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Environment and Natural Resources Trust Fund 
2027 Request for Proposal 

General Information 
Proposal ID: 2027-039 

Proposal Title: Confirming Fish Habitat Resilience for Future Lake Management 

 

Project Manager Information 
Name: Euan Reavie 

Organization: U of MN - Duluth - NRRI 

Office Telephone: (218) 788-2692 

Email: ereavie@d.umn.edu 

 

Project Basic Information 
Project Summary: Long-term management solutions are needed regarding coldwater fish habitat loss in Minnesota. 
Retrospective analysis of lake sediments will confirm refugee lake status and enable site-specific management 
recommendations. 

ENRTF Funds Requested: $750,000 

Proposed Project Completion: June 30, 2030 

LCCMR Funding Category: Fish and Wildlife (D) 

 

Project Location 
What is the best scale for describing where your work will take place?   
 Statewide 

What is the best scale to describe the area impacted by your work?   
 Statewide 

When will the work impact occur?   
 In the Future 
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Narrative 
Describe the opportunity or problem your proposal seeks to address. Include any relevant background information. 

Coldwater fish populations have been declining in Minnesota lakes since the 1970s. This alarming trend has been 
attributed to: more algae due to nutrient inputs (which reduces oxygen concentrations in the bottom waters of lakes); 
higher water temperatures (which heat surface waters beyond what fish can tolerate); longer ice-free seasons (which 
also reduces oxygen in deep waters); and the combined effects of nutrient stress and warming, which collectively 
“squeeze” fish between habitats that are too warm and those with too little oxygen. Impacted fish species include cisco 
(a forage fish) and the game fish that rely on them. Contemporary studies are characterizing impacted lakes and 
identifying potential resilient systems. Unfortunately, long-term conditions and trajectories, especially those for 
deepwater oxygen, are largely unknown. To ensure stable fisheries into the future, management recommendations 
based on verified lake resilience are urgently needed. We must identify specific lakes where management will have the 
greatest likelihood to sustain fish populations, where best management practices will be most beneficial. Such an effort 
will ensure stable recreational fishing in Minnesota, which annually comprises $9 billion in salaries, wages, earnings, 
retail spending, tax revenues and economic impacts in the forms of gas, lodging and resort services. 

What is your proposed solution to the problem or opportunity discussed above? Introduce us to the work you are 
seeking funding to do. You will be asked to expand on this proposed solution in Activities & Milestones. 

In combination with contemporary and long-term monitoring data (e.g., through the Sentinel Lakes Program and 
Gretchen Hansen’s work; currently funded through ENRTF) we will identify the causes and timing of coldwater fish 
habitat loss in Minnesota lakes. Current efforts are identifying likely resilient and “bright spot” lakes (i.e., lakes with 
robust cisco communities despite impacts) based on studies of fish communities, species interactions, food web 
dynamics, oxygen and temperature measurements, and climatic conditions. Final decisions on resilient lakes need to be 
verified by retrospective techniques. Using a novel combination of sediment cores, water quality data, and long-term 
environmental modeling we will quantify 200 years of coldwater fish habitat. We will determine how development and 
atmospheric warming have affected lake productivity, temperature and oxygen levels. Based on trajectories we will 
confirm future persistence of coldwater fish habitat in a representative set of lakes, identifying where management will 
have the greatest likelihood of sustaining fish populations. The major outcome will be a set of urgently needed and 
historically verified management recommendations to ensure future persistence of coldwater fish communities. 
Policymakers will receive recommended actions to protect fish habitat in coldwater lakes throughout Minnesota. 

What are the specific project outcomes as they relate to the public purpose of protection, conservation, preservation, 
and enhancement of the state’s natural resources?  

We will provide science-based solutions to protect the economic and ecological values of Minnesota’s lakes. By 
confirming resilient lakes we will identify factors under management control that support long-term preservation of fish 
habitat. Specific outcomes include confirmation of degrading, resilient and salvageable lakes under expected 
environmental change; comprehensive understanding of environmental parameters that contribute to lake resilience; 
and communication with managers about practices around resilient and salvageable lakes that are likely to support 
fishery preservation. 
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Activities and Milestones 

Activity 1: Determine past coldwater fish habitat conditions for 10 coldwater lakes 
Activity Budget: $426,000 

Activity Description:  
On project initiation the research team will immediately meet with state cooperators to clarify strategies and confirm 
study sites. Ten coldwater lakes will be selected as surrogates for lake types throughout northern Minnesota. They will 
range from resilient (low-nutrient systems with healthy coldwater fish populations that have been identified for future 
conservation) and “bright spots” (lakes with anthropogenic impacts but maintaining oxythermal habitat and/or robust 
cisco populations), to impacted (higher-nutrient lakes whose coldwater fish are in decline or have been lost). Currently, 
seven iconic trout lakes are of high interest to the MNDNR: Elk Lake (Itasca State Park), Lake Carlos (near Alexandria), 
Ten Mile Lake (near Hackensack), Sea Gull Lake (on the Gunflint Trail), Burntside Lake (near Ely), Trout Lake (near Grand 
Rapids), and Big Trout Lake (near Pine River). Fish habitat will be reconstructed using the fossil remains of algae 
(indicators of past nutrient stress and climate effects in surface waters) and midges (aquatic insects that can indicate 
deep-water oxygen levels) from lake bottom sediment cores. These data will allow us to reconstruct historic nutrient 
and oxygen levels since pre-European settlement. 

Activity Milestones:  

Description Approximate 
Completion Date 

Meet with state and research collaborators to select ideal sampling locations and strategize. July 31, 2027 
Collect sediment cores from 10 coldwater lakes. September 30, 2027 
Complete isotopic sediment dating and confirm 200-year temporal models for cores. August 31, 2028 
Analyze fossil remains; total 1,200 sample analyses. June 30, 2029 
Use algae remains to quantitatively reconstruct historic nutrients and environmental conditions. August 31, 2029 
Use aquatic insect remains to quantitatively reconstruct historic lake temperatures & hypolimnetic 
oxygen levels. 

December 31, 2029 

 

Activity 2: Establish relationships between stress (nutrients and warming) and coldwater fish habitat. 
Activity Budget: $195,000 

Activity Description:  
Past lake nutrient concentrations and deep-water dissolved oxygen levels reconstructed in Activity 1 will be evaluated to 
determine lake status and resilience to historical anthropogenic effects. Trends will be related to historic air 
temperatures and land use and evaluated against predicted resilience status from contemporary monitoring data. For 
instance, do lakes identified as resilient for fish habitat based on modern data actually show signs of long-term, 
historical resilience? Relationships between temperature and dissolved oxygen with respect to coldwater fish habitat 
will be derived based on historic records from the study lakes. These relationships will reconstruct lake temperature and 
deep-water oxygen levels through time in study lakes and will be used to extrapolate future fish habitat in a larger set of 
hundreds of coldwater lakes with known current condition throughout the state. A major outcome of this activity will be 
broad, statewide understanding of natural factors and management protocols that create good coldwater fish habitat. 

Activity Milestones:  

Description Approximate 
Completion Date 

Quantify relationships between air temperature, water quality, and fish habitat for coldwater lakes in 
Minnesota; validate 

December 31, 2029 

Extrapolate our findings to coldwater fish habitat in ~750 coldwater lakes. February 28, 2030 
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Quantify historical impacts of human stressors on coldwater fish habitat, thereby identifying potential 
beneficial management practices. 

February 28, 2030 

 

Activity 3: Predict extent of coldwater fish habitat in the future, identify savable lakes and recommend 
on-the-ground conservation measures. 
Activity Budget: $129,000 

Activity Description:  
Based on the causes of fish loss and temperature/oxygen projections from Activity 2 we will make projections of future 
coldwater fish habitat in lakes across northern and central Minnesota. Warming will likely continue and may therefore 
result in inevitable fish habitat loss in some lakes, but we can manage nutrients and therefore lake oxygen. Future 
management scenarios (e.g., land conservation; nutrient management) will be simulated to predict their long-term 
benefits. The outcome will be a set of management actions that are suited to different lake types to promote the 
persistence or recovery of coldwater fish communities. A major outcome will be management recommendations and 
implementation to preserve coldwater fish habitat. Projections and mapping of cisco success will be integrated with 
concurrent work (see Hansen’s funded proposal 2026-049) that assesses the thermal tolerance of cisco populations and 
maps current and predicted future fish success. We will tailor management recommendations for different lake types 
(e.g., oligotrophic lakes with coldwater fish to mesotrophic lakes where coldwater fish have declined). Backing up these 
predictions with retrospective confirmation of resilience will be critical to this effort. Promotion of recommendations 
will be facilitated through collaboration with the MNDNR and The Nature Conservancy. 

Activity Milestones:  

Description Approximate 
Completion Date 

Refine future stressor-fish habitat scenarios. April 30, 2030 
Identify a subset of resilient lakes that are likely to respond to conservation efforts. May 31, 2030 
Tailor management recommendations for different lake types. June 30, 2030 

 

  



5 

Project Partners and Collaborators 
Name Organization Role Receiving 

Funds 
Heidi Rantala Minnesota 

Department of 
Natural 
Resources 

Fisheries Research Scientist Dr. Heidi Rantala will provide her expertise in lake 
and food web ecology, review plans and manuscripts, and connect researchers 
with MNDNR staff. See attached letter of support. 

No 

Kristen Blann The Minnesota 
Nature 
Conservancy 

Nature Conservancy scientists will provide in-kind support of this project. They 
will participate in development of management recommendations to protect 
coldwater fish habitat, and are well integrated in policy decisions to ensure 
implementation. 

No 

 

Dissemination 
Describe your plans for dissemination, presentation, documentation, or sharing of data, results, samples, physical 
collections, and other products and how they will follow ENRTF Acknowledgement Requirements and Guidelines.  
Initial outcomes will include agency reports, public presentations, technical presentations and outreach at the 
Minnesota Water Resources Conference, and peer-reviewed publications. All final data from this work will be 
permanently available in the public Data Repository for the University of Minnesota (DRUM; persistent link: 
https://hdl.handle.net/11299/166578), which is well-connected to search engines and AI-integrating applications. All 
reporting and publications will be open access, supported as necessary using NRRI’s internal state special funds which 
are intended to inform decisions on Minnesota’s natural resources. ENRTF will be formally acknowledged in all products 
(datasets, presentations, reports, peer-reviewed publications). This proposal directly involves personnel from the 
Minnesota Department of Natural Resources (MNDNR) to ensure results and recommendations are reviewed, discussed, 
and disseminated, ensuring any policy impacts have real implications on the future of Minnesota fisheries. Pending 
outcomes of this project, a lake protection policy becomes meaningful when it moves from a general guideline (e.g., 
identification of a refugee lake) to a locally enforced, science-based, and collaborative initiative (e.g., long-term 
watershed management) that directly affects land-use decisions, voluntary conservation, and long-term ecosystem 
health. Promotion of recommendations will be facilitated through collaboration with the MNDNR and The Nature 
Conservancy (see letters of support). 

 

Long-Term Implementation and Funding 
Describe how the results will be implemented and how any ongoing effort will be funded. If not already addressed as 
part of the project, how will findings, results, and products developed be implemented after project completion? If 
additional work is needed, how will this work be funded?  
Statewide loss of fish habitat can be minimized or reversed with appropriate management, so results from this project 
will be implemented into new and existing management plans by partnering with lake and fisheries managers. Strategies 
will be included in agency reports, public webinars, and peer-reviewed publications. Data and literature developed 
through project activities will be available in a permanent repository, including the assessment of local lake factors 
fostering fish habitat resilience. Management practices will continue well after completion of this project. Long-term 
benefits will include improved water quality, well-oxygenated fish habitat and greater stability in angling and tourism 
sectors. 

Project Manager and Organization Qualifications 
Project Manager Name: Euan Reavie 

Job Title: Senior Research Associate 
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Provide description of the project manager’s qualifications to manage the proposed project.  
Dr. Euan Reavie is an aquatic scientist with 35 years’ experience in the evaluation of organism-environmental 
relationships in freshwater aquatic ecosystems, including paleolimnology. He has extensive experience applying tools for 
aquatic ecosystem management and has established collaborative relationships with partners in state, federal, and non-
profit conservation agencies and organizations. Much of this work has directed policy through collaboration. Dr. Reavie 
is an active member of working groups related to management of impacted aquatic ecosystems, including the Annex 4 
Hypoxia Working Group, the University of Minnesota Water Council, and the Great Lakes Nuisance Algal Blooms 
Working Group. He conducts high-impact and actionable science, as evidenced by publication and high citation rates in 
peer-reviewed journals (N = 110, >5000 citations). Dr. Reavie has secured over $20M in extramural funding from federal, 
regional, and state sources since joining the University of Minnesota in 2004. He supervises students and staff engaged 
in research and application of results. Reavie’s team is stationed at the UMN’s Natural Resources Research Institute, a 
110,000-ft2 facility that is outfitted with the equipment and materials for field work, sample processing, microscopy and 
image analysis, an extensive paleo-fossil reference library, and data processing and document production facilities. As a 
well-established laboratory and research facility, the NRRI can provide ~$800,000 in analytical equipment, computers, 
and microscope facilities at no cost to the project. Project member Dr. Gretchen Hansen is an associate professor of 
fisheries ecology in the Department of Fisheries, Wildlife, and Conservation Biology. She has extensive experience 
developing tools for fisheries management in the face of environmental change and has established collaborative 
relationships with partners in state, federal, and non-profit conservation agencies and organizations. Through existing 
ENRTF-funded projects, Dr. Hansen has a head start in the identification of candidate study lakes and development of 
fisheries policies on MN lakes. 

Organization: U of MN - Duluth - NRRI 

Organization Description:  
The Natural Resources Research Institute (NRRI) is a state-chartered applied research institute of the University of 
Minnesota’s Research and Innovation Office. NRRI maintains three sites in Northern Minnesota, focused on informing 
sound, long-term decisions on the use and stewardship of natural resources. Our mission is to deliver integrated 
research solutions that value our resources, environment and economy for a sustainable and resilient future. NRRI 
collaborates broadly across the University system and the state to address the challenges of a natural resource-based 
economy. Research is developed via extensive partnerships with industry, state and federal agencies and governmental 
units. As an impartial, science-based resource, NRRI develops and translates knowledge through large-scale, 
interdisciplinary research. Our expertise focuses on defining resource opportunities, minimizing waste and 
environmental impact, maximizing natural resource value, and maintaining or restoring ecosystem function. Major 
project outcomes from NRRI and its Water Research Group include informing environmental management and policy 
and assisting industry and communities in defining and maintaining the social license to operate in natural systems. NRRI 
has established mechanisms for sharing outcomes through press releases, peer-reviewed journals, technical reports, 
annual reports, periodicals, and social media. 
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Budget Summary 
Category / Name Subcategory 

or Type 
Description Purpose Gen. 

Ineli 
gible 

% 
Bene 
fits 

# 
FTE 

Class 
ified 
Staff? 

$ Amount 

Personnel         
PI  Lead all aspects of project, including study design, 

supervision of staff, data collection and analysis, 
future-looking model development and 
implementation, interpretation and 
communication of results, and engagement with 
partners. (Researcher 7) 

  26.8% 0.75  $154,850 

Co-PI - Alexson  To coordinate and lead field work, coordinate 
data acquisition, lead diatom analysis and assist 
with communication (Researcher 5) 

  26.8% 0.99  $108,486 

Co-PI - Brady  Co-supervision of invertebrate fossil analysts 
(Hell, Wellard-Kelly, Pierce). Support study 
design, data collection and analysis, 
interpretation and communication of results, and 
engagement with partners. (Researcher 7) 

  26.8% 0.15  $29,607 

Technician - Ademi  To assist with field work during summer 2027, 
lead sediment sampling processing and 
distribution in the lab at NRRI (2027-2028), and 
data entry. (Senior Laboratory Technician) 

  24.4% 0.75  $54,670 

Technician - Hell  To assist with field work during summer 2027, 
lead sample analysis for chironomid remains. 
(Technician) 

  24.4% 0.6  $63,097 

Statistical Support - 
Kovalenko 

 Data analysis and development of results (2029-
2030), model development and implementation, 
and communication with partners. (Researcher 6) 

  26.8% 0.2  $25,316 

Technician - Pierce  To assist with field work during summer 2027, 
support sample analysis for chironomid remains. 
(Technician) 

  24.4% 0.66  $63,956 

Invertebrate 
Scientist/Professional 
- Wellard-Kelly 

 To assist with field work during summer 2027, 
support sample analysis for chironomid remains, 
interpretation and communication of results, and 
engagement with partners. (Researcher 5) 

  24.4% 0.81  $79,142 

Temp/Casual - TBD  To assist with field work during summer 2027, 
support sample archiving and data entry. 
(Temporary-Casual) 

  7.4% 0.8  $49,566 

Co-PI - Hansen  Support initial study design and site selection 
(2027), supervision of staff, interpretation and 

  26.8% 0.15  $32,905 
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communication of results, and engagement with 
partners (2027, 2029, 2030). 

Technician - Blinick  Support initial study design and site selection 
(2027), integration of contemporary data with 
historical reconstructions (with Hansen's 
support), and engagement with partners (2029, 
2030). 

  26.8% 0.36  $35,408 

       Sub 
Total 

$697,003 

Contracts and 
Services 

        

St. Croix Watershed 
Research Station (Dr. 
Adam Heathcote, 
Director) 

Service 
Contract 

Isotopic dating of sediment cores using Pb-210, 
development of dating models for lake cores. 
$2500/core X 10 cores. See quote in 
supplemental attachments. 

   0.04  $25,000 

       Sub 
Total 

$25,000 

Equipment, Tools, 
and Supplies 

        

 Tools and 
Supplies 

Lab Supplies: Slides [$1000], coverslips 
[$400],digesting acids [$2000], paper 
towels[$50], alcohol preservatives 
[$1000],miscellaneous tools (forceps, 
spatulas,picks, labels, etc.) [$400] 

Lab supplies for processing 
sediment samples for diatoms and 
chironomid head capsules. 

    $4,850 

 Tools and 
Supplies 

Field Supplies: Field Supplies: Coolers[$300], 
bottles [$4400 - $2 per], paper towels [$50], 
additional field processing gear (trays, forceps, 
squirt bottles, etc.) [$250], core tubes [$600] 

Field supplies required for study 
lakes, to collect and extrude intact 
sediment cores. 

    $5,600 

       Sub 
Total 

$10,450 

Capital Equipment         
       Sub 

Total 
- 

Acquisitions and 
Stewardship 

        

       Sub 
Total 

- 

Travel In Minnesota         
 Miles/ Meals/ 

Lodging 
Travel to and from lakes, 10 lakes and lodging. 
Costs estimated for 4 travel weeks for year 
1.Total based off weekly costs of 
600miles@$0.70/mi + 4 lodging nights per person 

Fieldwork in study lakes.     $10,667 
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@$165/night + 5 days of meals@$68/full day per 
person & @$51/travel day (2 days of trip) for 3 
people (meal estimate based on state per diem 
rate; actual costs will be reimbursed). 

 Conference 
Registration 
Miles/ Meals/ 
Lodging 

Lodging Travel for two single visits to an in-state 
conference (2029, 2030, Water Resources 
Conference) to present and communicate results. 
Travel for in-state meetings and conferences 1 
person attending 1 per year in years 2 and 
3.Costs estimated per conference = $300 
registration fee, 600 miles@$0.70/mi + 2 lodging 
nights@$165/night + 1 day of meals @$68/day + 
2 travel days of meals @$51 day (estimates based 
on University per diem rates, actual costs will be 
reimbursed) 

     $4,880 

       Sub 
Total 

$15,547 

Travel Outside 
Minnesota 

        

       Sub 
Total 

- 

Printing and 
Publication 

        

       Sub 
Total 

- 

Other Expenses         
  Shipping Shipping of freeze-dried sediment 

samples to/from St. Croix 
Watershed Research Station 
(contractor) for isotopic dating. 

    $2,000 

       Sub 
Total 

$2,000 

       Grand 
Total 

$750,000 
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Classified Staff or Generally Ineligible Expenses 
Category/Name Subcategory or 

Type 
Description Justification Ineligible Expense or Classified Staff Request 
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Non ENRTF Funds 
Category Specific Source Use Status Amount 
State     
   State Sub 

Total 
- 

Non-State     
In-Kind UMN unrecovered indirect costs are calculated at the 

UMN federally negotiated rate for research of 54% 
modified total direct costs. 

Indirect costs are those costs incurred for common or joint objectives 
that cannot be readily identified with a specific sponsored program or 
institutional activity. Examples include utilities, building maintenance, 
clerical salaries, and general supplies. 
(https://research.umn.edu/units/oca/fa-costs/direct-indirect-costs) 

Secured $405,000 

   Non State 
Sub Total 

$405,000 

   Funds 
Total 

$405,000 

 

Total Project Cost: $1,155,000 

This amount accurately reflects total project cost? 
 Yes 
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Attachments 

Required Attachments 
Visual Component 
File: 5b434ee0-dda.docx 

Alternate Text for Visual Component 
The figure depicts: (1) the problem of increasing warming and productivity, which is causing a loss of fish habitat; (2) the 
approach of using sediment cores and fossils archived therein to reconstruct historical fish habitat; (3) use of these data 
to infer future lake resilience, thereby guiding management recommendations.... 

Supplemental Attachments 
Capital Project Questionnaire, Budget Supplements, Support Letter, Photos, Media, Other 

Title File 
The Nature Conservancy support letter ae2b5bff-b65.pdf 
Authorization Letter 6d88f178-d39.pdf 
MNDNR support letter d386cd04-00e.pdf 
Science Museum of Minnesota core dating quote 11cf806a-8c9.pdf 

 

 

Administrative Use 
Does your project include restoration or acquisition of land rights?  
 No 

Do you understand that travel expenses are only approved if they follow the "Commissioner's Plan" promulgated by 
the Commissioner of Management of Budget or, for University of Minnesota projects, the University of Minnesota 
plan? 
 Yes, I understand the UMN Policy on travel applies. 

Does your project have potential for royalties, copyrights, patents, sale of products and assets, or revenue 
generation?  
 No 

Do you understand and acknowledge IP and revenue-return and sharing requirements in 116P.10?  
 N/A 

Do you wish to request reinvestment of any revenues into your project instead of returning revenue to the ENRTF?  
 N/A 

Does your project include original, hypothesis-driven research?  
 Yes 

Does the organization have a fiscal agent for this project?  
 No 

Does your project include the pre-design, design, construction, or renovation of a building, trail, campground, or other 
fixed capital asset costing $10,000 or more or large-scale stream or wetland restoration? 
 No 

https://lccmrprojectmgmt.leg.mn/media/map/5b434ee0-dda.docx
https://lccmrprojectmgmt.leg.mn/media/attachments/ae2b5bff-b65.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/6d88f178-d39.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/d386cd04-00e.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/11cf806a-8c9.pdf
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Do you propose using an appropriation from the Environment and Natural Resources Trust Fund to conduct a project 
that provides children's services (as defined in Minnesota Statutes section 299C.61 Subd.7 as "the provision of care, 
treatment, education, training, instruction, or recreation to children")? 
 No 

Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal: 

 Gretchen Hansen (U. Minnesota, Department of Fisheries, Wildlife and Conservation Biology), Megan Gorder 
(NRRI), Julie Christopherson (NRRI) 

Do you understand that a named service contract does not constitute a funder-designated subrecipient or approval of 
a sole-source contract? In other words, a service contract entity is only approved if it has been selected according to 
the contracting rules identified in state law and policy for organizations that receive ENRTF funds through direct 
appropriations, or in the DNR’s reimbursement manual for non-state organizations. These rules may include 
competitive bidding and prevailing wage requirements 
 Yes, I understand 
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