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Environment and Natural Resources Trust Fund 
2027 Request for Proposal 

General Information 
Proposal ID: 2027-098 

Proposal Title: Understanding Nematode Communities in Northeastern Minnesota Soils 

 

Project Manager Information 
Name: Clara Shaw 

Organization: U of MN - Duluth 

Office Telephone: (   )    - 

Email: shawx166@d.umn.edu 

 

Project Basic Information 
Project Summary: Soil-dwelling organisms maintain soil health but their dynamics remain understudied. We will 
characterize soil nematode communities over two years in soils sampled from agricultural and forest sites in 
northeastern Minnesota. 

ENRTF Funds Requested: $184,000 

Proposed Project Completion: June 30, 2030 

LCCMR Funding Category: Small Projects (G) 
 Secondary Category: Land (F) 

 

Project Location 
What is the best scale for describing where your work will take place?   
 Region(s): NE 

What is the best scale to describe the area impacted by your work?   
 Region(s): NE 

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. 

Soils in northeastern Minnesota support agriculture, forestry, and natural habitats of conservation importance by 
supplying water, essential nutrients, and structure for crops, trees, and native vegetation. Though soil types in 
Minnesota have been carefully classified, communities of organisms living within soils remain poorly characterized, and 
little is known about the population dynamics of key species. Recent research has shown that soil organisms are vital for 
maintaining soil health. In particular, nematodes (roundworms) are a diverse and abundant group where different 
species assume distinct roles in soil communities: some nematodes feed on microbes, thus regulating microbial 
populations while others consume plant pathogens or other nematodes. Through feeding and movement, nematodes 
contribute to the cycling and dispersal of nutrients. We have a nascent understanding of associations between soil 
health and nematode community structure, but so far this work has largely neglected northern US agricultural and 
forest soils, and sampling is usually limited to once or twice a year, thus missing changes in nematode communities over 
time, which could be driven by seasonality, water, resources, predation, or disease. Understanding these dynamics and 
their drivers is essential as we seek to preserve our soil resources in the face of climate and landscape change. 

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. 

We propose to describe soil nematode community structure and change over the course of two growing seasons in six 
paired forest and agricultural sites near the University of Minnesota Duluth campus. Our long-term goal is to apply 
knowledge of nematode communities to improve soil health. Sites will be sampled semi-weekly while the soil is 
workable (mid-March through mid-November). Soil characteristics (i.e., grain size, density, water content, pH) will be 
quantified, and nematodes will be isolated from soils with the well-established Baermann Funnel method. Nematodes 
will be counted and identified to feeding group through observation of mouthparts, and specific taxa within 
communities will be determined with DNA sequence-based methods. Overall, we will generate complementary 
nematode count, feeding group, and molecular time-series datasets that will help us understand species presence and 
turnover through time. In analyses, we will associate these patterns with abiotic conditions, landscape variables, and soil 
properties, which will allow us to identify drivers of seasonal changes and spatial differences in these communities. We 
will also culture live nematodes from sampled soils to create a library of nematode strains that can be used for future 
hypothesis-driven work in the lab that aims to preserve and improve soil health. 

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 characterize nematode communities and seasonal population dynamics in northeastern Minnesota forest and 
agricultural soils and relate these to abiotic conditions, landscape variables, and soil characteristics. We will generate a 
library of field-collected nematode strains that will allow us to conduct lab based experiments to test hypotheses about 
the role of nematodes in driving soil health. With an enhanced understanding of soil nematode communities and their 
dynamics, we will be better able to preserve and improve soils to continue to benefit from their essential ecosystem 
functions. 
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Activities and Milestones 

Activity 1: Sample and characterize northeastern MN agricultural and forest soils through time for two 
growing seasons. 
Activity Budget: $78,412 

Activity Description:  
The objectives of this activity are to acquire soil samples and to characterize their physical and chemical properties. We 
will sample soils twice a month mid-March through mid-November from six paired agricultural and forest sites in the 
Duluth MN area for two years (~192 samples). At each sampling date and location, air and soil temperature will be 
recorded. We will use a 2 cm diameter soil corer to obtain samples of the top 12-15 cm of soil. At each site, we will 
combine five cores taken approximately 10 m from each other. One additional sample will be collected volumetrically to 
assess the soil bulk density. Soil samples will be transported to the lab in air tight bags at ambient temperature. The 
combined soil samples will be partitioned for nematode isolation, identification, and culturing (Activities 2 and 3) and for 
basic soil properties characterization. For the latter, samples will be processed for bulk density, pH, soil moisture, and 
grain size using standard tools and methods. Soil properties will be used as correlates in analyses explaining nematode 
community dynamics. The specific outcomes of this activity will be the acquisition and characterization of soil samples 
across 6 sites over 2 growing seasons. 

Activity Milestones:  

Description Approximate 
Completion Date 

Collect and characterize samples year 1 December 31, 2027 
Collect and characterize samples year 2 December 31, 2028 
Incorporate data into statistical methods to describe nematode communities and their dynamics. April 30, 2030 

 

Activity 2: Characterize soil nematode communities with microscopy and sequence-based methods. 
Activity Budget: $81,804 

Activity Description:  
The objectives of this activity are to quantify nematodes in soil samples (see Activity 1) and to describe nematode 
communities in terms of observed feeding groups and taxa (species or genera). We will isolate living nematodes from 
two 100 g subsamples of each soil sample directly upon returning to the lab after sampling with the well-established 
Baermann-funnel method. Nematodes from one subsample will be counted under a stereo microscope. We will then 
transfer 25 random nematodes for culturing (Activity 3) before preserving the remainder of the nematodes for 
identification to feeding group through mouthpart observation under a compound light microscope. DNA will be 
extracted from nematodes in the other subsample and sent to the UMN Genomics Core for sequencing of a genomic 
region that can identify nematodes to genus or species (18S ribosomal subunit). DNA sequences will be computationally 
processed and mapped to the SILVA 18S Eukaryote Database to make these identifications. The specific outcome of this 
activity will be the generation of two time-series datasets: one that contains nematode counts and feeding groups and a 
second that contains nematode taxa. A final outcome will be analyses linking nematode community structure and 
change to soil characteristics and abiotic variables. 

Activity Milestones:  

Description Approximate 
Completion Date 

Nematode counts and feeding group identification year 1 December 31, 2027 
DNA extractions and sequencing year 1 April 30, 2028 
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Nematode counts and feeding group identification year 2 December 31, 2028 
DNA extractions and sequencing year 2 April 30, 2029 
Sequence analysis for nematode community descriptions. December 31, 2029 
Statistical analyses relating community structure and dynamics to soil characteristics and abiotic 
variables. 

April 30, 2030 

 

Activity 3: Culture, identify, and cryo-preserve bacterivorous soil nematodes for future hypothesis-
driven experiments. 
Activity Budget: $23,784 

Activity Description:  
The objective of this activity is to establish a library of nematodes that can be thawed and reconstituted for future 
hypothesis-driven experiments in the lab. Up to 25 nematodes from each soil sample (see Activity 2) will be placed on 
nematode growth plates seeded with a nonpathogenic strain of Escherichia coli bacteria that serves as nematode food. 
Plates will be observed daily for 5 days for mating behavior or an obvious mating plug on a female, which is indicative of 
a mating event. If observed, the mating pair or mated female will be transferred to a new plate on their own to start a 
laboratory reproducing culture (known as an “isofemale line” since it is derived from one female). If an isofemale line is 
established, we will identify it to the genus or species level with microscopy and confirm with DNA sequencing (18S 
Sanger sequencing). We will attempt to cryopreserve isofemale lines by freezing in S buffer and glycerol and well-
established freezing methods. The specific outcome of this activity will be the generation of a library of northeastern MN 
soil nematode lines that can be used for future hypothesis driven experiments in the lab. 

Activity Milestones:  

Description Approximate 
Completion Date 

Culture and preserve strains from year 1 samples December 31, 2027 
Culture and preserve strains from year 2 samples December 31, 2028 
Confirm strain identifications with Sanger Sequencing May 31, 2029 
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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.  
We will explain our research and findings in a scientific journal article (target journal, Ecology), and all data and analyses 
will be archived for public access on Zenodo. We will present the work at the Ecological Society of America conference in 
August of 2030. UMD and IBS have funds for faculty and graduate students to present at conferences. We will also work 
with UMN extension to present our work locally to non-specialist audiences at the Duluth Farmers market and to other 
potential stakeholders such as the Sustainable Farming Association. Cryo-preserved isofemale nematode lines will be 
submitted to the Caenorhabditis Genetics Center (UMN), which houses a repository of nematode lines that researchers 
can order for a small fee. 

 

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?  
This study will allow us to describe the nematode communities and population dynamics of soil nematodes in important 
ecosystems in northeastern MN. We expect that these results will be hypothesis-generating and lead to future proposals 
testing the role of individual nematode species and/or nematode assemblages in ecosystem processes of interest such 
as carbon sequestration and soil productivity. We will seek funding for these studies from the National Science 
Foundation, the US Department of Agriculture and Minnesota Department of Agriculture, and potentially again from the 
Minnesota LCCMR. 

Project Manager and Organization Qualifications 
Project Manager Name: Clara Shaw 

Job Title: Assistant Professor 

Provide description of the project manager’s qualifications to manage the proposed project.  
Clara Shaw is an assistant professor in the Biology Department at the University of Minnesota Duluth, which she joined 
as a faculty member in January 2023. Dr. Shaw has a PhD in Ecology and Evolutionary Biology from the University of 
Michigan where she trained as a disease ecologist studying parasite epidemics in zooplankton populations in Michigan 
lakes. This research involved intensive summer-fall lake sampling and sample processing to count, identify, and diagnose 
individual zooplankton under a microscope. Dr. Shaw also gained extensive experience analyzing time-series infection 
and population data (including in four first-author publications). Dr. Shaw then completed a 3 year postdoc studying 
cross-species virus transmission using the Caenorhabditis nematode-Orsay virus laboratory system. At UMD, Dr. Shaw 
leads a research group that studies ecological modulators of Orsay virus transmission in C. elegans and related 
nematodes in the lab. Her current work includes studying how pesticide exposure influences virus transmission in C. 
elegans as well as how bacterial resources and microbiome influence virus transmission across nematode host species. 
Dr. Shaw is interested in understanding these dynamics in natural systems and their importance in the environment. For 
example, pathogen-imposed decreases in host population size could impact ecosystem services that the hosts provide. 
Dr. Shaw will draw on her current experience with the Caenorhabditis-Orsay virus laboratory system as well as previous 
experience with intensive field sampling and sample processing to characterize local soil nematode communities and 
seasonal population dynamics. Dr. Shaw has advised 8 undergraduate students and 3 master’s students at UMD with 
one master’s student having completed his thesis in December 2025 and two in their first year. One current master’s 
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student is completing sampling in 2026 that will serve as a dry run to solidify methods and generate preliminary data for 
the proposed project. 

Organization: U of MN - Duluth 

Organization Description:  
The University of Minnesota Duluth (UMD) is a comprehensive regional university and part of the University of 
Minnesota system located in Duluth Minnesota. UMD enrolls approximately 7,500 undergraduate and 550 graduate 
(mostly master’s) students and employs over 500 faculty with wide-ranging expertise. Dr. Shaw has a 920 square-foot 
lab space within the Swenson Science Building (built in 2005) where basic soils analysis, nematode isolation from soils, 
nematode identification, and DNA extractions will take place. There are three high-quality stereo microscopes in Dr. 
Shaw’s lab, and the group has access to a high-quality compound light microscope in the same research wing. Dr. Shaw 
is an Integrated Biological Sciences graduate program faculty member and will recruit a graduate student to work on this 
project under that umbrella. This research will leverage UMD properties for soil sampling including the UMD Land Lab, 
which is an environmental research center with agricultural fields and forests about 5 miles from campus, and the UMD 
Boulder Lake Environmental Learning Center approximately 22 miles from campus. 
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Budget Summary 
Category / 
Name 

Subcategory 
or Type 

Description Purpose Gen. 
Ineli 
gible 

% 
Bene 
fits 

# 
FTE 

Class 
ified 
Staff? 

$ Amount 

Personnel         
Dr. Clara Shaw, 
PI 

 Dr. Shaw is the PI on the proposed project. She is 
an expert in nematode-virus interactions and seeks 
to describe local soil nematode communities to 
relate nematode community dynamics to soil 
health in northeastern MN. Dr. Shaw is requesting 
1 month of summer salary support per year of the 
grant for her work on this project, which will 
include study design, supervision of personnel, soil 
sampling, sample processing, analysis, and 
dissemination of results. 

  26.8% 0.24  $37,868 

Master’s 
Graduate 
Research 
Assistant 

 One semester (at 50% FTE) of master’s student 
graduate research assistant support (salary, fringe 
and tuition remission) is budgeted for each year of 
the project. In addition, 50% of a graduate student 
summer salary and fringe is budgeted for each year 
of the project. Graduate students will be the main 
personnel involved with soil sampling, sample 
processing, and analyses. The GRA will be 
scheduled during fall semesters of each year 
because the fall semester overlaps more with the 
sampling scheme time frame. Students will be 
supported through UMD Biology Department 
graduate teaching assistantship during the spring 
semester of each year. The % benefits calculation 
includes 3 semesters of tuition remission at 
%49,360 each. 

  41.5% 0.93  $102,792 

Undergraduate 
Research 
Assistant 

 One or more undergraduate students to work for a 
total of 40 hours per week at a rate of $15.25/hour 
for the first two summers of the project (8 weeks in 
summer 2027 and 13 weeks in summer 2028). We 
have also budgeted to compensate undergraduate 
workers for 10 hours per week during the fall and 
spring semesters (~13 weeks each) of 2027-2028 
and 2028-2029 while sampling and sample 
processing are ongoing. These student workers will 

  0% 1.22  $20,740 
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accompany graduate students on soil sampling 
trips and help process samples in the lab. 

       Sub 
Total 

$161,400 

Contracts and 
Services 

        

ACGT Inc Service 
Contract 

ACGT Inc is a DNA Sequencing Services Company 
that performs affordable Sanger Sequencing 
Services, which are no longer provided at the 
University of Minnesota Genomics Core. We will 
use Sanger sequencing to confirm species 
identifications of nematode strains cultured from 
soil samples. We have budgeted for the sequencing 
of 50 

   0  $750 

UMGC Internal 
services or 
fees 
(uncommon) 

The University of Minnesota Genomics Core will 
perform library preparation and 18S amplicon 
sequencing on the nematode communities 
extracted from soil samples. The budgeted total is 
an estimate from the UMGC for library preparation 
and sequencing of 192 samples (2 years of 
sampling, 16 sample dates, 6 sites = 192 samples). 

   0  $3,550 

UMD 
mailroom 

Internal 
services or 
fees 
(uncommon) 

Overnight shipping of samples to ACGT Inc for 
Sanger Sequencing, via the University of 
Minnesota-Duluth mailroom. 

   0  $300 

       Sub 
Total 

$4,600 

Equipment, 
Tools, and 
Supplies 

        

 Tools and 
Supplies 

Consumables Lab and soil sampling consumables, 
split over the first two years of the 
project. These supplies include whirl 
pak bags, pipette tips, tubes, 
nematode plates, reagents and 
chemicals, DNA extraction kits, and 
other consumables involved with the 
sampling and laboratory processing of 
soil samples. This also includes  
reusable laboratory supplies such as 
funnels, tubing, and beakers necessary 

    $7,306 
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for the laboratory processing of soil 
samples. 

 Equipment Field equipment Small field sampling equipment to be 
purchased in the first year of the 
project: additional standard soil 
samplers, a volumetric soil sampler, 
and soil thermometers. 

    $1,650 

       Sub 
Total 

$8,956 

Capital 
Equipment 

        

       Sub 
Total 

- 

Acquisitions 
and 
Stewardship 

        

       Sub 
Total 

- 

Travel In 
Minnesota 

        

 Miles/ Meals/ 
Lodging 

Field travel: 3360 miles per year for the first two 
years of the project at a rate of $0.725 per mile. 
The 6 field sites will each be sampled 16 times per 
year with 2 nearby sites sampled on each trip. The 
sites are ~5 miles from UMD, ~22 miles from UMD, 
and ~78 miles from UMD. Two Shaw Lab personnel 
will go on each sampling trip in one car. 

The purpose of this travel is to obtain 
soil samples from 3 paired agricultural 
and forest sites (6 sites) 16 times per 
year for the first two years of the 
project. This frequent, repeated 
sampling will allow us to track 
nematode community change through 
the growing season. 

    $4,874 

       Sub 
Total 

$4,874 

Travel Outside 
Minnesota 

        

       Sub 
Total 

- 

Printing and 
Publication 

        

 Publication One journal article describing study findings (target 
Ecology) 

Publishing our results in the journal 
Ecology or a similar journal is 
important for disseminating our 
findings to the scientific community. 

    $4,170 

       Sub 
Total 

$4,170 
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Other 
Expenses 

        

       Sub 
Total 

- 

       Grand 
Total 

$184,000 
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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     
In-Kind UMN unrecovered indirect costs are calculated at the 

UMN 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 $84,197 

   State Sub 
Total 

$84,197 

Non-State     
   Non State 

Sub Total 
- 

   Funds 
Total 

$84,197 

 

Total Project Cost: $268,197 

This amount accurately reflects total project cost? 
 Yes 
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Attachments 

Required Attachments 
Visual Component 
File: 8585e0ef-845.pdf 

Alternate Text for Visual Component 
Diagram of soil sampling and processing scheme. Six paired agricultural and forest sites in northeastern MN will be 
sampled semi-weekly with a soil corer. Soil samples will be transported to UMD where soil chemical and physical 
properties will be quantified and nematodes will be isolated, identified, sequenced, and cryopreserved.... 

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

Title File 
Shaw_LCCMR Transmittal Letter c2d803c2-b3e.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 

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 

https://lccmrprojectmgmt.leg.mn/media/map/8585e0ef-845.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/c2d803c2-b3e.pdf
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Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal: 

 Michael Jacob (University of Minnesota Duluth), Lita Lind (University of Minnesota Duluth) 

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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