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About
the
Journal

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 and the Arctic Research Com-
mission. Both the Interagency Committee and ‘the
Commission were authorized under the Arctic
Research and Policy Act 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. Govern-
ment-sponsored research in the Arctic;

* Reports of ARC and IARPC meetings;

» Summaries of other current and planned
Arctic research, including that of the State of
Alaska, local governments, the private sector
and other nations; and

* A calendar of forthcoming local, national and
international meetings.

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 in-
tended 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 appro-
priate.

As indicated in the U.S. Arctic Research Plan,
research is defined differently by different agen-
cies. It may include basic and applied research,
monitoring efforts, and other information-gather-
ing activities. The definition of Arctic according to
the ARPA is “all United States and foreign territo-
ry north of the Arctic Circle and all United States
territory 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. Unso-
licited nontechnical reports on research and related
activities are welcome.

Address correspondence to Editor, Arctic Re-
search, Arctic Research and Policy Staff, Office
of Polar Programs, National Science Foundation,
4201 Wilson Boulevard, Arlington VA 22203.

Covers the Mesa, a sliver of igneous rock that sits 60 m above the surrounding valley floor just north of the
Brooks Range. This site was used by Paleoindians as a hunting lookout, and archaeological research
being conducted here is shedding new light on the lives of these people and the appearance of humans
in North America. See page 55 for more information about this research.
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The Department of the Interior in the Arctic

This introduction was pre-
pared by Mark Schaefer,
Deputy Assistant Secretary
for Water and Science,
Department of the Interior,
1849 C Street NW, Mail Stop
6640, Washington, DC 20240.

The mission of the Department of the Interior
is to encourage and provide for the appropriate
management, preservation and operation of the
Nation’s public lands and natural resources for use
and enjoyment both now and in the future; to carry
out related scientific research and investigations in
support of these objectives; to develop and use
resources in an environmentally sound manner
and provide an equitable return on these resources
to the American taxpayer; and to carry out the
responsibilities of the U.S. Government with
respect to American Indians and Alaska Natives.

The Arctic Region of Alaska offers enormous
challenges and opportunities for the Department to
demonstrate the value of accomplishing this mis-
sion. The challenges range from the protection of
the great biodiversity, both onshore and offshore,
to providing equitable treatment to the Native
communities. The opportunities include the unique
laboratory for scientific research on matters such
as climate change, volcanic eruptions and Arctic
land management. The Department’s activities are
performed by bureaus, each with administrative
and technical offices located in Alaska, including
the U.S. Geological Survey (which now includes a
new Biological Resources Division, the former
National Biological Service), Minerals Manage-’
ment Service, U.S. Fish and Wildlife Service,
National Park Service, Bureau of Land Manage-
ment (which includes parts of the previous Bureau
of Mines) and the Bureau of Indian Affairs.

In FY 96 the DOI spent approximately $33 mil-
lion fulfilling its responsibilities in the Arctic.
Most of this was used for research-related activi-
ties. This represents approximately 20% of all
Federal money spent on Arctic research activities.

Articles published in this edition of Arctic
Research of the United States cover a variety of
topics describing the diversity of programs man-
aged by Department of the Interior bureaus. The
fact that the Arctic is an international resource and
that international cooperation is important to Arc-
tic science is reflected in papers on international
cooperation in the Beringia region and the Shared
Beringian Heritage Program by the National Park
Service, on global partnerships and an internation-
al environmental data directory by the U.S. Geo-
logical Survey, and in a paper by the U.S. Fish
and Wildlife Service on the polar bear and Pacific
walrus bilateral conservation agreements between
the U.S. and Russia. Emphasis on traditional biol-
ogy and management of biological resources is

reflected in papers from the National Park Service
and Bureau of Land Management on the migration
of shorebirds and waterfowl at Carter Spit, the
ecology of yellow-cheeked voles along the Kobuk
River, and the environmental dimensions of sea-
bird distribution and utilization on St. Lawrence
Island and nearby Russia. Prehistoric life and its
relationship to past climate and geography are
explored in papers related to a Paleoindian archae-
ological site in the northern foothills of the Brooks
Range and in a paper on the Cretaceous dinosaur
fauna along the Colville River. Continuing to
explore the problem of ecological contamination
of Arctic ecosystems (a focus of the Fall/Winter
1966 issue of Arctic Research of the United
States), two articles by the U.S. Geological Survey
discuss radioactive contamination in Arctic marine
systems and contaminants in Arctic waterfowl.
Three articles relate to oil and gas resources in
Arctic Alaska and adjacent waters. A paper by the
Minerals Management Service summarizes the
Minerals Management Service 1995 assessment of
the quantities of undiscovered oil and gas that lie
beneath submerged Federal lands offshore of
Alaska. For onshore Alaska the U.S. Geological
Survey provides a history of oil and gas explora-
tion, information on known resources and recent
increasing interest in oil and gas prospects on Fed-
eral lands. In a paper on “Melding Science and
Traditional Ecological Knowledge for Future Off-
shore Oil and Gas Development Decisions,” the
Minerals Management Service provides informa-
tion on its Alaska Environmental Studies Program
and how it defines information needs and imple-
ments studies to assist in minimizing potential
effects of oil and gas exploration and development
on human, marine and coastal environments of the
Outer Continental Shelf and nearby coastal areas.
Four articles in this issue illustrate the use of
new technologies for mapping and understanding
the Arctic environment. The U.S. Geological Sur-
vey has produced a unique digital shaded relief
map of Alaska, which reveals a number of Alas-
kan geologic features that have not been depicted
before and, therefore, provides earth scientists
with a new “look” at fundamental geologic fea-
tures of Alaska. A copy of this map is featured in
this edition as our first fold-out illustration. The
U.S. Fish and Wildlife Service discusses how sat-
ellite technology and remote sensing are being
used as part of an international effort to produce a
new circumpolar Arctic vegetation map depicting



the distribution and boundaries of Arctic vegeta-
tion north of the Arctic treeline, and the U.S.
Geological Survey describes how these technolo-
gies have been used to assess caribou habitat se-
lection at a landscape level. The Bureau of Land
Management provides a paper illustrating how a
combination of historic photography and modern
technology have been combined to understand
surges and changes in the Bering Glacier, the
largest and longest glacier in continental North
America.

Finally, two researchers from the University
of Alaska describe their work in collaboration
with the National Park Service on the Kobuk Sand
Dunes, remarkable geologic features that rise to
30 m in height and cover approximately 100

square km in northern Alaska. The Kobuk Dunes
are a globally unique desert ecosystem existing
as an island within the boreal forest. They persist
in a tension zone between desert and forest and
may be important as a future indicator of global
change.

After reading the articles in this edition of Arc-
tic Research of the United States, one is left with
the sense of the Department of the Interior’s often-
times conflicting and varied responsibilities in the
Arctic. We are proud of our research results in the
Arclic and are pleased to be able to describe some
of these in this Arctic Research of the United
States edition devoted exclusively to the Depart-
ment of the Interior. We will continue to have a
significant role in the Arctic,



MMS Alaska Arctic Environmental Studies

Melding Science and Traditional Ecological Knowledge for
Future Offshore Oil and Gas Development Decisions

This article was prepared by
Michael Buffrey. Cleveland
Cowles, Vulerie Ellion,
Timothy Holder, Warren
Horowitz, Thomas Newbury
and Stephen Treacy of the
Alaska OCS Region, Minerals
Managemenr Service, 949
East 36th Avenue, Anchorage,
Aluska 995084302,

Beaufort Sea and North Slope
of Alaska, showing OCS oil
production units.

The Minerals Management Service (MMS)
Alaska Environmental Studies Program (ESP) was
initiated by the U.S. Department of the Interior in
1974 in response to the Federal government’s deci-
sion to propose areas of Alaska for offshore gas
and oil development. The purpose of the ESP is to
define information needs and implement studies to
assist in predicting, assessing and managing poten-
tial effects on the human, marine and coastal envi-
ronments of the Outer Continental Shelf (OCS) and
coastal areas that may be affected by gas and oil
development. Lease-management decisions are
enhanced when current, pertinent and timely infor-
mation is available. To attain ESP goals, data on
specific environmental, social and economic con-
cerns arising from offshore leasing are sought. The
ESP may then monitor effects during and after oil
exploration and development.

Beaufort Sea studies have been an important
program component since the ESP was established
and will be especially important for the foreseeable
future. Not only has the area been the focus of sev-
eral previous offshore oil and gas lease sales, but
industry interest in the Beaufort Sea OCS was
re-affirmed in 1996 by the leasing of 29 additional
tracts. Also expected to increase interest in the area
is the Northstar prospect proposed for development
by BP Exploration. This site is on the continental

shelf less than 16 km north of Prudhoe Bay. The
Northstar Unit lies on both sides of the boundary
that separates State of Alaska offshore waters from
Federal OCS waters and will be undergoing envi-
ronmental reviews in the near future.

As proposals for development continue to
evolve, Alaska’s coastal communities on the Beau-
fort Sea are expecting increased involvement in
project reviews and decisions that may affect their
subsistence lifestyle. Since the peoples of Alaska’s
remote Arctic communities rely so heavily on sub-
sistence resources of the marine environment, they
are especially concerned about industrial activities
that may directly or indirectly affect hunting suc-
cess or the habitats of species important to subsis-
tence. Just as local peoples expect to be involved
in policy decision making, they also desire to par-
ticipate in project-level decision making related to
research activities that seek to understand the inter-
actions of human activities and the natural environ-
ment.

Over the years the ESP has involved Alaskans
and others in its research planning and execution
in a number of ways. For example, direct solicita-
tion of comments on Regional Environmental
Study Strategic Plans (MMS 1995) has long been
used to seek and make use of the knowledge of
coastal communitites and other residents in plan-
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ning. Other public involvement, such as participat-
ing on project management or scientific review
boards of certain studies, has been utilized. In all
MMS field-oriented studies, researchers coordi-
nate directly with local communities to discuss
their plans, seek advice, and assure that interested
people learn about the project and its results. Re-
cently the MMS has incorporated traditional
knowledge of Alaskan residents directly in the
preparation of its environmental impact statements
and other decision documents.

Always a strong point, public input in planning
and execution of the ESP has remained a corner-
stone of the program’s success. The process of
melding traditional information with MMS scien-
tific activities varies from project to project, but
the outcome of better information for decision
making is a common goal. Three Arctic studies
that present examples of how scientific and tradi-
tional information sources can be successfully
melded are presented below. Two are ongoing bio-
logical studies focusing on key subsistence spe-
cies, the bowhead whale and the ringed seal, and
the third is an upcoming project that will synthe-
size scientific and traditional information on the
socioeconomic effects of oil and gas industry
activity on the entire Alaska OCS.

Aerial Surveys of Bowhead Whales
in the Beaufort Sea

One of the most important focuses for scientific
study in the Alaska OCS is the bowhead whale.
Distinctive for its huge, comb-like baleen and
thick blubber, the bowhead migrates annually
between the Bering and the Canadian Beaufort
Seas. This large whale is vital to Inupiat subsis-
tence hunters and coastal villages in Alaska that
are located along the migration route. Each year
since 1979 the ESP has funded aerial surveys of
bowhead whales in Arctic waters. Since 1987 the
MMS Bowhead Whale Aerial Survey Project
(BWASP) has used staff scientists to monitor the
progress of bowhead migrations across the Alas-
kan Beaufort Sea during the fall. This project is an
important component in mitigating the potential
effects of offshore exploration on bowheads by
helping to determine the timing and geographic
distribution of the migration. Monitoring occurs
during September and October when seismic
exploration and offshore drilling may occur and
when the fall subsistence hunt for bowhead whales
takes place. Study results help to determine the
need for adjustments to offshore operations during
the migration and to assess any regional changes.
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The annual migrations are described in a 17-year
series of published reports, the most recent of
which covers the fall of 1995 (Treacy 1996).

Coordination with Alaskan Native Groups

Each year the Alaska Eskimo Whaling Commis-
sion (AEWC), North Slope Borough (NSB) and In-
digenous People’s Council for Marine Mammals
(IPCOMM) review draft annual reports that analyze
the previous fall’s sightings. The AEWC, NSB and
IPCOMM, as well as several whaling captains’
associations and the mayors of Barrow, Nuigsut
and Kaktovik, Alaska, receive annual project man-
agement plans and final reports. Results of the
aerial surveys have also been presented at village
meetings, NSB-sponsored bowhead whale confer-
ences, and MMS-sponsored Arctic Synthesis Meet-
ings. These interactions have been valuable sources
of information for the MMS in obtaining the benefit
of experience offered by whale hunters in com-
ments on plans, projects and reports.

Also, the BWASP is coordinated with subsis-
tence whale hunters through the Whalers Commu-
nication Group to avoid aircraft disturbance of the
fall bowhead hunt. Following each day’s survey,
data collected by the project are telefaxed to the
Alaska Eskimo Whaling Commission (AEWC)
for their use in managing the whaling season.
Members of the AEWC and the Barrow Whaling
Captains Association have accompanied project
surveys to observe survey methodology.

Aerial Survey Design

The aerial surveys are based out of Deadhorse,
Alaska, using a Twin Otter aircraft equipped with
bubble windows for downward visibility. Survey
flights are targeted at an altitude of 458 m above
sea level along randomized northerly—southerly
transect grids within each survey block. The project
records all bowhead (and beluga) whales observed,
including date, time, geographic position, initial
behaviors and angle of the sighting relative to the
horizon. Empbhasis is placed on providing informa-
tion to assess fine-scale shifts in the migration
pathway of bowhead whales in this area and on
coordinating the effort and management of data
necessary to support seasonal offshore-drilling
and seismic-exploration regulations.

Median Water Depth of
Bowhead Migration Corridor

For this survey the Beaufort Sea is divided into
three regions to analyze east—west components of
the known fall migration corridor. Because of the
bathymetry of the Alaskan Beaufort Sea, if there
was a seaward shift of the fall migration, it would
be represented as a shift to a greater median water
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depth at which whales are sighted. The annual
area-wide median water depth of bowhead whale
sightings ranges between 18 and 347 m. The area-
wide median for the years 1982 through 1995
(n = 568) is 37 m. For the same period the median
water depth is 131 m for Region 1, 31 m for
Region 2, and 42 m for Region 3 (Treacy 1996).
The difference between the 1983 median value
(all three regions combined) and the median values
for other years except 1991 is highly significant;
the difference is also highly significant, in some
instances, in Regions 2 and 3. The bowhead may
have chosen the offshore (deep-water) migratory
route in 1983, instead of the shallower route fol-
lowed in other years, because of the general ice
cover, including shorefast ice. The most severe ice
year since 1975 was 1983 (Naval Ice Center 1996).
Ice cover probably has the greatest potential for
interacting with environmental conditions that may
have biological significance to migrating bowhead
whales (net primary production, availability of
leads, water temperature). Differences in human
activity levels, oceanographic conditions and the
possible indirect effect of heavy ice cover on prey
availability are additional potential factors (Treacy
1996).

Monitoring the Distribution and
Abundance of Ringed Seals
in Northern Alaska

In 1996 a monitoring study on the distribution
and abundance of ringed seals in northern Alaska
was initiated through a cooperative agreement with
the Alaska Department of Fish and Game
(ADF&G). The ADF&G previously conducted an
MMS-funded study on ringed seal distribution and
abundance from 1985 through 1987. After review-



Ringed seal sightings,
May 29-31, 1996.

ing the previously established aerial survey proto-
col, the three-year effort will provide additional
information on current ringed seal distribution and
abundance in the Beaufort Sea. This will help the
MMS and subsistence hunters learn about the pos-
sible effects that OCS oil and gas leasing and
development activities may have on ringed seal
distribution and abundance. Of particular interest
will be the analyses of relationships between
ringed seal distribution and sea ice characteristics,
as well as the seal distribution relative to general
levels of exploration and development, such as
near the Northstar or other industry activities.

Incorporation of Traditional Knowledge
and Dissemination of Results

Ringed seals are part of the subsistence econ-
omy of the Inupiat people. These seals are harvest-
ed by Native peoples in Russia, Canada and the
United States, where they are traditionally hunted
on the shorefast ice. This study will help to assure
that government agencies and residents of coastal
villages along the Alaskan Beaufort Sea have
information on factors potentially affecting sub-
sistence resources. As part of interpretation of
the scientific results, the project cooperators will
informally assess and compile information avail-
able from local information sources. Possible
contacts will include informal networks estab-
lished through marine mammal committees or
co-management groups established by indigenous
peoples. Working in collaboration with the ADF&G,
the North Slope Borough’s Department of Wildlife
Management will assist in communicating study
plans and results to people residing in the study

area. All cooperators will have input to the study
design and will have access to, and be able to
make use of, all data collected.

Study Methods

The survey area for this study is in the Alaskan
Beaufort Sea. The survey completed in May 1996
concentrated on an anticipated “industrial area”
and on adjacent areas to the east and west. Survey
lines were flown between Barter Island and the
Colville River Delta. The industrial area includes
the Northstar and Sandpiper Units. Oil develop-
ment activities are planned to be initiated in the
Northstar Unit in 1997. The survey of this indus-
trial area establishes a baseline using both previ-
ously and newly collected (1996) data. “Control
areas” surveyed were in Sectors B2, B3 and B4. In
1997 and 1998, aerial surveys will be conducted
throughout the Alaskan Beaufort Sea with empha-
sis on areas of industrial activity. Aerial surveys
will be completed using a chartered twin-engine
high-wing Aero Commander aircraft equipped
with nine bubble windows for downward visibili-
ty. The aircraft is also equipped with two global
positioning systems. The flights will be flown at
91 m along randomly selected north—south
transects. Seal sightings and ice conditions are
entered directly into an onboard computer.

During the survey completed in May, two
observers used previously established strip-
transect protocols to count ringed seals, and they
observed whether the seal was located at a breath-
ing hole or at an ice crack. Ice condition observa-
tions and seal counts were entered directly into
laptop computers. The observations were linked

with latitude, longitude and time through comput-
er linkage with the aircraft’s global positioning
system. The north—south lines in the industrial
area were flown at 1.85-km intervals. Transect
lines in the Kuvlum and Hammerhead Units and in
the control areas east and west of the industrial
area were flown at 3.7-km intervals. Similar meth-
ods will be used in later surveys.
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B2 (1.08 seals/km?), where only three transects
were surveyed. However, seal densities at cracks
increased from west to east, with the lowest densi-
ties in Sector B2 and the industrial area (0.02 and
0.05 seals/km?, respectively), a higher density in
Sector B3 (0.18 seals/km?), and the highest in Sec-
tor B4 (0.52 seals/km?). The highest densities for
all observed seals were in Sectors B2 and B4. Of
the four surveyed areas (Sectors B2, B3 and B4
and the industrial area) the industrial area had the
lowest observed density of seals overall. Density
estimates calculated separately for fast and pack
ice are forthcoming.

The study results will be compared with the
ringed seal data collected in 1985 through 1987.
Preliminary comparisons of seal densities for all
ice types combined in 1996, and the 1985-1987
density estimates for fast ice only, indicate that
densities of seals at breathing holes in Sectors B3
and B4 were similar in 1985 and 1996 (about 0.5—
0.6 seals/km?). For all seals combined, at holes
and cracks, the 1985 density estimates were slight-
ly higher than the 1996 estimates in Sector B3 and
lower in Sector B4. However, the 1986 seal densi-
ties on fast ice were more than double, and the
1987 densities more than triple, the preliminary
1996 density estimates in Sectors B3 and B4.
More in-depth analysis of ice characteristics and
the timing of surveys relative to breakup will be
needed for further comparisons.

The results of the 1996 ringed seal surveys de-
scribed above are considered preliminary, and
they will be subjected to additional analysis and
interpretation. Additional aerial surveys to be con-
ducted in 1997 and 1998 will involve continued
review and refinement of the previously estab-
lished protocol for monitoring ringed seals. The
additional data will provide a means for compar-
ing the abundance and density of winter-resident
ringed seals on shorefast ice in the Beaufort Sea
area for 1985 through 1987 and 1996 through
1998, and for determining and comparing seal
abundance and density near industrial areas with
those of non-industrial areas.

Synthesis of Socioeconomic and
Traditional Information

Not only is traditional knowledge being incor-
porated into specific study planning, field work
and interpretation of results such as described in
the above efforts, but the synthesis of information
from many projects into a broader, multi-disciplin-
ary view of research results is continuing. Past
efforts such as MMS Information Transfer Meet-
ings have helped us guide the design of future

studies toward a more encompassing involvement
of traditional information with scientific activities
and results. Also of particular importance is the
sharing of information between social and eco-
nomic disciplines and other scientific fields. Since
1975 the MMS has sponsored more than 160
social and economic studies, with many directly
related to Arctic issues and concerns of local resi-
dents. Methodological approaches of the ESP
reports have included case studies, institutional
profile analyses, analyses of secondary-source
materials, modeling and econometric analyses,
and survey research.

In recent years, socioeconomic studies have
become more focused and issue-oriented, emphasiz-
ing the critical linkages between OCS development
and social systems. These studies have collected
time-series information and measures of community
and regional well-being as bases for monitoring
social indicators.

Arctic Information Transfer Meetings

The ESP regularly organizes conferences to
share all of the ESP results with other Federal,
state and local governments; other Arctic scien-
tists; and the general public. An additional purpose
of the conferences is to integrate MMS ESP infor-
mation with other sources of environmental infor-
mation. In the past, speakers and participants
have included, for example, representatives of the
AEWC, the NSB, the U.S. Geological Survey’s
National Biological Research Division, the
National Marine Fisheries Service, the National
Ice Center, the Environmental Protection Agency,
the ADF&G and Alaska Department of Natural
Resources, the University of Alaska Fairbanks, the
Marine Mammal Commission, and the U.S. Arctic
Research Commission. At the 5th MMS Arctic
Information Transfer Meeting held in January
1993, a special workshop was held titled “Social
and Economic Studies in the Northern and North-
west Arctic: Assessing Methodological Approaches,
Strengths in the Knowledge Base, and Information
Needs” (MMS 1993). This meeting helped to
define constructive approaches to cross-cultural
communications and led to discussions by the
MMS Scientific Committee in June 1995 on how
to integrate traditional knowledge into administra-
tion of an environmental studies program.

Planning Workshop for Alaska OCS
Socioeconomic Book/Synthesis

In part as a result of such meetings and discus-
sions, it became clear that a more comprehensive
synthesis of MMS-sponsored and traditional infor-
mation on Arctic social and economic information
was needed. In 1995 the Alaska ESP proposed to



design and implement such a synthesis project,
with the goal of developing a cooperatively spon-
sored book synthesizing peer-reviewed scientific
results of past studies and other pertinent social
and economic information. Since this project is
in its inception, specific methods are under devel-
opment and products are not currently available.
However, it exemplifies the melding sought
between scientific and traditional information
sources.

Recently a planning workshop was held to
consider the synthesis of the socioeconomic
reports and associated publications produced
by MMS since 1975. The workshop considered
the costs and benefits of synthesis and identified a
tentative outline, chapter integration and potential
co-sponsors for the Alaska OCS Socioeconomic
Book/Synthesis.

Workshop participants were invited for their
expertise on a wide range of socioeconomic topics
and their potential as cosponsors of the resource
document. Topics ranged from the state economy
and the importance of continued oil and gas
production to the economics associated with
coastal communities and their dependence on a
subsistence-based lifestyle. Participants possess-
ing traditional knowledge, particularly Alaskan
Natives, were invited. It is anticipated that the

resulting synthesis of scientific and traditional
knowledge will benefit local communities as well
as participants in the workshop.

The workshop was held in April 1997, and
the resulting Alaska OCS Socioeconomic Book/
Synthesis will be made available to the public and
government decision makers.
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This report summarizes the Minerals Manage-
ment Service’s 1995 assessment (based on data
available as of January 1995) of the quantities
of undiscovered oil and gas that lie beneath sub-
merged Federal lands offshore of Alaska. Estimates
include both undiscovered conventionally recover-
able resources, unconstrained by economics, and
undiscovered economically recoverable resources.
Conventionally recoverable resources are oil, natu-
ral gas and natural gas liquids recoverable from a
discrete subsurface pool into a well by natural flow
or pumping, or addition of pressure, using modern
extraction technologies. Resources not assessed
include gas in geopressured brines, tar deposits,
oil shales, coal gas or gases in clathrates (gas
hydrates). Economically recoverable resources are
the undiscovered resource volume in each province
which, if discovered, could be produced profitably
given realistic estimates for costs of exploration,
development, production and transportation.

The Alaska offshore is estimated to offer a mean
potential for undiscovered conventionally recover-
able oil of 24 billion barrels, with a 5% chance of
the oil potential exceeding 34 billion barrels. The
undiscovered gas potential (mean value) is estimat-
ed at 126 trillion cubic feet, with a 5% chance of
the gas resources exceeding 230 trillion cubic feet.
Approximately 90% of the undiscovered conven-
tionally recoverable oil in offshore Alaska occurs
within the Chukchi shelf (13 billion barrels) and
Beaufort shelf (9 billion barrels) provinces, which
lie adjacent to the onshore Arctic Alaska oil and
gas province, the latter with a discovered oil
endowment of 70 billion barrels (commercial
reserves, 16.4 billion barrels) and presently produc-
ing about 1.5 million barrels per day.

Most of the undiscovered oil and gas in the
Alaska offshore occurs in accumulations too small
to warrant commercial exploitation at this time.
Only about 15% of the undiscovered oil offshore
Alaska could be profitably recovered at prices
approaching those that exist today. Most of the eco-
nomically recoverable oil resources occur beneath
the Beaufort shelf (2.27 billion barrels of oil) and
Chukchi shelf (1.14 billion barrels of oil). Else-
where in the Alaska offshore, only Cook Inlet
offers any economically recoverable oil, here esti-
mated at 0.27 billion barrels.

Most of the conventionally recoverable gas
resources occur beneath the Beaufort and Chukchi
shelves, but gas in these provinces is considered
uneconomic because of the lack of an infrastructure
for transporting gas to markets outside Alaska.

Purpose of Assessment and
Assessment Areas

This assessment of the Alaska Federal offshore
was conducted as part of a national appraisal of all
Federal offshore lands in the U.S. performed by the
Minerals Management Service (MMS) concurrently
with a U.S. Geological Survey (USGS) assessment
of all onshore lands and submerged lands in State
waters (USGS 1995). The MMS assessments are
conducted periodically (Cooke 1985, 1991, Cooke
and Dellagiarino 1989, MMS 1996, Sherwood et al.
1996), and the results are used to guide manage-
ment of leasing and exploration policies and pro-
grams in the Federal offshore.

Federal jurisdiction in Alaska offshore waters
extends seaward from the limit of State of Alaska
waters, generally three miles offshore, to the farther
of two limits as defined by either Federal Outer
Continental Shelf (OCS) planning areas or the 200-
mile Exclusive Economic Zone. Canadian or Rus-
sian international maritime boundaries limit several
offshore assessment provinces.

Because submerged Federal lands may extend
200 miles or farther offshore, they include all of
the continental shelves as well as large areas of the
continental slopes and deep abyssal plains of the
north Pacific Ocean and the Bering, Chukchi and
Beaufort Seas. Six of the 17 offshore assessment
provinces embrace areas of deep water or unprom-
ising geology that offer only negligible geologic
potential for conventionally recoverable oil or gas.
The five deep-water assessment provinces are the
Canada Basin—Beaufort Slope, the Chukchi Border-
land, the Bering Shelf-Margin Basins, the Bering
Sea Deep-Water Basins, and the Aleutian Trench
and North Pacific Abyssal Plain. A sixth assess-
ment province, the Aleutian Arc, consists of an
intra-oceanic volcanic arc of Tertiary age and is
considered to have negligible potential for oil and
2as.
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to Herald Thrust, and TAPS
refers to the Trans-Alaska
Pipeline System.

The 11 assessment provinces that offer any
realistic potential for undiscovered conventional
or economic oil and gas are confined to the conti-
nental shelves surrounding Alaska. These provinc-
es are grouped into three subregions. The Arctic
subregion includes the Beaufort Shelf, Chukchi
Shelf and Hope Basin assessment provinces. The
Bering Shelf subregion includes the Norton Basin,
St. Matthew—Hall Basin, Navarin Basin, St. George
Basin and North Aleutian Basin assessment prov-
inces. The Pacific Margin subregion includes the
Shumagin—Kodiak Shelf, Cook Inlet and Gulf of
Alaska Shelf assessment provinces.

Geologic Settings of Alaska
Offshore Assessment Provinces

Pacific Margin Subregion

The assessment provinces located offshore
southern Alaska overlie the modern Pacific con-
vergent margin, where the oceanic crust of the
Pacific plate moves northward and is subducted
beneath the Aleutian volcanic arc and the Shu-

magin, Kodiak and Gulf of Alaska continental
shelves. The compression and uplift resulting from
the convergence of plates along this zone has con-
trolled the geological development of the Pacific
margin of Alaska.

The Aleutian volcanic arc, of Tertiary age and
constructed entirely upon oceanic crust, extends
eastward 1300 km from Russian waters into a con-
tinental setting where it meets the Bering Sea con-
tinental margin (at approximately the southeast
limit of the Bering Shelf-Margin Basins assessment
province). From the Bering margin northeast to the
interior of southern Alaska, the modern volcanic
arc is superposed upon older volcanic-arc systems
ranging up to Jurassic [145-200 million years ago
(Ma)] in age (Reed and Lanphere 1973). East of
Cook Inlet the volcanic arc and convergent-margin
tectonics gradually give way to the strike—slip fault
tectonics that dominate the eastern Gulf of Alaska,
where the Pacific plate moves northwest and later-
ally past the North American continental plate.

Most of the undiscovered oil and gas resources
in the assessment provinces of the Pacific Margin
subregion are associated with forearc basins and

11
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shelf-margin wedges of Tertiary age (66 Ma and
younger). Except in Cook Inlet these Tertiary
rocks are superposed on a deformed “basement”
consisting of older volcanic-arc complexes and
accretionary terranes that generally offer negligi-
ble hydrocarbon resource potential.

Bering Shelf Subregion

Western offshore Alaska is dominated by the
600-km-wide Bering Sea continental shelf. From
Jurassic to earliest Tertiary time, the Bering shelf
hosted one segment of a larger system of volcanic
arcs extending from southeast Alaska to the Rus-
sian Sea of Okhotsk. This volcanic-arc system
marked the northward descent of a southern oce-
anic (proto-Pacific) plate encroaching from the
south. Continental fragments and volcanic arcs
borne along with the southern oceanic plate col-
lided with both Russian and Alaskan elements
of the volcanic-arc system in earliest Tertiary
time (Worrall 1991). The collision(s) strongly
deformed the rocks of most parts of the Bering
shelf segment and other parts of the volcanic-arc
system. Rocks deformed by these collisions, typi-
cally of Cretaceous age or older, offer only neg-
ligible potential for undiscovered oil and gas
resources. The Aleutian arc was also established
as a new plate boundary at this time, trapping frag-
ments of an old volcanic arc and oceanic crust that
formerly were part of the southern oceanic plate of
Marlow et al. (1982). Subduction of a spreading
ridge that lay within the southern oceanic plate
reorganized plate interactions in the north Pacific
and caused strike—slip faulting throughout southern
Alaska in early Tertiary and later time (Atwater
1970). Most of the Bering Shelf basins (Norton, St.
Matthew—Hall, Navarin, St. George and North
Aleutian Basins) began to subside at this time as
pull-aparts or related features along strike—slip
fault systems passing through the Bering Shelf.
Most of the undiscovered oil and gas resources
offshore western Alaska are associated with Ter-
tiary rocks deposited in the Bering Shelf basins
formed during this period of strike—slip faulting.

Arctic Offshore Subregion

Offshore areas north and northwest of Alaska
are dominated by the broad (400-km) continental
shelf of the Chukchi Sea and the narrow (70-km)
continental shelf of the Beaufort Sea. In Paleozoic
and Mesozoic time (ca. 360-115 Ma), these shelf
areas and onshore Arctic Alaska shared petroleum-
rich geologic basins that were broken up or
restructured in Early Cretaceous time (ca. 115 Ma)
by continental breakup and rifting along the Beau-
fort Shelf margin and the elevation of the Brooks
Range (Craig et al. 1985, Moore et al. 1992, War-

ren et al. 1995). The fragmentation of the crust in
northern Alaska and mountain-building in the
Brooks Range gave rise to several new basins that
received many thousands of meters of sediments
during Cretaceous and Tertiary time (115 Ma to
present). These events also created the geologic
structures that later trapped the vast oil reserves
(70+ billion barrels, in place) found in the Prudhoe
Bay area of Arctic Alaska, as well as the undis-
covered oil and gas resources thought to underlie
the neighboring continental shelves of the Beau-
fort and Chukchi Seas.

Petroleum Exploration and
Development in Alaska and the
Alaska Offshore

Exploration of the Pacific Margin Subregion
and Southern Alaska

Petroleum exploration in Alaska began in the
late nineteenth century, and the first field (Katalla)
was discovered in 1902 by drilling at the site of
oil seeps along the coast of the eastern Gulf of
Alaska (AOGCC 1994). In the late 1950s and the
1960s, several commercial oil and gas fields were
discovered in the Cook Inlet area. Many of the
commercial-sized fields discovered during this
time remain in production today (seven oil fields
and seven gas fields). Altogether, 8 oil fields and
22 gas fields have been discovered in Cook Inlet,
with the total discovered oil resources of about
1.34 billion barrels of o0il (BBO) and 9.33 trillion
cubic feet of gas (TCFG) (AOGCC 1994, Oil and
Gas Journal 1993, AKDO&G 1995). Oil produc-
tion from Cook Inlet fields peaked at 236,000 bar-
rels of oil per day (BOPD) in 1970 but declined to
43,500 BOPD by 1994 (AOGCC 1994). The total
cumulative production from Cook Inlet by the end
of 1994 was 1.19 BBO and 7.44 TCFG (AOGCC
1994). Of the 7.44 TCFG produced in Cook Inlet,
2.73 TCFG were re-injected to aid oil recovery
(and remain a future resource), with 4.70 TCFG,
or 50% of discovered resources, actually delivered
to market and consumed. Cook Inlet also hosts a
liquefied natural gas (LNG) facility, which ships
about 144 million cubic feet of gas per day to
power utilities in Tokyo, Japan (AOGCC 1994,
Oil and Gas Journal 1993). No commercial pro-
duction has occurred on Federal submerged lands
in the Cook Inlet area.

The first explorations of the Alaska Federal off-
shore began in the early 1970s with the scheduling
of lease offerings in the Gulf of Alaska and Cook
Inlet. A stratigraphic test well was drilled in the
Gulf of Alaska in 1975, and a second stratigraphic
test was drilled in Federal waters of Cook Inlet in



1977. The first Federal offshore lease sale in Alas-
ka waters was held in 1976 in the Gulf of Alaska.
Three sales in the Gulf of Alaska from 1976 to
1981 leased 0.6 million acres for total high bonus
bids of $670 million. Twelve exploratory wells on
Gulf of Alaska leases in the period from 1977 to
1983 failed to locate commercial quantities of oil
or gas. Two lease offerings in Federal waters of
Cook Inlet in 1977 and 1981 leased 0.57 million
acres for total high bonus bids of $403 million.
Thirteen exploratory wells drilled on Cook Inlet
leases in the period from 1977 to 1985 failed to
find commercial quantities of oil or gas.

Exploration of the Bering Shelf Subregion
and Western Alaska

Petroleum exploration has been conducted
since early this century in various parts of western
Alaska and the Alaska Peninsula. These efforts all
failed to locate any significant petroleum accumu-
lations.

Petroleum exploration offshore western Alaska
began in the early 1970s with the scheduling of
lease sales on the Bering Shelf. Seismic data were
gathered across large parts of the Bering Shelf,
and six stratigraphic test wells were drilled from
1976 to 1983 in the St. George, Norton, Navarin
and North Aleutian Basins. Four lease sales were
held in these same basins in the period from 1983
to 1988, and 1.9 million acres were leased for total
high bonus bids of $1.36 billion. Twenty-four
exploratory wells were drilled in the Navarin,
Norton and St. George Basins. None encountered
significant shows of oil or gas. Except for a strati-
graphic test well drilled in 1983, no exploratory
drilling has occurred in the North Aleutian Basin.

Exploration of the Arctic Offshore Subregion
and Northern Alaska

Petroleum exploration in Arctic Alaska began
with the reporting of oil seeps in the Cape Simp-
son area near the northernmost tip of Alaska by
Leffingwell of the U.S. Geological Survey in
1917. In 1923, based on the presence of these
seeps and prompted by fuel shortages in World
War I, President Warren Harding established
Naval Petroleum Reserve No. 4, later renamed the
National Petroleum Reserve-Alaska (NPR-A).
Fuel shortages during World War II prompted the
first intensive, publicly funded exploration pro-
gram in the NPR-A from 1944 to 1953, resulting
in the discovery of several subcommercial oil and
gas fields.

With passage of Alaska statehood in 1959,
exploration shifted to the lands selected by the
State of Alaska in the corridor between the NPR-A
on the west and the Arctic National Wildlife Ref-

uge (ANWR) on the east. State of Alaska lease
sales in 1964 and 1965 were followed by the 1968
discovery of the 12.4-BBO Prudhoe Bay field, the
largest oil field ever found in North America. The
ultimate reserves recoverable from known com-
mercial fields in the Prudhoe Bay area are approx-
imately 16.4 BBO, and Prudhoe-area gas reserves
are estimated at 28.2 TCFG (AOGCC 1994,
AKDO&G 1995).

Construction of the Trans-Alaska Pipeline
System (TAPS) began in 1974, and the first oil
pumped through the pipeline arrived at the ice-
free port of Valdez, Alaska, in 1977 for tanker
shipment to the U.S. mainland. Pipeline through-
put peaked at 2.0 million barrels of oil per day
(MMBOPD) in 1988. By May 1996, production
was 1.5 MMBOPD and a total of 11.2 BBO had
passed through the pipeline.

In response to concerns about oil shortages
related to the 1973 embargo of the United States
by the Organization of Petroleum-Exporting
Countries, government-sponsored exploration of
NPR-A resumed in 1975 after a 22-year hiatus.
This second program resulted in 28 exploration
wells and 14,800 miles of seismic data but no sig-
nificant discoveries. The first offerings of leases
for private exploration occurred in 1981, followed
by a single well drilled and abandoned in 1985.
This well concluded the most recent cycle of
petroleum exploration in the NPR-A.

The first lease sale in the Arctic Alaska off-
shore, offering mostly submerged lands of the
Beaufort Sea near known fields in the Prudhoe
Bay area, was conducted jointly by the State of
Alaska and the Federal government in 1979. Since
1979 most continental-shelf areas of the Arctic
Alaska offshore were offered in four additional
lease sales in the Beaufort Sea and two lease sales
in the Chukchi Sea. In all seven sales, a total of
5.5 million acres of Federal lands were leased for
total high bonus bids of $4.03 billion. An eighth
sale, held in September 1996, attracted $14.6 mil-
lion in high bids on 29 lease blocks (100,000
acres). A total of 32 exploratory wells were drilled
in Arctic Federal waters between 1980 and 1993,
resulting in the discovery of several subcommer-
cial pools of oil.

Northstar (Seal Island) field, estimated by BP-
Alaska to contain up to 145 million barrels of
recoverable oil, straddles State of Alaska and Fed-
eral offshore lands about 5 miles north of the
Prudhoe Bay field and will provide the first-ever
commercial production of oil from the Alaska
Federal offshore. Commercial production from
Northstar field could enter the trans-Alaska pipe-
line as early as 1999 (Anchorage Daily News
1996).
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Computer Models Used to
Calculate Oil and Gas Potential

The assessment of the undiscovered oil and gas
potential of the Alaska offshore involved two
tasks. The first was to develop estimates of the
undiscovered resources irrespective of any eco-
nomic constraints. The second was to determine
how much of the undiscovered oil and gas would
be economic (profitable) to produce under a range
of possible commodity prices.

The primary assessment unit in models con-
structed for both tasks was the geologic play,
which is a population of pools or prospects having
a common history of hydrocarbon generation,
migration, reservoir development and trap config-
uration. (A pool is a discovered or undiscovered
accumulation of hydrocarbons, typically within a
single stratigraphic interval, that is hydraulically
separated from any other hydrocarbon accumula-
tion; a prospect is an untested geologic feature
having the potential for trapping and accumulating
hydrocarbons.) In the Alaska offshore, a total of
74 plays were identified and individually assessed
for undiscovered, conventionally recoverable
quantities of oil and gas. Conventionally recover-
able and economically recoverable oil and gas
potentials for individual plays are reported in
Sherwood (1996).

To accomplish the first task, MMS used a com-
puter program called GRASP (Geologic Resource
ASsessment Program). [GRASP was adapted by
MMS from a program called PETRIMES (PETro-
leum Resource Information Management and
Evaluation System), originally developed by the
Geological Survey of Canada.] To use GRASP,
assessors constructed a subjective database in
which ranges of values with varying probabilities
of occurrence were estimated for geologic vari-
ables such as pool area, pay thickness, porosity,
hydrocarbon saturation and recovery efficiency.
Ranged values were used rather than fixed values
to reflect uncertainty about the true quantity of a
geologic variable at any particular site. GRASP
uses these ranged variables to calculate probability
distributions for sizes of recoverable pool vol-
umes, both oil and gas, within each play. Separ-
ately a probability distribution for the numbers of
pools is calculated by combining geologic risk
factors with a probability distribution for the num-
bers of prospects within the play. (Estimates for
prospect numbers were generally developed from
the prospect count obtained by geophysical map-
ping and some estimates of additional prospects
missed or not mapped in areas of no data.) A
Monte Carlo process statistically combines the
probability distribution of the possible sizes of

pools with the probability distribution of the possi-
ble numbers of pools to compute probability dis-
tributions for the oil and gas volumes of individual
pools. The pools are then ranked from largest to
smallest and are summed to calculate the overall
play resource endowment. Outputs from GRASP
include pool-size rank plots, cumulative probabili-
ty curves and tabulated results. GRASP separately
calculates the volumes of crude oil, solution gas,
nonassociated and associated gas, and condensate
but only reports oil (all liquids), natural gas (all
gases) and total hydrocarbon energy (oil summed
with gas in oil-equivalent units).

To calculate the oil and gas potential of the
Alaska offshore provinces, the probability distri-
butions for oil and gas potentials of individual
plays were statistically aggregated using a com-
puter program named FASPAG, developed by
Robert Crovelli of USGS. The oil and gas poten-
tials of subregions and the entire Alaska Federal
offshore were similarly obtained by FASPAG
aggregations.

To accomplish the second major task—deter-
mining the quantities of undiscovered economic
resources—the MMS used a computer program
named PRESTO (Probabilistic Resource ESTi-
mates—Offshore). PRESTO simulates the explora-
tion, development, production and transportation
of the pool resources for all plays within a geolog-
ic province. The geologic data used by GRASP for
pool and play modeling are translated into a for-
mat usable by PRESTO. A Monte Carlo process
samples the ranges of values input for engineering
and economic variables. For each pool the pro-
gram models numbers and costs of wells, sched-
ules installation of development platforms and
wells, estimates annual production, schedules
production costs and revenues, develops a risk-
weighted discounted cash flow, and calculates a
present economic value. Results for all pools are
summed to the play level to determine whether
economic resources are sufficient to justify devel-
opment of the play. Similarly the results from all
of the plays are summed to determine whether suf-
ficient resources are available to justify a transpor-
tation infrastructure for the entire geologic basin
or province. This process is repeated for a large
number of trials, resulting in a distribution of pos-
sible economic resources under the given condi-
tions. Economic conditions are then modified and
the entire process is repeated many times (typi-
cally 1000 trials), finally yielding a series of possi-
ble results under many economic scenarios.

Although numerous tables of various play and
province results are available from PRESTO, the
primary output is the price—supply curve. Inspec-
tion of price—supply curves allows interpretation
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1000  offshore. The high proportion of offshore oil and
gas resources estimated to be present in the Arctic
subregion is consistent with the fact that 92% of
Alaska’s original commercial oil reserves were

of economically recoverable volumes of oil or gas  found in Arctic Alaska. Arctic dominance of both

at any commodity price. Increases in price drive offshore undiscovered resources and proven on-

corresponding increases in the volumes of oil and shore reserves simply reflects the rich endowment
gas that can be economically recovered, primarily of Arctic Alaska and adjoining continental shelves

by allowing profitable development of additional with the key ingredients for oil and gas accumula-
small fields. At very high theoretical prices the tions—prolific source rocks, excellent reservoir
price—supply curve approaches a limit that equals rocks and numerous potential traps covering large
the resource endowment estimated by GRASP. areas.

Risked, undiscovered, conventionally recoverable oil and gas.

Oil (BBO) Gas (TCFG) BOE (BBO)
Area F95 Mean FO5 F95 Mean Fos5 F95 Mean FO5 MPhe
Alaska offshore 1685 2431 33,57 5801 12593 229.53 28.68 46.72 70.61 1.00
Arctic subregion 1468 2196 31.18 38.02 9941 201.13 22.52 39.65 63.25 1.00
Bering Shelf subregion 0.36 0.91 1.81 6.98 18.80 38.64 1.65 4.26 8.57 1.00

Pacific Margin subregion 0.72 1.44 2.49 2.12 7.72 18.34 1.15 2.81 5.50 1.00
Arctic subregion

Chukchi Shelf 6.80 13.02 21.94 9.81 51.84 141.75 8.59 22.24 44,75 1.00
Beaufort Shelf 6.28 884 1196 20.10 43.50  79.15 10.29 16.58 24.84 1.00
Hope Basin 0.00 0.11 0.34 0.00 4.06 12.67 0.00 0.83 2.59 0.61
Bering Shelf subregion
Navarin Basin 0.00 0.50 1.21 0.00 6.15 18.18 0.00 1.59 4.41 0.88
N. Aleutian Basin 0.00 0.23 0.57 0.00 6.79 17.33 0.00 1.44 3.62 0.72
St. George Basin 0.00 0.13 0.41 0.00 3.00 9.72 0.00 0.67 2.14 0.94
Norton Basin 0.00 0.05 0.15 0.00 2.71 8.74 0.00 0.53 1.70 0.72
St. Matthew—Hall 0.00 <001 <001 0.00 0.16 0.69 0.00 0.03 0.13 0.44
Pacific Margin subregion
Cook Inlet 032 0.74 1.39 0.40 0.89 1.65 0.39 0.90 1.68 1,00
Gulf of Alaska 0.18 0.63 1.43 0.94 4.18 10.59 0.36 1.37 3.27 0.99
Shumagin—Kodiak 0.00 0.07 0.29 0.00 2.65 11.35 0.00 0.54 2.30 0.40

BBO, billions of barrels;

TCFG, trillions of cubic feet;

BOE, total oil and gas in billions of energy-equivalent barrels (5620 cubic feet of gas = 1 energy-equivalent barrel of oil);

Reported Mean, resource quantities at the mean in cumulative probability distributions;

F95, the resource quantity having a 95% probability of being met or exceeded;

FO05, the resource quantity having a 5% probability of being met or exceeded;

MPhe, marginal probability for hydrocarbons for basin, that is, chance for the existence of at least one pool of undiscovered, con-
ventionally recoverable hydrocarbons somewhere in the basin.

Resource quantities shown are risked, that is, they are the product of multiplication of conditional resources and Mphe. Mean
values for provinces may not sum to values shown for subregions or region because of rounding.
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Risked, undiscovered, economically recoverable oil and gas.

0il (BBO) Gas (TCFG) BOE (BBO)
Area F95 Mean  FOS5 F95 Mean FO5 F95 Mean Fo5 E/C

Alaska offshore 1.41 3.75 7.65 0.02 111 4.33 1.43 3.95 8.20 0.08
Arctic subregion 1.15 341 7.25 0.00 0.12 0.00 1.15 3.4 7.31 0.09
Bering Shelf subregion 0.00 0.02 0.22 0.00 0.99 10.82 0.00 0.19 2.11 0.04
Pacific Margin subregion 0.00 0.32 0.79 0.00 negl 0.01 0.00 0.32 0.80 0.11
Arctic subregion

Chukchi Shelf 0.00 1.14 4.48 N/A N/A N/A 0.00 1.14 4.48 0.05

Beaufort Shelf 0.72 2.27 444 N/A N/A N/A 0.00 2.27 4.44 0.14

Hope Basin 0.00 negl  0.00 0.00 0.12 0.00 0.00 0.03 0.00 0.04
Bering Shelf subregion

Navarin Basin 0.00 negl 0.00 0.00 0.04 0.00 0.00 negl 0.00 negl

N. Aleutian Basin 0.00 0.02 0.20 0.00 0.88 771 0.00 0.18 1.77 0.13

St. George Basin 0.00 negl 0.00 0.00 0.05 0.00 0.00 0.01 0.00 0.02

Norton Basin 0.00 negl 0.00 0.00 0.02 0.00 0.00 negl 0.00 negl

St. Matthew—-Hall N/E N/E N/E N/E N/E N/E N/E N/E N/E N/E
Pacific Margin subregion

Cook Inlet 0.00 0.27 0.71 N/A N/A N/A 0.00 0.27 0.71 0.30

Gulf of Alaska 0.00 0.05 0.30 0.00 negl negl 0.00 0.05 0.30 0.04
__ Shumagin-Kodiak 0.00 negl 0.00 0.00 negl 0.00 0.00 negl 0.00 negl

Economic Assumptions: 1995 base year, $18 per barrel oil price, $2.11 per thousand cubic feet (MCF) gas price, 0.66 gas value
discount, flat real prices and costs, 3% inflation, 12% discount rate, 35% Federal tax rate;

BBO, billions of barrels;
TCFG, trillions of cubic feet;

BOE, total oil and gas in billions of energy-equivalent barrels (5620 cubic feet of gas = 1 energy-equivalent barrel of oil).
Oil resources include crude oil and natural gas liquids (NGL). Gas resources include nonassociated dry gas and associated solu-

tion gas. All provinces analyzed on a stand-alone basis.

N/A refers to Not Available (lacking transportation infrastructure and/or market).
N/E refers to Not Evaluated because of very low resource potential.

Negl refers to negligible (less than significant figures listed).

E/C is ratio of risked, mean economically recoverable BOE to risked, mean conventionally recoverable BOE. Mean values for
provinces may not sum to values shown for subregions and region because of rounding.

Among the provinces of the Arctic subregion,
the sparsely explored Chukchi shelf offers the high-
est potential for undiscovered resources, with a 5%
chance for recoverable oil resources as high as
21.94 BBO. Navarin Basin, because of its large size
and abundance of large potential traps, offers the
greatest potential of the gas-prone provinces of the
Bering Shelf subregion. Among provinces of the
Pacific Margin subregion, Cook Inlet offers the
greatest potential for undiscovered oil.

Very small quantities of liquid hydrocarbons are
reported in the assessments of Norton Basin, St.
Matthew—Hall Basin and Shumagin—Kodiak Shelf
provinces. These three provinces were modeled as
offering potential for gas only. The volumes report-
ed as oil are therefore actually natural-gas liquids
or condensate derived as a byproduct of gas pro-
duction.

Undiscovered Economic Oil
and Gas Potential of the
Alaska Offshore

The quantities of economically recoverable
resources are generally some minority fraction of
the much larger estimates for conventionally recov-

erable resources. Only 8.5% of the convention-
ally recoverable resources on a barrels-of-oil-
equivalent (BOE) basis, or 15% of oil resources,
are estimated to be economically recoverable at
current oil prices.

Ninety-one percent of the economic oil of the
Alaska offshore occurs in the Beaufort and Chuk-
chi Shelf assessment provinces. (This refers to the
risked, mean, undiscovered, economicaily recov-
erable oil at a price of $18 per barrel.) The other
nine provinces account for the remaining 9%.

Most of the undiscovered offshore gas also
occurs in the Arctic, but none of this gas is consid-
ered economic at this time. No gas transportation
system exists to carry gas from Arctic Alaska to a
southern market, and several gas fields (about 28
trillion cubic feet of gas reserves) near the head
of the existing oil pipeline transportation corridor
already await development. These huge onshore
gas fields will surely fill any newly constructed
gas line for some years or decades following the
commencement of production. Therefore, it is
very unlikely that new offshore gas fields will be
developed in the foreseeable future. For these rea-
sons we conclude that the Beaufort and Chukchi
Shelf assessment provinces offer no economic gas
resources at the present time.
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Economic Oil Resources (BBO)

Other than the Beaufort and Chukchi Shelf
provinces, only the Cook Inlet province is likely to
contain economically viable oil resources at cur-
rent prices. Although the geologic resources are
modest compared to the Arctic, the proximity to
existing infrastructure and potential markets con-
tributes to reduced development costs in the Cook
Inlet province. As in the Beaufort and Chukchi
provinces, the economic assessment for the Cook
Inlet considered only oil production, largely
because all of the undiscovered accumulations
were modeled as oil pools overlain by gas caps. To
optimize oil recovery, produced gas would be rein-
jected for reservoir pressure maintenance and no
gas would be extracted for sale from the gas cap.
Only decades later, after exhaustion of the oil
reserves, would offshore oil production platforms
be converted to allow recovery of the gas reserves.

The remainder of the Alaska offshore provinces
are generally gas-prone and lack production and
transportation infrastructure. The small volumes of
oil listed for most of the gas-prone provinces are
largely condensate liquids recovered as a byprod-
uct of gas production. Because potential markets
are in the western Pacific Rim, the gas must be
shipped to market as liquefied natural gas (LNG).
The substantial costs of constructing an LNG infra-
structure typically cannot be supported by the rela-
tively small gas fields in these remote, high-cost
locations. Of the gas-prone assessment provinces
in the Bering Shelf subregion, the North Aleutian
Basin is estimated to contain the majority—79%—
of the economically recoverable gas of the entire
Alaska offshore.

An indicator of the relative chances for econom-
ic success among the Alaska offshore provinces is
the ratio of economically recoverable BOE (oil and
gas combined) resources to conventionally recov-
erable BOE resources, known as the E/C value. The
BOE E/C values range from 0.30 in Cook Inlet to
negligible (less than 0.01) in the Navarin Basin.
This suggests that many undiscovered pools in
Cook Inlet are large enough to support relatively
low-cost development, whereas the undiscovered
hydrocarbon pools in the Navarin Basin, though
large, are typically too small to support the rela-
tively high costs of development in that remote
area. The Navarin Basin offers essentially no eco-
nomic potential, even though it offers the highest
total geologic endowment outside the Arctic (1.59
BBOE). The BOE E/C ratios identify the Cook
Inlet, Beaufort Shelf and North Aleutian Basin

Price—supply curves for oil at low (F95), mean and high (F05)
resource cases for the three provinces that offer economic oil
at current ($18) oil prices. Price—supply graphs for 10 Alaska
offshore provinces are provided by Craig (1996).
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assessment provinces as those offering the highest
reward/risk opportunities.

All provinces were assessed on a stand-alone
basis, with no sharing of development infrastruc-
ture between adjacent provinces. For some prov-
inces (Beaufort, Chukchi and Cook Inlet) at least
some existing infrastructure was utilized for the
simulated development of undiscovered fields.
Otherwise, new infrastructure was constructed and
entirely supported by production from each prov-
ince in the economic models. Sensitivity tests,
where several provinces shared infrastructure
costs (for example, LNG facilities), generally
resulted in improved economic viability. Despite
shared infrastructure strategies, most of the gas-
prone provinces nevertheless remain subeconomic
at mean resource volumes and current commodity
prices. However, in any of these subeconomic
provinces, economic resources could be recovered
from unusually large pools (less likely to exist
than mean sizes) or at commodity prices above
current levels.

Economic results are summarized in price—
supply graphs produced by the PRESTO computer
program. These graphs illustrate the volumes of
resources that could be profitably recovered (if
discovered) across a range of commodity prices.
The three curves shown on each price-supply
graph illustrate the range of risked economic
potential, with exceedance probabilities ranging
from 95% (low-side potential) to 5% (high-side
potential). These estimates are risked, that is,
they include both the geologic probability that
resources are present and recoverable as well as
the economic probability that the simulated devel-
opment model leads to profitable production at the
prices shown.

The Beaufort Shelf results for the low case
(F95, or 95% probability for occurrence) predict
that at least 0.72 billion barrels of 0il (BBO) are
economically recoverable at an oil price of $18
per barrel. The high case (FOS5, or 5% probability)
predicts an undiscovered economic potential (at
$18) of at least 4.44 BBO, or six times larger than
the low case. The mean case represents the aver-
age or expected economic potential (2.27 BBO
at $18).

The ratio of economic to conventionally recov-
erable oil in the Beaufort Shelf province is 0.26,
second only to Cook Inlet oil at 0.36. The Beau-
fort Shelf assessment province clearly offers good
opportunity for future commercial developments
at reasonable levels of risk.

The Chukchi Shelf price—supply curves support
the widely held perception that higher prices will
be required to overcome higher development costs
in that remote and forbidding corner of the Arctic

Comparison of conventionally and economically
recoverable oil.

Mean oil Mean gas

Resource type (BBO) (TCFG)

Beaufort Shelf Province

Conventionally recoverable 8.84 43.50

Economically recoverable ($18) 2.27 N/A

Ratio economic/conventional 0.26 N/A
Chukchi Shelf Province

Conventionally recoverable 13.02 51.84

Economically recoverable ($18) 1.14 N/A

Ratio economic/conventional 0.09 N/A
Cook Inlet Province

Conventionally recoverable 0.74 0.89

Economically recoverable ($18) 0.27 N/A

Ratio economic/conventional 0.36 N/A

offshore. For example, in the low case (F95, or
highly probable resource volumes), any commer-
cial development in the Chukchi Shelf will require
oil prices above $27 per barrel (1995 dollars). A
broad envelope surrounds the mean case, with a
high case (4.48 BBO) nearly four times larger than
the mean case (1.14 BBO) at $18 per barrel. The
high-case oil potential of the Chukchi Shelf (4.48
BBO) is nearly the same as the high-case potential
for the Beaufort Shelf (4.44 BBO). However, the
fraction of economic to conventionally recovera-
ble oil for the Chukchi Shelf is 0.09, only about a
third of that for the Beaufort Shelf (0.26), suggest-
ing that commercial discoveries are much less
likely in the Chukchi Shelf. Despite the large poten-
tial rewards, the comparatively low chance for
economic success on the Chukchi Shelf, mostly
owing to greater costs, must surely dampen
exploration interest.

The mean case for Cook Inlet indicates 0.27
BBO of economic oil potential, much more mod-
est than either the Beaufort (2.27 BBO) or Chuk-
chi (1.14 BBO) shelf assessment provinces. The
high-case potential for Cook Inlet exceeds 1.0
BBO at theoretical prices approaching $50 per
barrel. The ratio of economic to conventionally
recoverable oil is 0.36, suggesting that a very sig-
nificant fraction of the oil resources occurs in
commercial-sized fields.

Eventual development and production of these
modeled economic resources will require exten-
sive exploration drilling programs. Given the low
chance of commercial success in many provinces
and the high cost of exploration wells, most of
these provinces are not likely to be thoroughly
tested for some decades. The few wells that may
be drilled in these immense geographic areas may
casily fail to locate the few commercial-sized
pools. Estimates of economically recoverable re-
sources should be viewed, therefore, as province-
wide opportunities, rather than as readily available



reserves awaiting only a sufficient rise in oil prices
to spark development work.

This summary of the economic assessment
for the Alaska offshore has focused on provinces
likely to have recoverable oil at current commodi-
ty prices. However, many Alaska Federal offshore
provinces contain no economically recoverable
resources at the mean level and current commod-
ity prices. Future offshore leasing and exploration
in these subeconomic provinces will be driven
by perceptions of high-side potential, which
assumes greater reward potential at higher risk,
significantly higher prices and perhaps innovative
technology to reduce development costs.

Comparison of 1987 and 1995
MMS Resource Assessments for
the Alaska Offshore

The 1995 MMS assessment of the Alaska off-
shore produced results very different from the
last comparable study in 1987 (Cooke and Della-
giarino 1989). The difference in results from the
1987 and 1995 surveys cannot be easily traced to
some simple cause. Besides major amendments
to the basic database, there were also numerous
changes in methodology (new computer pro-
grams), definitions and quantitative economic
assumptions. Each of these changes may have
independently contributed to an increase or
decrease in the estimates for oil and gas potential,
with the contribution from any source differing in
each assessment province. The changes observed
between 1987 and 1995 assessments in any given
province represent the net effect of all of these
independent changes.

However, because it is only natural to compare
assessments, we have tried to qualitatively identify
some of the key differences in the databases driv-
ing most of the changes between the assessments.
Estimates for risked, mean, undiscovered, conven-
tionally recoverable resources for the Alaska off-
shore increased dramatically, from 1987 values of
3.84 BBO and 16.75 TCFG, to 1995 values of

Comparison to previous MMS assessment, total
Alaska Federal offshore, risked mean resources.

oil Gas
Assessment Year (BBO) (TCFG)
Conventionally recoverable 1995 2431 125.93
Conventionally recoverable 1987 3.84 16.75
Ecornomically recoverable 1995 3.75 111
Economically recoverable 1987 0.92 0.00

1987 data from Cooke and Dellagiarino (1989, p. 34 and p. 43).
BBO, billions of barrels of oil.
TCFG, trillions of cubic feet of gas.

24.31 BBO and 125.93 TCFG. The Chukchi Shelf
and Beaufort Shelf provinces show the largest
increase, and it is the database changes in these
provinces that are primarily responsible for the
overall increase in Alaska offshore resources
(resource estimates actually declined in some other
provinces). The increases in resource estimates in
the Beaufort and Chukchi Shelf provinces result
mostly from increases in the numbers of prospects
and increases in the fractions of prospects believed
to be “successful,” or filled with recoverable petro-
leum. Estimates of the fractions of “successful”
prospects that liec among the larger populations of
prospects in plays are determined by risk. The frac-
tions of successful prospects increased in 1995
because of a major shift in the risking philosophy
that resulted in increased chances for success in
most areas of play analysis. This effect is important
here because we are comparing the risked estimates
that were reported in 1987 and 1995. Potential oil
and gas volumes are discounted by risk to reflect
the chance that the province may fail to contain any
(conventionally or economically) recoverable
hydrocarbons, and statistically valid comparisons
between provinces (or any other entities) must be
made using risked volumes.

The increase in the number of prospects in all
provinces is related to three factors: more seismic
mapping; the addition of subeconomic prospects
precluded from the 1987 study; and the inclusion
in the inventory of mapped prospects of additional
numbers of “speculative” prospects that have not
yet been identified because of lack of data or other
causes.

In 1995 a “success” was defined as any pool of
hydrocarbons recoverable into a wellbore. This was
done to help account for both the economic and
subeconomic fractions of the total hydrocarbon
endowment. This definition of success generally
resulted in much higher overall chances of success
at the prospect, play and province levels. A much
more conservative risking approach was taken in
the 1987 assessment, such that the general effect
was the finding of smaller risked volumes of oil
and gas.

Estimates for risked mean economically recov-
erable resources for the Alaska offshore increased
dramatically, from 1987 values of 0.92 BBO and no
(0.00) economic gas, to 1995 values of 3.75 BBO
and 1.11 TCFG. The most significant increases
among economic resources are the estimates for
economic oil in the Chukchi Shelf and Beaufort
Shelf assessment provinces.

The key geologic factors affecting the overall
increase in economically recoverable resources are
the increase in prospect numbers and the higher
chances of success. However, the 1995 and 1987
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economic results poorly reflect changes in the geo-
logic models because the quantitative economic as-
sumptions (discount rates, commodity price paths,
etc.) used in the 1987 and 1995 computer studies
are so different. Significant differences between the
economic parameters used in 1987 and 1995 reflect
the different financial climates of those times and in-
clude flat real prices (rather than ramped), revised
costs, full-cycle analysis (includes exploration costs),
revised discount and inflation rates, and revised gas
discount factors.

The economic results for 1995 are more com-
pletely described by price—supply curves. In the
1987 assessment, only two economic cases, a
“primary” case ($18 per barrel oil price) and an
“alternative” case ($30 per barrel oil price) were
reported (Cooke and Dellagiarino 1989). In the
1995 assessment, instead of just two cases, the
price—supply curves report a spectrum of economic
resources as continuous functions of commodity
prices ranging from $0 to $50 (or more) per barrel.
(At very high prices, perhaps greater than $50 per
barrel of oil, economically recoverable volumes
approach the undiscovered conventional resources
calculated by GRASP.) The price-supply graphs
allow readers to devise their own present or neat-
term commodity prices and then find the potential
economic resources offered at that price by an off-
shore province of interest. (Because the graphs are
in 1995 dollars, future prices must be discounted to
1995 to use the graphs.) The price—supply curves
provide a much more complete summary of the
ranges of economic potential and highlight the
high-risk, high-reward potential that actually
attracts exploration investment in frontier areas.

Conclusions

The Alaska Federal offshore is estimated to con-
tain risked, mean, undiscovered, conventionally
recoverable resources of 24 billion barrels of oil
and 126 trillion cubic feet of gas. Approximately
90% of these resources occur in areas offshore of
Arctic Alaska, specifically the Chukchi Shelf (13
billion barrels of oil, 52 trillion cubic feet of gas)
and the Beaufort Shelf (9 billion barrels of oil, 44
trillion cubic feet of gas).

Most of the undiscovered oil and gas occurs in
pools that are too small to justify economic devel-
opment. Only about 15% of the conventionally
recoverable oil resources could be profitably
extracted at current oil prices. Three assessment
provinces offer significant quantities of undiscov-
ered, economically recoverable oil: the Beaufort
Shelf (2.27 billion barrels), the Chukchi Shelf (1.14
billion barrels) and Cook Inlet (0.27 billion bar-

rels). These provinces might also offer economi-
cally recoverable gas under certain future condi-
tions. However, the lack of transportation infra-
structures designed for the export of liquefied nat-
ural gas may deter significant gas production from
these areas, and from the greater Alaska offshore,
for many years.

References

Anchorage Daily News (1996) BP brass gives
Northstar field a thumbs-up. Vol. LI, no. 278,
October 4, 1996, p. Al, Al4.

AKDO&G (Alaska Division of Oil and Gas)
(1995) Historical and projected oil and gas con-
sumption. Published annually by the Alaska
Department of Natural Resources, Division of
Oil and Gas, 3601 C St., Suite 200, Anchorage,
Alaska, 99510.

AOGCC (Alaska Oil and Gas Conservation Com-
mission) (1994) Statistical report for 1994,
Published annually by the Alaska Oil and Gas
Conservation Commission, 3001 Porcupine
Drive, Anchorage, AK 99501.

Atwater, T. (1970) Implications of plate tectonics
for the Cenozoic tectonic evolution of western
North America. Geological Society of America
Bulletin, vol. 81, p. 3513-3536.

Cooke, L.W. (1985) Estimates of undiscovered,
economically recoverable oil and gas resources
for the Outer Continental Shelf as of July 1984.
U.S. Minerals Management Service, OCS
Report, MMS 85-0012.

Cooke, L.W. (1991) Estimates of undiscovered,
economically recoverable oil and gas resources
for the Outer Continental Shelf, Revised as of
January 1990. U.S. Minerals Management Ser-
vice, OCS Report, MMS 91-0051.

Cooke, L.W., and G. Dellagiarino (1989) Esti-
mates of undiscovered oil and gas resources for
the Outer Continental Shelf as of January 1987.
U.S. Minerals Management Service, OCS Re-
port, MMS 89-0090.

Craig, J.D., K.W. Sherwood and P.P. Johnson
(1985) Geologic report for the Beaufort Sea
Planning Area (Alaska). U.S. Minerals Man-
agement Service, OCS Report, MMS 85-0111.

Craig, I.D. (1996) Price—supply graphs and eco-
nomic results for 10 Alaska offshore assess-
ment provinces. In: Assessment data for oil and
gas potential of Alaska Federal offshore (K.W.
Sherwood, Ed.). Published on the World Wide
Web at http://www.mms.gov//omm/alaska/re/
akre.html

George, D. (1993) After long decline, Sunfish
strike revives interest in Cook Inlet. Oil and
Gas Journal, June, p. 19-22.



Marlow, M.S., K.W. Cooper, D.W. Scholl and
H. McLean (1982) Ancient plate boundaries in
the Bering Sea region. In Trench-Forearc
Geology; Sedimentation and Tectonics on Mod-
ern and Active Plate Margins (J.H. Leggett,
Ed.), Geological Society of London, p. 202—
212.

MMS (Minerals Management Service) (1996) An
assessment of the undiscovered hydrocarbon
potential of the Nation’s Outer Continental
Shelf. U.S. Minerals Management Service,
OCS Report, MMS 96-0034.

Moore, T.E., W.K. Wallace, K.J. Bird, S.M. Karl,
C.G. Mull and J.T. Dillon (1992) Stratigraphy,
structure, and geologic synthesis of Northern
Alaska. U.S. Geological Survey Open File
Report OF 92-330.

0il and Gas Journal (1993) Alaska’s Cook Inlet
basin slated for rebound in drilling. May 24, p.
23-26.

Reed, B.L., and M.A. Lanphere (1973) Alaska—
Aleutian Range batholith; Geochronology,
chemistry, and relation to the circum-Pacific
plutonism. Geological Society of America Bul-
letin, vol. 84, no. 8, p. 2583-2610.

Sherwood, K.W. (Ed.) (1996) Assessment data for
oil and gas potential of Alaska Federal Off-
shore. Published on the World Wide Web at
http://www.mms.gov//omm/alaska/re/akre.html

Sherwood, K.W., I.D. Craig and L.W. Cooke

(1996) Endowments of undiscovered conven-
tionally recoverable and economically recover-
able oil and gas in the Alaska Federal offshore.
U.S. Minerals Management Service, OCS Re-
port, MMS 96-0033.

Thomas, C.P., T.C. Doughty, D.D. Faulder, W.E.
Harrison, J.S. Irving, H.C. Jamison and G.J.
White (1991) Alaskan oil and gas—Energy
wealth or vanishing opportunity? U.S. Depart-
ment of Energy Report DOE/ID/01570-H1,
prepared by EG&G Idaho, Inc., Idaho National
Engineering Laboratory, Idaho Falls, Idaho
83415.

USGS (U.S. Geological Survey) (1995) 1995 na-
tional assessment of United States oil and gas
resources. U.S. Geological Survey, Circular
1118.

Warren, T., K.W. Sherwood, D.K. Thurston, V.F.
Kruglyak, S.A. Zerwick, O.V. Shcherban and
A.V. Grevtsev (1995) Petroleum exploration
opportunities on the U.S.—Russia Chukchi Sea
continental shelf. In Proceedings of the Fifth
International Offshore and Polar Engineering
Conference, International Society of Offshore
and Polar Engineers, The Hague, The Nether-
lands, June 11-16, 1995, vol. 2, p. 493-500.

Worrall, D.M. (1991) Tectonic history of the Ber-
ing Sea and the evolution of Tertiary strike-slip
basins of the Bering Shelf. Geological Society
of America Special Paper 257.

21



Oil Resources and Federal Lands on the
North Slope of Alaska

This article was prepared

by Dave Houseknecht, U.S
Geological Survey, Reston,
Virginia 20192, and Ken
Bird, U.S. Geological Survey,
Menlo Park, California
94025

22

For more than a decade the North Slope of
Alaska has accounted for 20-25% of the Nation’s
domestic crude oil production. However, the aver-
age output from this prolific region peaked at about
2 million barrels per day in 1988 and has steadily
declined to a present 1.4 million barrels per day.
So significant is this decline that production from
North Slope oil wells could fall below the mini-
mum required for continued operation of the trans-
Alaska pipeline within 1015 years unless the trend
of declining production is slowed or reversed.

Like a lit fuse the declining margin between
daily North Slope production and minimum capa-
city for the trans-Alaska pipeline adds urgency to
the Nation’s most volatile debate between advo-
cates of resource development and proponents of
environmental protection in the one region of the
U.S. that contains both huge onshore oil potential
and vast pristine wilderness. The U.S. Geological
Survey (USGS) is conducting geological research
and assessing undiscovered oil and gas resources
of the North Slope to provide Federal policy mak-
ers and land managers with scientific information
on which to base decisions that will surely weigh
heavily in this debate.

The Evolving Search for Oil
on the North Slope

The prodigious output of oil from Alaska’s
North Slope has flowed primarily from the Prudhoe
Bay field, which was discovered in 1968 and has
produced more than 9 billion barrels of oil since
production began in 1977. Prior to the discovery of
Prudhoe Bay, only about 50 exploration wells had
been drilled on the North Slope, and only a few
tiny oil and gas fields had been discovered, none of
which were economic discoveries.

During the two decades following the discovery
of the Prudhoe Bay field, a few hundred explora-
tion wells were drilled on the North Slope and in
State and Federal waters offshore. Although this
exploration effort resulted in the discovery of sev-
eral oil fields that would be considered huge by
“lower 48” standards, only a few were large
enough to be developed considering the harsh
economic realities of operating on the North
Slope. Four relatively large fields currently are
producing:

* Kuparuk (discovered in 1969; 2.5 billion bar-

rels of recoverable oil);

* Milne Point (1970; 220 million barrels);

* Endicott (1978; 600 million barrels); and

* Point McIntyre (1988; 340 million barrels).
Also producing are Prudhoe Bay satellite fields
Niakuk (50 million barrels), North Prudhoe Bay
(6 million barrels), West Beach (12—-65 million
barrels) and Cascade (50 million barrels). In addi-
tion, several fields, each containing oil reserves of
50-350 million barrels, await development should
economic factors become more favorable.

The Trans-Alaska Pipeline System was com-
pleted in 1977, and crude oil from the North Slope
started flowing southward immediately. As “satel-
lite fields” around Prudhoe Bay were developed
during the 1980s, the Trans-Alaska Pipeline Sys-
tem was extended from Prudhoe Bay westward as
far as the Kuparuk field and eastward to the Endi-
cott field.

Although exploration proceeded at a modest
pace during the past decade, significant technolog-
ical innovations in drilling, completing and operat-
ing wells have redefined the economics of North
Slope oil exploration. In essence, these advances
have reduced the minimum size of an oil accumu-
lation that is now considered economically feasi-
ble to develop into a producing field.

The most tangible evidence of the changing
economics of North Slope oil production is the
recent announcement that a new oil field (Alpine)
containing 250-300 million barrels of recoverable
oil will be developed on the Colville Delta, just
outside the northeastern boundary of the National
Petroleum Reserve—Alaska (NPR-A). Plans were
announced in 1996 to develop the Alpine field and
to build an extension of the Trans-Alaska Pipeline
System from Kuparuk to Alpine.

News of the Alpine field development, and par-
ticularly the economic feasibility of extending the
pipeline system approximately 30 miles westward
to produce oil from a field of this size, truly rede-
fines the oil potential of the North Slope. These
events heighten the likelihood that a number of
fields discovered east of Prudhoe Bay also may
prove to be of sufficient size to warrant develop-
ment. These include Badami, Point Thomson and
Flaxman Island, all located onshore or in State
waters, and Hammerhead and Kuvlum, located in
Federal waters. Although specific reserve esti-



mates are either vaguely defined or confidential,
each of these fields likely contains at least 100—
300 million barrels of recoverable oil. In addition,
the Sourdough exploration well drilled near the
northwestern boundary of the Arctic National
Wildlife Refuge (ANWR) in 1994 has been classi-
fied as “capable of producing in paying quantities,”
and the Stinson well, drilled in State waters near
the northwestern corner of ANWR, apparently is an
oil discovery but information remains confidential.
It appears only a matter of time before an exten-
sion of the Trans-Alaska Pipeline System eastward
from Endicott is proposed so that development of
oil fields can proceed.

Exploration on Federal Lands

All North Slope oil production to date has been
derived from areas under State jurisdiction, both
onshore and offshore (the boundary between State
and Federal stewardship for offshore areas is
located three miles from the coast of the main-
land). Areas under Federal stewardship have been
tested to varying degrees. The NPR-A, an area the
size of Indiana, was tested with 36 exploration
wells and 45 core tests drilled by the Navy during
an early appraisal effort from 1943 to 1953 and
with an additional 28 exploration wells drilled by
the Navy and the USGS during a second phase of
Federal exploration from 1974 to 1982. The entire
Federal exploration effort resulted in the discovery

of three sub-economic oil fields and several gas
fields. Although natural gas fields are not econom-
ic on the North Slope, a few discovered during the
Federal exploration were developed to provide a
source of energy for local villages. Lease sales
were held in NPR-A in the early 1980s, and a sin-
gle exploration well was drilled by industry in
1985. That well was not successful.

The coastal plain (the 1002 Area) of ANWR
has been of tremendous interest to the oil industry
since its creation by the Congress in 1960 because
it is considered to have the best potential to con-
tain giant oil accumulations of all onshore areas of
the U.S. Although the Congress permitted the col-
lection of a large seismic data set during 1984-85,
no lease sales or exploration drilling have been
authorized by the Federal government, and the
opening of the ANWR coastal plain to exploration
is the subject of intense debate. The only onshore
exploration well east of the Canning River, which
forms the western boundary of ANWR, was drilled
in 1985 on Native lands along the northern coast
of ANWR; however, information regarding the
KIC (Kaktovik Inupiat Corporation) well contin-
ues to be confidential, and there is no public
knowledge of whether petroleum was encoun-
tered.

The Federal offshore area has been tested
sparsely. The first exploration wells in Federal
waters were drilled during the early 1980s as
industry stepped out from Prudhoe Bay seeking
to discover similar giant fields. In fact, an explora-
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Newly released information
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regarding the North Slope
and other USGS energy-
related activities is
available online at
http:fenergy.usgs.gov/

tion well drilled in Federal waters in 1983, the
Mukluk, to test a geologic structure considered to
be a Prudhoe Bay “look-alike” holds the dubious
distinction of being the world’s most expensive dry
hole. The Mukluk well, drilled at a cost of $120
million, encountered a favorable reservoir but only
traces of oil. One well drilled in Federal water in
1988 is particularly important because of its prox-
imity to the ANWR coastal plain; however, the
Aurora well failed to encounter petroleum in more
than trace amounts. A number of exploration wells
have been drilled in Federal waters offshore from
ANWR. At least two of these tests (Hammerhead
and Kuvlum) discovered oil, although the reserves
appear to be marginally economic, particularly
considering the expense of developing offshore
fields.

Increasing Interest in
Federal Lands

Two main factors are placing increased empha-
sis on the availability of Federal lands for oil
exploration on the North Slope. First, industry
has tested the most promising oil prospects in areas
that have been available through lease sales (most-
ly State lands and waters plus the Federal offshore)
and are now seeking access to lands that have not
been available. No lease sale has been held in the
NPR-A for nearly 15 years. Significant innovations
have been made in geological science (for exam-
ple, sequence stratigraphy), exploration technology
(for example, seismic data processing) and drilling
technology (for example, directional drilling from
pads constructed of ice) during that time, and it is
likely that these advances will cast a new light on
the oil potential of the NPR-A. The ANWR coastal
plain has always been off limits to exploratory
drilling under Federal law, so the oil potential of
that promising area has never been tested (except
for the KIC well).

Second, the recent reduction in the size of an
oil field that is considered economic to develop
on the North Slope has already started to result in
expansion of the existing infrastructure. The

announced extension of the Trans-Alaska Pipeline
System westward to the doorsteps of the NPR-A
and the possibility of an eastward extension to the
threshold of the ANWR coastal plain significantly
redefines the economic feasibility of exploration
on those Federal lands. Clearly requests to the Fed-
eral government to make those lands available for
exploration have been increasing during the past
few years, and this trend is likely to continue.

USGS Information as a Scientific
Basis for Decision Making

As part of its mission to evaluate the energy
resources of the Nation, the USGS periodically
conducts an assessment of the oil and natural gas
resources of the onshore and State water areas of
the United States. In February 1995 the USGS
released the results of the most recent oil and gas
assessment, an intensive four-year study. The Min-
erals Management Service (MMS) conducts a par-
allel study of the oil and gas resources of Federal
offshore areas.

Based on the results of the latest USGS national
assessment of oil and gas resources (released in
1995), the North Slope of Alaska is believed to
have the greatest oil potential of any onshore
area of the U.S. Pertinent information from that
national assessment has been provided to Federal
policy makers and land managers to support pend-
ing decisions regarding a lease sale in the NPRA.

The USGS also is conducting an intensive
re-examination of the geology and petroleum
potential of the eastern North Slope, which
includes the ANWR coastal plain. The objectives
of this work are to produce the most up-to-date and
comprehensive analysis of the oil and gas potential
of the ANWR coastal plain and to produce a digital
base of information that will facilitate policy and
land-use decision making by the Federal govern-
ment. This information also will be useful to State
agencies, industry and environmental organizations
involved in evaluating the competing demands for
use of Federal lands on the North Slope.



Monitoring Lead and Other Contaminants in
Arctic Waterfowl

This report was prepared by
Dirk Derksen of the U.S.
Geological Survey, Alaska
Science Center.

Alaska Science Center study
areas along the Kashunuk
River in western Alaska.

The Alaska Science Center (ASC) has been
engaged in waterfowl research on the Yukon-
Kuskokwim (Y-K) Delta since the early 1980s.
The primary focus of ASC research has been on
declining populations of geese and seaducks man-
aged by the U.S. Fish and Wildlife Service (FWS).
Priorities for research on the Y-K Delta are estab-
lished through coordination with the FWS in
Region 7, Anchorage. The FWS provides funding
for ASC research and conducts companion surveys
and studies through the divisions of Migratory Bird
Management and Refuges.

Waterfowl that nest in and migrate through the
highly productive Y-K Delta are an important
source of protein for indigenous Yupik Eskimos,
especially in the spring when their food resources
are usually low. In the 1970s, dramatic population
declines in four species of geese that nest on the
Y-K Delta prompted wildlife agencies from
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Alaska, Washington, Oregon and California to
form an alliance with local Yupik people to
improve management and increase waterfowl
populations so that hunting could be resumed.

More recently FWS and ASC biologists work-
ing on the Y-K Delta documented a major, sus-
tained decline in nesting spectacled eider ducks.
The spectacled eider population nesting on the
Y-K Delta declined from 50,000 pairs in 1971 to
about 1,700 pairs in 1992, The FWS reviewed all
available information about spectacled eiders and
in 1993 listed the species as threatened under the
Endangered Species Act. A recovery team was
established that included expertise in spectacled
eider and population biology, marine ecology,
Native Alaskan culture and wildlife management.
The recovery team developed a plan that, among
other components, identified research necessary
to evaluate potential causes for the nearly 96%
decline in the nesting population on the Y-K
Delta.

The ASC initiated studies of spectacled eider
reproductive ecology, adult and duckling survival,
habitat associations, and post-nesting distribution
on the Y-K Delta in 1992. During the field work
in 1992-1994 ASC and FWS biologists discovered
a few spectacled eiders and closely related com-
mon eiders that were dying. These birds were
examined by scientists at the National Wildlife
Health Center (NWHC) in Madison, Wisconsin.
The necropsies and analysis of blood and tissue
samples showed that lead poisoning was the cause
of death. Lead shot was recovered from the lower
esophagus of one spectacled eider and the gizzard
of a common eider. Lead concentrations were 26—
38 ppm wet weight in the livers of the spectacled
eiders and 52 ppm wet weight in the liver of the
common eider, levels considered toxic in water-
fowl. These were the first records of lead poison-
ing in spectacled eiders, and it signaled the need to
focus research on this potential limiting factor.

Sampling of spectacled eiders for evidence of
exposure to lead was expanded to include impor-
tant nesting and brood-rearing habitats along the
Kashunuk River near the village of Chevak.
Female spectacled eiders were trapped on their
nests 05 days before hatch, and broods were cap-
tured in ponds using mist nets. Adult female
greater scaup, common eiders and oldsquaws were
also captured to compare lead exposure rates
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among species. Blood samples were analyzed for
lead using atomic absorption spectrophotometry;
concentrations of 0.2 ppm or higher were consid-
ered evidence of exposure to lead above normal
background levels. Additionally a sample of birds
was examined in the field with a portable x-ray
machine to identify ingested shot. Although the
Kashunuk River corridor is an important subsis-
tence hunting area for residents of Chevak and
neighboring villages, the results of the lead analy-
sis were unexpected, considering the large number
of ponds and lakes in the area. Shot was detected
in the gizzards of 11.6% of spectacled eiders
x-rayed. During the period from arrival through
incubation, 13.0% of adult females and 6.6% of
adult males had elevated blood lead levels when
captured. During the brood rearing period, 35.8%
of adult females and 12.2% of ducklings were
exposed to lead when captured.

An important finding was that adult females
that had been in the area longer were more likely
to have been exposed. Logistic regression was

used to assess the probability of exposure to lead in
relation to date of capture for adult females. This
analysis predicted that 50% of the successful
breeding hens were likely exposed to lead, and 25—
35% of the spectacled eider breeding population
was exposed to lead.

Exposure rates of greater scaup (less than 5%)
were significantly lower than for spectacled eiders.
Common eiders and oldsquaws had exposure rates
of 12% and 20%, respectively. These differences in
exposure rates among species are likely related to
differences in foraging behavior. Greater scaup
feed in large sloughs and rivers on the Y-K Delta,
where lead shot availability may be reduced by
sedimentation and tidal action. By comparison,
eiders and oldsquaws forage in small ponds where
lead shot may persist for many years.

The ASC initiated “seeding” experiments in tun-
dra ponds on the Y-K Delta to better understand
how long lead shot may be available to waterfowl.
Preliminary results after two seasons show that
there is very little downward movement of shot
through pond sediments, perhaps because of the
presence of permafrost and the shallow active layer
during the relatively short summer.

The high level of exposure to lead in specta-
cled eiders nesting along the Kashunuk River
established the need to assess exposure levels
throughout their breeding range on the Y-K Delta.
Therefore, in 1995 the ASC and FWS consulted
with Yupik Eskimo elders, area Native corpora-
tions, and individuals that own lands on the Y-K
Delta about the results from the Kashunuk River
and the desirability of understanding the geo-
graphic extent of lead poisoning in Y-K Delta
waterfowl. Accordingly the ASC proposed a sam-
pling protocol for most of the spectacled eider nest-
ing habitat on the Y-K Delta. A total of 107 one-
square-mile plots were examined with the aid of a
helicopter, resulting in 142 blood samples. The
blood samples were collected with the field assis-
tance of a Yupik village corporation member who
accompanied the principal investigator during sur-
veys on Native-owned lands. Analyses of these
data are in progress and will be comparable to data
from the Kashunuk River, as well as spectacled
eider blood samples ASC biologists collected
from the only other nesting areas along the coast
of Siberia and the North Slope of Alaska. As
expected, preliminary results from the Prudhoe
Bay area in Alaska show no evidence of lead
exposure in spectacled eiders.

The discovery of lead poisoning in Y-K Delta
ducks encouraged the FWS to fund the ASC and
NWHC to evaluate exposure in emperor geese, a
grazing species that has declined by about half
their historic population. In 1996, blood samples
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were collected from 235 emperor geese along the
Kashunuk River. No lead was detected in 82% of
the birds sampled, and 17% had blood lead concen-
trations at normal background levels. Only one
bird had a blood lead concentration that was within
the range considered toxic for waterfowl. Although
more sampling would be desirable, it appears that
emperor geese are less likely to consume lead pel-
lets during feeding in upland areas than diving
ducks do while foraging in Y-K Delta wetlands.
The results of research on lead poisoning in the
threatened spectacled eider and exposure in other
ducks on the Y-K Delta stimulated a cooperative

effort between wildlife agencies, Native groups
and local residents to examine management alter-
natives that will enhance waterfowl survival rates
and increase nesting populations. The Alaska
Department of Fish and Game and the FWS have
sponsored workshops and clinics in Y-K Delta vil-
lages to discuss the problem of lead poisoning in
waterfowl from spent shot and to train local hunt-
ers how to use non-toxic steel shot effectively.

Recognition of the importance of lead shot as a
factor limiting the recovery of spectacled eiders on
the Y-K Delta has resulted in funding to monitor
other heavy metals known to be toxic to water-
fowl. ASC researchers have recovered over 100
dead eggs from spectacled eider nests on the Y-K
Delta over the past few years. The number of
addled eggs is much higher than in other ducks
studied on the Y-K Delta and is cause for concern.
Exposure to heavy metals has been linked to low
hatchability in eggs of some species of ducks;
however, there is little information available
regarding the rates or effects of exposure on repro-
duction by eiders and other seaducks. Exposure to
selenium is potentially lethal to adult waterfowl
and may impair survival of eggs and ducklings.
Mercury exposure may also result in lower repro-
ductive success and poor survival in ducks. In
1996 the ASC and NWHC began work to evaluate
these eggs and blood samples from adult females
for the presence of selenium, mercury, cadmium
and arsenic.
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On June 14 and 15, 1996, 42 Japanese, Korean,
Russian and American representatives from aca-
demia, industry, government and nongovernmental
organizations met in Niigata, Japan, to discuss is-
sues related to radioactive waste treatment, storage
and disposal. A key theme of the meeting was that
existing cooperation and solutions to radioactive
waste problems in the Arctic could be applied to
similar problems in the Russian Far East. The
meeting was titled “Global Partnership: A Multi-
National Workshop on Nuclear Waste in and
around the Sea of Japan, Sea of Okhotsk, and the
North Pacific.” The workshop was organized by
the U.S. Geological Survey on behalf of the Inter-
agency Arctic Research Policy Committee, the
Center for International Security Studies of Missis-
sippi State University, and the Center for United
States—Japan Studies and Cooperation at Vander-
bilt University. In-country support was provided
by the Economic Research Institute for Northeast
Asia, located in Niigata. The workshop was
supported by the U.S. Navy Office of Naval
Research’s Arctic Nuclear Waste Assessment
Program, the Japan Foundation Center for Global
Partnership, the Japan—United States Friendship
Commission, Babcock and Wilcox Company,
Mitsubishi International Corporation, and Toman
Corporation.

The Niigata meeting was the follow-on to a Jan-
uary 12-13, 1995, workshop, held in Biloxi, Mis-
sissippi, titled “Japan—Russia—United States Study
Group on Dumped Nuclear Waste in the Sea of
Japan, Sea of Okhotsk, and the North Pacific
Ocean.” (The proceedings of the Biloxi workshop
were published in the Fall/Winter 1995 issue of
Arctic Research of the United States.) At the Biloxi
workshop, participants from government and
industry from Japan, Korea, Russia and the United
States discussed the history of, and possible envi-
ronmental consequences resulting from, the ocean
dumping of nuclear waste in the Asian eastern
marginal seas and the northwest Pacific Ocean,

In Niigata the focus progressed to solving the com-
plex problem of radioactive and toxic waste stor-
age and management. Many of the participants
who came to Niigata were also in Biloxi. Their
familiarity with each other assisted greatly in
enhancing mutual understanding of national envi-
ronmental concerns.

One theme—how international cooperation in
the Arctic reduced the volume of low-level liquid

radioactive waste—surfaced many times. Many
speakers, including Norwegian Embassy First Sec-
retary Gerd Peterson, described specific aspects of
this cooperation and suggested how Arctic suc-
cesses could be implemented in the Far East. The
first day’s plenary session concentrated on policy
formulation issues. The second day was reserved
for discussing new opportunities for technical
cooperation and information sharing. Yoshiaki
Hasagawa, Mayor of the City of Niigata, opened
the workshop and stressed the importance of the
meeting for the conservation of the environment
for the human race. Michael E. Kokeev, Director
of International Scientific and Technical Coopera-
tion at the Russian Federation’s Ministry of For-
eign Affairs, reiterated Russian President Boris
Yeltsin’s pledge, made at the April 19-20, 1996,
Moscow Summit, that by the end of 1996, his
country would formally accede to the London
Convention, which banned radioactive waste
dumping at sea. Teruyoshi Inagawa, Deputy
Director-General of the Arms Control and Scien-
tific Affairs Burcau of the Japanese Foreign Min-
istry, expressed great satisfaction for Russian
adherence to this 1993 accord. The Chairman of
the American delegation, William A. Nitze, Assis-
tant Administrator for International Activities at
the Environment Protection Agency, was also
gratified that at the 1996 Moscow Summit, Presi-
dent Yeltsin advised Japanese Prime Minister
Hashimoto about Russia’s commitment to perma-
nent cessation of all dumping of radioactive waste
in the Sea of Japan.

Nitze outlined his vision for continued coopera-
tion with Japan and Russia. He drew attention to
the urgency of finding solutions to the manage-
ment of radioactive waste in and around the Rus-
sian coastline. Nitze expressed hope that the
Niigata workshop can provide a springboard for
broader international cooperation between Russia
and both its Arctic and western Pacific neighbors,
particularly Norway, Japan and the United States.
Expanded international cooperation would allow a
wider range of environmental security problems,
derived from the legacy of the Cold War era, to be
addressed.

Nitze’s remarks prompted Valery A, Danilian,
Chief of the Russia’s Pacific Fleet Chemical Ser-
vice, to appeal for international assistance and co-
operation in reducing the volume of high-level
waste remaining in the Russian Far East. In the



Russian Arctic, 2 well-established system of inter-
relations already exists between Russia, Norway
and the United States for expanding radioactive
waste treatment, he said. But in the Primorsky
Kray and Kamchatka, the Russians must deal with
a similarly grave problem alone.

The Far East government’s interest in cleaning
up the environment was underlined by E.S. Sto-
matyuk, Chairman of the Primorsky Kray Commit-
tee on Natural Resources. He frankly admitted that
a difficult situation occurred in the Far East after
the prohibition of dumping of radioactive waste
into the seas was implemented in 1993. Since then,
increasing quantities of radioactive waste have cre-
ated hazardous situations in and around navy bases
where decommissioned submarines, many with
spent nuclear fuel and radioactive reactor cores,
are stored. As did previous speakers, Chairman
Stomatyuk urged international cooperation for
dealing with radioactive waste disposal. In addi-
tion he suggested undertaking a feasibility study
for creating storage facilities for radioactive waste
in Primorsky Kray.

Several speakers described a Japanese-
sponsored, United States-designed floating treat-
ment plant, informally known as “the floating
barge.” When completed in mid-1997, it will
travel to a number of sites where Russian nuclear
submarines are being decommissioned and dis-
pose of low-level liquid waste.

During the closing session, ten recommenda-
tions were presented:

1. Hold a specialized workshop to establish a
Tapanese Data Node for the International Arc-
tic Environmental Data Directory (ADD). The
focus of the Japanese node would be radioac-
tive waste and the marine environment of the
Sea of Japan, the northwest Pacific Ocean and
the Sea of Okhotsk. (The Japanese delegation
promised to study the ADD and host a work-
shop to begin the cooperative process.)

2. Establish a joint expert group to visit radio-

active waste storage sites in the Russian Far
East and in the U.S.

3. Investigate potential financial support from
the International Monetary Fund and other
international financial institutions for process-
ing and storing Russian radioactive waste.

4. Discuss opportunities for technical and scien-
tific cooperation on sorbent technology and
development of a processing methodology for
solid radioactive waste arising from the con-
centration of liquid waste.

5. Conduct a joint Russian—Japanese—American
feasibility study for developing options for
the disposal of nuclear waste (low level and
high level) from Russian submarines in the
Vladivostok area.

6. Establish an international commission, work-
ing jointly with Global Legislators for a Bal-
anced Environment (GLOBE), to assess the
problems of waste storage in Russia on a
national and regional level.

7. Study other solid waste storage problems,
including volume, improved stable waste
forms and better containment systems.

8. Carry out joint investigations on the effects
of radioactivity on the marine environment in
the northwest Pacific region, the Sea of Japan
and the Sea of Okhotsk, including the coastal
zone.

9. Include the U.S. in existing environmental
assessment activities.

10. Seek funding for a joint U.S.—Russian—
Japanese—Korean-TAEA (International Atomic
Energy Agency) expedition to study the ecolog-
ical situation in Peter the Great Bay.

In conclusion, participants agreed that these
recommendations should be the starting points
for continued interaction and possibly a new
workshop. The date, location and financing of a
follow-up workshop are being studied. Chairman
Stomatyuk suggested that the next workshop be
held in Vladivostok.
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Apical Predators in the Arctic Marine System
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Walrus and Polar Bear
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Polar bear population areas
in western Alaska and
Russia identified by
satellite telemetry.

The Alaska Science Center has conducted
research on the ecology of polar bears and Pacific
walruses in western Alaska since 1985. The initial
effort on polar bears was in Alaskan waters but was
expanded into the Chukchi Sea of eastern Russia in
the early 1990s after satellite tracking data indicat-
ed that the western Alaskan population of polar
bears was shared with Russia. Recently the cooper-
ative U.S.—Russian polar bear research program
was further extended to the Laptev, Kara and Bar-
ents Seas in western Russia to define population
bounds and examine the use of sea ice habitats by
polar bears in these regions. This research is also
cooperative with Norwegian scientists. The research
on Pacific walrus was cooperative between U.S. and
Russian cooperators, and efforts during the late
1980s were focused on refining existing popula-
tion survey methods to account for various biases.
Current research on Pacific walrus focuses on the
feeding ecology of walruses in Bristol Bay and
developing suitable telemetry technology for use
in a future study of industrial disturbance to wal-
ruses in ice edge habitats of the Chukchi Sea.

Polar Bear and Walrus Populations

Satellite telemetry data from adult female polar
bears captured in western Alaska and eastern Rus-
sia indicate extensive movements between the
Chukchi Sea and the Bering Seas in both areas.
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The majority of maternal denning for this popula-
tion occurs on Wrangel and Herald Islands and

the northern coastline of the Chukotka Peninsula in
Russia. Maternal denning has been rarely docu-
mented along the coastline of western Alaska.
Annual movements of individual adult females are
extensive, with minimum distances traveled of
4,000-6,000 km and areal extents of 300,000~
600,000 km?Z common. Satellite data from western
Russia (the Laptev, Kara and Barents Seas) indicate
amore limited pattern of movement that is closely
associated with seasonal variations in the distribux-
tion of sea ice. In all cases, adjacent populations of
polar bears exhibit movement between adjoining
populations.

The walrus is holarctic in distribution and com-
prises at least six apparently geographically isolat-
ed populations around the Northern Hemisphere,
including one population in the Bering and Chukchi
Seas. The Bering and Chukchi walruses are regard-
ed as the Pacific walrus, and walruses within the
other regions are regarded as the Atlantic walrus.
The Pacific walrus frequents the waters, ice and
coasts of the Russian and U.S. Bering and Chukchi
Seas. The seasonal distribution of the Pacific wal-
rus population is generalized primarily from a com-
pilation of reports of sightings from land, ships and
aircraft. Because walruses prefer to haul out onto
ice to rest, their distribution is strongly influenced
by the seasonal distribution of pack ice. In winter,
females and young migrate southward from the
Chukchi Sea with the developing pack ice to join
adult males in the Bering Sea. In spring, females
and young migrate back to the Chukchi Sea, where
they spend the summer, while most adult males
remain behind in the Bering Sea. The males sum-
mer in Bristol Bay, Alaska, and at Big Diomede
and Arakamchechen Islands, on Rudder and
Meechken Spits, and possibly along the southern
Koryak coast and in the northern Karagin Gulf of
Russia.

The Alaska Science Center has used radiotele-
metry since the mid-1980s to track the movement
of walruses. More recently, satellite transmitters
and short-range VHF transmitters were deployed
on adult male walruses in Bristol Bay to understand
the importance of walrus movements in population
assessments and to identify summer feeding areas
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information from a single
tagged walrus within Bristol
Bay. Dots indicate individual
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that may be important to their survival. Most wal-

ruses were tracked from one to three months while
they moved between haulouts and feeding areas at
sea, Several feeding areas were identified, includ-

ing one in the middle of Bristol Bay.

Apical Predators and
Radioactive Contamination

Russia, Norway and the United States share a
number of biological resources of the Arctic
Ocean, including the holarctic polar bear and wal-
rus, both apical carnivores in the Arctic marine
ecosystem. Radioactive contamination of the Arc-
tic Ocean from Russian military nuclear tests sites
on Novaya Zemlya has been reported (for example,
in the Kara and Barents Seas), and riverine inflow
from other inland Russian military and industrial
centers may contain radioactive contaminants. This
contamination may impact not only site-specific
biological resources of Russia, but also critical
biological resources of Arctic and sub-Arctic
regions of the United States and Norway, either
through transport by currents or through bioaccu-
mulation in apical predators of the marine ecosys-
tem and subsequent transport of the contaminants
by extensive movements of contaminated preda-
tors. Ongoing cooperative research activities of
American, Russian and Norwegian scientists have
documented that several populations of both wal-
ruses and polar bears move extensively between
the three countries. A pilot study was recently
completed with Russian and Norwegian coopera-
tors on using analyses of teeth enamel to determine
historic exposure of polar bears to radiation.

The environmental community has expressed
concern that the radioactive contamination of the
Russian Arctic will spread throughout the Arctic.
Polar bears and walruses can function as unique
biological indicators of radioactive contamination
in the Arctic because of their extensive movement

patterns, their potential for accumulating radio-
active pollutants from military activity in western
Russia, and their potential to act as biological
transport mechanisms as they move between the
Arctic regions of Russia, Norway and Alaska and
into sub-Arctic zones of the Bering Sea. Polar
bears are at the top of the marine pelagic food
chain, feeding primarily on seals, while walruses
are a top predator on the benthic food chain and
may more directly integrate radioactive contami-
nants from contaminated benthic food sources.
Therefore, these two species can serve as biologi-
cal indicators for two distinct marine food chains
and provide independent windows for delineating
pathways of radioactive contamination and subse-
quent monitoring of these contaminants in the Arc-
tic environment.

The Alaska Science Center has completed
research that suggests that twelve sites representing
four groups of polar bears and walruses in Alaskan,
Russian and Norwegian waters could be studied to
monitor relative radionuclide loads and to examine
transport potential. Bears of eastern Alaska would
serve as controls since they rarely move into Rus-
sian waters believed to be contaminated by radio-
nuclides. Walruses at the Round Island Haulout
and north Kamchatka Haulout Complex do not
move through the Bering Straits and represent ani-
mals with the least likelihood of direct exposure to
radionuclides. Western Alaska and Wrangel Island
animals show significant movement patterns and
would have the greatest likelihood of transporting
contaminants of concern into U.S. waters. East
Siberian and Laptev Sea walruses and polar bears
have relatively restricted movement patterns and
would likely show the most impacts from site-
specific exposure. The existing cooperative work,
primarily with Norwegian scientists at the Norsk
Polar Institutt and Norsk Zoologisk Museum and
Russian scientists at the All-Russia Research Insti-
tute for Nature Conservation and the Russian
Academy of Sciences, is located in the area of the
highest concentration of suspected radionuclide
contamination and represents the immediate expo-
sure areas of the Barents and Kara Seas.

The need for a research program to define path-
ways that exist for movement of radioactive con-
taminants resulting from past Russian military
activity in western Russia is apparent. Future
cooperative international research on the apical pred-
ators of the Arctic will determine the extent of exist-
ing radioactive contamination in two separate marine
food webs by examining the bioaccumulation of
these radionuclides in top marine predators. The
project would also delineate the area of concern for
monitoring radioactive contamination from Russian
military activity in the western Arctic of Russia.
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Polar Bear and Pacific Walrus Bilateral Conservation
Agreements Between the U.S. and Russia

This report way prepared The U.S. Fish and Wildlife Service (FWS) is
by David McGillivary. working on two major international conservation
Scotr Schliebe and Dana . ... . : 3 T
Seagars of the U.S, s and 1n1t1at1v§s with Russia. These Initiatives—a pro-
Wildlife Service, Marine  POsed bilateral conservation agreement for the
Mammals Management  shared population of polar bears and another pro-
Office. 1011 L. Tudor k.. posed bilateral conservation agreement for the
Anchorage. Alaksa 99503 shared population of Pacific walruses—have been
discussed for many years. However, the need for
these conservation agreements and the effort being
expended to develop them has increased signifi-
cantly in recent years. Following the break-up of
the U.S.S.R. in 1992, Russia entered into a free
market economy. As a result, there are reports of
increased illegal hunting and sale of wildlife parts
in Russia.
On April 30, 1994, President Clinton signed
amendments to the Marine Mammal Protection
Act. Section 113(d) states “...the Secretary of the
Interior, acting through the Secretary of State and
in consultation with the Marine Mammal Commis-
sion and the State of Alaska, shall consult with the
appropriate officials of the Russian Federation on
the development and implementation of enhanced
cooperative research and management programs
for the conservation of polar bears in Alaska and
Russia....” Since Pacific walruses are also shared
with Russia and this population shares many of the
same conservation issues as do polar bears, the

FWS has proposed a separate similar agreement
Distribution and range prop p g

of Chukchi/Bering Sea for walruses. .
and Beaufort Sea stock of Protocols of Intentions between the U.S. and
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Pacific walruses in Nome, Alaska, and in Petropav-
lovsk, Kamchatskiy, Russia, in September 1995,
During the talks in Russia, Native-to-Native discus-
stons were held, and in June 1996 a draft Native-
to-Native agreement was agreed to by indigenous
people of both sides. Walrus and polar bear talks
have progressed at a different pace, with progress
on a polar bear agreement now about a year further
along. Walrus talks are expected to follow as the
polar bear agreement proceeds toward completion.

Discussions regarding development of a unified
management approach between Russia and the U.S.
for the shared Alaska—Chukotka polar bear popula-
tion were initiated in Sochi, Russia, in October
1988 at the International Union for Conservation of
Native and Natural Resources (ICUN) Polar Bear
Specialists Group Meeting. Further talks occurred
in May 1990, and correspondence supporting the
development of a bilateral agreement followed.
Between 1992 and 1995, Protocols of Intentions
were developed between natural resource agencies
of the respective countries and the Native users of
Alaska and Chukotka. During this period numerous
discussions between FWS and Native representa-
tives occurred on the possible development of a
government-to-government conservation agreement
and a companion Native-to-Native agreement. In
April 1994 a “Protocol of Intentions Between the
Indigenous People of Chukotka and Alaska on the
Conservation, Protection, Management, and Study
of the Bering and Chukchi Seas Shared Polar Bear
Population” was signed by indigenous people on
both sides.

In 1996 the FWS prepared a draft Environmental
Assessment (EA) on the proposed “Development of
a U.S./Russia bilateral agreement for the Conserva-
tion of Polar Bears in the Chukchi/Bering Seas.”
This document, developed in coordination with the
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Distribution and range of the  Department of State, Alaska Department of Fish
Pacific walrus. 54 Game, Alaska Nanuuq Commission, National

Audubon Society, Department of the Interior’s
Solicitor’s Office, North Slope Borough, Inuit Cir-
cumpolar Conference, and RurAL CAP, provided
the mechanism for public review and comment on
the proposed bilateral agreement for polar bears.
Public meetings were held in Anchorage, Alaska;
Washington, D.C.; and several villages along the
coast of Alaska. A final EA was expected to be
completed in early 1997.

The preferred alternative of the EA is the devel-
opment of a government-to-government agreement
with a companion Native-to-Native agreement.
The government-to-government agreement pro-
vides an organizational framework and support for
the Native-to-Native “Implementation” agreement
on subsistence harvest management. An interna-
tional joint commission would be established to
provide the coordination and consultation neces-
sary for carrying out the terms of the agreement.
This joint commission would be the primary
decision-making body responsible for effective
management of the shared Chukotka population
of polar bears. This coordinated management
would remedy deficiencies of current unilateral
efforts and expand opportunities to obtain compre-
hensive information on population size and status
of the Alaska—Chukotka polar bear population
needed for conservation and management.

Implementation of an Alaska—Chukotka polar
bear harvest limit, allocation and quota system in
Alaska based on harvest guidelines would result
in proactive management. Wildlife managers
would have the flexibility to recommend harvest
level adjustments to the joint commission.
Enforcement of harvest quotas in Russia would
presumably curb illegal take; however, without
adequate enforcement, an increase in total take

-—

(legal and illegal) could result. Monitoring of har-
vest and enforcement on both sides would need

to be required and verified. Joint international
research and monitoring programs for the study
and conservation of the Alaska—Chukotka polar
bear population would be enhanced and conducted
between the governments and Natives of Russia
and the U.S.

Following completion of a final EA on the pro-
posed polar bear bilateral agreement, the FWS
plans to work with the Department of the Interior’s
Solicitor’s Office in preparing a “Circular 1757
request for authority to negotiate a bilateral agree-
ment with Russia. The Circular 175 document and
supporting information will then be submitted to
the U.S. Department of State. Draft bilateral agree-
ment language will then be prepared by the FWS in
close consultation with the Department of State.
Upon approval by the Department of State, a U.S.
delegation will be selected and a negotiation meet-
ing with Russia scheduled.

It is anticipated that, whenever a formal negoti-
ation meeting is scheduled for the polar bear bilat-
eral agreement, continued working-level talks also
will be scheduled for walruses. The FWS is con-
cerned that current economic and political issues
in Russia have resulted in the loss of key Russian
scientific programs and personnel for walruses. It
is considered important to the conservation of
Pacific walruses to keep talks progressing between
the two governments, as well as between indige-
nous people on both sides. Preparation of an EA
for the Pacific walrus bilateral agreement is being
planned.

The role of Native people in Russia and Alaska
is critical to the development and implementation
of these proposed bilateral agreements. As subsis-
tence users of polar bears and walruses, their
“stake holder” role in the conservation of these
species is essential for the future of the Native
lifestyle and heritage. Also, their role in develop-
ment and implementation is a key to the effective-
ness of the proposed bilateral agreements for the
conservation of polar bears and Pacific walruses
into the future.
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Assessing Caribou Habitat Selection
at a Landscape Level
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This article was prepared
by Tom McCabe and Brad
Griffith of the USGS/ Bio-
logical Resources Division

and Janet Jorgenson of the
Arctic National Wildlife
Refuge,

The research we have been engaged in over the
past decade has involved the Porcupine caribou
herd and the Arctic National Wildlife Refuge
(NWR) in northeast Alaska. Within the boundaries
of the Arctic NWR are 607,000 ha of coastal plain
(known as the 1002 Area) that is considered,
based on geology, the next best prospect for dis-
covering recoverable amounts of oil in North
America (Clough et al. 1987). The Porcupine cari-
bou herd—the second largest of the caribou herds
found in Alaska, estimated at 163,000 animals—
has come to symbolize the struggle for and against
opening the Arctic NWR to oil development. The
Porcupine herd has a 291,000-km? range between
Canada and the United States. The cogent point rela-
tive to the caribou and the potential oil develop-
ment is that the Porcupine caribou use the coastal
plain of the Arctic NWR as their primary calving
grounds. For us to assess potential impacts of
development on caribou over such a large land-
scape necessitated using a plethora of remote
sensing and field techniques.

Initially, to determine if the coastal plain of the
Arctic NWR is important to the caribou, we used
all of the known calving sites derived from radio-
collared females (Fancy and Whitten 1991) for
the period 1983-1993 to define the calving area,
employing an adaptive kernel procedure (Worton
1989, Kie et al. 1996). We found the maximum
extent of the calving grounds to be 2.3 million ha,
with the annual calving grounds utilizing between
20 and 75% of the area. We also found that more
than 50% of the annual calving occurred within
the Arctic NWR in all but two years. Having dem-
onstrated that the coastal plain is important to the
calving caribou, we then wanted to determine
what characteristics were influencing the selection
of the coastal plain for calving habitat.

To evaluate the important aspects of the habitat
across this landscape for the Porcupine herd, it
was necessary to have an accurate map of the veg-
etation on the 18,000-km? coastal plain within
Alaska. At first blush, mapping this landscape
would seem to be a fairly easy assignment, albeit
large. Coastal tundra appears as a treeless plain,
seemingly covered uniformly by small sedges and
shrubs, but such is not the case. The coastal plain,
in fact, consists of five distinct terrain types—flat
thaw-lake plains, hilly coastal plains, foothills,
alpine tundra and river floodplains—each with its
own unique floral composition and structure.

In the early 1980s, two attempts had been made
to map the 1002 Area and the entire refuge using
Landsat multi-spectral scanner (MSS) satellite
images (Walker et al. 1982, Markon 1986). Subse-
quent checking of the accuracy of these maps
showed that they provided a 37% accuracy when
compared to on-site inspection (Felix and Binney
1989). By the end of the 1980s, Landsat thematic
mapper (TM) imagery was available. This pro-
vided finer spatial resolution and additional wave-
length bands, which would help in identifying
unique vegetation signatures (Jacques 1989).

In developing a digital vegetation map, the
primary goal is to accurately portray the juxtapo-
sition of the various vegetation types on the land-
scape to the level of 30- x 30-m pixels. The ideal
map would consist of the largest number of unique
vegetation types that could be physically dis-
cerned.

Initially we developed a unified vegetation
classification scheme using several hierarchical
classifications that had been previously employed
in describing coastal tundra (Walker 1983, Vier-
eck et al. 1992). Ground-truthing vegetation data
were acquired at 896 plots in 50 intensive study
areas within the Arctic NWR coastal plain. A sys-
tematic vegetation sampling study incorporating
63 study sites also was conducted to provide esti-
mates of habitat distribution across the coastal
plain, as well as an independent data set to assess
the accuracy of the Landsat-TM map (Jorgenson
et al. 1994).

The Landsat-TM scene was first classified
into 110 distinct spectral reflectance classes, then
subsequently refined to 16 spectral classes (Joria
and Jorgenson 1996). The intensive vegetation
study plots for the coastal plain were then geo-
referenced within our geographic information sys-
tem (GIS) and overlaid with the Landsat-TM data,
and the spectral classes corresponding to the vege-
tation plots were assigned to one of 13 vegetation
classifications. The accuracy of the Landsat-TM
map was determined by comparing the mapped
classes with the systematic vegetation plot data.
Accuracy assessment for the map based on spec-
tral data alone showed 45% agreement with the
intensive vegetation study plots and 42% agree-
ment with the independent, systematic study plots.
Because the tundra vegetation community consists
of overlapping gradients of moisture, soils and ele-
vational differences, we found that obvious dis-
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continuities between closely related vegetation
types were not identifiable using spectral reflec-
tances alone. Therefore, both analytic and subjec-
tive determinants were used to develop the map
incorporating these additional data layers. Post-
modeling agreement improved to 50% with the
independent data set for the 13 vegetated and 3
water types (Jorgenson et al. 1994).

A 16-class map was statistically too cumber-
some for analyzing habitat use by wildlife, so a
6-class map was made by combining closely
related vegetation types. By eliminating error
associated with closely related types, we found
that the accuracy of the map, when compared to
the independent data set, improved to 74% (Jor-
genson et al. 1994).

With the vegetation map available, it was now
possible for us to test hypotheses regarding the use
of the coastal plain habitat by calving caribou. To
assess the value of the habitats to the caribou, we
wanted to test the null hypothesis that calving cari-
bou use the coastal plain habitats in relation to
their availability. To adequately test this hypothe-
sis, it was necessary to get accurate locations of
caribou over a long period of time and an exten-
sive land area. Obtaining the necessary data
involved a three-step process :

= Collecting a sample of known locations where
caribou were observed;

» Determining the exact coordinates of those
locations on the coastal plain for projecting on
the vegetation map; and

« Deriving the habitat type used by the caribou
from our GIS database.

Also, we wanted an independent data set each
year, so we could not use our long-term data for
radio-collared adults. The solution was to capture
newborn calves and fit them with a break-away
radio collar. In this instance the calf became a sur-
rogate for the cow, since the calf would always
be in close proximity to its mother. We captured
approximately 75 calves each year from 1992 to
1994. By monitoring the location of the calves, we
were able to get a location of the cow—calf pair.
Locations were obtained using aircraft equipped
with radio relocation antennae and a global posi-
tioning system (GPS), which was attached to a
laptop computer. A location was identified by fly-
ing to the telemetry fix, flying low over the calf
and entering the GPS location as the plane passed
over the animal. Between 1500 and 1700 locations
were obtained in this manner each year.

The second part of the experiment was to deter-
mine the accuracy of the GPS-derived locations
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relative to the actual location of the caribou. We
did this by placing collars on the tundra at locations
that we could pinpoint to within a meter using a
differential GPS program and a monitoring base
station. Then we had the pilots and observers find
the collars and simulate fixing the point as was
done for the calves. The data string from the GPS
was downloaded instantaneously at the touch of
the computer key, but four factors were potentially
influencing the accuracy of the location:

» The plane was traveling at 20-30 m/s;

» The GPS updates every 1-1.5's;

» It was difficult to tell if the plane was directly

over the calf; and

* Selective availability imposed an unknown

error.
Analysis of the data indicates that there was no
difference between pilots, observers, planes or
interactions of these variables, indicating that their
collective abilities were basically the same. The
overall mean distance for the error was 101.8 m.

Since the average error lies between 92 and
111 m, we decided to look at two possible levels
for assessing what habitat would be assigned to the
caribou, conservatively a 100-m radius and liberal-
ly a 200-m radius. We compared the actual GPS
pixel classification with the dominant classifica-
tions within the two error circles. We found that
the agreement was best with the 100-m radius at
84%, compared to 79% for the 200-m area. We
therefore used the vegetation classification for the
100-m radius for determining the habitat used by
the caribou.

The relative frequency of selection among habi-
tat variables across years was used to assess the rel-
ative importance of habitats to caribou. The more
frequently selected habitat classes were considered
the most important. From the vegetation map we
were able to determine the percentage availability
for the six vegetation classes and compare them,
using a chi-square goodness-of-fit procedure, to a
random sampling of the cow—calf location sites that
had been verified by ground inspection. Finding
that there was a significant difference between the
use and availability of the different habitats, we
conducted a Bonferoni multiple comparison test to
see which habitats were influencing the chi-square
statistic. These results showed that the caribou
selected moist sedge tundra, tussock tundra and
riparian shrub habitat in greater proportion than
expected and avoided dry alpine tundra and the
“other” category, which comprised water, ice, bare
ground and areas of disturbance. From this analysis
we can postulate that caribou are selective and that
the habitats they select are limited in distribution,
since they occupy only 32% of the total area. Addi-
tional analyses should illuminate the specific

Habitat selection by Porcupine caribou on the
Arctic NWR coastal plain, 1992-1994, based
on the estimated amount of time caribou occu-
pied a habitat (use) versus the percentage of
the vegetation type on the coasal plain (avail-
ability).

Vegetation Percent Percent
classtfication available used
Wet sedge tundra 8.34 7.02
Moist sedge tundra 18.46 3347
Tussock tundra 12.04 32.23
Shrub tussock tundra 7.40 9.92
Alpine tundra 15.69 0.83
Riparian shrub 2.20 16.53
Other 35.86 0.0

advantages of the various vegetation types to
the calving caribou.

The biological implications of our results are
not inconsistent with our observations of forage
selection. Tussock cottongrass is the primary
forage when the caribou arrive on the calving
grounds. It produces a succulent, nutritious and
highly digestible flower stalk as the snow melts.
Tussock cottongrass is, not surprisingly, associat-
ed primarily with tussock tundra. As the cotton-
grass progresses through its phenological stages,
it becomes less palatable, and the caribou shift to
the succulent buds of dwarf willow, which are just
starting to appear. The willow is a dominant spe-
cies in moist sedge habitats.

Our research is providing a clearer picture of
caribou habitat usage. By integrating remote sens-
ing data with aerial and ground data, we were able
to ascertain the extent and juxtaposition of the
habitats selected by caribou using a landscape-
scaled vegetation map. This capability is particu-
larly significant in relation to the Arctic NWR,
where development of petroleum resources could
impact a large geographic area and thereby influ-
ence the accessibility of habitats to the calving
caribou. If development on the Arctic coastal plain
were to occur, then this technique provides a basis
for mitigating potential impacts based on a land-
scape view of the distribution and availability of
habitats.
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Traditional and Ecological Knowledge of
Seabirds on St. Lawrence Island
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Shawn Stevenson videotaping
flocks of crested and
least auklets.

St. Lawrence Island, located in the northern part
of the Bering Sea, is home to millions of seabirds
and other migratory birds during the spring and
summer. These birds are an important food and
cultural resource to the people on the island.
Approximately 1000 Siberian Yupik live on St.
Lawrence Island and are one of the few indigenous
people who have retained their language and cul-
ture. Native people on the island harvest seabirds
as a traditional food, and they depend on the birds
for cultural activities such as cooperative hunting,
sharing of harvest, handicrafts and food prepara-
tion. In some areas of the Bering Sea, certain spe-
cies of seabirds have been or are declining. No
studies had been done to document the knowledge
of the local people concerning the natural history
of seabirds and their traditional management prac-
tices.

Purpose and Goals of the Project

The overall goal of this project is to survey and
relate the human and other environmental dimen-
sions of seabird distribution and utilization on St.
Lawrence Island and selected areas in Chukotka,
Russia. Other related objectives are the following:

* Document parameters of subsistence harvest,
including use areas, methods, timing of take,
sharing and species harvested,

* Comprehensively update the data on the loca-
tion, size and count of the population of sea-
bird colonies; and

* Document the traditional knowledge of the
natural history of seabirds, including manage-
ment strategies employed by the residents.

Other purposes are to seek greater recognition in
the scientific community of the value and impor-
tance of traditional and environmental knowledge;
facilitate the integration of traditional knowledge
into research; and provide opportunities for partici-
pation of Alaska Natives in science.

Methodology

The project has two parts and three phases; the
first part is to survey and census all seabird colo-
nies with the U.S. Fish and Wildlife Service
(USF&WS), and the second is to collect the tradi-
tional knowledge with the National Park Service.
The first phase, covered in this report, was conduct-
ed in and near the village of Savoonga. The second
phase will be conducted in Gambell in conjunction
with the companion cooperative agreement with the
USF&WS. The third phase is to survey seabird col-
onies on selected areas of the Chukotka peninsula
and gather traditional knowledge of the Russian
indigenous people. The USF&WS, assisted by a
project crew, provided expertise in censusing,
recording biological data, producing maps and
reporting on the survey.

The author and Ida Murdock, an employee of
the National Park Service, interviewed 40 residents
of Savoonga who were identified by other residents
as knowledgeable or high users of seabirds. The
questionnaire was used to identify use areas, seasons
of harvesting, species targeted for gathering, observa-
tions of change, sharing patterns, effects of the
weather on birds, and local management methods.

Results

A total of 16 sites were censused and cataloged
during the 1996 season. Another site, the Punuk
Islands, were accessed, but due to fog and inclem-
ent weather no counts were made during the pro-
ject. A total of 1,610,287 seabirds were counted.
Censusing was conducted from a 17-ft inflatable
boat or an 18-ft aluminum boat 20~75 m offshore.
Crested and least auklets were censused from land
by counting birds on land and in the air every 15
minutes for a one- to two-hour period. The cen-
suses were conducted in accordance to USF&WS
Standard Operating Procedures for inventories of
seabirds.
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Population estimates of
seabird colonies on St.
Lawrence Island.

Interviews on local knowledge and observa-
tions indicated that common and thick-billed
murres have been increasing the past ten years,
expanding their colonies into new nesting areas.
This expansion is forcing pelagic cormorants to
move to the south side of the island. Kittiwakes
have not been laying eggs for a number of years,
even though the numbers have remained stable.
Some of the respondents said that their eggshells
are thin and break easily. Many respondents felt
that the number of gulls have increased and that
their predation on the eggs and young of other sea-
birds is becoming a greater problem. They have
observed that other predators, such as foxes, gulls,
ravens and voles, are increasing on the island.

Quotes
“Too many gulls now. They take many eggs from
murres and eider ducks. They have taken over
nesting sites from eider ducks.”

—Ivan Pungowiyi

“Kittiwakes haven’t had young ones for several
years now. Their egg shells are thin and break
easy. They still fix their nests and act like they are
going to lay eggs.”

—Mary Seppilu

“Murres lay eggs at least five times. Each time the
egg is a different shape and color. The fifth egg is
narrow and about the size of a pigeon guillemot
egg. We leave these smaller eggs alone to perpetu-
ate the murre population. When these eggs haich,
they have normal chicks.”

—Floyd Kingeekuk

Estimates of seabirds near Savoonga
on St. Lawrence Island by species.

Pelagic cormorant 298
Herring gull 115
Glaucous gull 71
Black-legged kittiwake 21,942
Dovekie 2
Common murre 53,145
Thick-billed murre 52,714
Pigeon guillemot 2,248
Least auklet 1,021,158
Crested auklet 454,666
Parakeet auklet 1,594
Tufted puffin 869
Horned puffin 1,465

“We gather mostly murre eggs because they are

harder to break and are delicious to eat. When they

start getting embryos, we stop gathering eggs.”
—Alexander Akeya

“When birds start laying eggs, we stop hunting
birds. It’s a rule that has been passed down from
generation to generation. It is same today as it was
in the old days.”

—Joe Noongwook

“Murrelets lay eggs in the mountains. They are
quite rare, hard to see. We call them Tagheettoiiq
‘fog bird.” They have green eggs with black mark-
ings and are laid right on the gravel.”
—Clarence Wahiyi

“T hurt for not being able to hunt eider ducks when
I am hungry. We obey the law even when we are
hungry. They tell us there are less birds or no
more. They should come here and see for them-
selves and count the eider ducks that fly by our
island. They are government birds. I want to tell
them I don’t travel to their lands to tell them not to
do certain things. They have their own plants. If it
is a bad year for their farmers, the government
helps them. Our sea is like our garden. If some-
thing should happen to it, we would really suffer
but the government will not help us.”
—Alexander Akeya

“I save the crest and cheek buttons from crested
auklets for use in making dolls. Recently I told
Fish and Game I received an order for a murre
skin parka from a museum. They told me I could
not make and sell a bird skin parka. Our ancestors
always used to make and wear bird skin parkas. I
can’t understand why I can’t sell something I
make.”

—Kathy Noongwook
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Hunters returning from
spring bird hunting near
Savoonga.

“They used to make parkas out of bird skins. It
would take 25 cormorant skins to make one adult
parka.”

—Chester Noongwook

“Our ancestors took great care to keep our land
clean. Land animal bones were buried or left on
the land, never thrown in the water. Marine mam-
mal bones were always returned to the sea. We
could tell time and weather by looking at the stars,
The earth is fast now. More wind, more storms.
There is a lot of erosion around the island.”
—Mabel Toolle

“My stepsister was born premature. Her skin was
opaque and you could see her internal organs.
Pinaaya made an eider duck skin bag and put her
in the bag. They hung the bag over the seal oil
lamp to keep her warm. They would feed her with
a strip of seal blubber dipped in cooking broth.
They constantly took care of her. After two
months, Pinaaya told Pyaagnah to make a new bag,
for the baby was outgrowing the first bag. She was
Just a little bigger than your hand when she was
born. With constant care, she grew up to be a nor-
mal child. This was the Eskimo way of raising a
premature baby.”

—Mabel Toolie

“Small islands in Koozaata lagoon have disap-
peared from high water, so eider ducks don’t lay
eggs around there anymore.”

—Elsie Kava

“The tall spires we used to call Soolongnat were
destroyed by big waves about 4 years ago. They
were about 12 miles east of Savoonga and cormo-
rants and gulls used to nest there.”

—Floyd Kingeekuk, Jr.

Harvesting and Sharing

Bird hunting would start in May when the birds
returned to the island and end in mid- to late June
when the birds started laying eggs. Some birds
stayed year-round in the open waters offshore.
Most of the spring bird hunting was done by boat.
All of the catch was shared equally among the
crew. All of the families surveyed shared their
harvest with relatives or neighbors. Some would
send a portion of their catch to relatives outside of
the village, usually Nome. Murres and crested
auklets were the ones most harvested in spring.
Bird hunting would resume in the fall after the
young birds left their nest. Ducks, cormorants,
geese, loons and young guillemots were the tar-
geted species in the fall bird hunts.

Egg gathering and sharing has an important
social and cultural significance to the people of
Savoonga. People took great pride in sharing their
harvest of eggs with neighbors and friends. Sub-
sistence harvest surveys (Wentworth 1994, 1995,
1996) showed that the people of Savoonga gath-
ered around 10,000 eggs annually. Murre eggs are
gathered by climbing by rope or simply by hand.
No protective gear or climbing equipment is used.
Accidents do happen. This past spring one young
man was seriously injured and another died from a
fall during egg gathering.

According to the respondents, 1996 was an
unusual year, with extremely early spring breakup
and very little snow; the sea ice broke up and dis-
appeared by carly June. They said that weather
plays an important role in successful laying of
eggs and raising of the young. Deep snow and late
springs affect the laying of the eggs. Wet, windy
summers kill many of the young birds, especially
least auklets.

Further Research

Similar work will be done during the summer
of 1997 at the village of Gambell and the colonies
on the southwest side of St. Lawrence Island.
Pending funding and permit approval, surveys
and colony counts will be carried out in 1998 on
selected sites of the Chukotka Peninsula.
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Fall Migration of Shorebirds and Waterfowl
at Carter Spit, Alaska

This report was prepared by
Bruce E. Seppi, Anchorage
District Office, Bureau of
Land Management,
Anchorage, Aluska

Location of the Carter Spil
study area

In Alaska the eastern Bering Sea region contains
vast expanses of intertidal and inland vegetated in-
tertidal areas. Many species of shorebirds depend
on these littoral and supralittoral habitats for breed-
ing and migration. Coastal areas are especially
important after breeding, when many populations
depend on littoral habitats while undergoing molt
and premigratory fat deposition (Gill and Handel
1981). The millions of birds of many species that
stage and migrate in these coastal areas are vulner-
able to littoral zone disturbances, particularly oil
spills.

Within the eastern Bering Sea region the
Yukon—Kuskokwim Delta (Y-K Delta), with lit-
toral areas rich in benthic organisms and adjacent
inland nesting areas, is used by more species in
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Flock of shorebirds at Carter Spit.

greater numbers and in higher densities than any
other littoral area in the region (Gill and Handel
1981). An estimated 1-2 million shorebirds use the
central delta for nesting and post-breeding staging,
with densities in fall migration as high as 1800
shorebirds/km? (Gill and Handel 1990). The delta
supports large portions of the Pacific Rim or world
populations of at least six shorebird species (Gill
and Handel 1990). Species using the delta winter
in Asia, Australasia and Oceania, as well as the
contiguous United States, Central America and
South America (Gill et al. 1994).

South of the central Y-K Delta, a complex of
spits and tidal mudflats exists at Carter Spit, an area
on the southern end of Kuskokwim Bay. Although
the central delta and the greater Y-K Delta are far
greater in area and overall numbers of birds, Carter
Spit is a significant migratory staging area for
shorebirds and waterfowl, particularly in fall migra-
tion, and it represents the southernmost extension of
tidal mudflats associated with the Y-K Delta.

The area also includes a substantial number of
inland tundra ponds that provide nesting and brood-
rearing habitat for waterfowl, and many species use
the seacoast to molt, including the Stellar’s eider.
This species is of particular management interest
because of steady population declines over the
past several decades and their subsequent listing
as Category 1 candidate designation under the
Endangered Species Act. The area also represents
a significant post-fledging staging spot for water-
fowl.

Land in the Carter Spit area is a mosaic in terms
of land ownership and management, with Federal,
Native and State agencies and interests involved.
The Bureau of Land Management (BLM) is one of
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King eiders in a tundra pond.
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the Federal agencies with management responsibil-
ities in the region and has an interest in the area’s
importance to wildlife, especially migratory birds.
In 1994 and 1995 the BLM conducted a study to
gain a better understanding of the importance of
the area to birds. Particular attention was focused
on the significance of the area for waterfow] stag-
ing prior to migration and for resting and feeding
by shorebirds during migration.

Description of the Study Area

Carter Spit lies 135 km south of Bethel. The
study area encompassed about 400 km? and was
within a line bounded by the north spit of Good-
news Bay, Jacksmith Bay, the coastal Ahklun
Mountains and the Kuskokwim Bay coastline,
The nearest villages are Goodnews Bay, 25 km to
the southeast, and Platinum on the south spit of
Goodnews Bay, 25 km to the south. Four drainages
flow from origins in the mountains to the coast:
Carter Creek, Indian River, Cripple Creek and
Jacksmith Creek. The deltas of these rivers have
formed four coastal spits along 40 km of coastline,
which in combination with large expanses of tidal
mudflats create exceptional habitat for migrating
shorebirds and waterfowl. The area includes an
inland portion with numerous shallow tundra wet-
lands.

Methods

Working from a field camp with four persons,
we were present on the study area from 2 July to
12 August 1994 and from 11 July to 25 August
1995. The project’s primary objectives were to
inventory coastal areas for shorebirds and water-
fowl in fall migration and to evaluate the signifi-
cance of coastal spits, bays and tidal mudflats to
staging and migrating birds, particularly shorebirds
and waterfowl, using aerial and ground counts.
Inland and alpine areas were also surveyed for

birds. Using ground counts, riparian zones along
the four rivers, the mountain slopes, ridges and
valleys and open tundra areas were surveyed to
estimate the numbers and species of birds. Aerial
waterfowl] brood surveys were also conducted on
most of the area’s inland tundra ponds for water-
fowl production estimates.

Results and Discussion

In 1994 we saw only 13 duck, 7 swan and 3
loon broods of nine species during aerial brood
surveys. In 1995 we saw 28 duck, 9 swan, 10 loon
and 2 grebe broods of nine species. Dabbler broods
were represented by mallard, green-winged teal
and pintail, and diver and sea duck broods by red-
breasted merganser, greater scaup and black scoter.
Brood densities were quite low compared to other
known duck-producing areas of the state (Y-K
Delta, Bristol Bay, Yukon Flats), but direct com-
parisons may not be appropriate. The same species
were most abundant in 1992 and 1993 waterfowl
production surveys of nearby Bristol Bay (Hodges
and Conant 1992, 1993). In the Carter Spit area,
for this study, dabblers made up 49% of the duck
broods seen, divers 34% and sea ducks (black sco-
ters) 17%.

Of the 127 species of birds seen on the study
area, 68 are known to breed there, and an addition-
al 21 species are suspected of breeding but could
not be confirmed. Inland ponds provided breeding
habitat for the greatest number of species (30), and
alpine, the least. Twenty-one landbird species were
found breeding in the willow thickets of the four
rivers and in alder patches in the draws on the hills
and slopes of the mountains. Many were neotropi-
cal migrants. Intertidal habitats hosted 21 species
of breeding birds, mainly shorebirds, gulls and
waterbirds that used the mudflats as a source of
food while raising a clutch of eggs or nestlings.
Coastal tundra provided breeding habitat for sand-
hill cranes, northern harriers, willow ptarmigan,
black-bellied and golden plovers, red-necked
phalaropes, common snipe, sandpipers, jeagers,
ravens, gulls, terns and some passerines, among
others. Raptors and other landbirds were noted
breeding in alpine areas.

There were at least 75 species that used the
Carter Spit area for migration and staging. Many
species listed as breeding here also passed through
from breeding areas outside the study area. The
intertidal zones, both vegetated and unvegetated,
were by far the most important habitat for migrat-
ing and staging birds, mostly shorebirds and water-
fowl, and also for the local movement of gulls,
terns, cormorants and some seabirds. Coastal tun-



Aerial and ground counts of
waterfowl and shorebirds in

dra was used by some migrating raptors and shore-
birds, and inland ponds by migrating loons, grebes

and waterfow], but the largest numbers and the

most sudden influx of migrants were seen on inter-
tidal zones.

Overall bird use in each of the species’ pre-

dominantly used habitats was highest for the inter-
tidal zone, with 55 species, about 43% of the total
number of species seen in the study. Twenty-six
species (20%) used inland ponds, with the remain-
ing use distributed among coastal tundra, riparian
and alpine habitats. The intertidal flats were used
by 75% of the species migrating through Carter

coastal areas of Carter Spit,
1994 and 1995, the study were confirmed breeders, but the mud-
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Spit, suggesting the importance of intertidal zones
to migrating birds relative to other habitats.
Only 7 of the 31 shorebird species recorded in
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flats that characterize this part of the coast were
equally important to local breeders and migrants.
The use of the mudflats by local breeders was
most apparent from our observations of western
sandpipers. Adult birds made up the majority of
the flocks when we first arrived but were gradu-
ally replaced by ever-increasing numbers of juve-
nile birds. By late July in both seasons, very few
adult western sandpipers could be found. Appar-
ently adult birds migrate first, leaving hatch-year
birds behind to feed in the intertidal zones to
mature and gain migration reserves. From our
observations of fledgling western sandpipers on
the margins of inland ponds and on the coastal
tundra, it seems likely that many of the juvenile
birds using the mudflats in late July and early
August are locally produced. The replacement of
the adults by juveniles did give us some indication
of turnover rates for the species for early July.

Migrant Waterfowl

The mudflats along Carter Bay and the spits to
the north were a significant fall staging site for
waterfowl, beginning in early August. Most of our
observations were of large mixed flocks of north-
ern pintail and green-winged teal, with smaller
groups of northern shoveler, usually viewed at
great distance with spotting scopes on the exposed
mud.

In overall tallied counts that included 26 spe-
cies of waterfowl, about 18,000 birds were record-
ed in 1994 and 41,000 in 1995. The increase in
1995 undoubtedly resulted from counts being two
weeks later in the season, when the bulk of the
waterfowl migration occurs. Northern pintail were
by far the most abundant migrant duck, with over
16,000 birds in 1995, most in mid-August in
flocks of about 2,000 in Carter Bay. Green-winged
teal were also abundant on the mudflats and tidal
sloughs. Other noteworthy records include about
100 Stellar’s eiders each season (mostly molting
males), about 6,000 king eiders in 1995 (these
numbers probably increased in September, as they
are later migrants), and 1,600 black scoters in
1995 (this was a common duck in both seasons).

Migrant Shorebirds

Numbers of shorebirds in Carter Bay varied
from 1,000 to 4,000 birds and consisted mostly of
western sandpipers. The peak ground count in
1994 was 4,287 birds on 25 July. A peak aerial
count of 13,423 “peeps” from Carter Bay to Jack-
smith Bay occurred on 22 July. In fixed-wing sur-
veys on 1 and 6 August 1994, we counted about
8,000 and 11,000 peeps, respectively.

About 5,000 and 6,000 birds were recorded in
the only two aerial counts of the coastline in 1995
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from the helicopter. Ground counts in 1995 varied
between 1,000 birds in July to 5,000 in August.
The peak ground count in 1995 was 5,800 birds.

Overall we recorded 31 species of shorebirds,
with tallied daily counts for all species combined
of 80,000 birds each year. Western sandpipers were
by far the most abundant shorebird, with total
counts of 60,000 in 1994 and 53,000 in 1995. Dun-
lin were probably the second most abundant shore-
bird on a daily basis, but dowitchers were also very
common. Over 11,000 dowitchers were recorded in
1995, usually in small flocks in the vegetated inter-
tidal or on shallow inland ponds. Of those that
could be identified to species, 60% were short-bills
and 40% were long-bills; these were separated
mainly by call. About 4,000 hudsonian godwits, a
wader uncommon in large concentrations, were
seen in flocks as large as 400 birds.

Estimated Magnitude of Migration

From our counts of peeps on Carter Bay, we
estimated the numbers of birds moving through the
coastal area from 15 July to 15 September. The
average daily count of peeps for both years in
Carter Bay was about 2,500 birds. We did not
determine turnover rates of migrating shorebirds at
Carter Spit. Butler et al. (1987) researched western
sandpiper migration in the Fraser River Delta in
British Columbia in fall and estimated that adult
birds stayed in the area for 1-3 days. Fifteen-day
turnover rates were reported for semipalmated
sandpipers in the Bay of Fundy in fall by Hicklin
(1987). Juvenile western sandpipers are the major
shorebird migrant at Carter Spit, and from our
observations during this study, it is probable that
Jjuvenile birds have a longer length of stay than
adults to mature and gain migration reserves.

Estimated magnitude of shorebird migration
from 15 July to 15 September using hypothetical
turnover rates. The table assumes an average
daily use in Carter Bay of 2,500 birds and an
even distribution of feeding and roosting birds
on the exposed mud flats.

Days to turnover ~ Carter Bay  All spits and bays*

2 78,750 236,250
3 52,500 157,500

4 39,375 111,125

5 31,500 94,500

6 26,000 78,000

7 22,500 67,500

10 15,750 47,250
15 10,500 31,500

* Carter Bay is /3 the total intertidal area of all spits
and bays, so values are calculated as three times that
of Carter Bay.

To estimate the number of birds using the area
during migration, we used eight hypothetical turn-
over rates and estimates of the number of birds in
Carter Bay, then extrapolated the total number of
birds over the entire study area coastline. Using an
average of 2,500 birds in Carter Bay and multiply-
ing that number by three for all spits and bays, we
calculated the potential number of staging birds for
the various turnover rates over a 63-day period. If
the length of stay is only 2 days, over 230,000
shorebirds move through the area in that time. If
the turnover rate is as long as 15 days, about
31,000 birds move through. This assumes that the
numbers of shorebirds in the area remain constant
from 15 July to 15 September and that birds are
evenly distributed across coastal areas. If these
estimates are accurate, it is likely that at least
30,000 shorebirds, mainly western sandpipers and
least sandpipers, stage on the coastal areas of the
study area each fall. Carter Spit has been recog-
nized as an Important Bird Area by the American
Bird Conservancy because of the species and total
numbers of birds that use the area in fall migration.
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Yellow-Cheeked Voles and Fire along the
Upper Kobuk River Valley, Alaska

This report was prepured
by Shelli A. Swanson, Gates
of the Arctic National Park
and Preserve, National
Park Service.

Location of the Kobuk Pre-

serve Unit within Gates of
the Arctic National Park
and Preserve, Brooks
Range, Alaska.

T

Since 1991 the National Park Service (NPS)
has been collecting natural resource information
from the Kobuk Preserve Unit of Gates of the Arc-
tic National Park and Preserve. This information
will enable NPS staff to make knowledgeable
decisions regarding potential road development
across the Kobuk Preserve Unit to the Ambler
Mining District (as authorized under the park’s
establishing legislation).

Voles, shrews and lemmings are small but inte-
gral components of the taiga ecosystem in the
upper Kobuk River Valley. Wildfire is another
integral component of this ecosystem, and the
abundance and distribution of several small mam-
mal species appears to be affected by it. In 1992,
NPS initiated a three-year study to look at the rela-
tionship between small mammal abundance and
distribution in different-aged, post-fire black
spruce stands (S. Swanson 1996). Species cap-
tured during the study included red-backed voles,
yellow-cheeked voles, masked shrews, dusky
shrews, pygmy shrews, northern bog lemmings
and brown lemmings. Findings from this study
pertaining to yellow-cheeked voles, their habitat
and wildfire are presented in this article.
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Kobuk Country

The study was conducted in the Kobuk Preserve
Unit of Gates of the Arctic National Park and Pre-
serve, Alaska. The Kobuk River, a designated Wild
and Scenic River, is located in Pleistocene glacial
deposits along the southern foothills of the Brooks
Range. The topography ranges from undulating
plain in the valley bottom to high hills and low
mountains forming the valley sides. The Kobuk
Valley area has a subarctic continental climate:
summers are short and warm with frequent light
rain, and winters are long and cold. Rain appears to
be a constant companion in the Kobuk River Val-
ley, particularly in August. In August 1994 (the
third year of the study), extensive rain precipitated
a 100-year flood in the Kobuk and Koyukuk River
drainages; the entire area was declared a Federal
disaster area.

Black spruce forest communities dominate the
valley floor; black and white spruce is interspersed
with occasional birch and aspen trees on the dry
hilltops. Balsam poplar stands occur in the flood-
plain and along drainage areas. Study sites selected
for this project were situated in mesic black spruce
vegetation in two areas along the Kobuk River.
One grid pair was placed in lichen woodland habi-
tat, with one grid in a one-year-old burned area and
the other in nearby unburned mature vegetation;
these grids were established in 1992. The lichen
woodland grids were located on old stream terraces
of alluvium. The ground cover on the burned lichen
woodland grid was composed of burned reindeer
lichen, downed wood and bare soil interspersed
with unburned sphagnum moss hummocks. Black
spruce trees on the mature lichen woodland grid
were 6-8 m tall, with smaller seedlings growing
underneath. The ground cover on this grid was
composed of dense lichen mat.

The second grid pair (studied in 1993 and 1994)
was set up in moss/shrub forest habitat, with one
grid in a 16-year-old burn and its complement in
nearby mature forest. The shrub layer was the most
highly developed vegetation component on the
burned moss/shrub forest site and consisted of
blueberry, lingonberry, Labrador tea and dwarf
birch. Standing dead trees, 3—4 m in height, were
interspersed throughout the area. The vegetation on
the mature moss/shrub forest was classified as open
black spruce forest, a common climax vegetation
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View of the Kobuk Valley
from the burned moss/shrub
forest grid, Gates of

the Arctic National Park
and Preserve.

stage on cold, poorly drained sites (Viereck et al.
1992). The ground cover was predominantly moss/
lichen mat with a shrub layer of blueberry, dwarf
birch and Labrador tea. Multi-strata black spruce
made up the remainder of the overstory.

How to Build a Better
Mouse Trapping Grid

Field work was conducted in August each year
to sample peak annual small-mammal populations.
Trap stations, consisting of two museum special
snap traps (baited with peanut butter and oats) and
a pitfall trap, were placed 10 m apart on 100- x
100-m trapping grids. The four grids were operated
for 900 trap-nights per grid per year during the
study; trap-nights were defined as one trap set for
a 24-hour period. Grids were accessed by river
travel, helicopter and foot; several trap lines on the
hike-in grids were unexpectedly accessible by boat
during the 1994 flood.

Captured animals were identified to species,
weighed and aged as juvenile, subadult or adult
based on molt patterns and weight. Study skins and
skeletons were prepared in the field and are now
housed at the University of Alaska Fairbanks
(UAF) Museum. Small-mammal kidney, heart and
liver tissues were collected for the UAF Museum’s
frozen tissue collection for future research on gene-
tics and environmental pollutants; tissues were
quick-frozen and transported in nitrogen tanks.
Percent cover was estimated for all plants in a ran-
domly selected 10- x 10-m plot within each trap-
ping grid. Soil classification and stratigraphic
information was collected from two soil pits at
each grid site. Weather data were evaluated hourly
by cold, wet trapping crews, particularly during
the 1994 flood, when field camps had to be moved
to higher ground on several occasions.

Where the Voles Roam

Life is Good in the Burned Moss/Shrub Forest

Of the four habitat types studied, small-mammal
abundance was highest on the burned moss/shrub
forest. Yellow-cheeked voles accounted for 30—
31% of the small mammals captured, and more
yellow-cheeked voles were captured from this area
than from the other areas studied. This relatively
high density of yellow-cheeked voles appears to
be related to the burrowing conditions and food
availability in this habitat type.

Yellow-cheeked vole populations are associated
with good burrowing conditions and recently
burned sites (West 1979, Wolff and Lidicker
1980). The 1978 fire appears to have changed soil
conditions in the area of the burned moss/shrub
forest grid, resulting in conditions apparently well
suited to yellow-cheeked voles. Following a wild-
fire the charred, dark soil surface (which has lost
its overstory vegetation and insulating mosses) is
subject to greater soil heat absorption, and soil
temperatures become warmer (Viereck and
Schandelmeier 1980). These higher soil tempera-
tures facilitate deeper seasonal thaw levels, and
soils become drier in some cases (D. Swanson
1996). This process of soil warming probably oc-
curred on the burned moss/shrub forest grid, since
permafrost was not encountered within 1.25 m of
the mineral soil. In contrast, permafrost was
encountered on the mature moss/shrub forest grid
at 55 cm in one soil pit and 100 cm in the other.
Also, soils on the burned moss/shrub forest grid
did not show evidence of reduction (indicating wet
soils) until 30 cm in depth in one soil core and 60
cm in the other, but soils on the mature moss/shrub
forest were saturated with water below 12 cm.

The warmer and drier soils in the burned moss/
shrub forest grid (and on burned sites in general)
may serve as optimal substrates for runway and
colony construction and therefore support a rela-
tively high population of burrowing small mam-
mals (when sufficient food is available). Rhodes
and Richmond (1985) found that burrowing medi-
um was a critical component of pine vole habitat,
and the voles preferred loam/peat moss burrowing
substrate where tunnel integrity, reduced resistance
to burrowing, and soil moisture factors were high-
est. The abundance of moss and the moderately
deep organic layer on the burned moss/shrub forest
grid probably had similar burrowing and digging
properties as the loam/peat moss substrate. Organic
mat depth also correlates to small-mammal density
(Morris 1979, D. Swanson 1996), and the organic
layer on this grid was 9 cm, second only to the
mature moss/shrub forest grid (20 cm).

Plant composition was probably an important



factor in establishing and maintaining yellow-
cheeked vole populations on the burned moss/
shrub forest. Plant productivity on recently burned
black spruce sites is high in response to high nutri-
ent availability; common post-fire plant species
such as fireweed, bluejoint and horsetail particu-
larly benefit from this high nutrient availability
(Viereck and Schandelmeier 1980, Viereck 1983).
These post-fire plant species are primary food
sources for yellow-cheeked voles and are likely
critical for colonization of recent burns by this
species. Summer foods for yellow-cheeked voles
consist of horsetail, graminoids, dicots (forbs) and
berries (West 1979, Wolff and Lidicker 1980),
plants that were common on the burned moss/
shrub forest grid. More graminoids and forbs were
found on the burned shrub/moss forest than on the
other vegetation types studied, enabling it to sup-
port a high yellow-cheeked vole population.
Fireweed and horsetail rhizomes (thickened
roots) are critical components of winter food
caches for yellow-cheeked voles (Wolff and Lid-
icker 1980). Since horsetail, blugjoint and fireweed
spread into post-fire areas primarily via rhizomes
growing in mineral soil (Viereck and Schandel-
meier 1980), burn sites should support a plentiful
supply of rhizomes for winter food caches (unless
fire intensity is high and rhizomes are destroyed).
Fireweed and horsetail were relatively abundant in
the burned moss/shrub forest grid, and horsetail is
a common and relatively abundant forb on most
burns less than 50 years old (except on dry sites)
in the Kobuk Preserve Unit (D. Swanson 1996).

Post-burn sites retain a well-developed herbaceous
layer until the canopy closes late in the tall shrub/
sapling stage (sometime within 50 years post-fire)
(Foote 1983). Since trees in the burned moss/shrub
forest site (16 years post-fire) were still seedling/
small shrub height and the canopy was not yet
closed, the herbaceous layer was still well devel-
oped during the study and capable of sustaining a
high population of yellow-cheeked voles.

Life is Hit or Miss in the Mature
Moss/Shrub Forest

Habitat conditions on the mature moss/shrub
forest site were apparently marginal for yellow-
cheeked voles. Yellow-checked voles accounted for
only 12% of the animals captured on this site in
1993 and were not captured at all in 1994. Yellow-
cheeked voles are found in burn sites (West 1979,
Wolff and Lidicker 1980, Johnson and Paragi
1992) and along taiga waterways and lakes where
flood and ice disturbance maintains a dense growth
of graminoids and light-seeded, quickly developing
plants (West 1979). These small areas of consistent
habitat may be easily overpopulated, causing
excess animals to disperse in search of other suit-
able disturbed sites. West (1979) speculated that a
few voles might be sustained where toppled trees
allowed light to reach the forest floor and enhance
herbaceous growth. The northeast corner of the
mature moss/shrub forest grid, where canopy cover
was less than 10% (in contrast to 25-50% closure
elsewhere on the grid) and sedge was abundant,
may have served as a small pocket of suitable yel-

Habitat characteristics and corresponding yellow-cheeked vole numbers for four different-aged, post-
fire black spruce stands in Gates of the Arctic National Park and Preserve, Alaska, 1992-1994. Soils
were characterized at two soil pits on each grid, and measurements reflect the depths at which each

feature was first encountered.

Burned Mature
Habitat moss/shrub moss/shrub Burned lichen Mature lichen
_characteristics forest Jforest woodland woodland
Depth of organic 9 7 4-5
layer (cm)

reduced: 30 and 60
saturated: >125

Depth to reduced
and/or saturated

reduced: 12 and 45
saturated: 12 and >125%

reduced: 0 and 6
saturated: 72 and 75

reduced: 65 and 70
saturated: >125

soils (cm)

Depth to >125 * 55 and 100 >125 * 88 and 122
permafrost (cm) cryoturbation: 6-20

Tree canopy 1 10 35
closure (%)

Density of thizome- 25 5 3
producing plants (%)

Mean number of yellow- 23 S 0

cheeked voles captured

*Soil pits were 125 ¢cm deep; >125 cm indicates that the feature was not encountered in the soil pit.
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to study small mammals in
post-fire seral stages

low-cheeked vole habitat; all yellow-cheeked voles
captured on the grid were from this corner. Burrow-
ing conditions were good in the 20-cm organic lay-
er, but soils were wet or frozen below this layer.
Graminoid and forb abundances may have been
insufficient to sustain a larger yellow-cheeked

vole population.

Life is Lonely in Burned Lichen Woodland

Of the small mammals captured on the grid,
yellow-cheeked voles comprised 21% in 1992 and
56% in 1993; however, they were the only small-
mammal species captured on the grid in 1994,
when small-mammal populations were low on all
the grids. All yellow-cheeked voles captured on
the burned lichen woodland grid came from a col-
ony situated in the southeast corner. Whether the
colony existed prior to the 1991 fire is unknown,
but the tremendous increase in excavations in and
around the colony between the first and second
years of the study indicated that it was expanding.
The yellow-cheeked vole colony was situated on an
unburned sphagnum moss area; the 1991 fire left
burned lichens and bare mineral soil over much of
the area, but unburned sphagnum moss hummocks
and willow swales were interspersed throughout the
burn. Digging conditions in the moss at the colony
site appeared to be adequate, and downed trees
and sphagnum moss hummocks provided sufficient
escape cover.

The yellow-cheeked vole forb/rhizome diet may
enable them to establish year-round residency in
burned areas before other small-mammal species.
Forb and graminoid availability was low during
the first year of the study but increased slightly
during the second and third years. Rhizomes and
early successional forbs and grasses are often avail-
able for yellow-cheeked voles well before berry-
producing plants are available for other small mam-
mals (such as the red-backed vole); this may enable
yellow-cheeked voles to overwinter on a recent
burn when other species would have to move to
more productive areas with greater berry availabil-
ity in early to mid-winter.

Food sharing and communal nesting by yellow-
cheeked voles in winter may also speed residency
establishment on burns. Food caches established
during the summer provide 90% of winter foods,
which means less time and energy would be spent
in foraging activity (Wolff and Lidicker 1980).
Communal nesting would also decrease the amount
of energy expended per individual to maintain body
temperatures. A communal nesting and food shar-
ing system may have enabled yellow-cheeked voles
to persist on the burned lichen woodland grid in
1994 when other small-mammal species on the grid
either died off or dispersed from the site.

Life Can Be Grim in Mature Lichen Woodland

The mature lichen woodland grid had the lowest
abundance of small mammals and the lowest spe-
cies diversity of all four black spruce types exam-
ined. Lack of escape cover, food and good digging
conditions on the mature lichen woodland grid
apparently precluded habitation by yellow-cheeked
voles. Yellow-cheeked voles have been positively
correlated with areas of greater micro-relief where
herbaceous escape cover was abundant; herbaceous
escape cover was particularly important in forests
with moss- or lichen-dominated understory (such as
that on the mature lichen woodland site) (Douglass
1977). Very little vertical herbaceous escape cover
was available on this grid, and food sources associ-
ated with yellow-cheeked voles on the other grids
in the study were either absent or present only in
small quantities. Fireweed seldom persists into
the mature black spruce stage, and horsetail cover
is generally low on mature black spruce forest
on permafrost (Foote 1983, D. Swanson 1996).
Sedges can be relatively abundant in mature black
spruce forest on permafrost (D. Swanson 1996),
but they were sparse on this site.

Burrowing conditions for yellow-cheeked voles
on this grid were marginal at best. The organic
layer was the thinnest of the four grids studied,
and moss only accounted for 1-5% of the ground
cover. In addition, the soils were cold and wet in
this habitat type. Permafrost was encountered at 88
and 122 cm below the organic layer in the two soil
pits, and pitfall traps were often partially filled
with water.

Conclusions

The impacts of fire on small mammal popula-
tions, particularly the long-term effects, are hard to
predict. In the short term, wildfire behavior and in-
tensity can determine the soil conditions, the vege-
tation and consequently the habitat conditions in
boreal vegetation communities. Wildfire appears to
be an important factor for maintaining populations
of yellow-cheeked voles by creating new habitat
with good burrowing/digging conditions and abun-
dant food supplies. Wildfire can indirectly alter the
typically cold, moderately wet soils present in
black spruce communities, making them warmer
and drier within a few years post-fire. Yellow-
cheeked voles, which create underground colonies
and runway systems, seem to find these soil condi-
tions highly compatible with their lifestyle.

Fire also promotes the growth and availability
of plant species serving as the voles’ main food
supplies. Common post-fire plant species such as
horsetail, fireweed, sedges and grasses are the pri-
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mary food sources for yellow-cheeked voles; these
plants often survive fires since they are rooted in
mineral soil or have light seeds that are easily trans-
ported to the newly exposed soil. In addition to con-
suming the green vegetation from these plants in
the summer, the rhizomes they produce are cached
by yellow-cheeked voles for winter consumption.
As the overstory canopy closes and vegetation com-
position changes over time, burned arcas will likely
become less habitable for yellow-cheeked voles.
Perhaps they will then be sniffing the winds for the
smell of smoke and the new habitat it may promise.
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Little did Robert Liscomb, a Shell Oil Company
exploration geologist looking for oil prospects, sus-
pect that a small collection of dark brown bones
and bone fragments that he was making in 1961
along the Colville River would turn out to be one
of the most significant discoveries in dinosaur sci-
ence. In fact, it took over two decades before the
true nature of these bones was clearly determined.
Apparently the age of the entombing strata was ques-
tionable, and the general lack of extensive petrifica-
tion and alteration did not allow Dr. Liscomb to
appreciate the antiquity and dinosaurian origins of
his find. The overlying Gubik Formation of Quater-
nary age can contain abundant vertebrate remains.
Some 31 years later it is clear that Liscomb’s field
collection is part of a very Late Cretaceous (68—72
million years ago) fauna that occupied Arctic North
America permanently or as seasonal migrants and
that dinosaurs called the Arctic home over a period
stretching from 100 to 68 million years ago.

The Arctic Alaska Dinosaur Program began in
1985 when a field team comprising personnel from
the U.S. Geological Survey, the University of Cali-
fornia at Berkeley’s Museum of Paleontology and
the University of Alaska Museum and Department
of Geology and Geophysics confirmed and collect-
ed Dr. Liscomb’s original field locality. Subse-
quently U.C.M.P. and the U.A. Museum carried
on a joint research program from 1987 to 1990
supported by two National Science Foundation
grants. In 1990 the bulk of the research program
was assumed by the U.A. Museum’s Department of
Earth Sciences. Support for the program since 1990
has been a combination of State of Alaska funds,

Dwight D. Eisenhower Math and Science Educa-
tion Act teacher training grants and private funds
made available through The Dinosaur Society,
Dinamation International Society and individual
volunteers.

Although field work has been typically confined
to a two-week period from late July to the middle
of August over much of the last 12 years, efforts
during this period have resulted in an extraordinary
accumulation of dinosaur remains and associated
contextual data. Most remains were collected from
a single unit informally designated as the Liscomb
bone bed. Over 6000 individual skeletal elements,
ranging from teeth to leg bones, have been col-
lected and cataloged. Most skeletal elements
require little conservation or preparation to make
them available for study, a most unusual occur-
rence. The fine-scale mapping and collection from
the Liscomb bed have resulted in an unmatched
data set. The 1996 field season, which was the
longest ever attempted, added 783 specimens to
the collections. Approximately 90% of the fossils
were collected from the Liscomb bed.

The data set from the Liscomb bed alone
exceeds the grand total from all the published local-
ities at the same or higher latitudes in both hemi-
spheres. Thirteen locations yielding over 30 sites
(Rich and Gangloff, in press) have been document-
ed at paleolatitudes near or above the Arctic and
Antarctic Circles during the Mesozoic. Twelve sites
have been documented along a 60-mile stretch of
the lower Colville River alone, with another four
being found between Umiat and the upper reaches
of the Kokolik River (Gangloff 1994). As one of
my colleagues recently put it, “You may have the
Arctic equivalent of the Red Deer River Valley of
southern Alberta.” This region of Canada has prov-
en to contain the most diverse and abundant record
of Cretaceous dinosaurs in North America.

The main components of the Arctic Alaska
Dinosaur Program are:

* Excavation and collection of Cretaceous dino-
saurs and associated vertebrates from a series
of highly fossiliferous bone beds and lag
deposits found along a nine-mile stretch just
south of Ocean Point on the west side of the
Colville River, including high-resolution,
three-dimensional mapping of dinosaur
remains combined with large-scale geochro-
nologic, stratigraphic and sedimentological
studies;

* Prospecting for new dinosaur and fossil
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vertebrate localities between previously docu-
mented sites, which entails exploring and
prospecting along the Colville River for near-
ly 300 linear miles as well as several main
tributaries such as the Awuna, requiring cov-
erage of an area with the right age and types
of deposits that enclose approximately 4000
square miles;

Preparation, restoration and cataloging of
thousands of skeletal elements, as well as sys-
tematizing the derived and contextual data
with entry into a relational database;

Study and analysis of the data obtained to
arrive at an understanding of the age structure
of dinosaur assemblages, conditions of death,
burial and fossilization, and the establishment
of the earliest appearance of Eurasian-derived
dinosaur lineages in North America in order
to test physiological, migrational, extinction
and behavioral hypotheses related to Late
Cretaceous dinosaurian records in North
America; and

Involvement of teachers, students and volun-
teers from 9th grade through university gradu-
ate levels in all aspects of the research, as
well as involvement of colleagues from sev-
eral disciplines, including paleobiology, geol-
ogy, geophysics, molecular and field biology,
engineering and statistics.

The Arctic Alaska Dinosaur Fauna

All of the unequivocally Arctic dinosaurs thus
far documented in Alaska are Cretaceous in age.
The vast majority are very Late Cretaceous (74-68
million years ago) coming from a ten-mile stretch
of the northern third of the Colville River. This
area contains the most extensive record of body
fossils found in bone beds such as the Liscomb
bed, as well as the greatest variety of dinosaurs
thus far identified. At least ten dinosaur taxa are
known. The dinosaur fauna of Alaska is dominated
by several types of hadrosaurs or duckbills. The
most abundant fossils document the presence of a
non-crested or flat-headed variety. Ceratopsian
(horned) dinosaurs are primarily represented by
cranial and postcranial fragments. However, a
nearly complete upper cranium of the distinctive
and rare taxon Pachyrhinosaurus was excavated in
1988. Theropods (bipedal carnivores) are repre-
sented by three to four families and a variety of
teeth and bones.

Importance of Arctic Alaska
Dinosaurs

The Arctic Alaska dinosaurs are dominated by
suborders and families that are Central Asian in
their origins (Russell 1993) and show their closest
affinities with faunas described from the Late
Cretaceous of central to northern Alberta at the
generic and species levels. This Cretaceous Asiatic
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I. DINOSAURS
A. HADROSAURS

Kritosaurus sp., noncrested duckbill, teeth only

B. CERATOPSIANS

C. HYPSILOPHODONTID

D. THEROPODS
1. Tyrannosaurid

2. Troodontid

3. Dromaeosaurids

II. OTHER VERTEBRATES
A. Fish

B. Turtle

Circle, partial internal mold of carapace.

C. Plesiosaur

D. Crocodilians and amphibians conspicuously absent

III. PLANTS

coniferous forests of North America.

A. Wood

B. Deciduous conifer
Parataxodium wigginsi, needles and fronds

C. Rushes

D. Angiosperms
Hollickia quercifolia, leaf and fruit(?) impressions
Quereuxia angulata, leaf impressions

Lambeosaurid, crested duckbill, teeth and upper jaw

Xenoxylem latiporosum and six other taxa of conifers

Arctic Alaska dinosaur fauna and associated vertebrates and plants.

Edmontosaurus sp., most common duckbill, noncrested, juveniles and young adults dominate

Pachyrhinosaurus sp., nearly complete upper cranium, rare form found only in Alaska and Alberta, Canada
Anchiceratops-like form, part of the rear end of the skull

Thescelosaurus sp., small bipedal herbivore, teeth and toe bone

Albertosaurus sp., moderate to large, bipedal carnivore, teeth and bones
Troodon sp., small, lightly built, large-brained, bipedal carnivore, teeth and skull fragments

Dromaeosaurus sp., small, lightly built, large-brained, bipedal carnivore, teeth only
Saurornitholestes sp., very similar to Dromaeosaurus, teeth and vertebra

Acipenser sp., an early sturgeon, vertebrae and dorsal spines
Chandlericthys strickeri, a primitive teleost, preserved as thin carbon film

Possible dermatemydid pond turtle with Asian affinities. This is the earliest turtle from above the Arctic

A single tail vertebra tentatively assigned to this marine reptilian group

Forests consisted of coniferous trees with low-diversity angiosperm understory and ground cover. Ground
cover of horsetails, ferns and some aquatic plants. Closest living analog is the coastal high-latitude, mixed

FEquisetites sp., impressions and casts of stems, rthizomes and tubers

character of the North American dinosaur fauna
has been appreciated for some time. However, the
prior lack of a high-latitude record in Alaska or
the extreme northeastern part of Asia cast doubt
on a postulated major land connection between
eastern Eurasia and North America. The discover-
ies of Nessov (1992), combined with the abundant
and diverse Arctic Alaska dinosaur fauna de-
scribed here, strongly support such a Beringian-
like connection between these continental areas in-

dependent of geomagnetic and paleotectonic data.
The earliest evidence of such a connection is now
of great interest to paleobiogeographers, as is the
possibility of an eastern North American—western
Eurasian migrational route. Presently the bulk of
evidence points to the latter part of the Early Cre-
taceous as the time for the beginning of this great
faunal interchange (Dore 1991, Vereschagin and
Ronov 1968). Dinosaur research being carried on
by James Kirkland in the Early Cretaceous of cast-
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central Utah promises to emphasize even more the
critical biogeographic position of Alaska during
the Cretaceous.

In addition to being central to questions con-
cerning the intercontinental migration of dinosaurs,
the Arctic Alaska dinosaur record is an integral
part of the debate and theories concerning dino-
saurian physiology, energetics and possible long-
distance seasonal migration (Paul 1988, Currie
1989). The Alaskan record of dinosaurs is abun-
dant and diverse for over 15 million years. This
record, combined with discoveries of very high
paleolatitude dinosaurs in Australia (Rich and
Gangloff, in press) in Lower Cretaceous rocks
(110 million years old), certainly strengthens the
argument for the presence of endothermy or
“warm-bloodedness” in some lineages of dino-
saurs. Alternatives such as hibernation and long-
distance seasonal migration must be considered if
endothermy is not accepted.

One of the most intriguing and vexing ques-
tions concerning dinosaurs is the question of their
extinction at the end of the Cretaceous. Much of
the impetus and support for the work done from
1987 to 1990 on Arctic Alaska dinosaurs was
directly aimed at addressing this fascinating ques-
tion. The conclusions of Clemens and Nelms
(1993) and Clemens (1994) challenge any impact
scenario that calls for subsequent short-term cata-
strophic climatic effects as an explanation of dino-
saur extinction (Alvarez 1986). Clemens and
Nelms, in their research, never established the
uppermost range of Arctic dinosaurs in Alaska.
This aspect of their record still remains to be docu-
mented and is directly cogent to the testing of gen-
eral extinction theories (Kauffman and Erwin
1995) that predict that high latitudes should be the
last to experience mass extinction events like the
one at the end of the Cretaceous.

Future Research Directions

Although an unequaled collection or data set of
fossil skeletal elements has been accrued thus far,
continued collection from the Liscomb bed com-
bined with comparable efforts in several other
known bone beds is needed to test several hypoth-
eses that have been put forward to explain the
dinosaur age structure and seeming lack of critical
ectothermic (“cold-blooded”) reptiles and amphibi-
ans. This will require several new approaches to
excavation and mapping of the deposits. One new
and innovative methodology is centered on the
use of a tunneling machine to dig permafrost-
supported galleries above the bone beds and then
quarry down from the galleries. This approach
would result in the recovery of better data and, in

some cases, allow excavation of fossiliferous beds
that are presently out of reach due to their positions
high on the Colville bluffs. In addition, data collect-
ed in this manner would allow us to further test
hypotheses explaining the age structure and condi-
tions of accumulation and fossilization as well as
the statistical validity of our present collections.
The feasibility of such an approach was determined
in 1994 thanks to the financial support of The Dino-
saur Society. The project awaits finances to dig a
prototype tunnel.

Exploration and prospecting expeditions are
needed to search for new dinosaur-bearing sites and
to properly document previously reported ones far-
ther up the Colville River drainage and farther back
into earlier Cretaceous time. It is critical to docu-
ment the dinosaur and associated vertebrate assem-
blages throughout the Cretaceous in order to test
and enhance the present paleoclimatic models based
primarily on plant remains (Parrish et al. 1987). The
first of several such expeditions is planned for the
summer of 1997.

The first phase of research conducted by the
author, students and volunteers has delimited sev-
eral promising lines of investigation using the col-
lections made to date. These include using gross
anatomical and detailed histological studies of teeth
and bones of the abundant hadrosaur to establish the
age range and possible growth cycles and series of
this most common form. Microbiological and bio-
molecular studies have begun in cooperation with
researchers in France and Montana. Several prelimi-
nary studies of the variety of teeth representing non-
hadrosaurs are in progress. This line of research
promises to establish even greater diversity among
the theropods than was previously appreciated. The
theropods, or carnivorous dinosaurs, are also critical
to establishing greater resolution regarding the
ancient ecology of these animals at high latitudes.
Preliminary data indicate that the theropods may be
consistently smaller than their southern relatives
and therefore reflect adaptations to colder climes.
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