Arctic Council SAO plenary meeting (eDocs code: ACSAOUS201)
21-22 October 2015, Anchorage, Alaska, U.S.A.

Document Title

Project Summary: Bering Sea Sub-Network I

Agenda item number

Due to fact that the agenda has not yet been finalized, an agenda item number is not
yet available for all documents. This section will be revised as information becomes
available.

Info doc 5.5

Submitted by
CAFF

Document filename

EDOCS-2685-v1-ACSAOUS201_Anchorage 2015 Info _doc_5-
5 CBMP_BSSN_Summary_Report

Number of pages, not including this cover sheet

62

Status (e.g. draft, final if approved, etc.)

Project Summary, for information



Project Summary:

Bering Sea Sub-Network ||

Sharing Knowledge — Improving Understanding — Enabling Response

International Community-Based Environmental Observation Alliance for a Changing Arctic
A Predecessor to CONAS, the Community Observation Network for Adaptation and Security

"~

Lilian Alessa | Grace Beaujean | 'Leah Bower | Iver Campbell | Olga Chernenko
| Patricia Cochran | Margie Coopchiak®|,Maryann Fidel | Uliana Fleener | Jim
Gamble | Arlene Gundersen | Verna Immingan | Lisa Jackson | Alice Kalmakoff

| Andrew Kliskey | Sharon I\_Agrculief |#Delbert Pungowiyi | Olia (Olga) Sutton |
Eddie Ungott | Joni Ungott | Jessica Veldstra

-




Foreward

The Bering Sea Sub-Network (BSSN) phase Il is an international community-based monitoring
network that represents the work of many within the framework of a successful partnership of
Arctic indigenous communities, university scientists (the University of Alaska Anchorage), the
Alaska Native Science Commission and an NGO - the Aleut International Association (AlA). This
report was compiled by AIA, a Permanent Participant of the Arctic Council. The information
provided in this report is from interviews conducted by community members with community
members; those who have an intimate connection to the land and the sea. We hope that this
effort will provide novel information about the effects of climate change on rural indigenous
communities in the Bering Sea that may be used to inform adaptive actions and highlight the
importance of partnerships in tackling today’s challenges.

This publication should be cited as: Lilian Alessa’, Grace Beaujean? Leah Bower?, Iver Campbell?, Olga Chernenko?, Patricia
Cochran®, Margie Coopchiaké, Maryann Fidel?, Uliana Fleener?, Jim Gamble?, Arlene Gundersen?’, Verna Immingan?, Lisa
Jackson’, Alice Kalmakoff’, Andrew Kliskey', Sharon Merculief®, Delbert Pungowiyi, Olga (Olia) Sutton®, Eddie Ungott?,
Joni Ungott?, Jessica Veldstra?. (2015) Bering Sea Sub-Network: Project Summary Report 2015 (Aleut International
Association),. CAFF Monitoring Series. Conservation of Arctic Flora and Fauna, Iceland.
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Project Summary

The BSSN Il project provided a means for remote indigenous villages around the Bering Sea
to communicate their observations about the environment and subsistence harvest. BSSN
Il brought together researchers and local residents in co-production of knowledge, which is
place-based and relevant to societal needs. BSSN Il observations were gathered in semi-struc-
tured surveys with local residents in the eight partner communities. Surveying was purpo-
sive and focused on surveying experienced hunters and fishermen and knowledgeable elders
and gatherers. The surveys were conducted by local trained Community Research Assistants
(CRAs). The survey instrument consisted of three questionnaires designed to capture obser-
vations of the environmental change, baseline information and seasonal harvest observations.
This research was conducted from 2009-2014 and was funded by the U.S. National Science
Foundation, award numbers 0856774 and 0856305. This effort continues through the Commu-
nity-based Observation Network for Adaptation and Security (CONAS).

The key messages from this collaborative effort are:

1. Partnerships that engage indigenous communities, scientists and other organizations in
the co-production of knowledge are essential in understanding environmental change
and effects on indigenous communities. This knowledge can contribute to more relevant
decision-making.

2. Research efforts relevant to indigenous communities should establish partnerships with
them and contribute to building their capacity, for example by hiring local residents, and
providing training and equipment

3. Observations from those spending much time on the land and sea are necessary in not
only understanding local environmental change but also in understanding the effects of
environmental changes on human well-being and traditional practices

4. Different environmental changes are occurring within different cultural contexts creating
diverse impacts; as such adaptive actions need to be based on local realities and priorities

5. Environmental changes are generally, but not always, resulting in negative effects to
traditional harvests with impacts to food and cultural security

6. Regulations that impact communities ought to be flexible to allow for adaptation to
change and ought to include meaningful local voice through instruments such as co-man-
agement to support the food security and sovereignty of indigenous communities

7. Community observations from local and traditional experts have much untapped
potential as ‘early warning systems’

BSSN Il Summary 3
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About The Project

The Bering Sea Sub-Network (BSSN) began as
an International Polar Year, human dimension pi-
lot project, which ran from 2007-2009 (Gofman
& Smith 2011). The pilot project demonstrated
that a structured network of indigenous com-
munities and scientists was capable of collect-
ing scientifically defensible aggregated data
based in Traditional Knowledge (TK). “Tradition-
al Knowledge is a systematic way of thinking
and knowing that is elaborated and applied to
phenomena across biological, physical, cultural
and linguistic systems. Traditional Knowledge
is owned by the holders of that knowledge, of-
ten collectively, and is uniquely expressed and
transmitted through indigenous languages. It
is a body of knowledge generated through cul-
tural practices, lived experiences including ex-
tensive and multi-generational observations,
lessons and skills. It has been developed and
verified over millennia and is still developing in
a living process, including knowledge acquired
today and in the future, and it is passed on from
generation to generation.” (ACPP 2014) It made
clear that people depending on the land and sea
for sustenance were observing unusual patterns
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in the environment that affected their well-be-
ing and traditional practices. In 2009 BSSN Il was
funded to build on this work for the next five
years. In 2014 the Network received additional
funding (award number 1355238) to continue
the research under the Community Observation
Network for Adaptation and Security (CONAS).
CONAS continues to work with partner com-
munities and using community-based methods
has expanded the focus to include additional
variables of interest within their sociocultural
context to create more tangible guidelines for
adaptation (Alessa et al 2015).

Why Community-Based Research and
Monitoring Is Important

Indigenous peoples have been dependent
upon the plants, fish and animals found in the
Bering Sea since time immemorial. As climate
change affects these ecosystems and brings
increased interest in development those ex-
periencing these changes first hand have an
important role in defining successful adaptive
actions. Local monitoring is essential to pro-
vide an in-depth understanding of communi-
ty vulnerability to better inform adaptation

BSSN Il Summary 7



planning (Ford et al 2006). The information
provided by respondents not only elucidates
the changes people are experiencing, but also
how those changes are affecting well-being.
BSSN Il brought people together from differ-
ent cultural backgrounds, and from both sides
of the Russian/US border whom are facing sim-
ilar challenges increasing communication and
trust in tackling these issues (Roop et al. 2015).

As this research was focused on community
perspectives and has potential to affect the
communities involved, it was essential to con-
duct the research in close partnership with
communities (Pearce et al 2009). Building
research capacity in rural indigenous com-
munities was also an important goal of this
community-based research project. BSSN |l
demonstrates one of the many ways in which
knowledge co-production may occur.

This research was guided by a Steering Com-
mittee (SC) which was composed of one tribal
leader from each community. The SC members
were responsible for guiding the direction of
research (which included directing the focus
of the survey instrument). They also assisted
with community coordination, and reviewed
project results for sensitive information and
accuracy.

One or two Community Research Assistants
(CRAs) were hired in each community and

provided with training on surveying technique,
scientific protocol and computer skills (includ-
ing data entry). They were provided with the
equipment needed to conduct the research,
which for most villages meant an office, com-
puter, phone, audio recorder and other office
supplies. We found this partnership to be ex-
tremely successful for a number of reasons;
a person was available to answer questions
about the research and conduct surveys year-
round at the respondents convenience; CRAs
were often fluent in their indigenous language;
the CRA was well-known within the communi-
ty making it easier for those with reservations
about ‘outsiders’ more comfortable; training
and monthly teleconferences enabled low
rates of unusable surveys.

Arctic indigenous communities find them-
selves at the forefront of climate change, and
policy affecting them is increasing. There is
a need for greater indigenous engagement
and involvement. Monitoring local observa-
tions through community-based research is
one avenue that can bring the voices of the
people to the policymaking table (Krupnik et
al. 2011). Aggregate monitoring data can be
a powerful tool in the hands of community
leaders for use in policy-making and resource
protection when collected at the local scale
(Danielsen et al. 2010; Alessa et al. 2015).

Major Activities and Methods

The framework of observers that was assem-
bled during the BSSN pilot phase was fur-
ther expanded and improved during BSSN II.
Two communities were added to the network
expanding the geographic coverage. Part-
ner communities in the Russian Federation
included Nikolskoye (of the Western Aleut/
Unangax), Tymlat (Koryak), Kanchalan (Chuk-
chi). In Alaska, communities include Gam-
bell, Savoonga (Siberian/St. Lawrence Island
Yupik), Togiak (Central Yup'ik), Saint George,
and Sand Point (Eastern Aleut/Unangan) (see
Figure 1).

BSSN Il Summary 8



“It [subsistence] is just something we
grew up with. Older people ... pass it
on to younger people. To tell you the
truth, if we didn’t hunt we wouldn’t eat
the way store prices are. We would go
hungry if we didn’t hunt.” — Gambell

Traditional hunting boat frame, Gambell

Additional training strengthened the capacity of
CRAs to successfully conduct surveys and enter
data, increasing the quality of the information
collected. CRAs were provided with standard-
ized paper surveys that included open-end-
ed questions, multiple choice questions, and
maps. They were responsible for conducting
the survey face-to-face with respondents.The
range of observations was increased by includ-
ing all identified 'high harvesters’, both elders
and gatherers, from each village on the respon-
dent list. The respondent list was created with
the local tribal or village governing authority in
consultation with the CRAs. Sampling was pur-
posive and response rates varied from 27-80%
(Table 1). The number of those surveyed ranged
from 6-21% of the entire villages' population. A
total of 802 'high harvesters’, both elders and
gatherers, provided observations from across
the Bering Sea that were systematically docu-
mented and analyzed within the BSSN Il Net-
work over a five year period. Surveying in the
original six BSSN communities began in Sep-

tember 2009 and ran for four years, ending in
August 2013, except in Sand Point and Tymlat,
which started two years later and one year later
respectively as it took a little longer to set up
protocol. Two communities joined the network
in 2011, Savoonga and St. George, Alaska (see
Figure 1) and surveying occurred in these loca-
tions for approximately 2 years. A total of 7,170
usable surveys were received. Three different
surveys were administered during the BSSN I
project. The Environment survey focused on ob-
served environmental changes, it was adminis-
tered once and included elders and gatherers
in addition to ‘high harvesters'. The Location
survey focused on locations where people had
harvested during their lifetime and it was also
administered once. The Harvest survey was ad-
ministered once every 6 months to the same
respondent pool of 'high harvesters’ in order
to track change in harvest patterns. This report
is organized by the survey type since methods
varied slightly for each survey. See Table 1 for an
overview of response rates for all three surveys.
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Figure 1. Savoonga and St. George joined the network in 2011 and increased the geographical coverage of BSSN II.

BSSN Communities

Gambell

The Native Village of Gambell is located on
the northwest cape of St. Lawrence Island,
at the base of Sevuokuk Mountain. At 58 km
(36 miles) from the Chukchi Peninsula in the
Russian Far East, this island is nearer to Rus-
sia than it is to mainland Alaska. The Yupik
name for St. Lawrence Island and Gambell

is Sivugagq. Its population is more than 95%
Yupik and many residents speak St. Lawrence
Island Yupik. Marine mammals comprise a
large portion of the local diet.

BSSN Il Summary 10




Savoonga

Savoonga is located on the northern coast
of St. Lawrence Island in the Bering Sea, 164
miles west of Nome. It is a traditional St. Law-
rence Yupik village with a subsistence lifestyle
based on walrus and whale hunting as great
marine mammal migrations occur near the is-
land. Whale, seal, walrus, and reindeer com-
prise 80% of islanders’ diets.

Togiak

Togiak is located 67 miles west of Dillingham,
and is in the Togiak National Wildlife Ref-
uge — gateway to Walrus Island State Game
Sanctuary. Archaeological evidence shows
that the Togiak region has been continuously
occupied for at least 2,000 years. Today the
population is about 86% Yup'ik Eskimo, and
Yup'ik is commonly spoken. Its economy relies
primarily on commercial salmon, herring, and
herring roe-on-kelp fisheries. Forty-eight ma-
rine and terrestrial mammal species and more
than 150,000 caribou from two herds inhabit
the Togiak Refuge.

St. George

St. George is located on the northeast shore
of St. George Island, the southern-most of
the four Pribilof Islands. Over 210 species of
birds nest on the cliffs of St. George Island.
St. George's population is predominantly
Aleut. The Pribilof Island seal population and
the community’s dependence on it has been
a major influence on the local culture. More
than a million fur seals congregate on the is-
lands every summer. Halibut, reindeer, marine
invertebrates, plants, and berries also contrib-
ute to the local diet.

BSSN Il Summary
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Sand Point

Sand Point is located on the northwest coast
of Popof Island, near the entrance to the Ber-
ing Sea. Its Aleut name is Qagan Tayagungin.
Its first residents were Aleuts from nearby
villages and Scandinavian fishermen. Sand
Point has the largest commercial fishing fleet
in the Aleutians. As well, a small herd (about
120 head) of bison roams freely on the un-
inhabited side of the Island. Traditional har-
vest includes fish, marine mammals, terrestrial
mammals, marine invertebrates, birds, eggs,
and edible plants.

Kanchalan

Kanchalan is in the Chukotsk Autonomous
Region. Chukotka's landscape is primarily tun-
dra with some low mountains. The population
of Kanchalan is around 730, more than 90%
Chukchi. The Russian name “Chukchi” comes
from the Chukchi word “chauchu” which
means “rich in reindeer.” With great distances,
few good roads, and no railways, transporta-
tion within Chukotka is difficult and expen-
sive. Traditional harvest includes reindeer, fish,
birds, marine mammals (including whales and
walrus), berries and mushrooms.

Tymlat

Tymlat is located in the Russian Far East on
the Tymlat River, which flows into the Bering
Sea. The village is in the Koryak Area, which is
in the Karaginskiy Region of Kamchatkiy Kray.
The village was established in the mid-19th
century as a trading post. Today its population
is more than 80% Koryak. Folk dance team
“Nanun” and children’s dance crew “Maklal”
are very popular locally. Some residents of
Tymlat continue to use dogsleds in winter as
a means of transportation. Fish, fish flour, seal
meat, mussels, bird eggs, berries, mushrooms,
and roots are harvested traditionally.

BSSN Il Summary
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Nikolskoye

The village of Nikolskoye is located in the
Aleutskiy Region of Russia on Bering lIsland,
the largest of the Commander Islands. About
half of the population is Aleut. It is surrounded
by the Komandorsky (or Commander Islands)
Nature Reserve. It is an extremely biologically
rich area that includes both Asian and North
American flora and fauna. Common tradition-
al harvest includes fish, salmon caviar, fur seal,
birds and eggs, marine invertebrates, sea-
weed, and mushrooms.

Data Management

As community collected data based in TK
has unique attributes BSSN Il has partnered
with the Exchange for Local Observations and
Knowledge of the Arctic (ELOKA) in order to
more effectively manage BSSN Il data. The IPY
2007-09 Data Policy identifies these types of
data as a special case requiring special policy
and access considerations as data collected
may be sensitive and cultural property rights
must be protected. Because ELOKA has exper-
tise in facilitating the preservation, exchange
and use of local observations and knowledge
it has been established as the long-term re-
pository for the BSSN Il data, metadata and
data summaries. Summary reports, such as
this one, have been reviewed by each commu-
nity’s Steering Committee members and have
been approved for release by the local tribal
governing entity. If researchers are interested
in obtaining the data sets that were collected
during the BSSN Il project they can make a
request through ELOKA. This request would
go to the relevant community Steering Com-
mittee members who, in consultation with the
local tribal governing authority, would either
approve or reject the request.

Results from the project are not released pub-
licly without the consent of the local tribal au-
thority. For example in Sand Point subsistence
mapping occurred as in all villages. During the

review of those maps it was noted that the
paper map respondents were given to mark
on was too small to capture their extensive
harvest areas. It was also noted that respon-
dents were often discussing commercial fish-
ing activity, as it is deeply entwined with sub-
sistence activity. Commercial fishing activity in
recent years has been subject to many addi-
tional regulations and some feared that the
inaccurate maps may be used to further limit
commercial harvests. As such, it was decided
not to make those maps publicly available.
Individuals may request the maps (through
ELOKA) and the tribes will make a decision on
their release ensuring that the recipient un-
derstands their limitations.

In other communities the maps were recog-
nized as an important tool for use in the pro-
tection of subsistence harvest areas, as such,
Gambell, Savoonga, Togiak and Kanchalan
felt it important to make these maps public-
ly available. Subsistence harvest areas were
mapped over the course of four years. This
has led to insights about the dynamic nature
of subsistence harvest areas in the context
of changing environmental and social con-
ditions. This effort also produced abundant
spatial data that would be difficult to display,
and/or make use of, with a single paper map,
or even a series of paper maps. A partnership
was formed with the Alaska Ocean Observing
System (AOOS) in order to best display the

BSSN Il Summary 13



maps and make them useful and accessible
to all stakeholders. AOOS has expertise in
representing marine observations and in-
formation to aid in understanding and de-
cision-making. AOOS worked with the BSSN
Il team to display the mapped information
on the interactive Arctic Portal that allows a
person to search for a specific time of year
or a specific species. A time series graph can
be created by the user for any combination
of species. The subsistence information may

also be overlaid with other information, such
as shipping lanes, which allows a user to easi-
ly create maps that assess spatial overlap and
potential conflict. This ability to easily create
maps that communicate potential threats can
empower local leaders and residents in the
protection of areas important to community
well-being.

Table 1. A summary of response rates for the three surveys
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Environmental Change

Methods

The Environment survey included elders and
gatherers as well as high harvesters in an ef-
fort to survey those who are knowledgeable
about the environment around their village.
High harvesters were defined as someone
who has harvested often in their community
for at least the last 15 years. See Table 2 for a
summary of some demographic information
from the Environment survey.

Results

The Environment survey inquired about ob-
served long-term Environmental changes.
Figure 2 displays the percentage that an-
swered 'yes’ to the 'yes or no’ survey questions
that asked, ‘Have you observed any changes

in (environmental condition from
Figure 2) in the past 15 years or longer?’ Oth-
er responses were either 'no’ or 'l don't know'.
Overarching trends found throughout the
Bering Sea, where an average of over 40% of
respondents from all villages combined ob-
served change, included; a change in freeze-
up time, ice conditions, wind velocity, air tem-
perature, storms, snow and rainfall.

Respondents were asked to describe the ob-
served change occurring in each season (fall,
winter, spring and summer) in open-ended
follow-up questions. This qualitative informa-
tion in the form of comments is summarized
in Table 3, and the complete table can be
found in Appendix 1. In an effort to exam-
ine predominant trends found throughout the
Bering Sea these percentages where averaged

% Male

Response Rate

Gambell 37% (77) 86%
Savoonga 35% (52) 87%
St. George 41% (9) 100%
Sand Point 65% (105) 75%
Togiak 71% (151) 51%
Kanchalan 27% (50) 36%
Nikolskoye 73% (85) 88%
Tymlat 33% (51) 80%

Average Average years Surveying
in the occurred
community

52 48 Jan 2011 -

Aug 2012

55 54 Jun 2012 -

Mar 2013
57 48 Jun 2011 -
Jun 2012
52 41 Jan 2010 —
Mar 2013
a7 42 Jan 2010 —
Feb 2013
51 42 May 2010 —
June 2010
52 37 Mar 2010 —
May 2010
51 33 Jun 2010 -
Oct 2011

Table 2. Summary of response rates and some demographic information for the Environment Survey
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in the far right column. The most common
directional changes reported across the Ber-
ing Sea (in orange) were warmer air tempera-
tures, colder air temperatures, colder winters,
increased wind intensity, increased storm ac-
tivity, less snow, more rain and later freeze-up.
Note that both warmer and colder air tem-
peratures were common observations which
may indicate increased variability, seasonal
differences (for example a person may report
colder winters and warmer summers) or dif-
ferent changes occurring at different locals.

Discussion

The data gathered paints a clear picture of en-
vironmental change, although not all trends
were consistent across all villages. Generally
these observations are consistent with the ex-
pected effects of climate change. Although, it
ought to be noted the Bering Sea experienced
a series of cold years from 2007-2010 (Hunt
et al. 2011) and although the survey was de-

signed to assess perceptions of long-term
change (15 years or longer) there was evi-
dence of the ‘recency effect’ where more re-
cent events carry greater weight in perception
(Miller & Campbell 1959), which may account
for observations of colder air temperatures.

It is recognized that human observations of
the environment are inherently different than
instrument gathered data in that they are
viewed through the subjective lens of hu-
man perception. These observations can not
only provide fairly accurate information about
what environmental changes are occurring,
but importantly how these changes affect
well-being.

The qualitative data also provided evidence of
the cues that people pay attention to in the
environment, such as the dust on the road to
measure a decrease in rain, or when reindeer
go into estrus as an indicator of change to the
timing of seasons. People are more likely to

BSSN Il Summary 16



Freeze up time
earlier

later

Break up time
earlier

later

Ice conditions
Wind direction
Wind velocity

Air temperature
Water temperature
Storms

Snow

Rainfall

Ocean currents
First green grass
earlier

later

Vegetation

Arrival patterns of migratory birds
earlier

later

Departure patterns of migratory birds
earlier

later

Nesting patterns

Other environmental change

Observed Change in Environmental Conditions

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

—

W Gambell
Savoonga
M Sand Point
B St. George

B Togiak
Kanchalan

B Nikolskoye
Tymlat

Figure 2. Summary of observed change in environmental conditions without directionality (just change, not

more/less, colder/warmer, etc. unless otherwise specified)
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Warmer (generally)
Warmer in the fall
Warmer in the winter
Warmer in the spring
Warmer in the summer
Colder (generally)
Colder in the fall
Colder in the winter
Colder in the spring
Colder in the summer
Decrease in storm
activity

Increase in storm
activity

Decrease in wind
intensity

Increase in wind
intensity

Less snow
More snow
Less rain

More rain

Earlier freeze up

Later freeze up

GAMBELL
n=77

49.4%

14.3%

35.1%

18.2%

18.2%

23.4%

9.1%

11.7%

7.8%

11.7%

7.8%

33.8%

3.9%

29.9%

39.0%

13.0%

6.5%

35.1%

9.1%

51.9%

=52

SAVOONGA
n=5

3.8%

7.7%

11.5%

13.5%

28.8%

5.8%

13.5%

1.9%

15.4%

1.9%

51.9%

0.0%

26.9%

36.5%

13.5%

9.6%

34.6%

13.5%

51.9%

SAND POINT
n=105

N w
B2
S

18.6%

2.9%

5.7%

58.6%

11.4%

31.4%

18.6%

27.1%

1.4%

42.9%

2.9%

45.7%

47.1%

24.3%

5.7%

42.9%

18.6%

18.6%

ST. GEORGE
n=9

11.1%

0.0%

0.0%

0.0%

11.1%

77.8%

44.4%

66.7%

33.3%

55.6%

11.1%

77.8%

0.0%

66.7%

33.3%

33.3%

33.3%

11.1%

22.2%

11.1%

TOGIAK
n=151

55.6%

4.6%

50.3%

2.0%

3.3%

27.8%

2.0%

16.6%

0.0%

11.3%

9.9%

49%

2.6%

31.1%

81.5%

13.2%

7.3%

70.9%

7.3%

58.9%

KANCHALAN
n=5

20.0%

4.0%

6.0%

10.0%

8.0%

48.0%

32.0%

24.0%

4.0%

34.0%

0.0%

14.4%

6.0%

20.0%

12.0%

14.0%

14.0%

68.0%

4.0%

6.0%

=85

NIKOLSKOYE
n=8

u
»
=y
X

18.8%

28.2%

2.4%

27.1%

56.5%

10.6%

31.8%

27.1%

24.7%

37.6%

30.6%

31.8%

29.4%

60.0%

25.9%

47.1%

23.5%

5.9%

54.1%

TYMLAT
n=51

25.5%

0.0%

13.7%

2.0%

7.8%

17.6%

2.0%

7.8%

2.0%

2.0%

2.0%

33.3%

2.0%

27.5%

9.8%

33.3%

0.0%

21.6%

3.9%

0.0%

villages

6.7%

11.8%

39.0%

14.7%

25.4%

13.2%

23.4%

9.0%

41.7%

6.1%

35.7%

39.9%

21.3%

17.6%

34.2%

10.6%

24.4%

Table 3. Summary of selected qualitative comments about observed change. Most common observed changes are
highlighted in orange. For complete summary see Appendix 1.

BSSN Il Summary 18




pay attention to changes that affect them the
most (Carothers et al. 2014), which is apparent
in these data. For example, those from St. Law-
rence had many observations about sea ice
since their whale, walrus and ice seal hunting
is dependent upon sea ice characteristics. By
understanding the cues people use to process
abundant information about the environment
may better help us understand what observa-
tions of change mean. In the work of Oozeva
et al. (2004) local ice experts were asked to
document how they observe sea ice. The re-
sult is an extensive description of sea ice in St.
Lawrence Island Yupik (translated to English)
leading to insights into how abundant infor-
mation about the environment is processed.
Often wisdom from ancestors is applied, and
certain cues in the environment help hunters
and fishers make sense of their environment
in order to make decisions about whether to
go out harvesting or not. Observations based
in traditional methods of observing the envi-
ronment may be particularly useful in under-
standing environmental change.

“Puddles never used to dry up in the summer
time; the roads are dry now, there are clouds of
dust in the air” — Nikolskoye

“Climate became milder. It's warmer. But there
have been more bad weather days in the last
15 years. As for wildlife (reindeer) the time of
estrus has changed; it is all affected by the cli-
mate.” — Tymlat

Different environmental changes were ob-
served within different cultural contexts cre-
ating inconsistent impacts. Carothers et al
(2014) similarly documented some consis-
tent observations of change, and some in-
consistent, with different impacts across nine
communities in Alaska. Overall, Tymlat and
Kanchalan, the northernmost communities
in the Russian Far East, observed the fewest
changes in environmental conditions. Re-
gional variations do seem to make these areas
less susceptible to long-term warming (ACIA

2009), although these communities had other
concerns (such as diseased fish in Kanchalan).
While there are some commonalities of ob-
served change, adaptive actions will vary and
a ‘one-size-fits all" adaptation plan is unlikely
to be effective. Adaptive actions need to be
based on local realities and priorities.

Case Studies: Changing Ice, Increasing
Storms and Natural Variability

One clear example of how environmental
change has affected well-being comes from
the Bering Strait region, where over 70% of
respondents from St. Lawrence Island (which
includes the villages of Gambell and Savoon-
ga) reported changes in ice condition. Re-
ported change varied in detail, but approx-
imately 50% of respondents reported later
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freeze-up, early break-up
and thinner ice. Hunting
in this area is from a small
boat and whenever possible
walrus and ice seals are shot
while on the ice to reduce
the chance of them sinking
out of reach of the hunter.
Animals are also frequently
butchered on thick sea ice.
Based on survey informa-
tion changing ice conditions
has affected hunters’ ability
to process their catch, cre-
ated more dangerous con-
ditions, affected the ice-de-

Baleen drying, Savoonga

pendent animals people are
hunting, and compromised
the ability of people to predict the timing of
migrations.

Quotes from St. Lawrence Island:

‘Sometimes cheap [thin] ice, hard to work on ...
Took a while to find workable piece. Had to tow
walrus about a mile to find good [ice.]”

‘Real rotted, not good to work.”

“Traditionally we used to know when these
things would happen, when certain part of the
year, when to expect them to happen, but they
are happening throughout the year it is scary
and it affects the birds that we hunt ... and cer-
tainly out in the sea.”

Another example of how environmental
change has affected community well-being
comes from St. George where the percentage
of respondents who reported increased storm
activity was higher than any other village (see
Figure 2 and Table 3). As people often fish (both
commercial and subsistence) from small boats,
an increase in storm activity requires more days
ashore affecting profit and food security.

“We don't usually have storms in the summer. ...
Except for this year, we have winds [at] 35 [mile

per hour]. ... [It is unusual] to have 35 miles an
hour winds in the summer” — St. George

“More wind in the summer, dealing with stupid
weather day when fishing.” (A ‘weather day’ oc-
curs when the boats don't leave the harbor due
to bad weather) — St. George

Natural variability was frequently noted in the
surveys. Some felt that their observed chang-
es were within the natural ‘'normal’. It must
be appreciated how difficult it is to perceive
long-term change through the noise of natu-
ral variability.

“It's hard to tell, every year is different”
— Tymlat

“It [is] hard to make observations, every year
is different. It changes every year. Like, some-
times you have a lot of snow and sometimes
you don't. We had three or four years of intense
winter then last year it wasn't so bad, it was
pretty calm.” — St. George
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Subsistence Harvest Locations

Methods

The Location Survey (see Table 4) was the first
survey that respondents completed about
subsistence use patterns. It included a map-
ping component of common harvest areas
used throughout a persons’ lifetime which
was used as a baseline to compare subse-
quent harvest activity. Respondents were en-
couraged to map as many locations as they
felt appropriate and were asked location spe-
cific follow-up questions.

Results

When respondents were asked if the number of
days with favorable environmental conditions
that they could go out and harvest at the loca-

Village Response Rate and
Total number of

respondents

Number of
locations

tion had changed more reported that the num-
ber of days they could harvest had decreased,
than those reporting an increase, in all villages
(see Figure 3). 'Favorable’” environmental condi-
tions varied from village to village, and even from
season to season, for some it was cold weath-
er for travel over ice and snow, for others it was
less rain which made overland trails less muddy.
In many villages storms increased the number of
days that harvesting was not possible.

“Fewer days, less fishing because of weather,
high winds, and ice” — Sand Point

“It is getting different; the weather has changed
a lot. It is windy most of the time, and the ice is
real thin, ice changed, the world is getting dif-
ferent” — Savoonga

Average age Average years

hunting/fishing

identified (many

overlapping)*

77% (140)

Savoonga 40% (56) 161
St. George 68% (15) 51
Sand Point 80% (99) 476
73% (153) 453
Kanchalan 39% (71) 150
Nikolskoye 75% (84) 366
59% (91) 200

54 41
52 34
52 35
46 30
50 27
51 30
48 30

Table 4. Response rate and some demographic information about the Location survey
*This is the sample size in this section because the same set of location specific ques-
tions was asked for each mapped harvest location, so most respondents answered
these questions more than once, and all answers were counted.
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Figure 3. Has the number of days with favorable environmental conditions that you can go out and harvest at the
location....?

Gambell Savoonga St. George Sand Point

yes

H no

Togiak Kanchalan Nikolskoye Tymlat

Figure 4. Out of these years have you missed any fishing/hunting seasons for this species at this location?

BSSN Il Summary 22



Respondents were asked if they had missed
harvest seasons at the location being dis-
cussed (see Figure 4). Environmental condi-
tions played a large role in missed harvest
seasons in all eight communities. All commu-
nities attributed a number of missed seasons
to ‘bad weather’. This included strong winds
and storms as well as heavy rains.

“Predominantly bad weather; poor fishing days;
tides are too rough, current is strong. Some-
times it could be a flat day and turn around,
mountain (high seas/waves). Small skiffs are
bad news in 20 foot seas.” — Sand Point

Beyond environmental conditions, a large
number of socio-economic factors caused re-
spondents to miss harvest seasons. Over 50%
of the respondents in Tymlat missed seasons
due to work at either the fish processing plant
or the reindeer herds. Personal harvest was
limited only to days off when the weather may
or may not be good for harvesting. Employ-
ment also largely limited harvesting seasons
in Gambell and Nikolskoye. Kanchalan and

Nikolskoye reported that they often missed
seasons due to being away from the com-
munity. Responses of why they were gone
included vacation, school, work, and military
duties.

‘I wasn't able to get out there as much as |
wanted to because | am working for the city!
St. George

Other socioeconomic factors reported in all
communities were lack of transportation and
high price of fuel and/or equipment. Sand
Point and Nikolskoye both reported that reg-
ulations caused them to miss seasons.

Respondents were asked if they had observed
anything unusual at the location being dis-
cussed (see Figure 5). Most observations came
in the way of environmental or biotic changes.
Gambell, Savoonga and Togiak made the most
observations regarding ice conditions. All
three communities reported observing less ice,
and much thinner ice than in the past. Also in
Gambell and Savoonga, the ice was reported

Gambell Savoonga

Togiak Kanchalan

St. George Sand Point

Q1 64 ¢

Nikolskoye Tymlat

WL 6

Figure 5. Have you ever noticed anything unusual or rare in the environment during your hunting/fishing trips for

(insert species) at the location we are discussing?
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to be less stable and either melted or retreat-
ed from the area sooner than it did in the past
having direct impact on walrus harvesting in
these two communities.

“Hunting for walrus is getting harder” —
Gambell

As is the case with the ice conditions in Gam-
bell and Savoonga, many other unusual en-
vironmental and biotic observations were
related to subsistence with effects to food se-
curity. Kanchalan reported many instances of
diseased fish of all species. Common observa-
tions also included an increase in rainfall with
negative effects on fish runs, colder summer-
time temperatures affecting berry production,
more fires on the tundra, and an increase in
pollution.

“Weather became worse, climate is changing.
It rains a lot, river storms for many days on

end. It interferes with fishing, fish don't like
rain” — Kanchalan

“Summers became shorter, colder. Nature ‘feels’
changes, everything around got less abundant.”
— Kanchalan

Other shared unusual observations include in-
creasing storms and winds in Gambell, Sand Point,
Togiak, and Tymlat. More rain was observed in
Tymlat, Togiak, and Kanchalan. Instances of shore-
line erosion were also observed in Gambell and St.
George, possibly caused in Gambell by increasing
storm surges and a shorter season of protection
for shore sea ice. Togiak and Savoonga both ob-
served less snow, in addition to less ice.

St. George observed a decrease in a number of
species’ population including, fur seals, sea lions,
and halibut. The decreasing halibut population
was attributed to an observed increase in trawler
presence.

”We fished the river — it was full of flSh. We
used to fish in the ocean before.” — Nikolskoye

’,-.‘-ﬂ-.».-_-—-.-

-
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Discussion

In all villages more reported that the number of
days with favorable environmental conditions
that they could go out and harvest at the loca-
tion had decreased than those reporting that
they had increased. Regional differences are
apparent. Togiak reported few changes, while
Kanchalan reported a strong decrease in the
amount of days a person could harvest. We can
determine from this that the effects of environ-
mental change are generally, but not always,
resulting in fewer days that people are able to
harvest. Similarly, Ford et al. (2010) documents
findings from 15 Inuit communities in the Ca-
nadian Arctic where unfavorable weather has
restricted harvesting activities, and Berman &
Kofinas (2004) quantify days lost hunting due
to the effects of climate change.

Missed seasons at each harvest location pro-
vide some information about the consistency

with which harvest locations are used. In To-
giak many locations are used every harvest
season, while in Nikolskoye either people go
to different places depending on conditions,
or they miss seasons altogether due to other
reasons such as employment, or being away
from their village. Many of the reasons given
for missed seasons demonstrate that there
may be conflict between obtaining proper
training and employment in order to operate
within a growing cash economy, and trying
to maintain a subsistence way of life and/or
economy. Often these duties overlap and dif-
ficult priorities must be set between the two
economies (Ozkan & Schott 2013).

Answers to the open-ended question about
unusual observations at the location varied
a great deal, but most responses were about
the fish, animals and the environment. Many
of these observations warrant more attention,
but are difficult to summarize here.

Fishing in Nikolskoye

BSSN Il Summary 25



Harvested Species

Methods

The Harvest survey was administered to the
same respondent pool of high harvesters ev-
ery six months in an effort to explore subsis-
tence patterns over time and track change. In
the highly seasonal and variable environment of

The local tribal council, or in the Russian Fed-
eration the local village governing authority,
in consultation with CRAs chose 4 to 6 ‘focus
species’ for each village. These were described
as species important to local subsistence. The
community decided how to define impor-
tance (bulk calories, cultural significance, etc.).

the Bering Sea the character-
istics of traditional harvests
are also dynamic. Of course,

Project Year 1
from 03/09 to

Project Year 2
from 03/10t0

Project Year 3
from 03/11to

Project Year 4
from 03/12 to

it isn't easy to have consistent a0 exm 021z 02f13
survey efforts for four years, Sy 2§ f 54 252|528 58, 252
and we thank our hard-work- | ¢ o 82 2| Bz 688 s EL B2 = Do oRgo
ing CRAs in accomplishing f EE%%%‘ EE%%%‘ EE%%%‘ EE%%%‘
this. Tracking a respondent
. - o o = (= o = o o = o o

pool was difficult as people T | g5« |T | g5/« |T |£5=|T |£5=
move out-of-town or pass- Gambell 182 |45% |11 | 181 |55% |33 178 | 56% |40 174 | 58% |24
away, but it was important (62) |1 (100) | 3 (100) | 7 (100 |8
. . Savoonga - - - - 141 21% | 48 139 32% |10
in calculating the response (29) (4s) 6
rate from yearto year. Below St. George - - - - 22 59% 21 21 38% | 17
is a summary of the respon- , 1) 8)

Sand Point - - - - 124 65% | 24 121 21% | 68
dent pool and response rates 81 5 (25)

Togiak 211 49% | 23 211 T1% 42 209 70% | 39 205 70% | 47
throughout the four years of
surveying (Table 5). Savoon- (03] | 4 (149) |7 (147] | 8 (1a4) |7

Kanchalan 184 29% |14 184 40% 22 184 32% |16 B2 57% |12

ga and St. George joined the (54) |7 (74] |5 53] & a7 |1
Network in 2011. The first two Mikolskoye 112 | 67% |21 | 112 |65% |22 | 109 |66% |25 107 | 64% |33
project years were missed (7s) | ® (73] |1 72) |4 69) 15

. Tymlat = = = 154 38% 14 148 51% | 26 139 458% | 24
by Sand Point, and Tymlat (s8) |9 (75) |3 66 |1
missed the first year as it took
a little longer to set up proto-

col in those villages.

Table 5. The Harvest survey response rates for each village for each of the four
project years.
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Respondents were encouraged to complete a
survey for each of the ‘focus species’ that they
had harvested during the previous six months.
See Table 6 for a summary of what percentage
of Harvest surveys were completed for each
species in each village. The ‘focus species’ were
also the focus of the aforementioned Location
survey.

The BSSN Il project included a subsistence

mapping component. At the start of the proj-
ect people were asked in the Location survey
where they 'normally’ go for the focus spe-
cies. The general wording of this question
was intended to illicit information about com-
monly used locations over a persons’ lifetime.
A different (Harvest) survey was conducted
every six months with the same respondent
pool that inquired where a person had gone
for focus species during the past six months.

Table 6, part one of four. A summary of the ‘focus species’ and number of usable Harvest surveys received from
each village. * This is the sample size for the following section
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Table 6, part two of four. A summary of the ‘focus species’ and number of usable Harvest surveys received from
each village. * This is the sample size for the following section
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Table 6, part three of four. A summary of the ‘focus species’ and number of usable Harvest surveys received from
each village. * This is the sample size for the following section
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Table 6, part four of four. A summary of the ‘focus species’ and number of usable Harvest surveys received from
each village. * This is the sample size for the following section.
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These methods were chosen based on the idea
that harvest areas are dynamic, not only do they
change from season to season, but also from
year to year, depending upon many factors such
as environmental conditions (e.g. sea ice con-
ditions), animal locations and socio-economic
conditions (e.g. fuel availability). Where people
go to harvest food is closely related to patterns
in the environment (Ellanna et al. 1985) and can
provide information about changes occurring in
the environment and effects to well-being, espe-
cially in the context of a rapidly changing Arctic.

Results
Harvest Uses

Figure 6 summarizes what the harvest was
used for in each village. Traditional uses and
sharing were predominate uses of the har-
vest across the Bering Sea. Food sharing was
slightly less common in Russian villages.

“We are a whole network of people that sup-
port one another. Once my freezer broke
down [and] everything spoilled], but friends
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and neighbors saw us through.” — Gambell

“If someone comes up to us and asks to give
for some fish, we give as much as they need.”
— Tymlat

In Sand Point it is clear that respondents were
not always differentiating between subsis-
tence and commercial harvests. Sand Point
is home to the largest fishing fleet in the
Aleutian Islands, where 116 residents hold
commercial fishing permits (who often em-
ploy a crew and the industry is supported by
processors) (ACD 2015). The fact that those
from Sand Point were also thinking about
commercial activity ought to be kept in mind
while interpreting all the data.

Harvest Preservation and Changing Environ-
mental Conditions

Hunters and fishers were asked how they pre-
served their catch (Figure 7). In many villages
drying is a long-standing tradition that pre-
serves food for winter months when animals
and/or fish are not as available. The villages
that commonly dry food also reported an in-

crease in rain (from Table 3: Savoonga 34.6%,
Gambell 35.1%, Togiak 70.9%) with impacts to
food preservation.

“Too much moist[ure]. It molds the fish — Togiak

There was evidence of people adapting to an
increase in rain in simple, practical ways.

“Too much rain, had to hang under the boat”
— Gambell

“Fishing is a lot of work. Fish are hung to
dry, but once it rains, they need to be taken
down and re-hung during sunny days.” —
Savoonga

But there were also hardships identified and
barriers to adaptation such as the belief that
if you dry a certain type of fish inside it goes
bad, although this is likely a traditional meth-
od of avoiding sickness.

“I've never heard of anyone drying smelts (cer-
tain type of fish) inside. If we try to dry them in
room temperature, they become poisonous to
humans.” — Togiak

Figure 6. What was your harvest of these species used for? Was it for ...? (mark all that apply)
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Also bad weather made it more difficult to re-
cover from ruined food.

“Rainy days damaged the meat before drying,
reduced the flavor of the meat ... had to con-
sume quickly, have the urge to go out for more
catch, but weather held the crew back from go-
ing out” — Gambell

Time to Harvest

In all villages the reported amount of time tak-
en to harvest had increased, or was roughly
equal to those who reported a decrease in the
amount of time taken to harvest (see Figure 8).
Reasons for change in the amount of time taken
to harvest predominately included environmen-
tal conditions and attributes about the animals
or fish. Of those that reported an increase in the
amount of time taken to harvest the reason for
additional time is summarized in Figure 9. Of
those that reported a decrease in the amount
of time taken to harvest, reasons for a quicker
harvest are summarized in Figure 10.

Some examples of more time taken to harvest:

“Depending on sea ice and open water also

depends on the weather. Better hunting days
were (n the 80’s, now a days declining on ice.”
— Gambell

“There were lots of fish, but | had to move
around for anchorage, [to get] protection
from bad weather” — Sand Point

‘There were few fish, we fished day in and
day out to catch enough.” — Tymlat

Some examples of less time taken to har-
vest:

“More animals probably cause of more food
for the seals” — Gambell

“Used three boats and was sharing the catch.”
— Togiak

“Chum salmon run was very abundant this
year” — Tymlat

New Species

Respondents were asked if they had seen a
‘new species’ at their harvest location (Figure
11). Follow-up questions demonstrate that

Figure 7. A summary of responses about how people process or preserved the species which the survey focused on.
In many instances respondents selected more than one method. Respondents were asked 'How did you process/
preserve your catch of (species) in (season and year)? Did you...? (mark all that apply)
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Figure 8. Did it take you less time, as much time as usual, or more time to catch (species) in (season and year)
than in other years?

Figure 9. Did it take more time because...? Mark ALL reasons that apply.
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Figure 10. Did it take less time because of...? Mark ALL reasons that apply.

Gambell Savoonga St. George Sand Point
yes
Hno
Togiak Kanchalan Nikolskoye Tymlat

Figure 11. Did you notice any species new to this location while you were harvesting for (species) in (season and
year)?
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‘new species’ was interpreted in many different
ways. Some of these were completely new to
the observer, unusual for the time of year or
location, generally rare, or there was a notable
increase or expansion of a species. Many new
species were observed. Commonly reported
new species included, in Gambell: more her-
rings/smelts, sea lions, sea otter (1 person),
right whales, harbor seals; in Savoonga: fur seal,
sea otter, shark, porpoise; in St. George there
was confusion over the question and no new
species were observed; in Sand Point: shrimp,
starfish, sea lions, dogfish shark; in Togiak
new species included pike, bay trout, tom cod,
grayling; in Kanchalan: sockeye, starry floun-
der, burbot; Nikolskoye: starry flounder, coho,
salmon shark, halibut, bidarka (landlocked
coho salmon), pollock, pond smelt, chum; in
Tymlat: pacific ocean perch, king salmon, white
spotted char. There were individual observa-
tions of marine mammals staying longer in the
summer before migrating south, and species
that were believed to be the result of cross
breeding. These observations warrant more at-
tention and are difficult to summarize here.

“There are new marine mammal species mak-
ing themselves known. Sea Lion are one par-
ticular mammal that now come up, they never
used to, about 200 of them haul out on the
rocks and they compete for the fish that oth-
er seals eat that we hunt and our concern is
that they are going to push the spotted seal,
the hair seal, the ringed seal, because they
are bigger and they eat the same fish. Pacif-
ic cod is another species making a comeback
and otters and other mammals that we never
used to see because the temperature in the
Bering Sea along our island is higher. Now
with Global Warming the coastal waters are
warming up and marine mammals are going
further out. So that is an unusual activity that
we see” —Gambell

It was observed in Kanchalan, Tymlat and To-
giak that pike seem to be expanding their range.
There was some evidence that in Kanchalan pike
are being increasingly incorporated into the diet
of residents.

“There became more pike at this location (they
are predatory fish) | think they are conquering

Figure 12. Did you catch any (species) in (season and year) with visible disease?
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the environment” — Kanchalan

“I came across pike last year ... We were really
surprised.” — Tymlat

“Never before, first time | caught pike in trout-
ing area.” — Togiak

‘About five years ago we did not consider pike
to be fish. Now pike got tastier, meat is very
tasty. | don't know what happened. Maybe cli-
mate influences.” — Kanchalan

“Broad whitefish run was poor, caught enough
pike for the winter” — Kanchalan

Disease

The Harvest survey inquired if the hunter/fish-
er had observed any diseased fish or animals
in their previous catch (Figure 12). Observed
trends in disease may be a good indicator of
stress that a species is experiencing, either
from changing environmental conditions or
pollution.

Throughout the Bering Sea region, all eight
communities reported similar observed dis-
eases on shared species/resources. In Gam-
bell and Savoonga, where both seals and wal-
rus are harvested, both communities observed
similar abnormalities. On seals, it was report-
ed that there were seals caught with yellow
blubber that produced a foul smell; patches of
fur missing; spots on the liver, or a discolored
liver; warts; abnormally skinny; and some seals
were also oiled. It was also observed that a
number of the walrus caught had rotten teeth;
yellow blubber; small lumps/sores; and were
abnormally skinny. Cod caught in Nikolskoye,
Sand Point, and Tymlat all were reported to be
infested with worms. Red salmon, harvested
in Togiak and Nikolskoye all had observations
of diseases, including worms, sores, tumors,
and rot. Pink salmon also had a high rate of
reported disease in Nikolskoye and Tymlat.
In Kanchalan, chum salmon and broad white
fish showed the highest instances of disease
during the first two years of surveying. These
observations included, worms, spots/sores
along the spine, rot, and abnormally skinny.

“If there is a shortage in Gambell, we send to them, as
well as to other surrounding villages.” — Savoonga
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Figure 13. Those surveys reporting that the catch included at least one dis-

eased fish by Project Years in Kanchalan.

Silver salmon were rarely reported as diseased
and if there was damage to the species it was
caused by wounds from predators, as was the
case with pike in Kanchalan.

There was mention of traditional knowledge
and wisdom being used to determine wheth-
er to eat the catch or not. Diseased fish were
more commonly reported in the Russian vil-
lages of Kanchalan, Nikolskoye and Tymlat.
The percentage of catch with disease was gen-
erally low, and many reported diseases that
are common to the species (such as cod with
worms, or skinny animals). There were many
individual observations of unusual disease
that warrant more detailed attention outside
of this summary report.

Decreased Fish Disease in Kanchalan

The village of Kanchalan, Chukotka, where
residents are dependent upon the Kanchalan
River for subsistence fishing, is downstream

from a large gold mine. Respondents re-
ported large pollution events of ‘'unnaturally
blue water’ in the past which caused fish to
die and resulted in an observed increase in
disease. During the BSSN pilot phase Kancha-
lan reported the highest rate of diseased fish
among all villages (Gofman & Smith 2011).
These events caused a mistrust of the health
of the fish and frustration.

“I could be mistaking the year. Most likely it
was 1997. Water was poisoned, | don't know by
what. Fish were dying. After watering flowers
using this water they were dying, drying out. |
saw it twice”” — Kanchalan

“Cold, climate became worse, and for Chuk-
chi it means a hungry winter. Fish is wormy.
What's the reason? We want to know too.” —
Kanchalan

Over the course of the four year surveying
effort there was a decrease in the reporting
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Figure 14. Media coverage of the UME in the Northern Bering Sea.

of diseased fish from Kanchalan (see Figure
13). As determined by a one-way ANOVA
the decrease in reported disease was statisti-
cally significant (F (3,652) =14.749, p = .000),
meaning that the observed decrease in dis-
ease throughout the four years of the project
is unlikely due to chance.

“There were some diseased fish, but not many.
There was more last year (2010)." — Kanchalan

“There were fewer fish at this location this year,
but almost none of them were diseased either.
It makes me happy.” — Kanchalan

St. Lawrence Island (Gambell/Savoonga)
Unusual Mortality Event

In the summer of 2011 an Unusual Mortali-
ty Event (UME) was declared in the northern
Bering Sea. Over 100 sick or dead ice seal
(ringed, bearded, spotted, ribbon) were re-
ported, as were a few walrus (NOAA 2011).
Symptoms included hair loss, weakness, skin
sores, unresponsiveness to human approach,
or some combination thereof. At the time it
was unclear if the disease could be transmit-
ted to humans, and officials recommended
not eating, and handling the sick animals with
care using rubber gloves. Hunters from many
villages handed sick seals over to the author-
ities. In recent years fewer sick seals and wal-
rus have been discovered and the Working
Group on Marine Mammal Unusual Mortality
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Events continues to investigate the cause of
the UME.

BSSN Il surveys captured a number of ob-
servations of sick animals that matched the
symptoms described in the UME, some dat-
ing back to two years before the outbreak was
officially recognized.

“It had lumps on skin, all over, from dime size to
dollar coin size. When we opened it up it was
discolored, sort of orange. | guess we are start-
ing to see more in the past 10 years or more.”
— Gambell, June 17th, 2010 when speaking of
fall seal hunt in 2009

“It had weird warts on the side of its mouth.”
— Gambell, January 5th, 2011, when speaking
of spring and summer hunt of 2010

Regulations

Some of the questions on the Harvest survey

inquired about regulations. The results demon-
strate that indigenous villages have different
degrees and types of regulations to adhere to
(see Figure 15) and there were some hardships
resulting from regulations (see  Figure 16).

Currently, indigenous peoples are sometimes
considered criminals for harvesting as they
have since time immemorial, or ignoring regu-
lations that don't incorporate traditional prac-
tices.

“There was no place for personal use fishing on
this river, but | like fishing here more. | could get
caught by wild life marshal, as there is no al-
lotted place for fishing. But | like fishing there.
Right now | am considered a poacher, but if |
could, I would buy a permit” — Nikolskoye

Nikolskoye is situated in the Komandorsky Na-
ture Reserve. This is an extremely biological-
ly rich area that is considered a conservation
priority; as such residents are subject to many

Figure 15. What are the legal hunting/fishing regulations for harvesting of these species?
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regulations. The timing of fish runs may be
changing due to warming waters, but the reg-
ulations remain static.

“It is only allowed to fish during summer time
here. Let’s say —June, July. Sometimes fish start-
ed running in May” — Nikolskoye

“The legal fishing season for sockeye when they
were most abundant and available didn't match
the fishing time with permit” — Nikolskoye

“Hard to get permits, we used to just go and
fish, but now, while they are processing the
paperwork- all the fish are gone” — Nikolskoye

Recently, officials began asking for documen-
tation of a person’s ancestry for subsistence
use permits. In a place where documents a r -
en't often used this can be a big challenge.

“My brother doesn’t have a military ticket with
his nationality, so he needs to get his birth
certificate; the limit is not allotted without a
ticket (proof of indigenous ancestry). It's good
that | have Aleut written in my military ticket.
— Nikolskoye

“I am an Aleut, | was born on Medny Island,
and they tell me to prove that | am an Aleut!”
— Nikolskoye

The quote below from Sand Point is referring
to a regulation that prohibits taking fish for
personal use while commercial fishing, during
the time of surveying all of the catch had to
be sold. When considering the high price of
fuel this regulation didn't make sense to many
people in Sand Point.

“Occasionally | brought fish (red salmon) home
during the (commercial) salmon season. |
wasn't supposed to, but did anyway, more con-
venient for me!” — Sand Point

In recent years this regulation has changed
demonstrating progress in policy to promote
food security. Currently, as long as it is doc-
umented fish may be taken home for con-
sumption.

In Tymlat some residents use dog teams to
travel, but regulations make it difficult to feed
the dogs.

Gambell
n=411

Savoonga
n=75

Kanchalan
n=196

Togiak
n=20

s5t.

yes
Hno

Ni

¢ 000

Sand Point
n=309

George
n=27

Tymlat
n=343

kolskoye
n=663

Figure 16. Of those reporting that their past harvest was subject to some regulations, a follow up question in-
quired, ‘Did you experience any hardship related to harvest regulations of (species) in (season and year)?’
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“[There is ] not enough [fish] for the dogs. You
don't just prepare for yourself, dogs need some
too. [A] limit isn't allotted for them. — Tymlat

Needs satisfaction

Respondents were asked if they had caught
enough to satisfy their needs (Figure 17) dur-
ing their previous harvest.

“l couldn’t catch enough. My belly and my
pockets are still empty. Not enough for winter.
— St. George

Access and Subsistence Use Mapping

Access to harvest locations is important for
food security (ICC 2014) and it has been iden-
tified as vulnerable to climate change. Access
is also closely linked with socio-economic
conditions as fuel and equipment are often
needed to get to harvest locations.

The Walrus Harvest at Qayassiq, Togiak

Harvest maps from Togiak, AK (Figure 18)
demonstrate that while people have tradi-
tional harvested at Qayassiq and historical re-
ports identify this as a traditionally preferred
location (Fall et al. 1991), residents didn’t har-
vest there for the four years that the project
surveyed. Identified factors creating a hard-
ship for this traditional walrus harvest include
the cumulative impacts from climate change
(increased fall storms, change in the timing
of the walrus migration), regulations and in-
dustry (bottom trawling). These islands have
been designated as the Walrus Islands State
Game Sanctuary and are protected. Residents
fought hard to win back subsistence rights to
the islands after designation. Currently they
are allowed to hunt there for about a month
in the fall, but increasingly the weather has not
allowed for a fall hunt and at times the walrus
have left the island during the hunters allotted

“[There is] not enough [fish] for the dogs. You don’t
just prepare for yourself, dogs need some too. [A] limit
isn’t alloted for them.” — Tymlat

L

Ice fishing with dog,; Tyi;rlat




Figure 17. Did you catch enough to satisfy all your needs?

Figure 18. The map on the left shows areas used to harvest walrus during 24 respondents lifetime, while the map
on the right shows walrus harvest areas from March 2009 to February 2013 based on input from 16 respondents.
There were no successful hunts at Qayassiq during this time. Maps were reprinted from Fidel et al. (2014).
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Figure 19. BSSN documented an increase in the distances traveled by residents of Kanchalan after a fuel station
was built in the village. Since response rates were not consistent during the two years these maps were created
from 54 of the same respondents that interviewed in both years

time. Tribes of the area have also unsuccessful-
ly petitioned for changes in the bottom-trawl-
ing fishery, to prevent it from damaging the
clam beds that walrus are dependent on.

“l had to go to different locations; there were
none [walrus] where they usually are” — To-
giak

“There are no more walrus on Round Island
(Qayassiq) .... They moved ... | need to find
where the walrus are” — Togiak

Socioeconomic Links: Expansion of Harvest
Areas in Kanchalan

As an example where harvest locations are
closely linked with socio-economics comes
from Kanchalan, Chukotka where in the past
large pollution events have been reported (see
page 38) causing a mistrust of the health of

the fish in the river forcing many to fish further
away. Before 2009 fuel was largely unavailable
and most people walked to harvest locations
compounding the hardship faced by pollution
in their local, nearby river. In order to get fuel a
person had to travel to Anadyr, about 60 miles
away by boat, and back to the village. In 2009
a fuel station was built in Kanchalan, although
fuel is still very expensive it is more accessible.
After the fuel station was built BSSN Il docu-
mented an expansion in how far people trav-
eled for subsistence fishing, increasing their
range of options, and adaptive capacity to deal
with pollution events in the nearby river (see
Figure 19).

“Since we got gas in the village, people start-
ed buying more ATVs, snow machines and
boats. You see, when you have fuel easily
available, you get into your boat or snow
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machine and go. You don’t have
to wait for anyone or anything. It
definitely gives people freedom.
If you have gas, you go fishing
any time. If this time was un-
successful, you can go again be-
cause now people have means.”
— Kanchalan

Access: Travel to Harvest Loca-
tions

Figure 20 summarizes the dis-
tances traveled to harvest lo-
cations for each partner vil-
lage. With the exception of St.
George, those from Alaska gen-
erally travel farther. Residents of
Tymlat rarely travel more than
10 miles from their village.

“I had to be really selective about
when | would go out. It used to
be we just go out in inclement
weather but | was really cogni-
zant about not being successful
and wasting my gas. The cost
of the hunt is really a big factor
nowadays, besides the weather”
— Gambell

“I only fish for saffron cod on
one side. It is from the mouth
to the crossing, | don't fish any-
where else. | walk to go fishing.”
— Tymlat

Figure 21 summarizes changes to
access to the harvest location and
of those that found travel to the
location easier the reasons given
are summarized in Figure 22. Of
those that found travel more dif-
ficult reasons given are provided
in Figure 23. Clearly, environmental
conditions have a big effect on trav-
el and access to harvest locations,

Figure 20. A summary of distances traveled to harvest locations by vil-
lage. Responses to the question,  How far from your village is this loca-

tion?’

Figure 21. Results from the Harvest Survey summarizing responses to
‘On your hunting/fishing for (species) in (season and year), was it easier,

the same as usual or more difficult to get to the location(s)?’
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Figure 22. If it was easier was it because ... ? Mark ALL reasons that apply.

Figure 23. If it was more difficult was it because...? Mark ALL reasons that apply.
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but access was also affected by infrastructure
such as the conditions of roads and bridges.

Some examples of easier travel:

“It is close, the bridge was built. We used to
ford during the low tide” — Tymlat

“If I was walking to the lake, it would take me
more time. But it is faster when you get there
by Buran (snow mobile), therefore there is less
time spent fishing." — Tymlat

“Yes, the weather was favorable to us. We were
very content. We drank tea on the bank, made
fish soup. One can say fishing was good.” —
Kanchalan

Some examples of more difficult travel:

“Game (s harder to reach these days, with the
ice you have to go farther and you burn a lot of
gas.” — Gambell

“Ice s further away from the village, need to go
out farther so need more gas when we do go
out farther” —Savoonga

“Well ... a little difficult. Nasty winter storms
this year, a lot of ice on the boat” — Sand Point

“In the beginning of winter (December, Jan-
uary) there was very little snow, tundra was
bare, and it was hard to get there by a snow-
mobile” — Nikolskoye

‘[On the] road, snow mixed with water [and
the] snow machine had a hard time getting
through.” —Kanchalan

Use in Decision Making: St Lawrence Island
and Shipping

BSSN data products may be used in deci-
sion-making as demonstrated on St. Law-
rence Island where in recent years there have
been many observed changes regarding the
sea ice and the walrus harvest which are
creating hardship for those residing there.

Drastic changes regarding sea ice were re-
ported including; almost no multi-year ice in
the past 10 years or so, earlier break-up, later
freeze-ups and thinner, and less predictable
ice. Reported changes include the timing of
the migration, and where the animals are
found which has a lot to do with ice charac-
teristics. People are dependent on walrus for
meat and ivory which provides some income
in an area where jobs are scarce. During the
summer of 2013 St. Lawrence Island was de-
clared an economic disaster because hunters
were only able to get a fraction of the wal-
rus they usually harvest. Similar conditions
existed in 2014 and 2015 with few walrus
harvested, but the tribes are unsure if they
will pursue a disaster declaration as the as-
sistance provided was considered inade-
quate. On top of all this the Bering Strait
is increasingly in the spotlight, as a choke
point for increased shipping which is ex-
pected as the Northern Sea Route and the
Northwest Passage open, and additional oil
and gas developments occur which will im-
pact St. Lawrence Island communities (Hun-
tington et al. 2015). There is a struggle to
protect traditional ways of life in the face of
these biophysical changes (ice, walrus) and
socioeconomic changes (increased indus-
trial activity). The compounding effects of
these factors create challenges for a tradi-
tional walrus harvest.

Documenting harvest areas of the walrus,
seal and bowhead whale allowed the cre-
ation of subsistence use maps that show ar-
eas important to local well-being and food
security (see Figure 24). In March 2011 at
a community meeting called by the U.S.
Coast Guard as part of their Port Access
Route Study, BSSN II Steering Committee
member, and Vice-President of the Gambell
IRA (tribal governing authority) was able to
give the BSSN Il subsistence use maps to
Coast Guard officials in an effort to com-
municate the value of these traditional use
areas to decision-makers.
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Discussion

Across the Bering Sea harvests were pre-
dominately used traditionally and for shar-
ing. Food sharing is a long-standing tra-
dition that targets the most vulnerable sub
sets of a community such as single mothers,
big families and the elderly. It is a traditional
risk spreading mechanism that increases the
adaptive capacity of a group in a harsh envi-
ronment (Ziker 2007).

Traditional preservation of food is some-
thing that has been identified as threatened

by a changing climate (Brubaker et al. 2011,
Fienup-Riordan et al. 2013). Increased rain
during times when people were drying their
catch was found to affect food processing,
although this wasn't consistent across all vil-
lages as preservation methods and observed
changes varied in each village. Those villages
that traditionally dry food and are experiencing
an increase in rain did report some hardships,
but there was evidence of strong adaptive ca-
pacity to cope with rain while drying. How the
timing of traditional activities and observed
changes correlate is extremely important in
understanding the effects of climate change

Figure 24. This map displays subsistence harvest areas from June to October (when the bulk of shipping occurs)
2011-2012 for bowhead whale, walrus and seal (bearded, spotted and ringed seal) overlain with shipping tracks
from 2011-2012 from Audubon Alaska (ak.audubon.org) and Marine Exchange of Alaska (unpubl. data, www.
mxak.org). The map includes input from 108 residents of Gambell, and 33 residents of Savoonga. A kernel density
analysis was used to display subsistence areas (for detailed methodology see Fidel et al. 20712). On this map areas

of direct spatial and temporal overlap are apparent.
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on indigenous communities. Environmental
changes were found to affect villages differently
depending on traditional practices.

Those reporting that the harvest trip took
more time than usual outweigh those report-
ing that it took less time in all villages except
for Togiak, Nikolskoye and Tymlat where the
percentages are roughly equal. The reasons
for more or less time to harvest predominate-
ly had to do with environmental conditions
and characteristics of the fish and/or animals.
More time to harvest means greater cost in
time, and often money as fuel and supplies
are needed for harvest trips.

Small percentages of new species were ob-
served. It is difficult to know if observations
of new species are increasing without simi-
lar baseline information. The movement of
new warm water species into the Bering Sea
threatens existing food webs that people are
dependent on. It also presents new oppor-
tunities, for new commercial fisheries that
communities may benefit from, and if there is
flexibility and willingness to consume non-tra-
ditional species it may present a new source
of food (Pearce et al. 2010).

Observed trends in disease may be a good in-
dicator of stress that a species is experiencing,
either from changing environmental conditions
or pollution. Those spending much time out on
the land are capable observers of trends with-
in the environment (Danielsen et al. 2014). In
Gambell BSSN Il surveys captured a number of
observations of sick animals that matched the
symptoms described in the UME, some dating
back to two years before the outbreak was offi-
cially recognized. In Kanchalan observations of
fish disease decreased over the four year pe-
riod. These observed trends in disease could
provide the bases for more in depth inquiry to
elucidate other changes occurring in the envi-
ronment, especially changes in mining activity,
water quality and temperature, and cumulative
stressors on fish that lead to disease. These ex-

amples demonstrate the value of systematic ap-
proaches in documenting perceived trends and
highlight the potential of networks like BSSN I
to be used as, or incorporated in, early warning
systems.

Answers to the question ‘Did you catch enough
to satisfy all your needs?’ were likely affected
by many complex and interacting factors, such
as environmental change, species population
change, economics, regulations, personal fac-
tors, etc. In all villages a percentage felt they did
not get enough. The food security of those re-
porting that they didn't catch enough to satisfy
their needs may be at risk.

Interestingly, in half the villages the num-
ber reporting easier travel conditions out-
weighs the number reporting more difficult
travel conditions. At first these findings may
seem inconsistent with other observations,
for example St. George reported an increase
in storm activity that was said to limit their
harvests, but more people reported that ac-
cess was easier than those reporting that it
was more difficult. This can be explained by
noting that environmental factors are likely
to be an important determinant of whether a
person decides to go out and harvest or not
(Huntington et al. 2013), so people were likely
evaluating access to the harvest location after
they had already made the decision to make
the trip based on their observations of the
weather. Although, it is possible that access to
harvest locations are not as affected as much
in the Bering Sea as they are further north,
where people are more reliant on stable cold
conditions for travel on sea ice. It ought to
be noted that the surveys didn't ask what the
mode of travel was. In all villages travel is a
combination of overland, and marine travel,
and many residents also utilize ice (including
river ice) and snow for travel in the winter. In
the Bering Sea, although some travel occurs
over sea ice in Gambell and Savoonga, it is
fairly limited and most travel is overland, river
or by boat.
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Subsistence harvest areas were shown to be
dynamic and dependent upon environmen-
tal factors as well as socio-economic ones. As
demonstrated in Kanchalan fuel availability
increased the areas that people were able to
harvest from. Other research has shown that
fuel and equipment availability has substan-
tial effects on harvest activities (Brinkman et
al. 2014). If people are able to travel far they
have more options, and a larger area to har-
vest from, but they are also dependent upon
fuel/equipment (snow machines, ATVs) and
thus a cash economy. This represents vulner-
ability within the subsistence system, since
many villages in both Alaska and Russia at
times run out of fuel, or it is so expensive that
it is difficult to cover the costs of a subsis-
tence harvest. The distances traveled varied

in each village, and there were some changes
from year to year. From this we can conclude
that residents of Tymlat, and other villages
that don't travel far for subsistence, are less
vulnerable to fuel shortages, but more vul-
nerable to local declines or changes in the
harvested species population. In Savoonga
and Gambell people frequently travel over
40 miles to harvest so while residents may
be more able to withstand changes to near-
by populations, there may be more hardship
when fuel and/or equipment become less
available.

Harvest regulations varied in each commu-
nity and some hardships resulting from reg-
ulations were discussed by respondents. In
Togiak, many factors contributed to an un-

“[On the] road, snow mixed with water [and the] snow n

Reindeer races, Kanchalan
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successful walrus harvest at Qayassiq during
the four years of surveying. The impacts from
climate change are likely to continue into the
future, and changes to commercial bottom
trawling have proven difficult to initiate near
Qayassig. There is some flexibility in the reg-
ulatory framework. Given the immobility of
most of the factors, the best way to mitigate
hardships in this case is within the regulato-
ry regime which is a co-management agree-
ment structured to incorporate local voice,
which has in the past demonstrated some
flexibility.

As climate change continues to affect many
aspects of the traditional harvests that Arc-
tic communities are dependent upon regu-
lations need to allow people the flexibility to

adapt in order to support food and cultural
security. These findings highlight the impor-
tance of meaningful local voice in the reg-
ulatory process. This is often accomplished
through co-management systems, and/or in-
corporating knowledge co-production pro-
cesses into resource management (Armitage
et al. 2011). In Alaska, more and more man-
aging agencies are signing co-management
agreements with local tribes and/or Alaska
Native Organization, while in Russia there are
fewer effective co-management agreements,
although there have been other efforts that
support indigenous sovereign rights to re-
source use (Forbes & Stammler 2009).

nachine had a hard time getting through.” — Kanchalan
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Conclusion

Conclusion

Many environmental changes were observed
by those with an intimate connection to the
environment, often developed over a lifetime
of travel, hunting and fishing in their home
region. These types of observations have val-
ue in understanding regional environmental
changes and effects within their cultural con-
text which can contribute to defining local
adaptive actions.

Environmental conditions affected tradi-
tional harvests in many ways. Reports of
decrease in the number of days with favor-
able weather where a person could go out
and harvest outweighed reports of increas-
es. Many reported that harvesting is taking
more time than it had in the past. Dominate
reasons included attributes with the weather,
fish and animals. While the majority report-
ed that there hadn’t been a change in the
above factors and there were reports of the
positive effects of environmental conditions.
We can conclude that when environmental
change affects traditional harvest the results
are more often negative than positive.

Some hardships were discussed in trav-
el to the harvest locations. Weather and
socio-economic conditions (e.g. fuel and
equipment) were found to affect access to
harvest locations to varying degrees de-
pending upon local characteristics of travel
(distances traveled, mode of travel and route
conditions).

While this report focused on aggregate results
from all villages there were many individual
observations that warrant more attention, but
are difficult to address in this report.

Complex and interacting factors were found
to have meaningful impact on everyday life
in indigenous communities. Factors varied in
each village and their influence was depen-
dent upon the cultural context.

There was evidence of factors that helped
people successfully adapt to change, such as
being embedded in strong social sharing net-
works, having access to fuel and equipment,
fishing/hunting for different species, chang-
ing the timing of their harvest, or going to
new locations, although barriers to adapta-
tion were identified as well, such as regula-
tions and the cost of fuel and equipment.

The observations presented here were made
possible through close partnership with in-
digenous communities. They are at the front
lines of climate change and have an extensive
baseline with which to compare todays' con-
ditions with. These observations are import-
ant to understanding the local features and
effects of climate change and formulating
culturally appropriate adaptation strategies.

When communities place a high value on
and are dependent on natural resources (as
is the case with subsistence in the Bering
Sea) local empowerment can lead to better
protection of those resources (Ostrom 1990).
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BSSN Il worked to co-produce knowledge
and provide scientifically justifiable tools for
greater local empowerment as in the exam-
ple of subsistence use maps and ship traffic
from the Bering Strait. We hope that this re-
search may be used in other ways to support
self-determination and protection of subsis-
tence.

Climate change poses difficult challenges that
Arctic communities must contend with. The
continuation of this project as CONAS will ad-
vance adaptation research through along-term
study in close partnership with communities.

Key Messages

1. Partnerships that engage indigenous
communities, scientists and other organizations

in the co-production of knowledge are es-
sential in understanding environmental
change and effects on indigenous communi-
ties. This knowledge can contribute to more
relevant decision-making.

2. Research efforts relevant to indige-
nous communities should establish partner-
ships with them and contribute to building
their capacity, for example by hiring local
residents, and providing training and equip-
ment

3. Observations from those spending
much time on the land and sea are neces-
sary in not only understanding local environ-
mental change but also in understanding the
effects of environmental change on human
well-being and traditional practices

”~

Ice fishing, Togiak




4. Different environmental changes are
occurring within different cultural contexts
creating diverse impacts; as such adaptive ac-
tions need to be based on local realities and
priorities

5. Environmental changes are generally,
but not always, resulting in negative effects to
traditional harvests with impacts to food and
cultural security

6. Regulations that impact communities
ought to be flexible to allow for adaptation
to change and ought to include meaningful
local voice through instruments such as co-
management to support the food security
and sovereignty of indigenous communities

7. Community observations from local
and traditional experts have much untapped
potential as ‘early warning systems’

Other BSSN Publications

To find out more about the project and its
findings please see the following publications
based on the work of BSSN and CONAS:

Alessa, L., Kliskey, A., Gamble, J., Fidel, M.,
Beaujean, G., Gosz (2015) The role of Indig-
enous science and local knowledge in inte-
grated observing systems: Moving toward
adaptive capacity indices and early warn-
ing systems. Sustainability Science. 10(2).
DOI 10.1007/s11625-015-0295-7

Fidel, M., Kliskey, A., Alessa, L., Sutton, O.
P. (2014) Walrus harvest locations reflect
adaptation: a contribution from a commu-
nity-based observation network in the Ber-
ing Sea. Polar Geography. 37:1, 48-68, DOI:
10.1080/1088937X.2013.879613

Fidel, M., Gofman, V., Kliskey, A., Alessa,
L., Woelber, B. (2012) Subsistence density
mapping brings practical value to decision
making. In: C. Carothers, K.R. Criddle, C.P
.Chambers, P.J. Cullenberg, J.A. Fall, A.H.

Himes-Cornell, J.P. Johnsen, N.S. Kimball,
C.R. Menzies, and E.S. Springer (eds.), Fish-
ing People of the North: Cultures, Econ-
omies, and Management Responding to
Change. Alaska Sea Grant, University of
Alaska Fairbanks. DOI: 10.4027/fpncem-
rc.2012.15

Gofman, V., Smith, M. (2011) Bering Sea
Sub-Network: Pilot Phase Final Report
2009 (Aleut International Association. CAFF
Monitoring Series Report Nr. 2. ISBN 978-
9979-9778-8-9.

Huntington, H. P., Ortiz, I., Noongwook, G.,
Fidel, M., Childers, D., Morse, M., Beaty, J.,
Alessa, L., Kliskey, A. (2013) Mapping hu-
man interaction with the Bering Sea eco-
system: Comparing seasonal use areas,
lifetime use areas, and “calorie-sheds”.
Deep-Sea Research [l. 94:292-300. DOI:
10.1016/j.dsr2.2013.03.015

Roop, S., Alessa, L., Kliskey, A., Fidel, M.,
Beaujean, G. (2015) “We didn’t cross the
border; the border crossed us”: Informal
social adaptations to formal governance
and policies by communities across the
Bering Sea region in the Russian Far East
and United States. Washington Journal of
Environmental Law and Policy. 5(1):103-127

Subsistence  Mapping:  www.ao0s.0org
(search BSSN, under Arctic Portal)

BSSN Il Summary 54



References

ACPP, Arctic Council Permanent participants (2014) Ottowa Traditional Knowledge Principles,
http://www.arcticpeoples.org/images/2015/ottradknowlprinc.pdf

ACIA (2004) Impacts of a Warming Arctic: Arctic Climate Impact Assessment. Cambridge Uni-
versity Press. www.acia.uaf.edu

ACD, Alaska Community Database, Community Information Summaries — Sand Point, Alaska
Division of Community and Regional Affairs, retrieved on 7/23/15 from:
https://www.commerce.alaska.gov/dcra/DCRAExternal/Query/Attributes

Alessa, L., Kliskey, A., Gamble, J., Fidel, M., Beaujean, G., Gosz (2015) The role of Indigenous
science and local knowledge in integrated observing systems: Moving toward adaptive capac-
ity indices and early warning systems. Sustainability Science. 10(2). DOI 10.1007/s11625-015-
0295-7

Armitage, D. Berkes, F., Dale, A., Kocho-Schellenberg, E., Patton, E. (2011) Co-management and
the co-production of knowledge: Learning to adapt in Canada’s Arctic. Global Environmental
Change. 21:995-1004.

Brinkman, T., Maracle, K.B., Kelly, J., Vandyke, M., Firmin, A., Springsteen, A. (2014) Impact of
fuel costs on high-latitude subsistence activities. Ecology and Society. 19(4):18. doi. 10.5751/
ES-06861-190418

Brubaker, M.Y., Bell, J.N., Berner, J.E., Warren, J.A. (2011) Climate change health assess-
ment: A novel approach for Alaska Native communities. International Journal of Circum-
polar Health. 70(3)266-273.

Carothers, C., Brown, C., Moerlein, K. J., Lépez, J., Andersen, D. B., Retherford, B. (2014) Mea-
suring perceptions of climate change in northern Alaska: pairing ethnography with cultural
consensus analysis. Ecology and Society 19(4): 27. http://dx.doi.org/10.5751/ES-06913-190427

Collings, P. (2011) Economic strategies, community, and food networks in Ulukhaktok, North-
west Territories, Canada. Arctic. 64(2):207-219.

Danielsen, F., Topp-Jorgensen, E., Levermann, N., Lovstrom, P., Schiotz, M., Enghoff, M., Jakob-
sen, P. (2014) Counting what counts: using local knowledge to improve Arctic resource man-
agement. Polar Geography. 37(1)69-91. Doi: 10.1080/1088937X.2014.890960

Danielsen, F., Burgess, N.D., Jensen, P,M., and Pirhofer-Walzl, K. (2010) Environmental monitor-
ing: The scale and speed of implementation varies according to the degree of peoples involve-
ment. Journal of Applied Ecology. 47(6):1166-1168. doi:10.1111/ j.1365-2664.2010.01874 .x

Ellanna, L.J., G.K. Sherrod, and S.J. Langoon. (1985) Subsistence mapping: An evaluation and
methodological guidelines. Alaska Department of Fish and Game, Department of Subsistence,
Tech. Paper 125.

Fall, J.A,, Chythlook, M., Schichnes, J., and Sinnott, R, 1991, Walrus Hunting at Togiak, Bristol

BSSN Il Summary 55



Bay, Southwest Alaska (Juneau, AK: Division of Subsistence, Alaska Department of Fish and
Game) Technical Paper 212.

Fidel, M., Kliskey, A., Alessa, L., Sutton, O. P. (2014) Walrus harvest locations reflect adaptation:
a contribution from a community-based observation network in the Bering Sea. Polar Geogra-
phy. 37:1, 48-68, DOI: 10.1080/1088937X.2013.879613

Fienup-Riordan, A, Brown, C, Braem, N.M. (2013) The value of ethnography in times of change:
The story of Emmonak. Deep-Sea Research II. 94:301-311. DOI. 10.1016/j.dsr2.2013.04.005

Forbes, B.C., Stammler, F. (2009) Arctic climate change discourse: The contrasting politics
of research agendas in the West and Russia. Polar Research. 28:28-42, doi:10.1111/j.1751-
8369.2009.00100.x

Ford, J.D., Pearce, T., Duerden, F., Furgal, C., and Smit, B. (2010) Climate change policy responses
for Canada'’s Inuit population: The importance of and opportunities for adaptation. Global En-
vironmental Change. 20:177-191. doi:10.1016/j.gloenvcha.2009.10.008

Ford, J.D., Smit, B., and Wandel, J. (2006) Vulnerability to climate change in the Arctic: A case
study from Arctic Bay, Canada. Global Environmental Change- Human and Policy Dimensions.
16(2):145-160. doi:10.1016/j.gloenvcha.2005.11.007

Gofman, V., Smith, M. (2011) Bering Sea Sub-Network Pilot Phase Final Report. CAFF Monitor-
ing Series Report Nr. 2. CAFF International Secretariat, Akureyri, Iceland.

Hunt, G.L, Coyle, K.O., Eisner, L.B., Farley, E.V., Heintz, R A., Mueter, F., Napp, J.M., Overland, J.E,,
Ressler, P.H., Salo, S., Stabeno, P.J. (2011) Climate impacts on eastern Bering Sea foodwebs: A
synthesis of new data and an assessment of the Oscillating Control Hypothesis. ICES Journal of
Marine Science. 68(6):1230-1243. doi:10.1093/icesjms/fsr036

Huntington, H.P., Daniel, R, Hartsig, A., Harun, K., Heiman, M., Meehan, R., Noongwook, G.,
Pearson, L., Prior-Parks, M., Robards, M., Stetson, G. (2015) Vessels, risks, and rules: Planning for
sate shipping in Bering Strait. Marine Policy. 119-127. DOI. 10.1016/j.marpol.2014.07.027

Huntington, H.P., Noongwook, G., Bond, N.A,, Benter, B. Snyder, J.A., Zhang, J. (2013) The influ-
ence of wind and ice on spring walrus hunting success on St. Lawrence Island, Alaska. Deep-
Sea Research Il. 94:312-322, doi: 10.1016/j.dsr2.2013.03.016

ICC, Inuit Circumpolar Council — Alaska (2014) How to assess food security from an Inuit per-
spective: Building a conceptual framework on how to assess food security in the Alaskan Arctic.
Progress report to the 2013 ICC General Assembly. http://www.iccalaska.org/servlet/content/
Food%20Security.html

Krupnik, I., Dickson, C., Gearheard, S., Gofman, V., Huntington, H., Kullerud, L., McNeave, C.,
Oliounine, I, Parsons, M., Pulsifer, P., Snellman, O., and Virtue, P. (Eds.) (2011) Understanding
Earth’s Polar Challenges: International Polar Year2007-2008. University of the Arctic, Rovani-
emi, Finland/CCl Press (Printed Version), Chapter 5.4, pp. 575-592 (Edmonton, Alberta: Canada
and ICSU/WMO Joint Committee for International Polar Year 2007-2008).

BSSN Il Summary 56



Miller, N., Campbell, D. T. (1959) Recency and primacy in persuasion as a function of the tim-
ing of speeches and measurements. Journal of Abnormal and Social Psychology 59(1):1-9.
http://dx.doi.org/10.1037/h0049330

NOAA, National Oceanic and Atmoshperic Association (2011) Joint News Release, http://www.
nmfs.noaa.gov/mediacenter/2011/12/alaska_sealwalrus_ume_12-20.pdf

Oozeva, C., Noongwook, C., Noongwook, G., Alowa, C., Krupnik, I. (2004) Watching ice and
weather our way/ Akulki, Tapghaghmii, Mangtaaquli, Sungaanga, Igor Krupnik. Edited by Igor
Krupnik, Henry Huntington, Christopher Koonooka, and George Noongwook. Washington,
DC: Arctic Studies Center, Smithsonian Institution. 208 pp.

Ostrom, E. (1990) Governing the Commons: The evolution of institutions for collective action.
Cambridge University Press, New York.

Ozkan, U.R,, Schott, S. (2013) Sustainable development and capabilities for the polar region.
Social Indicators Reseach. 114(3):1259-1283. DOI. 10.1007/s11205-012-0201-y

Pearce, T., Smit, B., Duerden, F. (2010) Inuit vulnerability and adaptive capacity to climate change
in Ulukhaktok, Northwest Territories, Canada. Polar Record. 46(237):157-177. DOI. 10.1017/
S0032247409008602

Pearce, T.D., Ford, J.D., Laidler, GJ., Smit, B., Duerden, F., Allarut, M., Andrachuk, M., Baryluk, S.,
Dialla, A, Elee, P., Goose, A, kummag, T., Joamie, E., Kataoyak, F., Loring, E., Meakin, S., Nickels,
S., Shappa, K., Shirley, J., Wandel, J. (2009) Community collaboration and climate change re-
search in the Canadian Arctic. Polar Research. 28:10-27. doi:10.1111/j.1751-8369.2008.00094.x

Roop, S., Alessa, L., Kliskey, A., Fidel, M., Beaujean, G. (2015) “We didn't cross the border; the
border crossed us”: Informal social adaptations to formal governance and policies by com-
munities across the Bering Sea region in the Russian Far East and United States. Washington
Journal of Environmental Law and Policy. 5(1):103-127

Ziker, J.P. (2007) Subsistence and food sharing in Norther Siberia: Social and nutritional ecol-
ogy of the Dolgan and the Nganasan. Ecology of Food and Nutrition. 46(5-6):445-467. DOI
10.1080/03670240701486743

BSSN Il Summary 57



APPENDIX 1
Summary of qualitative comments about observed change.
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