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University of Minnesota that will develop new techniques to control aquatic invasive species including Asian 
carp, zebra mussels, and plant species. This appropriation is available until June 30, 2019, by which time the 
project must be completed and final products delivered. 
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I.  SUB-PROJECT TITLE:  Eurasian and hybrid watermilfoil genotype distribution in Minnesota 
 
II. SUB-PROJECT STATEMENT: 

Eurasian watermilfoil (Myriophyllum spicatum) is one of the most troublesome aquatic weeds in North 
America. In addition to suppressing native plant communities, inhibiting recreation and use and suppressing 
property values, hundreds of millions are spent annually on its control, with over $2 million per year in 
Minnesota. Recently concern has arisen for hybrid watermilfoil, which may respond differently to management or 
be more invasive than pure Eurasian. This study will determine the distribution and extent of the hybrid milfoil 
problem in Minnesota to define the scope of the problem and develop specific hypotheses that can be tested with 
future studies to improve management.   

In Minnesota, Eurasian watermilfoil was first found in Lake Minnetonka in 1987 and White Bear Lake in 
1988. It now occurs across the state in more than 300 waterbodies in 35 counties. Permits are issued for larger 
scale control of Eurasian watermilfoil on 80 to 100 lakes per year in Minnesota, and most control efforts are with 
auxinic herbicides: 2,4-D and triclopyr.  

Eurasian watermilfoil hybridizes with the native northern watermilfoil (M. sibiricum). Hybrids are difficult 
to distinguish from Eurasian watermilfoil, and as a result, populations identified as “Eurasian watermilfoil” may 
be composed of “pure” Eurasian watermilfoil, hybrids, or both. Although managers and aquatic botanists 
increasingly recognize Eurasian and hybrid watermilfoil as distinct taxa, they are not frequently distinguished 
when it comes to operational management strategies, control tactics, or evaluations of management actions. As a 
result, there is still uncertainty regarding whether, and to what extent, hybrid watermilfoils may exhibit unique 
ecologies and/or pose distinct challenges for management (e.g., will they exhibit faster growth and/or herbicide 
tolerance?). 

However, there is increasing concern that hybrid watermilfoil might be more invasive than Eurasian 
watermilfoil. A laboratory study found that hybrid watermilfoils in Michigan had faster vegetative growth rates 
and increased tolerance to 2,4-D, on average, compared to Eurasian watermilfoil. Similarly, a field study found 
that efficacy of the auxinic herbicides 2,4-D and triclopyr were much greater on pure Eurasian compared to hybrid 
watermilfoil in Houghton Lake, MI (93% versus 44% reduction, respectively). Overall, the number of quantitative 
comparisons of Eurasian watermilfoil and hybrids is low, and more comparisons are needed to determine whether 
generalities exist in terms of differences between Eurasian watermilfoil and hybrids.  

Recent molecular genetic studies demonstrate that genetic diversity is much higher in watermilfoils than 
previously recognized.  Although clonal reproduction is common, sexual reproduction is also common, as 
indicated by genetic diversity, including evidence for sexual reproduction by hybrid watermilfoils. Genetic 
variation is generally higher for hybrid and northern watermilfoil compared to Eurasian watermilfoil.  It is 
therefore possible that differences among Eurasian watermilfoil and hybrids depend on the specific genotypes 
being compared.   

Several studies have identified clear tolerance by some hybrid genotypes to some herbicides, including 
fluridone and the auxin mimics 2,4-D and triclopyr, whereas studies on other genotypes have not found any 
evidence for tolerance. Because the properties of populations likely vary as a function of their genetic 
composition, an important first step in being able to predict the growth and control response of populations is to 
delineate and quantify genetic variation within and among populations.  These observations regarding hybrid 
watermilfoil illustrate the need for a structured effort to document the occurrence and distribution of hybrid 
milfoil in Minnesota.  

Although hybrid watermilfoil has been documented in Minnesota since the early 2000s and additional 
occurrences have since been reported, a comprehensive assessment of the distribution and genetic diversity of 
hybrid watermilfoil in Minnesota has not been conducted.  We have identified 12 lakes with verified hybrid 
watermilfoil (out of 330 + waterbodies with verified Eurasian, which includes hybrids).  All of these lakes are in 
the Twin Cities Metro Region (Anoka, Dakota, Hennepin, Ramsey and Washington counties), but few lakes 
outside the Metro Region have been genetically analyzed. Furthermore, analysis for specific genotypes has only 
been conducted on Christmas Lake and several bays in Lake Minnetonka and these analyses showed considerable 
diversity. Hybrid watermilfoil had 34 distinct hybrid genotypes compared to nine Eurasian genotypes and 24 
northern watermilfoil genotypes. One hybrid genotype appeared to be more prevalent after bay-wide herbicidal 
control. There was also evidence that northern watermilfoil was restricted to shallower sites and Eurasian and 
hybrid were found in deeper water. The distribution and occurrence of hybrid milfoil is unknown around the state 
and even less is known about distribution of milfoil genotypes.   
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To address this gap, we will assess the distribution and occurrence of hybrid watermilfoil in Minnesota and 
determine relations to factors that may affect its ecology and management. Specifically, our project has the 
following objectives: 

Objective 1: Describe the frequency of occurrence and the geographic distribution of hybrid watermilfoil in 
Minnesota in order to determine the extent of this AIS problem and evaluate factors that are relevant to its biology 
and management. Specifically, test whether it is a) geographically widespread versus restricted to the Metro 
Region, b) more likely to occur in lakes with native northern watermilfoil, or c) more likely to occur in lakes with 
a longer invasion history. 

 
Objective 2: Delineate and quantify genetic variation in hybrids in order to determine the role different 

genotypes and genetic diversity might play in its distribution and management. Specifically, A) assess whether 
specific genotypes are associated with a) geography and distribution extent, b) invasion history, or c) management 
history. B) Determine whether genetic diversity or the occurrence of specific genotypes is related to a) local 
environment and aquatic plant communities or b) management history or actions. 

 
To address these objectives, we will conduct a statewide survey of lakes infested with Eurasian watermilfoil 

to determine the occurrence and distribution of hybrid milfoil across the state.  We will use molecular genetic 
techniques to identify hybrids and genotypes of hybrid, Eurasian and northern watermilfoil. Finally, we will 
conduct more detailed study on a small subset of lakes to determine the relationship of local scale factors such as 
depth and plant community with hybrid genotypes, and the influence of management actions to hybrid milfoil 
genetic diversity.  

 
With the results of this study, we will be able to determine if hybrid watermilfoil is a widespread or limited 

problem, if there are few or many genotypes that are of potential concern, and if specific approaches will be 
needed to manage hybrid watermilfoil.  We will be able to identify specific genotypes or populations in need of 
further study and develop specific hypothesis for future studies to test to improve management and effectively 
deal with hybrid milfoil in control programs. 
 
 
III. SUB-PROJECT STATUS UPDATES:  
 
Sub-Project Status as of:  31 January 2018  
 
Sub-Project Status as of: 31 July 2018 
 
Sub-Project Status as of:  31 January 2019 
 
Sub-Project Status as of: 31 July 2019 
 
Overall Sub-Project Outcomes and Results: 
 
IV. SUB-PROJECT ACTIVITIES AND OUTCOMES:   
 
ACTIVITY 1:  Describe the frequency of occurrence and the geographic distribution of hybrid watermilfoil 
in Minnesota. 
Description:  

In Activity 1, we aim to determine how widespread hybrid watermilfoil is, if it is more or less common in 
older or newer infestations, or lakes closer or further from the metro, and if it is more common when northern 
watermilfoil is found.  With the efforts described below, we should also have sufficient data to test if the taxa are 
segregated by depth (e.g., northern shallow, Eurasian deeper, hybrid?), or more or less prevalent in heavily 
managed lakes. This will allow us to assess the scope of the problem of hybrid watermilfoil and factors associated 
with its occurrence and also provide a baseline for future comparison.  
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To determine the distribution of hybrid (and coincidentally Eurasian and northern) watermilfoil in 
Minnesota, we will employ a nested sampling strategy to cover lakes across the state with varying duration of 
invasion, and likely differences in occurrence of northern watermilfoil. We will sample ~35-50 lakes in the first 
year and an additional 15- 20 lakes in 2018, for a total of 50 to 60 lakes. We will determine the number of lakes to 
sample per county based on their relative numbers of lakes with documented Eurasian watermilfoil infestations 
(which by regulatory definition includes hybrid watermilfoil). We aim to sample at least one lake from each 
county with 2 or more recorded occurrences of Eurasian watermilfoil to capture the geographic distribution of 
hybrids relative to Eurasian and northern watermilfoil. Lakes selected for sampling will be further stratified by 
duration of infestation; approximately 20 lakes that have been infested for less than 10 years, 20 lakes that have 
been infested for 11-20 years, and 20 lakes infested for more than 20 years (based on the MN DNR List of 
infested waters: http://www.dnr.state.mn.us/invasives/ais/infested.html). Lastly, we will categorize the lakes as 
intensively or not intensively managed to control milfoil, in consultation with DNR Regional Invasive Species 
Specialists.  We will also consult with the Regional Specialists, applicators and consultants during the selection 
process. 

At each lake we will employ a systematic sampling scheme to ensure lake-wide coverage over a range of 
depths within the littoral zone. At each sampling point with watermilfoil, we will collect three plant samples per 
taxon, as initially determined visually. We aim to collect watermilfoil from at least 25 sites in each lake, from a 
range of depths, in order to estimate the frequencies of occurrence for each taxon. In lakes where milfoil is sparse 
or rare and not collected at 25 or more of our preselected locations, we will conduct a meandering survey to 
haphazardly collect at least 25 plants to characterize the population. At each site where plants are collected, depth 
and location will be recorded along with presence of flowering plants. These samples will allow us to determine 
the relative frequency of each taxon (Eurasian, northern and hybrid watermilfoil) in each lake along with depth 
distribution and co-occurrence with northern watermilfoil.  

Plants will be individually rolled in paper toweling and stored in sealable plastic bags in a cooler until 
returned to the lab where they will be washed thoroughly in distilled water to limit contaminant DNA from 
organisms growing on the plants (e.g., periphyton, insects, snails). After cleaning, plants will be individually 
flash-frozen so they can be stored or shipped to Thum’s lab for genetic analysis. Thum’s lab will extract total 
genomic DNA from cleaned plant samples that will be used in this Activity and Activity 2.  Plants will be 
identified to taxon using a genetic assay.  

Using the genetic identifications, we will map the occurrence of hybrid, Eurasian and co-occurring northern 
watermilfoil across the state. We will examine the spatial occurrence of hybrid watermilfoil to determine whether 
hybrid occurrence is related to distance from Lake Minnetonka (initial infestation in state), and determine whether 
the geographic distribution of hybrids is random versus over/under-dispersed around the state. We will also 
estimate the local frequencies of watermilfoil taxa to determine if hybrid watermilfoil presence/absence or 
frequency of occurrence differs by duration of infestation (recent, moderate or old), presence of native northern 
watermilfoil or depth.  
 
 
Summary Budget Information for Activity 1: ENRTF Budget: $ 95,683 
 Amount Spent: $ 0 
 Balance: $ 95,683 
Activity Completion Date: 
Outcome Completion Date 
1. Select and sample 50-60 lakes across the state for milfoil, process and preserve 
samples and send material to Thum for genetic analysis. 

August 2018 

2. Extract DNA and identify plant taxa with internal transcribed spacer DNA sequence 
(ITS).  

December 2018 

3. Analyze distribution of hybrid and co-occurring milfoils across state. March 2019 
4. Develop a manuscript describing the distribution of hybrid milfoil and addressing 
the relationship of hybrid and Eurasian milfoil with geographic location, time since 
invasion, depth, and co-occurrence with northern milfoil. 

June 2019 
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Activity Status as of: 31 January 2018 
 
Activity Status as of:  31 July 2018 
 
Activity Status as of:  31 January 2019 
 
Activity Status as of: 31 July 2019 
 
ACTIVITY 2:  Delineate and quantify genetic variation in hybrid watermilfoil in lakes across the state. 
Description:  

The results of this Activity will show if there are few or many hybrid watermilfoil genotypes in Minnesota 
and if they are distributed broadly or in relation to geographic factors, invasion history or other factors.  We 
should also see if particular genotypes or the amount of genetic diversity is related to intensive management.  
These observations will allow us to make preliminary management recommendations and suggest hypotheses for 
further investigation. For example, if specific genotypes appear prevalent in intensively managed lakes, future 
studies can test these for tolerance to herbicides and management can be adjusted accordingly.   

We will do this by further analyzing the samples collected in Activity 1 using higher resolution genetics 
techniques to determine the occurrence and distribution of specific genotypes or genetic diversity of hybrid and 
co-occurring Eurasian and northern watermilfoil.  Specifically, we will assess whether specific genotypes are 
associated with a) geography and distribution, b) invasion history, or c) management history. 

For the broad scale survey of the distribution of hybrid watermilfoil genotypes and diversity we will further 
analyze the extracted DNA to quantify genetic variation and delineate specific clones using either single 
nucleotide polymorphisms (SNPs) or a combination of microsatellite markers and amplified fragment length 
polymorphisms (AFLPs). Thum’s lab has already mastered the methods to efficiently and effectively use 
microsatellites and AFLPS and is exploring approaches using SNPs.  We will use SNPs if we are confident that 
they will be more efficient and effective by the time we are ready to analyze these samples for genotypes and 
genetic diversity; otherwise, we will rely on the proven approach of microsatellites and AFLPs.  

For these surveys, we will first analyze 25 plants from each taxon within a lake to determine if any genetic 
diversity is present, because some lakes may contain a single genotype. If multiple genotypes are found in these 
first 25 samples, we will analyze up to 100 samples to better characterize genetic diversity and the occurrence of 
individual genotypes within these lakes.  We will use similar methods as described for Activity 1 to examine 
spatial distribution patterns of individual genotypes. However, it is possible that individual genotypes will be 
restricted to local populations (i.e., not occur in multiple lakes). In this case, we will focus these analyses on 
clonal and genetic diversity, as estimated as the probability of choosing two distinct genotypes in two random 
draws.  We can use general linear models to compare the distributions of diversity statistics among categorical 
infestation duration (recent, moderate, or old), and between lakes with and without northern watermilfoil, while 
accounting for other variables of interest (e.g., geographic region, etc.). 
 
Summary Budget Information for Activity 2: ENRTF Budget: $ 76,040 
 Amount Spent: $ 0 
 Balance: $ 76,040 
Activity Completion Date: 
Outcome Completion Date 
1. Decide whether to use microsatellites and AFLPs versus SNPs to genotype plants. January 2018 
2. Analyze 25-100 DNA samples from each lake for identification of genotypes. January 2019 
3. Analyze distribution of genotypes and genetic diversity across lakes in relation to 
geography, invasion history and management 

March 2019 

4. Develop a manuscript describing the distribution of genotypes and genetic 
diversity. 

June 2019 

 
 
Activity Status as of: 31 January 2018 
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Activity Status as of:  31 July 2018 
 
Activity Status as of:  31 January 2019 
 
Activity Status as of: 31 July 2019 
 
 
ACTIVITY 3:  Determine whether genetic diversity or the occurrence of specific genotypes is related to a) 
local environment and aquatic plant communities or b) management history or actions. 
Description:  

The data produced in this Activity will be used to describe the fine-scale (within-lake) spatial distribution of 
genotypes as well as providing plant abundance and community data that can be used to test hypotheses regarding 
relationships between watermilfoil taxa (and, genotypes, if possible) and plant communities, management, and 
depth. For example, we will be able to determine if hybrid genotypes are clumped or widely dispersed or 
distributed by water depth or whether genotypes and genetic diversity is related to milfoil abundance.  We will 
also be able to determine if occurrence and relative abundance of specific genotypes changes with treatment, 
thereby indicating potentially herbicide tolerant genotypes that should be studied further.  

To achieve this, we will conduct more intensive surveys on 10 lakes to determine whether genetic diversity 
or the occurrence of specific genotypes is related to a) local environment and aquatic plant communities or b) 
management history or actions. This will indicate factors and conditions that are important to understanding the 
ecology and management of hybrid milfoil and allow us to identify genotypes that indicate need for further study 
in order to assess for tolerance to herbicides or more aggressive growth.  Based on our preliminary results from 
the broad scale surveys and Activity 2, we will select 10 lakes that have hybrid watermilfoil for further detailed 
study: 5 that are relatively unmanaged and 5 that are undergoing active large-scale management with auxinic 
herbicides. The specific attributes of the 5 unmanaged lakes will be based largely on the preliminary analyses of 
the broad scale survey. For example, they might include lakes with and without northern watermilfoil, with and 
without diverse native plant communities, or with and without high genotypic diversity of hybrids or Eurasian 
watermilfoil. For managed lakes, we likely will choose lakes that will be undergoing extensive and intensive 
management, perhaps for the first time, and that have an initial diversity of genotypes. In these lakes, we will 
sample prior to herbicide treatment and several months after treatment.   

In these 10 lakes, we will conduct a full point intercept survey with 150 to 200 points per littoral zone to 
characterize the plant community as well as the occurrence and distribution of milfoil taxa and genotypes. 
Frequency of occurrence and relative abundance (0 to 5 scale based on rake fullness) of all taxa will be 
determined and milfoil will be collected for genetic analysis at all points where it occurs. Genetic samples will be 
processed and analyzed for genotype as in Activity 2.  
 
Summary Budget Information for Activity 3: ENRTF Budget: $ 43,652 
 Amount Spent: $ 0 
 Balance: $ 43,652 
Activity Completion Date: 
Outcome Completion Date 
1. Select and sample 10 lakes for intensive study September 2018 
2. Analyze DNA samples for identification of genotypes. January 2019 
3. Analyze intensive study lakes for relationships of genotypes and genetic diversity 
to depth, plant community and management actions.  

April 2019 

4. Develop a manuscript that addresses local scale factors associated with genotype 
occurrence or the response of hybrid genotypes to management actions. 

June 2019 

 
 
Activity Status as of: 31 January 2018 
 
Activity Status as of:  31 July 2018 
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Activity Status as of:  31 January 2019 
 
Activity Status as of: 31 July 2019 
 
 
ACTIVITY 4.  Disseminate the findings of our research to AIS managers and policy makers through several 
relevant venues. 
Description:  

We will develop a section on the MAISRC website addressing hybrid watermilfoils, origins, distribution and 
management concerns.  We will communicate our work to stakeholders and the public at the annual MAISRC 
showcases and local and regional meeting of lake managers and professionals and lakeshore stakeholders such as 
the State of Waters Meeting, the Upper Midwest Invasive Species Conference, and Midwest Aquatic Plant 
Management Society meetings. We will also present key results each year at a national or international aquatic 
society meeting such as the Aquatic Plant Management Society.  We will work directly with the MN DNR and 
applicators to host two workshops 1) to go over our findings from year 1 and plans for year 2 (to help with lake 
selection for finer scale analyses) and 2) toward the end of the project to relay findings, suggest management 
actions and plan future directions.  Thum will travel to Minnesota twice to meet with managers and applicators, 
once in conjunction with the showcase. Finally we will develop manuscripts for submission to scientific journals 
for our three research activities. This Activity also includes MAISRC service, including participation in 1-2 
committees. 
 
Summary Budget Information for Activity 4: ENRTF Budget: $ 6000 
 Amount Spent: $ 0 
 Balance: $ 6000 
Activity Completion Date: 
Outcome Completion Date 
1. Disseminate preliminary results at MAISRC showcase 2017, 2018 and coordinate 
with MAISRC Extension Specialist Dan Larkin and communicator to address hybrids 
and milfoil genetics on MAISRC website. 

December 2018 

2. Host meeting with stakeholders to present results and discuss management 
strategies 

April 2019 

3. Submit one or more manuscripts to peer-reviewed scientific journal(s) June 2019 
 
 
Activity Status as of: 31 January 2018 
 
Activity Status as of:  31 July 2018 
 
Activity Status as of:  31 January 2019 
 
Activity Status as of: 31 July 2019 
 
 
Final Report Summary:   
 
V. DISSEMINATION: 
 
Description: 
We have incorporated dissemination of our findings into our project itself as Activity 4. Please see a thorough 
description of our outreach and dissemination plan under Activity 4.  

 
Status as of: 31 January 2018 
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Status as of:  31 July 2018 
 
Status as of:  31 January 2019 
 
Status as of: 31 July 2019 
 
 
Final Report Summary: 
 
 
VI. SUB-PROJECT BUDGET SUMMARY:   
 
A. Preliminary ENRTF Budget Overview: 
*This section represents an overview of the preliminary budget at the start of the project. It will be reconciled 
with actual expenditures at the time of the final report. See the Sub-Project Budget document for an up-to-date 
project budget, including any changes resulting from amendments. 

Budget Category $ Amount Explanation 
Personnel: $105,671 Newman faculty member at 4% FTE each 

summer for 2 years ($15,267); graduate student 
at 50% time for 1.75 yrs ($75,787); 
Undergraduate assistant at 17.5% time for two 
years ($8172); Research technician for 11% time 
for one year ($6445) 

Professional/Technical Services and 
Contracts: 

$ 94,204 Subcontract to Ryan Thum collaborator on the 
project who will also be overseeing the genetic 
analysis, including supervision of a student 
worker who will process samples ($89,004): 
[Genetic analysis of samples and professional 
input throughout project by Ryan Thum.  Thum 
faculty member at Montana State 9% FTE each 
summer for two years ($17,884); student 
worker (not tuition) to process samples  0.25 
FTE each year ($12,120); materials and  supplies 
for genetic analyses based on 4000 samples 
($47,000); Automated genotyping of AFLPs and 
microsatellites ($12,000).] Other Services: 
Partial subscription to Biobase plant mapping 
analysis and statistical software ($2000). 
Mailing and shipping costs for plant samples to 
Thum lab ($1200). Boat, trailer and equipment 
repairs and maintenance ($2000).  

Equipment/Tools/Supplies: $  8,000 Field and lab equipment and supplies (Coolers 
for shipping samples, boat gas, sample bags, 
microcentrifuge tubes, sample disruption beads 
and dispenser, and other expendable supplies) 

Travel: $ 13,500 Travel in Minnesota to field sites and project 
related meetings ($9500); Domestic travel to 
present results at regional and national 
meetings ($2000) and for Thum to meet with 
stakeholders and project personnel in 
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Minnesota once each year ($2000). 
Other: $  

TOTAL ENRTF BUDGET: $221,375  
 
Explanation of Use of Classified Staff:   
 
Explanation of Capital Expenditures Greater Than $5,000:   
 
Number of Full-time Equivalents (FTE) Directly Funded with this ENRTF Appropriation: 1.45 
 
Number of Full-time Equivalents (FTE) Estimated to Be Funded through Contracts with this ENRTF 
Appropriation: 0.7 
 
B. Other Funds: 

Source of Funds 
$ Amount 
Proposed 

$ Amount 
Spent Use of Other Funds 

Non-state     
 $ $  
State    
 $ $  

TOTAL OTHER FUNDS: $ $  
 
 
VII. SUB-PROJECT STRATEGY:  

A. Sub-Project Team/Partners:    
Sub-project partners receiving funds: Prof. Ryan Thum, Plant Sciences, Montana State University: $89004 to 

conduct genetic analysis and provide expertise and input on overall analysis, interpretation and write-up.  He will 
help advise the University of Minnesota graduate student and participate in all aspects of the project. Thum is the 
foremost expert on Eurasian and hybrid watermilfoil genetics as it relates to the ecology and management of the 
plants with over 8 papers on the topic.  He has developed and refined methods to identify hybrid watermilfoil and 
milfoil genotypes, has assessed milfoil populations across the country (including Minnesota) and has already 
identified invasive and herbicide tolerant genotypes in Michigan. He also has considerable experience with 
analyzing these data sets and will bring his expertise to Minnesota.   

Sub-project partners not receiving funds: The Minnesota Department of Natural Resources and in particular 
the Regional AIS Specialists, as well as lake management companies, consultants and watershed districts will be 
providing information on suitable study lakes, management history, access and logistical information. They will 
also recommend and help coordinate work on intensive study lakes to be treated and suggest particular issues to 
assess. They will participate in our annual workshops and provide feedback on our approach and interpretation, 
particularly as it relates to management applications.  

  

B. Sub-Project Impact and Long-term Strategy:   
Although the presence of hybrid watermilfoil has been known for some time and there has been much 

speculation on potential problems associated with the presence of hybrids, the occurrence and distribution of 
hybrid watermilfoil is poorly documented in Minnesota. The project will have a long-term benefit to Minnesota’s 
Eurasian watermilfoil management program by providing the first state-wide assessment of the distribution of 
hybrid and Eurasian watermilfoil and their genotypes and an assessment of some key factors that may affect their 
occurrence and abundance. Identification of these factors will contribute to our understanding of the role and 
contribution of hybrids in invasion biology. This research will form a firm foundation upon which future research 
can build to develop mechanistic, experimental approaches to determining best management solutions for 
Eurasian and hybrid watermilfoil that explicitly recognize the potential for genetic variation to impact 
management outcomes.   
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This work will benefit AIS management in Minnesota by identifying how widespread hybrid milfoil is in 
Minnesota and by identifying potential management concerns. If a few specific genotypes are wide-spread and 
appear resistant to management, lab studies can be conducted to determine if true and genetic screening 
recommended for these genotypes before conducting new treatments. If hybrid milfoil is widespread, and 
backcrosses common, development of tolerant populations will be of particular concern. Strategies to reduce 
selection for tolerance may be needed state-wide, but these should be applied on a lake-by-lake basis. Discussion 
of our results with AIS Specialists, lake managers and applicators will allow them to develop best management 
practices. 

 

C. Spending History:  
Funding Source M.L. 2008 

or 
FY09 

M.L. 2009 
or 

FY10 

M.L. 2010 
or 

FY11 

M.L. 2011 
or 

FY12-13 

M.L. 2013 
or 

FY14 
      
      
      
 
VIII. ACQUISITION/RESTORATION LIST: N/A 
 
IX. VISUAL ELEMENT or MAP(S): See attached map of milfoil distribution in MN 
 
X. ACQUISITION/RESTORATION REQUIREMENTS WORKSHEET: N/A 
 
XI. RESEARCH PROPOSAL: Attached 
 
XII. REPORTING REQUIREMENTS: 
Periodic work plan status update reports will be submitted no later than 31 January and 31 July each year.  A 
final report and associated products will be submitted within two months of the anticipated sub-project 
completion of 30 June 2019. 


