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I.  SUB-PROJECT TITLE: Implementing findings: An applied ecologist position and program 
 
II. SUB-PROJECT STATEMENT:  

Aquatic invasive plants are a major threat to Minnesota’s lakes, rivers, and wetlands. AIS plants can 
grow densely and form surface mats, reducing space and light available to other plant species. This can lower 
native plant diversity, reduce habitat quality for fish and other animals, and change the way lakes function. 
Aggressive growth of AIS plants also interferes with boating, recreation, and other human uses. AIS plants can 
thus harm biodiversity, habitat quality, and human activity. 

Despite strong interest and investment in preventing new invasions, controlling existing infestations, 
and supporting the recovery of impacted waterbodies, there are still key gaps in scientific knowledge needed to 
support effective management. To help address these gaps, this subproject will involve applied research on four 
high-priority aquatic plant species that are invasive or potentially invasive in Minnesota lakes. These species are 
at different stages of invasion in Minnesota. Because of this, management priorities and associated research 
needs differ, from evaluating risk of future invasion and spread, to improving the toolkit available for control, to 
identifying strategies for aiding recovery of lakes affected by AIS: 

 (1) Nitellopsis obtusa (starry stonewort) is a charophyte (green alga) that is a new invader in 
Minnesota, having been found in Lake Koronis (Stearns Co.) in summer 2015. Starry stonewort is native to 
Europe and Asia. It appears to be spreading rapidly in northern-tier lakes, after first being found in the St. 
Lawrence River in 1978. We will assess risk of further spread of starry stonewort in Minnesota based on climate 
and environmental factors and by testing how long starry stonewort can remain viable out of water—mimicking 
potential movement by boaters. We will also test methods for controlling starry stonewort, which has proven 
difficult and on which there has been almost no scientific research. For now, herbicides/algaecides are the most 
promising tool for controlling starry stonewort. To ensure that control efforts are as effective as possible while 
minimizing harm to native species, we will conduct laboratory experiments to test the efficacy and selectivity of 
different herbicides. This information is urgently needed during this window of opportunity to minimize impacts 
of starry stonewort to Minnesota lakes. 

(2) Myriophyllum spicatum (Eurasian watermilfoil) is native to Europe and Asia, was first found in 
Minnesota in 1987, and now occurs in 322 Minnesota lakes in 40 counties.  

(3) Potamogeton crispus (curly-leaf pondweed) is native to Europe, Asia, Africa, and Australia; has been 
in Minnesota since at least the early 1900s; and is now in 750 Minnesota lakes in 70 counties. Eurasian 
watermilfoil and curly-leaf pondweed have been a focus of management and research in Minnesota for decades. 
But there are still limits in our ability to effectively control these species and, following treatment, to support 
recovery of native plant species. We will analyze existing datasets, perform new field work, and develop a 
citizen-science monitoring program to improve understanding of factors that drive invasion of these species and 
influence the effectiveness of management efforts. Eurasian watermilfoil and curly-leaf pondweed are not new 
to Minnesota, but ≥ 94% of our lakes do not contain these species. Improved ability to manage these species 
and contain further impacts is needed. 

An undergraduate, graduate student, and postdoctoral researcher will be trained under this subproject. 
Findings will be disseminated through peer-reviewed publications, presentations, and outreach and extension 
programming for agency staff, lake service providers, lake associations, and other stakeholders. 
 
 
III. SUB-PROJECT STATUS UPDATES:  
 
Sub-Project Status as of May 5, 2016: 
 
Dr. Larkin’s full research proposal has been peer reviewed through the Center process, revisions were made, and 
its workplan and budget approved by MAISRC. Please see amendment request below to update the workplan 
accordingly. Additionally, an ecological niche model has been developed to determine the threat of starry 
stonewort spread in Minnesota. The model indicated that this species is persisting in novel habitats – meaning 
that it is occurring in areas here that are climatically distinct from its native range, and that conditions in 
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portions of the upper Midwest and other regions in the U.S. are ideal for its growth and spread. Additionally, a 
convening in the next month of researchers and managers with starry stonewort experience is being led by Dr. 
Larkin to determine current research and management knowledge and gaps. There will be a public webinar 
hosted in conjunction with this meeting. 
 
Amendment request as of May 5, 2016:  
 
Dr. Larkin’s full research proposal has been peer reviewed through the Center process, revisions were made, and 
its workplan and budget approved by MAISRC. We now seek an amendment to move $692,000 from the Budget 
Reserve of Subproject 8 and allocate it among 4 new activities as shown on the attached budget spreadsheet.  
 
Section II Sub-project statement above has been revised and 4 new activity descriptions and their related 
outcomes have been added to section IV Subprojects and Outcomes, below.  
 
Amendment Approved by LCCMR 5-11- 2016 
 
Sub-Project Status as of January 31, 2017:  
 
This funding has enabled an active research program addressing applied issues in aquatic invasive plant 
management in Minnesota lakes. Research on starry stonewort has addressed spread risk using ecological niche 
modeling and ongoing work to predict vulnerability of individual Minnesota lakes to starry stonewort invasion 
based on environmental characteristics. Culturing of starry stonewort is being refined to enable laboratory 
experiments addressing starry stonewort climate and desiccation tolerance and chemical control. Field sampling 
and experimental germination of starry stonewort bulbils from areas treated with algaecides and/or mechanical 
harvesting revealed high capacity for reinvasion of treated areas. In-lake outcomes of starry stonewort 
management efforts are being monitored in collaboration with DNR and other external partners. Research on 
Eurasian watermilfoil and curly-leaf pondweed has shown that shallow lakes with higher native plant diversity 
are more vulnerable to invasion, and that these invasive plants are associated with rapid biotic homogenization 
of vegetation in these lakes (loss of plant community distinctiveness). We are compiling monitoring data from 
past treatments of Eurasian watermilfoil and curly-leaf pondweed in Minnesota lakes to investigate how 
management decisions and environmental conditions influence effectiveness of control and capacity for 
recovery of native plant communities. The curly-leaf pondweed component incorporates and builds upon 
previously ENRTF-funded work by Dr. Ray Newman (Subproject 9). Finally, our research is being integrated with 
joint MAISRC-Extension efforts to develop the Trackers citizen science program (Subproject 10). Research 
related to this project has been presented in peer-reviewed publications (one complete, two in revision, several 
in preparation), research and outreach talks (13 total, 12 invited), and media coverage (7 total, including print, 
television, and radio). 
 
Amendment request as of January  31, 2017: 
 
We request a budget amendment to reallocate resources from Activity 2 (hydrilla) to Activity 3 (starry 
stonewort). This change is motivated by our desire to avoid duplication of effort related to hydrilla research and 
the emergence of new opportunities to improve understanding of starry stonewort control effectiveness. We 
also request an amendment to redistribute funds within the Activity 3 budget for publication costs associated 
with making our starry stonewort ecological niche model available open access in a top-tier journal. Finally, we 
would like to add a new personnel line for a Research Fellow (no budget amendment required). These changes 
are further explained below: 
 

• At the summer 2016 annual meeting of the Aquatic Plant Management Society, Dr. Larkin learned of a 
large, federally funded project addressing risk of hydrilla invasion in the Great Lakes region. The Great 
Lakes Hydrilla Risk Assessment is a $1.1 million project funded by the U.S. Army Corps of Engineers that 
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funds research at three universities: Texas Tech University, University of Toledo, and North Carolina 
State University. After attending a series of talks about this effort, Dr. Larkin realized that the objectives 
he proposed to meet under activity 2 would be duplicative with this larger effort that is already 
underway. 

• Also during the last reporting period, there were seven new infestations of starry stonewort found in 
Minnesota. The DNR, lake associations, and other partners began rapid response efforts in several of 
these locations (in addition to control work already underway in Lake Koronis). This created an 
unanticipated opportunity to conduct research on in-lake outcomes of starry stonewort management 
efforts. Dr. Larkin and his team coordinated with the DNR and other partners and began collecting data 
from these treatments. This amendment will allow us to avoid duplication of effort in our research 
activities and enable new capacity to evaluate starry stonewort treatment outcomes in Minnesota. The 
net result will be moving the full budget for Activity 2 ($130,000) to Activity 3 accordingly:  $128,421 to 
personnel, $3,139 to professional services and contracts, $4,460 to equipment/tools/supplies, and 
$1,750 to travel ($1,000 MN and $750 domestic). 

• We also request a budget amendment to Activity 3 to redistribute $1,495 from Supplies – lab & field to 
Services – office & general operating for costs of July 2016 publication of our starry stonewort ecological 
niche model in the open-access journal Scientific Reports. 

• We would like to add a line under Personnel for a Research Fellow position funded half-time on this 
grant for two years. This change does not require a budget amendment. We leveraged two additional 
sources of funding to enable this position: (1) Michael Verhoeven, a PhD student working on this 
project, received a competitive 1-year fellowship from the Conservation Sciences graduate program, 
which reduced costs associated with his position. (2) We received federal funding from the Army Corps 
of Engineers for research on hybrid milfoil invasion in northern-tier waterbodies. This funding provides 
the other half of the Research Fellow salary necessary to make this a full-time employment opportunity 
for two years. 

 
Amendment Approved by LCCMR 2/6/2017 
 
Sub-Project Status as of July 31, 2017:  
 
We have advanced progress of our research on several fronts. The completion dates for some outcomes have 
been amended and three small budget adjustments have been made. These updates are described below. 
 
In the past 6 months, we have continued to address key applied questions in aquatic invasive plant biology and 
management in Minnesota lakes. Substantial progress has been made on addressing spread risk of starry 
stonewort using ecological niche modeling. This work has now advanced into lake-level risk prediction for 
individual Minnesota lakes based on water chemistry variables; findings from this work are being used to guide a 
statewide MAISRC/Extension citizen-science starry stonewort search effort (see Subproject 10 workplan 
update). Research on Eurasian watermilfoil and curly-leaf pondweed are elucidating the role of biotic 
interactions in risk of aquatic plant invasions and the outcomes of herbicide control efforts through compilation, 
synthesis, and analysis of large-scale datasets. Our work on Eurasian watermilfoil and curly-leaf pondweed 
includes cross-cutting collaborations with Drs. Ray Newman (Subproject 9) and Przemek Bajer (Subproject 4). 
 
Michael Verhoeven, a graduate student conducting research under this project, was awarded a highly 
prestigious Graduate Research Fellowship from the National Science Foundation. Carli Wagner, an 
undergraduate conducting research on starry stonewort in Dr. Larkin’s lab, was awarded first place for her 
student poster presentation at the annual meeting of the Midwest Aquatic Plant Management Society. Rafael 
Contreras-Rangel is joining the project as a Master’s student advised by Dr. Larkin following positions with 
MnDNR and Conservation Corps Minnesota; Rafael was awarded a one-year fellowship by the University. 
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Research under this award has been presented in peer-reviewed publications (two complete, one in revision, 
three in review, and several in preparation), research and outreach talks (19 total, 16 invited), and media 
coverage (12 total, including print, television, and radio). 
 
Anticipated outcome completion dates have been updated. For Activity 3, this includes a later start date for 
starry stonewort desiccation experiments and completing/analyzing experiments due to difficulties maintaining 
healthy laboratory cultures of starry stonewort—an understudied AIS for which little culturing information is 
available. For Activity 4, this includes a later date for initial Trackers sampling and quality control testing; this is 
due to previous delays in fully staffing Extension positions for the AIS Trackers program. 
 
Three budget adjustments have been made. Costs for “Services – office & general operating” for Activities 3, 4, 
and 5 have been higher than anticipated (due to subscription software for underwater vegetation mapping), 
while costs for “Services – lab” have been lower than expected because of our purchase of a water quality sonde 
that performs several of the water chemistry tests we originally intended to submit for laboratory analysis. We 
have adjusted Activities 3, 4, and 5 to account for this, with the following amounts rebudgeted from “Services – 
lab” to “Services – office & general operating”: Activity 3 – $824, Activity 4 – $275, and Activity 5 – $275. 
Because this resulted in no change to the total professional/technical services and contracts category in each 
activity, no amendment request was required. 
 
Amendment request as of July 31, 2017: 
 
We request approval to reallocate resources from Activity 3B to Activity 3D (no budget amendment required). In 
addition, we request budget amendments to reallocate resources within Travel. We also request approval to 
specify additional items to be covered under Supplies – Lab & Field. These changes are explained below: 
 

• Under Activity 3B, we planned to test climate tolerance of starry stonewort under laboratory conditions 
to evaluate whether its spread in Minnesota might be limited by severe winters. We request to remove 
this from our planned activities for the following reasons: (1) At the time these experiments were 
proposed, there was only one known, relatively southerly location of starry stonewort in the state (Lake 
Koronis in Stearns/Meeker Counties), prompting the question of whether starry stonewort could 
establish farther north under harsher winter conditions. This is no longer the case; a majority of 
currently known infestations are in northern Minnesota (Cass, Upper Red, Winnibigoshish, Turtle, and 
Moose Lakes), including very large (>100 acre), well-established infestations (Winnibigoshish and 
Moose). There is no longer reason to believe that winter conditions are generally limiting within 
Minnesota. (2) Our experience maintaining cultures of starry stonewort in the lab over the past year 
indicates that it is difficult to maintain this species in a healthy state over the extended time periods 
required for adequate climate tolerance tests. And this experience has also shown us that laboratory 
algaecide trials, which are a high priority for management, will require more personnel time and 
materials than previously anticipated. Thus, we request to reallocate resources from Activity 3B to 
Activity 3D (control). This change does not require a budget amendment as resources allocated for 
climate tolerance tests would remain within Activity 3.  

• Costs for “Travel – Domestic” have been higher than anticipated, while costs for “Travel – MN” have 
been lower than expected. This is due to higher costs for attendance of national scientific meetings to 
share findings from our project and learn about the latest advances from other experts in the field. We 
have saved money on within-state travel by spending less on personal vehicle mileage and lodging than 
expected. We request budget amendments to Activities 4 and 5 to account for this, with the following 
amounts rebudgeted from “Travel – MN” to “Travel – Domestic”: Activity 4 – $750 and Activity 5 – $750. 

• As we have implemented our research, we have found that answering key questions will require SCUBA 
diving as part of our fieldwork, in addition to the boat-based work we have been performing. This is true 
for research addressing spread and control of starry stonewort (Activity 3), Eurasian watermilfoil 
(Activity 4), and curly-leaf pondweed (Activity 5). Thus we request that description of budget items for 
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“Supplies – lab & field” has been modified to include SCUBA equipment, including wetsuits, regulators, 
and air for tanks. This does not require additional funds as we have had lower than anticipated costs for 
other laboratory and field supplies.  

 
 
Sub-Project Status as of January 31, 2018:  
 
Sub-Project Status as of July 31, 2018:  
 
Sub-Project Status as of January 31, 2019:  
 
Overall Sub-Project Outcomes and Results: 
 
IV. SUB-PROJECT ACTIVITIES AND OUTCOMES:   
 
ACTIVITY 1:  Aquatic Invasive Plant Project Development 
Description:  Funding for this subproject has been leveraged to create a new tenure-track assistant professor 
and Extension specialist position (a 60% extension and 40% research appointment), which is filling not only a 
state, but a nationwide need in the area of invasive submersed macrophyte control and macrophyte ecology, 
restoration, and management.   
 
Dr. Dan Larkin has been hired into this position and will start work August 31, 2015 to develop and lead 
subproject 8.  Dr. Larkin will begin by meeting with resource managers, researchers, Extension staff, and other 
partners around the state to understand needs, identify research gaps, and formulate his research and 
Extension plans. His project development will also include travelling to evaluate potential field sites within the 
state and starting to assemble his laboratory and field capacity with purchase of key supplies and equipment.   
 
Dr. Larkin’s plan will be submitted to MAISRC through the process described in the center’s MOU and will 
involve a pre-proposal presentation to seek input from MAISRC faculty and Extension staff followed by a full 
proposal submission to MAISRC. After receiving feedback through peer review of his proposal, Dr. Larkin will 
make any revisions necessary to his proposal and then develop an LCCMR workplan and budget.  Once Dr. 
Larkin’s research proposal, workplan and budget have been approved by MAISRC, it will be amended to this 
workplan and budget and submitted to LCCMR for approval.  
 

Summary Budget Information for Activity 1: ENRTF Budget: $ 130,000  
 Amount Spent: $ 125,412 
 Balance: $ 4,588 

Activity Completion Date: 
Outcome Completion Date 
1. Proposal submission to MAISRC for evaluation and peer review October 31, 2015 
2. Revisions following peer review submitted to MAISRC February 15, 2016 
3. Workplan submission to LCCMR March 15, 2016 
4. Aquatic invasive plant project implementation   April 15, 2016 
5. Final subproject deliverable June 30, 2019 

 
Activity Status as of May 3, 2016:  
 
Dr. Larkin’s full research proposal has been peer reviewed through the Center process, revisions were made, and 
its workplan and budget approved by MAISRC. An amendment is now being requested to add these activities to 
the workplan. Additionally, an ecological niche model has been developed to determine the threat of starry 
stonewort spread in Minnesota. The model indicated that this species is persisting in novel habitats – meaning 
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that it is occurring in areas here that are climatically distinct from its native range, and that conditions in 
portions of the upper Midwest and other regions in the U.S. are ideal for its growth and spread. Additionally, a 
convening in the next month of researchers and managers with starry stonewort experience is being led by Dr. 
Larkin to determine current research and management knowledge and gaps. There will be a public webinar 
hosted in conjunction with this meeting. 
 
Activity Status as of January 31, 2017:  
 
Proposal submission to MAISRC for evaluation and peer review, revisions following peer review submitted to 
MAISRC, and workplan submission to LCCMR are completed. Aquatic invasive plant project implementation   
is underway.  
 
Activity Status as of July 31, 2017: 
Aquatic invasive plant project implementation is underway. 
 
Activity Status as of January 31, 2018:  
 
Activity Status as of July 31, 2018: 
 
Activity Status as of January 31, 2019:  
 
Final Report Summary:   
 
 
ACTIVITY 3:  Assessing risk of further starry stonewort spread in Minnesota lakes and 
evaluating control options 
 
Description: Starry stonewort is a relatively new invader for North America and very new to Minnesota. Starry 
stonewort has an extensive native range in Europe and Asia, but is rare across most of that range—even 
classified as a priority conservation species in the United Kingdom and endangered in Japan. Despite its rarity as 
a native species, starry stonewort is expanding rapidly throughout the Great Lakes region. It is now widespread 
in Michigan’s Lower Peninsula, increasing in New York, and has recently been recorded for the first time in 
Indiana (2012), Wisconsin (2014), and Minnesota (2015). Unfortunately, there has been little applied research 
on starry stonewort, limiting our capacity to prevent and respond to new infestations. There have been only five 
peer-reviewed publications addressing starry stonewort as a non-native species in North America, and only one 
of those has been published since 1991. However, it is clear that starry stonewort can spread quickly within 
lakes and produce nuisance growth that interferes with recreation, it likely displaces native plants, and it may 
affect habitat quality for fish and other animals. When discovered in Lake Koronis, it already extended >250 
acres. Starry stonewort is dioecious, and only males have been found in the U.S. to date, indicating that spread 
has been by movement of clonal (non-sexually reproductive) propagules—fragments and star-shaped 
reproductive structures called “bulbils.” In addition, occurrences have been concentrated near boat ramps and 
other high-use areas, implicating movement by boaters. There is great concern about starry stonewort, but little 
ecological knowledge to predict future spread and a limited toolkit available for its control.  
 
A Predicting risk of future starry stonewort spread in Minnesota 

Ecological niche modeling for starry stonewort is underway. We used occurrence data from 8 countries, 19 
climate variables, and remotely sensed environmental data to characterize the environmental niches occupied 
by starry stonewort in its native and invaded ranges. Initial findings indicate that starry stonewort has expanded 
into regions of the U.S. with climate conditions distinct from those found in its native range. Roughly one-third 
of Minnesota appears to constitute suitable habitat for starry stonewort, as do large portions of the 
Intermountain West, Great Plains, and Mid-Atlantic—areas with no known occurrences to date. 
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Next we will scale down risk assessment to individual lakes within Minnesota. We will use starry stonewort 
occurrence records from other states and associated environmental data (lake depth and size, water clarity, 
water chemistry, etc.) to characterize the types of lakes that constitute the best habitat for this species. We will 
then analyze environmental data for Minnesota lakes to identify those that most closely match these conditions. 
Information on human use and development will be incorporated to assess likelihood of introduction from 
source populations. This research will allow us to move from predicting starry stonewort invasiveness at a 
regional scale to predicting invasibility for individual lakes. Lakes identified as high risk will be recommended for 
targeted surveillance by the Detectors program, a MAISRC/ Extension program involving citizen scientists in AIS 
early detection efforts. 
 
B. Intentionally Omitted 

 

C. Laboratory experiments testing starry stonewort desiccation resistance 

Spread of starry stonewort to new lakes appears to be through unintentional human movement, but how long it 
remains viable out of water is unknown. Healthy starry stonewort material (bulbils and shoots) will be 
subsampled from cultures, weighed, and randomly assigned to treatments. Large numbers will be used in each 
treatment (n ≈ 100) to account for potentially high variability. We will also evaluate different sized clumps of 
material, as larger clumps are likely to dry more slowly. Controls will be returned to water; desiccation 
treatments will be placed in environmental chambers for 24 hours, 2 days, or 5 days, mimicking time on land on 
a contaminated boat. Temperature, photoperiod, and humidity in chambers will be set to mimic summer 
conditions in Minnesota. If material rapidly dies or is still viable after 5 days, we will add shorter or longer time 
periods. At the end of each time period, treated and control materials will be reweighed and returned to water. 
Viability will be assessed by observing growth, inducing sprouting of bulbils, or using stains that bind to dead 
algal tissue. Material will then be dried and dry weight of control and desiccation treatments compared. 
 
D. Laboratory experiments testing starry stonewort control options and non-target impacts to native plant 
species 

We will use a two-phase approach to test herbicides for controlling starry stonewort. Small-scale, high-
replication assays will be performed in environmental chambers using shoot segments and bulbils subject to 
different herbicides and concentrations. Herbicides with high effectiveness relative to controls will be included 
in more realistic tests using whole plants rooted in sediment. These tests will be performed in the MAISRC 
research facility, which has dedicated bench space for aquatic plant experiments.  

Chelated copper compounds are the main algaecides used for starry stonewort control; these are 
available in a variety of formulations, which can vary in efficacy. In addition, non-copper contact herbicides can 
also be used. We will test different copper formulations and the herbicides diquat and alkylamine endothall, 
both alone and in combination with copper.  

Control treatments will include low, medium, and high use rates per label recommendations to achieve 
different concentration/exposure times. Initial assays will be monitored at multiple time points for up to 14 
days. Masses of bulbils and masses and lengths of shoots will be measured pre- and post-treatment and material 
will then be dried and weighed. Whole-plant tests will last ~28 d. Signs of injury will be visually monitored 
throughout the experiment. At the conclusion of experiments, above and belowground biomass will be 
harvested, dried, and weighed. For all tests, efficacy will be evaluated by analyzing measures of treated 
materials (length, mass, injury, etc.) relative to controls. 

Starry stonewort treatments need to not only be effective but also selective, so that harm to native 
species is minimized. Along with starry stonewort control tests, we will also expose native species to the same 
treatments. Copper compounds can be used for control of vascular plants as well as algae and are likely to have 
non-target effects on some native vascular plant species, as well as native charophytes, which are numerous in 
Minnesota. Species tested will include native charophytes closely related to starry stonewort and ecologically 
important vascular plants. Final selections will be based on availability of plant materials, what can be cultured 
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in the MAISRC facility, and consultation with stakeholders and experts. Examples of candidate species include 
the charophytes Chara aspera (rough stonewort), Chara contraria (fetid stonewort), and Nitella flexilis (slender 
nitella) and the vascular plant species Elodea canadensis (Canadian waterweed), Vallisneria americana (water 
celery), Potamogeton illinoensis (Illinois pondweed), and Myriophyllum sibiricum (northern watermilfoil). 

 
E. Field sampling to evaluate outcomes of starry stonewort control efforts in Minnesota lakes 

Determining how to best control AIS requires a multi-faceted approach that integrates controlled experimental 
work with “real world” outcomes of actual in-lake management efforts. As of winter 2017, there are now 9 lakes 
in Minnesota known to have starry stonewort, and control efforts have begun in 7 of these lakes. This large 
increase in management activities since last spring offers new opportunities to conduct research on in-lake 
outcomes of starry stonewort treatments.  

Treatments to date include a mix of chemical and mechanical techniques. Chemical treatment has 
included copper-based algaecides and non-copper herbicides. Algaecide treatments have further included both 
liquid algaecides targeting aboveground plant biomass and use of granular algaecides intended to target starry 
stonewort bulbils to minimize reinvasion. Mechanical treatments have included use of mechanical harvesters, 
suction dredging, and diver-assisted suction harvesting. Furthermore, treatments have been applied as partial 
treatments of larger infestations to trial methods (e.g., in Lake Koronis) and as attempts to remove all starry 
stonewort from smaller infestations (e.g., in Lake Sylvia). These various efforts—which are largely operating by 
trial-and-error due to a lack of previous research that can guide management—present important opportunities 
to advance adaptive management of starry stonewort if sufficient, rigorous data are collected so that we can 
learn from them. 

We are working with the DNR, lake associations, and private-sector service providers to evaluate 
outcomes of these efforts. Where possible, we are sampling both before and after treatments and in both 
treated areas and untreated reference locations. We plan to conduct multi-year monitoring to evaluate longer-
term trajectories of these efforts. 

 
 
 

Summary Budget Information for Activity 3: ENRTF Budget: $ 413,193 
 Amount Spent: $ 122,357 
 Balance: $ 290,836 

Activity Completion Date: 
Outcome Completion Date 
A1. Starry stonewort ecological niche modeling completed and paper published January 31, 2017 
A2. Begin lake-level risk assessment for starry stonewort January 31, 2017 
A3. Complete risk assessment and present results to MNDNR and other stakeholders July 31, 2018 
B. Begin laboratory experiments testing starry stonewort climate tolerance January 31, 2017 
C. Begin lab experiments testing starry stonewort desiccation resistance  September 30, 2017 
D. Begin laboratory experiments testing starry stonewort control options and non-
target impacts to native plant species 

January 31, 2017 

E. Begin field sampling to evaluate outcomes of starry stonewort control efforts in 
Minnesota lakes 

January 31, 2017 

B–E. Complete experiments, analyze data, and present results to stakeholders June 30, 2019 
A–E. Complete manuscripts and submit for peer review June 30, 2019 

 
 
Activity Status as of January 31, 2017:    

Our ecological niche model for starry stonewort (in collaboration with Dr. Phelps’ MAISRC research group) was 
published in the journal Scientific Reports. We found that starry stonewort is occupying a climate niche in North 
America that differs from the climatic niche within which it occurs in its native range. This “niche shift” may 
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partly explain its growing success in the U.S. as an invasive species—despite being a species that is threatened 
and even endangered in parts of its native range. Based on our estimation of its ecological niche, we predict that 
substantial areas of North America with no known starry stonewort occurrences (including portions of the Mid-
Atlantic, Great Plains, and Intermountain West) may be vulnerable to invasion should it be introduced into 
suitable waterbodies in those regions. A second paper addressing the potential effects of climate change on 
future starry stonewort distribution in Minnesota is currently in revision. 
 
We have begun to perform lake-level prediction of starry stonewort invasion risk for Minnesota. Past research 
from elsewhere in starry stonewort’s native and invaded ranges provide data on water chemistry and other 
environmental variables associated with starry stonewort occurrence. We are integrating this information with 
statewide lake data from the MPCA to predict suitability of Minnesota lakes for starry stonewort. Preliminary 
results indicate that starry stonewort is more likely to invade lakes with higher pH and conductivity, predicting 
higher suitability in southern and central Minnesota lakes. 
 
Laboratory work related to starry stonewort requires adequate plant material for use in experiments. We first 
collected starry stonewort from Lake Koronis in July 2016 and have been maintaining cultures in the MAISRC 
Containment Laboratory (MCL) since that time (Figure 1). The cultures have ebbed and flowed, with some plants 
dying while others have persisted. We have experimented with different tank sizes, growth substrates, nutrient 
additions, light intensities, and other factors to improve persistence. This refinement of culture conditions is 
ongoing. We have been able to keep plants alive and to grow new plants from bulbils; we hope to achieve 
increased vitality and biomass production.  
 
We have also performed laboratory experiments to test outcomes of starry stonewort control efforts. It has 
become a common method to treat starry stonewort infestations first with liquid copper-based algaecides to 
reduce plant biomass and then follow up with granular algaecides intended to kill bulbils to prevent starry 
stonewort regrowth. We collected bulbils from areas of Lake Koronis that had been subjected to different 
management (algaecide only, algaecide + mechanical harvesting, untreated control) and have been tracking 
their germination in the lab. We are integrating these results with monitoring data collected by a third-party 
evaluator contracted by the Koronis Lake Association (KLA). Our preliminary findings indicate that treatments 
were effective in reducing starry stonewort biomass. However, bulbil production was high in treated areas, 
particularly in areas treated only with algaecide. Bulbil viability was uniformly high (approximately 65-75% of 
collected bulbils germinated over a two-month period) and was not impaired by algaecide treatment—including 
granular algaecide used specifically for bulbils. Thus, while treatments were effective in providing temporary 
reduction of nuisance growth, the potential for regeneration from bulbils appears to be high. This work is 
currently being prepared for submission to a peer-reviewed journal. 
 
In summer-fall 2016, we sampled starry stonewort populations in 6 lakes, of which 5 were being treated. We 
also coordinated with MnDNR to share data and ensure good coverage from our collective monitoring efforts. 
We are also collaborating with biologists from the Wisconsin DNR, which has a similar number of infested lakes 
and where similar treatment efforts are underway. We have assembled metadata from both states documenting 
what treatments and monitoring have been applied where, so that we can synthesize outcomes to inform future 
management efforts.  
 
The impacts of our starry stonewort research have been expanded through collaboration, outreach, and service 
to management agencies. We organized and led an international working group on starry stonewort. This 
meeting culminated in a webinar attended live by over 140 participants from Minnesota and other states and 
archived on the MAISRC website (http://www.maisrc.umn.edu/news/ssw-webinar). We will soon be submitting 
a review paper on ecology, invasion, and management of starry stonewort as a product of this effort. We also 
prepared and distributed a starry stonewort FAQs document and are developing a website to provide technical 
assistance to stakeholders impacted by starry stonewort. In addition, the working group led to a new research 
collaboration with Dr. Ken Karol (New York Botanical Garden) and a new extension collaboration with Paul 

http://www.maisrc.umn.edu/news/ssw-webinar
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Skawinski (University of Wisconsin-Extension). In addition, Dr. Larkin provides technical assistance on an ad-hoc 
basis to several lake associations and other stakeholders regarding starry stonewort invasion and management. 
He also serves on the DNR’s Starry Stonewort Guidance Group.  

 
Activity Status as of July 31, 2017:    
 
In collaboration with Dr. Phelps’ MAISRC research group, a paper on potential future distribution of starry 
stonewort in Minnesota under different climate change scenarios was published in the journal PLoS ONE. Under 
present climate, the most climatically suitable areas for starry stonewort are predicted to be found in central 
and southeastern Minnesota. In the future, suitable areas for starry stonewort are predicted to shift in 
geographic range under some future climate models and to shrink under others. 
 
We have developed lake-level risk maps based on water chemistry variables for starry stonewort invasion in 
Minnesota and Wisconsin (Figure 1). A manuscript based on this work is at an advanced stage of preparation 
and will be submitted shortly. Risk predictions are being used to guide prioritization of search locations for 
“Starry Trek,” a statewide citizen-science search effort to identify new starry stonewort infestations (See 
workplan update for Subproject 10—Aquatic Invasive Species Research Center Sub-Project 10:  Citizen Science 
and Professional Training Programs to Support AIS Response).  
 
We completed field and lab research investigating response of starry stonewort to mechanical and algaecide 
treatments performed in Lake Koronis in summer 2016. We found that mechanical harvesting and algaecides 
reduced starry stonewort biomass but did not impair viability of starry stonewort bulbils, indicating high 
potential for regeneration. This work has been developed into a manuscript to be submitted soon for peer 
review. An undergraduate researcher mentored by Dr. Larkin, Carli Wagner, was awarded first prize for student 
poster presentation at the Midwest Aquatic Plant Management Society Annual Meeting for her presentation of 
these findings.  
 
Dr. Larkin has continued to lead an international working group on starry stonewort (the Nitellopsis working 
group) to synthesize the current state of knowledge and key research needs on the biology, ecology, invasion, 
and management of starry stonewort in the U.S. and internationally. The group has completed a review paper 
on starry stonewort, which has been submitted 
for publication and is currently in review.  
 
We continue to refine methods for maintaining 
cultures of starry stonewort. In recent weeks, 
starry stonewort maintained in the lab since July 
2016 has experienced dramatic declines. We will 
be collecting new plants and restarting cultures 
this summer to attempt to establish more robust 
material for laboratory experiments. Other 
ongoing research activities this summer include 
sampling of starry stonewort-invaded lakes, with 
a particular emphasis on Lake Koronis and Moose 
Lake because of their very extensive, well-
established infestations, and experiments to 
evaluate desiccation tolerance. 
 
 
Activity Status as of January 31, 2018:    
 
Activity Status as of July 31, 2018:    

Figure 1. Starry stonewort risk map based on lake-level water chemistry 
variables. Color scale indicates predicted low (blue) to high (red) risk 
based on an ecological niche model using a random forests algorithm. 
Black diamonds are known infestations. Muthukrishnan et al. (In prep). 



12 
 

 
Activity Status as of January 31, 2019:    
 
Activity Status as of July 31, 2019:   
 
ACTIVITY 4:  Eurasian watermilfoil management: Factors influencing invasion, 
treatment effectiveness, and post-treatment recovery of native vegetation  
Description: Eurasian watermilfoil is native to Europe and Asia and was first found in Minnesota in 1987 in Lake 
Minnetonka. Management efforts in the years since have employed mechanical harvesting, biocontrol, and 
herbicides. Research and monitoring have shown that eradication is rarely possible, but that infestations can be 
strategically managed to minimize negative impacts while avoiding unintended damage to native vegetation, 
which can be harmed by overly aggressive management. There is large variability among lakes in the extent to 
which Eurasian watermilfoil reaches nuisance growth levels. There is also high variation in the outcomes of 
treatment efforts. In some cases, management can greatly reduce Eurasian watermilfoil abundance and 
facilitate recovery of native plants. In other cases, control has been minimally effective or native plants have not 
recovered. This is an area with high potential for coordinated research-management partnerships to improve 
management effectiveness. We will address this area of need by synthesizing and analyzing existing monitoring 
datasets, performing new field work, and developing new capacity in the state for citizen scientists to contribute 
to monitoring treatment outcomes.  
 
A. Factors influencing spread and nuisance growth of Eurasian watermilfoil 

It has been estimated that as many as 4,700 more Minnesota lakes could become invaded by Eurasian 
watermilfoil. So while this species is not new to the state, it will continue to invade new lakes, posing challenges 
for affected property owners and lake users. We will use the approaches described above for hydrilla and starry 
stonewort to assess invasion risk for individual lakes in Minnesota that have not yet been invaded by Eurasian 
watermilfoil. 

There is much more information available about Eurasian watermilfoil invading Minnesota lakes than 
there is for the potential and new invaders, hydrilla and starry stonewort. Thus we can delve deeper with this 
species, investigating factors that influence outcomes of invasion, specifically, the extent to which it aggressively 
spreads within a lake, reaching nuisance levels vs. remaining a relatively minor, less harmful component of lake 
vegetation. We will synthesize existing monitoring data from MNDNR, watershed districts, and other partners to 
identify factors that influence invasion outcomes. Surrounding land use, lake characteristics, and water and 
sediment properties are likely factors affecting invasion extent and we will test these as potential predictors. In 
addition, invading species’ success is shaped by their interactions with organisms already found in a habitat. It 
has been shown in a variety of systems that, where native plants are more abundant and diverse, there can be 
“biotic resistance” to invasive plants, so that while new species may invade, they are less likely to become 
dominant. We will test whether there is evidence of this phenomenon in Minnesota lakes using large-scale, 
long-term lake monitoring datasets from MNDNR. Because “nature abhors a vacuum,” it may be that one way 
we can help prevent nuisance growth of Eurasian watermilfoil and other invasive plants is through management 
that supports diverse communities of native aquatic plants. 
 
B. Identifying best practices for controlling Eurasian watermilfoil and supporting post-treatment recovery of 
native plant species 

Ongoing management of Eurasian watermilfoil and other invasive plants represents a largely untapped 
opportunity for “learning while doing” about treatment efficacy. Control efforts are numerous; each treatment 
is a potential replicate in a large-scale experiment—if necessary information about management actions, 
environmental conditions under which treatments are applied, and key ecological responses can be captured 
and analyzed. We will pursue this through a coordinated program of synthesizing existing monitoring data, 
performing new field research, and developing capacity for citizen scientists to contribute to monitoring 
outcomes of AIS management efforts. 



13 
 

With other MAISRC researchers and an Extension Educator, we will develop a program called “Trackers” 
to train volunteers to monitor AIS abundance changes over time and in response to management, initially 
focusing on Eurasian watermilfoil (with parallel development of zebra mussel monitoring). Sampling will include 
pre/post monitoring and untreated control and reference sites to differentiate management effects from 
background variability. Along with species sampling, Trackers will record environmental data, such as water and 
Secchi depths, and management information. Participants will enter results into a centralized database hosted 
and managed by the University of Minnesota.  

We will perform follow-up sampling at subsets of Trackers sites for quality assurance of citizen science 
data and methods will be revised if issues are identified. In addition, many past treatments have been 
monitored under lake vegetation management plans, but this information has rarely been synthesized. We will 
work with MNDNR and watershed districts to compile this information. By capturing data from ongoing 
management, we will increase capacity for collective learning about treatment efficacy, identifying how 
methods (e.g., mechanical harvesting, use of different herbicides), covariates (e.g., water quality, time of year), 
and their interactions influence outcomes of control efforts. 

Reducing aquatic invasive plants is one important objective, supporting recovery of native vegetation 
another. Effective management requires a balanced approach, so that AIS control does not come at the expense 
of damage to non-target native plants. We will synthesize existing monitoring data, partner with agency staff 
and lake sampling professionals, and perform field work to track native plant species’ responses to AIS 
management. One challenge of this effort is the inherent difficulty of sampling plants that are underwater, 
which can lead to a phenomenon called “imperfect detection”—failure to identify species that are in fact 
present. In addition, feasible, reliable estimations of abundance are a persistent challenge in aquatic vegetation. 
We will address these sampling issues by comparing different methods, critically evaluating the information 
gained along a continuum of sampling effort: from the most thorough but most technical and time-intensive 
(diving) to the most commonly used approach (point-intercept rake sampling from a boat) to the types of 
methods that could be feasibly employed by Trackers. This will allow us to refine our sampling protocols.  
 

Summary Budget Information for Activity 4: ENRTF Budget: $ 139,403 
 Amount Spent: $ 47,938 
 Balance: $ 91,465 

Activity Completion Date: 
Outcome Completion Date 
A1. Compile existing datasets for investigating spread and nuisance growth of 
Eurasian watermilfoil 

July 31, 2017 

A2. Analyze data to identify key factors influencing spread and nuisance growth of 
Eurasian watermilfoil 

January 31, 2018 

B1. Begin development of Trackers program July 31, 2016 
B2. Begin fieldwork for refinement of sampling methods and data collection July 31, 2016 
B3. Begin Trackers sampling and quality control testing July 31, 2018 
B4. Analyze data collected by Trackers and synthesizes outcomes of Eurasian 
watermilfoil control efforts 

January 31, 2019 

A–B. Complete fieldwork and data analysis and present results to stakeholders January 31, 2019 
A–B. Complete manuscripts and submit for peer review June 30, 2019 

 
 
Activity Status as of January 31, 2017:    
 
We have been pursuing three main avenues to evaluate the factors driving Eurasian watermilfoil invasion and 
the efficacy of different management strategies: 

• We are analyzing large (1,102 lakes), multi-year datasets (2002-2014) in collaboration with the DNR to 
evaluate how Eurasian watermilfoil invasion is influenced by environmental factors and biotic 
interactions with native plant communities. Our preliminary findings indicate that lakes with the highest 
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native plant diversity are most at risk of Eurasian watermilfoil invasion—because the factors that 
support high native diversity make these lakes hospitable for Eurasian watermilfoil as well. This effect 
outweighs biotic resistance that can be imparted by high native diversity at finer spatial scales (plots 
within lakes). We also find evidence that Eurasian watermilfoil is driving “biotic homogenization” of 
lakes—causing lakes to become less distinct in their plant species composition over time. A 
phenomenon that is concerning from a biodiversity conservation perspective and that is occurring 
rapidly in these systems (in <15 years vs. published findings from terrestrial Midwestern habitats where 
homogenization has occurred over ~50-year time scales). 

• We are compiling monitoring data from past Eurasian watermilfoil management to evaluate how 
environmental factors and differences in treatments influenced efficacy of management in terms of 
both Eurasian watermilfoil suppression (subsequent frequency of occurrence and abundance) and 
recovery of native plant communities (diversity, abundance, and composition).  

• We are developing the AIS Trackers citizen science program to provide new capacity in Minnesota for 
evaluating outcomes of Eurasian watermilfoil management efforts. Progress related to that program is 
reported in the workplan update for Subproject 10—Aquatic Invasive Species Research Center Sub-
Project 10:  Citizen Science and Professional Training Programs to Support AIS Response.  

 
Activity Status as of July 31, 2017:    
 
Our analysis of how invasion by Eurasian watermilfoil, curly-leaf pondweed and other non-native aquatic plant 
species is influenced by environmental factors and biotic interactions with native plant communities has been 
submitted for publication and is currently in review. In this research, which was performed in collaboration with 
MnDNR, we found that invasive plants win in their interactions with native plants: there was evidence of 
competitive exclusion of native species by invasive species but not evidence that diverse native communities can 
slow invasion through biotic resistance. This is compounded by the fact that lakes with the most diverse native 
vegetation were also the most invaded, posing a threat to conservation of native plant diversity (Figure 2).  
 
In a collaborative, cross-cutting analysis with Dr. Bajer’s common carp research program (Subproject 4), we have 
found that common carp invasion not only drives net loss of aquatic vegetation (as has previously been 
demonstrated by Dr. Bajer) but also causes significant shifts in plant community composition. There are both 
“losers” and “winners” of common carp invasion. Winners—species that were more likely to be found as 
common carp abundance increased—included 80% of the 
invasive aquatic plant species present in our dataset 
(Eurasian watermilfoil, curly-leaf pondweed, purple 
loosestrife, and narrowleaf cattail). Losers—significant 
declines with common carp invasion—included key native 
species, notably close native relatives of the invasive 
winners; species that have threatened/endangered status 
in other Midwestern states, such as water marigold and 
flatleaf bladderwort; and wild rice, Minnesota’ state grain 
and a sacred plant to Tribal communities. The net effect 
of common carp is not only loss of diversity but also shifts 
to lower-quality plant communities increasingly 
dominated by invasive species. This pattern is consistent 
with “invasional meltdown” in Minnesota lakes, i.e., 
invasive fish are promoting secondary invasions by non-
native plants. Our work demonstrates the importance of 
co-managing different AIS rather than targeting individual 
species in isolation. 
 
Activity Status as of January 31, 2018:    
 

Figure 2. Minnesota shallow lakes with higher native plant 
species richness were invaded by more non-native plant 
species. Muthukrishnan et al. (In review). 
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Activity Status as of July 31, 2018:    
 
Activity Status as of January 31, 2019:    
 
Activity Status as of July 31, 2019:   
 
ACTIVITY 5:  Curly-leaf pondweed management: Factors influencing invasion, treatment 
effectiveness, and post-treatment recovery of native vegetation  
Description: Curly-leaf pondweed is native to Europe, Asia, Africa, and Australia and has been in Minnesota 
since at least the early 1900s. Curly-leaf pondweed is one of the first aquatic plants to come up in spring and can 
achieve dense growth that displaces native plant species. After forming nuisance mats, it dies back in mid-
summer, and dead plants can accumulate on shorelines. One of curly-leaf pondweed’s ecological advantages is 
that it can reproduce vegetatively through production of turions, hundreds of which can come from each plant. 
Turions remain dormant in the sediment through the summer and germinate in the fall. Germination rates can 
be as high as 80%, and turions can remain viable in the sediment for two or more years. Like Eurasian 
watermilfoil, curly-leaf pondweed has been a persistent challenge for aquatic plant management, and the same 
challenges—explaining variability in invasion extent, refining control practices, and supporting post-treatment 
recovery of native vegetation—apply to curly-leaf as well. Work under this activity will parallel the research 
described above for Eurasian watermilfoil.  
 
A. Factors influencing spread and nuisance growth of curly-leaf pondweed 

While curly-leaf pondweed is not new to the state, it will continue to invade new lakes, posing challenges for 
affected property owners and lake users. We will use the approaches described above for hydrilla and starry 
stonewort to assess invasion risk for individual lakes in Minnesota that have not yet been invaded by curly-leaf 
pondweed. 

There is much more information available about curly-leaf pondweed invading Minnesota lakes than 
there is for the potential and new invaders, hydrilla and starry stonewort. Thus we can delve deeper with this 
species, investigating factors that influence outcomes of invasion, specifically, the extent to which it aggressively 
spreads within a lake, reaching nuisance levels vs. remaining a relatively minor, less harmful component of lake 
vegetation. We will synthesize existing monitoring data from MNDNR, watershed districts, and other partners to 
identify factors that influence invasion outcomes. Surrounding land use, lake characteristics, and water and 
sediment properties are likely factors affecting invasion extent and we will test these as potential predictors. In 
addition, invading species’ success is shaped by their interactions with organisms already found in a habitat. It 
has been shown in a variety of systems that, where native plants are more abundant and diverse, there can be 
“biotic resistance” to invasive plants, so that while new species may invade, they are less likely to become 
dominant. We will test whether there is evidence of this phenomenon in Minnesota lakes using large-scale, 
long-term lake monitoring datasets from MNDNR. Because “nature abhors a vacuum,” it may be that one way 
we can help prevent nuisance growth of curly-leaf pondweed and other invasive plants is through management 
that supports diverse communities of native aquatic plants. 
 
B. Identifying best practices for controlling curly-leaf pondweed and supporting post-treatment recovery of 
native plant species 

Ongoing management of curly-leaf pondweed and other invasive plants represents a largely untapped 
opportunity for “learning while doing” about treatment efficacy. Control efforts are numerous; each treatment 
is a potential replicate in a large-scale experiment—if necessary information about management actions, 
environmental conditions under which treatments are applied, and key ecological responses can be captured 
and analyzed. We will pursue this through a coordinated program of synthesizing existing monitoring data, 
performing new field research, and developing capacity for citizen scientists to contribute to monitoring 
outcomes of AIS management efforts. 
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With other MAISRC researchers and an Extension Educator, we will develop a program called “Trackers” 
to train volunteers to monitor AIS abundance changes over time and in response to management. Sampling will 
include pre/post monitoring and untreated control and reference sites to differentiate management effects 
from background variability. Along with species sampling, Trackers will record environmental data, such as 
water and Secchi depths, and management information. Participants will enter results into a centralized 
database hosted and managed by the University of Minnesota.  

We will perform follow-up sampling at subsets of Trackers sites for quality assurance of citizen science 
data and methods will be revised if issues are identified. In addition, many past treatments have been 
monitored under lake vegetation management plans, but this information has rarely been synthesized. We will 
work with MNDNR and watershed districts to compile this information. By capturing data from ongoing 
management, we will increase capacity for collective learning about treatment efficacy, identifying how 
methods (e.g., mechanical harvesting, use of different herbicides), covariates (e.g., water quality, time of year), 
and their interactions influence outcomes of control efforts. 

Reducing aquatic invasive plants is one important objective, supporting recovery of native vegetation 
another. Effective management requires a balanced approach, so that AIS control does not come at the expense 
of damage to non-target native plants. We will synthesize existing monitoring data, partner with agency staff 
and lake sampling professionals, and perform field work to track native plant species’ responses to AIS 
management. One challenge of this effort is the inherent difficulty of sampling plants that are underwater, 
which can lead to a phenomenon called “imperfect detection”—failure to identify species that are in fact 
present. In addition, feasible, reliable estimations of abundance are a persistent challenge in aquatic vegetation. 
We will address these sampling issues by comparing different methods, critically evaluating the information 
gained along a continuum of sampling effort: from the most thorough but most technical and time-intensive 
(diving) to the most commonly used approach (point-intercept rake sampling from a boat) to the types of 
methods that could be feasibly employed by Trackers. This will allow us to refine our sampling protocols.   
 

Summary Budget Information for Activity 5: ENRTF Budget: $ 139,403 
 Amount Spent: $ 47,938 
 Balance: $ 91,465 

Activity Completion Date: 
Outcome Completion Date 
A1. Compile existing datasets for investigating spread and nuisance growth of curly-
leaf pondweed 

July 31, 2017 

A2. Analyze data to identify key factors influencing spread and nuisance growth of 
curly-leaf pondweed 

January 31, 2018 

B. Analyze data collected by Trackers and synthesize outcomes of curly-leaf 
pondweed control efforts 

January 31, 2019 

A–B. Complete fieldwork and data analysis and present results to stakeholders January 31, 2019 
A–B. Complete manuscripts and submit for peer review June 30, 2019 

 
Activity Status as of January 31, 2017:    
 
We have been pursuing three main avenues to evaluate the factors driving curly-leaf pondweed invasion and 
the efficacy of different management strategies: 

• We are analyzing large (1,102 lakes), multi-year datasets (2002-2014) in collaboration with the DNR to 
evaluate how curly-leaf pondweed invasion is influenced by environmental factors and biotic 
interactions with native plant communities. Our preliminary findings indicate that lakes with the highest 
native plant diversity are most at risk of curly-leaf pondweed invasion—because the factors that support 
high native diversity make these lakes hospitable for curly-leaf pondweed as well. This effect outweighs 
biotic resistance that can be imparted by high native diversity at finer spatial scales (plots within lakes). 
We also find evidence that curly-leaf pondweed is driving “biotic homogenization” of lakes—causing 
lakes to become less distinct in their plant species composition over time. A phenomenon that is 
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concerning from a biodiversity conservation perspective and that is occurring rapidly in these systems 
(in <15 years vs. published findings from terrestrial Midwestern habitats where homogenization has 
occurred over ~50-year time scales). 

• We are compiling monitoring data from past curly-leaf pondweed management (which incorporates and 
builds upon data collected by Ray Newman as part of Subproject 9) to evaluate how environmental 
factors and differences in treatments influenced efficacy of management in terms of both curly-leaf 
pondweed suppression (subsequent frequency of occurrence and abundance) and recovery of native 
plant communities (diversity, abundance, and composition).  

• We are developing the AIS Trackers citizen science program to provide new capacity in Minnesota for 
evaluating outcomes of curly-leaf pondweed management efforts. Progress related to that program is 
reported in the workplan update for Subproject 10—Aquatic Invasive Species Research Center Sub-
Project 10:  Citizen Science and Professional Training Programs to Support AIS Response.  

 
Activity Status as of July 31, 2017:    
 
The research and analysis discussed above under Activity 4 also included evaluation of invasion by curly-leaf 
pondweed, the target species of Activity 5. This activity status update, therefore, includes elements of what is 
reported above.  
 
Our analysis of how invasion by curly-leaf pondweed, Eurasian watermilfoil, and other non-native aquatic plant 
species is influenced by environmental factors and biotic interactions with native plant communities has been 
submitted for publication and is currently in review. In this research, which was performed in collaboration with 
MnDNR, we found that invasive plants win in their interactions with native plants: there was evidence of 
competitive exclusion of native species by invasive species but not evidence that diverse native communities can 
slow invasion through biotic resistance. This is compounded by the fact that lakes with the most diverse native 
vegetation were also the most invaded, posing a threat to conservation of native plant diversity (Figure 2).  
 
In a collaborative, cross-cutting analysis with Dr. Bajer’s common carp research program (Subproject 4), we have 
found that common carp invasion not only drives net loss of aquatic vegetation (as has previously been 
demonstrated by Dr. Bajer) but also causes significant shifts in plant community composition. There are both 
“losers” and “winners” of common carp invasion. Winners—species that were more likely to be found as 
common carp abundance increased—included 80% of the invasive aquatic plant species present in our dataset 
(curly-leaf pondweed, Eurasian watermilfoil, purple loosestrife, and narrowleaf cattail). Losers—significant 
declines with common carp invasion—included key native species, notably close native relatives of the invasive 
winners; species that have threatened/endangered status in other Midwestern states, such as water marigold 
and flatleaf bladderwort; and wild rice, Minnesota’ state grain and a sacred plant to Tribal communities. The net 
effect of common carp is not only loss of diversity but also shifts to lower-quality plant communities increasingly 
dominated by invasive species. This pattern is consistent with “invasional meltdown” in Minnesota lakes, i.e., 
invasive fish are promoting secondary invasions by non-native plants. Our work demonstrates the importance of 
co-managing different AIS rather than targeting individual species in isolation. 
 
As part of his Master’s research, Verhoeven is compiling and analyzing plant data collected by entities across the 
state to determine how herbicide treatments interact with weather patterns to control curly-leaf pondweed 
(incorporating and building upon data collected by Ray Newman as part of Subproject 9). We are also examining 
the effects of these treatments on native plants, which could either benefit due to release from competition by 
curly-leaf pondweed or be harmed by non-target impacts of herbicides. Widely adopted common methods for 
plant surveys have allowed us to draw together a set of 65 lakes covering 15 years of plant management. These 
surveys comprise the work of MnDNR, watershed districts, University staff, and consultants, who have to date 
contributed over 400 surveys to our lab. Using the data-compiling methods developed on the curly-leaf 
pondweed dataset, we have begun the process of expanding these analyses to include management of Eurasian 
watermilfoil. We have also spread our net farther and wider in search of data, and have confirmation that over 
20 organizations will be contributing data to the second stage of this research.   
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Activity Status as of January 31, 2018:    
 
Activity Status as of July 31, 2018:    
 
Activity Status as of January 31, 2019:    
 
Activity Status as of July 31, 2019:   
 
Final Report Summary:   
 
 
V. DISSEMINATION:  
 
Description:  We will publish multiple peer-reviewed papers and present findings at state, regional, and national 
scientific meetings addressing aquatic ecology, invasive species management, and other relevant topics. 
Extension programming will be developed to translate scientific findings to professional audiences, e.g., agency 
staff and lake service providers. Presentations will also be made to the public through the annual MAISRC 
showcase and other forums, such as the State of Water Conference. Outreach materials will be developed and 
posted to the MAISRC website. 
 
Status as of January 31, 2017:  
 
Dissemination of project findings was performed through: 
 
Publications: 

Escobar, L. E., H. Qiao, N. B. D. Phelps, C. K. Wagner, and D. J. Larkin. 2016. Realized niche shift associated with 
the Eurasian charophyte Nitellopsis obtusa becoming invasive in North America. Scientific Reports 
6:29037. DOI: 10.1038/srep29037. 

One manuscript is currently in revision and three are in review 
 
Invited talks  

• Upper Midwest Invasive Species Conference. La Crosse, WI, 19 October 2016. 
• Aquatic Invaders Summit. St. Cloud, MN, 06 October 2016. 
• AIS Research and Management Showcase. St. Paul, MN, 12 September 2016. 
• Aquatic Plant Management Society Annual Meeting. Grand Rapids, MI, 18 July 2016. 
• State of Waters Conference. Alexandria, MN, 15 April 2016. 
• Minnesota Native Plant Society Symposium. Minneapolis, MN, 02 April 2016. 
• Legislative-Citizen Commission on Minnesota Resources. St. Paul, MN, 15 November 2016. 
• U.S. Fish and Wildlife Service. Bloomington, MN, 08 September 2016. 
• MAISRC Center Advisory Board. St. Paul, MN, 01 September 2016. 
• Fisheries & Aquatic Biology Seminar, University of Minnesota. St. Paul, MN, 02 April 2016. 
• Conservation Sciences Brownbag Seminar, University of Minnesota. St. Paul, MN, 22 March 2016. 
• Rice Creek Watershed District. Blaine, MN, 02 February 2016. 

 
Contributed talks  

• Aquatic Plant Management Society Annual Meeting. Grand Rapids, MI, 18 July 2016. 
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Media coverage 

• News segment about starry stonewort research. KSTP ABC 5 (Minneapolis/St. Paul). Nov 14, 2016. 
• Radio interview about aquatic invasive plant management. WOJB 88.9, Woodland Community Public 

Radio (Reserve, WI). Oct 26, 2016. 
• Starry Trek: An unknown species showed up where none had been before, and researchers sprang into 

action. CFANS Solutions Magazine. Fall 2016. 
• More questions than answers for starry stonewort in Minnesota. Associated Press. July 12, 2016. URL: 

http://tomcherveny.areavoices.com/2016/07/12/more-questions-than-answers-for-starry-stonewort-in-
minnesota/    

• Boost the fight against Minnesota’s newest aquatic invader. Star Tribune Editorial. April 13, 2016. URL: 
http://www.startribune.com/boster-the-fight-against-minnesota-s-newest-aquatic-invader/375622961/  

• Minnesota does battle with first starry stonewort infestation. Associated Press. April 11, 2016. URL: 
http://www.twincities.com/2016/04/11/minnesota-starry-stonewort/   

• Lake Koronis projects augment starry stonewort research. St. Cloud Times. April 10, 2016. URL: 
http://www.sctimes.com/story/sports/outdoors/2016/04/10/attacking-aquatic-invasives-lake-koronis-
pilot-projects-augment-starry-stonewort-research-inspections/82604972/  

 
Status as of July 31, 2017: 
 
Dissemination of project findings was performed through: 
 
Publications 

Romero-Alvarez, D., L. E. Escobar, S. Varela, D. J. Larkin, and N. B. D. Phelps. 2017. Forecasting distributions of an 
aquatic invasive species (Nitellopsis obtusa) under future climate scenarios. PLoS ONE 12(7): e0180930. 

One manuscript is currently in revision and three are in review 
 
Invited talks  

Larkin, D. J., M. Beck, and P. Bajer. 2017. Invasional meltdown in Minnesota lakes? Common carp promote 
invasive aquatic plants. MnDNR Fisheries Research Meeting. St. Paul, MN, 27 June 2017. 

Muthukrishnan, R. 2017. Prediction of starry stonewort invasion risk in Minnesota based on lake level habitat 
suitability. Invited speaker Shingle Creek and West Mississippi Water Management Commissions 
meeting. Brooklyn Park, MN. 

Muthukrishnan, R., and D. J. Larkin. 2017. Prediction of starry stonewort invasion risk in Minnesota based on 
lake level habitat suitability. Invited speaker and panelist for starry stonewort special session. Midwest 
Aquatic Plant Management Society Annual Meeting. Milwaukee, WI, 28 February 2017. 

Larkin, D. J. 2017. Starry stonewort: What is it, what do we know, what are we researching? MnDNR Roundtable. 
Bloomington, 6 January 2017. 

 
Contributed talks  

Wagner, C., W. G. Glisson, and D. J. Larkin. 2017. Starry stonewort (Nitellopsis obtusa) remains viable following 
herbicide treatments in a Minnesota lake. Midwest Aquatic Plant Management Society Annual Meeting. 
Milwaukee, WI, 28 February 2017. First place in student poster contest 

 
Media coverage 

• Taking on starry stonewort's opening act. Duluth News Tribune. June 17, 2017. URL: 
http://www.duluthnewstribune.com/news/outdoors/4284191-taking-starry-stoneworts-opening-act   

http://tomcherveny.areavoices.com/2016/07/12/more-questions-than-answers-for-starry-stonewort-in-minnesota/
http://tomcherveny.areavoices.com/2016/07/12/more-questions-than-answers-for-starry-stonewort-in-minnesota/
http://www.twincities.com/2016/04/11/minnesota-starry-stonewort/
http://www.sctimes.com/story/sports/outdoors/2016/04/10/attacking-aquatic-invasives-lake-koronis-pilot-projects-augment-starry-stonewort-research-inspections/82604972/
http://www.sctimes.com/story/sports/outdoors/2016/04/10/attacking-aquatic-invasives-lake-koronis-pilot-projects-augment-starry-stonewort-research-inspections/82604972/
http://www.duluthnewstribune.com/news/outdoors/4284191-taking-starry-stoneworts-opening-act
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• Minnesota boaters urged to fend off new invasive plant. WCCO TV CBS Minnesota. May 11, 2017. URL: 
http://minnesota.cbslocal.com/video/3665213-minnesota-boaters-urged-to-fend-off-new-invasive-
plant/   

• Lake Koronis is test lab in fight against invasive species. MPR News. April 20, 2017. URL: 
http://www.mprnews.org/story/2017/04/20/as-starry-stonewort-spreads-lake-koronis-is-test-lab-in-fight   

• Invasive aquatic weed, starry stonewort, creeps across US. Associated Press. February 4, 2017. URL: 
https://www.washingtonpost.com/national/invasive-aquatic-weed-starry-stonewort-creeps-across-
us/2017/02/04/e77a16a2-eafd-11e6-903d-9b11ed7d8d2a_story.html   

• News segment about starry stonewort research. KSTP ABC 5 (Minneapolis/St. Paul). Nov 14, 2016. 
 
 
Status as of January 31, 2018:  
 
Status as of July 31, 2018: 
 
Status as of January 31, 2019:  
 
Final Report Summary: 
 
VI. SUB-PROJECT BUDGET SUMMARY:   
 
*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. 
 
A. ENRTF Budget Overview: 

Budget Category $ Amount Explanation 
Personnel: $115,000 Larkin- Assistant Professor/ Extension Specialist: 

1 FTE x 9 months  
Professional/Technical Services and 
Contracts 

$400 $100 Services- office & gen oper. 
(printing/duplication, mailing) 
$300 Services- lab & medical (data storage, 
sequencing, chemical analyses) 

Equipment/Tools/Supplies: $11,600 $7k Supplies- office & gen oper. (e.g. paper, 
computer, software, notebooks, folders, pens); 
$4.6k Supplies- lab & field (e.g. boat gas, nets, 
collection bags) 

Travel: $3,000 $2.5k Travel - MN (local travel to field sites, 
agency and stakeholder meetings, or 
conferences to learn about invasive plant 
research and extension needs within the state) 
$500 Travel - Domestic (travel to meet with 
partners in the region) 

TOTAL ENRTF BUDGET: $130,000  
 
Explanation of Use of Classified Staff:  N/A 
 
Explanation of Capital Expenditures Greater Than $5,000:  N/A 
 
 
Number of Full-time Equivalents (FTE) Directly Funded with this ENRTF Appropriation: 0.9 FTE 

http://minnesota.cbslocal.com/video/3665213-minnesota-boaters-urged-to-fend-off-new-invasive-plant/
http://minnesota.cbslocal.com/video/3665213-minnesota-boaters-urged-to-fend-off-new-invasive-plant/
http://www.mprnews.org/story/2017/04/20/as-starry-stonewort-spreads-lake-koronis-is-test-lab-in-fight
https://www.washingtonpost.com/national/invasive-aquatic-weed-starry-stonewort-creeps-across-us/2017/02/04/e77a16a2-eafd-11e6-903d-9b11ed7d8d2a_story.html
https://www.washingtonpost.com/national/invasive-aquatic-weed-starry-stonewort-creeps-across-us/2017/02/04/e77a16a2-eafd-11e6-903d-9b11ed7d8d2a_story.html
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Number of Full-time Equivalents (FTE) Estimated to Be Funded through Contracts with this ENRTF 
Appropriation: 0 
 
 
 
 
 
B. Other Funds: 

Source of Funds 
$ Amount 
Proposed 

$ Amount 
Spent Use of Other Funds 

Non-state     
U of M, Dept. of FWCB $50,000 $ U of M funds for capital expenditures 

($45,000 for truck, boat, and trailer) and 
computing resources (lab computers 
and printer) 

State    
 $ $  

TOTAL OTHER FUNDS: $50,000 $  
 
VII. SUB-PROJECT STRATEGY:  

A. Sub-Project Partners:   Ranjan Muthukrishnan, Ph.D., Postdoctoral Associate; Michael Verhoeven, Graduate 
Research Assistant; and Carli Wagner, undergraduate researcher will be key members of the subproject team. 
Dr. Larkin has an appointment with U of M Extension and an Extension Educator (Megan Weber) will be involved 
in development of the Trackers program. The citizen scientists participating in Trackers will be key contributors. 
This subproject has been shaped by extensive discussions with MNDNR staff. Watershed districts and lake 
service professionals will also be important partners in this effort. Results will be communicated to 
policymakers, lake associations, and the public through publications, presentations, and outreach. 

B. Sub-Project Impact and Long-term Strategy:  This project will begin a new focused effort to create 
biologically and economically sound solutions to prevent and control key aquatic invasive plant species affecting 
Minnesota waters. It will also disseminate scientific information that assists the MN DNR, watershed districts, 
lake associations, and citizen groups around the state with control strategies so that we are increasing the 
state’s capacity to respond to AIS and contributing to an ultimate change in condition (management or 
elimination of AIS). 

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): N/A 
 
X. ACQUISITION/RESTORATION REQUIREMENTS WORKSHEET: N/A 
 
XI. RESEARCH PROPOSAL:  N/A 
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XII. REPORTING REQUIREMENTS: 
Periodic work plan status update reports will be submitted no later than January 31, and July 31.  A final 
report and associated products will be submitted within two months of the anticipated sub-project 
completion of June 30, 2019 
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