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Foreword

Helena Odmark

Ice and traditional knowledge of ice continue to play a role in modern society in
ways that may surprise many people who live in warmer regions. Ice is still a big
factor of life in my native area of northern Sweden, even though the large ice sheet
that covered Scandinavia and neighboring regions during the last ice age had melted
away several thousand years ago. Long after the ice sheet has melted, the land here
is still rising from the sea, almost 1 cm a year in some areas. Certain ports along
the Swedish Baltic Sea coast have been moved several times because of that land
rise and are now located many kilometers away from where they were originally
built.

When I was growing up in a small town on that coast, the ice was used for several
months every year for winter roads across lakes and to the offshore islands. People
went fishing on the ice on weekends. We had to be very careful in the areas where
big icebreakers kept water channels open for commercial shipping into our town’s
port and to the surrounding industrial harbors. We knew how to “read” the ice in the
fall, in the winter, and in the spring to determine if it was safe to use. That was a part
of my life and it is still a very important part of everyday knowledge to millions of
people who live along the ocean, lakes, and rivers that are commonly covered with
ice for some portion of the year. The climate warming may shorten or shift the ice
season, but frozen water and ice-covered sea will continue to be our shared reality
for generations to come.

I first heard about the “International Polar Year 2007-2008,” or “IPY,” at the
Arctic Science Summit Week in Kiruna, Sweden, in March 2003. There, a presenta-
tion was made on the initial plans for a new IPY. One PowerPoint slide in particular
caught my attention. It listed six key themes in a left-hand column and an additional
explanatory wording in a right-hand column. The last entry in the left-hand column
was “human dimension.” That made sense to me. But I was confused and very sur-
prised to see a big question mark, a “?”, in the corresponding box in the right-hand
column. The explanation was simple. The presenters did not know what to write in
that “human dimension” box.

At that time, I was not aware of the almost total lack of communication within the
polar research community between scientists working in natural and physical sci-
ences and those working in the field of social and human sciences. But I knew that
a priority for the Arctic Council was to “strengthen cooperation in Arctic research.”
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The Arctic Council had also started a very ambitious project to compile an Arctic
Human Development Report (eventually published in 2004), which would rely heav-
ily on research from the social and human sciences. Trying to be helpful, I showed
the IPY presenters a folder that outlined the chapter headings for that report and
suggested that they might provide inspiration for a text that could replace the “?” in
the box on their slide.

At the next meeting of the Senior Arctic Officials in April 2003, I informed the
chair and my colleagues on the Arctic Council that an “International Polar Year”
was being planned. We all found the issue to be of great interest. It was difficult for
us to envisage a successful “IPY 2007-2008” without the active participation of the
Arctic Council. After all, the scientific community was planning an “International
Polar Year,” not an “International Polar Research Year.”

At the Senior Arctic Officials meeting in October 2003, we decided to invite the
IPY planners. Dr. Chris Rapley made an excellent presentation about the emerg-
ing IPY science program at our meeting in May 2004. The reaction in the room
confirmed the strong interest from the Arctic Council member states, permanent
participants, and observers in the IPY planning process. In particular, the group
was pleased to hear that the once brief reference to “human dimension” would be
translated into substantive input by social and human sciences, as well as the full
attention to the needs and interests of Arctic residents. The planners were encour-
aged to involve indigenous and other local communities in IPY research activities,
to appreciate the value of traditional knowledge, and to share the results of their
work with Arctic residents. The meeting adopted a special statement to reiterate
the Arctic Council’s commitment to IPY. We also launched a public diplomacy
effort to emphasize the importance of including a “human dimension” in IPY.
The Declaration adopted at the Arctic Council Meeting of Foreign Ministers in
Reykjavik in October 2004 welcomed “the continuing contribution of indigenous
and traditional knowledge to research in the Arctic” and “recognized the IPY 2007—
2008 as a unique opportunity to stimulate cooperation and coordination on Arctic
research.”

The Declaration adopted at the next Arctic Council Meeting of Foreign Ministers
in Salekhard, Russia, in October 2006 specifically endorsed “(the) expansion of the
IPY to include the human dimension.” The Ministers also supported “the inclusion
of (research) programs initiated by Arctic residents, the effective involvement of
Arctic indigenous peoples in IPY activities and recognize(d) that their traditional
and indigenous knowledge is an invaluable component of IPY research.” They also
emphasized “the importance of climate change in the context of the IPY, and to
achieve a legacy of enhanced capacity of Arctic peoples to adapt to environmen-
tal, economic and social changes in their regions, and enabling Arctic peoples to
participate in and benefit from scientific research.”

Almost 3 years later, at the conclusion of the IPY observational period in spring
2009, the Declarations adopted at the Antarctic Treaty Consultative Meeting—Arctic
Council Joint Meeting in Washington, DC, and at the Arctic Council Ministerial
Meeting in Tromso in April 2009 highlighted “that for the first time [the IPY] con-
sidered the human dimension and concerns of local and indigenous peoples and
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engaged Arctic residents.” The Ministers specifically urged for “continued interna-
tional coordination to maximize the legacy of IPY,” including “benefits to local and
indigenous peoples.”

In short, for all these years, the Arctic Council has championed the very type of
scientific work that the SIKU project has accomplished in four of the Arctic Council
member states. I am honored to be associated with that work and I have found this
book to be fascinating and extremely inspirational reading. It conveys valuable new
knowledge that needs to be presented to a wide audience and also to be incorporated
into the further work of the Arctic Council.

Our works goes on, and it will be reinforced by the outcomes and the legacy of
the SIKU project. Thank you, the SIKU team, for your eye-opening book. This is
exactly what we had in mind when we were voicing Arctic Council’s support for
IPY 2007-2008 and argued for the value of bringing the social and human studies
fully into its science program.



Lasalie Joanasie (left) and Shari Gearheard, an Inuit hunter and a researcher, both residents of
Clyde River, Nunavut, keep an eye on a passing polar bear while traveling the sea ice off the coast
of Baffin Island near Clyde (Photo: Edward Wingate, 2009)



Preface

Joelie Sanguya and Shari Gearheard

There is a special time of the year, just before freeze up, when our community is
buzzing with anticipation. We are waiting for ice. This is “the waiting season” and it
goes back to traditional times. Families would gather at certain camps in the fall to
await the arrival of sea ice. When the siku (sea ice) finally formed, it meant freedom.
Families could once again travel the great networks of ice trails and hunt animals
in their ice habitats. The ice reconnected us to people and places. Even our name
for the month of November, Tusaqtuut, recognizes the end of the anticipation, for
Tusaqtuut means “the news season”, when we are able to travel and hear from other
camps. It is still like this today as we enjoy visiting other communities sikukkut (via
the sea ice) and taking those short cuts that return across rivers, bays, and fjords.

Not only people wait for ice. The animals and even the land itself seem wishful
for the sea ice in fall time. Sled dogs are restless, yearning to pull a gamutiik again.
Polar bears pace the coastlines and are the first to venture onto the new grey ice,
eager to follow the growing edge out to sea. Seals, sea gulls, and foxes are also
among the first to welcome the ice, still too thin for people. The expanding new
ice becomes an extension of the land which seems to exhale with a great stretch at
freeze up, happy to finally reach out again into the distance.

Not long after the bears take their first steps out to sea, with their great weight
distributed evenly and safely on huge and ingenious paws, the hunters follow. Few
people but the most experienced hunters travel the very new ice, their snowmachines
creating a supple wave of plastic-like ice ahead of them as they carefully navigate
the ocean’s new elastic cover.

Soon grey turns to white and the fuvaq (first-year ice) is here. This is what we
have been waiting for. The ice transforms not only the physical landscape around
us but also the emotional landscape within us. We welcome the return of the sights,
sounds, and even smells and tastes that come with the sea ice. We appreciate the
icescapes and ice features, new and reoccurring ice places, that appear. We begin to
come across our friends on the ice, again, recognizing them from afar by their winter
clothing, their particular gamutiik, or their lead dog. We hear our sea ice language
being spoken, our complex terminology for sea ice and its use. We hear the music
of the sea ice, the niigquluktug (ice rubbing sound), the puff of air when a seal
rises to breath in its aglu, and the “Uuuua, uuuua, hut-hut-hut!” of the gimuksiqtiit
(dog teamers). We smell the fresh air way out on the ice and at the start of the

ix
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season always enjoy catching a fresh nattig (ringed seal), eating it on the ice, and
drinking tea.

Along with the senses of sea ice come the stories, the journeys, and the memories.
As we travel we tell about old adventures and make new ones. We remember friends
and relatives in the old times and we take our children and grandchildren along so
that they can hear the stories and have the journeys that they will someday tell their
own children about. The sea ice has always been a place for the making and telling
of good stories, from the fantastic travels of great shamans to the mythical beings
that live on and under sea ice, like the Qalupaliit (“people snatchers”). All the ice
stories have their lessons, and they are still important today.

When visitors come to experience or study sea ice, they can not help but see and
understand the ice through its physical properties. To most visitors, it is the frozen
ocean and their interest is in its features, characteristics, and processes. Perhaps
they might broaden their understanding to related environmental features like winds,
snow, atmosphere, land, and currents. Of course this is their starting point. To know
and use sea ice and experience it the way we do, through its music, stories, journeys,
emotions, and memories, takes years and lifetimes. As the sea ice changes across
the Arctic, these are the things that people who live with ice face losing, not only
the physical aspects and environmental functions of sea ice, but the intangible soul-
filling stuff that we collect through our life with it.

The icescape is our stage for old and new performances, for stories and songs
created and shared by people, animals, and the ice itself. It is our workspace, our
picnic area, our classroom, our highway, and our home.

As we become more involved in the study of ice, our unique perspectives as
Arctic residents are starting to be recognized. We can provide detailed knowledge
of its physical properties, its dynamics and characteristics, its connections to other
environmental features, but also to its important role in the lived (and living) history
of Arctic peoples, and as a bringer of joy, wonder, and fulfillment to human life.

The SIKU book is an important initiative that begins to bring some of this under-
standing to light. Many of the projects described here worked in collaboration with
Arctic residents and share local wisdom. The book will be a lasting record of what
can be achieved when science and indigenous knowledge are brought together. It
starts the journey toward linking science with soul. Like the sea ice, may it be a
platform for learning and inspiration.
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Chapter 1
SIKU: International Polar Year Project #166
(An Overview)

Igor Krupnik, Claudio Aporta, and Gita J. Laidler

Natural sciences should no longer dictate the Earth system
research agenda; social sciences will be at least as important in
its next phase

(Reid, Bréchignac, and Lee in Science 2009, 2451

Abstract The SIKU (Sea Ice Knowledge and Use) project emerged in response to
the growing public and scholarly attention to the environmental knowledge of the
Arctic residents, as well as to the rising concerns about the impact of climate change
on Arctic environment and polar sea ice. The special momentum for the SIKU
project was created by International Polar Year (IPY) 2007-2008 that launched
a new era of international and interdisciplinary collabration and partnership with
northern communities. This introductory chapter tells how the SIKU project has
originated and developed in 2004-2005; it reviews its structure made of various
regional and individual initiatives, and covers major activities undertaken by the
team during 2006-2009. It summarizes the key scientific outcomes and public mes-
sages of the SIKU project, as well as its contribution to the overall science program
of IPY 2007-2008. It ends up with the synopsis of the present volume with the
acknowledgements to many institutions and individuals who were instrumental to
the success of the SIKU project.

Keywords Sea ice - Indigenous knowledge - Inuit - International polar year

Modern science and, even more so polar research, are always an exercise in partner-
ship. Conducting complex long-term studies in the distant polar regions is usually
beyond the resources of individual projects, a single discipline, or even one nation.
Partnership among scholars and nations has been a pillar of polar science since
the first International Polar Year 1882—1883 and it has been epitomized in the past
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decade through the planning and implementation of the fourth International Polar
Year (IPY) 2007-2008.

This book presents the story and the key outcomes of one of the IPY 2007-2008
collaborative projects called SIKU, “Sea Ice Knowledge and Use: Assessing Arctic
Environmental and Social Change” (IPY #166). For over 3 years, 2006-2009, this
venture inspired scholars and indigenous experts from 5 nations and more than 30
communities spread around the Arctic, from Greenland to Siberia. The SIKU project
embodied the collaborative and cross-disciplinary spirit of IPY 2007-2008. It also
broke new ground in polar residents’ participation in research and in bridging local
knowledge and observations of indigenous experts with the data, tools, and models
used by academic scientists.

The Message of the Sea Ice

Sea ice, frozen saltwater that solidifies on the sea surface, is one of the key compo-
nents of the global system. It is also the most powerful image in our common vision
of the Earth’s polar regions. It can be stiff and silent but also blasting and crushing
with terrible noise, and it can advance and retreat as if a living being. Every year
sea ice extends across 14—16 million km? in the Arctic (and 17-20 million km? in
the Antarctic Southern Ocean)? and then it shrinks and withers by the end of the
summer to a fraction of its winter might. As it forms, persists, advances, and melts,
it changes the ocean circulation, regulates global climate, and affects the life in the
polar regions. It is also the most powerful agent affecting the human occupancy of
polar areas since time immemorial.

Everlasting as it might seem, the sea ice is a surprisingly sensitive indicator of
the processes in the air above and in the ocean below and, thus, a rapid messenger of
change. People who live with the sea ice always watch its fluctuations; they recount
its movement in myths, stories, and historical records. In fact, the written record of
the sea ice dynamics is remarkably extensive in many northern areas — more than
1,000 years around Iceland, more than 800 years in the Baltic Sea, more than 500
years in the Barents and White Seas off Northern Russia, and almost 250 years off
West Greenland and Labrador. Arctic residents, polar explorers, and mariners have
marveled about the forces that govern ice movements. Only in the last 20-30 years
have people realized that they had become a powerful enough factor to directly
affect the polar ice through what is now known as “global climate change.”

Scientific evidence of human influences on the planetary climate system emerged
in the international public sphere in 1979, at the First World Climate Conference
in Geneva, Switzerland. That scientific gathering issued a declaration calling on
the world’s governments “to foresee and prevent potential man-made changes
in climate that might be adverse to the well-being of humanity” (WCC 1979).
Through this internationally broadcasted message, the science of global climate
change that existed at least since the early 1900s (Fleming 1998) entered the pub-
lic domain. Public awareness of climate change increased throughout the 1980s,
as did government concerns. In 1988, the governing bodies of the United Nations
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Environment Programme (UNEP) and the World Meteorological Organization
(WMO) established the Intergovernmental Panel on Climate Change (IPCC).
Through its four assessment reports (1990, 1995, 2001, and 2007), the IPCC con-
firmed that planetary climate changes are underway — and are influenced by human
activities — and offered comprehensive evidence of the ongoing shifts in the global
climate system (Solomon et al. 2007). In this modern science of climate change, the
study of sea ice, and particularly of the Arctic ice, plays a crucial role.? The status
of Arctic sea ice is now a matter of major concern to polar scientists and general
public, especially after the three consecutive record summer reductions of the last 3
years, 2007, 2008, and 2009.

When planning for a new major program in polar research, the International Polar
Year (IPY) 2007-2008 began in the early 2000s, one of the key priorities was the
need to address the ongoing changes in polar sea ice (ICSU 2004). This has been
further articulated in the IPY 2007-2008 science program that featured more than
30 projects studying sea ice, including ship expeditions, remote sensing, ice-related
ecosystems, the role of ice in climate modeling, ice monitoring, and the role of ice in
the life of polar residents.* It is to this latter aspect that this book is dedicated, as the
polar ice formation, the health of northern wildlife, Arctic people’s livelihoods and
cultures, and the reliability of their age-old expertise may all be irreversibly altered
by drastic reductions projected for polar ice by the end of this century.

As Sheila Watt-Cloutier, the former president of the Inuit Circumpolar Council
(ICC) argues, “The culture, economy, and identity of the Inuit as an indigenous peo-
ple depend upon the ice and snow. Nowhere on Earth has global warming had a more
severe impact than the Arctic” (Watt-Cloutier 2005:1). Northern indigenous peoples
are thus in a position to exert significant influence in future global debates, including
those on climate change, as well as in science research, monitoring, and modeling.
This breadth of sea ice expertise shared by the Inuit and other indigenous nations in
the Arctic inspired this volume. As Theo Ikummagq, one of our contributors, reminds
us, “ice has a life of its own.” It has many stories and teachings to share; we attempt
to convey its messages through the stories and lessons in the chapters to follow.

Indigenous Knowledge

For many Arctic indigenous peoples, particularly not only the Inuit but also the
Chukchi, Koryak, Nenets, and Saami, despite pronounced changes in lifestyles and
local cultures, the ice-covered sea continues to be an integral component of daily
life.> It remains a productive and widely used habitat for 6-9 months every year. It
is also the main platform for traveling and for observing weather, tidal and current
cycles, marine mammals, and other biota; as well as for training in navigational and
subsistence skills passed from elders to youth.®

Further, the status of local use and knowledge of sea ice is an indicator of social
change, a function of new technologies, economic and dietary trends and of shifts
in educational practices and cultural values. For many communities, the use and
knowledge of the ice-covered sea remains the pillar of their identity and resilience,
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their most prized intellectual treasure, the best of their scholarship based upon gen-
erations of experience and achievements. For scientists it offers an invaluable vision
on how changes in polar ecosystems can be thoroughly documented and internalized
through “another form” of knowledge and observations.’

Inuit and other polar indigenous people have recently been observing changes in
ice and weather patterns that may indicate long-term climatic trends and increas-
ing climate variability.® The shrinking, thinning, and/or disappearance of Arctic sea
ice could exacerbate long-term climate warming; it would also severely impact the
social, economic, and cultural practices of many indigenous communities in the
circumpolar Arctic. The effects are already beginning to be felt. Inuit and other
polar indigenous people are increasingly voicing their concerns about the possible
implications of global warming in high latitudes (see Chapter 19). These implica-
tions often include (but are not limited to) the alteration of travel routes and access
to hunting grounds; seasonal subsistence cycle, marine mammal distribution; eco-
nomic opportunities; safety assessments; increased risks to hunters and travelers;
and cultural knowledge loss (Huntington and Fox 2005; Ford et al. 2009; Laidler
et al. 2009; Chapters 2, 3,4,5,6,7,9, 11, 12, 13, 19, this volume).

Because Arctic people’s perceptions of sea ice and climate change develop from
place-based knowledge and personal interaction with their environment, most stud-
ies focusing on local observations of change are necessarily community-based.
Of course, the type, degree, and importance of change vary based on geogra-
phy, culture, economy, and community dynamics (Duerden 2004). By 2003-2004,
collaborative research in documenting local observations of climate change was
developing rapidly and many of the contributors to this volume were already
engaged in community-based studies relating to sea ice and indigenous knowledge.’
This common drive to understand and compare variations among regions, ice types,
cultures, and communities sparked the synergy resulting in the SIKU initiative.
Research expertise and many personal ties on which the SIKU partnership would
be built were mostly in place by 2005. However, it took the momentum and the
spirit of IPY 2007-2008 to make it happen.

The Origins of the SIKU-ISIUOP Project (IPY #166): 2004-2005

The story of the origination of IPY 2007-2008 and its early planning in 2001—
2004 has been reviewed elsewhere (Krupnik et al. 2005; Krupnik 2009). Much like
its predecessors, the first IPY in 1882—1883, the second IPY in 1932-1933, and
International Geophysical Year IGY) 1957-1958, IPY 2007-2008 was proposed
as a primarily geophysical initiative. True, early champions of IPY 2007-2008
expressed interest in adding socio-cultural (“human”) research to its program; but
little was accomplished until the International Arctic Social Science Association
(IASSA) joined the IPY planning process in summer 2004. Following IASSA’s
recommendation, in September 2004 the IPY Planning Group approved the addi-
tional (“sixth”) theme for IPY aimed “[...] to investigate the cultural, historical,
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and social processes that shape the sustainability of circumpolar human societies,
and to identify their unique contributions to global cultural diversity and citizen-
ship” (ICSU 2004:7). Shortly after, in November 2004, a call for pre-proposals
(“Expressions of Intent”, Eol) for future IPY projects was issued and the new socio-
cultural field had to be filled almost at a minute’s notice. Here, previous experience
and personal ties among many members of the soon-to-be SIKU team played a
crucial role.

The first discussion on the prospective projects for IPY 2007-2008 took place
at the symposium “Reversing Language and Knowledge Shift in the North?” in
Québec City, Canada, in October 2004, where Igor Krupnik, Claudio Aporta,
and Shari Gearheard presented papers on their knowledge documentation research
(Dorais and Krupnik 2005). Out of that first exchange came three IPY pre-proposals
submitted in December 2004—January 2005, “Inuit Sea Ice Use and Occupancy
Project” (ISTUOP, Claudio Aporta, Eol #715), “Elders of the Northern Ice: Sea Ice,
Knowledge and Change in the Arctic, 1957-2007” (Igor Krupnik, Eol #332), and
“Arctic Peoples’ Observation Center” (APOC, Shari Fox Gearheard, Eol #358).10
Independently, Hajo Eicken produced his proposal for the “Pacific Biophysical
Seasonal Ice Zone Observatory” (Eol #58).11 Ideas, research plans, and a network
of prospective collaborators from these four initiatives contributed to the later
development of the SIKU project in 2005.

In March 2005, Krupnik, Aporta, Gearheard, and Eicken were notified by the IPY
Joint Committee (JC) that their projects were endorsed and they “have the potential
to make a significant contribution to IPY 2007-2008.” All IPY lead investigators
were encouraged to seek international collaboration and build alliances for “large
coordinated initiatives” that would engage researchers from several nations work-
ing across polar regions, with diverse sources of funding.'?> That recommendation
became our main strategy in planning for the SIKU initiative.

A new round of talks on how to combine our proposals was launched in April
2005. By that time, a new acronym SIKU (“Sea Ice Knowledge and Use”) was pro-
posed for this joint initiative reflecting its focus on both the “knowledge” (“Elders”)
and “use” (ISIUOP) of sea ice. That new project title, SIKU, was a blessing, as
it is also the main Inuit (Eskimo) word for sea ice (siku) known in every Inuit
(Eskimo) community from Greenland to Russia. More exchanges followed in spring
and summer 2005 and more people were brought to discussion. On July 31, 2005,
Igor Krupnik sent a new draft of the combined SIKU initiative to Claudio Aporta,
Shari Gearheard, Gita Laidler and also to Michael Bravo, Karim-Aly Kassam, Lene
Kielsen Holm, and Frank Sejersen. That letter initiated an eight-member “interna-
tional steering” committee for the SIKU project and urged for the submission of a
joint “full proposal” by September 30, 2005.

Two more months of intense online communication followed, until the proposal
was finally submitted on September 29, 2005.!3 It formally combined three earlier
“Expressions of Intent” (Nos. 332, 715, and 358) and listed 40 researchers from 7
nations: Canada, U.S., U.K., Russia, Greenland, Denmark, and France.!* The pro-
posal sought partnership with collaborators from 16 polar communities: Barrow,
Gambell, Point Hope, Toksook Bay, and Wainwright in Alaska (U.S.); Clyde



6 I. Krupnik et al.

?U‘(.'II‘IJ'N IBWU'W l?ﬂ“(‘;’l]"W

~ ARCTIC OCEAN
A\ Clutkchi Sea
Russia Point Hope

63°0'0"N

Gulfof
Anadyr

T180°0'0"W BOF0'0"N

Umiujag

Canada

SN
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River, Grise Fjord, Igloolik, Pangnirtung, Ivujivik in Canada; Qaanaaq, Ilulissat,
Upernavik, Tasiilaq in Greenland; and Inchoun and Novo-Chaplino in Russia. Not
all of the researchers listed on the original proposal were able to obtain funding to
take part in the SIKU studies, but several others joined the SIKU team in 2006—2008
(see later). Also, the list of collaborating indigenous communities in four Arctic
nations was substantially expanded (Fig. 1.1).

On November 30, 2005, the IPY Joint Committee formally endorsed the SIKU
Project as one of its international research initiatives (IPY #166) and notified the
team that it should start seeking research funding.! By that time, several elements
of the future collaborative network were already in place'® and the new SIKU
initiative was ready to be launched in full.

Overview of SIKU Activities: 2006-2009

The original SIKU science plan of 2005 argued for a coordinated international study
of local knowledge and use of sea ice in several indigenous communities across the
Arctic. It aspired to produce an impressive amount of new data, including logs of
local observations of ice and weather conditions; maps of ice use and traveling;
video and photo documentation; dictionaries of local sea ice terms and place names
in indigenous languages; and other records, such as narratives, elders’ memoirs,
and oral histories. Topics of special interest listed in the SIKU science plan cov-
ered the status of today’s ice expertise and daily use; contemporary ice hunting,
traveling, and navigation methods; safety rules; patterns of knowledge transmission
and training; interpretations of the ice characteristics and environmental variability;
cultural responses to increase resilience; and community sustainability in the time
of change.

These and other records were viewed as contributions to the first-ever inter-
national data set on indigenous knowledge and use of the Arctic sea ice during
the IPY 2007-2008 era. The 2007-2008 SIKU data were thus foreseen as a cru-
cial baseline to detect the evidence of change, past and present, environmental and
social, for decades to come. It aspired to follow the model of the Inuit Land-Use
and Occupancy Project (ILUOP) that produced a similar “snapshot” of the Inuit
use of land and land resources across Arctic Canada in the 1970s (with portions of
adjacent sea and ice-covered areas — see Freeman 1976). Much in the same vein,
SIKU studies advocated the use of historical photography, early researchers’ field
notes, archival records, participatory subsistence and travel mapping, recording of
indigenous ice terminologies and oral histories to document the scope of change
in ice-associated knowledge, and subsistence triggered by social and environmental
agents.

Due to its many goals, the SIKU project was conceived as a network (‘“fam-
ily”’) of coordinated local initiatives led by teams of researchers, students, and
indigenous contributors, such as elders, hunters, and youth. Research special-
ists included human geographers, anthropologists, ice scholars, marine biologists,
indigenous knowledge experts, and personnel from local subsistence agencies. Each
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team had to seek funding through their respective national agencies and IPY pro-
grams, with an overall coordination of plans, activities, and data sharing among
the constituent teams. In many ways, the structure of the SIKU project followed
the overall organization of IPY 2007-2008, as it emerged by its official start in
spring 2007.

First research for the SIKU project was conducted in late 2005 and early
2006, mostly as a continuation of the earlier activities focused on ice knowledge
documentation.!” The first new work explicitly listed as a part of the IPY “SIKU
Initiative” was launched in spring 2006, when Leonard Apangalook, St., began his
daily recording of ice and weather conditions in the Yupik community of Gambell,
on St. Lawrence Island, Alaska (Chapter 4). In winter 20062007 local observations
were also started in the community of Uelen, Russia, and in the Alaskan communi-
ties of Wales and Barrow, under the NSF-sponsored SIZONet project (which upon
its submission to NSF in 2006 included links to SIKU).!® Several other components
of the SIKU network received funding and began operations in spring 2007. During
the second SIKU and the first IPY winter 2007-2008, activities were conducted in
more than 20 communities in Alaska, Canada, Greenland, and Russian Chukotka.
Specific details on the implementation of individual projects are given in the related
chapters in this volume.

A flexible and overlapping structure of the SIKU activities consisting of two
dozen core and “associated” ventures evolved quickly and remained in place for the
duration of the project, 2006-2010. Eventually, all SIKU-related operations split
into four regional clusters called SIKU-Canada, SIKU-Alaska, SIKU-Chukotka,
and SIKU-Greenland. Two major regional projects became the “pillars” of the
SIKU program, the Canadian Inuit Sea Ice Use and Occupancy Project (ISTUOP,
Claudio Aporta, PI) funded by the Government of Canada’s International Polar
Year (IPY) Program19 and the Alaska-Chukotkan “SIKU: The Ice We Want Our
Children to Know” project (Igor Krupnik and Lyudmila Bogoslovskaya, Pls)
funded by the Shared Beringia Heritage Program of the US National Park Service,
Alaska Office. Several other studies with their independent funding aligned with
these “umbrella” projects under individual data- and resource-sharing agreements
(Table 1.1).

Such a flexible multi-focal network for a large international project proved to be
extremely vibrant; it was also highly adaptable to inevitable variability in funding,
scheduling, and field operations among constituent projects. It also facilitated the
initiation of new activities under the broad SIKU family and partnering with other
efforts that opted to be associated with our project. As a result, we were able to
launch certain new studies in winter 2008—2009, almost at the end of the last field
year of our program (see Chapters 5, 17, and 18).

Over the course of our project, a number of team members met for the assess-
ment of our operations at two ISTUOP project workshops held at Carleton University
(Ottawa, Canada) in October 2007 and in November 2008 (Fig. 1.2) and at the
all-day SIKU session at the 6th International Congress of Arctic Social Sciences
(ICASS-6) in Nuuk, Greenland, in August 2008 (Figs. 1.3 and 1.4). Papers deliv-
ered at the Nuuk session, “SIKU (IPY #166): Polar Residents Document Arctic
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Fig. 1.2 SIKU-ISIUOP workshop at Carleton University, November 2008

Fig. 1.3 SIKU session at the International Arctic Social Sciences Congress in Nuuk, August 2008
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Fig. 1.4 SIKU session in Nuuk (Lene Kielsen Holm, Shari Gearheard, Gita Laidler, and Igor
Krupnik)

Ice and Climate Change,” eventually made the core of the present volume (see
below).?? During 2007-2009, team members gave over two dozen science and
public presentations on the outcomes of their work at various venues,?! includ-
ing several public sessions in the participating indigenous communities (Figs. 1.5,
1.6, and 1.7) and at the big IPY “open science” conference ‘“Polar Research —

Fig. 1.5 ISIUOP project team at a meeting in Iqaluit, February 2007
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Fig. 1.6 SIKU observational seminar in Provideniya, Russia, March 2008

Fig. 1.7 SIKU project presentation in Uelen, Russia. Victoria Golbtseva (to the left) speaks to
local hunters and elders, March 2008



12 I. Krupnik et al.

Arctic and Antarctic Perspectives in the International Polar Year” in St. Petersburg,
Russia.”?> The SIKU-ISIUOP activities have been featured in several online and
public venues,?> such as on the main IPY 2007-2008 web site, the special IPY
“Sea Ice Day” (September 2007), during the IPY “Polar People Week” (September
2008),* and in a number of overview publications (Krupnik and Bogoslovskaya
2007; Bogoslovskaya et al. 2008). The SIKU web site designed by Gita Laidler
in 2008, with the help of Kelly Karpala and Amos Hayes, remained an impor-
tant platform for the dissemination of information on our project throughout
2009-2010.

The winter of 2008-2009, the last under IPY official observational period, fea-
tured scores of new activities, including observation, mapping, field trips, and
interviews in many participating communities. As the third SIKU “ice-year” drew
to a close in summer 2009, SIKU team members shifted their attention to the pro-
cessing and analysis of the data collected and to writing papers and reports. Some
of the latter became chapters in this volume (see below).

Outcomes and Messages of the SIKU Project

At the time of this writing (February 2010), the story of many efforts undertaken
within the SIKU project and associated initiatives has been featured in about 50
scientific, popular, and online publications in at least four languages, English,
Russian, Danish, and Inuktitut/Greenlandic (Appendix B). A special issue of The
Canadian Geographer/Le Géographe Canadien dedicated to the SIKU-Canada
initiative (ISTIUOP) will appear in late 2010, with at least six papers describing
project activities and outcomes. Another major publication, a bilingual English—
Norwegian catalogue of historical photographs from Point Hope, Alaska, taken by
Berit Arnestad Foote in 1959-1962 was produced in March 2009 (Arnestad Foote
2009). Several other publications are in press or in preparation, including at least
three books featuring individual SIKU-related efforts scheduled for 2010, such as
the Wales Inupiaq Sea Ice Dictionary (Chapter 14), Ellavut/Our World and Weather
(Chapter 13), and the full story of the Sila—Inuit-Hila project (Chapter 11). The
results of the Russian SIKU activities will be presented in a special Russian volume
in 2011.

In addition, SIKU and associated ventures produced numerous educational and
outreach materials for participating communities>> and scores more will be deliv-
ered. The online Cybercartographic Atlas of Inuit Sea Ice Knowledge and Use
featuring the data collected by the ISTUOP team (Chapter 10) is due to be released
in early 2010. A sea ice and indigenous knowledge-focused exhibit, Silavut: Inuit
Voices in a Changing World (curated by Shari Gearheard), was produced at the
University of Colorado Museum of Natural History and was on display for a
full year from April 15, 2008, to May 1, 2009 (Fig. 1.8).2° Lastly, of no small
importance are two Ph.D. dissertations at the University of Alaska Fairbanks
by Josh Wisniewski (Chapter 12) and Matthew Druckenmiller (Chapter 9) and
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Fig. 1.8 Inuit elder Ilkoo Angutikjuak and interpreter Geela Tigullaraq (/eff) from Clyde River
meet with a visiting teacher and her students who came to see the Silavut exhibit in 2008 (Photo:
Shari Gearheard)

three M.A. theses at Carleton University by Karen Kelley, Kelly Karpala, and
Jennifer McKenzie, all of which rely heavily on data collected during the SIKU
effort.

The last major assessment of SIKU activities will take place at the next IPY
conference “Polar Science — Global Impact” in Oslo, Norway, in June 2010, as a part
of its sessions on “Communities and Change”?” and “New Approaches for Linking
Science and Indigenous knowledge.”?® As the funding for many components of the
SIKU network continues throughout 2010, the overall contribution of our project to
IPY 2007-2008 may not be known in full for some time. Nonetheless, some of the
key results of the SIKU initiative are already obvious.

First, it would have never happened in its current shape without enthusias-
tic contributions by many devoted local partners and without immense interest in
collaborating communities. As polar research advanced in the last two decades
and particularly during the preparation for IPY and other major interdisciplinary
efforts, such as the Arctic Climate Impact Assessment (ACIA 2005), International
Conference for Arctic Research Planning (ICARP-2), and International Study of
Arctic Change (ISAC), it became more “human-oriented.” It can be seen in the
much stronger focus on human and societal issues in these and other major integra-
tive studies, but also in the increased input by local knowledge experts to science
planning, research, and writing. All our project teams included indigenous residents
and/or locally based researchers, and they now make almost half of the contributors
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to this volume. We hope that our project’s experience encourages more collaborative
studies to follow.

Second, the organization of SIKU as a flexible decentralized network illus-
trates that building such research “alliances” may be a promising template for
future international polar projects. We believe that our experience from the SIKU
project concurs with the overall lesson of IPY 2007-2008. Carrying exciting pio-
neer research in the polar regions does not necessarily require huge oversight costs,
as resources may be amplified via sharing and good coordination.

Third, an important lesson of the SIKU effort is that modern technologies create
new openings for research and generate support for science collaboration in north-
ern communities. Many of these distant small towns now have modern schools,
computer facilities, and local residents interested in research tools and technology
of the twenty—first century. Observations, diaries, maps, and photographs generated
by our local partners, often on their home computers, were routinely transferred to
us via the Internet, so that data and messages were often exchanged in the matter
of minutes not months. New GPS technology, local ice-monitoring techniques, and
cybercartographic tools were all embraced by communities seeking to document
their sea ice expertise and to use it to increase safety and to educate their youth (see
Chapters 3, 7, 8, 9, 10, and 15).

Fourth, as much as northern residents are anxious to participate in techno-
logically advanced research, they also want research to support their languages,
knowledge, and ways of living. Fancy computers, GPS, and other devices have not
taken away people’s concerns about the future of their language, subsistence, and
cultural well-being. The lesson we learned from our many initiatives is clear: local
communities want their languages used and accessible on the Internet, CD-ROMs,
electronic maps, and computer screens (Chapters 3, 7, 8, 9, 10, 11, 14, and 15).
Converting science records into electronic public domain(s), thus, should be rec-
ognized as capacity building for future research and language/heritage preservation
rather than an element of “science outreach.” That may require a re-assessment of
our priorities and resource allocations for future projects.

Fifth, distant northern communities are clearly feeling the pressure of public anx-
iety about the impacts of planetary climate change (see Marino and Schweitzer
2009). During 3 years of the SIKU project we have talked to and encountered
many of journalists and television and documentary film crews. All were coming
to the North to broadcast a message of rapid change from small local towns to the
global audiences. Of course, we welcome public concern; but broad media exposure
often produces community fatigue and “stomping” of indigenous observations, an
unwarranted factor to our collaborative assessment of climate shifts in the North.

SIKU Legacies

By the time this book is published, the SIKU-related activities will be in the final
stage, that is, in data assessment and management, publication, and the produc-
tion of materials for participating communities. These efforts will help extend our
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partnership far beyond the years of IPY 2007-2008. Nonetheless, we may already
identify certain elements of the SIKU “legacy” and of its general input to IPY
2007-2008. A preliminary list (to be certainly expanded) looks as follows.

IPY made a difference. Whereas many of the projects that contributed to the
international SIKU initiative almost certainly would have taken place independently
of IPY, only something on the scale of IPY could bring together such a diverse team
and so many places. The IPY momentum also brought with it a strong collaborative
spirit, international attention, focus on outreach and communication with the public,
and the resources that no single project could ever generate. This was a widely
shared experience across the diverse SIKU team.

Another question is whether such an internationally coordinated network
approach could be repeated or updated in the future. The crucial issue here is
whether something comparable to SIKU can be produced in 10 or 20 years from
now to capture rapid change in polar sea ice and local ice use that is underway? We
believe that the outcomes of the SIKU project will have a longer life span, because
they were a part of IPY 2007-2008, and that invoking the “IPY legacy” would be
the best chance to revisit the SIKU records in the decades to come.

The power of “multiple perspectives.” The SIKU project clearly demonstrated
what one of the chapters calls “the power of multiple perspectives” (Chapter 11
by Huntington et al. this volume) in modern interdisciplinary science. These days,
many large programs, like IPY 2007-2008, are designed to include social science;
but too often its contribution is seen in only illuminating the “human dimension,”
namely the impact upon people of certain environmental conditions and processes
studied by physical and natural scientists, or societal response to these biophysi-
cal processes. By exploring indigenous peoples’ knowledge and use of sea ice, the
SIKU project introduced a new field of interdisciplinary research, the study of social
(socio-cultural) aspects of the natural world, or what we may call the social life of
sea ice (Chapter 20 by Bravo, this volume). It incorporates local terminologies and
classifications, place names, personal stories, teachings, safety rules, historic narra-
tives, and explanations of the empirical and spiritual connections that people create
with the natural world. By recognizing that sea ice has a “social life” and empha-
sizing the value of indigenous perspectives we made a novel contribution to IPY, to
science, and to the public.

Breaking new ground. Three years of research under SIKU and related projects
produced a tremendous amount of new information produced by coordinated
research in four polar nations. Again, we see this as the fulfillment of the very
special mission of IPY identified as “an intense international campaign of coordi-
nated observations and analysis across the polar regions . .. [to] expand our ability
to detect ongoing changes ... and to extend this knowledge to the public” (ICSU
2004; Krupnik et al. 2005:89). Within this vast body of new knowledge created
by the SIKU project, certain fields stand as truly pioneer contributions. The main
product of SIKU-Canada’s ISIUOP, a new cybercartographic “Atlas” developed for
the documentation and communication of regional Inuit knowledge and use of sea
ice (Chapter 10), is a remarkable achievement. The very task of bringing modern
technologies to assist polar residents in using the ice may be one of the landmark
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legacies of the SIKU project (see Chapters 8, 9, and 10). Three-year ice observation
records in 11 communities (Chapters 4, 5, and 11) and almost 30 dictionaries of
local indigenous ice terminologies, from Chukotka to Greenland (Chapters 3, 4, 11,
14, 16, 17, and 18), are certain to advance our understanding and databases to an
entirely new level.

“Participatory science.” As much as scientists cherish their engagement in high-
level and cutting-edge research, so do our partners in northern communities. We
believe that one of the key legacies of the SIKU initiative and of IPY 2007-2008 is
the input from communities, particularly in providing valuable expertise and com-
mitment to further research partnership with scientists. As Paul Apangalook, one of
our partners, stated in his letter, “It has been an honor to take part in this project and a
fortunate privilege for the village to have a voice in the effort. It provides us with an
unbiased language platform outside of politics and special interests.” Almost every
chapter in this volume combines the voices of academic researchers and community
experts and that spirit of “participatory” science excited everyone involved.

Crossing boundaries. IPY 2007-2008 was devised as a cross-disciplinary venture
aimed at addressing questions and issues beyond the scope of individual science
disciplines (Allison et al. 2007). It also aspired to cross national boundaries and
to make research and dissemination of data a matter of international collaboration
rather than of state science programming. In fulfilling this IPY mission the SIKU
network did its best to advance partnerships across national and disciplinary bound-
aries as well as the university/agency and scientist/local expert divides. We worked
in mixed teams, tackled issues beyond our professional fields, and published our
results in many languages, styles, and formats. We hope that the readers will enjoy
this aspect of our work that we have tried to convey in many chapters of this book.

The Structure of the Volume

The idea to publish a summary book on SIKU activities emerged in 2005, at the
very first stage of our planning. As contributors to several earlier overviews of
indigenous observations of Arctic environmental change (i.e., Huntington and Fox
2005; Krupnik and Jolly 2002), we were keen to produce an update on the next
generation of research with northern communities, as a part of IPY 2007-2008.
This plan gained momentum at the full-day SIKU session at the 6th International
Arctic Social Sciences Congress (ICASS-6) in Nuuk in August 2008 (see earlier).
Following ICASS-6, a proposal was submitted for a major SIKU book to be a part of
Springer’s publications related to IPY 2007-2008. Ten (out of 14) papers presented
at the Nuuk session were eventually revised and expanded to become chapters in the
present volume, and several more chapters were added in 2009.

By expanding the number of chapters and authors, we introduced a broader spec-
trum of the SIKU and related activities; we also changed the volume’s coverage from
geographic (i.e., Alaska, Canada, Greenland, and Russia, as in Nuuk) to thematic.
Thus, the four parts of the book tell their stories from different thematic angles
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of the original research plan. The two major tasks of the SIKU initiative were the
recording of local observations of climate and ice change (Part I, Chapters 2, 3, 4,
5, and 6) and the documentation of the current use of ice across the Arctic, partic-
ularly with the use of modern technologies (Part I, Chapters 7, 8, 9, and 10). Our
expanded focus now includes learning and transmission of traditional knowledge to
the younger generations is presented in Part III (Chapters 11, 12, 13, and 14), and
the cross-disciplinary assessment of indigenous knowledge and use of sea ice from
the perspectives of many science disciplines, i.e., ice studies, linguistics, history,
and political sciences (Part IV, Chapters 15, 16, 17, 18, and 19).

Three additional perspectives were added to the book to broaden its overall mes-
sage. In this volume’s Foreword, Helena Odmark comments on how the need to
bring social and the human studies to IPY 2007-2008 was viewed and encouraged
by the Arctic Council. The value of the sea ice to the Arctic residents is addressed by
Joelie Sanguya and Shari Gearheard in the Preface. Lastly, Michael Bravo analyzes
the humanistic aspects of polar science, its history, and evolving ethics in the book’s
Epilogue. Each contribution has its own story; together they embody the multi-vocal
and cross-boundary nature of our work. We believe that the very composition of the
book sends a strong message of the inclusive and collaborative spirit of the SIKU
project and of this International Polar Year in general.
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Notes

10.
11.
12.

13.
14.

. Walter V. Reid is chair of the ICSU Earth System Visioning Task Group and directed the

Millenium Ecosystem Assessment. Catherine Bréchignac is the current president of ICSU
(International Council for Sciences) and Yan Tseh Lee is the president-elect of ICSU.
http://nsidc.org/sotc/sea_ice.html

There is a rapidly growing literature on the sea ice as an indicator of climate change. Critical
sources may be accessed in the respective sections of major international reports (Walsh
2005:189-196; Lemke et al. 2007:350-356) and also at http://nsidc.org/sotc/references.html
See http://www.ipy.org/index.php?option=com_k2&id=943&view=item&Itemid=47, Six
more sea ice-related projects (## 81, 88, 107, 141, 258 and 313) were launched in Antarctica.
Seaice is also an important element of life, culture, and economies of the Icelanders, Swedish,
and Finnish residents along the northern Baltic Sea and many old-settlers’ communities in the
Russian Arctic (the Pomors) and Newfoundland-Labrador, as well as of thousands of other
people who reside in towns and cities along the seasonally frozen ocean shores.

See earlier and recent studies by Nelson (1969), Freeman (1984), Riewe (1991), Nakashima
(1993), McDonald et al. (1997), Huntington (2000), Aporta (2002, 2004, 2009), Jolly et al.
(2002), Norton (2002), Krupnik (2002), George et al. (2004), Oozeva et al. (2004), Gearheard
et al. (2006), Laidler (2006), Ford et al. (2009), and Laidler et al. (2009).

. See Aporta (2002), Bogoslovskaya et al. (2008), Eicken et al. (2009), Freeman (1984),

Gearheard et al. (2006), Laidler (2006), Nakashima (1993), Nelson (1969), and Norton
(2002).

See McDonald et al. (1997), Ford (2000), Bogoslovskaya et al. (2008), Riedlinger and Berkes
(2001), Fox (2002), Herlander and Mustonen (2003), Jolly et al. (2002), Kavry and Boltunov
(2006), Krupnik (2002), Laidler and Elee (2008), Laidler and Ikummagq (2008), Laidler et al.
(2008), Nickels et al. (2002), Nichols et al. (2004), Ford (2005), Ford et al. (2007), and
Nickels et al. (2006).

Gearheard, Huntington, Krupnik, and Furgal were contributors to “The Earth Is Faster Now”
volume (Krupnik and Jolly 2002). Henshaw started her study on Sikusilarmiut place name
and climate change in Cape Dorset in 2000 (Chapter 19). Krupnik and Huntington had a
collaborative project on ice and weather knowledge on St. Lawrence Island, Alaska, in 2000—
2002 (Krupnik 2002; Oozeeva et al. 2004), Eicken and Huntington were involved (since 1999)
in a historical ice study in Barrow (Huntington et al. 2001; George et al. 2004). Huntington
and Gearheard started a pilot project to compare ice knowledge in Barrow and Clyde River in
2003 (Gearheard et al. 2006; Chapter 11), and they were lead authors for the ACIA chapter on
indigenous observations of Arctic climate change (Huntington and Fox 2005). Also, Aporta,
Gearheard, and Laidler defended their Ph.D. dissertations based on the Inuit sea ice use and
climate change in Nunavut (Aporta 2003; Fox 2004; Laidler 2007).

See the original pre-proposals at http://classic.ipy.org/development/eoi/index.html

See http://classic.ipy.org/development/eoi/details.php?id=58

Letter from Ian Allison and Michel Beland, IPY Joint Committee (JC) co-chairs, to Igor
Krupnik, March 30, 2005.

See http://classic.ipy.org/development/eoi/proposal-details.php?id=166

Igor Krupnik (U.S., principal investigator), PI, Herbert Anungazuk (U.S.), Claudio Aporta
(Canada), Sergei Bogojavlensky (U.S.), Lyudmila Bogoslovskaya (Russia), Michael Bravo
(U.K.), Roger DeAbreu (Canada), Louis-Jacques Dorais (Canada), Ann Fienup-Riordan
(U.S.), Shari Fox Gearheard (Canada), Milton Freeman (Canada), Christopher Furgal
(Canada), Rolf Gilberg (Denmark), Nicole Gombay (Canada), Anne Henshaw (U.S.), Carol



1 SIKU: International Polar Year Project #166 (An Overview) 25

Jolles (U.S.), Karim-Aly Kassam (Canada), Darren Keith (Canada), Lene Kielsen Holm
(Greenland), Gita Laidler (Canada), John Macdonald (Canada), James Maslanik (U.S.),
Heather Meyers (Canada), Anna Motschenbacher (U.S.), Richard Nelson (U.S.), David
Norton (U.S.), Carl Christian Olsen (Greenland), James Overland (U.S.), Lynn Peplinski
(Canada), G. Carleton Ray (U.S.), Martin Robards (U.S.), Chie Sakakibara (U.S.), Frank
Sejersen (Denmark), Nicole Tersis (France), Natasha Thorpe (Canada), Martina Tyrell (U.K.),
Nadezhda Vukvukai (Russia), George Wenzel (Canada), Kevin Wood (U.S.), and Steven
Young (U.S.).

15. Letter from Ian Allison and Michel Beland, JC co-chairs, November 30, 2005.

16. The Nelson Island Natural and Cultural Knowledge Project was submitted to the NSF BEST
(Bering Sea Ecosystem Study) Program in late 2005 (Chapter 13); the Coupled Humans and
Sea Ice Systems project (NSF OPP #0308493, Chapter 11) was in its second year; and the
Sila-Inuk study under the ICC-Greenland was in planning since 2004 (Chapter 6).

17. Laidler’s PhD research in Igloolik, Pangnirtung, and Cape Dorset (Chapter 3); comparative
study of indigenous ice knowledge in Barrow and Clyde River (to become the SIKU-Inuit—
Hila project, Chapter 11); SILA-Inuk survey in Greenland (Chapter 6), to name but a few.

18. SIZONet builds on the concept of sea ice system services (Eicken et al. 2009). The coastal
observatory sites at Barrow and Wales combine geophysical measurements with Ifiupiat ice
observations to develop an integrated observing site (Druckenmiller et al. 2009).

19. http://gcre.carleton.ca/isiuop

20. The session was co-chaired by Igor Krupnik, Shari Gearheard, Lene Kielsen Holm, and
Gita Laidler. The full list of presentations for the ICASS-6 session 1.06 can be accessed
at http://www.arctichost.net/ICASS_VI/

21. See Appendix B at the end of this volume.

22. Claudio Aporta’s presentation, “The Ice We Want Our Children to Know: SIKU (IPY #166)
Overview with an Emphasis on Canada” was given in Section 5.4, The Role of Indigenous
Knowledge in Modern Polar Science, chaired by Victoria Gofman and Shari Gearheard — see
conference program at http://www.scar-iasc-ipy2008.org/scar-iasc-ipy2008/program.xls

23. See http://www.youtube.com/watch?v=kpG3yZ-Hz8o; http://www.ipy.org/index.php?option
=com_k2&id=309&view=item&Itemid=12; http://www.ipy.org/index.php?option=com_
k2&id=943&view=item&Iltemid=47

24. See more on the IPY “International People Day” at http://www.ipy.org/index.php?option
=com_k2&id=1733&view=item&Itemid=47 and http://ipycanada.ca/web/guest/Polar_Day

25. That is, Anijaarniq: Introducing Inuit Landskills and Wayfinding, educational CD-ROM on
the Canadian Inuit ice navigational skills (produced by Claudio Aporta in collaboration with
the Nunavut Research Institute, 2006); several ISTUOP flyers and posters in English and
Inuktitut produced for the communities of Igloolik, Cape Dorset, Pangnirtung, and Clyde
River (see http://gcre.carleton.ca/isiuop); Nunavik Ice Terminology, poster produced jointly
by the Kativik Regional Government, Nunavik, and Trent University (Tremblay et al. 2008).

26. See http://cumuseum.colorado.edu/Exhibits/Traveling/Silavut/index.html. The exhibit was
produced as a part of the IPY education and outreach project #410.

27. Convenors are Grete Hovelsrud and Igor Krupnik.

28. Convenors are Martin Nweeia and Shari Gearheard.
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Chapter 2

Weather Variability and Changing Sea Ice
Use in Qeqgertaq, West Greenland, 1987-2008

Pierre Taverniers

Abstract This chapter reviews changes in local weather, sea ice, and ice use in
the small Greenlandic hunting community of Qeqertaq (population 147) located in
the northeast section of Disko Bay, Northwest Greenland. In the 1980s, the island
was surrounded by shorefast ice during 6-8 months of the year. Traveling on ice by
dogsleds used to be the only way to go hunting, fishing, and to connect with other
nearby communities. The Qegertamiut are highly dependent on sea ice to maintain
their traditional subsistence knowledge and economy based on extensive use of the
ice-dominated marine environment. In 1987-1988, the author stayed in Qegertaq
conducting meteorological observations and studying the impact of weather vari-
ability on sea ice extent, thickness, and quality. Since 1987, the average annual
temperature in the Qeqertaq area has increased by more than 3°C, resulting in major
impacts to the local sea ice regime. In 2008, the author revisited the community to
document how the Qegertamiut continue to use the sea ice today, under a much
warmer climate and higher weather variability.

Keywords Sea ice and weather change - Ice use - Greenland - Qeqertaq

Qegertaq (“the island” in Kalaallisut, the language of Western Greenlandic Inuit) is
a rural Greenlandic community located at 70°N, on a small island off the coast of
West Greenland, in the northeast section of Disko Bay, 90 km north of the town of
Tlulissat, the area hub (Fig. 2.1). The island that bears the same name, Qegertagq, is
6 km long from north to south and only few hundred meters wide in its narrowest
section. The settlement (Fig. 2.2) is located at the southernmost part of the island.
Because of two rocky hills, the island is not easy to cross. The island is located in
a bay about 1 km off the main coast of Greenland, near the mountainous Nuussuaq
peninsula, close to the mouth of the Torsukatak Fjord. At the end of the 40 km long
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Fig. 2.1 Map of the Qeqertaq area

fjord, a glacier calves large icebergs and smaller pieces of ice that drift down to the
main bay pushed by winds and currents.

Qegertamiut, “people of Qegertaq” (population 100 in 1988, 147 in 2008)
are indigenous Greenlandic (Kalaallit) marine hunters and fishers. The hunting
is primarily for subsistence, though some sealskins are also sold for commercial
processing. Seal hunting is the most important activity throughout the year, but
most notably during the ice season that lasted from December to May in the 1980s
and even from November to June, during “good” winters. Seal meat — mostly of
ringed seal, secondly of harp seal, sometimes of bearded seal — is very important to
the Qeqertamiut diet. Sealskins are used to make winter boots and winter clothing.
Qegertamiut also hunt beluga (white whale); but this hunt is not successful each
year because belugas’ usual migration routes are far from Qeqertaq (25-50 km).
Qegertamiut can catch many belugas only when they are trapped by sea ice (sassat),
an event that was documented 25 times in Disko Bay from 1899 to 1990 (Dahl
2000). Hunting of terrestrial animals is a minor activity. On the small island, the
Qegertamiut can find some ptarmigans and hare, only. On the Nuussuaq peninsula,
on the Greenland mainland, they may find caribou, but in 1987-1988 the annual
quota was limited to one caribou per hunter for the year. Many migratory birds are
also available in the area from late spring to the fall for subsistence hunting.

The Qeqgertamiut also fish Greenland cod, capelin, and wolf fish, primarily for
domestic consumption and to feed their dogs. Fishing for Greenlandic halibut is a
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Fig. 2.2 View of Qeqertaq (Photo: Pierre Taverniers; May 2008)

major commercial activity, with fishermen using long lines with several hundred
hooks. For hunting marine mammals and fishing during the open-water season, the
Qegertamiut use small open boats with outboard motors. The boats made of fiber
glass are imported from Denmark via the commercial supply system; they have
long replaced indigenous skin-covered boats, qajat (kayaks) and umiat (umiaks), that
Greenlanders produced themselves (the last kayak was seen in early 1980s). During
the open-water hunting and fishing season, the Qeqertamiut have to deal with the
calving icebergs that can collapse at any moment and damage small fishing boats.

Qeqertamiut Use of Sea Ice in 1987-1988

From July 1987 to June 1988, the author, then a student in Inuit language and cul-
ture at INALCO (Institut National des Langues et Civilisations Orientales, Paris),
was stationed in Qegertaq to study the Qegertamiut use of ice and snow-covered
environment and to conduct daily meteorological observations (Taverniers 2005).
The study was supported by the French National Meteorological Office. Thanks to
the installation of standard meteorological instruments, the author was able to mea-
sure air, water, and soil temperature, wind speed and direction, and the status and
variation of the ice cover (fast ice) on a regular basis. That 11-month record, sup-
ported by the long-term meteorological data from the nearby full weather station at



34 P. Taverniers

Tulissat, offered insight into the weather and ice conditions in West Greenland in
the 1980s, prior to the onset of the current climate warming (see below).

During winter 1987—-1988, the sea surface temperature reached its freezing point
(-1.8°C) on October 1. A few days later the weather became anticyclonic; there
was no wind and the sea was calm. With clear sky, the first sea ice formed on the
bay around Qeqertaq on October 6. That first thin ice was broken by waves as soon
as the wind started to blow. Between October 6 and December 22, the sea froze
nine times, during anticyclonic periods, and broke up eight times because of strong
winds generated by repeated low-pressure systems. As soon as the sea ice was safe
to walk on, even for a short period, the Qeqgertamiut went onto it. The first to go on
the young ice on October 21, were the children, who had no flat area to play on the
island. Also, those Qegertamiut, who had no private boats ventured on ice as soon
as the condition permitted. During the open-water season, boat owners commonly
shared their boats with relatives and friends. With the sea ice established around
the island, any Qeqertamioq (“resident of Qeqertaq”) could go hunting and fishing
on one’s own. Using a long-handled wooden ice-chipping tool (called fooq), the
Qegertamiut made holes in young ice, usually not far from the island, where the
water is not very deep. Through those ice holes, they fished for the Greenland cod
by jigging, mostly to feed their dogs.

In mid-November, more solid sea ice formed and thickened to 16 cm. Usually,
there is only shore-fast ice off the island during the main ice season, since no drift
or pack ice reaches the Qeqertaq area deep in the Disko Bay (in summer, there are
also floating icebergs calving from the glacier in the fjord). The shore-fast ice is
normally flat, with the ridged area formed along the shore only, where the tides
moved the sea ice against the ice foot (a narrow fringe of ice attached to the coast).
In Qeqgertaq the tidal range is about 2.40 m. In winter sea ice moves about 1 m so
the ridged area is not as important as in other Arctic areas. Shortly after local shore-
fast ice was established, some Qeqertamiut started to set nets under the ice to catch
seals (Fig. 2.3). They usually chose an area further from the village, because seals
are afraid of noise from dogs and human activities. The best places for seal nets
were at the edge of small icebergs or between a small iceberg and the ice foot where
seals come to breathe through cracks. Hunters usually made three holes in the ice
with their fooq. Then the fooq was pushed under the ice from one hole to another.
A string was tied to the fooq to draw the net under the ice. Hunters visited their nets
regularly to check for seals. Unfortunately, in late November 1987, a strong gale
broke the thin ice once again and the use of ice was delayed for 2 more weeks.

On November 25, 1987, the sun disappeared for 2 months. Finally, solid shore-
fast ice was formed on December 22, to stay for 5 months, until May 20, 1988. It
thickened rapidly. Eventually, solid shorefast ice covered the area around the island
and the surrounding sections of Disko Bay. The new ice was very slippery and the
Qegertamiut had to wait for a major snowfall before they could use their dogsleds to
travel on ice. Qegertamiut are deeply attached to their dogsleds. In 1987—-1988 the
dogsled was the cheapest way to travel because dogs were fed with local resources;
in fact, using dogsleds on ice was the Qegertamiut’s only way to travel in winter.!
Dogsled travel was considered very safe, since trained dogs were able to detect
dangerous cracks covered by snow. Dogsled is also a cultural heritage and today’s
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Fig. 2.3 Seal hunting with sea ice nets in Qeqertaq, 1987 (Photo: Pierre Taverniers)

Qegertamiut are very proud about their knowledge on how to breed Greenlandic
sled dogs and to use dogsleds, just like their ancestors did for many generations.

As soon as the young sea ice was thick enough to walk on, the Qeqgertamiut
installed long lines under the ice to fish for Greenlandic halibut (Fig. 2.4). The best
fishing grounds were inside the Torsukatak Fjord, because the halibut prefers deep-
water habitats (up to few hundred meters). During the winter-ice season, fishing
was easier, because there were no drifting icebergs to damage fishing lines, like it
often happened in summertime. Qeqertamiut fishermen made holes in the ice and
set lines (up to 500-800 m long) with several hundred hooks that were drawn to the
bottom of the fjord by a metal glider. To haul the lines, the fishermen used hand-
made rollers set on the sea ice above the hole. Fishermen also used cracks in the
sea ice to set fishing nets to fish for Greenland cod. Those nets were hauled by
dogsled.

When the sun came back in February, the Qeqertamiut started to hunt seals
that basked in the sun on the shore-fast ice, called wuutfut. To approach a seal
close enough for a good shot, the hunters used a white screen set on a small sled
(60 cm long), which is a well-known and widely common Inuit hunting technique.
The uuttut hunting area was usually far from the village and required dogsleds to
reach the hunting grounds. Many uuttut were caught at the upper reaches of the
Torsukatak Fjord, about 40 km from the village. During the winter-ice season, the
Qegertamiut hunters caught more seals than during the open-water season, from
June to September. In 1987-1988, for traveling, hunting, and fishing on ice, the
Qegertamiut used seal skin clothing and boots that were made locally by women in
the community.
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Fig. 2.4 Qegertamiut fishermen and their fishing hole (alluaq) to fish for Greenlandic halibut. The
ice thickness is over 40 cm (Photo: Pierre Taverniers; March 1988)

Another common form of using sea ice in 1987 was for drinking water (Fig. 2.5).
To get fresh water during the summer season, the Qeqgertamiut used to collect small
floating iceberg blocks drifted to the shore by winds and currents. When there
were no floating icebergs, the Qeqertamiut had to travel on a boat across the bay
to a river located far away on the mainland shore. During the winter ice season,
pieces of freshwater (calved) icebergs were commonly frozen into the shore-fast
ice, often close to the village. Thus, people could easily obtain good drinking water
by chipping ice blocks from the nearby icebergs.

With the sea ice firmly established for 5 months of the year, the Qegertamiut
did not think of themselves as “islanders.” Even those who had no boat or dogs
could reach the neighboring coast. Using dogsleds over sea ice, the Qeqertamiut
traveled regularly to other nearby settlements (Fig. 2.6), such as Saqqaq, the nearest
neighboring community 25 km west of Qeqgertaq or the town of Ilulissat located
90 km south of Qeqertaq. The Nuussuaq peninsula, which is mountainous and
difficult to cross during summertime, became easier to reach and to cross when
covered by snow.

In March 1988, when the ice was thick and the days were longer, almost half
the community of Ikerasak (217 inhabitants), located 55 km north of Qegertaq in
the Uummannaq area, crossed the Nuussuaq Peninsula by dogsleds and reached
Qeqgertaq to visit relatives and to play community soccer matches on sea ice. Those
winter travels by dogsleds supported close relationship among Greenlandic commu-
nities. As there was no flat area on the island, the soccer team from Qeqertaq trained
and played the game only on sea ice (as is also done in some other Greenlandic
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Fig. 2.5 Collecting iceberg blocks for drinking water (Photo: Pierre Taverniers; February 1988)

Fig. 2.6 Dogsled traveling on sea ice from Qeqertaq to Saqqaq (Photo: Pierre Taverniers; March
1988)
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communities). Sea ice was also a place for sharing knowledge and training of young
hunters and fishermen. When the weather was good, young boys 5- or 6 years old
went with relatives on ice to learn hunting and fishing techniques. In March 1988,
a 10-year-old boy set a sealing net on his own and caught his first seal through ice
holes.

Sharing ice knowledge means also using specific terms. Between them, the
Qegertamiut speak exclusively Kalaallisut (western Greenlandic language) and they
know and use more than 100 terms associated with the sea ice, according to the
author’s count (see Chapter 18 by Tersis and Taverniers this volume). In 1987,
many Qegertamiut also spoke some Danish, but only one person in the village knew
some English. As such, traditional terminology for sea ice was still strong and in
regular use.

In April and May 1988, dogsled races for women and children took place over
the frozen bay around Qegertaq (Fig. 2.7). All of the Qegertamiut went on the sea
ice to participate in that major annual event. As dogsled races on ice were the only
event gathering the entire community, they were socially important.

In the last days of April 1988, a large recurring polynya opened 4 km southeast of
Qegertaq. Thousands of migratory birds (black guillemot, common eider, glaucous
gull, black-legged kittiwake) stopped to feed in the polynya. Qeqertamiut reached
the polynya by dogsled and then used small boats to hunt birds.

In May 1988, the sea ice broke up in Disko Bay and the floe edge (demarca-
tion between the open sea and shore-fast ice) was established 10 km off the village.
Qegertamiut then regularly traveled to the ice edge by dogsled carrying small boats

Fig. 2.7 Women dogsled race in Qeqertaq (Photo: Pierre Taverniers; May 1988)
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to hunt seals. The Qeqgertamiut used the sea ice until May 20, 1988. During the last
weeks of the ice season, the ice was covered with water puddles before it broke
up and drifted away with currents and winds. The last Qegertamiut to use sea ice
were children playing on drifting ice floes near the shore. A dangerous game of
jumping from floe to floe was allowed by adults, because it was considered valu-
able training to develop skills needed for ice hunting. Altogether, during the winter
1987-1988, the sea ice thickened up to 40 cm (sea ice was twice as thick during the
previous winter of 1986—1987, according to the Qeqertamiut). The maximal thick-
ness was reached on March 25 and was maintained until April 10. In 1987-1988,
the Qeqgertamiut used the ice during almost 7 months, from November till late May;
and they traveled, fished, and hunted on approximately 600 km?.

Recent Changes in Weather and Ice Conditions, 1987-2007

Between 1987 and 2007, the climate warmed substantially in the Disko Bay area.
According to data from the Danish Meteorological Institute, the average annual
temperature at Ilulissat, the closest weather station to Qeqertaq, has increased
by 3.5°C in the last 20 years (1987-2007, see Fig. 2.8) and the average winter
temperature increased by 7°C; those trends are also representative for the conditions
in Qegertaq.” Relatively cold winters predominated from 1991 to 1995, with the
coldest winter of 1994—1995 (when the average temperature was —20.9°C), followed
by the rapid warming after 1996, with record warm winters throughout 2002-2007.
This warming trend is confirmed by the recent analysis of meteorological data

Average annual temperature at llulissat 1987-2007
(data Danske Meteorologiske Institut)
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Fig. 2.8 Temperature change in Ilulissat, 1987-2007 (Danish Meteorological Institute)
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from the Arctic Station, located 120 km far from Qeqertaq, at the southernmost
part of Qeqertarsuaq (Disko Island), where the mean annual air temperatures have
increased by 0.4°C per year between 1991 and 2004 (Hansen et al. 2006). During
the same period, observations at the Arctic Station indicated that the sea ice cover
has decreased by 50% in the vicinity of Disko Island. Ice charts published by the
Danish Meteorological Institute also show that the sea ice cover in the Disko Bay
has decreased significantly.

In May 2008, the author had a chance to revisit Qeqertaq and to document
changes in sea ice conditions and ice use via personal observation and interviews
with local hunters. Within the 20-year period since 1987, many hunters remem-
ber several cold winters in a row from 1991 to 1995 and, particularly, the winter
of 1990-1991, because of its especially good ice cover and a rare whale hunt.
Sea ice formed rapidly that year in the entire Disko Bay area and many white
whales (belugas) migrating south were trapped in a polynya between Ilulissat and
Qeqgertarsuaq, approximately 100 km from Qegertaq. As soon as they have heard
about the whale ice entrapment (sassat), several Qeqertamiut hunters crossed the
Disko Bay by dogsled to participate in the hunt and to get meat and mattak (whale
skin). For Qeqgertamiut, beluga mattak is one of their most favored meals. When
sassat occurs in the Disko Bay area, Qeqertamiut are able to travel by sled over

———20 KM

S Lawo

GLACIERS

SEA ICE AREA USED DURING COLD
- SEA ICE AREA USED DURING WARM WINTERS

Fig. 2.9 Changes in the ice-covered area used by Qeqertamiut, 1987-2007. (See also Color Plate
1 on page 471)
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sea ice, so that their total exploited ice-covered area that year could reach 3,500
square km. On the coldest winters, like that of 1994—1995, the sea ice thickened up
to 1 m in the bays and fjords.

Since 1995, the Qeqertamiut have observed winters becoming warmer and much
more windy. The bay started to freeze later, in late November and even December,
so that the sea ice cover is being formed much later. It is also thinner and can be eas-
ily broken by strong winds. Southwest winds (generally linked with low-pressure
systems) became stronger and often broke whatever little fast ice was built off the
island. Winter weather also became much more unpredictable. Thus, decrease in sea
ice was triggered not only by rising winter temperature but also by stronger winds
and more clouds, as a result of many more low-pressure systems going through the
area in wintertime. From 2003 to 2007 there was no shore-fast ice built around
the settlement in winter, just a thin ice cap (10 cm) in the northern portion of
the bay. As a result, the formerly used sea ice area of 600-3,500 km? has been
reduced in recent years to less than 50-70 km? (Fig. 2.9). Many more accidents have
occurred involving hunters and fishermen falling through the thin ice. Some hunters
indicate that new currents undermine the sea ice stability and make it unsafe to
travel.

Qeqgertamiut Use of Sea Ice in 2008

Since 1995, new ice conditions triggered significant economic, social, and cultural
changes in Qegertamiut’s life style. During warm winters, the ice is more difficult to
access in front of the village; so, the Qegertamiut now have to cross the island to the
northern side through hills and rocks. Dogsleds are now used for 1 or 2 months only.
Since they have to feed their dogs year-round and can use them for a much shorter
time, some hunters stopped using dogsleds altogether or have built new types of
lighter sleds to travel over thin sea ice. In 1988 there were about 200 adult dogs per
100 inhabitants in Qeqertaq. In May 2008 there were 240 adult dogs (24-30 sleds)
per 147 inhabitants. The rate of dogs per inhabitant in Qeqgertaq has decreased from
2.0 to 1.6. As the use of dogsleds decreases, the use of motorboats increased sub-
stantially and the number of boats in use grew from 12 in 1987 to 47 in 2008. Those
who had no boat 20 years ago were forced to invest in imported and expensive
equipment, because of a much longer period of open-water hunting and fishing dur-
ing the year. At the same time, due to change in glacier activity, winds and currents
create more and more icebergs and smaller floating pieces of ice of land origin that
are now being drifted toward Qeqertaq area. Hulls made of fiber glass and propellers
are more often damaged by ice of land origin. Also, local boat owners have to cope
with the increasing repair costs and gasoline and motor oil prices.

In 2008, most of the Qegertamiut succeeded to cope with the raising hunting
costs thanks to the increased income provided by Greenlandic halibut fishing. A
small fish factory (Qegertaq Fish) has been opened in Qeqertaq, so that the pro-
cessed halibut (frozen and packaged) can be exported. That project initiated by the
Qegertamiut with partly local investments gives more income to the fishermen and
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creates new job opportunities for the Qeqgertamiut (such as plant manager, laborers,
mechanic, electrician).

Because of warmer winters and less stable sea ice, fewer seal nets are now set
under sea ice and less uuttut are hunted on ice in late winter and early spring. As
a result, fewer seals are caught in the community in wintertime. As less seal meat
is now available in winter, there is an increasing dependence upon imported and
expensive food. Seal skin clothes once used to hunt, fish, and travel on sea ice
are less used these days. In 2008, hardly any new sealskin clothing was made in
Qeqgertaq. Sealskins are now frozen and sent to a big factory in south Greenland to
be processed for souvenir and commercial production. No sassat (whale entrapping
events) were observed in recent years, which transforms in less whale meat and
mattak available to the community. With the lack of sea ice there is no more winter
polynya southeast of Qeqertaq and hunters catch less migratory birds because they
are rare in the area or avoid it altogether.

There are also substantial changes in the community social life as well. The local
schoolteacher complains that during warm winters he cannot go with the students
on sea ice to educate them on ice hunting, fishing, and traveling techniques and
safety. There are no more dogsled races in the community over ice-frozen bay. The
town soccer team cannot train on sea ice and cannot play at home any more; so, the
regular soccer ice tournaments, visitations, and major community events conducted
on sea ice ceased to exist.

Fig. 2.10 The author with Aka and Zacharias Tobiassen, Qeqertaq, May 2008
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Traditional Qeqertamiut sea ice knowledge is now more difficult to share
with younger hunters, because the ice is less used and certain knowledge, for
example, regarding safe areas for ice crossing and hunting around the island, is not
relevant to today’s ice conditions. Nonetheless, with the assistance of Aka, Thora,
and Zacharias Tobiassen (Fig. 2.10), the author was able to collect the Qeqgertamiut
vocabulary associated with the sea ice of more than 120 terms (see Chapter 18 by
Tersis and Taverniers in this volume). This Qeqgertamiut ice vocabulary makes a
substantial addition to an earlier list of local sea ice terms that the author recorded
during his work in 1987-1988, with the assistance of local hunters Jorgen and
Halfdan Jensen.

Conclusion

In the past, Greenlandic communities in the Disko Bay and elsewhere in Greenland
had learned how to cope with warmer periods and decrease or even lack of sea
ice. There is a long history of climate and ice change, through which indigenous
Greenlanders had to live and to adapt throughout their history (Vibe 1967). In fact,
many of today’s Qeqgertamiut still believe that the current string of warm winters
is an episodic phenomenon and that the winter sea ice will recover in the coming
years. That is why they still keep dogs and do whatever little dogsled driving and
hunting on ice they can afford under today’s ice condition. But the sea ice decrease
observed in the Disko Bay area over the past decade seems to be linked with the
general winter sea ice decrease in the Arctic observed since 1978 (Richter-Menge
et al. 2008). According to the last IPCC report (Solomon et al. 2007), the Arctic
is going to warm significantly during this century and winter sea ice will continue
to decrease. As the southern extent of seasonal winter ice is now located not far
from the Disko Bay and is shifting northward because of warm winters, sea ice may
become a short seasonal event or completely disappear around Qegertaq in the next
decades, with more dramatic cultural changes for the Qeqgertamiut to face.
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Notes

1. In 1987 there was only one snow-scooter in Qeqertaq. In this part of Greenland north of
Sisimiut snow-scooters were not allowed to be used for hunting. In 2008 there were five
Snow-scooters in town.

2. As records from 1987-1988 indicate, the difference between the average temperature in
[lulissat and Qeqgertaq was only 0.46°C; so the Ilulissat data are representative for Qeqgertaq.
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Abstract This chapter reviews the efforts under SIKU-ISIUOP to expand upon
previous research that characterized the importance of sea ice processes, use,
and change around the Baffin Island communities of Cape Dorset, Igloolik, and
Pangnirtung, Nunavut. In these three communities, local ice conditions are inter-
twined with daily activities and provide a means of traveling and hunting, as well
as sustaining marine wildlife and aspects of Inuit culture. In order for people to
effectively travel and hunt on the sea ice, they have to become knowledgeable
about the complexity and dynamism of the oceanic environment. Through these
understandings and long-term experience and observation, local experts (such as
Inuit elders and active hunters) are acutely aware of the local and regional man-
ifestations of climate change, as indicated by long-term changes and increased
unpredictability of sea ice. Specifically, Inuit have observed changes in floe edge
position, weather, the timing of freeze-up and breakup, ice thickness, and the pres-
ence of multi-year ice. This chapter reviews specific indicators used to evaluate
sea ice changes, offers a regional comparison of sea ice changes in the three
communities, and provides an overview of some of the local implications of sea
ice changes.

Keywords Sea ice - Inuit knowledge - Climate change - Nunavut - Baffin Island

Introduction

Sea ice, climate change, and northern communities are intimately linked when con-
sidering arctic marine environments. Sea ice is an integral part of Inuit life, while
also being the pre-eminent focus of scientific research (Norton 2002; George et al.
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2004; Nichols et al. 2004; Nickels et al. 2006; Gearheard et al. 2006; Laidler
2006a). Scientific and Inuit interests have become increasingly intertwined with
an explosion of sea ice and climate change observations, in-depth studies, and
political debate in the last two decades. The far-reaching implications of chang-
ing sea ice thickness, distribution, and extent render this dynamic environment a
primary research target in efforts to model or project future scenarios of global cli-
matic conditions, as influenced by feedbacks at high latitudes (Ledley 1988; Ingram
et al. 1989; Bintanja and Oerlemans 1995; Curry et al. 1995; Lohmann and Gerdes
1998; Lemke et al. 2000; Holland and Bitz 2003). While this type of research has
raised the global profile of circumpolar regions, it has also sparked investigations
into the human dimensions of climate change (Ford 2000; Cruikshank 2001; Fenge
2001; Riedlinger and Berkes 2001; Berkes 2002; Berkes and Jolly 2002; Fox 2002;
Huntington 2002; Duerden 2004; Ford 2005). Comparatively little is known about
the implications of changing sea ice extent, distribution, and thickness for daily
life in arctic communities. As scientific assessments of change move from docu-
mentation to exploration of adaptive and mitigative strategies (from environmental,
economic, and cultural perspectives), scientific and Inuit expertise are increasingly
being considered alongside one another to improve our understanding of the rela-
tionships between sea ice, climate change, and northern communities (Ford 2000;
Ford and Smit 2004; Symon et al. 2005; Furgal et al. 2006; Ford et al. 2007; Paci
et al. 2008; Eicken et al. 2009; Ford et al. 2009; Laidler et al. 2009). This integra-
tion is necessary to adequately incorporate the multiple stressors of northern life
into assessments of vulnerability, or resilience, to climate change (McCarthy et al.
2005). Indeed, Inuit want to be involved in this process in order to share their obser-
vations, have their voices heard, and be taken seriously (Ashford and Castleden
2001; Kusugak 2002; ITK 2005; Nickels et al. 2006; NTI 2005; Laidler 2006b). It
is within this context, that the Inuit Sea Ice Use and Occupancy Project (ISIUOP)
was conceived (see Chapter 1, Introduction). In particular, this chapter focuses on
the ISTUOP sub-project “Mapping Inuit Sea Ice Knowledge and Use,” which was
designed by the co-authors to expand upon previous research that characterized the
importance of sea ice processes, use, and change around the communities of Cape
Dorset, Igloolik, and Pangnirtung, Nunavut (Figure 1.1) (Laidler and Elee 2006;
Laidler 2007; Laidler and Elee 2008; Laidler and Ikummaq 2008; Laidler et al.
2008, 2009).

Indigenous experts, such as Inuit elders and active hunters, have developed
detailed and sophisticated local- and regional- scale knowledge about the com-
plexity and dynamism of the marine environment through long-term experience.
This knowledge has been developed and transmitted from generation to generation
through personal experience, and by oral means, to the point that Inuit knowledge
of sea ice could in fact occupy several written volumes if documented comprehen-
sively. Inuit experts are acutely aware of the local and regional manifestations of
climate change, as indicated by long-term changes and increased unpredictability
of sea ice conditions. Specifically, changes are observed using key indicators such
as the floe edge position, weather, the timing of freeze-up and breakup, ice thick-
ness, and the presence of multi-year ice (MY]). In order to address some of the gaps
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in local-scale scientific knowledge, this chapter reviews specific indicators used to
evaluate sea ice changes, offers a regional comparison of sea ice changes in the three
communities, and provides an overview of some of the local implications of sea ice
changes. By sharing these local perspectives, we hope to contribute to more com-
prehensive assessments of community vulnerability/resilience to change. Thus our
aim is to document Inuit perspectives to help support local adaptive strategies for
ongoing ice use and to provide additional considerations for the safe use of ice for
future generations.

Methods

Results presented in this chapter reflect a compilation of more than 6 years of
collaborative community-based research undertaken in Cape Dorset, Igloolik, and
Pangnirtung, Nunavut. We sought to work with community members, and to learn
about Inuit expertise, based on the premise that those who live in — and use —
the sea ice environment on a daily basis are most knowledgeable of their local
and regional contexts. The co-authors began working together in 2003 during the
early stages of Laidler’s doctoral research (2002-2006). This project then evolved
to become the foundation of one of the four ISTUOP sub-projects (2006-2010, see
Chapter 1, Introduction). Throughout this process we have attempted to learn from,
adhere to, and contribute to the principles of collaborative northern research (see
ACUNS 2003; ITK and NRI 2007; Laidler 2007; Gearheard and Shirley 2007,
Pearce et al. 2009). Our approach and methods have been previously outlined else-
where (Laidler and Elee 2008; Laidler and Ikummaq 2008; Laidler et al. 2008,
2009) and in great detail in Laidler (2007). Therefore, in this chapter we pro-
vide a summary of techniques used, as they relate specifically to results presented
below.

Field Work

We use the term “field work” for lack of a better term, but it is more appro-
priate to interpret field work trips as the time of intensive research collaboration
in each of the communities, when university and community-based researchers'
are able to work most closely together. However, work was ongoing in various
forms within each community, as undertaken by the community researchers and
by university researchers at their home institutions between trips, with frequent
contact maintained throughout. So, a total of approximately one year has been
spent together in the three communities to facilitate this research, but more than
six years of cumulative effort has been invested in the project to yield current
results.” The amount of time spent and the number of research visits were critical
to collaboratively developing this project and maintaining community interest and
commitment.
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Semi-directed Interviews

Interviews were used to gain in-depth understanding of individual experiences,
observations, and expertise in relation to sea ice around their communities. No
fixed questionnaire was administered and no time limit was placed on discus-
sions (average interview duration was 2 h). An interview guide was used to help
cover important themes of interest and those specifically related to this chapter
include (i) the importance and uses of sea ice; (ii) rare or notable sea ice events;
(iii) timelines of observed changes; (iv) indicators (and influences) of sea ice
changes; and (v) locations, geographic representations of sea ice features, uses, and
changes.

Inuit elders and hunters deemed to be ice experts in each community were invited
to participate based on recommendations provided by community organizations,
community researchers, elders or hunters previously interviewed, and other com-
munity members. Interviews were documented with audio, video, and digital photo
recordings — wherever consent was provided. Honoraria® and small gifts were pro-
vided to interviewees as a token of appreciation for the time taken out of their
daily schedule. In total, 88 people contributed to this project through their partic-
ipation in interviews (35 in Cape Dorset, 26 in Igloolik, and 27 in Pangnirtung)
based upon local recommendations of approximately 40 experts to consult in each
community. Some of the individuals were interviewed several times, so overall
120 interviews were conducted. However, only those individuals who specifically
discussed observations or implications of change are referenced in this chapter
(Appendix 1).

Participatory Mapping

One characteristic of ISIUOP is the use of maps in the documentation process. We
found maps to be excellent tools in the context of Inuit environmental knowledge
research, particularly because they help trigger memories and facilitate conver-
sations, as well as being effective in spatially and visually synthesizing diverse
observations. Several Canadian National Topographic Service (NTS) map sheets
were incorporated in interviews to (i) facilitate knowledge sharing; (ii) enhance
explanations of ice conditions or uses; (iii) enable visual identification of key ice
conditions or uses; and (iv) promote discussion and spark memories. For each
community a combination of three to five 1:250 000 scale NTS map sheets were
employed to represent the surrounding coastline and ocean areas. A clear plas-
tic overlay (similar to Mylar) was placed on top of each map and registered
for future digitizing. Common features drawn on the maps (and later digitized)
include travel routes, floe edge positions, tidal cracks, polynyas, areas that melt
early in the spring, wildlife harvesting areas, and traditional or current camps.
Such features were indicated whenever the participant felt it helped enhance dis-
cussion, explain a condition/process, or in response to a question posed during the
interview.
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Sea Ice Trips

It was imperative that the community researchers had a chance to share their knowl-
edge and experience in context, on the ice, so a number of sea ice trips were
organized to facilitate in situ knowledge exchanges through sea ice travel, obser-
vation/evaluation of conditions, and participation in related activities.* We were
fortunate to undertake 20 trips to experience and learn about ice terminology,
navigation, conditions, and change firsthand. Trip destinations in each community
included the floe edge, nearby polynyas, fishing lakes, hunting cabins, and unique
ice features, and ranged from day trips to week-long trips. All these experiences
were documented with photo and video cameras and a GPS was used to track our
travel routes.

Focus Groups

We undertook 13 focus group sessions in order to (i) link Inuktitut terminology
for ice conditions to pictures taken on ice trips; (ii) develop and verify terminol-
ogy links within a sequential order of seasonal ice formation and decay; (iii) verify
and/or clarify maps of ice feature positions and labels; (iv) discuss indicators of sea
ice/weather changes (the primary group session results reflected in this chapter);
and (v) define plans and areas of interest for the expansion of the Polar View
Floe Edge Service. These sessions were jointly facilitated by a community and a
university researcher, whereby an average of three to six elders or hunters partici-
pated in each one. These sessions ranged between half and full days and comprised
guided but relatively unstructured discussions. Photographs were taken to docu-
ment the general setup and discussions were recorded similar to the semi-directed
interviews.

Data Analysis

The participatory nature of diverse components of this research approach is well
suited to undertake a multi-faceted, qualitative analysis of the knowledge-sharing
results and processes. The major components of the analyses include transcript
(content analysis), map (visual spatial analysis), and focus group interpretation (see
Laidler 2007 for full description).

Results

Local Importance and Uses of Sea Ice

Sea ice is very important to each of the partner communities involved in this
project. It is a key means of traveling to access animals, engaging in subsistence or
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commercial hunting/harvesting, and enjoying leisure time. With Igloolik and Cape
Dorset located on islands, sea ice is one of the most important means of connecting
with other communities, camps, or land-based resources.

Sea ice is very useful, in that we are on an island. [When it freezes], now we’re not on an
island anymore, we’re now connected to everywhere (Qamaniq 2004; Igloolik).

In Cape Dorset, there is significant emphasis on the year-round presence of open
water, as a defining characteristic of unique local ice conditions.

[The] way this island is built, around Hudson [Strait] . .. that’s why the ice never goes any
further than where it goes. That’s why it’s called Sikusilaaq [where there is no ice], but if
you go further southeast of here, like 100 miles from here, it could take you a whole day’s
trip to get to the floe edge from the [the coastline]. But over here it’s not like that, it’s only
like a 10 minute [snowmobile] drive from this town (Peter 2004; Cape Dorset).

The strong Hudson Strait currents prevent solid ice formation from extending far
offshore, creating a dynamic sea ice/open water environment around Cape Dorset.
Regardless of the significance of open water, sea ice remains an important part of
life for this island community.> For Pangnirtung, sea ice is of equal importance,
enabling people to avoid the surrounding mountainous terrain during travel out-
side the community, while also being described as a deeply entrenched part of Inuit
culture.®

It’s very very important to Inuit, because it’s our gaujiti, which means we were born to it
and we’ve always lived in it. .. If the sea ice doesn’t form anymore, although we still get
snow, our life would drastically change (Maniapik 2004b; Pangnirtung).

Once the sea ice forms solidly there is little distinction between land and ocean
as the ice essentially becomes an extension of the land, an important “highway”
and preferred shortcut to many popular destinations. Then people are free to travel
wherever they wish, as long as they are aware of the dangerous areas and local
ice dynamics. Sea ice acts as an essential travel and hunting platform, as well as
valued ecosystem component supporting a diversity of arctic marine mammals (e.g.,
seals (ringed, bearded, harbor, hooded, etc.), beluga whales, narwhals, walrus, as
well as polar bears) and a variety of fish and migratory marine birds. Previously,
marine mammals were a means of survival (i.e., clothing, fat/oil for light and heat,
food for people and dogs, and equipment). Although much has changed since Inuit
moved to permanent settlements, the sea still provides important food sources and/or
income potential (from skins or related clothing/craft products) in most Nunavut
communities.

[The ice is] part of the hunter’s life and it can have an effect on his livelihood. [As]
a hunter, [I] have to hunt out there, and [I] depend on the animals to bring in food
as subsistence and also skins, depending on what kind of animal it is, to be able to
make money off that. So it has an impact on how much a hunter, not only [myself] but
other hunters, as to how much money [we] can bring into the family (Qappik 2004a;
Pangnirtung).
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These aspects are inseparable components of Inuit sea ice use because travel on
the sea ice is mainly undertaken to access hunting, fishing, or harvesting grounds
(inland or marine).

Local Observations of Change

Inuit are accustomed to yearly variations in ice conditions and timing, and yet,
increasingly consistent shifts beyond expected variability are being noted — affect-
ing both sea ice use and safety. In all three communities people have observed,
and are experiencing, considerable change in local climatic and sea ice conditions.
Furthermore, while many of the indicators used to evaluate change locally may be
similar between communities, they are described and interpreted differently, high-
lighting geographic variations in physical conditions as well as sea ice uses and
regional cultural differences.

Timelines

The changes noted by local elders and hunters as “unique” or “unexpected” were
described as being most prominent starting around the year 2000. The time frames
varied by the person’s age and experience, but generally focused on the past
5-10 years, compared to observations and experiences accrued over their lifetime.
Unusual or extraordinary conditions tended to be compared to what were previ-
ously considered “normal” (i.e., within expected ranges of seasonal variation). Due
to the age and experience of most of the people interviewed, the periods identified
as “normal” tended to be the 1960s or earlier,’ although the 1980s were noted in
Pangnirtung as having anomalously high ice extents. Thus, in the following sec-
tions references to “recent” indicate conditions/processes observed since the year
2000, in comparison with “past” or “previous” years indicating the 1960s, which
was taken as a general baseline for individual evaluations. Particularly distinct years
are then identified specifically, such as the spring and fall of 2004 in Igloolik and
Pangnirtung (unusual breakup and freeze-up processes) and the winters of 2006—
2007 (unusually low ice extents) and 2007-2008 (higher ice extents than the past
several years) in all three communities.

Indicators of Change

In all three communities, evaluations of change frequently centered around a similar
set of indicators that include (i) the position of the floe edge; (ii) weather pre-
dictability; (ii) freeze-up timing; (iv) breakup timing; (v) ice thickness; and (vi)
presence/absence of multi-year ice (MY]) (Fig. 3.1). Keep in mind throughout this
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Fig. 3.1 Summary of observed sea ice changes as highlighted by contributors in Cape Dorset
(CD), Igloolik (IG), and Pangnirtung (PG)

section that Igloolik experiences the greatest extent of ice formation in Fury and
Hecla Strait (Laidler and Ikummagq 2008), followed by Pangnirtung whose ice con-
ditions are dominated by the geography of local fiords and strong current and wind
influences in Cumberland Sound (Laidler et al. 2008). Cape Dorset has the least ice
extent, as influenced by its more southerly location and strong currents of Hudson
Strait (Laidler and Elee 2008). Thus the temporal and spatial aspects of change
affect communities differently (see Discussion), although many of the indicators
used are similar.

Floe edge. The floe edge (edge of the land-fast ice where it intersects with open
water) is a prominent indicator of sea ice change because its position is easily com-
pared with land features. Furthermore, the floe edge is frequently used to determine
spatial frames of reference (see Chapter 7 by Aporta, this volume), so its influence
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Fig. 3.2 Map of floe edge changes near Cape Dorset. Solid lines indicate recent floe edges (i.e.
since 2000); dashed lines indicate past floe edges (i.e., approximately in the 1960s); star indicates
the location of the Hamlet of Cape Dorset.

Sources: Alasuaq (2004), Kelly (2004), Petaulassie (2004b), Pootoogook (2004), and Saila (2004)

on sea ice travel means that it is regularly observed and evaluated for safety. Change
in the floe edge position is typically gauged by its proximity to the community
and it is the most frequently referenced indicator of change in Cape Dorset® and
Pangnirtung® (Fig. 3.1). Generally speaking, a closer floe edge indicates warmer
weather (less sea ice), although other factors such as winds and currents should also
be taken into account.

[T]he ice from years ago would form all the way down past the point. .. where the cracks
would start from. But since the ice hasn’t formed down there anymore, the floe edge will
be around Aupalugtuq area, and then just before that is where cracks would be forming,
depending on the month (Saila 2004; Cape Dorset) (Fig. 3.2).

The alterations in floe edge delineation are most dramatic in Cumberland Sound
(Fig. 3.3). One of the furthest floe edges occurred in the mid-1980s, around 1984
(potentially associated with weaker currents that year).'” However, it is rare these
days for Cumberland Sound to become nunnig (a term used to refer to the extent
of freezing in Cumberland Sound - typically when the floe edge is more than
half way out to the mouth of the Sound), which has altered the “definition” of
nunniq.11

When it’s a nunniq period it would be normally here [pointing at the map], like when it’s
called nunnig, [this area] would be frozen over, the floe edge would be [far], and that would
be called nunnigq. . .. Normally [now] it’s even closer, [so] hunters describe it as the floe edge
being far away when it’s like this close. .. So if a hunter says the floe edge is far, it’s only
over there (Qappik 2004b; Pangnirtung).
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In Igloolik, the floe edge is described mainly in the context of yearly variations,
which are highly dependent on the grounding and piling of MYI on three key reefs
in Fury and Hecla Strait, between Melville Peninsula (mainland Canada) and Baffin
Island (Fig. 3.4).!? There was less emphasis placed on floe edge change in Igloolik
(Fig. 3.1), but still a general consensus on closer floe edge proximity to town. The
MYTI does not seem to be piling up on the reefs as much as in the past, and without
this kikiak (anchor) the floe edge breaks off more easily.

When [the floe edge] is smooth all the way, that could be one of the factors in that the ice
breaks easily, maybe the current is stronger in recent times. But it just breaks off. And then,
Ivunirarjug, this reef is a kikiak, in that it nails the ice, kikiak meaning “a nail.” It stops this
ice, so once it freezes it stays there, because this [reef] prevents it from breaking off. But in
the last few years [I] notice that even though this [reef piling] is there, it breaks off here. It’s
not doing what it used to anymore (Kunuk 2004; Igloolik).
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Because recent local floe edges have not established “properly,” certain areas are
more prone to breaking off and increased break-off events were noted in all three
communities. '3

Despite trends toward a reduced sea ice extent that translate into closer floe
edge proximity, stark yearly variations highlight the intense fluctuations in ocean
and atmospheric processes at play. The winter of 2006-2007 was noted as hav-
ing low ice extent in Pangnirtung, with highly unstable conditions, such as the ice
breaking off even in the dead of winter.'* In winter 2007-2008 experts from Cape
Dorset and Pangnirtung!3 noted an increase in ice extent as cold conditions that
year led to more ice growth and extensive distribution than had been observed in
several years prior (Fig. 3.5). Nevertheless, with no icebergs in Cumberland Sound
the floe edge near Pangnirtung was still not stable and it broke up quickly in the
spring.!®

Weather. Emphasis was commonly placed on the variability of weather, and its
influence on sea ice conditions, rather than on consistent uni-directional climate
change. No two winters are the same, just as the ice conditions are different from
year to year. However, within the inter-annual variability there is still a sense of
expected conditions, processes, and timing. There are many nuanced weather indi-
cators described as being linked to changes in climate and ice, so only a summary
of those that were beyond anticipated seasonal or annual variability is highlighted
here (Table 3.1).
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Fig. 3.5 Hunters evaluate the spring 2009 floe edge in Cumberland Sound. Like 2007/2008, the
2008-2009 ice season was also one of the furthest floe edge formations in a number of years as
indicated by the hour-and-a-half drive to reach this floe edge in Cumberland Sound. However,
the area at the mouth of Pangnirtung Fiord was still melting and opening early, making it diffi-
cult/dangerous to access the still ice-covered areas of the Sound (Photo: G.J. Laidler; May, 2009)

As far back as [I] can remember winds usually came from the north. But today even in
fall, summer, spring, winds come from all directions, not from one direction anymore. If
it was 20 years ago [I] would predict what kind of weather it would be in the next couple
days. But if [you] were to ask [me] what weather we’re going to have like next couple days,
and if [I] tell [you] from today’s weather conditions, [I] would probably be lying because
weather changes in a matter of more like minutes than days now (Tapaungai 2004; Cape
Dorset).

The most common observation of recent weather change was a warming of win-
ter temperatures (Fig. 3.1).!7 This is partially indicated by (i) the decrease in ice
crystal formation on people’s faces and parka hoods; (ii) fewer days of extreme
cold as indicated by the lack of ice fog presence and diesel fuel no longer becom-
ing gelatinous in the winter; (iii) more overcast conditions; (iv) the decreased need
to wear caribou skin clothing; (v) the use of canvas tents in January and February
(where an igloo was required for adequate shelter in the past); and (vi) people’s
breath while exhaling no longer crackles in mid-winter. Another commonly shared
observation was the increased unpredictability of weather, and frequency of weather
shifts, linked to changes in prevailing winds (Fig. 3.1, Table 3.1).
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Unique to Cape Dorset'® was a general description of the weather being “differ-
ent” than expected, while in Igloolik'® more overcast conditions were noted in the
fall and in Pangnirtung®® more frequent windy episodes (i.e., occurrences of moder-
ate to high wind speeds) have been experienced. These shifting weather conditions
were noted for their influence on longer transitional freeze-up and breakup periods
and on the stability of winter ice conditions.

Our weather has changed a great deal from the past weather we used to have. Because of
the lack of cold weather in our community the sea ice has not been able to get thicker for
a number of years now. In the past, in the 1960s the sea ice would be usable for travel just
over night. What we call the newly formed ice near the floe edge . . . hunters would be able
to start travelling on it [as it was freezing], but today it takes days and days for it to form
properly to travel on (Mike in PG WKSP 2007; Pangnirtung).

Despite some comments on general warming of the weather, there were also
several postulations that it is the ocean — and not the air — that may in fact be
warming.21 Such observations were noted based on (i) warmer sensation to touch;
(ii) the cold water layer being deeper in the ocean resulting in warmer surface lay-
ers, as evaluated through seal breathing holes; (iii) the slower speed of re-freezing
after a surface layer of ice is broken in the winter; and (v) some localized water tem-
perature measurements in Fury and Hecla Strait. This increased water temperature

a) Cape Dorset b) Igloolik

1a = Previous freeze-up
1b = Recent freeze-up 1a = Pravious freeze-up
2a = Previcus ravelable 1b = Recen! freaze-up

2b = Recent fravelable 2a = Previous travelable

3a = Previous bréak-up 2b = Recent travelable
3a = Previous break-up

4a = Recant break-up

3b = Recent break-up
4a = Pravious ice-free

4b = Recent ice-free

— = recent timing 1a = Previous freeze-up (PG)
1h = Recent fresze-up (PG)
1e = Previous freeze-up (C5)
1d = Recent freeze-up (CS)

2a = Pravicus travelabla (PG)

= = = = = previous timing

2b = Recent travelable (PG)

Z¢ = Pravicus travelable (CS)
2d = Recent travalable (CS)

g\ 3a = Previaus detericration (CS5)
3b = Recent detericration (C5)
3¢ = Previous deterioration (PG)
3d = Recent deterarason (PG)
4a = Pravigus open water (CS)

4b = Recont open water (CS)

Fig. 3.6 Summaries of temporal change in freeze-up and breakup timing around (a) Cape Dorset
(CD); (b) Igloolik (IG); and (¢) Pangnirtung (PG).
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may be a key contributor to closer floe edge proximity, alterations in freeze-up and
breakup timing, and thinning sea ice.

Freeze-up. Experts in all communities noted that freeze-up is occurring later each
year, and that the freezing process is taking longer (Fig. 3.1).%

What [I] have noticed is more in the last 5-8 years, when it should be freezing up [I] have
noticed that it becomes overcast, snow starts falling for a long period of time. Whenever it’s
overcast the temperature rises a bit, freeze-up doesn’t occur as quickly, or it doesn’t even
occur at all at some times when you have clouds and the wind working together . . . It might
pile up at places and then it disperses ... as opposed to other years where freeze-up was
quite constant, it was the same year after year pretty much. But in the last few years ... it
clears up later, so freeze-up occurs a little later (Arnatsiaq 2004; Igloolik).

The timing described for recent and past freeze-up was not as different between
communities as initially anticipated. However, not as many people in Igloolik
stressed specific changes in the timing of freeze-up, compared to those inter-
viewed in Cape Dorset and Pangnirtung. Figure 3.6 provides a visual depiction

<
<

Fig. 3.6 (continued) CD Freeze-Up: The beginning of the freezing processes occurs approxi-
mately 1 month later than in the past (i.e., October—December instead of September—November).
Similarly, the ice is not formed solidly enough for travel until later in December in recent years,
while previously people were traveling on the ice as early as late October.

CD Breakup: The offset in breakup timing is approximately 1 month, as well as for the ice-free
season. It used to be possible to travel on the sea ice in June and into July, whereby boat travel
(especially in relation to accessing a soap stone mine eastward along the coast) was not possible
until August. However, in recent years the ice begins to breakup in May, is rarely travelable in
June, and the ocean is ice-free in July. This allows earlier boat access to the soap stone mine.

CD References: Joanasie (2004), Nunguisuituq (2004), Kelly (2004), Mikigak (2004a), Ottokie
(2004), Parr (2004), Peter (2004), Saila (2004), Suvega (2004), and Manning (2005).

IG Freeze-up: Early freezing processes used to begin in late September or early October, but espe-
cially in recent times has been forming only around November. An important gauge of freeze-up
timing is when it is possible to cross Ikiq (Fury and Hecla Strait) to reach Baffin Island. This sea
ice crossing used to be undertaken before Christmas but is no longer possible until late January or
early February.

IG Breakup: Breakup was discussed as occurring at a different time every year, although it was
considered “normal” to break off around August whereas in the spring of 2004 the ice broke up in
early July.

IG References: Angutikjuaq (2004), Aqgiaruq (2004), Ikummaq (2004a), Ipkanak (2004), and
Qattalik (2004).

PG Freeze-up: The beginning of the freezing processes occurs approximately 2 months later than
in the past (i.e., December instead of September/October). Similarly, the ice is not formed solidly
enough for travel across Cumberland Sound until January or February, whereas people from the
other side of Cumberland Sound used to cross to Pangnirtung to celebrate Christmas.

PG Breakup: The offset in dangerous travel, and breakup, timing is approximately 2 months. For
example, crossing Cumberland Sound was still possible in May/June previously, whereas now
travel becomes dangerous around April. Furthermore, fiords were still travelable in June and are
now only safe until around May.

PG References: Alivaktuk (2004), Evic (2004), Ishulutak (2004a, 2004b), Keyuajuk (2004),
Maniapik (2004b), Mike (2004), Noah (2004), Nuvaqiq (2004), Qappik (2004a), Soudluapik
(2004), Vevee (2004), Evic (2005), and Nuvaqiq (2005)
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summarizing the temporal change in freeze-up timing, typically gauged according
to when (i) the very early signs of freezing are visible and (ii) the ice becomes trave-
lable (i.e., thick enough for travel by dog team or snowmobile). The shifts identified
in Cape Dorset (Fig. 3.6a) and Igloolik (Fig. 3.6b) were quite similar. However,
in Igloolik travel referred to much larger expanses of sea ice used to cross Fury
and Hecla Strait, while in Cape Dorset travel meant crossing the relatively nar-
row Tellik Inlet, in both cases seeking to reach Baffin Island. In Pangnirtung, the
timing of freeze-up was described distinctly for the fiord and within Cumberland
Sound (Fig. 3.6c). The most drastic shifts in freeze-up have been noted in this area,
with almost a 2-month shift in the timing of ice formation. These later freeze-up
conditions and different ice consistency (Fig. 3.1) were frequently linked to the
detrimental influences of shifting and unpredictable wind and weather (Table 3.1).
Specific indicators used to identify changes in the freezing process are highlighted in
Table 3.2. The shifting timing of ice formation has implications not only for winter
ice conditions but for spring as well.

Breakup. All three communities have noted a shift toward earlier spring ice
breakup, and an increased speed with which ice deteriorates in spring (Fig. 3.1).23

[I]n June [we] used to go by dog team. But now [we] don’t even snowmobile in this month
of June, it doesn’t look like it’s going to happen again (Ottokie 2004; Cape Dorset).

Table 3.2 Summary of local indicators used to evaluate altered freezing processes around Cape
Dorset, Igloolik, and Pangnirtung, Nunavut

Cape Dorset Igloolik Pangnirtung

e No ganguqtuq e Ice is more commonly e Sikuvaalluuti does not form

e No qaikut freezing upwind properly or stay until the

e [lu not happening (aggurtipalliajuq), creating next year
anymore ice conditions more like ginu e Uiguagq breaks off much

e Ice no longer than SIKU easier and more frequently
beginning to form e Qaingu forming later e Areas with strong currents
from the bottom of e New aukkarniit (polynyas) are not freezing over where
the low tide zone forming they used to, new sagvait

e Naggutiit refreeze (polynyas) forming
roughly e Some points are

thin/dangerous where they
used to be solid

e Softer consistency of sea ice
(more sikurinittuq)

See Laidler and Elee (2008), Laidler and Ikummaq (2008), and Laidler et al. (2008) for meanings
of the Inuktitut terms used for ice forms listed in the table.

Cape Dorset References: Alasuaq (2004), Parr (2004), and Nunguisuituq (2004).

Igloolik references: Ammagq (2004), Kunuk (2004), Qattalik (2004), Palluq (2005), and Kunnuk
(2008).

Pangnirtung References: Keyuajuk (2004), Kisa (2004), Nashalik (2004), Noah (2004), Nuvagqiq
(2004), Qappik (2004a, 2004b), Nuvaqiq (2005), and Vevee (2004).



3 Mapping Inuit Sea Ice Knowledge, Use, and Change in Nunavut, Canada 61

Breakup timing is often referred to as when the sea ice is no longer travelable, dis-
tinguished from when the ocean is ice-free (and boating is possible). Again, around
Pangnirtung descriptions relate specifically to when the sea ice starts to become
dangerous for travel and when the ice in Cumberland Sound and the surrounding
fiords begins breaking up. Figure 3.6 summarizes the temporal change in breakup
timing, alongside the freeze-up timing discussed earlier. Changes related to early
breakup timing are most prominent in Cape Dorset and Pangnirtung (Figs. 3.1 and
3.6a, c), while in Pangnirtung and Igloolik there is more emphasis on faster melt
stages (notably that some stages are being skipped) (Figs. 3.1 and 3.7).24

This year [2004] for some odd reason, [the cracks never formed to create open leads]. And
then you find that all of a sudden the ice wears out faster ... [My] theory is that because
the cracks are not there, the drainage doesn’t take place, so once the snow melted the water
stayed on [the ice] ... and the ice just wore out, it just melted. It didn’t break up and go
like in normal years, it just melted. And that could be a factor because of that film of water
that’s on the ice. Normally the stage would be first there’s water, and then it drains along
the tidal cracks or breathing holes, and then [the water on the ice] gets deep. We didn’t

get to the deep stage this year. .. because of the absence of these cracks (Qattalik 2004;
Igloolik).

Fig. 3.7 Spring ice conditions in Fury and Hecla Strait. With earlier or more unpredictable spring
breakup, there is a greater chance of people being stranded on moving ice or on land away from
the community (Photo: G.J. Laidler; June, 2005)
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In all three communities there are commonly known areas that tend to melt
earlier than others (usually associated with strong currents or nearby polynyas);
these areas have now been observed to begin melting and opening up to a month
earlier than expected, based on 1960s conditions.”> Furthermore, the increased
speed of ice deterioration is suggested to link to the generally thinner and weaker
(softer) ice resulting from the shorter ice season?® and other weather-related factors
(Table 3.1).

Ice Thickness. Thinning ice conditions were most prominently noted in Cape
Dorset?’ (Fig. 3.8), closely followed by Pangnirtung.?® This trend was mentioned
to a lesser degree in Igloolik?®; instead more focus was placed on risks generally
associated with thin ice. Indicators used to evaluate changes in ice thickness are
summarized in Table 3.3. Thickness evaluations vary according to a person’s height
and visual depth perception, as well as the initial ice conditions that they take as a
baseline. For example, areas with strong currents would be thinner to begin with, but
may be experiencing a greater amount of thickness change. Nevertheless, there is a
strong relationship between thinning ice and earlier spring breakup, as well as the
opening of new polynyas, as the ice is worn away more easily by the currents from
underneath. Thinner ice conditions could also be created by increased precipitation
(more snowfall could mean more insulation on the ice surface, and thus preventing

Fig. 3.8 Hunters at the edge of a polynya near Cape Dorset. With thinning ice conditions, these
areas tend to be more dangerous and melt earlier in the spring. However, hunters are used to these
dynamic conditions so they always bring boat along for seal retrieval, as well as being a safety
precaution (Photo: G.J. Laidler; January, 2005)
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Table 3.3 Summary of local indicators used to evaluate ice thickness around Cape Dorset,
Igloolik, and Pangnirtung, Nunavut

Cape Dorset

Igloolik

Pangnirtung

e Seal breathing holes
are no longer as deep
or tunnel-like

e Ice at open cracks is
no longer as deep

e Ice is thinner in
comparison to

e Seal breathing holes used
to evaluate thickness
changes, generally no
longer as deep or
tunnel-like

e Ice at open cracks used to
evaluate thickness

e Seal breathing holes are

no longer as deep or
tunnel-like, seals do not
have to go straight down
to get into the hole

e Melt holes are no longer

as deep or tunnel-like

personal height — changes e Ice is thinner in
usually gauged when comparison to personal
drilling a fishing hole height when chipping
or setting seal nets away a hole

e Travel routes are not e a fishing spear (more than
as sturdy or solid as 10 ft long) is no longer
previous years (e.g., necessary to retrieve
more open water on seals from their breathing
the winter soap stone holes (now only about
mine route, which can 1.5 ft thick)
also link Cape Dorset e Tuvaq (landfast ice) is
to the community of thinner

Kimmirut)

o MYT are smaller and
not present as
frequently

e Formation of new
sagvait (polynyas) or
presence of more
open water

Cape Dorset references: Alasuaq (2004), Nuna (2004), Petaulassie (2004b), Peter (2004),
Pootoogook (2004), Ezekiel (2005), and Manning (2005).

Igloolik references: Palluq (2005).

Pangnirtung references: Keyuajuk (2004), Ishulutak (2004a, 2004b), and Qappik (2004b).

thickening). Qualitative evaluations of ice thickness (i.e., to determine safety for
use) thus require taking into account fall freeze-up conditions, geographic location
(i.e., topographic, bathymetric, and current/tide effects), surface conditions, as well
as seasonal weather.

Multi-year ice. The presence of multi-year ice (MYI) has also changed, with
each community focusing on different aspects. In Cape Dorset, less MYT has been
seen drifting nearby, and people note that the pans seem smaller and they do not
last through the summer. So, there have been fewer instances of boat travel being
hampered by multi-year ice pushed into the floe edge; however, it still does occur
with the right combination of wind and ice conditions.

[QJavvaq [MY]I], they’re big, like Hudson Strait polar ice, they’re really clear white blue
colours ... when people see that say ‘oh oh, we’re going to get trapped’. Because when
they start to see that gapvaqg [it] means a big area of ice like that can move into your area
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and block off all the shoreline. That has happened here, we got stranded out right here one
time, with gapvag. And then it stayed there over almost two weeks. (Manning, 2005, Cape
Dorset)

Unique to Igloolik assessments of sea ice change is the importance of MYI
and moving ice conditions. Most notably, there are two commonly expected types
of MYI in Ikig (Fury and Hecla Strait): “dirty” (i.e., yellowish-brownish colored
ice coming from the sandy areas to the south and east, from Steensby Inlet and
Cape Dorset) and “clean” (i.e., white MYI coming from the north through Labrador
Narrows). Now both of these ice types are only concentrated in certain areas and
they are generally further from town or virtually absent, and thus have less influence
on summer temperatures and fall freeze-up.3! For example, the yellowish-brownish
“dirty” MY]I, from the south, has been late in moving toward town in the spring.3?
Furthermore, the “clean” MY, from the north, has been more common in recent
years and is potentially linked to the shifts in prevailing wind directions.>® In gen-
eral, the moving ice does not appear as solid, there are more cracks present, and the
ice pans are smaller/thinner.>* Combined, these have important consequences for
the formation of the floe edge.>

But for the sea ice, again this year is unique in that we don’t have multi-year ice. And with
the lack of multi-year ice it took forever to freeze over to the point, so that February 14 was
the only time you could cross Fury and Hecla to Baffin Island . . . normally it freezes earlier
than that (Ulayuruluk 2008; Igloolik).

In Pangnirtung, there have been fewer glacier-calved icebergs noted in the fiord.
Furthermore, less MY coming from the north has been collecting in Cumberland
Sound and it melts much faster than previously when it does enter the Sound.3¢

And the gavvag (MY]I), that [ice that] comes from up there [North], when they come into
Cumberland Sound they melt a lot faster than they used to. .. Like for example if the ice
came into Pang Fiord, none of them would come back out, they would all melt in there. It’s
a one-way trip when ice comes in ... you won’t see it again, it’s gone, it’s going to melt in
there (Nuvaqiq 2005; Pangnirtung).

Discussion

Implications of Change

After comparing observations of change, the following question remains: What do
these changing ice conditions mean for each community in the context of their local
ice processes and uses? Many of the changes described exacerbate the risks inher-
ent in sea ice travel and hunting and render safety indicators less reliable than they
were in previous years. Sea ice changes are also affecting subsistence and commer-
cial harvesting success and the health and well-being of the animals themselves.?
Figure 3.9 presents an overview — admittedly highly generalized — of environmental
(and related sea ice) changes and their implications for people, animals, and associ-
ated adaptive strategies that were commonly highlighted in all three communities.
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Fig. 3.9 Conceptual model of common observations of environmental changes in Cape Dorset,
Igloolik, and Pangnirtung, and their implications for sea ice, people, and animals

Floe edge. In all three communities, the increased proximity of the floe edge to
the settlement leads to an increased potential of break-off events and people get-
ting stranded on moving ice. Usually, smooth ice extending to the floe edge would
indicate a higher likelihood of the ice breaking off, but in recent years it seems to
break off more frequently and unpredictably, regardless of ice surface topography.
A closer floe edge also means that key travel routes are being compromised, espe-
cially in Cape Dorset and Pangnirtung, so people are increasingly forced onto land
or have to take long detours due to poor ice conditions. In Igloolik there was less
emphasis on change and more on variability of the floe edge in relation to other ice
stability indicators (i.e., the amount of ice piled up on reefs). Generally, a closer floe
edge means increased access to marine wildlife (associated with open water), but
this is accompanied by enhanced danger of sea ice travel to hunting destinations.
Even terminology references or uses are being changed (see the changed definition
of nunnig in Pangnirtung), which has important implications for language tied to
environmental conditions.

Perhaps most influential in an economic sense is the effect of shorter ice sea-
sons, thinner ice cover, and a closer floe edge on the commercial turbot fishery
in Cumberland Sound. Several Pangnirtung fishermen make a living off-seasonal
long-line fishing and solid, extensive ice cover is essential to reach the most desir-
able and productive (i.e., deepest, farthest offshore) fishing spots in the Sound.
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In the past few years (with the exception of 2008-2009), with closer floe edge
proximity and higher frequency of storms and high winds, the fishing season has
been drastically shortened. As such, there is greater risk involved in this activity due
to an enhanced likelihood of the ice breaking up. Fishermen need to be more cau-
tious because, in such an event, they can lose all their equipment at once. This had
happened to some of the people interviewed and a number of others whom we met
on the ice or around town. In many cases the equipment was simply irretrievable
and irreplaceable, causing several people to abandon fishing completely due to the
financial burden of trying to start anew.

Weather. Warmer winters are generally shortening the ice season, which means
that hunters do not have as much time to use the ice. Potential benefits of this warm-
ing are that hunters do not have to wear the same heavy clothing and that tents
suffice as shelter (i.e., igloo building may no longer be a necessity). This concerns
some people as they fear that the ice may no longer form at some point in the future,
while others feel that the air temperatures are not warming (rather that the water
temperatures have increased or that more windy conditions are preventing adequate
ice formation). Therefore, while there is consensus on changing ice conditions, there
is no clear agreement on the relationship between temperature and the abbreviated
ice season. Increased snowfall was noted in the fall as contributing to more danger-
ous ice conditions, but this can also be considered a positive implication for ringed
seals that depend on snow cover (among other things) to build and maintain safe
dens on the sea ice. However, a decrease in snowfall could be detrimental for seals
as it could hinder their creation of adequate shelter for themselves or their pups in
the winter months.

The increased unpredictability of weather shifts and traditional weather pre-
diction techniques are rendering sea ice travel more dangerous. The diminished
prevalence of northwest winds has affected not only these shifting weather patterns
but also the ability to navigate accurately using snowdrifts. Shifting winds create dif-
ferently shaped and oriented snowdrifts, thus hunters must recognize these changes
to continue using snowdrifts as a navigational aid. Moreover, increased prevalence
of southeast winds means, in some cases, more open water or moving ice is being
blown toward the communities, making sea ice travel more difficult. At the same
time it renders marine mammals more accessible where open water is maintained,
but more frequent wind shifts increase the likelihood of ice breaking off from the
floe edge. This (lack of) pattern in wind direction and strength has (i) restricted wal-
rus hunting opportunities in Igloolik; (ii) influenced the amount of moving ice that
concentrates around the communities; (iii) rendered ice conditions less stable and
more prone to breaking up; (iv) sped up spring melt; and (v) undermined traditional
weather prediction skills (e.g., by gauging wind and cloud conditions). Community
members are thus increasingly turning to weather forecasts, satellite imagery, and
GPS technology to help evaluate ice conditions prior to travel or to maneuver ice
conditions in poor visibility. However, even weather forecasts received over the
local radio are not deemed consistently reliable. They often contradict the current
observable conditions and, combined with less predictable traditional indicators, are
leading to more community members being stranded on the ice or land away from
the community, getting lost, and/or having more accidents. Since favorable weather
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systems (i.e., clear and calm) are not remaining as long as they had previously,
hunters have to be prepared for anything when they embark on longer sea ice trips.

Freeze-up timing. Each community noted later and slower freeze-ups, which lead
to thinner and non-uniform winter ice conditions. Inconsistent freezing progression
was described in comparison to previous years, as the ice tends to form, break up/get
blown out, and then start forming again. This cycle goes on several times before the
ice actually solidifies, leading to rougher ice and a softer consistency when it does
form. This makes it more dangerous to begin traveling on the ice in the fall and
less predictable as changed weather could drastically affect freeze-up progression.
In Cape Dorset and Igloolik sea ice travel has been delayed nearly a month in recent
years and in Pangnirtung nearly 2 months. Hunters and other community members
are essentially stuck in town as they wait for ice to form solidly, when new ice
prevents boating but is not yet thick enough for travel. People express their unhap-
piness and impatience with this delay, as they are eager to be on new ice hunting. In
addition, altered travel routes tend to be longer and rougher as zigzag trails follow
thicker ice areas or shoreline contours, affecting access to both sea ice and inland
hunting destinations.

The slower freeze-up progression has also extended the boating season, while
substantially delaying the start of the turbot fishing season (in Pangnirtung), caus-
ing seals to go longer without their prime habitat (land-fast ice), and polar bears to
go longer without sea ice to hunt seals. Consequently, hunters around Igloolik have
noted less fat on the seals they are catching in the fall (and a “healthy seal is a fat
seal””) and polar bears becoming increasingly lean, lacking the healthy fat they need
to survive the winter and to support their young. This has also been noted around
Pangnirtung, where substantial changes in ice conditions are translating into nega-
tive effects for the local seal population (e.g., poorer health and fur conditions, lower
survival rate of seal pups, and generally decreasing numbers in Cumberland Sound).

Breakup timing. A shift toward earlier spring ice breakup was observed in each
community. Some melt stages are being skipped and the ice is also deteriorating
more easily from underneath. Consequently, melt stages are occurring more rapidly
as the ice begins breaking up soon after the water on the ice drains away. This has
implications for travel risks, prediction of ice breakup, and use of sea ice termi-
nology. Specific areas open up 2—3 weeks earlier than others, so non-uniform melt
conditions translate into dangerous travel, altered routes, and increased potential to
be stranded away from town if snow/ice melt is sudden. Earlier breakup has enabled
earlier boat travel and a longer boating season, which increases access to soap stone
mines (Cape Dorset), walrus hunting areas (Cape Dorset), and visiting other com-
munities (all), while markedly shortening the turbot fishing season (Pangnirtung).

Hunters in all three communities, but particularly in Pangnirtung, emphasized
that with earlier breakup ringed seals do not get enough time to bask on the ice in the
spring. This hampers seal hunting (by people and polar bears) and prevents the seals
from molting adequately. Young seals then have a harder time ridding themselves of
their white fur (to allow their dark, spotted fur to come in). Because molting cannot
occur on land, more brown seals are being caught in the spring. These are consid-
ered bad skins, meaning that hunters are affected economically because they cannot
sell the furs. Furthermore, important denning areas are breaking up early, which
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forces the pups into the water too early (i.e., they have not accumulated enough fat).
This may increase the mortality rate of young seals, in turn affecting both the seal
population and hunting success.

Ice thickness. Observations of thinning ice were mentioned in all three commu-
nities. This greatly enhances the risks associated with sea ice travel. Thinner ice is
less resistant to the influences of currents, lunar cycles, winds, and snowfall. In other
words, thinner ice deteriorates more easily from currents underneath (rendering it
deceptively solid) or can be broken up more easily from waves or winds. Thinner ice
can also initiate the enlargement or new occurrence of polynyas, increased break-off
events at the floe edge, and decreased access to popular hunting and fishing desti-
nations. In all three communities, thinning sea ice was also linked to later freeze-up
(i.e., not as much time for the ice to thicken) and earlier breakup (i.e., the ice wears
away faster) and thus an overall abbreviated ice season.

In general, increased presence of open water could be considered a positive influ-
ence of sea ice change as it allows marine mammals easier access to air and food
and decreases travel time for hunters to reach areas where animals congregate. But,
it also makes for potentially dangerous travel, restricted hunting options, and dimin-
ished habitat for some key marine species (e.g., ringed seals and the polar bears
who prey on them). Community members also enjoy longer summer boating sea-
sons. However, boat travel is more sensitive to wind, current, and weather conditions
than sea ice travel due to the dangers of rough open seas or navigating through mov-
ing ice. In addition, the financial implications of boat ownership and maintenance
are higher than for snowmobiles, so fewer people may be able to engage in boat
hunting activities.

Multi-year ice. Less MYI around each community was linked to potentially
warmer water or air temperatures, especially in the summer. This may, in turn,
contribute to the delayed freezing in the fall, thinner ice conditions overall, and a
closer/less stable winter floe edge. Less MYI present in the summer also renders
boating conditions more difficult as waves propagate higher and further when there
are no large ice pans to shelter boats from the wind or to dampen the effects of
waves. Around Cape Dorset, less MYI was explained as potentially being part of an
ice movement cycle where the ice pans might congregate in one area one year, and
in another area another year, depending on wind and current circulation. Decreased
presence of MY around Igloolik has meant that walrus are further from the commu-
nity. As a mainstay for Igloolik, this makes it difficult for local hunters to continue
practicing their moving ice hunting techniques and to successfully reach and catch
walrus.

Considerations for Assessments of Change

An assessment of the influence of sea ice change on northern communities
must consider the nature and degree of the environmental changes and local
implications, simultaneously with social and lifestyles changes that people are
experiencing. Individuals may perceive or react to — or indeed understand or
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observe — changes differently depending on their economic status, hunting meth-
ods, interest in news media, family background, to name a few. These affect both
peoples’ exposure to, and perspectives on, environmental changes and how they are
assessed.

Exposure to Change

Considerations for the perception/influence of sea ice change relate to the degree
to which community members participate in hunting or other traditional/cultural
activities. Compared to the more traditional and mobile lifestyles prior to perma-
nent community settlement, people are no longer traveling as much on the sea ice.
Country foods are an important part of the local diet but are no longer essential
for survival. Because dog teams are rarely used for travel in these communities,
the requirements for hunting have greatly diminished along with the necessity of
feeding dog teams. Therefore, people are not hunting (or not hunting certain ani-
mals) as frequently as they would have in the past. In addition, some people are
too busy with employment to be able to use the ice on a regular basis, while oth-
ers are aging and not as able to travel (and the younger generations in their family
are not as interested). Therefore, ice conditions may seem different or the weather
may feel warmer, simply because community members are not spending as much
time outside. The sea ice used to be the “classroom” where knowledge and skills
related to traveling and hunting were traditionally shared. Now, without using the
ice regularly, some community members may be less aware of the environment and
less adept at sea ice travel. As such, accidents may happen more frequently not only
because of sea ice change, but because (i) less people are checking the ice properly;
(ii) snowmobile travel lacks the helpful security instincts of dog teams; (iii) travel
is faster by snowmobile so people take less time to observe the weather and their
surroundings or are relying more on weather forecasts and GPS navigational tech-
nology; (iv) people are not waiting long enough before traveling on the sea ice in
the fall; and (v) younger people are not as familiar with sea ice routes, traditional
indicators of safety, or effective techniques for survival in harsh or unexpected con-
ditions. Nevertheless, during the spring season sea ice travel remains popular. It is
an important time when extended families travel together to go hunting or fishing.
In contrast, winter ice travel is mainly undertaken by hunters for subsistence or
commercial harvesting.

Long-Term Cycles

A few elders explained that they were warned by their parents and grandparents that
the weather and ice would be very different when they became adults and had their
own grandchildren. In Pangnirtung, Anglican ministers were said to have foretold
that Cumberland Sound would not freeze over at some point in the future. Having
now reached that age, the seemingly unbelievable predictions of warmer winters
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and shorter ice seasons are actually coming true. Because they expected this type
of change, some elders are not surprised or concerned, they accept that whatever is
destined to happen will happen. Moreover, some people feel that the current changes
are part of a long-term (approximately 50-year) cycle and that a cooler phase will
return in the future. Therefore, long-term change seems to have become part of the
ever-variable arctic sea ice system, whereby Inuit continue to adapt as best they can.

These are only a few of the potential influences of social, technological, or
lifestyle changes on Inuit expertise or local perception of change. Ice conditions
and processes are changing physically, but the degree to which they are noticed and
are affecting people is also a function of who is using the sea ice, how the ice is being
used, what time of year the ice is being used, and where. Many of the observations
of change described in interviews depend on the initial ice conditions and the areas
used, around each community. For example, a similar reduction in floe edge extent
could minimally influence sea ice travel around Igloolik, but could prevent commu-
nity members in Cape Dorset from getting off the island. Another example is that
while new polynyas along the shores of Cumberland Sound prevent access to key
hunting grounds outside Pangnirtung, new polynyas in Hudson Strait make it eas-
ier to access wildlife near Cape Dorset despite declining ice extents. Furthermore,
changes occurring in areas that are not frequently used may be dramatic (i.e., too
dangerous to venture near or too far to regularly access), but these do not affect peo-
ple as much as areas that are frequently used and are experiencing moderate change
(see Ford et al. 2007, 2008; Laidler et al. 2009 for other examples related to differen-
tial exposure). Therefore, due to the relative nature of changes (as linked to local and
regional geographies, local and regional sea ice use, and qualitative assessments of
change), the utility of some standardized measures to quantitatively assess physical
change is also recognized.

Conclusions

Sea ice travel is hazardous in any season, yet experienced hunters are skilled in
managing the associated risks. Adapting to yearly variations in sea ice cycles and
conditions is incorporated in Inuit sea ice knowledge and their respective use of
the sea ice environment (Nelson 1969; Freeman 1984; Riewe 1991; Aporta 2002).
Plans to hunt, travel, or camp at particular times/locations are continually altered
according to conditions at the time, but these are not consciously delineated adap-
tations to change. They are a reflection of Inuit flexibility and skill in dealing with
the variable and extreme nature of the arctic ecological system (Jolly et al. 2002;
Nichols et al. 2004; Ford 2005; Ford et al. 2006). Nevertheless, such skills are being
undermined by environmental uncertainty, alongside changing social and economic
realities. In the past, before Inuit moved to settlements, changing ice conditions
would not necessarily have restricted hunting opportunities. Families would have
simply moved to other camps alongside areas of open water or solid ice condi-
tions. Now, with a heavy reliance on fuel and equipment to undertake hunting and
harvesting activities, as well as temporal restrictions for those who are part of the



3 Mapping Inuit Sea Ice Knowledge, Use, and Change in Nunavut, Canada 71

wage economy, the costs (economic or personal) to adapt can become prohibitive to
some. Local adaptive strategies are thus a combination of traditional skills, income
availability, dietary preferences, incorporation of technological advancements, com-
munity capacity, and so on. In a sense, life within northern communities could be
considered an overarching limitation on adaptive capacity (i.e., in terms of limiting
opportunities to acquire country food, maintain a healthy lifestyle, and engage in
cultural activities). However, it can also be considered as an important means of
minimizing vulnerability (i.e., community stores ensure access to food — even if it is
not preferred — search and rescue operations can be launched from the community
with ground, air, or water support, and community organizations and households
provide a communication hub to initiate support where needed). There are many
complex factors at play, so the interconnections between social, cultural, economic,
political, and environmental changes need to be further investigated.

Characterizing a population’s vulnerability to climatic, or related, change has
become an important element of the UNFCCC, IPCC, ACIA, IPY, and other large
international efforts to understand or characterize the influence of climate change on
human systems (Smit et al. 2000; Ford and Smit 2004; McCarthy et al. 2005). The
concept of resilience is also used in a complementary manner to characterize areas in
which a community has a high adaptive capacity, specifically in the consideration of
social-ecological systems (Berkes and Jolly 2002; Davidson-Hunt and Berkes 2003;
Turner et al. 2003; Adger et al. 2005; Berkes 2007). Therefore, assessing community
vulnerability/resilience to sea ice change becomes implicated in politics, research,
economics, and environmental change at every level from local to global.

At the local scale we have much to learn from the long-term experiences and
accumulated knowledge that Inuit elders and hunters have gained regarding sea
ice and its complex links with wind, weather, and tidal conditions. Thus, we
have sought to systematically document and communicate Inuit expertise of sea
ice processes, use, and change in order to complement other studies of a physi-
cal, cultural, health, or socio-economic nature. It is true that there are many more
pressing issues facing northern communities than climate change (Duerden 2004).
However, the strong local interest in ISIUOP is a clear indication of how the sea
ice has direct implications for multiple aspects of Inuit community health, safety,
and well-being. Therefore, we hope that this initial local characterization of sea
ice change, and related implications, provides a valuable foundation to help move
toward effectively evaluating the vulnerability or resilience of Cape Dorset, Igloolik,
and Pangnirtung to such changes and to ultimately support locally viable adaptive
strategies.
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. Community researchers involved in ISIUOP field work include (in alphabetical order)
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March 2009. Nearly 16 weeks have been spent in Igloolik on seven trips (ranging from 1 to 6
weeks each) from February 2004 until September 2009.

Honoraria for interview or workshop contributions are common practice in Nunavut and
were provided in accordance with Nunavut Research Institute and International Polar Year
recommended standards.

Various combinations of researchers involved in field work (see Note 1) participated in each
trip, typically including one community researcher, one university researcher, and two or
more local elders and hunters.

Suvega (2004) and Etidlouie (2005) (see Appendix 1 for full references of all interviews
cited).

Kisa (2004), Maniapik (2004b), and Noah (2004).

This depiction of past “normal” ice conditions coincides with the time period of
tremendous social change as Inuit families in the eastern Canadian Arctic were encour-
aged/coherced/forced to permanently settle into communities. The majority of elders and
hunters who contributed to this project had grown up on the land or maintained strong connec-
tions to ice use through hunting and harvesting despite residential schooling. Therefore, they
are using their extensive — and ongoing — experiences and observations to explain the changes
occurring in recent years. However, younger or less experienced hunters do not have the
same comparative experience and technological changes may have also influenced the ways
in which they observe and use the sea ice environment, so differential exposure to changes
may impact results if a similar project were to be undertaken with a younger population or
with future generations of hunters (see Exposure to Change).

. Mikigak (2004b), Petaulassie (2004a), Peter (2004), Saila (2004), Shaa (2008), and Takiasuk

(2008).

Ishulutak (2004b, 2004¢), Maniapik (2004b), Nuvaqiq (2004), Mike (2005), Papatsie (2005),
Kanayuk (2008), and Qappik (2008b).

Ishulutak (2004b), Mike (2005), and Qappik (2008b).

Anonymous (2004), Kisa (2004), Noah (2004), Qappik (2004b), and Kakkee (2008).
Irngaut (2004), Kunuk (2004), Ivalu (2005), Paniaq (2008), and Ulayuruluk (2008).

Kelly (2004), Kisa (2004), Kunuk (2004), and Ivalu (2005).

PG WKSP (2007).

Anonymous (2008b), Kanayuk (2008), Qappik (2008a, 2008b), and Ragee (2008).
Anonymous (2008a) and Qappik (2008b).
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17.

18.
19.

20.
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22.
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217.

28.

29.

30.
31.
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33.
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36.
37.
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Agiaruq (2004), Arnatsiaq (2004), Kunuk (2004), Qattalik (2004), Qrunnut (2004),
Taqqaugak (2004), Ulayuruluk (2004), Palluq (2005), Paniaq (2008), and Qaumaq (2008).
Nashalik (2004), Soudluapik (2004), Nuvaqiq (2005), and PG WKSP (2007).

Kelly (2004), Nashalik (2004), Nuvaqiq (2004), Nunguisuituq (2004), Parr (2004),
Petaulassie (2004b), Qappik (2004b): Ezekiel (2005), PG WKSP (2007), Anonymous
(2008a), and Kakkee (2008).

Angutikjuaq (2004), Agiaruq (2004), Evic (2004), Ikummaq (2004), Ipkanak (2004),
Joanasie (2004), Kelly (2004), Kisa (2004), Maniapik (2004b), Mike (2004), Mikigak
(2004a), Nunguisuituq (2004), Nuvaqiq (2004), Parr (2004), Peter (2004), Qappik (2004a),
Qattalik (2004), Qrunnut (2004), Saila (2004), Soudluapik (2004), Suvega (2004), Taqqaugak
(2004), Vevee (2004), Manning (2005), Palluq (2005), CD WKSP (2007), Alasuaq (2008),
Anonymous (2008a), Kanayuk (2008), Kunnuk (2008), Paniaq (2008), Qaumaq (2008),
Ragee (2008), Shaa (2008), and Takiasuk (2008).

Alivaktuk (2004), Agiaruq (2004), Evic (2004), Irngaut (2004), Ishulutak (2004a, 2004b),
Keyuajuk (2004), Kisa (2004), Noah (2004), Nuvaqiq (2004), Ottokie (2004), Petaulassie
(2004a), Qappik (2004a, 2004b), Qattalik (2004), Vevee (2004), Evic (2005), Ezekiel (2005),
Nuvaqiq (2005), Anonymous (2008a, 2008b), Ashoona (2008), Ezekiel (2008), Ikummaq
(2008), Kanayuk (2008), Kakkee (2008), Mikigak (2008), Pootoogook (2008), Ragee (2008),
Takiasuk (2008), Ulayuruluk (2008), and Yank (2008).

Qappik (2004b), Qattalik (2004), Palluq (2005), IG WKSP (2007), PG WKSP (2007),
Anonymous (2008b), Kakkee (2008), and Yank (2008).

CD WKSP (2007), IG WKSP (2007), Anonymous (2008a), and Oshutsiaq (2008a).
Maniapik (2004a, 2004b), Qappik (2004a), Qattalik (2004), and Palluq (2005).

Alasuaq (2004), Nuna (2004), Petaulassie (2004b), Peter (2004), Pootoogook (2004), Ezekiel
(2005), Manning (2005), Manumee (2008), Mikigak (2008), Oshutsiaq (2008a, 2008b),
Pootoogook (2008), Saila (2008), and Tukiki (2008).

Ishulutak (2004a, 2004b), Keyuajuk (2004), Mike (2004), Nuvaqiq (2004), Qappik (2004b),
Evic (2005), PG WKSP (2007), and Kakkee (2008).

Qrunnut (2004), Pallug (2005), IG WKSP (2007), Ammaq (2008), Amarualik (2008),
Qaumagq (2008), and Ulayuruluk (2008).

Nuna (2004) and PG WKSP (2007).

Ikummagq (2004), Uttak (2004), and Ivalu (2005).

Ulayuruluk (2004).

Qaunaq (2005).

Ivalu (2005) and Qaunaq (2005).

IG WKSP (2007).

Mike (2004, 2005) and Nuvaqiq (2005), PG WKSP (2007).

While a combination of environmental and human-induced factors are contributing to changes
in harvest timing, success, as well as wildlife health and behavior, only those aspects directly
related to a changing sea ice environment are discussed here.

Appendix 1: Interview References (Contributors to ‘“Mapping
Inuit Sea Ice Knowledge and Use,” ISIUOP Sub-project #1)

Alasuaqg, A. 2004. Interview in Cape Dorset. Interviewed by Gita Laidler. Translated by

Pootoogoo Elee. April 27.

Alasuaq, A. 2008. Interview in Cape Dorset. Interviewed by Karen Kelley. Translated

by Pootoogoo Elee. May 28.
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Chapter 4

“It’s Cold, but Not Cold Enough’: Observing
Ice and Climate Change in Gambell, Alaska,
in IPY 2007-2008 and Beyond

Igor Krupnik, Leonard Apangalook Sr., and Paul Apangalook

Abstract The chapter discusses the main outcomes of 3 years (2006-2007, 2007—
2008, 2008-2009) of systematic observation of ice and weather conditions in the
community of Gambell (Sivugaq) on St. Lawrence Island, Alaska. The 3-year
recording of ice and weather in Gambell by local monitors was a part of a larger
observation effort under the SIKU project. Observers from eight communities in
Alaska and Russian Chukotka took daily notes of ice and weather around their home
areas for several consecutive winters. Data from Gambell are the longest and the
most comprehensive within this larger SIKU data set. Observations by local moni-
tors reveal a very complex signal of change that often differs by season or location,
even among the nearby communities. The 3-year record of ice and weather observa-
tions offers new insight to Arctic climate and ice scientists. It will also help Arctic
residents document their cultural tradition, ice use, and knowledge in the time of
rapid environmental and social change.

Keywords Seaice - Local observations - Gambell - Alaska - Indigenous knowledge

Arctic climate and sea ice are changing rapidly, as attested by numerous science
experts and local residents. Nonetheless, the signal of change differs in its scope and
intensity across the polar regions, particularly when assessed by various sources of
data, types of observation, and proxy records. Whereas both scientists and indige-
nous experts are in agreement about the overall direction of change (ACIA 2005),
many perspectives are to be taken into account to get a full picture of the ongoing
processes.

Climate scientists realized that the polar regions were heading toward a major
climate warming phase since the mid—-late 1990s, but the first models were contra-
dictory and many researchers remained unconvinced (cf. Serreze 2008/2009:1-2).
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It took almost a decade for the science community to reach across-the-board con-
sensus regarding the scope of change and about the speed of Arctic warming (ACIA
2005; Grebmeier et al. 2006, 2009; Meier et al. 2007; Pachauri and Reisinger 2007;
Richter-Menge 2006, 2008; Stroeve et al. 2007; Serreze et al. 2007; Walsh 2009).
Arctic residents have been similarly pointing to the many signals of environmen-
tal change in their areas since the early 1990s (cf. McDonald et al. 1997). By the
late 1990s, several studies in the documentation of indigenous knowledge were in
place; they unequivocally confirmed that polar residents were observing a strong
signal of warming across the Arctic region (Fox 2002; Helander and Mustonen
2004; Huntington et al. 2001; Jolly et al. 2002; Krupnik 2000; Krupnik and Jolly
2002; Thorpe et al. 2003). The first systematic recording of the daily ice and
weather patterns by indigenous village monitors was started in winter 2000-2001
on St. Lawrence Island, Alaska (Oozeva et al. 2004; Krupnik 2002).1 This and other
pioneer efforts offer the first glance into the rigorous ice and weather watch that
goes on in many Arctic indigenous communities on a daily basis.

The Arctic Climate Impact Assessment report created a new momentum in
understanding the value of indigenous knowledge (Huntington and Fox 2005). It
was soon expanded during the preparation for IPY 2007-2008, particularly when
the documentation of indigenous observations of Arctic climate change was added
to its science program (Allison et al. 2007). The task to launch systematic ice and
weather observations in local communities became one of the prime goals of the
SIKU project, particularly, of its Alaskan and Russian components (see Chapter 1,
Introduction).

SIKU Ice Observation Program, 2006-2009

The first local observations under the SIKU science plan were started in spring 2006
in Gambell, Alaska, by Leonard Apangalook, Sr., with a small pilot grant from
the Smithsonian Institution’s National Museum of Natural History. In November—
December 2006, local observations of ice and weather conditions began in Wales
(by Winton Weayapuk, Jr., 56) and Barrow (by Joe Leavitt, 52 and the late Arnold
Brower, Sr., 84) in Alaska under the National Science Foundation-funded SIZONet
project and in Uelen, Chukotka, Russia (by Roman Armaergen, 69 — see Krupnik
and Bogoslovskaya 2008). In spring 2007, the daily ice and weather recording
began in Shaktoolik, Alaska (by Clara Mae Sagoonick, 55); in the fall 2007,
the Russian “Beringia” Nature and Ethnographic Park offered three of its indige-
nous rangers as local monitors in the communities of New Chaplino (Alexander
Borovik, 52), Yanrakinnot (Arthur Apalu, 42), and Sireniki (Oleg Raghtilkon, 33),
plus the ongoing set of ice observations in Provideniya Bay and Emma Harbor
by Igor Zagrebin (2000-2009). Altogether, monitors from nine communities in
Alaska and Chukotka were engaged in observation over three winters in 20062009
(Fig. 4.1 and Table 4.1).> The SIZONet team took responsibility for the mainte-
nance of the common database at the Geophysical Institute, University of Alaska
Fairbanks.
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Fig. 4.1 Communities in the northern Bering Sea—southern Chukchi sea region with local ice and
weather observation in 2006-2009 (produced by Matt Druckenmiller)

When starting local ice observations for the SIKU project, we deliberately
avoided setting a standard template for each village monitor, except for the request to
report daily temperature, wind direction, wind speed, and the ice condition at each
location at least once a day. Instead, the observers were encouraged to add local
details they believed were important, such as data on subsistence activities; marine
mammals, birds, and terrestrial species; community events; personal travel across
the observation area; and other comments. All village monitors were also asked to
include local terms, place names, and key descriptions in their respective native lan-
guages, whenever possible. Chukotka observations were recorded in Russian’; all
Alaskan village records were written in English.

Altogether, local SIKU observations in 20062009 produced a data set of more
than 150 monthly logs from eight communities totaling several hundred pages
(Table 4.1). It constitutes a unique database of its kind on local ice and weather
conditions not only on the ground but also on subsistence activities, communal
life, personal traveling, and the status of environmental knowledge in several com-
munities during the IPY era. Some outcomes of this effort have been presented
elsewhere*; this chapter introduces the longest and the most comprehensive of the
SIKU observational records from Gambell, Alaska, 2006—-2009.
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Table 4.1 Community ice and weather observations under the SIKU project, 20062009

Site Observer, year Phenomena recorded Program
Gambell Leonard Apangalook, Sr., Ice condition, temperature, SIKU-Alaska
63°46'N, April 2006-September weather wind, biological
171°42'W 2008 and Paul phenomena, subsistence
Apangalook, October hunting, local events,
2008-December 2009 traveling
Barrow Joe Leavitt, December Ice condition, temperature, SIZONet
71° 17" 44N, 2006-June 2009 and weather, wind, biological
156° 45’ 59W Arnold Brower, Sr., phenomena, subsistence
December 2006—Spring hunting, local traveling
2008
Wales 65° 36 Winton Weyapuk, Jr., Ice condition, temperature, SIZONet
44N, November 2006—June weather, wind, biological
168° 5 21W 2009 phenomena, subsistence
hunting, ice photography
Shaktoolik Clara Mae Sagoonick, April Ice condition, temperature, ~SIKU-Alaska
64° 21’ 20N, 2007-June 2009 weather, wind, local
161° 11" 29W activities, ice photography
Uelen Roman Armaergen, Ice condition, wind SIKU-Chukotka
66° 09’ 34N, November 2006—June direction, weather Local weather
169° 48’ 33W 2009 and Vladimir biological phenomena, station
Struzhikov, 1988-2009 subsistence hunting,
temperature, ice dynamics
New Chaplino Alexander Borovik, Ice condition, temperature, ~SIKU-Chukotka
64° 29’ 30N, November 2007-June weather, wind, biological Beringia Park
172° 54'W 2009 phenomena, subsistence
hunting, traveling, ice
photography
Yanrakinnot Arthur Apalu, November Ice condition, temperature, ~SIKU-Chukotka
64° 54'N, 2006-June 2009 weather, wind, biological Beringia Park
172° 32’W phenomena, subsistence
hunting, traveling, ice
photography
Sireniki Oleg Raghtilkun, Spring Ice condition, temperature, ~SIKU-Chukotka
64° 30’ 10N, 2007, November wind, marine mammals Beringia Park
174° 08'W 2008-June 2009
Provideniya Igor Zagrebin, 2000-2009  Ice development and SIKU-Chukotka
64° 25’ 24N, dynamics, ice Personal
173° 13’ 33W photography observations
Materials and Methods

The town of Gambell (population 649, U.S. 2000 census, currently about 700)
is located at the northwestern tip of St. Lawrence Island, in the northern Bering
Sea. Barely 58 km (36 miles) of water separates Gambell from nearby Chukchi
Peninsula, Siberia, and the only other community on St. Lawrence Island, Savoonga
(Sivungagq, population 710) is separated by almost the same distance. Most of the
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Fig. 4.2 The Yupik village of Gambell on St. Lawrence Island, Alaska, one of the key research
sites for the SIKU project. (Photo: Igor Krupnik, February 2008)

local residents are Yupik Eskimo; they call their village Sivugag and themselves
Sivugaghmiit when speaking in their native Yupik language.

Gambell/Sivugaq has been permanently populated for the past 2,000 years and
its rich cultural history is revealed in numerous ancient sites.’ Today, it is a rural
Alaskan community (Fig. 4.2) with mixed economy based upon subsistence marine
hunting and fishing, supplemented by wage works, pensions, small development
grants, ivory carving, and sale of beached and archaeological ivories to visitors and
collectors. Almost all adult men in Gambell hunt in their spare time or year-round;
during the spring hunting season in April-May as many as 200 men and teenage
boys may be boating in the drifting ice. The islanders’ knowledge of sea ice was
extensively documented in recent years; Yupik hunters and elders have long voiced
concerns about the shifts in local environment they observe and the growing impact
of climate change upon their economy and way of living (Krupnik 2000, 2002, 2009;
Krupnik and Ray 2007; Metcalf and Krupnik 2003; Metcalf and Robards 2008;
Noongwook 2000; Noongwook et al. 2007; Oozeva et al. 2004; Robards 2008).
This chapter introduces the first assessment of what has been recorded over more
than 3 years of the SIKU observation program in Gambell.

One of the co-authors (LA, Fig. 4.3) started recording ice and weather condi-
tion and local subsistence activities in Gambell on April 1, 2006. He took daily
records for 25 months, from April 2006 until June 2007 and again from September
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Fig. 4.3 Leonard Apangalook, Sr., SIKU participant and local observer in the village of Gambell,
St. Lawrence Island (courtesy of Leonard Apangalook)

2007 until June 2008. His monthly logs first came as handwritten entries of 30-40
words per day that were later replaced by computer-typed files. It included read-
ings of the daily temperature, wind direction, and wind speed (taken in the morning
from the outdoor thermometer) and supplemented by comments on local ice con-
dition, hunting, and village activities. In addition, Leonard commonly checked
the beach in Gambell twice a day and he traveled extensively around the area
for hunting, fishing, and beach combing. Apangalook’s data were supplemented
with extensive interviews with Krupnik taped in Gambell in September 2007 and
February 2008.

Since late September 2008 and until June 2009, another co-author (PA) (Fig. 4.4)
continued the observation in Gambell.® Altogether, two observers contributed
33 monthly logs or more than 120 pages of written records. Electronic files of
monthly observational logs were uploaded to the SIKU-SIZONet observational
database at the Geophysical Institute, University of Alaska Fairbanks, and already
used extensively (see Chapter 5 by Kapsch et al. this volume). Gambell 2006—
2009 observational records feature tremendous amount of information beyond
the sea ice and weather data, including references to marine mammal, bird, fish,
and plant species; local subsistence activities, community events, and observers’
personal comments. Small gaps in daily observations were covered using meteoro-
logical records from the Gambell airport automatic weather station.” Throughout
March—June 2008 and, again, in September 2008—June 2009, the logs were checked
against satellite imagery from the northern Bering Sea area (provided by Gary
Hufford, Alaska Weather Service — see Acknowledgements). We also used historical
weather records from Gambell that cover two periods, 1948-1953 and 1987-2008,
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Fig. 4.4 Paul Apangalook, SIKU monitor in Gambell, 20082010 (courtesy of Paul Apangalook)

on file at the Geophysical Institute, UAF in Fairbanks. Using these data we selected
two comparative weather sets, 1949—1952 and 1989-1992, so that 2006-2009
observations can be put into a broader historical perspective (see below).

Another set of historical weather data comes from daily journals of the first
teachers and missionaries at Gambell, William Fuhrman Doty, 1898-1899 (Doty
1900), and P.H.J. Lerrigo, 1899-1900 and 1900-1901 (Lerrigo 1901, 1902). Unlike
later meteorological records, they include numerous references to ice condition
and subsistence hunting in 1898-1901. We used the sets of weather records dur-
ing 1898-1901, 1949-1952, 1988-1992, and 2006-2009 to calculate the average
monthly temperature and some other parameters for four short periods extending
over 110 years. These data are organized and discussed below by three seasons,
Fall (September—December), Winter (January—March), and Spring (April-June),
or from the first signs of fall freeze-up and until the spring retreat of ice. In
this first assessment of Gambell ice and weather conditions in 2006-2009, the
seasonal records are analyzed along four major themes or topics: (1) indicators
that people use to assess the seasonal dynamics; (2) shifts, that is, the vector
of change; (3) mismatches, unusual or conflicting signals of change; and (4)
scope of change, the assessment of today’s condition against earlier historical
data.
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Fall Freeze-Up and Early Ice Formation

St. Lawrence Islanders have highly nuanced views on how the new sea ice is formed
around their island each year. Their native Yupik language has more than 20 terms
for many local types of young ice and freezing conditions (Oozeva et al. 2004);
people also use various natural phenomena as indicators in the freeze-up process
(see below). Also, hunters watch carefully for new ice and for the signs of its safety,
so that they can assess its condition with great precision.

The process of the fall freeze-up and new ice buildup — or, rather, the way it
used to happen in the “old days” — can be described as follows. Winds and cur-
rents would drive first small chunks of floating ice called kulusiit (in Yupik or
“icebergs” in English) from the north; this would be an indicator of the approach-
ing main polar pack ice. It usually happened in October or even in late September
(Oozeva et al. 2004:133—134). Many would melt or would be washed ashore; but
some would freeze into the locally formed slush (genu), grease (saagsiqu), or frazil
ice (pugsaqa). At this time, local slush ice (gerngayaak) starts forming in bays,
lagoons, and creek estuaries at low temperature. Eventually, the slush ice that is
washed onshore and the frozen beach spray on rocks and sand, gayemgu will solidify
and build up to a bank (sigugneq). If the freezing occurs in quiet weather, genu (slush
ice) expands rapidly offshore and various local forms of thin new ice, allungelqugq,
qgateghrapak, sallgaaq, sallek and, later, salegpak, may form quickly.’

Around the time as the first local ice was established (usually in early to mid-
November) (Fig. 4.5), the prevailing winds would shift direction, from primarily

Fig. 4.5 “Locally built” fall ice off St. Lawrence Island. (Photo: Hiroko Ikuta, 2007)
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southerly to northerly, followed by a drop in daily temperatures. Under the prevail-
ing north—northeasterly winds, local ice and chunks of drifting ice from the north
would combine to form a solid mass of ice by November, enough so that it was
safe to go out on young ice for seal hunting (Noongwook 2000:22). Depending
upon year-to-year variability, but usually by late November, the thick Arctic ice
pack called “true ice” (sikupik) would arrive from the north, often merging with or
smashing the young locally formed ice. Crashing, breaking, and refreezing would
continue through December, until a more solid winter ice is formed to last until
spring (Fig. 4.6; Oozeva et al. 2004:136-137).

Indicators. Besides major visible stages in the freeze-up and new ice formation,
Gambell hunters use numerous other indicators to track the advancement of the fall
and winter conditions. Leonard Apangalook produced a list of some 30 indicators
(“benchmarks”) that he commonly used to describe the fall/early winter condition,
such as freezing of the puddles and lakes, buildup of the ice on rocks and in the
tidal zone, first major snow on the ground, shifts in local subsistence activities, the
arrival of particular species of marine mammals and birds (Table 4.2). Most of those
benchmarks were traced for three consecutive fall seasons: 2006, 2007, and 2008. Of
course, many indicators used by Gambell hunters are “proxies” and are not related to
the building of the ice itself. Nonetheless, they create a set of well-defined markers
to trace and to forecast the approaching winter season.

Fig. 4.6 Ice pressure ridges are built along Gambell beaches, as thin young ice solidifies offshore.
(Photo: Igor Krupnik, February 2008)
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Some of these benchmarks that I am aware of as an example are: Uksungnaqaa, meaning
(literally) “it’s attempting to become winter.” As Ralph Apatiki related, this time is dis-
tinctly marked by high winds of longer duration and dense blizzard periods like squalls, not
comprised of snowflakes but that of fine ice crystals probably formed in vast open seas in
below O °F temperatures. [...]. Older men expected the arrival of the main ice pack during
this time. Winter in our custom officially arrives with the ice pack. [. .. ] That westerly wind
on December 24 (2008) [was] clearly the benchmark, which marked the beginning of winter
despite the arrival of the ice before that time. (Paul Apangalook, January 2009).

Shifts. Since the 1980s, hunters started to observe changes to the previously com-
mon pattern that they have viewed as “normal.” First, kulusiit, drifting chunks of the
polar pack ice were late to arrive, often by a full month, and by the late 1990s, they
have stopped coming altogether. The new ice is now being formed primarily out of
local frozen slush or frazil ice, via its thickening, consolidation, repeated breakups,
and refreezing. That usually happens in mid- or even late December, when slush ice
turns into thick new ice, often about 10 in. thick, and may even pile up into onshore
pressure ridges, vuusleq (sing.), on the wind-exposed beaches. At that point, the
main pack ice ceased to arrive until January or even February; and in the last few
years it did not arrive at all. Because of this new dynamics, the onset of winter
ice conditions on St. Lawrence Island is now being delayed by 6-8 weeks, until late
December or even early January (December 28, 30, and 25 in 2006, 2007, and 2008,
respectively).® Even when the pack ice finally arrives from the north and gets frozen
off Gambell, it is not the solid thick polar ice, sikupik, of the “old days” but rather
a mass of broken new ice that was formed further north, in the bays and tidal zone
between the Chukotkan and Alaskan coasts.

Observations in 2006-2009 help document this new pattern of the ice formation
(Table 4.2). During these 3 years, no drifting icebergs (kulusiit) were seen arriving
from the north. Although in 2007 the formation of slush ice was reported more
than 2 weeks earlier than in 2006 and 2008, the slush ice was quickly broken up
by a warming spell, so that on November 22, 2007, Leonard Apangalook reported
“Thanksgiving day with no ice in the ocean; normally [we] would have ice and
hunt walrus on Thanksgiving Day but not anymore.” In the three SIKU observation
years, the bulk of migrating walrus did not arrive to St. Lawrence Island until
mid-December, so that the main walrus hunting in Gambell started on December
18, only.

The buildup of the new ice cover continued via expansion, rafting, and hardening
of the local ice. On December 16, 2006, Apangalook reported that “when locally
formed ice gets thick and encompasses the entire Bering Sea around our island, our
elders used to say that we have a winter that is locally formed.” On December 29,
2006, he stated “No polar pack ice yet, but locally formed ice is getting thicker and
heavier. Some of the ice is getting to be almost three feet thick.” The solidification
of this locally formed, primarily coastal ice now marks the onset of winter condition
and its movement dominates the local icescape for the duration of the winter.

Mismatches. Recent climate change has clearly impacted the detailed set of
hunters’ indicators inherited from the “old days.” Some like the first major snow
on the ground or the first freezing of the land surface or puddles are confusing, as
today’s weather instability commonly leads to several cycles of snowing/freezing
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and melting during the fall. Other former benchmarks, like the arrival of floating
“icebergs”9 (kulusiit), of the pieces of broken ice floes (uughhutraghet), or the
advance of the main pack ice, sikupik (that ceased to arrive), have lost their obser-
vational value. Instead, new indicators emerged, like the mass arrival of the Steller
sea lions prior to the main walrus migration that was unknown of in the “old days”
(Table 4.2).

Hunters are also puzzled by the mix-up (“mismatch”) of many events or stages
in the fall-winter transition that used to be sequenced differently. A good example
is the fall appearance of bowhead whales, often in advance of the migrating walrus.
In the “old days,” bowhead whales were rarely spotted in the fall and, and unlike
in Siberia, were never hunted on St. Lawrence Island in November or December.
In the past decade, the fall occurrence of, and hunting for, bowhead whales prior to
the walrus migration in mid-December became quite common. In 2008, two whales
were killed off Gambell and butchered on November 30 and December 1, a full week
before the migrating walrus arrived from the north. Also, many earlier calendar dates
(like “we used to have walrus here by Thanksgiving”) are not working anymore.

Scope of change. Earlier sets of historical temperature records (1898-1901,
1948-1951, and 1987-1992) create a confusing picture, as inter-annual oscillations
in the temperature regime are higher than any statistical difference among the four
sets of historical data (Table 4.3). What is clear is that there is not much change

Table 4.3 Average fall-early winter air temperatures (F°) in Gambell, Alaska: 1898-2008

First major cold ~ Start of active
spell (5 days walrus

Year September October November December below 0°F) hunting

1898

1899 424 28.6 21.2 17.4 January 6

1900 39.5 32.0 27.1 9.9 December 15 December 15
1948 38.4 29.1 19.1 11.9 December 27

1949 40.6 34.9 24.5 15.0 December 22

1950/1951 404 35.0 29.5 20.0 January 3

1987 38.5 325 18.4° 5.7¢ November 27

1988 39.6 29.6 22.7¢ — -

1991 39.2 29.5 20.0 7.9 December 20

1992 36.7 30.5 20.8 6.5 December 11

2006 41.1 35.2 30.0 124 December 27 December 22
2007/2008 46.4 32.7 27.6 18.9 January 8 December 27
2008/2009 39.5 29.9 21.8 17.7 January 3 December 18

2 After a short cold spell between December 2 and December 8, the temperature did not drop again
below 0 until March 18.

26 days only.

€29 days only.

dFirst 13 days of the month only.
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observed either in the average monthly air temperature for the fall season or in
the timing of the early fall phenomena leading to the eventual freeze-up, like the
freezing of the land, first major snow, the formation of slush ice. The difference is
remarkable, though, in the timing of the events preceding the main ice formation
and, particularly, with regard to the arrival (or lack) of the polar pack ice. In 2006
and 2007, the temperature dropped below freezing on the first week of December,
2-4 weeks later than a century ago. Even though conditions in Gambell were sig-
nificantly colder in 2008, it was hardly comparable to the marked onset of winter,
as described on December 5, 1894:

A thick poorga, or snowstorm has whirled down upon us the day before from the north;
a foot of snow had fallen, and great drifts nearly buried the village and blocked up the
windows of the schoolhouse. Ice floes, packing against the coast, pressed great masses
ashore in hummocks twenty or thirty feet in height. The entire sea, across to Siberia, was
covered with ice (Gambell 1910:8).

The only explanation is that the ice formation is delayed by the warming of the
areas north of Gambell and by the significant delay in the Arctic pack ice formation
in the Chukchi Sea. Therefore, the fall temperature in Gambell may be not that
different from the decades past but the ice formation follows a very different pattern.
Citing elders’ words, they now have ice and winters “that are locally born.”

Winter Ice and Weather Regime

As the ice solidifies in early winter, the advantage of Gambell as the prime
subsistence-hunting site becomes quite obvious. Thanks to the village location at the
protruding northwestern tip of St. Lawrence Island, Gambell hunters have access to
three types of ice-covered marine habitats, each with its specific type of ice forma-
tions. The western beach (Uughgqaa, literally, “south side,” “lee side”) is a dynamic
habitat dominated by the drifting ice that moves back and of winds and currents
(Fig. 4.7). During the wintertime, hunters constantly watch for walrus and seals on
the drifting floes, ready to launch their boats, when an opening between the shore
and pack ice allows them to get closer to the game. Alternatively, hunters can go
to the northern beach (Aywaa) that has much heavier pack ice and shore-fast ice,
with higher and more solid pressure ridges (Fig. 4.8). The solid ice off the northern
beach allows access to the game for hunters moving on foot; it used to be the most
common way of winter hunting in Gambell up to the recent decades (Hughes 1960;
Oozeva et al. 2004). Lastly, a short 5 km (3 miles) snowmobile journey to the east
offers access to the solid shore-fast ice that normally forms along the northern shore
of St. Lawrence Island. From the camp called Qayilleq (Qayillghet) hunters venture
onto the ice seeking for seals and walrus in the open offshore leads.

The area off Qayilleq is also known to be a wintering habitat for a local pop-
ulation of bull walrus called ayughayaak. In the “old days” people used to hunt
the “winter” walrus off the northern side and at Qayilleq by walking on foot to the
dense pack ice and by scouting for walrus breathing holes where the animals may
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Fig. 4.7 Drifting pack ice with patches of open water off the western beach in Gambell. (Photo:
Igor Krupnik, February 2008)

be harpooned and killed with lances (Hughes 1960:103—104). This does not happen
anymore, as both the winter ice and the walrus distribution around the island have
changed significantly over the past few years (see below).

Indicators. Gambell hunters believe that the “genuine winter” in their area starts
when the solid thick ice (sikupik) develops off the northern shore. That now com-
monly happens in late December or early January, at least 2-3 weeks later than in the
decades past (Table 4.2; Oozeva et al. 2004:185). The first indicator of the transition
to the spring conditions is the formation of the leads off the western and northern
shore. That normally takes place in early to mid-March. Other than that, there are no
particular stages or phases within the winter season identified by hunters. It normally
progresses as a sequence of cold days dominated by northerly winds and interrupted
by periods of often-violent snowstorms and/or by brief warm spells; the latter are
usually brought by strong southerly winds. Strong wind-driven storms pushed fields
of drifting pack ice back and forth and close or open the ice, particularly off the
western beach. It may even destroy the beach pressure ridges or break off the strap
of shore-fast ice off the northern shore. Then the wind subsides, the northerly cur-
rent prevails again, and the temperature goes down. The ice solidifies quickly and
the cycle repeats itself until the next storm. It is the frequency of the storms (see
below) and the quality of the ice that have changed in recent years and transformed
the dynamics of the winter season, as hunters, old and young, see it.
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Fig. 4.8 Two Gambell hunters are looking for seals from ice pressure ridges. The ridges look high
and solid, but they can be quickly destroyed under the impact of strong wind or storms. (Photo:
Igor Krupnik, February 2008)

Shifts. The first reported major change is the later formation of solid ice, which
is now delayed until very late December or even early January. As a result, the
period of active walrus hunting in the dense floating ice at the end of the fall walrus
migration often extends into the first week of January. That happened in all 3 years
of observation in January 2007, 2008, and 2009. As the solid dense pack ice finally
closes in (on January 3, 2007; January 17, 2008; and January 11, 2009, respectively),
the winter finally prevails:

Not much open water despite the wind direction. Rough broken ice with lots of pressure
ridges (is) built up all around the west and north beach. Ralph Apatiki referred to this as the
pack with lots of seals (January 17, 2009, Paul Apangalook).

Nonetheless, when the ice finally thickens and pressure ridges and shore-fast ice
develop along the beach, the hunters report that it has thickness nowhere close to
what was common in the past. That thin ice (about 30-50 cm) can be easily broken
by storm or by strong wind and even be moved around by waves or currents. At least
four episodes of complete ice disintegration off the western beach in Gambell were
reported from December 2006 until March 2007. On January 10, 2007, LA wrote
in his log: “It is unusual to have swells and to lose our ice in January compared to
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normal years in the past. Locally formed ice that covered our area to 9/10 easily dis-
appears with rising temperatures and storm generated swells.” And then on January
31, 2007, he noted the following:

What a twist we have in our weather situation at the end of January! Wind driven waves
cleared away pressure ridges on west side with open water west of the Island. Part of
the shore-fast ice broke away on the north side beach also from the swells. [...] Much
of the snow melted, especially along the top of the beach where we now have bare gravel.
Undeniably, the climate change has accelerated over the past five years where severity of
winds and erratic temperatures occur more frequently every year. Predictability of our game
animals of the sea is inconsistent and erratic compared [to] how it used to be back in the
normal seasons. We the hunters, along with the marine mammals we hunt, are truly at the
mercy of our rapidly changing environment.

Today, the thin shore-fast ice and even substantial pressure ridges may be blown
away any day in winter, just by heavy northeasterly winds (as happened on February
16, 2008, or January 21, 2009). Then, the wide-open water off the western beach
can be used to launch the boats in the pursuits of walrus and seals that stay close to
the pack ice. Boat hunting for walrus and seals was reported on 9 days in January
2007 and on 7 days in February 2008 (Table 4.5). It is a major shift from the years
past, when boat hunting occurred hardly a few times during the entire winter and
only after particularly strong storms. Instead, hunters used to drag their boats over
shore-fast ice toward open leads, often for miles from shore (Hughes 1960:105;
Oozeva et al. 2004:137-138, 142-143, 163-166). That type of hunting was still
very common in the 1960s:

They usually launch the boats from the west side. The ice was plentiful back then when we
pulled our boats over the ice. You could go anywhere once you could go out offshore. We
had good ice, good solid ice back then too. Some of it was much thicker; but it’s the smooth
young ice where you take your boats. That used to be fun when we were young. Just run
with your boat over the ice. We used to go over the horizon from where you can’t see the
houses (in Gambell). [...] So, I figure we were more than eight miles away from here, so
that we could not see the houses of the village anymore (LA, interview, February 15, 2008).

Hunting with skin boats dragged over the smooth ice (called maklukestaq,
smooth ice with little bumps) cannot be practiced in recent years due to the lack
of that type of ice. Instead, for a good portion of the season, Gambell hunters now
face brittle young ice. That young thin ice (ugmetaghaq and ugmelghu) that LA also
calls “flimsy ice” is too dangerous to walk on and too thin for walrus and big seals
to haul out. So, both the hunters and the animals avoid it altogether. Today it is the
most common icescape in Gambell in the middle of the winter (Fig. 4.7).

Mismatches. Winter conditions in Gambell, with the prevailing northerly winds,
always used to be interrupted by a few days of violent storms and warm spells
brought by southerly winds. This happened twice in the winters of 1899—1900 and
1900-1901 and three times in the winter of 1898—1899 (Oozeva et al. 2004:185).
According to Conrad Oozeva, experienced Gambell elder, winter warm spells have
been typical in his early days:

‘We commonly have three waves of warm weather and thawing during the wintertime. After
these warmings, we love to go hunting in boats on water opening, before it covers again
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with the new ice. The only difference I see is that these warm waves were not long enough,
just a few days only. We now have longer warming waves, often for several days (Oozeva
et al. 2004:186).

These days, violent winter storms may come any time and often quite unpre-
dictably, and the prevailing winter pattern of north—northeasterly winds can be
broken any moment:

Our winds are so erratic now that severe winds may just come and crush the ice. .. Seems
like the season is somewhat confused. It becomes unpredictable. Wind can blow from the
south at up to 50-60 miles an hour one day and next morning it is from the west or from
other direction. It just shifts around (Leonard Apangalook, February 15, 2009).

Elders on St. Lawrence Island unanimously point toward another big change in
the winter condition. In the “old days,” despite episodic snowstorms and warm
spells, there were always extended periods of quiet, cold weather, with no winds.
These long cold stretches were good for ice thickening, as well as for ice hunting
and traveling; they also allowed hunters to predict the weather and ice for days in
advance. These long calm periods do not happen anymore. In 2007, 2008, and 2009,
there were few periods of relatively quiet weather (with winds up to 10 miles per
hour) in either January or February and hardly any longer than a few days in a row.
The weather was somewhat calmer in the month of March (Table 4.4).

Table 4.4 Average daily air temperature (F°) during winter season (January—March), Gambell,
Alaska: 1899-2009 (... — no records)

Longest
Number period

Longest cold of major of calm Number of

spell (days winter weather reported boat
Year January February March below —10°F) storms (days)* hunts (days)
1899 .. 15.1  7(01.15-01.25) .+..+3 0+0+4
1900 43 15.2 7.2 3(03.21-03.23) ..42+2 349+4 0+1+0
1901 —5.2 -0.5 2.1  16(01.19-02.4) 2+3+2 0+0+1
1949 9.1 54 13.6  4(02.06—02.09) 3+2+3 2+2+43
1950 22.7 11.0 55 0 0+1+2 1+6+3
1951 —0.3 0.8 3.5 7(01.07-01.13) 1+2+1 1+1+1
1952 8.0 —-0.8 4.6 5(02.11-02.15) 3+2+1 1+1+1
1988 12.6 3.8 3.7  5(02.17-02.21) .. 1+1+3
1991° 8.9 4.7 10.9  2(03.15-03.16) ... 2+1+2
1992¢ 54 8.8 -08 0 24242 1+1+7
2007 5.0 15.1 59 0 5+7+1 3+3+6 9+3+6
2008 4.7 —4.0 —0.3  5(02.13—-02.17) 3+3+0 2+2+47 3+7+6
2009 3.6 0 53 5(02.8-02.12) 14343 2+4+3 3+

#Winds below 10 mph.

YFor winter 1991, weather records are available for 24 days in January, 21 days in February, and
23 days in March.

“For winter 1992, weather records are available for 25 days in January and 23 days in February.
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Besides thinner ice and more unpredictable weather, people see other confusing
signals of change. On January 7, 2007, flying cormorants (evidently, the Pelagic
cormorant, Phalacrocorax pelagicus) were observed in mid-winter, the first time in
elders’ memory. In February 2008, hunters watched the ribbon seals (Phoca fasci-
ata) on ice off Qayilleq; that was also unheard of, as ribbon seals normally arrive to
Gambell in late May, with the end of the spring retreat of the pack ice (see below).
Evidently, certain shifts in the environment forced these and other species to show
off St. Lawrence Island in the “wrong time” of the year.

By far the largest shift is a new possibility of encountering bowhead whales in
mid-winter. Bowhead whales have a predictable seasonal migration pattern, with
the main northward migration past Gambell in April and early May and the return
southward migration in November—December. For the first time a bowhead whale
was killed off Gambell in February 1992 (Noongwook et al. 2007:51); reportedly,
some whales have been seen off Gambell in the wintertime in the following years.
In February 2007, bowhead whales were observed in large numbers and for sev-
eral days; on February 8, a whale was struck and lost in the ice. Hunters believe
that in the absence of solid pack ice, many bowhead whales are now wintering
off St. Lawrence Island and are not migrating south anymore. No whale sight-
ing was reported in winter 2008 and 2009 that had substantially heavier ice than
in 2007.

Scope of change. The 2006-2009 observation logs substantiate earlier statements
by St. Lawrence Island hunters about the profound recent change in winter ice
and weather regime (cf. Krupnik 2000; Noongwook 2000; Noongwook et al. 2007;
Oozeva et al. 2004). Back in the “old days” (that now commonly means the 1940s
and 1950s), as the pack ice arrived around the last week of November, it was made
of solid multi-year ice. A long stretch of solid shore-fast ice was also built off the
northern side at Gambell and at Qayielleq, and hunters would venture on ice on
foot almost everyday in search for walrus and seals. That vision is confirmed by
the elders’ stories recorded in the 1970s and early 1980s (Sivugam Naghnaghnegha
1985; Oozeva et al. 2004) and by the early description of winter hunting in Gambell
(Hughes 1960:128).

In a broader historical perspective, however, the signal of today’s winter change
is mixed, particularly when compared to similar 3- to 4-year episodes (1899-1901,
1949-1952, and 1988-1992), for which we have observation records (Table 4.4).
The average monthly winter temperatures were not substantially warmer in 2007—
2009 and the variability of weather condition was almost the same as in 1949—
1952, the earliest period for which we have solid weather data. Apparently, today’s
memories of the “good old years” refer to the 1960s and even the early 1970s,
when conditions were indeed much colder on St. Lawrence Island and elsewhere in
the Arctic. But there was hardly any difference in the winter temperatures in 1900,
1949, and 2007, and winters of 2008 and 2009 were even colder. Evidently, the
signal of change is related to something other than slightly warmer average winter
temperature.

Gambell hunters have their own explanation of the current change. They say that
“it is not cold enough” in the wintertime these days to build solid local ice in the
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absence of the multi-year or thick pack ice from the north. They argue repeatedly
about the role of long cold spells, of several very cold days in a row, particularly
during the month of February in building thick shore-fast and pack ice. That ice
is favored by the hunters and by their winter game, walrus and seals. Instead they
face thin young ice (“flimsy ice”), strong erratic winds, and plenty of open water
in the middle of the winter. Unfortunately, none of the three winters in 2007—
2009 featured such long cold spells. With not enough cold during the wintertime
(January—February), the Bering Sea system then progresses quickly into the spring
breakup season and rapid disintegration of its seasonal ice cover.

Spring Breakup and Ice Retreat

As the days become longer and, usually, warmer in March, Gambell hunters start
seeing the seasonal change. The first sign of spring is the formation of large leads
between the shore-fast and pack ice on the west side of Gambell. These leads will
soon be used by passing bowhead whales and, later, by walrus on their northward
migration. In anticipation of the animals heading north, the hunters will get their
spring equipment ready, including big whaling skin boats that have to be moved
closer to the shore. The spring whaling season in April and May is an exciting time
for the village and the climax of the annual subsistence cycle (Hughes 1960; Jolles
2003). The preparation for spring whaling normally starts in late March. Perhaps,
the clearest indicators of the upcoming spring hunting are when boat-launching
ramps are cut through the shore ice ridges and the big whaling boats are mounted
on racks closer to the shore (Table 4.5).

Throughout the month of April, the unstable ice and weather make whale hunt-
ing unpredictable and often risky, as drifting ice may close in at any moment and
strong wind creates high waves on open water. Thus, during four seasons of spring
observation in 2006-2009, hardly a handful of days were favorable for whaling in
April; in spring 2006 no whale was taken, due to bad weather and tight pack ice.!?

The spring whaling usually lasts until the first week of May. Around May 5,
hunters anticipate the first wave of walrus migrating north with the retreating pack
ice. Around May 5-10, there is also a major change in the prevailing wind direction
from primarily northerly to southerly followed by a 5-8°F spike in air temperature
(Table 4.5). Commonly, it indicates the beginning of the walrus season, as hunters
switch to the pursuit of walrus and bearded seals. Both animals are hunted from
boats on the drifting ice floes, often in dense moving pack ice.

Gambell hunters report that the peak of the walrus migration usually occurs
around May 15 (Table 4.5). As the ice retreats northward, hunters have to make
ever-longer trips to get to the edge of the pack ice, where the game concentrates.
By early June, they often have to travel up to 50-70 miles (80-110 km) north of
Gambell to reach the ice. At this time, the shore-fast ice erodes rapidly and by
early-mid-June the western beach in Gambell is cleared of ice. Shortly afterward,
the northern shore-fast ice disintegrates. As the sea clears of ice, people start setting
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fishing nets and prepare for bird hunting and collecting greens, all typical summer
activities. With this, the spring season is over and the ice is usually gone until
next fall.

The 3-month transition (mid-March to mid-June) from winter to spring to
summer normally progresses through several ebbs and flows in ice concentration
triggered by combination of winds, currents, and ice features (see Chapter 5 by
Kapsch et al. this volume). Some of these spring ice/weather patterns are occasional
and hardly predictable; others occur regularly and have established names. The most
common feature in late March and April are short-term bouts of strong southerly
winds that blow in the pack ice from the southern side of the island. This “southern”
ice has its specific name, ivghaghutkak (“one brought around the SW Cape from the
south side”!"). That southern ice was blown in at least twice in spring 2006, once in
2007, three times in 2008, and four times in 2009. Commonly, hunters expect wal-
rus and bearded seals to be abundant with the advent of southern ice, particularly in
the later part of April and May.

A more predictable phenomenon is a large body of open water (polynya) that
forms every year off the western side of St. Lawrence Island in late April and
early May. It has its special Yupik name, kelliighineq (“large polynya,” from kel-
lii, meaning “open sea,” “ocean’). The formation of kelliighineq is explained as
follows:

[...] A large body of open water beyond our shore packed ice was sighted on April 20th.
[...] This large body of open water, “kelliighineq,” is the result of moderating temperatures
and prevailing northeasterly winds in late April and early May. The open leads south of
the Siberian Peninsula cease to freeze over, thus expanding to our Island on the west and
northwest side. The northerly currents that we refer to as maagneq are much stronger in
late March through June. Therefore the large open water that expands to our Island from
the leeward side of the Siberian peninsula reaches us 90% of the time every spring. [...]
When the large body of water extends northwest and north of Gambell, it also creates high
winds that generate large swells. We stop boat hunting trips for a week or more during this
winter/spring transitional occurrence. [. . .] Our elders would be excited about this condition
as it creates good hunting following the higher winds, as it gets calmer. The whales not only
migrate back up north through this open ocean but also stop and congregate to feed and
mate off our shores. Because of higher winds, the walrus, bearded seal, and other animals
haul out on the down wind ice pack and carried to our area when the winds calm down for
the spring. This is kelliighineq and what it means to our people and our way of life (Leonard
Apangalook, observation log, May 2006).

As the northern wind subsides and the polynya (kellighineq) is covered again
with the floating pack from the south, the hunting resumes. Shortly after, usually in
the last 2 weeks of May, Gambell hunters observe the main mass of the Bering Sea
pack ice retreating north with the southerly winds and currents. That ice carries the
bulk of the migrating walrus from the western and central Bering Sea. The retreat of
the Bering Sea pack ice loaded with game usually around May 15-30 is the major
event of the spring season; it has been recorded in every spring log in 2006-2009.
By early June, the ocean clears up and no ice is visible around Gambell. However,
if strong westerly wind blows for a few days it usually brings another type of pack
ice that comes from the central part of the Gulf of Anadyr. Its main indicator is



4 It’s Cold, but Not Cold Enough 105

the sighting of ribbon seals that spend the wintertime in the dense pack ice of the
northwestern Bering Sea. Hunters watch anxiously for ribbon seals, as an indicator
of the last major pack ice of the season. That “western” pack ice was reported in
the logs on June 13, 2006 (with ribbon seals); on May 30, 2007; on May 23, 2008
(without ribbon seals); and on May 29, 2009 (with ribbon seals).!?

In certain years, Gambell may see one last type of drifting pack ice very late in
the season, after the “southern,” the “central Bering Sea,” and the “Gulf of Anadyr”
ice pass by and the sea is clear of ice for a few weeks. That last wave is made of
remnants of the broken Siberian shore-fast ice from the mouth of the Anadyr River
and from Kresta Bay, the northernmost portion of the Gulf of Anadyr. That section
of the northern Bering Sea is always the last to clear of ice, usually in late June or
even in the first weeks of July:

If the southwesterly winds prolong we may not see ice from Anadyr Bay. As seen on satellite
photo of ice conditions in our area, there is a little a bit of shore-fast ice in Anadyr Bay. If
we can get northerly winds for an extended period, there is a chance we might see ice again
in July. This has happened in the first week of July prior to 1990 (Leonard Apangalook,
June 30, 2006).

That late “Siberian” shore-fast ice can be easily recognized, as it is dirty and even
carries lumber and debris from Siberia.!3 It is also normally devoid of preferred
game animals, walrus or bearded seals. No “Siberian” ice was recorded off Gambell
in June 2006 and 2007 (in 2008 and 2009, the observation ceased after June 11).14
Therefore, what scientists call the “spring retreat” of the sea ice is, in fact, the series
of several individual ice “waves” recognized by local hunters.

Shifts. Hunters in many Alaskan communities report substantial changes in
spring ice and weather conditions over the past several years. Most commonly they
refer to an earlier and shorter breakup season, more rapid northern retreat of the sea-
sonal pack ice, so that spring walrus migration now takes place 3—4 weeks earlier
than in the previous decades (Metcalf and Krupnik 2003; Chapter 14 by Krupnik
and Weyapuk this volume). Surprisingly, Gambell observations do not support such
trend:

Our temperatures [in the month of April] remained below what’s considered ‘normal,” as
based on weather data collection available within the last twenty years, but more akin to that
of the [19]60s, in my opinion. [...] This is clearly obvious in the abundance of ice. There
seemed to be more game in the area as a result. All game taken appears to be healthy, which
is attributable to the availability of the food supply. The frequent weather fronts in the area
remains the norm making it difficult to read the weather trends based on our knowledge.
As in the past trends, we continue to see fewer ideal hunting conditions. Most of the boat
hunting [trips] were of short excursions and usually to go after game spotted from onshore
(Paul Apangalook, May 2, 2009).

In four seasons in 20062009, the signs of warming in the springtime in Gambell
were not that obvious and, certainly, not as dramatic, as during the fall and winter
seasons. No major disruption of local hunting has been recorded, due to changed ice
and weather conditions. Overall, hunting was quite good and the animals, particu-
larly walrus, were abundant.!® In fact, the trend of many local indicators is rather
mixed and is clearly obscured by strong inter-annual variability (Table 4.5).
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This is the first time in 8 years when we had ice late this season. My yearly records show
from 2000 where the pack ice left our vicinity in the last week of May. Although we had ice
longer than the previous years [up to June 26], the animals were not present in the last few
days [that] we had ice. Because the ice was able to stay in our area, everyone’s meat racks
are full this year. We attribute presence of ice longer this year to the high northeasterly winds
we had most of the winter. Global warming weighed heavily in our minds when the pack
ice left us early in the past eight years, but this season’s condition kind of threw a curve
in our apprehension of global warming. Will be interesting to see next season (Leonard
Apangalook, June 2006).

Next year, on June 2, 2007 he reported ... We still have ice and surprisingly
walrus and seals are still around. It would seem like back in the old days when our
seasons were normal.” Surprisingly, that very same June 2007 featured one of the
most rapid sea ice retreats in the Bering Sea during the past 30 years that also short-
ened the walrus and bearded seal hunting window for other coastal communities
(Hajo Eicken, pers. communication, August 13, 2009).

Scope of change. Available historical weather records confirm Gambell hunters’
claim that, unlike the fall and winter season, no similar major shift in ice and weather
has happened in the spring. True, the average monthly air temperatures for April,
May, and June in four selected periods, 1899-1901, 1949-1952, 1988-1992, and
2006-2009, show no significant trend, as also do the dates of major weather shifts
for the season (Table 4.6). Many reported dates look remarkably similar to the
present-day condition (cf. Oozeva et al. 2004:187-191) and the sequence of events
during spring 1899, as recorded by schoolteacher William Doty (1900:250-254), is
almost as if taken from today’s log.'® Whatever trend can be retrieved from com-
paring old ice and hunting records may often be explained by the change in hunting
techniques rather than in weather. In reviewing Gambell historical records from
1899 to 1901, Conrad Oozeva (born 1925) commented the following:

Them people getting their first whales in 1899 is exactly like we do it today. We may even
have some whales killed in the last days of March. But we are now getting whales much
earlier than in my earlier years. The reason is that nowadays people want to hunt more
walruses and maklaks (bearded seals) after the whales get there. So, they push it slightly
earlier these days. Besides, in the old years, they used to hunt with big whaleboats. They
needed more open water for that and that is why they probably started later. We also use
lighter boats now, aluminum boats, and can use motors to pull the killed whale, while they
had to paddle in their heavy boats. So, we can start whaling earlier even the same weather
and ice they had. The year 1901, with their three whales killed in the end of May seem also
quite normal (Oozeva et al. 2004:189).

Hunters’ comments about minimal or no change in the timing of spring ice retreat
and walrus migration off Gambell are confirmed by two other independent assess-
ments (Robards 2008, Unpublished; Chapter 5 by Kapsch et al. this volume). In
this regard, the situation in Gambell differs substantially from conditions in other
Bering Strait communities, such as Savoonga, Diomede, and Wales (see Chapter 14
by Krupnik and Weyapuk this volume), where the peak of the spring walrus catch is
now taking place almost 15 days earlier. It illustrates that the strength of the current
warming trend clearly differs by place and season even within the same region.
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Table 4.6 Average monthly air temperature (F°) during spring season (April-June) Gambell,
Alaska: 1899-2009

Major spike Start of
Shiftin wind in daily Last cold active walrus
Year  Aprii May  June direction temperature®  spell® hunting
1899 148 317 373 May 8 May 8 05.29-06.02 May 8
1900 6.7 303 442+ May 20? May 20? 05.25-05.27 ...
1901 241 299  37.1¢ May 19 May 18-19  06.13-06.15  April 22;
May 19

1949 138 261 346 . May 12 06.11-06.14 .
1950 172 267  36.1 . May 14-15  Upto 06.02
1951 168 297 373 . May 2 Up to 05.27
1952 152 283 357 . May 7 Up to 06.07
1988 197 295 387 . May 9 Up to 06.03
1991 194 316 35.1 . May 4 05.26-06.05
1992 235 28,6 344 . May 7 06.2-06.07
2006 75 262 350 May 11 May 11 06.02-06.04 May 18
2007 175 305 407 . May 14-18  Upto05.24 May 5
2008 163 274 373 May 16 May 16 06.05-06.07 May 16
2009 182 31.8 376 May 7 . 05.22-05.24 May 18

2At least 5-7°F, usually an indicator to a major wind shift from northerly to southerly.

bLast cold spell: 3 days in a row with the average daily temperature below freezing.

“Records in May 1900 are for 20 days only; temperature readings in June 1900 for 18 days only,
many seem unreliable.

dJune 1-June 16, only.

Discussion

The data discussed in this chapter represents the first assessment of what has been
reported during the 33-month observation in 2006-2009 and more analysis is to
follow. Nonetheless, the message from this first evaluation of the Gambell SIKU
observation records is “not that simple” (cf. Gearheard et al. 2006). On the one
hand, it substantiates hunters’ and scientists’ claim for a strong warming signal in
the northern Bering Sea that has been known at least since the late 1990s (Grebmeier
et al. 2006, 2009; Kavry and Boltunov 2006; Krupnik and Ray 2007; Metcalf and
Krupnik 2003; Noongwook 2000; Oozeva et al. 2004). On the other hand, the signal
is nuanced, if not mixed. In Gambell the warming is the strongest in the fall and
weaker in spring, whereas in other communities, like Diomede and Wales, barely
260 km (150 miles) to the north, it is more pronounced in the spring season (Robards
2008, Unpublished; Chapter 14 by Krupnik and Weyapuk this volume).

Hunters’ logs, personal comments, and interviews recorded in 2006-2009 also
indicate that the scope of the observed change, though significant, has not disrupted
annual subsistence cycle in Gambell or elsewhere in the region. The productivity
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of subsistence hunting remains high and the most important game animals, bow-
head whales, walrus, and seals, are plenty. So far Gambell bowhead and walrus
catch records do not indicate any noticeable decline since 2000 (Garlich-Miller et al.
2006; Noongwook et al. 2007; Chapter 5 by Kapsch et al. this volume). Evidently,
hunters are extremely adaptable and have been able to accommodate their subsis-
tence strategies to the changes in ice and weather conditions they observe, at least
for the time being.

SIKU observational logs also reveal a sophisticated set of local indicators
(“benchmarks”™) that hunters use to track seasons transition, ice safety, and shifts
in subsistence calendar. Here, hunters’ approach clearly differs from that of scien-
tists. In their assessment of change, scientists preferably cite what may be called
summer indicators, like summer retreat of the Arctic pack ice (“annual ice mini-
mum”); permafrost and glaciers’ melt; increased storm activity and beach erosion;
spread of forest fires; northward advance of southern marine and terrestrial species.
These indicators naturally underscore the impact of the warming in the Arctic
system.

Polar residents are focused more on a much longer period from October—
November until May—June that is dominated by the seasonal ice cover, upon which

Fig. 4.9 West side of Gambell on February 5, 2010. There is no winter pack ice visible to the
horizon, just salleghhpuk, new ice about 3—4 inches thick. The small ice floe near the shore is
smooth, about a foot thick. One of the village boats returns from hunting along the northern side
breaking sallek (thin new ice) as it approaches the shore. (Photo: Paul Apangalook)
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their livelihood and subsistence economy depend. As such, their vision is that there
is not enough cold in the system, particularly, during the peak of the winter season
(January—February, see Fig. 4.9). In Gambell, it transforms into thinner and weaker,
thus, more dangerous ice; more warm spells during the wintertime; and increased
instability of winter weather condition. Hunters lament the cold of the former years,
when the pack and shore-fast ice were solid, game arrived earlier, multi-year ice was
common, and cooler weather could be predicted based upon age-old experience and
teaching.

Gambell and other SIKU observational records demonstrate the intimacy of
hunters’ knowledge of the Arctic ice. Hunters have noticed the replacement of the
northern pack ice (sikupik) by the “locally formed” types of ice in their area way
before 2000 (Krupnik 2000; Noongwook 2000). They discerned the disappearance
of the multi-year ice at least since the 1990s. Gambell hunters’ vision of several
(four or even five) types of sea ice of different origins passing through their area
during the spring breakup season is still unsurpassed in the scientific ice models
and their ability to track (and to name) the many types of ice they watch during the
season is unmatched by the scientific ice nomenclatures.

Conclusions

The main lesson of 3 years of SIKU observations in Gambell and other northern
towns is that by applying their traditional observational methods, local hunters
have independently registered the signal of Arctic warming. They have traced
it via several indicators; come to their own interpretation of its cause (“it’s not
cold enough”); and developed their set of “benchmarks” to compare seasonal,
annual, and even decadal transitions. Of course, there are limits to what hunters
can see, since they do not have access to global ice and climate databases, super-
computers, and satellite imagery that would allow them to reach beyond their scale
of knowledge. But this is where partnership with scientists can and should make a
difference.

The success of Arctic residents’ participation in IPY 2007-2008 via SIKU and
similar joint projects demonstrates their eagerness to contribute time and knowl-
edge to document the ongoing change in their home regions. This is a message
that scientists and weather and ice-forecasting services cannot leave unanswered.
There are plans to spearhead the momentum created by IPY 2007-2008 to build
a new sustainable Arctic observing network that would serve science, government
agencies, industries, and local communities alike (Eicken et al. 2009; SAON 2008).
Indigenous residents should be an integral part of such observing network, both as
its contributors and consumers. Their knowledge and observations are to be used
and actively sought to calibrate the scientists’ planetary and regional scenarios, ice
and climate forecasts, and models. Arctic people’s integrative vision is invaluable to
our common understanding of the new polar system to be influenced by the climate
warming in the decades to come.
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Notes

1. The small pilot project in 2000-2001 emerged as an outcome of a joint workshop on sea ice
change (Huntington 2000), at which several indigenous participants expressed their concerns
about the strong signal of warming in their home areas (Noongwook 2000; Pungowiyi 2000).

2. Eventually, all Russian observers and also Gambell and Shaktoolik were supported via the
U.S. National Park Service SIKU grant; observations in Wales and Barrow were covered
through the NSF-funded SIZONet project (OPP-0632398, PI Hajo Eicken, University of
Alaska Fairbanks).

3. Observations in the Russian community of Uelen were originally reported in the local
Chukchi language and later translated into Russian by SIKU team member Victoria
Golbtseva.

4. Krupnik and Bogoslovskaya (2008); Bogoslovskaya et al. (2008); Chapter 15 by Eicken this
volume; Chapter 5 by Kapsch et al. this volume; Chapter 14 by Krupnik and Weyapuk this
volume; Druckenmiller et al. (2009). Russian SIKU data will be analyzed in full in a special
publication.

5. See more on the history of Gambell in Hughes (1960); Jolles (2002); Krupnik (2004).

6. Observations in Gambell (by Paul Apangalook) were resumed in October 2009 and continued
throughout winter-spring 2010, thus adding one more year to the Gambell observation dataset.

7. Records were provided by Martha Shulski, Geophysical Institute, UAF, and Gary Hufford,
Alaska Weather Service.

8. For explanation of the Yupik ice terminology used here, see Oozeva et al. (2004:29-53).

9. Similar pattern of delayed freeze-up has been consistently reported by indigenous observers
across the Arctic area — see Gearheard et al. (2006); Laidler and Elee (2006); Laidler and
Ikummagq (2008); McDonald et al. (1997); Metcalf and Krupnik (2003).

10. “Iceberg” is the English word that the hunters use to describe what they call kulusik/kulusiq in
Yupik (Oozeva et al. 2004:36). Strictly speaking, it is not the proper glaciological term, since
in the science classification “iceberg” refers to the piece of floating (“calved”) glacier ice.

11. Normally, Gambell hunters succeed in killing up to three bowhead whales in spring, with
two to three more whales taken in the other island community, Savoonga (Noongwook et al.
2007).

12. From ivgagh, “to come or go around the corner” (Jacobson 2008:73).

13. Evidently, the same “western” pack ice was brought by westerly winds to Gambell on June
2, 1899 (Doty 1900:50), after several days of light or no ice in the ocean.

14. In a similar way, hunters in Uelen, Siberia, recognize the “Alaskan” ice that carries objects
from Alaska, including broken crates, bags, clothing, and even shoes from the Alaskan side
(Roman Armaergen — recorded by Victoria Golbtseva).
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15. Evidently, this late “Siberian” ice blocked the beach in Gambell on June 19, 1900 (Lerrigo
1901:131) and was encountered by the USCG Bear on its way through the heavy masses of
drifting ice floes from Gambell to Provideniya Bay on June 30, 1921 (Burnham 1929:3).

16. As Paul Apangalook noticed upon completing his June 2009 log, ... Game was plentiful
as virtually all meat racks are full in the village. The condition of game harvested appears
normal and healthy largely due to our selective hunting.”

17. The first whaling in 1899 started on April 6; a whale was secured on May 10. By that time,
the prevailing wind changed from N-NE to S—SW (on May 8) and the temperature jumped
by almost 10°F. Last major walrus hunt occurred on June 4; the last major northward flow of
drifting ice was between June 2 and June 6. Last ice jam on the west beach was on June 7
and people started storing walrus meat in underground cellars on June 16. Evidently, this was
the end of the spring hunting season. These dates are very close to how it happened in 2007,
2008, and 2009 (see Table 4.5), though not in 2006, when the ice stayed until June 26.
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Chapter 5
Sea Ice Distribution and Ice Use by Indigenous
Walrus Hunters on St. Lawrence Island, Alaska

Marie-Luise Kapsch, Hajo Eicken, and Martin Robards

Abstract The hunting success of St. Lawrence Island walrus hunters from
Savoonga (Sivungaq) and Gambell (Sivugaq) is studied in relation to weather and
sea ice conditions for the period 1979-2008. Satellite remote-sensing data, including
ice concentration fields from passive-microwave radiometer data, have been exam-
ined over the entire time series in conjunction with walrus harvest data from two
community-level monitoring programs. Important information to aid with inter-
pretation of these data sets was provided by the hunters themselves, in particular
through a log of ice conditions and ice use by L. Apangalook, Sr., of Gambell. From
these data, we determined which ice conditions (concentrations >0 and <30%) and
which wind speeds (1-5 m s~ at Savoonga and 5-9 m s~! at Gambell), temper-
atures (-5 to +5°C), and visibility (>6 km) provide the most favorable conditions
for the walrus hunt. The research demonstrated that at the local level, though not
necessarily at the region-wide scale, the sea ice concentration anomaly is a very
good predictor of the number of favorable hunting days. With the exception of 2007
(and to a lesser extent, 2008), negative anomalies (less ice or earlier onset of ice
retreat) coincided with more favorable (Savoonga) or near-average (Gambell) hunt-
ing conditions, controlled mostly by access to ice-associated walrus. Ice access and
temporal variability differ significantly between Savoonga and Gambell; in contrast
with northern Alaska communities, St. Lawrence hunters were able to maintain typ-
ical levels of harvest success during the recent record — low ice years of 2007 and
2008. We discuss the potential value of data such as assembled here in assessing
vulnerability and adaptation of Arctic communities depending on marine-mammal
harvests to climate variability and change.

Keywords Sea ice - Subsistence hunt - Ice conditions - Pacific walrus - Climate
change

H. Eicken ()
Geophysical Institute, University of Alaska Fairbanks, Fairbanks, AK 99775-7320, USA
e-mail: hajo.eicken@gi.alaska.edu

I. Krupnik et al. (eds.), SIKU: Knowing Our Ice, 115
DOI 10.1007/978-90-481-8587-0_5, © Springer Science+Business Media B.V. 2010



116 M.-L. Kapsch et al.
Introduction

The Alaska Native population in coastal Alaska has relied on the marine environ-
ment as a source of food and sustenance for centuries to millennia. In the Bering
Sea, and to a lesser extent off the North Slope of Alaska, Inupiaq and Yupik Eskimo
have specialized in hunting walrus from small boats among the ice. The success of
the hunt is directly linked to sea ice conditions, weather, the life cycle and popula-
tion dynamics of the walrus, and the social and technological settings of the hunt
(Krupnik and Ray 2007; Metcalf and Robards 2008).

The distribution of sea ice in the northern Bering Sea is influenced by several
factors. It is linked to atmospheric circulation patterns, such as the Pacific Decadal
Oscillation (PDO) or the Arctic Oscillation (AO; Stabeno and Hunt 2002). These
two patterns are associated with variations in sea surface temperature and atmos-
pheric pressure and thus influence ice conditions. Currently, atmospheric variability
and larger scale change have resulted in a decline in fall and summer ice extent and
have impacted sea ice properties, with more open water present, an earlier breakup
and later arrival of the fall pack ice in the Bering Strait (Huntington 2000; ACIA
2005; Grebmeier et al. 2006; Stabeno et al. 2007). Such sea ice changes can affect
walrus indirectly through changes in the distribution and abundance of their prey
(Benson and Trites 2002). Direct impacts are mostly in connection with walrus’ use
of sea ice as a platform for resting, giving birth, and nursing. Walrus seek out ice
floes that are thick enough to support their weight, surrounded by natural openings
(leads) or thin ice that allow for access to the water column (Fay 1982). They typi-
cally gather on unconsolidated pack ice in late winter and spring, within 100 km of
the leading edge of the ice pack (Burns 1970; Gilbert 1999). Hence, a change in the
distribution and concentration of sea ice can affect timing and pathways of Pacific
walrus and in turn impact walrus hunters’ success and safety.

The interactions between walrus and sea ice are well understood by biologists
(Fay 1982; Ray and Hufford 1989) and native hunters (Krupnik and Ray 2007).
What is less clear at this time is how recent changes in surface climatology and sea
ice at the local (Noongwook 2000), regional (Stabeno et al. 2007), and pan-Arctic
scale (Stroeve et al. 2008) affect the walrus subsistence hunt. Clearly, hunters are
more aware of such changes than anybody, as expressed by Leonard Apangalook
from Gambell who comments that the “walrus season is very short now” (Oozeva
et al. 2004). At the same time, large-scale changes as expressed in multiple decades
of harvest observation records have been examined (Metcalf and Robards 2008).
What is less understood are the mechanisms by which ice conditions and weather
impact the hunt and in particular hunter’s access to walrus. Furthermore, in order
to effectively manage walrus harvest in a changing Arctic and provide informa-
tion to coastal communities as they adapt to change, the local conditions governing
access and hunting success need to be linked to variables such as ice concentration
or weather patterns that can be tracked and possibly predicted on longer timescales.

This chapter is seen as a small contribution to help close this gap. It exam-
ines sea ice and weather conditions and their potential impact on the walrus hunt
for the two neighboring villages of Savoonga (Sivungaq) and Gambell (Sivugagq,
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St. Lawrence Island; Fig. 5.1), two of the three primary walrus harvesting com-
munities in Alaska over the past 60 years (Robards 2008). The study draws on a
combination of ice observations by Siberian Yupik sea ice experts (gathered as part
of a Sea Ice Knowledge and Use (SIKU) International Polar Year (IPY) project;
Chapter 14 by Krupnik et al. this volume), weather records, and sea ice remote-
sensing data obtained from different satellite sensors to provide both regional and
local-scale perspectives on ice conditions. Information about the success and pro-
gression of the walrus hunt has been obtained from harvest records and local
observations. The study focuses on three recent years (2006-2008), remarkable for
their low summer minimum ice extent in the Pacific sector of the Arctic, and dis-
cusses the interplay between ice conditions, weather, and success of the walrus hunt
in the context of long-term variability and change going back to 1979, the start of
the systematic satellite record. The study is limited to the discussion of physical
factors that control access to walrus and hence cannot provide insight into the role
of variations in walrus distribution or population size nor the impact of sociological
or technological change on the walrus hunt. Nevertheless, the study provides insight
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Fig. 5.1 Map of the study region and the two villages on St. Lawrence Island, Alaska. The black
squares identify the 75 x 75 km satellite subregions for Gambell and Savoonga and the shaded
areas the ice edge for March, May, and July 2007
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into what is regarded by many as the most important environmental constraints on
the walrus hunt and their expression at the local level in relationship to large-scale,
hemispheric climate change (Huntington et al. 2005); it is thus an important step
in helping to downscale projections of future regional Arctic change to the com-
munity level at which the impact of such changes is manifested. At the same time,
the detailed knowledge of local ice and walrus experts, also as expressed in hunting
success, may help inform and guide future studies of the Arctic sea ice environment
and walrus habitat.

Background — The Walrus Hunt on St. Lawrence Island

Walrus migration pathways are closely linked to the seasonal advance and retreat
of the ice in the Bering and Chukchi Seas (Fay 1982; Krupnik and Ray 2007).
Females and calves in particular remain within the margins of the ice pack as the
ice edge moves north. Ice floes serve as platforms that allow walrus to feed over
broad expanses of the shelf without having to retreat to land where access to food
resources may be more limited and vulnerability to predation, disturbance, and tram-
pling more exacerbated (Fay 1982). Bering Sea communities such as Gambell and
Savoonga, that are located in the migration pathway of the walrus, thus have access
to animals in close range to the village. Over the course of centuries, hunters from
these communities have been able to develop and hone their hunting skills based on
an intimate knowledge of the animal behavior and ice conditions.

Walrus hunting on St. Lawrence Island depends on several factors, including
weather and ice conditions, the social and technological setting, and walrus ecol-
ogy (Robards 2008). In Gambell and Savoonga the spring hunting season generally
starts between the middle and end of April (Robards 2008, Benter and Robards
2009; Leonard Apangalook, personal communication 2009), when walrus begin to
migrate northward with the thinning and retreat of the seasonal ice. Thus, hunters
are strongly impacted by the rate of ice melt and retreat, which affects their ability
to access and retrieve walrus. While walrus may migrate past the village it may be
impossible for hunters under some conditions to pursue them because access to open
leads is blocked by heavy near-shore ice conditions (Robards 2008). A further social
constraint that may influence at least some hunters is the tradition or prioritization
of postponing the focus on hunting walrus until the end of the subsistence whaling
season in early May or until a whale has been harvested. While not all hunters may
defer their hunt (Benter, personal communication 2009), the traditions of the whale
hunt are one social factor that plays into the pursuit of walrus in early spring in some
communities.

Irrespective of ice conditions, local weather conditions usually determine
whether boats are able to safely hunt on a particular day. The hunters “rely on
the mercy of the wind” (Leonard Apangalook, Gambell, personal communication
2009) and are also dependent on the visibility. If pack ice gets pushed against shore
areas used to launch boats, there may be no other way to launch a boat without
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transporting boats to more distant locations across land. And if the visibility is poor,
dangerous ice conditions are not readily apparent or predictable. Favorable weather
is thus directly tied to safety on and in the ice and provides for better decision
making by hunters. In recent years, hunters have also commented on how climate
change has made it more difficult to apply traditional knowledge and anticipate
changes in the weather or ice conditions (Krupnik and Jolly 2002). In prior years,
“climate was more consistent, better predictable and people were able to plan their
trips according to seasonal change. Now there is lots of wind, poor ice conditions
and the polar pack has not been seen for the last 10-20 years. [...] Now there is
just local grown ice around, which is less stable” (Leonard Apangalook, personal
communication 2009).

In addition to the changes in weather and sea ice, the social and technological set-
tings of the walrus hunt on the island have changed in many ways over past decades.
Increases in the village populations, more numerous and faster boats (introduced in
the 1970s), and better weapons (originally introduced in the 1800s; Robards 2008)
have allowed Gambell and Savoonga to steadily increase their capacity to hunt wal-
rus (Robards and Joly 2008). While many dramatic changes occurred prior to the
start of the systematic remote-sensing record in 1979, social changes and techno-
logical advances continue and cannot be neglected in explaining the relationship
between physical conditions and subsistence hunting.

Data and Methods

Sea Ice Data

To assess the potential for hunters to access ice-associated walrus and to link
walrus harvest data to sea ice conditions, fields of daily sea ice concentra-
tion and total sea ice covered area have been obtained at the regional scale
(75 x 75 km boxes and the whole Bering Sea area, Fig. 5.1), from satel-
lite remote-sensing data for the time period 1979 to 2008. Specifically, data
from the Scanning Multichannel Microwave Radiometer (SMMR) aboard the
Nimbus-7 satellite from October 1978 to August 1987 and the Special Sensor
Microwave/Imager (SSM/I) aboard the Defense Meteorological Satellite Program
(DMSP) from July 1987 to present were used. Sea ice concentration at each grid
cell is obtained from the corresponding brightness temperature and generated with
the NASA Team algorithm (Eppler et al. 1992). For our calculations, final data
released by the National Snow and Ice Center (NSICD) were used, including final
NSIDC quality control (http://www.nsidc.org/data/nsidc-0051.html). The sea ice
concentrations, averaged over a 75 x 75 km grid (Fig. 5.1), have an accuracy
of £15% during summer, when on ice melt ponds are present, and £5% during
winter (http://nsidc.org/data/docs/daac/nsicd0051_gsfc_seaice.gd.html). Multiple
measurements are averaged to daily means and missing data are linearly
interpolated.



120 M.-L. Kapsch et al.

The significance of sea ice concentration trends calculated in the results section
has been tested with a single-sided #-test. This test is applicable to independent vari-
ables which holds for sea ice variables in the Bering Sea/St. Lawrence Island region,
since the ice cover melts completely each summer with very little if any persistence
of local anomalies into the spring of next year.

Weather Data

Hourly weather observations from the National Climatic Data Center (NCDC)
have been examined (http://www.ncdc.noaa.gov/oa/land.html). The meteorologi-
cal variables wind direction, wind speed, visibility, temperature, and cloud cover
were chosen to assess whether hunting conditions were favorable. Many indige-
nous hunters report these variables as being of greatest importance when evaluating
weather conditions for a hunt (Oozeva et al. 2004). The hourly measurements have
been averaged to daily means (converted to and reported here in local time) in order
to be able to compare them with daily sea ice concentration data.

Walrus Harvest Data

Daily walrus harvest data for the villages of Gambell and Savoonga have been ana-
lyzed between 1992 and 2008 for the spring hunting season, as well as for the years
1980-1984. Walrus harvest records for 1992-2008 were assembled by the U.S. Fish
and Wildlife Service and the Alaska Eskimo Walrus Commission (AEWC). In the
Walrus Harvest Monitoring Program (WHMP), during most of the spring the gender
and age class for every walrus that had been retrieved were recorded by hunt mon-
itors as hunters returned to the beach at their home village. The observation period
for the years 1992-2004 and 1980-1984 amounted to 6—8 weeks each year between
mid-April and mid-June and historically covered 90% of the total annual harvest
numbers for Gambell and Savoonga (Benter, personal communication 2009). Only
harvest data for which the date of harvest is known have been analyzed here. The
same applies to the WHMP data between 2005 and 2008, when the observation
period was reduced to 2 weeks, mostly in May. The monitors met most of the boats
returning from walrus hunts, and hence the number of unrecorded walrus is thought
to be relatively small (Garlich-Miller and Burn 1999). Since this study is not con-
cerned with the age and gender distribution of walrus but focuses on the total number
taken each day, all age and gender classes have been aggregated. The unpublished
data from 1980 to 1984 were recorded during a similar harvest-monitoring program
(Lourie 1982) and summarized by Robards (2008). To alleviate bias from the short-
ened season of direct observations used by the Walrus Harvest Monitoring Program
since 2005, data from the Marking, Tagging, and Reporting Program (MTRP) for
the years 2006—-2008 have also been evaluated. The MTRP is a federally mandated
program requiring all village hunters to report harvested walrus to the U.S. Fish
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and Wildlife Service within 30 days after the take, while the location of the hunt is
unimportant. The numbers of walrus taken are aggregated into weekly values.

To examine the connection between these different data sets and observations
by local hunters, favorable days for the walrus hunt were those days in the WHMP
data on which at least one walrus had been taken. In contrast, days on which no
walrus were taken were considered as unfavorable for the hunt, due to either limited
access on account of ice conditions or hazardous weather or ice conditions. While
we ignore any other factors that may have played into a decision for hunters not to
go out, we only consider days between the onset of the spring hunting season (first
walrus taken) and its end (last walrus taken, based on the harvest monitoring data).
The time period between these two dates we consider as the length of the spring
hunting season for a particular year, with some walrus taken outside of this time
period in fall and winter. Since weather conditions may vary during a single day
but we could only consider mean values for weather variables such as wind speed,
this may have introduced small errors into assessments of suitable or unsuitable
hunting conditions. At the same time, since hunters themselves rely on weather
forecasts, erroneous forecasts may prevent hunting activity on suitable hunting
days, potentially introducing small errors as well (Benter, personal communication
2009).

Local Observations of Ice Conditions and Hunting Activity

In order to help address the challenge of downscaling from satellite observations to
local ice conditions and to aid in separating the different social, technological, and
environmental factors impacting the walrus hunt, we rely on regular observations
of ice conditions and sea ice use made by Leonard Apangalook from Gambell. Mr.
Apangalook, a respected hunter with great knowledge of the local environment,
has been keeping a daily log of weather and ice conditions, animal sightings, and
activities associated with ice use (as part of the SIKU project under the leadership
of Igor Krupnik; Chapter 14 by Krupnik et al. this volume); his records for the
ice seasons in 2006-2008 have provided important insight into factors determining
hunting success.

Results

Regional Ice Conditions, the Sea Ice Cycle, and Hunting Activities

Sea ice conditions around St. Lawrence Island are dominated by the seasonal cycle
of temperature and associated weather and ice patterns. In recent years, the freeze-
up of the ocean in front of Gambell (see Fig. 5.1) typically started in mid-December
(Fig. 5.2). During the winter, ice concentration increases with an average (January
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Fig. 5.2 Annual sea ice cycle in terms of ice concentrations derived from remote-sensing data
(SSM/1) for Gambell, Bering Sea, from September 1, 2007 to August 31, 2008. The diamonds
denote days on which one or several boats from Gambell were out hunting walrus and seals (based
on observations by Leonard Apangalook)

through April) of 66% for the year 2007/2008. Ice concentrations remain high until
the beginning of May, when they plummet with the start of breakup and melt,
with ice completely absent starting in June. The start of freeze-up and breakup and
the average winter sea ice concentration vary slightly between single years with
about +13 days for freeze-up and %11 days for breakup in front of Gambell. A
similar annual cycle is observed off Savoonga, though with higher wintertime ice
concentrations (25% higher in 2007/2008) and an offset of the start of breakup of
approximately 14 days due to a later ice melt.

Examining the dates on which hunters from Gambell were pursuing walrus or
bearded seals by boat (L. Apangalook, unpublished observations 2008) indicates a
close link between hunting activities and the ice cycle (Fig. 5.2). Thus, hunting by
boat is mostly restricted to those times when sea ice — providing access to walrus
that are migrating northward with the retreating ice — was present within a reason-
able distance from the community while at the same time open leads allowed boats
to pursue walrus. In 2007, Gambell hunters traveled on average between 13 and
146 km per harvested walrus, starting at the end of April with small distances, con-
tinuing through May with increasing travel distances between 32 and 80 km per
captured walrus and finishing the season with larger distances in early June (Benter
and Robards 2009). The most active time is during break-up, between the beginning
of April and mid-May 2008 (Fig. 5.2). A similar conclusion is drawn from an analy-
sis of the MTRP harvest records, which indicates that in the years 2006-2008 most
walrus were taken between the end of April and early June (Fig. 5.3). In considering
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Fig. 5.3 Weekly takes of walrus harvested in (a) Savoonga and (b) Gambell based on MTRP data
collected by the US Fish and Wildlife Service

MTRP data, it needs to be kept in mind that these data do not provide any insight
into hunting effort, which is significantly larger based on observations by Leonard
Apangalook (Fig. 5.2) or of an increased capacity to hunt (Robards 2008).

In addition to access afforded hunters by openings in the near-shore ice in early
spring (Fig. 5.3a, 14th calendar week), in recent years they have also pursued walrus
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in the winter (November to January) in both Gambell and Savoonga, as evident
from observations by Leonard Apangalook (Fig. 5.2) and MTRP data (Fig. 5.3).
With wintertime ice concentrations mostly below 70-80% in Gambell (Fig. 5.2), the
potential is high for a network of connected leads to provide access to walrus that
overwinter close to the island — provided that near-shore ice conditions are favorable
(see later). In Savoonga, the situation is somewhat different as ice concentrations are
approximately 25% higher during winter, reducing the probability of finding leads
and gaining access to walrus. However, Savoonga hunters use snowmobiles to hunt
from landfast ice or haul boats over the island to gain access to open water in the
polynya on the lee side of the island in the south.

Environmental Variables Controlling the Walrus Hunt

Weather Conditions and the Walrus Hunt

North wind at 25 mph [11 m s711, 5 F [-15°C]. With large ice [floes] open leads extend to
size of floes and good for boat hunting, but winds are high. Even walrus and seals don’t like
to haul on ice when it is windy (19th of March 2007).

North wind at 21 mph [9 m s7!1, 4 F [-16°C]. Clear. Unable to get out by boat due to
stronger winds and pack ice constantly moving down wind; with stronger wind the north
current does not move ice north (20th of March 2007).

Northeast wind at 20 mph [9 m s71]. 28 degrees [-2°C]. Heavy overcast with snow and
fog. Everyone concerned about lack of favorable weather conditions and no hunting (10th
of May 2008, 08:00 AKST).

These observations from the daily log of Leonard Apangalook from Gambell
illustrate some of the weather conditions that impact the walrus hunt. Even if sea
ice conditions would allow hunters to go out, weather may prevent that from occur-
ring. To explore the extent to which weather impacts the hunt, National Weather
Service observations from Gambell and Savoonga were compared to the walrus
harvest records (WHMP data set, Tables 5.1 to 5.8). Based on statements by local

Table 5.1 Weather statistics for the spring season at Savoonga, 1993-2008

Statistic Wspd Vis SIC
Harvest days Mean 4.0 12.4 25.0
Number of days 210 195 215
SD 2.1 3.6 26.8
Max 20.2 16.1 97.6
Min 0.4 0.8 0.0
Non-harvest days Mean 5.2 11.0 37.5
Number of days 329 195 334
SD 3.1 4.1 34.7
Max 20.2 16.1 97.6

Min 0.0 0.1 0.0
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Table 5.2 Weather statistics for the spring season at Gambell, 1992-2008

Statistic Wspd Vis SIC
Harvest days Mean 5.0 13.0 17.2
Number of days 239 219 238
SD 22 33 19.6
Max 11.7 16.1 92.3
Min 0.0 0.8 0.0
Non-harvest days Mean 7.9 11.6 223
Number of days 343 219 342
SD 32 39 22.8
Max 16.5 16.1 92.3
Min 0.0 1.3 0.0

125

Table 5.3 Walrus harvested in relation to wind direction in spring for Savoonga, 1993-2008

Table 5.4

Number of Fraction of Wdir frequency

Wdir walrus harvest (%) (%)

NNE 52 1 3

NE 173 3 6

ENE 1503 28 21

ESE 615 12 14

SE 284 5 7

SSE 438 8 6

SSwW 247 5 8

SW 461 9 8

WSW 803 15 14

WNW 477 9 5

NW 132 3 3

NNW 107 2 5

Walrus harvested in relation to wind direction in spring for Gambell, 1992-2008

Number of Fraction of Wdir frequency

Wdir walrus harvest (%) (%)

NNE 2342 29 24

NE 802 10 15

ENE 956 12 9

ESE 446 6 6

SE 420 5 6

SSE 322 4 6

SSW 876 11 13

SW 661 8 8

WSW 556 7 6

WNW 125 21 1

NW 129 21 1

NNW 336 4 4
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Table 5.5 Walrus harvested in relation to wind speed in spring for Savoonga, 1993-2008

Number of Fraction of Wspd frequency
Wspd (ms™h walrus harvest (%) (%)
>1 395 8 5
1-5 3668 69 69
5-9 1142 22 25
>9 87 2 1

Table 5.6 Walrus harvested in relation to wind speed in spring for Gambell, 1992-2008

Number of Fraction of Wspd frequency
Wspd (ms™") walrus harvest (%) (%)
>1 257 3 3
1-5 4660 58 47
5-9 3044 38 48
>9 33 0 3

Table 5.7 Walrus harvested in relation to visibility in spring for Savoonga, 1993-2008

Number of Fraction of Visibility
Visibility (km) walrus harvest (%) frequency (%)
0-3 76 2 2
3-6 72 1 3
6-9 96 19 14
9-12 1052 21 22
>12 2835 57 60

Table 5.8 Walrus harvested in relation to visibility in spring for Gambell, 1992-2008

Number of Fraction of Visibility
Visibility (km) walrus harvest (%) frequency (%)
0-3 29 0 1
3-6 352 5 4
6-9 500 7 8
9-12 917 12 18
>12 5758 76 69

experts wind direction, wind speed, visibility, cloud cover, and temperature were
considered in the analysis. Ocean currents have not been considered because
to our knowledge no systematically collected time series of currents (or other
oceanographic data) is available for this region and this time period.
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Fig. 5.4 Histogram of (a) wind direction and (¢) wind speed for days on which walrus were taken,
compared to (b) wind direction and (d) wind speed histograms for days (during the spring season)
on which no walrus have been taken by Savoonga. The wind directions are summarized in 30°
sections (0-30° = NNE, 30-60° = NE, 60-90° = ENE, etc.)

Wind Velocity

Tunglu — When the wind blows and blows, it forms ice ridges in the northern side (in
Gambell), and it also starts pushing ice south. Then the (wretched) ice covers the whole
ocean with nowhere to go on boat (Oozeva et al. 2004, 49).

Wind direction and wind speed are very important factors determining whether
crews go out to hunt. When the wind speed is low (less than about 2 m s~'; George
et al. 2003) open leads tend to freeze over in cold weather and are inaccessible;
at very high wind speeds ice movement and deformation pose dangers, as indicated
by Oozeva’s description of the Yupik term funglu. Since wind speed and direction
also determine whether boats can be launched at village sites (ostensibly a north
and west facing beach in Gambell and a north facing beach in Savoonga), weather
station data have been analyzed for Savoonga and Gambell (Figs. 5.4 and 5.5).

Wind conditions on spring walrus harvest days between 1992 and 2008 dif-
fer between the villages, although the range of wind speeds during which walrus
were taken is comparable for both (1-9 m sL; Tables 5.5 and 5.6; Figs. 5.4 and
5.5). In Savoonga, 69% of the walrus were taken when wind speed was between
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1 and 5 m s, corresponding to 69% of all harvesting days. In Gambell, more than
half of the walrus (58%) were taken during the same wind speed interval, but these
wind speeds only prevailed during 47% of all harvest days. On most hunting days,
wind speed was between 5 and 9 m s~! (48%). This is also evident when comparing
mean wind speed on harvest dates. In Savoonga the mean overall wind speed was
40+ 21mst, 1 ms! lower than in Gambell B0£22m s7!: Tables 5.1 and
5.2). In Savoonga the mean wind speed for days when no walrus were taken was
5.2 + 3.1 m s}, significantly higher (paired #-test with the null hypothesis that the
means are equal can be rejected at the 5% level, p = 0.05) than during harvest days.
The same holds for Gambell but the wind speeds on days without walrus takes are
higher than in Savoonga (7.9 # 3.2 m s!; Table 5.2; Fig. 5.5).

The wind directions favored by hunters from the two villages vary much more
than the favored wind speeds, and both are correlated to some extent. In Savoonga,
most walrus were harvested with winds from ENE, ESE, and WSW directions
(Table 5.3). The prevailing wind direction in spring (month of March, April, May,
and June) is from ENE, corresponding to 21% of harvest days (Table 5.5). In
Gambell the preferred wind direction for the hunt is from NE (0-90°; 48% of all
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Fig. 5.5 Histogram of (a) wind direction and (¢) wind speed for days on which walrus were taken,
compared to (b) wind direction and (d) wind speed visibility histograms for days (during the spring
season) on which no walrus have been taken by Gambell
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hunting days) and from SSW. During NW winds (270-360°) hunters rarely went
out (6%; Table 5.4).

Visibility

St. Lawrence Island hunters articulate that good visibility is key for being safe on
the ice, to detect changes in ice conditions and to be able to spot walrus. Hence,
hunters do not go out when they are unable to judge ice conditions or detect walrus
due to poor visibility. This is reflected in the disproportionate number of harvests
(and hunting days) for visibilities higher than 6 km (Tables 5.7 and 5.8). Harvest
days with visibility below 6 km account for 5% or less of all successful harvest
days in Gambell and Savoonga (Tables 5.7 and 5.8). In contrast, 60 and 69% of all

days with walrus takes had visibility of more than 12 km in Savoonga and Gambell,
respectively.

Cloud Cover and Temperature

Cloud cover and temperature play secondary roles for the walrus harvest during
spring, other than through their indirect linkage to ice conditions and seasonal evo-
lution of ice. At Savoonga, 57% of all walrus were harvested when the sky was
overcast with 7-8 octas cloud cover, accounting for 69% of all harvesting days. At
Gambell, the corresponding numbers account for 70% of the walrus harvested and
70% of all harvest days. This finding is explained by consistently cloudy conditions
at both Savoonga and Gambell during the spring hunting season, with an average
cloud cover of 7/8 £ 2/8.

The temperature ranged between —5 and +5°C for over 90% of the harvest days,
and more than 95% of all walrus were harvested under these temperature conditions
in both communities. On average the temperature was 1 K higher in Gambell and
2 K higher in Savoonga on days that walrus were taken compared to those days that
no hunt took place.

Ice Conditions and the Walrus Hunt

The WHMP walrus harvest data indicate that based on ice concentration data for
the 75 x 75 km grid monitored off both St. Lawrence Island communities, wal-
rus were mostly taken when ice concentrations were above 0 and below 30%
(Fig. 5.6). In both Savoonga and Gambell 88% of the harvests occurred for ice
concentrations lower than 30% (Tables 5.9 and 5.10). These days account for 71
and 81% of all days on which walrus were harvested in Savoonga and Gambell,
respectively.

While the spread of the data shown in Fig. 5.6 precludes major conclusions, the
data do provide evidence that (1) in Savoonga disproportionately fewer walrus are
caught at high (>60%) and very low (<10%) ice concentrations, with the opposite
true for ice concentrations between 10 and 30%, and (2) in Gambell disproportion-
ately fewer are harvested at ice concentrations <10 and >40%. For 36% of all days
without a walrus take in Savoonga the sea ice concentration was below 10%. In
Gambell the corresponding fraction was 47% of all days.
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Fig. 5.6 Histogram of sea ice concentration days on which walrus were taken by (a) Savoonga
and (¢) Gambell, compared to ice concentration histograms for days (during the spring hunting
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Table 5.9 Sea ice concentration and harvest data for Savoonga in spring of 1993-2008

Number of Fraction of SIC frequency
SIC (%) walrus harvest (%) (%)
0-10 2796 52 44
10-20 884 17 14
20-30 1019 19 13
3040 182 3 3
40-50 98 2 5
50-60 162 3 7
60-70 70 1 5
70-80 83 2 3
80-90 4 0 1
90-100 36 1 4
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Table 5.10 Sea ice concentration and harvest data for Gambell in spring of 1992-2008

Number of Fraction of SIC frequency
SIC (%) walrus harvest (%) (%)
0-10 3778 48 53
10-20 2165 28 18
20-30 944 12 11
3040 626 8 8
40-50 166 2 2
50-60 18 0 3
60-70 55 1 2
70-80 23 0 4
80-90 2 0 0
90-100 22 0 0

Longer Term Change and Case Studies from the 1980s and 2000s

The pattern [of walrus migration] is not the same today anymore like it used to be because
of the climate change and the ice conditions have changed and the animals are affected by
this global warming thing. That is sad to say. I think we are more adversely affected here
because our walrus and whaling seasons are short, because of inclement weather ... When I
was growing up and later on as an adult hunting with my dad, we used to have good weather
all the time (Leonard Apangalook, Sr., Gambell, St. Lawrence Island, in Metcalf 2003).

As expressed by Leonard Apangalook, Sr., and mentioned by George and Chester
Noongwook (Noongwook 2000; Oozeva et al. 2004), hunters in Gambell have
recognized changing sea ice, weather, and walrus migration patterns. These obser-
vations at the village scale coincide and as detailed by Huntington (2000) in many
cases precede satellite observations of pan-Arctic sea ice retreat. This retreat has
been most pronounced in the summer months, with the summer minimum ice extent
declining by more than 10% per decade from 1979 to 2008, and record low extent
in 2007 and 2008, almost 25% below the previous record minimum set in 2005
(Stroeve et al. 2008). Here, we examine how ice concentration has varied over those
years in the ocean adjacent to Gambell and Savoonga (75 x 75 km as detailed in
the methods section; Fig. 5.1), in areas important to walrus hunters.

Ice concentration anomalies based on annual averages for the ice year from
September 1 through August 31 (Fig. 5.7a, ¢) and spring seasonal averages for
March through June (Fig. 5.7b, d) for Savoonga and Gambell show substantially
more inter-annual variation and a weaker trend than pan-Arctic data referenced
above. Annual anomalies indicate a reduction in ice extent by 2%/decade for both
Gambell and Savoonga, explaining 17 or 14% of the observed variance and are
significant at the 95% level (z-test with the null hypothesis that the correlation coeffi-
cient is significant cannot be rejected, p = 0.05). Spring ice concentration anomalies
are slightly higher, approaching 3%/decade. Since the mid-1990s, inter-annual vari-
ation in ice concentration appears to have increased significantly. The variance
for spring concentration anomalies is generally higher than the annual anomalies.
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Fig. 5.7 Sea ice concentration anomalies (1980-2008) for each sea ice year and linear trends for
entire time period in (a) Savoonga (R?> = 14%) and (¢) Gambell (R?> = 17%). Sea ice concentra-
tion anomalies for the spring months (March through June) and linear trends are also shown for
Savoonga (R? = 9%) (b) and (d) Gambell (R* = 9%). The anomalies are calculated by subtracting
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indicates the fraction of the variance explained by a linear regression

However, particularly noteworthy is the fact that none of the recent record min-
imum summer ice extent years register as record anomalies at the St. Lawrence
Island locations.

As derived in previous sections of this contribution, hunters had the greatest suc-
cess in taking walrus in the ice concentration range between above 0 and below
30% in Savoonga and Gambell. Taking these intervals as constraints for success-
ful spring walrus hunts, we compared the years 1982-1984 as representative of
the pre-decline Arctic ice extent with the years 2006-2008 as representative of
reduced Arctic ice extent in recent years. In spring March—June of 1982—-1984 ice
concentrations were favorable for the hunt in Gambell (>0 to <30% ice concentra-
tion) on a total of 149 days. During the time period 2006-2008 (spring) there were
only 92 days with such ice conditions, a reduction of 38% compared to the early
1980s. By contrast, in Savoonga no similar strong reduction was observed, with 100
favorable days in 1982—-1984 and 94 favorable days in 2006-2008, a 6% reduction.
In part, this is explained by the fact that in Savoonga disproportionately large num-
bers of walrus are taken on days with ice concentrations between 10 and 30%, which
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did not change significantly between the periods 1980s and 2000s. Gambell, on the
other hand, experienced a reduction by 13% in the number of days amenable to a
successful hunt (see also Fig. 5.6).

The hunting success during these observation periods in 1982-1984 was 116
walrus/week in Gambell and 60 walrus/week in Savoonga (weekly averages of the
WHMP are calculated to reduce the error due to a decreased observation period). In
the mid-2000s hunting success was slightly reduced by 3 walrus/week in Gambell,
but had substantially increased by 36 walrus/week (38%) in Savoonga. Since the
aggregated WHMP data (weekly totals) do not warrant a detailed analysis of hunting
success on specific days (Benter, personal communication 2009), it is noteworthy
that on highly successful days hunters brought in as many as 184 walrus in Gambell
and 131 in Savoonga.

The time series of the number of days favorable to the walrus hunt deter-
mined for the satellite record (1979-2008) shows great inter-annual variability.
While Gambell sees three fewer favorable hunting days (a reduction from 50 to
47 days) over the time period and Savoonga an increase of seven (37 days in
1980 and 44 days in 2008), these trends are not statistically significant (Fig. 5.8;
t-test, p = 0.05). However, there is a clear link between the local ice condi-
tions in spring (as determined for the study sites offshore from each village)
and the number of favorable hunting days. Figure 5.9 illustrates how negative or
positive sea ice anomalies in spring directly translate into more or fewer favor-
able hunting days. Spring ice concentration anomalies explain over 50% of the
variance observed in the number of favorable hunting days (57% for Gambell
and 63% for Savoonga, t-test, p = 0.001). Annual ice concentration anomalies
account for 18 (p = 0.05) and 32% (p = 0.001) of the variance in Gambell and
Savoonga.

Finally, we assessed whether the regional ice conditions in the Bering Sea might
be a good predictor of the number of favorable days for the walrus hunt. While
there is significant correlation between local ice conditions and ice concentration
anomalies for the entire Bering Sea at the annual scale (R > = 43% for Gambell and
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Fig. 5.9 Number of days on which the sea ice concentration exceeded 0% and was lower than
30% plotted relative to the sea ice concentration anomalies in spring for (a) Savoonga (R* = 63%)
and (b) Gambell (R? = 57%)

R? = 59% for Savoonga; t-test, p = 0.001), this is less so for springtime anomalies
(R?> = 12% and p = 0.05 for Gambell; R> = 27% and p = 0.01 for Savoonga).
However, most important is the finding that Bering Sea spring and annual ice con-
centration anomalies explain only 10% of the observed variance in the number of
favorable hunting days.

Discussion

As evident from the results presented in the previous section, local, regional,
and inter-annual variabilities and the shortcomings of coarse-resolution satellite
data present a number of formidable challenges in reaching conclusions about
the linkages between weather and ice conditions favorable to the walrus hunt on
St. Lawrence Island. In part this is due to insufficient spatial and temporal resolu-
tions, with respect to both harvest data (which are accurate to within a day, at least
for the WHMP data) and weather records (which are daily averages of a limited
set of observations). At the same time, the passive microwave satellite data ana-
lyzed here have significant limitations due to limited spatial resolution and errors
in ice concentrations derived for the coastal zone (Massom 2009). To reduce the
latter, we had to eliminate pixels that border on the coast from the analysis. While
this does not affect overall trends, it may somewhat limit the perspective on hunt-
ing in close proximity to the village sites. We do note, however, that the study sites,
75 x 75 km in size, cover much of the region frequented by hunters, who on average
travel between 13 and 146 km offshore during the season in Gambell (Benter and
Robards 2009). Here, observations by Yupik sea ice experts, such as the detailed dis-
cussion of Gambell ice conditions provided by Leonard Apangalook, Sr., and Paul
Apangalook (Chapter 14 by Krupnik et al. this volume), are invaluable in providing
context and ensuring that satellite data are in fact representative of a specific site or
ice-associated activity. We will discuss this aspect further below. However, despite
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such limitations, some tentative, broad conclusions with respect to the weather and
ice conditions that favor spring walrus harvests can be drawn. Thus, Table 5.11
summarizes key findings and delineates the window of opportunity most favorable
to hunting success in Savoonga and Gambell.

Table 5.11 reflects the fact that the most important role played by the weather is
in controlling access to offshore sea ice that is bearing walrus while allowing for safe
boating and hunting conditions among the ice pack or in open water. In particular the
ice movement forced by winds and currents is of great interest to walrus hunters on
St. Lawrence Island, evident in the description by George Noongwook (Savoonga)
of a wind-driven ice phenomenon, referred to as pequneq in Yupik: “A coning of thin
or freshly formed ice pushed by the storms before it crashes down [...] producing
a small open lead for a very brief moment that closes almost instantly. If you get
caught in one of these, you will not have time to escape! We have lost some of our
people in these conditions all in the name of seeking food for survival” (Noongwook
2000). This description links the short-term variability of ice movement on a local
scale with the ability of Savoonga hunters to interpret ice conditions. While the
large-scale conditions prerequisite to pequneq can be extracted from satellite and

Table 5.11 Environmental factors relevant for local walrus hunting success off St. Lawrence
Island, Alaska

Environmental factor or  Savoonga — favorable spring Gambell — favorable spring walrus
trend walrus harvest conditions harvest conditions
Sea ice concentration Above 0% and below 30%; hunters need at least a few open leads that

are wide enough to launch boats. Also, walrus prefer to rest on the
ice, so a certain ice thickness (>60 cm; Fay, 1982) and floe size is

necessary
Wind speed e l-5ms! e59ms’!
Higher wind speeds present boating safety hazards
‘Wind direction ENE, ESE, WSW; these are the NNE, ENE, SSW; northerly winds
main directions when hunting in Gambell do not have as much
takes place. Northerly winds influence on the hunt as in
push ice against the shore and Savoonga because Gambell has
close off access to sea a beach on the north and west
side to launch boats from
Visibility >6 km; good visibility is a key factor for safety on the ice and important
to spot walrus
Air temperature -5 to +5 °C due mostly to the time of the year (spring break-up); at low

wind speeds and low temperatures (<—20 °C) leads tend to freeze
(George et al. 2003)

Cloud cover Not important for the spring hunt; linked to temperature and indirectly
to sea ice growth or melt and may hence on occasion correlate
weakly with hunting success

Sea ice concentration 1982-84: 100 days 1982-84: 149 days
window favorable for 2006-08: 94 days 2006-08: 92 days
spring hunt

Spring-hunt success 1982-84: 60 walrus/week 1982-84: 116 walrus/week

2006-08: 96 walrus/week 2006-08: 113 walrus/week
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weather records, the temporal and spatial resolutions of such data are insufficient
for deeper insight into such processes.

However, what this study does resolve quite well, as summarized in Table 5.11,
are the differences in ice conditions (and to a lesser extent weather) between the vil-
lages of Savoonga and Gambell, as well as their impact on hunting success. Thus,
small but significant differences in wind speed between villages on walrus harvest
days with similar ice conditions and visibility suggest that hunting itself is not only
dependent on the fact that sea ice is present. St. Lawrence hunters are very expe-
rienced and able to hunt and butcher walrus directly in the water (even if it is less
efficient, inconvenient, and certainly the less preferred option from both, a hunter’s
or manager’s perspective due to greater potential for loss) or to tow animals back
toward shore for butchering (Benter, personal communication 2009). Hence, it is
possibly also the behavior and distribution of walrus, as the animals are resting and
nursing on the ice, that link ice conditions and hunting success. However, even if sea
ice is present, sufficient open water is required for boat launching and navigation
through leads or in loose pack ice. This circumstance is highlighted in the daily log
of Leonard Apangalook on April 16, 2008: “No open water west side of Gambell
where walrus, seals and whales pass by north on their northerly migration during
this time of the season. Wide open water on the leeward side of the island, where
Daniel Apassingok went out on boat from Kiyellek [Qayilleq] and got a bearded
seal.” With an ESE wind during that day ice was pushed against the coast east of
Gambell while 5 km east from Gambell, at Qayilleq (a hunting camp, see Chapter
14 by Krupnik et al. this volume), ice got blown out and opened access to the sea.
L. Apangalook’s observation addresses three key points or prerequisites for access
to ice and walrus:

1. There must be open water in form of large open areas or small open leads
accessible, large enough to launch a boat

2. Wind stress can result in a wind-driven movement of sea ice that either packs ice
against the coast or opens a coastal or flaw lead

3. The main advantage of Gambell compared to Savoonga is the position of the
village, such that it has a north and a west beach and furthermore that the hunting
spot Qayilleq is in close range around 6 km to the east, on the eastern side of
the Gambell peninsula, allowing access to the lead system for different wind
conditions. Savoonga hunters can compensate for more severe ice conditions
and fewer options to launch boats by accessing other hunting spots on the south
side of the island.

The first point is illustrated in the high-resolution Synthetic Aperture Radar
(SAR) image of April 17, 2008 shown in Fig. 5.10, within less than one day of
the ice conditions described by Mr. Apangalook and under comparable weather
conditions. At this time, neither the west coast of the Gambell peninsula nor the
north coast were ice free because of strong NNE winds on April 13 and strong SSW
winds on April 16, 2008. Wind speeds of up to 9 m s~!, possibly aided by cur-
rents, were able to move the ice up against the coast north and west of Gambell.
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Fig. 5.10 Synthetic aperture radar (SAR) image for April 17, 2008, showing ice conditions around
St. Lawrence Island, Alaska (image is 200 x 400 km in size, © Canadian Space Agency) and the
locations Gambell, Qayilleq, and Savoonga

Therefore, hunters were not able to launch their boats from the beach at the com-
munity. However, the hunting camp Qayilleq had some open water extending well
into the ice pack because of the southerly wind component on the 16th and 17th
of April 2008 and wind speeds strong enough to move the ice. Hence, people were
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able to launch their boats at this site, in contrast with the main village of Gambell.
Also at the coast of Savoonga a narrow lead opened due to the SSW winds, as seen
in Fig. 5.10.

The second point emphasizes the importance of wind-driven sea ice motion,
assuming that the under-ice currents are not strong enough to overwhelm the wind’s
forcing. The quote from G. Noongwook at the beginning of this chapter describes
such a wind-driven sea ice phenomenon and its inherent danger. Winds control the
opening and closing of leads under most conditions, but such processes are not
directly observed at the relevant scale in passive microwave satellite imagery, pre-
cluding any analysis of linkages between wind speed and lead openings. However,
since sea ice is much rougher than the open sea around the island and since ice
impacts the larger scale surface wind patterns (Andreas 1998), sea ice performs an
important service in support of harvest activities.

This is expressed by Leonard Apangalook, Sr.: “When there is no pack ice around
Gambell anymore the winds are higher and people are not able to go out anymore
[in spring]. [ . . . ] And as soon as the pack ice arrives [in fall] the wind calms down
and makes weather conditions more reasonable” (personal communication 2009).
This linkage between surface wind speed and ice concentration may also explain
that Savoonga is slightly less windy (by 1 m s~!) than Gambell in the spring with
corresponding ice concentrations of 25 4+ 27 and 17 £ 20%. While the difference in
wind speed is small but significant, Leonard Apangalook (personal communication
2009) confirms that Savoonga, due to its somewhat more sheltered position, expe-
riences less windy conditions. In general, it appears that high wind speeds do not
influence the hunt as long as they do not exceed a certain threshold. This threshold
amounts to 9 m s~! in Gambell and 5 m s~! in Savoonga. Above these thresholds,
very few walrus were taken. Similar observations by Lourie (1982) for the years
1981 and 1982 indicate that hunters in Gambell were most successful on days with
average wind speeds of 3-5 m s~!. Of course, as pointed out earlier, any factors such
as personal judgment as to whether a given weather situation is good for hunting or
not as well as other socio-economic factors that come into play here are ignored
in our simplistic analysis. Similarly, current speeds and their impact on ice open-
ings and boating safety are not considered and may explain some of the variability
observed in hunting activities.

The third point addresses the importance of the local topography relative to pre-
vailing winds and ice conditions. Gambell lies on a peninsula and has coastal access
to the west and north, as well as at another location 6 km away, offering several
options for boat launching and explaining the somewhat broader range in favorable
wind conditions compared to Savoonga (Figs. 5.4a and 5.5a). In Savoonga, hunting
primarily took place when winds were ENE, ESE, and WSW. Walrus hunters went
out rarely during northerly winds, since such winds block access to open water north
of town. These differences and the satellite image shown in Fig. 5.10 demonstrate
how strongly conditions can vary between the two locations. A key conclusion from
examining the summary provided by Table 5.11 is that despite the limitations dis-
cussed earlier, there is some value in this type of analysis in order to arrive at a rough
delineation of the weather and ice conditions that favor or reduce the probability for
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a successful walrus hunt. This is a first step toward assessing how changes in large-
scale surface climate and ice conditions have the potential to impact the walrus hunt
in two Bering Sea communities.

With respect to long-term variability and change, analysis of the satellite data
record from 1979 to 2008 leaves us with a number of points to ponder. First, as to
be expected and demonstrated in studies off northern Alaska (Eicken et al. 2009),
inter-annual variability in ice conditions is larger for the confined hunting grounds of
Gambell and Savoonga as compared to the pan-Arctic trend toward reduced summer
ice cover. This is in part explained by the fact that the winter and early spring sea ice
extent in the Bering Sea is currently above normal, most likely in conjunction with
the atmospheric circulation patterns associated with the cool phase of the North
Pacific Decadal Oscillation (NPDO, Overland et al. 1999). As a result, even the
record-low ice summer of 2007 registers with above-normal ice extent in the Bering
Sea through mid-May. It is only in late May that the rapid retreat started which led
up to the record minimum in the pan-Arctic and the Pacific Arctic sector (Eicken
et al. 2010). However, since ice concentration anomalies capture deviations from
mean extent as well as deviations from the average timing of the seasonal cycle, both
2007 and 2008 (with the second-lowest ice extent in summer on record) register as
modestly negative anomalies.

Second, changes in the ice cover do impact access to and availability of ice-
associated mammals such as walrus. We found that sea ice concentration anomalies
in spring are directly connected to the number of favorable hunting days (0 < SIC
< 30%). This observation may seem trivial at first, i.e., if ice reduction were not
shortening the ice season but simply decreasing the concentration on days with
high ice cover. However, local ice experts’ observations (see Krupnik et al. this
volume) and our analysis indicate that in fact the picture is more complicated
than that. Negative sea ice anomalies (reduced sea ice concentration) thus appear
to increase the number of favorable opportunities for the hunt and hence provide
the hunters with a longer time window during which they can successfully pursue
walrus.

This can significantly reduce the risk associated with hunts on days where
weather conditions or other environmental factors represent a hazard. Conversely,
positive sea ice concentration anomalies, at least for the period studied, do impact
the hunt in a negative fashion. The way in which the prevailing negative spring ice
concentration anomalies in recent years have expressed themselves in the region is
such that they resulted in improved conditions for the walrus hunt in spring. The
spring ice conditions of 2007 and 2008 stand apart from this broad trend as evident
in Fig. 5.9. In 2007, in particular, the number of favorable harvest days was anoma-
lously small at Gambell. However, hunters in Gambell did not notice a decline in
harvest numbers (Krupnik et al. this volume), in contrast with very poor harvests
in communities further north, such as Wales in Bering Strait and communities on
Alaska’s North Slope (W. Weyapuk, Jr., personal communication 2007; J. Leavitt,
personal communication 2007). The tight fit between favorable harvest days and
local spring ice concentration anomalies evident from Fig. 5.9 suggests that this
type of analysis can help in identifying extreme years — recognizing that hunters



140 M.-L. Kapsch et al.

will find ways to address or adapt to such challenges. At the same time, the over-
all tight fit between favorable hunting days and local ice anomalies may provide an
additional tool for walrus subsistence management that seeks to be responsive to
environmental constraints on both animals and hunters (Robards 2008).

The comparison between the sea ice anomalies near the villages and for the whole
Bering Sea has shown that even if the overall trend of sea ice on a scale of tens of
kilometers to hundreds of kilometers in the Bering Sea is the same, the number
of days with favorable ice conditions does not necessarily follow this trend at the
regional level. This may be different for other subsistence communities, such as
Barrow, where ice conditions are not as complex as in the vicinity of St. Lawrence
Island. For example, an analysis of ice conditions in the eastern Chukchi and west-
ern Beaufort Sea suggests that local ice conditions track somewhat better with the
regional ice anomaly patterns (Eicken et al. 2009) than observed here. Most impor-
tant, however, this work illustrates a broader pattern of increasing decorrelation and
decoupling between hemispheric scale processes that drive sea ice extent and con-
centration and those controlling the ice at the scale that matters to people hunting
on and among sea ice (Gearheard et al. 2006).

Finally, in the past 4 years (2004-2008) a striking decline in the number of favor-
able harvest days is evident in Fig. 5.8. To assess to what an extent this trend mirrors
potential changes in atmospheric forcing, we have examined data for the two most
influential climate patterns in the region, the Arctic Oscillation (AO) and the North
Pacific Decadal Oscillation (NPDO). By comparing surface ocean temperature and
atmospheric pressure anomalies triggered by these patterns (annual averages of the
sea surface temperature (SST) anomalies' triggered through NPDO and the leading
mode of the 1,000 hPa height anomalies? for the AO, both poleward of 20°N, have
been used) we found steadily decreasing SST anomalies starting in 2003 from +1 to
-3 K in 2008. This significant correlation with the reduction in favorable ice condi-
tions between 2004 and 2008 (Fig. 5.8) may be explained by the link between lower
temperatures and above-normal ice concentrations, minimizing the number of days
favorable to hunting from boats. The finding is also consistent with the fact that ice
conditions were above normal during recent years in the Bering Sea during winter
and early spring. By contrast, the AO anomalies did not show any significant corre-
lation with any of the surface patterns and are hence deemed of lesser importance in
explaining variations in hunting opportunities and success.

Hunters are well aware of changes in sea ice and climate and the associated
evolution of the skill set inherited from past generations. This is echoed in George
Noongwook’s (Savoonga) comments: “The window of opportunity for conducting
successful subsistence activities is going to become shorter because of warming cli-
mate. It is then up to [the hunters] to determine how, [they] can be more efficient and
safety minded in terms of retrieving and stalking marine mammals” (Noongwook
2000). This comment reflects the fact that old hunting practices may have to change
substantially in the future. It also speaks to the potential of younger hunters adapt-
ing their practices and improving hunting success, e.g., through the means of new
technologies, more powerful boats, interpretation of satellite imagery, or the use of
snowmobiles to access the south coast of the island.
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Similarly, Leonard Apangalook, Sr., comments on less sea ice and higher winds
at Gambell (personal communication 2009). Changes in sea ice conditions also have
a direct influence on Pacific walrus (Robards 2008) and hence impact the subsis-
tence hunt indirectly as well. These changes in turn bring about other impacts, such
as shifts and potential conflicts with harvest times for other marine mammals, such
as whales (Sease 1986; George et al. 2003).

Conclusions

This contribution explores the physical factors that are controlling the spring walrus
hunt in Gambell and Savoonga. We were able to show that ice concentration, derived
from satellite remote sensing at a scale of tens of kilometers, is significantly linked
to the local walrus harvest success of the villages. At the same time, large-scale
regional ice conditions in the Bering Sea scaled poorly with the number of favor-
able hunting days in each season, highlighting the need for downscaling approaches
in linking sea ice use by coastal communities in this region to large-scale patterns
of variability and change. The analysis of weather and ice data helped define the
seasonal window of opportunity and the conditions under which hunters tend to be
successful (summarized in Table 5.11). While this information is still limited in its
scope and validity, it may be of value in developing scenarios or quantitative rela-
tionships between changes in weather and ice cover and potential hunting success
that can be employed in model-based forecasts or studies of adaptation to climate
variability and change.

Overall, the picture that emerges from this study for hunting success on
St. Lawrence Island is complicated, as reflected by the nuanced and highly detailed
statements hunters provide in this context. Overall, the research clearly demon-
strated that for ice conditions at the local level off the village sites, the spring sea ice
concentration anomalies are excellent predictors of favorable hunting conditions.
Negative anomalies actually coincide with more favorable conditions, most likely
because they correspond to a more accessible ice pack and potentially better access
at the village site. The most recent years, however, with anomalously low arctic-
wide summer ice extent clearly fall outside of this well-defined relationship since
the rapid northward retreat of the ice edge in particular in 2007 greatly reduced the
most favorable part of the spring shoulder season. Nevertheless, walrus hunters were
able to cope and mostly by traveling longer distances (approaching 200 km away
from the village for individual hunts, compared to studies by Lourie 1982, in the
early 1980s when the maximum distance covered during the Gambell spring hunt
was 113 km) the harvest season was deemed reasonably successful. Clearly, travel-
ing longer distances increases vulnerability to storms and bad weather and greatly
increases fuel costs, which already are at an all-time high. These potential chal-
lenges are exacerbated by the compression of the window of opportunity (Benter
and Robards 2009).

As discussed in Chapter 4 by Krupnik et al. (this volume) and evident from
the graphs and data shown here, comparatively low ice concentrations in the late
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winter and early spring do allow St. Lawrence Island hunters to venture out very
early in the year. Here, the island is favored by its location that resides not too
far within the maximum ice extent and hence results in loose ice pack condi-
tions even in winter. At more northern coastal sites such winter hunts are not
an option, also due to less favorable light and weather conditions. At the same
time, at other villages the impact of more rapid ice retreat appears to be felt
much more drastically (Eicken et al. 2010), requiring a more detailed region-wide
analysis.

Another important conclusion to draw from this work is that there can be sig-
nificant differences in weather and ice conditions between the two villages on
St. Lawrence Island that impact access to walrus at any one time and also deter-
mine to what extent climate variability and change affect the villages. Hunters’
insights in combination with high-resolution satellite imagery and weather records
provide a very detailed picture of the conditions that favor access to walrus on sea ice
(see also Table 5.11). Again, this information can help assess future developments
and adaptation strategies if ice conditions were to continue to change. More impor-
tant, as evident from the comparison between the window of opportunity in the
early 1980s and spring of 20062008 (Table 5.11), the contrast between Savoonga
and Gambell (the latter with a reduction in the number of favorable hunting days by
40%) can be substantial.

Given the importance of ice conditions and weather for a safe, successful hunt
and recognizing that a shorter window of opportunity increases the risk to hunters
(Noongwook 2000), it is noteworthy that currently forecasts for the region only
cover the Alaska mainland and not conditions on St. Lawrence Island. Experienced
hunters such as Leonard Apangalook report that these forecasts are significantly
different from the conditions in Gambell (personal communication 2009). More
analysis and further efforts are required to improve weather forecasts and poten-
tially seasonal-scale forecasts of conditions that are applicable to the two villages’
hunting grounds.
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Notes

1. http://jisao.washington.edu/pdo/PDO latest
2. http://www.cpc.noaa.gov/products/precip/CWlink/daily_ao_index/ao_index.html

References

ACIA (Arctic Climate Impact Assessment. Scientific Report). 2005. Cambridge: Cambridge
University Press, 1042p.

Andreas, E.L. 1998. The Atmospheric Boundary Layer Over Polar Marine Surfaces. M. Leppdranta
(ed.), Helsinki: Helsinki University Press, pp. 715-774.

Benson, A.J. and Trites, A.W. 2002. Ecological effects of regime shifts in the Bering Sea and
Eastern North Pacific Ocean. Fish and Fisheries 3: 95-113.

Benter, R.B. and Robards, M., 2009. Subsistence walrus harvest trends in the Bering Strait.
http://www.marinemammalscience.org/index.php?option=com_content&view=article&id=390
&ltemid=214&abstractiD=804.

Burns, J.J. 1970. Remarks on the distribution and natural history of pagophilic pinnipeds in the
Bering and Chukchi Seas. Journal of Mammalogy 51(3): 445-454.

Eicken, H., Krupnik, 1., Weyapuk, W., Jr., and Druckenmiller, M.L. 2010, in press. Ice seasons at
Wales, 2006-2007. In Kingikmi Sigum Qanugq Ilitaavut — Wales Inupiaq Sea Ice Dictionary.
I. Krupnik, H. Anungazuk, and M. Druckenmiller (eds.), Washington: Arctic Studies Center,
Smithsonian Institution.

Eicken, H., Lovecraft, A.L., and Druckenmiller, M.L. 2009. sea ice system services: A framework
to help identify and meet information needs relevant for Arctic observing networks. Arctic
62(2): 119-136.

Eppler, D.T., Farmer, L.D., Lohanick, A.W., Anderson, M.R., Cavalieri, D.J., Comiso,
J.C., Gloersen, P., Garrity, C., Grenfell, T.C., Hallikainen, M., Maslanik, J.A., Mitzler, C.,
Melloh, R.A., Rubinstein, I., and Swift, C.T. 1992. Passive microwave signatures of sea ice.
In Microwave Remote Sensing of Sea Ice. FED. Carsey (ed.), Geophysical Monograph 68,
Washington: American Geophysical Union, pp. 47-71.

Fay, FH., 1982. Ecology and biology of the Pacific walrus, Odobenus rosmarus divergens Illiger.
United States Department of the Interior, Fish and Wildlife Service, North American Fauna,
Number 74.

Garlich-Miller, J.L. and Burn, D.M. 1999. Estimating the harvest of Pacific walrus, Odobenus
rosmarus divergens in Alaska. Fisheries Bulletin 97(4): 1043—1046.

Gearheard, S., Matumeak, W., Angutikjuaq, 1., Maslanik, J., Huntington, H.P., Leavitt, J., Kagak,
D.M,, Tigullaraq, G., and Barry, R.G. 2006. “It’s not that simple”: A collaborative comparison
of sea ice environments, their uses, observed changes, and adaptations in Barrow, Alaska, USA,
and Clyde River, Nunavut, Canada. AMBIO 35: 203-211.

George, J.C., Braund, S., Brower, H., Jr., Nicolson, C., and O’Hara, T. 2003. Some observations
on the influence of environmental conditions on the success of hunting bowhead whales off
Barrow, Alaska. In Indigenous Ways to the Present: Native Whaling in the Western Arctic.
A.P. McCartney (eds.), Edmonton and Salt Lake City: Canadian Circumpolar Institute and
University of Utah Press, pp. 255-275.

Gilbert, J.R. 1999. Review of previous Pacific walrus surveys to develop improved survey
designs. In Marine Mammal Survey and Assessment Methods. G.W. Garner, S.C. Amstrup, J.L.
Laake, B.F.J. Manly, L.L. McDonald, and D.G. Robertson (eds.), Rotterdam, The Netherlands:
A.A. Balkema, pp. 75-84.

Grebmeier, J.M., Overland, J.E., Moore, S.E., Farley, E.V., Carmack, E.C., Cooper, L.W.,
Frey, K.E., Helle, J.H., McLaughlin, FA., and McNutt, S.L. 2006. A major ecosystem shift
in the northern Bering Sea. Science 311: 1461-1464.

Huntington, H.P. 2000. Using traditional ecological knowledge in science: Methods and applica-
tions. Ecological Applications 10(5): 1270-1274.



144 M.-L. Kapsch et al.

Huntington, H., Fox, S., Krupnik, 1., and Berkes, F. 2005. The changing Arctic: Indigenous
perspectives. In Arctic Climate Impact Assessment. Arctic Climate Impact Assessment (ed.),
Cambridge: Cambridge University Press, pp. 61-98.

Krupnik, I. and Jolly, D. (eds.) 2002. The Earth is Faster Now: Indigenous Observations of Arctic
Environmental Change. Fairbanks: ARCUS.

Krupnik, I. and Ray, G.C. 2007. Pacific walruses, indigenous hunters and climate change: Bridging
scientific and indigenous knowledge. Deep-Sea Research 1l 54: 2946-2957.

Lourie, K.S. 1982. The Eskimo Walrus Commission 1981-82 Walrus Data Collection Program.
Nome: Eskimo Walrus Commission, 233p.

Massom, R.A. 2009. Principal uses of remote sensing in sea ice field research. In Sea Ice Field
Research Techniques. H. Eicken, R. Gradinger, M. Salganek, K. Shirasawa, D.K. Perovich, and
M. Leppiranta (eds.), Fairbanks: University of Alaska Press, pp. 405-466.

Metcalf, V. and Robards, M.D. 2008. Sustaining a healthy human-walrus relationship in
a dynamic environment: Challenges for comanagement. Ecological Applications 18(2):
148-156.

Noongwook, G. 2000. Native observations of local climate changes around St. Lawrence Island.
In Impacts of Changes in Sea Ice and Other Environmental Parameters in the Arctic.
H.P. Huntington (eds.), Marine Mammal Commission Workshop Report. Bethesda: Marine
Mammal Commission, pp. 21-24.

Oozeva, C., Noongwook, C., Noongwook, G., Alowa, C., and Krupnik, 1. 2004. Watching Ice and
Weather Our Way/ Akulki, Tapghaghmii, Mangtaaquli, Sunqaanga, Igor Krupnik. Sikumengllu
Eslamengllu Esghapalleghput. 1. Krupnik, H. Huntington, C. Koonooka, and G. Noongwook
(eds.), Washington: Arctic Studies Center, Smithsonian Institution, 208pp.

Overland, J.E., Adams, J.M., and Bond, N.A. 1999. Decadal variability of the Aleutian low and its
relation to high latitude circulation. Journal of Climate 12(5): 1542—1548.

Ray, G.C., and Hufford, G.L. 1989. Relationships Among Beringian Marine Mammals and Sea
Ice. Rapports et Proces-Verbaux des Réunion Conseil International pour L’Exploration de la
Mer 188: 22-39.

Robards, M. 2008. Perspectives on the Dynamic Human-Walrus Relationship. Dissertation at the
University of Alaska, Fairbanks.

Robards, M. and Joly, J. 2008. Interpretation of ‘wasteful manner’ within the Marine Mammal
Protection Act and its role in management of the Pacific walrus. Ocean and Coastal Law
Journal 13(2): 171-232.

Sease, J.L.. 1986. Historical status and population dynamics of the Pacific Walrus. University of
Alaska, Thesis, Fairbanks, 213 pp.

Stabeno, P.J., Bond, N.A., and Salo, S.A. 2007. On the recent warming of the Southeastern Bering
Sea shelf. Deep-Sea Research I1 54: 2599-2618.

Stabeno, P.J. and Hunt, G.L., Jr. 2002. Overview of the inner front and Southeast Bering Sea
carrying capacity programs. Deep-Sea Research 11 49: 6157-6168.

Stroeve, J., Serreze, M., Drobot, S., Gearheard, S., Holland, M., Maslanik, J., Meier, W., and
Scambos, T. 2008. Arctic sea ice extent plummets in 2007. Eos Transactions AGU 89:
13- 14.



Chapter 6
Sila-Inuk: Study of the Impacts of Climate
Change in Greenland

Lene Kielsen Holm

Contributing Author: Shari Gearheard.

When people talk about catastrophic climate change, there’s a
fair chance that Greenland is on their mind.
(Witze 2008:798)

Abstract Greenland is experiencing some of the most dramatic impacts of climate
change in the Arctic. Much work has been done to study these changes through
physical science, but little has been done to document the perspectives of local
Kalaallit. In 2005, the Inuit Circumpolar Council-Greenland launched the Sila-Inuk
project to do just this, interviewing local experts in 23 communities in south, west,
and north Greenland. The analysis of this work is still underway and will be pre-
sented at the next ICC General Assembly in 2010. This chapter provides a sample
of the work and an overview of the Sila-Inuk initiative.

Keywords Climate change - Inuit - Greenland - Sea ice - Weather - Indigenous
knowledge

Introduction

A major news feature called “Climate Change: Losing Greenland” featured this
opening line when it appeared in the journal Nature in 2008 (Witze 2008). Indeed,
climate change in Greenland is creating some of the most rapid and dramatic envi-
ronmental impacts of anywhere in the Arctic. The Greenland ice sheet, the main
geographic feature covering some 80% of our island’s territory of 2,166,086 km?,
has become a poster child for Arctic climate change, as now famous maps and
graphics show how the maximum surface-melt area on the ice sheet has increased
and the ice sheet itself has shrunk dramatically since the 1990s (Fig. 6.1).

Most of the attention on Greenland in terms of research has come from physical
scientists, often with a focus on the ice sheet (e.g., Zwally et al. 2002, Luthcke et al.
2002, Hall et al. 2006). These studies and others have been immensely important
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Fig. 6.1 Map showing surface-melt extent of Greenland ice sheet and changes from 1992 to 2002
(ACIA 2004:40)

for Greenland and for our understanding of how climate change is affecting and
will affect our society. Studies that incorporate Greenland communities, in particu-
lar the knowledge of the Greenland Inuit (Greenlanders or Kalaallit), have been far
fewer. Only a handful of studies have worked with the knowledge of Greenlanders
to understand our environment and our experiences with climate change (e.g.,
Petersen and Siegstad 1993; Born et al. 2006). With an interest to add Greenlanders’
observations and experiences to the collective knowledge on climate change, and
inspired by similar work done in other countries such as Canada, the U.S. (Alaska),
and Scandinavia (Krupnik and Jolly 2002; Huntington and Fox 2005; Helander
and Mustonen 2004), the Inuit Circumpolar Council-Greenland in 2005 set out to
design and conduct a study called “Sila-Inuk” that would engage Greenlanders in
documenting their knowledge of climate change and its impacts.

Sila-Inuk Design and Methods

Sila-Inuk means literally “weather-human.” Besides weather, Sila also refers to
human intelligence. When the ending of -suaq is added to the word, Silarsuaq,
it also means the universe. For those of us in charge of the project planning,



6 Sila-Inuk: Study of the Impacts of Climate Change in Greenland 147

“Sila-Inuk” was a name that had the clearest expression of what we were try-
ing to understand and document, namely the intimate and personal connection
between people and their environment, their weather. Like other chapters in this
book illustrate, Arctic indigenous communities and people have intimate links to
and knowledge of the land, the sea, and the ice. The first-hand experiences of
Greenlanders who live and work closely in and with their environment provide pow-
erful and insightful knowledge about that environment, its processes, and its changes
over time.

What is perhaps unique to Greenland, compared to the other Arctic communities
and countries represented in this book, is that our knowledge holders include not
only hunters and fishermen but also sheep farmers and agriculturalists. While ice
sheets and sea ice certainly come to mind when we think about the Arctic, farms
and vegetable gardens probably do not. But, farming and herding are traditional and
important activities that define people’s way of life in certain parts of Greenland
and in particular southern Greenland. Those farmers from southern Greenland are
some of the key experts that we have engaged within the Sila-Inuk project. They
remind us that there are places in the Arctic where sea ice does not exist as a regular
feature and that other pursuits, also vulnerable to climate change, are at the heart
of local communities and cultures. They also embody the many diverse faces of
our country — from our sheep farmers in the South to our sea ice hunters in the
north.

With an ambitious goal to collect first-hand observations of climate and envi-
ronmental change from experts in all Greenland communities, Sila-Inuk was
developed by the Inuit Circumpolar Council-Greenland (ICC-Greenland) together
with KNAPK (Kalaallit Nunaanni Aalisartut Piniartullu Kattuffiat, The Hunters
and Fishermen’s Organization in Greenland).! Our first community visits began
in 2006 in the region of Kujataa (south Greenland). We then visited the regions
of Avanersuaq and Kitaa (north and west Greenland) in 2007, 2008, and 2009.2
Our main report and findings will be delivered at the next ICC General Assembly
being held in Nuuk in 2010. This chapter provides initial findings of our
project and a broad overview of shared themes among the communities we
studied (Fig. 6.2).

In Sila-Inuk, expert observations are collected mainly through interviews con-
ducted by myself in Greenlandic (Kalaallisut) and then transcribed by Anna
Heilmann, Hanne Sgrensen, and myself. These transcripts will later be trans-
lated to English during the making of the final report. The style of the interview
used depended on the person and situation, and mostly semi-directed and open-
ended interviews have been used (Huntington 1998). We interviewed mainly expert
hunters, fishermen, sheep farmers, and others with a close connection to the land;
those experts range in their characteristics from old to young and from men to
women (see Table 6.1). Altogether, 55 people have been interviewed from 23
communities between 2006 and 2008. Therefore, the participants of Sila-Inuk offer
a broad range of Greenland residents in terms of geography, livelihood, and expe-
rience. Often while interviewing we tour the expert’s home, farm, hunting camp,
or observe some of their daily activities (Fig. 6.3). This kind of interaction allows
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Fig. 6.2 Map of main communities of Greenland (courtesy of Naturinstituttet)

people to show us physical changes or speak specifically about how climate change
is affecting their lives.

For example, when visiting Upernavik, I had a chance to sail with a local
expert in his small boat to see some of the 18 (or more) active calving ice fjords,
view bird nesting cliffs, and visit the two tiny communities of Aappilattoq and
Kangersuatsiaq where [ was able to interview several other people (Fig. 6.4). In
the north, in Qaanaaq, I was able to travel the sea ice with expert hunters and collab-
orate with another joint project looking at sea ice, Siku-Inuit-Hila (see Chapter 11,
this volume).

Interviewing was our main approach in collecting Greenland experts’ knowl-
edge of climate change but also we also used maps to help facilitate discussion
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Table 6.1 Towns and settlements visited by Sila-Inuk including the number of interviews and year
conducted. Centers of municipalities are given in bold; other settlements are positioned according
to municipality (town) belong

Towns/settlements Number of interviews Year visited Interviewer/s
Arsuk 5 2006 Lene Kielsen Holm
Nanortalik 1 2006 Lene Kielsen Holm
Aappilattoq 2 2006 Lene Kielsen Holm
Narsarmijit 3 2006 Lene Kielsen Holm
Nalasit 1 2006 Lene Kielsen Holm
Tasiusaq 1 2006 Lene Kielsen Holm
Alluitsup Paa 3 2006 Lene Kielsen Holm
Qallumiut 1 2006 Lene Kielsen Holm
Qaqortoq 3 2006 Lene Kielsen Holm
Kangerluarsorujuk 2 2006 Lene Kielsen Holm
Eqalugaarsuit 1 2006 Lene Kielsen Holm
Narsaq 6 2006 Lene Kielsen Holm
Qassiarsuk 1 2006 Lene Kielsen Holm
Sisimiut 3 2006 Lene Kielsen Holm
Aasiaat/ 2 2007/2008 Lene Kielsen Holm and
Kangaatsiaq Aqqaluk Lynge
Iginniarfik 2 2007 Lene Kielsen Holm and

Aqqaluk Lynge
Qasigiannguit 1 2007 Lene Kielsen Holm and

Aqqaluk Lynge
Tlulissat 4 2008 Lene Kielsen Holm
Upernavik 3 2008 Lene Kielsen Holm
Aappilattoq 3 2008 Lene Kielsen Holm
Kangersuatsiag 4 2008 Lene Kielsen Holm
Uummannaq 2 2008 Lene Kielsen Holm
Qaarsut 1 2008 Lene Kielsen Holm
Total 55

In collaboration with
Siku-Inuit-Hila
Qaanaaq Workshops and 2007 and 2009
traveling on sea ice

Kangiqtugaapik, Workshops and 2008
Nunavut traveling on sea ice

and document changes (Born et al. 2006). In addition, we used the radio to share
what we were learning along the way. Radio is a powerful means of communica-
tion in Greenland and most citizens listen daily to our national radio programming
in Greenlandic. As Sila-Inuk has traveled through communities collecting stories,
we have encouraged the experts we met to share their observations over the radio.
This means of sharing, along with radio interviews I have done to explain the
Sila-Inuk project, have gone a long way to raising national awareness not only of
climate change but also of the value of local knowledge in understanding climate
change.
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Fig. 6.3 Silas and Karen Bernhardsen grow turnips and other vegetables in Nalasit, South
Greenland (Photo: Lene Kielsen Holm)

Climate Change in Greenland: Observations from Disko Bay

While our analysis is still underway and our major findings are expected to be deliv-
ered in 2010, the preliminary work of Sila-Inuk reveals some shared themes across
different Greenland communities and regions. In this section, I present some of
the initial findings from the Disko Bay area including the communities of Aasiaat,
Iginniarfik, and Qasigiannguit. I focus on the interviews of three regional experts:
Augo Davidsen (83 years old from Aasiaat), Kaspar Brandt (85 years old from
Iginniarfik), and Tittus Magnussen (70 years old from Qasigiannguit). Though only
samples from a much larger research effort, they are representative of some of the
recurrent themes we have been hearing in this region of Greenland and in many
other areas (see Table 6.2).

Changes in Weather Patterns and Seasonality

Residents of the Disko Bay area have observed that the weather is more unpre-
dictable than in former times and that there has been a shift in the seasons. Winds
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Fig. 6.4 Paulus Benjaminsen (leff) of Aappilattoq, the southernmost inhabited place in Greenland,
with Holm in 2006 (Photo: Nadia Holm)

in particular are unpredictable, and dependable winds like avannagq (the north wind)
that used to be stable for long periods in the wintertime no longer follow the same
patterns. Winds tend to shift direction more often and people can experience differ-
ent winds even within the course of one day. Augo Davidsen highlighted the recent
unpredictability of the winds by showing us his barometer that he had inherited
from his father (Fig. 6.5). He has always been able to use it to help him deter-
mine the weather for the next day but “the brain of this barometer does not believe
(or have faith) in the weather anymore” (Davidsen 2007).

Experts in these, as well as in other communities, have noticed a shift in the
seasons, noting in particular changes in winter and spring. Winters are warmer.
Tittus Magnussen (2007) noted that in former times common winter temperatures
would be —30 or —40°C, but today’s winters barely reach —20°C (Fig. 6.6). Instead,
the experts observe that cold seems to have moved into the spring period. Winters
are warmer, but when spring arrives and people expect warming and melting, they
instead experience cold and high humidity. As Davidsen (2007) put it, “the warmth
of the spring has shifted to winter and the cold of the winter has shifted to spring . . .
In former times the cold period was October, November, December, January used
to be very cold, but now it is February, March, April, May. So it is like the winter
has shifted.”
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Table 6.2 Summary of observations from communities in South Greenland (Arsuk, Aappilattoq,
Narsarmiut, Nanortalik, Nalasit, Tasiusaq, Qallumiut, Alluitsup Paa, Kangerluarsorujuk,
Eqalugaarsuit, Qaqortoq, Narsaq, Qassiarsuk)

e Sila Assallattoq (“the weather has switched”). The weather is not what is expected for the
season

e Directions of the winds are changing more often. Calm periods occur less and the speed of
the winds is less than expected

e In summer it can get very warm during the day while in the night frost has been experienced

e More rain

e The currents are changing. During the 1990s the currents began to run from the Atlantic
Ocean toward the west coast of Greenland and the cod disappeared. Now the currents flow
out of the coast and the cod are coming back

e The levels of the tides are changing. High tide is higher and low tide is lower than in former
times

e The sea ice that comes down the coast from east Greenland melts very fast. This melting ice
creates meltwater that then refreezes, creating dangerous sea ice conditions for hunting

e Glaciers are receding

e The ice cover on the beaches (qaanngoq) has disappeared in the winter

e The winter ice cover of the fiords (maneragq) is not occurring any longer

e The behavior of birds and seals are changing

e Aataat, harp seals, are very high in numbers and are more stationary in the summer season

e Natseq, ringed seal, has moved

e Routes of minke whales have changed

e Arctic char are moving from the sea into the lakes earlier

e The molting period for seals is getting longer

e Algae is seen on the skins of the seals; something never seen before

e Algae also grows very fast on [the underside of] boats

e Snow cover is decreasing

e Less snow cover has resulted in poor crowberry seasons, but the blueberry season has not
changed

e Humidity is higher

All experts mentioned as part of their assessment of this shift that the new cold,
damp conditions of spring do not allow them to dry fish in the springtime, as the air
is too humid. In the past, May would be a time to dry capelin, but cool and humid
conditions, with more rain, prevent the meat from drying (Brandt 2007). Kaspar
Brandt (2007) also mentions that when the spring does arrive, melt occurs very
quickly, “the melting of the snow is as if the earth just swallowed it.” For him the
rapid melt is not only a sign of changing spring conditions but also the change in
the permafrost conditions, as the rapid melt water would run off (not soak in), if the
ground were frozen.

An interesting change in local weather was shared by Tittus Magnussen from
Qasigiannguit. Magnussen explains that Qasigiannguit has a special storm called
Saqqarsarneq (“the warm wind that melts all the snow in the winter time in no
time”), which has been there for years. But Saqqgarsarneq’s duration and intensity
have changed (decreased) in recent times. The new pattern of the Sagqarsarneq
event in wintertime is another example of changing weather in the region.
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Fig. 6.5 Augo Davidsen from Aassiaat explains how “the brain of his barometer does not believe
(or have faith) in the weather anymore” (Photo: Lene Kielsen Holm)

Changes in Sea Ice

Over their lifetimes, our experts have seen varying sea ice conditions. The region
has experienced periods of heavy ice but also light or even no ice during different
periods in the past. For example, near Aasiaat in the 1940s, the sea ice was unstable,
meaning people could not go dogsledding to villages to the south (Niaqornaarsuk
and Iginniarfik). They could only get to those locations by boat. In the winter of
1946-1947, no sea ice was in the area at all. Davidsen explains that sea ice goes
through cycles, peaks, and lows and that this period was the “lowest of the lows.”
However, years later, there were extreme low temperatures and the sea ice formed
fully. Conditions were so severe that where there was a polynya each year, even the
polynya was covered with ice. The polynyas are usually formed by strong current,
so when they were traveling on top of the frozen polynya during these years, the
dogs were very scared by the sound of the current under the ice.

Highs and lows in the sea ice were experienced in other communities as well.
At Qasigiannguit, the sea ice did not form at all in the winter of 20062007 and
boats were sailing year round. An example of a “high” in the cycle comes from
Iginniarfik, where a place that never had sea ice in the past formed winter ice in
1993. The residents say that 1993 was a peak for winter ice in their region.
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Fig. 6.6 Tittus Magnussen from Qasigiannguit (Photo: Lene Kielsen Holm)

Although the sea ice in the area experiences periods of highs and lows, the
experts did indicate a trend overlapping this variability. For example, Davidsen
observes

When I became a trainee for hunting [in the 1930s] the sea ice would begin to form in
October. Now, it doesn’t come until January . .. Looking down at the place where they pull
in the ships [the shipyards] in January and February it is amazing to see that they are able
to pull ships into the shipyard [due to no ice].

Seal hunters who use nets at Qasigiannguit have noticed a change in sea ice
within the last decade. During this time the sea ice has almost disappeared and they
are not able to put nets in the ice at their usual hunting places. The hunters have
their “own” places where they put in their nets to catch seals, but have not been able
to do so since 2000. As well, Magnussen notes that a dogsledding route to a small
settlement called Ikamiut has not been useable since the mid-1990s because of loss
of sea ice and hunters must be very cautious when traveling on sea ice due to the ice
being thin in places and having an uneven thickness. Again, there are connections
to other regions (see also Chapter 2 by Taverniers, this volume). When Sila-Inuk
visited north Greenland in 2007 and 2009, local hunters from Qaanaaq, Siorapaluk,
and Savissivik also described the same thinning conditions, loss of sea ice, and loss
of traditional sea ice travel routes (Oshima, Kristiansen, Simigaq, and Nielsen pers.
comm. 2007 and 2009).
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A very interesting sea ice change was shared by Augo Davidsen from Aasiaat.
Born in 1926, Davidsen has observed that the number of sassat (beluga/narwhal
entrapment in patches of open water amidst winter ice) has decreased.? Sassar did
not occur every year, but over time they have been observed less and less in the area.
Davidsen recalls the importance of sassat in former times:

In 1951, I found a sassat which provided meat to many families from Qasigiannguit,
Ilulissat, Qegertarsuaq, Aasiaat, and other villages. I received 30 Kroners from the com-
munity for finding the sassat. My wife asked me to go down to the trade center to buy
myself trousers, which, by coincidence, cost 30 Kroners. [Experiencing that sassat], it was
like I was feeding all of Disko Bay.

Our experts report that changes in the sea ice are caused, at least in part, by a
warming ocean. Davidsen explains

It is obvious that the sea is warming up. Even if the air is very cold, you need cold water in
order for it to freeze. In order for the sea ice to form, you need both cold air and cold water.
But in [recent] years, even when the air is cold, the [temperature of the sea] must have risen
because the ice still does not form.

One indication that the sea is warmer is changes in gaanngoq — ice that forms
on the coast (land or shoreline) down to the waterline. When there is no gaanngogq,
it means the water is warm. And, of course, when there is gaanngog, it means the
water is cold enough, so that it freezes at the shoreline.

Changes in snow can also have an impact on sea ice formation, processes, and
characteristics. If there is snow on top of the sea ice, it is more difficult for the ice to
thicken due to the snow’s insulating properties. The sea ice can be used only after
the sea ice has had a chance to freeze, free of new snowfall, for 3 or 4 days. In cold
weather it only takes 3 or 4 days to form travelable sea ice; but this can only happen
when there is not insulating snow on the ice surface.

Changes in Seals

Changes in seals have been observed not only in the Disko Bay area but also in
south Greenland (Table 6.2). In both regions natseq (ringed seals) are disappear-
ing and harp seals are on the rise. Magnussen notes that in the Qasigiannguit area,
ringed seals do not even appear basking on ice in the spring sunshine anymore.
The harp seal, on the other hand, stays year round because there is no longer sea
ice. Greater numbers of harp seals are disturbing the fisheries and eating the cod
stocks.

In south Greenland, the molting period of seals is getting longer and algae is
being found for the first time on the skin of seals (Table 6.2). Seals with bald
patches in their fur are also being found. Interestingly, when we met with Clyde
River hunters from Nunavut, Canada, in Qaanaaq during our fieldwork for the Siku-
Inuit-Hila project we learned that similar changes in ringed seals have also been
observed in that area (Angutikjuak and Sanguya pers. comm. 2007). The Clyde
River hunters also linked seal changes to sea ice changes. Since the sea ice season
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is also getting shorter in that region (3—4 weeks earlier break-up) seals are forced
into the water before they have completely finished molting. Seals rely on sea ice
for lounging and scratching off their old fur during the spring molting period. Since
seals are in the water before molting is complete, hunters are harvesting seals with
patchy (un-molted) fur in the summer time. These skins are of poor quality and are
not useable for making clothing.

Discussion

Though I only present some samples of what we have learned from our work during
the Sila-Inuk project to date, we can draw out some key points that warrant further
discussion and exploration as we move into our analysis stage in the project. The
first point is in regard to cycles and changes that people observed in the ice and
weather conditions. The concept of “cycles” was explained many times during the
discussions of sea ice in the Disko Bay area, where hunters have seen the highs
and lows of sea ice extent and thickness over time and space. Cycles were also
mentioned in conjunction with weather changes and weather variability. For exam-
ple, in one of our interviews in south Greenland in 2006, sheep farmer Erik Rgde
Frederiksen, when talking about changing wind conditions, said that the forefa-
thers of his people would say, “eqiterpaageeq anerlertarnissaminut silaannaap
qatsingarujussuarlini,” “the weather is collecting the future winds by being calm.”
In other words, if it is calm now, it will be windy in the future; and so the cycle is
created.

The concept of “cycles” leads to the second area we can explore within the Sila-
Inuk, namely the similarities of Greenlanders’ observations and those of other Arctic
residents. For example, many other Arctic communities have identified increas-
ing weather variability (e.g., Krupnik and Jolly 2002; Huntington and Fox 2005;
Helander and Mustonen 2005). The unpredictability of winds, later formation of
sea ice in the fall, and weak sea ice during the wintertime are also common obser-
vations by local people that are shared across different regions (e.g., see Chapter 14
by Krupnik and Weyapuk, this volume).

The third point that Sila-Inuk helps demonstrate is that the observations and the
depth of one’s knowledge of climate change are intimately tied to how one uses
the land. In Greenland, “people on the land” may have the most diverse range of
occupations and expertise (such as fishermen, sheep-herders, small gardeners). For
example, the indicators used, and knowledge gained, by fishermen, compared to
sheep farmers or walrus hunters, are quite different. Thus, having a more diverse set
of perspectives, due to many different occupations, can help us understand and artic-
ulate local and regional variations in climate change and the influence of observed
change in weather and overall environment on various subsistence activities and
livelihoods. What is more interesting is that, despite different engagement with the
local environments, Greenland experts are seeing similar changes across many areas
of the country. Changes like unpredictable weather and shifting seasonality are just
one example.
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Conclusion

In these years, Greenland is experiencing some of the most severe environmen-
tal impacts in the Arctic due to climate change. Sila-Inuk has been traveling from
the southernmost region of Greenland to the northernmost region to document
those changes and impacts from a local perspective. Fifty-five people have been
interviewed from 23 communities between 2006 and 2008.

Since Greenland is the biggest island on earth one can imagine that we have a
very diverse climate across our country, from the High Arctic to Sub-arctic climate
zones. This is very different from how the public generally sees Greenland as one
barren land “covered in ice.” With diverse environments and livelihoods, Greenland
is an excellent place to study the impacts of environmental change. For those of us
in the Sila-Inuk project, asking the inhabitants of this big island about their observa-
tions of change is the best way to study and understand these changes. Greenlanders
have been living here for millennia. The memory of the Inuit of Greenland has been
handed over to us from our ancestors and is today a gift that we have to acknowl-
edge. The appreciation of this kind of knowledge is growing and one can see how
it complements science in better understanding how climate change is having an
impact on Arctic environments, resources, and societies.

Take, for example, the observations of weather and animal shifts that we heard
about in our project as we visited different regions. In south Greenland, people told
us that the minke whale is moving north. In 2006, when we visited the southern
community of Nanortalik, all of the people we were supposed to interview were out
hunting for minke whale. They came back unsuccessful, saying that the whales had
already moved north. In 2008, while in Sisimiut, we all heard a radio announcement
that a minke whale had been caught in Siorapaluk, the most northerly community
in Greenland (and in fact the world). No one had ever heard of a minke whale being
caught so far north before (77° 47°’N 70° 46°W). These and other observations
of animals shifts and changes complement scientific research of past and present,
such as the seminal work of Vibe (1967) who showed how climate fluctuations are
connected to animal movements.

In another example, the weather shifts we heard about during our work add
more detail to what are often generalized reports of “Arctic warming.” Our experts
help explain exactly how that warming is taking place, where, and with what local
impacts. For example, Erik Rgde Frederiksen, an 85-year-old sheep farmer from
Qassiarsuk in south Greenland, explains in detail how warm temperatures and
weather patterns have changed:

One thing that also surprises me during the most recent years is that the weather patterns in
Qagqortoq and Paamiut and for the east coast during the year, especially in the springtime
and maybe also the warmer periods in the winter, have moved northwards. It is getting
warmer north of us. For those of us who are living in the southern-most part of Greenland,
it was [warmer] like that before. At these [former] times, this part of Greenland was the
warmest part of the land throughout the year. I feel with my experience that the warmth that
we used to experience solely here [at Qassiarsuk area] has moved to Paamiut. And this we
can hear on the radio when they are forecasting the weather, for both the temperatures and
the winds. And it seems that winds are also changing enormously in the northern part of
Greenland.
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Lastly, in terms of sea ice, the changes also vary across regions. Indeed, the very
nature and importance of sea ice are different in various parts of Greenland. In south
Greenland, when we speak of sea ice, we talk about the arrival of the pack ice
from east Greenland. The main change observed in southern communities is less
pack ice arriving due to changes in winds and currents in the east. In the north, the
hunters depend on the formation of sea ice as a platform for their activities, and
there the changes discussed are in terms of thinning sea ice, earlier break-up, and
later freeze-up.

By traveling to the different regions of Greenland, Sila-Inuk has been able to
document information about the use of and changes in the environment from some
of the most knowledgeable people on these issues. In this chapter, I have shared
some of the observations made by experts from mainly just one region (Disko
Bay). These observations are diverse: from the winds, both in regard to its speed
and direction, to the currents of the ocean, to animal behavior, and humidity of the
air. Furthermore, we have documented observations of receding glaciers, thinning
and disappearing sea ice, changes in multi-year ice coming from the eastern coast
of Greenland, and how all these changes are having an impact on the resources
that local people depend on from their environment. Some people are still dealing
with the impacts of changing resources, such as the shift in the migration routes of
hooded seals that follow the pack ice from east Greenland. Other changes, like the
disappearance of cod, are shifting yet again and we see this resource coming back.
The idea of climate and ice “cycles” brought out by some of our most knowledge-
able experts in the interviews is a strong reminder that the processes on the land,
ice, and in the sea are not always linear, so that experienced people always antic-
ipate many different options ahead. The understanding and response to all these
shifts are some of the challenges that we have to face in our communities and as
a nation.

Inuit have faced changes to their environment and resources before, and even
more so in Greenland, as documented by the rich history of our country. In the
past our ancestors responded by developing new technologies and by moving to
where the resources are. Today we are often able to do the same, but society has
changed so that we are not as flexible as we used to be. We no longer have the
mobility we once did, moving our camps and hunting grounds according to the
seasons and our needs. We live in modern settlements and towns and depend on
many modern conveniences. Since we are not as flexible as we used to be, it
can seem that the changes are more visible and we feel them more profoundly.
It also seems that climate change hits our livelihoods harder and it can be a risk
to the security of those making a living from the land and the sea, and the living
resources.

One of the goals for the Sila-Inuk study is to help in current and future policy-
making by providing knowledge and insight collected from some of our most
experienced people. By listening to those experts we may better address many
urgent questions like: How are the changes impacting our environment? How can
we best respond to these changes? And, what kind of environment are we to face and
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make a livelihood from in the near and farther future? We believe that the final report
and the texts of the interviews we collected during the Sila-Inuk project will make
us all better prepared to tackle these and other urgent questions that we face because
of rapid climate change. One of the recommendations we can already identify is
the need for local environmental monitoring around our country. Local monitoring
that addresses the priorities of local people and contributes to the study of our envi-
ronment and its changes is critical to acquiring detailed information. Our current
climate research and weather forecasting is based on relatively few stations and are
not representative of our complex environments. Local monitoring, including both
quantitative measurements and systematic qualitative expert observations, will help
to provide locally specific data that can improve local, regional, and national cli-
mate information. Local monitoring will provide more specific data for assessing
the shifts like those mentioned above and the impacts that climate change is having
on our communities and economies.

Another goal accomplished by the Sila-Inuk project is to have a contemporary
study that can be compared to similar studies done in other parts of the Arctic and
to earlier assessments of the historical climate changes in Greenland over the past
centuries (e.g., Vibe 1967, Petersen and Siegstad 1993). We hope our project will
help put the impacts of climate change in a broader perspective, with a holistic view
rather than only by measuring certain environmental parameters, like the tempera-
ture, humidity, wind-speed, glacier melt, or the extent of sea ice. These parameters
studied by scientists are of course of great importance in order to understand how
climate change is affecting the environment. We believe that with a study like the
Sila-Inuk we will have a more complete understanding of what we are to face in the
near and farther future in Greenland.
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Notes

1. Sila-Inuk is also collaborating with the SIKU project Siku-Inuit-Hila (Chapter 11).

2. Unfortunately, we were not able to visit east Greenland in the project. We hope to work in these
communities in the future, as we understand that east Greenland has unique environmental
conditions and changes that affect other regions.

3. The gathering of beluga and narwhal in swimming pool-sized openings in the sea ice to breath
are called Sassat. The whales can become entrapped in those openings if the distance to the next
breathing hole or open water is too far. When a group of whales is trapped in the openings of
sea ice the result can be deadly for the animals, as too many of them are fighting for breathing
room in a small space and many can drown. Hunting sassat is considered a humane response
to these events. In the past and today, sassat provides a plentiful source of highly valuable food
for local people.
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Chapter 7
The Sea, the Land, the Coast, and the Winds:
Understanding Inuit Sea Ice Use in Context

Claudio Aporta

Abstract This chapter attempts to place Inuit sea ice knowledge in a broader con-
text, first in connection to the knowledge of other environmental features and second
within the practices of Inuit spatial orienteering and travel. The premise of this
chapter is that any attempt to understand aspects of Inuit environmental knowledge
without taking into account the context of mobility is limiting, as travel was an
integral part of Inuit life before their establishment in permanent settlements. Inuit
identities and environmental knowledge were historically connected not only to spe-
cific places (like a camp or the floe edge) but also, and significantly, to life on the
move. The land, the sea, the floe edge, the shores, the sky, and the winds are all
inseparable parts of the environment in which Inuit live. This chapter describes the
two distinctive environments in which Inuit life takes place, namely the land and the
sea, as well as the highly significant environment constituted by the shores, and how
they all fit into a broader spatial framework constituted by the winds. The research
for this chapter was undertaken in Igloolik, Nunavut.

Keywords Inuit - Sea ice - Wayfinding - Navigation - Spatial perception

Introduction

As the principal investigator for the Inuit Sea Ice Use and Occupancy Project
(ISIUOP) and as one of the steering committee members of SIKU, I am part of
a team that maps and documents aspects of Inuit knowledge that until only a few
years ago were little known to non-Inuit. As scientists, we often focus on specific
aspects of reality. Even as social scientists and anthropologists, aware as we are of
the cultural restraints fixed within our own disciplines, we remain bound by forms of
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knowing, learning, teaching, writing, and reporting that involve, to a certain degree,
some sort of fragmentation of reality.

For many of the Inuit experts whom we have encountered while undergoing our
research endeavors, this approach does not necessarily make sense. It is widely
known that the way that Inuit knowledge and skills were traditionally shared was
connected to a more comprehensive understanding of life, in which things like the
weather, the animals, the winds, the sea, the land, the ice are all part of the same
learning experience.

A study of Inuit knowledge and use of sea ice implies, inevitably, a simplification
of the learning experience as it happens in its original context. The very definition of
the research topic (e.g., writing a proposal) involves severing one particular aspect
of Inuit knowledge (in this case, the sea ice) from the rest of a multidimensional
approach to life and the world, where concepts as apparently diverse as social and
environmental health are not completely understood without the other. This dilemma
is part of the essence of doing ethnography, which involves the study of culture and
cultural differences through varying frames of knowledge established within social
science theory and methodology. However, once this fundamental problem is iden-
tified and once the limitations of documentation are acknowledged, the outcomes of
an ethnographic enterprise may still be of significant value. Anthropologists such as
Julie Cruickshank (2005) and Igor Krupnik (2002) have conducted research projects
in Arctic and sub-Arctic North America where the final products were not simply
conventional scholarly publications, but open spaces where the research participants
could freely build their own narratives.

In multi-sited projects of the dimensions that most SIKU partners are conducting,
such openness is difficult to attain. We create maps to document Inuit sea ice use,
construct lexica of sea ice terms, and analyze how different groups deal with cli-
mate change, as ways to dissect the notable depth of Inuit understanding of the sea
ice. Although fragmented, the compilation of studies in this volume offers detailed
snapshots of what that knowledge is about and provides other scientists as well as
the general public with an opportunity to learn from Inuit experiences. Furthermore,
documentation of this type of highly technical knowledge may constitute a tool for
younger generations of Inuit who do not have full access to ways of learning that
were common in the past.

To compensate for the unavoidable fragmentation of knowledge, here I attempt to
place Inuit sea ice knowledge in a broader context, first in connection to the knowl-
edge of other environmental features and second within the practices of Inuit spatial
orienteering and travel. The premise of this chapter is simple: any attempt to under-
stand aspects of Inuit environmental knowledge without taking into account the
context of mobility is limiting, as travel was an integral part of Inuit life before their
establishment in permanent settlements. Inuit identities and environmental knowl-
edge were historically connected not only to specific places (like a camp or the floe
edge) but also, and significantly, to life on the move (Aporta 2009).

It is this relationship to movement that Knud Rasmussen, in his travels with the
Fifth Thule Expedition, noted when he described the symbolic connections between
a child’s first journey and being introduced to the world (Rasmussen 1929:47).
Anthropology theorist Tim Ingold proposed that wayfinding should be understood
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as a way of dwelling in the world, and that the answer to the question “where am
17" depends upon “situating [one’s] position within the matrix of movement consti-
tutive of a region” (2000:235) rather than narrowly defining a specific location. A
region, in Ingold’s terms, consists of the relationship between places, which “exist
not in space but as nodes in a matrix of movement,” and “wayfinding is a matter of
moving from one place to another in a region” (2000:219).

It is within regions constituted by both land and sea that Inuit live and travel.
The fact that the sea temporarily transforms into a landfast ice platform, support-
ing movement and life, makes the concept of “region” even more adequate, as the
Inuit’s well-established networks of trails are in constant transition between land
and ice. When the landfast ice forms it connects shores seasonally separated by open
water and simultaneously grants new resources to the hunters as marine mammals
on and under the ice become available. The recurring topography of the ice (Aporta
2002) includes places of open water where seals, walrus, and polar bears are able
to create their habitats and where Inuit hunters find their most important sources
of food during most of the year. While Inuit continuously travel between land and
ice, the presence and behavior of other environmental factors, such as the wind or
the phases of the moon, are carefully considered, as they will determine the behav-
ior of the moving ice. The land, the sea, the floe edge, the shores, the sky, and the
winds are all inseparable parts of the environment in which Inuit live. Furthermore,
travel and wayfinding are not separated from the daily business of living. A good
hunter is always a good wayfinder because both hunting and wayfinding require a
comprehensive engagement with the environment and because both activities are
intrinsically connected to each other.

The following sections will describe the two distinctive environments in which
Inuit life takes place, namely the land and the sea, as well as the highly signif-
icant environment constituted by the shores. This chapter will also place these
regions within broader spatial frameworks constituted by the winds. The ethno-
graphic research on which this chapter is based was undertaken in Igloolik between
1998 and 2008, but mostly between 2000 and 2002. All the interviews, conducted
by the author or by others, are part of the Igloolik Oral History Project and can
be found, following the reference codes, in the database hosted by the Igloolik
Research Centre. Most of the interviews were conducted with elders that grew up on
the land and that moved to the permanent settlement in the late 1960s. It should be
noted that lifestyles, ways of learning, technologies of travel and hunting, and cli-
mate have all experienced transformation of various degrees. Therefore, the terms
and processes described below should be placed in the context of change that is
common to most regions and peoples in the Arctic.

The Region of the Igloolik Inuit

Igloolik is an island approximately 18 x 9 km in size, situated in northern Foxe
Basin between Baffin Island and Melville Peninsula in the Canadian Eastern Arctic.
Northern Foxe Basin and the island of Igloolik itself have been a center of Inuit and
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pre-Inuit cultures for more than 4,000 years as posited by archaeological evidence
(Maxwell 1984). According to Crowe, throughout this long historical period “there
has been a striking continuity in the cultural landscape, cultural history and cultural
ecology of the region” (Crowe 1969:ix). Igloolik is situated in a biologically pro-
ductive area, where cases of starvation and infanticide related to food scarcity have
been rare (Mary-Rousseliere 1984:436). The combined action of wind, the topog-
raphy of the shore and seafloor, along with marine currents, create several polynyas
in Fury and Hecla Strait (known in Igloolik as Zkig). These features, including the
productive floe edge southeast of the island, encourage the proliferation of microor-
ganisms, larger invertebrates, and fish who in turn supply marine mammals with
energy. Beluga, walrus, and seals are hunted in the summer and early fall, and cari-
bou and polar bears are found throughout the year in different locations in Melville
Peninsula and Baffin Island.

The patterns of travel and land use have changed throughout different historic
periods. In the early 1820s Arctic explorer Parry pointed out that the most knowl-
edgeable people of the Igloolik area were familiar with a territory which comprised
“a distance of more than five hundred miles reckoned in a direct line [south-north],
besides the numerous turnings and windings of the coast along which they are accus-
tomed to travel” (1824:513). By the time members of Rasmussen’s Fifth Thule
expedition visited Igloolik in the 1920s, the patterns of travel included regular long
journeys to the distant trading posts of Repulse Bay, Pond Inlet, and Arctic Bay
(this last one was established in the 1930s). Sea ice travel was an integral part of
the network of trails that connected this entire region, particularly because in pre-
settlement, and pre-snowmobile times, Inuit routes often favored coastal and ice
traveling (Aporta 2009).

As in most parts of the Canadian Arctic, the patterns of travel changed quite
dramatically with sedentarization in the early 1960s and with the introduction of
motorboats and snowmobiles. Part-time and full-time jobs along with formal edu-
cation created new contexts for traveling, which is now frequently undertaken as a
weekend activity. Despite all the changes,! traveling is still a very important part
of people’s lives (Aporta and Higgs 2005), and it takes place along routes that have
been used for generations (Aporta 2004, 2009). Hunting and fishing are the main
reasons for travel, but trips to visit relatives in the communities of Arctic Bay, Pond
Inlet, Repulse Bay, Clyde River, and particularly Hall Beach are undertaken on a
regular basis, with spring being the preferred season for long journeys. Hunting
involves trips whose lengths range from a few hours (i.e., hunting on the floe edge)
to several days (e.g., searching for caribou or polar bears). In Igloolik, practically
all travel involves dealing with the sea ice.

The territory where all these activities take place is quite diverse. It includes deep
valleys and fiords on Baffin Island and Northern Melville Peninsula, large expanses
of flat tundra on the mainland across from Igloolik, and the crossing of long straits
of frozen sea in northern Foxe Basin. The following three sections describe some
aspects of how Inuit in Igloolik perceive the different elements of their environment.
The mainland, the sea, and the coast play significant roles in the configuration of the
Igloolik region. If language is a way of dwelling (Basso 1988), then naming can be
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conceived as a way of experiencing the environment. This is particularly true with
Inuit cultures, where place names have enormous importance. Each section below
includes a brief reference to place names collected by the author between 2000 and
2008. The names are associated with inland, coastal, and marine features. This paper
will stress the terminology that Igloolik Inuit use when referring to traveling within
their territory.> The descriptions below are by no means exhaustive, but they offer
an important glimpse into the complex set of relationships that Inuit establish with
their environment.

The Mainland

Inuit in Igloolik are familiar with the open space usually characterized by dis-
tant horizons.? Flat and mountainous landscapes as well as frozen seascapes are
traversed by numerous routes that have been used for generations, are recreated
year after year on trackless snow, and belong to the oral geographic knowledge
of the Inuit of Igloolik. Judging from Inuit maps drawn for explorers, Spink and
Moodie deduced that coastal Inuit knew little of the inland (1972). The authors
argued that “the coastal Eskimo uses his rivers as reference points for aiding move-
ment in coastal waters” (1972:15). This seems to be an overly simplistic conclusion,
as rivers, creeks, and lakes are significant parts of Inuit land trails. Carpenter also
pointed out that an old Igloolik hunter who was asked to draw a map “mentioned no
names for most of the islands, though he did for salient points on their coastlines. In
other words, he had no interest in land mass, only in geographical points” (1973:18).
However, Inuit in Igloolik and in most of the Canadian Arctic have always practiced
inland hunting and fishing, and some of the most important routes to distant places
go through chains of lakes and rivers across large extensions of land (MacDonald
1998:162, Aporta 2004 and 2009, see also Boas 1888:450).

What counts as mainland? Although we may take for granted what the distinc-
tions between islands and continental masses are, those notions are tied to cultural
understandings and perceptions of the territory. The mainland in Igloolik is known
as iluilig, which can be defined as “a mass body of land without any islands”
(Agiaruq 1993a). Iluilig* is applied to the mainland of Melville Peninsula, but elders
in Igloolik remember that in the past the term iluiliqg was also used when referring
to Baffin Island, which was also considered to be mainland. Aqiaruq said that “if it
was in the past [Baffin Island] definitely would be iluilig, but now we tend to term
it as Qikiqtaaluk [“big island™] ... this island is so huge [that] we used to refer to
it as iluilig because we did not know any better” (1993a). Igloolik was, therefore,
located in the strait known as Ikiq between two large landmasses, each known as
iluilig (Fig. 7.1).

The definition of what distinguishes an island from a mainland is, of course, a
matter of scale and perception. The Webster’s Dictionary defines island as “a land
mass, esp. one smaller than a continent, completely surrounded by water,” and a
continent as “one of the principal land masses of the world.” For the Inuit, for whom
space is mostly considered in terms of what is seen (or unseen) on the horizon (see
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Fig. 7.1 Map of the two land masses (selected sea ice features — darker lines — adapted from
Laidler and Ikummagq 2008; selected trails — in white — selected from Aporta 2009) (See also Color
Plate 2 on page 471)

Aporta 2004), the criterion for the mainland is a large mass of land where the shores
are not visible from the interior. The interior of the mainland is known as nunavik,
which was formerly defined as “a place where the shore cannot be seen” (Kupaaq
1993). An iluilig, therefore, contains a nunavik. Both Melville Peninsula and Baffin
Island possess a nunavik and are thus considered by Inuit as mainland.

Although Baffin Island is no longer considered to be mainland, terms still used
today in the community referring to travelers going back and forth between northern
Baffin Island and Igloolik imply the consideration of Baffin Island as mainland.
Itijjaaq (“gone overland”), for instance, is a term that refers to a traveler who has left
Igloolik and is on his/her way to the Arctic Bay and Pond Inlet region (Amarualik
1994). Terms that refer to large, distant territories on the mainland are also used.
The term kiva, for instance, means “where there appears to be nothing” and among
the Inuit of Igloolik indicates the southern part of Melville Peninsula (the Kitikmeot
area). This word is the root of words like kivavvaat, referring to travelers going to
that region.> South of kiva there is taungna, which was known as “the land of the
white man” (Kupaaq 1993).

Place names in Igloolik refer to a large variety of features. Of the 600 place names
collected by the author in Igloolik, over 35% refer to land features, including lakes,
rivers, hills, rocks, river bends, rock cairns, and portages.6 The size or scale of the
named features varies from large lakes, such as Tasiujaq (Hall Lake), to individual
rocks (Iksivautaujaq). Names referring to different parts of the same geographic
feature are also common. For instance, there is a river named Ajagutalik that has a
bend named Sanguraq. Within this river bend, there is a precise turning point named
Avalagiavvik. It is likely that such nesting of descriptions reflects a universal method
to organize spatial memories (Kitchin and Blades 2002).
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The Sea

Virtually all the surrounding environments the Inuit of Igloolik live in are highly
dynamic. Raised beaches are a common feature around Igloolik and ancient camp-
sites presently situated far inland depict dramatically different coastlines. Some
old place names also remind people of the dynamics of the land. Qikiqtaarjuk, for
instance, is a peninsula on the Island of Igloolik, but the name means “little island,”
which refers to a time when Qikiqtaarjuk was separated by the sea from Igloolik
island proper.” The land also changes its appearance on a yearly basis and seg-
ments of routes are modified in relation to the snow coverage and the timing of ice
formation and thaw within lakes and rivers.

The sea, however, remains the most dynamic of all environments, from the open
water in the summer to the landfast ice and from boating to sledging.® The open
sea has a certain type of topography that can be recognized and in some cases is
geographically situated. Currents and swells are often predictably located and their
occurrence is recognized by Inuit while they travel in their boats.” Interviews with
elders in Igloolik (Kupaaq 1990; Qunnun 2002) reveal a wealth of technically pre-
cise terms. Isuqtugq, for instance, refers to turbid water created by mud or other dirt,
malliq refers to rough sea, and irringnangittuq refers to turbid water created by fresh
water flowing to salt water from the melting ice.'"

In the sea environment islands are not merely positioned but understood in rela-
tion to their role in modifying currents and in creating the topography of the sea
ice. Michel Kupaagq, for instance, explained that Simialuk (“the big plug”) prevents
the currents of Ikiq from flowing freely from the west and creates the conditions for
the existence of three adjacent polynyas. The geologic characteristics of each island
are well known to the knowledgeable hunter. Each island is recognized as having
particular kinds of stones or gravel of different colors and shapes (Kupaaq 1987).

Twenty-three percent of the place names collected in Igloolik relate to the ocean,
including islands, ice features, polynyas, and submarine terrain. The naming of
islands does not follow a unique criterion. The island of Igloolik was only named as
such by Parry’s second expedition in search of the Northwest Passage. For the Inuit,
the name Iglulik refers to a camp southeast of the island. There are 19 named fea-
tures on the island, but the island itself has no Inuktitut name. Some other islands,
however, are named as wholes (e.g., Saglarjuk). There are also names for clusters of
small islands (e.g., Ugsuriattiangujaak, referring to three adjacent islands, or Uglit,
referring to two islands). These kinds of naming patterns are similar in most of the
Canadian Arctic.

The Sea Ice

Ice is part of the territory where Inuit live for most of the year and traveling on the ice
may take up to 8 months every year in the Igloolik area.'! Inuit hunters understand
the codes of such a changing place and have discovered its predictability, to the
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extent that they can exploit the moving ice on a regular basis. In the past, they used
to make the landfast ice their home for part of the spring (Aporta 2002). Places like
Agiuppiniq (an ice ridge), Naggutialuk (an ice lead), Ivuniraarjuruluk (an ice build-
up), and Aukkarnaarjuk (a polynya) recur every year at the same locations and are
identified with names in a similar way as places on the land. The sea ice topography
and processes are identified with complex terminologies, as several of the papers in
this volume show (see also Laidler and Elee 2008; Laidler and Ikummaq 2008, and
Laidler et al. 2008).

Once the sea ice attaches to the land, a significant new territory opens up for
Inuit, where they can extend their travel routes to other coastal locations and to
resources (particularly marine mammals) that become available on (or through) the
ice. Because marine mammals (in Igloolik, mostly walrus and ringed and bearded
seals) need both water and air to survive, it is not surprising that some of the most
significant places on the ice are connected to open water, cracks, thin ice, or moving
ice. Other features of this environment such as ice ridges are equally important as
determining factors of the layouts of routes and as navigational aids and for locating
seal dens. The sea ice, with its recurrent topography, offers, therefore, culturally
and historically significant places for Inuit. In all the communities that are part of
ISTUOP, Inuit collective and individual memories are often connected to some of
these features and places on the sea ice, including, in some cases, the gathering in
spring camps on the sea ice.

In Igloolik, and within the sea ice environment, the floe edge plays an important
role, both for its productivity and as a frame of spatial reference. The envi-
ronment that we generally refer to as sea ice is in fact constituted by several
sub-environments, the most important of which are the landfast ice (tfuvaq), the mov-
ing ice (aulajuq), the polynya (aukkaniq), and the floe edge (sinaaq). The floe edge
plays a particularly important role in Igloolik, as compared to the other communi-
ties included in ISTUOP (Laidler et al. 2008). Therefore, the understanding of the
timing of the moving ice in relation to the winds and tidal shifts is critical (Aporta
2002; Laidler and Tkummagq 2008). Ice cracks and leads are also identified, often in
reference to whether they run parallel or perpendicular to the floe edge, as well as
their physical characteristics or whether or not they refreeze (Laidler and Ikummaq
2008). Although the position of the floe edge fluctuates, it is always spatially sit-
uated in one general area which is visible in the horizon as a dark blue reflection
of the water on the sky, a phenomenon known in Igloolik as tungunig (MacDonald
1998:184). Tunguniq is sometimes strikingly visible as a thick line above the hori-
zon and sometimes as a distant dark point. It becomes an important spatial reference
when traveling across the flat tundra on the neighboring mainland.

Interestingly, the act of travel over open water and ice is sometimes distinguished
by different terminology even when the terms refer to the same spatial action of
going toward or away from the shore. Both Kangivaq and tuvviaqttuq refer to a
return journey from the sea, but the former term is used when boating in open water
while the latter when coming back from walrus hunting on the moving ice. Sammuk
and mauttut are terms that refer to the same spatial action of “going out,” the former
referring to leaving the beach for the open water and the latter to leaving the landfast
ice or the beach for moving ice.



7 The Sea, the Land, the Coast, and the Winds 171

Traveling on the sea ice is usually undertaken through trails that are often similar
from year to year in their final layouts, but that vary throughout the year as the
process of freeze-up takes place. The final layout of widely traveled ice trails will
also depend on particular features of the ice connected to given years. As a general
rule, however, the landing and launching places of trails are the same (named points,
parts of bays, and other features on the shores) and are always traced on the same
general locations in order to avoid recurrent dangerous ice conditions and to favor
relatively recurrent favorable travel surfaces and efficient itineraries. When Inuit
describe sea ice trails, they will describe particular ice features that travelers are
going to find on the way, as well as place names of land features that can be seen in
the horizon, and that can be seen and used as steering aids from the sea.

The Coast

Inuit in Igloolik interact with the marine environment throughout the year as most
camps (past and present) are situated on the shores. The shores are also links
between land and ice routes and they help determine good anchoring places or areas
that are too shallow for boating. Rising beaches, deep cliffs, long fiords, broad bays,
and low shores are all significant features that the traveler identifies and uses.

The coast plays a significant role as a framework of spatial orientation, as
it does in other cultures where people’s livelihoods are tied to the sea (Cablitz
2002). Fortescue noted that terms indicating away from and down to the shore
and left/right-along-shore are an important part of coastal Inuit orientation systems
across the Arctic (1988:25). The importance of the littoral is evident in old stories
told by Inuit elders as the events are frequently placed in reference to the shores.
The significance of the littoral as an important aspect of a spatial frame of reference
is also illustrated by the terminology used to describe the shore and people’s relative
position to it. Noah Piugaattuk remembered how during the summer people would
split between inland caribou hunting and staying on the littoral. “There was a time
when certain individuals would be planning a trip for the inland for the summer. . .
those that stayed on the littoral would hunt marine animals to store them for the
winter. Those that stayed on the littoral would be in a place that was identified by
the name of the land” (Piugaattuk 1989). In Igloolik, the term ataartut is used to
refer to people going down to the littoral from the interior (Aqgiaruq 1993b). People
who remain on the coast while others went inland are known as singmiujugq.

Numerous features are defined in reference to their position relative to the shore.
The terms tillig (higher) and salliarusiq (the one further down), for instance, are
sometimes used to refer to the relative position of mountainous ranges in reference
to the shore (as seen from the sea) (Kupaaq 1993). Shore cracks (qungiit) are impor-
tant, as they help to observe the tidal movements and tidal shifts. They are also
named in relation to their relative position to the shore (here the observer is situ-
ated on the shore): tilligpaaq (‘“the one that is higher than the rest”) refers to the
first shore crack, akullig is the one in the middle and sallig the one further away
(Imaruittuq 1990). A similar method is also used for naming the polynyas north
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of Igloolik, toward the Baffin Island shore. Other icecrack terminology describes
other important spatial relations. For instance, nagguti is a crack that freezes and
re-freezes and that goes from land to land, napakkuti is a crack that goes from land
to the floe edge, and a quppirniq is a crack that forms outward from the floe edge,
in moving ice (Laidler and Ikummaq 2008:131).

Almost 42% of the place names collected in and around Igloolik refer to coastal
features. As with the names of land and sea features, place names that relate to the
shores designate features of different scales. Many of them refer to points, but others
refer to long stretches of shore. Names defining specific points within larger named
features have frequently the same linguistic root as the name of the larger feature.
Iqaluit Nuvua (“the point of Iqaluit”), for instance, refers to a point within the bay
of Iqaluit. Other names cite fiords, cliffs, landing points, places with relatively high
relief, low relief, and campsites. These place names infer that the naming of the
shore is related not only to residence but also to travel. Both land and ice trails are
fairly stable from year to year and they begin or finish at specific coastal places for
landing and launching. While traveling across straits of open water or sea ice, named
places represent recognizable points on a familiar horizon.

Horizons, Winds, and Spatial Frameworks

As stated at the beginning of this chapter, to better understand the way Inuit
approach these diverse territorial entities (the sea, the land, and the shores), it is
necessary to place them in the context of moving and traveling that were part of
Inuit life before they moved to permanent settlements (and that, to certain degree,
still are). In the context of traveling, the sea, the land, and the shores were closely
intertwined in the way the environment was perceived. In the activity of wayfinding
or orienting, these entities were part of a spatial framework, but were also placed in
a larger spatial framework that will be described below.

Ingold defines wayfinding “as a skilled performance in which the traveler, whose
powers of perception and action have been fine-tuned through previous experience,
‘feels his way’ towards his goal, continually adjusting his movements in response
to an ongoing perceptual monitoring of his surroundings” (2000:220). Travel is not
performed in abstract space, but through places of significance. Places, in turn, are
nodes within a network of coming and going which Casey defines as a “region”
(Casey 1996:24, cited by Ingold). In the context of Inuit culture, a region is consti-
tuted by the territory a person is familiar with either through his/her own travels or
through somebody else’s narratives. Wayfinding methods are used and understood
in relation to a limited number of shared frameworks of spatial orientation known
to all knowledgeable people in the community. In Igloolik (as in most other coastal
Inuit communities), these frameworks are constituted by the direction of prevail-
ing winds and by the position of the mainland, the shores, and the floe edge. All
methods are understood in relation to such frameworks: animals and seaweed move
in reference to the shore or the floe edge; sky features are situated in reference to
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wind bearings; and people move in and see the territory in terms of horizons where
winds, shores, mainland, sea, floe edge, celestial marks, and familiar landmarks are
situated, described, and experienced.

Horizons

The previous descriptions of land, coast, and sea are intended to stress the impor-
tance of looking at Inuit knowledge of any environmental feature as linked to a
broader territory or region, an experience which comes into being through travel and
movement (or dwelling). Traveling in Igloolik involves the transit from sea or sea ice
to land on a regular basis, and spatial orientation is connected to how travelers situate
themselves in that territory and on how they understand and describe the changing
horizons that they encounter while they move. When using well-established Inuit
methods of geographic representation (though narratives and without topographic
maps, see Aporta 2004), the perception of what is seen or unseen on the horizon
is crucial in order to situate, remember, and describe specific locations. Land and
coastal features such as raised beaches or hills are often spotted from the sea during
crossings and constitute a visual frame of reference for travelers (Fig. 7.2).

Inuit in most of the Canadian Arctic experience their territory in terms of vistas
of the horizon even when talking about places that are far away, large extensions
of land, small landmarks, or while describing a long journey or a route. This is
why experienced hunters stress the importance of focusing on all directions which
surround a traveler and not solely on the trail ahead. To be a knowledgeable, self-
reliant traveler, they point out, one must be able to identify a place from a number
of different angles. Although the slow motion of the dog team was better suited
for this practice, hunters traveling by snowmobile still look around while taking tea
breaks or when refuelling their machines. A common way of teaching younger or
inexperienced people during these stops is to ask them to point at different places
on the horizon.

NIGIQPASSIK (S) AKINNAQ (ssw)

Fig. 7.2 “Inuit horizon” from trail on the sea ice with a framework of winds (Nigigpassik,
Akinnaq, and Akinnaqgpassik), place names (Qalirusik, Avvajja, and Qinngurmigarvigjuaq), and
the main land (Iluiliq). (Photo: Claudio Aporta, content by Maurice Arnatsiaq)
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For example, to remember or communicate where a broken sled is located, a
hunter would describe what he/she “sees” on the horizon from that particular posi-
tion, usually referring to those features by their names. The relative location of the
place will then be described in terms of other spatial frames of reference, particularly
the shore and floe edge.!? Oral narratives tailored for people unfamiliar with a place
may describe routes or specific locations (e.g., a turning point in a trail, a caribou
cache, a fox trap, a broken sled) in relation to a landmark appearing on the hori-
zon. For instance, when asked to describe what kind of information he would give
to another hunter to describe the precise location of an object, Louis Alianakuluk
explained

If I left something behind at Ikiq. .. it might be that I left my machine behind, if I was to
say that it is somewhere at Ikiq, no one would know where it is at. But if I was to say that
it is just above the old floe edge, or if I was to say that it is close to the nipititaaq [moving
ice that has stuck to and become part of the landfast ice], or just below it, at once someone
would identify the location. Then I might say that I left my machine behind, where certain
pressure ridges were in view at a certain direction. If I was to give this kind of information,
even a person that did not leave the machine behind would now be able to go to the place.
(2001)

Alianakuluk narrowed down the description of the location in different stages.
First, he mentioned Ikiq, which defines a relatively large expanse of territory (the
sea between Baffin Island and Melville Peninsula). Then he described some topo-
graphic features of the ice that people sharing his oral geographic knowledge would
be able to identify and locate. To define a more precise location he mentioned that
at the specific spot where the object is located there is a landmark visible on the
horizon in a certain direction. His hierarchical descriptions of spatial relationships
recapitulate what may be, in fact, a fundamental organizational property of human
spatial cognition (Kitchin and Blades 2002). Sea ice, landmarks, and shores are all
integrated in the same narrative.

Winds

As mentioned before, the most important frame of reference is provided by the
winds. Winds occupy a central place in the lives of the Inuit of Igloolik, as
knowledgeable hunters can divide the horizon into 16 directions or wind bearings
(MacDonald 1998:181). The winds foretell weather changes, shape patterns on the
snow and regulate — along with the tides — the behavior of the moving ice. They are
by far the most discussed of all environmental phenomena (MacDonald 1998:182),
they largely regulate hunting activities, and they play a fundamental role in spatial
orientation. The Inuit of Igloolik recognize four primary winds: Uangnaq (WNW),
Kanangnaq (NNE), Nigiq (ESE), and Akinnaq (SSW) (MacDonald 1998:181).
Uangnagq and Nigiq are the two prevailing winds. Uangnaq produces snowdrifts that
range in height from several centimeters to almost 1 m. These snowdrifts are named
ugalurait (like a tongue) and are easy to recognize as their shape is distinctive and
they harden to become permanent features of the snowscape. Hunters usually use
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uqalurait to set their bearings while traveling across large extensions of flat tundra
or during periods of poor visibility due to weather or darkness.

The relative position of an individual or a place in relation to a landmark on the
horizon is defined by the use of wind bearings. Theo Ikummaq remembered that on
one occasion he was traveling to Repulse Bay when he became separated from the
established and well-known trail only to be confused as he tried to locate it again.
He used his shortwave radio to communicate with his uncle in Igloolik and ask
for advice. Ikummagq explained how his uncle, after discussing the direction from
which the wind was blowing, asked him several questions to understand where he
was situated:

Question: If you are facing down wind, what do you see?

Answer: A couple of hills, a couple of large hills.

Question: Facing toward the wind, what do you see?

Answer: Some rocky outcrops.

Question: To your left (that means towards Repulse) what do you see? Look to your left,
what do you see?

Answer: I see a narrow rocky outcrop, but it ends, and then it starts again a little further on
and then it continues on.

Question: That’s the trail to take. You go between that and then you will find the main trail.
And such was the case. He wasn’t there. But he could determine where I was from what I
described. (2000)

Ikummagq’s story illustrates how the territory is seen and remembered as vistas
oriented by an internalized spatial framework (in this case wind bearings). In a con-
ceptual manner, this way of experiencing the territory is represented (and simplified)
in Fig. 7.3.

A knowledgeable hunter, therefore, can move and talk about the land, using
numerous spatial references in an environment that he can visualize from the per-
spective of the traveler: as vistas. Furthermore, the dynamics of the environments,
coupled with the movements of animals and people, are conceived within the sta-
bility of fixed spatial frameworks provided by the shores and the winds and within
familiar places and regions. A knowledgeable hunter is engaged in such a way with
the environment that what may appear a homogenous landscape to an outsider is in
fact dotted with spatial references.

In this environment, everything takes place and makes sense within several
frames of spatial reference: fish swim up and down the shore, seals move against
or toward the floe edge, birds fly toward and away from the shore, places are located
in reference to the winds, and winds and celestial landmarks are identified with posi-
tions on familiar horizons. Descriptions and narratives make sense without the need
to draw or point to places on a map. A clear example was provided by Siakuluk while
he was telling a story of two people who committed murder. Siakuluk pointed out
that after the murder was committed the murderers built an inuksugak (stone cairn)
that was shaped like a human figure. The inuksugak “is facing the direction where
the two fled. It is located some distance away from Ualinaaq towards the land away
from the littoral” (1996). Siakuluk situated the story by naming a place (Ualinaaq)
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Fig. 7.3 Schematic view of Inuit representation of space based on winds, shores, and floe edge

and using a spatial referent (the coast) for direction. Siakuluk’s narrative was, there-
fore, situated in a frame of spatial reference without the need of pointing at a map.
It is within this frame of reference that horizons are updated from the perspective
of the traveler. It is also within this type of geographic representation and narrative
that the three territorial entities (land, sea, and shores) are constantly related to each
other, as a traveler will always find his/her own present position is relative and, to
some degree, transitional, and in relation to broader frames of reference.

Both social and environmental changes are challenging this well-established way
of understanding and representing space. The younger generations, born and raised
in town, are less attuned with the environmental factors that were observed and
experienced on a continuous basis since an early age. New technologies and repre-
sentations of space (e.g., GPS and maps) are making this type of spatial perception
less essential. Despite relying more on new methods of orienting, however, the main
aspects of these spatial frameworks are still known and used by most active hunters
in Igloolik. Environmental changes, however, can represent a bigger challenge. Inuit
in most of the communities involved in the ISTUOP project report changes in the
direction and patterns of the winds and different degrees of changes in formation
and dynamics of the sea ice. It remains to be seen how people will adapt their
established spatial frameworks and environmental observations to account for the
ongoing changes.
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On the other hand, this well-established approach to space also presents a
challenge to the researcher who is using mapping as a tool of representation of Inuit
land and sea use. Older Inuit, who rely on this oral, horizon-oriented approach to
space, are forced to translate their own knowledge into the two-dimensional, bird’s
eye perspective of the map. Current and historical evidence, however, indicate that
such translation is less dramatic than what one might anticipate as Inuit were quickly
able to grasp cartographic representation since their first contact with Europeans
(see, for instance, Bravo 1996).

Conclusion

Perhaps one of the main reasons why many of us remain fascinated by how Inuit
relate to the sea ice has to do with how foreign this experience is to our own,
Western, perception of the environment. The fact that ice can be interpreted as
“home” and that it can be a place of culture and history, with a known, recur-
rent topography and features associated with toponyms, is quite far from the
way southerners (including Arctic explorers) have approached and understood this
environment.

The sea ice is still part of the daily environment of most Inuit communities, even
in the face of climate and social changes. For Inuit who lived on the land before
moving to permanent settlements, the sea ice was part of a travel surface where life
took place.

Documenting the knowledge and skills associated with traveling and hunting on
the sea ice fills up a gap in our understanding of Inuit environmental knowledge.
The technical detail and precision of this knowledge were developed over genera-
tions of experience interacting with this environment. In practical terms, however,
the knowledge and skills to travel, live, and hunt on the ice were not — in the learning
experience — dramatically separated from other spheres of knowledge and experi-
ence. In placing Inuit sea ice knowledge and use in the context of traveling, this
paper has attempted to overcome some aspects of the inevitable fragmentation of
reality that comes with documentation. When sea ice is considered in this context,
relations between the sea and the land, as well as the significance of the coast,
become clear. The sea ice remains the most dynamic of all the environments that
Inuit face, and its dynamics closely tied to tidal shifts, topographic features of the
coast, and the effects of temperature and, principally, the winds. The winds are the
broadest spatial reference within which the development and interaction of these
territorial entities take place and are understood by Inuit.

The International Polar Year, through our projects ISTIUOP and SIKU, has made
possible the first systematic study of Inuit and sea ice across regions. The docu-
menting and understanding of this topic will be greatly improved as a result of
these projects. For younger generations of Inuit, however, the key to this knowledge
still seems to be the direct experience of the sea ice within broader environmental
and spatial contexts, through the experience of travel. Environmental, technological,
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social, and language changes, however, cannot be ignored as we continue to try to
make sense of this fascinating aspect of Inuit knowledge.

In understanding the way older generations understood their relation to the envi-
ronment, it is perhaps useful to cite the late George Kappianaq, a knowledgeable
elder of Igloolik. Kappianaq made it clear that places are not to be separated from
past experiences, including such emotions as sadness, happiness, or love:

My memories would return to the times we all lived in big families. There are so many
things that remind me when I go back to the locations where we used to live; today memo-
ries will return to me as if things were there; with the passage of time I no longer feel too
much emotion but memories still come back to the time when we were whole. [What] I
remember most was the time both of my parents were alive and well. Even the thought of
the late wife will come. .. thinking she too was alive and well. I would imagine others too
have fond memories. (1990)

Projects like the ones conducted in the context of ISIUOP and SIKU may
sometimes reflect the constraints of academic research, where such comprehensive
experiences of the environment can be overlooked. It is, perhaps, in the narratives
that we document that such wholeness can still be detected, preserved, and trans-
mitted and, hence, the importance of making this documentation available to the
communities beyond the limits of academic publications or scientific reports.
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Notes

1. For a detailed description of social and demographic changes in contemporary Igloolik, see
Rasing (1994).

2. The terminology cited in the chapter was developed through consultation with several Inuit
experts and also extracted from the Igloolik Oral History Project. The terms and the meanings
were checked for accuracy with several elders and interpreters, and in collaboration with
John MacDonald (former coordinator of the Igloolik Research Centre) while in the field and
through interpreters. Any mistakes and omissions are the author’s sole responsibility.

3. This varies significantly in other ISTUOP communities such us Clyde River and Pangnirtung,
where traveling through very intricate land features is part of the daily travel experience. Place
naming and route tracing, however, are remarkably similar.

4. For clarity, Inuktitut terms will be printed in italics, while Inuktitut place names will be written
in normal font.

5. Fortescue has suggested that the word Keewatin can be an anglicized form of kivallin (south-
erners) from the directional stem kivat, which in turn refers to the spatial organization of the
igloo (1988:10).
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6. Percentages are given here only to provide a sense of proportion. Categorizations of names by
geographic location or by topic do not offer any significant value, as hills may be orienteering
features when traveling by sea, rocks may be situated on the shores, and ice features may be
connected to topography of the land.

7. Ithas been estimated that Qikiqtaarjuk became a peninsula about 300 years ago, when the sea
levels receded (John MacDonald, personal communication 2008).

8. The complexity and dynamics of the sea in relation to travel are also seen in the practice of
boating in the floe edge, in which boats are pulled on sleds by snowmobiles from the land to
the open water.

9. The recognition of water features is, of course, not unique to Inuit, but common to all marine
peoples (see, for instance, Lewis 1994, for a description of how Puluwat navigators recognize
swells).

10. “Once the fresh water had sank to the heavy or salt water and mixes, the water will clear
again” (Kupaaq 1990).

11. Climatic changes are making the sea ice season shorter in most communities involved in the
ISIUOP study.

12. Having a spatial framework is not seen here as imposing an abstract grid onto the world,
but as a way of experiencing or perceiving the environment through the engaging process of
moving (literally or figuratively) in it. These frameworks are shared by the members of the
community and have been developed through generations.

References

Alianakuluk, L. 2001. Interview for Igloolik Oral History Project. Igloolik: Archives of the
Inullariit Society, Igloolik Research Centre, Igloolik, Nunavut (IE-481).

Amarualik, H. 1994. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-314).

Aporta, C. 2002. Life on the ice: Understanding the codes of a changing environment. Polar Record
38(207): 341-354.

Aporta, C. 2004. Routes, trails and tracks: Trail-breaking among the Inuit of Igloolik. Etudes Inuit
Studies 28(2): 9-38.

Aporta, C. 2009. The trail as home: Inuit and their pan-Arctic network of routes. Human Ecology
37(2): 131-146.

Aporta, C. and Higgs, E. 2005. Satellite culture: Global positioning systems, Inuit wayfinding, and
the need for a new account of technology. Current Anthropology 46(5): 729-754.

Aqiaruq, Z.U. 1993a. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-272).

Aqiaruq, Z.U. 1993b. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-269).

Basso, K.H. 1988. Speaking with names: Language and landscape among the Western Apache.
Cultural Anthropology 3(2): 99-133.

Boas, F. 1888. The Central Eskimo. Toronto: Coles Publishing Company, 1974.

Bravo, M.T. 1996. The Accuracy of Ethnoscience: A Study of Inuit Cartography and Cross-
Cultural Commensurability. Manchester University Monographs in Social Anthropology 2.
Manchester.

Cablitz, G.H. 2002. The acquisition of an absolute system: Learning to talk about space in
Marquesan (Oceanic, French Polynesia). In Meetings of the Child Language Research Forum,
April 2002, Stanford, California.

Carpenter, E. 1973. Eskimo Realities. New York: Holt, Rinehart and Winston.

Casey, E.S. 1996. How to get from space to place in a fairly short stretch of time: Phenomenological
prolegomena. In Senses of place. S. Feld, and K.H. Basso (eds.), Santa Fe: School of American
Research Press.



180 C. Aporta

Crowe, K.J. 1969. A Cultural Geography of Northern Foxe Basin. Department of Indian Affairs
and Northern Development, Ottawa, Series 69-2.

Cruickshank, J. 2005. Do Glaciers Listen? Local Knowledge, Colonial Encounters, and Social
Imagination. Vancouver and Toronto: UBC Press.

Fortescue, M. 1988. Eskimo Orientation Systems. Meddelelser om Grgnland, Man and Society,
No. 11, Copenhagen.

Ikummag, T. 2000. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-466).

Imaruittuq, E. 1990. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-101).

Ingold, T. 2000. The Perception of the Environment: Essays in Livelihood, Dwelling, and Skill.
London: Routledge.

Kappianaq, G. 1990. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-069).

Kitchin, R. and Blades, M. 2002. The Cognition of Geographic Space. London: 1. B. Tauris.

Krupnik, 1. 2002. Watching ice and weather our way: Some lessons from Yupik observations of
sea ice and weather on St. Lawrence Island, Alaska. In The Earth Is Faster Now: Indigenous
Observations of Arctic Environmental Change. 1. Krupnik and D. Jolly (eds.), Fairbanks:
ARCUS, pp. 156 -197.

Kupaaq, M. 1987. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-017).

Kupaaqg, M. 1990. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-098).

Kupaaqg, M. 1993. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-272).

Laidler, GJ., Dialla, A., and Joamie, E. 2008. Human geographies of sea ice: Freeze/thaw
processes around Pangnirtung, Nunavut, Canada. Polar Record 44(231): 335-361.

Laidler, G.J. and Elee, P. 2008. Human geographies of sea ice: Freeze/thaw processes around Cape
Dorset, Nunavut, Canada. Polar Record 44(228): 51-76.

Laidler, G.J. and Ikummag, T. 2008. Human geographies of sea ice: Freeze/thaw processes around
Igloolik, Nunavut, Canada. Polar Record. 44(229): 127-153.

Lewis, D. 1994. We, the Navigators: The Ancient Art of Landfinding in the Pacific. Honolulu:
University of Hawaii Press, 1972.

MacDonald, J. 1998. The Arctic Sky: Inuit Astronomy, Star Lore, and Legend. Toronto: Royal
Ontario Museum and Nunavut Research Institute.

Mary-Rousseliere, G. 1984. Iglulik. In Handbook of North American Indians. D. Damas (ed.),
Washington: Smithsonian Institution, vol. 5, pp. 431-447.

Maxwell, M.S. 1984. Pre-Dorset and Dorset prehistory of Canada. In Handbook of North American
Indians. D. Damas (ed.), Washington: Smithsonian Institution, vol. 5, pp. 369-376.

Parry, W.E. 1824. Journal of a Second Voyage for the Discovery of a Northwest Passage From the
Atlantic to the Pacific. London: J. Murray, 1969.

Piugattuk, N. 1989. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-031).

Qunnun, A. 2002. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-505).

Rasing, W.C.E. 1994. Too Many People: Order and Nonconformity in Iglulingmiut Social Process.
Nijmegen: Rish & Samenleving.

Rasmussen, K. 1929. Intellectual Culture of the Iglulik Eskimos. Report of the Fifth Thule
Expedition. vol. 7 (1). Gyldendalske Boghandel, Copenhagen, 1976.

Siakuluk, N. 1996. Interview for Igloolik Oral History Project. Igloolik: Archives of the Inullariit
Society, Igloolik Research Centre, Igloolik Research Centre, Igloolik, Nunavut (IE-384).

Spink, J. and Moodie, D.W. 1972. Eskimo Maps From the Canadian Eastern Arctic. Cartographica,
Monograph No. 5, Toronto: B.V. Gutsell.



Chapter 8

The Igliniit Project: Combining Inuit
Knowledge and Geomatics Engineering to
Develop a New Observation Tool for Hunters

Shari Gearheard, Gary Aipellee, and Kyle O’Keefe

Contributing Authors: Apiusie Apak, Jayko Enuaraq, David Iqaqrialu, Laimikie
Palluq, Jacopie Panipak, Amosie Sivugat, Desmond Chiu, Brandon Culling,
Sheldon Lam, Josiah Lau, Andrew Levson, Tina Mosstajiri, Jeremy Park, Trevor
Phillips, Michael Brand, Ryan Enns, Edward Wingate, Peter Pulsifer, and Christine
Homuth.

Abstract This chapter provides an overview of the Igliniit project, an International
Polar Year (IPY) project that took place in Clyde River, Nunavut, from 2006 to 2010.
As part of the larger IPY projects, SIKU and ISIUOP, the Igliniit project brought
Inuit hunters and geomatics engineering students together to design, build, and test
a tool to assist hunters in documenting their observations of the environment. By
combining a global positioning system (GPS) receiver, a mobile weather station, a
personal digital assistant (PDA), and a digital camera, the hunters and engineering
students in Igliniit co-developed and piloted a system that allows hunters to con-
tribute to environmental research in an active way, through the regular use of their
environment, documenting observations and experiences in context, as they happen.
Despite hardware problems and the challenges of using such technology in Arctic
winter, the data collected by hunters provide detailed, dynamic, geo-referenced
information about the environment that could otherwise not be collected. With
continued development, this technology could be useful in many different regions
and applications for understanding the environment and human—environment rela-
tionships over time and space. The approach, of supporting local people in their
own activities year-round and outfitting them with a simple but powerful tool to
document their environmental observations, proves a promising method in future
community-based environmental research and monitoring, with applications as well
in land use planning, resource management, hazards mapping, wildlife and harvest
studies, and search and rescue operations.
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Introduction

In Inuktitut, igliniit refers to trails routinely traveled. Countless trails are known
and used by Inuit; these trails join to create a vast network across the Canadian
North and the Arctic (Aporta 2009). The location, use, condition, and changes in
igliniit over space and time can help reveal a great deal about the environment and
human—environment relationships. In our project, the use of igliniit provided inspi-
ration for the creation of a tool to help Inuit hunters document observations of their
environment as they travel. This tool, in turn, provides a potential means for Inuit
to stay active on the land, get younger Inuit involved in land activities, and both
contribute to and lead environmental research and monitoring efforts.

The development of the Igliniit project (or simply “Igliniit,” as its team members
refer to it) happened in Clyde River (Kangiqtugaapik), Nunavut, in 2005. At that
time Gearheard, a Clyde River resident, had been working with the community for
5 years documenting Inuit knowledge of climate and environmental change (Fox
2002, 2003, 2004). In anticipation of the 2007-2008 International Polar Year (IPY)
(proposals were due in 2006), Gearheard and her local research partners began dis-
cussing ideas for local IPY projects. A common theme in those discussions was
a desire for research and activities that involved documenting and communicating
knowledge through practice. Hunters and elders were most interested in projects
that would allow them to spend time on the land, in sharing knowledge with each
other, youth, and others, as they practiced travel, hunting, and other skills. Gearheard
and local hunters discussed the idea of using handheld global positioning system
(GPS) receivers that were becoming more and more popular in the community, in
way that would allow hunters to document their environmental observations as they
traveled, in context, as opposed to the more common methods of having people
recall information during interviews, focus groups, or mapping sessions. The idea
was refined through discussions with the local Nammautaq Hunters and Trappers
Association (HTA) in late 2005; the general outline for what would become the
Igliniit project was approved by the HTA and Hamlet Council in early 2006. Around
this time, Gearheard was contacted by the Inuit Sea Ice Use and Occupancy Project
(ISTUOP) to submit a research idea and join their collaborative effort as a sub-project
(see Chapter 1, Introduction for background on ISITUOP). When ISTUOP was suc-
cessful in obtaining funding from the Canadian IPY Program, Igliniit was ready to
get underway.

From Soft Snow to Software

The idea of using a GPS unit to document environmental observations is not new
(e.g., Aporta 2003). The use of GPS by local citizens to make observations is
also not new and has been applied in several contexts, perhaps most notably and
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successfully in South Africa, at Kruger and Karoo National Parks where local expert
animal trackers use handheld field computers/GPS and CyberTracker software to
monitor wildlife and habitat (Liebenberg et al. 1999, Blake et al. 2000). GPS-based
ability to facilitate the so-called citizen science in these areas has been well illus-
trated and has been credited with achievements such as large-scale environmental
monitoring (MacFadyen 2005) and the discovery and analysis of various specific
phenomena, like the impact of the Ebola virus on lowland gorillas in the Congo
(Leroy et al. 2004).

The development of a field computer (better known as a personal digital assistant
(PDA)) and GPS system for Inuit hunters in the Arctic, however, was new. Extreme
environmental conditions and very demanding travel conditions (i.e., snowmobiles
over rough sea ice) present a number of serious challenges. An exploratory study
in Alaska in 2005-2006 attempted to develop a system there, but initial consulta-
tions and testing indicated that while there was keen interest in the concept, both
the available hardware and software that were tested were not sufficiently robust
or adaptable to support potential uses without an unacceptably high probability of
failure (H. Huntington, pers. comm. 2009).

The special considerations of working in the Arctic environment, as well as
access to technical support, were early considerations in the Igliniit project as well.
To meet these challenges, we first had to build our team and our tool.

Building a Team

We knew at the outset that our project depended on a strong, diverse, and well-linked
team. It has become apparent over the years that the role of our project manager and
interpreter Gary Aipellee (Fig. 8.1) was essential in the creation and functioning
of our team. Aipellee’s skills as a leader, researcher, and interpreter allowed team
members with very different backgrounds, experiences, and skills to talk to one
another and work together. Facilitating such a diverse group is no easy task and
even more so in a project where there are diverse cultures and languages working
together, not to mention thousands of kilometers of distance. There is no question
that without Aipellee, Igliniit could not have succeeded.

With Aipellee on board, the other project members came into place. Gearheard,
during the proposal phase, had contacted Dr. Kyle O’Keefe at the Department of
Geomatics Engineering at the University of Calgary Schulich School of Engineering
to establish a collaboration for developing the technical equipment in the project.
O’Keefe felt the opportunity would fit well with a senior undergraduate course
(ENGO 500) where students completed an independent design project. O’Keefe ini-
tiated a selection process that led to identifying the handful of students with the right
mix of skills and interests to undertake the project. Three different student groups
over three consecutive years worked on Igliniit (11 students in total) with five stu-
dents visiting Clyde River in two separate visits to work directly with the hunters. !

The project had funds for two full years of development and testing. Four hunters
participated in the first year and six participated in the second year. In the first year,
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the HTA suggested a list of hunters they thought would be interested in the project
and could provide the most appropriate skills and expertise. The HTA also recom-
mended working with a range of ages, from elders to hunters in their twenties, so
that the younger participants could learn from older hunters and younger hunters
could help the elders with the technology. Gearheard and Aipellee contacted the
HTA’s list of eight potential hunters and identified four that were available and most
interested. In the second year, the original four decided which two hunters would be
most appropriate to invite to join them for year 2.2

Iterative Engineering

With a team in place, we set to work on developing a handheld computer/GPS
system that could be used by the hunters to record their observations of the envi-
ronment. First, we worked with the hunters to identify the most basic requirements
that would drive the choices for the most appropriate hardware. Those basic require-
ments included GPS tracking capability, ability for hunters to log observations
quickly on a touch screen, touch screen text in Inuktitut, ruggedness, reliable power
source, and the ability to record the weather. The students, after considering our
project budget and our interest in keeping the system affordable, decided that a
combination of some off-the-shelf products would be the best option. For the PDA
they chose a TDS (Trimble) Recon outfitted with an XC Pathfinder GPS receiver
(also from Trimble). For the mobile weather station (connected to the PDA by serial
cable) they chose a Kestrel 4,000 pocket weather meter from Nielsen-Kellerman.
The hunters approved of the size and weight of the instruments, noting that they had
to be lightweight and easy to move, store, and operate.

With the basic hardware identified, we spent the better part of fall 2007 work-
ing together to create the most important aspect of the system — the interface that
would allow the hunters to record their observations. Facilitated by Aipellee and
Gearheard, the group of hunters in Clyde River met regularly to discuss their ideas.
After each session, Gearheard compiled meeting notes and shared them by e-mail
with the engineering students in Calgary. The students in turn would respond with
questions, answers to questions, and photographs and drafts of potential designs.

The hunters decided that in the first year of testing it would be more manage-
able for everyone if they chose a short list of observations to be available in the
first iteration of the PDA program. The hunters developed a list of 20 key obser-
vations and organized them according to five categories: animals, sea ice features,
land features, hunters’ list, and other (Table 8.1). The “animals™ category consists
of the most hunted species and the sea ice list consists of those ice features that the
hunters deemed most important in terms of hunting, travel, and safety. The land fea-
tures list consists of “lake” and “river”; both are key travel routes, landmarks, and
fishing places, as well as potential hazards. Inuksuk, a rock cairn used as a marker,
is also included as a land feature. The “hunter’s list” includes an icon to mark the
network of cabins hunters routinely use and an icon to mark the caches of meat
left after a harvest. The final “other” category provides a list to help obtain more
information for other observations. For example “danger” and “catch” would be
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Fig. 8.1 Gary Aipellee leads a project discussion (Photo: Shari Gearheard)

used along with observations like “crack” and “seal.” A hunter may observe a crack
in the sea ice, so he would log “crack.” If it was a hazard, however, he would press
“crack” and then “danger,” so that the information was logged and geo-referenced
together. Likewise a hunter may observe a seal, so he would press “seal,” but if
he caught the seal he would press “seal” and “catch.” One can imagine the various
combinations as hunters highlight different land or sea ice features, travel different
routes, and harvest different animals. Last, the list includes an icon for “photo” to
geo-reference a photograph taken with a digital camera (time synched with the GPS
units so photographs could be matched to maps later), an “overnight” icon to mark
an overnight camp, and a suggested “remark” icon, for those observations that could
not be accounted for using the list.

The hunters’ complete list was sent to the engineering students at the University
of Calgary where they began the task of writing the software for the PDA — creating
the touch screen interface on the handheld computer that the hunters would use to
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Table 8.1 Original list of observations identified by Clyde River hunters for the Igliniit PDA/GPS

Animals pLeAS

Seal afn®

Polar bear an®

Fish At 5

Caribou bl

Narwhal PeslL®

Fox Nelodq®
Ptarmigan ApLpe

Carcass bLA % DidSL<%
Sea Ice Features PdIMLLAC
Seal hole aNB< Qioh,
Floe edge da’l

Crack alln

Thin ice LeDse e
Rotten ice #dd%b 5t
Iceberg Aboy

Very rough ice Lo G0
Land Features oa M AAC
River a8

Lake Ce

Inuksuk Aoblt
Hunters® List 4*Ja/*No™L<AcC
Cabin At 56t

Cache BLACM ¢
Other

Danger ACCSa D%
Catch BLYCM e
Photo gLpen gqo
Ovemight daCCiie
Remark esaAndne

enter their observations as they traveled (Fig. 8.2a—d). The basis of the interface
was visual icons that represented the different animals and environmental features
identified by the hunters. This made locating the various observations quick and
easy, but the hunters also requested the written names of each to be included, in
both Inuktitut and English.

The students thus incorporated the syllabic writing system of Inuktitut into the
program. After presenting various options to the hunters, the students designed a
screen where the program could be viewed in all Inuktitut or all English depending
on preference, with the possibility to toggle back and forth between the two lan-
guages if desired. Since younger hunters use both Inuktitut and English, the hunters
wanted to be able to access both languages quickly (Fig. 8.2).

The First Year of Testing

With the hardware selected, the software written, and the hunters’ observations
incorporated into an icon-based interface, the units were ready for their first year
of testing. In January 2008, two of the engineering students, Tina Mosstajiri and
Brandon Culling, visited Clyde River and brought all the equipment to launch the
Igliniit system. The team spent an intense week together — the Clyde group getting
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Fig. 8.2 Screen shots of the Igliniit user interface. Right and left arrows allow a user to scroll
through the various screens of icons (Table 8.1). Located between the arrows: computer disk
(“save” (to save an observation)) and X to cancel (to delete the last observation). The icons for
“overnight,” “danger,” “photo,” and “catch” also remain available (the icons shown at the bottom
of the screen). Top left: One of the animal pages in Inuktitut. Top right: One of the sea ice features
pages in English. Bottom left: Last page of the system in Inuktitut shows real-time temperature,
latitude and longitude, speed (of travel), bearing, and time. Pressing “English” would allow a user
to scroll through the pages in English. Botfom right: Screen that appears when a user selects the
“remark” icon. A keyboard appears and can be used to make notes

familiar with the new technology and the students getting an introduction to the
Arctic climate and a taste for the environment that the system was up against.

The team spent 3 days indoors reviewing the functions of the PDA and weather
station and practiced entering observations into the touch screen (Fig. 8.3).

We immediately saw how having the system in Inuktitut broke down some barri-
ers to using computers. The three unilingual hunters in our group were able to pick
up the unit and start working with the pages and entering observations right away.
The icons and Inuktitut made it simple to navigate through pages and to choose
observations quickly. The engineering students had also included a surprise for the
hunters — a selection of games (Fig. 8.4). Computer solitaire is a very popular game
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Fig. 8.3 Brandon Culling (standing) introduces the software interface he and his fellow students
custom programmed for the hunters. Sitting, from right: David Iqaqrialu, Laimikie Palluq, Jacopie
Panipak, and Apiusie Apak (Photo: Shari Gearheard)

Fig. 8.4 David Igaqrialu tries a game of Solitaire on his Igliniit PDA unit (Photo: Shari Gearheard)



8 The Igliniit Project 189

in the community already, so the hunters were happy about the addition. The games
ended up having a very useful and practical purpose during field testing as well; they
provided welcome entertainment when the hunters were waiting out bad weather or
when the kids were getting bored at camp.

Installation

Once the hunters were familiar with the hardware and using the interface, it was
time to install the units onto the hunters’ snowmobiles. The hunters led this portion
of the (mechanical) engineering since they are the most familiar with the machines.
Most Inuit hunters are skilled mechanics by necessity, as they are frequently making
repairs and adjustments at home and on the trail. Installation involved (i) mounting
the PDA units and weather stations on the snowmobiles where they are easily acces-
sible to hunters using manufactured ruggedized mounts, (ii) hooking the units up to
the snowmobile battery supply (the units themselves have several hours battery life,
but are charged and can run on the snowmobile’s battery power with minimal draw),
and (iii) connecting the weather station device to the PDA unit. To ensure accurate
temperature readings, the weather station was positioned at the back of the snow-
mobile away from any engine or exhaust heat and connected to the PDA by a long
cable that several hunters tucked under the upholstery of their seat so it was out of
the way. The final setup is shown in Fig. 8.5.

Fig. 8.5 Jacopie Panipak with the Igliniit system installed on his snowmobile. The PDA is
mounted with ruggedized mounting hardware on his handlebars. The weather station is mounted
at the back of the snowmobile. A serial cable connects the two units and weather data are stored
automatically on the PDA (Photo: Shari Gearheard)
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Hitting the Trail

With the students still in Clyde River, the Igliniit team started its first season of field
testing. The group spent 2 days traveling the sea ice near the community, practicing
entering observations, asking questions, and identifying any problems. We stayed
relatively close to the community both days, traveling approximately 60 km each
round trip. Since Igliniit is meant as a tool for hunters to use during their regular
travel, the trips entailed accompanying them to check on seal nets and visit some
nearby cabins, common activities for the hunters. We met several other hunters
on the trail who then traveled with us and had an opportunity to view the system
as well. Three dog teams were part of the travel during the first day, giving the
students an opportunity to experience dog sledding and discuss with hunters possi-
bilities for eventually deploying the system on dog sleds (see year 2 in following
sections). As we traveled, the hunters were encouraged to enter in any observations
that they felt were important, again as part of their routine travel, as the objective
of the project is to not monitor anything specific or send them on predetermined
observation missions.

During the 2 days of testing we recorded few problems with the units. Two of
the four systems worked well, but one failed due to a loose battery and the other
due to a loose connection in the GPS receiver. Both problems were fixed with no
difficulty. At the time of our testing the weather was unusually mild for January
in Clyde River. Temperatures during that week were around —15°C (5°F), warmer
than the students’ home city of Calgary at the same time. As we learned in coming
weeks, the mild temperatures hid some of the key problems that we would have with
the units in coming months.

Troubleshooting

Once temperatures returned to normal (-30°C and below), we started to notice the
PDA units freezing. This was not unexpected, but the units are rated to —30°C and
we experienced the screens freezing at —27°C. Most of the time, the units would still
operate (the computer), but the screen was completely frozen and the hunters could
not see the program. The students tried to solve this problem after discovering an
article on the Internet posted by someone from Iqaluit, Nunavut’s capital, who was
troubleshooting a frozen GPS unit. They suggested placing an electric snowmobile
handlebar warmer between the GPS and the mounting cradle. The students made the
necessary hardware purchases to set up the warmers, but by the time they arrived
in Clyde River by mail from Calgary the temperatures had warmed enough so that
the warmers were no longer needed. Also, hunters were skeptical about drawing
more power for the hand warmers from their snowmobile batteries and decided they
did not want to implement this solution. No access to computer support services or
computer hardware in Clyde River, combined with slow postal service, attributed to
the delay in fixing another minor problem, the cracking and failure of some of the
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serial cables connecting weather stations to PDAs. Replacing the cables would be a
simple repair, but caused several weeks delay in the remote community.

After the coldest months of January and February, we no longer had trouble
with units freezing, but we then discovered another problem. The many weeks
of hard traveling had taken its toll on the mounting hardware. By May, all the
hunters had broken mounting brackets for either their PDAs or their weather sta-
tions. Fortunately, we did have extra mounting systems on hand, so these were easily
replaced. Spring presented a new problem with wet conditions and the improvised
plastic wrap used to protect serial cable connections did not hold up to the harsh
environmental and travel conditions. By June, the hunters were still logging obser-
vations, but several had broken or missing mounts and in one case the hunter had to
stop using the unit when the cable connections were no longer working and we had
run out of replacements.

Data, Discussions, and Identifying Refinements

Through the entire test season, Gearheard, Aipellee, and the hunters met every
Friday for 1 h to download data, photographs, and discuss any questions and prob-
lems. These meetings were extremely important for keeping up momentum in the
project and providing a designated time for hunters to share their experiences. The
team members bonded through these meetings and supported each other in mat-
ters not only related to the project, but often in terms of sharing advice for travel,
scheduling trips together, or sharing equipment and other resources. Often hunters
helped each other troubleshoot problems with their units (during meetings and out-
side of meetings) and helped each other learn the various features of the units.
Sometimes hunters would come with new discoveries about the PDAs, such as one
hunter’s daughter showing him how to download music onto the unit, something
quickly adopted by the other members of the team.

Through the weekly meetings we twice identified additional observations that
the hunters wanted to add to their PDA list and these were sent to the students who
immediately added new icons and e-mailed us an updated program that was eas-
ily (re)installed onto each hunter’s PDA (the additional observations were “island,”
“polar bear tracks,” “dog team,” “government trash,” and “community trash”). The
meetings also provided dedicated time to talk about hunting that had occurred over
the past week, weather conditions, sea ice conditions, hazards, and more. These dis-
cussions helped to provide additional, contextual information to the specific data
that was collected on the units. For example, if someone had identified a crack that
was dangerous, they could elaborate on why it was dangerous and how they were
able to find a safe crossing point.

The photographs collected by the hunters became a very important part of
the project. The hunters carried pocket-size digital cameras (Canon PowerShot
SD1000s) and they became extremely skilled good at taking quality photographs
and small videos. The resulting collection of several thousand photographs is unique
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because the hunters travel constantly and to places and in conditions that most other
people rarely experience, such as the extremely thin sea ice of freeze-up, polar bear
hunts by dog team, and to the remote reaches of central Baffin Island and the Barnes
Ice Cap. The photographs the hunters took were often of their activities, including
hunting, traveling, camping, preparing meat, and working on tools. The photographs
also show many of the observations that the hunters recorded on their PDAs about
animals, successful catches, floe edge position, dangerous ice conditions, and cab-
ins. We always viewed each person’s photographs at our regular meetings and that
was another opportunity to share information, experiences, and stories. Some of the
photographs are easily geo-referenced because the time/date stamp on the camera is
synced to the PDA/GPS. However, if the PDA or camera was reset for any reason
(e.g., loss of battery power) the times would become un-synced. Most of the hunters
can identify where they took the photo so the locations can be recreated. For now,
the Igliniit maps that have been produced (see below) do not include the hunters’
photographs, but future work on creative products for displaying their photographs
in a useful way (e.g., books or web sites that teach about sea ice conditions, travel
routes, place names, and landmarks) is planned.

By the end of the first year, the Clyde River team had tested the units and met
weekly for almost 6 months. By that time we identified a wish list for the engineer-
ing students for year 2 and refinements were made over the summer and fall before
the new test season that started in January 2009 (see Table 8.2).

A new student group (Michael Brand, Ryan Enns, and Edward Wingate) tackled
the list and was successful with fulfilling almost all requests. They simplified the
PDA interface so that starting up the Igliniit program was a one-touch icon (before
it had to be selected through a menu). Several of the favorite games were also
restructured into the one-touch format. This “one-touch” refinement alone greatly
simplified PDA operation for the hunters. In addition, all extra features of the PDA
(Internet access, e-mail, documents folders, additional programs) were removed
since they were not used and the hunters could no longer accidentally get lost in
unwanted menus or applications. The Inuktitut font was stabilized and the additional

Table 8.2 List of requested changes sent by the Igliniit hunters to the engineering students after
the first year of testing in 2008

Simplify the PDA operating system for launching the Igliniit program

Make the system deployable on a dog team

Solve the PDA screen freezing problem

Make sure the user-entered data are recorded (there were problems with some observations

not being saved)

5. Make the Inuktitut font stable (two of the units experienced periodic problems displaying
Inuktitut)

6. Add a map display (i.e., active GPS map)

Provide more rugged cables and mounting hardware

8. Add new observation icons (“duck,” “goose,” “Arctic hare,

“soft ice,” “aliugqaniiq” (hollow snow))

b e

~

< 2

glacier,” “glacier runoff,”
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observations (icons) were added. The students researched and had new military-
grade serial cables custom fabricated to replace the previous versions and these
proved to stand up much better to the cold and wear and tear over year 2.

The map display that was included in the wish list was one request that the stu-
dents could not fulfill. The complexity of programming was beyond the scope and
time frame of the project and the team decided that this aspect would have to be
postponed for now. The students noted that this screen option (a functioning GPS
map) was possible, but could not be accomplished within the constraints of the
project. This was acceptable to the hunters who were pleased that the rest of their
requests were met. The refinements that took the most research and effort were
solving the freezing issue and preparing the system so it could be used on a dog
team. The freezing problem (specifically the screen freezing) was ultimately solved
by a custom-insulated bag and electric heater system that the students researched,
designed, and fabricated themselves (Fig. 8.6).

The bag is made up of three layers: a ballistic nylon shell, layer of microfiber
insulation, and an internal layer of nylon. A fold-back flap provides access to the
screen and a pocket in the screen flap was designed to hold a flat handlebar heater
(Fig. 8.6). The bag works in two ways. First, the handlebar heater can be activated
to provide heat directly to the PDA screen when the flap is closed (and held firmly
in place with Velcro). Controlled condition tests by the students in the lab showed
that with heating, a constant screen temperature of —10°C was maintained for more

Fig. 8.6 New insulated bag
and heating system
custom-designed and
manufactured by engineering
students Edward Wingate and
Michael Brand (Photo:
Edward Wingate)
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than 8 h in an external temperature of —40°C (recall the screen starts to freeze at
—27°C, so —10°C is more than adequate to prevent freezing and also has negligible
draw on a snowmobile battery). Second, the bag is an effective insulator on its own,
without active heat. Lab tests showed that the bag alone can keep the PDA screen
above —10°C for several hours.

The Second Year of Testing

When Brand, Enns, and Wingate arrived in Clyde River in January 2009 to deliver
the insulation innovation and introduce other new changes, the hunters put the bag
to the test. In the field, the hunters found that the bag alone was enough to prevent
their units from freezing. Several hunters noted that in extremely cold conditions
they would turn on the handlebar heaters (using the quick on/off switch included)
for 30 min or so to warm up the bag, but they did not have to leave it on. Since
the hunters were still wary of additional draws on their snowmobile batteries, they
were pleased that the bags were enough to keep their units working. The flap design
made access to the screen easy (Fig. 8.7). Also, the bag could remain on the unit
even when it was moved on or off the snowmobile mount and the students designed

Fig. 8.7 David Iqaqrialu logs sea ice information with his Igliniit system (Photo: Edward Wingate)
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a convenient holder on the flap for the PDA’s stylus® (plastic stick used for pressing
icons on the touch screen).

The week that Brand, Enns, and Wingate spent in Clyde River in January 2009
was also used to introduce two new hunters to the team, Jayko Enuaraq and Amosie
Sivugat. The two new hunters spent a few days getting familiar with the Igliniit
system and learning about the new changes that the students had introduced. Two
things were very apparent during these meetings. The first was that the original
four hunters from the first year were clearly invested in the project and still had
tremendous motivation. They were excited about launching a second year and they
took the lead in training the two new hunters on how to operate the system. It was
clear that, once a final design was in place and operational, the hunters would be
best suited to train other hunters and observers about the technology. Second, the
hunters were clearly impressed that the students had listened to their concerns from
year 1 and had systematically addressed each one, providing either a solution or an
explanation about what they had researched to solve the issue. This effort on both
sides (to test and identify issues on the part of the hunters, and to listen and respond
on the part of the students) added to the team building that took place over the
project’s life span. The mutual interest and good communication between hunters
and students (facilitated by Aipellee and Gearheard) made everyone feel supported
and contributed to strong project momentum.

With the six hunters familiar with the new system, the group started working to
set the units up for use on a dog team. Two of the hunters (Laimikie Palluq and David
Iqagrialu) who had dog teams would test the set-up in year 2. Since the system was
designed to be compact and easily moved, the hunters could simply take the units
on their snowmobile or dog team depending on what mode of transportation they
were using each trip.

The dog team setup was exactly the same as that for snowmobiles, except that the
power source was a 12 V battery that the hunters carried on their gamutiit (sleds).
Each hunter found a space on the sled to store the battery, PDA unit, and weather sta-
tion that was convenient for them. The grub box that most gimuksigtiit (dog teamers)
carry on their gamutiik was a useful place to store the PDA as it is easily accessible
even on the move (Fig. 8.8).

Overall, the results of year 2 testing were positive, except in terms of hardware.
Several of the units continued to suffer from the rough travel over sea ice. Cable
connections failed (and were replaced and failed again) and GPS receivers became
loose. Though the freezing problem had been solved, the so-called ruggedized PDAs
were simply not rugged enough for use by Inuit hunters. The weather stations, on
the other hand, did stand up very well, never freezing and operating reliably on
lithium batteries even in the coldest months. The mounting hardware, even with
modifications attempted by both the engineering students and the hunters, also did
not stand up to the thousands of kilometers over bumpy sea ice and land. The team
was constantly replacing and repairing mounts. And while the hunters were happy
with the system design for the dog team, they found themselves not using it as much
as on snowmobile, where it was more easily accessible and hunters did not have the
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Fig. 8.8 Laimikie Palluq and Ryan Enns take the system for a test drive on Palluq’s dog team in
January 2009 (Photo: Shari Gearheard)

other work that comes with driving dogs. The assessment at the end of year 2 was
straightforward; the concept was exciting, the bilingual software worked well, and
the results were promising (see next section). The hardware, on the other hand,
would eventually have to be re-researched and replaced.

Results: Mapping Observations

While the hunters and engineering students were working hard on the design and
equipment testing, Aipellee and Gearheard also collaborated with experts at the
Geomatics and Cartographic Research Centre (GCRC) at Carleton University to
produce maps using the Igliniit output. The ultimate goal is to get Igliniit working as
a complete “plug-and-play” package where users can download data and print maps
immediately. However, data integration and display for the current Igliniit system
requires working with several standalone, independent programs until the technol-
ogy (especially the hardware) is finalized. The biggest challenge in displaying the
data is finding a way to represent all of the information in a manner that is easy and
quick to read (in both English and Inuktitut). Following the success of using icons
in the software (easily identified by users), we used the same approach in producing
maps. Figure 8.9 shows one of the early attempts at creating a map product using
data collected from Igliniit hunter Apiusie Apak.
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Apiusie Apak, Igliniit Project, Kangiqtugaapik, 2008

4}\.._4\__1-'53_‘.&

CIELL R e
&

Fig. 8.9 Example map using Igliniit test data. This version uses easily identifiable icons and a
legend. The blank spaces in the trail are due to loss of GPS signal while travelling

The map shows Apak’s trails and the inset map helps to zoom in on an area with
multiple and overlapping observations (hunters may log a number of features at one
location, in this case several seals and thin ice, and icebergs and cracks in the sea
ice). After several iterations with the hunters, we were able to identify some key fea-
tures that were important to include in the example maps: (i) who had collected the
data, (ii) data should be date/time stamped, (iii) maps should be available in English
and Inuktitut, and (iv) base maps should show topography and include realistic col-
ors. The first item is addressed in the example map shown in Fig. 8.10 by including
the hunter’s name in the map title. Since all the Igliniit hunters agreed to be credited
by name in the Igliniit project and since the data are only sample data, including a
hunter’s name was considered acceptable and important. The hunters did discuss the
possibility of needing to code names in the future when data are actually being used
either by the hunters themselves or as part of other projects or monitoring efforts.
Some hunters may not want to be identified or some of the data may be sensitive.
Coding to protect data and the identity of data collectors is certainly a possibility
and would be explored in any future applications. However, whether identified or
coded, the hunters agreed that knowing who collected the data was important so
that the observer could be consulted for more information if needed. For example, if
a hazard was mapped, the observer could be contacted for more details on the nature
of the hazard, how it can be negotiated, or how it may be avoided.



198 S. Gearheard et al.

Fig. 8.10 Example map from Igliniit test data collected by Jayko Enuaraq while travelling
between Clyde River and Arctic Bay in 2009 (see also Color Plate 3 on page 472)

It was also important to the hunters that the observations be notated with the
date and time. This information is key for a variety of reasons including identifying
any patterns in animal sightings or environmental changes. The hunters also valued
having a record of the dates and times of different trips, to see when people traveled,
how long trips took, and what was observed along the way. Displaying time-stamped
information was first attempted by including it alongside icons, but soon the map
was too crowded with information. More recent iterations have tried numbering
observations and including information in chart form (Fig. 8.10).

In terms of the hunter’s need for maps in both languages, Fig. 8.10 is shown
in English but is readily available in Inuktitut as well or can be displayed in both
languages together. The use of symbols helps to cut down on the need for text and in
future iterations we may consider trying to reduce the text even further (for example,
the “feature” descriptor in the map table may not be needed).

Lastly, Fig. 8.10 also shows the changes made to address the hunters’ request for
more realistic coloring. Originally, GCRC cartographers were interested in a more
artistic/aesthetic representation of the land and water using unconventional coloring
(Fig. 8.9). While the hunters thought the maps looked attractive, they felt that they
were not intuitive and did not represent the topography clearly. They opted for a
more “brown for land/blue for water” look that also captured elevation. The result,
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Fig. 8.11 Zoomed-in image of example map A (see also Color Plate 4 on page 473)

they felt, could be more quickly understood and interpreted, especially for those not
familiar with the landscape.

As Figs. 8.9 and 8.10 demonstrate, one of the challenges of mapping such dense
collections of observations is creating a clear map in a small space. Locally, most
people only have access to printers that can process 8.5” x 11”7 paper, so maps
must be easy to read in that size (and in black and white). One option that may
help to address this is providing zooming capability. For example Fig. 8.11 shows
a zoomed-in view of a portion of example map A (Fig. 8.10). In this view, the
icons are more clearly visible, as well as the timestamp information. The goal is
to include this type of zooming capability in future software developments that will
allow hunters/observers to download their own data, zoom as needed, and print their
own maps.

Conclusion

The Igliniit project is an example of multi-disciplinary and cross-cultural collab-
oration in the deepest sense. Engineering, technology, and Inuit knowledge came
together to produce a new tool that provides tangible, useful information with broad
application. It highlights the results that can be achieved when academic research
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is blended with community-based expertise toward a common goal. It also pro-
vides a case study for creating a practical, project-based experience for students.
The “client-based” approach of Igliniit for the engineering students gave them a
specific task with a specific group to satisfy, but most importantly, in the context of
collaboration and co-development.

The ultimate goal of the Igliniit technology is to provide hunters and other
observers with a user-friendly and Arctic-worthy method for recording geo-
referenced observations of their environment. These observations, when mapped,
can be used locally and in other contexts (e.g., land use planning, wildlife manage-
ment, protected area planning) for data collection, analysis, and decision making.
Over space and time, the maps can be used to show patterns in trail usage, envi-
ronmental changes, harvest activities, animal populations, and more. As well, the
technology could be augmented with other features such as GMRS (general mobile
radio service), FRS (family radio service), EPIRB (emergency position indicating
radio beacon) or ELT (emergency locator transmitter) devices, or satellite telephone
transmitters, allowing the hunters to not only log their observations but also to send
out a signal so they themselves can be located. Live-tracking or the ability to trans-
mit a locator distress signal was identified by the Igliniit hunters as another potential
feature that would be very useful in the Arctic context. In addition to the up-to-date
hazard maps they can already produce, this technology could add another benefit to
the search and rescue applications of the Igliniit system.

The project focused on the development and testing of a concept and was met
with success and challenges. As mentioned previously, the hunters agree that the
idea of logging observations using such a system is very exciting and they found the
program developed by the engineering students to be easy to use and modify accord-
ing to their changing interests (i.e., adding or deleting observations). The hardware,
on the other hand, presented serious challenges in the most extreme conditions.
As the hunters became more familiar with the technology and more comfortable
incorporating this type of observation into their regular activities, the hardware mal-
functions and breakdowns became increasingly frustrating. The “ruggedized” units
may stand up to other field applications, but not to the demands of the Arctic or
the Inuit hunter. On the positive side, it seems plausible that these problems will
eventually be solved through using the right hardware or engineering a model that
can endure normal Arctic travel conditions. The challenge will be to find these
alternative solutions in a system that is affordable to individual users.

Whil