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Objectives 

MN DNR aquatic invasive species staff implemented point-intercept surveys to assess the 

distribution of aquatic plants in Lake Koronis. The primary purpose of these surveys is to 1) 

develop baseline knowledge of the current plant community in a lake, and over time; 2) 

compare year-to-year plant variation (in plant presence and spatial location); and 3) evaluate 

management. Moreover, this survey will help the DNR and our partners to monitor native plant 

communities and evaluate possible responses to invasive aquatic plant management via 

herbicide and mechanical control. It is important to note that distributions of aquatic plants 

may vary from year to year due to effects such as differences in environmental variables, as 

well as, the effects from management efforts. 

Lake Description 

Lake Koronis is a 2,968- acre lake located one mile south of the town of Paynesville in Stearns 

County, MN. The lake has two invasive plant species: Starry stonewort (Nitellopsis obtusa) and 

Curly-leaf pondweed (Potamogeton crispus). Starry stonewort has been present in the lake for 

several years (first reported in 2015), although it is unknown when it first appeared in the lake. 

Observations to date in Lake Koronis have indicated that starry stonewort growth accelerates in 

late June/early July and remains present in the lake at varying densities until its senescence 

during the fall. These observations are comparable to other phenology studies conducted in 

both Michigan (Nichols et al., 1988) and Minnesota.  

The maximum depth of water in Lake Koronis is 132 feet, and 39% of the lake is classified as 

littoral (areas of water depth between 0 to 15 feet, where aquatic plants are most likely to 

grow). Lake Koronis is within the North Central Hardwoods Forested Ecoregion and is 

considered a eutrophic lake with an average water clarity of 7.8 feet, total phosphorus mean of 

35.6 µg/L, and chlorophyll-a mean of 14.8 µg/L (RMB Environmental Labs, Inc. [RMB], 2019). 

Based on data collected between 2001 and 2019 (RMB, 2019), Secchi disk readings (water 

clarity) indicated no significant trend (Figure 1), although both chlorophyll-a (Figure 2) and total 
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phosphorus (Figure 3) have decreased. Data retrieved at RMB Environmental Laboratories lake 

database (https://www.rmbel.info/data/). 

 
Figure 1. Trend analysis of Secchi disk readings (feet) in Lake Koronis, Stearns County indicate no 
significant trend between 2004 and 2019 (RMB Lakes Database, 2019). 

file://10.76.149.235/public/EWR/Chris%20Jurek/Area%20Lakes/Lakes/Stearns/Koronis/Aquatic%20veg%20surveys/PI%20Survey%20Report_FINAL%205%20YEAR/RMB%20Environmental%20Laboratories%20lake%20database
file://10.76.149.235/public/EWR/Chris%20Jurek/Area%20Lakes/Lakes/Stearns/Koronis/Aquatic%20veg%20surveys/PI%20Survey%20Report_FINAL%205%20YEAR/RMB%20Environmental%20Laboratories%20lake%20database
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Figure 2. Trend analysis of chlorophyll-a (µg/ L) in Lake Koronis, Stearns County indicate a decrease 
between 2001 and 2019 (RMB Lakes Database, 2019). 
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Figure 3. Trend analysis of total phosphorus (µg/ L) in Lake Koronis, Stearns County indicate a decrease 
between 2001 and 2019 (RMB Lakes Database, 2019). 

Management History 

In 2015, Lake Koronis was the first confirmed waterbody in Minnesota with Nitellopsis obtusa 

(starry stonewort). During the initial rapid response survey, the invasive taxa was found to be 

widely distributed; occurring at high densities in the bay near the public water access and 

extending into the main basin. Starry stonewort can form large, dense monotypic mats or can 

occur intermixed with native macrophytes (Larkin et al., 2018). To gain a better understanding 

of the distribution and abundance of starry stonewort over time, the MN DNR has been 

monitoring aquatic plant communities in Lake Koronis since its discovery. In addition, data and 

observations regarding its phenology; including the presence of starry stonewort and its bulbils 

year-round in Lake Koronis (Figure 4) had been recorded. This information will help us gain a 

better understanding of starry stonewort growth and the timing of management efforts.  
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Figure 4. Starry stonewort and bulbils found year- round in Lake Koronis taken by MN DNR on Lake 
Koronis (DOW# 73020002), Stearns County, Minnesota. From left to right, photos are from winter 2015 
and summer 2019 respectively. 

Between 2015 and 2017, small-scale pesticide treatments and mechanical harvesting occurred 

in less than 2% of the littoral area for starry stonewort. Various pesticides have been 

implemented, including combinations of granular chelated copper, salts of endothall (Hydrothol 

191 ®), and chelated coppers (liquid/ granular). The pulled vegetation and starry stonewort, 

during the mechanical harvesting process, was removed above the original high water level and 

transported offsite for disposal. In-lake monitoring data from these treatments in 2016 

indicated that using both liquid chelated copper algaecide and mechanical harvesting can 

significantly reduce starry stonewort biomass (Glisson et al., 2018), although the second 

application of a granular copper following the initial treatment did not further reduce biomass 

and bulbil viability or abundance reductions (Larkin et al., 2018).  

In 2018, the MN DNR and the Koronis Lake Association (KLA) developed a lake vegetation 

management plan (LVMP) to monitor the large-scale management of starry stonewort (greater 

than 15% of the littoral area). Management included both mechanical harvesting and copper 

treatments (liquid chelated copper; Table 1 and Figures 5- 7). The LVMP goals include effective 

control of starry stonewort in management plots (frequency and abundance reductions), 

reduce matting and nuisance conditions that interfere with recreational use (biomass 
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reductions), increase native plant abundance and diversity, evaluate the proposed treatment 

effectiveness on bulbils, and evaluate impacts of copper to freshwater macroinvertebrates. For 

the purpose of this report, we will only focus on aquatic plant taxa. A final report was be 

completed after the completion of the 3- year project to include all monitoring.  

Table 1. Invasive plant management summary. Characteristics and history of pesticide treatments for 
starry stonewort in Lake Koronis, Stearns County (DOW#73020002). 

Date Copper Treated  
(acres) 

Mechanically Harvested 
(acres) 

Delineated Beds (acres) 

2015 4  0 200 

2016 18 18 353 

2017 15 7 272 

2018  224 (2x) 43 376 

2019  109 (2x) 41 576 

2020 145 (2x) 52 NA 
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Figure 5. 2018 Locations of copper treatments, mechanical harvesting and reference plot from Lake 
Koronis (DOW# 73020002), Stearns County, Minnesota. 
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Figure 6. 2019 Locations of copper treatments, mechanical harvesting and reference plot from Lake 
Koronis (DOW# 73020002), Stearns County, Minnesota. 



 

Lake Koronis, Stearns County: 2015- 2019 MN DNR Aquatic Vegetation Report 

11 | P a g e  

 

 
Figure 7. 2020 Locations of copper treatments, mechanical harvesting and reference plot from Lake 
Koronis (DOW# 73020002), Stearns County, Minnesota. Map created by Steve McComas, Blue Water 
Science 

Survey Methods 

Lake wide aquatic plant surveys 

The MN DNR surveyors conducted annual point intercept surveys in 2015, 2016, and 2017 (pre-

management) and in 2018 & 2019 (during lake wide management). From 2018-2019, surveys 

were conducted during June, July and September to assess starry stonewort management 

efforts within the growing season. Additional point-intercept data (Sept. 2018) collected by 

Steve McComas, Blue Water Science (McComas, 2018) and MN DNR Lake Ecology Unit (July 

2017- 2019) are included in this report. MN DNR surveyors used a point-intercept grid survey 

method developed by John Madsen in “Aquatic Plant Control Technical Note MI-02, 1999” and 

MN DNR for starry stonewort monitoring (MN DNR, 2017) to employ quantitative methods for 

http://el.erdc.usace.army.mil/elpubs/pdf/apcmi-02.pdf
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measuring aquatic plant distribution and abundances (Madsen, 1999). Survey points were 

placed 130 meters apart using a Geographic Information System (GIS; Figure 8). A total of 331 

points were sampled in depths up to 20 feet of water. In 2017 and 2018, additional sampling 

points were added to account for taxa observed at deeper depths and nearshore communities. 

A reference plot in a non-managed area was created to track natural variation over time, as 

well as to compare to managed areas.  

 
Figure 8. Point-intercept survey grid. Point-intercept survey map with reference plot from Lake Koronis 
(DOW# 73020002), Stearns County, Minnesota. 

Plant samples were collected by throwing and dragging a double-sided rake along the lake 

bottom at each point. Each rake was given an abundance rating. The abundance rake rating are 

as follows: 1: sparse, 2: common/ frequent/ occasional, and 3: abundant/matted (Table 2). All 

plant taxa (submerged, floating-leaf, emergent and free floating) were recorded to species or 

genera during the survey following Crow and Hellquist (2000). Plant samples were assessed on 

the boat to determine species presence-absence and abundance. It is important to note that an 
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abundance rating for starry stonewort is widely used as a surrogate to measure biomass since it 

is less labor-intensive. Although, in 2019, MN DNR invasive species staff collected biomass pre 

and post management. Frequencies of occurrence (i.e. how often a plant species was found in 

the lake) were calculated based on the littoral zone (the portion of the lake that is less than 15 

feet in depth). Sample depths were rounded to the nearest whole number and recorded for 

each species. Maximum depths were calculated at the 95th percentile for all vegetated 

sampling points. A reference plot (154 acres; Figure 8) provided a standard for identifying 

changes that are greater than changes due to natural annual variation (Schindler, 1987; 

Carpenter, 1990). The reference plot was comprised of a subset of 36 point-intercept points.  

Table 2. Quantitative rake abundance ranking (0-3) used to estimate plant abundance for each species 
based on rake coverage and/or visual observation (MN DNR). A zero (0) ranking indicates no target 
plants were retrieved or observed in a sample. 

Abundance 
Ranking Rake Coverage Description 

1 
 

Sparse; plants covering <25% of the rake head 

2 
 

Common; plants covering 25%-75% of the rake head 

3 

 

Abundant; plants covering >75% of the rake head 
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For statistical analysis of lake wide point-intercept data, we used a chi-square analysis before 

and after treatments within a growing season (2018 & 2019) and over time (September 2015 & 

September 2019). September surveys were used for multiple year comparisons since this is 

when starry stonewort is at its peak biomass. We also assessed the effects on both submersed 

native vegetation and starry stonewort during management years. Change was measured as 

the difference between the number of occurrences of a given taxa between survey dates or 

years. 

Biomass (wet-weight) measurements 

To document any reductions in biomass pre and post management, we measured wet weight 

biomass in 2019. MN DNR staff followed methods developed by Bickel and Perrett in “Precise 

determination of aquatic plants wet mass using a salad spinner”(Bickel & Perrett, 2016). 

Biomass was sampled in the large pesticide plot (Plot 1), mechanically harvested plot (A1), 

combined management plot (Plot 4N) and the reference plot (4). Sampling points were placed 

40 to 130 meters apart depending on the size of plot using ArcGIS software. When points were 

determined too deep in the field, additional points were created. We utilized a 12- inch fixed 

rake to collect aquatic taxa. The rake was placed onto the bottom sediments and then turned 

five times to collect plants. We separated the starry stonewort from native taxa before we 

rinsed plants with a wash bucket before placing them into a commercial salad spinner to 

remove excess water. After spinning the plant material 20 times in a commercial salad spinner, 

the plants were weighed using a digital scale. Any fragments of starry stonewort not detectable 

on the scale were recorded as <1 gram. 
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Survey Observations  

Overall, starry stonewort continues to re-grow in managed plots. An increase in frequency of 

occurrence of starry stonewort occurred prior to lake wide management, during management 

years (Figure 9) and within the reference plot (non-managed area) in the lake.  Short-term 

reduction of the abundance (biomass) of starry stonewort was achieved during a growing 

season. This section provides the results from a five-year study including a summary of the lake 

wide aquatic taxa surveys, pre/ post management monitoring of taxa frequency of occurrence 

and biomass.  

 

 
Figure 9. Lake wide plant frequency of occurrence between 2015 and 2019. Percent frequency of 
occurrence for submersed native taxa and starry stonewort pre and post-management in Lake Koronis, 
Stearns County (DOW# 73020002). 
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Summary of Lake wide aquatic plant surveys 

Based on lake wide point-intercept surveys between 2015 and 2019, the maximum depth 

recorded of starry stonewort growth in Lake Koronis was 19 feet (Table 3; Simon & Perleberg, 

2017) and observed matting conditions were at seven feet (2015). Starry stonewort was most 

commonly found at depths of six feet throughout survey years (2015-2019). Other species 

observed at this depth include wild celery and muskgrass. Lake Koronis has two non-native 

submerged taxa (starry stonewort and curly-leaf pondweed) and up to 16 submersed native 

taxa (Table 3). The most common submerged aquatic taxa found in Lake Koronis are muskgrass 

(Chara sp.), coontail (Ceratophyllum demersum), narrow-leaf pondweed groups (Potamogeton 

spp.) and wild celery (Vallisneria americana; Table 4). Less common species (<1 %) include river 

pondweed (Potamogeton nodosus) and floating-leaf pondweed (Potamogeton natans). 

Emergent and floating-leaf plant stands in Lake Koronis include cattails (Typha sp.), bulrushes 

(Schoenoplectus sp.), yellow and white waterlily (Nuphar variegata and Nymphaea odorata). 

Free-floating plants include lesser duckweed (Lemna minor), greater duckweed (Spirodela 

polyrhiza), star duckweed (Lemna trisulca) and watermeal (Wolffia sp.). Filamentous algae is 

common during the summer in Lake Koronis and has shown declines in the frequency of 

occurrence following copper treatments during both 2018 (32%) and 2019 (18%). The reference 

plot was comprised of a subset of 36 point-intercept points which is comparable to Plot 1 (large 

treatment area of 157 acres) in terms of the substrate, depth and plant communities. The 

summary of point- intercepts metrics and plant frequencies for the reference area are recorded 

in Tables 5 and 6.  
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Table 3. Lake wide summary of point-intercept metrics for Lake Koronis, Stearns County (DOW# 73020002). Values shaded in grey were calculated from 
littoral depth range and columns in light brown represent years of lake wide management (2018 and 2019). Taxa includes submerged and floating-leaf 
vegetation. 

 Date SEPT/OCT 
2015 AUG 2016 JULY 2017 JUNE 2018 JULY 2018 SEPT 2018 JUNE 2019 JULY 2019 SEPT 2019 

Surveyor MN DNR 
 (ISP) 

MN DNR 
 (ISP) 

MN DNR 
(LEU/ ISP)  

MN DNR 
(ISP) 

MN DNR 
(LEU/ ISP) BWS MN DNR  

(ISP) 
MN DNR 
(LEU/ISP) 

MN DNR 
(ISP) 

Total # Points Sampled 331 325 351 297 365 332 321 336 303 

Max Depth of Growth (95%) in feet 10.0 10.1 11.0 12.9 12.4 11.0 13.3 11.0 10.5 

Max Depth of Starry Stonewort- feet 15.1 12.2 19.0 15.4 14.5 12.0 16.0 12.5 11.5 

# Points in Littoral (0-15 feet) 297 287 304 280 301 297 292 305 294 

% Points w/ Submersed Native Taxa 79 72 79 85 67 67 69 65 45 

Mean Submersed Native Taxa/ Point 1.5 1.1 1.5 1.1 1.0 0.9 1.0 1.0 0.6 

# Submersed Native Taxa 14 14 15 9 14 11 12 16 10 

Mean Abundance of Starry Stonewort 1.7 1.7 1.7 1.7 1.8 1.7 1.3 1.8 1.6 

% Points w/ Starry Stonewort 17 30 22 32 43 58 45 53 51 

% Points w/ Abundant Starry Stonewort 24 44 1 15 17 21 1 19 13 

% Points w/ Common Starry Stonewort 20 21 72 43 48 28 24 42 33 

% Points w/ Sparse Starry Stonewort 56 35 27 42 35 51 74 38 54 

% Points w/ Muskgrass and Starry Stonewort 4 12 11 18 12 28 20 23 16 

Mean Abundance of Muskgrass  2.1 1.8 1.7 1.9 1.8 1.5 1.6 1.7 1.4 



 

Lake Koronis, Stearns County: 2015- 2019 MN DNR Aquatic Vegetation Report 

18 | P a g e  

 

Table 4. Lake wide point-intercept plant frequency of occurrence for submersed and floating vegetation within the littoral zone (0-15 feet) in Lake Koronis 
(DOW# 73020002), Stearns County. Values shaded in light brown represent lake wide management (2018 and 2019). 

Taxonomic Name Common Name SEPT/OCT 
2015 

AUG 
2016 

JULY 
2017 

JUNE 
2018 

JULY 
2018 

SEPT 
2018 

JUNE 
2019 

JULY 
2019 

SEPT 
2019 

Surveyor  MN DNR 
(ISP) 

MN DNR 
(ISP) 

MN DNR 
(LEU/ ISP)  

MN DNR 
(ISP) 

MN DNR 
(LEU/ ISP) BWS MN DNR 

(ISP) 
MN DNR 
(LEU/ISP) 

MN DNR 
(ISP) 

SUBMERSED NON-NATIVE 
SUBMERSED NON-NATIVE  SUBMERSED NON-NATIVE  SUBMERSED NON-NATIVE  SUBMERSED NON-NATIVE  SUBMERSED NON-NATIVE  SUBMERSED NON-NATIVE  SUBMERSED NON-NATIVE  SUBMERSED NON-NATIVE  SUBMERSED NON-NATIVE  SUBMERSED NON-NATIVE  

Nitellopsis obtusa starry stonewort 17 30 22 32 43 58 49 53 51 

Potamogeton crispus curly-leaf pondweed 2 0 3 6 0 0 13 3 2 

SUBMERSED NATIVE 
SUBMERSED NATIVE  SUBMERSED NATIVE  SUBMERSED NATIVE  SUBMERSED NATIVE  SUBMERSED NATIVE  SUBMERSED NATIVE  SUBMERSED NATIVE  SUBMERSED NATIVE  SUBMERSED NATIVE  SUBMERSED NATIVE  

Ceratophyllum demersum coontail 14 15 8 15 20 16 13 14 14 

Chara sp. muskgrass 61 59 57 72 42 51 45 42 28 

Myriophyllum sibiricum northern water-milfoil 15 5 0 0 1 1 2 1 0 

Potamogeton richardsonii clasping-leaved 
pondweed 6 4 2 1 4 2 1 2 2 

Potamogeton spp. narrow-leaf pondweed 
group 4 0 31 19 19 0 8 11 0 

Stuckenia pectinata sago pondweed 17 10 28 0 3 11 24 21 9 

Vallisneria americana wild celery 21 16 7 0 6 5 0 3 4 

Species recorded, although less than 5% frequency of occurrence, include: Elodea Canadensis, Heteranthera dubia, Najas species, Nitella species, Potamogeton illinoensis, 
Potamogeton freisii, Potamogeton praelongus, Potamogeton robbinsii, Potamogeton zosteriformis, Zannichellia palustris, Nuphar variegata, Nymphaea odorata.   
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Table 5. Reference plot summary of point-intercepts metrics for Lake Koronis, Stearns County (DOW#73020002). Values shaded in grey were calculated from 
littoral depth range. Taxa includes submerged and floating-leaf vegetation. Lake wide management occurred in 2018 and 2019.  

  

 
Survey Metrics 

SEPT/OCT 
2015 

AUG 
2016 

JULY 
2017 

JUNE 
2018 

JULY 
2018 

SEPT 
2018 

JUNE 
2019 

JULY 
2019 

SEPT 
2019 

Surveyor MN DNR 
(ISP) 

MN DNR 
(ISP) 

MN DNR (LEU/ 
ISP)  

MN DNR 
(ISP) 

MN DNR 
(LEU/ ISP) BWS MN DNR 

(ISP) 
MN DNR 
(LEU/ISP) 

MN DNR 
(ISP) 

Total # Points Sampled 36 36 36 36 36 36 36 36 36 

Max Depth of Growth (95%) in feet 7.3 7.7 8 12.1 9.1 8.4 --   -- --  
# of Vegetated Points in Max Depth 
Range 29 30 30 32 29 31 30 30 30 

Max Depth of SSW in feet 8.6 7.5 8 15.4 11.9 9 9 11 9 

# Points in Littoral (0-15 feet) 35 35 36 36 35 35 35 36 36 

% Points w/ Submersed Native Taxa 91 94 92 92 91 86 91 89 58 

Mean Submersed Native Taxa/ Point 1.4 1.1 1.2 1.1 1.2 1.0 1.2 1.4 0.7 

# Submersed Native Taxa 6 7 4 4 6 4 3 7 4 

# of Submersed Non-native Taxa 1 1 1 1 1 1 2 2 1 

Mean Abundance of Starry stonewort 2.3 1.7 2.0 1.8 1.4 1.6 1.3 1.4 1.5 

% Points w/ Starry stonewort 9 9 6 11 26 54 23 64 61 

% Points w/ Muskgrass 86 86 75 86 80 80 80 69 50 



 

Lake Koronis, Stearns County: 2015- 2019 MN DNR Aquatic Vegetation Report 

20 | P a g e  

 

Table 6. Reference plot point-intercept plant frequency of occurrence for submersed and floating vegetation within the littoral zone (0-15 feet) in Lake Koronis 
(DOW# 73020002), Stearns County. Lake wide management occurred in 2018 and 2019. 

Taxonomic Name Common Name SEPT/OCT 
2015 

AUG 
2016 

JULY 
2017 

JUNE 
2018 

JULY 
2018 

SEPT 
2018 

JUNE 
2019 

JULY 
2019 

SEPT 
2019 

Surveyor  MN DNR 
 (ISP) 

MN DNR 
(ISP) 

MN DNR 
(LEU/ ISP)  

MN DNR 
(ISP) 

MN DNR 
(LEU/ ISP) BWS MN DNR 

(ISP) 
MN DNR 
(LEU/ISP) 

MN DNR 
(ISP) 

SUBMERSED NON-NATIVE 
SUBMERSED NON-NATIVE SUBMERSED NON-NATIVE SUBMERSED NON-NATIVE SUBMERSED NON-NATIVE SUBMERSED NON-NATIVE SUBMERSED NON-NATIVE SUBMERSED NON-NATIVE SUBMERSED NON-NATIVE SUBMERSED NON-NATIVE SUBMERSED NON-NATIVE 

Nitellopsis obtusa starry stonewort 9 9 6 11 26 54 23 64 61 

SUBMERSED NATIVE 
SUBMERSED NATIVE SUBMERSED NATIVE SUBMERSED NATIVE SUBMERSED NATIVE SUBMERSED NATIVE SUBMERSED NATIVE SUBMERSED NATIVE SUBMERSED NATIVE SUBMERSED NATIVE SUBMERSED NATIVE 

Ceratophyllum demersum coontail 0 3 0 3 6 3 3 19 8 

Chara sp. muskgrass  86 86 75 86 80 80 80 69 50 

Myriophyllum sibiricum northern water-milfoil 14 3 0 0 3 0 0 0 0 

Potamogeton spp. narrow-leaf pondweed 
group  14 0 11 22 23 0 0 11 0 

Stuckenia pectinata sago pondweed 11 9 31 0 0 14 40 22 11 

Vallisneria americana wild celery 11 9 0 0 3 0 0 0 0 

Species recorded, although less than 5% frequency of occurrence, include: Najas sp, Potamogeton crispus, Potamogeton gramineus, Potamogeton illinoensis, 
Potamogeton freisii, Potamogeton praelongus and Potamogeton richardsonii.
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Evaluation of aquatic taxa following management years 

Using a chi-square analysis, starry stonewort and the most dominant native species were 

compared prior to management (2015) and following two years of management (2019; Table 

7). Overall, the invasive taxa significantly increased lake wide from 17% (Sept. 2015) to 51% 

(Sept. 2019; Table 7). During this same period, the percent occurrence of submersed native 

taxa lake wide reduced from 79% to 45% (Table 3). The most dominant and impacted aquatic 

plant, muskgrass, had a 33% reduction from 61% to 28% from September 2015 to September 

2019 (Table 7).  

Table 7. Frequency of occurrence of dominant submerged taxa lake wide and within the reference plot 
in Lake Koronis. Survey data was collected prior to management in September 2015 (Pre-mgmt.) and 
following management in September 2019 (Post-mgmt.). Species are represented by frequency increase 
(+), remained stable (•) and decreased (-). Asterisks represent a statistically significant difference, using 
Chi-square tests (*P < 0.05, **P < 0.01, *** P < 0.001). Sampling points are ≤ 15 ft. 

Scientific name 
Lake wide 

Pre- mgmt. 
SEPT 2015 

 +/- 
Lake wide 

Post- mgmt. 
SEPT 2019 

Reference 
Pre- mgmt. 
SEPT 2015 

 +/- 
Reference 

Post- mgmt. 
SEPT 2019 

Starry stonewort 17 (+)*** 51 9 (+)*** 61 
Coontail 14 • 14 0 • 8 
Muskgrass 61 (-)*** 28 86 (-)** 50 
Narrow-leaf pondweed    4 (-)*** 0 14 (-)* 0 
Sago pondweed 17 (-)** 9 11 • 11 
Northern water-milfoil 15 (-)*** <1 14 (-)* 0 
Wild celery 21 (-)*** 4 11 (-)* 0 

 

Moreover, muskgrass showed significant declines after management in 2018, while starry 

stonewort persisted at sampling points where both species co-existed. There was a slight 

rebound in muskgrass in both plots during September. For comparison, in 2018, the frequency 

of occurrence of muskgrass in the reference area remained constant and the starry stonewort 

increased (Table 5).  Between 2015 and 2019, the mean submersed native taxa per point 

decreased from 1.5 to 0.6 (Table 3). Muskgrass, narrow-leaf pondweed groups, sago 

pondweed, northern water-milfoil, and wild celery were significantly impacted over the last five 

years (2015-2019; Table 7). Similar declines of muskgrass, northern water-milfoil, narrow-leaf 

pondweed groups, and wild celery also occurred during the same period in the reference plot 

(Table 7). Moreover, from September 2015 to September 2019, starry stonewort in the non-
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managed plot had increased significantly from 9% to 61% (Table 7, Figure 9). Refer to Appendix 

A: Distribution Maps for distribution and abundance maps of starry stonewort, muskgrass and 

species taxa per point. 

 

 
Figure 9. Reference plant frequency of occurrence between 2015 and 2019. Percent frequency of 
occurrence for submersed native taxa and starry stonewort in a non-managed plot in Lake Koronis, 
Stearns County (DOW# 73020002). 
 

Evaluation of aquatic taxa within year management (2018 & 2019) 

Using a chi-square analysis, starry stonewort and the most dominant native species were 

compared pre and post management within a growing season in 2018 & 2019 (Table 8). 

Significant increases in starry stonewort occurred during the growing season of the first year of 

management and no significant increase the second year of management (Table 8). The most 

notable declines in native aquatic plants occurred between June and September each year 



 

Lake Koronis, Stearns County: 2015- 2019 MN DNR Aquatic Vegetation Report 

23 | P a g e  

 

following management (18% in 2018 and 24% in 2019; Table 3). Starry stonewort growth 

significantly increased during 2018 and 2019 in the reference plot (Table 9).  

Table 8. Lake wide frequency of occurrence of submerged taxa during management years (2018-2019) 
in Lake Koronis. Pre survey data was collected in June (prior to management) and post survey data was 
collected in September. Species are represented by frequency increase (+), remained stable (•) and 
decreased (-). Asterisks represent a statistically significant difference, using Chi-square tests (*P < 0.05, 
**P < 0.01, *** P < 0.001). Sampling points are ≤ 15 ft. 

Scientific name Pre-mgmt. 
JUNE 2018 +/- Post- mgmt. 

SEPT 2018 
Pre- mgmt. 
JUNE 2019 +/- Post- mgmt. 

SEPT 2019 
Starry stonewort 32 (+)*** 58 49 • 51 
Coontail 15 • 16 13 • 14 
Water star-grass 1 • 0 1 • 1 
Curly-leaf pondweed 6 (-)*** 0 13 (-)*** 2 
Clasping-leaved pondweed 1 • 2 1 • 2 
Muskgrass 72 (-)* 51 45 (-)* 28 
Narrow-leaf pondweed  19 (-)*** 0 8 (-)*** 0 
Sago Pondweed 0 (+)*** 11 24 (-)*** 9 
Flat-stemmed pondweed 1 • 1 2 • 1 
Northern water-milfoil 0 • 1 2 • <1 
Whitestem pondweed 0 • 1 1 • 1 
Wild celery 0 (+)*** 5 0 (+)*** 4 
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Table 9. Frequency of occurrence of submerged taxa during management years (2018- 2019) within 
reference plot in Lake Koronis. Pre survey data was collected in June and post survey data was collected 
in September. Species are represented by frequency increase (+), remained stable (•) and decreased (-). 
Asterisks represent a statistically significant difference, using Chi-square tests (*P < 0.05, **P < 0.01, *** 
P < 0.001). Sampling points are ≤15 ft. 

Scientific name Pre- mgmt. 
JUNE 2018 +/- Post- mgmt. 

SEPT 2018 
Pre- mgmt. 
JUNE 2019 +/- Post- mgmt. 

SEPT 2019 

Starry stonewort 11 (+)*** 54 23 (+)*** 61 

Muskgrass 86 • 80 80 (-)* 50 

Coontail 3 • 3 3 • 8 

Water star-grass 3 • 0 0 • 0 

Curly-leaf pondweed 0 • 0 3 • 0 

Clasping-leaved pondweed 0 • 0 0 • 3 

Narrow-leaf pondweed  22 (-)** 0 0 • 0 

Sago pondweed 0 (+)* 14 40 (-)** 11 

Whitestem pondweed 0 • 3 0 • 0 

Evaluation of aquatic taxa by management types  

The results from the chi-squared analysis to test differences of starry stonewort and submersed 

native plant frequency of occurrence in management plots (pesticide, mechanically harvested, 

combined management) resulted in no significant change (P > 0.05) in starry stonewort 

frequency of occurrence during either year (2018 and 2019). Although, significant increases of 

starry stonewort were observed in the reference plot.  

Evaluation of biomass (wet-weight) measurements  

Biomass sampling occurred in 2019 using wet-weight measurements (Figure 10). Reductions in 

biomass occurred in all management plots during 2019 (Figure 11). For our statistical analysis, 

we used a Wilcoxon 2-sample rank sum test to analyze differences in native plants and starry 

stonewort both pre and post management. Significant biomass (g/m2) reductions were 

observed in both the algaecide and algaecide+ mechanical plots after the initial and second 

treatment when compared to the initial starry stonewort biomass. Biomass did not change 

however, between the initial and second treatments (algaecide P = 0.898, algaecide + 

mechanical (P = 0.260), suggesting that the method and/or timing of treatment was not as 

effective during the second treatment. The mechanically harvested plot (A1) also showed 
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significant declines pre and post management (two weeks post-harvest). In the reference plot, 

the starry stonewort increased, but not at a significant level.  

 

 

Figure 60. Vegetation biomass (wet- weight measurements) sampling in Lake Koronis, Stearns County 
(DOW# 73020002). MN DNR surveyors used method developed by Bickel and Perrett (2015). 
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Figure 11. Vegetation biomass measurements in Lake Koronis, Stearns County (DOW# 73020002). Biomass was sampled in the large copper plot (Plot 1), 
mechanically harvested plot (A1), combined management plot (Plot 4N) and the reference plot (4). Copper treatments in 2019 occurred on August 5 and 
September 9 in Plot 1 & August 7 and September 10 for Plot 4N (combined management plot). Mechanical harvesting occurred between pre and post sampling 
dates in for harvested plots. Sample size varied based on size of management plots: pesticide plots (N= 10), reference plots (N= 10), pesticide and mechanical 
harvested plots (N= 10), and mechanical harvested plots (N= 11).
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Discussion 

Management provided short-term reduction of starry stonewort biomass during one growing 

season. Increases in the frequency of occurrence of starry stonewort lake wide were significant 

during the last five years. Increases in lake wide distribution of starry stonewort have occurred 

whether or not management occurred (reference plot). Increases in starry stonewort are likely 

due to a combination of the invasiveness of starry stonewort, its competitive advantage over its 

native counterparts, non-selective management and environmental factors.  

Displacement through starry stonewort invasivion caused significant declines in the frequency 

of occurrence and abundance of native taxa, primarily muskgrass in Lake Koronis in both 

managed and non-managed areas. The results of this report are consistent with invasion 

impacts research conducted by the University of Minnesota in Lake Koronis (Wagner et al., 

2017); whereas significant effects of starry stonewort on native species were also observed. 

Starry stonewort has the ability to displace native vascular plants or algae because its ability to 

fill the water column at shallow depths, causing native plants or algae to become light limited 

(Larkin et al., 2018). Starry stonewort has shown to have a competitive advantage over 

muskgrass, since starry stonewort persisted at sampling points where both species co-existed in 

managed plots in this study. Starry stonewort was highly competitive over muskgrass species 

through displacement of muskgrass beds in non-managed areas during the research conducted 

above (Wagner et al., 2017). Non-selective management using copper also directly impacted its 

native counterpart (muskgrass), as well as damaged vascular plants such as coontail. 

Unintentional removal of native aquatic taxa via mechanical harvesting was also a contributing 

factor. Declines in water clarity and other environmental variables, such as precipitation (high 

water levels) and weather can have an impact on both invasive and native aquatic plant growth 

on an annual basis.  

In terms of aquatic management goals, maintaining or lowering the frequency of occurrence of 

these invasive taxa has not been attainable to date. Moreover, management has not lead to the 

increase and diversity of native aquatic plants. Starry stonewort has shown temporary 

reductions in the biomass in all management types, although, re-growth of starry stonewort 
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during the growing season remains problematic when managing this species. It is important to 

consider the difficulty of managing a species where large, dense infestations may not be 

attainable lake wide, but instead focus on reducing interference with recreation and access. 
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Appendix A: Distribution Maps 
 

 
Figure A 1. 2015 starry stonewort distribution. Plant distribution from the September point-intercept 
surveys for starry stonewort in Lake Koronis, Stearns County (DOW#73020002). Densities ranged from 0 
to 3 at each point, with 3 indicating dense plant presence and 0 indicating no plants. 
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Figure A 2. 2019 starry stonewort distribution. Plant distribution from the September point-intercept 
surveys for starry stonewort in Lake Koronis, Stearns County (DOW#73020002). Densities ranged from 0 
to 3 at each point, with 3 indicating dense plant presence and 0 indicating no plants. 
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Figure A 3. September 2015 muskgrass distribution. Plant distribution from the September point-
intercept surveys for muskgrass in Lake Koronis, Stearns County (DOW#73020002). Densities ranged 
from 0 to 3 at each point, with 3 indicating dense plant presence and 0 indicating no plants. 
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Figure A 4. September 2019 muskgrass distribution. Plant distribution from the September point-
intercept surveys for muskgrass in Lake Koronis, Stearns County (DOW#73020002). Densities ranged 
from 0 to 3 at each point, with 3 indicating dense plant presence and 0 indicating no plants. 
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Figure A 5. 2015 number of taxa per a sampling point. Number of species from the point-intercept 
surveys in Lake Koronis, Stearns County (DOW#73020002). 
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Figure A 6. 2019 number of taxa per a sampling point. Number of species from the point-intercept 
surveys in Lake Koronis, Stearns County (DOW#73020002). 
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