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Eurasian watermilfoil (Myriophyllum spicatum), a noxious aquatic weed, has spread rapidly across the 

United States over the last seventy years. Growing in thick beds that cover the lake bottoms, Eurasian 

milfoil infestations crowd out native plants, reducing species diversity (Madsen et al. 1991). Plant 

material from these beds generates large floating mats of vegetation that clog boat propellers, obstruct 

recreation, and lead to decreased dissolved oxygen levels (Lillie & Budd 1992). In 1984, Keast found that 

Eurasian milfoil infested areas have severely reduced aquatic invertebrate abundance, and thus these 

locations are able to sustain fewer fish than native plant beds. Eurasian milfoil damages both the 

ecological and the esthetic value of waterways. If this invasive plant continues to spread, there will be 

severe biological and economic ramifications.  

At present, monitoring programs have discovered Eurasian milfoil at twelve locations in Montana 

(Montana DNRC). If managers hope to limit the dispersal of this noxious weed, they must rapidly 

pinpoint new infestation sites for quarantine and treatment. Using traditional rake collection methods 

to detect a small number of milfoil plants in large lakes can be labor-intensive and costly. Environmental 

DNA (eDNA) detection is a promising new technique to locate founder populations of aquatic invasive 

species, like Eurasian milfoil, without the high physical and monetary costs of traditional methods.  

Aquatic organisms constantly release eDNA into the water in the form of sloughed tissue, gametes, 

seeds, urine, feces, or mucous. By collecting this material, extracting the eDNA, and amplifying a target 

sequence that is unique to Eurasian watermilfoil, we can detect milfoil’s presence in lake water. We 

partnered with the U.S. Forest Service to screen Swan, Van, Lindberg, Holland, and Beaver Lake for 

Eurasian watermilfoil and northern watermilfoil (Myriophyllum sibiricum), a native species, using eDNA. 

In this report, we will present the results. 
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Study Design 

Swan, Van, Lindbergh, and Holland Lake 

Swan, Van, Lindbergh, and Holland Lake were screened for potential new infestations of Eurasian milfoil. 

USFS crews collected eDNA samples from a series of locations within each lake (Figure 1, Figure 2). 

Holland Lake 

In Holland Lake, we conducted an experiment to test the seasonal and spatial detection ability of eDNA 

sampling methods. In July and September, crews collected eDNA samples at several distances away 

from native milfoil plants. Two sampling locations were designated - one with a single milfoil plant and 

one with a milfoil bed (Figure 2).  When measured in September, the milfoil bed was 70 meters long and 

about 6.76 meters wide, equaling 473.2 square meters, with approximately 1,372 stalks. Milfoil plants 

were typically 7-8 centimeters high and primarily were single stalks, but some had multiple stalks per 

cluster.  A sampling crew collected eDNA samples at 25, 50, and 100 meters away from each of these 

locations. 

Beaver Lake 

At Beaver Lake, we conducted a multi-year experiment to test the spatial detection ability of the 

sampling methods. Over the past three years, eDNA samples have been collected at Beaver Lake to 

monitor a known infestation of Eurasian milfoil (Figure 3, Figure 4). In 2012, we detected Eurasian milfoil 

in the single eDNA sample that was collected. Later that year, Hanson Environmental removed the 

milfoil bed on the southwest side of the lake.  In 2013, eDNA samples were collected from five locations. 

We detected Eurasian milfoil only at the location closest to the Eurasian milfoil beds in the northwest 

bay. Later in 2013, Hanson Environmental removed the remaining milfoil beds. In 2014, snorkel surveys 

found only two EWM plants. We collected eDNA samples at 10, 20, 40, and 80 meters away from each 

of these plants. 

Methods 

Sample Collection 

The U.S. Forest Service collected eDNA from each lake using a plankton tow net, a fine mesh net which 

filters over 1000 liters of lake water per sample. In every lake, the plankton tow eDNA samples were 

collected in a transect format, driving the boat slowly for about 100 meters while dragging the net 
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behind. In Holland Lake, some plankton tow eDNA samples were collected in a point sample format, 

dragging the net around the stationary boat enough times to equal 100 meters. In Beaver Lake, eDNA 

samples were collected at each sampling site using a plankton tow net and a handheld pump that 

filtered 600 ml of lake water. Sampling crews preserved all eDNA samples in 95% ethanol. They cleaned 

the net and handheld pump by rinsing them with 10% bleach followed by deionized water. 

Quality control steps were taken to prevent false positive test results. Crews took field negative controls, 

or “blanks,” at Swan, Van, Holland, and Beaver Lake to test gear for DNA contamination. To do this, they 

ran deionized water through the plankton tow net and preserved the contents of the net in ethanol. 

Crews also used travel blanks, deionized water preserved with ethanol and transported with the 

samples, to check for DNA contamination during handling and storage.  

DNA Extraction  

We used a modified Qiagen Blood and Tissue Kit protocol to extract DNA from plankton tow and filter 

eDNA samples. We took precautions to prevent false-positive and false-negative test results. We 

extracted DNA from plankton tow samples in a sterile lab space away from plant tissue and PCR 

products. With each extraction set, we included a negative control to test for DNA contamination during 

the extraction process.  

Real-time PCR  

We analyzed each eDNA sample using a real-time KASP (Kompetative Allele Specific PCR) assay. This 

assay detects and discriminates between Eurasian watermilfoil (Myriophyllum spicatum) and northern 

watermilfoil (Myriophyllum sibiricum). Northern watermilfoil is a native species that is present in many 

Montana lakes. Native milfoil acts as an internal positive control for this assay, meaning that the 

detection of native milfoil helps to verify that successful DNA collection, extraction, and detection 

occurred, lending credibility to negative detection results for Eurasian milfoil. 

Results & Discussion 

Swan, Van, Lindbergh, and Holland Lake 

We did NOT detect Eurasian watermilfoil in any samples collected from the Swan, Van, Lindbergh, or 

Holland Lake in 2014 (Table 1, Table 3).  We successfully detected northern milfoil one of five samples 
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taken from Van, two of five samples taken from Swan, and six of twelve samples taken from Holland 

(Table 1, Table 3). We did not detect northern milfoil in Lindbergh Lake (Table 1).  

Within each lake, northern milfoil detection results vary by site. The proximity of each sampling site to a 

lake’s milfoil beds is likely responsible for this variation in detection. Studies on the spatial distribution 

of eDNA in lakes will help us find out how close sampling sites must be to a milfoil bed in order to detect 

it. 

We compared native milfoil detections across years in Swan, Van, and Holland Lake at sites where we 

had multi-year data (Table 3). Lindbergh Lake had no positive native milfoil detections for any year, so 

we did not include it in the table. The visible variation in detection results at each site is likely related to 

seasonal or annual variation in milfoil growth, yearly weather differences, daily changes in water 

currents, tow length, and other variables.  As our understanding of eDNA improves, this multi-year data 

will help us reveal the variables that influence detection results. 

Holland Lake 

In July, northern milfoil was detected at 50 and 100 meters from the site with the single milfoil plant, 

but not at the site with the milfoil bed (Table 2, Figure 2). In September, milfoil was successfully 

detected at both sampling locations. At the site with the single plant, milfoil eDNA was detected only at 

50 meters, but, at the site with the milfoil bed, milfoil eDNA was detected in every sample out to 100 

meters. 

Detections occurred the site with the single milfoil plant during both sampling sessions but never 

occurred at 25 meters from the plant (Table 2, Figure 2). Other unmapped native milfoil plants in the 

bay could have contributed to the eDNA signal observed at the 50 and 100 meter sampling locations. 

The fact that a greater number of detections occurred at this site in July, rather than in September, 

surprised us. This site is in a narrow bay which may better protect small amounts of eDNA from getting 

carried away by water currents, and the relatively low amount of milfoil material in the area could also 

lead to more stochastic detection results than at the milfoil bed site. Overall, at the single plant site, the 

presence of other milfoil plants complicated the detection results. 

In the detection results at the milfoil bed, there is a seasonal and spatial pattern. At this site, plankton 

tow samples do not detect milfoil in July but do detect it out to 100 meters in September (Table 2, 
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Figure 2). Since plants release more fragments and gametes in the fall, we expect to see more eDNA 

detections later in the year.  

In order to draw clear conclusions, we need to repeat this study at a greater number of sites. Samples 

collected throughout the growing season at various distances from known milfoil beds will reveal how 

seasonal and spatial factors influence eDNA detection. 

Beaver Lake 

In Beaver Lake, we successfully detected Eurasian watermilfoil (Table 4, Figure 4). Samples were 

collected at each location using both a plankton tow net and a water filter. At the southern site, both 

the filter sample and the plankton tow sample showed amplification of Eurasian watermilfoil at 40 

meters away from the milfoil plant (Table 4).  Oddly, no Eurasian milfoil detections occurred closer to 

milfoil plant. This result could have been created by an unseen plant nearer to 40 meter sampling site. 

We also detected native milfoil in a filter sample taken 20 meters away from the plant at the southern 

site. Since native and Eurasian milfoil can be difficult to distinguish in the field, it is possible that this the 

plant at this site could have been misidentified. We did not detect any milfoil eDNA at the northern site.  

Since Beaver Lake has a known infestation of Eurasian milfoil, it is a uniquely suited for testing eDNA 

detection methods. This study shows that we need more information about water current, wind, and 

other mechanisms that move eDNA within a lake, in order to predict where we will detect it. We also 

need a detailed map of both the Eurasian and native milfoil plants in Beaver Lake, before we conduct 

further studies. 

Conclusion 

Real-time PCR assays are swiftly becoming a sensitive new tool to monitor aquatic invasive species using 

eDNA. In order to sample eDNA effectively, we need to know more about its spatial and temporal 

distribution in lakes. In this study, we conducted two preliminary tests, in Holland and Beaver Lake, to 

show the dispersal of eDNA from milfoil plants. At the milfoil bed site in Holland Lake, we see a seasonal 

and spatial pattern of eDNA movement. At the other sampling locations, we do not see a clear pattern. 

All of these sites contained only one identified milfoil plant. It is possible that the relatively low amount 

eDNA from a single milfoil plant, compared to a milfoil bed, could generate more stochastic detection 

results.  With this study, we improved our knowledge of where eDNA is most likely to be detected in 
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lakes. Our future research will build on this base to improve sampling strategies and create a baseline of 

data to detect and pinpoint the geographic locations of newly established Eurasian milfoil beds. 
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Tables and Figures 

Table 1. Sampling dates, locations, and results of the Northern/Eurasian milfoil assay for 2014 season.  A “No Amplification” result means that no milfoil 

DNA was detected. 

 

Lake Sample ID Date Time Tow Length Tow Start GPS Tow End GPS Eurasian Milfoil Northern Milfoil No Amplification

Travel Blank TB002 7/23/2014 Travel Blank Travel Blank X

Swan S001 7/23/2014 Field Blank Field Blank X

Swan S002 7/23/2014 10:09 AM 100m N 47⁰ 55.923’ W 113⁰ 51.134’ N 47⁰ 55.878’ W 113⁰ 51.088’ X

Swan S003 7/23/2014 10:26 AM 100m N 47⁰ 55.000’ W113⁰ 50.967’ N 47⁰ 54.951’ W 113⁰ 51.002’ X

Swan S004 7/23/2014 10:46 AM 100m N 47⁰ 55.913’ W 113⁰ 52.807’ N 47⁰ 55.855’ W 113⁰ 52.804’ X

Swan S005 7/23/2014  11:01 AM 100m N 47⁰ 56.085’ W 113⁰ 51.470’ N 47⁰ 56.128’ W 113⁰ 51.420’ X

Swan S006 7/23/2014 11:14 AM 100m N 47⁰ 56.113’ W 113⁰ 51.299’ N 47⁰ 56.078’ W 113⁰ 51.237’ X

Van V001 7/23/2014 Field Blank Field Blank X

Van V002 7/23/2014 12:46 PM 100m N 47⁰ 41.893’ W 113⁰ 46.069’ N 47⁰ 41.915’ W 113⁰ 45.995’ X

Van V003 7/23/2014 1:00 PM 100m  N 47⁰ 41.998’ W 113⁰ 46.011’ N 47⁰ 42.052’ W 113⁰ 46.014’ X

Van V004 7/23/2014 1:13 PM 100m  N 47⁰ 42.134’ W 113⁰ 46.156’  N 47⁰ 42.166’ W 113⁰ 46.222’ X

Van V005 7/23/2014 1:25 PM 100m N 47⁰ 42.077’ W 113⁰ 46.301’ N 47⁰ 42.023’ W 113⁰ 46.307’ X

Van V006 7/23/2014 1:38 PM 100m N 47⁰ 41.962’ W 113⁰ 46.211’ N 47⁰ 41.921’ W 113⁰ 46.158’ X

Lindbergh Lindbergh 1 8/7/2014 12T 0293219 x 5247886 12T 0293084 x 5247742 X

Lindbergh Lindbergh 2 8/17/2014 0294572 x 5253651 0294474 x 5253657 X

Lindbergh Lindbergh 3 8/7/2014 0294827 x 5253204 0294802 x 5253115 X

Lindbergh Lindbergh 4 8/7/2014 0294724 x 5253600 0294816 x 5253562 X

Lindbergh Lindbergh 5 8/7/2014 0293351 x 5247666  0293275 x 5247564 X
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Figure 1. Maps of Swan, Van, and Holland Lake showing sampling locations and results of the Northern/Eurasian milfoil assay in 2014 sampling 
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Table 2. Holland Lake sampling dates and results of the Northern/Eurasian milfoil assay for 2014 season.  A “No Amplification” result means that no milfoil 

DNA was detected.
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Figure 2. Map of Holland Lake showing the two sampling areas, one with a single native milfoil plant (light green) and one with a native milfoil bed (dark 

green).  Samples taken at each location at each sampling date in 2014 are plotted. A yellow marker indicates that the Northern/Eurasian milfoil assay 

detected native milfoil.  A blue marker indicates that no milfoil was detected. 
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Table 3. Comparison of milfoil detections at sampling locations across years in Swan, Van, and Holland Lake.  Lindbergh Lake was not included, because 

we have never detected milfoil DNA there.  A “No Amplification” result means that no milfoil DNA was detected. 
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Table 4. Beaver Lake sampling and results of the Northern/Eurasian milfoil assay for the 2014 season. A “No Amplification” result means that no milfoil 

DNA was detected. Samples were taken at various distances from a known milfoil plant using either a plankton tow net or a water filter as noted in the 

“Sample Type” column. For filter samples, 600 ml of water was processed. A positive control sample which was spiked with Eurasian watermilfoil DNA, 

labeled “EWM positive control”, was analyzed to verify that DNA extraction and PCR processes were effective. 
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Figure 3. Maps of Beaver Lake in 2012 and 2013 showing the Eurasian milfoil beds (red dots). The bed on the southwest side of the lake was eradicated 

before the 2013 sampling season, Sample locations are marked with yellow and blue diamonds. A yellow diamond indicates that Eurasian milfoil was 

detected.  A blue diamond indicates that no milfoil was detected. 
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Figure 4. On the left is a map of Beaver Lake in 2014, showing the locations of the remaining milfoil plants (red dots). On the right, the eDNA samples 

collected near the northern and southern plant are plotted, These samples were collected at 10, 20, and 40 meters away from each milfoil plant. One 

sample was also collected at 80 meters away from the northern plant. A yellow diamond indicates that northern milfoil was detected. A yellow star 

indicates that Eurasian milfoil was detected.  A blue diamond indicates that no milfoil was detected. 

 


