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ABSTRACTS

Oral Presentations

ID: 355

Spatiotemporal variability of surface
water pCO2 during the ice melt season
in Hudson Bay, Canada

Mohamed Ahmed1, Brent Else1, Brian
Butterworth2, David Capelle3, Céline Guéguen4,
Lisa Miller5, Claudie Meilleur4, and Tim
Papakyriakou3

1University of Calgary, Calgary, AB, Canada.
2University of Wisconsin-Madison, Madison, WI, USA.
3University of Manitoba, Winnipeg, MB, Canada.
4Université de Sherbrooke, Sherbrooke, QC, Canada.
5Institute of Ocean Sciences, Fisheries and Oceans Canada,
Sidney, BC, Canada.

Abstract: Hudson Bay is a subarctic/Arctic
continental shelf sea that receives nearly one-
third of Canada’s river discharge and transitions
from complete ice cover in winter to open water
in summer. However, there have been few stud-
ies of air–sea CO2 exchange in Hudson Bay, espe-
cially during the sea ice melt season. In fact,
Hudson Bay has not been included in many
global and Arctic-specific carbon budgets, which
is a significant gap considering that the total area
of this region (including Hudson strait) is about
16% of the total Arctic shelf area. In this study,
the first spring and early summer measurements
of pCO2 and estimates of air–sea CO2 fluxes in
Hudson Bay and Hudson Strait showed that the
area was mainly a sink for atmospheric CO2, as a
result of the dominance of sea-ice meltwater.
We observed spatially limited pCO2 supersatura-
tion near river mouths and beneath sea ice.
We calculated an average net CO2 flux of about
−5 mmol CO2 m−2 day−1 (−3.3 Tg C; into the
ocean) during the spring and early summer sea-
sons and about −7.2 Tg C during the open water
season. These estimates are larger than previous

ones for Hudson Bay in the late summer and
autumn seasons, although our data still indicate
that the bay, on average, is a weaker CO2 sink
than most other Arctic shelf seas, largely due to
the influence of river waters.

Session: MAR39 — Coastal oceanography of
Hudson Bay and James Bay

ID: 51

Facing the challenge of permafrost
thaw in Nunavik communities: high
resolution permafrost maps,
geotechnical characterization, and
numerical modelling of impacts of
climate change in support of land use
planning

Michel Allard1, Alexandre Chiasson1, Emmanuel
L’Hérault1, Arianne B. St-Amour1, Sarah Aubé-
Michaud2, Andrée-Sylvie Carbonneau1, Valérie
Mathon-Dufour1, Samuel Bilodeau1, Charles-
David Babin3, and Catherine Deslauriers1

1Centre d’études nordiques, Université Laval, Québec, QC,
Canada.
2Ministère de l’environnement et de la lutte aux changements
climatiques du Québec, Québec, QC, Canada.
3Ministère des affaires municipales et de l’habitation du
Québec, Québec, QC, Canada.

Abstract: High-quality scientific information on
permafrost properties and temperature regime,
risk of occurrence of natural hazards, and
expected timing of permafrost thaw is required
to plan the growth of Nunavik communities and
improve the quality of “urban” life, as the high
growth rate of the population calls for housing
expansion phases and improvement of public
infrastructure. Under research contracts to
Centre d’études nordiques from the Government

Received 8 January 2021. Accepted 8 January 2021.

Copyright remains with the author(s) or their institution(s). This work is licensed under a Creative Attribution 4.0 International
License (CC BY 4.0) http://creativecommons.org/licenses/by/4.0/deed.en_GB, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author(s) and source are credited.
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of Quebec, particularly from the Ministère des
Affaires Municipales et de l’Habitation, a major
permafrost mapping program was implemented
to provide knowledge in support to the Kativik
Regional Government (KRG) and to the commun-
ities. A team of experts and students helped by
local community members developed an innova-
tive multi-technique approach tomap permafrost.
The methodology integrates interpretation of old
and recent air photographs, remote sensing, the
creation of digital elevation models, compilation
of available geotechnical data from the grey litera-
ture, surficial geology mapping, sampling in soil
pits, permafrost coring, geophysical surveys, geo-
technical laboratory analyses of samples, and
installation of thermistor cables and data loggers.
All the observational and technological data were
compiled in a GIS to produce four maps for each
community: (1) a surficial geology map, (2) a
permafrost condition map (based mostly on
ground-ice content), (3) a map of potential for con-
struction, and (4) a hazard risk assessment map.
Local ground temperature data were used to cali-
brate community-scale numerical models to
assess the probable rates of future permafrost
thaw following greenhouse gas concentration sce-
narios RCP 4.5 and RCP 8.5. All the maps, updates,
data tables, and scenarios for changes are publicly
available and shared on a continuous basis with
KRG and the communities and shall be used by
the Government for policy-making. However,
Inuit aspirations, culture and leadership remain
keys in how to integrate geotechnical knowledge
in planning a safe future for the communities.

Session: IHE21 — Arctic communities adapting
to permafrost thaw

ID: 695

Arctic Fresh Inc.: a social enterprise
responding to the growing, exorbitant
cost of food in northern communities

Rhoda Angutimarik1 and Merlyn Recinos1

1Arctic Fresh Inc., Igloolik, NU, Canada.

Abstract: Arctic Fresh is an Inuit owned Social
Enterprise, with its head office based in Igloolik,
Nunavut. It has been catering to customers
located in Nunavut’s Baffin region since 2016. We
started as Recinos LTD and went through a name
change to Arctic Fresh Inc in 2017. The company
operates a variety of business lines including a
state-of-the-art online grocery store, a sealift

ordering service, a joint venture for construction
projects (Arctic Fresh Projects), a joint venture
between Arctic Fresh and Sysco to provide fresh
foods to various mining companies such as
Baffinland, a joint venture aviation company, and
also a training and consulting arm. There are
numerous other business opportunities that are
currently being developed and hope to launch in
Fall 2020. Arctic Fresh’s social mandate is to fight
food insecurity and build local capacity to
empower individuals in communities. Arctic
Fresh is committed by contributing to programs
like the Igloolik food bank, Igloolik Elders society,
school programs, Christmas “No one goes hun-
gry” initiatives, and many more. Arctic Fresh also
sponsors local harvesters’ programs; these pro-
grams harvest local foods and distribute them to
elders and people in need within the community.
Arctic Fresh won the social enterprise of the year
for the Arctic and also won the national social
enterprise of the year for 2019 for their work in
Nunavut. On www.arcticfresh.ca and www.sealift.
arcticfresh.ca, which are the online grocery store
and sealift ordering sites, Arctic fresh retails a
wide range of perishable and non-perishable
goods at affordable prices. This includes standard
retail product lines including fresh fruits and veg-
etables, fresh and frozen meats, canned and fro-
zen foods, as well as dairy products. On the
sealift site specifically, there is a wide assortment
of wholesale product options for customers look-
ing to purchase large volumes of non-perishables
for the year.

Session: NDP52 — Social Enterprise for Arctic
Change

ID: 780

Incorporating Inuit knowledge and
observations of ecosystem trends into
northern contaminants research

Lucassie Arragutainaq1,2, Johnny Kudluarok2,
Mick Appaqaq2, and Joel Heath2

1Sanikiluaq Hunters and Trappers Association, Sanikiluaq,
NU, Canada.
2The Arctic Eider Society, Sanikiluaq, NU, Canada.

Abstract: The Northern Contaminants program
has been working to develop new ways to incor-
porate Inuit knowledge into contaminants
research. A partnership was formed with The
Arctic Eider Society and the Sanikiluaq Hunters
and Trappers Association to demonstrate how

4 Arctic Science Vol. 7, 2021
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the SIKU app could provide a way for Inuit to
document environmental trends and indicators
associated with seal and polar bear harvesting
that could better inform contaminants research
and the interpretation of lab results. Elder Peter
Kattuk had already been noticing changes in the
diets of seals, which was particularly relevant, as
changes in the trophic level at which seals are
foraging could have implications for contami-
nant uptake in both seals and polar bears, as well
indicating larger ecosystem changes. A three-
year pilot study is now underway with hunters
in Sanikliuaq collecting observations around seal
and polar bear harvesting year-round, and with
data outputs being provided to inform analysis
for core contaminants programs for ringed seal
and polar bear. Information collected by
Sanikiluaq hunters will be presented showing
ecosystem trends and characteristics among seal
diets, habitats, seasonal components, and other
key parameters. These data will be used by core
contaminant programs to inform the interpreta-
tion of trends in lab results, explanations for
potential outliers, and other ways Inuit knowl-
edge can inform contaminants research. Our goal
is for contaminant sampling programs across the
north to use SIKU to improve engagement with
Inuit communities, replacing simplistic sampling
sheets to better involve Inuit knowledge in con-
taminants research, and more generally helping
improve links between Inuit knowledge, science,
and implementation of the National Inuit
Strategy on Research for the benefit of Inuit.

Session: KEP37 — How Inuit Qaujimajatuqangit
(knowledge) fits into research

ID: 580

Spatial and temporal variability of ocean
acidification in the eastern Canadian
Arctic

Kumiko Azetsu-Scott1 and Stephen Punshon1

1Bedford Institute of Oceanography, Fisheries and Oceans
Canada, Halifax, NS, Canada.

Abstract: The eastern Canadian Arctic is a key
region connecting the High Arctic and the
North Atlantic. Ocean acidification in the region
is influenced by the pan-Arctic changes and the
local drivers. The Arctic outflow through the
Canadian Arctic Archipelago has a high content
of Pacific Water with an inherently elevated con-
centration of dissolved inorganic carbon (DIC)

with lower salinity, and is therefore more acidic,
compared with the receiving Atlantic Water. The
Pacific inflow is further modified with fluvial
input, sea ice meltwater, terrestrial carbon, bio-
logical activity, and uptake of atmospheric CO2

during the transit through Beaufort Sea and
Canada Basin. These corrosive waters can be
traced along Baffin Island Shelf/Slope to the
south of Davis Strait. Temporal variation of Ω in
the Arctic outflow hasn’t shown a steady
decrease for the past 20 years as observed in
other regions. The unexpected decrease in DIC
and alkalinity concentrations in the Arctic
outflow was observed in 2013 and 2015.
Corresponding lower salinity in these years
implies dilution by the freshwater at the source
region in the Arctic. The alkalinity to DIC ratio
in low salinity waters contributes to the state of
ocean acidification in the Arctic outflow, rather
than anthropogenic CO2 uptake. Sea floor meth-
ane seeps are widespread along continental mar-
gins of the Canadian Arctic. Methane seeps are
perturbing the local carbonate system through
the addition of CO2 to the water column either
directly or through microbial methane oxida-
tion. However, no evidence of enhanced ocean
acidification in the vicinity of these sites off
Baffin Island and northern Labrador was
observed. Instead, concomitant release of other
elements, such as hydrogen sulfide ions, contrib-
uted to the increase total alkalinity, pH, and Ω,
possibly to the benefit of calcifying organisms in
an environment bordering on aragonite under-
saturation.

Session: MAR40 — Air–Sea Gas Exchange and
Biogeochemical Processes in Arctic Shelf Seas

ID: 219

Transforming community-driven science
into a successful Arctic Inspiration Prize
nomination

Topsy Banksland1 and Lisa Loseto1,2

1AIP National Selection Committee.
2Fisheries and Ocean Canada, Winnipeg, MB, Canada.

Abstract: Since 2012, the Arctic Inspiration Prize
(AIP) has been recognizing and promoting
extraordinary and resourceful northern teams
and their innovative projects taking place
across the Canadian Arctic, from Yukon to
Nunatsiavut. Each year, up to $3 million is
awarded across three prize categories: one

Abstracts 5
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$1 million prize, up to four prizes of up to
$500 000, and up to seven youth prizes of up to
$100 000. The AIP is having a far-reaching impact
across the North and the South by bridging
Indigenous knowledge with science to address
issues facing northern communities. Many suc-
cessful initiatives have received AIP funding to
carry out their projects focused on community-
driven research, science training for northern
youth, sustainable northern housing, and the
use of innovation, science, and technology for
improving food security and health. This presen-
tation will highlight the successful, community-
driven science and research initiatives that have
been spearheaded by AIP laureates and outline
the steps needed to be part of a successful, col-
laborative, science-based AIP nomination.

Session: KEP38 — Arctic Inspiration Prize:
Exploring the unique potential of Northern-led
community science projects

ID: 651

Inhabiting Nunatsiavut seascapes and
landscapes during the nineteenth
century: new perspectives on
Nunatsiavumiut involvement in the
Moravian market economy

Héloïse Barbel1, James Woollett2, Dominique
Todisco3, and Dominique Marguerie4

1Centre d’études nordiques, Université Laval, Québec, QC,
Canada.
2Université Laval, Québec, QC, Canada.
3Université de Rouen, Rouen, France.
4Université de Rennes, Rennes, France.

Abstract: According to the studies of the
archives, the establishment of missionary
settlements of the Moravian Brethren in
Labrador initiated significant changes in the sub-
sistence activities of Nunatsiavumiut. For the
Nunatsiavumiut participating in it, the new
Mission-centered economic system implied a shift
from a self-managed subsistence to one geared to
produce surpluses of seal skins and blubber, fish,
and furs that were exchanged to obtain manufac-
tured goods and European food stuffs and raw
materials. By the mid-19th century, this system
implied an abandonment of communal winter
residential patterns, weakening kin-based sys-
tems of social solidarity and reciprocity. This
economy relied on inhabiting seascapes and land-
scapes whose annual dynamics revolve around

seasonal cycles of freezing and thawing of snow
and the sea ice, and migrations of land and sea
mammals and fish migrations. The seasonal pre-
dictability of the seascape was affected by a cool-
ing event (circa. 1815–1850), followed by a climate
warming, increasing the economic precarious-
ness of the families who accumulated debts to
the Mission store during periods of scarcity. In
that context, by shifting the focus away from the
Moravian archives to the archaeological record
of Inuit habitation, production, and consump-
tion, this project seeks to contribute to a new
understanding of the choices Inuit households
made regarding their involvement in this market
economy in the later nineteenth century. The
excavation of the House 4 of South Aulatsivik 6
site (HdCi-20), located on South Aulatsivik Island
(Nain, Nunatsiavut) showed that the structure
displays hybrid characteristics evoking both a
cabin and a semi-subterranean sod house. The
faunal remains and the artifacts recovered on
the site suggest that its inhabitants adopted non-
specialized hunted activities and an opportunistic
involvement in the colonial economy. Further
research will precise the seasonality of the occu-
pations of the dwelling and the habitat practices
of the people who inhabited it.

Session: IHE12 — Spatial and temporal perspec-
tives on climate changes and their implications
for human resilience and adaptation in the Arctic

ID: 693

Using drone technology to investigate
flight initiation distances of Common
eiders to foraging polar bears

Andrew Barnas1, Erica Geldart1, Oliver P. Love1,
Patrick Jagielski1, Christopher Harris1, Grant
Gilchrist2, Evan Richardson2, Cody Dey1, and
Christina Semeniuk1

1University of Windsor, Windsor, ON, Canada.
2Environment and Climate Change Canada.

Abstract: Polar bear (Ursus maritimus) predation
of Common eider (Somateria mollissima) nests on
Mitivik Island (Nunavut, Canada) has increased
dramatically in recent years due to reductions in
Arctic sea-ice. Although eiders have evolved high
nest attendance rates to cope with their natural
avian predators (e.g., Herring gulls, Larus argenta-
tus), polar bears represent a novel predator arche-
type that eiders have relatively little evolutionary
experience with. Eiders may be more vulnerable

6 Arctic Science Vol. 7, 2021
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to polar bear nest predation due to their inability
to sense the specific predator cues indicative of
nest discovery. We investigated the cues that in-
fluence eider flush initiation distance and flush-
ing behaviours in response to novel polar bear
predators. We collected drone video of polar
bears foraging in the Mitivik Island eider colony
in July 2017 and reviewed video for flushing eider
females. We constructed path diagrams to exam-
ine the influence of predator characteristics and
environmental variables on eider flush distance,
style, and nest fate, including, polar bear travel
and gaze direction relative to eider nest location,
bear travel speed, number of gulls in the vicinity
of the nest, neighbouring eider behaviour, and
the visibility of the surrounding area to each
eider nest. We reviewed 166.3 min of polar bear
foraging from 11 to 20 July and recorded 200
observations of eider flushes from 193 individ-
uals (seven repeats). Mean flush distance of eiders
to polar bears was 9.1 ± 4.1 m. The most parsimo-
nious path diagram included bear gaze angle,
bear speed, gull presence, and eider viewshed.
Nests that were predated by bears had shorter
flush distances, but flush style did not sta-
tistically impact nest fate. Our results provide
insight on the predator and environmental cues
that inform eider nesting strategies in response
to bears, and how those strategies influence eider
nest fate.

Session: TER77 — Climate change and Arctic
birds: unifying disciplines for assessing the risk
to Arctic avian communities

ID: 632

Progress in detection and monitoring
of transportation infrastructure in the
Arctic based on satellite data

Annett Bartsch1, Georg Pointner1, Thomas
Ingeman-Nielsen2, and Wenjun Lu3

1b.geos, Korneuburg, Autriche.
2DTU Environment, Lyngby, Danemark.
3Norwegian University of Science and Technology, Trondheim,
Sør-Trøndelag, Norway.

Abstract: Environmental impact assessment of
transportation infrastructure across the entire
Arctic requires its consistent detection as a
first step. Comparably high spatial resolution satel-
lite data and free access are needed. Here, we
review recent progress in monitoring the land
surface close to Arctic coasts (focus region of

HORIZON2020 Nunataryuk), specifically the distri-
bution of human impacted areas including trans-
portation infrastructure beyond of what is
represented in databases such as OpenStreetMap.
The analysis is based on Sentinel-1 and Sentinel-2.
Both offer 10 m nominal resolution for specific
bands and modes and are freely available across
the entire Arctic. The multi-spectral information
from Sentinel-2 is not only of value for discrimina-
tion of tundra types but also non-vegetated areas.
The Synthetic Aperture Radar mission Sentinel-1
provides added value through representation of
land surface structure features. A combination of
both allows significantly improved characteriza-
tion of landcover and land use over larger areas.
The data set forms the basis for subsequent analy-
ses of environmental change in the proximity of
transport infrastructure. The added value of
machine learning techniques will be discussed
and results for the entire Arctic coastline
(+100 km inland) presented. Further on, perma-
frost change information provided through the
ESA CCI+ Permafrost project is combined with
the new maps. The CCI+ Permafrost data sets
cover 1997–2018 (annual values) for ground tem-
perature, active layer thickness, and permafrost
fraction with 1 km gridding.

Session: IHE20 — Northern Roads and Railways:
Social and Environmental Effects of Transport
Infrastructure

ID: 644

Governance of the CCPN, CCHAP, and
ICBCM Programs: a discussion on
strengths and challenges from the
Liaisons’ perspective

Christina Beland1

1Qaujigiartiit Health Research Centre, Iqaluit, NU, Canada.

Abstract: Communities, organizations, and resi-
dents in the north are being confronted by the
impacts of climate change on a regular basis.
Permafrost slumping, late freeze-up, earlier
thaw, and decreased ice route safety during
winter months are just a few examples of well-
documented climate change impacts. Elders and
Indigenous Knowledge/Inuit Qaujimajatuqangit
holders have long understood and observed
climate change impacts on the land. Climate
change adaptation projects in the north must
take into account the diversity of rich commu-
nity perspectives, emerging science and policy

Abstracts 7
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recommendations, as well as financial and logis-
tical considerations that are unique to the Arctic
environment. Mechanisms that support trans-
disciplinary and multi-sectoral collaboration are
the key to effectively moving climate change
adaptation projects forward in a way that is
reflective of community voices and needs. The
Climate Change Committees on Adaptation in
each region/jurisdiction is one such mechanism.
Each Committee consists of members represent-
ing each region/jurisdiction in a way of their
choosing. Indigenous organizations, government
departments, and community members are
included. The Committee works collaboratively
to deliberate the merits of proposed projects
and provide feedback to applicants. This results
in both improved project methodologies and
the rethinking of project approaches that are
more responsive to communities. These commit-
tees place priority on the community’s engage-
ment and voices in decision-making, encourages
the strengthening of community capacity, and
promotes the wide dissemination of communica-
tion of project results. This presentation will dis-
cuss strengths and challenges of current
approaches and opportunities for improvement
of making climate action funding more easily
accessible to communities in northern regions/
jurisdictions and to ensure that climate action
projects within the north reflect the voices and
needs of its communities.

Session: NPD74 — Perspectives on supporting
and empowering northern communities in
undertaking climate action

ID: 816

Glaciers and nutrients in the Canadian
Arctic Archipelago

Maya Bhatia1, Stephanie Waterman2, David
Burgess3, Patrick Williams1, Randelle Bundy4,
Travis Mellet4, Megan Roberts5, and Erin
Bertrand5

1University of Alberta, Edmonton, AB, Canada.
2University of British Columbia, Vancouver, BC, Canada.
3Natural Resources Canada.
4University of Washington, Seattle, WA, USA.
5Dalhousie University, Halifax, NS, Canada.

Abstract: With over 300 tidewater glaciers, the
Canadian Arctic Archipelago (CAA) is vulnerable
to climate warming and is a hotspot for glacial re-
treat and meltwater runoff to the ocean. In

contrast with Greenland and Antarctic systems,
CAA glaciers and their impact on ocean processes
remain largely unexplored. Here, we investigate
how CAA glaciers impact macronutrient and
micronutrient delivery to surface waters, and
how these processes may be affected as glaciers
retreat. We do this by comparing the nearshore
coastal zone water column properties in a con-
tinuum of locations, spanning glaciated to non-
glaciated, in Jones Sound. We found that surface
waters of glaciated regions contain significantly
more macronutrients (nitrogen, silica, and phos-
phorus) than their unglaciated counterparts as a
result of upwelling driven by rising submarine
discharge plumes. We observed this entrainment
at deep (>200 m) and shallow (>30 m) grounding
lines in the CAA. The strength of this upwelling
appears to be driven by the volume of tidewater
discharge. We also observed extremely high con-
centrations of micronutrient metals (iron and
manganese) in glaciated sites, delivered via gla-
cial discharge directly. We suggest that although
glacier-driven upwelling is a significant source
of limiting macronutrients to local surface plank-
ton communities, direct glacial discharge is an
important source of metal micronutrients that,
given Jones Sound’s important role in modifying
water masses flowing into the North Atlantic,
may have consequences for regional metal
cycling. This work identifies mechanisms by
which macronutrient and micronutrient delivery
to local and regional marine waters may change
as CAA glaciers continue to retreat.

Session: MAR45 — Ocean dynamics in the Arctic
Ocean and connected waters

ID: 59

Regional permafrost assessment for
supporting the Kugluk Territorial Park
Access Road and Boardwalk Trail
Construction, Kugluktuk, Nunavut

Samuel Bilodeau1, Michel Allard1, Marc-André
Ducharme2, Stéphanie Coulombe3, Gerry
Atatahak4, Larry Adjun4, Leesee Papatsie4, and
Rashadul Islam Chowdhury4

1Centre d’études nordiques, Université Laval, Québec, QC,
Canada.
2ArcticNet, Quebec City, QC, Canada.
3Polar Knowledge Canada, Canada.
4Government of Nunavut, Territorial Parks and Special Places,
Iqaluit, NU, Canada.

8 Arctic Science Vol. 7, 2021
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Abstract: Significant damage is witnessed in
Kugluk Territorial Park ATV trails such as dis-
turbances of the vegetation cover, formation of
mud puddles, multiple landslides, and intense
gully erosion. The Government of Nunavut’s
Parks and Special Places (NP&SP) department
and community leaders are working on building
a suitable long-term access route to access the
park area based on permafrost scientific knowl-
edge. This collaborative research project aims to
characterize the permafrost conditions along
the new road corridor linking the Kugluk
Territorial Park access road and boardwalk trail
and supporting the community in planning and
designing the new road concepts by suggesting
mitigation techniques adapted to the local
permafrost conditions. Other important objec-
tives are to train local permafrost experts and to
help the community in addressing its concerns
with climate change, with an elders–youths
knowledge transfer approach. Two light road
infrastructures are being built; a summer gravel
road in the form of a thin embankment to access
the park and a wooden boardwalk trail locally
designed to allow the circulation of ATVs and
UTVs on the tundra within the park. The applied
multi-technique research methodology includes
high-resolution mapping of surficial geology and
permafrost conditions, interpretation of high-
resolution air photos and satellite imagery, digi-
tal surface model, ground penetrating radar sur-
veys, permafrost coring, geotechnical laboratory
analyses, ground temperature monitoring sta-
tions instrumentation, and regional geothermal
modeling. Observations and results indicate that
the dominant issue for permafrost stability and
challenge for the roads construction is the pres-
ence of a dense network of 300 ice wedges and a
wide thaw-unstable permafrost corridor crossing
the future roads. Historical regional climate
analysis shows warmermean annual air tempera-
ture (+2 °C) since 1950, longer thawing season,
and milder winters. A new mitigation technique
expected to reduce ice wedge degradation under
the summer gravel road has been suggested and
discussed with the community.

Session: IHE21 — Arctic communities adapting
to permafrost thaw

ID: 247

Northern Compass

Rebecca Bisson1 and Karen Aglukark1

1Northern Compass.

Abstract: Northern Compass is the 2019 winner
of the Arctic Inspiration Prize, million dollar cat-
egory. Our vision is to dramatically increase
achievement among Northerners (youth in
Nunavut and the Northwest Territories) pursuing
their education and career goals after high
school, enabling them to become full partici-
pants in their communities and beyond. This
vision aligns directly with the intention of
Arctic Change 2020 to address the emerging
global opportunities and challenges facing the
region, as equipping young Northerners with
the skills and opportunities relevant is essential
to success. Northern Compass invests in youth
across the North through a number of tailored
supports and activities. These are led by a diverse
team, and supported by a broad and growing
base of project partners. Through collaboration
partners can work together to fill the gaps that
exist as young people navigate their choices and
next steps after high school. Over time, this will
increase the number of youth attending and
graduating post-secondary school, and transition-
ing into career and roles of leadership in every
sector. Our presentation shows how these collab-
orations and partnerships (between commun-
ities, supportive organizations, educational
institutions, and employers) can combine to
invest in equitable access to education and train-
ing and are imperative to the region’s growth,
health, and prosperity.

Session: KEP38 — Arctic Inspiration Prize:
Exploring the unique potential of Northern-led
community science projects

ID: 371

After allocation: using commercial
fishing rights to develop Indigenous-run
fisheries

Hekia Bodwitch1, Melina Kourantidou1, Carie
Hoover1, and Megan Bailey1

1Dalhousie University, Halifax, NS, Canada.

Abstract: When governments allocate commer-
cial fishing rights to Indigenous groups, they gen-
erally do so with the understanding that
Indigenous groups will be able to use allocated
rights to diversify livelihood strategies, advance
resiliency, and support self-determination.
However, whether and how this is done remains

Abstracts 9
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unclear. In the Arctic and elsewhere, where
Indigenous groups have obtained or been allo-
cated rights to fish commercially, the number of
Indigenous fishers and Indigenous-run fishing
boats remains disproportionately low compared
with rights-held. In an attempt to understand
how Indigenous groups can benefit from allo-
cated fishing rights, and whether the intended
goals of these allocations are met, we draw on
evolving lessons learned from New Zealand,
where Māori have held commercial fishing rights
for almost 40 years. Many of these hold relevance
to groups across Inuit Nunangat, especially those
in early stages of developing fishing capacity and
forming independent fisheries governance struc-
tures. We identify four key types of challenges
that increase the risks Indigenous groups assume
when using their rights to support Indigenous-
led fisheries. These relate to: (1) equity in the dis-
tribution of fishing rights within Indigenous
groups, and the responsibility leaders hold to
manage a limited number of rights to benefit
the collective; (2) access to the means of produc-
tion, and the challenges Indigenous fishers face
in obtaining capital to purchase a boat, gear,
and hire labor; (3) access to markets, and the
need for Indigenous groups to develop new mar-
ket relationships to realize the benefits their
rights are supposed to imbue; and (4) limited
authority to govern harvest levels and spatial
overlap with other resource use activities (min-
ing, forestry, agricultural expansion, shipping,
etc.), magnified by Indigenous groups’ lack of
research capacity. These challenges suggest that
federal governments may need to allocate addi-
tional resources to support Indigenous fisheries,
and we discuss mechanisms to do this.

Session: NDP51 — Northern engagement and re-
source management

ID: 307

Eggs in hot water, and how melting
glaciers could allow Arctic cod larvae to
survive extreme summer temperatures
in northwest Greenland

Caroline Bouchard1, Agathe Charbogne2,
Fabienne Baumgartner3, and Sarah M. Maes4

1Greenland Climate Research Centre, Greenland Institute of
Natural Resources, Nuuk, Greenland.
2Mediterranean Institute of Oceanography, Aix-Marseille
Université, Marseille, Provence-Alpes-Côte d’Azur, France.

3Department of Biology, University of Zurich, Zürich,
Switzerland.
4Laboratory of Biodiversity and Evolutionary Genomics, KU
Leuven, Leuven, Flemish Region, Belgium.

Abstract: Arctic cod (Boreogadus saida) eggs and
larvae have narrower thermal tolerance than
juveniles and adults. Understanding their
response to increasing temperature is, therefore,
crucial to forecast the species response to climate
change. In this study, we investigated the rela-
tionship between sea surface temperature in
fjords and coastal waters of Northwest
Greenland in the summers 2017–2019 and the
survival of Arctic cod early life stages over the
hatching season. Warm years were associated
with partial recruitment failures resulting from
thermal stress to the eggs and larvae hatched late
in the season. Using past environmental condi-
tions, we forecasted an imminent decline in
Arctic cod recruitment in the regions of
Uummannaq and Disko Bay. Observations from
fjords suggested that glacial meltwater could cre-
ate a subsurface thermal refuge allowing Arctic
cod larvae to survive despite extremely high
summer sea surface temperature (ca. 10 °C). As
the Greenland ice sheet is melting at an unprec-
edented speed, the mechanism underlying the
“glacial meltwater summer refuge hypothesis”
could curb some of the negative effects of ocean
warming on the survival of young Arctic cod in
northwest Greenland and other Arctic fjord
systems.

Session: MAR41 — Greenland marine
ecosystems

ID: 534

The ice factory of Hudson Bay:
spatiotemporal variability of the polynya
in northwestern Hudson Bay

Jennifer Bruneau1, David Babb1, Wayne Chan1,
Sergei Kirillov1, Jens Ehn1, John Hanesiak1, and
David Barber1

1University of Manitoba, Winnipeg, MB, Canada.

Abstract: Within the dynamic seasonal ice cover
of Hudson Bay, there is a large latent heat
polynya that forms throughout winter in the
northwest as a result of strong northwesterly off-
shore surface winds. Polynyas are known to be
biologically important and contribute to the
regional ice mass balance, but the role of this
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polynya in the Hudson Bay environment has yet
to be studied. Using a thin-ice algorithm applied
to the 16-year record of daily AMSR-E and AMSR-
2 passive microwave observations, we examine
the spatial and temporal variability of this
polynya during winter. The polynya is observed
to be present nearly every day during these 16
winters, although it is highly variable with a
median size of 7178 km2 and a maximum size of
63 923 km2. The polynya promotes the formation
of on average 89.9 km3 of new ice during winter,
which is 11.1% of the regional end-of-winter ice
mass balance that forms over only 5.6% of the
regional area. Offshore wind speeds are found to
be significantly correlated with ice production:
they explain 63.8% of the variance in ice produc-
tion and for every 1.0 m s−1 increase, drive a
24.85 km3 increase in ice production. Broadly,
years with strong (weak) offshore winds are char-
acterized by larger (smaller) polynyas and more
(less) ice production, although there is a discrep-
ancy between winters with persistent large poly-
nyas and winters with small polynyas that
undergo large, episodic openings. Spatially, ice
production is focused in the southern end of the
study region, south of Rankin Inlet, and concen-
trated in a narrow band along the landfast ice
edge of northwestern Hudson Bay before declin-
ing moving offshore. Ultimately, the highly varia-
ble yet persistent polynya in northwestern
Hudson Bay is shown to be driven by offshore
winds and significantly contribute to the
regional ice mass balance.

Session: MAR39 — Coastal oceanography of
Hudson Bay and James Bay

ID: 101

Jumping species and borders:
transmission of Bartonella spp. in a
terrestrial Arctic ecosystem

Kayla Buhler1, Ricardo Maggi2, Terry Galloway3,
Ray Alisauskas4, Gustaf Samelius5, Breeze Agar1,
and Emily Jenkins1

1University of Saskatchewan, Saskatoon, SK, Canada.
2Intracellular Pathogens Research Laboratory, College of
Veterinary Medicine, North Carolina State University, Raleigh,
NC, USA.
3Department of Entomology, Faculty of Agricultural and Food
Sciences, University of Manitoba, Winnipeg, MB, Canada.
4Prairie and Northern Wildlife Research Centre, Environment
and Climate Change Canada, Saskatoon, SK, Canada.
5Snow Leopard Trust, Seattle, WA, USA.

Abstract: Bartonella spp. are zoonotic, Gram-neg-
ative bacteria transmitted by direct contact with
infected animals and hematophagous arthropod
vectors. Three species of Bartonella (B. vinsonii ber-
khoffii, B. rochalimae, and B. henselae) were detected
in the blood of live-trapped Arctic foxes, Vulpes
lagopus, in the region of Karrak Lake, Nunavut.
Avian nest fleas were identified as potential vec-
tors for B. henselae and B. vinsonii, suggesting that
Arctic foxes may be exposed while preying on
migratory geese, their eggs, and their goslings.
However, it is unknown whether nest fleas can
maintain Bartonella spp. over the winter and if
geese and rodents serve as migratory and reser-
voir hosts, respectively. Thus, we determined
the prevalence and species of Bartonella in: (i) nest
fleas collected from goose nests prior to the
arrival of migratory geese in May and during
peak incubation in June, (ii) snap-trapped Arctic
rodents and associated fleas, and (iii) migratory
geese shot upon arrival at the colony. Using poly-
merase chain reaction analyses, Bartonella spp.
were detected in 46% of pooled fleas from nests
in June (n= 26), 70% of pooled fleas from rodents
(n = 10), 5% of rodents (n = 21), and 1% of geese
(n = 82). Bartonella vinsonii berkhoffii was detected
in a goose, B. rochalimae and B. vinsonii berkhoffii
were detected in nest fleas, and B. rochalimae and
B. grahamii were detected in rodent fleas. None
of the pooled fleas from nests in May contained
Bartonella DNA, suggesting that the bacteria may
not overwinter and that annual reintroduction
by migratory geese may be required. This study
demonstrates that multiple species of Bartonella
are present in the Karrak Lake ecosystem and
that endemic species occur in Arctic rodents and
rodent fleas. White geese and their associated
fleas may represent an emerging mechanism of
two-way transmission of Bartonella spp. between
terrestrial Arctic and temperate ecosystems.

Session: IHE11 — Arctic One Health: Gathering
and Mobilizing Multiple Knowledge Type for
Healthy Animals, Communities, and
Environments

ID: 201

The Yukon Youth Healthcare Summit:
increasing Indigenous representation in
healthcare fields through youth
engagement

Geri-Lee Buyck1 and Anna Billowits1
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1BYTE — Empowering Youth, Whitehorse, YT, Canada.

Abstract: The Yukon Youth Healthcare Summit
aims to increase the representation of
Indigenous Yukoners in post-secondary education
in healthcare-related fields. The project was
awarded a 2019 Arctic Inspiration Prize in the
youth category to address this critical need. The
summits will expose Yukon youth to the health-
care professions available to them, inspire them
to pursue post-secondary education, and support
them through their journeys. This will be
achieved through four, five-day Healthcare
Summits for youth ages 14–18, in partnership with
theWhitehorse General Hospital (WGH) and other
organizations. Youth from communities across
the territory who are interested in healthcare are
encouraged to join us inWhitehorse to participate
in a Summit in 2021. Their five days will be fun
and engaging, making use of experiential learning
through the Simulation Center at WGH and par-
ticipating in the “Healthcare Fair” workshops
hosted by healthcare professionals from diverse
fields to provide insight into the paths through
healthcare education. Participants will also have
the opportunity to take a Standard First Aid certif-
ication course. This experience will demonstrate
to students that higher education can lead to a
meaningful career and encourage them to gradu-
ate from high school and pursue higher
education.

Session: KEP38 — Arctic Inspiration Prize:
Exploring the unique potential of Northern-led
community science projects

ID: 423

Geohazards caused by massive ice below
the Dempster Highway, Yukon: an
overview and some possible adaptation
approaches

Fabrice Calmels1, Louis-Philippe Roy1, Pamela
Godin2, Cyrielle Laurent2, and Muhammad
Idrees3

1Yukon University Research Centre, Whitehorse, YT, Canada.
2Yukon University, Whitehorse, YT, Canada.
3Yukon Highways and Public Works, Whitehorse, YT, Canada.

Abstract: The melt of massive ice (i.e., large
masses of ground ice, including ice wedges,
pingo ice, buried ice, and large ice lenses) can
result in major damage to transport infrastruc-
ture and potentially serious geohazards. Such

ground ice is present under the Dempster
Highway, the first all-weather year-round road
route connecting the Canadian road network
with the Arctic Ocean, in Canada. Permafrost
conditions were investigated underneath a
135 km section (from 65 to 200 km) of the
Dempster Highway, where ongoing maintenance
issues have been linked to permafrost thaw.
Geophysical data, aerial imagery, and borehole
information were combined with field investiga-
tion to identify geohazards and thaw-sensitive
permafrost underlying the highway. The pres-
ence of 8–10 m thick ice-wedge complexes and
buried glacial ice bodies were investigated
through mapping of surficial geology, periglacial
landforms, and features related to permafrost
occurrence. Although some sites are currently
impacted by the melt of massive ice such as ice
wedges (e.g., 93, 116, and 123 km), other sites
underlain by buried glacial ice may not become
critical for several years or decades. The study
results will be used to develop recommendations
for Yukon Highways & Public Works regarding
strategies to adapt to climate change for the
highway, allowing Highways & Public Works to
prioritize maintenance areas, develop remedia-
tion methods for high-risk highway sections,
and implement monitoring approaches to have
advance warning of the need for more aggressive
responses. Similar approaches have been used
along sections of the Alaska Highway, YT, which
resulted in the implementation of remediation
techniques, demonstrating potential transfer-
ability of the methodology to other location such
as the Inuvik–Tuktoyaktuk Highway or arctic
airports.

Session: IHE20 — Northern Roads and Railways:
Social and Environmental Effects of Transport
Infrastructure

ID: 398

Temporal trends in perfuoroalkyl acids
concentrations and association with
country foods consumption during
pregnancy in Nunavik (Quebec, Canada)

Elyse Caron-Beaudoin1, Pierre Ayotte2, Caty
Blanchette2, Gina Muckle2, Ellen Avard3, Sylvie
Ricard4, and Mélanie Lemire2

1University of Toronto Scarborough, Scarborough, ON,
Canada.
2CHU de Québec — Université Laval, Québec, QC, Canada.
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3Nunavik Research Centre, Kuujjuaq, QC, Canada.
4Nunavik Regional Board of Health and Social Services,
Kuujjuaq, QC, Canada.

Abstract: Background: Currently used fluoro-
telomer alcohols (FTOHs) are transported to the
Arctic and degraded in a number of perfluor-
oalkyl acids (PFAAs) that biomagnify in Arctic
wildlife. Objectives: Using data from 279 preg-
nant Inuit women recruited as part of biomoni-
toring projects in Nunavik from 2004 to 2017,
our objectives were to evaluate: (i) time-trends
in plasma/serum PFAAs levels in pregnant
Nunavimmiut women; and (ii) the associations
of PFAAs levels with the consumption of country
foods during pregnancy in 2016–2017. Methods:
Individual blood sample were collected for
PFAAs (perfluorooctane sulfonate (PFOS), per-
fluorooctanoic acid (PFOA), perfluorobutanoic
acid (PFBA), perfluorohexanoic acid (PFHxA), per-
fluorobutanesulfonic acid (PFBS), perfluorohex-
ane sulfonate (PFHxS), perfluorononanoic acid
(PFNA), perfluorodecanoic acid (PFDA), and per-
fluoroundecanoic acid (PFUdA) analyses. Omega-
3 and -6 polyunsaturated fatty acids (PUFA) were
measured in red blood cell membranes. Their
ratio was used as a biomarker of marine country
foods consumption. Time-trends in PFAAs levels
were evaluated using ANCOVA models. The asso-
ciations between concentrations of PFAAs and
country foods consumption were examined
using multivariate regression models. Results:
PFOS, PFOA, and PFHxS concentrations signifi-
cantly declined in pregnant Nunavimmiut
women between 2004 and 2017. Between 2011
and 2016–2017, PFNA, PFDA, and PFUdA maternal
serum concentrations increased by 19%, 13%, and
21%, respectively. Ratios of serum/plasma levels
of PFNA/PFOA, PFNA/PFOS, PFNA/PFHxS, and
PFUdA/PFDA were significantly higher in preg-
nant women from Nunavik recruited in 2016–
2017 compared with women from the Canadian
Health Measure Survey Cycle 5, highlighting the
distinct exposure profile in Nunavik. Finally,
PFHxS, PFOS, PFNA, PFDA, and PFUdA levels in
2016–2017 were strongly associated with the
omega-3/omega-6 PUFA ratio, indicating a posi-
tive association between marine country foods
consumption and exposure to PFAAs.
Conclusions: The exposure of pregnant women
to long-chain PFAAs increased from 2004 to 2017
in Nunavik. Associations between the omega-3/
omega-6 ratio and PFAAs concentrations high-
lights the importance of implementing addi-
tional strict regulations on PFAAs and their

precursors to protect the high nutritional quality
and cultural importance of country foods.

Session: IHEA13 — Evolving Perspective on
Northern Contaminants Research

ID: 517

Slippery when frozen: observations of
swash dynamics on ice-infested and ice-
free beaches

Charles Caulet1, David Didier2, Marion Bandet1,
and Pascal Bernatchez1,2

1LDGIZC — Université du Québec à Rimouski, Rimouski, QC,
Canada.
2Centre d’études nordiques, Québec, QC, Canada.

Abstract: Knowledge of empirical equations
relating offshore wave conditions and nearshore
dynamics are essential in coastal engineering
and coastal risk assessments. Swash, which is
the high-frequency component of coastal water
levels, has been extensively studied on “warm”

beaches (i.e., not affected by cryogenic processes).
Several formulations have been suggested to esti-
mate the maximum wave-runup extent on vari-
ous beach types; this parameter allows the
design of more efficient coastal adaptation strate-
gies and planning. It is also essential for coastal
early warning systems. Despite major scientific
breakthroughs on coastal water level predictions
in the last decades, only a few studies have
focused on subarctic and Arctic coastal dynamics.
On cold coasts, the presence of nearshore ice sig-
nificantly modifies the physical processes and,
therefore, can alter the efficiency of empirical
predictors of coastal hazards. However, swash
dynamics in such environment remains unex-
plored. In this study, we present a novel high-
frequency analysis of swash dynamics on frozen
beaches. Video recordings (4 Hz) took place on
two beaches with contrasted morphodynamics
(micro-tidal gravel andmeso-tidal sandy tidal flat)
in the St. Lawrence Estuary. Wave-runup and
setup were digitized on spatio-temporal images
(timestacks) during warm (not frozen) and icy
(frozen) conditions. Extracted time series of
swash with semi-automatic detection algorithms
were processed with spectral analysis. Offshore
water levels and wave measurements were car-
ried out during the video observations. Wave-
runup statistical distributions and characteristics
(swash height, skewness, and spectra) are dis-
cussed and empirical functions relating coastal
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water levels and offshore forcing are proposed
for frozen environments. Results indicate higher
wave-runup excursions caused by lowered beach
permeability due to high pore-ice saturation, pro-
moting more overwash events and, therefore,
erosion and flooding. This study has important
implications for coastal management on subarc-
tic and Arctic beaches, where sea-ice coverage
reduction is significantly affecting coastal water
level dynamics during storms.

Session: TER88 — Arctic Coastal Dynamics in a
Changing Climate

ID: 418

Arthropod availability for arctic
birds: could the risk be lower than
expected?

Aurélie Chagnon-Lafortune1, Joël Bêty1, Pierre
Legagneux2, Laura McKinnon3, and Dominique
Berteaux1

1Université du Québec à Rimouski, Département de biologie,
Centre d’études nordiques, Chaire de recherche du Canada en
biodiversité nordique, Rimouski, QC, Canada.
2Université Laval, Département de biologie et Centre d’études
nordiques; CNRS, Centre d’Études Biologiques de Chizé,
Québec, QC, Canada.
3Trent University, Department of Biology, Peterborough, ON,
Canada.

Abstract: Arthropods are a crucial food source for
many arctic migratory birds. The phenology of
arthropods is expected to change rapidly under a
warmer climate, which could lead to a trophic
mismatch between migratory insectivorous birds
and their prey. Using data from 19 sites distributed
across a large temperature gradient from the sub-
arctic to the High Arctic, we investigated the
effects of temperature on the phenology and bio-
mass of arthropods available to arctic birds during
their breeding season. We predicted that higher
summer temperatures would be associated with
an earlier peak in arthropod biomass as well as
higher peak and seasonal biomass. As expected,
arthropod biomass peaked earlier with higher
temperatures across sites and years. However, we
found only a 4-day shift in average peak date for
an increase of 80 cumulative thawing degree-days.
Moreover, the relationship we observed between
temperature and arthropod biomass was not lin-
ear. Higher temperatures were associated with
higher peak and seasonal biomass, but only under
a relatively low temperature threshold. Over that

threshold, the relationship between temperature
and arthropod biomass no longer exists. Based
on a space for time substitution and considering
the combined effects of temperature on the phe-
nology and biomass of arthropods, our study sug-
gests that the risk of trophic mismatch could be
lower than anticipated, especially for High Arctic
birds feeding on a wide diversity of arthropods.

Session: TER77 — Climate change and Arctic
birds: unifying disciplines for assessing the risk
to Arctic avian communities

ID: 817

Establishment of an Indigenous-led
protection for Weeneebayko within Na
Taski Nan (western James Bay within the
Mushkegowuk Traditional Territories)

Vern Cheechoo1, Lawrence Martin1, Paul
Crowley2, Anna Baggio3, and Jennie Knopp4

1Mushkegowuk Council, Moose Factory, ON, Canada.
2Environment Funders Canada, Toronto, ON, Canada.
3Wildlands League, Toronto, ON, Canada.
4Oceans North, Ottawa, ON, Canada.

Abstract: The Omushkego have lived in Western
James Bay and Hudson Bay since time immemo-
rial. The Omushkego Traditional Territories
cover 355 000 km2, including a large portion of
the James Bay Lowlands and beyond the coast
into James Bay (Weeneebayko) and its islands.
The territory is referred to as “Na Taski Nan”
(Mother Earth — who takes care of her children).
We have always fed ourselves from this rich area
and find our well-being through the taking of
food, medicines, water, fish, and animals.
Although the Mushkegowuk have traditionally
lived gently within our Traditional Territories,
Na Taski Nan is now facing challenges that affect
each and every citizen of this planet. The taking
of resources buried for thousands of years, dam-
ming of rivers, cutting of forests, the appearance
of toxic pollution from afar, and the changing cli-
mate have cumulatively created challenges the
Omushkego must now navigate. The
Mushkegowuk Nation has always maintained
our inherent authority to take care of our
Traditional Territories. We have a spiritual con-
nection with the land and waters, by way of the
natural laws (Creator’s Laws) that were given to
us since time immemorial. The waters and
islands of western James Bay and Hudson Bay
encompassed by Mushkegowuk Traditional
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Territories, including Akimiski Island, are
unceded Mushkegowuk lands and waters. These
islands are still used today by the Omushkego as
part of our Traditional Territories for harvesting
and traditional practices. The Mushkegowuk
Council has started working on the designation
of an Indigenous-led marine protection for
the western portion of James Bay. This would
be a step towards reconciliation with the
Omushkego Nations, allowing us to protect and
steward our marine waters, islands, and coast-
lines as we have done since time immemorial.
This presentation will focus on the first phase of
the establishment of an Indigenous-led protected
area for western Weeneebayko.

Session: KEP73 — Advancing conservation
through partnerships in knowledge and gover-
nance — northern case studies

ID: 478

The Polar Code and the Arctic marine
environment: assessing the regulation of
the environmental risks of shipping

Aldo Chircop1

1Dalhousie University, Halifax, NS, Canada.

Abstract: The International Code for Ships
Operating in Polar Waters (Polar Code) adopted
by the International Maritime Organization (IMO)
in 2014/15 has established new vessel-source pollu-
tion prevention standards for Arctic waters and
the Antarctic area. The Code’s Part II consists of
mandatory rules and guidance provisions on pol-
lution prevention as an added layer of regulation
for polar shipping. It is worth noting that the
mandatory provisions of the Code concern pollu-
tion prevention from oil, noxious liquid substan-
ces carried in bulk, sewage, and garbage and do
not include other pollution (e.g., noxious liquid
substances carried in packaged form, grey water,
air emissions) and broader risks posed by polar
shipping (e.g., animal strikes, biofouling, import-
ing exotic species through ballast waters, etc.). To
understand the full scope of applicable environ-
mental standards, it is necessary to explore other
IMO environmental instruments that interface
with the Polar Code to produce a systemic
response to a wide range of environmental risks
posed by polar shipping. Other IMO instruments
support the Code through provisions that further
nourish, supplement or facilitate the Code’s provi-
sions on pollution, thereby enlarging the scope of

international regulations concerning the broader
environmental risks posed by shipping. These
instruments includemandatory (e.g., ballast water
management and antifouling systems) and non-
mandatory instruments (e.g., underwater noise
and biofouling). As the volume of shipping
increases, we can expect periodic reviews of
international standards to respond to the chang-
ing environmental risk profiles, greater use of
routeing and reporting measures, and possible
scaling-up of international standards and further
action by regional states. Research for this article
was supported by the project “Safe Navigation
and Environment Protection” of the Ocean
Frontier Institute with support from the Canada
First Research Excellence Fund. The full article on
which this presentation is based is in print in
The International Journal of Marine and Coastal
Law (2020) 35: 533–569.

Session: NPD50 — Arctic Shipping — Risks and
Benefits to Communities and Ocean Health

ID: 763

Eelgrass bed mapping with Landsat-8
Operational Land Imager and traditional
ecological knowledge in Eeyou Istchee

Kevin Clyne1, Brigitte Leblon1, Armand
LaRocque1, and Maycira Costa2

1University of New Brunswick, Fredericton, NB, Canada.
2University of Victoria, Victoria, BC, Canada.

Abstract: The eastern coastline of James Bay
(Eeyou Istchee) is known to be home to vast beds
of Zostera marina, or eelgrass. These eelgrass beds
provide a valuable food source for migratory
waterfowl in the spring and fall, and contribute
valuable ecosystem services such as sediment sta-
bilization all along the coast. Despite recent
reports from Cree communities that eelgrass bed
health is declining, limited research has been per-
formed to assess the spatial distribution of eelgrass
within the bay. This study aims to address that
issue by evaluating the capability of Landsat-8
Operational Land Imager (OLI) imagery to establish
a baseline map of eelgrass distribution in 2019 in
the relatively turbid waters of James Bay. Three
images acquired on 16 September 2019 were
mosaicked and classified using Random Forests
into the following classes: Eelgrass, Turbid Water,
High Turbidity Water, Shallow Clear Water, and
Deep Clear Water. The corresponding overall clas-
sification accuracy was 99.24%, and the Producer’s
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and User’s accuracy for the eelgrass class were
94.92% and 88.18%, respectively. The map was vali-
dated against 117 ground truth data that were
obtained from both the eelgrass health and
Hydro-Quebec research team. The resulting overall
validation accuracy was 79.49%, indicating the
potential of the Random Forests classifier to esti-
mate baseline eelgrass coverage in James Bay using
Landsat-8 imagery. We would like to thank the
Cree experts who have helped the project by shar-
ing their knowledge and assisting with field work
andMITACS and Niskamoon Corporation for fund-
ing the project.

Session: TER91 — Comprehensive Research
Program on the Coastal Habitat of Eeyou Istchee
(Eastern James Bay, northern Quebec)

ID: 221

The effects of climate on barren-ground
caribou populations: the importance of
reaching calving ground

Ophelie Couriot1, Matthew Cameron2, Kyle Joly2,
Jan Adamczewski3, Allicia Kelly3, Tracy Davison3,
Anne Gunn4, Judy Williams3, William Fagan5,
and Eliezer Gurarie5,6

1National Socio-Environmental Synthesis Center (SESYNC),
University of Maryland, College Park, MD, USA.
2US National Park Service, Washington, DC, USA.
3Department of Environment and Natural Resources,
Government of the Northwest Territories, Yellowknife, NT,
Canada.
4Independent Consultant.
5University of Maryland, Department of Biology, College Park,
MD, USA.
6University of Wisconsin, Department of Forest and Wildlife
Ecology, Madison, WI, USA.

Abstract: Climate is changing in the Arctic even
more rapidly than elsewhere on earth, even as
human industrial developments are expanding
in remote Arctic regions. In tandem with these
changes, many barren-ground caribou popula-
tions — of immeasurable importance to Arctic
ecosystems and communities — have experi-
enced significant declines. There is, therefore,
great urgency in understanding drivers of change
in caribou populations. Juvenile survival is
known to shape population dynamics of ungu-
late species. In barren-ground caribou, synchro-
nizing births in time and aggregating births in
space is important for successful reproduction,
through the dilution effect and shared vigilance,
to face predation risk, and shared information

on forage resource location. In this study, we
examined the effects of environmental condi-
tions on the ability to synchronize births and on
the ability to reach the calving ground, in migra-
tory caribou. We analyzed movement patterns
and inferred calving date for 1402 female caribou
from six herds in North America. We then linked
these events to weather conditions throughout
the year preceding calving. We found that
weather conditions before and during gestation
had contrasting effects on the ability to syn-
chronize births with the other females of the
herd. We also found that a failure to reach the
calving ground at the right time is due to a com-
bination of poor weather conditions during the
previous winter and prior to migration depar-
ture. Our results suggest that weather influences
not only the ability to synchronize births in time
but also the ability to reach the calving ground,
which could, in turn, affect population dynamics.
This contributes to a better understanding of fac-
tors influencing barren-ground caribou popula-
tion dynamics and points to insights that can be
gained from large-scale, comparative analyses of
the most widely ranging species in the Arctic.

Session: TER80 — Seasonal strategies of Arctic
wildlife

ID: 646

Sociocultural determinants of alcohol
and cannabis use and misuse among
Nunavimmiut

Yohann Courtemanche1, Natalia Poliakova1,
Mylene Riva2,3, Christopher Fletcher1,4, Mireille
Desrochers-Couture1, Caroline Moisan5, Camille
Pépin1, Sarah Fraser6, Gina Muckle5, and Richard
Bélanger1,7

1Centre de recherche du CHU de Québec — Université Laval,
Québec, QC, Canada.
2Canada Research Chair in Housing, Community, and Health,
Institute for Health and Social Policy, McGill University,
Montreal, QC, Canada.
3Department of Geography, McGill University, Montreal, QC,
Canada
4Département de médecine sociale et préventive, Université
Laval, Québec, QC, Canada.
5Faculté des sciences sociales, Université Laval et Centre de
recherche du CHU de Québec — Université Laval, Québec, QC,
Canada.
6Université de Montréal, Montreal, QC, Canada.
7Département de pédiatrie, Université Laval, Québec, QC,
Canada.
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Abstract: Substance use and its intertwined
problems are a major cause of concern for
Nunavimmiut. Ongoing historical traumas and
changes in the Inuit way of life have been identi-
fied as key factors in today’s psychosocial prob-
lems. As culturally appropriate programs are
needed to support public health and individual
initiatives, this paper will investigate sociocul-
tural determinants of substance use and misuse.
In 2017, the Qanuilirpitaa? survey was conducted
among a representative sample of Nunavimmiut
aged 16 and over (n= 1326). Sociocultural factors,
such as cultural identity, practice of land-based
activities, involvement in community activities,
social support, family, and community cohesion
were documented. The frequency of alcohol con-
sumption, binge drinking (five or more drinks
in one occasion), cannabis use, and problematic
use (CAGE and DAST-10 questionnaires) in the
previous year were documented. Associations
were tested by cumulative logit regressions.
Higher scores of cultural identity were associated
with lower alcohol consumption, binge drinking,
and problematic alcohol use. Greater social sup-
port was associated with lower alcohol consump-
tion and binge drinking. Greater family cohesion
and involvement in community activities were
associated with higher cannabis use, whereas
family and community cohesion were associated
with higher risk of problematic drug use. All
associations were similar between sexes and age
groups. High levels of cultural identity (pride in
being Inuk, going on the land, and sharing) were
identified as a protective factor for alcohol con-
sumption, binge drinking, and risk of problem-
atic use. Social support (someone to talk to,
having a good time, and showing love) was a pro-
tective factor for alcohol consumption and binge
drinking. Nunavimmiut using cannabis or at risk
of problematic drug use were more involved in
community life, probably representing contex-
tual predictors of use or support rather than
causal implications. The importance of Inuit cul-
ture and of community activities should guide
the content and implementation of substance
use programs in Nunavik.

Session: IHE14 — Health, Well-Being, and the
Social Determinants of Health in the North

ID: 405

Dark diversity in the tundra: the source
of future plant biodiversity change?

Gergana N. Daskalova1, Isla Myers-Smith2,
Christian Rixen3, Anne Bjorkman4, Toke Høye5,
Mats Björkman4, Ingibjörg Svala Jónsdóttir6,
Isabel Barrio7, Sonja Wipf3, Greg Henry8, Elise
Gallois2, Zoe Panchen8, Sofie Agger8, Anne
Tolvanen9, Hans Cornelissen10, Rien Aerts10, Jake
Harris11, Nicoletta Cannone12, Petr Macek13,
Francesco Malfasi12, and Signe Normand5

1University of Edinburgh, South Bridge, Edinburgh, UK.
2School of GeoSciences, University of Edinburgh, South Bridge,
Edinburgh, UK.
3WSL Institute for Snow and Avalanche Research SLF,
Zürcherstrasse, Birmensdorf, Switzerland.
4University of Gothenburg, Gothenburg, Västra Götaland,
Sweden.
5Aarhus University, Aarhus, Denmark.
6University of Iceland, Reykjavík, Iceland.
7Agricultural University of Iceland, Borgarnes, Iceland.
8University of British Columbia, Vancouver, BC, Canada.
9Natural Resources Institute, Chatham Maritime, Kent, UK.
10Vrije Universiteit Amsterdam, Amsterdam, the Netherlands.
11Grand Valley State University, Allendale, MI, USA.
12Università degli studi dell’Insubria, Como and Varese, Italy.
13University of South Bohemia, České Budějovice, Czech
Republic.

Abstract: Tundra plant communities are respond-
ing as the climate continues to warm, with shifts
in community composition and traits observed
across many tundra sites. However, from where
across the landscape new species come and how
the larger species pool influences local-scale biodi-
versity change remains unknown. Traditional
plant surveys often capture scales of only several
square metres, leavingmany unmonitored species
that by chance could be absent in small plots. This
so-called dark biodiversity could be a hidden
source of future plant biodiversity change.
Here, we bring together decades of monitoring
observations with the first findings from the
International Tundra Experiment Species Pool
Protocol to reveal the magnitude of dark biodiver-
sity in tundra ecosystems and the links between
local compositional changes and the larger species
pool. Across 14 sites including 29 vegetation types,
we found that, on average, there are 30 species
present within a 100 m radius of long-term moni-
toring plots, which have never been recorded
inside the plots. The amount of dark diversity var-
ied considerably among sites, as did the rate of
species accumulation with distance across differ-
ent landscapes. We are currently integrating the
ground-based species pool and plot-scale commu-
nity composition data with information on topog-
raphy and microhabitats derived from aerial
drone imagery. This combination will allow us to
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determine which parts of the tundra landscape
this dark diversity occupies — environmentally
similar or more variable habitats, or the warmest
microclimates. Understanding the relationships
between the species pool, dark diversity and plot-
scale diversity can help us find the hotspots of
plant biodiversity across tundra landscapes and
will improve predictions of future changes in the
richness and composition of tundra ecosystems
with warming.

Session: TER78 — Arctic plants in changing
landscapes

ID: 357

Tundra change in Torngat Mountains
National Park, Nunatsiavut, Canada

Emma Davis1, Andrew Trant1, Luise Hermanutz2,
Robert G. Way3, Antoni G. Lewkowicz4, Laura
Siegwart Collier5, Alain Cuerrier6, and Darroch
Whitaker5

1University of Waterloo, Waterloo, ON, Canada.
2Memorial University, St. John’s, NL, Canada.
3Queen’s University, Kingston, ON, Canada.
4University of Ottawa, Ottawa, ON, Canada.
5Parks Canada, Gatineau, QC, Canada.
6Université de Montréal, Montreal, QC, USA.

Abstract: The eastern Canadian subarctic and
Arctic are experiencing significant environmen-
tal change with widespread implications for the
people, plants, and animals who live there.
Here, we present multidisciplinary research of
environmental change at the Nakvak Brook
watershed in Torngat Mountains National Park
of Canada, northern Labrador. We combined his-
torical climate data with an annual record of the
Normalized Difference Vegetation Index (NDVI)
and shrub ring-width measurements to assess
the response of ecological systems to regional cli-
mate warming. The NDVI time series indicates
that the area has undergone a significant, posi-
tive trend in spectral greening over the past four
decades. Analyses of shrub cross-sections suggest
that greening has been driven by rapid shrub
establishment and growth that began in the late
1990s during a period of warmer growing season
temperatures. With the expectation of continu-
ing climate change, loss of adjacent sea ice, and
proximity to the forest–tundra ecotone, it is
likely that the Torngat Mountains will continue
to experience rapid environmental change in
the coming decades.

Session: TER78 — Arctic plants in changing
landscapes

ID: 719

Mobilizing freshwater data for
decision-making and collaborative
stewardship through DataStream’s open
data portal

Lindsay Day1 and Carolyn DuBois1

1The Gordon Foundation, Toronto, ON, Canada.

Abstract: Diverse water monitoring programs
led by Indigenous and non-Indigenous govern-
ments, academic research groups, communities
and watershed organizations are generating valu-
able information to track the health of Northern
freshwater ecosystems. When brought together,
data gathered through these programs can gener-
ate powerful new insights into environmental
change across distances and timescales that are
beyond the scope of any single monitoring initia-
tive alone. However, finding ways to connect
information gathered by a multitude of monitor-
ing programs and research initiatives across sec-
toral and jurisdictional silos is a persistent
challenge. When it comes to western scientific
water quality data — which is one piece of the
puzzle — open access tools like DataStream are
transforming how this information can be mobi-
lized to inform policy and decision-making
around water management and stewardship.
Designed with communities, researchers, and
decision-makers in mind, DataStream is an open
data platform that brings water quality monitor-
ing results together in one place, in a consistent
format — making it easier to share and access
data, and connect results in meaningful ways.
First launched in the Mackenzie River Basin in
November 2016, DataStream is led nationally by
The Gordon Foundation and carried out in col-
laboration with regional partners and monitor-
ing networks, including the Government of the
Northwest Territories, Mackenzie DataStream’s
founding partner. Today the platform hosts data
collected by over 100 different monitoring
groups and is continuing to grow and expand
across the country.

Session: LTM03 — Digital tools & data manage-
ment for long-term monitoring and decision
making
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ID: 25

Kangiqsualujjuaq (Nunavik, Canada):
snow avalanches, urbanization, and
climate change

Armelle Decaulne1 and Najat Bhiry2

1CNRS Laboratory LETG, Nantes, France.
2Centre d’études nordiques, Université Laval, Québec, QC,
Canada.

Abstract: Slope processes are active within rolling
plateau landscapes of Nunavik, northern Québec,
Canada. Escarpments are rare and short, but they
are significantly steep. On 1 January 1999, a dread-
ful snow avalanche struck Kangiqsualujjuaq, one
of the 14 Inuit villages in Nunavik; nine people
died and 25 were injured. The research this event
prompted highlighted that at least four snow ava-
lanches have hit Kangiqsualujjuaq in the 1980s–
1990s before this dreadful avalanche: collective
memory have retained none of these events, as
they caused limited damage. This village and its
surrounding located within a glacial valley, in a
periglacial environment, is experiencing signifi-
cant population growth, as are other villages in
Nunavik. As early as 1999–2000, there was a sig-
nificant spatial reorganization of the village’s
infrastructure to avoid the impact of other snow-
avalanche event. The main objective of this paper
is to examine the village expansion in response
to natural hazard processes and population
growth, within an area constrained by permafrost
thawing and steep slopes.

Session: IHE12 — Spatial and temporal perspec-
tives on climate changes and their implications
for human resilience and adaptation in the Arctic

ID: 675

Changes in the permafrost thermal
regime of a lithalsa, a glaciofluvial delta
and bedrock near Kangiqsualujjuaq,
Nunavik

Catherine Deslauriers1, Michel Allard1, and
Pascale Roy-Léveillée1

1Centre d’études nordiques, Université Laval, Québec, QC,
Canada.

Abstract: Permafrost is warming and thawing at
varying rates in response to climate change in
the circumpolar North, depending on the site
characteristics and geological setting. Previously
stable soils show subsidence under roads and

houses. In Nunavik (northern Quebec), Inuit com-
munities are growing and are planning the
expansion of their infrastructure. Changing
permafrost conditions must be taken into
account, but the response of permafrost to warm-
ing is difficult to predict where permafrost is
warm and may have began to thaw through its
entire profile. Kangiqsualujjuaq is one Inuit com-
munity of Nunavik affected by this phenomenon.
A surficial geology map, permafrost conditions
map, construction potential map, and hazard
risk assessment map were produced for the area
as part of a bigger research project executed on
behalf of the Ministère des Affaires municipales
et de l’Habitation in Quebec. Such maps were
made for 13 out of 14 Inuit villages in Nunavik,
where permafrost is present. These tools provide
high-resolution knowledge of ground conditions.
Sixteen thermistor cables, extending to depths
from 2.9 to 20.05 m, were installed in different
surficial deposits and maintained by researchers
from the Centre d’études nordiques around
Kangiqsualujjuaq from the 1980s to the present.
From the six cables that are still active, three
were selected to assess the recent evolution of
the thermal regime of permafrost in the exten-
sive discontinuous permafrost zone. Recent
ground temperatures recorded by these three
cables, installed in bedrock, in a glaciofluvial
delta (sand and gravel), and in a lithalsa (marine
silts and clays), were examined. The bedrock site
clearly reflects the air temperature fluctuations,
whereas the sand and gravel site reveals a
perched water table that delays winter freeze-
back. Permafrost in the silty lithalsa has become
isothermal and ground temperatures there are
not responding to climate variations.

Session: TER79 — The Changing Arctic
Cryosphere

ID: 125

The lifecycle of a talik: from formation to
fen with an eye for function

Élise Devoie1, Ryan Connon2, James Craig1, and
William Quinton3

1University of Waterloo, Waterloo, ON, Canada.
2Government of the Northwest Territories, Yellowknife, NT,
Canada.
3Wilfrid Laurier University, Waterloo, ON, Canada.

Abstract: Climate warming in fragile discontinu-
ous permafrost peatlands is causing permafrost
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loss and changes in ecosystem dynamics at an
unprecedented rate. Although rates of perma-
frost loss and landscape change have been widely
documented based on remote sensing and field
measurements, the mechanisms of permafrost
degradation remain under-studied. In the discon-
tinuous permafrost region, the formation of a
talik (perennially thawed soil) between the base
of the active layer and the top of the permafrost
table signals the beginning of permafrost degra-
dation. A coupled mass and heat transfer 1-D
finite volumemodel of cryotic soils identified soil
moisture and surface temperature (a combina-
tion of surface albedo and incoming radiation)
as the major drivers of talik formation, whereas
advection through existing taliks accelerated
permafrost degradation rates. Field data col-
lected at the Scotty Creek Research Station is ana-
lyzed first to determine the changes in energy
balance that accompany talik formation. Once
formed, data from a talik connecting two bogs is
analyzed over the course of the formation of a
connection between these features to determine
its thermodynamic and hydraulic function. The
talik connects the bog to a network of connected
bogs, increasing the hydrologic connectivity of
the landscape. The transition from permafrost
plateaux with connected collapse scar bogs to a
fen network with isolated patches of permafrost
is documented at the Scotty Creek Research
Station, where permafrost can be found at vary-
ing stages of degradation. Regardless of the stage
of talik formation, taliks act as reservoirs of ther-
mal energy, and once formed they represent a
tipping point for the underlaying permafrost,
which will eventually degrade. The identified pat-
terns of permafrost degradation point to a trajec-
tory of thaw, clearing the path for predictions of
thaw rates and subsequent expected changes in
the hydrology and ecosystems in this landscape.

Session: TER76 — Permafrost and tundra soil
processes in a warming climate

ID: 742

SmartICE: employing social enterprise
for community safe ice travel

Shawna Dicker1 and Carolann Harding1

1SmartICE Sea Ice Monitoring & Information Inc.

Abstract: SmartICE is a pan-territorial social
enterprise that empowers Inuit communities to
adapt to unpredictable sea-ice travel conditions.

Because of climate change, Inuit are increasingly
concerned about their travel safety and the
impacts that declining ice conditions are having
on community wellbeing. SmartICE directly
addresses this community priority by deploying
specially designed technologies, such as the
SmartQAMUTIK and SmartBUOY, which enable
communities to monitor their own ice trails.
Most importantly, Inuit Qaujimajatuqangit of
sea ice is being combined with technical training
for Inuit to operate and manage SmartICE ser-
vices in their communities. Specifically,
SmartICE is a work integration social enterprise
with a social mission to directly support vulner-
able youth who are facing exclusion from the
labour market. For example, through its
northern-based technology production centre
(NPC) located in Nain, Nunatsiavut, Inuit youth
trainees learn how to assemble the SmartBUOY,
a stationary sea-ice thickness sensor for deploy-
ment in communities across Inuit Nunangat.
Training is holistic, person-centered, and cultur-
ally responsive. The technical training compo-
nents of the program are coupled with employ-
ment supports, social emotional skill develop-
ment, and time spent engaging in traditional
activities. In 2019, the NPC provided 4800 h of
employment, together with 65 training and skills
certificates for the 11 youth trainees. In the spirit
of reconciliation and self-determination, and for
SmartICE to be effective, Inuit are involved in all
aspects of its operation and decision-making,
from the board of directors to community
operations. For example, in Nunavut where
SmartICE is operational in 13 communities,
50 elders, and experienced ice users are involved
in local management, while 33 Inuit youth
were among 46 operators trained in technology
systems and maintenance during this past ice
season.

Session: NDP52 — Social Enterprise for Arctic
Change

ID: 178

How Inuit Qaujimajatuqangit fits into
Arctic char habitat research — a
scientist’s point of view

Véronique Dubos1, André St-Hilaire1, and
Normand Bergeron1

1Institut national de recherche scientifique (INRS), Québec, QC,
Canada.
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Abstract: Inuit Qaujimajatuqangit (knowledge)
can greatly contribute to the study of Arctic
char (Salvelinus alpinus) habitat as it is an important
food resource. In this project, elders and
experienced hunters from the communities of
Kangiqsualujjuaq, Tasiujaq, and Kangirsuk
(Nunavik) were met to share their knowledge of
Artic char habitat use in local river systems. From
their experience of the land, elders and fishers
(men and women) described many important
aspects of the habitats used by char and their
behavior. This information was then used to
develop a preliminary model of spawning habitat
preferences. Inuit Qaujimajatuqangit transmitted
on the land by experienced Inuit provided addi-
tional temporal continuity in their observations.
The added description of past events enabled the
production of amore continuous evolution specific
aspects, for example of trends in river flow. This
information would be out of reach for scientists
solely relying on short, sporadic field measure-
ments. Their use of vast fishing territories brought
knowledge of geographic areas that would not be
accessible to the researchers during sporadic field-
work. We collaborated with Inuit fishermen who
conducted measurements of habitats used by
Arctic char during the winter period. Through this
collaboration, important seasonal habitat shifts
were documented by the fishermen, while contrib-
uting to increase their confidence in scientific field
work. The knowledge shared by elders through sto-
ries and anecdotes were of great interest to under-
stand the Arctic char life cycle, for example,
concerning the timing of migration according to
their size or reproduction behaviors. The highlight-
ing of complex relationships between fish and the
environment, and the cultural teaching are parts
of the major contribution of Inuit knowledge to
this research on Arctic char habitat.

Session: KEP37 — How Inuit Qaujimajatuqangit
(knowledge) fits into research

ID: 310

Modelling benthic communities in the
Kitikmeot sea region, Canadian
Archipelago

Philippe-Olivier Dumais1,2, Philippe
Archambault3, Bodil Bluhm4, Laure de
Montety1,2, Cindy Grant1,2, and Lisa Treau de
Coeli1,2

1Département de biologie, Université Laval, Québec, QC,
Canada.
2Québec-Océan, Québec, QC, Canada.
3ArcticNet, Québec, QC, Canada.
4Universitetet i Tromsø, Tromsø, Norway.

Abstract: The Northwest Passage is an area of
great importance as it makes the connection
between the adjacent Beaufort Sea and the
Baffin Bay for oceanographic characteristics but
is also a maritime route of high value. In this area
the fauna, especially the benthic community, is
less studied compared with other Arctic regions.
Benthic invertebrates play important roles in
nutrient cycling, sediment oxygenation, and
decomposition and are good indicators of climate
or other changes. This project aims to evaluate
benthic megafauna composition based on signifi-
cant environmental drivers and then develop
spatial predictive explanatory models of benthic
communities to expand coverage of a section of
the Northwest Passage, specifically across the
Kitikmeot Sea region and Parry Channel. Results
from previously collected samples suggest that
biodiversity is higher in that area compared with
the Beaufort Sea and Baffin Bay. We tested
whether (1) spatial distribution and community
composition of benthic fauna differed following
a West–East gradient, i.e., forming an ecotone
(transition area) between the Beaufort Sea and
the Baffin Bay; (2) Pacific Ocean water influence
through the Canadian Archipelago explains part
of this gradient, if present, and; (3) terrigenous
matter affects the distribution of species.
Results showed that all hypothesis are con-
firmed. Generalized linear models (with R2 up to
0.80) clearly displayed a transitional pattern of
community distribution from Queen-Maud Gulf
to Lancaster Sound. Victoria Strait and Peel
Sound seem to be hotspots of megabenthic biodi-
versity showing that suchmodels can be useful to
target potential conservation areas. Moreover,
results demonstrated that Pacific Origin water
(traced with N/P ratio) and terrigenous matter
(silicate concentrations) have an influence on
the species distribution. Given that these two
influencing factors are projected to be increas-
ingly present in the Arctic they might have even
more impact on benthic communities in the
future.

Session: MAR71 — Species interactions in Arctic
aquatic ecosystems
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ID: 718

Key features of strong proposals for
community-driven climate action

Miki Ehrlich1

1NWT Association of Communities, Yellowknife, NT, Canada.

Abstract: The governance model for Climate
Change Preparedness in the North (CCPN) and
Climate Change and Health Adaptation Program
(CCHAP) has increased program effectiveness and
helped to move the climate change adaptation
agenda forward in the Northwest Territories
(NWT) and across the north. Funding decisions
are guided by the NWT Climate Change
Adaptation Committee, which includes appointees
from all eight regional Indigenous organizations.
Committee input has strengthened funded proj-
ects and helped build the capacity of members
and applicants. The Climate Change Community
Liaison supports the development and review of
proposals. The liaison has a unique vantage point
to hear community concerns and work as a path-
finder to help them get information, find support
and partners, and take action. The funding pro-
grams and Community Liaisons have been learn-
ing a lot over the three and a half years since this
innovative funding partnership and governance
model was implemented. This presentation will
discuss the common gaps and issues that we have
seen in some proposals to CCPN and CCHAP.
Then, we will focus on solutions. Templates for
project ideas and proposals have been revised to
reflect lessons learned and provide better guidance
to applicants. We will explore three key features of
the strongest proposals we have received: a rela-
tionships-first approach to proposal development;
having the right groups at the table and develop-
ing partnerships; and taking steps to ensure that
the project makes a difference and leaves a posi-
tive legacy. We believe these approaches will
strengthen the proposals that researchers develop
in partnership with northern communities.

Session: NPD74 — Perspectives on supporting
and empowering northern communities in
undertaking climate action

ID: 746

Characterizing the hydrocarbon
biodegradation and bioremediation
potential on Canadian High Arctic
beaches

Madison Ellis1, Ianina Altshuler1, Lars Schreiber2,
Mira Okshevsky1, Charles Greer2, and Lyle
Whyte1

1McGill University, Montreal, QC, Canada.
2National Research Council Canada, Ottawa, ON, Canada.

Abstract: Unprecedented sea ice loss is opening
shipping routes in Canada’s Northwest Passage,
increasing the risk of an oil spill in the High
Arctic. Some microorganisms can aid oil spill
clean-up by metabolizing various oil compounds,
known as hydrocarbon biodegradation, which
can be enhanced by supplementing limiting envi-
ronmental nutrients. However, hydrocarbon bio-
degradation potential on High Arctic beaches,
where oil could persist in the event of a spill,
remains largely unexplored. Using eight pristine
High Arctic beaches, we characterized baseline
environmental variables, microbial abundance,
and community composition and screened for
hydrocarbon biodegradation. We prepared base-
line and nutrient-enhanced radiorespiration
microcosms using fuel constituents, hexadecane,
and naphthalene, and sacrificial microcosms using
Bunker C fuel oil. We found similarities in organic
matter, moisture content, total nitrogen and phos-
phorus, and cell abundances (105–108 cells/g sedi-
ment) across High Arctic beaches. Community
composition was distinct across beaches and
potential oil-degrading genera were detected at
each beach but made up a small proportion of
each community (<0.6%). Acrossmicrocosms, base-
line biodegradation of hexadecane, naphthalene,
and Bunker C was observed and improved by
nutrients. This trend was greatest for hexadecane
reaching 14.11% ± 4.55% from 3.23% ± 1.59% and
naphthalene reaching 3.39% ± 3.27% from
1.92% ± 1.33%. Our results suggest High Arctic
beaches harbour distinct microbial communities
that may recruit low-abundant oil degraders to
metabolize hydrocarbons that is improved by
nutrients. By surveying High Arctic beaches for
baseline and nutrient-enhanced hydrocarbon bio-
degradation potential, this work contributes to
proactively developing relevant oil-spill remedia-
tion strategies in Canada’s Northwest Passage.

Session: NPD50 — Arctic Shipping — Risks and
Benefits to Communities and Ocean Health

ID: 749

Trends and effects of brucellosis in
caribou and muskoxen from the
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Kitikmeot and Inuvialuit regions,
Canadian Arctic

Xavier Fernandez Aguilar1, Juliette Di Francesco1,
Fabien Mavrot1, Matilde Tomaselli2, Lisa-Marie
Leclerc3, Tracy Davison4, and Susan Kutz5

1Department of Ecosystem and Public Health, University of
Calgary, Calgary, AB, USA.
2Canadian High Arctic Research Station, Cambridge Bay, NU,
Canada.
3Government of Nunavut, Iqaluit, NU, Canada.
4Department of Environment and Natural Resources,
Government of the Northwest Territories, Yellowknife, NT,
Canada.
5University of Calgary, Calgary, ON, Canada.

Abstract: Brucella suisbiovar 4 (BS4) is the cause of
brucellosis in animals and people from the
Arctic, where it is maintained by caribou and
reindeer (Rangifer tarandus spp.) but can also be
found in other terrestrial mammals like musk-
oxen (Ovibos moschatus). The objectives of this
study were to summarize trends of BS4 in cari-
bou and muskoxen of the Kitikmeot and
Inuvialuit regions of the Canadian Arctic and
explore health effects on caribou. We tested for
Brucella antibodies in 209 Dolphin and Union
(DU) caribou (2015–2019) and 188 muskox (2017–
2019) blood samples of harvested and captured
animals, and these results were combined with
published data in caribou and muskoxen from
these regions. In total, we considered data from
315 barren-ground (Bluenose East, Bathurst,
Beverly-Ahiak herds; 2000–2014), 209 DU caribou
(2015–2019), and 3353 muskoxen (1989–2019).
The sample seroprevalence was relatively low in
adult barren-ground caribou, ranging from 0.0%
(CI 95%, 0.0–3.1) to 4.8% (CI 95%, 2.2–10.0) in differ-
ent herds but was higher in adult DU caribou 15%
(CI 95%, 10–21). Muskoxen was in general sero-
negative (Banks Island, Mainland) with the excep-
tion of Kent Peninsula, and Victoria island where
it had an increasing trend from 0.5% (CI95%,
0.2–1.2) in 1989–2001, to 5.3% (CI95%, 3.3–8.5) in
2010–2016 and a further increase in 2017–2019.
DU caribou that were exposed to BS4 at early
Spring (April–May) had poorer body condition
and were less likely to be pregnant. Further
research will investigate the role of BS4 in cari-
bou and muskox population dynamics.

Session: IHE11 — Arctic One Health: Gathering
and Mobilizing Multiple Knowledge Types
for Healthy Animals, Communities, and
Environments

ID: 495

Mapping research on Inuit Traditional
Ecological Knowledge of polar bear
(Ursus maritimus) in the Canadian Arctic

Sarah Flisikowski1, Tristan Pearce2, Graham
Whitelaw1, Douglas Clark3, James Ford4, and
Kimberly Ovitz5

1Queen’s University, Kingston, ON, Canada.
2University of Northern British Columbia, Kelowna, BC,
Canada.
3University of Saskatchewan, Saskatoon, SK, Canada.
4Priestley International Centre for Climate, University of Leeds,
Leeds, UK.
5University of Manitoba, Winnipeg, MB, Canada.

Abstract: In this study, we systematically review
the literature containing Traditional Ecological
Knowledge (TEK) about polar bear (Ursus mariti-
mus) in the Canadian Arctic to identify how TEK
(which is one aspect of Inuit traditional knowl-
edge or Inuit Qaujimajatuqangit) has contributed
to the published literature and shaped our under-
standing of Canadian polar bear subpopulations.
We searched both the academic and grey litera-
ture using two online databases and categorized
our findings by geographic and disciplinary
focus, as well as by TEK subtype defined by
Usher (2000). Of the total 53 documents retained
for the final analysis, more than half of the docu-
ments focused exclusively on Nunavut; docu-
ments that included informal references to TEK
were most prevalent. Usher’s categories were dis-
proportionately represented, suggesting that
published polar bear research has not consis-
tently engaged with Inuit cultural values about
the environment and the knowledge system
itself. The findings of this study suggest that
there has been limited research that has directly
and systematically synthesized polar bear TEK in
the Canadian Arctic, and there are few studies
from which insights for future polar bear sub-
population health can be obtained. As climate
change continues, Inuit TEK about polar bears
will evolve, meaning TEK documentation should
be systematic and ongoing to be relevant for
future decision-making. Ongoing efforts to
explore how communities are documenting and
transmitting TEK under these changing condi-
tions are also needed.

Session: KEP35— Community-based monitoring
and knowledge co-production in wildlife
research
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ID: 617

Using social media to gather and share
information on Mackenzie-Beaufort ice
break-up

Donald L. Forbes1, Paul Fraser2, Jennifer Lam3,
and Dustin Whalen2

1Future Earth Coasts and Natural Resources Canada, Toronto,
ON, Canada.
2Natural Resources Canada, Dartmouth, NS, Canada.
3Joint Secretariat — Inuvialuit Settlement Region, Inuvik, NT,
Canada.

Abstract: The spring ice break-up in the
Mackenzie Delta and Beaufort Sea takes place in
May–June every year. The timing of break-up and
levels of spring freshet flooding are always on
the minds of residents in the Mackenzie–
Beaufort region during this season of rapid
change. Since 2006, the Geological Survey of
Canada has been distributing a spring ice break-
up newsletter to inform the local community
and stakeholders on the current ice conditions
and water levels on a near-real-time basis. Three
years ago, in collaboration with community mem-
bers and other partners, the Joint Secretariat
started a public Facebook group (Mackenzie–
Beaufort Break-up). This was to allow for commu-
nity co-production of knowledge and posting of
observations in real-time during the break-up sea-
son. To date, a total of over 1100 people are regis-
tered for the group, with 61% (677) from the
Mackenzie–Beaufort region and 73% from the
Northwest Territories and Yukon. Membership
grew by 43% from mid-April to mid-June 2020.
Created and managed by northerners, this on-line
group is a venue for sharing time-critical informa-
tion among community members in the Delta
region. The information is important tomany peo-
ple for real-time awareness of rapidly changing ice
conditions, high water, and flooding. Photos,
video, and other observations posted on the group
have also provided additional information to vali-
date interpretations of satellite imagery and real-
time water-level data. With such a large member-
ship across the region, the group forms an effec-
tive network for sharing situational awareness
among community members and emergency
managers on the break-up progression and flood-
ing potential at any given time, as occurred during
flooding in the Mackenzie Delta in 2020. For these
reasons, this approach to break-up knowledge co-
production may provide an example for similar
initiatives in other regions.

Session: KEP33 — Communicating Arctic
Science

ID: 672

Developing an evaluative framework of
services in Nunavik, Quebec

Sarah Fraser1, Marie-Claude Lyonnais2, Raymond
Mickpegak3, Mylene Riva4,5, and Christopher
Fletcher6

1Université de Montréal, Montreal, QC, Canada.
2Centre de recherche du CHU de Québec — Université Laval,
Québec, QC, Canada.
3Makivik Corporation, Kuujjuaq, QC, Canada.
4Canada Research Chair in Housing, Community, and Health,
Institute for Health and Social Policy, McGill University,
Montreal, QC, Canada.
5Department of Geography, McGill University, Montreal, QC,
Canada.
6Département de médecine sociale et préventive, Université
Laval, Québec, QC, Canada.

Abstract: From a social health determinants per-
spective, efficient community resources are a cru-
cial capital for the development and wellbeing of
the community’s members. Institutions need to
evaluate proposals to determine what resources
to fund, and communities need to evaluate their
resources to adapt and transform their services.
However, if the fundamental evaluation criteria
being used by the different parties are not
adapted to the context and the needs of the spe-
cific environment, the evaluation may not only
be irrelevant but can gear people in the wrong
direction. This paper aims to present a culturally
and contextually relevant evaluative framework
to assess community resources in the 14 com-
munities of Nunavik, Quebec. Data collection
was carried out during the Qanuilirpitaa? 2017
Nunavik Health Survey, as part of the
Community Component. Short structured inter-
views with representatives of 354 resources were
conducted between July 2017 and March 2018
across Nunavik. Organizations, key individuals,
or community initiatives that offered services or
programs in the community were all considered
a resource. Following an inductive qualitative
analysis to identify criteria of success, we
extracted perceived facilitators and challenges
to achieving success, as described by informants.
Using grounded theory and an ecosystemic
model to layout proximal, medial and distal fac-
tors we developed a proposal for an evaluative
framework. Indicators of success were organized
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around three categories: (1) team efficiency and
dynamics; (2) accessibility of the service; and (3)
ability to impact clients, and collectivity. Lack of
capacities and funding were the most discussed
challenges for local resources. This evaluative
framework suggests that the measures of success
that are frequently used by funding organiza-
tions may not fully represent the potential of
local resources. Culturally appropriate measures
of successes may improve service delivery, and
therefore, the social determinants of health that
impact individual health and wellbeing.

Session: IHE14 — Health, Well-Being and the
Social Determinants of Health in the North

ID: 46

Geomorphological controls over carbon
distribution in permafrost soils: the case
of the Narsajuaq river valley, Nunavik
(Canada)

Samuel Gagnon1,2 and Michel Allard2

1Université de Montréal, Montreal, QC, Canada.
2Centre d’études nordiques, Université Laval, Québec, QC,
Canada.

Abstract: Soils in the northern circumpolar
region play a central role in the global carbon
cycle because the release of carbon through
permafrost thaw and geomorphological disturb-
ances can potentially cause a feedback on cli-
mate. However, large uncertainties in estimates
of permafrost carbon stocks remain, mainly
because of wide gaps in the spatial coverage of
soil carbon sampling sites and the large mapping
polygons used to upscale data. By combining
mapping of landforms and knowledge of surficial
geology to upscale soil carbon content measure-
ments, we provide an assessment of soil total car-
bon content in the region of the Narsajuaq river
valley (Nunavik, Canada) to generate the first
high-resolution soil carbon estimate confirmed
by field measurements in Nunavik. We estimate
that the Narsajuaq river valley and the surround-
ing uplands have a weighted average of 3.4 kg C
m−2 (0–100 cm), with 73% of the total carbon con-
tent stored in the top 30 cm. This carbon is
mostly available for mineralization as the active
layer of most sites was >40 cm, overall encom-
passing 88% of total carbon content contained in
the first metre of ground. The results also

indicate that the valley is a carbon hotspot in
the region, containing 76% of the total carbon
content (0–100 cm) of the study area. Although
soil carbon estimates will always require field
sampling, the geomorphological mapping
approach can significantly improve carbon con-
tent estimates and provide better inputs for
models.

Session: TER76 — Permafrost and tundra soil
processes in a warming climate

ID: 376

Validating the North American ice
service iceberg drift model for the
Canadian Arctic

Adam Garbo1, Luke Copland1, Derek Mueller2,
Adrienne Tivy3, and Philippe Lamontagne4

1University of Ottawa, Ottawa, ON, Canada.
2Carleton University, Ottawa, ON, Canada.
3Canadian Ice Service, Ottawa, ON, Canada.
4National Research Council Canada, Ottawa, ON, Canada.

Abstract: Icebergs calved from high-latitude gla-
ciers and ice shelves pose a threat to marine nav-
igation and offshore infrastructure at a time
when Arctic shipping and resource exploration
are increasing. Knowledge of the location of
potential ice hazards is, therefore, critical to
ensure safe and efficient operations. The
Canadian Ice Service provides information on
the observed and predicted distribution of ice-
bergs in Canadian waters by combining iceberg
observations with forecasts from the North
American Ice Service (NAIS) iceberg drift model.
The NAIS model estimates the forces acting on
an iceberg to predict its position and velocity at
future time steps. Widely used for the east coast
of Canada, the NAIS model is largely unproven
in the Arctic and suffers from insufficient valida-
tion due to a paucity of reliable in-situ observa-
tions of iceberg drift. In this study, we use the
recently compiled Canadian Ice Service iceberg
tracking beacon database to assess the skill of
the NAIS iceberg model’s predictions of iceberg
drift. Hindcast simulations of the observed tracks
of 24 icebergs for the period 2008–2018 were run
using input from the GLORYS global ocean and
ERA5 atmospheric reanalysis data sets.
Preliminary results indicate the model produces
realistic simulations of iceberg drift for Baffin
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Bay and eastern Canada. Future work will focus
on forcing the NAIS model with the new genera-
tion, high-resolution RIOPS ice-ocean model,
and on quantitative assessments of error
between observed and modeled drift tracks. This
research will provide the first comprehensive val-
idation of the NAIS iceberg drift model for the
Canadian Arctic and contribute to ongoing
efforts by the Canadian Ice Service and National
Research Council of Canada to more accurately
forecast the drift path of icebergs and improve
safety in Arctic waters.

Session: MAR42 — Changes in the Marine
Cryosphere

ID: 200

On the impact of climate change and
river regulation in the Hudson Bay
Complex’s ocean properties and
dynamics

Yarisbel Garcia Quintana1, Liam Buchart1, Ran
Tao1, Inge Deschepper2, and Paul Myers1

1University of Alberta, Edmonton, AB, Canada.
2Université Laval, Québec, QC, Canada.

Abstract: The Hudson Bay Complex (HBC) is the
outlet for many Canadian rivers, receiving
∼900 km3/year of river runoff. However, hydro-
electric development and regulation have modi-
fied the temporal and spatial distribution of
runoff entering the HBC. To understand the
impacts and future of regulation in this region,
the numerical ocean model (NEMO) ran under
different Naturalized to Regulated River Runoff
scenarios, is used to model future freshwater
dynamics. Preliminary results show that the tem-
perature of the HBC will warm over the next 50
years, with an annual averaged warming of
∼1.5 °C between 2005 and 2070. Changing from
naturalized to regulated river runoff has little
impact on this warming, as it is driven by the cli-
mate signal. At the same time, future scenarios
show that sea ice concentration and thickness in
the HBC will significantly decrease over the next
50 years, driven by the climate change signal.
HBC averaged reductions in sea ice between
2005 and 2070 will be ∼20% in concentration
and 0.15–0.2 m in thickness. Changing from natu-
ralized to regulated river runoff is found to have
little impact on the annually averaged sea ice
changes. Lastly, we found that the HBC will likely
freshen by 2070, with regulation playing a role

through changing both the time of the discharge
and the freshwater residence time. With regu-
lated river runoff, the total mean salinity reduc-
tion is slightly larger (∼0.3 g/kg), with no
scenarios suggesting an increase in the HBC’s
salinity. The differences between the naturalized
and regulated runs appear to be related to the
timing of the discharge and the residence time
for freshwater in the basin. Years of strong dis-
charge add more freshwater to the HBC than
can be exported through Hudson Strait, lowering
the salinity, and increasing freshwater residence
times, with the reverse occurring in years of
weak discharge.

Session: MAR39 — Coastal oceanography of
Hudson Bay and James Bay

ID: 664

Nunavik climate change committee on
adaptation: takeaways after three years

Adam Gardner1

1Kativik Regional Goverment, Kuujjuaq, QC, Canada.

Abstract: Through the engagement, outreach
and funding opportunities provided from the
Climate Change Preparedness in the North
(CCPN) and Indigenous Community-Based
Climate Monitoring (ICBCM) programs over the
past three years, a few priorities have come to
the forefront for Nunavimmiut — particularly
surrounding the issues of food security and on-
the-land safety in relation to climate change.
There have been a number of projects seeking
to better understand and alleviate pressures on
Arctic Char, a key species for Nunavik commun-
ities. These projects have taken a multitude of
forms — from tracking the northern movement
of beavers and studying their effects on fish pop-
ulations and habitat, to trying to monitor the
changes in rivers (temperature, depth, and flow)
and making sure younger generations are aware
of the way things used to be and the changes that
are taking place. The sharing of knowledge with
youth and between harvesters has also been an
important component of several projects related
to safety out on-the-land. In a region with limited
cellphone coverage, communities have sought to
increase the coverage of handheld radios for
emergency communication and have explored
means to share up-to-date observations of envi-
ronmental conditions across Nunavik. In terms
of program governance, a notable strength of
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the Nunavik Committee has been the remark-
able stability of its members. Challenges have
primarily surrounded the local capacity to
administer and manage projects and regional
governance structures. With the current initia-
tives, along with others in development, it is
hoped that there will be more capacity and better
structures to encourage discussion, communica-
tion, and projects in the region. This presenta-
tion will elaborate on my work across Nunavik
in the field of climate change adaptation and
monitoring, drawing on experiences working
with federal funders and community organiza-
tions to examine ways of supporting and empow-
ering northern communities in undertaking
climate action.

Session: NPD74 — Perspectives on supporting
and empowering northern communities in
undertaking climate action

ID: 777

Understanding the role of researchers in
engaging and communicating sciences
with Inuit youth

Claudia Gbetholancy1 and Nicolas Brunet1

1University of Guelph, Guelph, ON, Canada.

Abstract: Over the past decade, Inuit and non-
Inuit researchers have worked in partnerships
to conduct research that better reflect local val-
ues and traditions, as well as give voice to non-
Western knowledge systems. Recent studies indi-
cate that there remains a gap in the approaches
and tools used to reach Inuit youth. Although
many researchers show a keen interest in engag-
ing with Inuit youth, they often lack the resour-
ces and communication skills to do so. This
study aims to (1) explore the role of researchers
in engaging with Inuit youth and (2) assess differ-
ent science communication methods. This study
was conducted on a national scale using a
mixed-methods approach to explore common
and diverging perspectives of experts (n = 30)
across Canada, including researchers, education
specialists, members of Inuit organizations, pub-
lic servants, and communication specialists. The
overall approach consisted of assessing data
derived from a comprehensive literature review
(phase 1), semi-structured interviews (phase 2),
and a modified Delphi study that included two
rounds of an online survey (phase 3). Data col-
lected were analyzed and coded based on most

emerging themes using QSR NVivo v.12. Findings
show that the role of researchers in engaging
and communicating sciences with Inuit youth is
to build relationships based on trust (key theme
1), to work in the spirit of co-creation when pos-
sible (key theme 2), to create opportunities for
research capacity building (key theme 3), and to
develop resources to support meaningful youth
engagement in Arctic research (key theme 4).
Participants in the study suggested that research-
ers should foster co-learning and use participa-
tory approaches to engage and communicate
sciences with youth. Also, researchers should rec-
ognize that youth have diverse interests and
motivations. Moving forward, it will require
more funding flexibility and science communica-
tion training to provide researchers with
adequate tools and resources that will help sup-
port youth engagement.

Session: KEP33 — Communicating Arctic
Science

ID: 790

Trends in food basket prices in Nunavut,
Canada, between 2014 and 2018

Sappho Gilbert1

1Yale School of Public Health, New Haven, CT, USA.

Abstract: Introduction: The price of store-
bought food can influence consumer behavior,
in turn impacting food security, diet, and non-
communicable disease. The objective of this
project was to examine, by region and year,
descriptive and analytic trends in food basket
prices in Nunavut, Canada. Methods: Food price
survey data for 24 select grocery items from
2014 to 2018 were acquired from the Nunavut
Bureau of Statistics. Yearly changes in the price
of each item and the basket were calculated and
statistically examined by community, region,
and Nunavut overall. A repeated measures analy-
sis of variance (ANOVA) test using the mixed
models procedure was performed to ascertain
whether region had a significant effect on the
year-over-year change in price of the basket
items. Results: Mean food basket prices reported
for 2018 in the Qikiqtaaluk, Kivalliq, and
Kitikmeot and for Nunavut were $174.56,
$166.60, $181.15, and $174.13, respectively; these
were 8.52%, 15.06%, 9.25%, and 10.66% higher than
four years earlier; except for Kivalliq, these
upticks track with the co-timed 9.39% rise in the
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Consumer Price Index (CPI) for Iqaluit. At an
α = 0.05, the ANOVA’s F-test results for fixed
effects revealed neither region nor year was sta-
tistically significantly predictive of year-to-year
change in basket items (p = 0.18 and 0.06); their
interaction was also not significant (p = 0.28).
Conclusion: The average food basket cost in
two regions and overall in Nunavut rose approxi-
mately in parallel with Iqaluit’s CPI from 2014 to
2018. Region, year, and their interaction were
not significantly predictive of year-to-year
changes in basket items. Future research should
examine the affordability (price of the basket rel-
ative to income) over time in Nunavut as well as
compare these data with provincial and (or)
Canada-wide food basket prices.

Session: IHE24 — Building resilient and sustain-
able northern food systems: Research, knowl-
edge, policy, and action

ID: 799

Regional Cooperation towards improved
knowledge and actions on marine litter
in the Arctic

Maya Gold1, Jennifer Provencher2, Sarah Kalhok
Bourque3, and Sarah DaSilva2

1Fisheries and Oceans Canada, Ottawa, ON, Canada.
2Environment and Climate Change Canada.
3Crown Indigenous Relations and Northern Affairs Canada,
Gatineau, QC, Canada.

Abstract: Marine litter, particularly when made
of plastic, is among the most pervasive problems
affecting the marine environment globally, and
is of increasing concern within the Arctic region.
The Arctic Council, is now actively working on
this issue, first through the release of the
Desktop Study on Marine Litter, including
Microplastics, in the Arctic (PAME 2019), and cur-
rently through development of a Regional
Action Plan on Marine Litter in the Arctic, and a
Marine Litter Monitoring Plan and Guidelines,
to be finalized in 2021. The Protection of the
Arctic Marine (PAME) and Arctic Monitoring and
Assessment Program (AMAP) working groups
are working jointly and with the input of experts
from within each member states national net-
works, to contribute to this important work.
Additionally, the Conservation of Arctic Flora
and Fauna (CAFF) working group is developing
on specific species monitoring frameworks for
plastic pollution in biota. PAME’s Regional

Action Plan and the AMAP Monitoring Plan and
Guidelines, once completed, will provide a basis
for regional action to prevent and reduce the
presence of marine litter in the Arctic environ-
ment, and promote harmonized methods for
monitoring and reporting on volumes and char-
acteristics of marine litter throughout the Arctic
marine environment. Project leads will present
an overview of the Arctic Council’s state of
knowledge on the scope of marine litter in the
Arctic region, its effects the marine environ-
ment, and key knowledge gaps, as well as the sta-
tus of the Arctic Council’s current work under
the AMAP, CAFF, and PAME working groups.

Session: NPD58 — Advancing International
Collaboration for the Arctic Environment,
Climate and People

ID: 105

What’s new: Natsiq — Ringed seal
monitoring program in Nunavik

Géraldine-G. Gouin1, Frankie Jean-Gagnon2,
Charlie Murray2, Michael Irniq3, and Mark
Basterfield2

1Nunavik Research Centre, Kuujjuaq, QC, Canada.
2Nunavik Marine Region Wildlife Board, Inukjuak, QC,
Canada.
3Nunavimmi Umajulirijiit Katujjiqatigiinninga (LNUK).

Abstract: Ringed seals (natsiq) have been har-
vested for thousands of years by Inuit, and today
remain important culturally and as a subsist-
ence food. Given broad concerns reported by
Nunavik hunters and the general lack of data
about ringed seals in Nunavik, the Nunavik
Marine Region Wildlife Board (NMRWB), in part-
nership with three Nunavik communities and
the Nunavik Research Center (NRC), initiated a
ringed seal monitoring program to document
and assess changes in seal health, distribution,
and habitats in three Nunavik communities.
This community-based project engages experi-
enced hunters and youth in a transdisciplinary
approach combining tissue sampling of landed
seals and student activities such as in-class stom-
ach content analysis and field-based educational
activities. After a full year of activity working in
their respective communities, the project part-
ners will meet during a hands-on workshop held
in Kuujjuaq to learn disease detection methods
at the NRC, and more generally to plan the next
steps of the program. The analysis done at the
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NRC laboratory includes Trichinella and
Toxoplasma testing. The NRC is equipped
with sophisticated instrumentation allowing
southern experts to train local workers in analy-
sis that can be done in the North. Further to the
lab part of the workshop, discussions with
elders and representatives from the health sec-
tor will contribute to designing interviews to
gather Inuit Knowledge on seals, including seal
harvesting practices in Nunavik. In addition to
providing training opportunities to allow
Nunavimmiut to develop interest and capacity
in laboratory work, wildlife research and wild-
life management, this project contributes
important baseline information on seal health,
abundance and distribution in the Nunavik
Marine Region (NMR). The knowledge and per-
spectives collected will inform wildlife manage-
ment in the NMR as well as generate new
information on safe consumption of seal meat
to the Nunavik Regional Board of Health and
Social Services (NRBHSS).

Session: KEP30 — Sharing Knowledge on Natsiq/
Natsik (Ringed Seal) and Qilalugaq/Kilalugak
(Beluga Whale) from Inuit and Scientific
Perspectives in Inuit Nunangat

ID: 504

Kaapittiaq: producing “good coffee” for
the Canadian Arctic

Brendan Griebel1, Pamela Gross1, and Margaret
Qutiaquq Oliver1

1Pitquhikhainik Ilihainik Inc., Cambridge Bay, NU, Canada.

Abstract: Pitquhikhainik Ilihainiq Inc. (PII) is a
social enterprise founded in 2018 by the
Nunavut non-profit organization Pitquhirnikkut
Ilihautiniq/Kitikmeot Heritage Society. The com-
pany serves as an experiment in how locally-
driven businesses can support their community’s
economic, social and research priorities by pro-
viding independent sources of funding for pro-
gram development. The company accordingly
donates 75% of its annual profits to Inuit culture
and language initiatives, and seeks to build and
support Indigenous business networks across
the Arctic and beyond. PII’s first commercial
product is Kaapittiaq, an Inuit-branded line of
coffee (www.kaapittiaq.ca). Kaapittiaq sources its
green coffee beans through direct trade with
Indigenous co-ops and growers worldwide, pri-
oritizing purchase from businesses motivated by

similar values and missions. Kaapittiaq translates
as “good coffee” in the Inuinnaqtun language, a
name that we strive to have qualify both its taste
and social impact. A major drive behind
Kaapittiaq as a company is to find a workable bal-
ance between local and global scales. This presen-
tation will explore various innovations and
strategies the company has used to support
Inuit community and Arctic-based priorities, gov-
ernance models and environmental values, while
at the same time still being reliant on national
markets and business guidelines, as well as the
harvesting, shipment, and sales of products from
around the world.

Session: NDP52 — Social Enterprise for Arctic
Change

ID: 434

Indigenous knowledge on bearded seal
(Erignathus barbatus), ringed seal (Pusa
hispida), and spotted seal (Phoca largha)
behaviour and habitat use near
Utqiaġvik, Alaska

Rowenna Gryba1, Henry Huntington2, Andrew
VonDuyke3, Billy Adams3, Brower Frantz4, Justin
Gatten4, Qaiyaan Harcharek4, Hugh Olemaun4,
Robert Sarren4, Joseph Skin4, Greg Henry1, and
Marie Auger-Méthé1

1University of British Columbia, Vancouver, BC, Canada.
2Huntington Consulting, Eagle River, AK, USA.
3North Slope Borough, Department of Wildlife Management,
Barrow, AK, USA.
4Utqiaġvik, AK, USA.

Abstract: Indigenous knowledge (IK) can provide
detailed baseline information on habitat use and
behaviour for many species, information essen-
tial for management and conservation. As cli-
mate changes, the accessibility of significant
species to Indigenous hunters for their food secu-
rity may also change. To understand current hab-
itat use and potential vulnerability to climate
change, we documented IK on three locally
important ice-associated seal species: bearded,
ringed, and spotted seals in Utqiaġvik, Alaska,
using semi-directed interviews. IK suggests
ringed seals are associated with higher ice con-
centrations in winter than bearded seals,
whereas both are associated with lower concen-
trations through summer and fall. Foraging
behaviour indicates all three species have forag-
ing hotspots that will be used over several days
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by multiple individuals of the same species. The
study also highlights the importance of inland
water bodies and nearshore habitat and the
potential to use this information to expand our
understanding of foraging habitat. This study
demonstrates how changes in ice concentrations
may affects these seals differently and the impor-
tance of inland water bodies and nearshore habi-
tat for the management and conservation of
these species. Our study also demonstrates that
IK can provide year-round information on species
habitat use at a population level, expanding on
existing satellite telemetry studies, and provid-
ing information that has yet to be documented.

Session: KEP35— Community-based monitoring
and knowledge co-production in wildlife
research

ID: 354

Exploring the development and
dissemination of health messaging for
the Inuvialuit Settlement Region,
Northwest Territories

Julia Gyapay1, Sonja Ostertag1, Brian Laird1, Allan
Torng2, Jullian MacLean3, and Kelly Skinner1

1University of Waterloo, Waterloo, ON, Canada.
2Government of the Northwest Territories, Yellowknife, NT,
Canada.
3Inuvialuit Regional Corporation, Inuvik, NT, Canada.

Abstract: Public health messaging addressing
food and diet in Indigenous communities needs
to balance the benefits and risks of consuming
both market and country foods. Previous studies
have identified community perspectives on food
safety and quality utilizing a health communica-
tion and risk perception survey in the Dehcho
and Sahtú regions of the Northwest Territories
(NWT). Building on this research, this project
aims to characterize messages on food safety
and quality in the Inuvialuit Settlement Region
(ISR) to further improve message communication
in the region. As part of the Country Foods
for Good Health: Developing a Country Food
Database for the ISR study, located in
Tuktoyaktuk and Paulatuk, NWT, this project
sought to characterize how health messages
related to food are developed and disseminated
in the ISR from the perspective of key informants
to inform the development of a messaging survey
tool for the ISR. An in-person interview (n = 1;
February 2020) and telephone interviews (n = 13;

May–June 2020) were conducted with key inform-
ants about their involvement in developing and
(or) disseminating health messages about the
quality and safety of country foods and (or)
store-bought foods in the ISR. Key informants
interviewed were health practitioners (n = 5),
government representatives (n = 6), and commu-
nity program leads (n = 3) located in Inuvik,
Tuktoyaktuk, Paulatuk, or Yellowknife. Interviews
were analyzed using thematic analysis. Reflecting
our project’s community-based participatory
approach, findings will be reviewed with our
project partners prior to public communication.
This presentation will, therefore, describe
how the identified themes will support the crea-
tion of an ISR-tailored survey to identify commu-
nity perspectives on food safety and quality. The
findings will ultimately help develop more effec-
tive messaging for healthy food choices in
the ISR.

Session: IHE24 — Building resilient and sustain-
able northern food systems: research, knowl-
edge, policy, and action

ID: 133

Kugluktukmiut knowledge of Dolphin
and Union caribou: partnerships,
ecology, and co-management

Andrea Hanke1, Amanda Dumond2, and Susan
Kutz1

1University of Calgary, Calgary, AB, Canada.
2Kugluktuk Angoniatit Association, Kugluktuk, NU, Canada.

Abstract: Dolphin and Union (DU) caribou
(Rangifer tarandus groenlandicus × pearyi, locally
referred to as Island tuktu) were reassessed as
endangered by the Committee on the Status of
Endangered Wildlife in Canada in 2017. We
started a collaboration among the Kugluktuk
Angoniatit Association, Government of Nunavut,
and the University of Calgary in 2017 to take a
closer look at what Kugluktukmiut knowledge
has to say about this herd. We used semi-
structured individual interviews, focus groups,
feedback sessions, and participatory activities to
purposefully engage 33 knowledge keepers
over 3 years from 2018 to 2020. We also summa-
rized a traditional knowledge study started by
the Government of Nunavut in 2003 with
15 Kugluktukmiut and 15 Ekaluktutiakmiut.
The results from these studies provided critical
insights into the abundance and distribution
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trends of DU caribou and brought forward
Kugluktukmiut concerns and co-management
recommendations for the herd. Key findings dem-
onstrate that the cumulative DU caribou distribu-
tion is much broader than it is today and that
seasonal distribution and migration is perhaps
more variable than previously thought. In addi-
tion, we highlight the importance of involving
knowledge keepers from across the DU caribou
range to understand the full life-history of DU
caribou and to develop effective herd-level
conservation approaches. This work has resulted
in four presentations and one report for the
co-management partners and three community
presentations. Our study’s collaborative research
process has created opportunities to have more
traditional knowledge and community member
voices available at co-management and consulta-
tion meetings. Moving forward, traditional
knowledge research should continue to have a
sustained focus on community partnerships, and
it would be valuable to widen the research scope
to include other communities and perspectives
within the DU caribou range.

Session: KEP73 — Advancing conservation
through partnerships in knowledge and gover-
nance — northern case studies

ID: 740

Growing community knowledge
infrastructure

Amos Hayes1

1Geomatics and Cartographic Research Centre, Carleton
University, Ottawa, ON, Canada.

Abstract: Community knowledge infrastruc-
ture is built to be owned, operated, developed,
and shared by local organizations. It is built
with the knowledge that to be effective and con-
tinue to be valued, it must serve multiple needs
within a community and allow for storing, con-
necting, and learning from diverse forms of
knowledge in a variety of formats. Built from
the ground up to serve as community knowl-
edge infrastructure, the open-source Nunaliit
atlas framework has been co-designed over the
past 15 years with a global group of Inuit and
other Indigenous community knowledge hold-
ers and researchers, other supportive research-
ers, and organizations at all scales and across a
large number of disciplines. It is used by com-
munity organizations, governments, and

academics for mapping traditional knowledge,
documenting languages and their connections,
exploring digital collections of artworks and
cultural heritage objects, local planning and
decision support, hunter safety, visualizing
research networks and licensing, exploring con-
nections to place in multi-media, and many
more applications. In a few cases, these uses
have been converging in local community
deployments where the same system, effort,
and local expertise is being applied to multiple
community-directed projects. This has allowed
important holistic views of community knowl-
edge, focused views related to specific topics,
and sharing of the valuable skills and time of
local experts. I will highlight some examples of
infrastructures moving beyond single projects
and into the realm of community infrastructure
and show some of the advantages of contribut-
ing to the growth of community knowledge
infrastructure when planning projects.

Session: LTM03— Digital tools and data manage-
ment for long-term monitoring and decision
making

ID: 180

Weather, water, ice, and climate
information (WWIC) use in Antarctica

Victoria Heinrich1 and Kimberley Norris1

1University of Tasmania, Hobart, Australia.

Abstract: People living in Antarctica use weather
information every day to schedule activities and
minimize risk to human safety. Planning and
undertaking of operations including aviation,
shipping and resupply, station maintenance and
ground travel (foot/vehicle), field work, and sci-
ence projects are highly dependent on suitable
weather conditions, and poor weather means
tasks and outdoor activities are often delayed or
cancelled. Tailored weather services assist task
prioritisation and increase efficiency and safety.
Countries’ National Antarctic Programmes man-
age their Antarctic and sub-Antarctic research
stations, and dedicated weather and forecasting
services range from provision through the coun-
tries’ National Weather Service, through con-
tracted private weather providers, and through
to no provision of a tailored weather service.
Tailored forecasts and weather-related risk infor-
mation is emailed, radioed, displayed on elec-
tronic notice boards, or available on internal
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station intranet sites. Many research stations have
automatic weather stations that provide real-time
weather observations that is accessed regularly by
expeditioners in their planning and weather
decision-making. Within the Australian Antarctic
Program, during the busier summer period
(October to March) forecasters are deployed to
Antarctic stations and on the icebreaker to facili-
tate operations. Location, task specific, and daily
station forecasts are provided, and morning
weather briefings are tailored to user require-
ments. Pilots, operations co-ordinators, boating
teams, field workers, and ships masters are
able to interact with the forecasters and build
strong relationships that provide a high level
of service. During winter (April to September)
daily forecasts are not available and expedit-
ioners rely on internet websites and graphical
models with minimal assistance. Other National
Antarctic Programs (e.g., United States) provide
year-round tailored forecasting services. The
Australian Antarctic Program provides a case
study demonstrating the many opportunities
available to improve tailored weather services
for Antarctic users, beyond advancing forecast-
ing models.

Session: NPD61 — Tailoring polar weather,
water, ice, and climate information and services
to address diverse user needs

ID: 222

Do interannual variations in
environmental conditions affect the
recruitment of adult Arctic cod

Jennifer Herbig1, Mathieu LeBlanc2, Caroline
Bouchard3, Andrea Niemi4, Andrew Majewski4,
Stéphane Gauthier4, Jonathan Fisher1, and
Maxime Geoffroy1

1Fisheries and Marine Institute of Memorial University of
Newfoundland, St. John’s, NL, Canada.
2Université Laval, Québec, QC, Canada.
3Greenland Institute of Natural Resources, Nuuk, Greenland.
4Fisheries and Oceans Canada, Vancouver, BC, Canada.

Abstract: Arctic cod (Boreogadus saida) is by far
the most abundant forage fish species in Arctic
seas and plays a pivotal role in the transfer of
energy between zooplankton and higher trophic
levels. Therefore, population dynamics of Arctic
cod have cascading effects on the rest of the
Arctic marine ecosystem. Climate change has
already started to affect the recruitment of age-0

Arctic cod in the Canadian Arctic Ocean. Earlier
ice breakup, warmer sea surface temperatures,
and enhanced plankton production improve
larval survival by allowing age-0 Arctic cod to
reach larger prewinter sizes. Favorable environ-
mental conditions can result in a ten-fold
increase or more in biomass of age-0 Arctic cod
at the end of their first summer. Yet, it is
unknown how this enhanced larval survival
affects the rest of the Arctic cod population and
if it results in greater recruitment into the adult
population. Greater larval Arctic cod recruitment
could increase density dependent mortality due
to greater competition for resources once juve-
nile fish leave the epipelagic layer to overwinter
with their adult congeners at depth. Here, we test
whether ice breakup date, sea surface tempera-
ture, and plankton production during the larval
phase increase recruitment of adult Arctic cod.
We rely on hydroacoustic surveys conducted
from 2006 to 2019 to estimate the biomass of
adult Arctic cod in the Beaufort Sea and Baffin
Bay and on satellite measurements to document
environmental variables.

Session: MAR43 — Fish and zooplankton in the
central Arctic Ocean — current status of knowl-
edge and new discoveries

ID: 227

Observing boundary layer diurnal water
vapour cycles with DIAL and GNSS in
Iqaluit, Nunavut

Shannon Hicks-Jalali1, Zen Mariani1, Jack
Gwozdecky2, and Robert Crawford1

1Environment and Climate Change Canada, Gatineau, QC,
Canada.
2Environment and Climate Change Canada, University of
Waterloo, Waterloo, ON, Canada.

Abstract: Atmospheric water vapour is one of
the most important gases in Earth’s atmosphere.
It is the dominant gas in the greenhouse effect
and its diurnal cycle is an essential component
of the hydrological cycle. High-quality water
vapour (WV) measurements are critical inputs
for Numerical Weather Prediction (NWP) models.
Forecasting is particularly difficult in the Arctic
due to its unique and often extreme weather.
Increased human activity in the Arctic requires
improved forecasting to aid in navigation, trans-
portation, security, and search and rescue opera-
tions. Accurate measurements of the diurnal
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WV cycle can improve precipitation rate and
cloud type predictions that are key components
of NWPs. Total column diurnal WV cycles, usu-
ally calculated with Global Navigation Satellite
System (GNSS) instruments, have been the focus
of most previous diurnal WV studies; water
vapour Differential Absorption LiDARs (DIALs)
are well-suited to providing height-resolved diur-
nal cycles in the boundary layer due to their high
vertical and temporal resolution. In this study,
we use the novel Vaisala pre-production DIAL,
installed in Iqaluit, Nunavut (63.75N, 68.55W), to
calculate seasonal height-resolved diurnal WV
cycles in the boundary layer. We also calculate
the surface and total column WV diurnal cycles
using co-located surface station and GNSS mea-
surements. We find that the DIAL diurnal cycle
magnitudes agree well with the surface station
measurements, yet the phases of the cycle
change with altitude. In the summer, all instru-
ments observe a strong 24 h cycle. As the seasons
change from summer to winter, the 24 h cycle
weakens and the 12 h cycle begins to dominate
in all instruments. The preliminary data from
the Vaisala DIAL is promising and provides valu-
able new insights into the Arctic hydrological
cycle. Future work will include case study com-
parisons with the Canadian NWP model to assess
the model’s ability to resolve rapid changes in
diurnal water vapour.

Session: TER83 — Views of the Arctic atmos-
phere: long-term changes and current
perspectives

ID: 806

Yukon Soaps Company creates
regenerative economic opportunities

Joella Hogan1

1Yukon Soaps Company, Mayo, YT, Canada.

Abstract: Over the last one hundred years, the
economy in the Mayo region has been primarily
built on large scale resource extraction that has
focused on extracting profit (through gold or
other mineral resources) to the detriment of the
land, culture, and community well-being. Joella
strives to shift that way of thinking by providing
economic opportunity grounded in Northern
Tutchone systems and values, with the aim to
benefit the land, culture, community well-being,
and economic opportunity equally. This way of
thinking provides an alternative way forward

from the mining and resource development
economies that dominate in the small town of
Mayo, Yukon. Although there is a desire to culti-
vate alternative economic models, there is cur-
rently a lack of opportunity for Indigenous
people to be engaged in regenerative economies
that support Dun Ke and traditional ways of
knowing. Mayo is a small community in the cen-
tral Yukon and has a lack of physical space for
people to grow their own ideas, specifically in
natural product development. Few opportunities
exist for makers and creators to share and learn
knowledge related to plants, harvesting and heal-
ing the spirit in a regenerative way. The natural
world is full of innovation and by mimicking
the natural processes of plants such as the
growth cycles of forests (the planting of seeds,
the growth and development of plants, and the
return of nutrients to the earth as they mature)
the Yukon Soaps Company aims to help shape
the skills needed to diversify, build, and give back
to the economy of the region.

Session: NDP52 — Social enterprise for Arctic
change

ID: 202

A long-term perspective on permafrost
thaw slump disturbances on Arctic
upland lakes in the Mackenzie Delta
region (Northwest Territories, Canada)

Grace Hoskin1, Bradley Auger1, Joshua
Thienpont1, Steven Kokelj2, and Jennifer Korosi1

1York University, Toronto, ON, Canada.
2Government of the Northwest Territories, Yellowknife, NT,
Canada.

Abstract: Arctic landscapes are being rapidly
transformed in response to thawing permafrost.
Retrogressive thaw slumps are a spectacular
form of permafrost thaw that commonly develop
on the shorelines of lakes in areas of ice-rich
permafrost. Thaw slumps pose a risk to surface
water quality from increased ionic concentra-
tions, decreased organic matter and nutrients,
and in the case of highly active thaw slumps,
enhanced turbidity. In the summer of 2017, we
re-surveyed 60 upland lakes in the Mackenzie
Delta region of the western Canadian Arctic that
were originally sampled in 2005/2006, to assess
trends in decadal water quality changes along a
gradient of thaw slump disturbances. Regional
water chemistry trends are remarkably similar
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between 2005 and 2017, and lakes that had stable
thaw slumps in both 2005 and 2017 do not show
any evidence of changes in water quality condi-
tions that would indicate chemical recovery.
This provides further evidence that recovery tra-
jectories following slump stabilization can take
decades. We also used paleolimnological tech-
niques in a subset of the 60 lakes to extend the
limnological record further back in time. In par-
ticular, we evaluated the potential for loss-on-
ignition (LOI) analysis to be used as a rapid proxy
for reconstructing thaw slump activity. Our
results provide a temporal context to understand
how Arctic lakes are changing in response to cli-
mate warming and permafrost thaw.

Session: TER76 — Permafrost and tundra soil
processes in a warming climate

ID: 145

Spring melt pond fraction variability in
the Canadian Arctic Archipelago from
RADARSAT-2

Stephen Howell1, Randall Scharien2, Jack Landy3,
and Mike Brady1

1Environment and Climate Change Canada, Gatineau, QC,
Canada.
2University of Victoria, Victoria, BC, Canada.
3University of Bristol, Bristol, UK.

Abstract: Melt ponds form on the surface of
Arctic sea ice during spring, influencing how
much solar radiation is absorbed into the sea
ice-ocean system, which, in turn, impacts the
ablation of sea ice during the melt season.
Accordingly, melt pond fraction (fp) has been
shown to be a useful predictor of sea ice area dur-
ing the summer months. Sea ice dynamic and
thermodynamic processes operating within the
narrow channels and inlets of the Canadian
Arctic Archipelago (CAA) during the summer
months are difficult for model simulations to
accurately resolve. Additional information on fp
variability in advance of the melt season within
the CAA could help constrain model simulations
and (or) provide useful information in advance
of the shipping season. Here, we use RADARSAT-
2 imagery to predict and analyze peak spring fp
and evaluate its utility to provide predictive
information with respect to sea ice area during
the melt season within the CAA from 2009 to
2018. The temporal variability of RADARSAT-2 fp
over the 10-year record was found to be strongly

linked to the variability of mean April multi-year
ice area with a statistically significant detrended
correlation (R) of R = −0.89. The spatial distribu-
tion of RADARSAT-2 fp was found to be in excel-
lent agreement with the sea ice stage of
development prior to the melt season.
RADARSAT-2 fp values were in good agreement
with the peak fp observed from in situ observa-
tions but were found to be ∼0.05 larger compared
with peak MODIS fp observations. Statistically
significant detrended correlations between
RADARSAT-2 fp and summer sea ice area were
found for several regions within the CAA. Our
results show that RADARSAT-2 fp can be used to
provide predictive information about summer
sea ice area for a key shipping region of the
Northwest Passage.

Session: MAR42 — Changes in the marine
cryosphere

ID: 757

Arctic seasonal models: evidence for
hierarchical temporal processes in
food webs

Chantal Hutchison1, Pierre Legagneux2,3,7,
Frederic Guichard4, Joël Bêty5, Dominique
Berteaux6, Gilles Gauthier7, Dominique Fauteux8,
Antoine Allard1, and Dominique Gravel9

1Université Laval, Québec, QC, Canada.
2Département de biologie, Université Laval, Québec, QC,
Canada
3CNRS, Centre d’Études Biologiques de Chizé, Villiers-en-Bois,
France.
4McGill University, Montreal, QC, Canada.
5Institut des Sciences de la Mer, Université du Québec à
Rimouski, Rimouski, QC, Canada.
6Université du Québec à Rimouski, Rimouski, QC, Canada.
7Centre d’études nordiques, Université Laval, Québec, QC,
Canada.
8Canadian Museum of Nature, Ottawa, ON, Canada.
9Université de Sherbrooke, Sherbrooke, QC, Canada.

Abstract: Arctic wildlife and ecosystems are
strongly impacted by strong seasonality.
However, new advances in theoretical tools are
required to integrate this strong variability
across space and time. Temporal networks offer
a promising approach to build models of species
interactions in Arctic communities to incorpo-
rate seasonal variation in these interactions. We
are building a temporal network for the food
web on Bylot Island over 26 years across summer
and winter. Key features of these networks are
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the timing of arrival and departure of migrating
species (e.g., snow geese) and the timing of avail-
ability of resources (e.g., goose eggs and multi-
annual lemming cycling). We find evidence for a
hierarchy of temporal variability at the sub-
seasonal (within a season), seasonal (between sea-
sons), annual (within a year), and multi-annual
(across multiple years) scales. Using multi-scale
wavelet methods, we are identifying network
metrics to characterize couplings in species inter-
actions at different temporal scales with implica-
tions for community stability. Our preliminary
results highlight the need for building food webs
in the Arctic at multiple temporal scales that re-
present how species interact in strongly seasonal
environments to understand how multiple re-
wirings of food web interactions contribute to
the persistence of Arctic communities.

Session: TER80 — Seasonal strategies of Arctic
wildlife

ID: 774

Lessons learned from the Anguniaqvia
niqiqyuam Marine Protected Area: the
benefits of community involvement and
TK inclusion in the development,
management, and monitoring of MPA in
Canada’s Arctic

Jody Illasiak1 and Kayla Hansen-Craik2

1Chair, Anguniaqvia Niqiqyuam MPA Working Group.
2Joint Secretariat — Inuvialuit Settlement Region, Inuvik, NT,
Canada.

Abstract: The Anguniaqvia niqiqyuam Marine
Protected Area (ANMPA), designated in 2016, is
Canada’s second Arctic MPA, and is the first with
a conservation objective (CO) based solely on
Traditional Knowledge (TK). The objective of the
TK CO is “to maintain the habitat to support pop-
ulations of key species including beluga whales,
Arctic char, and ringed and bearded seals”. The
knowledge and guidance of Inuvialuit organiza-
tions and especially the community of Paulatuk
were integral to the designation of the MPA and
are now are full partners in the management
and monitoring of the ANMPA. The ANMPA work-
ing group (ANMPA WG) was established in
September of 2018 to increase community
involvement and the use of Inuvialuit TK in MPA
management activities. Over the past year, the
ANMPA WG has been busy drafting the ANMPA
monitoring plan. The draft monitoring plan

seeks to generate realistic data and outcomes
against which future monitoring results can be
evaluated. This presentation will explore the
development of the ANMPA and associated moni-
toring and management plans and highlight the
benefits of having community participation from
start to finish. Comparisons will be drawn
between the processes employed in development
of the first monitoring and management plans
for the first Arctic MPA, the Tarium Niryutait
MPA (TNMPA) and those employed in the devel-
opment of the ANMPA plans. In closing, the
ANMPA working group will express their opin-
ions on how to best ensure Inuvialuit community
priorities and TK are incorporated into the proc-
ess for establishing, managing, and monitoring
MPAs in the Inuvialuit Settlement Region (ISR).

Session: KEP73 — Advancing conservation
through partnerships in knowledge and gover-
nance — northern case studies

ID: 79

The history of the law regulation of
Russian Arctic oil development

Victoria Ivanova1

1Murmansk Arctic State University, Murmansk, Russia.

Abstract: In 1719 under Peter I the Act “About the
establishment of the Berg-collegium to monitor
ore and minerals” (hereafter — the Act), the
Berg-collegium, was created. For example, it was
responsible for oil reserve confirmation and pro-
vided tax exemption to start an oil business. By
the Act the Mining Regalia was established, it
declared the exclusive public property rights in
subsoil resources and defined other core princi-
pals of the mining industry: any form of property
on extracted oil, freedom of search for oil, min-
ing royalties, rational development, and protec-
tion of oil fields. Thus, in 1745 the Berg-
collegium gave permission to F.S. Pryadynov to
open the first oil-refinery plant in Russia on the
Ukhta river, where he extracted oil and produced
kerosene. In the 18th century the Mining Regalia
and the Mining Freedom were abolished by the
Ekaterina II Manifesto of 1782 (hereafter — The
Manifesto). The Manifesto permitted private
property on mineral resources and allowed the
search for oil only on one’s own land. Later, the
provisions on oil field development, including
rules for oil field auction, were codified and
amended in the Mining Charter of the Code of
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Laws of the Russian Empire. The Ukhta region
remained the main oil-producing region in the
Russian Arctic. However, oil extraction was not
profitable because the issues of crude oil trans-
portation logistics from Ukhta to places of trade
was not solved by that time. The main options
were rail transportation and shipping. The 20th
century saw a complete change in Arctic oil
development. The private property on land and
mineral resources was revoked, and the mining
industry was nationalized and united under the
Supreme Council of National Economy. The
Mining Law was accordingly revised. The law on
off-shore oil and gas exploitation was imple-
mented. At that time many producing oil and
gas fields in the Russian Arctic were found.

Session: NDP51 — Northern engagement and re-
source management

ID: 411

Structure of microbial communities
during ice-opening in the Hudson Bay

Loic Jacquemot1,2 and Connie Lovejoy1,2

1Département de biologie, Université Laval, Québec, QC,
Canada.
2Québec-Océan, Québec, QC, Canada

Abstract: The ice-free season in Hudson Bay
increased by more than 3 weeks between 1981
and 2010 and this trajectory is likely to continue.
This is of concern due to the influence on the tim-
ing of access to light and nutrients used by phyto-
plankton. As phytoplankton are the base of the
food web, the early loss of ice and the extension
of the ice-free period is likely to influence the
timing and composition of all planktonic com-
munities. During the 2018 BaySys campaign on-
board the CCGS Amundsen, we sampled
microbial eukaryote, bacteria, and archaea
assemblages using 18S rRNA and 16S rRNA down
the water column at 11 stations during spring at
the time of the opening of the Northwestern
Hudson Bay polynya. Preliminary results show
the development of strong stratification in open
water stations, resulting in pronounced gra-
dients of salinity, temperature, and nutrients
from the under ice to open water stations. The
stratification was associated with the develop-
ment of a subsurface chlorophyll maximum
(SCM). We then compared the distribution and
composition of microbial communities with
environmental parameters through multivariate

analysis to identify spatial patterns and factors
potentially controlling the distribution of the
microbes. The recent spring bloom history and
associated trophic interactions were deduced
from the dominant microbes in the system.
Microbial eukaryote community structure
reflected compositional changes and transition
from an autotrophic community under the ice
to a heterotrophic community in the open water.
Picoeukaryotes represented by Chlorophyta were
predominant at surface and SCM under the ice,
but sharply decreased in open water in correla-
tion with the development of a heterotrophic
community dominated by Gyrodinium and choa-
noflagellates. These results will provide insight
into the response of microbial communities to
early seasonal ice reduction in a changing
Hudson Bay.

Session: MAR39 — Coastal oceanography of
Hudson Bay and James Bay

ID: 823

An educational game on our changing
environment

Jane Ji1, Marc-André Ducharme2, and Cassandra
Debets3

1Springbay Studio Ltd., Toronto, ON, Canada.
2ArcticNet, Québec, QC, Canada.
3University of Manitoba, Winnipeg, MB, Canada.

Abstract: Springbay Studio seeks to communi-
cate scientifically valuable information to the
public about the changing polar regions in a cre-
ative format. Through the medium of games,
youth everywhere can interact and play with
important concepts. iBiome-Changing Ice lets
users play with climate change scenarios, set
personalized goals to reduce individual eco-
footprints, and provides features to track real-
world impacts via AR technology. In this presen-
tation, we will demonstrate how kids can build
beautiful ecosystems in the polar regions, from
the Tundra, Arctic, Boreal Forest, to the
Antarctic. They can play mini-games on perma-
frost, feedback loop, and study the melting
Arctic ice cap. With the engaging experience,
kids gain knowledge on why the permafrost is
thawing, and how our lifestyles contribute to cli-
mate change. More importantly, kids are inspired
to reduce their own eco-footprint, and become
the change they want to see. We will invite the
scientists who helped us in developing the
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content of this game to be part of the presenta-
tion, such as Cassandra Debets, a professor at
University of Manitoba, Marc-André Ducharme
from ArcticNet. Along with the pre-recorded
demonstration, attendees will have a chance to
experience firsthand with the free demo of this
game online for a limited time after the presenta-
tion, thus increasing audience engagement.
Attendees will walk away understanding how
Arctic research and knowledge can be communi-
cated in an interactive format to educate future
generations to help Northern communities to
fight for climate change and for shared future.
iBiome-Changing Ice teaches us how our modern
lifestyle leads to environmental challenges, and
why our conveniences threaten the traditional
lifestyle for Indigenous people far up North. In
this way, Springbay Studio is seeking collabora-
tion and partnership with the northern com-
munities. Please find the iBiome-Changing Ice
app trailer here: https://youtu.be/aggkRUl839Y.

Session: KEP33— Communicating Arctic science

ID: 215

Hydrodynamic sorting and degradation
of permafrost organic matter in the
nearshore zone of Herschel Island
(Yukon, Canada)

Dirk Jong1, Lisa Bröder2, Tommaso Tesi3, George
Tanski1, Mickolai Oudenhuijsen1, Michael Fritz4,
Hugues Lantuit4, Negar Haghipour2, Timothy
Eglinton2, and Jorien Vonk1

1Vrije Universiteit Amsterdam, Amsterdam, the Netherlands.
2ETHZ Zürich, Zürich, Switzerland.
3National Research Council, Institute of Polar Sciences,
Bologna, Italy.
4Alfred Wegener Institute, Bremerhaven, Germany.

Abstract: Thermal erosion of permafrost coasts
delivers large quantities of organic carbon (OC) to
arctic coastal waters. Although deposition of
permafrost OC in nearshore sediments potentially
attenuates the “permafrost carbon feedback”, con-
tinued resuspension of sediments by waves,
storms, and currents potentially enhances green-
house gas production in the nearshore zone.
Recent studies, focusing on bulk sediments, sug-
gest that permafrost OC derived from coastal ero-
sion is predominantly deposited in the nearshore
zone. However, hydrodynamic gradients in the
coastal zone allow sorting processes to strongly in-
fluence the OC distribution and fate, which cannot

be assessed by using bulk sediment approaches.
Here, we study soils and sediments fractionated
by density (1.8 g cm−3 cutoff), separating the
organic from the mineral-associated fraction, and
size (63 μm), separating sand-associated from silt
and clay-associated OC. We sampled sediments
along a transect from an active retrogressive thaw
slump at the coast of Herschel Island —

Qikiqtaruk (Yukon, Canada), to the nearshore
zone, towards an offshore sedimentary basin.
Each sediment fraction was analysed for its
elemental content (total organic carbon (TOC),
total nitrogen (TN)), carbon isotope signature
(δ13C, Δ14C), molecular biomarkers (n-alkanes, n-
alkanoic acids, lignin phenols, and cutin acids),
and mineral surface area. Preliminary data show
that the OC partitioning between the sediment
fractions changes considerably over the transect,
suggesting that hydrodynamic sorting processes
take place. Additionally, the OC characteristics of
the fractions are significantly different from each
other. For example, the low-density organic frac-
tion shows a slightly less degraded signal than the
high-density silt- and clay-associated OC fraction
in several molecular biomarker proxies, and has a
higher average TOC/TN ratio (24 ± 3 versus 12 ± 2).
We aim to disentangle sorting processes and degra-
dation mechanisms of permafrost OC along this
transect of fractionated soils and sediments in the
nearshore zone, and give new insights into path-
way of this material upon erosion.

Session: TER88 — Arctic coastal dynamics in a
changing climate

ID: 658

A comparative analysis of perceived
impact of permafrost thaw in Svalbard
and orthwest Greenland

Leneisja Jungsberg1 and Alexandra Meyer2

1Nordregio, Stockholm, Sweden.
2University of Vienna, Wien, Austria.

Abstract: Permafrost thaw is a growing issue of
concern in communities across the Arctic.
Communities associate different kinds of
impacts and risk with permafrost thaw, and have
different ways of dealing (or not dealing) with it,
on various levels (individual, institutional, policy,
and scientific). This paper presents a framework
to connect three domains: the institutional level,
individual perception, and the scientific. The
empirical material include a survey and
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qualitative interviews from Longyearbyen on
Svalbard, Norway, and Qeqertarsuaq and
Qaanaaqin Greenland. Preliminary results illus-
trate a lack of connection between perceptions
of permafrost thaw impacts and risk, the institu-
tional responses, and related adaptation and mit-
igation strategies across the study sites.

Session: IHE21 — Arctic communities adapting
to permafrost thaw

ID: 42

Understanding the winter ecology of
reindeer on an ecosystem level

Ilona Kater1, Simone Abram1, and Robert Baxter1

1University of Durham, Durham, UK.

Abstract: Winter is the period of greatest food
stress for reindeer who, although migratory
across the landscape, remain within the Arctic
throughout the year. The low quality and abun-
dance of forage in their environment often leaves
them in a calorie deficit, yet this is not the only
challenge they face during this season. Human
infrastructure such as mines and roads cause a
loss of forage, both due to their physical structure
and from subsequent avoidance behaviour shown
by the animals. Climate and snow also play an
important role, influencing themovement of rein-
deer and, at times, creating impenetrable barriers
between them and their ground-lying food. Past
research has delved deep into the impacts of these
factors considered in isolation, yet a wider ecologi-
cal view of the system is needed to understand
their cumulative and integrated effects. In this
study, both novel field data from northern
Sweden as well as results from past studies have
been used to construct an interactive model. This
model, cycling through 50 years in a hypothetical
landscape, includes climatic, biotic, and abiotic
factors, comparing and contrasting these aspects
of the environment and their impact on reindeer
survival to allow for a more comprehensive under-
standing of the winter ecology of reindeer.

Session: TER80 — Seasonal strategies of Arctic
wildlife

ID: 545

Protecting Thaidene Nene: forging new
partnerships to create an Indigenous
protected area

Lauren King1 and Iris Catholique2

1University of Waterloo, Waterloo, ON, Canada.
2Lutsel K’e Dene First Nation, Lutselk’e, NT, Canada.

Abstract: Thaidene Nëné, established in August
2019, is 26 374 km2 Indigenous protected area
that encompasses a national park reserve,
territorial protected area, and a future territorial
wildlife conservation area. The park complex was
established 50 years after it was initially pro-
posed by Parks Canada. It wasn’t until
Aboriginal and treaty rights were recognized
and affirmed under section 35 of Canada’s
Constitution Act in 1982; the diamond staking
rush in the Northwest Territories that began in
1989; and the evolution in federal and territorial
parks and protected areas laws and policies
driven by Indigenous political activism that the
Łutsël K’é Dene First Nation decided to re-initiate
talks with Parks Canada, with the Government of
the Northwest Territories joining negotiations
after devolution, to enter into a partnership to
protect Thaidene Nëné. The presentation will
begin by providing some background information
on the people, place, and park. Followed by a brief
introduction on the emergence of Indigenous
Protected and Conserved Areas (IPCAs) in Canada.
We will then discuss how the First Nation built
new partnerships with crown governments and
environmental non-governmental organizations
to realize Thaidene Nëné, with a focus on three
major innovations — the creation of a trust fund
to fund the management and operations of the
park; Indigenous, federal, and territorial opera-
tions; and the co-governance relationship that has
been developed based on the terms of the park
establishment agreements.

Session: KEP73 — Advancing conservation
through partnerships in knowledge and gover-
nance — northern case studies

ID: 626

Quantifying Arctic marine-terminating
glacier contributions to the ocean

William Kochtitzky1, Luke Copland1, Wesley Van
Wychen2, Julian Dowdeswell3, Toby Benham3,
Andrey Glazovsky4, and Ivan Lavrentiev4

1Department of Geography, Environment and Geomatics,
University of Ottawa, Ottawa, ON, Canada.
2University of Waterloo, Waterloo, ON, Canada.
3University of Cambridge, Cambridge, UK.
4Russian Academy of Sciences, Moscow, Russia.
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Abstract: We quantify, for the first time, the ice
discharge contribution of every glacier in the
Arctic (excluding the Greenland Ice Sheet) to
the ocean, also known as frontal ablation.
Frontal ablation occurs from the combination
of ice flow into the ocean, and ice gain/loss from
terminus advance/retreat. This is needed to
quantify the relative importance of mass loss
from surface mass balance (i.e., snowfall minus
meltwater runoff) vs mass loss to the ocean to
better constrain glacier contributions to sea
level rise, map iceberg production patterns,
and improve understanding of ice-ocean inter-
actions. We calculate frontal ablation by com-
bining glacier velocity, thickness, and
terminus-position observations derived from
satellites and airborne campaigns from 2000 to
2020. Ice velocity is derived from the NASA
ITS_LIVE mission, which uses Landsat 5, 7, and
8 imagery to quantify ice motion. Images from
the same satellites are used to quantify glacier
terminus changes from 2000 to 2010 and from
2010 to 2020. Glacier thickness observations are
derived from airborne campaigns including
NASA’s Operation IceBridge, and, where thick-
ness observations are not available, we use
model outputs. These observations are com-
bined along manually drawn flux gates in a cus-
tom python script to quantify frontal ablation
for the 1444 marine-terminating glaciers in the
northern hemisphere. Average pan-Arctic fron-
tal ablation for 2000–2020 is −79 ± 30 Gt a−1, of
which terminus retreat accounts for approxi-
mately one third. The regions with the most dis-
charge in ascending order are Svalbard, Russia,
Alaska, Greenland (excluding the ice sheet),
Canada, and Iceland/Jan Mayen. We find that
110 glaciers ceased to be marine-terminating
between 2000 and 2020. The 40 glaciers with
the highest frontal ablation rate contribute
∼50% of total pan-Arctic frontal ablation,
whereas the 284 biggest contributing glaciers
(20%) account for 90% of total Arctic frontal
ablation.

Session: MAR42 — Changes in the marine
cryosphere

ID: 182

Intensive field courses within the
framework of Russian-Norwegian
research-based education in Cold

Regions Engineering (RuNoCORE)
project

Pavel Kotov1, Vladislav Isaev1, Elena Scibilia2, and
Inge Hoff2

1Lomonosov Moscow State University, Faculty of Geology,
Moscow, Russia.
2Department of Civil and Environmental Engineering,
Norwegian University of Science and Technology (NTNU),
Trondheim, Norway.

Abstract: The rational development of Arctic
infrastructure poses new challenges for humanity.
There is a need for a sufficient number of highly
qualified specialists who will work there in the
future. This will lead to the sustainable develop-
ment of the Arctic territories. Specialists should
have not only good theoretical background but
also practical knowledge of working in the Arctic.
Unfortunately, the number of field courses is
decreasing every year. Russian-Norwegian
research-based education in Cold Regions
Engineering (RuNoCORE; 2018–2021) involves aca-
demic staff from the two largest universities in
Norway and Russia — Norwegian University of
Science and technology (NTNU) and Lomonosov
Moscow State University (MSU) for the develop-
ment two intensive courses in Russia. The first
course takes place every year in January in
Zvenigorod (50 km from Moscow), in the area of
seasonal frost. Target groups are Master’s and
Bachelor’s students. The purpose of this course is
to get acquainted with methods of winter field-
work, which are used in geotechnical surveys in
cold regions. As part of this course, students study
geophysical methods, site drilling, landscape map-
ping, and frost heaving at different sites. Students
learn to integrate various methods and correctly
interpret the results, maintain technical documen-
tation, and reporting of results. The second course
is in September in the area of sporadic permafrost.
The field course in the Vorkuta area (coal-mining
town in the Komi Republic, Russia) and Hanovey
test site (located in 31 km from Vorkuta) was estab-
lished to provide education for Master’s and PhD
students to meet the unique challenges of design,
construction, and operations in cold regions.
Students learn different methods of permafrost
survey (geophysical survey, site drilling, landscape
mapping, field and laboratory testing of frozen
soil, and inspection of northern infrastructure
facilities). Partners from industrial companies are
engaged in fieldwork and involved in the teaching
of students.
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Session: TER89 — Integrating science and engi-
neering education for challenges to northern
infrastructure under a changing climate

ID: 825

Condition and diet of ninespine
stickleback (Pungitius pungitius)
populations in Arctic streams

Adam Kuhrt1, Joseph Culp1,2, and Michael Power3

1Wilfrid Laurier University, Waterloo, ON, Canada.
2Environment and Climate Change Canada.
3University of Waterloo, Waterloo, ON, Canada.

Abstract: This project aims to explore the factors
affecting the condition and diet of ninespine
stickleback (Pungitius pungitius) populations in
Arctic streams of the Greiner Lake watershed
near the hamlet of Cambridge Bay, Nunavut.
Ninespine stickleback are highly abundant in
the Arctic. It is understood they are generalists
and feed primarily on aquatic invertebrates, but
their ecological role within Arctic food webs is
not well defined, especially in streams. This
research aims to address this knowledge gap.
The length-weight relationships of ninespine
stickleback populations from a variety of Arctic
streams are compared with the environmental
data collected from these streams to determine
what variables are correlated with greater stickle-
back condition. Gut-content analysis is also being
conducted on the stickleback to compare inverte-
brate structures identified from within their
digestive tracts to the populations of macroinver-
tebrates collected from streams. This method will
be paired with DNA metabarcoding of stickle-
back stomachs and stable isotope analysis of
stickleback tissue for a robust diet analysis to
determine what macroinvertebrates they are eat-
ing, and if they show preference towards specific
macroinvertebrate prey. Statistical methods such
as selectivity indices, stable isotope bivariate
analysis, as well as principal component analysis
will be used to determine if diet is associated
with specific benthic macroinvertebrate taxa.
The research proposed here is part of a multi-
thematic study with the aim of developing a
multi-trophic understanding of food-webs in the
Greiner Lake watershed in the wake of a rapidly
changing Arctic climate. As climate change pro-
gresses, benthic invertebrate community struc-
ture will be affected, which may subsequently
affect ninespine stickleback diet and condition.

Understanding the condition and diet of the
ninespine stickleback is important because they
are a food source of Arctic char, and their full eco-
logical role is not well understood.

Session: TER84 — Climate-driven pressures on
Arctic freshwater biodiversity: ecological
responses and consequences

ID: 647

The Yamal Obskaya — Bovanenkovo
railway and Nenets reindeer herders:
three decades of shared territory

Timo Kumpula1, Roza Laptander2, and Bruce
Forbes2

1University of Eastern Finland, Finland.
2Arctic Centre, University of Lapland, Rovaniemi, Finland.

Abstract: In central Yamal peninsula, which is
permafrost area, both natural and anthropogenic
changes have occurred during the past 40 years.
Bovanenkovo Gas Field was discovered in 1972.
The construction phase of a 572 km long railroad
from Obskaja to Bovanenkovo began in 1987. As
the Soviet Union collapsed in 1993, the building
process ceased in Paijuta (189 km). In 2007 rail-
way construction restarted and in 2012 the
Bovanenkovo gas field was in production. We
have studied gas field development, effects of
the railway, and natural changes in the region
and the cumulative impacts on Nenets reindeer
herding. The traditional landuse in the Yamal is
reindeer herding practiced by nomadic Nenets
herders. The hydrocarbon industry is presently
the source of most ecological changes in the
Yamal peninsula and socio-economic impacts
experienced by migratory herders who move
annually between winter pastures at treeline
and the coastal summer pastures by the Kara
Sea. Nenets managing herds of reindeer have
proven able to adapt in responding to a broad
range of intensifying industrial impacts at the
same time as they have been dealing with symp-
toms of a warming climate and thawing perma-
frost. The railway goes across migration routes
of the Nenets families; it goes through precious
reindeer pastures and causes many limitations
and difficulties for nomads to perform their sea-
sonal migrations in the tundra. Some groups of
Nenets reindeer herders have changed their
routes of migrations; however, many others
have continued to follow their old ways, but
with many difficulties and limitations. The
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contemporary history of the Yamal peninsula
shows that reindeer herders did not isolate them-
selves from the new changes in the tundra, but
tried: (1) to develop new networks of their com-
munication with railway workers; and (2) to build
business to get some money, petrol, or even for
buying basic food supplies and bread on the tun-
dra railway stations.

Session: IHE20 —Northern roads and railways:
social and environmental effects of transport
infrastructure

ID: 427

Do as the Romans do: identifying the
viral “Romans” of freshwater Arctic lakes

Myriam Labbé1, Warwick Vincent2, and
Alexander Culley2

1Centre d’études nordiques, Université Laval, Québec, QC,
Canada.
2Université Laval, Québec, QC, Canada.

Abstract: Polar aquatic ecosystems are domi-
nated by microbial communities, and viruses
are a major component. Viruses affect the
aquatic microbiome by regulating the size of
host populations, driving community evolution,
and shunting the circulation of energy through
trophic webs, which ultimately impacts biogeo-
chemical processes. Because of rapid mutation
rates and horizontal gene transfer, viral com-
munities tend to be genetically diverse, and only
a few viral genotypes appear to have global dis-
tributions. In cellular communities, metabolic
capacities usually mirror environmental condi-
tions; thus, closely related species can often be
found in similar environments. As viruses lack
an independent metabolism and mutate regu-
larly, would viral communities from similar
environments also be akin? In this study, we
aimed to identify sub-communities of viruses
that may be omnipresent in Arctic freshwaters.
We sampled at the northernmost frontier of
Canada on northern Ellesmere Island, Nunavut,
where the effects of climate change are already
evident and will continue to accelerate as Arctic
temperatures continue to rise. We selected three
lakes within a 100 km range that had compa-
rable environmental conditions in their fresh
and oxygenated surface waters: freshwater
Ward Hunt Lake, meromictic Lake A, and the
Milne Fjord epishelf lake. Because the viral com-
munities of these ecosystems are essentially

undescribed, we used shotgun sequencing in a
metagenomic approach to generate a compre-
hensive assessment of the double-stranded DNA
virus diversity and genetic potential. Although
the viral community structures differed among
lakes, specific sub-communities were common
to all three lakes. Analysis of these communities
indicated the environmental factors that fav-
oured their presence. Further investigation into
these core viral communities may reveal specific
genes related to mechanisms of infection or aux-
iliary metabolic genes.

Session: TER84 — Climate-driven pressures on
Arctic freshwater biodiversity: ecological
responses and consequences

ID: 243

Population genomic structure and
hybridization in the Glaucous Gull (Larus
hyperboreus)

Emma Lachance Linklater1, Greg Robertson2,
Sarah Sonsthagen3, Freydís Vigfúsdóttir4, and
Vicki Friesen1

1Queen’s University, Kingston, ON, Canada.
2Environment and Climate Change Canada, Gatineau, QC,
Canada.
3USGS, Reston, VA, USA.
4University of Iceland, Reykjavík, Iceland.

Abstract: Climate change poses a significant
threat to the future of Arctic ecosystems. To
effectively conserve Arctic species, genetically
differentiated populations must be defined for
adaptive and neutral genetic variation to be
appropriately managed. This project examines
population genetic differentiation in Glaucous
Gull (Larus hyperboreus) — a circumpolar Arctic
species — and assesses hybridization between
Glaucous Gull and three closely-related species.
Glaucous Gull is a valuable species, biologically
and culturally. As apex predators, Glaucous
Gulls develop high levels of toxins in their tis-
sue and, therefore, are excellent bioindicators
of the long-range transport of contaminants in
the Arctic. Glaucous Gulls also hybridize with
other white-headed gull species where breeding
ranges overlap. Although the International
Union for Conservation of Nature (IUCN) cur-
rently lists the Glaucous Gull as Least Concern,
declines have been reported across their range
in Arctic Canada. Currently no fine-scale popu-
lation genetic information exists for this
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species, and management units have not been
delineated. Double digest restriction-site associ-
ated DNA sequencing was conducted on 59
Glaucous Gull, 18 American Herring Gull (Larus
smithsonianus), six European Herring Gull (Larus
argentatus), and 15 Glaucous-winged Gull (Larus
glaucescens) sampled across the North American
and European Arctic. Despite the geographic
distance between sampling locations,
STRUCTURE and principal component analysis
(PCA) suggest only weak population differentia-
tion between sampled European and Canadian
colonies of Glaucous Gull. Interspecific analyses
using 2145 loci show that Glaucous Gull and
Glaucous-winged Gull are genetically distinct
species but that Glaucous Gull and the two spe-
cies of Herring Gull are only weakly differenti-
ated. Several sampled individuals may
represent hybrids between Glaucous Gull and
other species. Detailed information on popula-
tion genetic structure and hybridization will
help conservation practitioners effectively man-
age the long-term persistence of Glaucous Gull
populations. Proactive management strategies
for this species will benefit both Glaucous Gull
and the entire Arctic ecosystem.

Session: TER77 — Climate change and Arctic
birds: unifying disciplines for assessing the risk
to Arctic avian communities

ID: 605

Erect shrubs do not change total soil
carbon content but increase carbon
reservoir turnover in a High Arctic
tundra

Laurent J. Lamarque1, Esther Lévesque1, Jim Félix-
Faure2, Lucas Deschamps2, Daniel Fortier3, and
Vincent Maire1

1Université du Québec à Trois-Rivières and Centre d’études
nordiques, Trois-Rivières, QC, Canada.
2Department of Environmental Sciences, Université du Québec
à Trois-Rivières, Trois-Rivières, QC, Canada.
3Université de Montréal, Montreal, QC, Canada.

Abstract: Substantial work has investigated abi-
otic factors and plant functional traits that have
promoted northward range shifts of erect shrub
species over the last decades in response to cli-
mate change. Yet, little is known about the feed-
back effects of these species on Arctic
ecosystem functioning, especially the extent to
which they modify soil organic carbon

sequestration and cycling. In this study con-
ducted along two alluvial fans of Bylot Island
Qarlikturvik valley, organic carbon content
was analyzed in soils sampled outside and
beneath Salix richardsonii patches localized in
both high and low fertility conditions. We
hypothesized that increasing shrub cover,
which is assumed to increase fresh energy-rich
organic matter input and decrease soil fertility,
would trigger preferential mining of inert mil-
lennial soil carbon reservoir. Elemental analysis
of soil samples revealed that soil total organic
carbon content did not differ between sites
located outside and beneath S. richardsonii, nor
between low and high fertility condition zones.
However, the presence of S. richardsonii did
increase soil fine particulate and recalcitrant
organic matter content under high fertility con-
ditions. Stable isotope analyses further showed
that S. richardsonii also increased the input of
13C-poor organic matter and decreased C:N ratio
under both low and high soil fertility condi-
tions. These results indicated that increasing
erect shrub abundance can lead to greater car-
bon sequestration by increasing the proportion
of stable organic matter content in Arctic tun-
dra soils, but that such processes may depend
on the level of soil fertility. When soil fertility
is low, higher plant nutrient demand is satisfied
by mining recalcitrant organic matter. Lastly,
we showed that the soil bank mechanism
framework represents an adequate scheme to
provide novel insights into potential ecosys-
tem-level impacts of ongoing Arctic
shrubification.

Session: TER78 — Arctic plants in changing
landscapes

ID: 249

Model evaluation of the Canadian Arctic
Archipelago’s carbon sink

Johanna Länger1, Nadja Steiner2, Adam
Monahan1, Eric Mortenson3, Tessa Sou4, and
Mohamed Ahmed5

1University of Victoria, School of Earth and Ocean Sciences,
Victoria, BC, Canada.
2Department of Fisheries and Oceans, Yellowknife, Canada.
3Commonwealth Scientific and Industrial Research
Organisation, Clayton South, Australia.
4University of Calgary, Calgary, AB, Canada.
5Canadian Centre for Climate Modelling and Analysis,
Environment Canada, Victoria, BC, Canada.
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Abstract: The Arctic Ocean, including the
Canadian Arctic is expected to face massive
changes in its sea-ice properties. With sea ice hav-
ing a huge effect on the air–sea gas exchange, the
evaluation of the carbon sink in the Canadian
Arctic is challenging and important for future pre-
dictions of atmospheric CO2, ocean acidification,
and its impacts on the local marine life. In recent
years, estimates and empirical models for ocean
properties influencing the air–sea flux of CO2

based on observations were developed. However,
observations carry seasonal biases and empirical
models are designed based on spatially and tempo-
rally limited observations. To obtain a more com-
prehensive understanding of the Canadian Arctic,
the numerical model North Atlantic Arctic –

Canadian Ocean Ecosystem model – Canadian
sea-ice-biogeochemical model (NAA–CanOE–CSIB)
within the Nucleus for European Modelling of the
Ocean (NEMO) framework is applied. The aim is
to evaluate the seasonal and inter-annual variabil-
ity for the last two decade and to assess empirical
approaches for carbon uptake from a modelling
perspective.

Session:MAR40— Air–sea gas exchange and bio-
geochemical processes in Arctic Shelf Seas

ID: 614

Determinants of iron deficiency and
anemia among Nunavimmiut: results
from the Qanuilirpitaa? 2017 Nunavik
Health Survey

Audrey Lavoie1,2, Mélanie Lemire1,2, Benoît
Lévesque3, and Pierre Ayotte1,3

1Département de médecine sociale et préventive, Montreal, QC,
Canada.
2Institut de biologie intégrative et des systèmes, Québec, QC,
Canada.
3Institut national de santé publique du Québec, Québec, QC,
Canada.

Abstract: Although the prevalence of iron defi-
ciency (ID) and anemia are of the lowest in
Canada, both have been common issues in the
Canadian Arctic. ID and anemia can have nega-
tive impacts on cognitive and immune system
functioning, physical performance, and quality
of life. ID, nutrient deficiencies, and inflamma-
tion can all cause anemia. Distal causes including
social determinants of health can also contribute
to ID and anemia. This study aims to determine
the main distal (modifiable) and proximal

(biological) protective and risk factors of hemato-
logical and iron statuses among Inuit adults (16
years and older) in Nunavik. We used data from
the Qanuilirpitaa? 2017 Nunavik Inuit Health
Survey (n= 1267). Venous blood was analysed for
several relevant biomarkers including hemoglo-
bin (Hb), serum ferritin (SF), Helicobacter pylori
serology, blood selenium, and mercury.
Sociodemographic, food security, anthropomet-
ric, dietary, and health data were also collected.
Multiple linear and logistical regressions were
used to assess correlates of Hb and SF by age
and sex groups. Women of childbearing age had
high prevalence of iron deficiency anemia (14%),
whereas Hb concentrations were lower and the
prevalence of anemia unrelated to ID was higher
(25%) in adults after 49 years of age. A higher so-
cioeconomic status was associated with higher
Hb and SF among women of childbearing age.
Blood selenium was associated with higher SF
among younger adults. Helicobacter pylori was
associated with lower SF among younger men,
and with lower Hb among younger women.
Among older adults, food insecurity was associ-
ated with lower SF. Finally, obesity was associ-
ated with higher SF among all except older men.
Protective and risk factors for ID and anemia vary
according to age and sex groups and highlight
the need for targeted interventions. High preva-
lence of anemia in older Inuit adults warrants
further investigation, as it represents a signifi-
cant public health issue.

Session: IHE14 — Health, well-being, and the
social determinants of health in the North

ID: 560

Environmental correlates of diversity in
diatoms, benthic macroinvertebrates,
and fish of North American Arctic rivers

Jennifer Lento1, Sarah Laske2, Isabelle Lavoie3,
Daniel Bogan4, Robert Brua5, Stéphane
Campeau6, Krista Chin7, Joseph Culp8,9, Brianna
Levenstein1, Michael Power10, Émilie Saulnier-
Talbot11, Rebecca Shaftel4, Heidi Swanson10,
MatthewWhitman12, and Christian Zimmerman2

1Canadian Rivers Institute @ UNB — Fredericton, Fredericton,
NB, Canada.
2U.S. Geological Survey, Alaska Science Center, Anchorage,
AK, USA.
3Institut national de la recherche scientifique, Centre Eau Terre
Environnement, Québec, QC, Canada.

Abstracts 43

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



4Alaska Center for Conservation Science, University of Alaska
Anchorage, Anchorage, AK, USA.
5Environment and Climate Change Canada, Watershed
Hydrology and Ecology Research Division, Saskatoon, SK,
Canada.
6Department of Environmental Sciences, Université du Québec
à Trois-Rivières, Trois-Rivières, QC, Canada.
7Cumulative Impact Monitoring Program, Government of the
Northwest Territories, Yellowknife, NT, Canada.
8Environment and Climate Change Canada.
9Wilfrid Laurier University, Waterloo, ON, Canada.
10University of Waterloo, Waterloo, ON, Canada.
11Laboratoire de paléoécologie aquatique, Centre d’études
nordiques (CEN), QC, Canada.
12US Bureau of Land Management, Arctic District Office,
Fairbanks, AK, USA.

Abstract: Climate change is an ongoing threat to
Arctic freshwater biodiversity, but impacts vary
depending upon the organism group and the
strength of its response to climate-related driv-
ers. As part of the first assessment of the state of
Arctic freshwater biodiversity by the Arctic
Council’s Circumpolar Biodiversity Monitoring
Program, we evaluated alpha diversity of dia-
toms, benthic macroinvertebrates, and fish in
relation to environmental drivers in North
American Arctic rivers. Macroinvertebrate diver-
sity declined strongly with increasing latitude
from 48°N to 82°N, and was closely linked to lati-
tudinal declines in temperature. In contrast, dia-
tom and fish diversity peaked around 70°N
without a clear latitudinal decline. Diatom diver-
sity was related to bedrock geology and tempera-
ture, whereas fish diversity was related to
glaciation history. In sites with both diatom and
macroinvertebrate data, temperature, precipita-
tion, geology, calcium, and substrate size were
important environmental correlates, although
diatom taxa were most strongly associated with
water chemistry, whereas macroinvertebrate
composition related most strongly to precipita-
tion and temperature. This large-scale study pro-
vides the most substantial integration and
analysis of river diatom, macroinvertebrate, and
fish data from the North American Arctic to date.
The findings of the study suggest that macroin-
vertebrates will show the strongest response to
climate-related shifts in temperature, and should
therefore be considered a priority indicator of
change in these systems. However, significant
gaps exist in spatial and temporal data coverage.
These gaps could be reduced by improving col-
laborative efforts between the USA and Canada
to harmonize future monitoring.

Session: TER84 — Climate-driven pressures on
Arctic freshwater biodiversity: ecological
responses and consequences

ID: 28

Modeling methylmercury
bioaccumulation in the Beaufort beluga
food web

Miling Li1, Renea Briner1, Carie Hoover2, Lisa
Loseto3, Emma Gillies4, and Amanda Giang4

1University of Delaware, Newark, DE, USA.
2Dalhousie University, Halifax, NS, Canada.
3Fisheries and Oceans Canada, Vancouver, BC, Canada.
4University of British Columbia, Vancouver, BC, Canada.

Abstract: Mercury can pose risks for marine eco-
system health in the Canadian Arctic. Rapid
changes in the Arctic climate may have affected
mercury transport and bioaccumulation in
Arctic species in many different ways, and the
causes of observed historical trends in beluga
mercury are still unclear. The goal of this study
is to better understand how climate and ecologi-
cal influences have interacted to drive Beaufort
Sea beluga mercury concentrations. As a first
step to achieving this goal, we parameterize an
ecosystem model for simulating mercury bioac-
cumulation through the Beaufort beluga food
web. We present preliminary results exploring
how simulated mercury levels in Beaufort Sea
beluga respond to climate-driven ecological
changes. We construct scenarios of these changes
(such as food web structure and dynamics, migra-
tion timing, etc.) based on previously docu-
mented observational data. The results of this
work will provide new insights into the relative
strength of influence that different climate-
driven scenarios result in. The modeling tool
developed here can be further used for a holistic
analysis of how environmental change affects
the mercury levels in the beluga food web by
altering the physical environment and food web
structure.

Session: IHEA13 — Evolving perspective on
northern contaminants research

ID: 678

Introduction to perspectives on
supporting and empowering Northern
communities in undertaking climate
action
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Ben Linaker1, Marlene Doyle2, and Yves
Theriault2

1Indigenous Services Canada.
2Crown Indigenous Relations and Northern Affairs Canada,
Gatineau, QC, Canada.

Abstract: Partnerships between Canadian
Federal departments, formalized through a
memorandum of understanding, have allowed
for innovative climate change adaptation pro-
gram delivery in Canada’s North, including the
development of a unique governance structure
consisting of regional Climate Change
Committees for Adaptation (C3A), made up of
key Indigenous and Northern stakeholders.
These committees have enabled three funding
programs, housed within Crown-Indigenous
Relations and Northern Affairs Canada and
Indigenous Services Canada, to improve their
understanding of northern priorities, reduce the
number of committees needed for multiple fund-
ing programs, and streamline collaborative
decision-making that is reflective of these
northern priorities. Through the introduction of
this innovative shared governance structure
between the three programs, we can see how
direct and personal linkages to Northern com-
munities have fostered an environment of sup-
port, cooperation, and resiliency. As part of this
innovative governance approach, a network of
externally-based Community Liaisons was estab-
lished across the North to provide support to
communities accessing funding and to these gov-
ernance committees. These Community Liaisons
provide critical insight into adaptation and mon-
itoring needs and priorities of communities, and
help to reduce the barriers that Northern and
Indigenous communities face when trying to
access federal funding. Their efforts in linking
Northern communities and organizations with
the federal funding programs has not only
greatly increased the Federal Government’s abil-
ity to deliver their services across Northern
regions, but has resulted in improved resiliency
of Northern communities against a changing
environment. This presentation will provide fur-
ther details on this shared program delivery
approach and set the stage for individual presen-
tations by Community Liaisons from across the
north to further explore the successes, chal-
lenges, and lessons learned that have been expe-
rienced through the formative years of this
system.

Session: NPD74 — Perspectives on supporting
and empowering northern communities in
undertaking climate action

ID: 575

Communicating Arctic science in the
classroom — taking the time to listen
and learn

Martine Lizotte1,2 and Dustin Whalen3

1Takuvik Joint International Laboratory, Université Laval, QC,
Canada
2CNRS, France.
3Natural Resources Canada, Dartmouth, NS, Canada.

Abstract: As scientists working in the North, we
have all developed a keen sense of the need for
consultation and full project engagement with
Northern communities. This on-going feedback
is fundamental to ensure that our scientific work
is properly aligned with the concerns of those liv-
ing in the North. Meetings with Hunters and
Trappers Organizations, Hamlet Councils, com-
munity members, and elders often provide the
basis for project design, implementation, and
delivery. However, a key ingredient to any project
is the engagement of youth. The excitement and
enthusiasm of the youth often inspire us to think
outside of the box to deliver our science in a
meaningful way to them. Although classroom
visits are designed to be interactive and fun,
there is always a push to help the kids to better
grasp the scientific concepts we are studying. In
the end, however, it is often us who come away
with an enlightenment and the feeling of being
much more informed. This past March 2020, just
days prior to a worldwide pandemic-related shut
down, we had the pleasure of participating in a
consultation tour of four communities in the
Inuvialuit Settlement Region. This talk will focus
on one particular element of the tour: the time
spent “listening and learning” from the youth.
In the North, climate change drives environmen-
tal alterations that are so rapid that, even in their
short lifetime, children are able to use their keen
observation skills and inquisitive nature to wit-
ness and discover things for themselves. The abil-
ity for children to communicate their own
observations of changes happening all around
them with such passion and knowledge often left
us awestruck. This talk aspires to convey the
importance of mutuality in learning, a practice
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crucial to the delivery of a scientific message that
is more appealing to younger generations.

Session: KEP33— Communicating Arctic science

ID: 820

Pikialasorsuaq, Government of
Greenland initiatives

Bjarne Lyberth1 and Inge Thaulow1

1Ministry of Science and Environment, Government of
Greenland, Nuuk, Greenland.

Abstract: Pikialasorsuaq is an area of sea
between latitude 75°N and 79°N, between north-
west Greenland and northeast Nunavut, Canada.
Due to the combination of sea currents and pre-
dominant winds, the area is a polynya, free of
ice where the surrounding area is normally ice
covered during winter. That combination makes
conditions favorable for an exceptional biologi-
cal production, making it the most biologically
productive sea area in the Arctic. Many express
concerns over the future of the area due to
human-induced changes occurring and possibly
occurring in the future. The Danish Centre For
Environment And Energy (DCE), in 2017, identi-
fied Pikialasorsuaq as a unique ecosystem due to
the biological productivity, critical for a number
of populations of birds and marine mammals,
and an associated hunters’ culture. The Inuit
Circumpolar Council’s (ICC) Pikialasorsuaq com-
mission, also in 2017, published a report based
on extensive consultations with Inuit and local
communities in and around the area. The report
delivers recommendations on management,
identification of the area and travel for people
living in the area. Both the DCE and ICC high-
light that an administrative area larger than just
Pikialasorsuaq, cross-border cooperation, and an
efficient monitoring system must be considered
for possible management planning. In this pre-
sentation, the Ministry of Science and
Environment, Government of Greenland, will
describe the legal framework and sharing of
responsibilities between the Kingdom of
Denmark and Government of Greenland, regard-
ing environmental monitoring and conservation,
harvest and involvement of right-owners and
stakeholders, under which the Ministry is work-
ing. Likewise, the ongoing work on living up to
the advice given by ICC and DCE, as mentioned
before, and finally, the initiatives to ensure par-
ticipation of as many interests as possible, in a

possible future planning and management of
the area will be presented.

Session: KEP73 — Advancing conservation
through partnerships in knowledge and gover-
nance — northern case studies

ID: 546

Beluga harpoon tagging: a new tool for
marine conservation based on Inuvialuit
knowledge and western science

Shannon MacPhee1, Dennis Arey2, Greg Elias3,
Nigel Hussey4, Jimmy Kalinek5, Davonna
Kasook6, Jennifer Lam6, Norman Anikina7,
Patrick Akhiatak8, Laura Murray1, Greg O’Corry-
Crowe9, Luke Storrie10, and Lisa Loseto1

1Fisheries and Oceans Canada, Vancouver, BC, Canada.
2Aklavik Hunters and Trappers Committee, Aklavik, NT,
Canada.
3Aurora Research Institute, Inuvik, NT, Canada.
4University of Windsor, Windsor, ON, Canada.
5Inuvialuit Game Council, Inuvik, NT, Canada.
6Joint Secretariat — Inuvialuit Settlement Region, Inuvik, NT,
Canada.
7Sachs Harbour HTC, Sachs Harbour, NT, Canada.
8Olokhaktomiut Hunters and Trappers Committee, Holman,
NT, Canada.
9Florida Atlantic University, Boca Raton, FL, USA.
10University of Manitoba, Winnipeg, MB, Canada.

Abstract: Telemetry is a powerful tool for
collecting data on the movement ecology of
marine mammals, and has been used to support
marine spatial planning efforts in the Canadian
Arctic. However, methods for marine mammal
tagging remain controversial. For beluga whales
in particular, state-of-the-art tagging requires
live capture, handling, and invasive attachment
methods, as well as a large crew and significant
logistical effort. Capture constraints and
seasonal/site feasibility also result in sampling
bias toward narrow demographics (e.g., size
and sex). Following several major community
engagement events, Inuvialuit identified collect-
ing updated movement data for Eastern
Beaufort Sea (EBS) beluga whales as a research
priority in response to concerns over climate
change and increased vessel traffic. Community
members challenged the research team to
develop an alternative to the live-capture
tagging method that would be less invasive and
hunter-deployed, yet still return valuable
movement and dive data. Specifically, a harpoon
deployment method with single subdermal
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toggle anchor was identified as appropriate in
the Inuvialuit context due to knowledge and
skills developed and maintained through
traditional beluga harvesting practices. We
adopted a co-design approach to developing the
new harpoon tagging method using both
western science and Inuvialuit knowledge,
including mixed approaches to collaboration
between scientists and Inuvialuit partners.
Examples include establishing a project-level
steering committee, hosting task-oriented
workshops, developing new tools and
approaches while on the land, conducting field
pilots with experienced beluga harvesters, and
hiring Inuvialuit knowledge-holders to lead on
key technical aspects of the project going
forward. In this talk, we discuss specific benefits
of adopting a co-design approach to innovation,
and show examples of novel data generated
from a new tool that has the potential to fill
spatiotemporal knowledge gaps in the move-
ment ecology of EBS belugas and support future
marine conservation planning and management
efforts.

Session: KEP35— Community-based monitoring
and knowledge co-production in wildlife
research

ID: 179

1st year of FROZEN CANOES: developing
interdisciplinary and complementary
graduate level courses

Julie Malenfant-Lepage1,3, Hanne Hvidtfeldt
Christiansen2, Inge Hoff3, Elena Scibilia3,
Guy Doré1, Jean Côté1, Christopher Burn4,
Graham Lewis Gilbert5, Arne Instanes6, and
Brian Horton7

1Department of Civil and Water Engineering, Université Laval,
Québec, QC, Canada.
2Arctic Geology Department, The University Centre in Svalbard
(UNIS), Svalbard, Norway.
3Department of Civil and Environmental Engineering,
Norwegian University of Science and Technology (NTNU),
Trondheim, Norway.
4Geography Department, Carleton University, Ottawa, ON,
Canada.
5Arctic Geology Department and Arctic Technology
Department, The University Centre in Svalbard, UNIS,
Svalbard, Norway.
6Arctic Technology Department, The University Centre in
Svalbard, UNIS, Svalbard, Norway.
7YukonU Research Centre, Whitehorse, YT, Canada.

Abstract: In Canada and Norway, there is a need
for multidisciplinary, highly skilled practitioners
in science and engineering related to cold
regions to design sustainable infrastructure in a
context of climate change. Construction tech-
niques commonly used in other parts of North
America and in Europe cannot simply be applied
to transportation infrastructure in cold climate
environments. Knowledge of the key science
foundation for frost action and permafrost is
required to adequately address the needs of
industry and academic research. By sharing
expertise from different science and engineering
research environments, and industry, we will
improve our capacity to respond to future cold
region issues. Funded by the Research Council
of Norway, the FROZEN CANOES research part-
nership (i.e., landscape and infrastructure
dynamics in frozen environments undergoing cli-
mate change in Canada, Norway, and Svalbard)
aims to develop a high-quality research-based
course package that draws on geoscientific and
engineering knowledge. The first FROZEN
CANOES graduate course took place in fall 2019
at the Norwegian University of Science and
Technology (NTNU) in Trondheim. This course
disseminated knowledge on frost action physics,
which is the basis of all analysis of soil and road
pavement behavior in cold regions. Twenty-six
graduate students and professionals in engineer-
ing and geosciences from Canada, Norway,
Sweden, and Russia participated. The program
consisted of two online modules followed by a
two-week intensive, residential course. This spe-
cific format was chosen to give time for students
to focus on field aspects and modelling exercises
during the intensive course. The next courses will
be on High Arctic permafrost geotechnics and
geohazards in Longyearbyen, Svalbard and
advanced permafrost engineering applied to
transportation infrastructure in Yukon, Canada.

Session: TER89 — Integrating science and engi-
neering education for challenges to northern
infrastructure under a changing climate

ID: 803

Narwhal grouping pattern inferred from
telemetry data

Marianne Marcoux1, Cortney Watt1, and Nigel
Hussey2

1Fisheries and Oceans Canada, Vancouver, BC, Canada.
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2University of Windsor, Windsor, ON, Canada.

Abstract: Narwhals are currently managed in
Canada as different stocks. The interactions
between the management stocks, as well as the
degree of cohesiveness within each stock, are still
uncertain. Narwhal management stocks range in
size from 10 000 to 50 000 individuals. These
stocks contain small mixed sex and age-class clus-
ters containing up to 25 narwhals that are part of
large herds of several hundred individuals.
Although the snap-shot composition of narwhal
clusters and herds has been examined, their sta-
bility remains unknown. We equipped seven
pairs of narwhals coming from the same clusters
with satellite transmitters to investigate the sta-
bility of their clusters. During the summer
(August–October), pairs of narwhals spent 16.7%
(range: 1.1%–44.4%) of their time within 5 km of
each other. One pair of narwhals split at least five
times for a maximum of 14 days andmerged back
together from distances of more than 200 km
during the 80 days that they were tagged (from
3 August to 22 October). Another pair of nar-
whals was separated for more than a month and
by more than 500 km during the fall migration
before they met back on their wintering grounds.
This study suggests that narwhals can form long-
lasting bonds and that narwhal grouping pat-
terns are flexible. Complementary methods, such
as mark-recapture analysis, will help to address
the stability of narwhal clusters and stocks.

Session: MAR71 — Species interactions in Arctic
aquatic ecosystems

ID: 795

Revisiting traditional knowledge holder
interviews exploring social-ecological
change on Kendall Island in the
Inuvialuit Settlement Region of the
Northwest Territories, Canada

Kathleen Matari1, Kimberly Ovitz2, and Lisa
Loseto3

1Fisheries and Oceans Canada, Vancouver, BC, Canada.
2University of Manitoba, Winnipeg, MB, Canada.
3Fisheries and Oceans Canada, Winnipeg, MB, Canada.

Abstract: The global pandemic has largely halted
in-person qualitative research in Northern com-
munities, resulting in the postponement of many
research programs. These circumstances, how-
ever, have also generated a renewed focus on

working with existing data sets. The benefits of
this are multifold, in that revisiting such data sets
offers an opportunity to thoroughly report on
results that were not published prior and, there-
fore, may not be readily available for application
in research and management. Furthermore,
adequately reporting qualitative findings can help
reduce community fatigue by clearly identifying
research questions that have been explored with
community members in the past. The cancellation
of our 2020 field season encouraged us to revisit a
project from 2012, the findings of which were
briefly described in a technical report but were
never published in full detail. This project was a
collaboration between the Inuvialuit Hunters and
Trappers Committee, the Inuvialuit Regional
Corporation, and the Department of Fisheries
and Oceans, during which six Inuvialuit elders
and seasonal residents of Kendall Island (a tradi-
tional whaling camp in the Mackenzie Delta) were
interviewed about localized climate change
impacts among other topics (e.g., beluga and fish
health). All interview participants were seasoned
beluga and fish harvesters, some possessing over
50 summers of experience at Kendall Island.
Interviews were conducted during a five-day elder
and youth field camp and were facilitated by a
local project coordinator with the support of
several youth research assistants and an
Inuvialuktun translator. Interview audio was later
transcribed, verified by participants, and analyzed
using NVivo software in 2012 and again in 2020.
Interview findings highlight the critical impor-
tance of Kendall Island to participants and provide
insight into baseline and changing social and eco-
logical conditions at this site. During this presen-
tation we share key project findings and their
implications, which we are presently summariz-
ing in a forthcoming manuscript.

Session: KEP35— Community-based monitoring
and knowledge co-production in wildlife
research

ID: 697

Coastal margin seaweeds: influence of
glacial melt on intertidal algal
community structure and their
environmental drivers

Mary McCabe1 and Brenda Konar1

1College of Fisheries and Ocean Science, University of Alaska
Fairbanks, Fairbanks, AK, USA.
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Abstract: High-latitude coastal ecosystems, such
as those found in the Gulf of Alaska (GOA), are
experiencing a dramatic change in environmen-
tal conditions due to climate warming. Alaskan
glacier discharge rates have doubled in the past
decade and have modulated downstream temper-
ature, salinity, nutrient, and sediment stratifica-
tion profiles in coastal embayments. These fast-
changing environments are, thus, predicted to
influence the biological response and ecological
function of primary producers in local commun-
ities. Here, we examine the intertidal community
structure with a focus on seaweeds and their
accompanying environmental drivers at nine
watersheds in two regions, which are separated
by approximately 1000 km. Each watershed
spans a gradient of 0%–60% glacial coverage.
Intertidal quadrat surveys and biomass collec-
tions, along with environmental monitoring of
salinity, temperature, dissolved oxygen, turbid-
ity, and nutrient loading were completed from
April to September 2019 in each watershed.
Biological community structure and variance
was analyzed in relation to the local environmen-
tal spatiotemporal profiles. We found spatial cov-
erage of primary producers to be negatively
correlated with salinity, whereas primary pro-
ducer biomass was positively correlated with tur-
bidity. In general, there was an increasing
percent coverage and contribution trend occur-
ring with increasing glacial coverage, except at
one non-glacial watershed that had larger than
expected turbidity values given the relative
watershed size. There was likely local circulation
and oceanic influences that influenced the varia-
ble response of different seaweeds between
regions. Nonetheless, increased glacial melt from
climate change has the potential to impact future
seaweed demographics and accelerate transition
in downstream estuarine communities as we see
a shift from glacial to non-glacial ecosystems.

Session: MAR49 — Macrophytes in northern
waters: current distribution, future changes,
and economic possibilities

ID: 834

Better Hearing in Education for
Northern Youth (BHENY)

Lynne McCurdy1

1Better Hearing in Education for Northern Youth, Guelph, ON,
Canada.

Abstract: Hearing loss is an important health
concern in the Canadian Arctic. In 1996, the
World Health Organization identified the
Indigenous population in Canada’s High Arctic
as having one of the highest rates of hearing loss
in the world. Children with hearing loss are at
risk for difficulties in communication, learning,
and social development. Better Hearing in
Education for Northern Youth (BHENY) was the
recipient of the 2015 Arctic Inspiration Prize.
This initiative was a multipronged approach to
address the hearing needs of children living in
the Canadian Arctic and raised awareness of the
deleterious effects of hearing loss. Critical to
BHENY’s success was the collaboration and sup-
port received by the Departments of Health and
Education in Nunavut. The initial focus of the
BHENY initiative was to implement soundfield
amplification systems in elementary classrooms
in the Qikiqtaaluk Region of Nunavut. These sys-
tems allow for improved hearing for all children
in a classroom. To ensure sustainability, a model
for professional development, training for educa-
tors, and ongoing support for school staff was
developed in collaboration with northern educa-
tors. Following the success of BHENY, the
Nunavut Department of Education implemented
soundfield systems in all classrooms across all
regions of Nunavut. Another phase of the
BHENY project was to assist in improving the ser-
vice delivery of hearing health care services
across Nunavut. Through a collaboration with
the University of Ottawa, BHENY team members,
and the Nunavut Department of Health, preva-
lence rates of hearing loss and data on hearing
aid use was obtained for school aged children.
This research represents the most comprehen-
sive research to date on the hearing status of chil-
dren in Nunavut. This is an important step in
driving policy change for the delivery of hearing
health care services to this region.

Session: KEP38 — Arctic Inspiration Prize:
exploring the unique potential of Northern-led
community science projects

ID: 396

The 1H-NMR molecular composition of
dissolved organic matter in Baffin Bay

Kayla McKee1, Hussain Abdulla2, and Brett
Walker1

1University of Ottawa, Ottawa, ON, Canada.
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2Texas A&M Corpus Christi, Corpus Christi, TX, USA.

Abstract: Marine dissolved organic matter
(DOM) is the largest reduced pool of actively
cycling carbon in the oceans. Despite the impor-
tance of DOM for the ocean carbon and nitrogen
cycles, we lack a detailed understanding of the
molecular composition of DOM. The composition
of DOM is especially important in determining its
biological cycling within the rapidly changing
Arctic ocean. Due to the high concentration of
salts in seawater relative to DOM it is difficult to
analyze the molecular composition of seawater
with conventional chemical — or size —

fractionation methods. Here, we present the
molecular composition of total seawater DOM
from Baffin Bay, via the use of a novel 1H nuclear
magnetic resonance (1H-NMR) spectroscopy
water suppression technique for aqueous organic
samples. These include the most total seawater
1H-NMR data for any ocean region, allowing us
to create a comprehensive “map” of DOM compo-
sition in Baffin Bay. We will discuss these data in
the context of unique DOM sources (advected,
autotrophic, glacial, and sea-ice) and microbial
recycling of DOM with water mass advection.
Overall, this research will provide a better under-
standing of the composition and cycling of DOM
in the Canadian Arctic.

Session:MAR40— Air–sea gas exchange and bio-
geochemical processes in Arctic Shelf Seas

ID: 629

Epidemiological situation of dog bites
and related human exposures to rabies
in Nunavik, Québec (2008–2017)

Sarah Mediouni1, Mario Brisson2, and André
Ravel1

1Université de Montréal, Montreal, QC, Canada.
2Régie régionale de la santé et des services sociaux du Nunavik,
Kuujjuaq, QC, Canada.

Abstract: In northern Québec, Arctic rabies is still
endemic with cases being identified, in different
animal species, almost every year. With regards
to the important role they play in Inuit commun-
ities, dogs represent a meaningful source of expo-
sure for humans, mainly through bites. The
purpose of the present study was to investigate
dog bite occurrence in Nunavik through the analy-
sis of the public health board database for
reported bites. Three hundred and twenty cases

of animal-to-human bites were recorded from
2008 to 2017, of which 293 were dog bites (92%).
Bite occurrence increased significantly during the
study period, especially since 2013. Forty-five per-
cent of all bites were seen in children under 15
years old. Males were generally over-represented
compared with females (sex ratio= 1.63) and the
age distribution in victims were different between
the two (median age for males= 22 y.o vs.median
age for females = 12 y.o). Fifteen rabid animals
were identified in this study, of which nine were
dogs. The multivariate analysis conducted
revealed that children (<15 y.o) are more likely to
be bitten by dogs (OR = 2.32, p <0.05) and more
often injured in the head and/ or the neck
(OR= 3.67, p= 0.05). Our study is the first to look
into dog bites occurrence in Nunavik. Results
reflect the necessity for an integrated, multidisci-
plinary approach to reduce risk for human and
public health at the human–dog interface.

Session: IHE11 — Arctic One Health: gathering
and mobilizing multiple knowledge type
for healthy animals, communities, and
environments

ID: 393

Small modular nuclear reactors (SMRs)
and hydrogen as part of climate change
solutions in the Arctic: challenges and
opportunities

Alexandra Middleton1

1University of Oulu, Oulu, Finland.

Abstract: Many Arctic communities in Alaska,
Greenland, the Canadian Arctic, and large por-
tions of the Russian Arctic live in “off-grid settle-
ments” that rely on diesel for their energy
needs. Altogether, over 1500 communities with a
total population exceeding 1.5 million inhabi-
tants rely on locally generated power. The latest
research demonstrates that in Canada, 25% of all
remote communities can supplement diesel elec-
tricity generation with renewables, whereas in
Alaska, this number is 15%. Russia is employing
nuclear energy solutions for securing a reliable
electricity supply to remote Arctic settlements
to meet household and industrial energy
demands. In Canada, the deployment of small
modular nuclear reactors (SMRs) in the
Canadian Arctic as part of the decarbonization
strategy has entered the political debate.
Transitioning to sustainable energy solutions in
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the remote off-grid Arctic communities would
require investing in targeted energy solutions,
including nuclear and renewable generating
capacity, including energy storage and back-up
capacity while protecting the rights of
Indigenous communities. The purpose of this
article is to study the challenges and opportuni-
ties of SMRs and hydrogen as part of the transi-
tion to a carbon-free future in the Arctic. I use
publicly available data and interviews with key
stakeholders. The results of the study provide a
holistic picture, including the cost structure of
the deployment of SMRs and hydrogen solutions
in the off-grid Arctic settlements.

Session: NPD72 — Energy transitions in the
north

ID: 640

Design and test of an UAV-based ice-
penetrating radar system for iceberg
thickness measurement

Laurent Mingo1, Carl Thibault2, Alexandra
Pulwicki1, Rob Briggs3, and Tony King3

1Blue System Integration Ltd., Vancouver, BC, Canada.
2MakeTech Aerospace Corporation, St. John’s, NL, Canada.
3C-Core, St. John’s, NL, Canada.

Abstract: Approaches to monitoring the physical
characteristics of the Arctic are evolving quickly
with advancing technologies. In particular,
uncrewed aerial vehicles (UAVs) are increasingly
ubiquitous, especially for applications with pay-
loads such as optical and multi-spectral sensors.
Here, we focus on the first prototype of a novel
UAV-based ice-penetrating radar (IPR) system
built and operated to remotely assess the physi-
cal characteristics of large ice-bodies such as ice-
bergs and ice-islands in the context they can
pose a significant threat to marine infrastruc-
ture, and are of scientific interest in understand-
ing a rapidly changing Arctic. The design steps
and initial results of what is to our knowledge
the first iceberg survey with an UAV-IPR are pre-
sented. First, we developed a simple, ray-based
radar forward model, “IPRForward”, to synthe-
size idealized IPR transects across various simpli-
fied iceberg shapes and patterns. This gave us
insights as to what to expect with actual data,
and also provided indications as to how the ice-
berg surface geometry might influence the mea-
surements. Second, we adapted the IceRadar
system, which is a roving IPR regularly used for

land-based glaciers, such that it could be carried
and operated from the UAV platform; adapta-
tions were made in terms of weight, volume,
and geometry as well as with antenna configura-
tion. We also discuss the challenges of operating
the UAV system in an offshore environment (as
opposed to land-based) and present some of the
associated radar data obtained in the field.

Session: LTM10 — Applications of unmanned
vehicle systems in Arctic research and
monitoring

ID: 141

When Arctic migratory species connect
tundra with the rest of the globe: the case
of Bylot Island

Louis Moisan1, Dominique Gravel2, and Joël Bêty1

1Université du Québec à Rimouski, Rimouski, QC, Canada.
2Université de Sherbrooke, Sherbrooke, QC, Canada.

Abstract: Numerous migratory bird species ben-
efit from the productivity and the lower predation
risk provided by the Arctic tundra in summer to
breed and raise their young. However, at the end
of the summer they leave the tundra and often
travel thousands of kilometres to reach diverse
habitats such as the grasslands of South America,
the shorelines of the Atlantic coast, and the upwell-
ing zones in West Africa. Habitats used as stopover
sites and overwintering areas by Arctic species face
multiple anthropogenic and environmental stres-
sors. The conditions encountered by birds in their
overwintering areas may have direct and delayed
repercussions on their reproduction and survival.
To adequately anticipate the effects of global
change on Arctic biodiversity, it is, therefore,
essential to consider the location and the type of
habitats used by migratory species during their
entire annual cycle. Our objective is to define a
method to characterize a globalmigration network
of a High Arctic tundra community, focusing on
the Bylot Island tundra (Nunavut, Canada) as a case
study. We consider 35 species, of which 28 are
migratory bird species. Data come from species dis-
tribution maps (BirdLife International), bird-
watching (Ebird), banding recoveries, and tracking
devices deployed at the study site on various spe-
cies. By gathering these data, we locate terrestrial
and marine ecoregions of the globe visited by
migratory species during winter. We link Bylot
food web with visited ecoregions to define a global
migration network. This method presents the
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number, the type, and the distribution of ecore-
gions that an Arctic ecosystem is connected to.
The network properties are used to locate regions
across the globe with a high conservation value
for Arctic biodiversity. Representing Bylot Island
migration network is a first step in assessing
Arctic ecosystems sensitivity to environmental
changes happening to distant, but connected
locations.

Session: TER80 — Seasonal strategies of Arctic
wildlife

ID: 630

Student success in Makkovik,
Nunatsiavut

Sylvia Moore1 and Jodie Lane2

1Memorial University of Newfoundland, St. John’s, NL, Canada.
2Nunatsiavut Government, Nain, NL, Canada.

Abstract: Quality education in remote areas of
Canada’s north is an important factor in commu-
nity resilience, sustainable development, and
Inuit self-determination. However, schools in
northern communities face challenges that
include high dropout rates, teacher retention,
and the incorporation of curricula and pedago-
gies that are both culturally and linguistically rel-
evant. The National Strategy on Inuit Education
calls for Inuit specific education research and
capacity building (2011) and the Forum on
Research in Inuit Education (2013) identified
strengths and research priorities in Inuit educa-
tion. Building on research into the foundations
of student persistence and success in Inuit
Nunangat, this is a case study with the commu-
nity of Makkovik, Nunatsiavut. In addition to
publicly available school information, the study
included a focus group with educators and indi-
vidual interviews with Elders, parents, and
recent graduates. The research revealed that
most youth complete grade 12 and there is a high
rate of post-secondary enrolment and comple-
tion. The ways in which education is valued, the
expectations community members have of stu-
dents, and the strategies and supports that are
in place for the many educational challenges that
exist, all point to a “culture of education”. The
community’s narratives highlight the important
roles that both parents and teachers have in this
milieu. The research offers further clues as to
the ways in which this culture of education is
embedded in all aspects of community life and

how students stay motivated in their academic
persistence.

Session: IHE28 — Mapping the landscape of
Inuit Education

ID: 792

Community sea-ice safety mapping
through co-designed geospatial
education

Lynn Moorman1,2, Rebecca Segal2, Andrew
Arreak2, Rex Holwell2, and Trevor Bell2,3

1Mount Royal University, Calgary, AB, Canada.
2SmartICE Sea Ice Monitoring & Information Inc., St. John’s,
NL, Canada.
3Memorial University, St. John’s, NL, Canada.

Abstract: Earth observation satellites capture
information that is critically important to the
understanding and monitoring of rapidly chang-
ing sea-ice conditions. Interpretation of both
radar and optical imagery, integrated with in-situ
observations and Inuit Qaujimajatuqangit (IQ),
can inform communities of hazardous ice condi-
tions and features at local to regional scales.
Although sea-ice data are collected, mapped,
and shared by government agencies, their focus
is primarily on shipping, not snowmobile travel.
SmartICE has created an initiative to enable their
local operators to conduct ice condition analyses
with remote sensing data and techniques to aug-
ment community sea-ice knowledge and observa-
tions, with the goal of producing frequent
community-relevant sea-ice travel safety maps.
These maps will be owned by, and shared within,
the communities. A training program and cur-
riculum are being co-created to build local exper-
tise in remote sensing interpretation and digital
mapping skills. Inuit epistemology and social val-
ues lead the development. Informed by work-
shops that document local Inuit sea-ice
knowledge and terminology, the curriculum
development takes a Two-Eyed Seeing approach
to weave technology and remote sensing learn-
ing with existing sea-ice IQ. The instructional
design is informed by learning preferences and
values documented in a preliminary workshop
with operators, and is iterative in nature, incor-
porating the development and testing of active
learning elements to ensure there are multiple
pathways to engage and secure learning.
Concepts and terminology are expressed through
digital animations and innovative tactile models
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where possible, which ultimately may support
remote sensing education in a broader context.
Communities in the pilot project include Nain
(Nunatsiavut) and Mittimatalik (Nunavut); how-
ever, the long-term goal is to implement the pro-
gram and increase the scope of operator
expertise across Inuit Nunangat. This will require
extensive community engagement to ensure the
curriculum and learning remains locally relevant
and culturally contextualized.

Session: NPD61 — Tailoring polar weather,
water, ice, and climate information and services
to address diverse user needs

ID: 431

Historical northern hemisphere snow
cover trends and projected changes in
the CMIP6 multi-model ensemble

Lawrence Mudryk1, Gerhard Krinner2, Chris
Derksen1, Maria Santolaria-Otin2, Martin
Menegoz2, Claire Brutel-Vuilmet2, Richard
Essery3, and Mike Brady1

1Environment and Climate Change Canada, Gatineau, QC,
Canada.
2Universite Grenoble Alpes, Saint-Martin-d’Hères, France.
3University of Edinburgh, Edinburgh, UK.

Abstract: An ensemble of six observation-based
products were used to produce a new time series
of historical northern hemisphere snow extent
anomalies and trends; a subset of four of these
products were used for snowmass. Trends in snow
extent over 1981–2018 are negative in all months,
and exceed −50 × 103 km2/decade during
November, December, March, andMay. Snowmass
trends are approximately −5 Gt/year or more for
all months from December to May. The observatio-
nal ensembles were used to evaluate historical
simulations from models participating in the 6th
phase of the World Climate Research Programme
Coupled Model Inter-comparison Project (CMIP6).
Overall, the CMIP6 multi-model ensemble better
represents the snow extent climatology over the
1981–2014 period for all months, correcting a low
bias in CMIP5. Simulated snow extent and snow
mass trends over the 1981–2014 period are slightly
stronger in CMIP6 than in CMIP5, although large
inter-model spread remains in the simulated
trends for both variables. There is a single linear
relationship between projected spring snow
extent and global surface air temperature (GSAT)
changes, valid across all CMIP6 shared

socioeconomic pathways. This finding suggests
that northern hemisphere spring snow extent will
decrease by about 8% relative to the 1995–2014
level per °C of GSAT increase. The sensitivity of
snow to temperature forcing largely explains the
absence of any climate change pathway depend-
ency, similar to other fast response components
of the cryosphere such as sea ice and near surface
permafrost.

Session: TER79 — The changing Arctic
cryosphere

ID: 721

Plant phenology and productivity is
mediated by tundra microclimate

Isla Myers-Smith1, Elise Gallois1, Maude Grenier1,
Joe Boyle1, Shawn Schneidereit1, Geerte de Jong2,
Gergana Daskalova1, Mariana García Criado1,
Jakob Assmann3, Jeffrey Kerby4, Alison
Beamish5,6, and Etienne Laliberté7

1School of GeoSciences, University of Edinburgh,
Edinburgh, UK.
2Department of Biology and Environmental Sciences,
University of Gothenburg, Gothenburg, Sweden.
3Department of Biology, Aarhus University, Aarhus, Denmark.
4Aarhus Institute of Advanced Studies, Aarhus University,
Aarhus, Denmark.
5Helmholtz Centre Potsdam (GFZ), Potsdam, Germany.
6Alfred Wegener Institute, Bremerhaven, Germany.
7Institut de recherche en biologie végétale, Université de
Montréal, Montreal, QC, Canada.

Abstract: Tundra ecosystems are responding as
the Arctic warms, leading to greening observed in
satellite and ecological monitoring data. The
resulting increased growth of plants (i.e., plant
productivity) may be altering vegetation–carbon
interactions. Up to a third of the world’s soil car-
bon is stored in high-latitude frozen soils, and tun-
dra vegetation protects those frozen soil carbon
stores from thaw. Thus, tundra vegetation change
may influence carbon losses and potentially
amplify global climate feedbacks. Recent research
suggests that tundra plant responses to warming
are mediated by microclimate — the landscape-
level local climate conditions in which plants
grow. Plants in warmer and wetter microclimates
could take advantage of longer growing periods,
leading to increased plant productivity. If microcli-
mate is a major driver of the effects of warming on
tundra plants, we need additional landscape-level
information to make accurate future projections
of Arctic vegetation change. Funded by a 2020

Abstracts 53

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



Natural Environment Research Council UK –

Canada Collaboration Bursary, we conducted a
“remote field season”, working with existing
drone, time-lapse camera (phenocam) and air-
borne hyperspectral data from the NASA Arctic
Boreal Vulnerability Experiment project and High
Latitude Drone Ecology Network collaboration
and comparing those data with satellite data from
2020. We found that microclimate can be used to
predict patterns of plant productivity across the
landscape on Qikiqtaruk — Herschel Island (YT,
Canada). On south-facing slopes, leaves emerged
earlier. In the wetter parts of the landscape, leaves
senesced later and the overall greenness was
higher. Microclimates and microtopography
explained variation in satellite observations of the
start and end of the growing season and peak
greenness (normalized difference vegetation
index) among years. Our results highlight that
landscape variation in microclimate and microto-
pography are important controlling factors of
plant phenology and productivity. Thus, future
analyses of Arctic greening trends should account
for landscape context and, in turn, the conse-
quences of vegetation change for Arctic carbon
stores.

Session: TER78 — Arctic plants in changing
landscapes

ID: 299

Inuit knowledge and research

Mikhaela Neelin1 and Lucy Grey2

1McGill University, Montreal, QC, Canada.
2Kativik Regional Goverment, Kuujjuaq, QC, Canada.

Abstract: Lucy Grey is the Inuit Research Advisor
for Nunavik and shares her experience working
with researchers in the region (Filmed in English
with Inuktitut subtitles). She explains that histori-
cally, Inuit have been left out of research and that
their knowledge has been considered “anecdotal”.
Research approaches are evolving, and finally
Inuit are starting to be able to take a more active
role in research. She describes two research proj-
ects involving successful collaboration with Inuit
to create knowledge that is beneficial to their com-
munities (Nutaratsaliit qanuingisiarningit niqi-
tuinnanut and Qanuilirpitaa? 2017). Even with
good relationships between scientists and Inuit,
Western researchers can still have their own biases
that affect how they interpret the data, so it is very
important to consider Inuit knowledge and

perspectives in every step of the research process.
Ultimately, when Inuit knowledge and scientific
knowledge are merged, they give everyone a bet-
ter understanding of our world.

Session: KEP37 — How Inuit Qaujimajatuqangit
(knowledge) fits into research

ID: 363

Pteropod shell dissolution in
Amundsen Gulf

Andrea Niemi1, Nina Bednarsek2, Richard Feely3,
Christine Michel1, James D. Reist1, William
Williams4, Kumiko Azetsu-Scott5, and Wojciech
Walkusz1

1Freshwater Institute, Fisheries and Oceans Canada, Winnipeg,
MB, Canada.
2Southern California Coastal Water Research Project
(SCCWRP), Costa Mesa, CA, USA.
3NOAA Pacific Marine Environmental Laboratory, Seattle,
WA, USA.
4Institute of Ocean Sciences, Fisheries and Oceans Canada,
Sidney, BC, Canada.
5Bedford Institute of Oceanography, Fisheries and Oceans
Canada, Dartmouth, NS, Canada.

Abstract: Increasing atmospheric CO2, cold
water temperatures, and freshwater inputs all
contribute to enhanced acidification in Arctic
waters. However, ecosystem effects of ocean
acidification in the Arctic Ocean are highly
uncertain. We assessed the distribution and shell
condition of the pteropod Limacina helicina, in the
Amundsen Gulf in August 2014 and 2017. The
majority of individuals were located between 25
and 100 m depth, corresponding to upper halo-
cline water of Pacific origin. In both 2014 and
2017, >85% of L. helicina assessed (n = 134) dis-
played shell dissolution and advanced levels of
dissolution occurred at all stations. The severity
of dissolution was not significantly different
between 2014 and 2017 despite the presence of
larger individuals that are less prone to dissolu-
tion, and higher food availability that can pro-
vide some physiological benefits in 2014. The
majority of dissolution was observed on the first
whorl of the shells strongly indicating that dam-
age was initiated during the larval stage of
growth in May or early June when sea ice is still
present. Evidence of shell repair was present in
2014, likely supported by abundant food avail-
ability in 2014 relative to 2017. The proportion of
damaged L. helicina collected from coastal embay-
ments and offshore stations is higher than in
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other Arctic and temperate locations indicating
that exposure to corrosive waters is spatially
widespread in the Amundsen Gulf region, and
periods of exposure are extreme enough to
impact the majority of the population.
Consequences of potential population-level
effects were considered by assessing the presence
of L. helicina in coastal fish diets and the level of
biological impact observed provides a forewarn-
ing for sensitive life stages of other marine
species.

Session:MAR40— Air–sea gas exchange and bio-
geochemical processes in Arctic Shelf Seas

ID: 754

Should we expect shift in beluga habitat
use in the context of climate change —

case of inshore Mackenzie Estuary and
Tarium Niryutait Marine Protected Area

Aurelie Noel1, Emmanuel Devred2, John Iacozza1,
Stephane McLachlan1, Douglas Esagok3, and Lisa
Loseto2

1University of Manitoba, Winnipeg, MB, Canada.
2Fisheries and Oceans Canada, Vancouver, BC, Canada.
3Inuvik Hunters and Trappers committee, Inuvik, NT, Canada.

Abstract: Qilalugaq — beluga whales, are an
important resource for Indigenous communities
in the Inuvialuit Settlement Region (ISR). Every
summer, the Eastern Beaufort Sea (EBS) beluga
whale population forms large clusters inshore
the Mackenzie Estuary and the Tarium Niryutait
marine protected area (TNMPA). Belugas are usu-
ally found in shallow turbid water under low
winds, low salinity, and warm sea surface tem-
perature, potentially using them for scraping off
moulted skin, feeding, predator avoidance, and
as a thermal advantage for calves. These areas
are facing increasing biogeochemical and physi-
cal stress due to climate change, with unknown
impact on summer beluga habitat and habitat
use. This project, guided by ISR community per-
spectives and supported by the Inuvik commu-
nity, aims at providing a meaningful
understanding of how belugas interact with their
inshore summer environment. Following a
knowledge co-production framework, traditional
ecological and local knowledge (TE/LK) and
Western science will complement each other. As
belugas use resources differently depending on
habitat characteristics, a resource selection func-
tion (RSF) model has been chosen to measure

habitat selection and assess preferences. A total
of 611 beluga inshore observations were collected
from aerial surveys conducted over three days,
from 21 July to 2 August 2019. Satellite-derived
surface seawater properties, including tempera-
ture, suspended particulate matter, and chloro-
phyll-a concentration, were extracted from
resampled 250-m resolution Aqua MODIS image-
ries and used as environmental predictors. Due
to current pandemic restrictions, only secondary
sources of TE/LK on beluga habitat have been
explored to date, and ethically approved re-analy-
sis of TE/LK projects has been envisioned. Co-
interpretation of the RSF outputs with Inuvik
knowledge holders is anticipated to make a
broader sense of the outcomes, building on each
other knowledge. Ultimately, our findings could
be used to improve predictions of belugas
responses to rapid environmental changes and
for enhancing the future management of the
TNMPA.

Session: KEP30 — Sharing knowledge on Natsiq/
Natsik (ringed seal) and Qilalugaq/Kilalugak
(beluga whale) from Inuit and scientific perspec-
tives in Inuit Nunangat

ID: 439

What is needed to ensure Inuit students
are taught by Inuit educators?

Melanie O’Gorman1

1Department of Economics, University of Winnipeg, Winnipeg,
MB, Canada.

Abstract: The importance of Inuit educators in
schools in Inuit Nunangat is well-known; how-
ever, currently the demand for Inuit teachers
exceeds the supply of Inuit teacher education
graduates, so Inuit students could pass through
their schooling without working with an Inuit
teacher. The majority of Inuit teachers are in the
lower grades in primary school or, in some cases,
teaching in high school with primary-level quali-
fications. In spite of the development of innova-
tive programs (e.g., the Inuit Bachelor of
Education at Memorial University) evidence con-
tinues to highlight the urgent need to recruit,
train and hire more Inuit into teaching and lead-
ership positions across Inuit Nunangat. This is
the subject being explored by a research project
entitled “Effective teachers for successful stu-
dents: An investigation into the preparation and
resiliency of Northern educators”. This project
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will compile information on what Inuit educa-
tors identify as essential features of existing
teacher education programs, how existing
teacher education programs could be reformed
to meet their needs, and what reforms in
schools/school boards are needed to assist them
in their positions. This session will present a draft
survey for Inuit educators and Inuit teacher edu-
cation students, to request feedback on the types
of questions that are needed. The surveys
asks questions on factors influencing what
brings Inuit into the education profession, how
Inuit teachers are trained and what supports/pro-
fessional learning are needed to ensure retention
and the progression of Inuit teachers into leader-
ship positions in schools. Our hope is that this
research will illuminate ways to better support
Inuit teacher and administrator participation
and advancement in schools, and to develop/
reform Inuit-specific Bachelor of Education
programs, graduate programs and professional
learning for Inuit educational leadership.

Session: IHE28 — Mapping the landscape of
Inuit education

ID: 724

New and emerging trends in Arctic
policies and strategies

Barbora Padrtova1 and Karen Everett2

1Masaryk University, Brno, Czechia.
2Université Laval, QC, Canada.

Abstract: Internationally, the Arctic Council uses
the findings of the working groups to inform
their policy recommendations. However, policy
decisions are generally the responsibility of the
individual Arctic states, raising questions as to
how the Arctic states see the relationship
between science and policy. The presentation is
based on the research findings from the
recently-published analysis: “Arctic Policies and
Strategies — Analysis, Synthesis, and Trends”
from Heininen, Everett, Padrtova, & Reissell. The
analysis provides a comparative, deep, systematic
analysis of policies of the Members, Observers,
Permanent Participants of the Arctic Council,
and the Arctic Council chairmanship programs
and ministerial declarations. The report aims to:
(i) understand how perceptions of the Arctic have
changed; (ii) understand how different actors
behave, address, and prioritize issues around rel-
evant factors; (iii) identify the common interests

of, and dynamics of the interplay among stake-
holders; (iv) determine policy consistency and
implementation, identify new and emerging
trends, and discuss them with narratives of
Arctic governance and geopolitics. In particular,
the presentation focuses on the role of science
in the Arctic state and Observer state strategies
and compares the strategies with regards to iden-
tified research priorities, research funding, and
the role of traditional knowledge. Moreover, it
considers the extent to which the documents
make the connection between science and
decision-making.

Session: NDP69 — Science-policy in the North:
Pathways from research to decision-making

ID: 132

Arctic climate extremes are increasing
and constraining expected higher plant
reproductive success in a warmer climate

Zoe Panchen1 and Greg Henry1

1University of British Columbia, Vancouver, BC, Canada.

Abstract: The increase in frequency and severity
of climate extremes are now recognized as part
of contemporary climate change. Arctic plant
reproductive success is predicted to increase
from its currently low levels as the climate
warms. However, climate extremes and the sub-
sequent carry-over effects from year to year add
complexity to this prediction. Multiple Arctic tro-
phic levels experienced reproductive failure in
2018, an extremely cold year. We analysed a
unique long-term record of seed viability from
warmed and ambient plots at Alexandra Fiord,
Ellesmere Island, that started in 1993 and
included 2018 and 2019, an extremely warm year.
July is the principle month for plant growth and
reproduction and we found that Canadian High
Arctic July positive and negative temperature
anomalies have increased significantly in magni-
tude and frequency since 1977. Woody species
seed viability is significantly higher in warmed
than ambient plots, whereas the opposite is true
for forbs species. In 2018, seed viability of woody
plants in ambient plots was significantly lower
than normal but comparable with past years for
forbs. Not all species recovered to normal seed
viability levels in 2019. Since 1993, some species’
seed viability has significantly increased with
the warming climate. We found two contrasting
strategies for timing of seed germination and
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seedling vigour that may affect reproductive suc-
cess in climate extremes. Our study highlights
the potential for increased plant sexual reproduc-
tive failure with increasing climate extremes and
provides some rational for Arctic shrubification
in a warming climate. However, we suggest that
poor seed viability in cold years could constrain
shrubification and allow forb species an opportu-
nity to establish on bare tundra.

Session: TER78 — Arctic plants in changing
landscapes

ID: 639

Potential impacts of sea ice and ship
traffic change to caribou sea ice crossing
areas surrounding King William Island,
Nunavut, Canada

Emmelie Paquette1, Gita Ljubicic2, Cheryl-Ann
Johnson3, Jackie Dawson4, Melissa Weber4, and
Derek Mueller5

1Carleton University, Ottawa, ON, Canada.
2McMaster University, Hamilton, ON, Canada.
3Evironnement et Changement Climatique Canada, Gatineau,
QC, Canada.
4University of Ottawa, Ottawa, ON, Canada.
5Department of Geography and Environmental Studies,
Carleton University, Ottawa, ON, Canada.

Abstract: Caribou (Rangifer tarandus, tuktuit in
Inuktitut) use sea ice to facilitate movements
that fulfill their ecological needs. Ship traffic is
growing in the Kitikmeot region of Nunavut,
and ice-strengthened ships can disrupt sea ice
by breaking it apart. This project explored prior-
ities identified by community members in
Uqsuqtuuq (Gjoa Haven, NU) concerning changes
in sea ice and ship traffic in five caribou crossing
areas surrounding King William Island (KWI).
Using Canadian Ice Service ice charts and
Canadian Coast Guard ship traffic data, the tim-
ing of freeze-up, break-up, length of open water
season, and ship transit was assessed for each
crossing area. Preliminary results were discussed
in workshops in Uqsuqtuuq in September 2018.
Uqsuqtuurmiut (people of Uqsuqtuuq) knowl-
edge of caribou habitat guides our integrative
environmental analysis of crossing areas that
are important to support seasonal movement of
caribou on and off KWI. This project demon-
strates how seasonal freeze-up and break-up tran-
sitions can affect caribou movement, behaviour,
and survival in their use of sea ice habitat.

Considerable interannual sea ice variability is
present in all crossings, with no significant
trends detected over time. However, the timing
of ship voyages in the five crossing areas appear
to be independent of local sea ice conditions,
and are most likely to impact caribou use of sea
ice habitat in the southern crossing area between
KWI and Adelaide Peninsula. Our analysis shows
the importance of mixed methods guided by
Inuit knowledge to assess the complex interplay
of caribou (among other wildlife), sea ice, and
ship traffic in the context of climate change and
increasing marine transportation.

Session: KEP35— Community-based monitoring
and knowledge co-production in wildlife
research

ID: 514

Biophilic healthy Arctic buildings
through adaptive high-performance
envelopes

Mojtaba Parsaee1, Claude MH Demers1, Marc
Hébert2, Jean-François Lalonde3, and André
Potvin1

1École d’Architecture, Université Laval, QC, Canada.
2Centre de Recherche CERVO, Université Laval, QC Canada.
3Electrical and Computer Engineering Department, Université
Laval, QC, Canada.

Abstract: This research focuses on developing
adaptive high-performance envelopes to enable
biophilic healthy buildings in Arctic climates
responding to occupants’ wellbeing needs for
relationships with the outdoor nature and to
energy efficiency requirements. Building enve-
lopes are the main element connecting indoors
to the extreme cold weather and drastic seasonal
photoperiods of arctic climates that must address
occupants’ photobiological (light-related) and
psychological wellbeing needs in terms of posi-
tive relationships with nature and proper light-
ing qualities and darkness at the proper time of
the day. Northern Canada’s building practices
have not yet properly addressed occupants’
photobiological–psychological wellbeing. This
study develops a fundamental adaptive envelope
model based on biophilic and photobiological
factors for arctic buildings that could address
occupants’ wellbeing combined with energy effi-
ciency through efficient positive connections
with outdoor climates. Biophilia characterizes
human–nature relationships in architecture
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affecting psychological wellbeing. Healthy light-
ing responds to occupants’ photobiological well-
being relating to the color temperature and
intensities of lighting impulses during the day.
The proposed adaptive envelope system includes
efficient window sizes to optimize biophilic
indicators, dynamic-colored-insulated shading
panels to control photobiological lighting fac-
tors, and a thermal buffer system made of a glaz-
ing exterior skin to improve thermal/energy
performances. Experimental methods with
physical scale models and imagery techniques
were used to evaluate and optimize healthy light-
ing performance of shading panels of the pro-
posed envelope systems. Numerical models were
developed to optimize biophilic and thermal per-
formance indicators of the proposed envelope
configuration. Results of experimental/numeri-
cal evaluations indicate biophilic, lighting, and
thermal efficiencies of the proposed adaptive
envelope to promote biophilic healthy indoor
environments in a case study of an office in
Northern Canada compared with conventional
façade systems. Outcomes of this research could
enlighten architects, developers, and policymak-
ers regarding Arctic occupants’ wellbeing and
the potential of adaptive envelopes to address
psychological–photobiological needs and energy
requirements in Northern climates.

Session: IHE14 — Health, well-being and the
social determinants of health in the North

ID: 123

Peat bog and lake sediment archives
reveal a lagged response of Taiga Shield
lakes to diminishing atmospheric Hg
and Pb pollution

Nicolas Pelletier1, John Chételat2, Mike Palmer3,
and Jesse Vermaire4

1Department of Geography and Environmental Studies,
Carleton University, Ottawa, ON, Canada.
2Environment and Climate Change Canada, Gatineau, QC,
Canada.
3North Slave Research Centre, Aurora Research Institute,
Aurora College, Yellowknife, NT, Canada.
4Institute for Environmental and Interdisciplinary Sciences,
Carleton University, Ottawa, ON, Canada.

Abstract: North American regulation of
anthropogenic emission sources over the last
three decades successfully reduced atmospheric

concentrations of lead (Pb) and mercury (Hg) over
the continent, including northern Canada.
However, the response of northern lakes to
diminishing atmospheric deposition of Pb and
Hg remains unclear. One uncertainty resides in
our inability to model the transport of legacy pol-
lutants sequestered in catchments toward
aquatic ecosystems. Our objective was to evaluate
individual and cumulative impacts from long-
range and local pollution sources and the role of
catchment processes on Hg and Pb fluxes in sub-
arctic lakes. We deconstructed the metal fluxes
obtained from the records of environmental
archives collected in the subarctic Taiga Shield
and Taiga Plains ecoregions near Yellowknife
(Northwest Territories, Canada). The combina-
tion of records from five peat bogs (atmospheric
processes records) and five lake sediment
(atmospheric and catchment processes records)
allowed us to distinguish the atmospheric and
catchment-based influences on Hg and Pb fluxes
over the last 2000 years. A long-range pollution
signal was evident in the lake sediment and peat
bog records after CE. ∼1800, with additional in-
fluence from local mining after ∼1950. The Hg
and Pb fluxes to the lakes of the Canadian
Shield lakes have increased over the last 20 years
despite declining atmospheric deposition, which
was recorded by peat bogs from the same area.
The increasing Hg and Pb fluxes in Shield lakes
are attributed to lithogenic sources and the
remobilisation of legacy anthropogenic Pb and
Hg. The decreasing influence of the same sources
in Taiga Plains lakes suggests the action of proc-
esses specific to the Shield catchments. This
study indicates that anthropogenic Hg and Pb
from some subarctic lake catchments in the
Northwest Territories will likely continue to be
transported to lakes for decades after the reduc-
tion of atmospheric pollution, with climate
change potentially contributing to this effect.

Session: IHEA13 — Evolving perspective on
Northern Contaminants Research

ID: 375

The movement ecology of Arctic cod and
Polar cod in a warming world: critical
synthesis of current literature

Harri Pettitt-Wade1, Lisa Loseto2, Andrew
Majewski2, and Nigel Hussey1
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1University of Windsor, Windsor, ON, Canada.
2Fisheries and Oceans Canada.

Abstract: Understanding the movement dynam-
ics of Arctic fish species is critical for monitoring
and mitigating climate change impacts on
marine food webs. Through synthesizing current
literature, a state of knowledge can be identified,
and priority research areas established. We con-
ducted a critical synthesis and meta-analysis of
current literature on the movement ecology of
two circumpolar Arctic gadids, Boreogadus saida
(Arctic cod) and closely related Arctogadus glacialis
(Polar cod/Ice cod). Diverse region and season-
specific movement and migrations patterns were
identified, notably associated with spawning and
feeding, sea ice, size segregation with depth,
predators, and competitors. The majority of the
movement literature to date has focussed on B.
saida compared with the rarely studied A. glacialis,
despite both species being considered critical in
Arctic food webs. Most studies were not directly
focussed on understanding the movements of
circumpolar Arctic gadids but provided indirect
evidence of movement behaviour, such as distri-
bution and abundance estimates, and identifica-
tion of cod in the diets of tracked marine
mammals. We critically examine data deficien-
cies in the literature in the context of under-
standing and modeling climate change impacts
on these species’movement ecologies. Large gaps
in understanding of horizontal movements make
measuring climate impacts challenging, com-
pared with vertical movements that have
received greater focus. The disparity in regional
data collection across the Arctic currently pro-
vides greater predictive power for movement
models focused on European and North
American Arctic regions (29% and 86% of articles,
respectively), relative to the logistically challeng-
ing Central Arctic Ocean and Russian–Siberian
Arctic shelves (both 7%). Further, we explore the
region-specific negative and potential positive
impacts of climate change over short- and long-
term scales. We highlight applications of promis-
ing and underutilized toolsets, showcased from a
recent increase in research articles particularly
impactful for understanding the movements of
circumpolar Arctic gadids in the context of cli-
mate change.

Session: MAR43 — Fish and zooplankton in the
central Arctic Ocean — current status of knowl-
edge and new discoveries

ID: 609

Sociocultural factors in relation to
mental health within the Inuit
population of Nunavik

Natalia Poliakova1, Mylene Riva2, Christopher
Fletcher3, Mireille Desrochers-Couture1, Yohann
Courtemanche1, Caroline Moisan1,4, Sarah
Fraser5, Camille Pépin1, Richard Bélanger1,6, and
Gina Muckle4

1Centre de Recherche du CHU de Québec — Université Laval,
QC, Canada.
2Canada Research Chair in Housing, Community, and Health;
Institute for Health and Social Policy, and Department of
Geography, McGill University, Montreal, QC, Canada.
3Département de Médecine Sociale et Préventive, Université
Laval, QC, Canada.
4Faculté des Sciences Sociales, Université Laval, QC, Canada.
5Université de Montréal, Montreal, QC, Canada.
6Département de Pédiatrie, Université Laval, QC, Canada.

Abstract: Mental health has been identified by
Inuit Tapiriit Kanatami — the national organi-
zation of Inuit in Canada — as one of the Inuit
health priorities. Building on the social deter-
minants approach, this study aims to identify
sociocultural factors associated with mental
health among Inuit of Nunavik. Three self-
reported mental health indicators from the
2017 Nunavik Inuit Health Survey were used:
past-week depressive symptoms (continuous
score on the Short Form of the Center for
Epidemiologic Studies Depression Scale, CESD),
and lifetime suicidal ideation and attempts
(two yes/no questions). Numerous sociocultural
factors (e.g., cultural identity, ability to practice
traditional activities, social support, family and
community cohesion) were documented using
questionnaires. Associations of these factors
with indicators of mental health were tested
using weighted multivariate regressions for
the whole population and for men and women
specifically, adjusting for age and socioeconom-
ic factors. Higher CESD score and increased
rates of suicidal ideation and attempts were
associated with younger age. In bivariate analy-
ses, numerous sociocultural factors were associ-
ated with lower CESD score as well as lower
rates of suicidal ideation and attempts. In multi-
variate analyses, lower CESD score was specifi-
cally related to more frequent hunting and
fishing for both men and women, to higher
social support for women and higher family
cohesion for men. In a similar way, higher com-
munity cohesion was associated with lower
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rates of suicidal ideation among men and
women, and with lower rates of suicidal
attempts among women. Understanding of
associated sociocultural factors, general and
specific to Inuit culture, may provide a unique
opportunity to address the mental health issues
in a culturally sensitive manner and offer new
preventive avenues. In the future, temporal evo-
lution of the associations and contribution of
other individual and contextual conditions
need to be examined to fully understand a
hypothesized causal pathway.

Session: IHE14 — Health, well-being and the
social determinants of health in the North

ID: 677

Spatial variation in mesopelagic sound
scattering layer density within the Arctic
Ocean

Pierre Priou1, Jørgen Berge2, Hauke Flores3,
Andrew Majewski4, Stéphane Gauthier4, James
Reist4, and Maxime Geoffroy1

1Fisheries and Marine Institute of Memorial University of
Newfoundland, NL, Canada.
2UiT The Arctic University of Norway, Tromsø, Norway.
3Alfred-Wegener Institute Helmholtz Centre for Polar and
Marine Research, Bremerhaven, Germany.
4Fisheries and Oceans Canada, Ottawa, ON, Canada.

Abstract: Mesopelagic fish and zooplankton
form deep scattering layers (DSL) in most
oceans of the world. Spatially extensive (up to
tens of kilometres) DSL have recently been doc-
umented in the High Arctic using hydroacoustic
instruments. Despite increased knowledge of
the distribution of mesopelagic layers in the
Arctic, the drivers of their density and distribu-
tion remain unknown. Here, we document the
density, spatial, and vertical distribution of
DSL in several regions of the Arctic Ocean to
test the hypothesis that the intrusion of
Atlantic water is the main driver of the back-
scatter intensity (a proxy for density) of mesope-
lagic organisms in Arctic seas. We analyzed
acoustic data collected between 2015 and 2020
north of Svalbard, in the Fram Strait, in the
Beaufort Sea, in Baffin Bay, and in the central
Arctic Ocean. DSL were present in all regions.
The acoustic density varied across Arctic seas
and was generally higher in areas with strong
Atlantic water inflow than anywhere else. We
suggest that the sustained and enhanced

advection of warm water masses into the
Arctic Ocean could lead to regional increases in
the density of mesopelagic organisms.

Session: MAR43 — Fish and zooplankton in the
central Arctic Ocean — current status of knowl-
edge and new discoveries

ID: 752

An emerging Arctic research data
infrastructure: socio-technical systems
development through the Canadian
Consortium for Arctic Data
Interoperability

Peter Pulsifer1, Amos Hayes2, David Arthurs3,
Etienne Godin4, Claire Herbert5, Shannon
Christofferson6, Rebekah Ingram1, Samir
Sellars2, Ravi Sankar6, and Maribeth Murray6

1Geomatics and Cartographic Research Centre, Carleton
University, Ottawa, ON, Canada.
2Geomatics and Cartographic Research Centre, Ottawa, ON,
Canada.
3Polar View Earth Observation, Herlev, Denmark.
4Centre d’études Nordiques, Université Laval, QC, Canada.
5University of Manitoba, Winnipeg, MB, Canada.
6Arctic Institute of North America, University of Calgary,
Calgary, AB, Canada.

Abstract: The Canadian Consortium for Arctic
Data Interoperability (CCADI) brings together
multiple organizations to facilitate data sharing
among diverse groups of data providers and
users. This takes the form of facilitating informa-
tion discovery, establishing sharing standards,
and enabling interoperability among existing
data infrastructures. As CCADI enters its second
phase of development a multi-tier data network
and platform (system) is emerging through
design, co-production, and iterative and adaptive
processes. This system is well-positioned to sup-
port evidence-based decision making on
northern, national, and global issues. Bringing
together scientific, Indigenous, and operational
data requires appropriate mediation and repre-
sentation strategies and associated technologies.
In this presentation, we present and discuss the
current status of the CCADI system. This
includes, but is not limited to, the description of
foundational protocols (standards, conventions,
policies etc.), technologies and methods used to
serve data, integration and analysis tools, and
innovative methods for making data understand-
able and usable by a wide range of different
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audiences. We conclude the presentation with a
critical analysis of the socio-technical nature of
the system and the processes used to develop
the CCADI system. Technical obstacles are promi-
nent; however, co-producing solutions that
involve many actors at multiple organizational
and geographical scales prove both challenging
and rewarding.

Session: LTM03 — Digital tools & data manage-
ment for long-term monitoring and decision
making

ID: 366

Towards holistic and integrated energy
systems planning: linking innovation,
economics, and policy for sustainable
energy systems in Northern remote
communities

Marvin Rhey Quitoras1, Dave Lovekin1, and
Curran Crawford2

1Pembina Institute, Calgary, AB, Canada.
2University of Victoria, Victoria, BC, Canada.

Abstract: Indigenous peoples in Northern
remote communities are experiencing some of
the worst catastrophic effects of climate change,
given that the Arctic region is warming twice as
fast as the rest of the world. Paradoxically, this
increasing temperature can be attributed to fos-
sil fuel-based power generation on which the
North is almost totally reliant. At the moment,
diesel is the primary source of energy to majority
of Arctic communities. In addition to greenhouse
gas and other airborne pollutant exposure, this
situation increases the risk of oil spills during
fuel transport and storage. Moreover, shipping
fuel is expensive and ice roads are harder to
maintain as temperatures rise. As a result,
Northern governments are burdened by rising
fuel prices and increased supply volatility. In an
effort to reduce diesel dependence, this work
explores novel holistic approaches on how to
link policy, clean energy innovations, and robust
energy modeling techniques to help build more
resilient and cost-effective energy systems for
the Canadian Arctic region and remote commun-
ities in general. In particular, a multi-objective
energy system model has been developed to
determine the optimal configuration of inte-
grated electrical and thermal energy systems for
Northern remote communities in Canada. The
modeling technique presented demonstrates

multiple pathways (and trade-offs) in achieving
financial savings while reducing environmental
emissions and diesel dependence. Ultimately,
insights and real-world applications have been
synthesized to provide coherent recommenda-
tions on strategies to address the trilemma of
challenges relating to energy security, energy
affordability, and environmental sustainability,
along with meaningful propositions towards
Indigenous-led energy projects. The formulated
recommendations from this study also support
the policy work of Pembina Institute in the
Indigenous Off-Diesel Initiative (IODI) program
of Natural Resources Canada, which will also be
part of the presentation.

Session: NPD72 — Energy transitions in the
North

ID: 283

Population living on permafrost in the
Arctic

Justine Ramage1, Leneisja Jungsberg1, Shinan
Wang1, Sebastian Westermann2, Hugues
Lantuit3, and Timothy Heleniak1

1Nordregio, Stockholm, Sweden.
2University of Oslo, Oslo, Norway.
3Alfred Wegener Institute, Bremerhaven, Germany.

Abstract: Permafrost thaw is a challenge in
many Arctic regions, modifying ecosystems and
affecting infrastructure and livelihoods. There
has been no demographic study on the popula-
tion on permafrost. We present the first esti-
mates of the number of inhabitants on
permafrost in the Arctic Circumpolar
Permafrost Region (ACPR) and project changes
as a result of permafrost thaw. We combine cur-
rent and projected population at the settlement
level with permafrost extent. Key findings indi-
cate that 65% of the settlements within the
ACPR are on permafrost, accommodating 5 mil-
lion inhabitants, of whom 1 million live along a
coast. Climate-driven permafrost projections sug-
gest that by 2050 42% of the permafrost settle-
ments will become permafrost-free due to
thawing. Among the settlements remaining on
permafrost, 42% are in high hazard zones, where
the consequences of permafrost thaw will be
most severe. In total, 3.3 million people in the
ACPR currently live in settlements where perma-
frost will degrade and ultimately disappear
by 2050.
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Session: TER79 — The changing Arctic
Cryosphere

ID: 700

Ilisaqsivik Society and Tukumaaq Inc.:
self-determination as an operating
model and an outcome

Malcolm Ranta1 and Jakob Gearheard2

1Ilisaqsivik Society and Tukumaaq Inc., NU, Canada.
2Formerly Ilisaqsivik Society & Tukumaq Inc., NU, Canada.

Abstract: Incorporated in 1997, Ilisaqsivik is a
community initiated and community-based Inuit
organization and Canadian Charity located in
Clyde River, Nunavut. Ilisaqsivik is governed by
the community and for the community by a
community board of directors. Ilisaqsivik is an
organization of Inuit who are rebuilding their
community and their future. In reality, Ilisaqsivik
is the beating heart of the community —

doing whatever is needed and doing it in a way
that works for Inuit. Ilisaqsivik’s programs are
wide-ranging and often unprecedented — every-
thing from building their own community’s
library to running a school breakfast program,
from Inuktitut-language counselling to a
Heritage and Research Centre. Ilisaqsivik’s
work has a common thread — increasing well-
being and personal potential across Nunavut.
Ilisaqsivik runs over 60 programs across Inuit-
led focus areas such as health, skills training,
language, counselling, and Elder knowledge.
Many of their initiatives have grown into signifi-
cant entities in their own right, like their social
enterprise division Tukumaaq Inc., incorporated
in October 2008, that is building long-term, self-
sustaining income to support Ilisaqsivik’s
charitable programming. Tukumaaq owns and
operates Clyde River’s new hotel, and a media
centre, as well as manages a second community
hotel, and provides community Internet and cell
phone services. This model allows Ilisaqsivik to
have a social entrepreneurial arm that generates
profit while also contributing to local economic
development through employment, training
opportunities, and tourism. Ilisaqsivik’s goal
with Tukumaaq is that all profits generated will
go towards supporting Ilisaqsivik’s charitable
operations. In their presentation, Malcolm
Ranta and Jakob Gearheard, current and former
Executive Directors of Ilisaqsivik and Directors
of Operation of Tukumaaq, will tell the story,

including challenges, successes and lessons
learned, of why and how the social enterprise
Tukumaaq Inc. got started, and how it is having
positive impacts in the community of Clyde
River.

Session: NDP52 — Social enterprise for Arctic
change

ID: 468

Variation in the reproductive traits and
population dynamics of benthic
invertebrates across the Arctic polar
front

Adam Reed1, Jasmin Godbold1, Martin Solan1, and
Laura Grange2

1University of Southampton, Southampton, UK.
2Bangor University, Bangor, UK.

Abstract: Rates of warming in the high northern
latitudes are among the highest globally. One of
the most striking manifestations of this warming
is the dramatic reduction in summer sea ice
extent and thickness over the past few decades.
Despite climate-induced changes in the ocean
and sea-ice environment of the Arctic being well
documented, we know little about the effects of
directional forcing on the persistence and distri-
bution of species. Here, we examine the repro-
ductive traits and population dynamics of two
locally dominant seafloor invertebrates (the
bivalve Astarte crenata and sea star Ctenodiscus
crispatus) across a north–south transect that inter-
sects the polar front in the Barents Sea. Both spe-
cies present large oocytes indicative of
lecithotrophic or direct larval development, but
we find no evidence for differences in the size fre-
quency distribution of oocytes between 74.5° and
81.3° latitude. However, despite gametogenic
maturity, we observed low frequencies of certain
size classes in populations that may be owed to
episodic recruitment failure. We suggest recruit-
ment may be periodic in A. crenata when condi-
tions are favourable. The absence of certain size
classes in C. crispatus and increased pyloric caeca
indices at, and north of, the polar front, indicate
episodic recruitment failure and that food
uptake is greater in these locations, respectively.
Interannual variation in the quantity and quality
of primary production, linked to changes in the
extent and thickness of sea ice, are likely to drive
these patterns in the physiological fitness and
structure of benthic invertebrate populations.
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Session: MAR71 — Species interactions in Arctic
aquatic ecosystems

ID: 169

Hudson Strait inflow: structure and
variability

Natasha Ridenour1, Fiammetta Straneo2, James
Holte2, Yves Gratton3, Paul Myers1, and David
Barber4

1University of Alberta, Edmonton, AB, Canada.
2Scripps Institute of Oceanography, UCSD, La Jolla, CA, USA.
3Institut National de la Recherche Scientifique, QC, Canada.
4University of Manitoba, Winnipeg, MB, Canada.

Abstract: Hudson Strait is the main pathway of
heat, mass, and freshwater exchange between
Hudson Bay, the Arctic, and the North Atlantic.
Flow in the strait can be separated into a baro-
clinic outflow on the southern side of the strait,
directed towards the Labrador Sea, and a baro-
tropic inflow on the northern side, directed
towards Foxe Basin and Hudson Bay. The
Hudson Strait inflow waters affect the physical,
biological, and biogeochemical systems of the
Hudson Bay Complex (HBC), of which the liveli-
hoods of the many Indigenous communities that
surround the HBC depend. It is thought that the
inflow waters are sourced from Baffin Bay, via
the Baffin Island Current, as well as waters from
the Labrador Sea. Knowing the properties of the
inflowing waters will help our understanding of
water mass transformations occurring in the
bay due to tidal mixing, continental runoff, and
sea ice growth and melt. We present data from
two synoptic surveys of the properties and geo-
strophic flow across Hudson Strait from 2008 to
2009, as well as data from four moorings, one
deployed on the southern side to map the out-
flow, and three deployed on the northern side of
the strait to capture the inflow. We present the
first year-round measurements of the Hudson
Strait inflow. The inflow is a weakly stratified,
saline flow, with a less pronounced seasonal cycle
compared with the outflow. Shear is small along
the northern coast, with seasonality in the inflow
being present throughout the water column.
Source waters of the inflow stem from mainly
Arctic Water in the Baffin Island Current, with
small contributions from Transitional and West
Greenland Irminger Waters. Pathways of the
Hudson Strait inflow continue to remain an area
of speculation, although we show that inflow
waters do enter northern Hudson Bay.

Session: MAR39 — Coastal oceanography of
Hudson Bay and James Bay

ID: 26

Sources of methylmercury to ringed seal
foodwebs of Lake Melville, Northern
Labrador

Sarah Roberts1, Jane Kirk1, Liz Pijogge2, Amber
Gleason1, Derek Muir1, Xiaowa Wang1, Elsie
Sunderland3, Igor Lehnherr4, Miling Li5, and
Rodd Laing2

1Environment and Climate Change Canada, Gatineau, QC,
Canada.
2Nunatsiavut Government, Nain, NL, Canada.
3Harvard University, Cambridge, MA, USA.
4University of Toronto, Toronto, ON, Canada.
5University of Delaware, Newark, DE, USA.

Abstract: Communities along the shores of Lake
Melville, which is a large estuarine fjord, are con-
cerned about increases in methylmercury (MeHg)
in traditionally harvested foods due to hydroelec-
tric power developments. Modelling predicts that
MeHg in Lake Melville’s foodweb will increase by
1.3- to 10-fold with the construction of the
Muskrat Falls hydroelectric power plant along
the Churchill River, which supplies 60% of Lake
Melville’s freshwater inputs. To assess the impact
of hydroelectric power production on Lake
Melville’s food web, we have been measuring
total mercury (THg), MeHg, and carbon (C), and
nitrogen (N) isotopes in plankton, lower foodweb
organisms, and seals spanning a freshwater to
marine gradient since 2013. This is a community-
based monitoring project that includes collabora-
tions with the Nunatsiavut government and com-
munity members of Happy Valley Goose Bay,
Northwest River, and Rigolet. During traditional
harvests, liver and muscle from 97 seals, includ-
ing 13 adults and 52 juveniles have been col-
lected, which is important as juveniles are
preferentially consumed in this region. Average
MeHg in muscle (geometric mean=0.12 μg/g ww)
and liver (geometric mean = 0.13 μg/g ww) were
below subsistence guidelines of 0.25 μg/g (ww);
whereas 16% (n = 7) of juvenile and 62% (n = 8) of
adult muscle samples were above subsistence
guidelines, and 29% (n = 15) of juvenile and
all (n = 13) of adult liver samples surpassed
subsistence guidelines. For plankton and
lower foodweb organisms, sampling has been
conducted annually since 2016 during Lake
Melville’s highest productivity season along a
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transect from freshwater to marine influenced
regions. Plankton results show higher levels of
THg and MeHg at inland sites influenced by
freshwater from the Churchill River compared
with more marine sites. Relationships between
Hg and C & N isotopes in the complete foodweb
will be presented to gain an understanding of
the influences of terrestrial and marine Hg
sources.

Session: IHEA13 — Evolving perspective on
Northern Contaminants Research

ID: 488

Quantification of the mixing depth in
the Barents Sea

James Rodgers1, Judith Braun1, Mark Inall1, and
Finlo Cottier1

1Scottish Association for Marine Science, Oban, UK.

Abstract: Understanding how the mixing envi-
ronment is driven by the wind, oceanography,
and sea ice is key to predicting the transport of
heat and nutrients in the changing Arctic.
Turbulent mixing drives nutrient and carbon
cycling and productivity in the region, as well as
feedback effects on sea ice extent and thickness
through heat fluxes. Much of the turbulent mix-
ing of nutrients and heat up to the surface is
done in the mixing layer, the highly energetic
surface region where wind drives turbulent mix-
ing at levels greatly elevated from the back-
ground level at deeper depths. However, there is
a lack of understanding of the controlling factors
on the depth of this mixing layer in Arctic waters.
The Barents Sea is undergoing rapid change due
to Atlantification as sea ice retreats. Here, we
use data collected using a freefall turbulence
probe during the interdisciplinary Arctic PRIZE
cruises in the Barents Sea region in the spring
and summer of 2018. During this period the
Barents Sea became virtually ice free, and we
quantify the relationship between wind, stratifi-
cation, sea ice, and mixing depth. Winds are the
primary driver of mixing depth, with stronger
winds increasing turbulent energy input to the
water column. Current literature suggests that
broken sea ice cover increases the efficiency of
this transfer in comparison with open water,
whereas 100% cover reduces it. Stratification of
the water column reduces the mixing depth for
a given turbulent energy input. These findings
allow the mixing depth to be estimated in areas

without direct observations. They have also
increased our understanding of the drivers and
effects of changes to mixing depth as the Arctic
transitions to a reduced sea ice state, as well as
the link between the mixing depth and nutrient
fluxes to the surface that fuel summer plankton
blooms.

Session: MAR45 — Ocean dynamics in the Arctic
Ocean and connected waters

ID: 21

The joint roles of freshwater and vertical
mixing on the seasonal halocline in the
Canada Basin: 1975 versus 2006–2012

Erica Rosenblum1, Julienne Stroeve1, Sarah Gille2,
Bruno Tremblay3, Eddy Carmack4, David Barber1,
Camille Lique5, Thiago Loureiro6, Ryan Galley1,
Jennifer Lukovich1, and Robert Fajber7

1University of Manitoba, Winnipeg, MB, Canada.
2University of California San Diego, La Jolla, CA, USA.
3McGill University, Montreal, QC, Canada.
4Fisheries and Oceans Canada, Ottawa, ON, Canada.
5Ifremer, Brest, France.
6Toronto.
7University of Toronto, Toronto, ON, Canada.

Abstract: Upper-ocean stratification impacts the
exchange of heat, energy, and moisture between
the atmosphere, sea ice, and the deeper ocean.
A number of seasonal processes that control
upper-ocean stratification are changing in
response to Arctic sea ice retreat over the past
several decades, including seasonal freshwater
input and wind-driven vertical mixing. However,
the exact manner by which these processes
change under different sea ice conditions or
how they impact the structure and strength of
the upper-ocean stratification is currently unre-
solved. We examine two data sets of full-year,
below-ice observations collected in the Canada
Basin during 1975 as a part of the Arctic Ice
Dynamics Joint Experiment (AIDJEX) and during
2006–2012 using the Ice-Tethered Profiler (ITP)
instrument system. We compare the upper-ocean
seasonal evolution for these two time periods
that are associated with different sea ice condi-
tions to identify signatures of changes to sea-
sonal surface processes and their impact on the
upper-ocean stratification. A simplified, math-
ematical framework allows us to quantify the
impact of two factors that affect upper-ocean
stratification: (1) the amount of freshwater input

64 Arctic Science Vol. 7, 2021

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



to the surface and (2) the vertical distribution of
the freshwater through the water column. The
concentration of freshwater closer to the surface,
without changes to the freshwater input, plays a
vital role in explaining the stronger upper-ocean
stratification in the 2006–2012 ITP data than in
the 1975 AIDJEX data. This may indicate a
decrease in the effectiveness of wind-driven verti-
cal mixing in regions of the Canada Basin that are
transitioning frommulti-year to first-year sea ice.

Session: MAR45 — Ocean dynamics in the Arctic
Ocean and connected waters

ID: 441

Infrastructure implications from
intensified permafrost thaw-driven mass
wasting

Ashley Rudy1, Steven Kokelj2, Jurjen van der
Sluijs3, Lukas Arenson4, and Eva Stephani5

1Northwest Territories Geological Survey, Government of the
NWT, Yellowknife, NT, Canada.
2Government of the Northwest Territories, Yellowknife, NT,
Canada.
3NWT Centre for Geomatics, Government of the Northwest
Territories, Yellowknife, NT, Canada.
4BGC, Vancouver, BC, Canada.
5University of Alaska Fairbanks, Fairbanks, AK, USA.

Abstract: The Dempster Highway connects the
communities of the Beaufort Delta region,
Northwest Territories (NWT) to southern
Canada. In the NWT, the highway traverses flu-
vially incised glaciated terrain consisting of fine-
grained ice-rich tills, creating conditions that
favour retrogressive thaw slump (RTS) develop-
ment. Over the past two decades, climate warm-
ing and intensified rainfall have accelerated the
growth of RTS in this region. Small and shallow
slope-side disturbances have rapidly increased in
size by orders of magnitude, indicating that a
critical terrain stability threshold has been
crossed, where evacuation of slope materials has
stimulated feedbacks perpetuating thaw-driven
mass wasting. Understanding processes, feed-
backs, and trajectories of change are of particu-
lar relevance because RTS are increasingly
affecting the Dempster Highway. Long-term
monitoring of an RTS located 800 m upslope of
the Dempster Highway (28.5 km) that initiated
circa 2002, indicated signs of stabilization.
LiDAR and unmanned aerial vehicle surveys
showed minimal volumetric growth between

2011 (25 900 m3) and 2015 (33 400 m3). However,
in 2017, over 20 000 m3 of slump colluvium was
transported up to 300 m downslope, arriving
within 200 m of the highway embankment.
Evacuation of materials resulted in a four-fold
increase in scar volume to 136 500 m3 by 2018
and formation of a second ice-rich headwall, which
has coalesced with the smaller upper headwall cre-
ating a ground ice exposure >20 m height. Trail
cameras show that material evacuation in summer
2019 occurred as pulses with several distinct flows
overriding the 2018 debris. Rapid enlargement of
this disturbance has increased the potential for
large magnitude thaw-driven flows and risk to
the Dempster Highway. Field monitoring has
informed the establishment of a real-time surveil-
lance system by Department of Infrastructure to
manage these risks. This case study highlights the
importance of permafrost monitoring programs
and strengthening linkages with infrastructure
managers to identify and manage risks posed by
thawing permafrost.

Session: TER89 — Integrating science and engi-
neering education for challenges to northern
infrastructure under a changing climate

ID: 471

Current and future habitat suitability
and abundance of kelps in the eastern
Canadian Arctic

Robert Schlegel1, Jesica Goldsmit2,3, Karen Filbee-
Dexter,2,4, Kathleen MacGregor2,3, Ladd E.
Johnson2, C.J. Mundy5, Amanda Savoie6,
Christopher W. McKindsey2,3, Kimberly
Howlan2,3, and Philippe Archambault2,7

1Department of Oceanography, Dalhousie University, Halifax,
NS, Canada.
2Department de Biologie, Université Laval, QC, Canada.
3Fisheries and Oceans Canada, Ottawa, ON, Canada.
4Institute of Marine Research, Bergen, Norway.
5University of Manitoba, Winnipeg, MB, Canada.
6Centre for Arctic Knowledge and Exploration, Canadian
Museum of Nature, Ottawa, ON, Canada.
7ArcticNet, Québec, QC, Canada.

Abstract: Global change is expected to expose
long stretches of coastline and shallow waters
that, heretofore, were considered inhospitable
to kelp forests due to the presence and thickness
of ice. To better understand the current distribu-
tion of kelp forests in the eastern Canadian
Arctic, kelp were sampled for percent cover and
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species identifications along coastal regions in
this area. This was supplemented with occur-
rence records from global biodiversity databases,
searches in the literature, and museum records.
This information was used to develop an ensem-
ble model to predict habitat suitability and a ran-
dom forest model to predict abundance for
functionally similar kelp genera and families:
Agarum, Alaria, and Laminariales. These model-
ling approaches were then forced using environ-
mental data from 2050 to 2100 based on the RCP
8.5 emission scenario. Both modelling
approaches showed that the potential extent of
Arctic kelps is much larger than the current
sampled sites. The models also agree that kelp
distributions in the eastern Canadian Arctic are
likely to expand in the future under the RCP 8.5
emissions scenario. However, there were
differences between modeling approaches for
both current and future projections for all kelp
species. Notwithstanding model-specific varia-
tion, it is clear that kelps are likely widespread
throughout the area and are likely contributing
significantly to the functioning of the Arctic eco-
system now and will continue to do so into the
future. Results from this study emphasize the
need for the collection of additional data on spe-
cies densities and distributions to better tune
models for more accurate projection of current
and future kelp abundance in the eastern
Canadian Arctic.

Session: MAR49 — Macrophytes in northern
waters: current distribution, future changes and
economic possibilities

ID: 436

(Rail)roads and Arctic communities: a
social science overview

Peter Schweitzer1

1University of Vienna, Wien, Austria.

Abstract: In many parts of the Arctic, modern
transport infrastructures are few and far between.
This results in inconveniences for residents and
visitors alike, but at the same time enables the
continuation of subsistence and cultural practices
in relatively undisturbed natural environments.
In other words, Arctic roads and railroads can
have positive or negative social and cultural conse-
quences for Indigenous and non-Indigenous resi-
dents of the North, but they are certainly not
neutral elements of the built environment.

Recent years have seen increased economic and
geopolitical arctic interests by outside players.
The realization of these interests typically involves
the construction of new or the upgrading of
existing transport infrastructures in the Arctic.
One of the questions resulting from these develop-
ments is whether these roads and railroads will
benefit local residents or whether they will be
used more or exclusively for transporting Arctic
resources south. This presentation is based on a
literature review of the known impacts of roads
and railroads in the North, as well as on data col-
lected in the course of the Austrian Science Fund
project “Configurations of Remoteness” and the
H2020 project “Nunataryuk”, and the research
plan of the forthcoming European Research
Council project “Building Arctic Futures:
Transport Infrastructures and Sustainable
Northern Communities” (INFRANORTH). The goal
is to explore the relationship between arctic com-
munities and transport infrastructures, as well as
to lay the ground work for comparative research
on the social impacts of roads and railroads in
other remote regions of the globe.

Session: IHE20 — Northern roads and railways:
Social and environmental effects of transport
infrastructure

ID: 414

Western section of the Baikal–Amur
railway under the influence of climate
warming and multidirectional
permafrost dynamics: environmental
and economic consequences

Dmitrii Sergeev1

1Institute of Environmental Geosciences, RAS, Moscow, Russia.

Abstract: The climate of the mountainous land-
scapes of eastern Siberia has been dramatically
changing over the past thirty years. Different
regional climate components change at different
rates (air temperature, snow, and wind). In differ-
ent mountain zones, the climate changes syn-
chronously, despite the high variability of
landscapes. Permafrost dynamics are different at
different depths and show different long-term
and short-term apparent trends. Long-term
trends will determine the location of the perma-
frost and affect engineering design decisions.
Short-term trends determine the activity of haz-
ardous processes (thermokarst, heaving, and ice
formation) and affect the economic cost of

66 Arctic Science Vol. 7, 2021

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



maintaining of existing facilities. Short-term
trends can be opposite to climatic trends. For
example, in the Chara Region, over the past
5–7 years, against the background of the general
warming of the climate, the permafrost has
become colder in the valleys and warmer in the
watersheds. The main environmental conse-
quences of the operation of the railway infra-
structure are the more frequent fires caused by
sparks from the pipes of diesel locomotives. The
importance of the operation of the railway infra-
structure is to provide the local population with
food, ensuring their work in transport enter-
prises. The Baikal–Amur Railroad has a strategic
importance. The state responsible persons plan
to expand the railroad capacity in the coming
years, despite the serious costs of engineering
protection from dangerous geocryological
processes.

Session: IHE20 — Northern roads and railways:
Social and environmental effects of transport
infrastructure

ID: 487

How well is research serving
Nunavummiut? Research trends in
Nunavut (2004–2019)

Jamal Shirley1, Gita Ljubicic2, Alison Perrin3, and
Alexis Polidoro2

1Nunavut Research Institute, Iqaluit, NU, Canada.
2School of Earth, Environment and Society, McMaster
University, Hamilton, ON, Canada.
3Department of Geography and Environmental Studies,
Carleton University, Ottawa, ON, Canada.

Abstract: The Nunavut Research Institute (NRI)
has been responsible for developing, facilitating,
and promoting scientific research in Nunavut
since 1994. Under Nunavut’s Scientists Act, one
of the NRI’s core tasks is assessing and issuing
research licenses to ensure that research is a re-
source for the wellbeing of Nunavummiut (peo-
ple of Nunavut). To administer the research
license application, review, approval, and report-
ing process the NRI maintains a research licens-
ing database for all natural, health, and social
science (including studies of Inuit knowledge,
culture, and language) research activities under-
taken in Nunavut. The NRI partnered with uni-
versity researchers through a Social Sciences
and Humanities Research Council Partnership
Engage Grant (2019–2020) to undertake the first

systematic review of research trends in Nunavut
using its licensing database. This review was an
important opportunity to: (i) update the licensing
database technology to improve operational effi-
ciency; (ii) edit records to ensure completeness
and consistency; and, (iii) assess trends in
research over the past 16 years (2004–2019)
related to research teams, locations, timeframes,
and topical focus. In our presentation we will dis-
cuss key findings, including that: annual licenses
issued are increasing over time; natural/physical
sciences and remote field work continue to domi-
nate research activities; research is most
intensely focused in the Qikiqtani (Baffin) region;
Iqaluit, Pond Inlet, Pangnirtung, and Arviat are
most involved in social science and Inuit knowl-
edge research; licensed research activities are
predominantly led by southern universities;
Inuit-led and other small Nunavut organizations
carry the burden of license review; and commun-
ities such as Resolute Bay and Grise Fiord experi-
ence a disproportionately high number of
license review requests. The foundation created
by this analytical review helps to identify
ways to improve Inuit engagement in research,
make research results more accessible to
Nunavummiut, reduce community research
fatigue, and encourage research on issues that
are priorities for Inuit.

Session: NDP69 — Science-policy in the North:
Pathways from research to decision-making

ID: 684

Area and volume changes of Adams
Icefield from 1948 to 2019, Axel Heiberg
Island, Nunavut, Canada

Braden Smeda1, Luke Copland2, and Laura
Thomson3

1Department of Geography, Environment and Geomatics,
University of Ottawa, Ottawa, ON, Canada.
2University of Ottawa, Ottawa, ON, Canada.
3Queen’s University, Kingston, ON, Canada.

Abstract: There has been a marked increase in
melt season length over the past two decades on
glaciers and ice caps within Canada’s Queen
Elizabeth Islands (QEI). Prior to the year ∼2000
(1958–1995) land ice was in a state of slightly neg-
ative mass balance (−11 ± 11.5 Gt year−1), but
recent Gravity Recovery and Climate
Experiment satellite measurements suggest that
mass losses between 2003 and 2015 averaged
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−33 ± 5 Gt year−1. Despite these losses, there is a
lack of information concerning how a warming
climate is affecting small ice bodies, which are
considered sensitive indicators of change due to
their short response time. In this study, we
describe the use of historical and contemporary
aerial photographs, high resolution optical satel-
lite imagery, and ground penetrating radar
(GPR) surveys to determine area, thickness, and
volume changes of Adams Icefield within
Expedition Fiord, Axel Heiberg Island, over the
past six decades. Historical (1959) and contempo-
rary (2019) digital elevation models (DEMs) were
created via aerial photo surveys using Structure-
from-Motion photogrammetry. Volume changes
derived from multiple DEM of difference maps
were validated using ∼36 years of in-situ mass bal-
ance measurements from Baby Glacier (an ice
body within Adams Icefield) collected intermit-
tently between 1959 and 2019 and a 2014 GPR sur-
vey. Results from this study illustrate a steady
increase in area loss prior to the year ∼2000
(1948–1999: 0.62 km2= 0.01 km2 year−1), followed
by a rapid increase in area loss over the past two
decades (2000–2019: 0.80 km2 =0.04 km2 year−1).
As a result, Adams Icefield is now losing ice cover
four times quicker than prior to the year 2000,
leading to significant thickness and volume
changes as well. As a result, it is unlikely that this
ice mass will survive until the end of the 21st
century.

Session: TER79 — The changing Arctic
Cryosphere

ID: 800

Cultivation and contemplation:
opportunities and challenges to growing
food in the Northwest Territories

Erin Snider1, Andrew Spring2, Margaret Lemay3,
David Bysouth3, Josalyn Radcliffe5, Connor
Judge4, Kelly Skinner4, and Merritt Turetsky5

1Carleton University, Ottawa, ON, Canada.
2Wilfrid Laurier University, Waterloo, ON, Canada.
3University of Guelph, Guelph, ON, Canada.
4University of Waterloo, Waterloo, ON, Canada.
5University of Colorado, Denver, CO, USA.

Abstract: In Canada’s Northwest Territories
(NWT), climate change is impacting the access
and availability of traditional foods that are criti-
cal for community health and well-being. As a

result, communities across the NWT are turning
to small-scale agriculture to ensure access to
fresh, healthy food, and build a sustainable food
system. The expansion of local agriculture, as
complementary to traditional community foods,
requires pragmatic discussions to explore the
best way forward for development with consider-
ation of both social and ecological factors. Here,
we highlight several ongoing projects and collab-
orations that approach integrating agriculture
into the local food system in the NWT from social
and ecological perspectives to support a vibrant
and sustainable northern food system.
Sustainable community agriculture involves
ensuring that ecosystem services are maintained
upon cultivation, with this in mind we present
soil carbon data from partnered communities
and explore the suitability of these soils for agri-
culture as well as the potential trade-off of soil
carbon losses under cultivation. In addition to
the need for ecological sustainability in northern
agriculture, we discuss community-driven inno-
vative ideas and thoughtful actions of commu-
nity partners to produce food in a more
sustainable way. Finally, we summarize work
being conducted with local producers in the
NWT to build a supportive network to ensure
knowledge and training is available and that food
produced in the NWT can be distributed, sold, or
shared with other communities in the region. It
is hoped that through the interdisciplinary and
collaborative nature of this work, policy and
actions can be developed that will build a sustain-
able food system that supports food sovereignty
for northern communities, resilient agroecosys-
tems, and the development of models and knowl-
edge that can be applied in other regions around
the world.

Session: IHE24 — Building resilient and sustain-
able northern food systems: Research, knowl-
edge, policy and action

ID: 828

Spatial drivers and characteristics of
terrestrial dissolved organic matter in
the Peel River watershed

Niek Speetjens1, Kirsi Keskitalo1, Paul Overduin2,
Sebastian Westermann3, Frederieke Miesner2,
Torsten Sachs4, Colin Stedmon5, and Jorien
Vonk1
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1Vrije Universiteit Amsterdam, Amsterdam, the Netherlands.
2Alfred Wegener Institute (AWI), Bremerhaven, Germany.
3University of Oslo, Oslo, Norway.
4German Research Centre for Geosciences (GFZ), Potsdam,
Germany.
5Technical University of Denmark, National Institute of
Aquatic Resources, Section for Oceans and Arctic, Kgs. Lyngby,
Denmark.

Abstract: Climate warming in the western
Canadian Arctic exceeds the global average. This
leads to thawing of permafrost soils and sub-
sequent mobilization of its organic matter (OM)
pool. Part of this mobilized terrestrial OM enters
the aquatic system as dissolved organic matter
(DOM) and is laterally transported. Mobilized
DOM is an important source of nutrients for eco-
systems as it is available for microbial break-
down, and the consequent turnover of the
dissolved organic carbon (DOC) fraction of DOM
serves as a potential source of greenhouse gases.
We are beginning to understand spatial controls
on the DOM release; however, uncertainty in
identifying different sources of permafrost DOM
and in DOM changes during transport still exists.
In the summer of 2019 a unique expedition, tra-
versing the Peel watershed (Yukon Territory,
Canada) was accomplished. This expedition
allowed for sample collection in a wide range of
tributaries (n = ∼100); representing watersheds
varying in size, topography, geology, land cover,
permafrost extent (continuous and discontinu-
ous) and thermokarst activity. In addition, we
sampled along the river’s main-stem (n = ∼17),
covering approximately 700 km of its course. We
assessed the DOC quantity (<0.1 to ∼30.0 mg/L)
and quality, the latter using Δ13C-DOC, Δ14C-DOC
and optical properties including components
modeled with excitation–emission matrices–
parallel factor. A range of further parameters
was assessed to gain insight into differential
source contribution and localization within the
watershed. Large differences in DOM contribu-
tions were observed between alpine and sub-
alpine uplands and lower river reach permafrost
lowlands. These insights together with available
spatial data sets contribute to an understanding
of permafrost–DOM dynamics and are of great
value in up-scaling pan-Arctic carbon and
nutrient fluxes and budgets.

Session: TER75 — Carbon cycling in Arctic fresh-
water systems

ID: 189

Habitat coupling within the lower
Churchill River, Manitoba

Jillian St. George1, Stephen Petersen2, Jim Roth1,
Steven Ferguson3, and David Yurkowski3

1University of Manitoba, Winnipeg, MB, Canada.
2Assiniboine Park Zoo, Winnipeg, MB, Canada.
3Fisheries and Oceans Canada, Ottawa, ON, Canada.

Abstract: Habitat coupling is the transfer of
nutrients, organic matter, and species between
adjacent habitats or energy pathways. Estuaries
are transition zones between freshwater and
marine habitat resulting in energy exchange
between these systems. They offer flexibility for
freshwater and marine species to acquire resour-
ces from both sources. The objective of this study
was to quantify the proportion of freshwater vs.
marine resources in the diet of mobile consum-
ers (fishes and seals) within the lower Churchill
River area over time. Stable isotope analysis pro-
vides a time- and space-integrated understanding
of trophic relationships. Liver (short-term) and
muscle (long-term) were collected from eight dif-
ferent fish species during July 2019 and hair
(short-term) and muscle from harbour seals in
2016. We used δ34S values from liver/hair and
muscle in a Bayesian mixing model to determine
freshwater nutrient versus marine nutrient use
across species. Freshwater-derived nutrients
mainly contributed to the diets of lake whitefish
and suckers (91.0%–92.0%), whereas marine-
derived nutrients were nearly-exclusive in cap-
elin, fourhorn sculpin, Greenland cod, and har-
bour seals (65.1%–99.4%). Cisco and northern
pike had similar contributions from both fresh-
water and marine-derived nutrients in their diet
(49.1%–55.6% freshwater). The majority of fish spe-
cies liver values had lower freshwater propor-
tions in their diet. For example, northern pike
had a higher contribution of marine nutrients
in their liver (74.8%) compared with their muscle
(44.4%). The lower freshwater values in the liver
data shows that certain species may take advan-
tage of a short-term marine energy pulse during
the summer period. This project will provide a
greater understanding of the community struc-
ture, spatial coupling, and food web structure of
mobile consumers and could be applied to other
studies examining the ecological role of top pred-
ators within the estuary.
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Session: MAR71 — Species interactions in Arctic
aquatic ecosystems

ID: 559

Encouraging collaborative permafrost
research through multidisciplinary
training programs

Emma Stockton1, Jennifer Humphries1, Yifeng
Wang2, and Alice Wilson3

1Carleton University, Ottawa, ON, Canada.
2Queen’s University, Kingston, ON, Canada.
3Western Arctic Research Centre, Aurora College, Inuvik, NT,
Canada.

Abstract: An increasing recognition of recent
and anticipated climate change in the Arctic has
led to a growing interest in the thermal and geo-
morphic response of permafrost. Rising ground
temperatures and thawing ground ice have the
potential to destabilize the surface and threaten
the integrity of northern infrastructure. Greater
collaboration is required between engineers and
scientists to create a common language in which
to improve the performance of infrastructure
under future climatic conditions. Despite increas-
ing encouragement for multidisciplinary frame-
works, researchers and professionals are rarely
provided the opportunity to work together.
Networking is often limited to conferences, but
university-led field courses are beginning to
encourage the attendance of both students and
practitioners. In June 2019, the Sentinel North
strategy at Université Laval ran a graduate level
course on permafrost engineering applied to
transportation infrastructure. The six-day pro-
gram, hosted at the Aurora College campus in
Inuvik, NT, provided the basic principles for
effective site investigation, design and manage-
ment of linear infrastructure, while instilling a
scientific context to the challenges of building
on permafrost. Professors Chris Burn and Guy
Doré supervised thirty students and practitioners
from a variety of academic backgrounds
and career levels. Course delivery included
field excursions along the Inuvik-Tuktoyaktuk
Highway, allowing participants to observe
permafrost degradation and management strate-
gies discussed during classroom lectures. As a
young professional, PhD student, and MSc
student involved in northern infrastructure
projects, we found the course enabled us to ini-
tiate a multidisciplinary dialogue about the
potential environmental and socio-economic

impacts of permafrost thaw, appreciate alterna-
tive approaches to complex problems, and
re-evaluate the engineering applications of our
study designs. Although there is no panacea for
permafrost landscapes in transition, these train-
ing events encourage the dissemination of
knowledge and the cooperation of people
engaged in permafrost activities.

Session: TER89 — Integrating science and engi-
neering education for challenges to northern
infrastructure under a changing climate

ID: 511

Eastern Beaufort Sea and Western
Hudson Bay beluga trends in
contaminants: does local context mean
different outcomes for the same project?

Enooyaq Sudlovenick1, Lisa Loseto2, Shirley
Tagalik3, Emily Jenkins4, Gary Stern1, Steven
Ferguson2, Cortney Watt2, and Nooks Lindell3

1University of Manitoba, Winnipeg, MB, Canada.
2Fisheries and Oceans Canada, Winnipeg, MB, Canada.
3Arviat Wellness Centre, Arviat, NU, Canada.
4University of Saskatchewan, Saskatoon, SK, Canada.

Abstract: Marine mammals across the Arctic,
such as the beluga whale, provide staple food
items for many Inuit communities. Hunting
methods and preferences of each community
have adapted to the environment and biological
diversity around them as well as cultural prefer-
ences. Such diversity can be observed between
Canadian Arctic regions. For example, the
Inuvialuit in the west who hunt from the
Eastern Beaufort Sea (EBS) beluga population
and Inuit from the east who hunt from the
Western Hudson Bay (WHB) population have dif-
fering practices in beluga hunting and food pref-
erences. Where Inuit in Arviat do not commonly
consume beluga meat, Inuit in the Inuvialuit
Settlement Region widely consume it and pre-
pare it in many different ways. Both Inuit cul-
tures and regions hold great depth in
knowledge on belugas based on traditions that
are shaped to local circumstances. Both regions
also hunt from two of Canada’s largest beluga
populations. Of the two, the EBS beluga are
extensively studied when compared with the
WHB beluga, which has had minimal beluga
monitoring programs. Each region has had sepa-
rate sampling programs on beluga harvests over
the last several decades and have collected
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standardized information onmorphometrics and
contaminants data such as total mercury. This
historical data combined with the regional
differences in food practices could exemplify
how similar sampling programs can translate
into different applications of the results. We
would also expect different messaging and over-
all conclusions for each region. These differences
in regional contexts in relation to historical mer-
cury data will be explored in this presentation.

Session: KEP30 — Sharing Knowledge on Natsiq/
Natsik (Ringed Seal) and Qilalugaq/Kilalugak
(Beluga Whale) from Inuit and Scientific
Perspectives in Inuit Nunangat

ID: 785

SIKU: the Indigenous knowledge social
network, a summary of progress a year
since public launch

Candice Sudlovenick1, Mick Appaqaq1, Johnny
Kudluarok1, Sarah Rosengard1, Rebecca Segal1,
Billy Nicoll1, and Joel Heath1

1The Arctic Eider Society, Sanikiluaq, NU, Canada.

Abstract: SIKU, the Indigenous Knowledge Social
Network, is an online platform and mobile app
designed by and for Inuit. SIKU provides a wide
variety of tools supporting Inuit self-determination
in research, education, and environmental
stewardship while providing full ownership,
access, and control over their data. Across Inuit
Nunangat, community members, Indigenous
organizations, and researchers are increasingly
using SIKU to implement their own community-
driven research and stewardship programs, lever-
aging the wide variety of tools and services for
weather, dangerous ice, and environmental mon-
itoring. This presentation will report growth in
usership and content creation since SIKU’s
launch in December 2019, and future develop-
ment towards empowering conservation econo-
mies across northern communities. The Arctic
Eider Society has maintained engagement with
SIKU’s growing user base through remote
engagement during the pandemic through initia-
tives like the 2020 Goose Watch Competition
(27+ Inuit communities) and community-driven
stewardship efforts, including the Pond Inlet
Pilot program and Qikiqtait project. The latter
involved over 100 community members docu-
menting 1500 hunting trips and 2000+ posts
crowd-sourced baseline data for a resource

inventory while contributing substantially to
food security and local incomes during the
pandemic in an accountable, equitable and
actionable way with long-term benefits for the
community. Efforts are ongoing to develop simi-
lar programs with regional Inuit organizations
in communities across Inuit Nunangat. New
features will be showcased including a new GPS
interface with offline maps, charts, and ice
imagery, as well as upcoming concepts for shar-
ing Inuit arts and craft stories that can be linked
to their respective harvesting stories (e.g., seal
products to seal hunting stories), supporting
local entrepreneurs, and helping document con-
servation economies. We will conclude with a
call for additional input towards ways that SIKU
can best facilitate the parallel needs of individual
contributors, projects, communities, and
Indigenous organizations for the long-term ben-
efit of Inuit self-determination.

Session: LTM03 — Digital tools & data manage-
ment for long-term monitoring and decision
making

ID: 313

Lateral and vertical organic matter
dynamics in an Arctic lagoon system

George Tanski1, Léo Chassiot2, Vladislav Bravo3,
Jade Falardea3, Anna Irrgang4, Michael Fritz4,
Niek Speetjens1, Konstantin Klein4, Hugues
Lantuit4, Anne de Vernal3, Claude Hillaire-
Marcel3, and Jorien Vonk1

1Vrije Universiteit Amsterdam, Amsterdam, the Netherlands.
2Université Laval, QC, Canada.
3UQAM, Montréal, QC, Canada.
4Alfred Wegener Institute (AWI), Bremerhaven, Germany.

Abstract: Increasing warming causes severe
environmental changes in the Arctic coastal zone
such as longer open water periods and rising sea
levels. These processes intensify the erosion of
permafrost coasts and lateral transport of sedi-
ment and organic matter (OM). Lagoons play a
particularly important role in the transfer proc-
ess of terrestrial OM but have been rarely investi-
gated in the Arctic. Here, we studied a lagoon
system along the Arctic Yukon coast to better
understand the lateral pathways of OM from land
to sea and its deposition dynamics over time. We
sampled terrestrial, lagoon, and marine sedi-
ment to track OM along a land–lagoon–ocean
transect and took short cores to assess OM
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deposition dynamics. Samples were analyzed for
total organic carbon and nitrogen (TOC, TN), sta-
ble carbon and nitrogen isotopes (δ13C, δ15N), as
well as grain size and surface area. We further
analyzed the shoreline change rates of the lagoon
from the 1950s to 2018 and coupled it to sedimen-
tation rates derived from 210Pb/137Cs dating.
Turbidity was estimated in the lagoon surface
water using Landsat imagery for the main wind
directions. Our results show that OC concentra-
tions significantly decrease along the land–
lagoon–ocean transect. Currents potentially
removed large portions of eroded OM, especially
under easterly winds, which is indicated by
elevated suspended particulate matter concen-
trations. In contrast, OM can get buried quickly,
which is indicated by high OM contents in deeper
lagoon sediments. Coastal erosion rates in the
lagoon increased drastically since the 1970s and
correspond with increasing sedimentation rates,
suggesting a direct relationship between environ-
mental forcing and OM deposition dynamics in
the lagoon. We conclude that lagoons are a cru-
cial transfer zone between land and ocean, which
can substantially influence OM pathways. Under
current environmental change scenarios in the
Arctic, the role of lagoons may become more
important as gateways of OM from land to sea.

Session: TER88 — Arctic coastal dynamics in a
changing climate

ID: 34

Case studies as a tool to co-develop
climate services

Marta Terrado1, Dragana Bojovic1, Sara Octenjak1,
and the APPLICATE Consortium2

1Barcelona Supercomputing Center, Barcelona, Spain.
2Alfred Wegener Institute (AWI), Bremerhaven, Germany.

Abstract: Climate change adaptation is becom-
ing increasingly important as extreme events
across the globe are on the rise. In this context,
there is a need for actionable information that
increases the understanding of human–climate
interaction, enhancing adaptive capacity. Case
studies have been used to characterize vulner-
ability in the social and climate fields. Despite
being criticized for lacking a rigorous approach
and systematic definition, case studies are pre-
scriptive and prioritize practical knowledge.
Thus, they are increasingly used in the climate
services field to provide descriptions of particular

extreme weather and climate events of interest
for stakeholders (e.g., affecting their businesses
or activities) that occurred in the past over a spe-
cific location and time. The H2020 project
Advanced Prediction in Polar regions and
beyond: modelling, observing system design and
LInkages associated with a Changing Arctic
climaTE (APPLICATE) applies a transdisciplinary
approach for the co-production of climate ser-
vices in Polar regions and beyond. The approach
relies on the collaboration among climate scien-
tists, stakeholders (through the User Group,
which includes representatives of the project tar-
get groups) and experts from other disciplines,
including social sciences, communication, and
policy experts. The project’s transdisciplinary
process engages stakeholders by raising aware-
ness on climate change, involves them in a
knowledge exchange and co-learning process
through participatory processes, and empowers
them through the co-development of case studies
and tailored knowledge. APPLICATE case studies
cover a wide range of relevant topics, including
how Arctic sea ice changes affect mid-latitude
weather and how this impacts economic activ-
ities such as energy production and demand or
transport (www.applicate.eu/outreach/case-
studies). Other topics are addressed to improve
the preparedness of local populations to deal
with catastrophic events such as landslides or
wildfires. This information is communicated to
various audiences, including decision- and
policy-makers, to help them better grasp the
possible impacts of climate change in the Arctic
and elsewhere, enhance knowledge uptake, and
support climate change adaptation.

Session: NPD61 — Tailoring polar weather,
water, ice, and climate information and services
to address diverse user needs

ID: 30

Latitudinal patterns in intertidal
ecosystem structure in West Greenland
suggest resilience to climate change

Jakob Thyrring1, Susse Wegeberg2, Martin
Blicher3, Dorte Krause-Jensen2, Signe Høgslund2,
Birgit Olesen2, Jozef Wiktor Jr.4, Kim Mouritsen2,
Lloyd S. Peck5, and Mikael K. Sejr2

1University of British Columbia, Vancouver, BC, Canada.
2Aarhus Universitet, Aarhus C, Denmark.
3Greenland Institute of Natural Resources, Nuuk, Greenland.
4Polish Academy of Sciences, Warsaw, Poland.
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5British Antarctic Survey, Cambridge, UK.

Abstract: Global warming occurs at elevated rates
in the Arctic. Continued warming is predicted to
cause ecosystem-wide cascading effects as boreal
species expand into the region. However, current
species distribution and knowledge of drivers
affecting community structure are largely
unknown, and little is, therefore, known about
the resilience of Arctic marine ecosystems to envi-
ronmental change. The West Greenland coast is
north–south-oriented, which provides an ideal set-
ting to study the impact of climate change on eco-
system dynamics and species distribution. We
used this coastline to investigated latitudinal
changes in the rocky intertidal ecosystem along
12° of latitude, from the subarctic to High Arctic
(60°–72°N). Using 320 cleared quadrats we quanti-
fied patterns in rocky intertidal assemblage com-
position, biomass, and coverage in six regions.
We related the level and variation in assemblage
composition, biomass, and coverage to multiple
latitudinal-scale environmental drivers. We show
that across all latitudes, the intertidal assemblage
is dominated by a core of stress-tolerant founda-
tion species, and we describe the effects of
the investigated environmental drivers, and
demonstrate that although mean biomasses
decreased >50% from south to north, local bio-
mass in excess of 10 000 g ww m−2 is found even
in north Greenland, demonstrating the patchi-
ness of this habitat. The results, furthermore,
show that the effect of small-scale variation in
environmental characteristics may be of same
magnitude as large-scale variation. Hence, using
the latitudinal gradient in a space-for-time substi-
tution, our results suggest that although climate
modification may lead to an overall increase in
the intertidal biomass in north Greenland, it is
unlikely to drive dramatic functional changes in
ecosystem structure in the near future. Our data
set provides an important baseline for future stud-
ies to verify these predictions for Greenland’s
intertidal zone.

Session: MAR41 — Greenland marine
ecosystems

ID: 539

Nunami Sukuijainiq: a land-based
ecological research and education
program for communities and
researchers to share, collaborate, and
have fun!

Eleonora Townley1, Jeannie Annanack1, Hilda
Snowball1, Gwyneth A. MacMillan2, Marc
Amyot3,5, and Jose Gerin Lajoie4,5

1Northern Village of Kangiqsualujjuaq, Kangiqsualujjuaq, QC,
Canada.
2McGill University and Quebec Centre for Biodiversity Science,
Montréal, QC, Canada.
3Université de Montréal, Montreal, QC, Canada.
4Université du Québec à Trois-Rivières, Trois-Rivières, QC,
Canada.
5Centre d’études nordiques, Québec, QC, Canada.

Abstract: NUNAMI SUKUIJAINIQ (“Our Science
on the Land”) is a program of science land camps
that are one-week expeditions to study local
environmental issues identified by the host
community while training youth in natural sci-
ences. The NUNAMI SUKUIJAINIQ program
developed from a previous collaborative and
community-based research project called
Imalirijiit (“Those who Study Water”).
Imalirijiit was started by Kangiqsualujjuaq
(Nunavik) community members and university-
based researchers to monitor the water quality
of the George River and foster environmental
stewardship of its watershed. Motivated by the
success of the Imalirijiit camps, community
members wanted to start a new Arctic ecology
education program focused on broader commu-
nity interests, including marine edible resour-
ces, lake and river hydrology, winter ecology,
and Arctic char. NUNAMI SUKUIJAINIQ was,
therefore, designed for Inuit youth across
Nunavik, weaving traditional and local knowl-
edge with western science to better understand
the changing environment together, to stimu-
late and nurture Inuit youth’s interest in sci-
ence-related careers, and to build trusting
relationships between the community and
researchers. The participants include Elders,
local guides and coordinators, youth, and
researchers who work jointly to train lnuit
youth in environmental data collection. The
NUNAMI SUKUIJAINIQ science camps are a place
for communities and researchers to learn from
each other and to do collaborative science. We
aim to inspire and support other Indigenous
communities who want to start their own pro-
grams based on northern-led community
engagement and researchers’ commitment to
studying local environmental issues and having
fun together! The presentation will include a
short video about the project as well as video
clips from different participants describing
their experiences and perspectives.
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Session: KEP38 — Arctic inspiration prize:
Exploring the unique potential of Northern-led
community science projects

ID: 652

Tracking thaw slump geomorphology
and associated impacts on downstream
carbon and nitrogen concentrations
using integrated remotely piloted
aircraft system surveys and in-situ
chemical analyses

Kevin Turner1, Michelle Pearce2, Brendan Llew-
Williams2, and Daniel Hughes3

1Department of Geography and Tourism Studies, Brock
University, St. Catharines, ON, Canada.
2Department of Earth Science, Brock University, St. Catharines,
ON, Canada.
3Canadian Wildlife Health Cooperative, University of Guelph,
Guelph, ON, Canada.

Abstract: Ice-rich permafrost landscapes are sen-
sitive to ongoing changes in climate. Permafrost
retrogressive thaw slumps (RTSs) represent one
of the more abrupt and prolonged disturbances,
which occur along Arctic river and lake shore-
lines. These features impact local travel and infra-
structure, and there are concerns regarding
associated impacts on biogeochemical cycling.
Here, we couple remotely piloted aircraft sys-
tems (RPAS) surveys with sediment and water
analyses to monitor RTS geomorphology during
2016–2019 and the biogeochemical influence of
the largest active RTS along the Old Crow River
in Old Crow Flats, Yukon, Canada. RPAS surveys
revealed that 29 174 m3 of sediment was exported
during the initial evacuation in June 2016 and an
additional 18 845 m3 continued to be exported
until June 2019. Greater sediment export
(8236 m3) occurred during the warmer and drier
summer 2017 compared with summer 2018
(6872 m3). However, the fewer rain events during
August 2017 were of higher intensity and concen-
trated within shorter time frames compared with
less intense rain events occurring at a higher fre-
quency during 2018. RPAS-derived multispectral
and thermal data layers were used to distinguish
geomorphic zones that have variable influence
on sediment transport, establishment of vegeta-
tion, and biogeochemical properties within the
RTS. Dry carbon and nitrogen content (%) varied
among classified zones and was used to estimate
the nutrient mass mobilized to the Old Crow

River at the time of each RPAS survey. Chemical
analysis of water sampled from up and down-
stream of the RTS revealed that aquatic mobiliza-
tion of nutrients is highly episodic and
dependent on high-river discharge events or
stream runoff from the RTS. Approaches utilized
here maximize the utility of multispectral
and thermal data sets for identifying RTS
geomorphological properties. Integrated in-situ
biogeochemical measurements refine our knowl-
edge of the associated impacts on downstream
environments.

Session: LTM10 — Applications of unmanned
vehicle systems in Arctic research and
monitoring

ID: 334

Radarsat-2 derived glacier velocities and
dynamic discharge of the Canadian High
Arctic from 2008 to 2020: what have we
learned?

Wesley Van Wychen1, David Burgess2, William
Kochtitzky3, Natalija Nikolic1, Luke Copland3,
and Laurence Gray3

1University of Waterloo, Waterloo, ON, Canada.
2Natural Resources Canada, Ottawa, ON, Canada.
3University of Ottawa, Ottawa, ON, Canada.

Abstract: Radarsat-2 imagery collected each
winter from 2008/2009 to 2019/2020 is used to
quantify and characterize the variability of
glacier motion and discharge of the major
marine-terminating ice masses of the Queen
Elizabeth Islands (Devon, Ellesmere, and Axel
Heiberg Islands) in the Canadian High Arctic.
Our results show that there is little variability in
terms of ice motion for the majority of the gla-
ciers within the region. For most of the glaciers
that did experience variable rates of glacier flow,
these variations can be explained by previously
identified cyclical dynamic processes (i.e., surge-
or pulse-mechanisms). However, this record of
ice motion indicates that the ice flow rates of
the Trinity, Wykeham, and Belcher Glaciers con-
tinue to accelerate, and that the process driving
this acceleration is likely linked to external con-
ditions (i.e., climate-induced dynamic thinning).
This is significant given that our estimates of ice
loss via discharge to the ocean indicate that these
three glaciers are important contributors to over-
all mass loss via calving (∼50% of regional ice loss
via discharge is channeled through the Trinity
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and Wykeham Glacier alone). In this presenta-
tion, we will describe what we have learned
about glacier dynamics in the Canadian Arctic
from this catalogue of ice motion, highlight the
work that remains to be done, and discuss
how this program is likely to continue within
the context of the Radarsat Constellation
Mission that is expected to provide the bulk of
future synthetic-aperture radar data that enables
this work.

Session: TER79 — The changing Arctic
Cryosphere

ID: 584

Arbovirus surveillance in the
North American Arctic: California
serogroup virus activity in
mosquitoes and first detection in
Simulioidae

Carol-Anne Villeneuve1, Kayla Buhler2, Mahmood
Iranpour3, Emily Jenkins2, Antonia Dibernardo3,
Robbin Lindsay3, Isabelle Dusfour4, Nicolas
Lecomte5, and Patrick Leighton1

1Université de Montréal, Montreal, QC, Canada.
2University of Saskatchewan, Saskatoon, SK, Canada.
3National Microbiology Laboratory, Public Health Agency of
Canada, Guelph, ON, Canada.
4Institut Pasteur, Paris, France.
5Université de Moncton, Moncton, NB, Canada.

Abstract: An expected consequence of climate
warming in the Arctic is an expansion of the geo-
graphic distribution of biting insects and associ-
ated vector-borne diseases. In 2019, we
established an arbovirus surveillance program
in sentinel communities across the Canadian
Arctic and Alaska to detect the presence of
California serogroup viruses in hematophagous
insects. Here, we report the detection of RNA of
California Serogroup viruses in mosquitoes cap-
tured predominantly in Kuujjuaq (northern
Québec, Canada). We also report, for the first
time in North America, the presence a
California serogroup virus RNA in Simulioidae.
These results highlight the importance of long-
term arbovirus surveillance to monitor the
changing impact of vector-borne disease on
human and animal health in the Arctic.

Session: IHE11 — Arctic One Health: Gathering
and mobilizing multiple knowledge type for
healthy animals, communities, and environments

ID: 95

The non-formation of the North Water
Polynya Ice Arch

Ron Vincent1

1Royal Military College of Canada, Kingston, ON, Canada.

Abstract: The North Water (NOW), situated
between Ellesmere Island and Greenland in
northern Baffin Bay, is the largest recurring
polynya in the Canadian Arctic. Historically, the
northern border of the NOW is defined by an ice
arch that forms annually in Kane Basin, which is
part of the Nares Strait system. In 2007 the
NOW ice arch failed to consolidate for the first
time on record. The non-formation of the NOW
ice arch occurred again in 2009, 2010, 2017, and
2019. Satellite advanced very high resolution radi-
ometry data shows that large floes broke off from
the normally stable landfast ice in Kane Basin for
each of these years, impeding ice arch formation.
A closer analysis of a 2019 event in which
2500 km2 of ice sheared away from Kane Basin
indicates that significant tidal forces played a
role. The evidence suggests that thinning ice
from a warming climate combined with large
amplitude tides is a key factor in the changing
ice dynamics of the NOW region. The non-
formation of the NOW ice arch results in an
increased loss of Arctic Ocean multiyear ice
through Nares Strait.

Session: MAR42 — Changes in the marine
cryosphere

ID: 154

Species responses to climate change
modify benthic biogeochemical cycling

Thomas Williams1, Jasmin Godbold1, Adam
Reed1, Lloyd S. Peck2, and Martin Solan1

1University of Southampton, Southampton, UK.
2British Antarctic Survey, Cambridge, UK.

Abstract: Polar ecosystems are rapidly trans-
forming in response to anthropogenic climate
change, but how changing environmental condi-
tions affect functionally important aspects of
organism behaviour has received little attention.
Here, we determine the bioturbation behaviour
and associated nutrient concentrations for five
functionally contrasting benthic invertebrate
species from the Arctic (bivalve Astarte crenata,
sea star Ctenodiscus crispatus and polychaete
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Pectinaria hyperborea) and Antarctic (bivalves
Aequiyoldia eightsi and Laternula elliptica) under
present (1 °C/410 ppm atmospheric [CO2]) versus
future (year 2100) (2.5 °C/550 ppm atmospheric
[CO2]) environmental conditions. Both Astarte
crenata and Ctenodiscus crispatus exhibited mixed
responses in sediment reworking (bioturbation)
and ventilation (bioirrigation) when subjected to
future environmental conditions. Pectinaria hyper-
borea and Laternula elliptica responded weakly to
increased warming and acidification, whereas
Aequiyoldia eightsi demonstrated an increased rate
of burial and bioturbation behaviour with a
coinciding greater drawdown of nutrients into
the sediment. Despite great interspecific variabil-
ity in the strength of responses, we show that
projected changes in environmental conditions
alter the rate of burial, bioturbation, and bioirri-
gation of polar organisms, with concomitant
effects on biogeochemical performance. Our
observations indicate that even under a
conservative climate scenario for the year 2100,
species and context-specific changes in the
mediation of important ecosystem processes are
likely.

Session: MAR71 — Species interactions in Arctic
aquatic ecosystems

ID: 107

Rethinking the science-policy interface
through community-based research on
Indigenous water governance in Yukon

Nicole Wilson1

1University of Manitoba, Winnipeg, MB, Canada.

Abstract: Arctic Indigenous peoples are increas-
ingly exercising their rights and responsibilities
to protect the lands and water within their terri-
tories. The value of Indigenous knowledge sys-
tems for informing environmental decision-
making is also acknowledged. However, present
understandings of the role of Indigenous peoples
and governments at the science-policy interface
are limited by narrow framings of Indigenous
Knowledge as a supplement to Western science
and seek to “integrate” Indigenous Knowledge
into Western resource governance regimes.
More holistic approaches are needed to under-
stand Indigenous knowledge as complete bodies
of knowledge that are also the basis of
Indigenous legal and governance systems that
have existed since time immemorial. I argue that

community-based research methods represent
an approach to knowledge co-production that
can support Indigenous governments and their
self-determination in environmental governance
processes. I draw on research on Indigenous
water governance conducted in partnership with
Carcross/Tagish First Nation in Yukon and
British Columbia to illustrate how knowledge
co-production in North–South partnerships can
inform environmental decision-making. In
particular, I discuss how this research has helped
to identify critiques of present water governance
arrangements that flow from modern land claim
agreements and to articulate Tagish and Tlingit
water laws as the basis for water governance.
Finally, I discuss some of the challenges related
to conducting community-based research and
potential ways to overcome them.

Session: NDP69 — Science-policy in the North:
Pathways from research to decision-making

ID: 599

A long-term, 1 km resolution daily
meteorological data set for modeling
and mapping permafrost in Canada

Yu Zhang1, Budong Qian2, and Gang Hong1

1Canada Centre for Remote Sensing, Canada Centre for
Mapping and Earth Observation, Natural Resources Canada,
Ottawa, ON, Canada.
2Ottawa Research and Development Centre, Science and
Technology Branch, Agriculture and Agri‐Food Canada,
Ottawa, ON, Canada.

Abstract: Climate warming is causing permafrost
thaw and there is an urgent need to understand
the spatial distribution of permafrost and its
potential changes with climate. This study devel-
oped a long-term (1901–2100), 1 km resolution
daily meteorological data set in Canada for model-
ing and mapping permafrost at high spatial reso-
lutions. The data set includes eight climate
variables (daily minimum, maximum, and mean
air temperatures, precipitation, vapor pressure,
wind speed, solar radiation, and downward long-
wave radiation) and is suitable for driving proc-
ess-based permafrost models. The data set was
developed based on four coarser gridded meteoro-
logical data sets for the historical period. Future
values were developed using the output of a new
Canadian regional climate model under medium-
low and high emission scenarios. These data sets
were down-scaled to 1 km resolution using the
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re-baselining approach based on the WorldClim2
data set as spatial templates. We assessed the
accuracy of the generated data set by comparing
it with climate station observations across
Canada and a gridded monthly anomaly time
series data set. The accuracy of the data set is sim-
ilar to or better than the four coarser gridded data
sets. The errors in long-term averages and average
seasonal patterns are small. The error occurs
mainly in day-to-day fluctuations; thus, the error
decreases significantly when averaged over 5 to
10 days. The data set can easily be updated when
new or improved source data sets are available.
The method can also be used to generate similar
data sets for other regions, even for the entire
global landmass.

Session: TER83 — Views of the Arctic atmos-
phere: Long-term changes and current
perspectives

Posters

ID: 543

Promoting Arctic occupants’ well-being
through biophilic intermediate spaces

Tarlan Abazari1, André Potvin1, Claude M.H.
Demers1, and Louis Gosselin2

1École d’Architecture, Université Laval, QC, Canada.
2Département de Génie Mécanique, Université Laval, QC,
Canada.

Abstract: This research discusses biophilic
developments of high-performance intermediate
spaces as a promising architectural solution
to promote Arctic occupants’ wellbeing
and improve building performance through
efficient positive indoor–outdoor connections.
Occupants’ relationships with natural patterns
outside buildings, such as airflow and daylighting,
are recognized as biophilia considered as an
important factor for wellbeing, especially in
Arctic climates. The extreme cold weather and
strong seasonal photoperiods, i.e., day/night
cycles, in Arctic climates could, however, nega-
tively impact occupants’ health and limit outdoor
activities and exposure to nature. This research
aims at developing configurations of intermediate
spaces based on biophilic indicators to enable effi-
cient positive indoor-outdoor connections that

address Arctic occupants’ wellbeing and optimize
energy-efficiency factors in relationships with the
Arctic nature. Intermediate spaces are transient/
habitable in-between systems connecting indoors
to outdoors through deeper sequential spatial
organizations. The research, first, articulates a
fundamental biophilic wellbeing framework for
Arctic occupants’ connections with the local
nature in terms of thermal and indoor air quality
requirements affecting physiological responses,
lighting requirements affecting photobiological
responses, and biophilic features of relationships
with natural systems affecting psychological
responses. The design framework for intermedi-
ate spaces is, then, developed to explore configu-
rations and typologies that could address the
biophilic wellbeing framework in Arctic build-
ings. The promising typologies of intermediate
spaces are optimized and adapted for Canadian
Arctic buildings to offer efficient indoor–outdoor
connections in terms of occupants’ well-being
and energy requirements in relationships with
nature. The research combines a scoping litera-
ture review, focused-group-discussions with local
people, and survey of existing Arctic building
practices to develop the biophilic wellbeingmodel
and architectural framework. Typologies of inter-
mediate spaces are optimized through experimen-
tations with scale models and numerical methods
with simulated environments. The research out-
comes could inform architects and decision-mak-
ers regarding the potential of the developed
intermediate spaces to promote Arctic occupants’
wellbeing and building performance.

Theme: Inuit Health Education and Adaptation

ID: 449

Late Pleistocene–Holocene ecological
succession in marine mollusc
communities in the Canadian Arctic
Archipelago

Alec Aitken1, Meghan Hamp2, and Arthur
Dyke3, 4

1University of Saskatchewan, Saskatoon, SK, Canada.
2Queen’s University, Kingston, ON, Canada.
3Dalhousie University, Halifax, NS, Canada
4McGill University, Montreal, QC, Canada.

Abstract: This paper examines (1) the structure
of shallow water (Astarte spp. – Ennucula tenuis)
association on sand and gravel substrates; (2) an
Astarte spp. – Hiatella arctica association onmuddy

Abstracts 77

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



substrates; (3) a Hiatella arctica – Portlandia arctica
association on muddy substrates; (4) a Macoma
calcarea – Ennucula tenuis association on mixed
substrates of stones, sand, and mud; and (5) a
Buccinum hydrophanum – Ariadnaria (Trichotropis)
borealis association on muddy substrates.
Throughout the study area, fossiliferous sedi-
ments situated above the Holocene marine limit
provide evidence of the presence of bivalve mol-
luscs that inhabited marine environments
beyond the margins of late Pleistocene ice sheets
and local ice caps. Bivalve taxa recorded in these
sediments include Astarte spp., Chlamys islandica,
Hiatella arctica, Macoma spp., and Mya truncata.
Radiocarbon dates obtained on the shell materi-
als range from 47.8 to 22.9 ka BP. Glaciers advanc-
ing seawards to their Last Glacial Maximum
limits ca. 20 ka BP on the adjacent continental
shelf displaced these molluscs. Information
regarding the postglacial repopulation of the
continental shelf and fjords of the Canadian
Arctic Archipelago is based on radiocarbon dates
derived from mollusc shells recovered from
raised marine sediments at or below Holocene
marine limit. The pattern of postglacial succes-
sion of molluscan faunas begins with Portlandia
arctica and Thyasira sp., followed by Hiatella arctica
and Mya truncata, followed by Astarte spp. and
Macoma calcarea, and finally, Ciliatocardium
(Clinocardium) ciliatum, Serripes groenlandicus, Mya
pseudoarenaria, and various gastropods. The most
commonly recorded mollusc species in the
modern benthos were established in continental
shelf and fiord habitats of the Canadian Arctic
Archipelago during the period ∼11.6–4 ka BP.

Theme: Marine

ID: 698

Characterization of host-microbial
interactions in gills in wild Arctic charr
populations

Flora Amill1, M. Rautio2, S. Bouslama1, Nicolas
Derome1, and A. Culley1

1Université Laval, QC, Canada.
2Université du Québec à Chicoutimi, Chicoutimi, QC, Canada.

Abstract: Arctic char (Salvelinus alpinus) is a key
species in the North because it is widespread in
the Canadian Arctic and it is the main source of
protein and polyunsaturated fat acids for the
Inuit people. Nowadays, this species is facing
multiple stressors such as water chemistry

modifications, the bioaccumulation of pollu-
tants, and the migration of pathogen populations
that affect their health and productivity. The
microbiota (e.g., microbial community living in
the body surface of its host) is known to play an
important physiological role and constitutes the
first immune barrier to the host. The main objec-
tive of this research is to study the diversity of
host-microbial interactions in gills (including
viruses) in arctic and subarctic populations of
Salvelinus alpinus. As the commensal bacteria of
the microbiota seem to contribute to the health
of the host by providing protection against
infection by pathogens we want to study the con-
sequences of disturbances in natural environ-
ments on the complex relationships existing
between Arctic char and its gill microbiota.
Then, because it also appears that the host has
an influence on the structure of its microbiota,
we want to determine if the genotype of
Salvelinus alpinus influences the recruitment of
microbial communities. To identify variation in
microbiota composition and functional activity
across populations, we sampled seven popula-
tions at different latitudes in the Canadian
Arctic and we extracted RNA from 120 gills for 1
6s RNA sequencing and from five gill samples
from Cambridge Bay (Nunavut) to perform RNA-
seq meta-transcriptomic sequencing. Finally, we
performed GBS sequencing on host populations
to compare genetic structure (SNP) with micro-
biota phylogeography to determine if there is an
influence of the environment or of the genotype.

Theme: Marine

ID: 729

Distributions of dissolved trace metals in
surface waters of Baffin Bay in the
Canadian Arctic

Tia Anderlini1, Jean-Éric Tremblay2, and Jay
Cullen1

1School of Earth and Ocean Sciences, University of Victoria,
Victoria, BC, Canada.
2Départment de Biologie and Joint International Laboratory
Takuvik, Université Laval (Canada), Canada/CNRS (France),
Paris, France.

Abstract: This study investigates the distribu-
tions of essential micro and macronutrients in
surface waters (<500 m) of Baffin Bay during
summer 2019. Transects across major inlets and
outlets of the Bay, including Davis and Nares
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straits and Jones and Lancaster sounds, are pre-
sented. A dissolved iron (DFe)-, and dissolved
manganese (DMn)-rich, but macronutrient
deplete, influx along the eastern side of Baffin
Bay, is associated with the northward flow of rel-
atively warm and saline Western Greenland
Current (WGC) waters. The WGC may be
enriched in DFe and DMn due to contact with
shelf sediments and delivery of crustal material
related to glacial wasting. Conversely, Baffin
Island Current waters flowing North to South
along the western side are less enriched in these
metals but higher in macronutrient concentra-
tions owing to the nutrient-rich Pacific compo-
nent of Arctic Water entering Baffin Bay from
the Canadian Arctic Achipelago. Dissolved bioac-
tive elements such as cadmium (DCd), copper
(DCu), nickel (DNi), and zinc (DZn) are more con-
centrated in the Pacific component of Arctic
Water. These metals have higher concentrations
in the north and east of Baffin Bay proximate to
inflows of Arctic Water at Lancaster and Jones
sounds and Nares Strait. Additionally, the con-
centration of lead (DPb) is significantly higher in
southern Baffin Bay, as a result of anthropogenic
Pb, related to its use in gasoline in the last cen-
tury, in Atlantic Water. By taking into account
the differing concentrations of the aforemen-
tioned metals, these micronutrients (e.g., Fe,
Mn, Zn) and potential toxins (e.g., Cd, Cu) may
be employed as geochemical tracers. The inter-
play between biogeochemical and physical proc-
esses on the resulting spatial distributions of
trace elements and dominant source and sink
terms are discussed.

Theme: Marine

ID: 372

An updated wind–wave climatology for
the Southern Beaufort Sea under
declining Arctic sea ice cover

Matthew G. Asplin1, David Fissel1, Yuehua Lin1,
Sasha Nasonova1, and Keath Borg1

1ASL Environmental Sciences Inc., Saanichton, BC, Canada.

Abstract: Declining Arctic sea-ice cover and
increases in fetch are increasing the risk of
wave-driven coastal erosion along the Canadian
Beaufort Sea coastline. Wave action along the
MacKenzie Delta and surrounding coastal areas
is typically driven by strong, persistent easterly
wind forcing, particularly from mid-summer to

mid-fall when extended episodes of open water
are present in the southern Beaufort Sea.
Delayed freeze-up attributed to climate change
extends fetch through October, under an increas-
ingly baroclinic atmospheric environment aris-
ing from delayed freeze-up that may enhance
storm development and commensurate impacts
on shorelines. This can result in enhanced rates
of coastal erosion during intense storms, trans-
port and deposition of coastal sediments in near-
shore areas, and impact sea ice growth during
freeze-up. We present an updated wind-wave cli-
matology for 1999–2018, covering a period of neg-
ative trends in seasonal sea ice cover and
increasing persistent fetch in the southern
Beaufort Sea. Gridded wind–wave reanalysis data
from the Meteorological Service of Canada (MSC-
50 Beaufort Sea Wind and Wave Reanalysis
(Oceanweather Inc.)) was retrieved at a 2.5 km
resolution (0.1°) for the continental shelf area
near the MacKenzie Delta and the community of
Tuktoyaktuk, Northwest Territories. The wind
data were analyzed into long duration events
with steady wind directions (within a 22.5° direc-
tional quadrant). The effects of large wave epi-
sodes arising from extended periods of easterly
and northwesterly wind forcing into shallow
waters (<20 m) were investigated by using a
first-generation wave model (Sverdrup–Monk–
Bretschneider method) to determine two-
dimensional wave spectra (frequency-direction)
that arise when wind forcing reaches a saturation
level (i.e., fetch and wind produce a fully devel-
oped sea). This will provide insight into future
wind–wave development extrema, and their
potential impact on the physical environment.

Theme: Marine

ID: 611

Using small lakes across the Northwest
Territories to predict changes to carbon
chemistry with a warming climate

Pieter Aukes1, Ryan Hutchins2, Richard Elgood2,
Roy Judas3, Jeremy Leathers1, Mackenzie
Schultz1, Jason Venkiteswaran1, Michael English1,
and Sherry Schiff2

1Wilfrid Laurier University, Waterloo, ON, Canada.
2University of Waterloo, Waterloo, ON, Canada.
3Community of Wekweètì, Wekweètì, NT, Canada.

Abstract: Unprecedented warming across the
circumpolar north is rapidly altering the carbon

Abstracts 79

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



cycle across many surface waters that act as
biogeochemical hotspots across these cold
landscapes. Continual subsurface warming,
permafrost degradation, and changes to the
amount and timing of precipitation can alter
the amount and form of carbon transported
across the terrestrial–aquatic interface. In terms
of carbon fate, it is important to determine the
processes responsible for dictating whether these
lakes and ponds act as carbon sources or sinks,
and what relationships can be used to predict
the drivers of these processes. However, little
data exists for areas of the Precambrian taiga
shield and tundra in the Northwest Territories
(NT), Canada. The objective of our research is to
use a “space-for-time” approach to understand
how small lakes and ponds in the NT will evolve
with a warming climate, specifically in terms of
carbon sources and eventual fate with respect to
the atmosphere. We sampled a series of lakes
along a latitudinal gradient in the NT
(Yellowknife, Wekweètì, and Daring Lake) in late
summer for general water chemistry parameters,
nutrients, carbon chemistry (dissolved organic
and inorganic carbon), dissolved organic matter
(DOM) characterization, (UV-absorbance and
elemental ratios), dissolved gases (carbon diox-
ide, and methane), and stable isotopes of water.
Preliminary results indicate water chemistry in
lakes near Yellowknife are much different than
either Wekweètì or Daring lake, and that carbon
dioxide in Yellowknife lakes are super-saturated,
but not at Wekweètì and Daring Lake. These lati-
tudinal differences are explored and compared
with DOM chemistry and hydrology to help
determine how a warming climate may impact
carbon sources and fate in northern aquatic
systems.

Theme: Terrestrial

ID: 621

Arctic change revealed by satellite —

data collections of ESA DUE
GlobPermafrost and ESA CCI
+ Permafrost

Annett Bartsch1 & ESA DUE Globpermafrost &
CCI+ Permafrost Team1

1b.geos, Korneuburg, Austria.

Abstract: A Permafrost Information System
(PerSys) based on satellite data has been set up
as part of the ESA DUE GlobPermafrost project

(2016–2019, www.globpermafrost.info). This
includes a data catalogue as well as a WebGIS,
both linked to the Pangaea repository for easy
data access. The thematic products available
include InSAR-based land surface deformation
maps, rock glacier velocity fields, spatially dis-
tributed permafrost model outputs, land surface
properties and changes, and ground-fast lake
ice. Extended permafrost modelling (time series)
is implemented in the new ESA CCI+ Permafrost
project (2018–2021, http://cci.esa.int/Permafrost),
which will provide the key for our understanding
of the changes of surface features over time.
Special emphasis in CCI+Permafrost is on the
evaluation and development of land surface mod-
els to gain better understanding of the impact of
climate change on permafrost and land–
atmosphere exchange. Additional focus is on the
documentation of kinematics of rock glaciers in
several mountain regions across the world
supporting the International Permafrost
Association (IPA) action group “kinematics as an
essential climate variable”. We will present the
Permafrost Information System including the
time series (2003–2017) of the first version of
ground temperatures and active layer thickness
for the entire Arctic from the ESA CCI
+ Permafrost project and results from the latest
update (extension to 1997–2018). Ground temper-
ature is calculated for 0, 1, 2, 5, and 10 m depths
and has been assessed based on a range of bore-
hole data. A survey regarding data repositories
containing relevant borehole data has been con-
ducted. The records have been evaluated for the
project and harmonized. In addition, the result-
ing database will be eventually made publicly
available.

Theme: Terrestrial

ID: 236

Taking into account sea ice spatial
heterogeneity at the subgrid scale has
effects on 1D-modeled phenology of
phytoplankton but not on primary
productivity or community structure

Maxime Benoît-Gagné1, Gaëtan Olivier2,
Stephanie Dutkiewicz3, Christiane Dufresne4,
Dany Dumont4, and Frédéric Maps1

1Département de Biologie, Université Laval and Québec-Océan,
QC, Canada.
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2Laboratoire des Sciences de l’Environnement Marin (LEMAR),
CNRS/IFREMER/IRD/UBO, Plouzané, France.
3Department of Earth, Atmospheric and Planetary Sciences,
Massachusetts Institute of Technology, Cambridge, MA, USA.
4Institut des Sciences de la mer de Rimouski, Université du
Québec à Rimouski, Rimouski, QC, Canada.

Abstract: Despite the importance of light under
the sea ice for biogeochemical modeling in polar
seas, the representation of the under ice light
field is often inadequate and at best oversimpli-
fied. Usually, in coupled sea-ice/ocean models a
grid cell with a sea ice concentration varying
between 0% and 100% is associated with a homo-
geneous underwater light field that would be a
simple function of the ice cover. Researchers pro-
posed using a heterogeneous underwater light
field at the subgrid scale instead, to mirror the
heterogeneity of sea ice. Due to non-linearities
in biological responses to light availability, the
averaged light limitation on primary production
thus obtained is not equal to the light limitation
derived from mean irradiance. We tested this
approach with the MIT general circulation model
(MITgcm) coupled to a biogeochemical-ecosystem
module, but implemented in a one-dimensional
water column framework specific for coastal
Baffin Bay. The interest of our model is that it
includes 33 phytoplankton types. The emergent
numerical phytoplankton community structure
involves a diversity of functional groups and class
sizes. We show the changing community and
richness over the growing season. We ran two
simulations: with and without the subgrid scale
spatial heterogeneity of sea ice. The results show
a noteworthy change in phenology. The start of
the bloom peak is delayed by one week although
the start of the bloom development is not.
Primary productivity is decreased by only 2% as
annual primary productivity is limited by the
nutrient pool. There was no clear change in the
emergent numerical phytoplankton community
structure in terms of functional groups, class
sizes, or richness.

Theme: Marine

ID: 473

Impacts of climate change and local
anthropogenic activities in Antarctic
Peninsula lakes

Florencia Bertoglio1, Samuel Yergeau1, Dermot
Antoniades1, Santiago Giralt2, Claudia Piccini3,
and Roberto Urrutia4

1Geography Department, Centre for Northern Studies, (CEN)
Université Laval, Quebec, QC, Canada.
2Institute of Earth Sciences Jaume Almera (ICTJA-CSIC),
Barcelona, Spain.
3Institute of Biological Research Clemente Estable (IIBCE),
Montevideo, Uruguay.
4EULA, University of Concepción, Concepción, Chile.

Abstract: The rapid climate warming that has
taken place around the Antarctic Peninsula dur-
ing the 20th and 21st centuries has occurred
simultaneously with the intensification of
human activities, including scientific research.
Although it is often assumed that bases and
research activities have negligible effects on the
natural environment, this hypothesis is rarely
tested. We assessed trajectories over the past cen-
tury in seven lakes on Fildes Peninsula (King
George Island), the site of six permanent bases,
using a paleolimnological approach, to study the
effects of climate change and anthropogenic
activities on their chemistry and biota. In this
study, we focus on photosynthetic assemblages
in five lakes near stations and those of two con-
trol lakes. Pigment and diatom diversity in sedi-
ments were analyzed by high performance
liquid chromatography and microscopy and geo-
chemical sediment composition by X-ray fluores-
cence core scanning. Our results suggest a
strong temporal structure in the composition of
primary producers, with similar trajectories in
all lakes as of ∼1990 CE. As such, shifts in phyto-
plankton do not appear to be driven primarily
by anthropogenic activities in stations near the
lakes, and, thus, are likely due to another factor
such as increasing temperatures. However, rela-
tionships existed between phytoplankton com-
position and total biomass and some heavy
metals common in gasoline and diesel (i.e., Zn,
Cu, and Ni) and, therefore, associated with trans-
portation, heating, and power generation in sta-
tions. This was particularly true in two lakes
nearest bases, one of which has known issues
with contamination (Hotel Lake). Moreover, for
one of these lakes (Las Estrellas), diatom species
composition revealed metal-pollution tolerant
diatom species as well as significant correlations
between Zn and the abundance of these species.
We conclude that while climate change plays an
important role in structuring changes in these
maritime Antarctic lakes, anthropogenic con-
tamination from scientific research stations can-
not be dismissed.

Theme: Terrestrial
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ID: 477

Towards a better understanding of
Nunavik’s coastal dynamics

Antoine Boisson1, David Didier2, Michel Allard1,
Simon Bélanger3, and Pascal Bernatchez2

1Centre d’études nordiques, Université Laval, QC, Canada.
2Centre d’études nordiques, Université du Québec à Rimouski,
Rimouski, QC, Canada.
3Université du Québec à Rimouski, Rimouski, QC, Canada.

Abstract: Nunavik — Quebec territory located
north of the 55th parallel — has very important
coastal ecosystems and morphologies due to the
ongoing context of post-glacial emergence. This
leads to a decrease in relative sea level; an uncom-
mon feature of Arctic and subarctic coastlines.
Despite a generally increasing exposure to coastal
hazards along Canada’s Arctic coastline, contrast-
ing coastal dynamics can be observed in Nunavik,
which affects coastal zone management and
decision-making under uncertainty. Acquiring
new knowledge to develop an environmental sen-
sitivity index for the coasts of Nunavik is critical
for coastal communities. Effective coastal envi-
ronmental conservation planning is necessary to
ensure the protection of the Nunavik commun-
ities. This requires a better understanding of
coastal systems and their sensitivity to environ-
mental and anthropogenic pressures in a context
of expanding industrial development. This pre-
sentation introduces an extensive research pro-
gram being conducted by the Université du
Québec à Rimouski (UQAR) and Laval University,
in partnership with the Centre d’expertise en ges-
tion des risques d’incidents maritimes (CEGRIM)
and Quebec ministries. The objectives of this
project are to: (1) calculate shoreline changes in
the communities of Nunavik and selected macro-
region (e.g., the coast between Kuujjuarapik and
Umiujaq) for the period 1950–2010; (2) identify
and map coastal sediment cells; (3) update the
preliminary coastal classification for the entire
area, integrating hydro- and morphodynamic
data; (4) characterize coastal ecosystems by
remote sensing; and (5) develop an environmen-
tal sensitivity index.

Theme: Terrestrial

ID: 239

Recent changes in vegetation
productivity on the Bathurst caribou
range

Carolyn Bonta1, Ryan Danby1, and Greg King2

1Queen’s University, Kingston, ON, Canada.
2University of Alberta, Edmonton, AB, Canada.

Abstract: Remote sensing indicates that vegeta-
tion productivity has increased across nearly half
of the Bathurst caribou range in central
Northwest Territories from 2000–2017. Some of
the strongest greening trends are occurring at
the forest–tundra transition zone, an important
feeding area for caribou in late summer, but the
changes in plant communities and vegetation
growth patterns underlying this rise in produc-
tivity are unknown. In situ evidence from other
northern regions has found that shrubs are
expanding across the tundra. A greater abun-
dance, density, or distribution of shrubs can have
an enormous influence on both abiotic and biotic
processes, and is potentially a factor contributing
to the Bathurst caribou herd’s 99% decline in
recent decades. Our field investigation is using
dendrochronology to compare patterns of dwarf
birch (Betula glandulosa) and willow (Salix sp.)
growth between areas of the herd’s late summer
range where productivity has increased and areas
that have not significantly changed in recent dec-
ades. Here, we present some early comparisons
of shrub distribution, abundance, and cover met-
rics between the two types of sites, and also share
a broader snapshot describing plant commun-
ities and species abundances. Our findings sug-
gest that tall shrub cover is greater at greening
sites, despite no difference in shrub density or
relative proportion of dwarf birch to willow from
sites where productivity has not changed. These
results will inform upcoming research into the
climate sensitivity of erect deciduous shrubs in
central northern Canada, and will ultimately pro-
vide insight into changing vegetation patterns as
they may affect available forage for barren-
ground caribou.

Theme: Terrestrial

ID: 97

Foxes (Vulpes spp.) as intermediate hosts
for Toxoplasma gondii in northern Canada

Émilie Bouchard1, Rajnish Sharma1, Adrián
Hernández-Ortiz1, Kayla Buhler1, Michaël Bonin2,
Heather Fenton3, Ellen Avard4, Jim Roth5, Chloé
Warret Rodrigues5, Matilde Tomaselli6, Carla
Pamak7, Audrey Simon8, Patrick Leighton8, and
Emily Jenkins1
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1University of Saskatchewan, Saskatoon, SK, Canada.
2Université Laval, Québec, QC, Canada.
3Government of the Northwest Territories, Yellowknife, NT,
Canada.
4Nunavik Research Centre, Kuujjuaq, QC, Canada.
5University of Manitoba, Winnipeg, MB, Canada.
6Canadian High Arctic Research Station, CP 2150, Cambridge
Bay, NU, Canada.
7Nain Research Centre, Nain, NL, Canada.
8Université de Montréal, Montreal, QC, Canada.

Abstract: In changing northern ecosystems,
understanding the mechanisms of zoonotic
pathogen transmission, including the coccidian
parasite Toxoplasma gondii, is essential to protect
vulnerable animal and human populations that
live in these regions. As sentinel species, foxes
give us a better idea of T. gondii distribution and
help us understand how it persists in this ecosys-
tem. The objectives of our research are to gener-
ate baseline data on T. gondii among foxes across
northern Canada and understand the trophic
relationships between foxes and their prey spe-
cies. Red (Vulpes vulpes) and Arctic fox (Vulpes lago-
pus) carcasses (n = 736) were collected by local
trappers and collaborators from Labrador,
Québec, northern Manitoba, Nunavut, and
the Northwest Territories during winters of
2015–2019. Toxoplasma gondii DNA was detected
in heart and brain using magnetic capture PCR.
An enzyme-linked immunosorbent assay was
performed on heart fluid to detect evidence of
previous exposure to the pathogen. We are
reconstructing the diet of Nunavik foxes for a
year by measuring stable isotopes ratios of C
and N in hair and muscle samples to link prey
with status of infection. The overall T. gondii
tissue prevalence was 28% (n = 179/662, 95%
CI: 23–31) in foxes, compared with a seropreva-
lence of 35% (n= 236/668, 95% CI: 31–40). A signifi-
cant difference in the tissue prevalence of T.
gondii in foxes from eastern and western
Nunavik in northern Québec was observed: 20%
(n = 33/165; 95% CI: 14–28) compared with 51%
(n= 38/75; 95% CI: 36–70), respectively. Stable iso-
tope mixing model analysis showed that infected
foxes have a higher probability to consume
marine food sources and snow geese (Chen caeru-
lescens) compared with non-infected foxes. Our
study sheds new light on the current status of T.
gondii in wildlife in northern Canada, informing
future risk assessments and predictive models
to determine the potential human and animal
health risks associated with T. gondii infection.

Theme: Inuit Health Education and Adaptation

ID: 812

Spatial and temporal patterns of wolf
(Canis lupus) occurrence along the
western coast of Hudson Bay

Ryan Brook1, Maya Kliewer1, and Douglas Clark1

1University of Saskatchewan, Saskatoon, SK, Canada.

Abstract: Wolves (Canis lupus) are keystone eco-
logical species across most of their range, driv-
ing top-down impacts on their prey. Wolves are
also important culturally and economically in
the North as a species trapped throughout much
of its range. Understanding the ecology of
wolves is particularly important at a time when
many caribou herds are a serious conservation
concern. This research is part of the
International Student-Led Arctic Monitoring &
Research (ISAMR.net) collaboration that engages
youth in science. We documented the occur-
rence of wolves in Wapusk National Park along
the Hudson Bay coast of Manitoba from
2012–2020 using n = 15 PC-900 Reconyx trail
cameras deployed around the perimeter of three
field camps. During this period, we collected
170 855 photos from all cameras and of these
2% (n = 3575) were of wolves, of which there
were 406 unique occurrences (each separated
by at least one hour). Each occurrence was
associated with 12 unique photos on average
(min = 1, max = 119). Our findings indicate that
wolves are well established in Wapusk National
Park, with numerous occurrences of wolves at
all field camps in all eight years of this study.
The majority (73%) of wolf occurrences were
between 19:00 and 7:00. During the study
period, total annual wolf occurrences increased
over time. Wolves were by far the most common
(78% of occurrences) at the most southern field
camp (Owl River Camp, associated with tree
cover), lowest (2% of occurrences) in the most
northern camp (Nester One Camp, tundra area),
and moderate (20% of occurrences) in the
middle camp (Broad River Camp, mix of tundra
and tree cover). This study will be linked with
our on-going work on caribou ecology and
conservation.

Theme: Terrestrial

ID: 170

Tularemia in terrestrial and marine
Arctic ecosystems

Abstracts 83

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



Kayla Buhler1, Adrián Hernández-Ortiz1, Émilie
Bouchard1, Carol-Anne Villeneuve2, Gustaf
Samelius3, Antonia Dibernardo4, Robbin
Lindsay4, Ray Alisauskas5, Nicholas Pilfold6,
Megan Owen6, Bruce Rideout6, David McGeachy7,
Evan Richardson7, Nicholas J. Lunn7, Enooyaq
Sudlovenick8, James Simonee9, Pierre-Yves
Daoust10, Patrick Leighton2, and Emily Jenkins1

1University of Saskatchewan, Saskatoon, SK, Canada.
2Université de Montréal, Montreal, QC, Canada.
3Snow Leopard Trust, Seattle, WA, USA.
4National Microbiology Laboratory, Public Health Agency of
Canada, Ottawa, ON, Canada.
5Prairie and Northern Wildlife Research Centre, Environment
Canada, Saskatoon, SK, Canada.
6Institute for Conservation Research, San Diego Zoo Global,
San Diego, CA, USA.
7Environment and Climate Change Canada, Gatineau QC,
Canada.
8University of Manitoba, Winnipeg, MB, Canada.
9Pond Inlet.
10Canadian Wildlife Health Cooperative, Atlantic Veterinary
College, University of Prince Edward Island, Canada.

Abstract: Francisella tularensis is a serious vector-
borne bacterium that infects a range of avian
and mammalian hosts, including people. It is
transmitted among hosts via direct contact with
infected individuals (bodily fluids and consump-
tion of infected carcasses), bites from hema-
tophagous arthropods, and through contact
with contaminated water sources. Little is known
about the mechanisms of transmission in aquatic
and terrestrial environments in the Arctic.
Rodents are theorized reservoirs in the Arctic
and outbreaks in southern Canada have resulted
in high mortality for rodent hosts. Thus, scaveng-
ers and predators may be ideal sentinels for F.
tularensis. In marine ecosystems, F. tularensis can
survive for multiple weeks and has been detected
in invertebrate filter feeders. We identified sero-
prevalence in predators occupying high trophic
levels in terrestrial and marine Arctic ecosystems
(Arctic foxes and polar bears) and active infec-
tion/seroprevalence in primary prey species
(snow geese, rodents, and seals) to determine
whether diet plays a role in transmission.
Furthermore, qPCR was used to determine the
prevalence of F. tularensis in mosquitoes and fleas
to identify potential vector species. Serum sam-
ples from 158 Arctic foxes trapped between 2014
and 2019 and 100 polar bears trapped between
2015 and 2017 were screened using a microagglu-
tination test (MAT). Seroprevalence was 22% (95%
CI: 16–29) for foxes, 60% (95% CI: 50–69) for bears
and 1% for harvested ringed seals (n= 99; 95% CI:

0–6). Mosquitoes (n = 12 542), fleas in nests
(Ceratophyllus vagabundus; n = 294), fleas on geese
(Ceratophyllus vagabundus; n = 126), fleas on
rodents (Amalaraeus dissimilis; n = 115), rodents
(n = 21), and geese (n = 82) were negative for F.
tularensis DNA. This study provides supporting
evidence that F. tularensis circulates in terrestrial
and marine ecosystems. Future studies should
continue to investigate sources of transmission
in Arctic ecosystems and determine whether
infection impacts the survival and reproductive
success of predators and scavengers in the Arctic.

Theme: Inuit Health Education and Adaptation

ID: 679

Climate-related drivers cause divergent
temporal trends in arctic char mercury
concentrations from paired Lakes on
Melville Island, Nunavut

Samantha Burke1, Derek Muir1, Xiaowa Wang1,
Benjamin Barst2, Jane Kirk1, Debbie Iqaluk3,
Michael Pope4, Scott F. Lamoureux5, and Melissa
J. Lafrenière5

1Environment and Climate Change Canada, Gatineau QC,
Canada.
2Water and Environmental Research Center, University of
Alaska Fairbanks, Fairbanks, AK, USA.
3Resolute, NU, Canada.
4Department of Geography and Planning, Queen’s University,
Kingston, ON, Canada.
5Queen’s University, ON, Canada.

Abstract: The Cape Bounty Arctic Watershed
Observatory includes two adjacent, geologically
similar lakes (West and East), which are currently
undergoing climate-driven changes. Summers
over the period 2007–2012 were unusually warm
and resulted in regional changes in ice duration,
hydrology, and permafrost degradation. Both
catchments have experienced permafrost degra-
dation; however, West lake has also undergone
multiple sub-aqueous slumps (beginning in fall
2008), leading to a sustained increase in turbidity
and resultant decrease in fish body condition.
This provides the unique opportunity to under-
stand the potential impacts of permafrost degra-
dation and other climate effects on mercury
(Hg) concentrations of Arctic char (Salvelinus alpi-
nus), an important subsistence food source across
the circum-Arctic. Our objectives were to (1)
Assess temporal trends (2008–2019) in char Hg
concentrations, and (2) determine potential
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mechanisms driving any observed trends. We
found that between 2008 and 2019, there was a
significant decrease (R2adj. = 0.72, p2adj. = 0.59,
p = 0.004). We determined that fish growth (age-
at-size) was the best predictor of length-adjusted
[Hg] in East lake (R2adj. = 0.68, p = 0.002), such
that faster growing fish have lower [Hg] (somatic
growth dilution). In addition, mean summer air
temperature from the previous year was signifi-
cantly correlated with length-adjusted [Hg] in
East lake, which in a model together with growth
explains 76% of the variability (R2adj. = 0.76,
p = 0.006). However, the best predictors of
length-adjusted [Hg] in West lake were carbon
(R2adj. = 0.66, p = 0.005) and nitrogen (R2adj. =
0.47, p = 0.02) stable isotope ratios, indicating a
shift in diet likely due to the profound increase
in turbidity. This work demonstrates the diffi-
culty of predicting trends in Arctic fish Hg under
a changing climate, as there are myriad interact-
ing climate-related drivers.

Theme: Terrestrial

ID: 463

Prototype framework for deep learning
driven semantic segmentation of Arctic
seabed imagery

Kazimieras Buškus1, Evaldas Vaičiukynas1,
Antanas Verikas1, Saulė Medelytė2, and Sergej
Olenin2

1Kaunas University of Technology, Kaunas, Lithuania.
2Marine Research Institute, Klaipeda University, Klaipėda,
Lithuania.

Abstract: The reliable mapping of the Arctic
seabed is a prerequisite for marine spatial
planning and environmental management.
Underwater imagery (UWI) is one of the most
common methods for mapping the seabed. The
main advantage of this method is its simplicity,
which enables rapid and cost-effective collection
of large amounts of data. However, only a small
part of information from UWI archives is being
used due to labor-intensive and time-consuming
effort, often requiring expert knowledge.
Thanks to progress in deep learning (DL)
methods, with convolutional neural networks
demonstrating state-of-the-art in semantic seg-
mentation tasks, new opportunities for auto-
mated large-scale analysis of seabed images have
emerged. Although some tools exist for inter-
mediate steps, multi-disciplinary teams still lack

a unified framework, which could provide fast
and reliable semantic segmentation and auto-
mate quantitative measurements for classes of
interest. To address this issue, we present a proto-
type segmentation framework tested on the UWI
imagery material collected from the upper subti-
dal zone of central Spitsbergen, Arctic. The sys-
tem consists of two main layers: a user-friendly
web front-end, based on industry leading React
framework, and a back-end, relying on
TensorFlow Serving API, responsible for manag-
ing and serving of DL models. A pilot experiment
was conducted using two large 2D mosaics of a
seabed transect, stitched from UWI video
material, containing 3 classes — pebbles, tube
dwelling polychaetes, and Ophiuroidea. Mosaic-
based 2-fold cross-validation results revealed
a high overlap between ground truth and
predicted masks according to similarity coeffi-
cients — Dice of 0.86 and 0.84 as well as Jaccard
of 0.77 and 0.72 for binary (Ophiuroidea detec-
tion) and multiclass segmentation tasks, respec-
tively. Effective, accurate and fast segmentation
of the seabed mosaic can be achieved if sufficient
training annotations are available for the DL
model. Further development is envisaged to
enable tweaking capabilities for segmentation
results as the post-processing phase.

Theme: Long-Term Monitoring and Data
Management

ID: 623

Runoff and sea-ice melt/brine
distributions drive seasonal CO2 and
calcium carbonate saturation variability
in Hudson Bay

David Capelle1, Michelle Kamula1, Zou Zou
Kuzyk1, Mohamed Ahmed2, Brent Else2, Lisa
Miller3, and Tim Papakyriakou1

1University of Manitoba, Winnipeg, MB, Canada.
2University of Calgary, Calgary, AB, Canada.
3Institute of Ocean Sciences, Fisheries and Oceans Canada,
Sidney, BC, Canada.

Abstract: We present the first observations of
dissolved carbon-dioxide (CO2) and calcium car-
bonate (CaCO3) saturation state in Hudson Bay
during Winter and Spring, based on discrete
observations from February–April 2017 and
June–July 2018. The distributions of CO2 and
CaCO3 saturation corresponded well with distri-
butions of freshwater (runoff and sea-ice melt)
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and brine as interpreted from δ18O — salinity
pairs. CaCO3 under-saturation and CO2 super-
saturations were more pronounced in runoff-rich
waters, and deep waters. Seasonal and spatial
differences in runoff chemistry also influenced
the degree of CO2 and CaCO3 saturation in the
coastal domain and CaCO3 saturation relative to
previous studies conducted during summer and
fall, likely related to seasonal differences in run-
off, ice melt, and brine distributions.

Theme: Marine

ID: 264

Sea ice drives kelp forest depth
distribution in northern Hudson Bay

Laura Castro de la Guardia1, Karen Filbee-
Dexter2,3, Ignacio Garrido4.5, Jillian Reimer1,
Kathleen MacGregor4,6, Brenda Konar7, Katrin
Iken7, Ladd E. Johnson4, Philippe Archambault4,
Mikael K. Sejr8, and C.J. Mundy9

1Center of Earth Observation Science, University of Manitoba,
Winnipeg, MB, Canada.
2Université Laval, Québec QC, Canada.
3UWA, Oceans Institute and School of Biological Sciences, Perth
WA, Australia.
4Département de biologie, Université Laval, Québec QC,
Canada
5IDEAL and ICML, Universidad Austral de Chile, bureau 3058
Québec QC, Canada.
6Fisheries and Oceans Canada, Québec QC, Canada.
7College of Fisheries and Ocean Science, University of Alaska
Fairbanks, Alaska, USA.
8Department of Bioscience, Aarhus University, Rønde Vejlsøvej
25, Silkeborg, Denmark.
9Center of Earth Observation Science, University of Manitoba,
Winnipeg, MB, Canada.

Abstract: Arctic and subarctic regions are experi-
encing rapid sea ice loss leading to increased
light levels and temperatures in the benthic envi-
ronment. It is hypothesized that ultimately these
processes will lead to an increase in benthic pri-
mary production. This study tests this hypothesis
focusing on the depth distribution of kelp
around Southampton Island in northern
Hudson Bay, Canada. The region provides a per-
fect environment to test the hypothesis as it is
surrounded by coastal polynyas to the west and
south, a late melt-out pack ice cover to the north,
and limited land-fast ice zones that produce
benthic habitats with a wide range of open water
periods with light (OWL). Video surveys con-
ducted in the summers of 2018 and 2019 were

analyzed to determine the kelp density, canopy
height, and to identify the depth extent of the
50%, 10%, and 1% kelp forest density. The kelp for-
est was primary composed of perennial species
with the high canopy dominated by Saccharina
latissima, Alaria esculenta, Laminaria solindungula,
and the low canopy by Agarum clathratum. The for-
ests extended from 4.6 to 50 m depth with the
maximum density between 4.6 and 26.6 m depth.
The depth extent of the 50% and 10% kelp density
around the Island was explained by the length of
the OWL and earlier break-up date, both of which
increase light availability. Despite more exten-
sive sea ice conditions near Southampton Island,
local kelp forests were found to grow dispropor-
tionally deeper relative to other locations in the
northern hemisphere. The latter is likely
explained by the clearer waters around
Southampton Island. Our results suggest that
the loss of sea ice may lead to an increase in kelp
distribution with the secondary effect of increas-
ing the local biodiversity via an expanding
benthic habitat.

Theme: Marine

ID: 475

Influence of nordic seas dynamics on the
Atlantic water propagation and its
impacts on sea ice concentration

Sourav Chatterjee1, Roshin Raj2, Laurent
Bertino2, Subeesh MP1, Nuncio Murukesh1, and
Muthalagu Ravichandran1

1National Center for Polar and Ocean Research, Ministry of
Earth Science, Goa, India.
2Nansen Environmental and Remote Sensing Center, 5006
Bergen, Norway.

Abstract: Enhanced intrusion of warm and saline
Atlantic Water (AW) to the Arctic Ocean (AO)
in recent years has drawn wide interest of the
scientific community owing to its potential role
in “Arctic Amplification”. Not only the AW has
warmed over the last few decades, but its transfer
efficiency has also undergone significant modifi-
cations due to changes in atmosphere and ocean
dynamics at regional to large scales. The Nordic
Seas (NS), in this regard, play a vital role as the
major exchange of polar and sub-polar waters
takes place in this region. Further, the AW and
its significant modification on its way to AO via
the Nordic Seas has large scale implications on,
for example,deep water formation and air–sea
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heat fluxes. Previous studies have suggested that
a change in the sub-polar gyre dynamics in the
North Atlantic controls the AW anomalies that
enter the NS and eventually end up in the AO.
However, the role of NS dynamics in resulting in
the modifications of these AW anomalies are
not well studied. In this study we show that the
NS are not only passive conduit of AW anomalies
but the ocean circulations in the NS, particularly
the Greenland Sea Gyre (GSG) circulation can sig-
nificantly change the AW characteristics
between the entry and exit point of AW in the
NS. Further, it is shown that the change in GSG
circulation can modify the AW heat distribution
in the NS and can potentially influence the sea
ice concentration therein. In view of the above
and the intensifying atmospheric forcing in the
NS, potentially strengthening the NS circulation,
it is likely that the NS will play a more prominent
controlling role in the variability of the Arctic cli-
mate by influencing deep water formation, sea
ice concentration, and freshwater budget in this
region.

Theme: Marine

ID: 108

Facing the challenge of permafrost thaw
in Nunavik communities: high-
resolution permafrost and geotechnical
conditions mapping to support land-use
planning

Alexandre Chiasson1, Michel Allard1, Emmanuel
L’Hérault1, Arianne B. St-Amour1, Sarah Aubé-
Michaud2, Valérie Mathon-Dufour1, Andrée-
Sylvie Carbonneau1, Samuel Bilodeau1, Charles-
David Babin3, Catherine Deslauriers1, and Sarah
Gauthier1

1Centre d’études nordiques, Université Laval, Québec QC,
Canada.
2Ministère de l’environnement et de la lutte aux changements
climatiques du Québec, Québec, Canada.
3Ministère des affaires municipales et de l’habitation du
Québec, Québec, Canada.

Abstract: High-quality scientific information on
permafrost properties and temperature regime,
risk of occurrence of natural hazards, and
expected timing of permafrost thaw is required
to plan the growth of Nunavik communities and
improve the quality of “urban” life, as the high
growth rate of the population calls for housing
expansion phases and improvement of public

infrastructure. Under research contracts to
Centre d’études nordiques from the
Government of Quebec, particularly from the
Ministère des Affaires Municipales et de
l’Habitation, a major permafrost mapping pro-
gram was implemented to provide knowledge in
support to the Kativik Regional Government
(KRG) and to the communities. This research
focuses on mapping permafrost conditions and
land use potential conditions in thirteen Inuit
communities in Nunavik. A team of experts and
students helped by local community members
developed an innovative multi-technique
approach to map permafrost. The methodology
integrates interpretation of old and recent air
photographs, remote sensing, the construction
of digital elevation models, compilation of avail-
able geotechnical data from the grey literature,
surficial geology mapping, sampling in soil pits,
permafrost coring, geophysical surveys, geotech-
nical laboratory analyses of samples, installation
of thermistor cables, and data loggers. All the
observational and technological data were com-
piled in a GIS to produce four maps for each of
the communities: (1) a surficial geology map,
(2) a permafrost condition map (based mostly on
ground-ice content), (3) a map of potential for
construction, and (4) a hazard risk assessment
map. The results indicate preferential areas for
the construction of buildings and infrastructure
on permafrost as well as areas considered sensi-
tive to climate change. These mapping results
can be used to guide decision-making to long-
term development plans for the Inuit commun-
ities in Nunavik. All the maps, updates, data
tables, and scenarios for changes are publicly
available and shared on a continuous basis with
KRG and the communities.

Theme: Inuit Health Education and Adaptation

ID: 58

Pride in polar research

Iqra Choudhry1, Emily Choy2, Meagan Dewar3,
Huw Griffiths4, Stanislav Ksenofontov5, Joseph
Nolan6, Stephen Roberts4, and Alexander
Thornton7

1Centre for the History of Science, Manchester, UK.
2McGill University, Montreal, QC, Canada.
3Federation University, Ballarat, Victoria, Australia.
4British Antarctic Survey, Cambridge, UK.
5Ammosov North Eastern Federal University, Yakutsk, Russia.
6European Polar Board, Yakutsk, Russia.
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7Pride in Polar Research, Potsdam, Germany.

Abstract: Inclusivity, equity, and diversity ben-
efit all of Polar research, helping the community
to realize its full potential. Pride in Polar
Research (PiPR) was established when an early
career researcher reached out to the community
ahead of the POLAR2018 conference in Davos,
seeking solutions to the isolation and discrimina-
tion issues they faced as a queer and intersex sci-
entist. What began as a plea to other members of
the community to be more visible by wearing
rainbow badges quickly developed into a group
actively working to combat biases through com-
munity development and education. PiPR is
inclusive, welcoming all Sexual Orientation,
Gender Identity, Gender Expression, and Sex
Characteristics identities (LGBTQIA + and
others). Since the first meeting in Davos,
attended by >30 conference participants, PiPR
has received support from the Scientific
Committee on Antarctic Research, International
Arctic Science Committee, and other organiza-
tions, established Twitter (1400+ followers) and
Facebook (200+ followers) accounts, and a mod-
erated mailing list (100+members), becoming
an internationally recognized network. PiPR is
working to establish a more formal structure
and is cooperating with Women in Polar
Science, Minorities in Polar Research, other inter-
sectional groups and allies across academia to
build on its initial successes. Beyond supporting,
connecting, and raising the visibility of members
of our community, PiPR will produce resources
intended to improve equity, diversity, and inclu-
sion within Polar research. One priority is to pro-
vide practical advice to individuals and groups
organizing workshops, conferences, fieldwork,
etc., on how best to be as inclusive and welcom-
ing as possible, given the many different barriers
that members of the PiPR community face
worldwide.

Theme: Knowledge Exchange and Co-production

ID: 280

The state of knowledge of grizzly bears in
northern Manitoba

Douglas Clark1, Andrew Barnas2, Ryan Brook1,
Susan Ellis-Felege3, Jeff Higdon4, LeeAnn
Fishback5, Kathryn Manning1, Danielle Rivet1,

Jim Roth6, Vicki Trim7, Matthew Webb8, and
Robert Rockwell9

1University of Saskatchewan, Saskatoon, SK, Canada.
2University of Windsor, Windsor, ON, Canada.
3University of North Dakota, ND, USA.
4Higdon Consulting, Winnipeg, MB, Canada.
5Churchill Northern Studies Centre, MB, Canada.
6University of Manitoba, Winnipeg, MB, Canada.
7Manitoba Conservation, Moose Lake, MB, Canada.
8Parks Canada, Gatineau, QC, Canada.
9American Museum of Natural History, New York, NY, USA.

Abstract: Grizzly bears have been observed
increasingly often in northern Manitoba, likely
originating with the established populations in
Nunavut and the Northwest Territories. We sum-
marize and present all known documented
observations of grizzlies in northern Manitoba
verified from direct observations, remote camera
observations, government agency reports, first
author’s field notes, volunteered observations,
media and social media reports, published litera-
ture, and the Hudson’s Bay Company Archives.
We recorded total of 159 observations, with most
since 1980. Spatially, these observations are from
the southern Arctic, Hudson Plains, and Taiga
Shield ecozones, and span from the Nunavut bor-
der to the south shore of the Nelson River.
Grizzly bears were historically present in
northern Manitoba, although in very low den-
sities. The frequency of observations per decade
increased markedly since 1990, notwithstanding
the recent introduction of remote cameras and
non-uniform search efforts that were higher
along the Hudson Bay coast and in areas with
more human activity. Most observations were
along the Hudson Bay coast and all confirmed
observations were of single bears, suggesting
that the present population is likely maintained
by dispersal from the population to the north.
The observations and patterns documented here
are broadly consistent with what is known about
the species’ ecology in similar habitats, but they
do not represent the full dimensions of the spe-
cies’ ecology and distribution in northern
Manitoba. Understanding grizzly bear distribu-
tion and demographics in the portion of
Manitoba’s grizzly bear range north and west of
Churchill will be critical for more accurately
assessing the status, trends, and population
dynamics of grizzly bears in the province.

Theme: Knowledge Exchange and Co-production
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ID: 70

Understanding lake response to
permafrost thaw in the Dehcho region of
the Northwest Territories

Kristen Coleman1, Grace Hoskin1, Laura
Chasmer2, Joshua Thienpont1, William Quinton3,
and Jennifer Korosi1

1York University, Toronto, ON, Canada.
2University of Lethbridge, Lethbridge, AB, Canada.
3Wilfrid Laurier University, Waterloo, ON, Canada.

Abstract: Lakes at the southern limit of perma-
frost are highly sensitive to climate warming. In
the southern Northwest Territories (NT), perma-
frost is typically restricted to forested patches, or
peat plateaus, that are elevated above the sur-
rounding wetlands. As mean annual air tempera-
tures approach 0 °C, permafrost thaw results in
the waterlogging of soil and transition of forested
plateaus to wetlands. As the proportion of wet-
lands in the catchment increases, the routes for
the export of terrestrial carbon to enter lakes also
increases, which can result in “browning” of the
water. Lake browning can impact lakes in many
ways, for example, by reducing the amount of
light that can penetrate into the water column,
which, in turn, can impact lake food webs. The
research presented here focuses on 16 small lakes
in the Scotty Creek basin, within the Dehcho
region in the southern NT, and aims to answer
two questions. First, how have lakes changed in
this region and when did these changes begin?
To answer this question sediment cores were col-
lected to reconstruct environmental histories of a
select few lakes in the Scotty Creek basin over
the past several hundred years. Second, do current
landscape characteristics (e.g., proportion and
type of wetlands) impact current lake conditions
(e.g., the amount of dissolved organic carbon)? To
answer this question landscape characteristics
were analyzed using satellite imagery, and lake
water samples were collected and analyzed. Here,
preliminary results will be presented that begin
to answer these questions. This research will con-
tribute important advancements in our under-
standing of how permafrost thaw impacts lakes
and how they will change in the future.

Theme: Terrestrial

ID: 92

Refuge islets: High Arctic nesting birds
select safe neighborhoods

Madeleine-Zoé Corbeil-Robitaille1, Éliane
Duchesne1, and Joël Bêty1

1Institut des Sciences de la Mer, Université du Québec à
Rimouski, Rimouski, QC, Canada.

Abstract: Climate warming can lead to signifi-
cant changes in the Arctic landscape with cascad-
ing effects on species interactions. Predation by
Arctic fox, a key tundra predator, can have strong
effect on the distribution and reproductive suc-
cess of Arctic-nesting birds. Habitat structure
such as lakes, rivers, ponds, and complex water
channels can generate physical barriers con-
straining movements of foraging foxes. Birds
nesting on islets located within such structures
could reduce or eliminate the risk of predation
on eggs and offspring. The main goals of the
study were (i) to locate and characterize islets in
the landscape of Bylot Island (Nunavut) and (ii)
to identify criteria used by birds when selecting
an islet to nest. A total of 344 islets were charac-
terized by their distance to the shore and their
water depth within our study area (1600 km2)
and 25% were used at least once during year
2018 and 2019 by one of the three focal nesting
species (Cackling geese, Glaucous gulls, and Red-
throated loons). Water depth surrounding the
islets and distance to shore influenced islet selec-
tion by all species. Above a threshold distance,
islets were selected according to water depth,
which likely reflects the biomechanical con-
straints of foxes (i.e., jumping distance and leg
length). The next step will be to assess the sensi-
tivity of anti-predation refuges to warming-
induced landscape transformation and the
potential cascading effects on Arctic biodiversity.

Theme: Terrestrial

ID: 167

Surprising dominance of the kelp
Agarum clathratum on north Baffin
Island: characterization of its
distribution and depth limitations

Delphine Cottier1, Kathleen MacGregor1, Karen
Filbee-Dexter1,3, Camille Lavoie4, Christopher W.
McKindsey5, Philippe Archambault1,6, and Ladd E.
Johnson1

1Département de biologie, Université Laval; Quebec, QC,
Canada
2Fisheries and Oceans Canada, Quebec City, QC, Canada.
3Institute of Marine Research, His, Norway.
4Université Laval, Québec, QC, Canada.
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5Fisheries and Oceans Canada, Ottawa, ON, Canada.
6ArcticNet, Québec, QC, Canada.

Abstract: Kelp play an unknown role in the ecol-
ogy of Arctic coastal ecosystems, but our knowl-
edge of their diversity and distribution is slowly
emerging. However, as in lower latitudes, one
species, Agarum clathratum, is often considered a
minor player in these communities, usually
described as a less competitive species that is
restricted to greater depths. However, our recent
observations in northern Baffin Island revealed
that A. clathratum can dominate rocky bottoms
there, even in shallow areas. We documented
the abundance and distribution of A. clathratum
in this area using underwater video cameras to
characterize the seafloor at multiple depths (2 m
to 43 m) at 39 sites along the southern shore of
Eclipse Sound (Baffin Island, Nunavut). We evalu-
ated the substratum type, the cover of different
kelp species, and the abundance of sea urchins.
Agarum clathratum was present in 80% of the areas
analyzed, whereas only 47% had other species of
kelp present. It was found at high cover (>50%)
at depths between 5 and 21 m, and the maximum
depth at which it was observed was 37 m. In con-
trast, other kelp species were less abundant and
only found at depths <10 m. Sea urchins were
usually present and, at times, abundant, but
never at the levels seen in subarctic regions.
These initial results suggest that A. clathratum is
the competitively dominant kelp species in High
Arctic environments. Further knowledge of the
ecology of this species is key to a better under-
standing of its present and future role in the
changing Arctic.

Theme: Marine

ID: 140

Scoping review: The occurrence of dog
bites in Northern Indigenous
communities

Laurence Daigle1, Lea Delesalle1, André Ravel1,
and Cécile Aenishaenslin1

1Université de Montréal, Montreal, QC, Canada.

Abstract: Many northern Indigenous commun-
ities have relied on dogs to hunt, travel or protect
their belongings and families over the years. But
this ancient partnership has often been pro-
foundly affected by colonization, settlement,
democratization of snowmobiling, and other

socio-cultural and environmental changes.
Despite those recent (and sometime rapid)
changes, dogs still play an important role in many
of northern Indigenous populations. This relation-
ship brings significant benefits to humans; how-
ever, it can also increase exposure to certain risks
to public health, like dog bites. We conducted a
review of the scientific literature (scoping review)
to document the state of knowledge regarding
the occurrence of dog bites in the specific context
of northern Indigenous communities and in com-
parison with other contexts (like southern, urban,
or non-Indigenous ones). We also aim to identify
the factors that would be associated with an
increased risk of bites in this particular context
and the main knowledge gaps about this subject.
The search was done using seven bibliographic
databases and included only the original studies.
Nine articles were selected for the analysis.
Although this is a recent topic of interest in
research and that evidence is still scarce, our
results suggest that Indigenous people living in
these communities are at higher risk of dog bites
than the rest of the population. Several individual
and environmental factors that may increase the
risk of biting were suggested, including cultural
and organizational barriers to dog management
and lack of access to veterinary services. This liter-
ature review highlights the context particular-
ities, the data heterogeneity, and the significant
lack of knowledge about the occurrence of bites
in northern Indigenous communities, making it
difficult to develop animal health and public
health interventions.

Theme: Inuit Health Education and Adaptation

ID: 339

Genetic structure of Arctic char
(Salvelinus alpinus) populations and their
local adaptation to the contrasting
marine environments of the
southeastern Arctic

Xavier Dallaire1, Eric Normandeau1, Julien
Mainguy2, Jean-Éric Tremblay3,4, Louis
Bernatchez1, and Jean-Sébastien Moore1

1Institut de Biologie Intégrative et des Systèmes, Université
Laval, Quebec, QC, Canada.
2Ministère des forêts, de la Faune et des Parcs, Québec, QC,
Canada.
3Départment de biologie and Joint International Laboratory
Takuvik, Université Laval, Quebec, QC, Canada.
4CNRS, France.
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Abstract: The Arctic char (Salvelinus alpinus) is an
anadromous salmonid of great importance for
traditional fisheries in the Inuit communities of
northern Canada. Arctic char are known to
migrate to coastal feeding areas in proximity to
their natal rivers, which could indicate a poten-
tial for local adaptation to marine as well as
freshwater conditions. In an effort to develop bio-
logically significant management units for Arctic
char in the southeastern Canadian Arctic, we
assessed genetic population structure and adap-
tation at a local and regional scale: 650 individ-
uals were sampled from 23 localities in Nunavik
(Quebec), Baffin Island (Nunavut), and northern
Labrador, and around 18 000 single nucleotide
polymorphismmarkers were obtained using gen-
otyping-by-sequencing. Fish harvested in differ-
ent rivers sharing an estuary could generally not
be distinguished, suggesting a high level of gene
flow inside a catchment area. Patterns of genetic
diversity show signs of hierarchical genetic struc-
ture, with the broader level of structure dividing
the study area in four major regions with extent
roughly matching the oceanographic basins
around Nunavik (Hudson Bay, Hudson Strait,
Ungava Bay and Labrador Sea). As the environ-
ment is highly contrasted between those regions,
natural selection could play a role in structuring
Arctic char populations. The association between
genetic markers and environmental factors were
tested using both monogenic (e.g., Baypass,
latent factor mixed model) and polygenic
(e.g., redundancy analysis) methods to identify
potential targets for local adaption. These results
will inform local and regional decision makers
about conservation of Arctic char stocks in
Nunavik.

Theme: Marine

ID: 112

Predicting permafrost probability in a
variable boreal environment utilizing a
multiple logistic regression model,
Whatì, Northwest Territories, Canada

Seamus Daly1, Philip Bonnaventure1, andWilliam
Kochtitzky2

1University of Lethbridge, Lethbridge, AB, Canada.
2University of Ottawa, Ottawa, ON, Canada.

Abstract: For remote communities in the dis-
continuous permafrost zone access to current
permafrost distribution information for hazard

assessment is a considerable challenge. In this
study we apply established analytical methods
to illustrate a time- and cost-efficient method
for conducting community-scale permafrost
mapping in the community of Whatì,
Northwest Territories. A binary logistic regres-
sion model (BLR) was created using a combina-
tion of field data, digital-elevation-model-
derived variables and remotely sensed prod-
ucts. Independent variables included vegeta-
tion, topographic position index (TPI), and
elevation breaks used as categorical inputs.
The dependent variable is sourced from approx-
imately 140 physical checks of permafrost pres-
ence/absence sampled across the variable
boreal–wetland environment. Vegetation was
shown to be the strongest predictor of perma-
frost in the model. The model predicts 50.0% of
the vegetated area is underlain by permafrost
with a model accuracy of 91.4% and an agree-
ment between model and ground truthing
points of 72.8%. Compared with existing perma-
frost products this value (50.0%) is on the lowest
edge of Whatì’s current classification (extensive
discontinuous), illustrating that there could be
less permafrost than presumed. The model was
perturbed to explore potential changes in eco-
system brought on by disturbance, demonstrat-
ing that when coupled with predicted future
climate change the area will likely fall outside
of its current permafrost classification. This
model provides considerably more permafrost
distribution information for the area of Whatì
than any other product currently available and
is able to inform future planning and
development.

Theme: Terrestrial

ID: 556

Forensic disaster analysis and climate
change in the North American Arctic

Katy Davis1, James Ford2, and Sherilee Harper3

1University of Leeds, Leeds, UK.
2Priestley International Centre for Climate, University of Leeds,
Leeds, UK.
3University of Alberta, Edmonton, AB, Canada.

Abstract: Forensic Disaster Analysis (FDA)
research focuses on the root causes of disaster
risk and occurrence. It has grown from an
acknowledgement that much disaster risk
research focuses more on emergency
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management and reconstruction than on
addressing disaster risk through sustainable
development. In understanding risk, FDA consid-
ers not just physical “trigger” events, but longer
sequences of events that give rise to disaster risk
for particular groups of people in periods of ap-
parent normalcy, as well as the factors that affect
how the event is experienced and responded to.
Essentially, FDA conceptualizes disasters as
socially constructed phenomena. Although disas-
ters are often understood as acute events, there is
a growing recognition that disasters are slow-
onset phenomena, resulting from long-term,
socially constructed processes, and human
actions and choices. In the North American
Arctic, environmental degradation and climate
change (sometimes also called “creeping environ-
mental problems”) intersect with other processes
including colonization, marginalization, histor-
ies of forced relocations from traditional home-
lands, sedentarization, residential schooling,
and cultural assimilation. For people living in
the Arctic, climatic change is characterized by
temperature increases, reduction in sea ice
extent and thickness, permafrost thawing and
reduced snow cover. The specific experiences of
these changes for Arctic populations are con-
structed by, and inseparable from, these other
long-term, socially constructed processes. The
applicability of FDA to the study of the intersect-
ing drivers of disaster in an Arctic context is ap-
parent, and this presentation will explore how it
might be approached.

Theme: Inuit Health Education and Adaptation

ID: 596

Changes in the permafrost thermal
regime of a lithalsa, a glaciofluvial delta
and bedrock near Kangiqsualujjuaq,
Nunavik

Catherine Deslauriers1, Michel Allard1, and
Pascale Roy-Léveillée1

1Centre d’études nordiques, Université Laval, Québec, QC,
Canada.

Abstract: Permafrost is warming and thawing at
varying rates in response to climate change in
the circumpolar North, depending on site charac-
teristics and geological setting. Previously stable
soils show subsidence under roads and houses.
In Nunavik (northern Quebec), Inuit commun-
ities are growing and are planning the expansion

of their infrastructure. Changing permafrost con-
ditions must be taken into account, but the
response of permafrost to warming is difficult
to predict where permafrost is warm and may
have began to thaw through its entire profile.
Kangiqsualujjuaq is one Inuit community of
Nunavik affected by this phenomenon. A surfi-
cial geology map, permafrost conditions map,
construction potential map and hazard risk
assessment map were produced for the area as
part of a bigger research project executed on
behalf of the Ministère des Affaires municipales
et de l’Habitation in Quebec. Such maps were
made for 13 out of 14 Inuit villages in Nunavik,
where permafrost is present. These tools provide
high-resolution knowledge of ground conditions.
Sixteen thermistor cables, extending to depths
from 2.9 to 20.05 m, were installed in different
surficial deposits and maintained by researchers
from the Centre d’études nordiques around
Kangiqsualujjuaq from the 1980s to the present.
From the six cables that are still active, three
were selected to assess the recent evolution of
the thermal regime of permafrost in the exten-
sive discontinuous permafrost zone. Recent
ground temperatures recorded by these three
cables, installed in bedrock, in a glaciofluvial
delta (sand and gravel), and in a lithalsa (marine
silts and clays), were examined. The bedrock site
clearly reflects the air temperature fluctuations,
whereas the sand and gravel site reveals a
perched water table that delays winter freeze-
back. Permafrost in the silty lithalsa has become
isothermal and ground temperatures there are
not responding to climate variations.

Theme: Terrestrial

ID: 595

Investigating the composition of
subglacial carbon pools and the
subglacial microbial alteration of
organic matter beneath a High Arctic
glacier

Charvanaa Dhoonmoon1, Maria Cavaco1, Ryan
Hutchins2, Erin Bertrand3, and Maya Bhatia1

1University of Alberta, Edmonton, AB, Canada.
2University of Waterloo, Waterloo, ON, Canada.
3Dalhousie University, Halifax, NS, Canada.

Abstract: Glaciers contain potentially distinct
freshwater sources of organic matter (OM) that
can be released and exported to downstream
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aquatic ecosystems upon thaw. In subglacial envi-
ronments, OM is incorporated in basal ice from
overridden soil and vegetation during glacial
sliding. Supraglacial OM is derived from wind-
deposited materials (soot and sediments) and
microbial assemblages in snow, meltwater
streams, and cryoconite holes, and can enter the
subglacial environment through surface streams
terminating in crevasses or moulins. At the bed,
subglacial microbial metabolism can alter
the supraglacial OM concentration and lability
before it is exported in subglacial runoff.
Likewise, OM released subglacially can be micro-
bially transformed in situ, shaping the bioavail-
ability of subglacial OM exported downstream.
Investigation of subglacial carbon pools and in
situ microbial organic carbon transformations
is, therefore, needed to obtain a baseline under-
standing of the subglacial processes shaping OM
composition in subglacial runoff. Basal ice sam-
ples, subglacially stored meltwater samples and
a supraglacial sample were collected in May
2018 from Sverdrup Glacier, a tidewater glacier
in the Canadian High Arctic. Organic carbon and
major nutrient concentrations, as well as bacte-
rial abundance were measured to provide a base-
line chemical and microbiological assessment of
these different endmembers. Fluorescence
spectroscopy and ultra-high resolution mass
spectrometry (FT–ICR–MS) were used to charac-
terize the nature of glacial dissolved organic mat-
ter (DOM) in these different carbon pools. A
parallel factor analysis model suggests that
subglacial DOM is predominantly microbially
derived. Finally, 120-day-long incubations of
debris-rich and -poor basal ice meltwater with
and without labile carbon (acetate) amendments
are used to explore how subglacial microbial
communities utilize labile and in situ carbon.
Future work will characterize microbial commu-
nity composition in the subglacial samples
and community responses to the incubations
using 16S rRNA gene sequencing. Understanding
the biogeochemical controls on DOM com-
position in subglacial runoff may provide insight
on its ecological function in downstream
ecosystems.

Theme: Terrestrial

ID: 308

Spatial variations in seasonal thaw rates
on a subarctic peat plateau

Mason Dominico1, William Quinton1, and Ryan
Connon2

1Wilfrid Laurier University, Waterloo, ON, Canada.
2Government of the Northwest Territories, Yellowknife, NT,
Canada.

Abstract: Much of Canada’s subarctic is experi-
encing significant landcover transformation as
a result of a warming climate. Permafrost thaw-
induced landcover changes in the sporadic dis-
continuous permafrost zone (SDPZ) have altered
the hydrologic response of basins in this region
through increasing hydrological connectivity of
the landscape. It has been well-documented that
the observed changes in landcover and perma-
frost thaw rates are connected; however, it is
unclear why these landscape-wide changes
occur at different rates. To understand these
changes, an isolated permafrost-cored peat pla-
teau was selected and intensively studied at the
Scotty Creek Research Station in Northwest
Territories, Canada. This plateau is bounded by
four permafrost-free terrain features, including
a linear disturbance, channel fen, lake, and
bog. This research aims to (1) quantify the
present volume of the permafrost body,
(2) investigate how the permafrost body has
changed from 2010 to 2019, and (3) compare the
relative influence of adjacent permafrost-free
wetland and collapse-scar features on the thaw
rates observed. To estimate changes in the areal
extent of the permafrost body high-resolution
satellite imagery and LiDAR-derived products
were used. Changes in the thickness of the
permafrost body were estimated through com-
parison of 2010 and 2019 geophysical surveys
and near-surface measurements. Results from
remotely sensed imagery and geophysical sur-
veys indicate that the spatial extent of the
permafrost body has receded both laterally and
vertically. Collocated geophysical surveys from
2010 and 2019 suggest that previously where val-
ues of 5000 Ωm extended to depths of approxi-
mately 10 m, presently extend to depths of
approximately 9 m. Preliminary estimates of
volumetric change of the permafrost body from
163 × 103 m3 to 139 × 103 m3, representing a
decrease of ∼14% since the 2010 baseline. This
study improves the understanding of the pat-
terns of permafrost thaw and provides insight
into the boundary conditions between perma-
frost and non-permafrost terrain in the SDPZ.

Theme: Terrestrial

Abstracts 93

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



ID: 831

Spring supply and transfer of essential
fatty acids to zooplankton in
Tuvaijuittuq, a multiyear ice ecosystem

Steve Duerksen1, Doreen Kohlbach2, Anke
Reppchen1, Pascal Tremblay3, Benjamin Lange2,
Joannie Charette1, Ron ten Boer3, Jana
Hildebrand3, Philipp Anhaus3, Christian Katlein3,
Hauke Flores3, Pierre Coupel3, Karley Lynn
Campbell4, and Christine Michel5

1Freshwater Institute, Fisheries and Oceans Canada, Winnipeg,
MB, Canada.
2Norwegian Polar Institute (NPI), Tromsø, 9296 Tromsø,
Norway.
3Alfred-Wegener Institute Helmholtz Centre for Polar and
Marine Research, Bremerhaven, Germany.
4University of Bristol, UiT The Arctic University of Norway,
Tromsø, Norway.
5Fisheries and Oceans Canada, Winnipeg, MB, Canada.

Abstract: Essential fatty acids (EFA) are critical
for the survival and development of all Arctic ani-
mals, from zooplankton to bears. The
Tuvaijuittuq marine protected area was estab-
lished to protect one of the few remaining areas
where old, multiyear sea ice (MYI) persists. Little
is understood about the effects the loss of MYI
will have on marine food webs in this area. We
investigated the essential fatty acid content in
primary producers found in surface water, MYI
and first year ice (FYI), as well as in sympagic
and pelagic zooplankton during the 2018
Multidisciplinary Arctic Program Last Ice field
season in the Lincoln Sea, within what is now
the Tuvaijuittuq MPA. Surface water had lower
proportions of EFA than both FYI and MYI. We
also investigated both stable and compound spe-
cific isotopes (CSIA) to help determine the food
web structure. EFA levels were somewhat
elevated in FYI compared with MYI, and could
be indicative of more advanced algal growth.
Ice-associated amphipods Apherusa glacialis and
Gammarus wilkitzkii generally had lower propor-
tions of total EFA and much lower levels of
22:6n-3 compared with pelagic zooplankton.
Ctenophore fatty acid signatures had the highest
proportion of 22:6n-3 but were extremely varia-
ble. CSIA showed that δ13C isotopic signatures
for EFA were always more depleted than non-
EFA in zooplankton, and could be an indication
of potential EFA limitation in early spring.
Overall, our results indicate that sympagic and
pelagic sources of EFA are likely distinct, and

provide insight into the energetic contribution
of MYI to Arctic marine food webs during the
spring. Building upon these findings will be criti-
cal in determining what the effects of continued
ice loss could mean for food webs in MYI
ecosystems.

Theme: Marine

ID: 157

Spatial patterns of benthic functional
food web structure relative to food
supply in the Canadian Beaufort Sea

Ashley Ehrman1, Heidi Swanson2, Andrew
Majewski1, Philippe Archambault3, Jane Eert1,
James D. Reist1, and Michael Power2

1Fisheries and Oceans Canada, Winnipeg, MB, Canada.
2University of Waterloo, Waterloo, ON, Canada.
3ArcticNet, Quebec City, QC, Canada.

Abstract: Loss of sea ice due to climate change is
predicted to favour pelagic over benthic produc-
tion in Arctic shelf ecosystems. Consequent
changes to the quality and quantity of organic
matter reaching the seafloor will likely affect spa-
tial patterns of benthic biodiversity and food web
structure. Here, we used biomass-weighted diver-
sity measures based on taxonomic composition,
trophic functional traits, and stable isotope ratios
(δ15N and δ13C) to assess spatial variability in food
web diversity across the Canadian Beaufort Sea
and Amundsen Gulf (down to 500 m). Initial
results suggested linear indices of benthic food
availability and habitat (sedimentary and bot-
tom-water characteristics) did not predict trophic
trait compositions. However, evidence from tro-
phic trait analyses suggested communities at the
shelf edge may maintain relatively high trophic
trait diversity to exploit pulsed food inputs asso-
ciated with dynamic shelf break hydrography,
even if such food web diversity is not reflected
in the stable isotopic diversity of the community.
Findings are based on benthic fish and inverte-
brates collected during the first comprehensive
offshore ecosystem assessment in the western
Canadian Arctic (BREA-MFP, 2012–2014). We dem-
onstrate the utility of combining multiple mea-
surements of diversity to provide insight
regarding functional responses to physical habi-
tat features.

Theme: Marine
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ID: 550

Using targeted metabolomics and
ecological niche modelling to
understand plant resilience at a
permafrost anomaly on Cornwallis
Island, Nunavut

Lauren Erland1 and Susan Murch1

1Chemistry, University of British Columbia, Kelowna, BC,
Canada.

Abstract: Understanding the physiological mecha-
nisms of cold-adapted and Northern species will
help to predict how they will fare in the face of
changing climates. We are using a novel approach,
correlation of metabolomics data with ecological
climate change predictions to investigate
responses of species to changing temperatures.
During a botanical field survey near Resolute in
the Summer of 2019, we observed a break in the
permafrost with central temperatures up to 10 °C
warmer than the surrounding area and plant spe-
cies that differed significantly from the surround-
ing plant communities. We hypothesized that
this anomaly represents a small-scale model of
the effects of warming on plant biodiversity in
the area. Our objectives were to (1) determine com-
munity composition at the anomaly and adjacent
environment; (2) perform Maxent ecological niche
modelling of the species under RCP 2.6 and 8.5 pro-
jected to 2050 and 2070; (3) use targeted metabolo-
mics studies to characterize plant growth
regulator (PGR) profiles of the species; and (4)
determine relationships between summary statis-
tics from the models (e.g., skew, kurtosis, mean,
median, standard deviation of individual change
points), PGR profiles and species abundance at,
and adjacent to the anomaly. Species that were
found to have higher kurtosis values and a more
negative skew, indicating a shift towards greater
distribution of suitable habitat under changing cli-
mate, were also found to be present at highest
abundance at the warmest points in the anomaly.
Those found to be adjacent to the anomaly showed
a lesser association between density at the
anomaly and the models. PGR profiling identified
several species with significantly modified indole-
amine content, a novel class of stress-mediating
PGR. Follow-up studies will examine uptake and
localization of PGRs identified as important
through quantum dot imaging and identification
of potential biomarkers of climate change resil-
ience through untargeted metabolomics.

Theme: Terrestrial

ID: 159

Measurable levels of short-chain
chlorinated paraffins (SCCPs) in western
Hudson Bay fishes, but limited
biomagnification potential from fish to
seals

Nadia Facciola1, Sara Pedro2, Aaron Fisk3, Steven
Ferguson4, Magali Houde5, Helena Steer5, Derek
Muir5, and Melissa McKinney1

1McGill University, Montreal, QC, Canada.
2Université Laval, Québec, QC, Canada.
3University of Windsor, Windsor, ON, Canada.
4Fisheries and Oceans Canada, Winnipeg, MB, Canada.
5Environment and Climate Change Canada, Gatineau QC,
Canada.

Abstract: Despite having similar physico-
chemical properties to other legacy persistent
organic pollutants, short-chain chlorinated paraf-
fins (SCCPs) have received considerably less
attention in Arctic contaminant monitoring stud-
ies. In the present study, we quantified the tissue
concentrations of SCCPs (C10–C13) in several
Arctic marine fish (capelin, sand lance, cisco,
sculpin, Greenland cod) and invertebrate (amphi-
pods) species from western Hudson Bay, Canada.
We further evaluated the biomagnification of
SCCPs between small pelagic fish and piscivorous
fish and between prey fish and ringed seals. Fish
and amphipod species were collected in 2014,
and ringed seals in 2016 and 2017, by community
members near Arviat, Nunavut. All samples were
analyzed for SCCPs at the National Laboratory for
Environmental Testing in Burlington, Ontario.
Average concentrations of ΣSCCPs in Arctic
marine fish and amphipods varied from 244 to
687 ng g−1 lipid weight (lw). Concentrations of
ΣSCCP in sculpin were similar to those of legacy
polychlorinated biphenyls (ΣPCBs) and organo-
chlorines (ΣOCs) previously measured in these
same samples. Yet, for capelin, sand lance and
cisco, ΣSCCP concentrations doubled those of
ΣPCB and ΣOC, and for Greenland cod ΣSCCP
were about three times higher. The range of bio-
magnification factors (BMFs) for SCCPs from zoo-
plankton to fish was 0.09–1.84, from small
pelagic fish to piscivorous fish was 0–2.59, and
from small pelagic fish to seal was 0.07–0.11. For
the pelagic food web, including capelin,
Greenland cod, sand lance, and ringed seal, the
trophic magnification factor (TMF) was slightly
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above 1. Thus, despite relatively high tissue con-
centrations of SCCPs in most fish species, low
fish-to-marine-mammal BMFs and a relatively
low pelagic food web TMF suggest limited bio-
magnification of SCCPs in this Arctic food web.

Theme: Inuit Health Education and Adaptation

ID: 743

Monitoring the soil microbiotic
communities of five distinct tundra
habitats of the greater wapusk ecosystem
in the hudson bay lowlands, Manitoba,
Canada

Sam Ferraro1, John Apostolo1, Ryan Brook2, Alice
Doyle1, Jill Larkin3, Sarah Li1, Alex Norbrook1,
Julie Rogers1, and Carla Guarraia1

1International Student Led Arctic Monitoring and Research
(ISAMR), Baltimore, MD, USA.
2University of Saskatchewan, Saskatoon, SK, Canada.
3Junior Canadian Rangers; Parks Canada, Churchill, MB,
Canada.

Abstract: The permafrost active layer thickness
(ALT) is expected to increase as the climate
warms and permafrost decays. Although some
predictive models relating ALT to surface level
indicators, such as plant cover or soil moisture,
do exist, the relationship between the soil micro-
bial communities and ALT is not well understood.
The first step in evaluating the relationship
requires the characterization and quantification
of changes in both the microbiome and ALT at
the same locations, over time. This work is par-
ticularly relevant in areas experiencing an
increase in fires, and thus vegetative regenera-
tion, such as Wapusk National Park in
Manitoba, Canada. In this study, a selection of
subarctic sites representing the five most
common habitat types on the Hudson Bay coast
were studied from 2014 to 2019. At each site, two
parallel 50 m transects 10 metres apart were run
and flags were placed at 2 m intervals. At each
flag, ALT was measured twice using a steel probe,
and categorical ground cover percentage esti-
mates within 1 x 1 m quadrat were recorded for
all vegetation types. Also, at two randomly
selected flags on each transect, species-level per-
centages and soil microbial communities were
measured. Soil microbial 16S rRNA genes were
analyzed with qPCR and Next Generation
Sequencing (NGS). qPCR results were subject to
trend analysis as well as multi-factor ANOVA.

NGS sequences for both bacteria and fungi were
evaluated for alpha and beta biodiversity.
Results indicate that tundra habitats are distinct
in their composition of the five dominant
groups of bacteria: Verrucomicrobia, Bacter-
oidetes, Actinobacteria, Acidobacteria, and
Alphaproteobacteria. Additionally, the composi-
tion of each tundra habitat’s microbiota is chang-
ing over time. This work complements the
rapidly evolving pool of knowledge about soil
microbial communities around the world.
Future work will include the evaluation of fami-
lies of genes known to influence carbon and
methane metabolism.

Theme: Terrestrial

ID: 500

Mapping research on Inuit traditional
ecological knowledge of polar bear (Ursus
maritimus) in the Canadian Arctic

Sarah Flisikowski1, Tristan Pearce2, Graham
Whitelaw1, Douglas Clark3, James Ford4, and
Kimberly Ovitz5

1Queen’s University, Kingston, ON, Canada.
2University of Northern British Columbia, Prince George, BC,
Canada.
3University of Saskatchewan, Saskatoon, SK, Canada.
4Priestley International Centre for Climate, University of Leeds,
Leeds, UK.
5University of Manitoba, Winnipeg, MB, Canada.

Abstract: In this study we systematically review
the literature containing Traditional Ecological
Knowledge (TEK) about polar bear (Ursus mariti-
mus) in the Canadian Arctic to identify how TEK
(which is one aspect of Inuit traditional knowl-
edge or Inuit Qaujimajatuqangit) has contributed
to the published literature and shaped our under-
standing of Canadian polar bear subpopulations.
We searched both the academic and grey litera-
ture using two online databases and categorized
our findings by geographic and disciplinary
focus, as well as by TEK subtype defined by
Usher (2000). Of the total 53 documents retained
for the final analysis, more than half of the docu-
ments focused exclusively on Nunavut; docu-
ments that included informal references to TEK
were most prevalent. Usher’s categories were dis-
proportionately represented, suggesting that
published polar bear research has not consis-
tently engaged with Inuit cultural values about
the environment and the knowledge system
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itself. The findings of this study suggest that
there has been limited research that has directly
and systematically synthesized polar bear TEK in
the Canadian Arctic and there are few studies
from which insights for future polar bear sub-
population health can be obtained. As climate
change continues, Inuit TEK about polar bears
will evolve, meaning TEK documentation should
be systematic and ongoing to be relevant for
future decision-making. Ongoing efforts to
explore how communities are documenting and
transmitting TEK under these changing condi-
tions are also needed.

Theme: Knowledge Exchange and Co-production

ID: 367

Retrogressive thaw slump growth in the
Peel Plateau, Northwest Territories
observed using Planet CubeSat images

Robert Fraser1, Steven Kokelj2, Jurjen van der
Sluijs3, and Denis Lacelle4

1Canada Centre for Mapping and Earth Observation, Natural
Resources Canada, Ottawa, ON, Canada.
2Government of the Northwest Territories, Yellowknife, NT.
3NWT Centre for Geomatics, Government of The Northwest
Territories, Yellowknife, NT, Canada.
4University of Ottawa, Ottawa, ON, Canada.

Abstract: In a rapidly changing climate, retro-
gressive thaw slumps have evolved as increas-
ingly large and dynamic thaw-driven mass
wasting features particularly common in ice-rich,
glaciated permafrost terrain. Slumps have been
expanding in number and size in many Arctic
regions due to increases in temperature and rain-
fall, including the Willow River study area. We
assembled a three year (2017–2019) time series of
3 m resolution Planet CubeSat images to docu-
ment the growth of 31 slumps larger than 0.5 ha
within the Willow River watershed of the Peel
Plateau, Northwest Territories. Active slump
areas were derived for 18 summer dates using
adaptive near-infrared thresholding and vali-
dated using unmanned aerial vehicle surveys
conducted on two dates. Over three summers,
slump area increased on average by 59% and
mean headwall retreat was 8.7 m/year. An analy-
sis of historical aerial photographs within the
50 km2 study region found that the number of
larger (>1 ha) active slumps declined from 1950
(n = 5) to 1974 (n = 4) and 1985 (n = 2), but then
dramatically increased by 2017 (n = 24). In

contrast with higher-Arctic permafrost where
slump expansion is being driven by warmer
summers, long-term slump activity in the study
region appears to be controlled primarily by pre-
cipitation, which favours slump initiation and
the evacuation of thawed sediments from the
slump floor. Anomalously mild winters during
the 2017–2019 Planet image time series may also
pre-condition permafrost for more rapid warm-
ing and thaw. Terrain characteristics within
headwall retreat zones derived from a 2 m
Arctic digital elevation model support previous
studies showing that slump growth in this region
is more likely to occur at mid-elevations and
slopes, and on east or southeast facing aspects.
Variability in three year areal growth among the
31 slumps was found to be positively related
(R2 = 0.5) to the antecedent (2013–2017) depth of
slump terrain removal, an indicator of a slump’s
capacity to remove sediment to sustain growth.

Theme: Terrestrial

ID: 195

An analysis of active layer variability and
change in the Mackenzie Valley,
Northwest Territories between 1991 and
2014: an ecoregional assessment

Madeleine Garibaldi1, Philip Bonnaventure1,
Sharon Smith2, and Caroline Duchesne2

1University of Lethbridge, Lethbridge, AB, Canada.
2Natural Resources Canada, Amherst, NS, Canada.

Abstract: Active layer thicknesses (ALTs) from
sites along a transect through the Mackenzie
Valley, Northwest Territories, Canada were ana-
lyzed to explore variation in thickness within
and between ecoregions. At an ecoregional scale
the relation between ALT, latitude, freezing and
thawing degree-days, and snowfall were exam-
ined to determine the presence of trends among
ecoregions. Site specific variables including dom-
inant vegetation type, n-factors and substrate
were explored to explain spatial variability in
ALT within ecoregions. Generally, ALT increases
moving southward through the encompassing
ecoregions with the northernmost ecoregion
having the thinnest mean ALT (68 cm) and the
southernmost having the thickest (126 cm). This
follows climatic trends in air temperature that
warms moving south. ALT within ecoregions also
showed high variability within all the sampled
ecoregions due to site specific variables
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(vegetation, snow cover, and substrate). Most
notably, sites with shrubs such as willow had
thicker than average active layers due to the
warmer overall ground conditions and the ability
to retain snow cover in winter. Substrate and
ground ice content was also an important factor
in determining the range and year to year vari-
ability in ALT and subsidence at sites. For the
northern sites the driving influence for ALT is cli-
mate and is therefore sensitive to climate shifts.
For the more southern sites ALT is largely a prod-
uct of the ecosystem; therefore, disturbance
rather than changing air temperature will likely
have a larger impact on ALT due to surface
modification.

Theme: Long-Term Monitoring and Data
Management

ID: 149

Permafrost data: a new web platform for
the sharing of permafrost research in
Nunavik in support of the development
of northern villages

Sarah Gauthier1, Michel Allard1, and Catherine
Deslauriers1

1Centre d’études nordiques, Université Laval, Québec, QC,
Canada.

Abstract: Despite the abundance of permafrost
research produced in the 14 communities of
Nunavik, there are no resources available to
centralize and disseminate the results of these
studies and make them easily accessible to
users. Access to this rich diversity of data is lim-
ited and it has not been used to its full poten-
tial. Facing numerous land-use planning
constraints imposed by permafrost and the
technical and cultural challenges of integrating
permafrost expertise into community develop-
ment, knowledge sharing obstacles must be
overcome. The isolation of Inuit communities,
the improvement of the Internet network and
the increase in popularity of the Web over the
last decade in Nunavik justify the need for a
Web platform that improves accessibility to
permafrost research results. To this end, signifi-
cant efforts into developing means of knowl-
edge transfer and its appropriation by the
communities, as well as for its use by public
decision-makers, consultants, and contractors
are now undertaken. The methodological
approach to build a web-based platform is first

developed and tested with the community of
Salluit where permafrost challenges are par-
ticularly acute. It will be extended to the other
communities of Nunavik. Using ArcGIS Online,
the Web apps are designed to allow the visuali-
zation of maps (e.g., surficial geology, perma-
frost conditions, and construction potential),
climate and ground temperature data, geotech-
nical data, introduction to basic permafrost
concepts, documents available for download,
and links to other relevant resources for land
use planning on permafrost. Above all, the
approach includes bidirectional interfaces that
make room for improvements proposed by the
communities. Research results are shared in an
easily accessible and open access manner, using
tools that are simple to use for everyone
involved in construction and land use planning
as well as by an inquisitive public.

Theme: Long-Term Monitoring and Data
Management

ID: 760

Population-specific thermal tolerance
and cardiorespiratory performance of
wild Arctic char in a rapidly warming
Arctic

Matthew Gilbert1, Les Harris2, Jean-Sébastien
Moore3, and Anthony Farrell1

1University of British Columbia, Vancouver, BC, Canada.
2Fisheries and Oceans Canada, Winnipeg, MB, Canada.
3Université Laval, Québec, QC, Canada.

Abstract: The Canadian Arctic is warming at
nearly three times the average global rate. High
water temperatures are known to constrain the
exercise physiology and migration of temperate
salmonids in a population-specific manner.
However, we know alarmingly little about Arctic
char migratory and thermal physiology, espe-
cially at the population level. Thus, predicting
the impacts of environmental challenges associ-
ated with climate change is difficult.
Consequently, we investigated the cardiac ther-
mal tolerance and aerobic capacity of adult
Arctic char (∼3.5 kg) from four populations in
the Kitikmeot Region of Nunavut. Two of these
populations undertake short migrations
(30 km), more challenging migrations, and likely
encounter greater thermal variation. In general,
during acute warming heart rate typically
reached a peak at 17–21 °C, before declining and
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becoming arrhythmic at 21–24 °C. The tempera-
tures at which these heart rate limitations
occurred as well as maximum oxygen uptake
and aerobic capacity at 10 °C were all lowest in
Arctic char from a population with mild migra-
tory conditions and were greatest in char with
the longest, most difficult migration.
Furthermore, relative heart mass tended to be
greater in Arctic char from populations with
more strenuous migrations. This pattern of
differences suggests that Kitikmeot Arctic char
may be physiologically adapted to their local
migratory environments. Such physiological
differences together with local environmental
differences will likely make some populations
more vulnerable to climate change than others,
necessitating population-specific management
actions.

Theme: Terrestrial

ID: 406

Evaluating the role of a “trigger
tributary” on temporal variation of ice-
jam induced flooding at the Peace–
Athabasca Delta

Caleb Girard1, Jennifer Adams1, James Telford1,
Johan Wiklund1, Lauren Macdonald1, Roland
Hall1, and Brent Wolfe2

1University of Waterloo, Waterloo, ON, Canada.
2Wilfrid Laurier University, Waterloo, ON, Canada.

Abstract: Concern for water security has grown
during the past half century at the Peace–
Athabasca Delta (PAD; northern Alberta).
Widespread perception is that flood frequency
and water-levels have declined since the W.A.C.
Bennett Dam was installed at the headwaters of
the Peace River, but records remain too short
and sparse to characterize the role of climate
variation. The unregulated Wabasca River is a
key ”trigger tributary” for the generation of ice-
jams on the Peace River that flood the PAD.
Rapid melt of thick snowpack in the Wabasca
catchment produces high spring discharge that
promotes ice-jam flooding of the PAD.
Therefore, reconstructing past variation in high
spring discharge events for the Wabasca River
and comparing them with multiple paleohydro-
logical records at the PAD is critical to under-
standing the role of upstream climate on
observed lake drawdown in the PAD. Using paleo-
limnological techniques on sediment cores

collected in September 2019 from several oxbow
and upland lakes, we will generate information
on the timing and magnitude of hydrological
changes within the Wabasca watershed. We
anticipate that the records from flood-prone
oxbows will identify patterns and trends in
spring discharge, whereas upland lakes will track
change in lake water balance in response to local
climate. Early results from one oxbow lake rec-
ord reveal marked variations in inorganic and
organic matter content and grain size composi-
tion, reflecting intervals of more and less fre-
quent flooding throughout time. The upper
portion of the sediment record in both oxbow
lakes reveals a distinct trend towards less fre-
quent flooding, indicative of less frequent high
spring discharge events. The information gener-
ated on temporal patterns of variation in high
spring discharge events from the Wabasca River
watershed can be used to guide a federal action
plan and improve stewardship decisions at
the PAD.

Theme: Terrestrial

ID: 29

Dynamic of the coastal forest tundra in
the Nain region (Labrador):
Spatiotemporal analysis of Larix laricina
and Picea sp.

Philippe Giroux1, Najat Bhiry1, Dominique
Marguerie2, and Martin Béland3

1Centre d’études nordiques, Université Laval, Québec, QC,
Canada.
2Université de Rennes, Rennes, France.
3Université Laval, Québec, QC, Canada.

Abstract: Significant environmental and social
changes have taken place in northern Labrador
since the settlement of the Thule people (the
ancestors of the Inuit) during the Medieval
Warm Period (≈AD 1000). In fact, the combina-
tion of climatic changes over the last millennium
and the anthropogenic activities (e.g., wood cut-
ting) likely affected the distribution and abun-
dance of tree species. The eastern larch (Larix
laricina) and the spruce (Picea glauca and P.
mariana) characterize the forest tundra of Nain
(Labrador) and were impacted at the level of the
stand itself as well as the level of the regional
landscape. Recent studies have shown that
changes in territoriality and the adoption of
European housing practices by the Thule–Inuit
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post-contact society (i.e., after contact with
Moravian missionaries in 18th century) increased
the harvesting of wood from the forest tundra of
Nain (north-central Labrador) for use in heating
and construction. Locally, this led to the opening
of the landscape, and to the replacement of
spruce by eastern larch. My research project is
focused on the dynamics of the spatiotemporal
distribution of larch and spruce in the Nain
region and its archipelago. Intrasite spatial analy-
sis (wood harvesting at the site), as well as
regional spatial analysis of the distribution and
abundance of larch and spruce, are carried out
according to a landscape ecology approach. The
methodology also includes multispectral remote
sensing, dendrochronological, and paleoecologi-
cal analyses. The objectives of the study are to:
(1) document the spatiotemporal distribution of
eastern larch and spruce in the Nain region, (2)
identify and date the main events affecting the
evolution of forest tundra, and (3) assess which
types of distribution patterns resulted from the
different types of disturbance (anthropogenic
and natural).

Theme: Inuit Health Education and Adaptation

ID: 826

Climate-change induced landscape
alterations cause severe lake
oligotrophication in Northern
Scandinavia

Willem Goedkoop1, Sven Adler1, Martyn Futter1,
Brian Huser1, and Hans Gardfjell1

1Swedish University of Agricultural Sciences (SLU), Uppsala,
Sweden.

Abstract: Long-term monitoring has shown that
many lakes in the Arctic/alpine ecoregion of
Sweden have experienced dramatic declines
(3%–4% per year on average) in total-phosphorus
(TP) concentrations since the late 1980s, forcing
many of these lakes into ultraoligotrophic condi-
tions. We hypothesized that the increased green-
ing of catchments, due to increased vegetation
growth in the region (i.e., greening), can explain
a large share of the observed declines in surface
water TP concentrations. We used two
approaches to do so: (1) quantify the greening of
these landscapes and the onset/duration of the
growth season using remote sensing data
(Normalized Difference Vegetation Index), and
(2) analyze shrub vegetation data from ongoing

monitoring programs. Results show that there
are strong correlations between the loss of sur-
face water phosphorus and the greening of catch-
ments and shrub vegetation development,
respectively. These findings show that the cli-
mate-induced vegetation development leads to a
sequestering of phosphorus in terrestrial habi-
tats and the oligotrophication of lakes. The
ongoing severe oligotrophication of these lakes
will negatively affect the production of algae,
invertebrate consumers, and ultimately fish.
Our findings also stress the need for monitoring
to detect these changes and suggest that surface
water oligotrophication may be ongoing in large
parts of a greening Arctic.

Theme: Terrestrial

ID: 430

Vegetation response to climate change
and subsequent impacts on net
ecosystem exchange, Axel Heiberg
Island, Nunavut

Theresa Gossmann1 and Christopher R. Omelon1

1Queen’s University, Kingston, ON, Canada.

Abstract: Arctic flora is highly sensitive to local
environmental factors and is especially vulner-
able to change as the Arctic warms at twice the
global rate. These changes have already been
observed in the Arctic, but it is still uncertain
how vegetation will respond to warming and
increased water availability in terms of biogeo-
chemical cycling, biomass production, and net
ecosystem exchange (NEE). This study seeks to
understand the relationship between terrestrial
ecosystems in the Canadian High Arctic and
atmospheric CO2 budget, and how these will
evolve in a warming climate. A mixed-method
approach will be used to determine the distribu-
tion and abundance of various tundra vascular
plant communities on Axel Heiberg Island, ascer-
tain their specific contribution to atmospheric
CO2, and their future growth, emission, and
uptake rate. The proposed work includes devel-
oping a Normalized Difference Vegetation Index
trend map to determine the distribution of eco-
logical niches, and Leaf Area Index, crucial for
developing an NEE model. Historical climate data
collected by a network of weather stations at
Expedition Fiord, Axel Heiberg Island, will be
used for the NEE model to understand future
contributions to atmospheric CO2. It is
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hypothesized that under a warmer and wetter cli-
mate (and shift from polar semidesert to wetland
conditions), ecosystem transpiration will
increase and incite higher carbon emissions to
the atmosphere. Conversely, warmer and drier
areas such as hillslopes will experience net car-
bon uptake from the atmosphere. Overall, it is
hypothesized that the Expedition Fiord area
exhibits a heterogenous landscape of carbon
sources and sinks. The results of this work will
help elucidate the relationship between NEE,
land cover, surface balance energy, and perma-
frost degradation in the terrestrial high Arctic,
which will better inform how carbon fluxes con-
tribute to the feedback mechanism of climate
warming in the Arctic.

Theme: Terrestrial

ID: 494

The Beaufort Sea Beluga Habitat
Program 2020 — a success story in a
pandemic!

Chukita Gruben1, Kevin Scharffenberg2, Shannon
MacPhee2, Dustin Whalen3, and Lisa Loseto2

1Joint Secretariat — Inuvialuit Settlement Region, Inuvik, NT,
Canada.
2Fisheries and Oceans Canada, Winnipeg, MB, Canada.
3Natural Resources Canada, Amherst, NS, Canada.

Abstract: The Beluga Habitat Program in the
Mackenzie Estuary uses coastal observatories
(seabed moorings with acoustic recorders and
weather stations) to investigate the influence of
environmental parameters on beluga habitat
use, assess underwater noise/vessel impacts, and
monitor indicators of change (e.g., ocean waves,
salinity, temperature, and turbidity). Each
summer, scientists from Fisheries and Oceans
Canada in Winnipeg, MB, and Natural Resources
Canada in Dartmouth, NS, join locally trained
technicians from the Aurora Research Institute
(ARI) and community members from Aklavik,
Inuvik, and Tuktoyaktuk, NT, to deploy and re-
cover scientific instruments. This on-going
project is a key part of the of the Tarium
Niryutait Marine Protected Area monitoring pro-
gram. The COVID-19 pandemic put the 2020 pro-
gram at risk due to travel restrictions and social-
distancing measures; however, co-management
partners supported the continuation of the

project if it could be adapted to follow public
health guidelines. In response, several video-
conference meetings were held between all part-
ners to create a plan for community-led imple-
mentation. The moorings were redesigned for
easy deployment by people of varying experience
levels. Mooring components were shipped to ARI
in Inuvik, where technical staff assembled them
and programmed instruments with instruction
via Zoom and printouts. The field component
was supported by Joint Secretariat staff and the
Munaqsiyit Program, in partnership with the
Aklavik and Inuvik Hunters and Trappers
Committees. A local outfitter was hired to pro-
vide research support services and coordinated
closely with the project leads. Following several
group video-conferences, field teams were able
to successfully deploy and recover the instru-
ments in two separate locations, retrieving criti-
cal data needed to support long-term
monitoring. The successful delivery of the 2020
field program is owed to the cumulative involve-
ment of Northerners in this project through the
years and the adaptability of project partners.

Theme: Knowledge Exchange and Co-production

ID: 151

Early career scientist input to peer-
review: case studies from an APECS-led
group review of the IPCC reports

Gwenaëlle Gremion1, Casado Mathieu2, Jilda A.
Caccavo2,3, Kelsey Aho4, Nicolas Champollion5,
Emily Choy6, Sarah L. Connors7, Rahul Dey8,
Alfonso Fernández9, Gerlis Fugmann10, Juan
Höfer11, Shridhar Jawak12, Martine Lizotte13,
Sarah Maes14, Kyle Mayers15, Katja Mintenbeck16,
Elvira Poloczanska2, John Fredy Mojica16,
Prashant Pandit17, Paul Rosenbaum18, Elisa
Seyboth19, Sarah Shakil20, and Maud van Soest21

1Université du Québec à Rimouski/Institut des Sciences de la
Mer, Rimouski, QC, Canada.
2Alfred Wegener Institute (AWI), Helmholtz Centre for Polar
and Marine Research, Bremerhaven, Germany.
3Berlin Center for Genomics in Biodiversity Research, Berlin,
Germany.
4International Arctic Research Center, University of Alaska
Fairbanks, Fairbanks, AK, USA.
5Université Grenoble Alpes, Institut des Géosciences de
l’Environnement, Grenoble, Saint-Martin-d’Hères, France.
6McGill University, Montreal, QC, Canada.
7Université Paris-Saclay, Paris, Saint-Aubin, France.
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8National Centre for Polar and Ocean Research, Goa, India.
9Department of Geography, Universidad de Concepción,
Concepción, Bio, Chile.
10International Arctic Science Committee, Borgum, Norðurslóð,
Akureyri, Iceland.
11Escuela de Ciencias del Mar, Pontificia Universidad Catolica
de Valparaiso, Valparaiso, Chile.
12Svalbard Integrated Arctic Earth Observing System (SIOS),
Svalbard Forskningspark, Longyearbyen, Svalbard.
13Takuvik Joint International Laboratory, Université Laval (QC,
Canada) and CNRS (France), Québec, Canada.
14KU Leuven, Leuven, Belgium.
15NORCE Norwegian Research Centre AS, Nygårdsgaten,
Bergen, Norway.
16Center for global Sea Level Change (CSLC), New York
University Abu Dhabi (NYUAD), Abu Dhabi, UAE.
17TERI University, New Delhi, India.
18Department of Business Studies, Uppsala University,
Uppsala, Sweden.
19Centre for Sustainable Oceans, Faculty of Applied Sciences,
Cape Peninsula University of Technology, Cape Town, South
Africa.
20University of Alberta, Edmonton, AB, Canada.
21Geography and Environment, Loughborough University,
Loughborough, UK.

Abstract: The production of new scientific
knowledge and its dissemination to society and
stakeholders, is systematically associated with
the publication of articles or reports, which are
reviewed and endorsed by scientific experts
before publication. The role of early career scien-
tists (ECS) in the peer-review process remains
minor despite the strong academic credentials
possessed by ECS. Such engagement in the peer-
review process represents a valuable opportunity
for ECS and the scientific community as a whole.
During May and November 2018, the Association
of Polar Early Career Scientists (APECS) led a
group of 174 ECS to review the first and second-
order drafts of the Intergovernmental Panel on
Climate Change (IPCC) “Special Report on Ocean
and Cryosphere and in a Changing Climate
(SROCC)”, ultimately published in 2019. This
opportunity provided a robust platform for ECS
to understand the overall review process and edi-
torial activities related to authoritative publica-
tions such as those produced by the IPCC. After
a short presentation of APECS, we present the
methodology, results, and lessons learned from
these group reviews. Altogether, data from par-
ticipant surveys on their experience and analysis
of their comments demonstrate that ECS are
competent reviewers, comparable with more
experienced researchers.

Theme: Knowledge Exchange and Co-production

ID: 450

New observations of macrobenthos
communities in outer Frobisher Bay,
Nunavut

Meghan Hamp1, Amy Migneault2, Alec Aitken3,
Ben Misiuk2, Evan Edinger4, Dave Cote5, and
Trevor Bell4,6

1Queen’s University, Kingston, ON, Canada.
2Dalhousie University, Halifax, NS, Canada.
3University of Saskatchewan, Saskatoon, SK, Canada.
4Memorial University of Newfoundland, St. John’s, NL,
Canada.
5Fisheries and Oceans Canada, Winnipeg, MB, Canada.
6SmartICE, St. John’s, NL, Canada.

Abstract: We present new observations of mac-
robenthos community structure in outer
Frobisher Bay based on: (1) the analysis of seabed
video imagery acquired in 2016 and 2018; and
(2) the analysis of Agassiz trawl samples acquired
in 2016 and 2018. Seabed imagery consists of 267
images acquired in 2016 at 10 stations over a
depth range of 98–191 m, and 358 images
acquired in 2018 at eight stations over a depth
range of 112–498 m. Seven Agassiz trawl samples
were acquired over a depth range of 150–493 m.
Benthic macrofauna observed in seabed
images were identified to the level of classes
of organisms (e.g., Echinoidea (sea urchins)).
Macrobenthos recovered in trawl samples were
identified to the lowest possible taxonomic level.
Cluster analysis based on presence/absence data
derived from seabed imagery was employed to
classify benthic communities. Wet weight bio-
mass was determined for all organisms recovered
in trawl samples. Pie charts displaying the rela-
tive proportions of biomass contributed by vari-
ous classes of organisms to total biomass at each
sampling station are presented to facilitate
inter-site comparisons. Three species associations
were identified in the 2016 seabed imagery data
acquired in the vicinity of the middle islands:
(1) sea anemones, sea urchins, barnacles;
(2) brittlestars, starfish, soft corals, sponges; and
(3) Mya truncata, the crinoid Heliometra sp., ascidi-
ans, erect bryozoans. Four species associations
were identified in the 2018 seabed imagery data
acquired along the southern coastline of the
outer bay: (1) cerianthid anemones, infaunal
bivalves; (2) sea anemones, sea urchins; (3) brit-
tlestars, starfish, sponges, ascidians, tubiculous
polychaetes; and (4) soft corals, the crinoid
Heliometra sp., erect bryozoans. Crinoids, sea
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urchins, soft corals and sponges dominate the
community biomass in Agassiz trawl samples.
Benthic macrofauna communities will be
mapped to the surficial geological units identi-
fied in the bay to define seabed habitats.

Theme: Marine

ID: 297

The role of hummocks in re-establishing
black spruce forest following
permafrost thaw

Kristine Haynes1, Jessica Smart1, Brenden
Disher1, Olivia Carpino1, and William Quinton1

1Cold Regions Research Centre, Wilfrid Laurier University,
Waterloo, ON, Canada.

Abstract: Northwestern Canada’s discontinuous
permafrost landscape is transitioning rapidly
due to permafrost thaw, with the conversion of
elevated, forested peat plateaus to low-lying, tree-
less wetlands. Increasing hydrological connectiv-
ity leads to partial drainage of previously-
isolated bogs, which have been observed to sub-
sequently develop hummock microtopography.
However, the role of microtopographic features
in the future trajectory of the transitioning land-
scape is unclear, including their potential con-
trols on tree re-establishment. To understand
the role of hummocks in landscape change,
research was conducted at the Scotty Creek
Research Station, Northwest Territories, to mea-
sure hummock and black spruce tree physical
characteristics, and to assess tree and hummock
spatial coverage in peat plateaus, collapse scar
bogs, and the advanced transitional feature
known as treed bogs. Canopy coverage in all land
forms and wetland hummock areal coverage was
assessed using a LiDAR (Light Detection and
Ranging) canopy gap fraction model and multi-
spectral imagery. Hummocks, which are not
underlain by permafrost but contain seasonal
ice, support the establishment of black spruce
trees due to favourable soil moisture conditions.
Hummock flank moisture in treed bogs is inter-
mediate between those of dry peat plateaus and
inundated collapse scar bogs. Black spruce trees
on peat plateaus and in treed bogs are signifi-
cantly taller and of greater circumference than
those in collapse scar bogs. The spatial distribu-
tion of hummocks and canopy coverage of black
spruce trees in treed bogs collectively suggest
that these features may play an important role

in the advanced stages of permafrost thaw-driven
transition of the discontinuous permafrost
landscape.

Theme: Terrestrial

ID: 381

In silico species distribution modelling
of Vaccinium species and their response
to climate change

Kaede Hirabayashi1, Lauren Erland1, and Susan
Murch1

1Department of Chemistry, University of British Columbia,
Kelowna, Vancouver, BC, Canada.

Abstract: The Inuit Nunangat is experiencing cli-
mate change at about twice the rate of other
parts of the world. The genus Vaccinium includes
berries that are a traditional food source for
Inuit and Indigenous communities. Our objective
was to predict the impact of climate change on
habitat suitability of three Vaccinium species:
two species with primarily northern distribu-
tions (V. uliginosum, V. vitis-idaea) and one species
with a primarily southern distribution (V. oxycoc-
cos). We used Maxent ecological niche modelling
under RCP 2.6 and 8.5 projected to 2050 and
2070, for species occurrences reported from the
Global Biodiversity Information Facility (GBIF)
database as well as in-house collections, along
with WorldClim bioclimatic variables, soil prop-
erties, vegetation coverage, and topography.
Modelling of southern species showed a signifi-
cant contraction in suitable habitat, whereas
northern species were more stable in the overall
amount of suitable habitat by 2070. The impacts
on habitat near the US border and the interior
plains including Alberta, Saskatchewan, and
Manitoba seemed most devastating. In contrast,
the amount of suitable habitat in the arctic tun-
dra (i.e., Inuit Nunangat) showed an overall
increase. These results suggest that wild
northern berry harvest will remain secure over
the next couple of decades, whereas the southern
species raised concern. Although all three species
depended highly on maximum temperature of
growing season and elevation, the species experi-
encing the greatest decrease in suitable habitat
were most dependent on precipitation. Based on
these data, we hypothesized that the difference
in climate change resilience found between spe-
cies may be due to differences in plant growth
regulator profiles. The predictive analysis will
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inform future studies to identify and quantify the
metabolites that perceive and respond to envi-
ronmental cues in Vaccinium species, thereby
improving our understanding of climate change
resilience in the genus.

Theme: Terrestrial

ID: 153

Building strong Arctic policy by
incorporating international
economic trade into Intergovernmental
Panel on Climate Change (IPCC)
reports

Jean Holloway1, Jackie Dawson1, Nathan
Debortoli1, and Elisabeth Gilmore2

1University of Ottawa, Ottawa, ON, Canada.
2Clark University, Worcester, MA, USA.

Abstract: Climate change presents significant
risks to the international trade and supply-chain
systems with potential effects for both regional
and global economies. For example, settlement
and cracking due to permafrost thaw at the
Iqaluit Airport has required significant resurfac-
ing and reparation, causing disruptions to air
transport that is vital for mineral exploration
and the regional economy. Conversely, reduc-
tions in sea ice is making Arctic maritime trade
routes a new possibility, providing more effi-
cient east–west transport options, and reducing
costs per ship. Intergovernmental Panel on
Climate Change (IPCC) reports are considered
the leading source of relevant climate change
information and underpin how international
climate policies and agreements are negotiated.
Here, we assess how trade is treated in recent
IPCC assessment and special reports using a
quantitative text analysis. Results indicate that
international trade has not been given consider-
able attention in recent IPCC assessments, as
keywords associated with trade appear in lim-
ited ways. The words “product” and “transport”
appear most frequently, but are often referring
to emissions associated with transportation or
global food systems. Other economic sectors
are largely absent, as well as risks from climate
related trade disruption. In the Special Report
on the Ocean and Cryosphere in a Changing
Climate, the highest co-occurrence of trade-
related keywords focused on impacts of
increased shipping activities in the Arctic, but
trade as a general theme did not emerge beyond

this example. Given the importance of trade to
economic growth, we recommend that addi-
tional attention be paid to the interactions of cli-
mate impacts and risks on trade, and related
economic issues, in future IPCC assessment and
special reports. To achieve this, there must be
efforts to increase the base of scientific litera-
ture focused on climate change and
international trade as well as increased effort
made among IPCC lead authors to review litera-
ture on economic trade that may lie outside con-
ventional climate change scholarship.

Theme: Northern Policy and Development

ID: 425

Community-based research onmigratory
fish in the lower Mackenzie River
watershed

Rachel Hovel1, Emma Hodgson2, Sarah Lord3, and
Amy Amos3

1University of Maine-Farmington, Farmington, ME, United
States.
2Department of Fisheries and Oceans, Environment and
Climate Change Canada, Gatineau QC, Canada.
3Gwich’in Renewable Resource Board, Inuvik, NT, Canada.

Abstract: Migratory species can present chal-
lenges for studying shifts in the distribution, abun-
dance, and accessibility of fish and wildlife,
especially in remote regions. One such species,
łuk dagaii (broad whitefish; Coregonus nasus) is cen-
tral to subsistence fisheries throughout the rap-
idly-warming Mackenzie River Delta, and access to
these fishing practices is important for food secu-
rity for Gwich’in communities. As such, Gwich’in
fishers have raised concerns about how climate
change and proposed development may affect this
important species. To address these questions, we
established a monitoring program on łuk dagaii
in the lower Mackenzie River, as a partnership
between Gwich’in harvesters, Renewable
Resource Councils, the Gwich’in Renewable
Resource Board, and external researchers.
Initiated in 2017, this ongoing program is designed
to detect changes in fish migration timing, abun-
dance, and population demographics, and has con-
tributed additional insights on habitat use for this
species. Here, we describe the community-based
structure of themonitoring program and highlight
findings from the first years of the project. We
have identified varied and sometimes extensive
migrations within łuk dagaii captured in the
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subsistence fishery, indicating that watershed
impacts in multiple geographic regions may
impact the population. We also present spatial pat-
terns in size-at-age, catch rate, and migration tim-
ing across four sampling locations throughout the
lower Mackenzie River watershed. The spatial and
temporal extent of this sampling would not be pos-
sible without the community-based nature of this
program. Additionally, we believe that this project
highlights several of the benefits of community-
based monitoring programs, such as incorporating
the insights from Gwich’in knowledge holders in
study design and reducing the need for travel by
personnel outside of the region.

Theme: Knowledge Exchange and Co-production

ID: 455

SIOS data management system for long-
term observations on Svalbard

Dariusz Ignatiuk1, Øystein Godøy2, Lara Ferrighi2,
Christiane Hübner1, Shridhar Jawak1, Inger
Jennings1, Heikki Lihavainen1, and Kim Holmén3

1Svalbard Integrated Arctic Earth Observing System (SIOS),
Longyearbyen, Svalbard, and Jan Mayen.
2Norwegian Meteorological Institute, Tromsø, Norway.
3Norwegian Polar Institute (NPI), Tromsø, Norway.

Abstract: Svalbard Integrated Arctic Earth
Observing System (SIOS) is an international con-
sortium to develop and maintain a regional
observing system in Svalbard and the surrounding
waters. Within SIOS, researchers can cooperate to
access instruments, acquire data, and address
questions that would not be practical or cost-
effective for a single institution or nation alone.
The purpose of SIOS is to improve the Earth
Observing System for Svalbard, to integrate the
data from the distributed research infrastructure,
and to maintain systematic and sustainable mea-
surements over a long period. SIOS focuses on
processes within and interactions between the dif-
ferent spheres in earth system science. The observ-
ing system is built around “SIOS core data” —

long-term data series collected by SIOS partners.
The partners commit to continuing their long-
term monitoring and making their data available
to others, thus reducing the need for duplication
of data collection. The core data can then be used
as the basis for innovative research initiatives.
SIOS Data Management System (SDMS) is dedi-
cated to harvesting information on historical and
current datasets from collaborating thematic and

institutional data centres and making them avail-
able to users. A central data catalogue is linked to
the data repositories maintained by SIOS partners,
that manage and distribute data sets and
their associated metadata. The integrity of the
information and harmonisation of data is based on
internationally accepted protocols assuring inter-
operability of data, standardised documentation
of data through the use of metadata, and standar-
dised interfaces by data systems through the dis-
covery of metadata. By these means, SDMS is
working towards FAIR data compliance (making
data findable, accessible, interoperable and
reusable), among other initiatives through the
H2020 funded ENVRI-FAIR project (http://envri.eu/
envri-fair/). The status of the SDMS and its relation
to Arctic, European, and global data management
frameworks are presented.

Theme: Long-Term Monitoring and Data
Management

ID: 216

Permafrost measurements best practice:
GCW’s contribution to standardization
of global observations

Anna Irrgang1, Andrea Merlone2, Ketil Isaksen3,
Lijuan Ma4, Rodica Nitu4, Jeannette Noetzli5, and
Philippe Schoeneich6

1Alfred-Wegener Institute Helmholtz Centre for Polar and
Marine Research, Bremerhaven, Germany.
2Istituto Nazionale di Rierca Metrologica (INRiM), Torino TO,
Italy.
3Norwegian Meteorological Institute, Tromsø, Norway.
4World Meteorological Organization, President Gerhard
Adrian, Germany.
5WSL Institute for Snow and Avalanche Research SLF, 7260
Davos Dorf, Switzerland.
6Institut d’Urbanisme et de Géographie Alpine (IUGA),
Université Grenoble Alpes, Grenoble, France.

Abstract: The Global Cryosphere Watch (GCW),
in the context of the framework of the World
Meteorological Organization, published the
Measurement of Cryospheric Variables, Volume
II of the Guide to Instruments and Methods of
Observation in 2018, in which best practice for
observations of snow parameters was included.
As a follow-up effort, measurements best practi-
ces for the other cryosphere components are
under development, including permafrost and
seasonally frozen ground. The measurements
best practice for permafrost aims to define refer-
ence methods for the configuration and ongoing
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operation of stations for in situ observations in
high mountains and polar regions. It will address
gaps in the existing permafrost monitoring sys-
tems, define methods for improving traceability
and comparability, recommend instrumental
characteristics, and provide measurements
uncertainty evaluation. A further objective is to
support capacity building of countries in terms
of developing a permafrost observation network.
A Task Team within the framework of GCW was
established, to lead the development and publi-
cation of a complete guide to the measurements
of permafrost variables. The documents in prepa-
ration will be coordinated with the ongoing revi-
sion of Products and Requirements of the Global
Climate Observing System Permafrost Essential
Climate Variable, including existing variables
measured by the Global Terrestrial Network for
Permafrost. Furthermore, the needs of develop-
ing Essential Arctic Variables and Shared Arctic
Variables identified at the Arctic Observing
Summit are considered. The work will be based
on existing methodologies, promoting and rec-
ommending methods to improve data reliability
and traceability, and also for the implementation
of new stations.

Theme: Terrestrial

ID: 232

Determination of wind from radar wind
profilers in the presence of bird clutter
using machine learning

Vasura Jayaweera1, Robert Sica1, Maxime Hervo2,
Maëlle Grass3, Alexis Berne3, and Alexander
Haefele2

1Western University, ON N6A 3K7, Canada.
2Federal Office of Meteorology and Climatology, CH-8058
Zurich-Airport, Switzerland.
3Environmental Remote Sensing Laboratory, EPFL, 1015
Lausanne, Switzerland.

Abstract: Radar wind profilers (RWP) play an
important role in measuring tropospheric winds.
At all latitudes, bird migration seasons can
severely compromise wind profile measure-
ments. This masking of the wind signal in the
returns is called clutter. Current wind processing
techniques are capable of predicting accurate
wind velocities, but they tend to perform poorly
in the presence of severe bird clutter. This situa-
tion often leads to erroneous or missing wind
data. We have studied if machine learning

techniques can be used to retrieve wind signals
from bird-contaminated measurements. Large
numbers of different bird species migrate to
Nunavut. Measurements obtained from different
sites in the arctic reveal complex bird migration
patterns occurring in many directions. When
these migrations occur in the vicinity of a wind
profiler, bird clutter severely contaminates the
wind data. The project was carried out in two
phases, using measurements obtained by the
RWP operated by the Federal Office of
Meteorology and Climatology, Payerne,
Switzerland. In the first phase of our study, a
Convolutional Neural Network (CNN) was imple-
mented to distinguish bird-contaminated data
from uncontaminated data. The CNN model per-
formed with an accuracy of 87%. The classified
data was then used for phase two of the project
where another CNN model was implemented for
a regression task. The regression task was divided
into several experiments in which the perfor-
mance of the CNN model was assessed by train-
ing the model using different kinds of RWP
samples. The results obtained showed that the
CNN model was capable of determining radial
wind values with a mean absolute error of
0.6 m/s from samples contaminated with bird
clutter. These results suggest that machine learn-
ing techniques could be used to overcome the
barriers faced by the current signal processing
techniques in the presence of bird contamination
in RWP measurements.

Theme: Terrestrial

ID: 797

A critical discourse analysis of the
policies regarding wild food in the
Northwest Territories

Connor Judge1, Kelly Skinner1, and Andrew
Spring2

1University of Waterloo, Waterloo, ON, Canada.
2Wilfrid Laurier University, Waterloo, ON, Canada.

Abstract: The food system for northern
Indigenous communities has two main compo-
nents: the traditional food system and the mar-
ket food system. Policies over the past two
decades have been designed and implemented
to strengthen the market food system, primarily
in the form of subsidies such as Nutrition North
Canada. In comparison, the traditional food sys-
tem, which has already been weakened by the
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exacerbating effects of climate change, has
received not nearly as many resources. In the
post-devolution era of the Northwest Territories
(NWT), new institutions such as Indigenous self-
governments are creating their own climate
change adaptation strategies to increase access
to traditional foods. This project aims to identify
all of the policies that have jurisdiction over wild
food in the NWT to understand how a food
processing facility can be leveraged within the
current policy framework to increase food access.
Legislated acts and regulations were identified
using a title screening process through the terri-
tories’ legislative website. Additional policies
and governmental documents were identified
through following any external cross-references
within the policy documents. A pragmatic
approach was used with Fairclough’s critical dis-
course analysis to answer the following question:
how do the identified discourses represent the
social actors implicated in wild food policies,
and how does this compare with the discourses
of the institutions involved in operating these
policies? Preliminary findings have revealed
there are more institutions operating policies
with jurisdiction over wild food than what
was first expected. In addition, the power of
Indigenous self-governments to influence
wild food policy is held not within their self-
government agreement, but rather their land
claim agreement. Understanding the discourses
surrounding wild food policies will highlight the
power differences between Indigenous and non-
Indigenous institutions, reveal policy restrictions
on traditional food, and ratify the sovereignty of
Indigenous self-governments.

Theme: Northern Policy and Development

ID: 827

Mapping historical changes to alpine
extent and treeline ecotones across the
greater Mackenzie Mountains,
Northwest Territories

Blair Kennedy1, Micheline Manseau1, Leon
Andrew2, and Deborah Simmons2

1Landscape Science and Technology Division, Environment and
Climate Change Canada, Gatineau QC K1A 0H3, Canada.
2Ɂehdzo Got’ı̨ nę Gots’ę Nákedı (Sahtú Renewable Resources
Board), Tulit’a, NT, Canada.

Abstract: The Mackenzie Mountains ecoregion is
currently experiencing increased climate

warming that is expected to have substantial
impacts on its ecosystems. Although warming
trends are complex and spatially heterogenous,
changes are projected to be greatest in
high-latitude and high-altitude environments.
Ecosystem responses to warming include
increased shrub growth/expansion and the move-
ment of trees higher into the alpine. The expan-
sion of shrubs and trees will have impacts on
environmental and ecosystem processes such as
nutrient cycling, hydrologic processes (e.g., snow
trapping), climate feedbacks related to changing
vegetation functional groups (e.g., albedo, photo-
synthetic, and respiratory processes), and
changes to suitable habitat for important species,
such as northern mountain caribou that rely on
high-elevation alpine plateaus for calving. To
characterize changes to alpine extent and tree-
line ecotones across the Mackenzie Mountains,
we compared 1940s historical aerial photographs
acquired over select sites with high-resolution
unmanned ariel vehicle (UAV) and satellite
imagery collected in 2019. Air photos and UAV
imagery were processed using structure from
motion to derive image mosaics and canopy
structural variables, such as tree heights and den-
sity. Image product comparisons were validated
with in situ photographs (oblique and downward
photographs) acquired in the fall of 2019.
Preliminary results demonstrate altitudinal
increases to the treeline (i.e., trees are growing
further into the alpine) with overall increases to
tree density within alpine treeline ecotones.
Characterizing changes to additional functional
groups, such as shrubs and lichens, are currently
being explored. Documenting changes to the
composition and extent of calving plateaus is
critical to our conservation efforts.

Theme: Long-Term Monitoring and Data
Management

ID: 161

Numerical investigation of storm surges
in the Beaufort Sea considering the ERA5
reanalysis, sea ice, and driftwood lines

Joseph Kim1, Enda Murphy2, Ioan Nistor1, Sean
Ferguson2, and Mitchel Provan2

1University of Ottawa, Ottawa, ON, Canada.
2National Research Council Canada, Ottawa, ON, Canada.

Abstract: Storm surge is a significant contribu-
tor to flood and erosion risk to coastal
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communities on the Beaufort Sea. Projected cli-
mate change effects include accelerated coastal
erosion, relative sea level rise, declining sea ice
cover, shorter ice season duration, and will
exacerbate the vulnerability of coastal com-
munities to storm surge hazards. The lack of
continuous, long-term tide gauge records and
high-quality atmospheric datasets have been
barriers to reliable storm surge modelling and
analysis in the region. The role of regional sea
ice in attenuating, and (or) amplifying storm
surge hazards has also been largely unstudied.
Fifty historical storm surge events were identi-
fied from an analysis of tide gauge records at
Tuktoyaktuk, NWT, Canada, and simulated
using a numerical hydrodynamic model of the
Beaufort Sea and Amundsen Gulf. The quality
of the ERA5 reanalysis for use in driving storm
surge models for the Beaufort Sea was assessed
by comparison with weather station observa-
tions. ERA5 surface pressures and wind speeds
were generally in close agreement with mea-
surements, except for peak wind speeds, which
were systematically under-predicted.
Compensation for this bias, by calibrating the
model air-sea drag coefficient, resulted in accu-
rate simulations of peak storm surges. The sur-
face drag parameterization in the model was
then modified to account for the effects of ice
on air-sea momentum transfer. Future open-
water scenarios yielded up to three times the
storm surge magnitude compared with
present-day ice conditions. Several historically
significant storm surge events were not cap-
tured on tide gauge records. A model hindcast
of the 23 Aug. 1986 event revealed good agree-
ment with the peak storm surge inferred from
driftwood line surveys, demonstrating the value
of non-conventional water level observations
for storm surge analysis. Inclusion of driftwood
line surveys in an extreme value analysis of
storm surges dramatically altered the probabil-
ity distribution, with implications for flood risk
assessments.

Theme: Terrestrial

ID: 518

Landscape change in a warming north —

observations of thawing permafrost in
the Far North Ontario portion of the
Hudson Bay Lowlands from remote
sensing

Adam Kirkwood1, Pascale Roy-Léveillée2, Kevin
Turner3, and Nathan Basiliko1

1Laurentian University, Greater Sudbury, ON, Canada.
2Centre d’études nordiques, Université Laval, Québec, QC,
Canada.
3Brock University, Catharines, ON, Canada.

Abstract: Permafrost is warming in the
Canadian Arctic and subarctic as a result of
higher air temperatures, leading to various
changes across the landscape including and per-
haps as a result of permafrost thaw. In the
Hudson Bay Lowlands (HBL), the world’s second
largest peatland and host to North America’s
lowest latitude continuous permafrost, perma-
frost thaw has been observed in the field and
via remote sensing. The scale of these observa-
tions, however, is modest in comparison with
the vastness of the HBL, and it is unsuitable
should the need for terrain vulnerability assess-
ments be required for large areas. This research
investigates whether indices of greening,
browning, and wetness (calculated in Google
Earth Engine) can help identify areas of rapid
permafrost degradation in the Hudson Bay
Lowlands of Far North Ontario. We used 30 m
resolution Landsat timeseries data from Google
Earth Engine to examine greening and brown-
ing trends using the Normalized Differential
Vegetation Index, to estimate changes in sur-
face wetness using Normalized Differential
Water Index, and run landscape classification
around the communities of Fort Severn and
Peawanuck. In areas where considerable change
was detected, we used finer scale imagery
(Planet Labs) to visually assess the potential dis-
tribution of permafrost thaw features. This
knowledge can help to develop terrain vulner-
ability assessments in areas where there is little
data on permafrost conditions and can also
inform on the potential subsequent changes in
environmental conditions as a result of perma-
frost thaw that effect the biogeochemical
cycling of constituents such as carbon and
mercury.

Theme: Terrestrial

ID: 638

Late Holocene changes to sea-surface
conditions in the North Water Polynya
inferred from organic-walled
dinoflagellate cyst assemblages
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Kelsey Koerner1, Audrey Limoges1, Nicolas Van
Nieuwenhove1, Thomas Richerol2, Guillaume
Massé3, and Sofia Ribeiro4

1University of New Brunswick, Saint John, NB, Canada.
2CEOS, University of Manitoba, Winnipeg, MB, Canada.
3Takuvik Joint International Laboratory, Université Laval and
CNRS (France), Québec, QC, Canada.
4Geological Survey of Denmark and Greenland,
1350 København, Denmark.

Abstract: Recent climate warming has resulted
in a rapid decline of Arctic sea-ice thickness
and extent. Polynyas — areas of open water in
regions with high sea-ice concentrations — are
unique ecosystems that are particularly sensi-
tive to changes to the cryosphere and oceanog-
raphy. The formation of the North Water
(NOW) Polynya, in northern Baffin Bay, relies
on both local and regional ice and ocean condi-
tions, but in recent years the configuration and
extent of its open waters has become more vari-
able. Here, we present the results of dinoflagel-
late cyst (dinocyst) assemblage analysis and an
index based on modern analogue locations, con-
ducted on a sediment archive covering the last
ca. 3800 years, from the central region of the
NOW. The objective is to understand the long-
term variation of sea-surface conditions in the
NOW and place recent (the last 50 years)
changes within the context of natural climate
variability. From ca. 3800 to 2500 years BP our
results indicate a relatively stable NOW
Polynya with a long open-water season, fol-
lowed by gradual sea-surface cooling and
increased sea ice influence from ca. 2500 to
1500 years BP. From ca. 1500 to 156 years BP the
assemblages indicate further sea-surface cool-
ing and a shorter open-water season; however,
from 1965 to 2009 CE there is a shift of one to
two orders of magnitude higher contributions
of autotrophic taxa and dinocyst fluxes that
would suggest a return to longer open-water
conditions. The last six years of our record
(2009 to 2015 CE), indicate more stratified
waters likely from increased input of glacial
runoff and Arctic sea-ice melt into the NOW
region. This study shows that the NOW Polynya
responds sensitively to climate changes and
that recent Arctic warming was associated with
a rapid transition in sea-surface conditions in
the NOW compared with the last ca. 3800 years.

Theme: Marine

ID: 661

Landscape controls on fluvial carbon
export across High Arctic headwater
streams

Evan Koncewicz1, Laura Thomson1, and Melissa J.
Lafrenière1

1Queen’s University, Kingston, ON, Canada.

Abstract: Stream runoff is an important con-
duit of carbon to the Arctic Ocean. Water from
snowmelt, rainfall runoff, and glacier melt is
transported downslope across a mosaic of land-
scapes differing in terms of the surficial geol-
ogy and vegetation. Carbon in stream runoff is
thought to be a product of both the source and
pathway of the water through the watershed.
A warming Arctic is expected to increase pre-
cipitation and glacial mass loss, which in turn
will lead to increases in annual river runoff.
Currently, data characterizing organic and inor-
ganic carbon contributions from the Canadian
Arctic Archipelago are sparse, despite the
region contributing a significant amount
(20%–30%) of annual river freshwater flux to
the Arctic Ocean. This research characterizes
both the concentration and relative amounts
of dissolved (organic and inorganic) carbon
across Arctic headwater streams to understand
the roles of glaciers, geology, and vegetation
cover on carbon transfer from High Arctic
watersheds to the ocean. Datasets of water
chemistry data from the outlet of roughly 175
locations across Axel Heiberg Island and the
Sabine Peninsula are analyzed. A Normalized
Difference Vegetation Index is created for each
study location to characterize vegetation within
each watershed, whereas geologic substrate
and presence of permafrost disturbances are
also characterized within each watershed. We
hypothesize that glacial presence will increase
the amount of inorganic carbon present in
streams due to increased mechanical weather-
ing from glaciers themselves and increased
chemical weathering from the availability of
freshly ground sediment. Furthermore, car-
bonic acid from respiration in soils, plant litter,
and (or) leached material in vegetated areas will
regulate the export of organic and inorganic
carbon, whereas occurrence of vegetation and
geologic substrate chemical weathering reac-
tions will also regulate DIC export.
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Theme: Terrestrial

ID: 548

How is human sewage affecting Arctic
amphipods in Nunavut’s capital?

Jordan Kroeker1, Christina Schaefer2, David
Deslauriers1, and Ken Jeffries2

1Université du Québec à Rimouski/Institut des Sciences de la
Mer, Rimouski, QC, Canada.
2University of Manitoba, Winnipeg, MB, Canada.

Abstract: The Arctic climate is warming at a
faster rate than any other region in the world
leading to many anticipated changes. In
Nunavut’s capital, Iqaluit, amplified warming,
and an increasing population, which can pro-
mote the introduction of contaminants
through municipal wastewater effluent, are
two factors that have the potential to affect
marine organisms found in the area. This study
investigated the potential effects of contami-
nants on the temperature tolerance and body
condition of a gammarid amphipod, Gammarus
setosus. We tested the thermal tolerance, using
a critical thermal maximum (CTmax) protocol,
and the body condition of G. setosus collected at
varying distances from the wastewater effluent
within Koojesse Inlet near Iqaluit was used as a
measure of anticipated stress. The CTmax at all
sites was over 31 °C, whereas the temperature
in their natural environment only reached 13 °C
during the study period. The CTmax of G. setosus
was significantly different at sites nearest the
wastewater output compared with a reference
site outside of Koojesse Inlet and other sites
within Koojesse Inlet. The findings of this study
showed that G. setosus are capable of surviving
acute temperatures well above the observed
temperatures in the field, suggesting that this
species is not vulnerable to anticipated warm-
ing temperatures. Body condition was lowest
at the site nearest to the wastewater output
and highest on the wastewater flats near the
low tide zone, however statistical significance
was not observed in post hoc tests. The proxim-
ity to wastewater effluent, however, appears to
induce a change in their physiological state, as
determined by body condition and the CTmax,
suggesting an adverse effect of exposure to
wastewater effluent in G. setosus.

Theme: Marine

ID: 194

Cold and colder: extreme seasonality in
thermokarst lake viral communities

Valérie Langlois1, Warwick Vincent1, and
Alexander Culley1

1Université Laval, Québec, QC, Canada.

Abstract: Global warming conditions are caus-
ing significant changes in subarctic landscapes,
including thawing of ice-rich permafrost and
the expansion of thermokarst lakes and ponds.
These aquatic ecosystems are rich in organic
matter and shallow, yet during the summer
their water columns are highly stratified with
a warm, well-oxygenated layer at the surface
and a cool, anoxic layer at the bottom. During
the winter, their water columns are isolated by
snow and ice and become entirely anoxic,
favouring methanogenesis and the production
of greenhouse gases. Through their well-known
wide-ranging impact on their host, viruses
affect food chains, microbial population compo-
sition, and biogeochemical cycles. Viral diver-
sity, however, is still poorly understood, and
the impact of viruses on northern ecosystems
is still largely undocumented. The present study
addresses the question of how depth-dependent
and seasonal changes in the thermokarst pond
environment affect viral diversity and commu-
nity structure. We produced metagenomes
from water samples taken between 2015 and
2017 in a thermokarst pond in northern
Quebec. The resulting viral assemblages con-
tained numerous previously unknown strains,
and we identified two distinct communities: a
more variable annual community found at the
surface during the summer and a perennial
community found in the anoxic water layer.
We also compared the communities to other
permafrost and northern lake metagenomes to
assess their uniqueness. These data result in
the most comprehensive portrait of viral diver-
sity in thaw ponds to date and move us closer
to the ultimate elucidation of viral ecology in
this environment of global importance.

Theme: Terrestrial

ID: 516

Lichen forage requirements of pregnant
caribou over winter
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Patrick Lauriault1 and Andrew Trant1

1University of Waterloo, Waterloo, ON, Canada.

Abstract: Rapid warming in arctic and subarctic
regions is leading to extreme ecosystem shifts.
Many of these regions are dominated by lichen
mats, which are a fundamental food source for
caribou in the winter. With continued warming,
shrubs across the tundra are expanding their
ranges northward, experiencing elevated growth
rates and overall biomass. This is concerning as
shrubs quickly outcompete lichen mats once
they establish by altering the light, moisture,
and nutrient conditions. Losing lichen mats in
the arctic and subarctic is detrimental to caribou
(Rangifer tarandus) since it will reduce the forage
availability in the winter when physiological
stressors are high due to harsh weather and preg-
nancy in female caribou. In this study, we will
estimate the daily energetic costs of individual
caribou throughout the winter. Using parameter
estimates from published studies, we will derive
the cost of movement, weather coping, and preg-
nancy. Then we calculate how much star-tipped
reindeer lichen (Cladonia stellaris), a dominant
ground species in eastern North America, that
caribou theoretically need to eat to maintain
body condition throughout its pregnancy. Early
results suggest that a pregnant caribou would
have to eat roughly 7 kg of lichen per day to
maintain its body mass in mild winter weather.
Our findings will have important implications
for the number of caribou a particular region
could support as the landscape continues to
change.

Theme: Terrestrial

ID: 767

Assessing lichen distribution patterns
across Torngat Mountains National Park
in northern Labrador, Canada, using
unmanned aerial vehicle data and object-
based land classification

Nhu Le1, Robert G. Way2, Luise Hermanutz3,
Patrick Lauriault1, Emma Davis1, and Andrew
Trant1

1School of Environment, Resources and Sustainability,
University of Waterloo, Waterloo, ON, Canada.
2Northern Environmental Geoscience Laboratory, Department
of Geography and Planning, Queen’s University, Kingston, ON,
Canada.

3Department of Biology, Memorial University, St. John’s, NL,
Canada.

Abstract: Numerous studies using remote sens-
ing techniques have demonstrated a decline in
the distribution and abundance of lichens in
northern Canada and Alaska due to the impacts
of climate change. Lichens are climatically sensi-
tive components of the tundra vegetative com-
munity, as well as an important source of winter
forage for caribou (Rangifer tarandus). In this
study, we conduct a supervised object-based land
classification on imagery acquired from
unmanned aerial vehicle (UAV) surveys to charac-
terize lichen cover at three northern Labrador
study sites, Nakvak Brook, Torr Bay, and
Komaktorvik River, representing a latitudinal
gradient in and around Torngat Mountains
National Park, Canada. We predict that the high-
resolution UAV data will yield accurate and pre-
cise detection of lichen cover across the three
sites in and around Torngat Mountains National
Park. Insight into the distribution of lichens
across this region will provide important base-
line information against which to assess the asso-
ciated impacts to the endangered Torngat
Mountain caribou.

Theme: Terrestrial

ID: 547

Estimation of maximum lake depth from
the surrounding topography: towards a
regional assessment of the occurrence of
taliks below Arctic lakes

Anne-Marie LeBlanc1, Jason Chartrand1, and
Sharon Smith1

1Geological Survey of Canada, Ottawa, ON, Canada.

Abstract: In continuous permafrost regions,
taliks (areas of unfrozen ground), are mainly
found beneath large and deep lakes (>2 m depth)
that do not freeze to their bottom. Open taliks
connected to regional groundwater can affect
the development of mine projects due to these
potential pathways for contaminant transport. It
is therefore important to determine which lakes
are potentially underlain by open taliks, espe-
cially where lakes are used for mine waste dis-
posal. As a first-order estimate, the potential for
talik occurrence can be assessed based on the
maximum lake depth of large lakes. For regional
studies, maximum lake depth may be estimated
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with topographic variables from the surrounding
landscape. This approach assumes that common
geological processes form the landscape and the
lakes, such as glacial processes. This study
explores, for the first time, the use of a high-reso-
lution elevation model (ArcticDEM) to extract
topographical variables surrounding lakes in
Nunavut to run predictive models of maximum
lake depth. Lakes in the area of Rankin Inlet with
known maximum lake depth (n= 102) are used to
assess maximum depth for all 17 145 lakes in a
5000 km2 area near the community. We use step-
wise regression to explore the topographical var-
iables and Pearson’s partial correlation
coefficient to understand the relationship of a
given variable to maximum lake depth. Among
the eight variables considered within a buffer rel-
ative to lake size, lake area, median slope, maxi-
mum elevation, and mean elevation were the
only significant explanatory variables (p < 0.05).
For the simplest and best model (least variables),
lake area and median slope explained 79% of the
variance in maximum lake depth. Known maxi-
mum depth of lakes near Baker Lake and in the
Kitikmeot region (n = 173) were utilized to fur-
ther validate the initial model and to identify
any local to regional model differences.

Theme: Terrestrial

ID: 673

Surface features of the cold/temperate
transition zone on White Glacier, Axel
Heiberg Island, Nunavut

Jeremiah Lee1 and Laura Thomson1

1Queen’s University, Kingston, ON, Canada.

Abstract: White Glacier is a polythermal valley
glacier found in the Canadian Arctic (∼79°N, 90°
W). This site has six decades of mass balance
monitoring, recent ice-penetrating radar data,
and structural models in the form of digitized
historic topographic maps (1960) and modern
Structure from Motion photogrammetric prod-
ucts (2014, 2018, 2019). Given the context of a
warming Arctic, White Glacier presents the
opportunity to describe how land-terminating
glaciers in the Canadian Arctic Archipelago are
responding to disequilibrium. Being polyther-
mal, White Glacier has a thermal transition zone
(TTZ) where the thicker, temperate basal ice,
close to 0 °C, along the glacier trunk meets cold-
based ice well below freezing temperatures at

the terminus. We observe how the terminus has
changed over various temporal scales and charac-
terize the glacial structures distinct to the TTZ.
The surface elevation models are used to mea-
sure surface thinning and retreat, and we com-
pare the change to surface ablation
measurements to isolate elevation change associ-
ated with ice advection down. Furthermore, we
use strain field measurements at the terminus
in conjunction with the radar data to tie the
expressed surface structures to englacial form,
bed topography, and ice dynamics. Preliminary
results show that thrust fault-like structures,
clearly expressed at the surface, are likely stag-
nant and are being exposed through ablation,
having been formed englacially during a more
active period. Furthermore, bands consisting of
tight collections of crevasse traces with no appar-
ent periodicity are also being exposed as ice
along the trunk thins. It is unclear how these
band features formed, but they are consistent
with compressive flow regimes at the TTZ devel-
oping progressively up-glacier as the terminus
thins and retreats. Considering the number of
similar glaciers found in the Arctic, understand-
ing structural evolution at White Glacier will
build knowledge about the response of polyther-
mal glacier dynamics to widespread thinning
and retreat.

Theme: Terrestrial

ID: 720

Physical and chemical characteristics of
172 lakes and ponds on Baffin Island,
Nunavut

Tanner Liang1 and Julian Aherne1

1Trent University, Peterborough, ON, Canada.

Abstract: Freshwater lakes and ponds are gen-
erally accepted to be “sentinels of change” as
they reflect and magnify changes at the land-
scape scale. Monitoring of these systems can
provide an early warning of the effects of
anthropogenic pressures (e.g., climate change),
especially in the Arctic. Baffin Island is
Canada’s largest island, and despite the numer-
ous limnological studies carried out around
the island, such as those on Nettilling Lake, it
is well established that regionally there is a
gap in water chemistry data. In this study, we
investigated the physical and chemical charac-
teristics of 172 lakes and ponds through lake
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surveys (2005–2018) in five regions: Pond Inlet
n = 50), Auyuittuq National Park (n = 4), Iqaluit
(n = 71), Kimmirut (n = 10), and Meta Incognita
Peninsula (n = 37). Surveyed sites were generally
found within the tundra ecoregion (96.5%) and
were underlain by igneous geology (70%).
Most study sites were small water bodies
(75%, ≤10 ha) at low elevation (66.3%, <200 m
a.s.l.) near the coast (99.4%, within 50 km). Sites
across Baffin Island varied greatly in water pH
(range: 3.4–8.26) and organic content (DOC
range = 0.16–44.25 mg/L), but are nonetheless
characterized as diluted (conductivity:
median = 44.65 μS/cm and mean = 63.43 μS/cm)
and nutrient-poor (ultra-oligotrophic, max
TP = 0.15 μg/L). The KIM region had the highest con-
centration and variation in conductivity, DIC, Mg,
Ca and TP. In contrast, sites within PIL had higher
DOC and NH4 concentration. Multivariate analysis
of water chemistry parameters indicated the fol-
lowing drivers: (i) potential influence from sea
spray through a negative correlation between
elevation and distance to coast with conductivity,
Cl and Na, and (ii) influence of limestone geology
on water conductivity and pH. Results from this
study help fill knowledge gaps in water chemistry
on Baffin Island and can further assist environ-
mental assessments of aquatic systems in the
Canadian Arctic.

Theme: Long-Term Monitoring and Data
Management

ID: 501

Observation and modelling of baroclinic
tides in the Greenland Sea

M.P. Subeesh1, Sourav Chatterjee1, Muthalagu
Ravichandran1, and Nuncio Murukesh1

1National Centre for Polar and Ocean Research, Ministry of
Earth Sciences, Vasco da Gama, Goa, India.

Abstract: Although recent studies have found
increasing vertical mixing and penetration of
warm intermediate Atlantic water (AW) to the
surface, particularly in the Eurasian Basin and
Barents–Kara Sea region, a major part of the
Arctic Ocean (AO) is thought to be quiescent
with weak vertical mixing in the interior. This
protects upper ocean fresh and cold waters and
sea ice from warm and saline AW. In most of
the regions in the Arctic Basin, the shear-driven
vertical mixing across the halocline is negli-
gible and vertical mixing is primarily driven by

the double-diffusive process. The weak shear-
driven mixing in the region is mainly attributed
to the weak internal wave field; however, some
observations showed enhanced mixing over
steep topography associated with tidally gener-
ated internal waves. In this study, we show that
the internal tide is an important source of verti-
cal mixing in the Greenland Sea. Results from
year-long velocity observation from acoustic
Doppler current profiler moorings show the
energetic internal tides in the continental shelf
and slope of north Greenland Sea (∼80°N) and
moderate internal tides in the southern side
(∼70°N). We set up a high-resolution (2 km)
numerical model regional oceanic modeling
system to understand the spatial distribution
of internal tide energy and their generation
mechanism in the basin. The combination of
strong barotropic tides, steep topography, and
stratification leads to efficient internal tide gen-
eration in the shelf-slope region in the northern
Greenland Sea. Our results suggest that the
internal tides are likely to play an important
role in the vertical distribution of watermass
in the Greenland Sea. In a warming Arctic sce-
nario, changing water mass characteristics and
stratification in the AO may significantly
modify the internal tide induced mixing proc-
esses and its implications in the future.

Theme: Marine

ID: 287

Expedition Arctic Botany: online Arctic
science collaboration and community

Kim Madge1, Evan Seed1, Paul Sokoloff1, Chris
Deduke1, Cassandra Robillard1, Lyndsey Sharp1,
Michael Denslow2, and Jennifer Doubt1

1Centre for Arctic Knowledge and Exploration, Canadian
Museum of Nature, Ottawa, ON, Canada.
2Notes from Nature, Florida Museum of Natural History,
University of Florida, Gainesville, FL, USA.

Abstract: The Canadian Museum of Nature’s
National Herbarium of Canada, a public archive
of over one million preserved wild plant and
lichen specimens, represents a 200+ year collabo-
ration among thousands of collectors and curato-
rial staff, in support of nature research,
education, and inspiration. It is also the world’s
most comprehensive archive of Canadian Arctic
flora. Whereas this vast resource physically
resides in Gatineau, Quebec, Sitka Foundation
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funding recently made it possible to image over
120 000 Arctic specimens and publish them on
the internet, where they can be accessed by
worldwide stakeholders in Arctic knowledge.
The task of making this online resource search-
able — mainly by transcribing terms that appear
on specimen labels — is now itself a vibrant sci-
ence communication initiative shared by
museum staff and about 2500 individual collabo-
rators across 21 time zones, via Expedition
Arctic Botany (EAB): a Notes from Nature project
on the Zooniverse Platform (www.zooniverse.
org/projects/cmnbotany/notes-from-nature-
expedition-arctic-botany). By examining speci-
men images, and completing three- to five-task
transcription workflows, collaborators interact
directly with content on Arctic vascular plants,
lichens, geography, and (or) collectors, according
to their interests, and engage in fun and produc-
tive information exchange as the database grows.
Through the associated discussion forum (over
2500 threads as of 31 August 2020) participants
ask and answer questions not only about the
tasks, but also about the content, elevating the
quality of data and stories the collection can
share. Although the COVID-19 pandemic restricts
traditional museum programming and volun-
teerism, the EAB network expands. The project
offers students curriculum-relevant experiences
with real-life science, social science, and career-
exploration applications, and a virtual environ-
ment in which to contribute meaningful volun-
teer hours. Similarly, the project has become
part of global corporate volunteer platforms in
nature-linked industries. As its inaugural year
draws to a close, the EAB team reports on project
successes, challenges, and discoveries.

Theme: Knowledge Exchange and Co-production

ID: 400

Plant productivity is not always limited
by nitrogen in Arctic alpine tundra

Mikhail Maslov1, Ekaterina Kopeina2, and Olga
Maslova1

1Lomonosov Moscow State University, Moscow, Russia.
2Avrorin Polar-Alpine Garden, Kirovsk, Russia.

Abstract: It is considered that the lack of mineral
nitrogen in the soil limits the productivity of
plants in the tundra. At the same time, global
warming may cause higher soil nutrient avail-
ability due to increased decomposition rates and

mineralization of soil organic matter. In this
study, we aimed to assess how an increased sup-
ply of nitrogen affects plant biomass in two con-
trasting vegetation types in alpine tundra. The
study was conducted in the Khibiny (Russia: 67°
44′N, 33°43′E; 620–630 m a.s.l.). We applied
NH4NO3 (10 g N/m2) to experimental plots of
shrub heath (soil that has a low level of mineral
nitrogen) and graminoids meadow (soil that con-
tains a significant amount of nitrate and ammo-
nium nitrogen throughout the growing season).
In 2020, we studied the stocks of aboveground
plant biomass and litter at sites where nitrogen
was applied during 0 (control), 1, 2, 3, and 4 con-
secutive years. We found that nitrogen applica-
tion to the shrub heath did not cause an
increase of aboveground plant biomass and litter.
At the same time, the annual growth of shrubs
on experimental sites increased by two times
compared with the control and reached a maxi-
mum by the third year of nitrogen application.
This indicates that plant growth in the shrub
heath is limited not by nitrogen availability, but
by other factors, such as low air and (or) soil tem-
perature or phosphorus availability. The opposite
results were obtained for the graminoids
meadow: nitrogen application increases the
aboveground biomass and annual growth by
two times and the stocks of litter by 1.5 times
compared with the control. This reaction of gra-
minoids can be explained by their opportunistic
life strategy, but it remains unclear why plant
productivity in the nitrogen-rich meadow was
more limited in nitrogen availability than in the
nitrogen-poor shrub heath. This study was sup-
ported by grant MK-207.2019.5.

Theme: Terrestrial

ID: 440

Partitioning different components of
beta-diversity reveals plant and soil
fungal association in a subarctic tundra

Shota Masumoto1, Ryo Kitagawa2, Keita
Nishizawa1, Shunsuke Matsuoka3, Takashi
Osono4, Motohiro Hasegawa4, Masaki Uchida5,
and Akira Mori1

1Yokohama National University, Yokohama, Japan.
2Forestry and Forest Products Research Institute, Tsukuba,
Japan.
3University of Hyogo, Kobe, Japan.
4Doshisha University, Kyoto, Japan.
5National Institute of Polar Research, Tokyo, Japan.
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Abstract: Fungi living in soils are diverse taxo-
nomically and functionally and play a pivotal
role in the fundamental function of the soil eco-
system. Studies based on recently developed
DNA technologies have shown that beta-diversity
of soil fungi well correlated with the beta-
diversity of plants. On the other hand, the Arctic
ecosystem is experiencing remarkable vegetation
shifts such as a shrub encroachment with
ongoing climate warming. Such drastic plant
replacement with its functional exchange could
affect the soil fungal community composition.
We thus aimed to reveal soil fungal beta-diversity
with a change in vascular plant community beta-
diversity in a subarctic ecosystem. This study
applied the partitioning method for beta-
diversity. The method can divide beta-diversity
into two components due to species turnover or
species lost. We further subdivided those compo-
nents into some according to species life-form
type (i.e., shrub, graminoid, or forb). By compari-
son of the fungal beta-diversity to the divided
components of plant beta-diversity, we clarified
the response of soil fungal diversity to change in
plant community beta-diversity due to different
species dynamics or functional exchange. As a
result, fungal beta-diversity strongly responded
to the turnover component with the functional
exchange of plant beta-diversity. And fungal
beta-diversity showed a stronger correlation with
turnover and nestedness component due to gra-
minoid or forb species than that of shrub species.
Our results thus indicate the importance of gra-
minoids and forbs diversity, not only the gamma
diversity but also the alpha diversity, for the
maintaining of soil fungal beta-diversity. It sug-
gests that shrub encroachment with climate
change would homogenize soil fungal diversity.

Theme: Terrestrial

ID: 643

Studying rare occurrences: long-term
phylogenetic monitoring of the bacteria
Erysipelothrix rhusiopathiae, an emerging
health threat in Arctic wildlife during
mortality events

Fabien Mavrot1, Taya Forde2, Matilde Tomaselli3,
Morgan Anderson4, Lisa-Marie Leclerc5, Heather
Fenton6, Tracy Davison7, Allicia Kelly7, Laura
Finnegan8, Megan Jones9, Angela Schneider1,
Rakel Arrazuria10, Benjamin Caddey10, and Susan
Kutz1

1Department of Ecosystem and Public Health, University of
Calgary, Calgary, AB, Canada.
2Institute of Biodiversity, Animal Health & Comparative
Medicine, University of Glasgow, Glasgow, UK.
3Canadian High Arctic Research Station, Polar Knowledge
Canada, NU, Canada.
4Ministry of Forests, Lands, Natural Resource Operations and
Rural Development, Government of British Columbia, Victoria,
BC, Canada.
5Department of Environment, Government of Nunavut, Iqaluit,
NU, Canada.
6Ross University School of Veterinary Medicine, Basseterre,
St. Kitts, West Indies.
7Department of Environment and Natural Resources,
Government of the Northwest Territories, Yellowknife, NT,
Canada.
8fRIResearch, Hinton, AB, Canada.
9Canadian Wildlife Health Cooperative — Atlantic Region,
University of Prince Edward Island, Charlottetown, PE,
Canada.
10Department of Production Animal Health, University of
Calgary, Calgary, AB, Canada.

Abstract: In recent years, Erysipelothrix rhusiopa-
thiae, a zoonotic bacterium characterized by its
adaptability and its wide range of host species,
has emerged as a health concern in Arctic wildlife.
It has been associated with abnormal mortalities
and disease syndromes in muskoxen, caribou,
and Arctic foxes. Rare occurrences, such asmortal-
ity events or the finding of a fresh carcass from a
diseased animal, are very difficult to study, more
so in the remote Arctic. Here, we present the
results of an ongoing long-term passive monitor-
ing of E. rhusiopathiae that started with an investi-
gation of several muskox mortalities in the Arctic
Archipelago between 2009 and 2013. Thismonitor-
ing is sustained through collaboration with multi-
ple partners and opportunistic sampling. It has
allowed us to assemble a unique library of over
80 E. rhusiopathiae bacterial isolates from a broad
range of free-ranging mammal species (Bovidae,
Cervidae, Phocidae, Canidae). Geographically, our
repository covers an extensive area ranging from
Alaska to the Kitikmeot region and south to
British Columbia, Alberta, and Prince Edward
Island. Using whole genome-sequencing and
phylogenetic analyses, we map spatial and tempo-
ral relationships between the different strains of
E. rhusiopathiae. An important finding was the iso-
lation of a single strain on three neighboring
islands in the Arctic Archipelago (Banks, Victoria,
and Prince Patrick Islands) collected during sepa-
rate muskox mortality events (from 2010 to 2017)
and in four different species (muskox, Peary cari-
bou, ringed seal, and Arctic fox). This is in sharp
contrast with other areas where strain diversity
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was higher, even during single mortality events.
Our results bring new insights into the epidemiol-
ogy of E. rhusiopathiae, in particular regarding
strain diversity and persistence in different
regions. We further discuss the relationship
between our strains and those isolated from
domestic animals and from a case of human infec-
tion in an Arctic community.

Theme: Long-Term Monitoring and Data
Management

ID: 479

Lichens and allied fungi of Nunavut:
establishing a baseline in a changing
environment

Troy McMullin1, Lynn Gillespie1, Jeffery Saarela1,
and Paul Sokoloff1

1Centre for Arctic Knowledge and Exploration, Canadian
Museum of Nature, Ottawa, ON, Canada.

Abstract: The territory of Nunavut was created
in 1999. It is the largest province or territory in
Canada (area = 2 093 190 km2) and it encom-
passes the majority of the Canadian Arctic.
Arctic regions are among the most rapidly chang-
ing on the planet due to climate change, so
understanding the composition and distribution
of Arctic lichens, in the past and present, is essen-
tial to documenting change in the future.
Scientists at the Canadian Museum of Nature
are leading a research program focused on devel-
oping a better understanding of Canadian Arctic
lichens and vascular plants through floristic and
systematic studies. The results will serve as a
basis for biodiversity, ecological, conservation,
and environmental impact studies. A focus on
the lichens and allied fungi of Nunavut was initi-
ated when lichens were added to the program in
2016. Since then, four expeditions have been
completed, targeting widespread localities
throughout Nunavut. Results from these recent
trips are presented, highlighting new and inter-
esting species discovered.

Theme: Terrestrial

ID: 314

Living on the edge: benthic communities
near retreating glaciers

SaulėMedelytė1, Andrius Šiaulys1, Sergej Olenin2,
Kajetan Deja3, and Darius Daunys1

1Marine Research Institute, Klaipeda University, Klaipėda,
Lithuania.
2Marine Research Institute, Klaipėda, Lithuania.
3Institute of Oceanology of the Polish Academy of Sciences,
Sopot, Poland.

Abstract: The melting and retreat of Arctic gla-
ciers are prime consequences of climate change
in the European Arctic, Spitsbergen. The coastal
seascapes are freeing from glacials at a rate of
500 m per year, whereas the duration of coastal
ice has decreased from 7–9 to 2–3 months in the
late winter. Deglaciation of Spitsbergen causes
the formation of new habitats not previously
accessible. There were observed changes in
increased biomass and biodiversity, as well as
sublittoral communities moving towards shal-
lower waters, where ice scouring was a limiting
factor. Yet, enhanced melting and retreat of the
glaciers cause intensive sedimentation of min-
eral matter and freshwater inflow into the fjords.
As a result, macrophyte expansion lowers as a
euphotic zone decreases and larger sedimenta-
tion rates favor suspension-feeding over deposit-
feeding organisms. The aim of this study was to
compare the structure of benthic communities
of upper sublittoral near the retreating glaciers
with ice-free areas. An underwater video survey
was carried out during 2018–2019 summer
months in four bays: Adriabuka and
Burgerbukta in Hornsund, and Gipsvika and
Borebukta in Isfjorden. In total, 2.8 h of video
material were collected using a remotely oper-
ated vehicle and a “drop-down” video camera
from the polar yacht Magnus Zaremba and RV
Oceania. Video footage was transformed into 148
video mosaics that were used for visual analysis.
Overall, 43 biological features were identified to
the lowest possible taxonomic level. The results
showed that benthic communities near the gla-
cial mainly consist of mobile fauna and tube
dwellers with relatively low diversity, whereas
in ice-free areas communities are more diverse
and consist of mobile, sessile, and burrowing
benthos. Underwater imagery proved to be a reli-
able method for the characterization of benthic
communities in the upper sublittoral, where
access for large research vessels is limited due to
floating ice and steep slopes.

Theme: Marine
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ID: 183

When Arctic migratory species connect
the tundra with the rest of the globe: the
case of Bylot Island

Louis Moisan1, Dominique Gravel2, and Joël Bêty1

1Université du Québec à Rimouski, Rimouski, QC, Canada.
2Université de Sherbrooke, Sherbrooke, QC, Canada.

Abstract: Numerous migratory bird species
benefit from the productivity and the lower
predation risk provided by the Arctic tundra in
summer to breed and raise their young;
however, at the end of the summer they leave
the tundra and often travel thousands of kilo-
metres to reach diverse habitats such as the
grasslands of South America, the shorelines of
the Atlantic coast, and the upwelling zones in
West Africa. Habitats used as stopover sites and
overwintering areas by Arctic species face multi-
ple anthropogenic and environmental stressors.
The conditions encountered by birds on their
overwintering areas may have direct and
delayed repercussions on their reproduction
and survival. To adequately anticipate the
effects of global change on Arctic biodiversity,
it is therefore essential to consider the location
and the type of habitats used by migratory spe-
cies during their entire annual cycle. Our objec-
tive is to define a method to characterize a
global migration network of a high Arctic tun-
dra community, focusing on the Bylot Island
tundra (Nunavut, Canada) as a case study. We
consider 35 species, of which 28 are migratory
bird species. Data come from species distribu-
tion maps (BirdLife International), birdwatching
(Ebird), banding recoveries, and tracking devices
deployed at the study site on various species. By
gathering these data, we locate terrestrial and
marine ecoregions of the globe visited by migra-
tory species during winter. We link the Bylot
Island food web with visited ecoregions to
define a global migration network. This method
presents the number, the type, and the distribu-
tion of ecoregions that an Arctic ecosystem is
connected to. The network properties are used
to locate regions across the globe with a high
conservation value for Arctic biodiversity.
Representing the Bylot Island migration net-
work is a first step in assessing Arctic ecosys-
tems’ sensitivity to environmental changes
happening to distant but connected locations.

Theme: Terrestrial

ID: 296

Paraglacial and paraperiglacial
landform–sediment assemblages of the
Grays Bay Road corridor region, NU, and
implications for climate-resilient
infrastructure

Peter Morse1, Sharon Smith1, and Ryan Parker1

1Geological Survey of Canada, Natural Resources Canada,
Ottawa, ON, Canada.

Abstract: Knowledge of permafrost conditions is
required to develop climate-resilient northern
infrastructure and to identify potential geoha-
zards. Where present, permafrost constitutes a
landscape foundation. Its stability and integrity
are controlled by ground temperatures, surficial
and bedrock materials, and ice contents, which
are, in turn, a function of landscape history. The
effects of permafrost thaw include decreased
load bearing capacity, ground surface settlement,
and increased transport of sediment and water
(melted ice). In rapidly changing northern cli-
mates, these adjustments to thaw can be major
geohazards for northern infrastructure, but
with differential effects due to the often-
heterogeneous distribution of surficial materials.
Development of climate-resilient northern infra-
structure can benefit from a holistic land system
approach that attempts to understand how a
landscape was formed by investigating the collec-
tion of landforms and sediments within it. Our
research considers paraglacial and paraperigla-
cial landform-sediment assemblages (not land-
forms or sediments in isolation) that constitute
the landscape of northern Slave Geological
Province and attempts to link them to the proc-
esses that formed them. The ultimate goal is to
enable inferences on past and future landscape
evolution supported by process-form models
established from contemporary examples, in a
region where very little is known about perma-
frost conditions. Here we present newly mapped
landform–sediment assemblages and patterns in
their spatial distribution for 72% of the
1600 km2 area that is within 5 km of the pro-
posed Grays Bay Road corridor. In combination
with sparse sedimentological and cryostrati-
graphic records, we develop a set of preliminary
landform–sediment assemblages. One notable
landform–sediment assemblage is glaciofluvial
deposits over massive ice, dissected by ice-wedge
polygons. Exhibiting long-term creep, this assem-
blage likely has the highest potential for thermal
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adjustment, and it represents a substantial
potential geohazard in this region that needs to
be considered in planning climate-resilient
infrastructure.

Theme: Terrestrial

ID: 704

Snow cover trends from the Arctic and
Antarctic and the role of sea ice as a
driver

Madeline Myers1 and Peter Doran2

1Queens University, Kingston, ON, Canada.
2Louisiana State University, Baton Rouge, LA, USA.

Abstract: In polar, coastal regions snowfall is pre-
dicted to increase under warming conditions as
reduced sea ice increases open water area and
evaporation potential, thereby creating conditions
that would facilitate precipitation. Differences in
geography provide a framework in which to exam-
ine present and future controls on snowfall at both
poles. Synoptic-scale atmospheric patterns control
moisture transport pathways in the Dry Valleys
region, Antarctica, and appear to influence
whether sea ice conditions play a role in precipita-
tion. When airmasses are transported over the dry
West Antarctic Ice Sheet, more moisture is lost
than when it is transported across the Ross Sea.
In the Arctic, however, there is an increasing frac-
tion of locally derived moisture as sea ice declines.
We discuss trends in snowcover and snow persist-
ence in the McMurdo Dry Valleys, Antarctica, from
25 years of automated weather station measure-
ments and 10 years of photographs. The data are
discussed alongside Arctic observations of precipi-
tation and its drivers. In the Dry Valleys, change
point analyses and Mann–Kendall trend detection
revealed precipitation increased by 3 mm water
equivalent (w.e.) a−1 from 1995 to 2009, then
decreased by 1 mm w.e. a−1 through 2017. In con-
trast, photographs showed a tripling of the aver-
age fraction of days with snow on the ground
after 2011, primarily during the spring and fall.
Snow persistence has been increasing across all
seasons, but most notably in the fall. In agreement
with previous Antarctic studies, regression analy-
ses revealed no correlation of snow cover or snow
volume with sea ice extent or mean temperatures
that contradicts Arctic observations of increased
snow as sea ice declines.

Theme: Terrestrial

ID: 491

Long-term data reveal responses to
ongoing oligotrophication in subarctic
lake food webs

Jenny Nilsson1, Karin Nilsson1, Simon Belle1, Pär
Byström2, Willem Goedkoop1, Kerstin
Holmgren1, Johan Olofsson2, Michael Power3, and
Tobias Vrede1

1Swedish University of Agricultural Sciences (SLU), Uppsala,
Sweden.
2Umeå University, Umeå, Sweden.
3University of Waterloo, Waterloo, ON, Canada.

Abstract: Climate change is progressing faster in
polar areas than anywhere else on earth, causing
vast changes, e.g., vegetation cover and nutrient
cycling. Many Swedish lakes show a widespread,
long-term (since the early 1990s) decline in total
phosphorus (TP), with levels successively declining
to only a few μg/L in subarctic lakes. As P is fre-
quently limiting primary production, these
declines can have severe consequences. We stud-
ied oligotrophication effects on lake assemblages
and food webs by combining long-term monitor-
ing data of water chemistry and biological assemb-
lages with stable isotope analysis of time series of
Arctic char and benthic invertebrates from five
Swedish subarctic lakes. For most lakes, phyto-
plankton biomass was surprisingly unaffected.
Yet, in several of the lakes we observed a strong
increase in the biomass of the planktonic mixo-
troph Pseudopedinella in recent years. In two lakes
we found a 50% decline in biomass of profundal
benthic invertebrates, indicating that the impor-
tance of pelagic seston to the benthos is varying
among lakes. One lake showed significant
declines of δ13C values in Arctic char, whereas lit-
toral invertebrates showed increasing trends.
This likely implies that char have been forced out
in the pelagic by competing fish species; however,
observed food web responses where lake-specific
and complex interactions among species, trophic
levels, and benthic-pelagic coupling were likely
overriding the expected impacts. In conclusion,
although food web responses were lake-specific,
changes in species composition and biomass were
found in all lakes.

Theme: Long-Term Monitoring and Data
Management

118 Arctic Science Vol. 7, 2021

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



ID: 146

Facilitators and barriers related to
seniors’ food (in)security in Inuit
Nunangat: a scoping review protocol

Shirin Nuesslein1, Chris Furgal1, Brittany Curry-
Sharples1, and Kristeen McTavish2

1Trent University, Peterborough, ON, Canada.
2Nunatsiavut Government, Nain, NL, Canada.

Abstract: High food insecurity levels docu-
mented among Inuit in Northern Canada are a
cause for public health concern. National house-
hold food insecurity levels documented in 2014
were 12.8% compared with 59.3% in Nunatsiavut,
an Inuit region in Canada, with significant dis-
parity reported between communities within
the region. Much research has taken place on
many of the factors influencing food (in)security
and associated health outcomes, including fac-
tors specific to Inuit communities located in food
systems with unique environmental, socio-
economic, and cultural contexts. Yet few studies
have examined which factors are most critical
among sub-groups thought to be more vulner-
able to food insecurity in Inuit communities.
Understanding population-specific factors and
sub-group vulnerability is important for develop-
ing evidence-based policies to address food inse-
curity. To explore factors influencing food (in)
security among a vulnerable group such as Inuit
seniors, we are conducting a scoping review fol-
lowing PRISMA-ScR guidelines. We searched
seven databases for published research articles
using keywords and subject headings represent-
ing the concepts “food (in)security” and “Inuit
Nunangat”. After removing duplicates, two
reviewers independently followed a two-step
screening process. All titles, abstracts, and full
texts were screened for sources that analyzed
relationships between at least one barrier or
facilitator and at least one element of food (in)
security. Data specific to seniors will be extracted
and analyzed thematically to characterize our
theoretical understanding of which elements of
food (in)security have been studied for Inuit
seniors and which facilitators and barriers have
been reported. Considering the paucity and dis-
parate nature of food (in)security literature about
Inuit seniors, this review fills a critical knowl-
edge gap supporting action on this topic. Results
from this review will inform multivariable statis-
tical analyses of an existing dataset on Inuit
seniors food insecurity in two Nunatsiavut

communities, a group identified by project part-
ners at the Nunatsiavut Government as vulner-
able to food insecurity in their region.

Theme: Inuit Health Education and Adaptation

ID: 753

The McGill Arctic Research Station’s
automatic weather station network:
results and reflections from 15+ years of
data collection

Christopher R. Omelon1, Laura Thomson1, and
Wayne Pollard2

1Queen’s University, Kingston, ON, Canada.
2McGill University, Montréal, QC, Canada.

Abstract: Automatic weather stations (AWS) and
associated meteorological instruments play an
increasingly critical role in documenting climate
warming in the Arctic, and they inform a wide
and diverse range of scientific studies that require
an understanding of local climatic conditions that
cannot be accurately measured by remote sensing
techniques. To understand local climate and cli-
mate variability in an area that encompasses both
glacier and tundra environments, a network of
five AWS was established in 2003 at Expedition
Fiord, west-central Axel Heiberg Island near the
McGill Arctic Research Station. The stations are
located along an ocean-tundra-glacier transect,
spanning an elevation change of ∼1500 m over a
lateral distance of ∼30 km. Each AWS is designed
to record hourly air temperature, relative humid-
ity, solar radiation, barometric pressure, wind
speed and direction, and snow depth. Three sta-
tions also record soil temperatures at 10 and
50 cm beneath the ground surface. Four of the five
AWS remain in operation, with one station having
a near-complete (>95%) record since installation in
2003. This research presents the regional variabil-
ity of AWS observations in the context of topogra-
phy and continentality. Of particular note are the
variable temperature lapse rates and the strong
temperature inversions observed during the win-
ter months. The results of this initiative have
resulted in a long-term (15+ years) climate record
that captures small-scale climatic differences as a
function of elevation and coastal proximity in
the Expedition Fiord area. The initiation and
maintenance of the AWS network has benefitted
and supported key evidence for numerous studies
in the region, including studies of permafrost, sea-
sonal Arctic lake ice variability, regional
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vegetation assessments, zoological investigations,
and glacier mass balance studies. More broadly,
the network fills an important gap in AWS mea-
surements for this region of the Canadian high
Arctic and will continue to inform future
research.

Theme: Long-Term Monitoring and Data
Management

ID: 634

Analysis of polar stratospheric cloud
events during the record ozone-loss
winter of 2020: comparison of
starphotometer (columnar-aerosol)
retrievals with ground- and satellite-
based retrievals over Eureka, Nunavut

Norm O’Neill1, Keyvan Ranjbar1, Liviu Ivanescu1,
and Emily McCullough2

1Université de Sherbrooke, Sherbrooke, QC, Canada.
2Dalhousie University, Halifax, NS, Canada.

Abstract: The winter of 2020 was quite active in
terms of the presence of polar stratospheric
clouds (PSCs) over the PEARL (Polar
Environment Atmospheric Laboratory) site at
Eureka, Nunavut. PSCs act as agents in the
removal of ozone; the unprecedentedly strong
ozone hole measured over Eureka during March
of 2020 was associated with a significant pres-
ence of PSCs over Eureka. The most prevalent
PSCs were captured by a variety of satellite- and
ground-based sensors. We employed ground-
based starphotometer and CRL [CANDAC
Rayleigh-Mie-Raman Light Detection and
Ranging (LiDAR)] retrievals, satellite-based elastic
LiDAR profiles, satellite-based Doppler LiDAR
(Aeolus), Microwave Limb Sounder, and aerosol
modelling simulations to investigate the detailed
dynamics of the PSC events and associated ozone
dynamics during the most intense PSC and ozone
loss period of 16–21 March 2020. A preliminary
analysis of the results, including the characteriza-
tion of the PSCs as possible supercooled ternary
solutions, and Level 1b fine-mode sub-micron
aerosols will be presented.

Theme: Terrestrial

ID: 88

Communicating marine food web
change using an interactive visual

website — co-development of materials
with Inuit partners in Qikiqtarjuaq

Sara Pedro1,2, Kamar Thomas3, Frédéric Maps2,4,
Blanche Saint-Béat2,4, Tiff-Annie Kenny1, Carie
Hoover5, Marianne Falardeau-Côté1,4, Matthew
Little6, Laurie Chan7, Marcel Babin2, Jean-Éric
Tremblay2,4, and Mélanie Lemire1,2

1Département de médicine sociale et préventive Université
Laval, Québec, QC, Canada.
2Joint International Laboratory Takuvik, Université Laval,
Québec, QC, Canada/CNRS, Paris, France.
3Kamar Art, Susan Halper Fine Art Inc., Artists for World
Peace.
4Département de biologie, Université Laval, Québec, QC,
Canada.
5Life Sciences Centre, Dalhousie University, Halifax, NS,
Canada.
6Department of Public Health and Social Policy, University of
Victoria, Victoria, BC, Canada.
7Department of Biology, University of Ottawa, Ottawa, ON,
Canada.

Abstract: Climate change threatens Inuit food
systems at the ecosystem level potentially
through cascading changes that affect the abun-
dance of culturally important species, such as
narwhal, Arctic char, and seal. To better under-
stand these changes at a broad scale we are co-
developing an ecosystem model of western
Baffin Bay (representing food web interactions
from algae to marine mammals) to project
future scenarios and predict changes in species
availability and accessibility, in collaboration
with Inuit partners in Qikiqtarjuaq, NU,
Canada. Yet, we anticipate that the complexity
of ecosystem responses to these co-developed
scenarios may present a challenge to effective
communication of project results to commu-
nity members. With this in mind, we aim to
build an interactive website that will emphasize
visual representation of the results. Such a tool
is better adapted to Inuit ways of knowing that
prioritize knowledge exchange through
observation and storytelling. The website will
include the modelled marine food web and
interactive infographics showing the different
co-developed scenarios (e.g., effects of increas-
ing temperature on narwhal abundance). In
English and Inuktitut, these visuals will be
coupled with plain text descriptions of project
methodology and results (e.g., what is a food
web). During the workshops with local partners
(e.g., hunters, hamlet office), that are already in
place for the core project, we will work together
to co-construct the website and validate its
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efficacy at conveying information before
launching to a broader audience. We will also
engage local and international artists, youth,
and teachers in website development, bringing
together art, science, and education. The
website will expand the knowledge mobilisa-
tion of the core project in a clear, visual way,
providing a tool to support informed decision
making regarding co-developed scenarios and
related adaptation plans. The graphical materi-
als created for the website can be used for
educational purposes and shared through other
communication channels.

Theme: Knowledge Exchange and Co-production

ID: 225

Using hydrogen stable isotopes for
tracking movement of a terrestrial
mammalian carnivore in the western
Canadian Arctic

Inés Peraza1, John Chételat2, Murray Richardson1,
Malik Awan3, Steven Baryluk4, Marsha Branigan4,
William Harrower5, Thomas Jung6, Piia Kukk6,
and Garth Mowat7

1Department of Geography and Environmental Studies,
Carleton University, Ottawa, ON, Canada.
2Environment and Climate Change Canada, Ottawa, ON,
Canada.
3Government of Nunavut, Iqaluit, NU, Canada.
4Government of the Northwest Territories, Yellowknife, NT,
Canada.
5High-Country Wildlife Ltd., Brentwood Bay, BC, Canada
6Government of Yukon, Whitehorse, YT, Canada.
7Government of British Columbia, Victoria, BC, Canada.

Abstract: Naturally occurring patterns of stable
isotopes in earth ecosystems have been widely
used to understand migratory connectivity, dis-
persal movements, and geographic origins of
various species, such as bats, birds, insects, fish,
and marine mammals. Hydrogen stable isotope
ratios (δD) of metabolically inert tissues
(e.g., hair, feathers, claws, and horns) of wildlife
can provide information on animal movements
and origin because the hydrogen isotope signa-
ture (reflecting food and water intake) is related
to broad-scale geographic patterns of δD in pre-
cipitation. The hydrogen stable isotope values
of precipitation and animal keratinous tissues
are strongly correlated for some terrestrial spe-
cies (particularly birds), but there have been
fewer studies on terrestrial mammalian

carnivores, especially in Arctic regions. We
aimed to evaluate the feasibility of using δD
measurements of wolverine (Gulo gulo) hair to
infer geographic origin and distance travelled
by individuals in arctic and boreal environ-
ments. The wolverine hair samples were
obtained from carcass collection programs in
the Yukon, Northwest Territories and Nunavut
and hair snag traps in British Columbia,
Canada. Preliminary results showed a strong
correlation between the δD in wolverine hair
(n = 47) and δD in precipitation. Spatial model-
ling, using the IsoriX package in R, generated
estimates of geographic origin for each
wolverine, which were then compared with the
known capture locations of the animals. The
distance between the capture location and the
modelled area of geographic origin was deter-
mined to examine its potential as a relative met-
ric of distance travelled between the assumed
period of hair growth and date of animal cap-
ture. This on-going research will assess if δD val-
ues in hair provide useful information on the
origin and movements of wolverine, a species
that is sparsely distributed and may travel long
distances.

Theme: Terrestrial

ID: 226

From collective action problems to
solutions: Arctic communities
addressing climate-related local health
impacts

Laura E.R. Peters1, Aaron Clark-Ginsberg2, Unni
Gopinathan3, Ilan Kelman1, Luke Matthews2, Eija
Meriläinen1, Sonja Lynn Myhre3, Michelle
Scobie4, and Geordan Shannon5

1Institute for Risk and Disaster Reduction, and Institute for
Global Health, University College London, London, UK.
2RAND Corporation, Santa Monica, CA, USA.
3Norwegian Institute of Public Health, Norway.
4The University of the West Indies — St. Augustine, St.
Augustine, Trinidad and Tobago.
5Institute for Global Health, University College London,
London, UK.

Abstract: Climate change impacting human
health around the Arctic, as well as people and
communities responding to and managing these
health impacts at the local level, have been
increasingly examined. The rapid and creeping
changes in the climate manifest locally and
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combine with ongoing climatic patterns, includ-
ing seasonality, variabilities, and oscillations,
and their associated health challenges. Taken
together, these climate-related temporalities
intersect with the time scales for community
action health initiatives, exposing deep-rooted
and chronic social vulnerabilities. This conflu-
ence of environmental and social processes car-
ries consequences on health acutely and
throughout the life cycle. In the Arctic — and
often as a result of inadequate and non-inclusive
action by formal institutions such as govern-
ments and businesses, especially those based out-
side the Arctic — local organizations are
designing and leading initiatives to conduct envi-
ronmental monitoring and responses to identify,
understand, and address associated health risks
in their communities. These initiatives offer the
potential for locally and culturally relevant pro-
duction of knowledge and action, but they also
suffer from classic collective action problems
associated with being highly local non-profit
organizations that are often informal and have
limited resources and authority to encode and
enforce decisions. Using examples from Alaska,
Finland, Kalaallit Nunaat (Greenland), and
Norway, we indicate potential solutions to the
collective action problems faced by local initia-
tives responding to health impacts associated
with climate temporalities including but not lim-
ited to climate change, with the aim of support-
ing their effectiveness and self-sustainability.
We suggest which solutions may be most effec-
tive for different climate influences and tempo-
ral scales, indicating (1) where further study is
needed to discern the most promising collective
action solutions and (2) those that are particular
to the Arctic or can potentially be generalized to
other geographic regions.

Theme: Northern Policy and Development

ID: 459

Using hydrodynamic and bathtub water-
level models to assess the current and
future storm surge flooding in
Tuktoyaktuk

Daniel Pinheiro1, Gonçalo Vieira1, Dustin
Whalen2, Pedro Pina1, João Canário1, Pedro
Freitas1, and Shawn Stuckey3

1University of Lisbon, Lisbon, Portugal.
2Natural Resources Canada, Ottawa, ON, Canada.

3Hamlet of Tuktoyaktuk, Tuktoyaktuk, NT, Canada.

Abstract: Arctic warming is leading to an
increased reduction in sea ice, with models for
2100 indicating a reduction in the Arctic sea ice
area from 43% to 94% in September and from 8%
to 34% in February. The increase of the sea-ice free
season duration will result in more exposure of
the coasts to wave action, with changing climate
also modifying the contribution of terrestrial ero-
sion processes. Coastal erosion can also be
increased by warmer seawaters and sea-level rise,
with more frequent storms and associated surge
events leading to the increase in flooding. During
the short open water season (June to October)
there has been an increase coastal storms (wind
speed> 36 km/h and surge level> 1.5 m), and this
has led to an increment in coastal erosion and
flooding. This work focuses on the Hamlet of
Tuktoyaktuk (Northwest Territories, Canada),
where extensive ultra-high-resolution surveys
with unmanned aerial vehicles (UAVs) have been
conducted, allowing for the generation of ortho-
photo mosaics, digital surface models (DSM),
derived land use, and geomorphological and
socio-economic activity maps. DSMs, bathymetry,
and meteorological data are used as inputs for
flood modelling in MOHID Water software.
Validation is conducted using tide gauge and
Differential Global Positioning System data from
2019, with the boundary conditions obtained from
the FES2014 tide model (Finite Element Solution).
Both approaches run on LiDAR data from 2004
and the UAV DSMs for direct comparison. This
research is done in cooperation with the Hamlet,
with the results being provided as a tool for stra-
tegical spatial planning, culminating inmore resil-
ient mitigation and adaptation measures to
climate change. This research is funded by the
European Commission H2020 project
NUNATARYUK and by the Climate Change
Preparedness in the North Program.

Theme: Terrestrial

ID: 353

Methods used to bring together
Indigenous and scientific knowledge in
environmental research: preliminary
results of a scoping review

Emma Pirie1, Chris Furgal1, Tom Whillans1, and
Jennie Knopp2

1Trent University, Peterborough, ON, Canada.
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2Oceans North, Sustainability Studies Program, Trent
University, Peterborough, ON, Canada.

Abstract: The bringing together of Indigenous
Knowledge (IK) and western scientific knowledge
(SK) bases has become a topic of interest within
both academic research and Indigenous commun-
ities. In the areas of wildlife and resource manage-
ment for example, the bringing together of IK and
SK has raised considerable interest for its potential
to increase understanding and provide insights
into complex phenomena such as the effects of cli-
mate change and variability on wildlife. Although
most studies to date that have engaged some
approach in bringing together IK and SK report
on the contribution made towards understanding
a specific topic, very few report on the challenges
and limitations of the approach and methods
used. Furthermore, many different methodologi-
cal approaches and techniques have been devel-
oped and used in different regions around the
world and the number of techniques continues to
grow. The lack of previous attention given to the
evaluation of approaches used to bring knowl-
edges together presents a unique opportunity to
identify, explore, and critically examine the variety
of techniques. Furthermore, it provides strong
rationale to then select, apply. and review an
appropriate approach in practice. This project is
first employing a scoping literature review to iden-
tify, review, and synthesize published literature on
methods used to bring knowledges together. It will
then select, apply, and review the use of one
method to bring knowledges together with an
existing dataset. This presentation and poster
focus on the first phase of the research project,
the scoping literature review of methods used to
bring SK and IK together as represented in the
published literature. The analysis will identify the
various types of approaches and methodological
techniques employed in addition to geographic,
temporal, topic of focus, and other patterns evi-
dent in the literature gathered.

Theme: Knowledge Exchange and Co-production

ID: 235

Characterizing 3D vegetation cover and
lichen volume using in situ structure
from motion processing

Darren Pouliot1, Blair Kennedy1, Robert Fraser2,
Jurjen van der Sluijs3, Taylor Harmer1, Wenjen

Chen2, Sylvain Leblanc2, Julie Lovitt2, and Peter
White2

1Landscape Science and Technology Division, Environment and
Climate Change Canada.
2Canada Centre for Mapping and Earth Observation, Natural
Resources Canada, Ottawa, ON, Canada.
3NWT Centre for Geomatics, Government of the Northwest
Territories, Yellowknife, NT, Canada.

Abstract: Field measurements of the vertical and
horizontal distribution of low-lying northern veg-
etation can be tedious to acquire for large sam-
pling efforts. Point sampling frames are
typically used and are labour intensive particu-
larly for large point densities. This is amplified
in northern environments related to logistical
challenges associated with site access. In this
research, we examine the potential for in situ-
based structure frommotion processing with dig-
ital camera imagery to capture 3D representa-
tions of plots. Plots were analyzed to estimate
3D vegetation cover and lichen volume using
machine learning and point cloud metrics. Plots
were acquired in the Northwest Territories for
two study areas: (1) Tuktoyaktuk Peninsula for
3D vegetation cover and (2) along the Ingraham
Trail outside Yellowknife for lichen cover and
volume. Results showed good agreement with
point frame estimates, but accuracy decreased
for plots with greater vertical structure and can-
opy closure. For lichen cover and volume, results
were also compared with visual estimates.
Consistent with other studies, point intercept
lichen cover and volume was strongly related to
visual estimates. This approach has been devel-
oped to support scaling analysis with airborne
drone and satellite image data. It is expected to
enhance data collection for monitoring northern
vegetation response to climate change.

Theme: Terrestrial

ID: 291

Active layer thermal dynamics in
different vegetation communities in the
High Arctic

Tabatha Rahman1, Scott F. Lamoureux1, and
Melissa J. Lafrenière1

1Queen’s University, Kingston, ON, Canada.

Abstract: The uppermost portion of soil that sea-
sonally thaws and overlies permafrost is referred
to as the active layer. Variations in the timing of
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thaw and active layer depth across the landscape
have important implications for hydro-
logical processes and biogeochemical cycling.
Furthermore, the active layer’s structural integ-
rity and susceptibility to disturbance are affected
by freezing and thawing of the soil. The thermal
dynamics of the active layer (e.g., rate and depth
of thaw) depend on surface cover, soil character-
istics, and thermal interactions with the atmos-
phere. Due to variations in surface-subsurface
heat exchange caused by differences in vegeta-
tion, soil moisture, and snow cover, it is hypoth-
esized that active layer thermal regimes are
different across vegetation classes in a given
High Arctic landscape. To investigate the role of
different vegetation classes on active layer ther-
mal regimes, soil temperature data were col-
lected from three classes (polar semi-desert,
mesic, and wet sedge) between 2012 and 2019 at
the Cape Bounty Arctic Watershed Observatory
on the south-central coast of Melville Island,
Nunavut. This data will be used to calculate com-
monly cited thermal metrics, such as degree-days
and n-factors, which will be used in thermal mod-
elling (e.g., TTOP, Stefan model) to determine
whether significant thermal differences exist
between and within vegetation classes.
Preliminary results indicate seasonal differences
in temperature profiles of active layers across
varying vegetation classes and substantial
differences at each site during the period of data
availability. The goal of this research is to provide
a better understanding of active layer thermal
regimes in varying vegetation community types,
that can in turn be used to model spatial distribu-
tions of hydrological and biogeochemical proc-
esses, permafrost degradation, and landscape
stability in the High Canadian Arctic.

Theme: Terrestrial

ID: 80

Arctic Ocean mid-winter phytoplankton
growth revealed by autonomous
profilers

Achim Randelhoff1, Léo Lacour2, Claudie Marec3,
Edouard Leymarie4, José Lagunas2, Xiaogang
Xing5, Gérald Darnis2, Christophe Penkerc’h4,
Makoto Sampei6, Louis Fortier7, Fabrizio
D’Ortenzio4, Hervé Claustre4, and Marcel Babin2

1Takuvik (ULaval & CNRS) and Québec-Océan, Québec, QC,
Canada.

2Takuvik Joint International Laboratory, Université Laval,
Québec, QC, Canada and CNRS, Paris, France.
3Institut Universitaire Européen de la Mer, Plouzané, France.
4Sorbonne Université, CNRS, Laboratoire d’Océanographie de
Villefranche, Villefranche-sur-Mer, France.
5State Key Laboratory of Satellite Ocean Environment
Dynamics, Second Institute of Oceanography, Ministry of
Natural Resources, Hangzhou, China.
6Faculty of Fisheries Sciences, Hokkaido University, Hakodate,
Japan.
7Département de biologie, Université Laval and Québec-Océan,
Québec, QC, Canada.

Abstract: It is widely believed that during winter
and spring, Arctic marine phytoplankton cannot
grow until sea ice and snow cover start melting
and transmit sufficient irradiance, but there is
little observational evidence for that paradigm.
To explore the life of phytoplankton during
and after the polar night, we used robotic ice-
avoiding profiling floats to measure ocean optics
and phytoplankton characteristics continuously
through two annual cycles in Baffin Bay, an
Arctic sea that is covered by ice well into July.
We demonstrate that net phytoplankton growth
occurred even under 100% ice cover as early as
February, and that it at least partly resulted from
photosynthesis. This highlights the adaptation of
Arctic phytoplankton to extreme low-light condi-
tions, which may be key to their survival before
seeding the spring bloom. The net accumulation
under low light also points to weak herbivorous
grazing during winter and early spring. We will
speculate on the role of seasonal variations in
grazing activities as a determining factor of
phytoplankton phenology in Arctic marine
ecosystems.

Theme: Marine

ID: 469

Gametogenic processes consistent in
dominant infaunal bivalves from the
Arctic under ambient and
environmental-future climate change
scenarios

Adam Reed1, Jasmin Godbold1, Martin Solan1, and
Laura Grange1

1University of Southampton, Southampton, UK.

Abstract: Rates of change in the high northern
latitudes are amongst the highest globally. In
response, Arctic marine ecosystems are having
to rapidly adapt to this regional intensification
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of environmental change. Despite this, little is
known about how modifications to the marine
environment affect the reproductive processes of
benthic organisms. Shifts in species reproductive
ecology may influence their entire life cycle, and
ultimately, determine the persistence and distri-
bution of taxa. Here, we investigate whether
the combined effects of warming and ocean
acidification based on a near-environmental
future scenario will affect reproductive processes
in two locally dominant infaunal bivalves (Astarte
crenata and Bathyarca glacialis) from the Barents
Sea. Both species exhibit large oocytes indicative
of lecithotrophic or direct larval development
after ∼4 months exposure to ambient (2 °C) and
near-future (3–5 °C, ∼550 ppm (CO2)) conditions,
but we find no evidence that this environmental
setting affects the proportion of oocytes observed
in a particular size range. Whilst our observa-
tions suggest these gametogenic processes might
be resilient to global changes, we acknowledge
the successful progression of gametogenesis
under experimental conditions does not ensure
comparative success in natural populations.
Instead, we suggest that feeding ad libitum,
which is common practice in a laboratory set-
ting, compensates for increasing metabolic costs
associated with environmental change. We dis-
cuss our findings in the context of changing food
availability in the Arctic.

Theme: Marine

ID: 566

Examining the spatial habitat
heterogeneity of two Arctic fjords

Katleen Robert1, Ben Misiuk2, and Alexandre
Normandeau3

1Fisheries and Marine Institute of Memorial University of
Newfoundland, St. John’s, NL, Canada.
2Dalhousie University, Halifax, NS, Canada.
3Natural Resources Canada.

Abstract: High spatial heterogeneity in the envi-
ronment can lead to high biological diversity.
Unfortunately, a large portion of Canada’s coastal
regions have not been mapped, yet alone had
their marine habitat characterised at sufficient
resolutions to enable monitoring of habitat.
Fjords are common geological features along
our coasts that can host high habitat complexity
owing to their complex topography, interaction
with currents, and natural gradients in water

column properties (e.g., temperature, salinity,
oxygenation). Fjords can also host deep-water
species, many of which are slow growing taxa
particularly vulnerable to anthropogenic
influences, and whose location in coastal fjords
bring them in closer contact to human activities.
Multibeam data were collected over many years
in two Arctic fjords, Southwind Fjord and
Pangnirtung Fjord, on Baffin Island, Nunavut, by
the Geological Survey of Canada and ArcticNet
onboard the RV Nuliajuk (EM-2040) and CCGS
Amundsen (EM-302). Bathymetry and backscatter
rasters were created using the QPS hydrographic
software suit. The open source “Bathymetry- and
Reflectivity-Based Approach for Seafloor
Segmentation” within the HydrOffice toolset is
explored to create an object-based seafloor classi-
fication. The output is compared with more tradi-
tional pixel-based unsupervised approaches
using secondary derived terrain features.
Environmental characteristics and heterogeneity
are compared within as well as across the two
fjords. The resulting seafloor classification will
be used to inform the acquisition of benthic vid-
eos in 2021, enabling biological characterization
of the identified seascapes as well as investiga-
tion of biodiversity spatial patterns.

Theme: Marine

ID: 385

Sediment composition and lithofacies
along the Coronation Fjord (Baffin
Island, Nunavut, Canada)

Maria-Emilia Rodriguez-Cuicas1, Jean-Carlos
Montero-Serrano1, Guillaume St-Onge1, and
Alexandre Normandeau2

1Institut des sciences de la mer de Rimouski, Rimouski, QC,
Canada.
2Natural Resources Canada, Ottawa, ON, Canada.

Abstract: The sedimentary dynamics of
Coronation Fjord (Baffin Island, Canada), is influ-
enced by a large outlet tidewater glacier of the
Penny Ice Cap (PIC). Although the modern glacio-
marine processes that operate in this fjord have
been previously documented, there is less clarity
regarding long-term changes in sediment compo-
sition and lithofacies along the fjord. In this con-
text, two sedimentary cores (AMD18-02PC and
AMD19-12PC) sampled along of Coronation Fjord
were studied to document sediment composition
and lithofacies and reconstruct long-term
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changes in sediment transfers from the PIC.
Measurement of the physical grain size and
mineralogical properties allowed for the
reconstruction of the variability of detrital inputs
over time. Preliminary results show a contrast in
lithofacies between cores from the ice-distal (02PC)
and ice-proximal (12PC) settings. The mineral
composition of core 02PC, collected in a well-
laminated basin, is dominated by K-feldspar,
plagioclase, quartz, chlorite, and biotite, and is
characterized by three lithofacies from the base
to the top: stratified mud with ice-rafted debris
(IRD; 228–80 cm), sandy mud rich in carbonates
(80–48 cm), and bioturbated mud (48–0 cm). The
development of cross-lamination and inclined
and sharp bedding suggest that sediment trans-
fers were likely controlled by glacial lake out-
burst flood and turbidity currents derived from
the melting of the PIC, adjacent slopes, and
neighboring fjords (Pangnirtung and Maktak).
Instead, core 12PC, collected on the levee of an
ice-proximal channel, is characterized by a homo-
geneous mineral composition, a laminated mud
lithofacies interspersed with fine silt and dis-
seminated IRD (601–480 and 260–120 cm). This
lithofacies is interpreted as a product of suspen-
sion settling and muddy density flows from tur-
bid meltwater plumes related with the PIC
dynamic. Ongoing radiocarbon and paleomag-
netic analysis will allow these lithofacies to be
placed in a precise chronological framework, to
interpret the influence of climate change on the
Holocene sedimentary dynamics of the PIC.

Theme: Marine

ID: 835

Temporal variability of heavy metal
concentrations in sediments of two
Arctic fjords

Paulina Rudnicka1 and Agata Zaborska1

1Institute of Oceanology PAS, Sopot, Poland.

Abstract: The global-warming related melting of
the Arctic glaciers can increase the supply of pol-
lutants that have accumulated on their surfaces
for last few decades. The increase in pollutant
loads e.g., heavy metals, can have a negative
effect on the ecosystem (bioaccumulation).
Sediment cores were collected from Hornsund
and Kongsfjorden fjords (Svalbard) to retrieve
the history of marine sediment pollution by
heavy metals. The sampling stations were located

close to the glacier fronts and in the central part
of the fjords. The sediment layers were dated
using the 210Pb method. Heavy metal concentra-
tions and 206Pb/207Pb ratios were calculated by
inductively coupled plasma mass spectrometry
and atomic absorption spectroscopy. The concen-
trations of individual heavy metals were: Pb 6.8–
30.4 mg kg−1, Cd 0.14–0.53 mg kg−1, Zn 53.8–
93.7 mg kg−1, and Cu 16.1–67.4 mg kg−1. Fjord
sediments were slightly enriched in heavy met-
als. The enrichment factors (after normalization
to Fe/Al concentration) ranged from 0.8 to 2.4
for Pb, from 0.9 to 4.7 for Cd, from 0.8 to 1.4 for
Zn, and from 0.7 to 2.4 for Cu. The 206Pb/207Pb iso-
topic ratios ranged from 1.16 to 1.21 (natural
regional 206Pb/207Pb > 1.22), suggesting diverse
but significant input of anthropogenic origin Pb.
Although anthropogenic share of metal concen-
trations measured at the glacier fronts were not
particularly elevated, heavy metal loads deliv-
ered from the glaciers were significant due to
very high sediment accumulation rates. This sug-
gests that glaciers can be important secondary
sources of pollutants to the Arctic fjords. The
research was financed by the National Science
Center grant 2015/17/B/ST10/03390. We thank
Jolanta Walkusz-Miotk, M.Sc. for heavy metal
concentration measurements.

Theme: Marine

ID: 771

Sightings of beluga whales with satellite-
linked transmitter scars in two
populations

Kasey Ryan1, Steven Ferguson2, William Koski3,
Brent Young2, Stephen Petersen4, and Cortney
Watt2

1University of Manitoba, Winnipeg, MB, Canada.
2Fisheries and Oceans Canada, Winnipeg, MB, Canada.
3LGL Limited.
4Assiniboine Park Zoo, Winnipeg, MB, Canada.

Abstract: The beluga whale population in
Cumberland Sound, Baffin Island, Nunavut, is
an isolated population, remaining within a small
geographic area year-round. The population was
commercially exploited for several decades until
the 1960s, reduced from over 8000 whales to its
current size of approximately 1400 whales. The
population is still harvested by the local Inuit
community of Pangnirtung and has been feder-
ally listed as threatened. Satellite tagging
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programs and a new photographic identification
program have been utilized to monitor this popu-
lation, document movements, and estimate
abundance. Satellite tagging occurred from 1998
to 1999 and 2006 to 2008, using instruments fit-
ted by wire to three pins inserted through holes
punched through the blubber, several inches
below the dorsal ridge. The photographic identi-
fication program has been operating from 2017
to 2019 using a DJI Phantom 4 drone to take aer-
ial photographs. In 2019, there was an opportun-
istic sighting of a beluga whale with presumed
satellite-tag scars. Recaptures of satellite-tagged
whales in other populations, including a whale
sighted in 2019 in Churchill, have documented
small scars extending from where the pins were
inserted to indentations in the dorsal ridge with
a V-shape denoting where the pins exited the
skin. The whale photographed in Cumberland
Sound, however, had three circular scars on
either side of its dorsal ridge, presumptively
where the pins had originally been placed, indi-
cating that the tag did not migrate out and may
have been lost soon after implantation. The
whale appeared to be in good health and was
photographed with a 1-year-old calf. The whale
would have been tagged at least 11 years prior to
being photographed, which demonstrates the
longevity of scarring in belugas. It also demon-
strates site fidelity in Cumberland Sound belugas
given the close proximity between tagging sites
and the location where the whale was photo-
graphed at least 11 years later.

Theme: Knowledge Exchange and Co-production

ID: 343

Application of artificial substrate
samplers to assess roles of hydrological
processes on enrichment of metals of
concern across lakes of the Peace-
Athabasca Delta

Cory Savage1, Tanner Owca2, Mitchell Kay1, Jelle
Faber2, Brent Wolfe2, and Roland Hall1

1University of Waterloo, Waterloo, ON, Canada.
2Wilfrid Laurier University, Waterloo, ON, Canada.

Abstract: The cultural and ecological integrity of
the Peace-Athabasca Delta (PAD), a 6000 km2 flood-
plain landscape located in northern Alberta, may
be threatened by multiple stressors, including cli-
mate change, upstream river regulation, and oil
sands development. These concerns motivated

the Mikisew Cree First Nation to petition in 2014
to enlist Wood Buffalo National Park (WBNP),
which contains ∼80% of the PAD, as a UNESCO
World Heritage Site in Danger. In response, the
2017 UNESCO report as well as the 2019 WBNP
Action Plan include recommendations to establish
and expand the scope of monitoring regimes in
the PAD. To address this need, we deployed artifi-
cial substrate samplers in ∼50 lakes for the dura-
tion of the ice-free seasons of 2017 and 2018. We
assess the accrued biofilm-sediment mixture for
enrichment of metals of concern above pre-indus-
trial levels determined from analyses of sediment
cores in the PAD. Preliminary data exploration
reveals no marked enrichment of most metals
from 2017 to 2018 in lakes across the delta that
were flooded by either the Peace or Athabasca
river. Thus, river floodwaters are not implicated
as a pathway of metal enrichment from upstream
development. Substantial enrichment is almost
exclusively observed for biologically active metals
(Cd, Cu, Zn) at productive, closed-drainage lakes,
suggesting biological uptake complicates compari-
sons of organic-rich biofilm-sediment mixtures to
sediment-derived baselines. Overall, artificial sub-
strate samplers offer a unique advantage of record-
ing metals accumulation over a known time
period, and these results lend confidence to their
ability to monitor for enrichment of biologically
inert metals, including those related to oil sands
development (e.g., Ni, V), in flood-prone lakes char-
acteristic of the PAD.

Theme: Long-Term Monitoring and Data
Management

ID: 807

Methods for estimating Arctic cod
physical limits and preferences when
faced with climate change stressors

Chrissy Schellenberg1, John Dower1, Helen
Drost2, Thomas Hurst3, Ben Laurel3, Nadja
Steiner4, and Chris Pearce4

1School of Earth and Ocean Sciences, University of Victoria,
Victoria, BC, Canada.
2Department of Fisheries and Oceans, Environment and
Climate Change Canada.
3Fisheries Behavioral Ecology Program, Alaska Fisheries
Science Center, NOAA, Seattle, WA, USA.
4Department of Fisheries and Oceans.

Abstract: Cardio-respiratory performance of
Arctic cod embryos were assessed under a multi-
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stressor context of high temperature and ocean
acidification conditions in the laboratory.
Embryos were incubated at water temperatures
of 1.0 and 3.5 °C and acclimated to three pH treat-
ments: 8.0 (control), 7.7, and 7.5. At 50% embryo
development, specific respiration rates were
measured for embryos acclimated to all treat-
ments. Only embryos acclimated to 3.5 °C were
measured for specific respiration rates at 75%
development and assessed for heart rate (ƒH) per-
formance at 80% development. Respiration rates
were measured using a Loligo® Systems micro-
plate system. Heart rate was assessed during an
acute temperature challenge. During the chal-
lenge, the temperature was increased from −1.5
to 7.5 °C at a rate no faster than +1.0 °C/15 min
and ƒH was measured at each temperature incre-
ment. There was no significant difference in spe-
cific respiration rates among embryos
acclimated to the three pH groups at either tem-
perature (1.0 and 3.5 °C) at 50% embryo develop-
ment (p = 0.20 and p = 0.90, respectively), or
among embryos at 75% development acclimated
to 3.5 °C (p = 0.84). There was also no significant
difference in respiration between the two test
temperatures (1.0 and 3.5 °C) for any of the pH
treatments of 8.0, 7.7, and 7.5 (p = 0.84, p = 0.24,
and p = 0.97, respectively). There also appears to
be no difference in the effect of an acute temper-
ature challenge on ƒH of embryos acclimated to
7.5 and 8.0 pH incubated at 3.5 °C. The current
study demonstrates methodology to provide
insight into the physical limits of an ecologically
important Arctic marine fish species under various
stressors of climate change. Future work will use
these techniques to estimate cardio-respiratory
performance of sablefish embryos acclimated to
various water temperatures. Sablefish are an
economically valuable species with little informa-
tion known about their physical limits.

Theme: Marine

ID: 813

Physical dynamics regulating unfrozen
water content in differing peat types,
and its effect on microbial respiration:
insights into winter carbon loss in boreal
Canada

James Seward1, Pascale Roy-Léveillée2, Fereidoun
Reza3, and Nathan Basiliko1

1Laurentian University, Sudbury, ON, Canada.

2Centre d’études nordiques, Université Laval, Québec, QC,
Canada.
3University of Waterloo, Waterloo, ON, Canada.

Abstract: Arctic and boreal peatlands represent
an immense terrestrial carbon store (roughly
455 Pg), and their contribution to a shifting
global carbon cycle is uncertain. Although we
know that Arctic warming enhances carbon
release during the thaw season by stimulating
microbial decomposition of soil organic matter,
terrestrial carbon loss during the winter months
is a key component of the carbon cycle in Arctic
and subarctic peatlands that has been over-
looked. This microbial-mediated carbon cycling
during the freezing season takes place in the
unfrozen part of the active layer during freeze-
back and may also be allowed in frozen ground
by water that persists in a liquid state below 0 °C.
This research investigates microbially mediated
carbon loss in frozen peat types and organic soils.
Core samples from permafrost and active layer
were collected in four high-latitude Canadian
landscapes: Churchill, Manitoba; Peawanuk,
Ontario; Blackstone uplands, Yukon; and Old
Crow Flats, Yukon. Preliminary data on microbial
community structure has revealed noticeable
differences in community composition both
between sample sites, as well as amongst active
layers and permafrost. Incubations at a range of
sub-zero temperatures will allow an examination
of greenhouse gas (GHG) production potential of
various frozen peats. Unfrozen water content
characteristic curves will be produced using
H2-NMR in a temperature-controlled environ-
ment for peats with a range of sub-zero green-
house gas production potential. Accompanied
by chemical and hydrological data, further
microbial community profiling will be conducted
post-incubation to characterize the bacterial,
archaeal, and fungal lineages responsible for the
sub-zero GHG production. This study will provide
insight in the relation between unfrozen water
content and microbially mediated GHG produc-
tion at sub-zero temperatures and aid in upcom-
ing evaluations on global carbon budgeting.

Theme: Terrestrial

ID: 613

Availability of light at the bottom in
coastal waters using satellite data: a
pan-Arctic perspective
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Rakesh Kumar Singh1 and Simon Bélanger1

1Université du Québec à Rimouski, Rimouski, QC, Canada.

Abstract: The Arctic Ocean is changing rapidly,
opening new realms for transportation, explora-
tion, and exploitation. This change will affect
the Arctic biodiversity by introducing invasive
species and other anthropogenic stressors. A sig-
nificant part of the Arctic flora and fauna are
restricted to the coastal areas and are driven by
primary producers. The changing climate has
resulted in early break-ups and late freeze-ups,
which has changed the light dynamics in the
water column affecting the primary producers
significantly. In this study, we developed an
operational process chain to calculate the magni-
tude of photosynthetically available radiation
(PAR) reaching the bottom of the littoral zone
using data from the Moderate Resolution
Imaging Spectroradiometer (MODIS) sensor on-
board Aqua satellite. The long-term objective is
to assess the trends in PAR, reaching the sea bot-
tom at the pan-Arctic scale over the last two deca-
des. The major difficulties in estimation of PAR in
the coastal Arctic waters arise due to the pres-
ence of sea-ice and extreme solar-zenith angles.
Therefore, we have used the radiative transfer
model to estimate PAR below the sea surface
using as input, among others, the cloud optical
thickness and the surface albedo. These inputs
are estimated using MODIS observations. Next,
the satellite-derived downwelling diffuse attenu-
ation coefficient is used to compute the PAR
reaching the sea bottom. The estimated PAR val-
ues are validated with the in situ data available
in a few coastal sites in the Arctic. The results
show a significant impact of cloud shadow and
increased turbidity on the availability of light in
the coastal zone of the Arctic Ocean.

Theme: Marine

ID: 561

Knowledge co-production of Arctic char
(Salvelinus alpinus) in the Amundsen Gulf,
western Canadian Arctic

Jessica Smart1, Tristan Pearce1, Colin Gallagher3,
Lisa Loseto3, Harri Pettitt-Wade4, Nigel Hussey4,
and Ellen Lea3

1University of Northern British Columbia, Prince George, BC,
Canada.
2Fisheries and Oceans Canada, Arctic Aquatic Research
Division, Winnipeg, MB, Canada.

3Fisheries and Oceans Canada, Winnipeg, MB, Canada.
4University of Windsor, Windsor, ON, Canada.

Abstract: Inuit in the western Canadian Arctic
have observed rapid changes in the health and
movement of Arctic char (Iqalukpik, Salvelinus
alpinus), a valued species for subsistence and com-
mercial fishing. Inuit in Ulukhaktok, Northwest
Territories, have identified a need to better
understand these changes. To date, most climate
change research in the Arctic has been guided
by Inuit knowledge and observations or western
science, with fewer studies equally engaging
both knowledge systems. The proposed research
will draw upon Inuit traditional ecological
knowledge (TEK) and results from scientific
research to co-produce knowledge about Arctic
char movement ecology and health. It is antici-
pated that drawing on both knowledge systems
will provide a more complete understanding of
Arctic char’s responses to changing environmen-
tal conditions and the likely responses necessary
for people to adapt to such changes. Specific
objectives include: (1) document Inuit TEK of
anadromous Arctic char movement ecology and
health; (2) co-produce knowledge among Inuit
and scientists to better understand changes in
Arctic char and the char fishery; and (3) examine
if and how the changes in movement ecology
and health are affecting Inuit–Arctic char inter-
actions, and characterize the adaptive strategies
employed to manage these conditions. TEK will
be recorded through participatory mapping and
semi-structured interviews with key knowledge
holders in Ulukhaktok. Concurrently, quantita-
tive data on individual fish movement patterns
have been collected using acoustic telemetry.
The research approach is informed by a pilot
study conducted in February 2019 with Inuit
knowledge holders and a pre-research consulta-
tion visit in February 2020. The expected results
are intended to improve our understanding of
the movement ecology and health of Arctic char.
The documentation and dissemination of knowl-
edge on changes in Arctic char and experiences
of Ulukhaktokmiut to such changes could be
incorporated into a future iteration of the
Ulukhaktok Char Management Plan.

Theme: Knowledge Exchange and Co-production

ID: 55

Archival fieldwork: new Arctic plant
biodiversity data from backlogged
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specimens in the National Herbarium of
Canada

Paul Sokoloff1, Jeffery Saarela1, Jennifer Doubt1,
Lyndsey Sharp1, Chris Deduke1, Troy McMullin1,
and Lynn Gillespie1

1Centre for Arctic Knowledge and Exploration, Canadian
Museum of Nature, Ottawa, ON, Canada.

Abstract: Plant and lichen collections deposited
in herbaria around the world underpin our
knowledge on species distribution and tax-
onomy, but time and resource constraints often
limit their ability to identify, prepare, and (or)
digitize these specimens. As a result, backlogs of
material not yet part of the active collection can
accumulate. Although these lots may be safely
stored and preserved, the biodiversity data repre-
sented by the specimens remains locked away
and invisible to users of both physical and virtual
(on-line) collections. Botany staff at the Canadian
Museum of Nature’s National Herbarium of
Canada have been working to process the back-
logged collections of three prominent Arctic bot-
anists: Dr. Sylvia Edlund, Margaret Oldenburg,
and Dr. Nicholas Polunin. Together, these three
lots of over 10 000 specimens represent 28 years
of collecting effort between 1933 and 1991. These
specimens, collected across the Canadian Arctic
ecozone, include species occurrence information
from locations not visited since, as well as speci-
mens from well-botanized sites where repeatedly
collected species can support temporal under-
standing of species distribution and phenology.
We conducted archival searches, interpreted
field notes, communicated with collectors’ rela-
tives to fill in missing label data, and identified
or confirmed each specimen. Completed batches
were then mounted and digitized by co-op stu-
dents and herbarium volunteers, with help from
project funding earmarked for backlog reduc-
tion. Here we present this project and the floris-
tic results from these efforts, and place these
important collections in historical context.

Theme: Terrestrial

ID: 175

Deep ocean fluorescent dissolved organic
matter reactivity in the western Arctic
Ocean

Nicolas Sylvestre1 and Céline Guéguen1

1Université de Sherbrooke, Sherbrooke, QC, Canada.

Abstract: In the deep ocean, the abundance and
composition of fluorescent dissolved organic
matter (FDOM) are controlled by aerobic micro-
bial mineralization and mixing processes that
remain poorly understood. In this study, the com-
position of FDOMwas examined using excitation-
emission matrices and parallel factor analysis.
One of the four validated components corre-
sponded of the in situ FDOM sensor excitation
and emission wavelengths, confirming the
FDOM sensor is suitable for FDOM tracking in
the western Arctic Ocean. The main water masses
in deep Arctic Ocean show distinct characteris-
tics in FDOM and apparent oxygen utilization
(AOU). For example, the average FDOM intensity
and AOU levels for Pacific winter water (PWW)
were 0.34 Raman Unit (R.U.) and 98.0 μmol·kg−1,
and 0.16 R.U. and 61.6 μmol·kg−1 in Atlantic
waters. A comparison of FDOM mineralization
between water masses will be discussed.

Theme: Marine

ID: 420

Landscape-related ground ice variability
on the Yukon coastal plain inferred from
computed tomography and potential
implications on lateral permafrost
carbon release

George Tanski1, Philip Pika1, Bastiaan Eisses1,
Fabrice Calmels2, Louis-Philippe Roy2, Niek
Speetjens1, Boris Koch3, Christian Knoblauch4,
Lisa Bröder5, Hugues Lantuit3, Gustaf Hugelius6,
Juliane Wolter3, Andreas Richter7, Daniel
Fortier8, Michel Paquette8, Michael Fritz3, and
Jorien Vonk1

1Vrije Universiteit Amsterdam, Amsterdam, the Netherlands.
2YukonU Research Centre, Whitehorse, YT, Canada.
3Alfred Wegener Institute (AWI), Bremerhaven, Germany.
4Universität Hamburg, Hamburg, Germany.
5ETH Zürich, Zürich, Switzerland.
6Stockholms Universitet, Stockholm, Sweden.
7Universität Wien, Vienna, Austria.
8Université de Montréal, Montréal, QC, Canada.

Abstract: Warming in the Arctic causes strong
environmental changes with permafrost degra-
dation being among the most striking effects.
Active layer deepening and permafrost erosion
can result in the mobilization and lateral trans-
port of organic carbon (OC) that potentially alters
carbon cycles in the Arctic substantially.
Although the understanding of ground ice
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contents and permafrost OC release is improv-
ing, still little is known of permafrost OC release
rates, lateral transport pathways, and its driving
mechanisms on a landscape scale. In this study
we investigate ground ice characteristics and OC
composition of the most dominant landscape
units of the Yukon coastal plain. In total,
12 permafrost cores were taken from moraine,
lacustrine, fluvial, and glaciofluvial deposits with
a SIPRE corer. Ground ice and sediment contents
were analysed using computed tomography and
k-means classification. Active layer and upper
permafrost were subsampled to analyse OC con-
tents and isotopes of bulk material and a leach-
ing-incubation experiment was conducted with
active layer and permafrost sediments to assess
potential dissolved OC export and degradation
rates. Preliminary results show that ground ice
contents vary significantly between landscape
units; ground ice contents in permafrost average
72.4 vol.% with the highest contents in moraines
(78.3 vol.%) and lowest contents in fluvial depos-
its (53.2 vol.%). We expect highest dissolved OC
leaching and loss rates from permafrost in con-
trast to active layer and from fluvial and lacus-
trine deposits, as they simply contain more OC.
Yet, lateral OC transport is more likely for land-
scapes with a topographic gradient such as
ground ice-rich moraines. We conclude that due
to the high ground ice contents on the Yukon
coastal plain, substantial changes of the perma-
frost landscape will occur under current warm-
ing trends. This will include subsidence, abrupt
erosion, changes in hydrology, and OC degrada-
tion processes, which will differ between land-
scape units.

Theme: Terrestrial

ID: 668

Changes and conditions in the timing to
the onset of spring snowmelt in the
western Canadian Arctic

Matthew Tsui1, Philip Marsh1, and Kevin Shook2

1Wilfrid Laurier University, Waterloo, ON, Canada.
2University of Saskatchewan, Saskatoon, SK, Canada.

Abstract: There is a common consensus that cli-
mate warming across the Arctic will trigger ear-
lier snowmelt onset in the spring; however,
recent studies have suggested that, at least in
some cases, the resulting snowmelt runoff is not
occurring earlier. This raises questions about the

timing to the onset of spring snowmelt and how
the rate of snowmelt has changed. Snowmelt is
controlled by the full surface energy balance,
which is affected by a variety of factors including
air temperature, precipitation, incoming solar
and longwave radiation, wind speed, and relative
humidity. To date, however, there is little infor-
mation on the changes in these factors and the
resulting changes in the rate of snowmelt over
the last few decades. Trend analysis of hydrome-
teorological dataset series reveals that the mean
onset of snowmelt and the end of snowmelt has
shifted earlier by 15 and 14 days, respectively,
over the 1999–2016 period. Trend significance
was determined using the nonparametric
Mann–Kendall trend test, accompanied by Theil
Sen’s slope, a robust slope estimator for the
determination of trend magnitudes. The results
indicate an increasing spring air temperature,
precipitation, wind speed, and relative humidity
have resulted in changes in snowmelt. On the
contrary, a decrease of 6.6 W·m−2 downward
incoming solar radiation trend to previous stud-
ies of higher levels of radiative energy over the
tundra would suggest a degree of change in cloud
cover. Being able to attribute snowmelt onset to
those drivers that are changing as the high lati-
tudes warm allows for better prediction of the
melt season dynamics and the climatological
processes.

Theme: Terrestrial

ID: 660

Remote sensing of turbidity plumes in
glaciated and ice-free fjords of Svalbard
(Arctic)

Diana Vaiciute1, Katarzyna Dragańska-Deja2,
Martynas Bučas1, Mariano Bresciani3, Jacek
Urbanski4, Claudia Giardino3, Edvinas Tiškus1,
and Sergej Olenin1

1Marine Research Institute, Klaipeda University, Klaipėda,
Lithuania.
2Institute of Oceanology Polish Academy of Sciences, Sopot,
Poland.
3Institute for Electromagnetic Sensing of the Environment
(IREA), National Research Council (CNR), Milan, Italy.
4University of Gdansk, Gdańsk, Poland.

Abstract: This work is aiming to map turbidity
plumes in glaciated and ice-free fjords of
Svalbard through the application of in situ sur-
veys and optical satellite imagery. The Arctic
region is undergoing a rapid warming process,

Abstracts 131

Published by NRC Research Press

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

88
.2

22
.2

5.
29

 o
n 

04
/1

3/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



where enhanced melting of the ice increases
freshwater intake into the marine environment,
thus influencing the external supply of sus-
pended solids and nutrients. In turn, the increase
of water turbidity alters the changes in the
underwater light climate. Both processes signifi-
cantly affect pelagic communities and benthic
habitats. On 22–30 July 2019, several field cam-
paigns have been organized over the fjords of
Svalbard to measure remote sensing reflectance
(Rrs) and water turbidity. For the mapping of tur-
bidity plumes MultiSpectral Instrument onboard
Sentinel-2 satellite data have been used, whereas
Sea Surface Temperature (SST) was derived from
Landsat 8 satellite images. Results will show the
variations of Rrs under different turbidity ranges.
Both variables will be used to validate Sentinel-2
MSI satellite data for the upscaling spatial pat-
terns of turbidity in the fjords. In addition,
thermodynamic exchanges across ice-ocean
boundary layer will be investigated using SST
maps. A special attention will be dedicated to dis-
cuss the differences and relationship between
water turbidity and SST in glaciated and ice-free
fjords.

Theme: Marine

ID: 318

Marine spatial planning as an approach
to engage Inuit communities in shipping
governance

Weishan Wang1 and Claudio Aporta1

1Dalhousie University, Halifax, NS, Canada.

Abstract: As sea ice recedes, the last decade has
witnessed increasing human activities in the
Canadian Arctic, placing immense pressures on
Arctic ecosystems, infrastructure development,
and northern communities. For instance, increas-
ing accessibility to natural resources have con-
tributed to the rapid development of Arctic
marine shipping activities, generating some ben-
efits to Inuit communities, but also creating chal-
lenges and risks in regard to potential effects on
the environment and on Inuit subsistence activ-
ities. In the context of increased shipping, it is
important to rethink marine governance
approaches with the goals of involving Inuit and
of identifying and applying Inuit ontologies and
cultural values regarding the marine environ-
ment. As defined by UNESCO, Marine Spatial
Planning (MSP) is a public process of analyzing

and allocating the spatial and temporal distribu-
tion of human activities in marine areas to
achieve ecological, economic, and social objec-
tives. UNESCO also developed a step-by-step
approach toward ecosystem-based management.
Based on the analysis of policies, preliminary
attempts, and current practices, this poster will
provide an exploration of the potential to adopt
MSP as an approach to support Inuit’s engage-
ment in governing Arctic marine shipping activ-
ities. This poster will argue that MSP is ideally
situated to tackle the specific challenges of the
cultural, social, and environmental contexts of
the Canadian Arctic and potentially to incorpo-
rate Inuit ontologies to shipping governance.
MSP will be analyzed from three perspectives:
(1) appropriately incorporating Inuit knowledge
through data and spatial analysis tools; (2) recog-
nizing Inuit rights in marine spaces; and
(3) improving the level of Inuit participation in
the decision-making process. Overall, MSP can
work as a collaborative approach for managing
Arctic marine shipping activities. The benefits of
using the MSP framework in Arctic shipping gov-
ernance will also be elaborated.

Theme: Northern Policy and Development

ID: 570

Community and students: outcomes on
two arctic initiatives

Janet Warburton1, Lisa Sheffield Guy1, and Helen
Wiggins1

1Arctic Research Consortium of the United States, Fairbanks,
AK, USA.

Abstract: The Alaskan Arctic is a science-rich
region with compelling natural landscapes, eco-
systems, and people. Arctic science, however, is
often not communicated outside the walls of
research institutions and public knowledge of
the Arctic is poor. Within the research commu-
nity, there is also an increasing emphasis on
inclusion of Traditional Ecological Knowledge
and more broadly of Indigenous Knowledge as a
means to “co-produce knowledge” alongside
western science methods; however, this hasn’t
been carried over into culturally responsive out-
reach and engagement activities implemented
in Alaska schools with Indigenous students. In
this presentation, we will share outcomes from
two initiatives that provide a nexus between
these issues and activities that specifically target
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to engage and educate K-12 teachers, students,
communities, and researchers on the Arctic. The
first project, The Arctic in the Classroom pro-
gram. partners scientists, educators, and com-
munities to improve Arctic education by
facilitating successful citizen science projects
and community-based monitoring to support
the collaboration of students, teachers, and
researchers in Arctic communities. The second
activity, a workshop on Culturally Responsive
Outreach to Indigenous Alaska K-12 Students,
reviewed and created new guidance on culturally
responsive instructional strategies to assist
researchers in improving the cultural responsive-
ness of the outreach activities they plan and
implement in Alaska communities. Both activ-
ities demonstrate successful science collabora-
tions and communications.

Theme: Knowledge Exchange and Co-production

ID: 489

Lake depth, but not watershed size,
affects snowmelt runoff retention in
thermokarst lakes: implications for
northern lake studies

Evan J. Wilcox1, Philip Marsh1, and Brent Wolfe1

1Wilfrid Laurier University, Waterloo, ON, Canada.

Abstract: Snow represents roughly half of the
Arctic’s annual precipitation, typically resulting
in the largest water input event for lakes every
spring, but little is known about how much lake
water is replaced by snowmelt runoff. To esti-
mate how much lake water is replaced by snow-
melt runoff, we applied a two-component
mixing model to water isotope samples taken
before and after snowmelt from 17 lakes between
Inuvik and Tuktoyaktuk, Northwest Territories,
Canada. We also obtained isotope samples from
two adjacent lakes and their outflows every few
days throughout the snowmelt period to more
accurately determine when snowmelt runoff
began mixing with water beneath the lake ice. A
range of 1%–43% of lake water was replaced by
snowmelt runoff across the 17 lakes, with an
average of 17.4%. Deeper lakes experienced sig-
nificantly less snowmelt replacement than shal-
lower lakes. Snowmelt runoff (∼0 °C) is less
dense than the lake water (<4 °C), allowing the
snowmelt runoff to flow beneath the lake ice
and out of the lake with minimal mixing with

pre-snowmelt lake waters, resulting in less mix-
ing in deeper lakes. Lake watershed area was
not correlated with the amount of snowmelt
replacement, suggesting that the amount of
snowmelt runoff supplied to a lake does not
affect the amount of snowmelt runoff retained
in the lake. Therefore, assigning importance to
either snowmelt or rainfall runoff for a lake’s
water balance based on the isotopic signature of
the lake’s water source is not justified. At the
two lakes where isotope samples were taken
every few days, snowmelt runoff was observed
beneath lake ice between 7 and 13 days after out-
flow from the lake began, however we estimated
that only 8% of snowmelt runoff was available to
bypass the lakes by flowing over the lake ice.

Theme: Terrestrial

ID: 251

Iceland as a therapeutic landscape: white
wilderness spaces for well-being

Allison Williams1 and Kaelan Brooke2

1McMaster University, Hamilton, ON, Canada.
2Ontario Government.

Abstract: Therapeutic landscapes are reputed to
have a lasting repute for realizing healing.
Traditional therapeutic landscapes have recog-
nized natural environments as often sought-after
places for well-being. Such places promote well-
ness via their close encounter with nature, facili-
tating relaxation and restoration, and
enhancing a combination of physical, mental,
and spiritual healing. The physical environment
of Iceland is explored through a case study
approach, primarily employing data from the
field notebooks of post-secondary students trav-
elling in Iceland, as well as the authors’ ethno-
graphic field experience in Iceland. Iceland is
examined using both a traditional understanding
of therapeutic landscapes, as well as the contem-
porary understanding of the coloured landscape.
In addition to the colour white, reflected in the
glacial ice, moving water, and geothermal
steams, black and various other colours in combi-
nation are discussed. The implications of climate
change on these therapeutic landscapes are dis-
cussed from a range of perspectives, including
health, sense of place, and quality of life.

Theme: Northern Policy and Development
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ID: 103

Pingo distribution in the Tuktoyaktuk
Coastlands, Northwest Territories,
Canada

Stephen A. Wolfe1, Peter Morse1, and Pouran
Behnia1

1Geological Survey of Canada, Ottawa, ON, Canada.

Abstract: Pingos are an integral part of the
permafrost landscape of the Tuktoyaktuk
Coastlands, southern Beaufort Sea coast,
western Arctic Canada, which is also affected
by on-going sea-level rise. Approximately ∼1450
pingos were mapped in the region from aerial
photographs. Via open-data desktop geobrows-
ers using very-high resolution digital elevation
data and colour satellite imagery, we mapped
nearly 2820 pingo-like features in the region
and confirmed over 2350 pingos. This area con-
tains the highest concentration of pingos (aver-
age of 0.15 km−1) in North America, about 5% of
which are in a state of collapse. Pingos reside in
an area of about 18 500 km2. Occurring at eleva-
tions from sea level to about 60 m asl, only ∼5%
are situated on the modern Mackenzie Delta.
Most are within the Tuktoyaktuk Coastlands
where glacial and postglacial sediments veneer
Pleistocene interglacial sands. Pingos are most
concentrated within the Low Involuted Hills,
Kugmallit Plain, and Tununuk Low Hills, where
Holocene thermokarst lacustrine basins are
most abundant. Unlike pingos of the Arctic
Coastal Plain, Alaska, many pingos of the
Tuktoykatuk Coastlands are situated near the
modern coastline as result of on-going relative
sea-level rise. Through coastal erosion, many
lakes containing Holocene-age pingos now drain
directly into, or are connected to, the Beaufort
Sea. Although lake drainage can initiate pingo
growth, coastal erosion is a rapid mechanism
for pingo degradation. Thus, the rate of pingo
loss along the coast likely exceeds that of pingo
formation. Our georeferenced database
improves the geological context for pingos in
the Tuktoyaktuk Peninsula region. The cata-
logue of pingos, collapsed forms, and other
pingo-like forms provides a means to assess
associated morphologies, and to monitor
responses associated with changes in climate
and the coastal zone.

Theme: Terrestrial

ID: 241

Baculum and testes growth in bearded
seals (Erignathus barbatus) in Hudson Bay,
Canada

Brent Young1, Steven Ferguson1, and Cornelia
Willing2

1Fisheries and Oceans Canada, Winnipeg, MB, Canada.
2University of Manitoba, Winnipeg, MB, Canada.

Abstract: Comparing reproductive morphology
of closely related species and among populations
can provide insight into the evolution of mating
strategies. The bearded seal is a widely distrib-
uted species for which relatively little is known
about reproductive behaviour and mating sys-
tems. Using tissue samples from Inuit subsist-
ence harvests, we examined body growth and
bacular and testicular allometry in bearded seals
from Hudson Bay, Canada, to investigate repro-
ductive ecology at the southern extent of their
range. Asymptotic body lengths were 230.8 and
232.7 cm for males and females, respectively,
indicating a lack of sexual dimorphism. In imma-
ture seals, growth of baculum length and width
were hyperallometric whereas growth of testes
length was isometric. Growth of both baculum
and testes was isometric in mature seals.
Relative baculum and testes lengths of adults
bearded seals were 8.6% and 2.7% of body length,
respectively. Among Phocid seals, bearded seals
appear to have smaller relative testes size, sug-
gesting a comparatively low degree of multi-male
mating and little post-copulatory sperm competi-
tion. Compared with bearded seals from Alaska
and Svalbard, Hudson Bay bearded seals had pro-
portionately longer bacula (by approximately 2%
of body length). Selection for longer bacula in
Hudson Bay bearded seals may be an indication
of a higher degree of female choice through
multi-male mating. Environmental and ecologi-
cal characteristics are known to influence life-
history strategies, including mating systems. In
Hudson Bay, unstable spring sea-ice conditions
may influence bearded seal mating systems by
limiting the ability for males to successfully
defend territories, resulting in greater move-
ments and greater opportunities for females to
mate with multiple males. Representing the
extreme southern distribution for bearded seals,
Hudson Bay may foretell selection pressures that
seals at higher latitudes will soon face.
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Theme: Marine

ID: 392

Radiocarbon (14C) and stable carbon (13C)
isotopic measurements of dissolved
inorganic carbon (DIC) in Baffin Bay
seawater

Sara Zeidan1, Jennifer Walker1, and Brett Walker1

1University of Ottawa, Ottawa, ON, Canada.

Abstract: The oceans store around half of the
anthropogenic carbon dioxide (CO2) emitted by
fossil fuels in the form of marine dissolved inor-
ganic carbon (DIC). At ∼38 000 gigatons of car-
bon, the DIC reservoir is the largest ocean
carbon reservoir. The Arctic Ocean is a region
that is both chemically and ecologically sensitive,
and the impacts of climate change on the marine
carbon cycle of this region is poorly constrained.
Baffin Bay is a marginal sea of the North
Atlantic Ocean that is responsible for providing
cold surface water into the Labrador Sea. This

process is critical for North Atlantic deep-water
formation and the “engine” that drives global
meridional overturning circulation. To date, the
residence time of Baffin Bay waters remains an
area of scientific debate, with wide ranging venti-
lation ages reported between 77 and 1450 years.
The goal of this study is to determine the distri-
bution of stable carbon (δ13C) and radiocarbon
(Δ14C) isotopic values of DIC throughout the
Baffin Bay region. Our ultimate goal is to use this
data to constrain physical oceanographic param-
eters of Baffin Bay such as circulation rates and
a confident ventilation age, and to characterize
DIC sources and cycling in the region. New DIC
δ13C and Δ14C data collected aboard the CCGS
Amundsen in July 2019 will be discussed. These
results will provide a greater understanding of
the Arctic marine carbon cycle, the physical cir-
culation of deep Baffin Bay water, and the
amount of anthropogenic carbon sequestered in
the Arctic.

Theme: Marine
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