Project summary
The InterArctic project focuses on vulnerability, resilience and adaptation of northern
societies facing global change. The rapid current warming of Arctic and Subarctic climates
has already produced many changes in the social, economic and cultural behavior of the
populations inhabiting these regions and more changes are expected to come. Few of the
changes are considered to be positive or not disturbing the fragile balance between human
and the environment. Populations of these areas have to face these challenges, and in this
context, looking at the past provides the opportunity to document the complex relationships
between climate, ecology and human societies, which may provide deeper understanding
into ways of better facing the future. The chronological frame of the project encompasses
the last millennium, a well-documented period by both ice core data and historical archives.
The study area includes Eastern Canada (Nunavik, Nunavut and Nunatsiavut) and Greenland
(South and North). Around 1000 years cal. AD, some of these areas witnessed the meeting
between European farmers coming from Scandinavia, and hunters-fishers arriving from
Beringia. Today, these two lifestyles are still coexisting, with farming in South Greenland, and
hunters/gatherers/fishers in Nunavik, Nunavut, Labrador coast and Greenland. Within these
study areas, our aim is to document 1000 years of interactions between Thule/Inuit people,
Norse settlers and their environment, through an interdisciplinary approach exploiting
different kinds of natural archives. The use of pedo-sedimentary archives (lakes, peat
deposits, cryosols, anthrosols) and palaeoenvironmental multiproxy analyses will highlight
landscape evolution, climatic and anthropogenic forcings upon ecological processes.
Archaeological sites, and more specifically archaeological soils, ecofacts and artefacts, will
give precious information about the nature of these interactions. The complementary
anthropological/cultural approach will focus on human memory, perception, practices and
prospects of environmental and social changes, archaeological heritage and past settlement
location choices, of six communities in Greenland and Canada. These issues will be explored
in an interdisciplinary work through open interviews and co-design workshops bringing Inuit
elders and youth together with project researchers. Coproduced knowledge (blending
traditional and scientific), including Inuit visual documentation of the community changes
and the writing of science fiction narratives, as well as cognitive maps (Inuit internal
representation), will then be shared through innovative educational projects such as an
interactive web platform designed to share project results, involving local partners in
Greenland and Canada as well as French secondary schools and universities.
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I. Proposal’s context, positioning and objective(s)
I.1. Originality and relevance in relation to the state of the art
The current period of rapid warming in the Arctic and Subarctic is unprecedented in the past millennium (GIEC,
2014). This warming period causes diverse environmental changes such as new weather events, the spread of
faunal and plant species into new habitats and the decrease of sea ice quality and duration. As a result, northern
populations have to face many social, economic and cultural changes. Given such drastic environmental
changes and the strategic interest in the Arctic and sub-Arctic regions, there is a fundamental need to
understand and document the relationships that have existed between human societies and the environment
over the last millennium, from the Medieval warm period to the recent warming of the Arctic (Gauthier et al.
2010; Bhiry et al. 2011; Masson et al. 2012; Bouchard et al. 2014). An almost paradigmatic view amongst Arctic
archaeologists is that climatic fluctuations of the Late Holocene have affected population dynamics, migration
and cultural evolution through their direct influence on environmental conditions and the availability of raw
materials (Maxwell, 1985). Nevertheless, innovations such as the adoption of animal husbandry in southern
Greenland (Arneborg et al. 2012; Madsen, 2014), or the widespread practice of commercial fishing and
trapping, also occurred during the last millennium. It has been also suggested that cultural change could be
associated with the evolution of adaptation strategies and intrinsic technological innovation processes in
human societies, in conjunction with other social, political, economic, ecological and symbolic factors (Nagy et
al. 2000; Gendron and Pinard 2000; Dugmore et al. 2012). Recent results, paired with different regional climate
records, point to the influence of non-climatic factors contributing on past population dynamics such as the
Norse migration through the western North Atlantic region (Young et al. 2015) or the development of trading
posts (Desrosiers et al. 2010). Gaining an understanding of any given cultural evolution or adaptation strategy
is therefore a complex exercise (Woolett and Kaplan 2000).
During the last millennium, the Thule people and their Inuit descendants settled the bulk of Arctic Canada, and
Greenland, and may have co-existed in some areas with the last Dorset peoples (Appelt et al. 1997; Gulløv,
2008). In the late 10th century A.D., Norse communities migrated into Greenland, bringing with them a
European economy that mixed elements of agricultural practices and harvesting of wild resources (Arneborg
et al. 2012). Despite these Arctic and sub-Arctic regions’ history of settlement, they are often considered to
have been largely unaffected by anthropogenic activities. This is partially true in Nunavik, where Thule and Inuit
hunters-fishermen settlement has left few measurable ecological changes. However, on the Labrador coast
(e.g. in the Nain area), Inuit hunter-gathering activities such as wood harvesting may be considered as
anthropogenic factors in forest dynamics (Lemus Lauzon et al. 2016; Roy et al. 2017). Similarly, agricultural
practices that require local scale anthropogenic landscape changes, afforded self-sufficiency and resilience to
Norse settlers in southern Greenland during the Medieval Warm Period (MWP) and to Inuit farmers from the
beginning of the 20th century. At that time, these Arctic and sub-Arctic regions experienced – and still
experiencing – different kinds of human ecological impacts.
Human occupation of Nunavik/Nunavut and Labrador: Nunavik and Nunavut are characterized by significant
changes in human occupation and activity in the region over the last 4000 years (Avataq Cultural Institute,
2012). The Thule people arrived in Nunavik ca. 1150 or 1250 A.D., bringing with them new technologies entirely
different from Dorset tools. The latest period of this archaeological culture is characterized by the beginning of
Inuit contact with newcomers. The first trading post in Nunavik was set up at Richmond Gulf in 1750. During
the 19th century, trading posts progressively started to have an influence on the Inuit life style. Ethnohistoric
records indicate that the semi-subterranean houses were no longer in use by at least 150 years ago in favour
of the snow house and possibly the communal sod-house (qarmaq) (eg. (eg. Hall, 1865; Boas, 1888; Jenness,
1922; Mathiassen, 1928). Whether or not this shift was connected to environmental triggers is not clearly
known. Finally, in the 1950, Inuit people abandoned their nomadic way of life.
Labrador and the north shore of the Gulf of St Lawrence represent the southeastern limit of the migration of
the Thule across the North American Arctic. Their arrival in northern Labrador has been dated to between the
late 13th to early 15th centuries (Fitzhugh, 1994; McGhee, 2000; Woollett, 2007), at or near the beginning of a
very significant environmental transition: namely, Little Ice Age (LIA). A set of technological and economic
changes observed in the archaeological record is considered to mark the emergence of communities with
recognizably modern Inuit identities between the 17th and 18th centuries (Kaplan, 1983). The ‘prime movers’
motivating these cultural changes were likely multiple and complex. In north-central Labrador, in a transitional
zone between Low Arctic and Subarctic ecological zones, observable shifts in the subsistence economy and
settlement patterns of the Thule and Inuit reveal the impact of the unstable climate of the LIA and subsequent
warming. If archaeologists have identified the impact of climate change, the advent of increasingly profound
historical contact with Europeans must also be taken into account a key factor (Woollett, 2010). Both of these
phenomena likely posed specific challenges to the Labrador Inuit in the reproduction of their communities and
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the maintenance of long established modes of social organization, economic production, and seasonal
nomadism.
Last waves of settlement in Greenland: Norse farmers and Thule groups. From 800 cal. yr A.D., Norse societies
expanded in the North Atlantic, colonizing Shetland, Orkney, Caithness, Hebrides, Faeroes, Iceland (874 A.D.),
Greenland (985 A.D.), and Newfoundland in Canada (1000 A.D.). The settlers brought a continental European
way of life based on a broad-based subsistence system mixing farming and harvesting of wild resources. As
farming activities in Iceland lasted until today, the Greenlandic one finally failed around 1450 A.D. When Norse
farmers came to Greenland, the island had been previously settled by different palaeoeskimo cultures. Late
Dorset left North Greenland around 1000 yr. cal. A.D. and from 1200/1300 yr. cal. A.D., Thule arrived on the
north western coast of Greenland. Around 1000 yr. cal. A.D., Leif Erikson, Erik the Red’s son, explore the
Labrador coast and finally, Norse settled for a short time at l’Anse-aux-Meadows (Newfoundland) (Davis et al.
1988; Wallace, 2005).
The Norse settlement of Greenland from 985 to ca. 1450 A.D. has been particularly studied (Fredskild, 1971,
1978, 1992; McGovern 1991; Lynnerup 1996; Dugmore et al. 2005; Commisso and Nelson 2008; Buckland et al.
2009; Arneborg et al. 2012; Madsen, 2015). Farmers spread out over two parts of west Greenland with the two
most important settlements situated at 60°N, Østerbygden, district of Narsaq, the so-called Eastern Settlement,
and 64°N Vesterbygden, district of Nuuk, the so-called Western Settlement. The Norse colonization was
developed on the basis of an agro-pastoral economy and, at its height, supported a population of about 3,000
(Arneborg et al. 2012). The chronology of the abandonment of these colonies is unclear and the way in which
it happened is still the subject of debate (Dugmore et al. 2012; Arneborg 2015). Climatic change of the LIA
(Gauthier et al. 2010, 2015; Massa et al. 2012a; Perren et al. 2012; Millet et al. 2014), changes in European
trade systems (Dugmore et al. 2012) as well as governance and global economic changes (Arneborg, 2015)
isolated the community and probably caused a progressive emigration towards Iceland and Norway. Around
18th century, the medieval Norse territories in the southwest of Greenland were partially reoccupied again by
European migrants. From 1920 A.D. sheep farming has been re-introduced in South Greenland, within the
center of the former Norse agricultural areas. This agriculture is expected to grow over the next century as
anticipated climate warming extends the length of the growing season and increases productivity.
Inuit society today in Greenland and Canada. Cold environments are complex socio-ecological systems in
which climate warming has been highlighted as a key driver of change (French and Slaymaker, 2012). However,
a broad range of changes, other than climate, are of increasing importance although linked to several factors
that were either of low significance or non-existent only three to four decades ago (Allard and Lemay, 2012;
Stern and Gaden, 2015). This is particularly true for Inuit people living in Nunavik, Nunavut and Nunatsiavut
but also in Greenland where modern sedentary life is still combined with traditional activities implying mobility
in the local environment. In Canada, significant improvements in infrastructure and transportation allow Inuit
communities to be more mobile, connected with other cultures, and to stay informed of current issues. Another
aspect of change is the negotiation concerning self-governance over territories and empowerment over
administrative and educational matters that have raised level of Inuit political leadership at national level,
however sometimes at the expense of small isolated communities. The new Inuit generation is more prone to
participate in business, obtain wage-based employment, take charge of regional affairs, and protect the
environment and cultural heritage.
Social and economic activities of Greenlanders have also changed in recent decades in relationships with
geopolitics, globalization, trade, world market prices, quota policies, international bans, political autonomy but
also environmental issues. Hunting is marked by a gradual decline, due to economic, social, political and cultural
reasons, but still plays an important role at the community level (Nuttall in Masson-Delmotte et al., 2016;
Lennert et al. 2016). Fishing provides the main economic resource of the country. Households are faced with
the choice of combining traditional activities with new sources of income from the industry or services. For
instance, most South Greenland farmers have already considered transforming their house to accommodate
tourists (Richard & Weiss, 2012). Sea ice thinning and retreat have strongly affected hunting activities and
winter transportation around Greenland, leading to the relative decline of dogsled activities in West Greenland
and, in some places to social isolation (Buijs, 2010; Richard and Weiss, 2012 ; Huctin, 2016; Nuttall op. cit.). For
research projects to respect social needs and cultural values of studied populations, collaborative research and
knowledge coproduction have been increasingly recommended in the recent years. This ethical and more
efficient research approach involves indigenous stakeholders and interested members of local communities,
and includes traditional and local knowledges systems at different levels of the research (UNESCO 2012, Kielsen
Holm in Masson-Delmotte et al., 2016; Baztan et al., 2017). Three pioneer experiences have inspired our
present proposal: the circumpolar SIKU project for collaboration between hunters and researchers on sea ice
study (Krupnik et al. 2010), the “Siku-Inuk-Hila” project (Gearheard, Huntington and Kielsen Holm, 2013) and
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the “Interviewing Inuit elders” series (1999) and “Transfer of knowledge from Elders to youths” (2003) in
Nunavut for elder-student-researcher collaboration (Laugrand, 2008).
Inuit youth and research. In the traditional Inuit culture, youth is the link to both the past (through their first
name given by parents from a deceased relative) and the future (by becoming providers for their families and
communities). Today, as young people under 30 represent a large majority in their populations, Greenland,
Labrador and Nunavik consider them as their "most valuable asset" for adapting to global changes and taking
advantage of a possible social-economic development. However, Inuit young people are facing social difficulties
and challenges, not least getting a useful higher education. Moreover, they have most often been neglected by
scientists, even by anthropologists, not to even mention being partners in research projects (Huctin, 2016). The
InterArctic project intends to contribute in correcting this former trend by dedicating part of the project to an
innovative collaborative participatory research with high-school students and their teachers. The main goal is
to co-produce knowledge about past, present, and future changes which can be documented in the daily life,
in agreement with community leaders and residents, as well as in an interdisciplinary approach with all the
InterArctic environmental and social sciences researchers.

I.2. Objectives and scientific hypotheses

Fig. 1. Map of Canada and Greenland. Red spots represent the location of study zones.

Social structures, population’s dynamics, cultural
and political factors as well as geomorphological,
climatic and ecological factors, all interact in
complex ways to shape northern environments at
multiple scales. The main objective of this project
is therefore to document the spatial and temporal
evolution of the relationships between human
societies and their environments, in seven Arctic
and sub-Arctic regions that are particularly
sensitive to global change: Canada (Nunavik,
Labrador and Nunavut) and Greenland (West and
East Coast). By comparing the response of the
ecosystems to different types of human activities,
we will explore the complex interactions between
humans and the environment. The secondary
objectives focus on answering the following
questions: Have the societies living in these regions
been interacting in a resilient, sustained manner?
How have they adapted well or have they failed?
What are the limits of this adaptation? Have the
climate/environment changes led to cultural
changes or not? What are the perceptions and the
knowledge of local Inuit people (youths and elders)
about these questions? How could the sharing of
scientific and local knowledge improve the global
knowledge on adaptation to environmental and
social changes?

The project will also contribute to the debate concerning the concept of the Anthropocene in cold northern
environments. This project focuses upon a central concern of the following concept – successful or failed
human stewardship of land and resources – in the context of management of resource such as wild animals
and plants, and domestic animals and plants introduced from elsewhere. Accordingly, through complementary
tasks, we plan to conduct several fieldwork projects in the following locations: Greenland - 1. Uummannaq
(West coast), 2. Western settlement (Nuuk region), 3. Eastern settlement (Qassiarsuk region) and 4. Liverpool
land (East coast); Canada, 5. Labrador (Nunatsiavut): Nain and Okak bay areas, 6. Nunavik: Kuuvik Bay/
Mansell Island/ Kangiqsujuaq, 7. Nunavut/Nunavik: Belcher Islands (Sanikiluaq), Umiujaq and
Kuujjuarapik/Whapmagoostui. These study areas represent a key zone for understanding the interaction
between local societies, European settlers, traders (e.g. fur traders and whalers) and the environment in the
Arctic and Sub-arctic regions. On the one hand, the climatic mechanisms driving the shift from the MWP to the
Little Ice Age (LIA) in the North Atlantic regions are still debated (Young et al., 2015). On the other hand, climatic
variations and biophysical evolutions likely generated changes in socio-ecosystems. Such changes need to be
better understood in terms of their different spatial and temporal scales. This project combines available
climate data (including historical information), ecological, archaeological and geoarchaeological investigations
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and multi-proxy analyses made on lacustrine sequences, peaty deposits, postglacial deposits as well as
archaeological sediments and anthrosols. The overall aim is to improve our understanding of interactions
between humans, the environment and landscapes. Secondary objectives include the determination of relative
resilience in the face of environmental forcing, human adaptation during the MWP and the LIA (e.g. multifamily
dwellings), cultural changes, human impact on landscapes and soilscapes. In addition to climate and
environmental changes, many of the hunter-gatherers, fishermen and farmers also experienced economic and
social changes. This was most notable in the last century, which saw a profound change in the way of life and
in the structure of societies. Climatic and environmental change, subsistence and procurement strategies,
technology and traditional knowledges are interconnected topics that can only be articulated by an
interdisciplinary team with the input of local people. Consequently, our approach will combine social and
natural sciences in an integrative and interdisciplinary way. This collaborative approach will generate a coproduction of knowledge that incorporates the perspectives of elders, students and teachers in different
communities (Canada and Greenland). Collaboration will be promoted using techniques from cultural
geography and anthropology (e.g. school workshops, interviews, historical documents, photography,
storytelling, participant observation…) and ethno-archaeology (e.g. collecting information about local
perceptions of the territory, archaeological heritage, environment and climate change…).

I.3. Risk management and methodology
Concerning archaeological and paleoenvironmental fieldworks in WP 2 (Paleoenvironment) and 3
(Archaeology), the potential threat is due to the ice and weather conditions in summer, in Greenland as well
as in Canada, which are becoming more and more unpredictable under current climate change. Hence, these
conditions may preclude or delay access to the study site in a given summer. In WP4, project success is based
on long trusting relations between researchers and local partners as well as on participant motivation fostered
by mutual interests. The possible refusal of some elders to be interviewed by foreign researchers will be
minored by the family relationship between the interviewee and the interviewer; the possible superficial
answers will be compensated by the number of elders interviewed. Risk also depends on quality of youth
involvement. This question will be solved in collaboration with local teachers.
We will particularly attentive to foster the interaction between the different WP. Interaction between
paleoenvironment and archaeology is something easy to develop, as all the participants are used to make these
fields interact. The dialog between anthropology, cultural geography, social psychology, archaeology and
paleoenvironment is less usual and will be at the heart of our project.

II. Project organisation and means implemented
II.1. Scientific coordinator
E. Gauthier, 48, Professor at the Université de Bourgogne Franche-Comté, Laboratoire Chrono-environnement
(UMR 6249 CNRS)
Main research topics: Palaeoecology, Environmental archaeology, Palynology, Non Pollen Palynomorphs, Peat
bogs and lakes as archives, Human impact on environment, Climate change and high-resolution dated proxyclimate records, Mountainous areas (Jura, Alps), Arctic areas. Track record: author of 83 publications: 2 books,
31 international peer-reviewed papers, 12 national peer-reviewed papers, 18 book chapters and 20
proceedings (https://scholar.google.fr/citations?hl=fr&user=A5xftIEAAAAJ&view_op=list_works).
Experience in project coordination and Arctic research: Coordinator of the Ultimagri project (2009, funded by
the French Polar Institute- IPEV), PI of task “Documenting past changes” in the Green Greenland ANR CEP
project (Coord. Valérie Masson Delmotte - 2011-2015), Organisation of 4 fieldworks in Greenland. Head of the
team “Past Societies and Environment”, and part of the management team of Chrono-environnement lab (280
persons including 70 PhD students). Head of Master degree "Archaeology, Sciences for Archaeology” coaccredited Universities of Burgundy and Franche-Comté, associated with universities of Neuchâtel and Fribourg
(CH). Teaching at the Barcelona University. Member of the CNRS National comity section “Men and
Environments: evolution, interactions” from 2012 to 2016. Participation to the Adamclim project (Coord. D.
Gremillet) funded by the French Polar Institute- IPEV (next fieldwork scheduled in July 2017).

II.2. Consortium
This project is built through a collaborative scheme, as it involves 30 scientists from 12 French laboratories and
16 international collaborators. Researchers involved in the project constitute a pluridisciplinary panel and have
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all a strong experience of Arctic fieldworks and issues. The project is partially in continuity with the finished
IPEV funded project LOTECHAIN: Long Term Environmental Changes and Human Activities in Nunavik (20122016, PI: D. Marguerie) and the extended IPEV funded project ADACLIM (2017-2021, PI: D. Grémillet). The
proposed project is also linked to OHMI Nunavik (Observatoire Hommes-Milieux International Nunavik)
dedicated to the study of human-environment interactions in the context of socio-ecological systems. In the
international context, the project is strongly linked to the Center of Northern study (Centre d’études nordiques
= CEN) and to the Research Group on Archaeometry from Laval University (Quebec, Canada), which currently
lead several funded programs in Nunavik, on the Labrador coast and in Iceland (eg. N. Bhiry, J. Woollett;
Canadian funding: NSERC, FQRSC, FCI). All questions related to elders Inuit interviews and works conducted in
Nunavik and Labrador communities will first be approved by the ethical committee of the Avataq Cultural
Institute (Westmount, Quebec), and by the Human Research Ethics Committee at Laval University (CÉRUL). We
also collaborate with the Copenhagen national museum and the Greenland national museum, as well as with
the Institute of Natural Resource of Greenland. All these international partners have funded programs in
progress and they are just waiting for our involvement through this ANR project. Most of them are involved in
the North Atlantic Biocultural Organization (http://www.nabohome.org): an international, interdisciplinary
research and education cooperative. NABO is part of IHOPE (Integrated History and Future of People on Earth,
http://ihopenet.org/) and represents a component of IHOPE’s participation in the Future Earth
‘transformations towards sustainability’ program aiming to mobilize the long-term record of millennial- scale
human ecodynamics in service of more effective scenario building for a genuinely sustainable future. Finally,
we have also integrated young foreign colleagues, finishing their PhD thesis or with post doctorate positions,
because their field of research was very complementary with our project (Claire Houmard from the national
Museum of Copenhagen, Paul Ledger and Edouard Masson MacLean from Aberdeen university, Anne Eileen
Lennert Tromsø university.

II.3. Means of achieving the objectives

Fig. 2. Organisation of WPs and tasks.

WP1. Project coordination and outreach (Emilie Gauthier and Dominique Marguerie)
The coordination of the project will be managed by a committee constituted by one representative of each
team involved in the project, and directed by E. Gauthier. It will organize each step of the work progression
(technical and scientific meetings, fieldwork and lab sessions, scientific reports, and communication sessions)
during the project lifetime. A steering committee will be established that will bring together competent
scientists in the identified thematic areas, and local actors.
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Task 1.1. Reporting (E. Gauthier and D. Marguerie). Project progress and difficulties will be reported. The
project coordinator will collect reports from each partner and each work package leader to follow budget
spending, report work progress, achieved tasks or difficulties encountered and alternative strategies. Project
results will be presented at ANR.
Partners involved: steering committee – Non-permanent staff involved: none - Risks and alternative strategies: low as
project partners are experienced in project and team work. - Success indicators: meeting ANR deadline for reporting Deliverables: project reports.

Task 1.2. Project meeting (PI WP). An Initial project international meeting will be first organized. This 3 days
international workshop will take place in Paris (University of Versailles Saint Quentin, CEARC laboratory) with
all project partners, associated international collaborators as keynote speakers. Others project meetings will
be organized on a yearly basis in the CNRS laboratories of Besançon, Rennes, Rouen and Versailles SaintQuentin during 1.5 day. Each year, an international partner will be invited to attend this meeting and the
education project (task 1.4). Announcement, presentation supports and meeting reports will be provided on
the project web site (task 1.5).
Partners involved: all - Non-permanent staff involved: all - Risks and alternative strategies: None - Success indicators:
attendance and decision - Deliverables: kickoff meeting (month 1), annual meeting (month 12, 24, 36), final meeting (month
44)

Task 1.3. InterArctic internal database (F. Le Moal, D. Marguerie). Building a database will help us to structure
the InterArctic data in different disciplinary modules (WP2, WP3 and WP4) having in common a geo-reference,
as well as recording the observation and the results coming from field and laboratories. We will first achieve a
data inventory, will use a method (e.g. Merise) to create a dictionary, and will structure them in a data model.
So we will create a relational database, with a DataBase Management System (DBMS), as PostgreSQL. Such
system shows several advantages like facilitating data queries with SQL language (Structured Query Language)
to select the data. This internal database will be fed and consulted by all researchers through offline
spreadsheets. Metadata will be created and accessible on the catalog of metadata of OSUR (Observatoire des
Sciences de l'Université de Rennes) (https://www.osuris.fr/geonetwork) which offer also the possibility to
display the maps on a cartographical server.
Partners involved: all - Non-permanent staff involved: all - Risks and alternative strategies: None - Success indicators:
access to database, feedbacks - Deliverables: database and maps.

Task 1.4. InterArctic Geomatics approach (Y. Rantier, L. Quesnel, V. Bichet)
The smallest study scale of the archaeological site is the spatial layout of the artefacts and structures
(topographic map). The regional level is impossible to conduct without an inter-site (extra-site) study of the
area. Surveying is therefore necessary in order to map all sites located or found in the region being studied. We
are able to analyze the geographical and functional relations between sites in a given region using GIS. The
modelling of the (paleo)-environment is crucial to understand how populations lived in their territory, with
notably a study of the accessibility to natural resources and raw materials (drinking water, berries plants,
favorable hunting and fishing spots, drift wood, etc.WP). The use of maps, remote sensing data at fine spatial
resolution, drone with airborne LiDAR data, kite, differential GPS and a GIS software (ArcGis or QGis) is essential
in order to geo-reference in details all sites. Geomatics is not only a tool for collecting data but also for
questioning and testing some hypotheses e.g., by building models on spatial dynamics through time of human
societies but also of animals or plants within a given area. Such models are important tools to investigate
potential distributions, coupling with mechanistic simulations of moving or dispersal.
This treatment is also at the root of a good valorization and promotion of our work. We consider to make
available several maps online (Web mapping, ArcGIS online Story Map) with pictures and videos on a interactive
platform for a better dialogue, a participative knowledge, between researchers and the general public (e.g.,
Inuit youth awareness on their history and their archaeological heritage, see also chapter III for result
valorization).
Partners involved: all - Non-permanent staff involved: all - Risks and alternative strategies: None - Success indicators:
access to database, feedbacks - Deliverables: maps.

Task 1.5. Educational project: graduate course on Arctic archaeology, paleoenvironment, geoarchaeology
and anthropology (E. Gauthier, D. Todisco and J.-M. Huctin). A six hours training course will be built on the
topics of Arctic archaeology, paleoenvironment and anthropology (Inuit studies). It will be implemented in the
Master course Archaeology, Sciences for Archaeology (University of Burgundy - Franche-Comté) as well as in
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the Master Arctic studies (University of Versailles Saint-Quentin). With the help of visioconference, the course
will be broadcasted in real-time for students of the Universities of Rouen, Rennes and Laval at Québec city. An
international partner will be invited each year, with their travel and accommodation expenses covered by the
coordination project and the I-Site Fellowship Grants (University of Bourgogne/Franche-Comté) dedicated to
the invitation of foreign professors.
Partners involved: national and international scientist involved in teaching, professor and associate professor. - Nonpermanent staff involved: volunteers. - Risks and alternative strategies: none - Success indicators: number of students,
feedback of students. - Deliverables: courses

Task 1.6. Communication and outreach (E. Gauthier and D. Marguerie). Communication within project
participants will be organized using a dedicated project list and a website hosted at LCE. We will also create a
facebook group in order to share project progress with as many people as possible. The project website and
the facebook group will be key communication tools. Training course, projects advances, publication will be
announced on the web site while fieldwork progress, with pictures and short videos will be available on
facebook group. Dissemination of the WP4 done by collaborative teams (environmental and social sciences
researchers with Inuit communities) to French schools and restitution to local partners will be organized
separately but in coordination with Task 1.5.
Partners involved: E. Gauthier and D. Marguerie - Non-permanent staff involved: Master Student and Zhiwei ZHU - Risks
and alternative strategies: to have a clear message about the project - Success indicators: access to the web site, feedbacks
- Deliverables: project web site (month 12).

WP 2. Landscape and soilscape evolution: natural versus anthropogenic forcing recorded in pedosedimentary, peaty and lacustrine archives (Dominique Todisco and Najat Bhiry)
This multidisciplinary task is based on a multiscale systemic approach to geomorphological and ecological
processes, with special emphasis on the dynamic combinations of biotic, abiotic, and anthropogenic (cultural)
factors involved in landscape evolution and archaeological site formation. A comprehensive understanding of
Late Holocene land system change can only be achieved through rigorous detailed reconstructions of climate,
surface processes and human activities, with an emphasis on their long-term multiscale interactions. Our aim
is to collect new data on climate forcing, geomorphological changes and environmental changes using different
archives of human activities and historical land use (link with WP3). Multiproxy analyses will be carried out in
order to provide insight into the long-term development of terrestrial and aquatic ecosystems in the vicinity of
Thule/Inuit-Norse sites and to better understand site formation processes. The primary objectives are: 1) to
record the pedo-sedimentary, lacustrine and peaty deposits, 2) to record the physico-chemical characteristics
of sediment/soil at high resolution, and 3) to develop robust and accurate chronologies for each record.
Anthropogenic forcing will be studied in terms of: 1) ecosystem stability and soil erosion (as in Greenland, with
the development of medieval agriculture, Massa et al. 2012), 2) forest dynamics (as in Labrador; Lemus-Lauzon
et al., 2012, 2016; Roy et al. 2012, 2017), and 3) plant/peat collection by hunter-gatherers (such as in Nunavik
or Labrador; Zutter, 2009).
Task 2.1. Site formation processes and postglacial geomorphology (Dominique Todisco)
The geoarchaeology of arctic sites under study (WP3) will aim to fully characterize 1) natural and anthropogenic
site formation processes, 2) the evolution of the archaeological record, 3) the taphonomy of anthropogenic
cryosols (anthrosols), and their post-depositional disturbances, and 4) the spatial organization of activity areas
within sites (Todisco and Monchot, 2008; Todisco et al., 2009; Lemieux et al., 2011).
Intra-site geoarchaeological investigations. Intra-site investigations will focus on cryosols, whose physicochemical properties are favorable to the preservation of chemicals related to anthropogenic activities (e.g.
nitrogen, phosphorous, magnesium, and animal fatty acids). Accordingly, this task will explore the signs of
human influence on the chemical composition of cryosols (e.g. beneath winter dwellings) in relation to specific
activities such as cooking, food/bone processing (butchering), and hearth/lamp maintenance. The goal is to
expand the range of known element enrichments associated with hunter–gatherer Thule/Inuit sites and to
identify variations within these enrichments, which will facilitate the reconstruction of how indoor and openair spaces were used in the past. Different forms of geochemical analysis of the archaeological sediments will
be used, including: 1) inductively coupled plasma atomic emission spectroscopy (ICP-AES) for a diverse suite of
elements (Couture et al., 2016b), 2) Fourier transform infrared spectroscopy (FTIR) to simultaneously extract
inorganic and biomolecular information (Butler and Dawson, 2013; Butler et al., 2015), and 3) gas
chromatography-mass spectrometry (GC−MS) in order to detect the presence of animal fatty acids (Bernier et
al., 2016). In addition, micromorphology and SEM analysis (University of Rouen, CEN/Laval University/CEN) will
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be used to characterize the microfacies of cryosols related to anthropogenic activities in combination with
active layer processes and bio-pedological activity (Todisco and Bhiry, 2008b; Couture et al., 2016a).
Extra-site geoarchaeological investigations. the understanding of the geomorphological context of studied
archaeological sites will be of central interest and will be taken into consideration to 1) assess heritage site
sensitivity to perturbation or erosion, 2) characterize surface processes (e.g., nivation, overland flow,
solifluction, aeolian sedimentation; Todisco and Bhiry, 2008a) and 3), measure the postglacial isostatic
rebound, which allowed archaeological sites to be uplifted (Gray, 2001; Aubé-Michaud, 2012). High-scale
geomorphological field mapping will be assisted by the use of high-resolution aerial and satellite images as well
as drone-acquired images. All data, including topographic surveys, geomorphology (e.g., raised beaches,
thermokarst ponds, land subsidence, shoreline retreat), ecological features (lakes, peatlands), archaeological
sites and structures (WP3) will be integrated in a database and combined in a geographic information systems
(WP1). Extra-site cryosols and postglacial deposits will be analyzed in term of sedimentology (Univ. of Rouen),
mineralogy (XRD, Analytical and Consulting), and geochemistry (ICP-AES/MS and CG-MS). Bivalve shells
collected on postglacial raised beaches and those found in archeological sites will be analyzed (δO18) in order
to reconstruct past sea-level changes and past seawater temperatures (Gröcke and Gillikin, 2008; Nielsen and
Nielsen, 2009) (Union College, IRMS/NY).
Task 2.2. Lacustrine and peat records: high resolution analysis (Vincent Bichet and Laurent Millet)
Lacustrine archives. Arctic and Subarctic lakes are known to be important components of the global carbon
cycle. The balance between carbon sources and sinks in lakes is sensitive to global forcing (climate change and
atmospheric nitrogen deposition, e.g. Lundin et al. 2015; Heathcote et al. 2015) and local conditions (land use,
e.g. Anderson et al. 2014). In high latitude lakes, low biodiversity is linked to increased vulnerability to climate
warming, which is expected to be amplified in the Arctic zone (Serreze and Francis 2006). This effect is also
associated with the socio-economic shift that is partly triggered by the changing environment. Changes in the
lake carbon cycle are especially significant because high organic carbon accumulation can lead to anaerobic
processes of organic carbon degradation that produce biogenic methane, one of the most powerful greenhouse
gases (Rudd and Hamilton 1978; Ravinet et al. 2010). The variety of modern conditions and human practices
over time covered by the InterArctic lake dataset offers the opportunity to assess the legacy of past human
activities on the vulnerability of lakes to the effects of climate change in the present and in the future.
In this task, we propose to document the following: 1) how the carbon-sink service of lakes is impacted by
controlling factors (i.e., climate, nitrogen atmospheric depositions and local land use), 2) how the biodiversity
(both taxonomic and functional) of benthic macro-invertebrate communities is impacted by changes in lake
carbon sequestration, and 3) the relationship between organic carbon sequestration, macroinvertebrate
biodiversity and the appearance of methane-related food webs in different environmental conditions. To
achieve these objectives, we propose to develop a multiproxy study of sediment cores taken from each study
area that encompass the past millennium. The sediment indicators will be studied on the same levels (after
sub-sampling) to enable direct comparison of the results. The thickness and the distribution of the samples will
ensure a subdecadal time resolution for the last 150 years and a sub-centennial resolution for the older period.
The research plan can be divided into several steps: a) reconstruction of the quantity and sources of organic
carbon in lake sediment, b) assessment of the spatial and temporal variations of the expected controlling
factors on organic matter sequestration, and c) evaluation of the impact of organic carbon sequestration on
benthic biodiversity and methanogenesis and methanotrophye.
The fieldwork will benefit from the strong skills and expertise of the project partners in coring in remote areas.
The cores of the Interarctic project will undergo the following logging chain: 1) high resolution pictures, density
and magnetic susceptibility measurements on the Multi-Sensor Core Logger (MSCL Geotek, ChronoEnvironnment lab), at 0.5cm resolution, 2) elemental analysis by X-ray Fluorescence (Avaatech XRF core
scanner, Edytem lab, Univ. of Savoie Mont-Blanc), at 0.250cm resolution, 3) determination of sediment color
bearing component by hyperspectral imaging (camera SWIR & VNIR SPECIM, Univ. of Rouen/M2C), (4) the
analysis of chironomids, diatoms, pollen and non-pollen palynomorphs analysis (5) analyses of organic carbon,
organic nitrogen and carbon stable isotope (δ13C) in bulk sediment, (6) carbon stable isotope (δ13C) analysis
in chironomid and cladocera remains.
Peat archives. In order to determine the local and regional climate fluctuations as well as hydro-ecological
changes during the Late Holocene, peat monoliths and cores will be extracted from a variety of peat archives.
These include: paludified raised terraces, bogs, polygonal peatlands, palsas and thermokarst ponds. The
landforms related to permafrost evolution yield suitable data for the reconstruction of climate evolution. In
thick peat bogs, the top meter of the sediment will be retrieved using a Waardenar corer, while a Russian type
GIK peat sampler will be used for the deeper sediments. Peaty material directly retrieved from the
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archaeological sites will also be sampled and subjected to macrofossil and pollen analysis for extra- and intrasite comparisons. Peat material can be viewed as a resource because it is associated with anthropogenic inputs
for site construction (e.g. the walls of Thule/Inuit semi-subterranean dwellings) (link with WP3). Peat
accumulation can also be viewed as a natural signature when organic layers develop over abandoned
occupational floors or archaeological structures. To capture this data, spore, pollen and macrofossil analyses
will be performed at a high resolution (Bhiry and Filion, 2001) on cores or monoliths extracted from peaty
archives in and around the archaeological sites. Collections of pollen and plant remains at Laval University/CEN,
Chrono-environnement and CReAAH labs will be used as references. Identified macrofossils will include the
remains of vascular plants and anthropogenic ecofacts (e.g. charcoal, animal bones, burnt brown mosses, and
burnt fat). The objective will be to identify local plant species that have been used by hunter-gatherers in their
diet, for lamp wicks, bandages, woven mats, floor coverings and as bedding (e.g. Zutter, 2009).
Paleo-environmental DNA is an emerging tool in the field of paleoecology and has proved to be a valuable
complementary approach to the use of pollen and macro-remains to investigate past changes at the community
level (Parducci et al. 2013; Pedersen et al. 2016). The development of high-throughput sequencing methods
now allows massive sequencing of the old DNA contained in sedimentary archives (this method has already
been tested at Lake Igaliku in Greenland, Capo et al. 2016). To reveal the whole diversity present in the samples,
shotgun sequencing of the full metagenome is used. The PalenvDNA thus offers the possibility of directly
identifying the organisms present in these archives even in the absence of ancient material, thus improving the
resolution of taxonomic richness surveys (Haile et al. 2009). All DNA extractions and pre-amplification analyses
will be performed in ancient DNA facilities (Wales, 2014; Pedersen, 2016). Metagenomics libraries will be
constructed and sequenced on Illumina Hiseq 1500 on the Platform of environmental and human genomics of
Rennes.
Task 2.3. Sedimentological record of animal dynamics through time (David Grémillet and Emilie Gauthier)
Seabirds dynamics. Seabirds are essential hunting targets across our study area, and their populations appear
to have undergone contrasting dynamics through time. Likewise, domestic herbivores introduced by Europeans
in Greenland, affected local landscapes. So far, the interactions between humans and animals have mainly been
studied though artefacts retrieved during excavations of dwellings and kitchen middens, while animal tracers
in the environment have rarely been tracked through palaeoenvironmental studies. In this study, lacustrine
cores and multi-proxy analysis will be used to reconstruct the temporal dynamics of seabirds and herbivores.
Sediment cores from lakes located in eastern Greenland (Ittoqqortoormiit; Liverpool Land) and adjacent to
little auk (Alle alle) breeding sites, will be used to detect the presence of the little auk; a hunted seabird and
major keystone species in the marine ecosystem. The sediments will be dated and analyzed for an array of
seabird presence indices using reflectance spectrophotometry and hyperspectral analyses of organic matter,
stable isotopic analyses of carbon and nitrogen, as well as phytoplankton, coprophilous fungi spores and pollen
which trace the fertilization effect of little auk droppings both on lake waters and nearby vegetation (Wood
and Pietri, 2015; Hargan et al. 2017). This task will be completed by lLittle aAuks monitoring (WP3) and
interview of local hunters (WP4).
Domestic herbivores and migratory caribou. Another unexpected impact could come from herbivores. As it
was demonstrated in south Greenland, grazing impact of domestic herbivores as well as wild herbivores can be
tracked through the study of coprophilous fungi available in pollen spectra, detection of molecular markers
(DOC - bile acids) (Gauthier et al. 2010; Guillemot et al. 2015, 2016) and DNA. Important gathering of
herbivores, whatever the context, may have influenced the surrounding environment. So the impact and
dynamics of larges herbivores over time are detectable and may be completed by DNA analysis to ensure
herbivores species. In Nunavik and Labrador, migratory caribou (Rangifer tarandus) are central to the ecology
and are at the heart of the culture and economy. Despite major monitoring and research efforts, caribou remain
poorly understood, making their management problematic. This task will document the long-term ecological
dynamic in relation to this species and will situate the current situation within its historical context.
Task 2.4. Robust chronology building (Damien Rius and Philippe Lanos)
Dating methods. Constructing robust chronologies is a complex process involving the physico-chemical
characterization of sediments and different dating methods. Radiocarbon dating by AMS at the
Radiochronology lab at Laval University/CEN will be used to correlate all of the pedo-stratigraphical and
palaeoecological data as well as the archaeological occupation phases (link with WP3). For the most recent
lacustrine/peaty sediments (from the past 150 years), 210Pb and 137Cs measurements will be performed using
gamma spectrometry in an ultra-low background environment (Chrono-Environment lab is equipped with a
gamma spectrometer located in the Laboratoire Souterrain de Modane). For older lake sediments, we will use
a coarser sub-centennial resolution of between 20 and 50 yrs/sample. In addition, OSL and cosmogenic dating
will help to document the timing of glacio-isostatic uplift, which is an important factor in plant/animal
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colonization that affects the availability of land and resources in human settlements (link with WP3). OSL dating
will be carried out on sandy raised beaches that lack marine shells and will be performed at the Nordic
Laboratory for Luminescence Dating (NLL) at Aarhus University (Denmark). Cosmogenic nuclides dating (10Be)
of glacial boulders sampled from elevated ice-scoured surfaces and reworked till in marine terraces around the
archaeological sites will be used to precisely date the glacial/postglacial landscape evolution. This dating
technique will be carried out at LN2C-CEREGE (Aix-en-Provence).
ChronoModel application. The ChronoModel application (http://www.chronomodel.fr/) implemented by our
partners at IRAMAT will be used to combine all of the dating results from the project (including the
archaeological information) in order to improve the precision of the dating. ChronoModel’s primary function is
to better stabilize the climatic/ecological phases and geomorphological events on the time scale. It is important
to note that this treatment performs an automatic weighting of the data using Bayesian statistics, which makes
the treatment very robust to the outlier dates.
Partners involved: N. Bhiry, V. Bichet, P. Dufresne, E. Gauthier, P. Lanos, D. Marguerie, L. Millet, D. Mouralis, C. Nehme, M.
Ollivier, A.C. Pierson-Wickmann, H. Richard, D. Rius, M. Simard, A. Schaffhauser, R. Pienitz, D. Todisco, V. Vernaux. Nonpermanent staff involved: PhD candidate, Post-Doc - Risks and alternative strategies: Weather conditions during fieldwork,
difficulties in study site. Success indicators: (1) Insight into the long-term development of landscape and aquatic ecosystems,
(2) analysis of different anthropogenic forcing impacting arctic ecosystem stability, lake and forest/tundra dynamic, (3)
geoarchaeological characterization of the archaeological records in different bio-physical and cultural settings, (4) analysis
of plant use by Thule/Inuit-Norse, (4) constructing robust chronologies in combining events, phases and temporal
constraints, (5) changes in d13C signature of chironomid and zooplankton remains in lakes, (6) characterizing auk impact
on lake ecosystem, (7) documenting herbivores presences in past periods and their impact on vegetation and soil erosion.
Deliverables: (1) Analysis of environmental changes for the last millennium in relation to human occupation and past land
use in Nunavik, Nunavut, Labrador, Greenland, (2) multiproxy analysis of extra/intra-site pedo-sedimentological records, (3)
multiproxy analysis of lacustrine and peaty records, (4) reconstruction of past vegetation changes, (5) reconstruction of
lacustrine changes in organic carbon accumulation and sources, (6) reconstruction of chironomid/diatom assemblages in
lakes, (6) analysis of little auk presence over the last millennium in East Greenland.

WP 3. Arctic landscapes and techno-economic systems (Grégor Marchand, James Woollett and
Tommy Weetaluktuk)
Studies led in the WP3 are intended to understand the establishment of the technical and economic systems
and their evolutions at the long time, from several studied areas (Nunavik, Labrador and East Greenland). The
transformations of the long-lasting economic organization on a territory either the material equipment can be
bound to imperious modifications of the environment, as in historic events or technical transfers (Barry et al.,
1977; Mudie et al., 2005; Anderson et al., 2011). Field survey and excavations will be directed to two main
structuring behaviors linked to an environmental stress during the last millennium, hunting (with a special
attention to bird hunting), and the development of mixed farming economy (Norse western settlement,
Greenland).
Task 3.1 - Networks of the studied areas (Nunavik, Labrador and Greenland) (Grégor Marchand)
Based on diverse levels of mobility, logistical systems can be addressed through the reconstruction of economic
and social networks. It supposes the definition of the activities realized in every knot of this network (targeted
field surveys, estimation of the exploited fauna, techno-functional analyses on tools). The sourcing of different
raw materials (such as driftwood or stones) reveals the connectivity of these networks and helps us to
understand their eventual reorganization.
Inventories, field surveys, limited excavations in archaeological sites. Field surveys will be linked to the
environmental studies and they will be particularly oriented towards avian exploitation, close to the cliffs where
birds nest and near the lakes. Some limited excavations in Neoeskimos sites will be needed in these test-zones
to better define the nature of occupations (structures, tools), ensure correct chronological timing and estimate
their position in the predation system.
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The archaeological approach
requires the inventory of prior
data, in connection with the
competent
archaeological
authorities on the study areas,
for the acquisition and the
return of the archaeological
data (Avataq for Nunavik, Laval
University for Labrador). The
balance of the archaeological
heritage has to be made by
close ties with the local
communities. Their implication
in the field campaigns every
year is crucial for the success of
the project and the good
management
of
an
archaeological
heritage
threatened by the intense
erosion of the Arctic coast
(school workshops done in WP4
will help foster community
Fig. 3. Archaeological Field School and Survey, Smith Island (Nunavik) (Cupa project, 2011). Source
interest).
This
landscape
Avataq 2013
archaeology
will
take
advantage of surveys by drone
and kite, a recording of the structures by photogrammetry and a management of the data in the GIS (WP1/2).
A rich archaeological heritage with very favorable natural recordings lead us to select Kovik Bay and Mansel
Island (Nunavik), Nain (Labrador) and Cap Hoegh (Liverpool land, East Greenland) as work zones.
Strategies of acquisition and exploitation of raw materials. The Arctic and sub-Arctic ecosystems depend on
a sensitive environmental balance. In the coastal areas where we will work, palaeoenvironmental variations
were originated from land emergence, periglacial processes and geomorphological dynamics (WP2),
temperatures affecting sea ice extent (Grumet et al., 2001; Mudie et al., 2005), variation of marine current
intensity or location of the treeline. All of these factors had a major impact on land and marine ecosystems,
generating significant changes in the availability, diversity and abundance of resources (e.g., Schledermann,
1976).
X-ray Fluorescence (XRF) is adequate for acquiring a chemical fingerprint of lithic material and the conditions
under which they were formed, therefore helping to locate its geographical origin (quarries). A portable Niton
xl3t XRF analyzer from University of Rouen/IDEES (D. Mouralis) will be used for quick multi-elemental analyses
of archaeological lithic pieces and rock samples coming from Nunavik and Labrador (for the most famous the
Ramah chert). The aim is to work on lithic raw material sourcing and diffusion with the help of a reliable nondestructive and rapid method (Olivares, et al., 2009; Gauthier et al., 2012). Lithic and raw material collections
will be tested at Avataq cultural Institute.
Driftwood and local shrubs are the primary wood resources available in most Arctic and sub-Arctic coastal areas
They shed light on how ocean currents could change in response to climatic changes (Alix, 2005, 2012; Steelandt
et al., 2013, 2015) (WP2). Xylology, anthracology and dendrochronology will enable researchers to identify the
wood species (Marguerie et al. 2010) as well as their growth conditions and occasionally their origin, by
studying growth rings. Strontium isotope sourcing (A.-C. Pierson, Geosciences-Rennes) has already successfully
been applied for identifying long-distance sources of drifted timbers (Reynolds et al., 2005; English et al., 2001).
Dynamics of the technical systems. Developing and mastering adaptive technologies was crucial to the
settlement of northern cold regions (McGhee, 1996). Arctic peoples show a great ability for technical
adaptation which allows them to face with the environmental changes, trying to answer at best the
unpredictable situations. Analysis of archaeological artifacts allows differentiating stable states from dynamic
changes in the different phases of technical system, acquisition, production and consumption (Desrosiers,
2009; Dionne, 2013; Houmard, 2016). The technical changes affect some parts of these processes more than
others, with compensations towards other materials, as technological and functional analyses can identify
(lithic, antler, bone, ivory, wood).
Task 3.2 – Human / animal relations: acquisition of prey and breeding (James Wollett and Claire Houmard)
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Faunal acquisition systems in the various studied areas. Zooarchaeological studies will focus on (1) the
determination of the composition of the bone assemblages to understand the diversity and the relative
abundance of species exploited (e.g., Woollett et al., 2000; Lofthouse, 2007; Monchot and Gendron, 2011;
Lanoë 2014; Foury, 2017), (2) the role of bird exploitation in the economic system, (3) the prolonged storage
with a delayed consumption or not, (4) the age of the hunted animals, the kill season, and, consequently, the
season of occupation of the site, (5) the anthropogenic cut marks (with stone or metal tools), and the butchery
and cooking practices (Monchot et al. 2013), (6) bone exploitation for making tools (Houmard, 2011), and (7)
taphonomic processes affecting zooarchaeological assemblages (Todisco and Monchot, 2008; Foury, 2017). In
addition, paleoparasitology will help to reveal (1) any animal traces in case of site lacking bone remains, (2)
intestinal parasites, (3) traces of cattle, sheep and goats in Norse sites associated with farming. Paleoecological
investigations will also focus on botanical macroremains preserved in the archaeological sites (living floors), in
order to obtain information on the diet and the variety of wild fruits collected to be eaten freshly or cooked
(link with WP2).
Interaction between seabirds, climate and hunting. Birds and mammals are key indicators species within arctic
ecosystems exposed to environmental change (Gilg et al. 2012). With respect to marine and coastal
environments, we will focus on climate change impacts and hunting practices upon this flagship seabird species.
Little auks are already subjected to extensive research providing all necessary background information, and
they have been identified as a key species for environmental monitoring in Greenland by the Arctic Council
working group on the Conversation of Arctic Fauna and Flora (CAFF) and the Government of Greenland
(Greenland Institute of Natural Resources). Specifically, the annual diet composition, feeding effort, body
condition reproductive performance, and survival rates of little auks are being determined for a sample of
breeding adults using standardized protocols (Grémillet et al. 2012). This suite of ecological variables will be
confronted with instrumental and remote sensing climatic variables. Archaeological evidence for little auk
hunting as well as current hunting practices will be also investigated in the perspective of the sociological
resilience of the local community confronted with current environmental changes (WP4).
The origin and development of food production in Greenland (mixed farming economy during medieval
times). Agriculture in southern Greenland has a two-phase history: with the Norse, who first settled and farmed
the region between 985 AD and ca 1450 AD (Arneborg et al. 2012a), and with the recent reintroduction of
sheep farming (1920 AD to the present). Previous studies have shown that the presence of settlers and livestock
is clearly recorded in lacustrine sequences and peat deposit located in the catchment of archaeological sites:
clearance, increasing soil erosion frequencies, Norse, apophytes, coprophilous fungi, molecular markers
document human impact. Recently, research programs has been developed in the greenlandic Eastern
settlement (Vatnahverfi project and Green Greenland ANR project). In the Western settlement, Norse and Inuit,
kitchen middens have been more particularly surveyed because their preservation is endangered by thawing
permafrost (e.g. Remains project). In addition to the study of human impact developed in task 2.3, our aim in
this task is 1) to focus on the Western settlement by developing the same kind of analyses we have made in
the Eastern settlement 2) to investigate Norse kitchen middens in order to study pollen, non-pollen
palynomorphs and palaeoparasites (worms eggs) 4) to produce a synthesis about farming impact in Greenland
by comparing the two settlements.
Task 3.3. Networks through times: mapping, cognitive map, interactions, evolution (S de Ruffray)
The information acquired in this WP will be (1) compared with the lore of Inuit elders as gathered in semistructured interviews concerning their traditional ecological knowledge (land and natural environments, fauna,
flora and raw materials in the region) in link with WP4. The focus will be on bird exploitation and on farming
where it has a sense. The return of the scientific data obtained towards communities, by the teaching, has to
supply leverage for an awareness of these heritage and for its protection.(2) Cognitive map will be developed
by gathering individual and collective perceptions and interpretations of the archaeological (WP3) and
landscape heritage (WP2). Cognitive maps have indeed proved to be effective tools for shedding light on people
internal representation of both their physical environment and its associated social and cultural framework
(Portugali, 1996; Didelon et al., 2011). Such mapping process is particularly well adapted to a context where
geographical and historical knowledges are not structured as discourses, not formalized nor written (Collignon,
1996). Using cognitive maps to explain the location of archaeological sites, the formation and evolution of
landscape is nevertheless a new approach. First, mapping sessions will be undertaken in the form of co-design
workshops, where geographers will assist both the elders and young Inuit participants to graphically collect
their geographical knowledge inherent to fishing, gathering or hunting practices, mythical and historical
narratives, itineraries between places, inukshuk spatial distribution, sea ice quality or polynya location. Second,
collective feedbacks sessions will be implemented in order to produce a coherent interpretative frame of the
multiple information being transformed into visual images. Third, synthetic maps will be produced using
qualitative metric models and GIS methods (e.g., Didelon and De Ruffray, 2017) (task 1.4). Finally, the synthetic
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maps will be presented and discussed in collective sessions to nurture a cohesive collective geographical and
archaeo-historical knowledge.
Partners involved: G. Marchand, J. Arneborg, N. Bhiry, V. Bichet, E. Gauthier, D. Gremillet, J.-M. Huctin, F. Joliet and V.
Antomarchi, K. Weiss and S. Caparos, Ch. Koch Madsen P. Lanos, M. Le Bailly, A E Lennert., S. Lofthouse, D. Marguerie, L.
Millet, D. Mouralis, C. Nehme, , A.C. Pierson-Wickmann, Y. Rantier, H. Richard, D. Rius, N. Roy, M. Simard, A. Schaffhauser,
R. Pienitz, D. Todisco, V. Vernaux. J. Woollet. Non-permanent staff involved: PhD candidate, Post-Doc - Risks and alternative
strategies: Weather conditions during fieldwork, difficulties in site excavation. Success indicators: (1) Great progress in the
knowledge of the resources availability through long time, (2) distribution and accessibility to the raw material at different
period (3) Yearly collection of diet composition, feeding effort, body condition reproductive performance, and survival rates
of little auks during their breeding season in east Greenland. (4) Comparison between different Norse settlements with the
palaeoenvironmental dataset. (5) A real progress in the knowledge of animal and vegetal resources through time, (6)
geographical distribution of the resources at different periods.
Deliverables: (1) a long-term perspective on the relationships between human societies, fauna, wood and rocks resources
in a changing environment all over the different areas treated by the project. Results likely to be displayed to and discussed
by the Inuit communities (WP4) - (2) A long-term perspective on functional relationships between climatic features and little
auk ecophysiological responses in east Greenland. (3) Palaeoenvironmental data, synthesis about agriculture in Greenland
(4) A contribution and synergy with.WP2 and WP4, to achieve a historical and archaeological perspective upon the functional
links between climate, seabird populations and hunting practices in east Greenland. (4) Synthetic maps presented and
discussed in collective sessions.

WP 4. Interactions of Inuit with their local environment through collaborative research with
youth: memory, perceptions, practices and prospects (Jean-Michel Huctin and Fabienne Joliet)
This WP 4 is dedicated to experimenting innovative collaborative research of environmental and social sciences
researchers of the InterArctic project with Inuit high-school students and their teachers in order to co-produce
the most relevant knowledge about past, present, and future changes that can be documented in the daily life
of six different communities located in Greenland and Canada (Nunavik). This particular work is conceived as a
follow-up of past research projects of WP4 participants (Antomarchi, 2015; Baztan et al., 2017; Huctin, 2011;
Joliet and Blouin, 2012; Chanteloup and Joliet, 2016; Weiss et al., 2014). Deeply inspired by previous
collaborative research and inter-generational workshop experiences in Inuit communities (Gearheard et al.,
2013; Laugrand, 2008; Nunavut Arctic College, 1999-2001; Payne, 2011) and in agreement with community
leaders and local partners, this interdisciplinary and coproduction work will enable to explore original, ethical
and culturally sensitive ways of collecting oral, visual and written data. Exchanges between researchers, Inuit
students, teachers and elders will be directly translated into positive educational practices dedicated to (1)
collecting and comparing traditional knowledge with data sets acquired by WP2 et WP3, (2) producing
photographic documentation on current community interactions with their local environments and (3) writing
of science fiction novels expressing future prospects of students based on their present understanding of
scientific issues. Restitution of research results to Inuit youth partners and Inuit leaders, as well as knowledge
dissemination in French schools and universities, will be organized through various means including a collective
book, local exhibitions, lectures and an online learning platform allowing interaction between all participants.
WP4 will take place in 6 different Greenlandic and Canadian (Nunavik) communities carefully chosen for their
contrasted natural and social features as well as for the long-time relationships of their populations with the
InterArctic researchers. In Greenland, the capital Nuuk offers the most populated (17.000) and intercultural
community (mostly Inuit and Danes) as well as the largest urban and modern way of life. In contrast,
Uummannaq (Northwest coast) is a small remote community of 1.300, mostly Inuit, with traditional activities
(hunting, fishing and dogsled riding) deeply impacted by climate change. A different lifestyle can be found in
Qassiarsuk, close to Narsarsuaq (Southwest coast), which is a very small rural settlement (sheep farms and
agriculture) with about 50 inhabitants, facing climate change affecting their social and economic activities as
well as increasing wildlife and historical tourism (Viking ruins). In Nunavik (Northern Quebec), the thriving
community of Kangiqsujuaq (Ungava Bay) has about 700 residents committed to the maintenance of traditional
Inuit culture. Quite different are Umiujaq (eastern shore of Hudson Bay) which was recently established (1986)
with a smaller population of about 400 residents and Kuujjuarapik- Whapmagoostui, the southernmost
community of Nunavik with 1400 inhabitants trying to blend their Inuit and Cree Indian cultures.
Task 4.1. Investigating past interactions and changes through interviews of elders conducted by students in
a co-constructed and culturally sensitive approach with researchers (V. Antomarchi, F. Joliet, K. Weiss and
J.-M. Huctin)
Interviews of elders will be conducted by high-school students, possibly their grand-children, after workshops
in class designed to co-construct an interview guide (question list and method of interviewing) with
researchers. This an interview guide will include questions from geoarchaeological and paleo-environmental
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investigations (WP2), archaeological studies (WP3) as well as anthropological research (WP4). The method
could use diverse efficient techniques such as exposition of elders to visual documents (archives, photographs,
maps, short videos, etc.) in order to record their comments expressing their perception of landscape and
archaeological sites as well as past social and environmental changes. More than the usual formal questions,
these visual documents are supposed to be a better way to awaken their personal memories related to places
or life situations and bring back in memory rarely expressed information. The participation of students
improves the cultural relevance, enhance the confidence and oral expression of elders and finally secure the
community interest. This concrete and culturally respectful approach is thought to value their words and
hopefully be a humble contribution to revitalize inter-generational dialogue and oral transmission of
knowledge, which is so important in the traditional culture. A content analysis of the interviews will allow to
grasp significant elements from emotional, cognitive and descriptive points of views (social and cognitive
psychology).
Task 4.2. Visually documenting current interactions and changes through the eyes of Inuit students after
knowledge sharing with researchers (V. Antomarchi, F. Joliet, K. Weiss and J.-M. Huctin)
Firstly, a series of class workshops will be organized where InterArctic researchers (environmental and social
scientists involved in WP2, WP3 and WP4) will dialogue with students in order to share scientific knowledge
about past and current changes. The goal here is to improve understanding of both sides: foreign researchers
will learn about Inuit students’ perceptions and practices while the Inuit students will learn how to possibly link
locally-noticed changes with global trends studied by sciences. Secondly, the Inuit students will document the
current changes precisely by using the visual means (photography and videography) that they are familiar with
(still camera shots, smartphone filming, etc.). Rather than the usual western view, researchers of WP4 are
interested in shifting perspective by considering the vision of the indigenous inhabitants on their own
environment and society in a context of global change (climate change, biogeography, archaeological heritage
consideration and preservation, traditional activities such as hunting, fishing, plant –gathering; boating, dog
sledding, urbanization, globalization, social mobility, isolation and networks, population growth or decrease,
political autonomy versus local disempowerment etc.). Moreover, the conduct of the workshops will also
provide students with a new learning method, which involves intercultural dialogue, visual means and active
process of knowledge search. Thirdly, workshops will bring reflective thinking about the visual documentation
collected and foster the preservation, the sharing and the use of knowledge among the local partners.
Gathering feedback on the analysis and on the results during dialogue in the classroom with small groups allows
collecting social norms, collective values and beliefs that play an important role in the process of adaptation to
environmental and social changes.
Task 4.3. Anticipating future interactions and changes with the writing of science fiction novels by students
imagining their natural and social environment within a generation (V. Antomarchi, F. Joliet, K. Weiss and J.M. Huctin)
Thanks to the coproduced
knowledge in T4.1 and T4.2, Inuit
students from middle and highschools in Greenland and in
Nunavik will be asked to write
short novels on the topic: “How
do you imagine your community
within a generation?” This is the
generation of their own children
being adults and living the
consequences of choices made
by their own generation, with the
inspiration of previous Inuit
visionary literature (Huctin,
2015) as well as of predictive
climate models, scenarios of
adaptation and research results
from WP2 and WP3. Science
Fig. 4. Elder - youth workshop in Qaanaaq (Greenland), organized by our Greenlandic partner in 2005,
fiction
narratives
offer
with the participation of anthropologists (J.-M. Huctin here filming). Source: Uummannaq Polar
information on how young
Institute.
people project themselves into
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the future, how they integrate present scientific knowledge and cultural values in their personal thinking, how
they represent their future prospects in pessimistic or optimistic terms and how they relate their views to their
own present life and action. As one of the strong elements of Inuit culture is based on the sense of adaptation
to new situations, it will be interesting to see how this sense does appear in the projections of the youth.
Hypothetical thinking shapes the ability to imagine the future of one’s community and personal life, and may
be linked to people’s psychological health, quality of life, and optimism about future prospects (Taylor & Brown,
1988). Again, content analysis will inform about emotional, cognitive and descriptive aspects of these novels.
More specifically, a comparison of expressed emotions in narratives from elders and novels from students will
allow to better understand ways of thinking the evolution of Arctic environment. Best science fiction novels
from the six communities will be compiled into a book with quotations of interviewed elders, photographs by
students and a summary of research results.
Task 4.4: Research restitution and dissemination to Inuit youth and policy-makers, French schools and
universities (V. Antomarchi, F. Joliet, K. Wess and J.-M. Huctin)
In order to share results between Inuit communities, Task 4.4 will offer the possibility for a researcher to join
the fieldwork of his/her colleague and present the work that he/she previously did with Inuit students to the
other students of the visited community. Moreover, this sharing experience will help extend researchers’
knowledge of Arctic regions. At another level, the deliverable of Task 4.3 (book of novels with interview
quotations, photographs and research results) will be offered to school partners as well as local and national
Inuit leaders (the minister of Education, the mayor of the town, etc.), hoping to contribute to the inspiration
for better political decision-making. Reports on the research presentation and discussion during meetings with
Inuit leaders will be posted online. WP4 results will also be shared between researchers, Inuit schools and
partners, as well as French schools and universities, through an online learning platform offering an interactive
service of questions & answers (foreign researchers making short videos to answer students’ questions),
feedback posting and physical or Skype meeting on request. Presentation of the work done by researchers with
Inuit youth in Greenland and Canada will be shared with several French middle and high-schools. Under the
inspiration of the Inuit youth work, French students could take over by doing the same work with a component
of our project (T4.1, T4.2 and/or T4.3. Finally, our scientific results and methodology of coproducing/sharing
knowledge will be presented in lectures in all our respective university programs.
Partners involved: J.M. Huctin and M. Cordier (North Greenland and Capital), F. Joliet and V. Antomarchi (Canada), K. Weiss
and S. Caparos (South Greenland). E. Gauthier, D. Todisco, D. Marguerie, D. Gremillet, V. Masson Delmotte, C. Desbiens.
Greenlandic partners (Uummannaq Polar Institute, Nuuk High-School and Qassiarsuk school), Nunavik partners (Arsaniq
school in Kangiqsujuaq, Asimauttaq school in Kuujjuaraapik and Kiluutaq school in Umiujaq). Non-permanent staff
involved: Z. Zhu (online interactive learning platform), 2 students of the Master 2 Arctic Studies (University of Versailles
Saint-Quentin-en-Yvelines). Deliverables: T4.1- A series of interviews with elders collected by students and researchers,
containing answers to questions from WP2, WP3 and WP4 on past and current changes and including cognitive maps of
landscapes; a collective paper providing comparative analysis of interview contents and the new skills acquired by students
during the process of collecting their elders’ memories. T4.2- A collection of photographs documenting current changes in
every community, which will be exhibited on the project website and in local schools; a selection of the best photographs
from the 6 sites will be included in the book (see WP4.3); a collective paper on a comparative analysis of the visual contents
and of the new skills acquired during the process where students exchange with foreign scientists and develop creative
documentation of their own environment. T4.3-A book of selected science fiction novels from all WP4 sites; a collective
paper on a comparative analysis of the narrative contents and of the new skills acquired during the process where students
become actors in the search for information and in projections into possible futures. This book also includes abstracts of
interviews with elders (task 4.1) and a selection of best photographs by students (task 4.2). All participants will receive a
copy of the book published in coordination with local communities and national publishers (paper and electronic versions).
T4.4- Posted reports on meetings with local and national Inuit leaders; online interactive learning platform for Inuit and
French students in schools; presentations of the work done by Inuit youth in French schools and facilitation of similar
projects; presentations of our knowledge coproduction methods in universities. Risks and alternative strategies: The
quality of the results strongly depends on the relations between foreign researchers and local participants in the Inuit
communities. The renewed agreement with relevant local partners as well as the long fieldwork experience of WP4
researchers in those communities should avoid any risk of failure. Possible refusal of some elders to participate will be
minored by the family relationship between them and the youth collaborating in the project. Success indicators: Fieldwork
experience and trusting relationship of WP4 researchers on location, with the Inuit communities, on the topic and with the
methods (see bibliographical references above). Already created list of interested teachers both in studied communities
and in France. Mutual interest and benefit, both for researchers and for Inuit partners.
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Timetable for respective tasks and their dependencies may be included if justified and presented
as charts (e.g. Gantt chart).
WP

Task 1m-6m

7m-12m

13m-18m

1.1
1.2
1.3
WP1
1.4

Kick-off
meeting
Database
creation
Data
acquisition

Annual

Annual

WP2

4.3
4.4

Final

Processing of data

Data
Processing of data
acquisition

Processing of data
Course 3

Mailing list

Website

Outreach document

Fieldwork 1

Samples analyses

Fieldwork 2

Samples
analyses

Map

Final outreach
document

Fieldwork 3 Samples analyses

Samples analyses

Publication

Publication

Dating and chronology building
Fieldwork 1

3.3

4.2

Annual

Outreach
document

WP3 3.2

WP4

Final report

Course 2

2.4

4.1

37m-42m

Reporting

Final database

2.3

3.1

31m-36m

Collecting data

2.1
2.2

25m-30m

Course 1

1.5
1.6

19m-24m

Reporting

Teamwork

Field report &
Field report, sample
Fieldwork 2 analyses, conferences,
sample
analyses
publication
Maps and cognitive maps
Fieldwork

Analysis

Class
workshops

Fieldwork
Teamwork

Field report, sample analyses,
Fieldwork 3 data synthesis, conferences,
public dissemination

Publication

Fieldwork first
Fieldwork final restitution
restitution
Analysis
Publication
Analysis
Fieldwork
teamwork
Analysis
Fieldwork final
Fieldwork
teamwork Restitution
Fieldwork meeting Inuit
Presentations French schools
leaders

III. Impact and benefits of the project
Collaboration and training. This project will provide an excellent opportunity to reinforce the collaboration
between several French teams and to intensify the research partnerships between French, Canadian,
Greenlandic and Danish teams. Specific benefits of this collaboration will include: knowledge coproduction,
innovation, teaching opportunities, sharing of fieldwork results, experiences and best practices, Master, PhD
and postdoctoral student training, and the consolidation of a multidisciplinary/interdisciplinary approach
including several indigenous partners. We will develop an innovative integrative approach to the investigation
of long-term relationships between human and the environment and this project could result in the creation
of a research network called GDRI (developed by CNRS) bringing together the international partners.
Great efforts will be made to promote the full and effective participation of local Inuit community members in
the project, either as elders, students, teachers, guides, hunters, and interpreters in the field or as key sources
of information during interviews. For example, the ecological and landscape knowledge of Inuit elders will be
included in studies of the environmental and social assessment of natural dynamics and anthropogenic
disturbances. Community participation in the research will facilitate exchanges between scientific researchers
and the people who possess traditional knowledge, which will foster greater insight into the history and cultural
heritage of everyone in the region. This research will also help to develop strategies to manage future climate
change by taking into account the depth of their cultural history and their adaptation to the environment.
Finally, the project leaders hope to stimulate new interest of local policy-makers on topics such as cultural
heritage and climate change mitigation efforts by collaborating with youth and their communities in this
particular knowledge coproduction approach.
In addition, maps will be produced in order to show the location of settlements over time and document the
relevant biotic/abiotic conditions. Mapping will be of great interest for those in the community who seek to
supplement their diets with “traditional food” (country or sea located) and who may be guided to potential
areas to set up summer camps.
Finally, the archaeological material excavated from the sites will be presented and discussed in interpretive
centers and museums. These public awareness programs will be targeted to Inuit people seeking information
on the material culture of their ancestors as well as tourists. The Inuit field schools are also a good way to better
connect Inuit youth to their history and their archaeological heritage in addition to an educational project. This
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educational project could nurtures more efficient teaching ways in the community schools by fostering
intergenerational dialogue, promoting visual means of learning and projections into the future. These specific
benefits could also be transferred into several French schools at the end of the project thanks to the inspiration
of the Inuit work example. Some of our partners will continue to organize such events during the next
archaeological investigations in Nunavik (Sivunitsatinnut ilinniapunga. Inuit youth driven explorations of postsecondary education through archaeological fieldwork, networking, and culturally grounded media projects in
high school - Desrosiers & Rahm, 2015).
Management and preservation of cultural heritage. The archaeological surveys and excavations will provide
opportunities to document the cultural heritage of the region and to preserve it from damage or destruction.
Possible threats to this heritage include new land development, new infrastructures, shore erosion and the
melting of permafrost. The same statement can be made for Labrador. In Greenland we will collaborate with
Danish and Greenlandic researchers trying to improve the understanding of processes controlling the
preservation of archaeological sites and develop research based tools that can be used for locating and
managing sites at risk. Our contribution will more particularly highlight medieval farming impact in the Western
settlement (www.remains.eu).
Communication of results. Several modes of communication have already been identified and will be adapted
to the different audiences and partners involved in the project: academics, local communities and local
authorities. For each site, we will document the main phases of the research project by means of videos and
photos that will be posted on the project website.
The results of the InterArctic project concerning the negative and positive impacts of the past climate change
on fauna, flora and raw material availability and strategies used by populations for a better adaptability to
global change will be published in various specialized and non-specialized academic journals. This diversity of
target publications is the consequence of: 1) the multi-proxy approach, 2) the great interest in environmental
reconstructions from the Late Holocene to the Anthropocene/present day, 3) the wide variety of Arctic
ecosystems and human communities, and 4) the participation of international researchers from diverse
countries.
With regard to the academic dissemination of our results, traditional forms of academic communication will be
pursued: publication of scientific articles, reports, lectures in university programs and presentations at
conferences. We will prioritize high-impact factor international journals, but also journals specialized on
northern areas (e.g. Journal of the North Atlantic, Arctic) and we will encourage “co-authorship” and transdisciplinary submissions. We will also publish our research in Études/Inuit/Studies (https://www.etudes-inuitstudies.ulaval.ca/) a journal devoted to the study of Inuit societies in the general perspective of social sciences
and humanities: i.e., “Inuit knowledge and use of wood resources on the west coast of Nunavik” (Steelandt et
al., 2013) or “Napâttuit: Wood use by Labrador Inuit and its impact on the forest landscape” (Lemus-Lauzon et
al., 2012.). Inuit participants will always be fully credited in deliverables, publications and more generally in the
project communication. When possible and wished, main Inuit partners in every site (for instance the
responsive teacher for his/her student class in workshops) could become “co-authors” of scientific papers
together with researchers.
Dissemination of results to a non-specialist audience. In addition to the dissemination of results in the studied
communities through deliverables coproduced with Inuit partners such as photograph exhibitions and the
collective book (see WP4.2 and WP4.3), we will also submit press releases to newspapers read by those in the
indigenous community using methods of presentation that facilitate the transmission of information (e.g.
graphs, pictures and videos). It is a priority for us to circulate the results of our field work and our analyses to
a non-specialist audience as requested, for example, by the Nunavik Plan 2014: “Archaeological research
(including field work, analysis and interpretation) should lead to the distribution of the knowledge acquired
through publications”. In addition to other local publications, we anticipate submitting our findings to the
Makivik magazine in Canada (i.e.,"Avataq Archaeology school on Qikirtajuak", 101, 2013, p. 93-97 ;
http://www.makivik.org/makivik-magazine-online/) and the Sermitsiaq-AG website/newpaper in Greenland
(http://sermitsiaq.ag/). Our project website featuring the innovative interactive platform and the facebook
page will also be used to enhance dissemination of results to a larger interested audience of non-specialists.

20

