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About
the
Journal

The journal Arctic Research of the United States
is for people and organizations interested in learn-
ing 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 Commiittee 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
refereed for scientific content or merit since the
journal is not intended as a means of reporting
scientific research. Articles are generally invited
and are reviewed by agency staffs and others as ap-
propriate.

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 infarmation-gathering
activities. The definition of Arctic according to the
ARPA is “all United States and foreign territory
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. Unsolici-
ted nontechnical reports on research and related ac-
tivities are welcome.

Address correspondence to Editor, Arctic Re-
search, Division of Polar Programs, Room 620,
National Science Foundation, Washington, D.C.
20550.

The National Science Foundation has TDD (Telephonic Device for the Deaf) capability, which enables
individuals with hearing impairment to communicate with the Division of Personnel and Management
about NSF programs, employment, or general information. This number is (202) 357-7492.

Fr0 nt Occupational injury and death are an important aspect of health trends referred to as the “new morbidity
and mortality” in the Arctic. Commercial fishing is one of the highest-risk occupations in the United
States. This photo captures the dramatic struggle to capture fish from the sea. This longlining trip in the
Gulf of Alaska is fighting 35- to 40-foor waves and winds of up to 40 knots. (Photo by Deborah Mercy,
University of Alaska Sea Grant Marine Advisory Program.)
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Arctic Social Science and Health Research

In many ways the future of the Arctic depends on the people who live there. This special issue
of Arctic Research of the United States presents a sampling of Federally funded research
focusing on the people of the Arctic—their history, their culture, their health, their economy
and the effects of social change on their way of life.

The Arctic and Human
Settlement

The Arctic Circumpolar Zone consists of an
almost continuous expanse of land from Scandina-
via through Eurasia to Greenland. The Arctic
Ocean is thus largely landlocked, with its only
major outlets between Greenland, Spitsbergen and
Norway. Natural terrestrial conditions are very
similar throughout this zone, which comprises
both Subarctic (boreal forest) and Arctic (tundra)
ecosystems. While geographically these zones are
limited to the high latitudes above 60°N, during
the last ice age they extended half a continent to
the south.

Humans have occupied circumpolar lands for
thousands of years and have developed sophisti-
cated cultures and technologies enabling survival
in extremes of cold, darkness and isolation. Polar
conditions offer, in fact, the closest Earth analog
to Space and as such constitute a valuable resource
for scientists interested in human physiology, psy-
chology and small-group social interactions.

tions equal to those of Europe and Asia at the time
of European contact in the late 15th century.

Throughout the Circumpolar Zone numerous
cultures developed independently, as well as
through the influences of migrations and contacts
with outside cultures. In the North American Arc-
tic, two distinct populations and cultures devel-
oped. The Indians (the Athapaskan, Eyak—Tlingit—
Haida, Tsimshian and Algonquian speakers) are the
descendants of the earliest Siberian settlers, and the
Eskimo (the Inuit), who live in the the high Arctic
from easternmost Siberia to Greenland, are the de-
scendents of Asiatic people whose more-recent cul-
ture evolved in the Beringian (Alaska) region over
the past 5000 years.

The Arctic of Today

Despite the fact that the Arctic and Antarctic
contain one fifth of the world’s land area and are
rich in mineral resources and fishing waters, they
are still among the least-known regions on Earth.

Antarctica is governed by an international treaty
and is not under the sovereignty of any one nation.
The continent has no indigenous population. The

Because the Arctic Ocean is rimmed by so many
nations, national security and scientific interests are
uniquely international in character.

Arctic, by contrast, lies within the political bound-
aries of eight of the world’s richest nations (the
United States, Russia, Canada, Denmark/Green-
land, Iceland, Norway, Sweden and Finland) and is

From this point of view the Arctic is a hostile
environment, but to those who live there perma-
nently, this is a land of great beauty and ample re-
sources that has given rise to a rich cultural heri-
tage. Humans have thrived in Arctic regions for at
least 15,000 years, since Siberian peoples moved
across the Bering land bridge into Alaska and then
southward. Radiocarbon dating suggests that hu-
man populations reached Tierra del Fuego, the
southern tip of South America, within 1000 years
of crossing the land bridge. All American indige-
nous cultures thus have their origins in the North,
and from this beginning they forged new civiliza-

home to numerous Native cultures.

Because of their traditional dependence on hunt-
ing and fishing, northern communities still largely
coincide with optimal locations for fish and game:
near oxygen- and nutrient-rich lakes, rivers and es-
tuaries and along ice-free coasts. Even with the de-
velopment of modern oil, mining and commercial
fishing activities, subsistence hunting and fishing
remain an important component of daily life and
cultural identity.

European mining and whaling ventures started
in the Arctic as early as the 1500s, followed by
commercial fishing, the fur trade, gold rushes, colo-
nization and oil and gas development. In addition to



the cultural and economic changes these activities
brought, the spread of European infectious diseas-
es devastated indigenous populations. Modemn
medicine has helped eliminate many of these dis-
eases, but they have been replaced by new mor-
bidities, and northern peoples are still suffering
from serious health problems.

Arctic Social Sciences
Research and the Federal
Government

Because the Arctic Ocean is rimmed by so
many nations, national security and scientific in-
terests are uniquely international in character.
These interests encompass strategic, political, eco-
nomic, environmental and cultural (particularly in-
digenous) concerns.

Although previously recognized as important to
national security, Arctic social science and health

ples are claiming greater political control, not only
of land and resources, but also of education, sci-
ence and health care. Scientific research in the
Arctic can no longer be carried out without the
permission of northern peoples; it will have to be
built on partnerships with them. For these reasons,
a “Statement of Principles for the Conduct of Re-
search in the Arctic” was formulated by the Arctic
Social Sciences Task Force (see p. 78 of this
issue).

The need for social science research is recog-
nized by both Alaska Natives and the Federal gov-
emment. The Arctic Research and Policy Act of
1984 specifically referred to social, behavioral and
health research, directing particular attention to
the interests of Arctic residents and the adverse
consequences of development for northern peo-
ples. This legislation also designated the National
Science Foundation as the lead Federal agency for
coordinating U.S. Arctic research. The Director of
NSF chairs the Interagency Arctic Research Policy
Committee (IARPC), which was created by this
Act. An interagency Arctic Social Sciences Task
Force was created under the aegis of IARPC to

With growing political autonomy, Native peoples are
claiming greater political control, not only of land and
resources, but also education, science and health care.

help coordinate Federally sponsored social scienc-
es and health research.
The 1984 Act further mandated an Arctic Re-

research has taken on heightened significance for
the United States because of recent political and
environmental developments. Among the issues
are the political developments in the former Soviet
Union, anthropogenic contamination of the atmo-
sphere, nuclear and other sources of contamination
in northem rivers and seas, and the development
of Native autonomy.

Throughout the Arctic, Native peoples are
working toward ownership and political control of
the lands where they live. The recent Nunavut
land claim settlement in Canada, comprising 493
million acres, makes the Inuit the single largest
landowner in North America. Greenland has
Home Rule, and there is a growing demand for in-
creased self-determination among the indigenous
peoples of Alaska and the Russian North and Far
East. In Alaska, the largest state in the U.S., with
an area of 367.7 million acres, 9.8% is Native-
owned land and 66.4% is Federal land. The Alaska
Native Claims Settlement Act of 1971 affirmed
Alaska Native title to 44 million acres. Today
there are increasing demands for recognition of
Alaska tribal sovereignty, which would acknowl-
edge a direct government-to-government relation-
ship with the Federal government.

With growing political autonomy, Native peo-

search Plan. The Plan has been updated every two
years since 1987. The most recent revision ap-
peared in Arctic Research of the United States,
Spring 1991.

The need for increased social science support
was reiterated in the National Science Board re-
port The Role of the National Science Foundation
in the Polar Regions. A more detailed plan for the
social sciences was subsequently developed in the
National Research Council’s Polar Research
Board report Arctic Social Science: An Agenda for
Action (National Academy Press, 1989).

In January 1990 the National Science Founda-
tion, following these recommendations, initiated
an Arctic Social Sciences Program within the Di-
vision of Polar Programs. The program funds mul-
tidisciplinary research in archaeology, anthropolo-
gy, sociology, linguistics, psychology, geography,
history, political science, law and economics.

Why a Special Issue on
Social Science and Health?

Given the urgency of contemporary political,
socioeconomic, environmental and health issues in
the Arctic, a special issue of Arctic Research of
the United States devoted to social sciences and
health research is particularly timely.



This issue was created to showcase research by
Federally funded scientists and educators working
in Arctic regions. An important goal of the issue
was to demonstrate that the research, while fasci-
nating and valuable by itself, makes useful contri-
butions towards improving health, education, eco-
nomic development, resource management, crimi-
nal justice and cultural life.

The special issue is organized around three re-
search themes identified by the Polar Research
Board in Arctic Social Science, An Agenda for
Action. The three priority areas identified for re-
search are human—environment interactions, com-
munity viability and rapid social change.

Human—Environment Interactions

These interactions refer to the complex interrela-
tionships of humans and the ecosystems of which
they are a part. There are few regions of the world
where the interactions of environment, culture and
health are so intertwined as in the Arctic. The Arc-
tic is a rich repository of human experience, reflect-
ing both a successful adaptation to changing envi-
ronmental conditions and the devastating effects of
modern development on small, natural-resource-de-
pendent societies. This section includes articles on
the prehistory of the earliest Alaskans, the use of
tree rings from archaeological sites for studying cli-
mate change, and the genetic connections between
ancient Siberians and American Indian populations.

Another aspect of human—environment interac-
tions is the effect of the Arctic environment on the
human body. Arctic regions provide ideal condi-
tions examining the limits of human physiology in
the cold and for testing cross-cultural hypotheses
about human health and nutrition. An article on
health trends describes a remarkable record in con-
quering infectious diseases. But at the same time it

opment, The commercial harvesting of fish in the
dangerous seas off Alaska has pushed occupation-
al safety to its limits.

Community Viability

This issue is critical for all northern residents.
Qutside of the regional centers like Anchorage and
Fairbanks, communities in rural Alaska tend to be
small and isolated, often accessible only by air or
sea, and sometimes only during ice-free months.
Most families in rural communities rely on a
mixed strategy of subsistence harvesting, wage la-
bor and commodity production to make ends meet.
In these small, mixed-economy communities,
there is little by way of a conventional economic
base for taxable revenue. Yet most communities
need the range of services such as education, law
enforcement, health care and other services taken
for granted in the more populous “lower 48.”

Social scientists identify and analyze the di-
verse market and subsistence economic bases of
communities. For example, the commercial fish-
ing and processing sector provides about 16% of
the employment base in the state of Alaska, sur-
passed only by the military and local and state
government. The seafood industry is critical to the
viability of small communities such as Dilling-
ham, Togiak, Cordova, Dutch Harbor—Unalaska
and Kotzebue. One article describes how econo-
mists helped producers see the global forces that
affect their salmon markets. Another shows the
importance of modeling “bycatch” (incidental
take) for the increasingly complex groundfish fish-
ery. Many jobs and families in Alaska depend on
these analyses.

The subsistence harvest is critical to many
communities in Alaska. Subsistence as a way of
life is perhaps more extensive in Alaska than in
any other U.S. state. Social scientists have helped
to define these activities as not merely economic
in nature but as a vital component of Native social

There are few regions of the world where the interac-
tions of environment, culture and health are so inter-
twined as in the Arctic.

and cultural life.
Whaling, as practiced by Eskimo villages, is a

highlights new challenges to human health and
well-being. The “new morbidity and mortality,”
including cancer, diabetes, heart disease and alco-
hol-related problems, are related to the introduction
of new lifestyles and dietary habits, and even to
prolonged lifespans due to improved medical care.
Axrctic conditions also test our ability to trans-
port and transfer technologies for economic devel-

form of subsistence harvest, as long recognized by
the International Whaling Commission. The hunt-
ing of whales is an intergenerational bond between
father and sons, it is a way to gain or lose status in
the village, it is a way to bring extended families
together through sharing, it is a way to meet ritual
obligations in the community, and it is a commu-
nity celebration of the new spring season. An arti-
cle on whaling highlights the close relationship
between community survival and cultural survival.
Another article focuses on the role subsistence



harvesting in the Bristol Bay region of southwest
Alaska, and a presentation of an in-progress ethno-
graphic study of subsistence in the northwest
Alaska is included.

Education is a national priority, and it is doubly
so in the Arctic. With the decentralization of rural
education over the last decade, schools are actively
seeking new models of educational administration,
resources and teacher training, among other things.
This issue includes two articles related to educa-
tion: an essay by a Native author, which discusses
the Yup’ik philosophy of knowledge and Western
education, and an article on a clearinghouse for ed-
ucational resources and experiences among the far-
flung, isolated schools and districts of the circum-
polar North.

Rapid Social Change

Change has become a way of life in the North. It
is often initiated from outside through institutions
having organizational structures and methods of de-
cision-making that conflict with those of Arctic cul-
tures. The U.S. legal and justice system, for exam-
ple, is based on assumptions and procedures very
different from the traditional Native ways for deal-
ing with conflict. This section includes an article
investigating the causes and results of the dispro-
portionately high confession and incarceration rates
in western Alaska.

Rapid social change also means that people’s
hopes and aspirations change over time, turning
away from known ways and towards the outside
world. Included in this issue is an article describing
in-progress research on the impacts of resource de-
velopment on the attitudes of Arctic youth towards

education, out-migration and labor force participa-
tion—important keys to understanding the future
demographic and economic profiles of rural Alaska.

Economic development in the Arctic has
brought new occupations, and an article on occupa-
tional fatalities documents the increasing numbers
of injuries and fatalities that have accompanied
development. These jobs are usually related to re-
source extraction, such as lumbering, mining, fish-
ing or transportation.

Federal agencies also have roles as historical ar-
chivists, The two final articles describe the docu-
mention of historic structures and other information
threatened by development and change.

Bringing together the articles in this special issue
has not been easy. We obviously could not include
the work being done by all Federal agencies. Agen-
cies were encouraged to submit articles on research
that addressed Arctic and national needs. What we
hope to accomplish is to introduce at least a portion
of the research being done in a variety of fields.
Naturally these contributions represent the views of
individual researchers, not necessarily those of the
sponsoring agencies.

Aurctic regions, while offering unique physical
conditions for research in the natural, social and
health sciences, also provide a platform for study-
ing the most urgent scientific questions facing all
humankind. There are few better opportunities for
monitoring and analyzing the effects of global
change on natural ecosystems and natural-resource-
dependent societies. It is hoped that the wealth of
knowledge resulting from the efforts of these, and
numerous other, scholars will contribute to an im-
proved understanding of Arctic issues and will
open new pathways to solutions that will benefit
society within and outside of the Arctic.

The Term “Eskimo”

The term “Esquimawes” first appeared in 1584,
and the spelling “Eskimo” was in common usage by
the mid-nineteenth century. The origin of the term
can be traced to contacts between Natives and Europe-
ans in the eastern Arctic, which was frequented by
Basque whalers, the English and the French. The word
derives from the Algonquian Indian language, and in
Ojibwa it means “eaters of raw meat.” In Montagnais,
another Algonquian language, the name has been
interpreted as deriving from “snowshoe netter.”

Eskimo self-designations, translated as “people” or
“real people,” are “Inuit” (West Greenland and Cana-
da), “Inuvialuit” (Mackenzie Delta), “Inupiat” (north
Alaska), “Alutiiq” and “Yup’ik” (southwest Alaska
and Siberia). In 1977 the Inuit Circumpolar Confer-

ence adopted “Inuit” as the designation for all Eskimos,
regardless of local usages. The Aleuts speak a separate
branch of the Eskimo language family.

“Alaska Eskimo” is still commonly used in Alaska
(also “Yup’ik Eskimo” etc.). The term is also used with
regard to prehistoric cultures (for example, Paleoeski-
mo) or in linguistics, physical anthropology and medi-
cine. In Canada, “Inuit” has nevertheless replaced
“Eskimo” in governmental and most scientific contexts.

Because these terms are used in varying contexts in
this issue of Arctic Research of the United States, the
editors have chosen to retain author usages. For more
information about the use of these names, refer to Hand-
book of North American Indians, Vol. 5, Arctic, Smith-
sonian Institution, Washington, D.C., 1984, p. 5-7.




Investigating the Earliest Alaskans
The Broken Mammoth Archaeological Project

CHARLES E. HOLMES AND DAVID R. YESNER

The Broken Mammoth and Mead sites in central Alaska may provide the first conclusive
evidence that humans and mammoths coexisted in Alaska, the gateway to the New World.
More significantly, these archaeological excavations provide data about subsistence and the
environment during one of the earliest phases of human settlement in North America.

Charles Holmes is with the Archaeologists are uncovering evidence that al-
Office of History and— 1ows the first comprehensive view of subsistence
D;}'ﬂ;ﬁfj’i}/\ﬂ[[m}ﬁ lifeways of ancient peoples who hunted and
Resowrces, and is Affiliare  ©@mped in central Alaska between 10,000 and
Assistant Professor in the 12,000 years ago. Investigations at rare archaeo-
Anthropology Department,  logical sites in the Tanana Valley 100 km south-
University of Alaska= eagt of Fairbanks have yielded data that show that
Anchorage, David Yesner iy g broad-based hunting and foraging economy was
an Associate Professor in the h R Rl g
Anthropology Department, practiced in Eastern Beringia (interior Alaska and
University of Aluske—  Yukon) at the end of the last ice age. Late Pleis-
Anchorage.  tocene and Early Holocene aeolian silt (loess) de-
posits rich with calcium carbonate have preserved
butchered remains of birds and mammals in un-
equivocal stratigraphic context with human-made
stone tools and hearth charcoal. These sites are the
oldest in Alaska to contain evidence of artifacts
associated with extinct mammals such as camel,
elk, bison and mammoth. The co-occurrence of
human tools and animal bones in the three sites
described below provide a unique opportunity to
refine our knowledge about human adaptation to
environmental change.
The Broken Mammoth Site, discovered by
Holmes in August 1989, was given its name be-
cause of the recovery of mammoth tusk fragments
associated with other faunal remains and lithic
tools from the eroding bluff face. The 1990 testing
program was a joint project between the Alaska

Studying these sites is like focusing a microscope on
small slices of time taken from a tiny piece of the
globe.

Office of History and Archaeology and the Uni-
versity of Alaska~Anchorage. It was designed to
answer basic questions critical for evaluating the
significance and research potential of the site.
About 6% (54 m2) of the site area was excavated
in 1990 to define the site limits, locate artifact

concentrations and study the stratigraphy. Approx-
imately 10,000 items were recovered in 1990.

Testing during 1990 showed that the nearby
Mead Site has multiple archaeological compo-
nents in a stratigraphic context similar to the Bro-
ken Mammoth Site. Faunal remains were also
recovered, including elk, bison, birds and mam-
moth ivory tusk fragments. Among the artifacts
recovered is a carved piece of ivory.

Work in 1991 (supported by a National Science
Foundation grant) focused on better defining the
various archaeological components at the Broken
Mammoth and Mead sites. Archaeological collec-
tions from both sites were doubled, and a series of
radiocarbon dates were obtained. In addition, a re-
gional survey to locate previously unrecorded sites
was begun, resulting in the discovery of two more
stratified sites with preserved faunal remains asso-
ciated with archaeological components. One of
these sites (called Swan Point) produced mam-
moth ivory. The Broken Mammoth, Mead and
Swan Point sites are the only three Alaskan ar-
chaeological sites containing mammoth and other
extinct fauna in good association with artifacts.

The stratigraphy at the Broken Mammoth,
Mead and other sites in the Shaw Creek region
consists of a series of sand and loess sediments
overlying frost-shattered and weathered bedrock.
The sediments and soils at the sites contain a
record of past environmental changes in east-
central Alaska. For example, the Broken Mam-
moth stratigraphy documents the change from a
glacial environment at the close of the Pleistocene
to one of alternating episodes of aeolian deposi-
tion and soil formation during the Holocene.

Thirteen radiocarbon dates on charcoal are
available for the four cultural zones at the Broken
Mammoth Site. Cultural Zone 1, the youngest, is
associated with dates between 2,000 and 4,700
years ago. Charcoal from a large hearth feature
defining Cultural Zone 2 yielded dates between



Location of the
Broken Mammoth,
Mead and Swan Point
archeological sites.
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7,200 and 7,600 years ago. Cultural Zone 3, which
is associated with the middle paleosol complex,
has provided dates between 9,300 and 10,300
years ago. The oldest cultural material, Cultural
Zone 4, is associated with the lower paleosol com-
plex. Radiocarbon dates for Cultural Zone 4 are
between 11,000 and 11,800 years ago.

One of the distinctive characteristics of the
Broken Mammoth Site is the well-preserved
faunal remains associated with Cultural Zones 2, 3
and 4 (Cultural Zone 1 has yielded relatively few
bone fragments). Cultural Zone 2 produced a sub-
stantial amount of faunal remains associated with
a large hearth. Cultural Zones 3 and 4 appear to be
similar in faunal composition. Both mammal and
bird remains are well represented, particularly in
the lower paleosol complexes.

The abundant evidence of waterfowl (swans,
geese and ducks) sﬁggcsts that modern avian fly-
ways through the Alaska Range had become
established by the time the Broken Mammoth Site
was occupied around 12,000 years ago. The prev-
alence of waterfowl further suggests that this near-
by food resource may have been a key factor in
attracting human populations to the site during the
spring or fall. The presence of eggshell fragments
indicates a spring occupation.

Identifiable large ungulate bones, many with
spiral fractures, suggest that bison and elk were of
considerable economic importance. These herd
animals would have represented a concentrated,
storable biomass essential to the well-being of
Late Pleistocene hunters. These species indicate

climatic conditions and habitat comparable to the
modern northwestern Plains, particularly semi-
forested regions in higher-altitude environments.
The presence of a small camelid appears to cor-
roborate the idea of open parkland conditions cap-
able of supporting entire herds.

The paleosol complexes associated with Cul-
tural Zones 3 and 4, indicative of stable occu-
pation surfaces, correlate with the latter part of the
Birch Period (an open shrubland that included
dwarf birch and willow) and the Populus-Salix
Zone (open poplar woodland and birch—shrub
tundra). After about 9000 years ago, this shrub-
land changed to a woodland that included spruce
and alder species. Red squirrel and porcupine re-
mains from Cultural Zone 3 suggest that this pro-
cess may have begun by 9500 years ago. Shortly
thereafter, windier conditions may have become
reestablished, as loess accumulation appears to
have accelerated until after 7500 years ago. Fol-
lowing that period, more modern conditions
appear to have prevailed, with the modern forest
soil established sometime after 5000 years ago.

Tusk fragments found at three sites indicate
that mammoth ivory was available to human
populations in the region in the Late Pleistocene
and Early Holocene. Thus far, no postcranial re-
mains of mammoth have been found. It may be
that ivory, along with hide and meat, was obtained
at kill sites located away from the blufftop camp-
sites and brought back to camp for use as raw ma-
terial. This circumstantial evidence suggests that
mammoth and humans coexisted.



Uncovering geese bones next
to a hearth dated to 11,700
years ago in Cultural Zone 4.

Preliminary examination of flotation samples
indicates the presence of plant macrofossils, in-
sects and mammal hairs. Initial pollen scans indi-
cate that, although pollen is present in the loess,
the pollen may be too poorly preserved to be of
analytic value.

A number of former hearths were uncovered
during the 1990 and 1991 excavations. A shallow
lenticular pit hearth was excavated in Cultural
Zone 1 associated with a few flakes and obsidian
microblades. The artifact distribution in Cultural
Zone 1 suggests that the area of occupation was
near the bluff edge. Cultural Zone 2 consists of a
large hearth smear (with some evidence for hearth
stones) suggestive of multiple fires built on the
former ground surface in a radius of about 4 m.
Cultural Zone 2 appears to be restricted to the
northern area of the site away from the former
bluff face. At least two large hearth smears with
associated hearth stones, similar to Cultural Zone
2, were uncovered in Cultural Zone 3. Lithics and
fauna were scattered around and in the hearths.
Similarly two large hearth smears were also exca-
vated for Cultural Zone 4. The artifact, fauna and
hearth distributions for both Cultural Zones 3 and
4 indicate occupation near the bluff edge, more so
than for Cultural Zone 1.

Several lithologies (rhyolite, chalcedony, chert,
basalt, obsidian) are represented in the Cultural
Zone 1 assemblage. Artifacts include retouched
flakes, endscrapers, sidescrapers, point fragments,
flake burins, burin spalls, microblades and small
wedge-shaped microblade cores. Thus far, only a
few flakes (some are retouched), fire-broken rocks
and hearth stones have been recovered in Cultural
Zone 2. There are several tool correspondences

with both the Denali Complex and also with the
Northern Archaic Tradition.

Artifacts found in Cultural Zone 3 include nu-
merous tiny flakes, a few retouched flakes, large
biface fragments, small point fragments, hammers
and anvils. Two chert points, reminiscence of pa-
leoindian types, are thin lenticular in cross section
and have concave bases with basal edge grinding.
Cultural Zone 4 has produced chipping detritus of
rhyolite, basalt, obsidian, chert and quartzite. Only
a few retouched flakes and one sidescraper can be
called tools. The presence of biface thinning flakes
indicates that bifacial tools were part of the tool
kit. It is perhaps noteworthy that there is no evi-
dence of a microblade industry in either Cultural
Zone 3 or 4 artifact assemblages. However, be-
cause the tool inventories for these earliest as-
semblages are quite meager (thus far), very little
can be said about cultural affiliations.

Several ivory tusk fragments (associated with
either Cultural Zone 3 or 4) have scratches that
could have been produced by stone tools. There
are two sizes of scratches, a narrow set approxi-
mately 1 mm across and a wider set about 3 mm
across. One tusk piece has a stone microchip em-
bedded in one of the wide scratch channels. Ex-
perimentation with a flake burin suggests that a
tiny chip broken away during the ivory grooving
process became embedded in the channel.

The analysis of these data will provide a sharp-
er focus on some of the subtle climatic and envi-
ronmental changes that can be seen only grossly
by looking at, for instance, pollen data or mamma-
lian remains. Typically an archaeological site does
not have all the pieces of information necessary
for environmental reconstruction and consequently



Student excavating a meta-
carpal (identified as elk)
[from the occupation layer
in Cultural Zone 3, which
dates between 9,300 and
10,300 years ago.

Economically important fauna from the Broken
Mammoth Site.

Species Cultural Zone

Bison 1 2 3 4
Elk (wapiti) — — 3 e
Mammoth — — 3/4
Caribou —

Dall sheep — —
Camelid — —
Beaver — 2
Arctic fox — —
River otter — —
Porcupine - —
Hare — —
Marmot — —
Ground squirrel - -
Red squirrel — -
Swans — —
Geese - =
Ducks — —
Ptarmigan - —
Fish — =
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the interpretation must rely on regional data pooled
from areas away from the site. The resulting bigger
picture misses any subtle localized changes. Fossil

assemblages (for example, mammal and pollen) of-
ten are not precisely dated and can only provide a

general picture, but dating of sites with human oc-
cupations containing campfire charcoal can be
more precise. Environmentally sensitive archaeo-
logical sites such as these, which have documented
human activities, preserved fauna and stratified
sediments, help to refine the local picture. There-
fore, all the indices (pollen, faunal, etc.) are being
brought together to better understand a small piece
of the regional picture. Studying these sites is like
focusing a microscope on small slices of time taken
from a tiny piece of the globe. It will help refine
interpretations of human interactions and adapta-
tions during worldwide climatic fluctuations.

The data provide a picture of small, highly mo-
bile groups whose strategy for survival was to
move around seasonally to exploit various re-
sources such as caribou in the fall and migratory
waterfowl in the spring. These people were highly
knowledgeable about the environment and the an-
imals they hunted. The evidence suggests that
mammoths were a part of their resource base. The
resources being exploited were changing during
that period, and the human populations were adapt-
ing with new technologies, such as changes to pro-
jectile point forms.

Data collection continued during the 1992 field
season at the Broken Mammoth, Mead and the
Swan Point sites.




Reconstructing Temperature History from
Tree Rings in Northwestern Alaska

LISA J. GRAUMLICH AND S. CRAIG GERLACH

Tree rings contain information on past climates, providing clues to global and regional
climate change. Understanding tree ring data from northwestern Alaska will help provide a
basis for interpreting changes in aboriginal land and resource uses over the last 1000 years.
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Treeline sampling site near
Kobuk, Alaska. Cores from
living trees were obtained
from sites ranging from
elevational treeline to the
river valley.

Since the annual growth rings of trees reflect
the year-to-year variations in growing conditions,
the rings form distinctive patterns. Studies of these
patterns, called dendrochronology, can be used to
date pieces of wood and the structures and arti-
facts associated with them.

In the 1940s and 1950s J. Louis Giddings, a pi-
oneering Alaskan archaeologist and dendrochro-
nologist, used tree-ring dating to establish a 1000-
year chronology for the Arctic Woodland Culture
in northwestern Alaska. By cross-dating samples
from house timbers, Giddings documented the
timing of village establishment and abandonment
for numerous late-prehistoric archaeological sites
along roughly a 200-mile stretch of the Kobuk
River. The artifact sequences found in association
with these house sites provided a rich opportunity
for Giddings and those who followed him to ex-
amine the causes and consequences of cultural sta-
bility and change in this part of northwestern Alas-
ka. Although Giddings was interested primarily in
using tree-ring data to establish a chronology and

to resolve the dating problems that plagued Arctic
archaeology, his data are equally rich and relative-
ly unexplored for reconstructing past climates.
Even though these data were collected roughly
fifty years ago, recent reanalysis of the Giddings
material shows how archaeological data may be
used to independently generate and corroborate
climatic data.

Recent reanalysis of the Giddings
material shows how archaeological
data may be used to independently
generate and corroborate climatic
data.

In 1991, with funding from the National Sci-
ence Foundation, a project involving the Universi-
ty of Arizona and the University of Alaska began
to establish a chronologic and climatic basis for
modeling human responses to late Holocene cli-
matic change in the western Arctic. The first phase
of the project has been to develop quantitative
reconstructions of temperature variation based in
large part on analyses of Giddings’ tree-ring sam-
ples. Deriving a quantitative estimate of past cli-
mate from the archaeological samples requires a
model of climatic effects on tree-growth based on
modern data, as well as an adequate sample of pre-
historic wood to ensure that the estimates, based
on the average growth of a number of samples, are
not biased by what may be the anomalous behav-
ior of a small number of specimens.

During the summer of 1991 the researchers
sampled spruce trees growing ulong the Kobuk
River at seven sites located at or near Giddings’
archaeological sites. A comparison of the annual
growth indices with meteorological data recorded



Cross section of a house
timber from Ekseavik,
Alaska. The ring sequence
extends from AD 1126

to 1375. Each ring is dated
1o the exact calendar year
and measured to the
nearest 0.01 mm.

at Fairbanks for 1908-1991 showed significant
positive correlations between average June and
July temperatures and annual growth. This rela-
tionship was true not only for trees within a site
but also among sites. These results imply that the
archaeological materials should reveal a similarly
strong correlation to regional temperature.

A large number of the archaeological wood
specimens collected by Giddings are now archived
at the University of Arizona and have been reana-
lyzed for this project. Contemporary tree cores

the record still requires caution in interpretation.
Cultural and economic changes from Ahteut
(about AD 1250) through Ekseavik (about AD
1400) to Ambler Island (about AD 1750) reveal
subtle differences in how land and subsistence re-
sources were used by Native populations in the
Kobuk River Valley.

The archaeological record of the Kobuk River
Valley documents human response to variability in
the environment through the seasonal use of avail-
able resources. The Arctic Woodland Culture con-
tains a core of basic artifactual and technological
traits that appeared stable for roughly 700 years.

The climate—growth model is being applied to the
prehistoric part of the record to estimate the variation
in summer temperatures over long periods of time;
when complete, this reconstruction will be one of the
longest annually resolved temperature records for the
western Arctic.

However, the relative emphasis on subsistence
resources, specifically caribou, salmon, other river
fish and small seals, changes through time and
across space from the lower to the upper river.
Human harvest strategies have adjusted to fluctua-
tions in both long- and short-term cycles of abun-
dance over the past thousand years or so. The flex-

from spruce extend back into the 1700s, where
they overlap with Giddings” Ambler Island speci-
mens; the record now extends back into the 1600s.
Similarly, successive overlapping chronologies
with Kotzebue, Ekseavik and Ahteut samples pro-
vide a well-replicated chronology back to the early
1300s. The oldest samples date to AD 977, al-
though the small sample size of this early part of

ible use of a variety of animals and plants by the
Kobuk River people provides a buffer against
scarcity in any one population of subsistence re-
sources. What is not so obvious at present is how
caribou and salmon, the primary subsistence re-
sources in the region, respond to minor changes in
the weather, particularly warming trends. Recent
studies in Alaska show that a series of warm and
dry summers, for example, result in changes in the
chemistry of Arctic vegetation in ways that may

11



Number of specimens for
sites in the Kobuk River

Valley. Each individual tree-
ring sequence spans 150-350
years, so the samples within a
site and among sites overlap.
The large sample size adds to
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the reliability of the paleo-
climatic reconstructions.

negatively affect the forage resources of wildlife
and stream invertebrates. What is still important
for the Kobuk River area is to understand how mi-
nor shifts in settlement and subsistence of the in-
digenous people were influenced by minor shifts
in the distribution of animal resources as a result
of changes in weather and climate.

The climate—growth model is now being ap-
plied to the prehistoric part of the record to esti-
mate the variation in summer temperatures over
relatively long periods of time. When complete,
this reconstruction will be one of the longest an-
nually resolved temperature records for the west-

ern Arctic. These data are potentially important for
understanding the human ecology of the region,
since severe winters, prolonged droughts, periods
of increased storminess and temperature-related
physiological stresses all have profound effects on
plant-animal interactions and on the people who
depend on those plants and animals. In combina-
tion with precipitation reconstructions, the temper-
ature records provide a framework for evaluating
the relationship between long-term temperature
changes and aboriginal land and resource use, as
well as the potential consequences of future warm-
ing for contemporary subsistence patterns.

80
I | | | [ I | | [
B Ahteut ]
60 B8 Ekseavik |
V4 Kotzebue
@ | Ambler -~
a
g
S 40| _ =
5
o,
2 . ]
£
=3
Z 10| __ —
| | | | I I I | I | I
1200 1300 1400 1500 1600 1700 1800

Year of Outer Rings



New Light on Nutrition and the Peopling of the
New World

WILLIAM LEONARD, MICHAEL CRAWFORD, ANTHONY COMUZZIE AND REM SUKERNIK

This anthropological study of the Evenki reindeer herders of central Siberia provides new
clues about the origins of the Indians and Eskimos of the New World, suggesting that the
American Indians separated from the Siberians more than 30,000 years ago. The study has
also provided evidence that exercise may be as important as diet for maintaining low

cholesterol levels.

William Leonard is Assistant
Professor at the School of
Human Biology. University of
Guelph, Ontario, Canada;
Michael Crawford is Profes-
sor of Anthropology and
Anthony Comuzzie is Gradu-
ate Research Assistant, both
with the Laboratory of Bio-
logical Anthropology, Uni-
versity of Kansas, Lawrence;
and Rem Sukernik is Director
of the Molecular Genetics
Laboratory, Siberian Branch
of the Russian Academy of
Science, Novosibirsk

Russian researcher with an
FEvenki family near the village
of Surinda. The structure in
the background is a tradi-
tional Evenki dwelling,
called a chum.

Although much research has been conducted on
human populations from the Arctic and Subarctic
regions of Europe and North America, less is
known about the biology of indigenous Siberian
groups. In 1991 a team of U.S., Canadian and
Russian researchers, with funding from the Na-
tional Science Foundation, the U.S. Man and the
Biosphere Program and the Natural Sciences and
Engineering Research Council of Canada, began
the first detailed study of the biology of an indig-
enous Siberian population. This ongoing research
project is examining the ecology, health and gen-
etic diversity of the Evenki, a Tungusic-speaking
group of reindeer herders whose settlements are
distributed over the taiga of central Siberia.

The biological and cultural origins of the Even-
ki are unclear. It appears likely, however, that the
Evenki were once reindeer hunters who, over
time, adopted a breeding and herding subsistence.
Until the 1930s the Evenki remained socially or-
ganized into named, extended family lineages that
served as herding units. During Stalinist times
they were forcibly reorganized into cooperative
settlements and herder groups called brigades. In
1989 the total population of the Evenki was
29,975; this represented a 10% increase since

1979. About 80% of the Evenki resided in rural ar-
eas in 1989, about the same as in the previous de-
cade.

During the 1991 field season the field team
studied two Evenki settlements (Surinda and Poli-
gus) and six of their associated brigades. Body
measurements, blood and hair samples, and color-
blindness assessments were taken on a sample of
over 200 individuals, and interviews were used to
collect demographic and dietary data. These data
will shed light on how recent changes in Siberia
are influencing the genetic diversity, demographic
structure, health and nutrition of the Evenki.

Diet and Nutritional Status

The Evenki diet is based heavily on reindeer
products and is therefore relatively high in both
protein and fat. During the summer, animal prod-
ucts such as meat, fish, butter and milk comprise
35-40% of their energy intake. The remaining 60—
65% comes from foraged vegetable foods (such as
wild berries, pine nuts and mushrooms) and mar-
ket foods (such as flour, sugar, rice and noodles).
The average daily energy intake among the adult
Evenki appears to be about 2400 calories. Accord-
ing to the World Health Organization’s most re-
cent recommendations (1985), this is enough ener-
gy to support a moderately active individual of the
Evenki’s body size. With the heavy work demands
placed on the more traditional Evenki during cer-
tain times of the year (for example, moving camp
and constructing fences to contain the reindeer), it
is likely that the Evenki experience seasonal ener-
gy deficits.

Such energetic constraints provide a partial
explanation for the Evenki’s small adult body size
and distinctive growth patterns. Evenki men are,
on average 5 feet 2 inches tall and weigh 125

13
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pounds, while the women average only about 4
feet 10 inches tall and 116 pounds. Thus, compared
to U.S. reference standards, Evenki men fall below
the fifth percentile for both stature and weight
(about 7 inches shorter and 40 pounds lighter than
the average U.S. male), whereas Evenki women
fall below the fifth percentile for stature and be-
tween the 10th and 15th percentiles for weight
(about 5 inches shorter and 24 pounds lighter than
their U.S. counterparts). Despite their diminutive
adult size, the Evenki are not particularly small at
birth. Rather, it appears that their small adult size
is achieved through slow growth during late child-
hood and adolescence. Such a pattern strongly sug-
gests that environmental factors (such as cold and
nutritional stress) are shaping the growth of body
size in the Evenki.

Unlike in Western populations, meat consumption does
not appear to be a strong predictor of cholesterol levels
within the Evenki.

The cholesteral and triglyceride profiles of the
Evenki are also intriguing. Despite their high con-
sumption of animal products, the Evenki have low
blood lipid levels compared to Western popula-
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tions. Their total cholesterol averages 141 mg/dL
for men and 148 mg/dL for women, with the ratio
of total cholesterol to high-density lipoproteins
(HDL, or “good” cholesterol) being favorable
(2.99 for males and 3.15 for females). Evenki
cholesterol levels are also low compared to other
indigenous Arctic populations. For example, the
total cholesterol levels of the Wainwright Inuit
have been found to be 187 mg/dL for men and 205
mg/dL for women, and mean cholesterol levels of
183 mg/dL have been measured for a sample from
the Chukotka region of northeastern Russia.

The level of acculturation is an important cor-
relate of blood lipid levels. The more acculturated
*“village-living” Evenki have higher cholesterol
levels than those living in the rural areas (156 vs
135 mg/dL for men; 151 vs 142 mg/dL for wom-
en). This trend is particularly interesting because
village residents appear to eat far less meat (partic-
ularly reindeer meat) than the more “traditional”
Evenki. Thus, unlike in Western populations, meat
consumption does not appear to be a strong pre-
dictor of cholesterol levels within the Evenki. In-
stead, the reduction in activity associated with ac-
culturation may be the most important “lifestyle”
influence on serum lipid levels. Research during
the 1992 field season addressed this issue by di-
rectly monitoring energy intake and expenditure.



Mitochondrial DNA

Mitochondrial DNA (mtDNA) has been widely
used to reconstruct the evolutionary history of our
species. Mitochondria are cellular bodies outside
the nucleus that produce energy for the cell, and
the DNA they contain is well suited for tracing the
relationships between divergent populations such
as the Siberian and New World because:

» It is primarily maternal in transmission and
thus does not experience the reshuffling as
with paternal genes;

« The absence of a repair mechanism in mt-
DNA allows sequential mutations to accu-
mulate at an exceptionally high rate (up to 10
times as high as in nuclear DNA); and

» These mutations apparently accumulate at a
constant rate.

Thus, mtDNA represents a molecular clock that
can be used to measure the time of divergence of
Siberian and Amerindian groups.

Three interesting findings were revealed by the
mtDNA analyses of a series of New World and
Siberian populations {(done in collaboration with
Douglas Wallace and Antonio Torroni of Emory
University). The mtDNA characteristics shared by
both the Siberians and Amerindians suggest a
divergence date of between 35,000 and 44,000
years ago. The more conservative archeologically
and linguistically established dogma is that the
New World was peopled after the last glaciation,
12,000 to 14,000 years ago. Similarly a recent
interpretation, known as the “tripartite consensus,”
assumes that there were three post-glacial migra-
tions from Siberia into the New World. The
Evenki data suggest that there were at least four
separate population movements into the New
World; these data support a similar conclusion
based on gamma globulin variation in the New
World and Siberia.

Research on Siberian indigenous populations (with a
long evolutionary history in the Arctic) will help re-
solve some of the critical problems concerning human
adaptation in the Far North.

The third finding is somewhat perplexing but
highly significant for the interpretation of the peo-
pling of the New World. It is based upon the pres-
ence or absence of a characteristic of mtDNA
known as the Asian-specific 9bp deletion. One
study concluded that this deletion was absent in
Siberian populations except for three individuals
from the Altai region of southcentral Siberia and
that it was also absent in North American Atha-
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Statistical measure of the genetic distances (R-matrix plot)
between Siberian, Indian and Eskimo populations.

paskans, Eskimos and Aleuts. The Evenki research
supports these findings. Yet, this deletion has been
reported in some of the Native Americans of
North and Central America, Oceania and Japan.
The Asian-specific 9bp deletion is found at a fre-
quency of 16-18% in East Asia as far north as Ja-
pan. It occurs at high frequencies in most of Oce-
ania (including Polynesia, where it is present in
100% of the population), but this mutation is ab-
sent in Australian and highland New Guinea popu-
lations. Recent research has revealed both the
presence and absence of the mutation in South
American populations.

Peopling of the Americas

What do these molecular data tell us about the
peopling of the New World? The most recent ar-
cheological, linguistic and molecular data strongly
suggest the presence of humans in the New World
more than 30,000 years ago. The earliest expan-
sions into the Americas by people bearing the
mtDNA deletion followed the coast of Asia and
preceded the peopling of northern Siberia (20,000
years ago). The later expansions of Asian peoples
into Siberia was by groups who had culturally and
possibly biologically adapted to the Siberian tun-
dra but lacked the Asian-specific 9bp deletion. It
is still unclear whether the Eskimos and Athapas-
kans resulted from a single migration and the Es-
kimos were a maritime adaptation, while the Atha-
paskans were their inland extension. However, the
molecular evidence is compelling that both the Es-
kimos and Athapaskans originated from the ances-
tors of current populations of northeast Siberia
(who lack the Asian-specific mutation). After ex-
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Typical Evenki meal, consist-
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ing of reindeer meat, rice,
bread and tea with sugar.

pansion into the Siberian Arctic, the ancestors of
the Eskimos and Athapaskans entered the New
World across Beringia. It is possible that the Eski-
mos did migrate into the New World at a later date
than the Athapaskans and filled in the maritime
niche along northern Siberia and Alaska.

The addition of 18 New World populations and
10 Siberian indigenous groups to mtDNA analysis
has supported the earlier conclusions of the exist-
ence of four DNA types, each of which was intro-
duced into the Americas by population expansion
from the coast of Asia or Siberia. These results

clearly support the conclusion that four expansions
are required to explain the observed variation in
gamma globulin in the New World.

Further field research in Siberia is planned for
the next three years. It is hoped that the plethora of
questions generated by the initial findings from
the first field season will eventually be answered
by additional research. Research on Siberian in-
digenous populations (with a long evolutionary
history in the Arctic) will help resolve some of the
critical problems concerning human adaptation in
the Far North.

Publications

Readers may obtain further information on
some of the research described in this article from
the following publications:

- The Settlement of the Americas: A Comparison of
the Linguistic, Dental and Genetic Evidence,
by J. Greenberg, C.G. Turner and S.L. Zegura:
Current Anthropology, vol. 4, pp. 477497,
1986.

The Biology of Circumpolar Populations, by F.A.
Milan: Cambridge University Press, Cam-
bridge, 1980.

Mitochondrial DNA, by M. Stoneking and A.C.
Wilson: In The Colonization of the Pacific: A
Genetic Trail (A. Hill and S. Serjeantson,
Eds.), Oxford University Press: Oxford, pp.
215-245, 1989.



Human Health Trends in the Arctic

GEORGE BRENNEMAN, JOHN MIDDAUGH, ROBERT WAINWRIGHT, BRIAN McMAHON AND DAVID TEMPLIN

Infectious diseases such as polio, diphtheria, measles and tuberculosis have had devastating
effects on Native people. Efforts by Alaska and Federal health agencies have largely eradi-

cated these diseases today. Now, Alaska Natives face new threats to human health, including
diabetes, heart disease, cancer and Arctic pollution.

George Brenneman is Associ-
ate Director of the Center for
American Indian and Alaskan
Native Health, Johns Hopkins
School of Hygiene and Public
Health, 615 North Wolfe St.,
Baltimore, MD 21205,
John Middaugh is Alaska
State Epidemiologist, Depart-
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Anchorage, AK 99524,
Robert Wainwright is Direc-
tor of the Arctic Investiga-
tions Program, Centers for
Disease Control, 525 Eagle
St., Anchorage, AK 99501;
Brian McMahon and
David Templin are with the
Department of Internal Medi-
cine, Alaska Native Medical
Center, Indian Health Ser-
vice, 255 Gambell St.,
Anchorage, AK 99501

In 1950 a special team sent by Congress 1o as-
sess the health status of Alaska Natives reported
that the situation in Alaska was a national disgrace.
Extraordinary changes have taken place in Alaska
and in the Arctic in the past 40 years. There have
been significant reductions in life-threatening in-
fectious diseases. Death rates, including infant
mortality, have fallen to all-time lows. Only a short
time ago the life expectancy of an Alaska Native
was 47 years, similar to that in Ethiopia or Bang-
ladesh today; now the life expectancy of Alaskans,
especially Alaska Natives, has never been higher.

While there have been tremendous improve-
ments in overall health status, new disease patterns
have emerged. Until recently, public health and
medical efforts in Alaska focused almost entirely
on controlling infectious diseases, such as polio,
measles, diphtheria, whooping cough, tuberculosis,
streptococcal disease, rheumatic fever, botulism,
bacterial meningitis, otitis media and bronchiecta-
sis. Now chronic diseases, such as diabetes, heart
disease and cancer, which were seen infrequently
or not at all just 40 years ago, are common.

Arctic health research is shifting in response to
these changing patterns. The Arctic Research and
Policy Act of 1984 (ARPA) was a major influence
in refocusing Arctic health research, and many of
its recommendations have been implemented. Sev-
eral Federal agencies have made significant chang-
es in their orientation to the Arctic, particularly the
Centers for Disease Control (CDC) and the Indian
Health Service (IHS). The CDC has expanded its
research activities in the Arctic beyond its ongoing
infectious diseases program by establishing two
new field offices in Alaska: the National Institute
for Occupational Safety and Health, for investigat-
ing all occupitional fatalities in Alaska, and the
Center for Environmental Health and Injury Con-
trol, for investigating alcohol-related birth disabili-
ties, including fetal alcohol syndrome and fetal
alcohol effects,

ARPA has also improved communication and
cooperation. International collaboration has in-
creased, and the International Union for Circumpo-

lar Health has emerged as a major organization
able to contribute to international Arctic health re-
search. The State of Alaska has responded to the
initiatives, and new collaborative relationships
have emerged between Alaska Native health orga-
nizations, universities, state government and Fed-
eral agencies.

One of the most important benefits of the in-
creasing attention to Arctic health research has
been improvements in the relationships and com-
munications between scientists and indigenous
people. Institutional review boards have been
strengthened, with an emphasis on involvement of
Alaska Natives (Eskimos, Indians and Aleuts) as
full partners in research studies. Funding agencies
are beginning to recognize that results need to be
communicated to the subjects of studies, and this
will strengthen the partnerships necessary for suc-
cessful future studies.

Alaska Native Health

The health and health care needs of Alaska
Natives have been a primary focus of Federal
health-related research in Alaska. Health status
data collected in the 1940s and 1950s prompted
this focus and clearly defined the need for Federal
and State collaboration in conducting epidemio-
logic research. The changes since then have been
dramatic:

* In 1950 the infant mortality rate of Alaska
Natives was 101 per 1000 live births; in
1979-1980 the rate was 22.3, and in 1986~
1988 it was 14.7.

« The Alaska Native death rate in 1950 was
1742 per 100,000; in 1980~1986 the rate was
726.

« The life expectancy of Alaska Natives in 1950
was 47 years; in 1986-1988 it was 68.7 years.

« In 1950 measles, whooping cough, rheumatic
fever, syphilis, typhoid and polio caused
many deaths; there were no deaths from these
causes from 1980 to 1989.
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« In 1953-1956 the annual tuberculosis (TB)
mortality rate for Alaska Natives was 282 per
100,000; from 1980 to 1989 only 13 Alaskans
died from TB.

Infectious diseases, primarily TB, were by far
the most important causes of mortality and illness
among Alaska Natives. In response to these serious
problems, Federal and local health professionals
started systematic epidemiologic research as first
steps leading to intervention strategies. Populations
with high disease rates provide an opportunity to
implement innovative public health approaches
and to study the effectiveness of new methods of
treatment and prevention. These efforts were clear-
ly successful.

One of the most important benefits of the increasing at-
tention to Arctic health research has been improve-
ments in the relationships and communications be-
tween scientists and indigenous people.
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As the rates of acute infectious diseases de-
crease and life expectancies increase in the Alaska
Native population, important demographic and so-
cial changes have become visible. New or previ-
ously unrecognized disease patterns have emerged.
These changes are reflected in different directions
and emphases in health-related research. For exam-
ple, during the height of the TB epidemic in Alas-
ka, some health professionals made anecdotal com-
ments that Alaska Natives have no or low rates of
cancer. But current data show age-adjusted cancer
mortality rates of 167 deaths per 100,000 popula-
tion among Alaska Natives, compared to 132.9 for
the total U.S. population.

Arctic residents, and particularly Alaska Na-
tives, are experiencing an alarming rise in the inci-
dence of tobacco-caused cancer. In 1950 there
were six deaths in Alaska from lung cancer; in
1988 there were 143. In 1950 only one Alaska Na-
tive died from lung cancer; from 1980 to 1989, 24
Alaska Native deaths each year were attributed to
lung cancer. In 1950 the death rate from lung can-
cer was 5.6 per 100,000 population; the rate is now
89 per 100,000. As the use of smokeless tobacco
has increased, more oral cancers in teenagers have
been identified.

An investigation during 1983-1986 of a cluster
of ten cancer cases in a remote Alaskan village of
207 residents found that seven residents diagnosed
with lung cancer had significant exposure to ciga-
rettes. Although villagers believed cigarettes were
an important cause of cancer, many strongly be-
lieved the cancers were due to environmental caus-
es, such as chemical contamination of drinking

water (for example, fluoride and chlorine), radio-
active fallout from atmospheric weapons testing,
changing from a traditional to a “Western” diet,
indoor air pollution (including radon) and deple-
tion of the ozone layer.

There are many other examples of the changing
health patterns:

» The mortality rate in 1986—1988 due to inju-
ries among Alaska Natives was 328 per
100,000, compared to 34.6 for the total U.S.
population.

« The age-adjusted alcoholism mortality rate for
1986-1988 among Alaska Natives was 22.5
per 100,000, compared to 6.0 for the total
U.S. population.

« The age-adjusted homicide and suicide rates
in 1986-1988 for Alaska Natives were 15.5
and 32.4 per 100,000, compared to 8.6 and
11.7 for the total U.S. population.

» The estimated fetal alcohol syndrome rate
among Alaska Natives is around 4.0 per 1000
live births; this rate is two to four times the
estimated general rates.

The data illustrate the alarming trends in what
may be referred to as “the new morbidity and mor-
tality.” The fight against infectious diseases has
been turned around, and new risk factors—those
found in conjunction with rapid social change—
have emerged. New technology and western life-
styles have entered into village life. Although
many of these are important parts of modern soci-
ety, others leave an extremely high burden on
human health. Health research in the Arctic must
meet these new needs.

Specific Health Problems

Tuberculosis

In 1946 TB was listed as the cause of death on
43% of Alaskan death certificates. From 1980 to
1989, only 13 of 19,820 deaths of Alaskans were
due to TB. This significant decrease resulted from
collaborative actions by the U.S. Public Health
Service (USPHS) and the State of Alaska. In this
collaboration the State of Alaska provided preven-
tive services (TB control and surveillance), and
the agencies of the USPHS provided hospital and
clinic medical services and conducted basic epide-
miologic research. Of particular importance in the
reduction of TB mortality and morbidity and the
spread of TB in Alaska Native communities was
the use of antituberculosis chemotherapy, first
available in the late 1940s and early 1950s. One of
these antituberculosis drugs, Isoniazid (INH),
quickly became one of the safest and most effec-
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tive chemotherapeutic agents and was widely used
to treat patients with active TB.

In classic epidemiologic research between 1949
and 1960 conducted cooperatively by three agen-
cies in the USPHS (the Division of Indian Health
[now the THS], the Tuberculosis Branch and the
Arctic Health Research Center) and the Alaska
Department of Health and Welfare, extremely
high rates of TB among Alaska Natives were doc-
umented:

« Tuberculin testing in 1948—1951 showed that
32-75% of Alaska Native children were in-
fected with TB.

« From 1953 to 1956 the annual TB mortality
rate for Alaska Natives was 282 per 100,000
population.

« In 1955 over 1000 Alaska Natives were hos-
pitalized for the treatment of TB.

Based on these stark findings, the use of INH
on a community basis was proposed. Studies to
evaluate the effectiveness of INH in the preven-
tion of TB, supported by the three USPHS agen-
cies and the Alaska Department of Health and
Welfare, were conducted from 1957 to 1959 in
selected Alaska Native villages in the Yukon—
Kuskokwim Delta. Over 7000 Native subjects
from this region participated in a carefully con-
trolled efficacy trial. The results were impressive:
in the group receiving a placebo, 1.36% of the in-
dividuals developed TB, in contrast to 0.43% in
the INH group, a 68% reduction in the incidence
of TB. These findings led to the worldwide use of
INH for preventing the spread of TB, and INH be-
came an important tool in reducing the incidence
of new cases of TB in Alaska Native communities.

The impact of the TB epidemic on the Alaska
Native community was socially and psychologi-
cally traumatic. The social and emotional disrup-
tion resulting from this trauma would have been
deeper without effective Federal and State collab-
oration in finding and implementing intervention
methods, essentially eliminating a devastating
health problem.
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Hepatitis B

A high number of cases of acute hepatitis B vi-
rus (HBV) infection among Alaska Natives led to
studies involving the Indian Health Service and
the Arctic Investigation Program of the Centers
for Disease Control beginning in 1972, A survey
of two communities in the Yukon—Kuskokwim
Delta showed an overall prevalence of HBV infec-
tion of approximately 55% and a rate of hepatitis
B surface antigen of 14%. There was evidence of
household clustering, suggesting transmission
within families. Additional studies in 1973-1975
of 12 villages in the area confirmed the high rates
of HBV infection but showed a significant varia-
tion of HBV infection among villages, ranging
from 5% to 70%. The study also found that about
18% of children younger than five years of age
had evidence of HBV infection, and in the 10- to
19-year age group the number increased to 21%.
Of those infected children younger than 12 years
of age, 84% were positive for the hepatitis e anti-
gen, which is more infectious that the surface, or s,
antigen. This suggests that the children were the
most recently infected and supports the hypothesis
that transmission occurred in the household.

In a village study conducted in 1975, hepatitis
B testing of specimens from patients and from the
environment (for example, toothbrush racks, baby
bottles, toys, kitchen counters and tabletops)
identified the surface antigen in 1-50% of the
samples. The investigators concluded that HBV
infection may be transmitted to susceptible per-
sons via body fluids and objects in the homes and
schools.

A study of 1280 seronegative persons from
eight villages, conducted between 1972 and 1976,
showed that transmission was highest in young
children, less than 10% of whom had symptoms of
hepatitis. In addition, children infected under the
age of five had a greater than 30% risk of becom-
ing chronic surface antigen carriers. Perinatal
transmission played only a minor role in the trans-
mission of HBV, as most pregnant women who
were positive for the surface antigen were not pos-
itive for the more infectious ¢ antigen. Also, epi-
demiologic studies showed that Alaska Eskimos
had a higher rate of life-threatening complications
due to chronic hepatitis B infection.

In 1981 a hepatitis B vaccine demonstration
project was initiated among Eskimos in the
Yukon-Kuskokwim Delta to demonstrate that the
newly licensed vaccine would induce protective
levels of HBV antibody and prevent HBV infec-
tions among all age groups in this high-risk popu-
lation and that the vaccine could be administered
in remote, scattered communities under field con-
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ditions. Laboratory tests performed on sera col-
lected in May 1981 from 3988 residents of 17 re-
mote Eskimo villages revealed that 2645 (66.3%)
had no evidence of HBV infection. Because of a
limited supply of vaccine, specific criteria for se-
lection were used so that those at highest risk of
infection would be immunized first. In November
1981 the first dose of vaccine was administered to
1693 carefully selected seronegative individuals;
over 95% received all three doses of vaccine. The
study indicated that the vaccine was safe (less than
0.5% experienced minor adverse reactions) and
immunogenic (97% developed antibodies). Vac-
cine-induced antibody levels were significantly
higher for persons less than 30 years of age and
for females. Vaccine recipients were protected
from HBV infection.

Follow-up studies of this group demonstrated
the continuing protection provided by the vaccine.
Eight years after receiving the first vaccine dose,
74% of those initially responding to the vaccine
still had high levels of anti-surface-antigen anti-
bodies. Only eight individuals showed serologic
evidence of HBV infection, and none were posi-
tive for the surface antigen. None of the eight had
symptoms of hepatitis B. In this study group the
preimmunization annual incidence rate for HBV
infection was 50 cases per 1000 population. Eight
years after the first vaccine dose, the rate had de-
clined to 0.85 cases per 1000 population.

The fight against infectious diseases has been turned
around, and new risk factors—those found in conjunc-
tion with rapid social change—have emerged.
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This research led to the development and im-
plementation of an HBV prevention program with
the following steps:

» Screen all Alaska Natives and immunize all

susceptible individuals;

* Immunize all Alaska Native infants beginning
at birth;

» Screen all pregnant Alaska Native women
and give vaccine and administer an immune
globulin to the newborns of all surface- or
e-antigen-positive mothers; and

» Test all surface-antigen-positive Alaska
Natives twice yearly for alpha-fetoprotein
(AFP) to detect primary hepatocellular carci-
noma (PHC) at an early stage. (A sharp rise in
the serum levels of AFP can be detected when
PHC is in the very early stages, before it can
be detected by special radiologic or physical
examination techniques.)

The implementation of these public health mea-
sures through the collaborative efforts of the IHS,
the Alaska Division of Public Health and the Arc-
tic Investigations Program (AIP) of the CDC has
proven successful and has led to a statewide prima-
ry and secondary HBV control program for the
Alaska Native population. This program includes
primary prevention by HBV immunization of
adults and infants and secondary prevention of
PHC by AFP screening among surface-antigen car-
riers. The results of the intervention program have
been dramatic. In the Yukon—Kuskokwim Delta,
one of the areas of highest transmission, the annual
incidence rate of symptomatic hepatitis B infection
has declined from 214 per 100,000 population pri-
or to the immunization program to no reported
cases in the past year.

These programs have served as models for simi-
lar programs in other areas of the world where the
incidence of HBV is high. Also, data from this
research have been used in justifying a national
program for universal HBV immunization.

Bacterial Meningitis Due to
Haemophilus Influenzae Type B

In the United States the leading cause of bac-
terial meningitis among infants (birth to 11 months
of age) is Haemophilus influenzae type b (Hib).
Meningitis is inflammation of the tissue covering
the surface of the brain. Other invasive diseases in
young children caused by this organism include
septic arthritis, pneumonia and septicemia. Every
year in the United States around 20,000 children
under five years of age have one of these serious
Hib infections.

For many years clinicians serving in the IHS in
Alaska reported high rates of invasive Hib diseases
among Alaska Native infants. Of those diseases,
meningitis due to Hib was observed to be a leading
cause of mental retardation in this population.
Studies supported by the THS, the AIP and the
Harbor-UCLA Medical Center described high
rates and unique characteristics of Hib disease
among Alaska Natives and non-Natives. The inci-
dence rates of invasive Hib diseases among Alaska
Eskimo and Indian children under five years of age
were found to be 705 and 401 cases per 100,000
children of those ages. The rate among non-Native
children was 129 per 100,000. For Alaska Natives
the cumulative Hib disease risk for the first two
years of life averaged 4%. Alaska Native infants
also experienced this high risk earlier in infancy.

Until 1984 the available Hib vaccines were in-
effective when administered to children under 18
months of age. Through a new technolagy, several



potent vaccines, known as conjugate Hib vaccines,
were developed and tested. After appropriate safe-
ty testing in adults and older children, these new
vaccines were approved by the Federal Drug
Administration for large-scale efficacy trials in
infants.

In 1984 the National Institutes of Health funded
Harbor—UCLA Medical Center to conduct, in col-
laboration with the IHS and CDC, a vaccine effi-
cacy trial using a new conjugate Hib vaccine in
the high-risk Alaska Native infant population. In
this double-blind and placebo-controlled trial, vac-
cine and placebo, in random distribution, were ad-
ministered at two, four and six months of age to
approximately 2000 infants. When the trial ended
in 1988 and the blinding was revealed, it was
found that the vaccine failed to show sufficient
protective efficacy against invasive Hib disease.
Subsequent efficacy trials, conducted elsewhere
using other conjugate vaccines, demonstrated effi-
cacy and led to the licensing of two Hib vaccines.
These new vaccines are now being used routinely
in infants under one year of age.

In addition to the high rates of invasive Hib dis-
ease, Alaska Native infants experience Hib diseas-
es at an earlier age. About 25% of the invasive
disease in Alaska Native infants occurs before six
months of age and, therefore, before the age when
infants are given the vaccine and active immunity
is established. Studies with an immune globulin in
Apache Indian infants demonstrated that a specific
immune globulin, bacterial polysaccharide im-
mune globulin (BPIG), conferred passive immun-
ity when administered to young infants and pro-
tected them from Hib infections. Although the
protection was transient, it opened the possibility
for use in young Alaska Native infants during the
vulnerable early infancy before the time the conju-
gate vaccines induce lasting immunity.

In 1989 the IHS and CDC collaborated in eval-
uating BPIG in Alaska Eskimo infants living in
the Yukon—Kuskokwim Delta. The combined use
of BPIG with a licensed active Hib vaccine has re-
sulted in a marked decrease in invasive Hib dis-
ease among children in Alaska. In the Yukon-
Kuskokwim Delta the occurrence of Hib meningi-
tis has fallen from an average of 13 cases per year
to only two in 1990 and no cases in the past year.

Rheumatoid Diseases

Physicians accompanying early explorers in
Alaska reported the existence of “rheumatism”
among some Alaska Native populations. In more
recent years Alaska health care professionals have
diagnosed and treated Alaska Natives with rheu-

matoid diseases, including rheumatoid arthritis,
systemic lupus erythematosus, ankylosis spondyl-
itis, Reiter’s syndrome and juvenile rheumatoid
arthritis. These conditions result in chronic and re-
current musculoskeletal pain, limitation of activ-
ity, disability and serious organ damage. Although
these conditions apparently had been in the Alaska
Native population for many years before exposure
to Western cultures, they have become more obvi-
ous and important because more Alaska Natives
are living longer. Approximately 1.5% of the
Alaska Native population has been diagnosed with
rheumatoid disorders.

Systematic epidemiology research over the past
seven to eight years on rheumatoid diseases has
documented incidence and prevalence rates among
selected Alaska Native groups. This collaborative
research, supported by the THS, CDC and National
Institutes of Health, opens the door to additional
study of the characteristics of rheumatoid disease
among Alaska Natives.

These epidemiologic studies have shown sever-
al interesting findings. In a Yup’ik Eskimo study
population, the prevalence, incidence and clinical
features of theumatoid arthritis were similar to
those described for the general U.S. population.
Arthritic changes in the vertebrae were more fre-
quent than theumatoid arthritis, and many could
not be classified by existing disease criteria. Of
the adult patients with arthritic changes in the ver-
tebrae, only half could be classified as having
Reiter’s syndrome, ankylosis spondylitis or psori-
atic spondylitis. The remaining patients either did
not meet the diagnostic criteria of any specific dis-
ease or had characteristics of more than one. Fur-
ther studies are needed to define more clearly what
appear to be unique features of the rheumatoid dis-
orders in this population.

Unique characteristics in theumatoid diseases
also have been observed among the southeast
coastal Indian populations in Alaska. The preva-
lence and incidence rates of rheumatoid arthritis
were significantly higher, and the peak age of in-
cidence was younger in the southeast Alaska Indi-
an population than in Alaska Eskimo groups and
the general U.S. population. The prevalence of
systemic lupus erythematosus in the Alaska Indian
population was about twice that reported for most
Caucasian populations, The frequency of spinal
arthritic disorders was similar in Alaska Indian
and Eskimo populations. Comparative studies of
the prevalence of spondyloarthropathy have not
been conducted in Caucasian populations. The
prevalence rate of ankylosis spondylitis, one of the
major types of vertebral arthritis, in the southeast
Indians did not differ significantly from rates in
predominantly Caucasian U.S. populations.
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Studies are underway to more fully character-
ize rheumatoid disorders among Alaska Natives.
The IHS and National Institutes of Health, allied
with Russian rheumatologists, are now in the
third year of a study looking at the prevalence,
characteristics, laboratory findings and other as-
sociated features of spondyloarthropathic disease
among Alaska Eskimos, This longitudinal study
is expected to lead to better definition of the dis-
ease and earlier diagnosis and treatment.

Arctic Pollutants

Monitoring of marine mammals for heavy
metals has found high levels of mercury and cad-
mium for many years. Concerns have been raised
that mercury levels in subsistence foods might in-
crease and that bioaccumulation could result in
methyl mercury poisoning. In 1986 a comprehen-
sive health risk assessment by the CDC, IHS and
Alaska Department of Health and Social Services
found that the heavy metals reported were not ab-
sorbed by humans consuming these foods and
that marine mammal subsistence consumption
should not be discouraged. However, the emo-
tional importance following media exposure of
potential pollutants is great and often prompts the
need for careful study and analysis.

There is good evidence that some heavy
metals have been present in the Arctic for a long
time. The remarkable discovery of extremely well
preserved mummies in Greenland that are 500

years old has proven to be most valuable. Among
the many analysis performed, several heavy met-
als were measured in hair from the bodies and
from the sealskin garments. Remarkably, cad-
mium levels found in the 500-year-old specimens
were similar to those found today. Mercury levels
in the mummies were less than found today but
were still comparatively high. Lead levels were
higher in contemporary tissues. It is essential that
we learn more about these metal and chemical
contaminants in the Arctic.

The question of whether chemical pollutants
are part of (or are assimilated by) nature or are be-
coming an unacceptable burden to humans and na-
ture underlies the Arctic Environmental Protection
Strategy signed by the governments of the eight
Arctic nations. In that context, an Arctic Monitor-
ing and Analysis Program is being designed.

Publications

Readers may obtain further information on the
research described in this article from the follow-
ing publications:

Alaska Health Facts: State of Alaska, Department
of Health and Human Services, Division of
Public Health, Section of Epidemiology, July 1,
1992.

Regional Differences in Indian Health in 1991:
Division of Program Statistics, Indian Health
Service.



Physiological Effects of Low Temperatures
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Life at the high latitudes exposes people to unique environmental challenges. The human
body must adapt to extended exposure to low temperatures. Physiological changes affecting
performance, mood, memory and cholesterol levels have been the focus of recent research
sponsored by the Department of Defense.
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Polar T3 Syndrome

Temperature and photoperiod may influence
seasonal changes in mood, activity patterns, di-
etary preferences and the incidence of heart attack
and stroke. Circulating hormones that adjust to
environmental conditions may influence some of
the annual physiological changes. Thyroid hor-
mones, which regulate body temperature, lipid
metabolism, energy use, cardiovascular function
and mood, are likely candidates for determining
these responses. The most active of the thyroid
hormones is triiodothyronine (T3), which mediates
the majority of the tissue responses of this hor-
mone family.

Residents of high latitudes show increases in
energy intake and T3 uptake into the muscle and
fat tissue and decreases in sensitivity to cold air
and brain content of T3. These characteristics are
collectively called the Polar T3 Syndrome, which
is probably involved with regulating body temper-
ature, cardiovascular function and mood.

To evaluate the role of cold air in producing
this syndrome, researchers from the Madigan
Army Medical Center, the U.S. Naval Academy,
the Naval Health Research Center and the Naval
Medical Research Institute recently carried out
studies using climate chambers. Sixteen men were
exposed to 4°C twice a day for two months, and
T3 activity was measured. Similar experiments
with free-living subjects were conducted simulta-
neously in McMurdo, Antarctica, and in Bethesda,
Maryland, to compare the responses at high lati-
tudes and midlatitudes with those produced during
the cold chamber experiments. The last two stud-
ies were conducted for 10 and 18 consecutive
months, respectively, to identify seasonal influ-
ences.

The results show that exposure to cold air initi-
ates a rapid increase in the removal of T3 from the
blood within weeks. This process is independent
of normal thyroid functioning. With 3—5 months
of cold exposure, the tissue uptake of Tj is in-

creased, and effects are apparent within the central
nervous system.

Another study of the Polar T3 Syndrome looked
at the effects of Antarctic residence on the levels
of blood cholesterol, T4 and TSH (thyroid-stimu-
lating hormone, which is produced by the pituitary
gland and appears to be essential for the correct
functioning of the thyroid). Blood cholesterol lev-
els are known to reflect the effects of thyroid hor-
mone imbalance.

The study group consisted of nine healthy
members of the U.S. Navy 1989-90 annual winter-
over contingent at McMurdo, Antarctica. The sub-
jects were studied once in Port Hueneme, Califor-
nia, to obtain basal values for comparison with
data collected during Antarctic residence. After ar-
rival at McMurdo, Antarctica, the subjects were
studied each month from December through Au-
gust.

The results demonstrated that humans may
have different physiological responses to the Ant-
arctic environment. One subset of individuals ex-
perienced significant increases in serum TSH, to-
tal cholesterol and low-density lipoprotein (a
form of cholesterol); a second subset of individ-
uals displayed a substantial decrease in low-den-
sity lipoprotein and insignificant decreases in TSH
and total cholesterol. These discordant findings
cannot be accounted for by changes in body
weight or intake of cholesterol, fat and alcohol.
However, the subjects, when considered as one
group, demonstrated a correlation between TSH
and total cholesterol and between TSH and low-
density lipoprotein with Antarctic residence.
These correlations suggest a common hormonal
mediator.

Increased blood cholesterol levels are causally
related to an increased risk of coronary heart dis-
ease. Further investigations are therefore sug-
gested to identify individual sensitivity and envi-
ronmental mechanisms responsible for these thy-
roidal and lipid alterations.

Humans clearly respond both physiologically
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and metabolically to polar environments and cold
air experiments, but hormonal adaptation appears
to vary. One may expect thyroid requirements to
increase in polar regions, and those persons unable
to rapidly meet these demands would display clin-
ical symptoms of mild central nervous system hy-
pothyroidism, such as depression, memory defi-
cits, changes in blood pressure and alterations of
mood. Clearly more research is needed to better
define the physiological and psychological ramifi-
cations of the Polar T3 Syndrome and other envi-
ronmentally mediated hormone responses.

Blood Cell Changes with
Cold Air Exposure

Blood cell changes during exposure to cold are
important because red blood cells carry life-
sustaining oxygen and because physiological ex-
pressions of these changes include a decreased
shivering threshold, decreased rectal temperature
and increased peripheral vasoconstriction. Whole
blood hematocrits (the percentage of red blood
cells) are significantly lowered during chronic
cold air exposure. Hematocrits are also reported to
decrease after intermittent cold exposure. Two re-
cent studies by researchers from the Naval School
of Health Sciences, the U.S. Naval Academy and
the Madigan Army Health Center have measured
changes in blood cell characteristics with cold
adaptation during repeated experimental cold air
exposure and after extended Arctic winter field
operations.

Humans clearly respond both physiologically and
metabolically to polar environments and cold air

experiments.
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In the experimental cold air acclimatization
study, 16 healthy male volunteers, comparable
with respect to body weight, body surface area,
age and mean blood pressure, were seated motion-
less in a climate chamber (5°C, with a wind speed
of about 2.5 m/s) for 30 minutes, twice a day,
Monday through Friday, for eight weeks. Blood
samples were analyzed before the experiment and
after every 20 exposures.

The study of extended Arctic winter field op-
erations used nine normal healthy members of a
Navy special forces unit as subjects; all were simi-
lar with respect to age, height, weight, skinfold
thickness and body surface area. Blood samples
were collected in November 1989 in Virginia be-

fore exposure to cold. The men then spent 12
weeks engaged in outdoor activities for approxi-
mately five days per week in Utah (four weeks)
and Anchorage, Alaska (eight weeks at —13°C).
During their final ten days, they spent approxi-
mately six hours per day in the field. Blood sam-
ples were again obtained after completion of the
winter operations (March 1990).

The groups in the two studies had similar
changes in blood profiles. These changes appear to
be a consequence of repeated cold exposure since
other environmental factors were quite different.
Red blood cell levels were decreased. A stable to-
tal hemoglobin content of the blood suggested that
the oxygen-carrying capability of the total pool of
red blood cells had not been altered; there appears
to be a compensating mechanism to maintain the
basal oxygen requirements at the cellular level.

Cold-Induced Memory Loss

It has long been observed that people do not
perform as well in cold environments. Research
conducted at the Naval Medical Research Institute
(NMRI) in Bethesda, Maryland, indicates that
acute cold stress impairs performance on a de-
layed match-to-sample (DMTS) memory task.
This finding has been attributed to the effect of
cold on short-term, or working, memory.

Research conducted at the Thermal Stress
Adaptation Program at NMRI suggests that cold-
induced performance deficits may be improved
with the amino acid tyrosine. Tyrosine is found in
a variety of protein foods, and it is an essential
precursor for the biosynthesis of a group of hor-
mones and neurotransmitters called catechola-
mines, specifically epinephrine, norepinephrine
and dopamine. The rate-limiting factor for cate-
cholamine synthesis in the brain is determined
partially by tyrosine availability.

Cold-stress-induced performance deficiency
may be related to a change in the release of brain
norepinephrine and dopamine. The inability of
brain catecholamine neurons to sustain their nor-
mal levels of release during cold exposure could
result in impaired cognitive performance. During
acute cold exposure, it is possible that the avail-
ability of additional tyrosine could result in con-
tinuous biosynthesis and a sustained release of
brain catecholamines, which could prevent cold-
stress-induced performance deficits. In fact, stud-
ies have shown that tyrosine can increase the rate
at which norepinephrine is synthesized in rats dur-
ing acute cold exposure.

Research conducted at NMRI with rats showed
that cold disrupted DMTS memory performance.
Tyrosine administration partially prevented this



deficit. Cold stress research with humans, both un-
der controlled laboratory conditions and in con-
junction with cold-weather field exercises, showed
the same result.

Ongoing research with rats is examining the
effects of cold stress on time perception. Acute
coldexposure has been shown to impair both time
production and time estimation tasks. Tyrosine ad-
ministration improved time perception in a dose-
dependent manner during cold exposure for both
these tasks. Research continues to examine the ef-
fects of cold exposure and tyrosine administration
on time perception in humans.

Research suggests that cold-induced performance
deficits may be improved with the amino acid tyrosine.

To date, tyrosine has been beneficial in allevi-
ating cold-stress-induced performance deficits in
DMTS memory and time perception tasks. Addi-
tional research will determine what other aspects
of performance are disrupted by cold stress as well
as the effectiveness of tyrosine in reducing these
performance deficits.

Publications

Readers may obtain further information about
the research described in this article from the fol-
lowing publications:

Changes in Serum Triiodothyronine Kinetics after
Prolonged Antarctic Residence: The Polar T
Syndrome, by H.L. Reed, E.D. Silverman,
K.M.M. Shakir et al.: Journal of Clinical Endo-
crinology and Metabolism, vol. 70, p. 965-974,
1990.

Pituitary and Peripheral Hormone Responses to
Ty Administration during Antarctic Residence,
by H.L. Reed, J.A. Ferriero, K.M.M. Shakir et
al.: American Journal of Physiology, vol. 254,
p- E733-E739, 1988.

Hormone Response of Normal and Intermittent
Cold-Preadapted Human to Continuous Cold,
by M.W. Radmonski and C. Boutelier: Journal
of Applied Physiology, vol. 53, p. 610-616,
1982.

Hematological Parameters Are Altered During
Cold Air Exposure, by M.'D’ Alesandro, H.L.
Reed and A. Lopez: Arctic Medical Research,
vol. 51, p. 16-22, 1992.

25



Commercial Fishing in Alaska
A Very Dangerous Occupation

GUNNAR KNAPP

In recent years several studies have established that commercial fishing is the highest-risk
industry for occupational fatalities. The research has identified the extent and nature of fishing
vessel injuries, has raised questions about the extent to which fishery management regulations
affect risk-taking and high fatality rates in the industry, and has helped move commercial
fishing vessel safety to the front of the policy agenda. The author’s research led to an active
role with the National Academy of Sciences Marine Board investigations on the issue.

Gunnar Knapp is Professor

of Economics at the Institute

of Social and Economic
Research, University of
Alaska—Anchorage,
3211 Providence Drive,
Anchorage, AK 99508.

Commercial fishing in Alaska may be the most
dangerous occupation in the United States. Forty-
six percent of all fatalities while on the job in Alas-
ka in 1991 were in the commercial fishing sector.
On average, more than 30 fishermen (including
men and women) die each year in Alaska. The fa-
tality rate is 3—10 times higher than for other high-
risk industries in Alaska and more than twenty
times the average for all Alaska occupations.* In
one season a Bering Sea crab fisherman may face a
one in one hundred chance of dying. Many more
persons are severely injured.

The dangers of commercial fishing are no secret
to anyone working in the industry or living in Alas-
ka. Newspaper accounts of fishermen swept over-
board, vessels overloaded with fish, sinking boats
and hair-raising rescues are commonplace.

In one season a Bering Sea crab fisherman may face a
one in one hundred chance of dying.
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However, the process of establishing commercial
fishing safety as a public policy issue has been dif-
ficult. Calculation of the fatality rates and identifi-
cation of the contributing factors in fishing vessel
safety have been important in establishing fishing
safety as an issue that must be addressed.

Defining the Problem

The first formal calculation of fatality rates for
Alaska’s fishing industry was undertaken by Knapp
and Ronan, in research supported by the Alaska Sea

* For a discussion of occupational fatalities in all Alas-
kan industries, see p. 62.

Grant College Program. For the years 1981-1984,
based on an average of 26 fatalities per year report-
ed by the U.S. Coast Guard, Knapp and Ronan esti-
mated a fatality rate of 320 deaths per 100,000
years worked—compared with an average of 15 for
all other Alaska industries.

A later study undertaken by the National
Institute for Occupational Safety and Health
(NIOSH) reviewed Alaska death certificates as
a source of fatality data. The researchers found that
about a third of fishing fatalities are not included in
Coast Guard statistics. They estimated an even
higher annual fishing fatality rate of 415 deaths per
100,000 years worked for the period 1980-1984.
The earlier Knapp and Ronan study, together with
these data, helped to establish the magnitude of the
problem of fishing vessel safety, where previously
the rate and types of fatalities were not widely
known outside the fishing industry.

Some fisheries are more dangerous than others.
Salmon fishing, for example, accounts for about
half of all time spent in fishing but less than one-
fifth of fatalities, since it takes place close to shore
in summer. Crab fishing, in contrast, takes place in
the fall and winter, far from shore in the stormy
waters of the Bering Sea, with fishermen handling
crab pots that can weigh hundreds of pounds on
decks washed by waves. The crab fishery accounts
for about half of all Alaska fishing fatalities but
only about 15% of the time spent in fishing. This
suggests that the fatality rate may be over 1,000
per 100,000 years worked.

Nonfatal injuries are also common in com-
mercial fishing, in particular, back injuries and
cuts. Injury claims filed with the state-operated
Alaska Fishermen’s Fund suggest that injury rates
are at least as high as in other dangerous industries,
such as logging.

Fishing vessel losses extract a heavy financial



toll. On average, more than 40 fishing vessels are

lost each year to capsizings, flooding, grounding,

fires and other causes. Many lives are saved—and
some lost—in dramatic and risky rescues by other
fishing vessels and the U.S. Coast Guard.

Commercial Fishing Safety
Regulations

Until recently, safety regulation for the United
States fishing industry was minimal. There were al-
most no requirements for safety equipment, vessel
inspection or crew training for fishing vessels oper-
ating in some of the most hazardous waters on
earth.

As the dimensions and magnitude of the human
and financial toll on commercial fishing became
better identified, pressure for the establishment of
safety regulations grew. Estimates of fishing fatali-
ty rates helped to call attention to the seriousness

The dismal safety record of the industry may be encour-
aged by the economic, social and political environment
in which fishing takes place in Alaskan waters.

of the problem—and illustrate how a little research
can go a long way in influencing public policy. The
U.S. Congress passed the Commercial Fishing In-
dustry Vessel Safety Act in 1988. The act directed
the U.S. Coast Guard to develop regulations for
safety equipment and operating procedures on com-
mercial fishing vessels. New Coast Guard regula-
tions went into effect in 1991, requiring vessels op-
erating offshore to carry life rafts, emergency posi-
tion-indicating radio beacons, survival suits for all
persons on board and other emergency equipment.
Monthly safety drills are also required.

It is too early to tell whether the new regulations

will significantly improve Alaska’s fishing safety
record. Seventeen fishermen died in Alaska during
the first six months of 1992. However, the Coast
Guard estimates that at least 78 lives were saved in
1991, in many cases by equipment such as survival
suits and life rafts.

The safety regulations are only one aspect of a
complex problem. Equally important for fishing
crew and vessel safety are the decisions made by
the captain or firm, and the incentives to take
risk—that is, to leave port in stormy weather, to
decide against returning to port in gale-force
winds, and other dangerous situations—that are in-
fluenced by fishery management regulations.

Fisheries Management and
Fishing Safety

Many people view danger as inherent to the
Alaska fishing industry because of the harsh natu-
ral environment in which fishing takes place. The
new safety regulations are designed to make fish-
ermen better prepared to survive this harsh natural
environment. However, the dismal safety record of
the industry may be encouraged by the economic,
social and political environment in which fishing
takes place in Alaskan waters. These “anthropo-
genic” factors also affect safety in the fishing in-
dustry by affecting the economic opportunities
available to fishermen and the risks associated with
the opportunity to fish.

Good examples are the management systems for
fisheries such as halibut, sablefish and crab. The
management regulations themselves may sig-
nificantly aggravate the inherent risks of fishing.
Halibut fishing, for instance, is limited to short, in-
tensive “seasons” of only a few days (or part of a
day) during which fishermen may work continu-
ously for more than 24 hours, regardless of weath-
er conditions.

Estimates of Alaska fatality rates.

Average Estimated

annual Jatality
Industry Period fatalities rate*® Data sources Study
Commercial fishing 1981-1984 26 320 Coast Guard Knapp and Ronan
1980-1984 33 415 Coast Guard; death certificates Schnitzer et al.
1991 36 224 Coast Guard; death certificates NIOSH
Lumber and wood products 1981-1984 3 141 Workers’ compensation files NIOSH
Air transportation 1981-1984 5 82 Workers’ compensation files NIOSH
All other industries 1981-1984 28 15 Workers’ compensation files NIOSH

* Rate per 100,000 years worked. Employment estimates vary between studies.
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Fishing boats in the port of
Kodiak, Alaska.

Short, intensive seasons result from the “open-
access” nature of fisheries. The North Pacific Fish-
ery Management Council has had to shorten the
seasons to prevent overharvesting. In addition to
potential safety problems, this kind of management
results in economic waste, as the capital investment
far exceeds that needed to harvest the fish, and
most of the catch must be frozen rather than sold as
higher-valued fresh fish.

The continuing human toll in Alaska fisheries provides
a sense of urgency absent from most social science

research.
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In the halibut and sablefish fisheries, manage-
ment changes under discussion would change open-
access fishing. Under the prospective Individual
Fishing Quota (IFQ) system, rights to shares of the
total quota would be issued to fishermen, who

would be free to harvest their individual quotas
whenever they wished. Quota rights could be
bought and sold. Based on experience in other
countries, it appears that IFQ systems would lead to
an economically more rational fishery, with a
smaller fleet fishing throughout the year. However,
IFQs are bitterly opposed by some fishermen, who
fear that IFQs would reduce employment and result
in the control of the fishery by large, Seattle-based
boats.

During the intense political debate over the
adoption of IFQs for halibut and sablefish, advo-
cates have repeatedly claimed that IFQs would re-
sult not only in more profitable but also in safer
fisheries, because vessels could choose when to
fish, waiting out bad weather in safe harbors. They
have argued that IFQs would allow fishing to occur
in better weather at a calmer pace from larger boats
with better-trained crews. Whether IFQ-managed
fisheries would be safer is an important policy is-
sue. Halibut openings frequently result in fatalities,



injuries and many incidents in which fishermen are
evacuated from sinking vessels. If IFQs are adopt-
ed for halibut and sablefish, this will provide an
opportunity to test whether fatalities, injuries and
vessel losses decline when short, intensive seasons
are eliminated. If they do, it will strengthen the ar-
guments for similar management changes for other,
more dangerous fisheries, particularly crab.

Safety Research Issues
for the Future

As perhaps the most dangerous industry in
America, commercial fishing poses numerous im-

portant safety research issues. What are the most
serious safety problems? How can they most
effectively be addressed through education, regu-
lation, new fishing technologies, new management
strategies, emergency response systems or other
means, and what are the proper roles of the public
and private sectors? How effective will the newly
enacted Coast Guard regulations be in reducing
losses, and what additional measures, if any, are
needed?

Lack of data severely hampers our ability to
address these questions. The lack of fishing safety
data illustrates a common problem in social sci-
ence research. Occupational fatality and injury
data that could be obtained at relatively little cost
are often not collected or are collected in an unus-
able format, because the persons in charge of data

Summary of halibut fishery safety incidents reported in the Kodiak Daily Mirror, 1986-1991.

Date Weather reported Incidents reported Newspaper comments
4 May 1987 Calm seas, moderate winds and One death, three crew missing, “Fishing boats, their holds plugged with
good visibility at start of open- three vessel sinkings, nine crew halibut and their crews exhausted, con-
ing, changing to 26-mph winds rescued from sinking vessels, tinued to limp into port this morming after
and 20-ft seas by end of opening.  two crew evacuated for ill- the close at noon of the first of the frantic
nesses, two vessels disabled. 24-hour fishing marathons known as ‘halibut
openings.” Coast Guardsmen were exhausted
too, today, after working diligently to pull
unlucky or unwise fishermen from trouble.”
2 September 1987  Winds at 25 mph and gusting. Two groundings, three crew rescued. ~ “Two vessels fell victim to the rocks and
shoals during the just-completed 12-hr hali-
but opening.”
30 September 1987  16-ft seas and 30-mph winds (no incidents reported in newspaper) ~ “Gale force winds battered the fleet in the
predicted, with weather calming. hours before the opening... The predicted
gale convinced some skippers of the smaller
boats that it just was not worth the risk to life
and limb... Meanwhile, some fishermen said
they fished in 12- to 14-ft seas and they have
the bruises and boat damage to prove it.”
23 May 1988 “Unusually good weather Two vessels lost, crew rescued;
for a first halibut opening.” three vessels taking on water
assisted.
20 June 1988 Small craft advisory, north- Two crew evacuated with injuries.

3 October 1988

15 May 1989

12 June 1989

10 Oct 1989

east winds to 22 mph, seas
to 10 ft.

25-ft seas, winds gusting
to 44 mph.

High winds and seas;
“howling westerly winds.”

Winds at 10 mph.

Winds to 20 mph.

Three crew abandoned ship; rescued.

One vessel lost, five crew rescued.

One death, two vessels lost, nine
crew rescued.

Two vessels received assistance
from Coast Guard.

“One skipper said, ‘I risked my life for
pennies.” Some smaller vessels turned back
when faced with high seas and larger vessels
had their windows blown out.”
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collection do not use the data for research or con-
sider how the data might be used for research.

The lack of data also reflects a broader juris-
dictional problem: no single agency—neither the
Coast Guard nor the various state and Federal
agencies responsible for fishery management and
occupational health—has full responsibility for
commercial fishing safety. Each perceives its role
as limited to only part of the problem, and none
has undertaken the coordinated data collection and
research needed to fully understand or address the
problem.

Estimates of fishing fatality rates helped to call atten-
tion to the seriousness of the problem—and illustrate
how a little research can go a long way in influencing
public policy.

In 1991 the National Institute for Occupational
Safety and Health (NIOSH), Division of Safety
Research, established a field station in Anchorage,
Alaska. NIOSH has identified fishing safety
research as a major priority, and it may play an
important role in filling the gap in fishing safety
research.

But the story on fishing vessel safety doesn’t
stop with social research. Numerous Federal agen-
cies, universities, state and nonprofit industry
organizations are involved in an extensive delivery
system in coordination with the U.S. Coast Guard
to increase the knowledge of recent regulations
(1988 Commercial Fishing Industry Vessel Safety
Act), promote the use of safety devices and pro-
vide safety training. NIOSH is actively involved,
as well as NOAA'’s National Marine Fisheries
Service (NMFS). NMFS has funded, through
Saltonstall-Kennedy grants, a study of fishing
vessel safety and has funded safety training pro-
grams directly. The Alaska Sea Grant Marine Ad-
visory Program, through the Alaska Marine Safety
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Education Association (AMSEA) in coordination
with the U.S. Coast Guard, NIOSH, the Alaska De-
partment of Public Safety, the Alaska Department
of Health and Social Services, the Southeast Alaska
Regional Health Corporation and Emergency Medi-
cal Services Council and other organizations, de-
velops standards, curricula, training programs and
recordkeeping for certification. AMSEA has estab-
lished a network of over 100 trained safety instruc-
tors in Alaska. The volunteer instructor program is
considered a model for developing regional training
associations nationally under the Commercial Fish-
ing Industry Vessel Safety Act. The instructors
present an ongoing series of classes and workshops
to meet the short-term training needs of commercial
fishermen in Alaska.

The continuing human toll in Alaska fisheries
provides a sense of urgency to this work. The week
this article was written, Alaska newspapers report-
ed the drowning of two salmon fishermen and se-
vere bumns to another from an on-board explosion.
Greater attention to fishing safety problems cannot
come too soon.

Publications

Readers may obtain more information about the
research described in this article from the following
publications:

Fishing Vessel Safety: Blueprint for a National
Program, by the Committee on Fishing Vessel
Safety, Marine Board, National Research Coun-
cil, Washington, D.C., 1991,

Fatality Rates in the Alaska Commercial Fishing
Industry, by G. Knapp and N. Ronan: Alaska
Sea Grant College Program Report 90-03, 1990.

Occupational Injury Deaths in Alaska’ s Fishing
Industry, by P.G. Schnitzer, D. Landon and
J. Russell: Paper presented at the 40th Annual
Epidemic Intelligence Service Conference,
Atlanta, Georgia, 1991.



Management of the Groundfish Fisheries Off Alaska
The Race for Bycatch

TERRENCE SMITH

Ecomonic analysis plays an important role in managing the groundfish fisheries off Alaska.
As domestic groundfish harvesting has dramatically expanded, the effect on species that are
caught incidentally (called bycatch) has made management of the harvest much more com-

plex. Economists have been developing models that allow us to understand the interdepen-
dence between the harvesting activity related to target species and the bycatch constraints.

The commercial fisheries off the coast of Alaska
are the largest fisheries in the United States. The
offshore groundfish fishery accounts for the major-
ity of this harvest. This fishery primarily uses
trawls, longlines and pots; it targets pollock, Pacif-
ic cod, flatfish, rockfish, sablefish and other off-
shore species. In 1990 the Alaskan groundfish fleet
harvested about 2 million metric tons, or 51% of
U.S. finfish landings.

The growth of this domestic fishery has been
dramatic. In 1980 foreign fleets dominated, captur-
ing 98% of the groundfish taken in Alaska’s 200-
mile fishery conservation zone. By 1990 the
“Americanization” of the fishery, as provided for
under U.S. law requiring domestic preference be
given in allocating stocks, was complete. The for-
eign harvesting fleet was phased out first, followed
by the elimination of “joint ventures” in which do-
mestic harvesters had been delivering their catch to
foreign processors. In the ten years between 1980
and 1990, the Alaska domestic groundfish catch
increased 60-fold, reaching an ex-vessel value of
$475 million.

Terrence Smith is Associate
Professor of Economics at
the Institute of Social and
Economic Research, Univer-
sity of Alaska-Anchorage,
3211 Providence Drive, An-
chorage, AK 99508.

Regulations designed to limit “bycatch”—ihe incidental

harvesting of other offshore species—have become in-
creasingly important in determining harvests in the
groundfish fishery.

Unfortunately recent developments threaten this

success story under open-access management. Rap-

id expansion of fleet size and vessel capacity have
led to overcapitalization—there is more harvesting
capacity than necessary to efficiently harvest the
catch. An important consequence is a “race for
fish” as vessels rush to harvest their share of the
fish before the overall catch quota is reached. At

the same time, regulations designed to limit “by-
catch”—the incidental harvesting of other offshore
species—have become increasingly important in
determining harvests in the groundfish fishery.
Bycatch occurs because groundfish gear is not se-
lective enough to prevent the harvest of nontarget-
ed species, such as crab, halibut and herring. But
these incidentally harvested fish are targeted by
others in the industry and so must be returned to
the sea immediately. Thus, the allocation of crab,
halibut and herring between fisheries that target
these species and groundfish fisheries that take
them incidentally explicitly recognizes the right of
capture by both fleets.

Unloading halibut from a fishing boat.
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The North Pacific Management Council has
since 1986 controlled the amount of bycatch that
can be taken incidentally by the groundfish fleet.
These imposed limits, called the Prohibited Species
Catch (PSC) Limits, result in the closure of the tar-
get fishery when exceeded. Currently it is these by-
catch limits and not the total allowable catch of
groundfish that effectively controls how many
groundfish may be caught, where they can be
caught, and during what seasons the fleet may
operate.

Since the total bycatch limit cannot be exceeded,
groundfish fleets are involved in a zero-sum game.
The bycatch taken by one part of the fleet reduces
the amount of bycatch available for other vessels in
the fleet. For this reason the Council apportions
parts of the total PSC to defined segments of the
groundfish fishery on a seasonal basis. The race for
fish has become a race for bycatch, and the bycatch
allocation is an important determinant of the re-
gion’s social and economic benefit derived from the
offshore fisheries,

Simulation Models of the
Fishery

To facilitate the Council’s bycatch allocation
process, Federally sponsored research has focused
on developing Bering Sea fishery simulation mod-
els. The simulation models predict the temporal and
spatial distribution of bycatch, given the Council’s
planned groundfish allocations. The first-generation
models were spreadsheets that calculated the ex-
pected bycatch for planned groundfish targets based
upon historical bycatch rates.

Simulation results provide vivid insight about
the constraints bycatch places on the groundfish

fishery. For example, in 1989 the model predicted
a reduction in the groundfish harvest of almost 900
thousand metric tons if the Council’s proposed by-
catch restrictions were enacted. This was more than
half of the total allowable catch for groundfish,
which translated into foregone profits of about
$275 million. In contrast, the value of the crab and
halibut bycatch saved was only about $24 million.
If, however, halibut bycatch rates could be reduced
by 50%, no groundfish catch would be foregone.

The bycatch regulations have become more
complex, now recognizing several seasons, many
regulated areas, several distinct groundfish fisheries
and more species subject to bycatch controls. The
second-generation simulation models are more so-
phisticated, designed to handle the increasing com-
plexity of the groundfish-bycatch system. The most
recent version depicts the weekly performance of
13 target fisheries in 20 areas. The model simulates
the fishery by predicting the pattern and timing of
closures as bycatch limits are reached and then esti-
mating the value of the bycatch saved and the
change in the profitability of the groundfish fleet as
it relocates to a new fishing area.

In a simulation of the 1992 fishery, for example,
the model estimated that the Council’s plan would
lower the net revenues to the groundfish fleet by
$12 million compared to a $1 million gain to the
fisheries for crab, halibut, herring and chinook
salmon.

Performance Versus
Prediction

Not surprisingly the actual fishery performance
during the period 1989-1991 has tended to fall be-
tween the “worst case” and “best case” scenarios
described above. Clearly the fleet is modifying its
behavior so as to reduce bycatch rates. Unfortu-
nately there is no available information on how
fishing costs have changed in response to the
increasingly segmented and restrictive bycatch
management regime. What is clear, however, is
that considerable groundfish catch has remained
unharvested due to the PSC limits. For example,
in 1991 the actual catch was less than the total
allowable catch for rock sole, yellowfin sole, pol-
lock and Pacific cod. Although some of this fore-
gone groundfish catch may be due to inability to
harvest the total allowable catch, all the named
fisheries were closed in every quarter of the year
because PSC limits had been reached. As an exam-
ple of the costs of “managing by bycatch,” the val-
ue of the foregone rock sole and cod, two species
currently much in demand, was about $48 million
using 1991 prices.
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Current Research

Current research, funded by NOAA’s National
Sea Grant program, is directed at overcoming sev-
eral model limitations. For example, one difficulty
is that the models are designed to be predictive
rather than behavioral. Since they rely on histori-
cal bycatch rates, the important question of the op-
timal allocation of the PSC to minimize bycatch
costs or maximize the value of groundfish cannot
be addressed. Currently if a fishery has experi-
enced high bycatch rates, the model apportions

The race for fish has become a race for bycatch, and

the bycatch allocation is an important determinant of
the region’s social and economic benefit derived from
the offshore fisheries.

a larger share of the relevant bycatch limit to this
fishery. In fact, people in the industry try to reduce
bycatch while fishing, but the behavioral incen-
tives to reduce bycatch rates are not built into the
models.

Also, the models do not capture the stochastic
nature of bycatch rates and groundfish capture,
both of which can vary considerably across space

(ﬁ Eastern %
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and time. The predictive models are therefore un-
able to provide guidance on the likely bounds of
predicted impacts or on the risks involved in choos-
ing a particular set of apportionments.

Consequently the research goals are to under-
stand how the fleet will respond to changes in the
groundfish-bycatch management system and to
pursue new approaches for estimating behavioral
relationships for the groundfish fisheries. This
would allow analysts to say something about how
prices, costs and markets will be affected by chang-
es in the bycatch management system. Technically
the research is directed at the general problem of
cost—benefit analyses of fishery management
changes. The objective is to be able to describe how
the fleet will modify its behavior under changes in
bycatch management and how the new behavior
will affect markets and hence net benefits. Given a
behavioral framework, it will also be possible to de-
termine optimal allocations of bycatch, where “op-
timal” may be defined as the set of allocations that
maximize net benefits to the U.S.

It is expected that this type of research will pro-
vide direction on how the scarce bycatch species
can best be allocated, as well as a more reasoned
examination of the tradeoffs between the ground-
fish fishery and those fisheries traditionally catch-
ing crab, halibut and herring.

33



The Alaska Salmon Price Crash of 1991

An Econometric Analysis

MARK HERRMANN

The dramatic price decline for Alaska salmon in 1991 raised questions about the future of the
industry. With growing production of cultured salmon abroad and international markets that
are linked in ways not previously possible, we need to understand the factors that affect sal-
mon prices from a global trade perspective. The research on which this article was based
provided important insights for Alaska’s salmon enhancement programs.

Mark Herrmani is Assistani
Professor in the Depariment
of Economics, Universiny

of Alaska=I airbanks,
Fairbanks, AK 99775

Fishing boats in
Kodiak , Alaska.

There has been much public and private concern
in Alaska over declining Pacific salmon prices.
These concemns came to a climax in 1991 when ini-
tial offerings of $0.47 per pound of sockeye salmon
were rejected by the fishermen, and 2500 Bristol
Bay salmon fishermen went on strike. The settle-
ment price of $0.70 per pound was still substantial-
ly lower than the 1990 price of $1.04, the 1989
price of $1.24 and the 1988 price of $2.25. Also,
the price offered for pink salmon fell below the
fishermen’s breakeven point, and six million
pounds of Prince William Sound “pinks” were har-
vested only to be dumped back into the ocean, giv-
en away to local citizens, or canned and given away
in a much publicized airlift to the Soviet Union for
humanitarian purposes.

As a result, Alaskans are very concerned about
the future of the salmon industry. One positive re-
sponse to the crisis has been an increase in research
toward developing new products and marketing
Alaskan salmon. To meet these goals, the Alaska
Seafood Marketing Institute is placing a greater
emphasis on salmon advertising and on developing
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new outlets for salmon, such as school lunch pro-
grams. The University of Alaska—Fairbanks,
through its Fisheries Industrial Technology Pro-
gram located in Kodiak, is researching vacuum-
packed pink salmon fillets, TV dinners, salmon
nuggets, pink salmon surimi and so on. Facing an
industry that is directly and indirectly responsible
for 33,000 jobs, the governor of Alaska created a
special Governor’s Salmon Strategy Task Force to
study these issues and to recommend ways to stabi-
lize the industry.

Salmon Markets

Understanding the current price crash and mod-
eling salmon markets accurately requires a global
perspective because of the international level of
wild and farmed salmon production and consump-
tion. For example, Japan consumes more salmon
than any other nation—in excess of 600 million
pounds of salmon annually. Also, the proliferation
of farmed salmon supplies coming from Norway,
Chile, Canada, the United Kingdom and others has
had an effect on world production and potentially
on prices. In 1980 only 1% of the world’s salmon
supply came from farmed salmon; in 1990 an esti-
mated 28% originated from farmed supplies. Since
1980 the world supply of salmon has increased
from 1.2 billion pounds to approximately 2.3 bil-
lion pounds, and Alaska’s production share during
this time period has declined from 44 to 32% de-
spite a nearly 50% increase in landings.

To help answer why the 1991 Alaska salmon
prices crashed and to project future salmon prices,
an econometric supply-and-demand equilibrium
model of world salmon markets is being enhanced
using NOAA and University of Alaska Sea Grant
funds to address these questions. The model, fin-
ished at Washington State University in 1990,
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Alaska’s salmon production  focuses on major international market factors
and its share of the total  affecting salmon prices, and it simultaneously
world production of salmon 1 415 interactions with farmed Aflantic and wild
Jor 1980-1991. The contri- K . . :
bution of the world's farmed  Pacific salmon to determine how supplies and pric-
salmon to the world's supply ~ €s are related. The results indicate that farmed and
is also shown.  wild salmon are readily substituted in the market-
place in the United States, Japan and Europe. This
supports an earlier Alaska Sea Grant survey that
found farmed Atlantic salmon to be substitutes for
fresh chinook, coho, sockeye and chum salmon at
the wholesale level.
An earlier version of the model was originally
constructed to predict the profitability of farming
Atlantic salmon in Puget Sound in Washington,
and its accuracy has been demonstrated. At the end
of 1987 the price of Norwegian-farmed Atlantic
salmon (in Norway) was $3.94 a pound. Many peo-
ple considered the outlook for farmed salmon pric-
es to be excellent, and they were skeptical when
the model predicted a $0.98-per-pound drop in
prices by the beginning of 1989. The actual drop
was $1.04 per pound.

About three-fourths of the decrease in prices from 1989
to 1991 for high-valued Pacific salmon (chinook, sock-
eye and coho) can be attributed to increased Alaskan
landings of these species.

Alaska Prices

The current working model has been used to
determine why the 1991 Alaska salmon prices de-
creased from the 1988 price levels. The prelimi-
nary findings indicate that the majority of the
downward pressure on prices were related to sup-
ply. For example, about three-fourths of the de-
crease in prices from 1989 to 1991 for high-valued
Pacific salmon (chinook, sockeye and coho) can be

attributed to increased Alaskan landings of these
species. The rest of the decrease was mainly attrib-
uted to increased world farmed supplies, un-
favorable international exchange rates and the U.S.
economic slowdown. Two-thirds of the ex-vessel
price decline for low-valued Pacific salmon (chum
and pink) was estimated to result from increased
salmon landings of these species. The remaining
third was from increased high-valued Pacific salm-
on landings, the buildup of Japanese chum-salmon
inventory, unfavorable exchange rates and the U.S.
recession.

The effect of increased farmed salmon supplies
is probably much larger than indicated. The analy-
sis started with 1988 conditions, which already in-
cluded a large world farmed salmon supply. With-
out international salmon farming, Alaska salmon

Without international salmon farm-
ing, Alaska salmon prices might
well be higher today, despite the
increased consumer demand for
salmon in general that has resulted
from the availability of fresh salmon
year-round.

prices might well be higher today, despite the in-
creased consumer demand for salmon in general
that has resulted from the availability of fresh
salmon year-round. It appears that the high levels
of farmed salmon from Norway, Scotland, Chile,
Canada and others have decreased the ability of the
marketplace to absorb the increased Pacific land-
ings of the last three years. This is supported by the
model’s significant sensitivity of ex-vessel price to
landings.

As a result of this research the Alaska State
Legislature has requested researchers at the Uni-
versity of Alaska—Fairbanks to examine the state’s
salmon enhancement program. This program is a
joint state and private nonprofit effort to release
salmon from hatcheries to replenish wild stock
and ensure adequate salmon return for fishermen.
This study will combine a biological model with
an economic production model, and it will tie these
to a salmon market model. The model focuses on
the following fisheries: Prince William Sound drift
gill net and purse seine; Cook Inlet drift gill net,
purse seine and set net; Kodiak purse seine and set
net; and Juneau hand and power troll. The integrat-
ed model will easily be the most comprehensive
salmon supply-and-demand model now in use.

Preliminary findings have been presented be-
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Estimated individual market factors
affecting the price decrease for U.S.
high-valued salmon from 1988 to 1991.

High-valued Landings
74.2

Economic Slowdown
45

Exchange Rate
7.9

Japanese Landings
and Inventory
2.8

Farm Supplies
9.4

Low-valued Landings
1.3
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fore the Alaska Senate Special Committee on
Domestic and International Commercial Fisheries
as part of a comprehensive salmon enhancement
review. The early results indicate that Alaska
ex-vessel salmon prices may be more responsive to
Alaska landings than previously believed. This find-
ing suggests that, in higher-yielding years and in the
absence of any significant market expansion, the
possibility exists that Alaska’s hatcheries may be
producing at or beyond the economically optimum
number of salmon. This research, which is being
funded by the Alaska State Legislature and Alaska
Sea Grant, is scheduled for completion by Novem-
ber 1992.

The next important threat to Alaska salmon pric-
es may well come from Russia, which produced ap-
proximately 320 million pounds of salmon in 1990.
If a good portion of this salmon ends up in Japan as
expected, the Alaskan salmon industry may be fac-
ing another challenging competitor in the future.
Additional work under Sea Grant will incorporate
Russian salmon supplies into the model.



Traditional Alaska Eskimo Whaling and the
Bowhead Quota

STEPHEN R. BRAUND

Traditions surrounding the hunting of bowhead whales have deep roots in Eskimo culture,
reinforcing family ties and village cohesion. How do cultural needs for whaling become inte-
grated with the international management of threatened whale stocks? The International
Whaling Commission has sought to clarify the subsistence and cultural needs for Alaska
Eskimo bowhead whaling. Over a period of more than a decade, anthropological research
has identified and quantified those needs.

Stephen Braund is a consult-
ant with Stephen R. Braund
and Associates, P.O. Box
1480, Anchorage, AK 99510.

Hunter preparing to
strike a bowhead.

Inupiat and Yup’ik Eskimos of Alaska have
harvested bowhead whales for over 2000 years as
the large mammals migrate through nearshore
leads that develop in the Bering, Chukchi and
Beaufort seas each spring and as the whales return
south in the fall. The bowhead harvest represents
not only a major food resource but also a cultural
focal point in Eskimo communities, and it is im-
portant in confirming social ties within and be-
tween communities.

The Eskimo pattern of hunting these marine
mammals is to intercept them at the edge of the
open leads as they migrate north, and a successful
capture requires several boat crews in an organ-
ized, cooperative hunt. Since the whales are one of
the first mammals to migrate north in the spring,
they represent the beginning of the annual subsis-
tence cycle. The harvest is celebrated at feasts and
ceremonies. The meat and other products from the
whale are systematically distributed to the partici-

pating whaling captains, who in turn share their
portion with their crew members, who then share
with relatives and friends. The status of the suc-
cessful whaling captain is very high in these com-
munities, and crew members are proud to be asso-
ciated with a successful boat. Crew members are
generally relatives and close friends, and a long
training period for a crew is standard procedure.
Whaling equipment, including skin-covered boats,
darting guns and harpoons, as well as traditional
knowledge and skills, are transferred from genera-
tion to generation. The traditions of bowhead
whaling have evolved over centuries, and they
continue to be the basis of Inupiat and Yup’ik
Eskimo social and cultural systems in Alaskan
bowhead whaling communities today.

Why Social Science and
Whaling?

In 1931 the Convention for the Regulation of
Whaling instituted an international ban on com-
mercial hunting of bowhead whales, but no limit
was placed on the Alaska Eskimo subsistence har-
vest, Since its formation in 1947 the International
Whaling Commission (IWC) has regulated the
commercial hunting of whales. However, an ex-
emption for subsistence hunting enabled Alaska
Eskimos to continue their subsistence harvest of
western Arctic bowhead stock free of IWC regula-
tion until 1977.

Due to the excessive commercial harvests of
the late 19th and early 20th centuries, the IWC in
the mid-1970s determined that all bowhead stocks,
including the western Arctic population upon
which the Alaska Eskimos depend, should be con-
sidered seriously depleted. Beginning in 1972 the
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IWC requested that the U.S. provide data regarding
the status of the western Arctic bowhead population
and the Alaska Eskimo hunts of this whale. As a re-
sult, in 1973 the U.S., through the National Marine
Fisheries Service (NMFS) of the Department of
Commerce, began to gather biological information
on the bowhead and to monitor the Alaska Eskimo
subsistence hunt.

The bowhead harvest represents not only a major food
resource but also a cultural focal point in Eskimo
communities, and it is important in confirming social
ties within and between communities.

Increasing concern among conservation groups
and some IWC members over the effect of the
unregulated Alaska Eskimo subsistence hunt on the
endangered bowhead population was due to:

« The depleted bowhead stocks;

« The lack of data on the size and health of the

bowhead population;

« Reported increases in the number of bowheads

landed and the number struck but lost; and

» Reported increases in the number of Eskimo

whaling crews in three major Alaskan whaling

communities during the early to mid-1970s.

At that time the bowhead population was es-
timated to be so low that in June 1977 the IWC
banned the subsistence harvest of bowhead whales
for the 1978 season. At that point, whaling cap-
tains from nine Alaskan whaling communities
(Gambell, Savoonga, Wales, Kivalina, Point Hope,
Wainwright, Barrow, Nuigsut and Kaktovik) met
in Barrow and formed the Alaska Eskimo Whaling
Commission (AEWC). The AEWC attended IWC
committee meetings, initiated a bowhead census
and worked with the U.S. delegation to the IWC to
build a case for rescinding the moratorium on sub-
sistence whaling. In a December 1977 special
meeting the IWC removed the ban due to cultural
and subsistence dependence on the bowhead by the
Alaska Eskimos, and it implemented a 1978 quota
of 12 whales landed or 18 struck, whichever oc-
curred first. In addition the IWC asked the U.S. for
further research on the biology of the bowhead, as
well as on the cultural and subsistence needs of the
Alaska Eskimos to hunt this species.

Foremost on everyone’s mind was an answer {0
the question, “How many bowheads were there?”
In the mid-1970s, little, if any, population data ex-
isted for the Bering Sea stock of bowhead whales.
Beginning in 1976 the National Marine Fisheries
Service (NMFS) conducted studies to determine
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Villagers in Barrow

pulling a whale out of the
water and onto the ice
using a large block and
tackle. It takes a community
effort to accomplish this
arduous task.

)

that population. Because of the difficulty of count-
ing the passing bowheads in changing ice condi-
tions, some years’ data were not considered suit-
able for deriving a population estimate. In 1978
favorable viewing conditions enabled an estimate
of 2200 animals. In 1981 the North Slope Borough
took over responsibility for the bowhead census
and added acoustic techniques. The 1988 bowhead
census, which is the most recent, yielded a “best
estimate” of approximately 7500. The North Slope
Borough is conducting a major field census in
1992.

Identifying Cultural and
Subsistence Needs

In addition to the question of how many bow-
heads there were, questions related to “cultural
and subsistence” dependence or need by Alaska
Eskimos for these animals also required an an-
swer. Because of its trust relationship with Native
Americans, the U.S. Department of Interior
(USDOI) initiated research on this topic. An Inter-
agency Advisory Committee on Bowhead Whal-
ing was formed to oversee the research. The re-
search had two directions: defining the cultural
and subsistence importance of bowhead whales to
Alaska Eskimos, and quantifying the cultural and
subsistence need for bowhead whales.

these marine mammals and, if so, how many were
required to satisfy that need? The ultimate decision
on whether the Alaska Eskimos continued to re-
ceive a quota (based on cultural need) and how
large that quota would be (based on both the quan-
tification of cultural need and the number of bow-
heads available) rested with the TWC.

In 1980 the U.S. submitted a report compiled by
the USDOI entitled Interim Report on Aboriginal/
Subsistence Whaling of the Bowhead Whale by
Alaska Eskimos. Based on the information then
available, the report examined the cultural and
nutritional importance of the bowhead to the
Eskimos, assessed historical bowhead harvests
by community, and recommended a method of
estimating Eskimo need for bowheads based on
cultural requirements and historic catch. The IWC
responded to this report by requesting a more
thorough investigation of these issues. The in-
formation in the 1980 report on the cultural impor-
tance of the bowhead to the Eskimos was primarily
based on historic data, not current information.
Consequently the USDOI Bureau of Indian Affairs
(BIA) sponsored a household survey conducted
by Alaska Consultants, Inc. and Stephen R. Braund
and Associates in 1982-83 in the nine Alaskan
whaling villages identified at that time. This study
set out to examine the present importance of bow-
head whaling in these communities and determine
whether the substitution of other subsistence and
store-bought meats for bowhead whales was
feasible.

Quantifying Needs

Respondents from 370 households in the nine
whaling villages were surveyed with a formal
questionnaire. This sample represented 37% of the
total 1980 Eskimo households in the nine villages.
Whaling captains resided in 73 of the surveyed
households and represented 60% of the AEWC-
registered whaling captains. The 1984 report from
this study, Subsistence Study of Alaska Eskimo
Whaling Villages, indicated a high level of interest

The research had two directions: defining the cultural
and subsistence importance of bowhead whales to
Alaska Eskimos, and quantifying the cultural and
subsistence need for bowhead whales.

and participation in bowhead whaling, as well as
other strong indicators of cultural importance. Cul-
turally important activities are the sharing of bow-
head whales, participation in feasts and ceremonies

Thus the U.S. government had a dual research
agenda related to bowhead whales and the Alaska
Eskimos subsistence harvest of them. One was bi-
ological: what was the status of the bowhead
stock? The other was social: did the Alaska Eski-
mos in the 1970s still have a cultural need for

featuring bowhead whales, and whaling as a means
of reinforcing kinship ties. Particularly important
are the status conferred by being captain and the
intergenerational ties between fathers and sons,
mothers and daughters that are strengthened
through the transfer of knowledge and participa-
tion in community events. This study also found
that neither store-bought meat nor any one species
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or combination of wildlife resources was a practi-
cal substitute for the bowhead whale,

The 1984 study documented the importance of
bowhead whaling to the Alaska Eskimo culture
and the subsistence economy. The next step was to
determine the number of bowhead whales neces-
sary to fulfill this cultural need. Consequently the
BIA asked Stephen R. Braund and Associates to
prepare a position paper for providing a quantifi-
able determination of cultural and subsistence
need for bowhead whales in Alaska Eskimo popu-
lations in the nine recognized whaling communi-
ties; the resulting paper was titled Report on Nutri-
tional, Subsistence, and Cultural Needs Relating
to the Catch of Bowhead Whales by Alaskan Na-
tives. The factors considered most important in
quantifying need were the Eskimo population, the
number of whaling crews and the efficiency of
their hunts. Because effective whaling requires nu-
merous crews, a relatively large Eskimo popula-
tion is necessary for cooperative hunting. Prior to
contact with commercial whalers, the Eskimo pop-
ulations in the whaling villages were large enough
to support effective subsistence whaling. Howev-
er, these populations dropped severely between
1885 and the early 20th century due to disease and
famine, and they are only now recovering from
this dramatic decline. Because of this trend the re-
port concluded that the quantification of subsis-
tence should be based on present Eskimo popula-
tion levels, which represent the re-establishment
of once-larger populations. The IWC accepted the
report’s per capita method of quantifying the cul-
tural and subsistence need for bowhead whales.
The report determined that the nine communities
needed a minimum of 26 bowhead whales. Based
on this assessment the U.S. and the AEWC adopt-
ed the position of requesting an allowance of 35
strikes.

Although biological considerations are fundamental to
any sustained harvest of whales, the social science
approach to documenting and quantifying subsistence
and cultural needs has played an important role in this

global forum.
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In response to this paper, IWC member nations
raised a number of questions about the methodolo-
gy of data collection. The BIA again engaged
Stephen R. Braund and Associates to refine the
1983 report to address those questions. Significant
additional research attempted to fill data gaps re-
lated to historical bowhead whaling activities in
Alaska Eskimo communities. All relevant data

were compiled and reviewed to ensure that the
best base period was used (1910 to 1969, a period
free of both the commercial whaling influence and
the effect of increased Eskimo whaling crews in
the 1970s), to be sure that selective use of data did
not occur, and to review the data for accuracy. The
resulting 1988 paper, presented at the IWC meet-
ing that year, was titled Quantification of Subsis-
tence and Cultural Need for Bowhead Whales by
Alaska Eskimos. This paper determined that the
cultural need for the nine AEWC whaling commu-
nities was 41 landed whales. Based on this report
the IWC granted the nine whaling communities 41
landed whales or 44 strikes, with a carry-forward
provision for up to three unused strikes. This 1988
quota was for three years (1989-1991). At the
1991 IWC meeting the quota of 41 landed bow-
head whales for cultural and subsistence need re-
mained in effect for the 1992—1994 seasons, with
minor adjustments to the strike and carry-forward
provisions.

The Omission of
Little Diomede Island

Recent social research related to the bowhead
quota issue has centered on Little Diomede Island.
Little Diomede, a small island in the Bering Sea,
is very isolated from the rest of Alaska. The
community is only accessible by boat during the
ice-free summer months and by planes landing on
the ocean ice between January and March, weather
permitting. Because of isolation, lack of data and
lack of communication, the community of Little
Diomede was not included in quota requests to the
IWC, the 1980, 1983 or 1988 analyses of subsis-
tence and cultural need presented to the IWC, or
the 1982-83 household survey. Those reports dealt
only with the nine whaling communities identified
at that time. In the 1988 report, whaling data for
seven traditional whaling sites or communities (no
longer occupied in 1988) were consolidated within
the nine AEWC whaling communities based on
the current community’s continued use of that site
or on a demographic pattern in which the popula-
tion of the now-abandoned site had resettled to
one of the current whaling communities. However,
Little Diomede had maintained a discrete popula-
tion, so historical data for Little Diomede were not
combined with those of any of the nine AEWC
communities. Some historical whaling data for
Little Diomede had been collected, but these data
represented only partial information; Little Dio-
mede’s whaling history had not been studied in
depth and little was known about it. Also, Little
Diomede was not a member of the AEWC and



Butchering a bowhead
whale, Wainwright, Alaska.
The crew shares are in the
Joreground. Note the
whale's baleen.
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was not an IWC-recognized whaling community.
The combination of these factors left this commu-
nity outside the formal processes that had been
applied to Alaska Eskimo subsistence whaling.

However, the community has been attempting to
obtain a bowhead quota ever since they learned
that a quota was necessary to hunt bowhead
whales. In 1986 the Diomede City Council passed
a resolution requesting a whaling quota and stating
that their isolation had caused them to be excluded
from the existing whaling quota, that they relied
primarily on marine mammals for their food and
livelihood, and that they have hunted whales since
time beyond their memory. In 1988 Little Diomede
was grant membership in the AEWC.

However, for Little Diomede Island to receive a
bowhead quota, the community must be recognized
as a bowhead whaling village by the IWC, This
process includes an AEWC request for a quota on
behaif of Little Diomede Island. Before the AEWC
will make this request, they must prove to the IWC
that Little Diomede, like the other nine IWC-recog-
nized Alaskan whaling communities, “needs” a
bowhead whale hunt. Once this need is established,
the AEWC will request that the IWC allocate an
additional quota to fulfill that need. Hence, a study
and report on Little Diomede’s subsistence and cul-
tural need for bowhead whales is required. To-
wards this end, the AEWC received a grant from
the BIA and contracted with Stephen R. Braund
and Associates, which has initiated research for
this report.

The research team gathered information on Lit-
tle Diomede Island bowhead harvests, the Eskimo
population, their bowhead hunting history and the
cultural significance of bowhead whaling. As with
the 1988 study, the team relied on repository, li-
brary and archival sources as well as field data col-
lection. The data indicated a rich whaling history

and numerous parallels to whaling practiced by the
other Alaska Eskimo whaling communities. These
parallels include the cooperative nature of the hunt
(organized around the skin boat crews based on kin-
ship ties and the village), the communal, formalized
patterns of sharing ensuring participation of the
whole village in securing and processing the whale,
and participation in feasts and ceremonies in which
the bowhead whale was eaten. Hence, the taking of
a whale and distribution of the meat and maktak*
integrated the community and reinforced mutual in-
terdependence and cooperation.

Also similar to the other whaling communities,
Little Diomede’s fluctuations in whaling activities
correlate with human population declines and in-
creases. The Little Diomede population reached a
low point in 1969 (also a time of little or no whal-
ing activity), but it has increased steadily since that
time. During periods of low human population, it is
difficult to cooperatively hunt, tow, land and butch-
er bowhead whales. Combined with poor economic
conditions, a lack of whaling equipment and many
poor ice years, Little Diomede had a period of rela-
tively unsuccessful whaling beginning in the 1940s.
The population of Little Diomede Island has been
increasing since 1960. This.increase has been ac-
companied with a cultural resurgence in the 1970s
and 1980s, similar to other areas of Alaska. The Di-
omede population is now above the historic thresh-
old for successful bowhead whaling. However, this
renewed interest and high population level have oc-
curred at a time when regulations prevent Little Di-
omede Island residents from whaling. In the nine
IWC-recognized Alaska Eskimo whaling communi-
ties, the IWC has accepted the method of quantify-
ing need based on present population levels, which
represent the re-establishment of once-larger
populations.

In 1991 Little Diomede had eight active boat
crews, whaling equipment, five walrus-skin boats,
two aluminum boats and a wooden boat. Residents
were making and acquiring whaling equipment in
anticipation of a bowhead quota.

The study team applied the IWC-accepted meth-
od of quantifying cultural and subsistence need for
bowhead whales by Alaska Eskimos to the Little
Diomede landed bowhead whale and human popu-
lation data. This involves matching the number of
bowheads landed each year with the community
population for the same year. Then, dividing the
sum of the total bowheads landed by the sum of the
total population (for years landed data are avail-
able) yielded the mean number of bowhead landed
per capita. Multiplying this mean number of bow-

* Maktak is bowhead whale skin with a layer of attached blub-
ber and is the most esteemed food in these communities.
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head by the 1990 population of the community re-
sulted in the present subsistence and cultural need
for Little Diomede to be one landed bowhead
whale. The Little Diomede Island estimate of need
for an additional (tenth) Alaskan whaling commu-
nity represents an addition to the 41 landed whales
fulfilling the need of the nine IWC-recognized
whaling communities.

This study, performed in support of Little Dio-
mede residents’ bowhead quota request, was sub-
mitted to the AEWC in May 1991. The AEWC
submitted the report to the BIA, and the U.S. dis-
tributed it as a draft report at the 43rd IWC annual
meeting in 1991 at Reykjavik, Iceland. In June
1992 at the 44th IWC annual meeting in Glasgow,
Scotland, the U.S. officially presented the final
version of this report at the Aboriginal/Subsistence
Subcommittee. The U.S. proposed that the IWC
recognize Little Diomede’s need but not amend
the subsistence bowhead quota at this time. Thus,
the IWC has recognized Little Diomede Eskimos’
cultural and subsistence need for bowhead whales
but has not yet granted a formal quoia in support
of this need.

Conclusion

Social science research has played an important
role in both documenting the human need for a re-
source and quantifying that need. The IWC ad-
dresses both the biological status of whale stocks
and the social and cultural needs of the people

who use these stocks. Although biological consid-
erations are fundamental to any sustained harvest of
whales, the social science approach to documenting
and quantifying subsistence and cultural needs has
played an important role in this global forum. The
IWC has granted a bowhead quota to the Alaska
Eskimos, acknowledging the validity of cultural
needs in global resource allocation issues.

Publications

Readers may obtain further information about
the research discussed in this article from the fol-
lowing publications:

Subsistence Study of Alaska Eskimo Whaling Vil-
lages, by Alaska Consultants, Inc. and Stephen
R. Braund and Associates: Prepared for Bureau
of Indian Affairs, U.S. Department of the Interi-
or, 1984.

Subsistence and Cultural Need for Bowhead
Whales by the Village of Little Diomede, Alas-
ka, by Stephen R. Braund and Associates: Inter-
national Whaling Commission Report IWC/44/
AS?2, prepared for the Alaska Eskimo Whaling
Commission, Barrow, Alaska, 1991.

Quantification of Subsistence and Cultural Need
for Bowhead Whales by Alaska Eskimos, by S.R.
Braund, S.W. Stoker and J.A. Kruse: Interna-
tional Whaling Commission Report TC/40/AS2,
prepared for the Bureau of Indian Affairs, U.S.
Department of the Interior, 1988.



A Clearinghouse for Circumpolar Education

ANN VICK

Educational resources developed in southern contexts have often proven unsuccessful in the
North. There is a need today to develop educational programs that build on the strengths of
northern culture and experience. The scope of this challenge is international. The Roger Lang
Clearinghouse for Circumpolar Education has sought to stimulate educational exchanges and
develop educational resources throughout the circumpolar region.

Ann Vick is International
Director of the Clearing-
house. For more informa-
tion, contact the Roger Lang
Clearinghouse for Circumpo-
lar Education, 162 Shawmuit
Street, Chelsea, MA 02150,
Phone: 800-766-POLE,

Fax: 617-884-8405.

The Roger Lang Clearinghouse for Circumpolar
Education, named for the Alaska Native leader
who originated the clearinghouse idea while serv-
ing as President of the Alaska Native Foundation in
the late 1970s, was initiated in 1989 to identify and
share experience in elementary and secondary edu-
cation in the Arctic, particularly in Native commu-
nities. The Clearinghouse, an NSF-supported Sci-
ence and Mathematics Education Networks project,
is primarily concerned with locating educational
resources and providing them to communities for
use in village schools.

The 1987 U.S. Arctic Research Plan painted a
bleak but historically accurate picture of Arctic ele-
mentary and secondary education. The village
school was, and still too often is, a Westernized
formal institution that has excluded the knowledge
and values of the community it serves and has done
a poor job of preparing young people for future
roles.

Educational policy and instructional programs
in the Arctic tend to have been developed in the
south and shipped north. Historically these materi-
als have gone into northern classrooms with little

Alaska has a total enrollment of just over 100,000
students in 54 public school districts, 33 city and
borough and 21 Rural Education Attendance Areas;
Alaska Natives represent about 20% of the school-age

population.

adaptation. In recent years, with increased local
control and a growing recognition that effective
education begins with the child’s world and radi-
ates outward, programs and materials have been
reshaped to reflect the culture and environment of
Arctic communities. Entire programs and processes
have been developed using northern contexts rath-
er than adapting southern designs.

Substantial efforts of Natives and non-Natives
have been put into improving the quality and ex-
panding the scope of village education. However,
few of the best ideas have been shared outside the
communities in which they were created, even
within the same school district. A small number of
successful programs have become known to others
within their own state or territory. Virtually none
of the success stories have crossed international
boundaries. What is shared is often random, the
result of workshops, conferences or chance con-
versations. The primary purpose of the Clearing-
house is to create a regular exchange of informa-
tion across the Arctic on what has worked and, just
as important, what has not worked.

Issues in Circumpolar
Elementary and Secondary
Education

Increased local control, which includes a recog-
nition of the need for Native teachers and adminis-
trators to take the lead in reshaping northern educa-
tion, is one of the strongest factors evident in Arc-
tic elementary and secondary education today. In
the last 20 years, Arctic residents have increasingly
achieved recognition of their rights to create and
manage their own governments, to manage lands
and other assets and to control the institutions pro-
viding them education and health care. As part of
this increasing local control, several school dis-
tricts have begun to redefine the purposes and
approaches to schooling from Native perspectives.
The Baffin Divisional Board of Education’s policy
statement, Our Future is Now: Directions for Edu-
cation in the Baffin, provides a model of this redef-
inition. Drafted in 1987, it continues to be the
working document guiding the day-to-day opera-
tions of that school system.

Another trend evidenced by Clearinghouse re-
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The key components of the Clearinghouse include:

+ The creation and maintenance of a network of individuals and organizations con-
cerned with the quality of education in the Arctic and willing to share their expe-
riences and approaches with others. The Clearinghouse’s International Office
maintains contact with all network participants and matches them up with others
seeking or providing information.

The publication of a newsletter three times a year.

The development of a Circumpolar Curriculum Library, composed of materials
contributed by Canadian, Greenlandic, Scandinavian and Alaskan educators and
institutions. Materials are shared but also safeguarded so that what has been
accomplished will not vanish.

The establishment of a set of criteria and a nomination process for exemplary
programs, which are described annually in the Whole Pole Catalogue.

An exchanges of educators. These intensive visits allow for the transfer of effec-
tive programming and the tailoring of circumpolar models to individual commu-
nity or regional needs. During a visit made to Alaska in October 1991, N.-W.T.
Teacher of the Year (1990) John Jamieson made a presentation on his approach to
teaching science through cultural processes to teachers and administrators from
five Alaskan school districts participating in a Clearinghouse-sponsored work-
shop in Anchorage. He then traveled to the Alaska Gateway School District for
two days of meetings with district staff, classroom teachers and Native leaders.
During the visits to Tok, Northway and Mentasta Lake, Jamieson shared his
teaching experiences in Sanikiluaq (Belcher Islands), Iqaluit (Baffin Island),
Wrigley and Fort Simpson while learning about Alaska Gateway initiatives that
might be of use in N.W.T. schools.

search is a recognition of parental and community
input and involvement as an essential element in ef-
fective schools. In a 1985 study of 162 of Alaska’s
small rural high schools, University of Alaska re-
searchers Judith S. Kleinfeld, G. Williamson McDi-
armid and David Hagstrom found school-commu-
nity relations and relations among local profession-
als, community members and central office admin-
istrators to be two of five major factors in differ-
ences between good schools and poor schools. In
effective schools, community members are consult-
ed by professional educators, and a partnership is
formed to set and achieve educational goals.

There has also been dissatisfaction with what
has been offered historically in village schools and
a belief that coursework is not as demanding or
comprehensive as that offered elsewhere. A re-
cently completed evaluation of elementary and sec-
ondary schools in northern Quebec by the Nunavik
Educational Task Force found that “the only time
our students’ achievements levels are seriously
evaluated is when they transfer to southern schools,
or go on to post-secondary or adult education pro-
grams that require an assessment upon entry. The
evidence from these sources indicates that our stu-
dents are at least 2-3 years behind their southern
counterparts in the same grade level.” Across the
North, parents and community leaders are calling
for significantly higher expectations for student
performance, including tougher coursework, devel-

opment of research and report writing skills, and
regular assessment of skills development.

Another concern is that graduates should be able
to function “in both worlds”—confident in their
cultural identity and proud of their people while
possessing the academic skills they will need to
have choices for future studies and careers. The ob-
jectives for schooling adopted by the Baffin Divi-
sional Board of Education include “developing hu-
man relations skills; developing a strong Inuit iden-
tity along with a sense of pride and confidence in
oneself; preparing students to function well in their
own communities; developing knowledge of and
skills in aspects of Inuit culture such as survival on
the land; developing competency in Inuktitut; pre-
paring students to function in the English language;
developing basic skills in reading, writing and
mathematics in both Inuktitut and English; devel-
oping in students a strong personal value system;
preparing students for college or university level
training; and developing physical fitness.”

A similar concern is that students are not re-
ceiving a firm grounding in either the Native or a
second language. Educators recognize that students
who have strong skills in their first language will
more easily acquire language skills as well as the
content of upper-level courses taught in English. In
a report prepared under contract with the Govern-
ment of the Yukon for presentation at the Circum-
polar Education Conference at Umea, Sweden, in
June 1990, Jim Cummins of the Ontario Institute
for Studies in Education reviewed a number of pro-
grams supporting aboriginal language development
among school children and concluded that “the re-
search data are very clear that reinforcement of the

Across the North, parents and
community leaders are calling for
significantly higher expectations for
student performance, including
tougher coursework, development
of research and report writing
skills, and regular assessment of
skills development.

aboriginal language in all of these types of pro-
grams will have no adverse effects on develop-
ments of English or French academic skills. Many
of the international examples of bilingual programs,
in fact, suggest that academic skills in the major
school language are enhanced when the child con-
tinues to develop his/her aboriginal language.”



Hlustration from
Kwikpagmiut, a student-
produced magazine
from the Lower Yukon
School District.

Another recent influence on Arctic elementary
and secondary education is the acknowledgment
of indigenous scientific world views, including
systems of land and resource management. This
acknowledgment is coupled with a recognition
that the experiential approach that southern educa-
tors are increasingly using in science education is
a traditional Native teaching and learning style.
The Dene Cultural Institute (DCT) in the North-
west Territories has focused on traditional envi-
ronmental knowledge as an area of major research
since 1987. DCI initiatives include a pilot project
documenting this knowledge in the communities
of Fort Good Hope and Colville Lake. DCI staff
report that data from the project (which may pro-
vide new information to scientists) include “the
use of winter food caches by marten, the differ-
ence in winter temperature between valley and
upland, and the response of marten to it; the pres-
ence of a small variety of subspecies of barren-
ground caribou that has not been ‘recognized’ in
the scientific literature; and the possible presence
and use of mineral licks by barren-ground cari-
bou.” DCI has also worked with the N.-W.T. De-
partment of Education and the Northern Heritage
Society to integrate traditional knowledge into so-
cial studies and science curricula.

The most innovative projects and materials are
being developed for the elementary level. Most
school systems have begun at the primary level
and worked their way up, both in restructuring in-
structional programs and in developing materials.
The holistic, interdisciplinary approach to teaching
and learning is one that is common both to Native
traditions and to elementary programs. It is at the
secondary level that the educational system begins
to compartmentalize knowledge. At the forefront

in the development of innovative instruction is the
Baffin Divisional Board of Education’s Piniagta-
vut (“Where We Are Going”) Program, a program
of studies for grades K-9 that suggests a method-
ology and content for developing relevant, culture-
based schooling for Baffin children. A HyperCard
stack developed to introduce new teachers to the
program describes how
“the interaction of the Inuit world view with cul-
tural identity and social customs, the cycie of the
seasons, history (past, present and future) and
geography (local, regional, N.W.T., Canada,
world) form the philosophical base for Piniagta-
vut. This philosophical base underlies a develop-
mental learning framework of how children learn
which spirals upward and outward to provide ap-
propriate learning experiences for a child’s age
and cultural background.... The Piniagtavut Pro-
gram suggests thematic units for each grade that
are consistent with the underlying philosophical
base and developmental teaming framework.”

Tasks for the Future

In the Arctic, formal schooling has traditionally
been the purveyor of cultural change. As ele-
mentary and secondary education increasingly
comes under local control, respect for traditional
ways and the use of human and other resources
within communities is increasing. There is still,
however, a tendency in any community—whether
a southern metropolis or a village north of the
Arctic Circle—to leave schooling to the trained
professionals or to expect formal education to be
the way it has always been, rather than to develop
new ways of teaching and teaming.

Many challenges face communities, educators
and researchers in the Arctic. Among these is the
development of genuinely Inuit, Dene and other
approaches to education, not just sprinkling cul-
tural materials into approaches designed for south-
ern systems. Native and other northern educators,
most of whom have been trained in southern sys-
tems, will have to think outside the boundaries of
the systems in which they were trained.

Even more basic is the need to redefine the pur-
poses of schooling. Southern goals espoused by
non-Native teachers are not necessarily the goals
of Arctic residents. Parents and educators, both
Native and non-Native, must agree on goals.
Movement is needed on both sides. Some parents
do not recognize the value of formal education.
Some teachers and administrators see preparation
for college as the only desirable goal. The goals of
schooling must be agreed upon and then reflected
in ongoing school district operations.

New materials and programs need to be devel-
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oped. Over the years many materials have been
lost. Institutional memory is lacking. Exemplary
materials are few, particularly in math and sciences
and for upper-level coursework in all subjects. The
processes and commitment for the creation of cul-
turally based programs and materials are in place in
some school systems, particularly Baffin, but inad-
equate funds and staffing are limiting development.

Research and development is needed in instruc-
tional processes and materials that investigate and
teach traditional Native sciences and technologies,
including methods of land and resource manage-
ment. The relationship between Western and indig-
enous science must be more fully explored and de-
fined.

Another recent influence on Arctic elementary and
secondary education is the acknowledgment of indig-
enous scientific world views, including systems of land
and resource management.
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Deficiencies in science and math education iden-
tified elsewhere in the U.S. (for example, inade-
quate teacher preparation, fewer students choosing
upper-level courses, too much reliance on text-
books and not enough on experiential approaches,
students seeing little “real-life” use for science) are
mirrored in the Arctic and need to be corrected. Re-
search done by scientists and other professionals in
Arctic communities need to be translated into mate-
rials for school and community use, including ele-
mentary and secondary education.

Of course, funding continues to be a problem.
Severe budget cuts at the state or provincial, district

or divisional board and individual school level are
retarding the development of new approaches to
elementary and secondary education. This drop in
public sector funding is compounded by limited
private foundation support in the Arctic. Private
sector support is restricted by the perception that
revenues and income from oil and other resources
have generated sufficient funds for education and
other needs.

Conclusion

In its 1992 report and recommendations on the
status of education in the Inuit communities of
northern Quebec, the Nunavik Educational Task
Force identified the importance of the relationship
between the control of schools and Arctic self-
government and summarized the challenges facing
Arctic residents in education:

“The education system in Nunavik should be re-

structured and refocused to make it work for us,

to ensure that it prepares us to handle the prob-

lems and opportunities of living that we actually

face—not just the ones the school board has been
mechanically structured to deal with. We are not
asking someone else to create this system for us.

Creating it ourselves is a necessary step to self-

government in Nunavik. Self-government and

education go hand in hand just as independence
goes with wisdom. The restructuring of our edu-
cation system in Nunavik is part of our learning
and development as a people. There are many
challenges ahead of us, but we have many ad-
vantages. We are small in number and are not
burdened by a heavy load of inflexible institu-
tions. We have the potential to be world leaders

in education, not for the recognition, but because

itis in us to do.”



A Native View of Culturally Relevant Education
An Invited Essay

OSCARKAWAGLEY

Western education is based on epistemologies, or “ways of knowing,” that are very different
from those of Alaska Natives, and the resulting conflicts have had profound effects on north-
ern societies. In this essay, Mr. Kawagley argues that Native education should be based on
holistic principles in line with the Native view of society and Nature.
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The indigenous peoples of the world have ex-
perienced varying degrees of disruption or loss of
their traditional lifestyles. This disruption has con-
tributed to the many psycho-social maladies that
are extant in indigenous cultures today. The West-
e schooling system, coupled with compulsory
school attendance, has brought about many of these
cultyral and psychological disruptions. This pro-
cess of acculturation has also altered child-rearing
practices, changed nomadic lifestyles to sedentary
ones, shifted dietary orientations from natural food-
stuffs to store-bought goods (often with less nutri-
tional value), created a dependence on inefficient
housing, and brought numerous government insti-
tutions into play.

This is not to say that modernity has brought
only negative effects—it has done much good. In-
fant mortality is down in areas with sufficient food,
and childhood diseases are greatly diminished.
There are rapid modes of transportation and im-
proved means of communication with telephones,
radio, television etc. However, with all the psycho-
social and health ailments, housing problems, dys-
functional parent—child relationships, violence, sui-
cides, alcohol and drugs, and new patterns of dis-
eases, there is a pervasive sense of powerlessness
among Alaska Natives.

While many studies have addressed these con-
cerns, neatly all have been from a Western per-

Yup'ik World View

Spirituality

Human Beings Nature

spective. Rarely has an attempt been made to ap-
proach these issues from an indigenous perspec-
tive by examining the world view and value struc-
ture of indigenous people.

The Yup’ik World View

We must start with the context of a Yup’ik
world view, because basic philosophical questions
are raised in the course of observing and question-
ing local people with respect to science as inquiry,
science as explanation, science versus technology,
and science and religion, especially with respect to
Yup’ik lifeways.

“Ella” is a Yup’ik word that epitomizes the phi-
losophy of the Yup’ik people. This base word can
be modified to change its meaning by adding a
suffix or suffixes. Examples are: Qaill’ ella
auqa?—How’s the weather?; Qaill’ ellan auga?—
How are you feeling?; Ellam nunii—The world’s
land; Ellagpiim yua—Spirit of the Universe; Ella-
pak—Universe; Ella amigligtug—The sky is
cloudy. One can quickly conclude that it can be
made to mean weather, awareness, world, Creative
Force or God, universe and sky. The key word is
“awareness,” or consciousness. All knowledge de-
pends on consciousness, be it perception or infer-
ence. A human being must possess self-knowledge
to be able to make sense of the cultural values and
traditions, which are juxtaposed with the “objects”
of the universe.

To help illustrate the interrelationship between
human nature, Nature and supemature (or spiritu-
ality) in the Yup’ik world view, I will use a tetra-
hedral metaphor. The structure of the tetrahedron
allows several important dynamic forces to be ex-
amined in relation to one another. If we use the
three comers of the base to represent the human
being, Nature and spirituality, we can visualize the
apex as representing the indigenous world view
that overarches and unites the base components of
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our existence. The lines connecting these “poles”
can be seen as the life forces that flow all ways be-
tween and among the human, spiritual and natural
worlds and the human being’s world view. The two
poles representing the spiritual and natural realms
are essential supports to the Yup’ik world view.
This model allows for triangulation, whereby
human beings can locate themselves in relation to
the other domains of their existence and check to
make sure that the values and traditions are in bal-
ance. It shows that the Yup'ik world view is estab-
lished on an alliance and alignment of all elements

The spiritual and natural realms are essential to the

Yup’ik world view.

Ceremonial mask. The Yup’ik
view the relationship between

humans and animals as col-

laborative. The animals give
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themselves to the hunter in
response to respectfil treat-
ment. The thumbless and
perforated hands of the
mask symbolize restraint by
the hunter to prevent over
exploitation of nature.

and that there must be constant communications
between the three realms to maintain this delicate
balance. When everything is in alignment, it is an
exceptionally strong structure. It does not require a
very earth-shaking change, however, to upset the
balance.

The human being is a participant—observer in
this universe. We human beings, having conscious-
ness and reasoning ability, are the ones who pose
questions and methodologies for doing research.
We, therefore, are the keys to understanding life
and living things and trying to solve the conun-
drums of Nature and our inner worlds. Natural
laws are placed in the universe to guide the human
beings’ thoughts and actions.

What are the conditions in which this world
view works with efficiency, economy and purpose?

The traditional Yup’ik people were given as young
children specially ground lenses through which to
view their world. The resulting cultural map was
contained in their language, myths, legends and sto-
ries, science and technology, and role models of
community members. This verbal orientation and
learning by observation worked to their advantage.
To hear stories being told in the qasegiq (communi-
ty house) allowed the children and other hearers to
savor the words, visualize the events and, for the
duration of the story, became part of the imagery.
The modern written word is useful for many things,
but it removes the reader from the human interac-
tion element. In the qasegiq the hearer became a
part of the story, a participant—observer in the
events. This was truly living history. Good behav-
ior of all participants in the storytelling was expect-
ed, not only by the elders, but by all community
members. So the child was not only listening quiet-
ly but was learning self-discipline and respect for
the rights of others. The children learned and the
grown-ups were reminded of who and what they
are, where they came from and how they are to in-
teract with others, with natural things and with spir-
its.

The Yup’ik world view requires a respect for the
wisdom of the elders. There were always a few
elders in each community who reached a very old
age. Some were so old that when they sat on the
floor of the gasegiq with their knees bent and ele-
vated, their heads would extend below their knees.
There were others whose teeth had been worn to
the gums. Those who had lost their teeth required
food to be chewed by family members for con-
sumption. These people were well cared for and
were honored and respected for their knowledge
and wisdom. The attainment of knowledge was
based on their reasoning ability and experience.

For matters of survival the Yup’ik found it nec-
essary to learn much about their immediate land-
scape. Of course, a few of their people had made
exploratory forays into other parts of the world;
sometimes the “explorer” did not have a choice
because he might have been blown off course by a
storm or caught by ice and forced to go wherever it
went. The Yup’ik have many stories of this type. It
seemed best to know intimately the land on which
they dwelled.

As the tetrahedron suggests, the Yup’ik infra-
structure had to include a dynamic sense of sacred-
ness. This sense caused the Yup’ik to develop a
nature-mediated technology in which the hunting
implements and tools were made of natural materi-
als so as not to offend the hunted animal. To ensure
that balance was always maintained or regained,
the Yup’ik created rituals and ceremonies with
songs, dances and all the needed accoutrements.



The paraphernalia included masks, which were of-
ten an attempt to reify a vision, dream or unusual
experience. They always includes a story and atten-
dant values. Very often the mask represented an
experience that a shaman had; he or she would ren-
der it into a mask using wood, stone, bone, feathers
and natural paints. If the shaman was not given to
carving, a carver would prepare the mask under the
shaman’s careful guidance. This was a way of pre-
serving the knowledge for future generations.

Alaska Native Views of
Technology and Education

Traditionally Alaska Native people developed a
nature-based and nature-mediated technology to
suit their needs, compatible with their environment
and nature. As Natives have learned Western scien-
tific and technological processes, it has been with
an inclination toward “soft technology,” which pro-
vides a means to temper Western technology and
use it as a tool for adaptation to local culture and
ecology. The focus of this “soft technology” can be
to upgrade and update traditional skills, to develop
tools that can be easily repaired, to conserve and be
nonpolluting in the use of renewable resources for
energy and raw materials, and to fine-tune the sub-
sistence lifestyle. In searching for examples of im-
plementing soft technology, Harrison, in his book
The Third World Tomorrow, offered the following
as representative criteria for its use:

» Improving an existing traditional technique;

» Modifying a modern machine;

« Inventing a new machine from scratch;

« Finding a useful and economical Western

antique; and

» Applying a bit of indigenous wisdom to the

solution of a new problem.
Soft technology is intended to help people become
the producers of those things that are needed for
human support and comfort.

As Natives have learned Western scientific and techno-
logical processes, it has been with an inclination
toward “soft technology,” which provides a means to
temper Western technology and use it as a tool for
adaptation to local culture and ecology.

In the past, Native people tended to view formal
education as a hindrance to their traditional ways,
but now they must look at it in a different light.
They must modify education and give it direction
to accomplish the goals they set for it, strengthen-

ing their own culture while simultaneously em-
bracing Western science as a second force that can
help them maintain themselves with as much self-
reliance and self-sufficiency as possible. They can
make it easier to thrive in a tough environment,
first as humans, then as scientists, with a carefully
developed technology.

The Western educational and scientific para-
digms developed over the past several hundred
years need not be dispensed with, However, a shift
needs to be made toward a more holistic education
in which a teacher—student—community collabora-
tive approach is developed to address the needs of
a fast-changing society. To achieve this, the for-
mal educational system needs to reassess and
redirect education to a holistic mindset, in which
education is viewed as multi-disciplinary, multi-
directional and multi-sensory, with the total envi-
ronment serving as the laboratory. The critical task
is to find ways to help people, especially teachers,
to begin to recognize (and re-cognize) that the
earth is indivisible and that it must be understood
as a whole, To do so can help the learning process
of the Native students, who enter school with all
the linguistic and intellectual tools of their culture
at their command but are seldom called upon to
put them to full use in the classroom setting.

I have observed and taught in rural and urban
classrooms in which science was taught from text-
books, using the scientific method and time-tested
science experiments. My own undergraduate sci-
ence education was derived from textbooks and .
laboratory manuals. These teaching—learning
processes do not, however, take advantage of the
students” environment or the environment’s
ecological processes. Nor do they prepare the stu-
dents to recognize a “Creative Force” flowing in
and around them at all times. This removal of the
mystical force from scientific processes has cre-
ated a society that places primary credence and
faith on human’s observational and rational facul-
ties. Once this happens, we have a society in
which the quality of humans and life diminishes, a
society that no longer honors and reveres Nature
but often misuses, abuses and disrespects Nature.

It is apparent that there is a significant contrast
between Western scientific and Native world
views. The former is formulated to study and ana-
lyze objectively learned facts to predict and assert
control over the forces of Nature, while the latter
is oriented toward the synthesis of information
gathered from interaction with the natural and
spiritual worlds so as to accommodate and live in
harmony with natural principles. Native reciproc-
ity with the natural and spiritual realms implies
communication, which perhaps must be relearned
by the Native, as it is now being learned by West-
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ern scientists. As Caduto and Bruchac said in their
book Keepers of the Earth, “The science of ecolo-
gy, the study of the interactions between living
things and their environments, circles back to the
ancient wisdom found in the rich oral traditions of
American Indian stories. Time and again the stories
have said that all of the living and nonliving parts
of the Earth are one and that people are a part of
that wholeness. Today, ecological science agrees.”

Native people must modify education and give it direc-
tion to accomplish the goals they set for it, strengthen-
ing their own culture while simultaneously embracing
Western science as a second force that can help them
maintain themselves with as much self-reliance and
self-sufficiency as possible.
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Consider, for example, the Yup’ik Eskimo fish
camp setting as a model for exploring a more holis-
tic approach to science education. The summer fish
camp season is a time of happiness and warm
weather, and it is a place for orderly Yup’ik indus-
try. It also presents a cornucopia of traditional and
modern technologies. Although the Yup’ik people
do not always have technical names for the natural
processes involved, the annual fish camp routines
reflect the most concentrated situation in which
they use many sophisticated scientific principles in
activities such as preparing food, catching and pre-
serving of fish, reading river currents and tides, as-
sessing weather and wind conditions, classifying
plants, fish and animals, using solar energy and
adapting to seasonal transformations. These princi-
ples are an inherent part of daily life in fish camp.
In the natural context of the camp environment,
Yup’ik people feel they are in the realm of science,
the world of inquiry and the process of discovery.
For the people to live in harmony with Nature, they
have to learn the skills to live with Nature. The se-
crets of Nature have to be learned for mutual nur-
turing and sustenance and to develop a holistic
world view of the universe.

In the fish camp the environment becomes the
laboratory and thus all teaching and learning are
drawn from an ecological perspective. The sensory
data that are collected in the mind are used to for-
mulate conclusions based on values, perspective,
philosophy of life and relations to the world. Over

thousands of years the Yup’ik culture has estab-
lished a way to make the world accessible to rea-
soned inquiry and discovery, including ponderous
questions about what is real, what is truth and what
is good and beautiful. This knowledge flows and is
channeled through Native science, art and sacred
practice. The natural phenomena in the Native
world are explained in terms of characteristics easi-
ly observable or experiences involving a high de-
gree of intuitive thought.

The day-to-day subsistence activities of the
summer fish camp can provide insight into the
Yup’ik understanding and practice of “science,”
which can then serve as the basis for proposing a
more integrative approach to teaching science to
Native people.
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Subsistence Practices in the Bristol Bay Region

of Alaska
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There are strong links between community viability in rural Alaska and the continued avail-
ability of local renewable resources for subsistence activities. Subsistence hunting, gathering
and fishing are important complements to local cash economies and provide social ties and
cultural meaning for both Native and non-Native peoples.
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In 1975, in response to a lack of published infor-
mation on which to base environmental impact
statements, the Minerals Management Service
(MMS) began to sponsor a series of social and eco-
nomic studies in a variety of offshore areas. The
goal of these studies is to provide information nec-
essary for developing accurate and defensible envi-
ronmental assessments and for monitoring possible
environmental effects from Outer Continental Shelf
development. Because harvests of naturally occur-
ring, renewable resources are important to rural
Alaskan communities, much work has focused on
subsistence issues. The need for Bristol Bay subsis-
tence-harvest and sociocultural information had
been identified in several MMS Alaska Regional
Studies Plans.

The Subsistence Division of the Alaska Depart-
ment of Fish and Game (ADF&G) has had an ac-
tive research program in Bristol Bay since 1980.
The department has completed baseline studies for
most communities in the region, documenting sub-
sistence harvests and describing subsistence activi-
ties. Recently MMS contracted with these research-
ers to analyze the computerized database and tech-
nical papers resulting from these studies, review
secondary literature and conduct research in seven
Bristol Bay communities. The purpose of the re-
search was to describe and analyze the harvests and
uses of subsistence resources for the Bristol Bay
region. The objectives were to:

» Identify subregions within the Bristol Bay area
based on subsistence harvesting and process-
ing practices;

» Examine the ethnographic meanings and
context of subsistence; and

¢ Analyze the key political, economic, social
and cultural factors that affect subsistence
pursuits.

The naturally occurring resources used for

subsistence fall into seven categories:

* Birds (grouse, ptarmigan, several species of

ducks and geese and their eggs);

» Small game (chiefly beaver, hare and

porcupine);

* Big game (caribou, moose and bear);

* Marine invertebrates (clams and crabs);

» Marine mammals (seals and occasionally

walrus);

» Plants and berries (many species); and

» Noncommercial fish (over 18 species of salt-

water and freshwater fish, mainly salmon).

Two variables were consistently available for
the Bristol Bay communities in the ADF&G data
sets: the percentage of households harvesting vari-
ous types of resources (a rough indication of in-
volvement in subsistence activities and of the rela-
tive mix of resources harvested); and the average
number of pounds per household harvested (a mea-
sure of nutritional dependence on particular foods).
Community comparisons based on the percentages
of households harvesting particular resources indi-
cated three distinct subregions: the Pacific side of
the Alaska Peninsula, the coastal communities on
the Bristol Bay side of the Alaska Peninsula, and
inland or “upriver” communities. Comparisons
based on the amounts harvested per household of-
ten produced finer distinctions within those subre-
gions. For example, in some analyses the Bristol
Bay Borough communities clustered separately
from other communities on the Bristol Bay side of
the Alaska Peninsula. Similarly, in some analyses
the inland communities could be broken into a
Nushagak River cluster and an Iliamna Lake clus-
ter. The clusterings are largely geographical, indi-
cating that people generally harvest the resources
available in their environment.

Based on this analysis of the ADF&G data and
areview of secondary literature, seven com-
munities were selected to represent the subregions:
Chignik Lake, Dillingham, Naknek, New Stuya-
hok, Nondalton, Port Heiden and Togiak. The pop-
ulations of these communities ranged from 2017
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Study communities in the
Bristol Bay area.

for Dillingham, the regional center, to 119 in Port
Heiden, a small community on the Alaska Peninsu-
la. Ethnic compositions included various mixes of
Eskimos, Athapaskans, Aleuts and non-Natives.
Fieldwork was conducted in these communities
during August and September 1990, involving ob-
servations of subsistence practices and interviews
with members of randomly selected households
(212 households representing 778 household mem-
bers) and with institutional officials (98 people).

Subsistence Cooperation
and Sharing Networks

The data collected in this study differed from
data collected in most previous Alaskan subsis-
tence studies in that the connections between
households that cooperate in subsistence activities
and share subsistence resources were documented
by calculating the percentages of households in
each community that have harvesting, processing,
giving and receiving ties to households in various
locations (geographic networks) and to households
that are related to them (kinship networks). The
geographic extent of these networks and the kin-

ship relations on which they are based were ana-
lyzed to illustrate the importance of subsistence
activities to community and regional social and
cultural structures.

In terms of geography, cooperation and sharing
networks are most concentrated within com-
munities but extend to other communities through-
out the Bristol Bay region, to other areas of Alas-
ka, to the lower 48 states and, in a few instances,
to foreign countries. Households tend to engage in
subsistence harvesting and processing activities
with people who live in the same or nearby villag-
es, with cooperation generally decreasing as the
distance between communities increases. Harvest-
ing networks are more extensive than processing
networks, that is, people from different villages
get together more often to harvest resources than
to process them. Processing generally occurs with-
in household groups.

Sharing networks are more extensive and in-
tricate than cooperation networks and exhibit a
different geographic pattern. While the strongest
ties for giving and receiving subsistence resources
are between households within the same commu-
nity, the strength of sharing ties does not decrease
with distance outside communities. The next
strongest receiving ties are generally between the
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sample communities and other communities within
Bristol Bay (not necessarily neighboring ones), in-
dicating that the subsistence needs of Bristol Bay
residents are generally provided for from within the
region. However, the next strongest giving ties are
to communities outside Bristol Bay, especially for
noncommercial fish, big game, plants and, to a
lesser extent, small game and birds. Bristol Bay is a
net “exporter” of subsistence foods, and resources
that are abundant in Bristol Bay provide for the
subsistence needs of people in other areas as well.

The geographic extent of subsistence cooperation and
sharing networks and the kinship relations on which
they are based illustrate the importance of subsistence
activities to community and regional social and cul-
tural structures.

Differences in geographic patterns for cooper-
ation and sharing were observed across the sample
communities. Communities with the highest per-
centages of Alaska Native inhabitants (Chignik
Lake, New Stuyahok, Nondalton and Togiak)
generally exhibited the greatest intracommunity
cooperation in subsistence activities and sharing
of subsistence resources. Dillingham (the regional
center) and Naknek (a subregional center) have
more extensive intercommunity harvesting and
processing networks, largely due to connections
maintained by people who have moved from vil-
lages to those centers. Several communities occupy
important positions in regional sharing networks:
New Stuyahok shares resources of all kinds with
other upper Bristol Bay communities; Togiak has
extensive sharing connections with the Kuskokwim
region; Port Heiden has the most sharing connec-
tions with the three major subregions of Bristol
Bay and serves as a crossroads between them; and
Dillingham and Naknek generally receive more
subsistence resources from other communities in
Bristol Bay than they give.

Differences in cooperation and sharing patterns
also were observed across resource groups. People
most often cooperate to harvest noncommercial
fish, plants, big game and birds. The harvesting
networks for these resources extend beyond the re-
gion and, except for birds, outside of the state.
Cooperation in processing between households is
greatest for big game and noncommercial fish, the
two most important subsistence foods in Bristol
Bay. Communities generally share the resources
they have in abundance and receive resources they
lack, need and desire. Big game, plants and non-

commercial fish are widely shared within and be-
tween communities, even though these resources
are harvested by the highest percentages of house-
holds in all sample communities. This is because
people share to avoid waste, to meet the immedi-
ate needs of other households, and to increase the
overall variety in their diet by using species that
are different or resources that are preserved or pre-
pared in different ways. Even though plants and
birds generally add only a small amount to local
diets (in terms of edible pounds), the high level of
cooperation in their harvest, and of sharing in the
case of plants, indicates that these resources are
more important to the overall subsistence econo-
my than their bulk would indicate.

Kinship is the primary basis for cooperating in
subsistence pursuits and sharing subsistence re-
sources. Harvesting is most often conducted alone,
followed by harvesting with other household
members or with friends, relatives by marriage
and siblings from different households. More
harvesting is done among persons related matrilin-
eally than through the male lines of descent. Most
of the intergenerational harvesting networks are
found within households, while interhousehold,
intergenerational networks are most often com-
posed of relatives by marriage and extended kin.
The large percentage of harvesting among friends
and siblings indicates that harvesting is often done
with contemporaries and is a form of recreation
and social activity. It also suggests that availabili-
ty, skill and reliability, in addition to kinship, help
determine the formation of harvesting groups.
Harvests of birds, big game, plants and noncom-
mercial fish are more group activities, with a wid-
er variety of harvesting group compositions than
harvests of small game, marine mammals or ma-
rine invertebrates.

Subsistence processing is generally done alone
or with other members of the same household. In-
terhousehold processing networks are fewer and
smaller than harvesting networks. Processing non-
commercial fish is the activity that involves the
most intergenerational kin groups and the widest
variety of relatives by marriage and extended kin.

The kinship networks for sharing subsistence
resources are more extensive than the kinship net-
works for harvesting and processing subsistence
resources. Subsistence resources are widely dis-
tributed among family and friends, and sharing
subsistence resources connects more households
than harvesting or processing those resources.
More households give subsistence resources to
parents and offspring than harvest those resources
with them, which suggests that interhousehold, in-
tergenerational groups (parents, offspring, grand-
children) are more connected in distributing and
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