tists, engineers, educators, private and public
groups, and residents of the Arctic. The emphasis
is on summary and survey articles covering U.S.
Government-sponsored or -funded research rather
than on technical reports, and the articles are
intended to be comprehensible to a nontechnical
audience. Although the articles go through the

normal editorial process, manuscripts are not ref-
ereed for scientific content or merit since the jour-
nal is not intended as a means of reporting scien-
tific research. Articles are generally invited and
are reviewed by agency staffs and others as
appropriate.

As indicated in the U.S. Axctic Research Plan,
research is defined differently by different agencies.
1t may include basic and applied research, monitor-
ing efforts, and other information-gathering activi-
ties. The definition of Arctic according to the
ARPA is “all United States and foreign territory
north of the Arctic Circle and all United States ter-
ritory north and west of the boundary formed by
the Porcupine, Yukon, and Kuskokwim Rivers; all
contiguous seas, including the Arctic Ocean and
the Beaufort, Bering, and Chukchi Seas; and the
Aleutian chain.” Areas outside of the boundary are
discussed in the journal when considered relevant
to the broader scope of Arctic research.

Issues of the journal will report on Arctic topics
and activities. Included will be reports of confer-
ences and workshops, university-based research
and activities of state and local governments and
public, private and resident organizations. Unsolic-
ited nontechnical reports on research and related
activities are welcome.

Address correspondence to Editor, Arctic
Research, Arctic Research and Policy Staff, Office
of Polar Programs, National Science Foundation,
4201 Wilson Boulevard, Arlington, VA 22230.

The new polar icebreaker USCGC Healy, commissioned on 21 August 2000. The Healy provides a new
platform for Arctic research, with capabilities that substantially surpass those of older icebreakers.

See page 123 for more information on the Healy.
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National Science Foundation

National Science Foundation research is concerned with the entire Arctic region,
including Alaska, Canada, Greenland, Svalbard, the Arctic Ocean and adjacent seas,
the upper atmosphere, and near space. Research falls principally within eight major
scientific disciplines.: atmosphere, ocean, biology, earth science, glaciology, social
science, engineering, and science education.

The NSF supports a formal Arctic research pro-
gram within the Office of Polar Programs (OPP).
Other divisions and programs throughout NSF,
primarily in the Directorate for Geosciences and
the Division of Environmental Biology in the
Directorate for Biological Sciences, support
research in and on the Arctic as part of their over-
all funding. Most research grants are awarded on
the basis of unsolicited proposals and are merit
reviewed.

InFY 01, NSF awarded funds for 438 Arctic
research projects at 146 institutions in41 U.S.
states and the District of Columbia.

The following sections present highlights of
several major programs and selected projects. A
complete listing of NSF Arctic funded projects can
be found in the publication Arctic Science, Engi-
neering, and Education Awards: FY 2001, avail-
able from the Office of Polar Programs, National
Science Foundation, Arlington, VA 22230.

Arctic System Science

The NSF established the Arctic System Science
(ARCSS) program in 1989. ARCSS research con-
tributes to the U.S. Global Change Research Pro-
gram. Administration of the program uses review
expertise and financial support from the OPP, as
well as contributions from other NSF Directorates
and other Federal agencies as appropriate. ARCSS
is coordinated and managed by the OPP. Through
a series of workshops and interactions with a
broad scientific community, ARCSS has developed
goals and priorities aimed at understanding the
role of the Arctic as a system in a global change
context. ARCSS is an interdisciplinary program
that examines the interactions within and between
the climatic, geologic, biologic, and socioeco-

nomic subsystems of the Arctic. ARCSS is predi-
cated on the knowledge that the Arctic system is
sensitive to and important in global change.

ARCSS has five linked components. The cur-
rent ARCSS program includes Ocean/Atmosphere/
Ice Interactions (OAII); Land/Atmosphere/Ice
Interactions (LAII); Paleoenvironmental Arctic
Sciences (PARCS); Russian—American Initiative
on Shelf-Land Environments in the Arctic
(RAISE); and Human Dimensions of the Arctic
System (HARC).

Science steering committees (SSCs) for each
component facilitate coordination and integration
and provide a focal point for communication with
the scientific community. Planning by the SSCs is
focused on three thematic questions: Are detected
changes predictable? How do human activities
interact with changes in the Arctic to affect the
sustainability of ecosystems and societies? How
will changes in Arctic cycles and feedbacks affect
Arctic and global systems?

Recommendations for overall coordination
and integration of the ARCSS components and
individual projects are provided by the ARCSS
committee of the Arctic Research Consortium of
the U.S. The committee includes representatives



from each SSC, as well as investigators not sup-
ported by ARCSS with a disciplinary interest that
enhances the scientific breadth and experience
of the group.

NSF/ARCSS has been particularly successful
at establishing partnerships with other Federal
agencies. Considerable cost and in-kind sharing
with NASA, DOE, ONR, and NOAA on current
projects has occurred for projects dealing with
Arctic climate and ocean processes and modeling
research.

Paleoenvironmental Studies

PARCS contributes to understanding the past
climate, atmosphere, and ecology of the Arctic.
This historical information gives valuable insight
into understanding system interactions. Starting
InFY 98 the paleoenvironmental components of
ARCSS have been partially supported by the NSF
program called Earth System History.

The PARCS program developed out of the ear
lier Paleoclimates from Lakes and Estuaries (PALE)
program, which had the goal of constructing
paleoclimatic history from the sediments of Arctic
and sub-Arctic bogs and lakes. PARCS incorpo-
rates the goals and focus of the PALE project but
recognizes that important and untapped informa-
tion about Arctic environmental history also
resides as tree-ring records and in sediments from
the marginal seas, continental shelves, slopes, and
abyss of the Arctic Basin. A variety of proxy indi-
cators (such as pollen, diatoms, sediment chemis-
try, and grain size) in the sediments yield vital
information on the responses of terrestrial and
marine ecosystems to climate, land use change,
and the physical conditions and productivity of
the Arctic Ocean, but additional new proxies are
sought. With the emphasis on variation of climate
over the last 20,000 years, the PARCS program is a
part of an international program, Circumpolar Arc-
tic Paleoclimate Experiment (CAPE), to produce a
reconstruction of the circumarctic environment.

Contemporary and Process Studies

OAII and LAII are process oriented and rely
more on experiment and less on description than
PARCS. An important goal of QAII is to inves-
tigate the effects of energy exchange on the
structure of the Arctic Ocean and the interactions
within the overlying atmosphere. Carbon seques-
tration, ecosystem dynamics, sedimentation, and
carbon deposition in the Arctic Ocean and its
interactions with the surrounding land and river
systems are also important topics of investigation.

OAII has conducted the Surface Heat Budget of
the Arctic Ocean (SHEBA) project froma ship
frozen into the drifting ice pack in the Beaufort
Sea. SHEBA measured the impact of clouds and
albedo on sea ice for a full annual cycle. Although
the experimental phase of the project is now
completed, analysis and modeling efforts to better
understand the impacts of solar heating on the
climatologically changing ice cap are continuing.
The Shelf-Basin Initiative (SBI) was begun to
better understand the role of the large continental
shelf seas in terms marine biological productivity
and the exchange of water, nutrients, heat, and
energy with the permanently ice-covered central
Arctic basins.

Terrestrial studies were expanded under the
new Arctic Transitions in the Land—Atmosphere
System (ATLAS) project. ATLAS is examining a
series of terrestrial sites across the gradient from
boreal forests in central Alaska to the tundra in
northern Alaska. Detailed understanding of the
plant-soil ecosystem at each site may allow pre-
dictions about the likely impact of global warming
on the northward migration of terrestrial ecosys-
tems. In close association with ATLAS, the United
States Tundra Experiment (USTEX) project, a part
of the ITEX (International Tundra Experiment),
is using the same sampling methodologies to
evaluate tundra plant growth as used by all other
participating countries. The use of these common
methods will allow direct comparison of the
regional tundra responses to climate change.

The Russian—American Initiative on Shelf-
Land Environments in the Arctic (RAISE) is
designed to foster closer collaboration between
Russian and U.S. scientists. As most of the river
flow into the Arctic Ocean is from the major Rus-
sian rivers, evaluating the impacts of climate
change on the Arctic would be difficult without
collaborative studies within Russia. Current
projects include an investigation of the hydrologic
cycle in tributaries of large Russian rivers, which
would allow a better understanding and prediction
of river flow and an evaluation of sediment
discharge from large eastern Russian rivers.

Human Dimensions of the Arctic System

Human Dimensions of the Arctic System
(HARC), the ARCSS component of the NSF
Human Dimensions of Global Change program, is
a collaborative effort with the Arctic Social Sci-
ences Program to integrate natural and social sci-
ences research that will demonstrate the inter-
actions of climate and human development with



the use of natural resources. Arctic Native peoples
have sustained themselves through hunting, fish-
ing, whaling, and wage employment derived from
petroleum revenues. The continued sustainability
of that culture and regional development could be
affected by global environmental changes that
may affect vegetation and marine productivity,
year-round sea ice maintenance, and construction
and land use practices. Research at the natural
sciences—human dimension interface will increase
policymakers’ understanding of regional natural
and social systems and build linkages between
communities in the Arctic. Those linkages will
enhance the knowledge base necessary for exam-
ining policy choices and risk assessments within
the context of global and regional climate changes.

Arctic Natural Sciences

The National Science Foundation established
the Arctic Natural Sciences (ANS) program in
1995. The program is unique in NSF in the variety
of disciplines supported. ANS supports research
in glaciology, atmospheric sciences, ocean sci-
ences, earth sciences, contaminants, biological
sciences, and environmental research.

Glaciology

Research in glaciology includes the study of all
forms of naturally occurring ice and its history.
Some examples are studies of past climates and
atmospheric paleochemistry from ice cores, ice
stream and valley glacier dynamics, glacial geol-
ogy, glacial hydrology, and glacier mass balance.
The research takes place in Alaska, Greenland, the
High Canadian Arctic, Svalbard, Russia, Iceland,
Norway, and Sweden. In addition, some limited
funding goes to support research in high-altitude
and midlatitude regions of the Northern Hemi-
sphere.

The program also supports research on new
methods of studying glaciers and ice sheets,
including the development of improved remote
sensing capabilities, such as synthetic aperture
radar (SAR) interferometry. In addition, declassi-
fied intelligence satellite photos are providing
information on decadal-scale changes.

The U.S. National Ice Core Laboratory (NICL),
located at the Denver Federal Center, is operated
through an interagency cooperative agreement
with the U.S. Geological Survey. The NSF funding
is from both the Arctic and Antarctic science pro-
grams and the Paleoclimate Program.

One of the important areas of research is to bet-

ter understand the mechanisms responsible for the
surge behavior of glaciers and the seasonal fluctu-
ations of glacier flow. Work has focused on the
role of subglacial water and basal water pressure,
ice temperature, internal deformation, till theology,
electrical conductivity, and turbidity of glacial
meltwater. These parameters are measured inbore-
holes in the ice at several locations on the gla-
ciers. Recent studies of the Greenland ice sheet
have shown that the ice-covered area around the
southern Greenland periphery has receded over
the past decade.

Among the largest uncertainties in ice volume
changes during the late Quaternary is the extent of
ice sheets over Franz Josef Land, Novaya Zemlya,
and the adjacent seas. Deglaciation of the Barents/
Kara Sea ice sheet may have been initiated by a
rapid global sea-level rise 13,000 years ago. This
sea-level rise would have destabilized this marine-
based ice sheet, particularly in the deep troughs
bordering the Russian Arctic seas.

Studies on natural climate signals in ice cores
have relied on the information preserved in the ice
caps about past atmospheric conditions. Over 50
chemical species and physical properties have
been measured in ice cores and are used to reveal
past climatic conditions.

Atmospheric Sciences

Numerous investigators are studying atmo-
spheric components of environmental change,
how they are characterized, and their conse-
quences for the Arctic. The program supports
research aimed at the physical and chemical
understanding of the processes responsible for,
and impacts resulting from, environmental change.

One example can be found in measurements
that characterize polar stratospheric cloud parti-
cles. The first of their kind, these measurements
are being used to test our understanding of the
formation of polar stratospheric clouds by com-
paring field measurements with microphysical
models. Polar stratospheric clouds are critical to
understanding the details of ozone depletion, par-
ticularly in the Arctic.

Tropospheric ozone plays a key role in the oxi-
dative chemistry of the troposphere and has an
important impact on the radiative balance of the
atmosphere. Understanding the processes that
control the origin, trends, distribution, and effects
of tropospheric ozone is a high priority in atmo-
spheric chemistry research. Research continues
toward understanding the production and loss of
tropospheric ozone through remote sensing,



in-situ measurements of trace gases and radicals
involved in ozone photochemistry, and chemical
and transport modeling studies.

Recently this has included groundbreaking
research on the interactions between air and snow
in the presence of light. It has been shown that
pore-air levels of NO,, HONO, and some oxidized
organic compounds are greatly altered by snow
photochemical processes and that OH levels are
affected. This may be important both for ozone-
related reactions and for processes controlling
general levels of reactive radicals.

Conditions in the magnetosphere, ionosphere,
and thermosphere can influence the performance
and reliability of space-borne and ground-based
systems. Arctic observations are essential to
understanding the physical processes that govern
space weather. Here the ANS program focuses on
high-latitude observations aimed at understanding
the coupling between the magnetosphere, the ion-
osphere, and the upper atmosphere and predicting
the weather in space. A specific emphasis of NSF
programs has been to understand Arctic and Ant-
arctic conjugate phenomena. Conjugate studies
provide a unique tool for tracing time-varying
magnetic field lines and determining large-scale
current configurations in the magnetosphere.

Ocean Sciences

Researchers found major regime shifts in the
ecosystems of the Barents Sea in July 1997, when
a large coccolithophore bloom (Emiliania huxleyr)
was encountered for the first time in the region in
connection with investigations of the inner front
of the southeastern Bering Sea. During the ensu-
ing fall, approximately 10% of the approximately 16
million short-tailed shearwaters died in the Bering
Sea. This event, which attracted considerable
attention in the scientific and popular press, is
likely a result of the coccolithophore bloom. This
could be because coccolithophores are much
smaller than the diatoms that usually prevail in
these waters, and their presence favors small
copepods and microplankton over the larger krill
on which the birds feed. The coccolithophore
bloom appears to have resulted from atmospheric
conditions and an oceanic structure that caused
an unprecedented depletion of nutrients in the
surface layers. The E. huxleyi bloom returned in
subsequent years.

Farther to the north, others found that a contin-
ued decline in benthic populations in the area
south of St. Lawrence Island might be indicative
of global change processes influencing ecosys-

tems in the region. Measurements indicate a
decline in carbon deposition to the benthos rela-
tive to measurements from the late 1980s and early
1990s. This is hypothesized to relate to reduced
hydrographic flow in the region. The species com-
position has shifted, and the new dominant
bivalves have probably resulted in an energy loss
for the populations of spectacled eiders, diving
ducks, and walruses. During its winter stay in the
Bering Sea, the entire world population of the
spectacled eiders feeds in this polynya.

Important issues in the Arctic Ocean are related
to the global carbon cycle and the distribution of
biota, freshwater balance, circulation, heating,
transport of sediments and pollutants, and spread-
ing of the seafloor, as well as the volume, flow, and
properties of sea ice.

This area is difficult to reach and presents sig-
nificant logistical challenges for researchers. In
the late 1990s U.S. Navy submarines supported
civilian scientists on unclassified cruises, known
as Science Ice Experiments (SCICEX), under the
Axctic Ocean ice cap. These cruises have ended,
but there is a new agreement to continue to use
submarines to conduct science experiments on a
more limited basis when feasible, so there are still
opportunities for some sample collection. Results
from the original cruises are still being analyzed
and were becoming available during 2000 and
2001.

One recent result from SCICEX was a compari-
son of the phylogenetic composition b-Proteobac-
terial ammonia-oxidizing bacteria (AOB) assem-
blages in plankton samples collected in the Arctic
with similar ones from the Antarctic, which identi-
fied a novel 16S rDNA sequence distantly related
to Nitrosospira in all samples that were positive
for AOB. The widespread distribution of this
ribotype in cold oceans suggests that it repre-
sents a dominant species of planktonic AOB. Its
trans-polar distribution contrasts with that of
another group of polar prokaryotes, the gas vacu-
olate bacteria, which display polar endemism.
These differences in distribution can be related to
the influence of the adaptive strategies of these
two groups of organisms on their potential for
trans-global dispersal.

Modeling and data analysis have revealed a
partial recovery of the cold halocline layer (CHL)
in the Eurasian Basin. This layer of cold water iso-
lates the ice from warmer Atlantic water underlying
it. Its diminution in the 1990s was considered
likely to lead to a reduction in ice cover. Condi-
tions in 2000 were similar to those seen in 1991 by



the icebreaker Oden, somewhere between the his-
torical mean and the extreme CHL retreat seen by
the mid-1990s, in keeping with the behavior of the
Arctic Oscillation index. Researchers have begun
to examine the circulation and heat content varia-
bility of summertime Pacific waters into the Arctic
Ocean. This will assist in an examination of the so-
called cool halocline of the western Arctic, where
waters of up to a degree above freezing reside just
below the mixed layer.

Several ocean science investigations are being
conducting in the Arctic regions to better under-
stand the ocean’s role in climate change and how
it is characterized. A field component (North
Pacific-Bering Sea) of a major study is being
undertaken to compare directly the fractionation
relationship in natural alkenone-producing algae
with those developed in laboratory experiments.
Although laboratory and field studies suggest
that isotopic analyses of alkenones show great
potential as a CO, proxy because cell geometry
may be estimated, the relationship between spe-
cific growth rate and carbon isotopic fractionation
in natural samples has not been well defined. For
this reason the principal investigators will develop
and evaluate a novel method based on combining
13C labeling and isotope-ratio-monitoring gas
chromatography—mass spectrometry to determine
in-situ growth rates of Emiliania huxleyi and
Gephyrocapsa oceanica in the ocean. The objec-
tives of this research are to define the range of
growth conditions where the 13C-alkenone-
labeling technique gives reliable estimates of
growth rate and to identify under what conditions
bias may be anticipated. In addition, the principal
investigators will evaluate the effects of nutrient
and light limitation on carbon isotopic fraction-
ation and explore how culture techniques affect
13C labeling and the relationship between carbon
isotopic fractionation, growth rate, and aqueous
CO, concentrations using dilute batch versus
continuous culturing experiments. Lastly, in a
select suite of experiments, the rate of incorpora-
tion of 13C into alkenones will be compared with
other lipids for E. huxleyi and G oceanica to pro-
vide insight into the physiological functions and
biosynthetic pathways of alkenones. Results from
this study will help calibrate and validate the use
of carbon isotopes in alkenones as a CO, proxy,
essential knowledge if the paleoceanographic
community is to use this proxy to better under-
stand mechanisms of climate change.

In another study, researchers will determine the
in-situ rates of gross and net primary productivity

in the North Pacific Ocean using measurements of
the isotopic composition and saturation level of
dissolved oxygen. Marine productivity affects a
wide range of fundamental properties of the

earth from, for example, the concentration of CO,
and O, in the atmosphere to the magnitude of
potential fisheries harvests. Within the near
future, potential climate-change-induced alter-
ations of ocean productivity could feed back into
changes in the rate of anthropogenic CO, buildup
in the atmosphere. Our ability to quantify rates of
marine productivity is critical to our understand-
ing of how the earth’s carbon cycle has changed
in the past and will change in the future.

Another project considers the mechanisms of
denitrification—the chemical reduction of the dis-
solved nutrient NO,~ largely to inert N, gas—in
the polar oceans and specifically the Bering Sea.
Denitrification in the ocean, the loss of nutrient
nitrogen essential for biological processes, is con-
ventionally thought to take place only in condi-
tions of relative dissolved oxygen deficiency (less
than 5-10 uM O,). The northern polar ocean
shows significant nitrate depletion relative to
phosphate despite the concentration of oxygen
rarely falling below 15 uM throughout much of the
region. It has been known for many years that the
Bering Sea in particular exhibits a sizeable nitrate
deficit, but whether this arises in the water column
or in the sediments, or perhaps is even advected
in from low-latitude oxygen minimum zones in the
Pacific, remains unclear. Isotopic measurements of
nitrate will be used to assess the relative roles of
sedimentary vs. water column denitrification
based on observed distinct isotopic signatures
accompanying these two processes. Using a
recently developed isotopic analytical method, the
8180 of oceanic nitrate will also be developed as a
tracer to complement the interpretation of §'°N dif-
ferences to study these aspects of the oceanic
nitrogen cycle. A further line of enquiry of the
study is to consider the proposition that the mod-
ern polar Pacific Ocean operates as an analog of
the glacial Southern Ocean, a key unknown in
interpreting Holocene variations in atmospheric
CO,, thus broadening our understanding of geo-
logically recent climate change.

In a modeling project, investigators are quanti-
fying the physical mechanisms controlling the
rates of biological carbon export and the uptake of
anthropogenic carbon dioxide (CO,) in the North
Pacific Ocean using a basin-wide general circula-
tion model (GCM). The model is operational and
has already been used to evaluate mechanisms of



subduction and water mass formation in the North
Pacific and is currently being tested using chloro-
fluorocarbon tracers (CFCs). The approach used is
to first incorporate bomb-produced '“C into the
model to validate its advective and diffusive
fields. By adding this carbon-based tracer the
model will then have been verified with both CFCs
and *C — two tracers with different boundary
conditions and time histories. Next, the three-
dimensional distribution of biological carbon
export and remineralization rates are determined by
using the observed distributions of several bio-
logical productivity tracers, specifically nitrate and
phosphate (and their dissolved organic counter-
parts), three dissolved atmospheric gases (oxy-
gen, argon, and nitrogen), and the 13C/12C ratio of
the dissolved inorganic carbon (DIC). Investiga-
tors then simulate the anthropogenic CO, pertur-
bation and utilize independent reconstructions of
the anthropogenic DIC and !3C/!2C changes in the
North Pacific to validate model predictions.
Finally, the model response to decadal variability
in forcing is examined. There are several reasons
to choose the North Pacific Ocean as the site for a
basin-scale modeling study. There are three
JGOFS time-series sites that yield observed car-
bon fluxes and anthropogenic CO, signals to com-
pare to model predictions. The lack of deep-water
formation at its poleward boundary simplifies the
meridional circulation compared to the North
Atlantic and southern oceans and justifies shorter
model runs. Finally, the North Pacific has been the
site of intensive chemical tracer measurements,
specifically CFCs, C, and 13C/!2C, over the last
10 years.

Earth Sciences

ANS supports research in a wide range of
fields of geology, including paleoclimatology,
glaciomarine sedimentology, permafrost, glacial
geology/geomorphology, surficial processes,
paleontology, petrology, tectonics, and solid earth
geophysics. The paleoenvironmental studies
focus on understanding the past Arctic environ-
ments by examining the sedimentary and paleon-
tological record of terrestrial coastal plain, conti-
nental shelf, and deep marine sediments.

The tectonic evolution of the Arctic Ocean
Basin and the Bering Sea is a major scientific prob-
lems that needs to be addressed. Tectonic activity
such as subsidence, uplift, and seafloor spreading
has opened the basin since the mid-Mesozoic.
New geological and geophysical studies will help
our understanding of the evolution of the basin,

which is a crucial missing link in understanding
much of Arctic history.

During August and September 2001 the new
U.S. Coast Guard icebreaker Healy and the German
research vessel Polarstern from the Alfred Weg-
ner Institute in Bremerhaven made an “epic” jour-
ney to map and sample the 1800-km Gakkel Ridge
in the Arctic Ocean, the world’s slowest-spreading
mid-ocean ridge. This was the Healy 5 maiden
scientific voyage, and her performance exceeded
anyone’s expectations and everyone’s scientific
goals.

The primary objective was to sample the Gakkel
Ridge using dredges and wax corers. Basalts and
peridotites were recovered from approximately 225
sites along the ridge, which is about three times
the number proposed. Using the hull-mounted
multi-beam sonar system on both ships produced
a high-resolution map of the Gakkel Ridge. These
systems were not expected to work well in the ice
because the ice is noisy against the hull and it
interferes with the sonar. However, the sonars on
the new Healy and Polarstern worked well.

The scientists found many unexpected features.
The bathymetric map revealed that there were
many more volcanoes than expected, and some
were similar to those found on land. Seismic mea-
surements from the Polarstern showed that the
crust thickness varies along the ridge axis. These
variations may be related to volcanic centers.

Scientists used an instrument called a miniature
autonomous plume recorder (MAPR) to locate
hydrothermal activity by measuring the tempera-
ture and optical properties of water columns. With
the discovery of hydrothermal vents along the
Gakkel Ridge, it is believed that hydrothermal
activity can occur anywhere, even at extremely
slowly spreading ridges. They recovered fresh
sulfides, which are part of “black smoker” chim-
neys and the most striking manifestation of hydro-
thermal activity. Black smokers could potentially
support previously unknown marine organisms.

Permafrost is ubiquitous in cold climates, and
its occurrence and thickness increase during cold
periods and decrease in warmer periods. Discon-
tinuous permafrost is ice-rich permafrost that is
thawing or degrading; its temperatures range from
—5°to —2°C. Therefore, its occurrence and distri-
bution are particularly sensitive to climate
changes. Recent studies have shown that
increases in air temperatures in the Arctic have
been greater than increases in temperatures in the
temperate climates. Such temperature increases
should have been reflected in an increase in



permafrost temperatures, but a number of other
parameters such as the depth and duration of
annual snow cover can also affect the permafrost.
As a result, there is concern about the future of
permafrost and response to warming trends.
Closely related to the concerns about perma-
frost thawing is the role of the tremendous volume
of clathrates or frozen gas hydrates that are asso-
ciated with and found below the permafrost and
off the shelf areas. Gas hydrates are frozen meth-
ane and water that can hold methane at concentra-
tions approaching that of liquefied natural gas.
Methane hydrates could have a major influence in
stabilizing climate during periods of major cooling;
more important is the concern over the stability of
these deposits during a warming trend. Large
releases of methane could increase atmospheric
concentrations of methane. Furthermore, they
could also change the strength of seafloor
sediments, which could affect seafloor stability.

Contaminants

ANS encourages basic science research on the
physical, chemical, and biological processes that
sequester and disperse contaminants. Quantifica-
tion of these processes for a variety of contami-
nants, including heavy metals, radionuclides, per-
sistent organic pollutants (such as pesticides and
industrial chemicals), hydrocarbons, ozone (and
its precursors), and aerosols derived from various
parts of the Arctic, is fundamental to appreciating
and mitigating their impact on human physical and
socioeconomic systems.

Research on ultraviolet impacts found that the
presence of humic materials in Arctic Norwegian
coastal waters results in rapid attenuation of ultra-
violet radiation compared to extinction coefficients
obtained in Antarctic waters. As this will minimize
the loss of integrated primary production due to
ultraviolet radiation in the euphotic zone, it means
that it is important to understand the seasonal
aspects of humic materials in coastal waters, the
timing of atmospheric ozone depletion, and the
timing of the spring phytoplankton bloom, which
is important for fish larvae.

In a study using natural and anthropogenic
radionuclides in sea ice sediments to characterize
the sources of these sediments and possible modi-
fications as they are transported across the Arctic
in the transpolar drift, researchers found that sam-
ples of sea ice sediment recovered from sea ice
floes around Svalbard all had detectable '¥7Cs
activity. Measurements of plutonium isotope
ratios (2*°Pu/23?Pu) on these samples show that

the source of the plutonium is fallout from the
atmospheric testing of atomic weapons. There was
no evidence in the sea ice sediment samples of a
source of plutonium from Russian nuclear facilities
in the Siberian Arctic. However, measurements of
the 240Pu/23%Pu isotope ratio in bottom sediments
from the Fram Strait and Northeast Water Polynya
show that non-fallout plutonium may have been
added to these areas in the past.

Environmental Research

The purpose of NSF’s ANS environmental
research is to understand the relationship between
physical and chemical processes as they relate to
the unique character of the Arctic environment.
Research projects in this area include the history,
biology, and dynamics of Arctic fauna and flora;
the physical and biological geography of Beringia
and the Arctic coastal regions; the microbial pro-
cesses responsible for mineralization cycles such
as carbon and nitrogen fluxes; biological adapta-
tion to the Arctic environment; and the hydro-
graphy of freshwater drainages.

ANS researchers found that the needle reten-
tion of forest white spruce in the Chugach Moun-
tains in the south of Alaska was about half of that
in the White Mountains in interior Alaska and the
Brooks Range in northern Alaska. The trees above
the forest limit (within the treeline zone) showed
premature needle loss and thus lower needle
retention than forest trees. This difference in nee-
dle retention between forest and treeline is great-
est in the southernmost mountain range (the
Chugach Mountains) and least in the northern-
most mountain range (the Brooks Range). Tree
growth decreased northwards and up in elevation,
and the greatest difference between elevations
was in the southernmost Chugach Mountains,
where climatic differences between treeline and
forest sites are most extreme. These results have
implications for vegetation in a warming scenario.

The Arctic Long Term Ecological Research
(LTER) projects continue to provide insights into
Arctic and near-Arctic habitats. Research at Toolik
Lake in the northern foothills of the Brooks Range
has identified a host of interrelationships between
atmosphere, soil, water, and dominant biotic com-
ponents. In a finding that could have important
consequences for land use policies in watersheds
from the Chesapeake Bay to Puget Sound,
researchers have discovered that small streams
contribute more to removing nutrients such as
nitrogen from water than do their larger counter-
parts. There’s a strong relationship between the



size of a stream and how rapidly that stream
removes nutrients. The smaller the stream, the
more quickly nitrogen can be removed and the
less distance it will be transported down the
stream. The findings are based on data collected
initially from streams in NSF’s Arctic Tundra
Long-Term Ecological Research site in Alaska and
subsequently from 12 sites across the country.

Biological Sciences

Research topics span a broad range of biologi-
cal disciplines, with several projects that are multi-
disciplinary or interdisciplinary in design. The
biological sciences component of the Arctic
Natural Sciences Program supports research in all
aspects of Arctic biology, including biological
oceanography and marine ecology as well as
terrestrial and freshwater ecology.

In a project combining biomedical physics
knowledge and an interest in oceanography,
researchers demonstrated the physics by which
polymers in the dissolved organic matter pool of
seawater form nanogels that can assemble sponta-
neously and reversibly into microgels, and they
related this to the role of assembled microgels in
bacterial production. Of fundamental significance
to the field of oceanography by contributing an
understanding of mechanisms for the study of dis-
solved and particulate matter in seawater, this
work led to a successful biocomplexity proposal.

In another fundarental study, as part of a
project on the dynamic properties of plankton in
polar lakes, researchers developed a new model of
kinetic theory that they believe could replace the
90-year-old Michaelis Menten and 60-year-old
Monod models to become the new standard for
describing and understanding nutrient flux and
transport into microorganisms and other cells. The
new model predicts the various cellular compo-
nents relevant to transport and growth, such as
permease distributions, metabolic pool concentra-
tions, and enzyme concentrations and ratios from
first principles according to kinetic theory, provid-
ing a powerful tool for designing experiments that
may probe nutrient dynamics on both a system
and a cellular level. Replacing a paradigm as firmly
entrenched as Michaelis Menten will certainly
encounter barriers, but it has proceeded so far
without challenge.

In a study on population genetics, scientists
produced the first genetic characterization of the
major lineages of an ecologically important fresh-
water crustacean group (Bosmina). Using 1683 ref-
erence sequences they developed, researchers

can now determine the major group to which given
populations belong. This is an important contribu-
tion to the comparative biology of Arctic fresh-
water organisms. They also found the first strong
evidence for the origin of an Arctic polyploid ani-
mal. Newly collected nuclear phylogeography and
mtDNA evidence suggest that the most success-
ful zooplankter in glacial lakes (Daphnia galeata
mendotae) resulted from hybridization between
two species that hid out in Beringia during the last
glaciation, meaning that animal species can be
created by gene flow across species boundaries
resulting from hybridization. The phylogeographic
patterns emerging from freshwater microcrusta-
ceans suggest a close association of eastern
Canadian Arctic to European Arctic species, and a
close association of western North American Arc-
tic species with Asian Arctic species (Beringia).
This challenges the argument that Greenland acts
as a dispersal barrier between North American and
Eurasian freshwater species in the Arctic.

Bird researchers discovered that the adreno-
cortical response to stress is suppressed in Arctic
breeding birds. They found three possible recep-
tor types for corticosteroids in the passerine brain,
one of which appears to be different from the
mammalian type. Additionally, they were able to
measure mRNA for androgen receptor gene
expression in a passerine brain. Moreover, field
studies in Barrow revealed that snow buntings
and redpolls are polyandrous (that is, each nest-
ing females has from one to five males attending
her and the nest), a condition that appears unique
in Arctic passerines.

By using DNA analysis on fossil bones,
researchers discovered a dramatic genetic turn-
over event about 20,000 years ago in brown bears
and gray wolves from deposits near Fairbanks,
Alaska. Prior to 20,000 years ago, North American
bears and wolves show a wide diversity of distinc-
tive DNA sequences that were later replaced by
new sequences of apparently Old World origin
just as the land bridge with Asia opened. These
new sequences carry through to the present with
minor modifications. Because they showed that
pre-glacial populations of bears and wolves were
genetically more diverse than post-glacial ones,
these results suggest a historical rather than an
anthropogenic cause of limited genetic diversity in
large North American carnivores. They also
showed that apparent genetic differences among
brown bear populations have a very recent origin.
Both results have important conservation implica-
tions. Results also indicate an extinction event






