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Introduction

Over the past few years, Arctic sea ice has received increasing attention by the pub-

lic, mostly in the context of climate change. Media coverage typically discusses the

shrinking and thinning of Arctic sea ice by referring to scientifrc studies based on

satellite data or computer models of the climate system. While such information is

generally scientifically precise at the Iarge scale, it provides only a limited view of

the characteristics of the ice cover itself and the processes that shape its seasonal

evolution and role in Arctic ecosystems. Consider the expanse of coastal sea ice

and ocean shown in the photograph taken during fall freeze-up at the Alaskan com-

munityof WalesinBeringStrait(Fig. 15.1a).Thedifferenticetypes,openwater.
and the stretch of coast visible in the photo cover only a small fraction of the area

that makes up a single data point (pixel) in the satellite imagery typically used to

determine ice concentration and extent for studies of sea ice climatology. Several of

these pixeis, 25by 25 km in extent, are shown in Fig. 15.lb, for a satellite scene

acquired on the same day, November 9, 2001 , that Winton Weyapuk, Jr', a SIKU
project participant from Wales took the photograph (see Chapter 14 by Krupnik and

Weyapuk, this volume). In fact, the satellite imagery does not indicate any pfesence

of ice near Wales for this same date, mostly as a result of the smali width of the

narrow belt of coastal ice but also due to other factors that make new ice difficult tt'

detect in nearshore environments.
The coarse observational scale of the satellite data is sufficient for broad stud-

ies of how Arctic sea ice helps regulate Earth's climate. However, on their oq'n

such data are of lesser value if the aim is, for example, to learn more about the

processes that control seasonal ice growth and decay, its role as a platform for

marine mammals or its importance in the context of coastal erosion. In a chang-

ing north that experiences not only substantial sea ice retreat but also increasing

9 November 2007

Fig. L5.1 (a) Ice formation along the beach at Wales, Bering Strait on November 9, 2007 (Photo:

W. Weyapuk, Jr.). Note the formation of a slush ice berm (qaimuguq) that offers some protection

to the coast from waves. (b) Ice concentrations fol the same day obtained from passive microwar e

satellite data (Special Sensor Microwave/Imager, SSM/I) show no detectable ice near Wales

(
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and others and Gearheard and others in this book. Rather, it describes the suite r.l

services that communities or individuals derive from the sea ice zone, including the

ecosystems associated with it. Here, sea ice services include tangible and intangibit
benefits such as protection from waves and coastal erosion or the important place

sea ice occupies in the lives of Arctic coastal residents. Moreover, the concept r.i
sea ice system services, extending the theory of ecosystem services to the Arctic i;e
cover (Eicken et al. 2009), also inciudes the hazards and threats emanating from the

ice. Within this framework, indigenous people typically observe and keep track of :
range of different phenomena, processes, and animals as they relate to the specitir
services derived from sea ice.

This is not only apparent in the typically more than one hundred terms indigenous
languages reserve for sea ice features and ice-associated phenomena (see Chapter -1.

Chapter 2 by Taverniers; Chapter 14 by Krupnik and Weyapuk, this volume), fron:

which a "map" or schematic of key ice processes and interactions can be con-

structed. In working with sea ice experts in the communities of Gambell, Wales"

and Barrow, who are making observations of coastal ice as relevant to their commu-
nities' activities (see Chapter 4, Krupnik et al. this volume), we find references to a

large number of animals observed in conjunction with the ice cover or specific ice

processes. This includes not only obvious mention of ice-associated seals or walrus

but also observations offish and bird species that display preference for specific ice

types and exhibit a seasonality coupled to the ice, which in turn determines hou

they may be harvested from the ice platform.
Intimate and long-standing familiarity with a specihc place, often based on the

use of resources at that location, is generally referred to as local knowledge. The

power of such local knowledge was demonstrated on an icebreaker cruise with a

German vessel into Siberian waters that the author participated in some years agtr.

Near the Franz-Josef-Land archipelago the vessel was making no progress in ven
heavy ice, despite non-stop ramming and breaking. A Russian icebreaker captain -
onboard as an observer and familiar with the tidal currents in the region and their

often barely perceptible impact on the periodic opening and closing of cracks anc

leads - was flnally able to pick a path through cracks and naffow passageways.

Indigenous knowledge embeds local knowledge and other insights, beliefs, and

values into a worldview that extends into the human and spiritual realm and is sharec

by a larger community. It builds on a tradition of environmental observations at c

given place, providing a backdrop of greater temporal depth and topical breadth,

Through ties to specific applications and uses, local and indigenous knowledge is

subject to repeated critical review and reaffirmation, both in the field and by the

elders and recognized experts in a community. Such knowledge is commonly also

referred to as traditional (ecological) knowledge (see Agrawal 1995; Berkes 1999:

Huntington et al. 2005). Both local and indigenous knowledge are relevant in this

chapter and will be summarily abbreviated as LIK.
Kawagley (1995) describes how the Yupiaq worldview in western Alaska is

supported by a balance between the human, natural, and spirituai realms. Since

this type of knowledge or understanding cannot be compartmentalized or catego-

rizedinthe manner that western (i.e., Euro-American) science ingests and evaiuates

I 5 Indigenous Knowledge and

information, it may be chal
heein to learn lrom sea ict
holistic worldview. Hence, -

expertise. It often happens
irrmly embedded in a world
.rne to process quantitative i
,,rhi1e at the same time acce
lf people and animals is pe

Jeep, local knowledge - suc

- is often easier to accept i
irom any specific worldviev

The threshold that has
rccur is typically higher fo
:f ecosystems or animal p
*rchange among LIK and w
:mployed, e.g., in capturing
:.irticular with an increasin
:ds and model simulations.
nuch to gain from LIK as tl

A Survey of Indigenor
to Sea Ice Research

i)ne approach to help those
r\perts is to identify or deii
guide, or enhance research.
tre brief survey below, orga:
broader, potentially more co
ft recognized, however, thal
r : se lf to compartment alizati<
Kawagley 1995; Nadasdy 1

gride the gaze as one attem
krowledge; by no means ar

::scussion below reflects inr
:.iined from field work in c
rr the region. Nevertheiess,
.s Berkes (2002) who recoE
r.ate research and traditiona
lelineated below.

Is This a Good Spot? L

-\ key aspect of field measr
)rudy site, which is often cha



Ierrel€ur B sB ocr Bes Jo ,{1reue3o;e1eq oql ol ?np Sur8uegeqc uego sr qcrq,r ,e1rs ,{pnts
elurrdo;dde ue Jo uorlcelos eql sr eJr ues uo sluerueJnsueu pleg 3o lcedse fe4 y

uoqraps aqs tpn s puo NIT itods poog n slqJ sI

" 
aoleq peleourlep

esoql 01 luele,trnbe s.{e,^A fueu ur ere 1€ql e8pel,to.ou>1 Ieuorlrpel puu r{cJueseJ oleur
-rlr uee,ttleq ecue8re,ruoc Jo s€eJB pquelod e,rg pezruSocer or1,,l\ (.ZOO) se{Jeg sE

qcns 'sJeqlo fq lu pe.truu ueeq eleq seuo8elec Julr-ruls '.ssoleqilo^eN .uor8er eql ur
Suryo,tr sen8uelloc qlrl( esrnocsrp pu€ 6DISBIV 

Iuls€oc ur lro,^d. pleu ruo4 peuruS
slq8rsur 'slredxe ecr eos 4dna pue burdnul fq uorlcrulsur slceger ,^Aoloq uorssncsrp
eqJ 'Jleslr e8peltloul eql .{;rsselc ot pepuelur .(eq1 are sueeru ou ,{q ie8pelmorq
snoue8rpur Jo sleJeJ luoreJJrp;o esdrurlS e qcler ol sldruelle euo se eze8 eql eprnS
01 lueeru ere ,4aoleq peroldxe seuoSelec eqt 'snqJ '(6661 fpsepeN :S66I fa13e.,r,rey)
ecueIJS uJelse,nt Jo >lJo,laotrle4 eq] olul uotle;3e1ur Jo uorluzrlelueurlredruoc ol Jloslr
puel lou saop e8pel,toul snoue8rpur emluu frea. s1r ,{q leql 're,le,roq ,pezruSocer eq
01 speeu 1I 'serroSeluc peroldxe-11e,Lr ssel pup pelucqduroc eroru ,(11er1ue1od 'repuo:q
ol suorlecr1dde snorlqo 'cgrceds ruor; sserSord o1 pezrueSro ',Lro1eq ,{e,r,rns JerJq eql
ur lno peqcle{s eJB luerueSe8ue go s,(u,tr, qcns lq8rg 'qc.reeser ocuur{ue ro .eprn8

'IuJoJur uec )I.1 qrrq,4l ur s.{u,tr ro suere lcelqns eleeur1op ro ,(;rluepr ol sr suedxa
ocr Bes snoueSrpur qlr.tt e8eSue secuercs pcrs,{qd eql ut esoql dleq o1 qcuordde eug

qJrBesau aJI Bas 01

luB^oleu a8pel,roux pus asllredxfl snouo8lpulJo da.nrnS y

'reruroJ eql se )I-I uror; ureS ot qcnur
s€ spuBls roilel oql esnEcoq eleunuoJun sr uorlEntrs srqJ 'suorlelnluts Iepou puB spo
-qlou Sursuos-eloureJ uo ecuurleJ pue uorlezrlerceds Sursuercur uE qlr,4d relncrgud
ur 'lueuruo.rr,tue pcrs,{qd eqt;o .{pn1s eqt uer{l 'slerurue Surrnldec ur ,.3.e .pefoldrua

serSoiopoqleru Jelrurs Jo esnuceq stredxe ecuercs uJolse,4a pue )I.1 Suorue e8uuqcxa
roy ,(ppeer erour JIOSIr spuel ror^Eqeq pue .{8o1ors,{qd prurue ro sruelsfsoce .;o
,(pn1s eqa 'seruerJs pcrSolorq eql ueqt pcrs,(qd eqt JoJ req8rq ,(1pcrd,(l sr :ncco
ot esrnocsrp o^Duelsqns e roJ repJo ur pessorc eq 01 seq lBq] ploqserql eqJ

',4 erlplJo,la cgrceds ,{ue ruorg
pecJo^rp sr 1r esneceq lxeluoo pcrldels-;111 ue r1ons ur ldecce ol rersee uego sr -
,(1snor.Le.rd ot peJJeJer ureldec re>leerqocr oql Jo luql s€ qrns - e8pel,troul pcol 'deep
pu€ qcrJ ssel sr tl q8noqt ue^g 'lourlsrpur puu elq€oiured sr sprurue puu eldoed;o
sruleor eqt u?o,^Aleq uoisr^rp eql luql ',{es 'eepr eql Surldeoos oturl erues eql lE elrq,r
lueuluoJr,{ue pcrs,(qd eql Jo eJnleu eql lnoqe uorleuuoJur e.tr1u1r1uenb ssecord o1 euo
,trolle l€ql slool eql rllr.4A eruoJ lou soop (u,tro s1r 3o ,^aor^plJo,r u ur peppeque ,(1uug
osp sr osrnoJ Jo r{clri^\) poqleu curluercs eql esneceq sueddeq uego 1I 'esrlredxa

snoue8rpur ssrusrp ol slsrluercs JoJ uoruruoJun lou sr 1r 'eJuoH ',4aerlplJo,4a crtsrloq
€ qcns ur peppoquo f1u.rg sr esruedxe osoq,4A sresn ecr eos ruoq uJeel o1 ur8eq
uele ol slsrluoros ro; Suqrogruocsrp .{lqrssod ro Sur8uelpqc eq feu ll 'uorlururo.Jur

oJuorJS ocl€eS pue e3pela,rouy snoue8rpul El 19t

satunlelo pue slsa8ur ecuercs (r
-o8elec ro pozrplueulredruoc
FJUrS .sutleor 

;entr.rrds pue .Je

sr e>lsBIV UJelso,r\ ur ,1Aer^plJc

srqt ur luBAOIer e;e e8pel,troul
:666I se{rog 1E661 lu,uer8y er
osp,(luounuoc sl e8pel,uoul q
aqr ,{q puu pleg oqt ur r{loQ .u
Ir eSpe;,trou1 snoue8rpur pue Jr
'qipeerq pcrdol pue qldep Jero
u le suorl€,\Jesqo IBlUeIuuoJrAU€
pereqs sr pue urpe.r lenlurds pue
pup 'sJerloq ,stqBISq roqto puu

'sfe,tlo8essud ,$oJJeu pue s>
puu s{oEJJ go Bursolc pue Burue
noql pue uor8er eqt ur slueJJnc

, 
uletdec Je>leerqoJr uerssng V 

.

.ire.r ur sser8o.rd ou Burleru se,tt
'o8e sree,( eruos ur peledrcqrud.
e qlr,r\ esrruc JewoJqecr uB UO 1

eql 'e3pe1,ntonl 
Iecol sB ol perl

eqt uo peseq uego ,ace1d 
cgrced

,\\oq seurruJolop uJnl ur qcrq,tr ,l
err cgrceds JoJ eJuoJoJoJd fu1ds4
snJle,4d Jo sluos polEicossu_ocrJo I

acr cgrceds Jo JOAoo eJr oq] qlr.4^
E ol secuereJer pug e.4a ,(eurn10,t 

I

-nruruoc Jroql o1 lU€AoloJ se eJr IB:
'solea .lleqrrrBc 

Jo sertrunluluoc
-uoc eq UBJ SUOrlJeJelur pue ser
uror; '(eurn1o.,r. srqt ,4ndu,,(el& pue
'y reldeq3 ees) eueruoue{d pelell

snoueSrpur sruJel peJpunq euo ueq

cgrceds eql ol oleloJ .,(eql se spur
B Jo {JeI deel pue ea;esqo .,(1pcrc
oql ruog Surluueua steorr{l pue sp.
eJr crlcJv oql 01 soJrAJeS Urels,{soc
Jo ld_ecuoc eql .Jo^ooroW .sluepls

eceld luegodrur oql Jo uorsoJo IBll
elqr8uelur puu elqr8u4 epnlcur seJ
eql Surpnlcur ,euoz ecr ees eql uroJ
Jo elrns eql seqrrcsep 1r ,reqled .{(

ue)tra'H



JOZ H. Eicken

and the patchiness of physical and biogeochemical properties (e.g., Granskog et al-

2005). Hence, some measurements, such as the determination of ice algal biomass.

may require large numbers of samples to allow statistically signiflcant conciusions

(McMinn et al. 2009). Knowledge of the ice growth history and targeting of sites

with homogeneous snow cover and absence of - often hidden - deformation feature:

can help minimize the number of samples that need to be taken and enhance insi-sht-i

gained from their analysis (Eicken 2009). Here, local, indigenous ice experts art

in a position to offer valuable guidance. Many of the processes and ice features,

that complicate analysis of field data and potentially invalidate conclusions, such as

ice deformation features, sediment inclusions, patchy snow cover, and anomalous

growth history impacted by freshwater runoff or flooding, are familiar to local ice

users in coastal communities.
As discussed by Aporta (2002), Norton (2002), Laidler and others (2009) and

Druckenmiller and others (Chapter 9, this volume), use of trails over sea ice requires

monitoring ofice evolution throughout the ice season to anticipate potential hazards

as the season progfesses. Travel and hunting on the sea ice foster close obserra-

tion and tracking of snow cover and ice deformation features, potentially of great

value to researchers planning a fieid campaign with specific requirements for the

ice types that are to be sampled. A considerable challenge, however, exists in har.-

ing researchers communicate their interests and then translating relevant aspects oi
local, indigenous knowledge that would help in the planning and execution of a field

campaign. While it is common practice to hire local experts as guides, it is much less

common for field parties to engage in an appropriate form of communication (see

Huntington et al. 2009) with local experts during the early stages ofproject design

and field trip planning in order to evaluate whether suitable ice types are plesent and

if so where and how best to access them.

These difficulties are less of a chailenge if the features or processes to be studied

partly overlap with the interests of indigenous ice use. Let us consider two examples

to illustrate this point. Multiyear sea ice (piqaluyak being an Inupiaq equivalent'

helps ensure the stability of landfast ice (see Chapter 9 by Druckenmiller et al.

this volume) and provides a preferred source of freshwater to hunting crews on the

ice and elders in the viliage (Nelson 1969; George et a|. 2004). Over the past tu'o

decades, access to multiyear ice in some Arctic locations, such as coastal Alaska"

has become more difhcult due to changes in Arctic ice circulation and dramatic

loss of multiyear ice (Maslanik et al. 2007). Even small multiyear floes few tens of

meters across can be of great value in a range of studies of sea ice (Eicken 2009 t

but are difficult to detect in satellite imagery or even on the gfound. At Barrow and

other Alaska coastal locations, however, many hunters and ice experts can accurateh'

point to such old ice fragments embedded in the landfast ice over a stretch of tens

of kilometers in the vicinity of town. An example of such a multiyear floe fragment

is shown in Fig. 15.2. This site had been scouted from the air after Billy Adams.

a seal hunter and ice expert from Barrow, had pointed it out to us. Seal huntels

active in winter or whaiing crews scouting potential sites for trails make note of such

occurrences of piqaluyak. Typically, knowledge of even such temporary landmarks

c
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difficult to deploy before the end of the year because of lack of (stable) ice. Now,
we typically deploy instruments in late January at the second, more distant location
further up the coast that Mr. Toovak had recommended as the more appropriate
site. He was right - we should have deployed our instruments at that location
in the flrst year and would have had a longer, internally consistent time series
for it.

Is This Normal? Inter-annual variability and Guidance from LIK

Many field projects may only visit for a brief period during a single ice season.
Under such circumstances, conclusions of more general validity about a specific
process or ice characteristic can be affected by the occurrence ofanomalous events
or the prevalence of atypical conditions. To be sure, process studies ultimately are
linked to a specific process and not a particular site or year. However, large, expen-
sive programs such as the Study of the Heat Budget of the Arctic ocean (SHEBA,
Perovich et al. 1999), typically only run for a single field season. Representations
(so-called patameterizations) of important processes in numerical models are then
based on the suite of interrelated processes and phenomena sampled a1 that par-
ticularly site in the given year. Here, both direct personal experience in the form
of local knowledge and more so the longer-term history embedded in indigenous
knowledge can be of value in placing measurements in the context of the annual
cycle and inter-annual variability,

The example of landfast ice protected by a shoal quoted above is also relevant
here, since Mr. Toovak was able to recomnend the sampling site based on his insight
into recurring features. The absence ofprotective ridges and grounding ice in a par-
ticular year would hence have been identified as anomalous and not representative of
long-term conditions. Another, intriguing and less clear-cut case relates to the ques-
tion of potentially anomalous sediment entrainment into coastal sea ice. Sediment
inclusions in sea ice can have a tremendous impact on optical or biogeochemical
properties and sea ice microbial communities (Light et al. l99g; Gradinger et al.
2009). However, until late in the melt season, and even then, they are not always
easy to detect or are ignored in studies focusing on other aspects of the ice cover
that are nevertheless potentially impacted by their presence. Fienup-Riordan and
Rearden (chapter 13, this volume) highlight how yupik elders in the Nelson Island
region pay close attention to sediments in sea ice. Similarly, two hunters in the
Norton Sound and Bering Strait region commented to the author unprompted on
how they had noticed an increase in the amount of sediment-laden ice, an observa-
tion that matches indications from a study in the Chukchi and Beaufort Sea (Eicken
et al. 2005). Such knowledge can be key in the selection of suitable study sires
that need to either preclude or include the presence of sediments in the ice. It can
also provide guidance on whether a particular sampling may have been impacted b1-

the presence or absence of sediment-laden ice, a phenomenon difficult to observe
through remote sensing and notoriously patchy in time and space, and hence ideallt'
suited for sharing of insight by indigenous, local experts.

1,5 Indigenous Knowledge and Sea l
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Is It Safe to Go out? Hazard Assessment end Emergency Response

The example discussed above has hinted at the potential value of LIK for engi-

neeringapplications.ThequestionofhowLlKmayrelatetoiceengineeringand
industrlal ictivities in the north is one of the more difficult and important aspects

ofthetopicathand.BothLlKandengineeringrepresentapplied'use-driven
knowledge systems. Hence it is reasonable to expect that transmission across the

LlK-engineering interface would be more straightforward than exchange between

climatologists and Iflupiat sea ice experts' Thus, industry commonly relies on

Iflupiat guides to ensure safety of field parties and may include advice from rec-

ognized indigenous expelts to arrive at major decisions concerning depioyments

iri potentially unsafe areas. At the same time, concern by coastal communities

ou". pot"ntiul hazards associated with oil and gas development greatly complicates

exchange between the different expert groups. This problem is exacerbated by the

challen-ges encountered by indigenous experts in seeing their expertise represented

in the decisions made by regulatory agencies and industry, in particular with respect

to coastal and ofl'shore development. The latter problem stems not necessarily from

willful exclusion or dismissal of evidence based on LIK' but is often a result of the

inability of the regulatory or scientific apparatus to come to terms with the nature of

indigenous knowledge (e.g., Nadasdy 1999; Usher 2000)'

Fig.l5.3AerialphotographfromApril12,200S,ofawhalingtrail(JacobAdamscrew,seealso
Fi!s.9.11 andg.izin chapter 9 by Druckenmiller et a1. this volume) winding its way through

prlrrur. ridges in coastal landfast ice near Barrow, Alaska. The trail originates in the lower left

corner of thJimage and can be seen in the center of the image as it traverses a stretch of level ice in

a near-straight 1iie. Note the band of clouds visible over the lead toward the top of the photo$aph
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harvests: "Erk-sin-ra our gfeat authodty, thinks they had worse seasons before th:

ship came" (Bockstoce 1988:365).

How accurate are such observations when examined from the perspective of -sec-

physical or climatological research? As discussed by Nelson (1969), observation.

ty individuals who are recognized in their community as sea ice expefts are -sen-

erally quite accurate, even when describing environmental phenomena that seem tc'

contiadict prevailing scientific thought, such as bowhead whales breaking 30 cm of

ice. The continuous cycle of review and reaffirmation or revision of indigenous see

ice knowledge by the community, in particular elders and recognized experts, helps

calibrate and provides accurate baselines for assessments of long-term change in i'-e

conditions or local climate. Observations of gradual change are furthermore cali-

brated by keeping track of, e.g., changes in the treeline, permafrost' multiyear ice

p."r"n.., and other longer-term integrators of subtle, but significant climate chan-se

ihat underscore and relate to sea ice change. Whiie such observations of co-varl ins

or concerted change are impofiant in their own right (see below), they can provide I
reference framework that allows indigenous experts to be cognizant of change that i:t

the absence of instrumental records would otherwise go undetected (see Huntington

2000).

LIK and Detection of subtle, Intertwined Patterns of sea Ice

and Enviro nmental Change

The interaction between ice, ocean, and atmosphere results in sea ice distribution

patterns that are frequently complicated and typically subject to great inter-annuai

variability. For example, the (then) record minimum in Arctic summer sea ice extent

in 1995 (since the start of systematic satellite observations tn 1'919) was follouerl

by a record maximum summer ice extent in 1996. In northern Alaska, the (then

record minimum Arctic sufirmer ice extent of 2005 was foilowed by a summer in

2006 where lingering multiyear ice slowed seasonal ice retreat, fostering marine

mammal harvests, and hampering summer shipping for the first time in well over a

decade. Superimposed on this inter-annual variability is a trend toward decreasing

summer ice extent. Local, indigenous ice experts are keenly aware of the predomi-

nance ofinter-annual variability in ice conditions. The potential presence ofcooling

or warming trends on top of such pronounced variability may hence be examined

in great detail before uny f-tf experts reach conclusions about observations of cli-

maie change. This is reflected in shari Fox Gearheard's study of climate change

in the Canadian Arctic in the late 1990s and early 2000s where different commu-

nities debated such questions of variability and change (Fox 2002)' Similarly' ot:

St. Lawrence Island comparison of present-day observations with records from the

past indicates a more complicated picture than simple steady change (chapter 4.
-Ikupnik 

et al. this volume; Chapter 5 by Kapsch et al' this volume)'

At the same time, indigenous knowledge and local expeftise are in a unique posi-

tion to assess even subtle changes and to separate pattems of variability from signals

associated with longer-t..- .hung.. This is a result of the holistic, comprehensile
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etal.2009).GiventhemagnitudeofrecentchangesobservedinArctic-'seaiceand
coastar environments (Rachord et al. 2000; Serreze et ar. 2007), scientific research

on and development of strategies for effective adaptation to a changing physical'

socio_economic, and geopoliiical environment is of increasing importance (e.g..

Berkes2002;Adgeretat.zoozl.Here,local,indigenousSeaicguseandtheassoci-
ated body of expertise have much to offer, in particular at a time where appropriate

response strategies afe very much under discussion and a theoretical framework is

only slowlY evolving.
Indigenous communities, though hard hit by some of the negative impacts of cli-

matechange,inparticuiarbythoselimitingaccesstoseaice'arequicktoadapi-
They are .Irpon&ng by relying on different technoiogies or through modifications

of their lifestyle. The rapiditf of such adapration, evident, e.g., in some of the

shifts in hunting patterns or (unting methodology (George et al' 2004; Chapter :

by Krupnik et al. this volume; chJpter 5 by Kapsch et al. this volume), ma1' be

dueinparttotheabilityofindigenousenvlronmentalexpertstokeepaflngeron
the puise of variability and change' Moreover' LIK is very much both a funda-

mental and an applied knowledgel thus placing its holders in a uniquely qualifled

position to respond to change fsee Eicken et al' 2009)' This opens the door for

rich exchange of informatiJn and synthesis of indigenous and western scientific

approaches to increase community iesilience in the face of change and impror e

people's ability to respond to a broader range of challenges associated with a rapid

transition.
BuildingontheworkbyDruckenmillerandothers(Chapterg,thisvolume),the

photographshowing-mupiutwhalingtrail-onlandfastseaice(Fig.15.3)illus.
trateshowthecombinatlonotLtrandgeophysicscanbenefitbothscientistsand
arangeofseaiceusers.Trailroutingi,uas"oonacomprehensiveassessmentofa
range-offactorsthatdeterminetheeaseoftravel,safety,stability,andpersistence
ofthetrailthroughouttheseason'Thesefactors'aspointedoutbyDruckenmiller
andothers,mayberelatedtokeygeophysicalvariablessuchasthethicknessdis.
tribution, morphotogy, and physical proplrties of the ice' Repeat annual surveys of

thetrailsystemsttrus,representaform-ofhighlyintegratedinformationthatma}
serve as an indicator of both the nature of environmental change and the indigenous

community,srgsponsetosuchchange.Buildingontheconceptofbenchmarksor
indicators discussed by Krupnik and others (chapter 4, this volume), I postulate

that such use-based inal"uto., fepresent a higher level of integration that may help

seaicescienceingrapplingwitilthedifficultquestionofhowtomovefromobser-
vations of climate .t ung. io an understandingof the underlying processes and the

development ol response strategies'

Indigenous ice expertise his something else to offer that is often lacking it:

large-scale studies oi climate variability and change: The detailed understand-

ingofhowiarge-scaleprocessesworkinconcerttoproduceimpactsattheloca]
scale. Returning to Fig. 15'1 and Winton Weyapuk's observations-of ice forma-

tion in the coastal enviionment, such records oi full f.""r"-up can help validate and

improveremote-sensingupp'outt-t"''which.maynotnecessarilycapturetherele-
vant processe, o, pt "nJ-"*. 

Moreover, such local observations can also help with
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originally passed tbr common sense proved to be little more than nonsense. In 1991, I would

.eriut. -y porition as follows: information that is provided by people whom the Iflupiat

consider.o-p.t"nt historians should be regarded as true until proven false, no mattel ho$.

extraordinary what they say may first appear' [ ' ]

I inciude the caveat "whom the Natives consider competent historians" because there are

incompetents and charlatans, as well as genuine experts, among Alaska Native peoples, just

as there afe among a1l peopies. The Natives know who is which, although, out of polite-

ness, they generally listen to every elder who expounds on legendary or historical matters'

..gurOf.r, if,f-te truth value of that person's remarks' In any event' oral accounts'-like wdt-

ten accounts, must be subjected to .igorou, historiographic evaluation and critical analysis.

(Burch 1991 :13)

Replace "historian" with "ice expeft" in this quote and thefe are arguabiy ferr

other summaries of the issue that make the pertinent points as succinctly and

eloquently.AnimportantissueimplicitinBurch'sremarksandhighlyfele\'an[
for audiences in the physical and biological sciences is that work at the inter-

face between LIK and western science is most effective and rewarding in a trul)

interdisciplinary setting that pairs the natural sciences with the social sciences in

order to open up an unobstructed channel for communication and transmission

between knowledge systems. cruikshank's (2005) work - building on the highll

relevant study of glacier history in the Yukon - illustrates just how complex and

sophisticatedof an endeavor is iequired to achieve such goals, but aiso suggests thar

slmitar work in the realm of oral histories of sea ice holds much promise'

This contribution has been concerned mostly wtthwhat sea ice science can leafll

from sea ice users, less so withhow such knowledge can be transmitted' Huntingtcn

andothers(2009)haverecentlymadethemethodologyofcommunity-basedice
observations more accessible to a broader audience. Here, I wish to conclude with 's

few remarks on how to promote two-way transmission of local, indigenous kno$ n-

edgeandphysical_biologicalexpertise.Aneffectivewaytopfogressistobring
toietn"r recognized LIK Ind r"u ir" geophysics or bioiogy expefis in a teaching and

learning environment to share their &peitise with students' Field courses, typicalll

an intelral pafi of many polar geophtsics and biology culricula, can play a maisr

rote oylncluAing indigenous ice experts among the instructors and allowing them tct

share their knowledge in a culturaliy appropriate setting. Figure I 5 '4 highlights the

role of experts, such as Richard Glenn from Barrow' Alaska' who are versed in thc

language,ways,andmethodologyofbothindigenousandwesternsea-iceScience-
rnJ op"nn"s, of students toward new approaches and their ability to side-step marl

of the traps that have ftagueo transmisiion of relevant knowledge across cultural

divides in the past should not be underestimated'

TheexampleofRichardGlennalsopointstotheimportantroleofmediatorsor
experts u"rr.i in both knowledge systems for transmission across a cultural inter-

face. one of the most effective means of enhancing the role of such mediators is to

entrainindigenousstudentsintoacademia,allowingthemtodevelopskillsthatare
relevant to both the LIK and western science spheres. A promising arena to entrain

localtalentandplomoteexchangeandlearningisthenascentArcticobserving
Network,withitscomponentp,ol".t,ofcommunity-basedobservations.Several
chapters in this book frigfrngfrittre benefits gained from observations made within

5 Indigenous Knowledge and Sea Ice S

Fig, 15.4 Richard Glenn (centar), Inupi
::ching students in an international sea i,

:ie community by recognized expt

:l.rntington et al. 2009). While th
es are increasingly robust and ef:

:tegration of such projects into the

A concept and practical approa(

:ese different activities and persp

:illed Communities of Practice. \
:portance of such informal groul
):.rn in advancing both theoretical u

::, pressing, difficult problems. A
:,i:mising in fostering exchange
i:1\ ironmental experts in the contex
Eicken et al. 2010). The challenge
:: Practice are mostly geographic a

tn and academic vs. non-academi<

::ove, community-based ice obser
:: the Bamow Sea lce Symposium
::{perts (Norton 2002)have demon

A highly promising topic area 1

,he emergence of Communities of
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coastal retreat. As highlighted above, a range of geological, geophysical, biologic,
and human processes conjoin along the Arctic coastline. with enhanced rates of
coastal retreat furthered by declining sea ice and thawing permafrost, indigenous
expertise, with a holistic perspective on coastal dynamics that stili eludes academic
and engineering approaches, has much to offer. Efforts such as the relocation of
the Alaska coastal community of Newtok where native elders, young community
leaders, scientists, and engineers from academia and state and federal agencies and
countless others are taking a pragmatic, hands-on approach to the problem hold
signiflcant promise for a new era in Arctic fundamental and applied research.
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