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Nunavut Research Institute

License Holder Reporting requirements

For research undertaken in the 2025 calendar year (commencing January 01, 2025 and ending
December 31, 2025)

Project Title:

Arctic Freshwater Biodiversity in Cambridge Bay

Project Leader(s): Full name, affiliation, and contact information (address, phone number, email) of
each project leader (principle investigator and co-Pls)

Milla Rautio, Université du Québec a Chicoutimi (UQAC)
555, boulevard de I'Université

Chicoutimi (Québec)

G7H 2B1 Canada

Phone : (418)5455011 ext. 5084

milla.rautio@ugac.ca

Project Team: Full name, affiliation, and address (name of city/community and province/territory/state)
of each member of the project team

Milla Rautio, Université du Québec a Chicoutimi, Saguenay, Quebec

Carsten Meyer-Jacob, Université du Québec en Abitibi-Témiscamingue, Amos, Quebec
Felix Lauzon, Université du Québec a Chicoutimi, Saguenay, Quebec

Mukund Gauthankar, Université du Québec a Chicoutimi, Saguenay, Quebec

Crysta Rhainds, Université du Québec a Chicoutimi, Saguenay, Quebec

Sara Masure, Université du Québec a Chicoutimi, Saguenay, Quebec

Elise Imbeau, Science Support Agency, Cambridge Bay, Nunavut

Gabriel Ferland, Science Support Agency, Cambridge Bay, Nunavut
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Abstract: A concise summary of what was done, found, and concluded to date, and how the
results/information will be used. This summary must be translated into the appropriate dialect of
Inuktut. Suggested length: 250-300 words. *This section will be published in the NRI’s annual
compendium of licensed research

Three sampling campaigns were conducted in April, August, and November 2025. These campaigns were part of the FROST project (Arctic
Freshwater Food Systems: Influence of Warming Winters and Increased Snow Cover), an international research collaboration led by our laboratory
that examines how changing winter conditions affect biodiversity and food systems in Arctic lakes. The campaigns also contributed to the NSERC
International Alliance project DAWN (Daphnia ephippia as time capsules — using dormant eggs to detect browning-induced shifts in lake
biogeochemistry), an international project investigating the effects of permafrost thaw on aquatic ecosystem functioning.

Fieldwork focused on Greiner, Pelly, and Inuhuktok lakes, as well as on 15 smaller lakes and ponds along a permafrost thaw gradient near
Cambridge Bay, Nunavut.

During each FROST campaign, we measured water temperature, dissolved oxygen, underwater light penetration, and other physical and chemical
characteristics of the lakes. Samples of plankton, water chemistry, and fish were collected to examine lake productivity and food-web structure across
seasons, including the under-ice period, which remains poorly studied in Arctic lakes. Automated sensors were also deployed to record year-round
environmental conditions, including temperature and dissolved oxygen. The fieldwork was conducted in close collaboration with local partners and
Inuit fishers from Cambridge Bay. Local fishers guided the research team during fish sampling and provided advice on lake conditions and safe travel
on land and ice. Their knowledge of the local environment contributed directly to the planning and safe execution of the field campaigns. The project
places strong value on the integration of Inuit knowledge and scientific observations to improve understanding of Arctic freshwater ecosystems.

As part of the DAWN project, water samples were collected to measure indicators of terrestrial inputs, including nutrients and dissolved organic
carbon derived from thawing permafrost. Zooplankton communities were also collected to examine how their stoichiometry and fatty-acid composition
respond to increasing exposure to permafrost-derived materials.

Preliminary results indicate that winter conditions strongly influence oxygen availability and biological processes beneath the ice. In some years,
periods of mid-winter re-oxygenation occur, suggesting that physical processes such as wind forcing and inflow from tributaries may periodically mix
the water column even while the lake remains ice-covered. Seasonal transitions during spring melt also appear to play an important role in
reconnecting upstream waters with the lake, bringing nutrients and oxygen that influence summer productivity.

Results from the DAWN project further suggest that while water chemistry is strongly affected by permafrost thaw, zooplankton appear able to
maintain relatively stable nutrient and fatty-acid composition, indicating a degree of physiological homeostasis across changing environmental
conditions.

The information collected will improve understanding of how Arctic lakes respond to changing snow, ice, and winter climate conditions. These results
will support long-term monitoring of lake health, help inform environmental management and fish habitat protection, and contribute to circumpolar
comparisons of Arctic freshwater ecosystems. Knowledge generated through the FROST and DAWN projects will be shared with local communities
and research partners.

Key messages: Concise, plain language summary of key take-away messages of work to date, findings
and conclusions. Preferably 3-5 points, in bullet form.

« Winter processes are critical for lake health. Measurements show that oxygen levels and biological activity under the ice are strongly influenced by winter
conditions such as snow cover, ice thickness, and water mixing.

« Occasional winter mixing events may bring oxygen to deeper waters, helping prevent severe oxygen depletion under the ice and supporting aquatic life.

« Spring snowmelt and increased water flow reconnect the lake with upstream waters, bringing oxygen and nutrients that influence summer productivity and food
webs.

« Permafrost thaw is changing lake water chemistry. Lakes receiving more material from thawing soils show increased terrestrial carbon and nutrients, indicating
that climate-driven landscape changes are already affecting Arctic freshwater systems. Despite these chemical changes, zooplankton communities appear
capable of maintaining relatively stable nutrient and fatty-acid composition, suggesting some resilience of Arctic food webs to environmental change.

« The research was conducted in collaboration with local Inuit partners. Local fishers provided guidance during fish sampling and shared knowledge about lake
conditions, helping the team work safely and effectively.
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Objectives: Project objectives, preferably in bullet form.

» Understand how changing winter conditions affect Arctic lake ecosystems, including how snow cover, ice thickness, and winter
climate influence oxygen levels and ecosystem functioning under the ice.

 Monitor year-round physical, chemical, and biological conditions in lakes near Cambridge Bay, including Greiner, Pelly, and
Inuhuktok lakes, by measuring variables such as water temperature, dissolved oxygen, light penetration, nutrients, plankton, and fish.

* Investigate how snow thickness on lake ice controls light penetration into the water column and how this affects the timing and
intensity of early-season primary production under the ice.

* Investigate how permafrost thaw and increasing terrestrial inputs influence Arctic lake ecosystems by examining changes in water
chemistry and assessing responses of zooplankton communities, including growth, reproduction, and fatty-acid composition.

» Work collaboratively with local Inuit partners and share results with northern communities to improve understanding of freshwater
ecosystems and support long-term monitoring and stewardship of Arctic lakes.

Annual activities: A description of activities and methods carried out during the current reporting
period. This section should answer the questions: What? Where? When? Who? How? Include dates
team members conducted research at remote field sites or collected data (including interviews) in
communities; append a map with locations and/or coordinates of remote field sites, if applicable.

Three field sampling campaigns were conducted during the 2025 reporting period as part of the FROST project.
Fieldwork took place in lakes near Cambridge Bay, Nunavut, including Greiner Lake, Pelly Lake, and Inuhuktok
Lake. Sampling campaigns were carried out from 22—-30 April 2025, 6—22 August 2025, and 9-21 November 2025
in order to capture lake conditions during late winter under ice cover, the open-water summer period, and the
autumn transition prior to ice formation.

Field activities were conducted by researchers from Université du Québec a Chicoutimi (UQAC) and collaborating
institutions, in collaboration with local partners and Inuit fishers from Cambridge Bay. Local collaborators provided
guidance on safe travel conditions and assisted with fish sampling.

During each campaign, researchers collected measurements of the physical, chemical, and biological
characteristics of the lakes. These included vertical profiles of water temperature, dissolved oxygen, conductivity,
and underwater light penetration, as well as water samples for nutrient and chemical analyses. Samples of
phytoplankton, zooplankton and benthic macroinvertebrates were collected to study lake productivity and food-web
structure. Fish were sampled with the assistance of local fishers, following established protocols.

During the summer campaign, 15 additional lakes and ponds were sampled along a permafrost thaw gradient in
order to investigate how terrestrial inputs from thawing permafrost influence water chemistry and zooplankton
communities, including Daphnia growth, egg production, and fatty acid composition.

Automated underwater sensors and moorings were also deployed in Greiner, Pelly and Inuhuktok lakes to record
year-round environmental conditions, including water temperature and dissolved oxygen. These instruments will
provide continuous measurements of winter processes occurring beneath the ice cover.

Travel to the sampling sites was carried out using snowmobiles and sleds during the winter campaign and ATVs
and boats during the summer campaign. Safety procedures and travel routes were planned in consultation with
local partners familiar with lake and ice conditions.
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Results and Achievements: Findings and results to date of the above activities, highlighting any key research
achievements (see guide below for formatting tips regarding tables and figures).

Field campaigns conducted in April, August, and November 2025 successfully collected the first year of coordinated year-round physical,
chemical, and biological data from Greiner, Pelly, and Inuhuktok lakes near Cambridge Bay. These observations provide new insight into
seasonal dynamics of Arctic lake ecosystems, particularly during the winter under-ice period, which remains poorly documented in the Arctic.

Measurements of dissolved oxygen and temperature profiles indicate that winter oxygen depletion occurs in deep waters, but that oxygen
conditions are not always stable throughout the ice-covered period. In some years, observations suggest mid-winter re-oxygenation events,
likely driven by physical processes such as wind forcing transmitted through the ice or episodic inflow from tributaries. These findings highlight
that winter oxygen dynamics in Arctic lakes may be more variable than previously assumed.

Observations during the spring melt transition show that the onset of river inflow reconnects upstream waters with the lake, resulting in rapid
changes in water level and water chemistry. These inputs appear to deliver oxygen and nutrients that influence lake conditions and potentially
affect biological productivity during the open-water season.

Results from the permafrost thaw gradient study (DAWN project) show that lakes receiving stronger terrestrial inputs exhibit elevated
concentrations of dissolved organic carbon and nutrients derived from thawing soils. Despite these changes in water chemistry, preliminary
analyses suggest that zooplankton communities maintain relatively stable nutrient and fatty-acid composition, indicating a degree of
physiological regulation that may allow these organisms to persist under changing environmental conditions.

A key research achievement during this reporting period was the deployment of automated underwater sensors in Greiner; Pelly and Inuhuktok
lakes, allowing continuous year-round measurements of temperature and dissolved oxygen. These instruments will provide high-resolution data
on winter processes beneath the ice and will support future analyses of seasonal lake dynamics.

The project also strengthened collaboration with local Inuit partners in Cambridge Bay, who contributed to fish sampling and provided guidance
on safe travel and lake conditions. Their knowledge of the local environment played an important role in the successful planning and execution
of the field campaigns.Together, these activities have established a baseline dataset on seasonal and winter processes in Arctic lakes, providing
critical information for understanding how Arctic freshwater ecosystems respond to changing snow, ice, and permafrost conditions. The results
contribute to ongoing international efforts to assess climate impacts on northern aquatic ecosystems.

Challenges/Obstacles: In this section, please comment on any challenges/obstacles (if any) that you
experienced during this project year. If there were any actions to mitigate or resolve these challenges,
please list them here. Were any concerns raised regarding the conduct of research team members or the
impacts of the project?

During the 2025 project year, field logistics were affected by an unexpected transportation
constraint. A helicopter accident resulted in the tragic loss of the pilot and led to the temporary
suspension of helicopter services that had originally been planned to access some of the
sampling sites. As a result, helicopter transport was not available during the summer field
campaign. To mitigate this challenge, the research team adapted the field logistics by accessing
the study sites using ATVs and trailers. Travel routes and schedules were adjusted accordingly,
and field activities were planned carefully in consultation with local partners to ensure safe travel
conditions. Although this change increased travel time and logistical complexity, the team was
able to successfully reach the sampling locations and complete the planned fieldwork.

No concerns were raised regarding the conduct of research team members or the impacts of
the project. All field activities were conducted in accordance with established safety protocols
and in collaboration with local partners in Cambridge Bay.
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Expected Project Completion Date: Provide month and year of expected completion date of the project.

| 2028 (December)

Project website (if applicable): If your project has a presence on the internet, including a website and/or
social media page, please provide the link and/or account handle.

https://www.frost-lakes.com/  https://www.rautioaqualab.com/

Citations: Please append a complete reference list if citations are used anywhere in the document.

POLICY RELEVANCE

Does this research support policy development or decision-making in Nunavut? If yes, please describe.

Yes. The research contributes information that can support environmental management and
public health decision-making in Nunavut. Measurements of the nutritional quality of aquatic
food webs, including health-beneficial omega-3 fatty acids and potentially harmful mercury
contamination, will be communicated to Nunavut health agencies to help inform fish
consumption recommendations. By analysing fatty acids and mercury at multiple levels of the
food web, from plankton to fish, the project also allows ranking lakes and sites according to their
nutritional quality and potential health risks.

In addition, the project provides new information on how changing winter conditions, snow
cover, and permafrost thaw influence water quality, oxygen levels, and fish habitat in Arctic
lakes. These observations can support long-term monitoring of freshwater ecosystems, help
identify lakes that may be more vulnerable to climate change, and inform environmental
stewardship and fisheries management decisions in the region.

The project is conducted in collaboration with local Inuit partners in Cambridge Bay, and results
will be shared with communities and regional organizations to ensure that the knowledge
generated is useful for community awareness, environmental monitoring, and sustainable use of
freshwater resources in Nunavut.

Page | 5



RESEARCH OUTCOMES: BENEFITS

Community engagement: Briefly list and describe any community consultation, engagement,
collaboration and outreach activities that you have undertaken for the project; describe the role(s) that
community members and/or specific organizations have played in research co-design and activities.

Community engagement and collaboration with Inuit partners have been central components of this project. The research team has maintained
regular communication with local partners in Cambridge Bay, including members of the Hunters and Trappers Organization (HTO), local fishers,
and Elders. Throughout the project year, the team held numerous informal gatherings and discussions with community members to share
updates on the research, discuss observations of lake conditions, and receive guidance on travel safety and sampling locations. These
interactions helped ensure that the research activities were conducted respectfully and aligned with local knowledge and priorities.

Community members also contributed directly to research activities. Local Inuit fishers participated in fish sampling and field logistics, and
provided valuable knowledge about lake conditions, seasonal changes, and safe travel routes on the land and ice. Their experience and
guidance played an important role in the successful planning and execution of field campaigns.

In addition to local engagement in Cambridge Bay, the project organized a dedicated workshop at the ArcticNet Annual Science Meeting in
Calgary in December 2025, where seven Inuit participants joined researchers to discuss project goals, preliminary observations, and priorities
for Arctic freshwater research. The workshop provided an opportunity for dialogue between community representatives and scientists and
helped strengthen collaborative relationships within the project.

To facilitate communication of the project goals and activities, the team also produced a one-page project summary (“1-pager”), which was
translated into Inuktitut and Inuinnagtun at the request of local partners. This document provides an accessible overview of the project and is
being shared with community members and regional organizations to support understanding of the research and its relevance to Arctic
freshwater ecosystems.

Through these ongoing exchanges, the project aims to integrate Inuit knowledge and scientific observations and to ensure that research
outcomes are shared with and useful for northern communities.

Youth engagement: Briefly list and describe any outreach, school or classroom activities that you have
undertaken for the project; describe the role(s) that youth have played in your research activities.

Youth engagement has been incorporated into the project through outreach activities and opportunities for northern students
to learn about Arctic freshwater research. During field campaigns and community visits in Cambridge Bay, members of the
research team shared information about the project with local youth and students, explaining how lakes function, how winter
conditions affect Arctic ecosystems, and how scientists collect and analyze environmental data.

Youth also participated directly in research activities. One of the local Inuit fishers who assisted the research team during fish
sampling was a young community member, providing an opportunity for hands-on involvement in field research. Through
participation in sampling activities and field logistics, this youth gained experience in scientific fieldwork while contributing local
knowledge and skills related to fishing and safe travel on the land and ice.

The project also involved students and trainees (graduate students and research assistants) in all stages of the research,
including field sampling, laboratory analyses, and data interpretation. These trainees gained hands-on experience in Arctic
field methods, including measuring water chemistry, sampling plankton and fish, and deploying environmental sensors.

Youth engagement has also been supported through the development of communication materials designed to make the
research accessible to younger audiences, including the project 1-page summary translated into Inuktitut and Inuinnaqtun,
which can be shared with schools and community members. These materials help explain how Arctic lakes respond to
environmental change and why freshwater ecosystems are important for northern communities.

Through these activities, the project contributes to capacity building and awareness among northern youth, while providing
students involved in the research with training in Arctic field science and community-engaged research practices.
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Training and Employment:
How many Nunavummiut received training from team members? Please describe training and/or
compensation provided.

10.

We engagaed two Nunavummiut to sample with us. They received a monetary
compensation.

How many team members received training from Nunavummiut? Please describe training received
and/or what knowledge sharing and/or skills exchange took place.

All.

Through our discussions with HTO, Elders and other people in Cambridge Bay, we learnt
about the environment from a local pount of view every day.

How many Nunavummiut received employment? Please describe employment type and length, role(s)
and responsibilities, and compensation provided.

5.

We worked with the local Science Support Agency called Viventen. They sampled with us. We paid approximately 500$/person/day. Total
number of days worked was 3.

We hired local Inuit fishermen through HTO and paid approximately 500%/person/day. 3 persons.

How many Nunavummiut received honoraria as research participants? Please describe method of
participation (interview, observation, sample, survey, etc.), including compensation provided.

2.

We paid honoraria to the two Elders who attended our workshop at ArcticNet in Calgary.
500%/person.
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Please explain how the project directly benefited Nunavut organizations and/or businesses (e.g.,
through contract services, local purchases, equipment donations, etc.)

We contracted Viventem that is a local Science Support Agency.

OPTIONAL: Nunavut Team Members, hires, and/or trainees (excluding research participants e.g.,
interviewees)

The NRI is creating an inventory of Nunavummiut who are skilled and/or interested in research. The
information provided below will not be shared publicly but will support long-term capacity sharing by

connecting local and visiting researchers with research talent in each community.

Name

Expertise/skills

Training/interest areas

Contact Info

Community

Academic Mobility

If you are affiliated with an academic institution, please answer the following question: For which Level
of Project(s) will the data be used? (Check all that may apply)

O]
[0]

ERNENE

Other

Research

Post-Doctoral Research

PhD Thesis

Masters (Major Research Paper)
Masters (Thesis)

Graduate Course Project
Staff/Administration Research

Undergraduate Honours Thesis
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BUDGET

Please complete the table below to detail your projected and actual research expenditures during the

reporting period.

Category Planned/Approved | Actual
Expenditure Expenditure
Travel and Accommodation 30,000
Equipment, Materials and Supplies 5,000
Salaries/Wages for Nunavut residents 5,000
Salaries/Wages for non-Nunavut resident researchers 10,000
Professional Fees and services in Nunavut
Professional Fees and Services outside of Nunavut 5,000
TOTAL EXPENDITURES 55,000

List the total $ amount of funding from each funding source for your full research program, including in-
kind support

NSERC Discovery Grant 49,000%/year

NSERC Northern Researh Support 15,000%/year
NSERC International Alliance 30,000%/year
ArcticNet 50,000%/year

NFRF 100,000%/year

CHARS in-kind 60,000%

RESEARCH OUTPUTS / REPORTING TOOLS

What research outputs were generated? Please list below and append copies of each. Specify which
outputs (if any) may be made public on the NRI research licensing database.

Relating to our ongoing long-term studies in the Arctic, three scientific papers were published during
the reporting period (see below).

In addition, we produced project 1-pagers to inform our Inuit partners about the objectives and
activities of the project (available in https://www.frost-lakes.com/). These materials were developed
to provide accessible summaries of the research and to facilitate communication with local
communities. We were also active on social media, sharing updates on our research activities in the
North and highlighting fieldwork, collaborations with local partners, and key findings from our studies.
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Have peer-reviewed manuscripts been published as a result of your project? If Yes,

complete the following table:

Full citation

Publicly accessible/
free to access (Y/N)

Link (if available) and
DOI (if available)

Culp IM, Power M, C KS, p W, Kahilainen KK, Rautio M, Chaguaceda F, Hébert M-P. Moedt S, Antonic| Y 10.1007/s13280-025-02331-5.
Lakka, H-K, Finstad AG, Rautio M, Kristjansson BK, Gudmundsdattir R, Skilason S. 2025. Is the Arctic overlooked in freshwal Y 10.1080/15230430.2025.2506876
Ozersky T, Poste A, Rautio M, Leu E. 2025. Impacts of Changing Winter Conditions on Lake Ecosystems Wil Increase With L| Y 10.1111/ele.70200

If No, do you intend to submit a manuscript (or manuscripts) for peer reviewed publication?

N.A.
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Were non-peer reviewed materials produced to either communicate or synthesize results to the public?
Examples of these materials include (but are not limited to): websites, reports, brochures, podcasts,
webinars, presentations, non-peer reviewed publications, etc.

If Yes, complete the following table:

Title Description of Link (if available) DOI (if available)
Materials
Zoom calls with HTO Preliminary results, next steps

Workshop at Arcticnet annual meeting | FROST project presentation

1-pager of the project https://www.frost-lakes.com/outreach

Website https://www.frost-lakes.com/

Did your project develop a communications plan? Please describe communications/reporting tools used, and
list the target audience for each and/or who requested which.

Yes. Communication, knowledge exchange, and dissemination are central components of the FROST project. To support these activities, we have
hired a communications officer who works with researchers and science communication specialists across partner institutions to translate research
findings into accessible formats for diverse audiences.

Engagement with local and Indigenous partners is a priority. We maintain regular dialogue with Inuit, including HTOs and local associations, to
ensure research questions remain relevant and to share findings. Results are also communicated to regional and national stakeholders such as Polar
Knowledge Canada, Environment and Climate Change Canada, and fisheries agencies, helping inform monitoring and management of Arctic
freshwater ecosystems.

The project collaborates with international networks and Arctic organizations to share data and results across the circumpolar North. Communication
activities include community meetings, workshops, youth engagement activities, a traveling outreach exhibition, and project websites and social
media. Scientific findings will also be disseminated through peer-reviewed publications and presentations at international conferences.

How were Nunavummiut credited and/or acknowledged in all project outputs, such as co-authorship,
participant biographies, article acknowledgements, etc.

Article acknowledgements. Their role highligted in our website. Co-design and
co-leadership of new projects (under progress).

DATA AND INTELLECTUAL PROPERTY

Did you enter into a research agreement, data-sharing agreement and/or intellectual property rights
agreement with a community and/or designated Inuit organization (DIO)? If yes, please explain.

Do intellectual property rights apply to your research? If yes, please explain.

No
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Who owns the data? Has the raw data been shared with the appropriate community and/or DIO? If yes,
how? How is data security and storage handled by community-based co-owners?

Data are made publically available by storing it in open access repositories (see below).
We provide reports to HTO summarizing the data and findings.

Where is the data stored and will the data be destroyed within a set timeframe?

Data curating, archiving and dissemination is a key part of our scientific practice, and we
will make the data FAIR (findable, accessible, interpretable and reusable). We will publish
all metadata in Polar Data Catalogue and Arctic Biodiversity Data Service. The data
compiled and produced will be deposited in open access data repositories, e.g. biological
data will be published in NordicanaD. No data will be destroyed.

Is the data trackable and/or available in a public data repository? If yes, please provide the appropriate
information and/or link to ensure the findability and accessibility of the data.

See above.

Please append a copy of your data management plan.

CLIMATE CHANGE

Is your research about climate change (causes, impacts, mitigation, adaptation, etc.)? If yes, explain.

Yes. This research directly addresses the impacts of climate change on Arctic freshwater ecosystems. The FROST project investigates how warming winters, changes
in snow cover, and altered ice conditions affect Arctic lakes. In particular, the project examines how these changes influence under-ice light availability, oxygen
dynamics, nutrient cycling, and food-web structure, all of which are critical for maintaining healthy fish populations and aquatic biodiversity.

The research also contributes to understanding the effects of permafrost thaw on lake ecosystems through the DAWN project. As permafrost thaws, increasing amounts
of terrestrial carbon, nutrients, and other materials enter lakes. This process can alter water chemistry and potentially affect biological communities. By studying lakes
along a permafrost thaw gradient, the project examines how these changes influence water chemistry, plankton communities, and the nutritional quality of aquatic food

webs.

Together, these studies provide important information on how Arctic lake ecosystems respond to climate-driven environmental change, helping to improve predictions of
future ecosystem dynamics and supporting monitoring and management of northern freshwater resources.
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PHOTOGRAPHS

If possible, please provide high-resolution photos of licensed research activities that NRI may use in
communication materials, organizational reporting, and other promotional purposes. The photographer
and all recognizable people in each photo must sign the attached Photo and Video Release form. Please
also complete the table below for each photo provided and submit to NRI along with all required NRI
photo release forms. The photographer/owner will be credited in all uses of the photograph(s).

File Name | Location Description Subjects Photographer/Owner | Date
tce fishing Lake Greiner_Brodie | - Cambridge Bay Ice fishing Sara Masure Brodie Labrecque 16/11/2025
cuting ice_nuhuktok Lake_sard - Cambridge Bay Cutting ice Sara Masure 14/11/2025
Blackice_Pelly Lake_Milarauil - Cambridge Bay Black ice Milla Rautio 10/11/2025
Catehing BMI_inuhukiok Lake_El - Cambridge Bay | Catching macroinvertebrates Sara Masure Elise Imbeau 12/08/2025

Would you like your project to be considered for a research profile and promotion by the NRI? Yes

FORMATTING TIPS

Main text:
Please supply report in a standard manuscript format (Microsoft Word format is required).

Tables:

Any number of tables can appear in one file (as long as they are clearly marked). Tables prepared
using simple table formats as provided in word processing programs such as WordPerfect are
preferred. Each table should be numbered according to its appearance in the text (e.g., Table 1,
Table 2) and each should have a brief descriptive heading.

Figures:

Each figure or graphic element should be submitted as a separate file. Black & white and colour
graphics are both acceptable. We can accommodate most standard graphic file formats,
however, please indicate in which format the graphic was prepared.

References:
Please use the APA or MLA Citation Style while referencing throughout the report.

Size:

The size of the electronic document must not exceed 4MB (if larger than 4MB, please send
attachments separately and number the emails).
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Fieldwork focused on Greiner, Pelly, and Inuhuktok lakes, as well as on 15 smaller lakes and ponds along a permafrost thaw gradient near Cambridge Bay, Nunavut.

During each FROST campaign, we measured water temperature, dissolved oxygen, underwater light penetration, and other physical and chemical characteristics of the lakes. Samples of plankton, water chemistry, and fish were collected to examine lake productivity and food-web structure across seasons, including the under-ice period, which remains poorly studied in Arctic lakes. Automated sensors were also deployed to record year-round environmental conditions, including temperature and dissolved oxygen. The fieldwork was conducted in close collaboration with local partners and Inuit fishers from Cambridge Bay. Local fishers guided the research team during fish sampling and provided advice on lake conditions and safe travel on land and ice. Their knowledge of the local environment contributed directly to the planning and safe execution of the field campaigns. The project places strong value on the integration of Inuit knowledge and scientific observations to improve understanding of Arctic freshwater ecosystems.

As part of the DAWN project, water samples were collected to measure indicators of terrestrial inputs, including nutrients and dissolved organic carbon derived from thawing permafrost. Zooplankton communities were also collected to examine how their stoichiometry and fatty-acid composition respond to increasing exposure to permafrost-derived materials.

Preliminary results indicate that winter conditions strongly influence oxygen availability and biological processes beneath the ice. In some years, periods of mid-winter re-oxygenation occur, suggesting that physical processes such as wind forcing and inflow from tributaries may periodically mix the water column even while the lake remains ice-covered. Seasonal transitions during spring melt also appear to play an important role in reconnecting upstream waters with the lake, bringing nutrients and oxygen that influence summer productivity. 

Results from the DAWN project further suggest that while water chemistry is strongly affected by permafrost thaw, zooplankton appear able to maintain relatively stable nutrient and fatty-acid composition, indicating a degree of physiological homeostasis across changing environmental conditions.

The information collected will improve understanding of how Arctic lakes respond to changing snow, ice, and winter climate conditions. These results will support long-term monitoring of lake health, help inform environmental management and fish habitat protection, and contribute to circumpolar comparisons of Arctic freshwater ecosystems. Knowledge generated through the FROST and DAWN projects will be shared with local communities and research partners.
	undefined_2: • Winter processes are critical for lake health. Measurements show that oxygen levels and biological activity under the ice are strongly influenced by winter conditions such as snow cover, ice thickness, and water mixing.

• Occasional winter mixing events may bring oxygen to deeper waters, helping prevent severe oxygen depletion under the ice and supporting aquatic life.

• Spring snowmelt and increased water flow reconnect the lake with upstream waters, bringing oxygen and nutrients that influence summer productivity and food webs.

• Permafrost thaw is changing lake water chemistry. Lakes receiving more material from thawing soils show increased terrestrial carbon and nutrients, indicating that climate-driven landscape changes are already affecting Arctic freshwater systems. Despite these chemical changes, zooplankton communities appear capable of maintaining relatively stable nutrient and fatty-acid composition, suggesting some resilience of Arctic food webs to environmental change.

• The research was conducted in collaboration with local Inuit partners. Local fishers provided guidance during fish sampling and shared knowledge about lake conditions, helping the team work safely and effectively.


	undefined_3: • Understand how changing winter conditions affect Arctic lake ecosystems, including how snow cover, ice thickness, and winter climate influence oxygen levels and ecosystem functioning under the ice.

• Monitor year-round physical, chemical, and biological conditions in lakes near Cambridge Bay, including Greiner, Pelly, and Inuhuktok lakes, by measuring variables such as water temperature, dissolved oxygen, light penetration, nutrients, plankton, and fish.

• Investigate how snow thickness on lake ice controls light penetration into the water column and how this affects the timing and intensity of early-season primary production under the ice.

•  Investigate how permafrost thaw and increasing terrestrial inputs influence Arctic lake ecosystems by examining changes in water chemistry and assessing responses of zooplankton communities, including growth, reproduction, and fatty-acid composition.

• Work collaboratively with local Inuit partners and share results with northern communities to improve understanding of freshwater ecosystems and support long-term monitoring and stewardship of Arctic lakes.

	communities append a map with locations andor coordinates of remote field sites if applicable: Three field sampling campaigns were conducted during the 2025 reporting period as part of the FROST project. Fieldwork took place in lakes near Cambridge Bay, Nunavut, including Greiner Lake, Pelly Lake, and Inuhuktok Lake. Sampling campaigns were carried out from 22–30 April 2025, 6–22 August 2025, and 9–21 November 2025 in order to capture lake conditions during late winter under ice cover, the open-water summer period, and the autumn transition prior to ice formation.

Field activities were conducted by researchers from Université du Québec à Chicoutimi (UQAC) and collaborating institutions, in collaboration with local partners and Inuit fishers from Cambridge Bay. Local collaborators provided guidance on safe travel conditions and assisted with fish sampling.

During each campaign, researchers collected measurements of the physical, chemical, and biological characteristics of the lakes. These included vertical profiles of water temperature, dissolved oxygen, conductivity, and underwater light penetration, as well as water samples for nutrient and chemical analyses. Samples of phytoplankton, zooplankton and benthic macroinvertebrates were collected to study lake productivity and food-web structure. Fish were sampled with the assistance of local fishers, following established protocols.

During the summer campaign, 15 additional lakes and ponds were sampled along a permafrost thaw gradient in order to investigate how terrestrial inputs from thawing permafrost influence water chemistry and zooplankton communities, including Daphnia growth, egg production, and fatty acid composition.

Automated underwater sensors and moorings were also deployed in Greiner, Pelly and Inuhuktok lakes to record year-round environmental conditions, including water temperature and dissolved oxygen. These instruments will provide continuous measurements of winter processes occurring beneath the ice cover.

Travel to the sampling sites was carried out using snowmobiles and sleds during the winter campaign and ATVs and boats during the summer campaign. Safety procedures and travel routes were planned in consultation with local partners familiar with lake and ice conditions.


	undefined_4: Field campaigns conducted in April, August, and November 2025 successfully collected the first year of coordinated year-round physical, chemical, and biological data from Greiner, Pelly, and Inuhuktok lakes near Cambridge Bay. These observations provide new insight into seasonal dynamics of Arctic lake ecosystems, particularly during the winter under-ice period, which remains poorly documented in the Arctic.

Measurements of dissolved oxygen and temperature profiles indicate that winter oxygen depletion occurs in deep waters, but that oxygen conditions are not always stable throughout the ice-covered period. In some years, observations suggest mid-winter re-oxygenation events, likely driven by physical processes such as wind forcing transmitted through the ice or episodic inflow from tributaries. These findings highlight that winter oxygen dynamics in Arctic lakes may be more variable than previously assumed.

Observations during the spring melt transition show that the onset of river inflow reconnects upstream waters with the lake, resulting in rapid changes in water level and water chemistry. These inputs appear to deliver oxygen and nutrients that influence lake conditions and potentially affect biological productivity during the open-water season.

Results from the permafrost thaw gradient study (DAWN project) show that lakes receiving stronger terrestrial inputs exhibit elevated concentrations of dissolved organic carbon and nutrients derived from thawing soils. Despite these changes in water chemistry, preliminary analyses suggest that zooplankton communities maintain relatively stable nutrient and fatty-acid composition, indicating a degree of physiological regulation that may allow these organisms to persist under changing environmental conditions.

A key research achievement during this reporting period was the deployment of automated underwater sensors in Greiner; Pelly and Inuhuktok lakes, allowing continuous year-round measurements of temperature and dissolved oxygen. These instruments will provide high-resolution data on winter processes beneath the ice and will support future analyses of seasonal lake dynamics.

The project also strengthened collaboration with local Inuit partners in Cambridge Bay, who contributed to fish sampling and provided guidance on safe travel and lake conditions. Their knowledge of the local environment played an important role in the successful planning and execution of the field campaigns.Together, these activities have established a baseline dataset on seasonal and winter processes in Arctic lakes, providing critical information for understanding how Arctic freshwater ecosystems respond to changing snow, ice, and permafrost conditions. The results contribute to ongoing international efforts to assess climate impacts on northern aquatic ecosystems.
	undefined_5: During the 2025 project year, field logistics were affected by an unexpected transportation constraint. A helicopter accident resulted in the tragic loss of the pilot and led to the temporary suspension of helicopter services that had originally been planned to access some of the sampling sites. As a result, helicopter transport was not available during the summer field campaign. To mitigate this challenge, the research team adapted the field logistics by accessing the study sites using ATVs and trailers. Travel routes and schedules were adjusted accordingly, and field activities were planned carefully in consultation with local partners to ensure safe travel conditions. Although this change increased travel time and logistical complexity, the team was able to successfully reach the sampling locations and complete the planned fieldwork.

No concerns were raised regarding the conduct of research team members or the impacts of the project. All field activities were conducted in accordance with established safety protocols and in collaboration with local partners in Cambridge Bay.
	Expected Project Completion Date Provide month and year of expected completion date of the project: 2028 (December)
	social media page please provide the link andor account handle: https://www.frost-lakes.com/      https://www.rautioaqualab.com/
	undefined_6: Yes. The research contributes information that can support environmental management and public health decision-making in Nunavut. Measurements of the nutritional quality of aquatic food webs, including health-beneficial omega-3 fatty acids and potentially harmful mercury contamination, will be communicated to Nunavut health agencies to help inform fish consumption recommendations. By analysing fatty acids and mercury at multiple levels of the food web, from plankton to fish, the project also allows ranking lakes and sites according to their nutritional quality and potential health risks.

In addition, the project provides new information on how changing winter conditions, snow cover, and permafrost thaw influence water quality, oxygen levels, and fish habitat in Arctic lakes. These observations can support long-term monitoring of freshwater ecosystems, help identify lakes that may be more vulnerable to climate change, and inform environmental stewardship and fisheries management decisions in the region.

The project is conducted in collaboration with local Inuit partners in Cambridge Bay, and results will be shared with communities and regional organizations to ensure that the knowledge generated is useful for community awareness, environmental monitoring, and sustainable use of freshwater resources in Nunavut.
	community members andor specific organizations have played in research codesign and activities: Community engagement and collaboration with Inuit partners have been central components of this project. The research team has maintained regular communication with local partners in Cambridge Bay, including members of the Hunters and Trappers Organization (HTO), local fishers, and Elders. Throughout the project year, the team held numerous informal gatherings and discussions with community members to share updates on the research, discuss observations of lake conditions, and receive guidance on travel safety and sampling locations. These interactions helped ensure that the research activities were conducted respectfully and aligned with local knowledge and priorities.

Community members also contributed directly to research activities. Local Inuit fishers participated in fish sampling and field logistics, and provided valuable knowledge about lake conditions, seasonal changes, and safe travel routes on the land and ice. Their experience and guidance played an important role in the successful planning and execution of field campaigns.

In addition to local engagement in Cambridge Bay, the project organized a dedicated workshop at the ArcticNet Annual Science Meeting in Calgary in December 2025, where seven Inuit participants joined researchers to discuss project goals, preliminary observations, and priorities for Arctic freshwater research. The workshop provided an opportunity for dialogue between community representatives and scientists and helped strengthen collaborative relationships within the project.

To facilitate communication of the project goals and activities, the team also produced a one-page project summary (“1-pager”), which was translated into Inuktitut and Inuinnaqtun at the request of local partners. This document provides an accessible overview of the project and is being shared with community members and regional organizations to support understanding of the research and its relevance to Arctic freshwater ecosystems.

Through these ongoing exchanges, the project aims to integrate Inuit knowledge and scientific observations and to ensure that research outcomes are shared with and useful for northern communities.
	undertaken for the project describe the roles that youth have played in your research activities: Youth engagement has been incorporated into the project through outreach activities and opportunities for northern students to learn about Arctic freshwater research. During field campaigns and community visits in Cambridge Bay, members of the research team shared information about the project with local youth and students, explaining how lakes function, how winter conditions affect Arctic ecosystems, and how scientists collect and analyze environmental data.

Youth also participated directly in research activities. One of the local Inuit fishers who assisted the research team during fish sampling was a young community member, providing an opportunity for hands-on involvement in field research. Through participation in sampling activities and field logistics, this youth gained experience in scientific fieldwork while contributing local knowledge and skills related to fishing and safe travel on the land and ice.

The project also involved students and trainees (graduate students and research assistants) in all stages of the research, including field sampling, laboratory analyses, and data interpretation. These trainees gained hands-on experience in Arctic field methods, including measuring water chemistry, sampling plankton and fish, and deploying environmental sensors.

Youth engagement has also been supported through the development of communication materials designed to make the research accessible to younger audiences, including the project 1-page summary translated into Inuktitut and Inuinnaqtun, which can be shared with schools and community members. These materials help explain how Arctic lakes respond to environmental change and why freshwater ecosystems are important for northern communities.

Through these activities, the project contributes to capacity building and awareness among northern youth, while providing students involved in the research with training in Arctic field science and community-engaged research practices.

	compensation provided: 10.

We engagaed two Nunavummiut to sample with us. They received a monetary compensation.
	andor what knowledge sharing andor skills exchange took place: All.

Through our discussions with HTO, Elders and other people in Cambridge Bay, we learnt about the environment from a local pount of view every day.
	and responsibilities and compensation provided: 5.

We worked with the local Science Support Agency called Viventen. They sampled with us. We paid approximately 500$/person/day. Total number of days worked was 3.

We hired local Inuit fishermen through HTO and paid approximately 500$/person/day. 3 persons.


	participation interview observation sample survey etc including compensation provided: 2. 

We paid honoraria to the two Elders who attended our workshop at ArcticNet in Calgary. 500$/person. 
	through contract services local purchases equipment donations etc: We contracted Viventem that is a local Science Support Agency.
	NameRow1: 
	ExpertiseskillsRow1: 
	Traininginterest areasRow1: 
	Contact InfoRow1: 
	CommunityRow1: 
	NameRow2: 
	ExpertiseskillsRow2: 
	Traininginterest areasRow2: 
	Contact InfoRow2: 
	CommunityRow2: 
	NameRow3: 
	ExpertiseskillsRow3: 
	Traininginterest areasRow3: 
	Contact InfoRow3: 
	CommunityRow3: 
	NameRow4: 
	ExpertiseskillsRow4: 
	Traininginterest areasRow4: 
	Contact InfoRow4: 
	CommunityRow4: 
	Other: 
	Category: 
	PlannedApproved ExpenditureTravel and Accommodation: 
	Actual ExpenditureTravel and Accommodation: 30,000
	PlannedApproved ExpenditureEquipment Materials and Supplies: 
	Actual ExpenditureEquipment Materials and Supplies: 5,000
	PlannedApproved ExpenditureSalariesWages for Nunavut residents: 
	Actual ExpenditureSalariesWages for Nunavut residents: 5,000
	PlannedApproved ExpenditureSalariesWages for nonNunavut resident researchers: 
	Actual ExpenditureSalariesWages for nonNunavut resident researchers: 10,000
	PlannedApproved ExpenditureProfessional Fees and services in Nunavut: 
	Actual ExpenditureProfessional Fees and services in Nunavut: 
	PlannedApproved ExpenditureProfessional Fees and Services outside of Nunavut: 
	Actual ExpenditureProfessional Fees and Services outside of Nunavut: 5,000
	PlannedApproved ExpenditureTOTAL EXPENDITURES: 
	Actual ExpenditureTOTAL EXPENDITURES: 55,000
	kind support: NSERC Discovery Grant 49,000$/year
NSERC Northern Researh Support 15,000$/year
NSERC International Alliance 30,000$/year
ArcticNet 50,000$/year
NFRF 100,000$/year
CHARS in-kind 60,000$

	outputs if any may be made public on the NRI research licensing database: Relating to our ongoing long-term studies in the Arctic, three scientific papers were published during the reporting period (see below).

In addition, we produced project 1-pagers to inform our Inuit partners about the objectives and activities of the project (available in https://www.frost-lakes.com/). These materials were developed to provide accessible summaries of the research and to facilitate communication with local communities. We were also active on social media, sharing updates on our research activities in the North and highlighting fieldwork, collaborations with local partners, and key findings from our studies.
	Full citationRow1: Culp JM, Power M, Christoffersen, KS, Goedkoop W, Kahilainen KK, Rautio M, Chaguaceda F, Hébert M-P. Moedt S, Antoniades D, Belle S, Bolnick D, Bouchard F, Brittain JE, Byström P, Chavarie L, Couture R-M, Derry A, Eloranta AP, Fraine A, Girard C, Grosbois G, Hessen DO, Hogg I, Jungblut A, Lakka H-K, Lam J, Lau DC, Leblanc CA, Lento J, MacIntyre S, Marsh P, Macenzie ACM, Milner A, Musette-Lambert J, Mustonen, T, Nowosad D, Saros JE, Schartau AK, Smol JP, Soininen J, Svenning M-A, Tape KD, Wrona FJ. 2025.Ambio
	Publicly accessible free to access YNRow1: Y
	Link if available and DOI if availableRow1: 10.1007/s13280-025-02331-5.
	Full citationRow2: Lakka, H-K, Finstad AG, Rautio M, Kristjánsson BK, Guðmundsdóttir R, Skúlason S. 2025. Is the Arctic overlooked in freshwater biodiversity protection goals? Artic Answers. https://doi.org/10.1080/15230430.2025.2506876
	Publicly accessible free to access YNRow2: Y
	Link if available and DOI if availableRow2: 10.1080/15230430.2025.2506876
	Full citationRow3: Ozersky T, Poste A, Rautio M, Leu E. 2025. Impacts of Changing Winter Conditions on Lake Ecosystems Will Increase With Latitude. Ecology Letters.
	Publicly accessible free to access YNRow3: Y
	Link if available and DOI if availableRow3: 10.1111/ele.70200
	Full citationRow4: 
	Publicly accessible free to access YNRow4: 
	Link if available and DOI if availableRow4: 
	Y: N.A.
	TitleRow1: Zoom calls with HTO
	Description of MaterialsRow1: Preliminary results, next steps
	Link if availableRow1: 
	DOI if availableRow1: 
	TitleRow2: Workshop at Arcticnet annual meeting
	Description of MaterialsRow2: FROST project presentation
	Link if availableRow2: 
	DOI if availableRow2: 
	TitleRow3: 1-pager of the project
	Description of MaterialsRow3: 
	Link if availableRow3: 
	DOI if availableRow3: https://www.frost-lakes.com/outreach
	TitleRow4: Website
	Description of MaterialsRow4: 
	Link if availableRow4: 
	DOI if availableRow4: https://www.frost-lakes.com/
	list the target audience for each andor who requested which: Yes. Communication, knowledge exchange, and dissemination are central components of the FROST project. To support these activities, we have hired a communications officer who works with researchers and science communication specialists across partner institutions to translate research findings into accessible formats for diverse audiences.

Engagement with local and Indigenous partners is a priority. We maintain regular dialogue with Inuit, including HTOs and local associations, to ensure research questions remain relevant and to share findings. Results are also communicated to regional and national stakeholders such as Polar Knowledge Canada, Environment and Climate Change Canada, and fisheries agencies, helping inform monitoring and management of Arctic freshwater ecosystems.

The project collaborates with international networks and Arctic organizations to share data and results across the circumpolar North. Communication activities include community meetings, workshops, youth engagement activities, a traveling outreach exhibition, and project websites and social media. Scientific findings will also be disseminated through peer-reviewed publications and presentations at international conferences.
	participant biographies article acknowledgements etc: Article acknowledgements. Their role highligted in our website. Co-design and co-leadership of new projects (under progress).
	undefined_7: No
	how How is data security and storage handled by communitybased coowners: Data are made publically available by storing it in open access repositories (see below). We provide reports to HTO summarizing the data and findings.
	Where is the data stored and will the data be destroyed within a set timeframe: Data curating, archiving and dissemination is a key part of our scientific practice, and we will make the data FAIR (findable, accessible, interpretable and reusable). We will publish all metadata in Polar Data Catalogue and Arctic Biodiversity Data Service. The data compiled and produced will be deposited in open access data repositories, e.g. biological data will be published in NordicanaD. No data will be destroyed.
	information andor link to ensure the findability and accessibility of the data: See above.
	Is your research about climate change causes impacts mitigation adaptation etc If yes explain: Yes. This research directly addresses the impacts of climate change on Arctic freshwater ecosystems. The FROST project investigates how warming winters, changes in snow cover, and altered ice conditions affect Arctic lakes. In particular, the project examines how these changes influence under-ice light availability, oxygen dynamics, nutrient cycling, and food-web structure, all of which are critical for maintaining healthy fish populations and aquatic biodiversity.

The research also contributes to understanding the effects of permafrost thaw on lake ecosystems through the DAWN project. As permafrost thaws, increasing amounts of terrestrial carbon, nutrients, and other materials enter lakes. This process can alter water chemistry and potentially affect biological communities. By studying lakes along a permafrost thaw gradient, the project examines how these changes influence water chemistry, plankton communities, and the nutritional quality of aquatic food webs.

Together, these studies provide important information on how Arctic lake ecosystems respond to climate-driven environmental change, helping to improve predictions of future ecosystem dynamics and supporting monitoring and management of northern freshwater resources.
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