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1.0 INTRODUCTION 

North and South Twin Lakes, Vilas County, 
are approximate 2,788- and 642-acre drainage 
lakes, respectively.  North Twin Lake flows 
into South Twin Lake, and South Twin Lake is 
drained via the Twin River flowing into 
Pioneer Lake (Figure 1.0-1).  The outlet is 
controlled by a dam operated by the Wisconsin 
Valley Improvement Corporation (WVIC).  
Eurasian water milfoil (Myriophyllum 
spicatum; EWM) was first documented in this 
system in 2001. 
 
The North and South Twin Lake Riparian 
Association (NSTLRA) was formed in 1995 
and was the primary management entity of the 
Twin Lakes until 2017.  In November 2017, the North and South Twin Lake Protection and 
Rehabilitation District (NSTLPRD, district) was formed and has taken the responsibility for carrying out 
lake protection, management, and enhancement activities.   
 
1.1 Recent EWM Management Summary 

Within North and South Twin Lakes Comprehensive Management Plan (June 2018), the district outlined 
several management actions to help them meet their goal of “Controlling Existing and Preventing Further 
Aquatic Invasive Species Infestations within the Twin Lakes.”  In general, herbicide spot treatments 
would be considered when EWM colonies were of dominant density and a strategy could be devised that 
would be highly likely to meet efficacy goals.  Specific to South Twin, the district would initiate 
discussion, planning, and pretreatment stages of a whole-lake herbicide treatment on South Twin Lake 
when EWM populations measured from the point-intercept survey exceed 12% littoral frequency of 
occurrence (LFOO).   
 
Based on evolving Best Management Practices for herbicide spot treatments targeting EWM, the district 
has adopted ProcellaCOR™ spot treatment strategies in North Twin Lake in 2019 and 2020, and 
conducted a series of large-scale spot treatments in South Twin in 2021 that were anticipated to also 
produce EWM impacts extending out from the application area, possibly throughout the whole lake.  
More discussion of these management efforts and associated monitoring components are detailed in their 
respective annual reports. 
 
1.2 2022 EWM Management & Monitoring Strategy 

Following the large reduction of EWM in North and South Twin Lakes after the past herbicide 
management, the district planned an Integrated Pest Management control strategy for 2022 that would 
include guided professional hand harvesting/DASH and considerations for herbicide spot treatment, both 
which would serve to prolong the gains that were made from earlier management efforts.  The district 
intended to implement at least 10 days (i.e. 2 weeks) of contracted DASH EWM removal during 2022.  
Hand-harvesting/DASH on the Twin Lakes would be coordinated, prioritized, and monitored through 
comparative Late-Season EWM Mapping Surveys and a focused Early-Season Survey.  This allows the 
most current data to drive management decisions and assess the results of the control program.   
 

 
Figure 1.0-1. North & South Twin Lakes, Vilas County 
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The district originally investigated conducting a spot treatment that targeted a remnant population of 
EWM in South Twin Lake during 2022 pending the results of an early season EWM mapping survey.  
A permit application was applied for and ultimately denied by WDNR and thus, no herbicide 
management occurred on the system during 2022.  Continued monitoring was planned in 2022 including 
a whole-lake point-intercept survey in South Twin Lake, continued post treatment monitoring of past 
spot treatment sites in North Twin Lake, a late-summer EWM mapping survey on both lakes, and 
pretreatment data collection for possible herbicide management in 2023.  This report details the 
monitoring and management activities that took place during 2022 on North and South Twin Lakes and 
is the final deliverable of ACEI-286-22.   
 
2.0 AQUATIC PLANT MONITORING RESULTS  

It is important to note that two types of surveys are discussed in the subsequent materials: 1) point-
intercept surveys and 2) EWM mapping surveys.  The point-intercept survey provides a standardized 
way to gain quantitative information about a lake’s aquatic plant population through visiting 
predetermined locations and using a rake sampler to identify all the plants at each location.  The survey 
methodology allows comparisons to be made over time, as well as between lakes.  It is common to see a 
particularly plant species, such as EWM, very near the sampling location but not yield it on the rake 
sampler.  Particularly in low-density colonies such as those designated by Onterra as highly scattered 
and scattered, large gaps between EWM plants may exist resulting in EWM not being present at a 
particular pre-determined point-intercept sampling location in that area.  The point-intercept survey can 
be applied at various scales.  The point-intercept survey is most often applied at the whole-lake scale.  
The whole-lake point-intercept survey has been conducted on South Twin Lake annually since 2008, 
with the exception of 2012 and 2019.  Whole-lake point-intercept surveys have been completed on North 
Twin Lake in 2011, 2016, and 2021.   
 
If a smaller area is being studied, a modified and finer-scale point-intercept sampling grid may be needed 
to produce a sufficient number of sampling points for comparison purposes.  The sub-sample point-
intercept survey methodology is often applied over management areas such as herbicide application sites.  
This type of sampling is used within this project as a part of the 2019-2023 herbicide spot treatment 
pre/post monitoring. 
 
 While the point-intercept survey is a valuable tool to understand the 
overall plant population of a lake, it does not offer a full account 
(census) of where a particular species exists in the lake.  During the 
EWM mapping survey, the entire littoral area of the lake is surveyed 
through visual observations from the boat (Photograph 2.0-1).  Field 
crews supplement the visual survey by deploying a submersible 
camera along with periodically doing rake tows.  The EWM 
population is mapped using sub-meter GPS technology by using 
either 1) point-based or 2) area-based methodologies.  Large 
colonies >40 feet in diameter are mapped using polygons (areas) and 
are qualitatively attributed a density rating based upon a five-tiered 
scale from highly scattered to surface matting.  Point-based 
techniques were applied to AIS locations that were considered as 
small plant colonies (<40 feet in diameter), clumps of plants, or 
single or few plants.   
 

 
Photograph 2.0-1.  EWM 
mapping survey on a Wisconsin 
lake.  Photo credit Onterra. 
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Overall, each survey has its strengths and weaknesses, which is why both are utilized in different ways 
as part of this project.  
 
2.1 June 2022 ESAIS Survey  

Onterra ecologists completed an Early Season AIS Survey on June 29, 2022.  Crews noted excellent 
weather conditions during the survey.  The main purpose of the survey was to better understand the 
population of the rebounding EWM on the lakes, to determine if the district would consider herbicide 
management yet that early summer, and to guide the professional hand harvesting strategy during the 
upcoming growing season. 
 
Within South Twin Lake, two relatively small highly scattered density colonies were delineated in the 
southeast end of the lake with one colony within the extents of site Y-21, and the other being located 
south of Y-21 approximately out from a girl’s camp on the lakeshore (Map 1, lower left frame).  Several 
single or few EWM occurrences were marked along the northern end of the lake, just west of the public 
boat landing.  A few other isolated occurrences were also located around littoral areas of the lake.   
 
Map 2 displays the results of the June 2022 ESAIS survey in North Twin Lake.  The survey found EWM 
population increases, particularly in some of the historic areas where EWM has been present in the 
vicinity of the island.  Some of these colonies were of a size such that a hand harvesting management 
strategy would make a minimal impact without a substantial amount of effort.  Point-based EWM 
occurrences consisting mostly of single or few plants were marked in isolated areas around the lake 
including within a few 2021 hand harvest sites E-21, F-21, and G-21.   
 
The district took a leading role in determining how to prioritize hand harvesting operations in these sites 
based on their budgeted resources and the strategies outlined within the district’s management matrix as 
outlined in Table 2.1-1.  Ultimately, the district chose to target the rebounding EWM occurrences in 
South Twin Lake in an attempt to maintain the gains made by the 2021 ProcellaCOR™ treatment.    
 

Table 2.1-1.  EWM Management Matrix developed by the district. 

 
 
Professional Hand Harvesting/Diver Assisted Suction Harvest (DASH) 

The district contracted with Aquatic Plant Management, LLC to provide professional DASH services in 
2022.  AIS removal specialists from APM conducted harvesting operations on 15 days between July 6-
August 9, 2022.  The noted intent of the effort was to harvest as much EWM biomass as possible.  The 
largest amount of effort took place at site Y-21 where 22 dives totaling 66.9 hours of underwater dive 
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time yielded a harvest of 1,030 cubic feet of EWM (Table 2.2-2).  A colony of EWM located south of 
site Y-21 was identified during the June 2022 EWM mapping survey and subsequent harvesting efforts 
in this site yielded a harvest of 152.5 cubic feet of EWM over 17.3 hours of underwater dive time.  
Harvesting efforts also took place at known EWM locations on the northern end of the lake which yielded 
33.5 cubic feet over 13.4 hours of underwater dive time.  Additional details of the professional harvesting 
actions are included in a summary dive report created by APM, LLC as Appendix A.  
 

Table 2.1-2. Summary of 2022 DASH/ Professional Hand Harvesting Activities in South Twin Lake.  
(Table extracted from APM, LLC EWM Removal Report – Appendix A). 

 

 
2.2 Late-Summer 2022 EWM Mapping Survey  

Onterra staff completed a Late-Season EWM Mapping Survey on North and South Twin Lake on August 
24-25, 2022.  The entire littoral area of both lakes was included in the scope of the survey.  Within South 
Twin Lake, crews delineated several colonized areas of EWM with the largest colonies being located in 
the southeast end of the lake within and in the vicinity of the 2021 herbicide site Y-21 (Map 2, lower 
right frame).  This area contained a combination of dominant, scattered, and highly scattered density 
colonized areas.  Additional small colonized beds of EWM were located in the vicinity of site Y-21 on 
the lakeward edge of a bullrush community in the northeast end of the lake, and one relatively small 
highly scattered colony was mapped on the north end of the lake.  Isolated point-based occurrences 
consisting mostly of single or few plants or clumps of plants were also located around littoral areas of 
the lake.  In total, 10.8 acres of EWM were delineated during the 2022 survey, while no colonized areas 
were present in 2021, and compared to 133.3 acres that were present in 2020 prior to the large-scale 
ProcellaCOR™ treatment (Map 2).  Of the 10.8 acres mapped in 2022, 3.8 acres consisted of dominant 
density, 4.2 acres was scattered density, and 2.8 acres was highly scattered.   
 
In North Twin Lake, crews encountered colonized EWM in many of the same locations where they have 
historically been located near the border with South Twin Lake and in the vicinity of the large island on 
the southeast end of the lake (Map 3).  The EWM population in North Twin Lake consisted of 15.9 total 
acres, of which 10.8 were designated as dominant or highly dominant in density, while the remainder 
consisted of either highly scattered (0.7 acres) or scattered (4.4 acres).  Colonized EWM was present 
within each of the recent past ProcellaCOR spot treatment sites (B-19, and C-20) indicating some level 
of population recovery or re-establishment in the sites.  Additional point-based occurrences were marked 
in isolated areas around the remainder of the lake with no other large colonized plant beds outside of the 
southeast end of the lake.   
 
A modest EWM population was located along the northern shoreline site of South Twin Lake, indicating 
that hand-harvesting likely inhibited EWM from expanding in this area of the lake.  The EWM 
population expanded within site Y-21 and the areas to the south of Y-21 indicating that EWM population 
expansion out-paced the rate of EWM removal through the harvesting activities.  Harvesting efforts 
likely suppressed the EWM population during 2022 in these targeted sites.   
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2.3 South Twin Lake Whole-Lake Point-Intercept Survey 

The point-intercept method as described in the WDNR publication (WDNR PUB-SS-1068 2010) was 
used to complete this study.  A point spacing of 63 meters was used resulting in approximately 300 total 
sampling locations within the littoral zone of South Twin Lake in any given year.  Whole-lake point-
intercept surveys have been conducted in South Twin Lake annually between 2008-2021 with the 
exception of 2012 and 2019.  A full matrix of the point-intercept survey data is included in Appendix B. 
 
Aquatic plant communities are dynamic, and the abundance of certain species can fluctuate from year to 
year depending on climatic conditions, herbivory, competition, water levels, and disease among other 
factors, and fluctuations in the abundance of species are to be expected over time.  Herbicide treatments 
can also impact non-target native plant abundance and annual reporting from South Twin Lake 
documented the native species population dynamics during periods of active management, particularly 
surrounding whole lake herbicide treatments which occurred in 2009, 2010, 2016, and 2019. 
 
Onterra ecologists conducted a whole-lake point intercept survey in South Twin on August 10-11, 2022. 
This survey allows for a quantitative analysis of the aquatic plant community in the lake and is directly 
comparable to past or future surveys completed with the same methodology.  An investigation into the 
2022 survey data serves to study the lake-wide aquatic plant population dynamics the year after the 2021 
herbicide treatments.  A thorough analysis of these data will be reported on within the district’s updated 
Aquatic Plant Management Plan, while this report will focus on the data more specifically relevant to 
evaluating the 2021 herbicide treatment’s effects on the aquatic plant population.   
 
The littoral frequency of occurrence of 
EWM from point-intercept surveys 
spanning 2008-2022 is displayed on 
Figure 2.3-1.  A statistically valid 100% 
decrease in occurrence of EWM was 
documented from 2020 (31.7%) to 2021 
(0%).  The reduction of EWM observed in 
2021 is assumed to be a result of the 
herbicide management that occurred on 
the lake.  The 2022 survey yielded an 
occurrence of 4.7% for EWM, which 
represents a statistically valid increase 
since 2021.  The 2022 occurrence remains 
statistically lower (-85.2%) than the 2020 
pretreatment occurrence of 31.7%.   
 
An investigation of native aquatic plant 
species population dynamics serves to 
understand possible changes in the aquatic 
plant community as a result of the 2021 herbicide treatment.  Similar monitoring being conducted in 
association with ProcellaCOR™ treatments in Wisconsin has identified some native species that appear 
to be susceptible to this chemistry.  Native milfoils including northern watermilfoil and alternate-
flowered watermilfoil are believed to be highly susceptible to ProcellaCOR™ while coontail, water 
marigold, water stargrass, and white water crowfoot, have shown valid decreases in occurrence in several 
case studies.  Native pondweeds, along with many other native plants have shown to be generally not 
impacted by this chemistry at currently employed dosing rates.   

 
Figure 2.3-1.  Littoral frequency of occurrence of EWM in 
South Twin Lake from 2008-2021 whole-lake point-
intercept surveys.  Open circle represents statistically valid 
change from previous survey (Chi-Square α = 0.05).   
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Two native species initially exhibited statistically valid decreases in occurrence when comparing the 
occurrences from the 2020-2021 whole-lake point-intercept surveys (Figure 2.3-2).  Water stargrass 
(Heteranthera dubia) exhibited a statistically valid 33.3% decrease from 16.5% in 2020 to 11.0% in 
2021.  Continued monitoring in 2022 yielded an occurrence of 9.2% for water stargrass.  The combined 
occurrences of muskgrasses (Chara spp.) and stoneworts (Nitella spp.) exhibited a statistically valid 
decrease from 25.1% in 2020 to 16.2% in 2021 and then a statistically-valid increase to 29.5% in 2022. 
 
The occurrence of clasping-leaf pondweed increased from 4.6% in 2020 to 17.5% in 2021 and increased 
further to 20.5% in the 2022 survey (Figure 2.3-2).  Field observations by Onterra staff have been that 
this species has been prevalent within the same general locations in South Twin Lake as where previously 
dense EWM colonies had been prior to treatment.  Clasping-leaf pondweed has shown valid increases 
in occurrence following ProcellaCOR™ treatments in several case studies that Onterra has monitored in 
recent years.  Because of the noticeable increase of clasping-leaf pondweed on South Twin Lake in 2022 
and the corresponding concern from lake users, the following statement by Onterra was distributed by 
the district: 
 

On South Twin Lake, we found many areas of flowering pondweeds, primarily clasping-leaf 
pondweed (Potamogeton richardsonii, also known as richardson’s pondweed) but also some 
other pondweed species.  While these flower spikes can seem impactful, the small amount of 
plant biomass in the top of the water column has minimal, if any, impact on recreation or 
navigation.  That is exactly why they are so important to the health of the lake, as they provide 
just enough (but not too much) cover for ambush fishes like muskellunge, pike, and walleye to 
feed on smaller fish.  These plants are also extremely important to the long-term goal of 
managing EWM, as their foothold in these locations can help slow the encroachment of EWM 
back into these areas. 

 
The population of common waterweed exhibited a valid increase in occurrence in 2022 with an 
occurrence of 14.2% (Figure 2.3-3).  This species had been reduced to less than 1% occurrence following 
the 2019 fluridone treatment and had remained at just 1% in 2021.  The occurrence in 2022 is similar to 
the occurrence documented in 2018 prior to the fluridone treatment, demonstrating rebound. 
 
In addition to common waterweed and the charophytes listed above, other native species that exhibited 
statistically valid increases in occurrence between the 2021-2022 include coontail (+52.9%), as well as 
the collective grouping of large-leaf pondweed, white-stem pondweed, and a hybrid large-leaf/white-
stem pondweed (+71.8%) (Figure 2.3-3).  
 
Native dicot species including northern watermilfoil, water marigold, white water crowfoot, and 
alternate-flowered watermilfoil have demonstrated susceptibility to ProcellaCOR in case studies 
conducted to date in Wisconsin.  Each of these species have been documented in past surveys in South 
Twin Lake and were either not present or had a low frequency of occurrence in the survey completed 
during 2020 prior to the 2021 ProcellaCOR™ treatments.  Water marigold was present at one sampling 
location in the 2022 survey (0.3%) while white water crowfoot was present at two sites (0.7%).  Northern 
watermilfoil and alternate-flowered watermilfoil were not present on any sampling locations in the 2022 
survey (Figure 2.3-3.)    
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Water stargrass (Heteranthera dubia) Charophytes (Chara spp. & Nitella spp.)  

  
Thin-leaved pondweeds (Potamogeton pusillus, P. 

berchtoldii, P. friesii, P. strictifolius) 
Clasping-leaf pondweed (Potamogeton richardsonii) 

  

Wild celery (Valisneria americana)  

 

 

Figure 2.3-2.  Littoral frequency of occurrence of native aquatic plant species in South Twin Lake that 
exhibited a statistically valid change in occurrence from 2020-2021.  Open circle represents statistically 
valid change in occurrence from previous survey. 
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Coontail (Ceratophyllum demersum) Fern pondweed (Potamogeton robbinsii)  

  

Northern watermilfoil (Myriophyllum sibiricum) Flat-stem pondweed (Potamogeton zosteriformis) 

  

Variable-leaf pondweed (Potamogeton gramineus) 
Large-leaf pondweed (Potamogeton amplifolius), 
white-stem pondweed (P. praelongus), and hybrid 
pondweed (P. amplifolius X . praelongus) 

  
Figure 2.3-3.  Littoral frequency of occurrence of common native aquatic plant species in South Twin 
Lake.  Open circle represents statistically valid change in occurrence from previous survey. 
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Water marigold (Bidens beckii) Slender naiad (Najas flexilis)  

  
Alternate-flowered watermilfoil (Myriophyllum 

alterniflorum) 
Common waterweed (Elodea canadensis) 

  

Quillworts (Isoetes spp.) Needle spikerush (Eleocharis acicularis) 

  
Figure 2.3-3 - continued.  Littoral frequency of occurrence of common native aquatic plant species in 
South Twin Lake.  Open circle represents statistically valid change in occurrence from previous survey. 
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Figure 2.3-4 investigates the average 
number of native plant species at each 
littoral point-intercept sampling location 
from each of the point-intercept surveys.  
These data show a slight increase in this 
metric between 2020-2022 with the 2022 
survey indicating 3.20 species per sampling 
site compared to 2.55 in 2021 and 2.37 in 
2020.     
 
Figure 2.3-5 displays the number of 
sampling locations from the point-intercept 
surveys that contained either native plants 
only, EWM plants only, or native plants and 
EWM plants.  The figure illustrates the 
fluctuating footprint of the EWM population 
following management efforts over the 
course of time.  These data indicate that the 
more sampling locations contained native 
aquatic plant species in 2022 compared to 2020-2021 while the number of points containing EWM was 
initially reduced from 96 in 2020 to 0 in 2021 before increasing to 14 in 2022.   
 

 

 

Figure 2.3-5.  Number of sampling locations containing native plants, EWM, or both from point-
intercept surveys in South Twin Lake.  

 
  

EWM Only

EWM & Natives

Natives Only

All Vegetation

 
Figure 2.3-4.  Average number of native aquatic plant 
species per littoral sampling site in South Twin Lake. 
Created using data from whole lake-lake point intercept 
surveys. 
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2.4 North Twin Lake 2019 & 2020 ProcellaCOR™ Spot Treatments - 
Extended Monitoring Results  

A 14.3-acre site (B-19) in North Twin Lake was 
treated with ProcellaCOR™ at a dosing rate of 
8.0 PDU’s in mid-June 2019.  The efficacy of the 
2019 ProcellaCOR™ treatment site has been 
evaluated through annual qualitative and 
quantitative monitoring following treatment.  A 
pretreatment sub point-intercept survey 
completed in October 2018 found EWM present 
at 60 of 105 sampling locations (57.1% FOO, 
Figure 2.4-1).  Two replications of the survey 
took place during the year-of-treatment (2019), 
with a September survey indicating a 10.5% 
occurrence and an October survey documenting 
an occurrence of 6.7%.  Both 2019 post-treatment 
EWM occurrences represent a statistically valid 
decrease compared to the pretreatment frequency 
of occurrence recorded in 2018.  A replication of the survey in September 2020 (1-year after treatment) 
indicated the occurrence of EWM had declined further to 1.9%.  Another replication of the survey in 
September 2021 represents 2-years-after-treatment, and documented an EWM occurrence of 4.1% which 
equates to a statistically valid 96.7% decrease in occurrence compared to pretreatment.  The occurrence 
of EWM exhibited a statistically valid increase between 2021 and 2022 with an occurrence of 35.9% in 
the 2022 survey.   
 
When considering the results of the September post-treatment survey, only northern watermilfoil and 
alternate-flowered watermilfoil showed statistically valid declines in occurrence compared to the 
pretreatment survey.  These species are closely related to EWM and known to be susceptible to 
herbicides that impact EWM.  Continued monitoring through 2022 indicate that northern watermilfoil 
had not recovered until three years after treatment when the occurrence reached pretreatment levels.  
Alternate-flowered watermilfoil has not shown signs of recovery in the site with a 1.0% occurrence in 
2021 and 0% in 2022. (Figure 2.4-2).  All aquatic plant data are displayed below in Table 2.4-1.   
 

Eurasian watermilfoil (Myriophyllum spicatum) 

 
Figure 2.4-1.  EWM frequency of occurrence of in 
B-19.  (n=105). Dashed line represents spring 2019 
herbicide treatment. 

Northern watermilfoil (Myriophyllum sibiricum) Alternate-flowered watermilfoil (Myriophyllum alterniflorum) 

  
Figure 2.4-2.  Native watermilfoil frequency of occurrence in B-19.   (n=105). Dashed line represents spring 
2019 herbicide treatment. 
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Table 2.4-1. Littoral frequency of occurrence of aquatic plants from 2018-2022 sub-sample point-
intercept surveys within site B-19 of North Twin Lake.  (Herbicide treatment occurred in spring 2019.). 

 
 
Figure 2.4-4 displays the qualitative (EWM mapping surveys) monitoring survey results from before and 
after the 2019 ProcellaCORTM treatment.  Prior to treatment, the site harbored a robust EWM population 
of varying densities including several areas of highly dominant or surface matting plants.  The 2019 
post-treatment mapping surveys showed a reduction in EWM in the site such that no colonized EWM 
was present and the remaining plants were described as single or few plant occurrences.   
 
Professional hand harvesting efforts in 2020 targeted remnant EWM plants after which the September 
2020 Late-Summer EWM Mapping Survey (1-year after treatment) found no EWM within the site.  
Continued monitoring that took place two-years after treatment (2021) indicated most of the site 
continued to be clear of EWM with exception of a relatively small but dense dominant density colony 
that was mapped near the southern-most extent of the treatment site (Figure 2.4-3).  By three years after 
treatment (2022), EWM had expanded in the site to include a larger colonized area on the southern end 
of the site, with point-based occurrences mapped throughout the remainder of the site.  The EWM 
population in 2022 was approaching, yet still below, pretreatment levels mapped during 2018.   
 
 
 
  

Oct_2018 Sept_2019 Oct_2019 Sept_2020 Sept_2021 Sept_2022

Ceratophyllum demersum & C. echinatum Coontail & Spiny hornw ort 47.6 36.2 31.4 28.6 26.5 31.1
Ceratophyllum demersum Coontail 47.6 35.2 31.4 28.6 26.5 31.1
Thin-leaved pondweeds Thin-leaved pondw eeds 4.8 42.9 7.6 46.7 49.0 31.1
Elodea canadensis Common w aterw eed 22.9 20.0 16.2 15.2 20.4 35.0
Potamogeton zosteriformis Flat-stem pondw eed 5.7 19.0 6.7 36.2 26.5 33.0
Myriophyllum spicatum Eurasian w atermilfoil 57.1 10.5 6.7 1.9 4.1 35.9
Vallisneria americana Wild celery 28.6 27.6 22.9 16.2 18.4 16.5
Chara & Nitella Charophytes 11.4 9.5 7.6 18.1 14.3 40.8
Chara spp. Muskgrasses 7.6 9.5 6.7 16.2 13.3 40.8
Potamogeton gramineus Variable-leaf pondw eed 4.8 10.5 3.8 24.8 30.6 30.1
Potamogeton richardsonii Clasping-leaf pondw eed 11.4 18.1 17.1 30.5 37.8 5.8
Potamogeton pusillus Small pondw eed 0.0 7.6 7.6 24.8 23.5 23.3
Bidens beckii Water marigold 0.0 8.6 10.5 17.1 27.6 22.3
Najas flexilis Slender naiad 1.0 16.2 1.0 20.0 30.6 18.4
Large-leaf & White-stem pondweeds & Hybrid Large-leaf & White-stem pondw eeds & Hybrid 9.5 8.6 13.3 5.7 20.4 18.4
Potamogeton praelongus White-stem pondw eed 9.5 7.6 11.4 4.8 14.3 14.6
Ranunculus aquatilis White w ater crow foot 12.4 14.3 14.3 10.5 14.3 4.9
Myriophyllum sibiricum Northern w atermilfoil 21.9 0.0 0.0 1.0 1.0 22.3
Heteranthera dubia Water stargrass 5.7 13.3 13.3 7.6 7.1 3.9
Najas guadalupensis Southern naiad 0.0 12.4 0.0 0.0 3.1 17.5
Potamogeton friesii Fries' pondw eed 3.8 14.3 0.0 12.4 10.2 1.9
Potamogeton strictifolius Stiff pondw eed 1.0 0.0 0.0 18.1 23.5 1.0
Potamogeton berchtoldii Slender pondw eed 0.0 28.6 0.0 0.0 0.0 5.8
Potamogeton amplifolius Large-leaf pondw eed 0.0 1.0 1.0 1.0 6.1 3.9
Myriophyllum alterniflorum Alternate-f low ered w atermilfoil 8.6 1.9 0.0 0.0 1.0 0.0
Nitella spp. Stonew orts 3.8 0.0 1.0 1.9 1.0 0.0
Potamogeton robbinsii Fern-leaf pondw eed 0.0 0.0 1.0 1.0 1.0 1.9
Ranunculus flammula Creeping spearw ort 0.0 0.0 0.0 0.0 1.0 0.0
Potamogeton illinoensis Illinois pondw eed 1.0 0.0 0.0 0.0 0.0 0.0
Potamogeton amplifolius x P. praelongus Large-leaf & White-stem pondw eeds 0.0 0.0 1.0 0.0 0.0 0.0
Ceratophyllum echinatum Spiny hornw ort 0.0 1.0 0.0 0.0 0.0 0.0

Scientific Name Common Name

LFOO (%)
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September 2018  
(Pretreatment) 

 

September 2019 
(Year-of-Treatment) 

 

September 2020 (1-
Year Post-
Treatment) 

 

September 2021 (2-
Years Post-
Treatment) 

 

August 2022 (3-
Years Post-
Treatment) 

 

 
 

Figure 2.4-3.  EWM Mapping Survey results from before (2018) and after (2019-2022) ProcellaCOR™ 
herbicide treatment in site B-19 in North Twin Lake. 
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Site C-20 is a 10-acre site in North Twin Lake that was treated with ProcellaCOR with an application 
rate of 7.0 PDU’s in mid-June 2020.  Prior to treatment, the occurrence of EWM was 15.2% and declined 
to 0% in the year-of-treatment (2020) and was 3.0% in the year after treatment (2021). Quantitative 
monitoring of this site did not occur during 2022, instead the site was assessed through the replication 
of a late-summer EWM mapping survey that represents two-years after treatment.  These data indicate 
that EWM was nearing pretreatment levels with a core dominant/scattered colony in the site as well as 
other single plants occurrences (Figure 2.4-4)  
 

September 2019 (Year-Before-Treatment) September 2022 (2-Years-After-Treatment) 

  

 
 

Figure 2.4-4.  EWM population before (September 2019) and two-years after (August 2022) 
ProcellaCORTM treatment in site C-20 in North Twin Lake.  No EWM was located in the site in the year-of-
treatment survey (September 2020), and one clump and several single plants in one-year after treatment 
(September 2021). 

 
3.0 CONCLUSIONS & DISCUSSION 

Aquatic plant monitoring in 2022 served to assess the plant community in South Twin Lake the year 
after a series of spot treatments in 2021 that resulted in lake-wide impacts.  These data showed that most 
aquatic plant species appear to have been unaffected by the 2021 herbicide treatment and South Twin 
Lake continues to harbor a diverse array of species.  The occurrence of EWM in South Twin Lake was 
4.7% representing an 85.2% decrease in occurrence compared to the 2020 survey prior to the large spot 
treatments in 2021.  The EWM monitoring results indicate that the 2021 treatment strategies largely met 
expectations with reductions in EWM extending through the year after treatment.  Follow up 
professional hand harvesting efforts conducted during 2022 further inhibited the EWM population from 
expanding in the targeted areas. 
 
Extended monitoring of the 2019 and 2020 ProcellaCOR™ spot treatments in North Twin Lake showed 
that EWM reductions in site B-19 lasted approximately three years after treatment with population 
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recovery approaching pretreatment levels in 2022.  Site C-20 showed the EWM population has returned 
to approximately the pretreatment levels by two years post-treatment.   
 
Some colonized areas of EWM were delineated during the late-summer 2022 mapping survey including 
a dominant/scattered colony in the southeast end of South Twin Lake as well as colonized EWM in many 
of the same locations in North Twin Lake where EWM has historically been present near the island and 
border with South Twin Lake.   
 
3.1 2023 Integrated Pest Management Strategy 

IPM Strategy: Hand Harvesting/DASH 

The district intends to implement at least 15 days (i.e. 3 weeks) of contracted DASH EWM removal 
during 2023, with partial funding of that effort coming from the dovetailing grant ACEI-286-22.  Hand-
harvesting/DASH would be coordinated, prioritized, and monitored through comparative Late-Season 
EWM Mapping Surveys.  The district would once again take a lead role in determining the prioritization 
of hand harvesting efforts in 2023 with considerations given to targeting EWM within the 2021 herbicide 
application areas in South Twin Lake if appropriate.  The 2023 harvesting strategy will be guided by the 
results of the late-summer 2022 EWM mapping survey which provides sufficient EWM population 
information in the absence of an early-season mapping survey in 2023.   
 
The district’s success criteria for hand-harvesting are a reduced mapping density by at least one category 
in location where sufficient effort took place.  For instance, dominant density areas would be at least 
reduced to scattered density.   
 
IPM Strategy: Herbicide Spot Treatment 

Map 4 presents a proposed 2023 herbicide spot treatment strategy in North & South Twin Lake which 
includes treating one 9.8-acre site in North Twin Lake and one 9.1-acre site in South Twin with 
ProcellaCORTM at a dosing rates of between 5.0 and 5.5 PDU’s.  Onterra confirmed the dosing strategy 
with experts from SePRO, the manufacturer of ProcellaCOR™.  SePRO is also willing to offer a 
warrantee on the multiyear success of this treatment.   
 
The majority of Site B-23 is outside the footprint of the 2021 ProcellaCOR™ treatment Site Y-21, with 
a small overlap on the north side.  If the herbicide from B-23 mixed within the epilimnion of South Twin 
Lake, the potential lake-wide calculation of 0.088 ppb would be far below levels that would have lake-
wide impacts.  Therefore, this treatment is predicted to function as a true spot treatment where impacts 
are anticipated to be localized within or immediately adjacent to the application area. 
 
The site in North Twin Lake was last targeted with herbicides in 2016 and has been a focus for a multi-
year professional hand harvesting effort that has resulted in seasonal population suppression.  The site 
in South Twin Lake targets the largest and most dense known EWM colony in the lake.  This would be 
the first time ProcellaCOR™ has been used on this application area. Site A-23 in North Twin Lake is 
narrow in shape and offshore, factors that make this a difficult treatment scenario.  Therefore the 
application rate was slightly elevated to 5.5 PDU.  Like B-23, this site is not really situated in a bay 
where herbicide mixing would be slightly contained.  Therefore this site will also function like a true 
spot treatment and be completely reliant on high upfront concentrations.   
 
Please note that the district applied for a WDNR AIS Control Grant during the fall 2022 cycle to assist 
with funding their 2023 management strategy and monitoring program.  Both quantitative and qualitative 
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surveys are incorporated into the district’s EWM management and monitoring strategy.  These data will 
be collected prior to treatment, year of treatment, and year after treatment.  Onterra believes comparing 
data from prior to treatment to the year after treatment allows for the best assessment of the treatment 
outcome.  Many treatment impacts during the year of treatment may be short-lived, so understanding 
how populations stabilize during the year after treatment is important within evaluations. 
 
Qualitative EWM Monitoring 

A Late Season AIS (LSAIS) Survey would be conducted towards the end of the growing season each 
year to produce the mapping data to document a census of the EWM population within Twin Lakes at 
the perceived peak growth stage.  Comparing these data to previous surveys will help lake stakeholders 
understand management outcomes.  The EWM mapping data are also valuable to direct follow-up 
management, such as contracted hand-harvesting, aimed to maintain the gains made.   
 
Quantitative Aquatic Plant Monitoring 

Sub-sample point-intercept surveys would occur prior to treatment, year of treatment post, and year 
after treatment post. Pretreatment sub-sample point-intercept data was collected during the late-summer 
of 2022 and will be compared to a replicated survey during the late-summer of 2023.  It is anticipated 
that year after treatment data (2024) will be collected in a subsequent project.  Pretreatment data 
collected from the proposed 2023 herbicide management sites are displayed on Figures 3.1-1 and 3.1-2 
below.   
 
Within the proposed treatment site A-23 in North Twin Lake, EWM exhibited an occurrence of 55.0% 
making in the second-most frequently encountered species in the site.  Common waterweed (60%), 
coontail (52.5%), and small pondweed (47.5%) were the most frequently encountered native aquatic 
plant species in the site.   
 

 

 
Figure 3.1-1.  Littoral frequency of occurrence of aquatic plants from sub-sample point-intercept survey 
in proposed herbicide treatment site A-23 in North Twin Lake.   
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Within the proposed treatment site B-23 in South Twin Lake, EWM exhibited an occurrence of 67.4% 
making in the most frequently encountered species in the site (Figure 3.1-2).  Fern-leaf pondweed 
(48.8%), clasping-leaf pondweed (48.8%), and flat-stem pondweed (46.5%) were the most frequently 
encountered native aquatic plant species in the site.   
 

 
Figure 3.1-2.  Littoral frequency of occurrence of aquatic plants from sub-sample point-intercept survey 
in proposed herbicide treatment site B-23 in South Twin Lake.   

 
This project also includes cost coverage for a whole-lake point-intercept survey in 2023 for post 
treatment monitoring of the 2021 treatment on South Twin Lake.  The utility of this survey is being 
discussed between the district and WDNR.  The WDNR suggested cost coverage be included in the 
grant, with the option of removing at a later date if determined unnecessary. 
 
Herbicide Concentration Monitoring 

district volunteers would collect herbicide concentration monitoring during the hours/days following 
treatment following a sampling regime created through collaborative efforts of the WDNR and Onterra.  
The scope of this activity is modeled off the 2022 WDNR’s (central office) research project in which 
herbicide concentration monitoring samples were sent to a lab with lower detection limits (EPL Bio 
Analytical Services) than the manufacturer’s lab (SePRO).  The volunteer-based sampling structure is 
currently modeled off of the 2022 WDNR’s (central office) research project, but would adapt to the 2023 
model as appropriate.  Multiple samples would be collected at specified time intervals, mostly focused 
on the first few days after treatment. 
 
3.2 Aquatic Plant Management Plan Update 

As discussed above, the district completed a Comprehensive Management Plan in June 2018.  The 
district is currently in the process of updating portions of that plan, producing an Aquatic Plant 
Management (APM) Plan that integrates advancements in science and understanding of EWM 
management since the 2018 Plan was developed.  The project would utilize existing aquatic plant data, 
namely all available whole-lake point-intercept data and late-season EWM mapping data as applicable.  
An anonymous stakeholder survey was distributed to all district members over the summer of 2023.  A 
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series of planning meeting will be conducted between Onterra ecologists/planners and a focus group of 
approximately 6-8 members of the district in late-winter/early spring 2023.  The final result will be the 
development of an implementation plan that updates the district’s aquatic plant management related 
goals and actions.  Conducting the APM Plan update at this time will allow continuous access to WDNR 
AIS Control Grant funding sources. 



!(!(!(
!(!(!(!(!(!(!(!(!(

!(!(!(
!(

!(!(

!(!(
!(!(!(!(

!(
!(!(
!(!(

!(
!(

!(

!(!(
!(

!(

!(!(!(!(

!(!(
!(!(

!(
!( !(

!(

!( !(

!(!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(
!( !(

!(!(!(!(!(!(!(!(
!(!(
!(!(
!(!( !(!(!(
!(!(!(

!(
!(!(!(!(!(!(!(!(!(

!(
!(!(!(

!(
!(

!(

!(
!(

!(
!( !( !(

!(!(!(!(!(
!(!(
!(
!(

!(!(!(
!(!(
!(
!(!(

!(!(

!(
!(!(!(!(!(!(!(!(
!(!(

!(!(
!(!( !(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(!(!(!(!( !(!(!(
!(!(!(
!( !(

!(
!(

!(!(
!(!(

!( !(

!(!(!(
!(!(!(!(

!(!(!(!(!(
!(!(
!(!(!(!(!(!(

!(
!(!(!(

!(!(!(!(
!(
!(!(
!(!(
!(!(

!(

.
1,000

Feet k

Project Location in Wisconsin

815 Prosper Road
De Pere, WI  54115

920.338.8860
www.onterra-eco.com

Sources:
Roads and Hydro: WDNR
Bathymetry: WDNR, digitized by Onterra
Aquatic Plants: Onterra, 2020-2021
Map Date: January 20, 2022 - EJH

!(!(!(

!(

Y-21
Z-21

X-21

Late-Summer
2020 Late-Summer

2021

Early Season
2022

Late-Summer
2022

ProcellaCOR Treatment
Occured in Spring 2021

Legend

Dominant
Highly Dominant

Highly Scattered
Scattered

Surface Matting

Single or Few Plants!(

Clump of Plants!(

Small Plant Colony!(

Map 1
South Twin Lake

Vilas County, Wisconsin

2020 - 2022 EWM 
Survey Results



!(!(

!(!(!(!(!(!(

!(
!(!(
!(
!( !(

!(!(
!(!(!(
!(!(!(

!(!(

!(!(!(

!(!(!(
!(!(!(!(

!(
!(

!(
!(!(
!(!(!(

!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(

!(
!(

!(!( !(!(

!(!(
!(

!( !(!(

!(!(!(!(!(!(!(!(
!(
!(!(!(!(!(!( !( !(

!(

!(!(!(!(!(

!(!(

!(!(

!(
!(!(!(!(!(

!(

!( !(!(

!(!(!(
!(

!(

!(!(

!(

!(!(
!(!(

!(!(!(

!(!(

!(

!(
!(

!(!(

!(
!(

!(!(

!(!(

!(!(!(
!(!(

!(

!(

!(!(
!(!(

!(

!(!(
!(!(!(!(!(

!(!(

!(!(
!(

!(

!(!(!(

!(!(!(!(
!(!(
!(

!(!(!(
!(
!(!(

!(!(
!(!(

!(

!(!(!(

!(!(

!(

!(

!(
!(
!(!(!(!(!(!(!(!(

!(!(!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

B-19
A-20

C-20

E-21G-21

F-21

D-21

.
Sources:
Roads and Hydro: WDNR
Bathymetry: WDNR, digitized by Onterra
Orthophotograph: NAIP, 2020
Aquatic Plants: Onterra, 2022
Map Date: June 30, 2022 - EJH

2,000

Feet

Legend
k

Project Location in Wisconsin

815 Prosper Road
De Pere, WI  54115

920.338.8860
www.onterra-eco.com

Vilas County, Wisconsin
North Twin Lake

June 2022 EWM 
Survey Results

!(

!(

!(

!(

!(!(

!(

!(

!(
!(!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

EWM Survey Results  (June 29, 2022)

!(!(

!(!(!(!(!(!(

!(

!(!(
!(

!( !(

!(!(

!(!(!(
!(
!(!(

!(!(

!(!(!(

!(
!(!(

!(!(!( !(

!(

!(

!(
!(
!(
!(!(

!(

!(
!(!( !(!(!(

!(!(!(!(

!(!(!(!(!(!(!(

!(

!(

!(!( !(!(

!( !(
!(

!(
!(!(

!(!(!(!(!(!(!(!(

!(

!(!(!(!( !(!( !( !(

!(

!(!(!(
!(!(

!(
!(

!(
!(

!(

!( !(

!(!(
!(

!(!(

!(!(!(!(!(

!(!(

Single or Few Plants!(

Clump of Plants!(

Dominant
Highly Dominant

Highly Scattered
Scattered

Surface Matting

Bullrush Community
(Summer 2016)

Small Plant Colony!(

2021 Hand-Harvest 
Locations

!(

!(
!(
!(

!(
!(

!(

!(

!(

!(

!(!(!(!(
!(!(!(

!(
!(!(!(

!( !(
!(!(!(!(!(!(!(!(

!(!(!(!(
!(!(!(

!(!(!(

!(!(!(!(!(!( !(!(
!(
!(!(!(!(!(!(

!5

Map 2



!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(

!(

!(!(!(!(!(!(
!(!(

!(

!(
!(
!(
!(

!(!(!(
!(!(!(!(
!(!(
!(

!(!(!(!(!(!(!(!( !(

!(

!(!(
!(!(!(!(!(

!(!(

!(
!(!(!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(
!(!(

!(!(!(!(!(!(!(!(

!(!(

!(!(!(!(!(

!(!(!(!(!(!(

!( !(!(!(!(!(
!(!(!(!(!(!(

!( !(!(!(!(!(!(!(!(!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!( !(
!(!(!(!(!(!(

!(!(
!(
!(!(
!(
!(!(

!(!(!(

!(!(!(

!(!(!(!(!(
!(!(!(

!(!(!(!(!(!(!(!(!(!(
!( !( !(!(!(!(

!(!(!(!(!(!(!(
!(!(!(!(!(!(!(!(
!(!(!(!(

!(

!(!(!(!(!(!(!(!(!(
!(

!(!(!(

!(
!(

!(

!(
!(

!(
!( !( !(

!(!(!(!(!(
!(!(

!(

!(
!(!(!(

!(
!(!(
!(!( !(

!(!(

!(!(!( !(!(
!(!(!( !(!(!(!(!( !(!(!(

!(
!(!(!(

!(

!(!(!(!(
!(!(

!(

!(!(!(
!(

!(!(!(!(

!(
!(!(
!(!(

!(!(

.
Sources:
Roads and Hydro: WDNR
Bathymetry: WDNR, digitized by Onterra
Orthophotograph: NAIP, 2020
Aquatic Plants: Onterra, 2022
Map Date: January 20, 2023 - EJH

2,000

Feet

Legend
k

Project Location in Wisconsin

815 Prosper Road
De Pere, WI  54115

920.338.8860
www.onterra-eco.com

Vilas County, Wisconsin
North Twin Lake

August 2022 EWM 
Survey Results

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(!(!(
!(

!(

!(

EWM Survey Results  (August 24-25, 2022)

!(!(!(!( !(!(!(!(

!(!(

!(!(!(!(!(

!(!(!(!(!(!(

!( !( !(!( !(!(

!(!(!(!(!(!(

!( !(!(!(!(!(!(!(!(!(
!(!(!(!(!(

!( !(!(

!(!(!(!(!(!(!(!(!(!(

!( !( !( !(!(!(
!(!(!(!(!(!(!(

!(!(!(!(!(!(!(
!(

!(
!(!(!(

!(

!(!(!(!(
!(!(!(!(!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(
!(!(!(

!(!(

!(

!(

!(!(!(

!(
!(
!(

!(!( !(

!(!(

!(!(!( !( !(
!(!(

!(
!(!(!(!(!( !(!(!(

!(

!(!( !(

Single or Few Plants!(

Clump of Plants!(

Dominant
Highly Dominant

Highly Scattered
Scattered

Surface Matting

Bullrush Community
(Summer 2016)

Small Plant Colony!(

!(

!(

!(!(!(!(!(!(!(!(

!5

Map 3



!(!(!(
!(!(!(
!(

!(!(
!(!(!(

!(!(
!(!(

!(!(

!(
!(

!(!(!(!(

!(
!(!(

!(!(

!(

!(

!(

!( !(

!(

!(

!(!(!(!(

!(!(

!(!(

!(

!( !(
!(

!( !(

!(
!(

!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!( !(

!(!(
!(

!(!(!(
!(
!(!(
!(!(
!(
!(!(

!(!(!(

!(!(!(

!(!(!(!(!(

!( !(!(
!(!(!(!(!(!(!(!(!(!(

!( !( !( !(!(!(
!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(

!(
!(!(!(

!(

!(!(!(!(
!(!(!(!(!(

!(
!(!(!(

!(

!(

!(

!(

!(

!(

!(
!( !(

!(!(!(!(
!(

!(!(

!(

!(

!(!(!(
!(
!(!(
!(!( !(

!(!(

!(!(!( !( !(
!(

!(
!(

!(!(!(!(!( !(!(!(

!(

!(!( !(

!(
!(

!(

!(!(!(!(!(!(!(!(

!(!(

!(!(

!(!( !(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(!(!(!(!( !(!(!(

!(!(!(

!( !(

!(

!(

!(!(
!(!(

!( !(

!(!( !(
!(!(!(!(

!(!(!(!(!(

!(
!(
!(!(!(!(!(!(

!(

!(!(!(

!(!(
!(!(

!(
!(
!(!(!(

!(
!(

!(

A-23

B-23

.
1,000

Feet k

Project Location in Wisconsin

815 Prosper Road
De Pere, WI  54115

920.338.8860
www.onterra-eco.com

Legend

Vilas County, Wisconsin
North & South Twin Lakes
2023 Preliminary EWM
Treatment Strategy v2

Sources:
Roads and Hydro: WDNR
Bathymetry: WDNR, digitized by Onterra
Orthophotograph: NAIP, 2018
Aquatic Plants: Onterra, 2022
Map Date: January 10, 2023 - EJH

Bullrush Community
(Summer 2016)

Map 4

2023 Herbicide
Applicaiton Area

EWM Survey Results  (August 24-25, 2022)

Dominant
Highly Dominant

Highly Scattered
Scattered

Surface Matting

Small Plant Colony!(

Clump of Plants!(

Single or Few Plants!(

Site  Acres Avg 
Depth (ft)

Volume
(acre-ft)

PDU Rate
(per acre-ft) PDU Total 

A-23 9.8 8.0 78.4 5.5 431.2
B-23 9.1 8.0 72.8 5.0 364.0
Total 18.9 151.2 795.2

2023 Preliminary EWM Management Strategy
ProcellaCOR Spot Treatment

Treat Area
to STwn Lake

Potential South 
Twin Epilimnetic 

Conc. (PPB)
B-23 1.4% 0.088
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PO Box 1134 Minocqua, WI 54548

South Twin Lake EWM Removal Report 
2022



Aquatic Plant Management LLC

South Twin Lake EWM Manual Removal Summary 2022

Dive Background: Between July 6th and August 9th, Aquatic Plant Management LLC (APM) conducted fifteen (15) days of Diver Assisted Suction Harvesting 
(DASH) for Eurasian Watermilfoil (EWM) on South Twin Lake in Vilas County, WI..  The team focused their efforts at sites prioritized by the North & South 
Twin Lakes Protection Rehabilitation District, focusing on removing as much EWM biomass from South Twin as possible. In total APM was able to remove 
1,216.0 cubic feet of EWM from South Twin Lake.

Dive Highlights and Recommendations:  The dive team spent ~70% of their time the EWM colony in Y-21, where there was significant dominant and highly 
dominant EWM growth.  The dive team also spent time at the EWM colony south of Y-21, however, did not encounter as dense of growth.  The northern 
shoreline had relatively the least amount of EWM growth, and the team only removed 33.5 cubic feet from that area of the lake.  Overall, South Twin Lake 
should continue to take an Integrated Pest Management  (IPM) approach and evaluate different strategies to manage the EWM population on the lake.  
Continued monitoring and management efforts are important to prevent the spread of EWM throughout South Twin Lake.

1

Dive Location Avg. Water Depth # of Dives Underwater Dive Time AIS Removed (cubic feet)
Colony S of Y-21 9.0 9 17.3 152.5

N Shoreline 7.4 4 13.4 33.5
Y-21 7.4 22 66.9 1,030.0

Grand Total 7.8 35 97.6 1,216.0

Date Weather Conditions Water Temp (F) Underwater Dive Time (hrs) AIS Removed (cubic ft)
7/6/2022 Cloudy 74 6.2 34.0
7/7/2022 Partly Cloudy 74 6.2 78.0
7/8/2022 Sunny 74 6.0 58.5

7/11/2022 Periods of rain 76 6.6 14.0
7/12/2022 Partly Cloudy 74 6.8 19.5
7/25/2022 Partly Cloudy 73 7.4 80.5
7/26/2022 Sunny 72 7.4 64.0
7/27/2022 Partly Cloudy 73 7.3 93.0
7/28/2022 Cloudy 72 7.5 126.0
7/29/2022 Partly Cloudy 72 3.2 24.0
8/1/2022 Cloudy 72 6.8 84.0
8/4/2022 Sunny 73 6.7 75.0
8/5/2022 Sunny 72 6.8 79.5
8/8/2022 Periods of rain 71 6.4 138.0
8/9/2022 Sunny 71 6.3 248.0

Grand Total 73 97.6 1,216.0
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Date Dive Location Latitude Longitude
Underwater 

Dive Time (hrs)
AIS Removed 

(cubic ft)
AIS Density

Avg Water 
Depth (ft)

Native 
Species

Native By-
Catch

Substrate Type

7/6/2022 Colony S of Y-21 46.02482 -89.16496 1.50 3.0 Highly Scattered 9.0 Coontail 1.0 Organic

7/6/2022 Colony S of Y-21 46.02475 -89.16475 2.58 10.0 Scattered 9.0 Pondweeds 2.0 Organic

7/6/2022 Colony S of Y-21 46.02482 -89.16469 2.08 21.0 Scattered 10.0 Pondweeds 10.5 Organic

7/7/2022 Colony S of Y-21 46.02507 -89.16438 2.08 27.0 Scattered 9.0 Pondweeds 13.5 Organic

7/7/2022 Colony S of Y-21 46.02519 -89.16417 2.08 33.0 Scattered 9.0 Coontail 14.0 Organic/Sand

7/7/2022 Colony S of Y-21 46.02528 -89.16402 2.08 18.0 Scattered 9.0 Coontail 6.0 Organic/Sand

7/8/2022 Colony S of Y-21 46.02535 -89.16386 1.67 12.0 Scattered 9.0 Elodea 3.0 Organic/Sand

7/8/2022 Colony S of Y-21 46.02541 -89.16367 1.58 15.0 Scattered 9.0 Elodea 4.0 Organic/Sand

7/8/2022 Colony S of Y-21 46.02553 -89.16350 1.67 13.5 Scattered 8.0 Pondweeds 3.0 Organic/Sand

7/8/2022 Y-21 46.02705 -89.16253 1.08 18.0 Scattered 9.0 Coontail 4.0 Organic

7/11/2022 N Shoreline 46.03804 -89.17457 3.58 7.0 Scattered 5.5 Pondweeds 1.0 Organic/Sand

7/11/2022 N Shoreline 46.03778 -89.17408 3.00 7.0 Scattered 8.0 Pondweeds 1.0 Organic/Sand

7/12/2022 N Shoreline 46.03790 -89.17519 3.33 10.5 Scattered 8.0 Pondweeds 1.5 Organic/Sand

7/12/2022 N Shoreline 46.03793 -89.17571 3.50 9.0 Scattered 8.0 Pondweeds 1.0 Organic/Sand

7/25/2022 Y-21 46.02732 -89.16211 3.67 41.5 Dominant 7.0 Pondweeds 3.0 Organic

7/25/2022 Y-21 46.02732 -89.16211 3.75 39.0 Dominant 7.0 Pondweeds 6.0 Organic

7/26/2022 Y-21 46.02752 -89.16227 3.67 37.0 Dominant 7.0 Pondweeds 6.0 Organic

7/26/2022 Y-21 46.02752 -89.16227 3.75 27.0 Scattered 7.0 Pondweeds 4.5 Organic

7/27/2022 Y-21 46.02736 -89.16223 3.67 33.0 Scattered 6.5 Pondweeds 4.5 Organic

7/27/2022 Y-21 46.02736 -89.16223 3.67 60.0 Dominant 8.0 Pondweeds 7.0 Organic

7/28/2022 Y-21 46.02718 -89.16248 3.75 48.0 Dominant 7.0 Pondweeds 6.0 Organic

7/28/2022 Y-21 46.02718 -89.16248 3.75 78.0 Dominant 7.0 Pondweeds 9.0 Organic

7/29/2022 Y-21 46.02743 -89.16224 1.75 12.0 Scattered 7.0 Pondweeds 1.5 Organic

7/29/2022 Y-21 46.02743 -89.16224 1.42 12.0 Scattered 7.0 Pondweeds 1.5 Organic

Total 24 64.66 591.5
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Date Dive Location Latitude Longitude
Underwater 

Dive Time (hrs)
AIS Removed 

(cubic ft)
AIS Density

Avg Water 
Depth (ft)

Native Species
Native By-

Catch
Substrate Type

8/1/2022 Y-21 46.02712 -89.16230 3.33 27.0 Dominant 7.5 Pondweeds 3.0 Organic

8/1/2022 Y-21 46.02712 -89.16230 3.42 57.0 Dominant 7.5 Pondweeds 7.5 Organic

8/4/2022 Y-21 46.02725 -89.16256 3.08 25.5 Dominant 7.5 Pondweeds 1.5 Organic

8/4/2022 Y-21 46.02725 -89.16256 3.58 49.5 Dominant 7.5 Pondweeds 5.5 Organic

8/5/2022 Y-21 46.02733 -89.16251 3.33 25.5 Scattered 7.5 Pondweeds 1.5 Organic

8/5/2022 Y-21 46.02733 -89.16251 3.50 54.0 Scattered 7.5 Pondweeds 3.0 Organic

8/8/2022 Y-21 46.02702 -89.16273 3.33 78.0 Dominant 7.5 Pondweeds 9.0 Organic

8/8/2022 Y-21 46.02702 -89.16273 1.50 33.0 Dominant 7.5 Pondweeds 6.0 Organic

8/8/2022 Y-21 46.02688 -89.16254 1.58 27.0 Dominant 7.5 Pondweeds 1.5 Organic

8/9/2022 Y-21 46.02688 -89.16254 3.33 132.0 Highly Dominant 7.5 Pondweeds 12.0 Organic

8/9/2022 Y-21 46.02688 -89.16254 3.00 116.0 Highly Dominant 7.5 Pondweeds 9.0 Organic

Total 11 32.98 624.5
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South Twin Lake
Point‐Intercept Survey Data Matrix

2008 2009 2010 2011 2013 2014 2015 2016 2017 2018 2020 2021 2022 % Change Direction

Vallisneria americana Wild celery 60.9 43.2 53.7 58.2 37.3 36.8 43.6 47.8 45.0 33.2 23.8 35.3 27.1 -23.1 ▼

Potamogeton gramineus Variable-leaf pondweed 46.7 46.5 37.5 40.5 46.6 52.6 38.4 46.1 44.3 29.6 31.4 30.7 36.3 18.0 ▲

Najas flexilis Slender naiad 33.2 31.4 17.2 43.4 14.8 25.8 33.4 27.8 40.7 35.2 26.4 30.7 35.9 16.9 ▲

Chara & Nitella spp. Muskgrasses & Stoneworts 30.3 18.8 22.7 27.6 14.5 17.2 32.1 42.0 46.6 18.8 25.1 16.2 29.5 82.3 ▲

Potamogeton robbinsii Fern-leaf pondweed 31.3 32.7 33.7 31.6 30.9 30.8 24.9 26.1 25.7 16.4 12.9 15.9 21.0 32.5 ▲

Chara spp. Muskgrasses 29.3 17.2 22.3 25.3 14.5 16.9 32.1 40.3 40.7 13.8 24.8 14.6 29.2 100.2 ▲

Potamogeton zosteriformis Flat-stem pondweed 31.3 26.1 5.2 16.1 26.0 20.9 12.5 7.5 10.4 10.5 37.3 31.4 29.2 -7.1 ▼

Elodea canadensis Common waterweed 24.7 26.4 15.5 31.3 15.1 12.9 14.1 24.4 34.5 10.5 0.7 1.0 14.2 1366.4 ▲

Ceratophyllum demersum Coontail 23.4 20.8 21.0 22.0 14.5 14.2 9.2 11.9 18.6 15.1 10.6 12.0 18.3 52.9 ▲

Potamogeton richardsonii & Pot. hybrid Clasping-leaf pondweed & hybrid 11.8 17.5 16.8 18.4 10.9 10.9 7.9 13.2 21.5 11.2 4.6 17.5 20.3 16.4 ▲

Potamogeton richardsonii Clasping-leaf pondweed 11.5 17.5 16.8 18.1 10.9 8.9 7.9 13.2 21.5 11.2 4.6 17.5 20.3 16.4 ▲

Myriophyllum spicatum Eurasian watermilfoil 19.1 10.2 0.0 0.3 3.2 11.9 37.7 4.4 14.3 40.1 31.7 0.0 4.7 ▲

Heteranthera dubia Water stargrass 22.4 8.9 4.2 8.6 9.6 13.6 16.1 10.2 11.7 9.2 16.5 11.0 9.2 -16.8 ▼

P. amplifolius, P. praelongus, & Pot. hybrid Large-leaf, white-stem, and hybrid pondweeds 13.8 13.2 11.0 9.5 11.9 8.6 9.2 12.2 14.0 11.2 9.2 8.1 13.9 71.8 ▲

P. pusillus, P. berchtoldii, Pot. spp., P. friesii, & P. stric tifolius Thin-leaved pondweeds 21.4 14.5 2.9 2.0 10.3 8.9 4.3 2.0 2.0 7.2 7.9 16.5 17.6 6.8 ▲

Potamogeton praelongus White-stem pondweed 10.5 9.9 10.4 7.6 10.3 5.6 7.9 10.2 9.8 8.2 5.6 4.2 7.8 85.3 ▲

Potamogeton pusillus Small pondweed 3.9 12.5 2.6 1.6 10.3 8.9 4.3 2.0 2.0 6.6 6.3 12.9 13.6 4.7 ▲

Eleocharis acicularis Needle spikerush 5.9 4.0 5.5 1.6 3.2 7.0 9.8 4.4 5.2 6.3 9.2 12.6 8.8 -30.2 ▼

Isoetes spp. Quillwort spp. 3.9 2.6 5.5 3.3 0.6 1.3 6.9 6.1 10.4 8.6 10.6 9.1 11.2 23.5 ▲

Myriophyllum sibiricum Northern watermilfoil 28.3 12.2 0.0 0.0 1.9 8.6 11.8 5.1 4.2 7.2 0.3 0.0 0.0 -

Bidens beckii Water marigold 14.1 5.9 0.6 2.3 3.9 6.6 6.6 2.7 2.0 7.2 0.0 0.6 0.3 -47.6 ▼

Myriophyllum alterniflorum Alternate-flowered watermilfoil 3.6 4.6 0.6 1.0 1.0 1.0 5.2 3.4 5.9 8.9 1.0 0.0 0.0 -

Potamogeton amplifolius Large-leaf pondweed 3.6 3.6 0.6 0.7 1.0 0.3 0.0 2.4 2.3 0.3 2.0 3.6 7.1 100.0 ▲

Schoenoplectus acutus Hardstem bulrush 1.0 3.0 2.9 3.0 2.3 1.0 3.9 0.3 1.6 3.3 2.0 0.6 3.1 371.4 ▲

Nitella spp. Stoneworts 2.3 2.6 0.6 2.6 0.0 0.7 0.0 2.0 7.5 5.3 0.3 2.3 0.3 -85.0 ▼

Potamogeton friesii Fries ' pondweed 9.2 3.0 0.6 0.3 0.0 0.0 0.0 0.0 0.0 0.7 2.3 3.2 3.7 15.2 ▲

Potamogeton spp. Small pondweed sp. 17.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

Potamogeton amplifolius x P. praelongus Large-leaf x White-stem pondweed hybrid 0.0 0.0 0.0 2.6 1.9 3.6 1.3 0.0 2.0 3.3 1.7 0.6 0.0 -100.0 ▼

Potamogeton strictifolius Stiff pondweed 0.0 0.3 0.3 2.6 0.6 0.0 0.7 1.0 0.7 0.0 2.3 0.3 0.0 -100.0 ▼

Ranunculus aquatilis White water crowfoot 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.3 1.3 0.7 -47.6 ▼

Sagittaria sp. (rosette) Arrowhead sp. (rosette) 2.6 0.7 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.0 -

Potamogeton berchtoldii Slender pondweed 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3 1.0 -55.1 ▼

Potamogeton richardsonii hybrid Clasping-leaf pondweed hybrid 0.7 0.0 0.0 0.3 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

Juncus pelocarpus Brown-fruited rush 0.0 0.0 0.3 1.6 0.0 0.0 0.7 0.3 0.0 0.0 0.0 0.0 0.0 -

Potamogeton perfoliatus Perfoliate pondweed 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

Myriophyllum tenellum Dwarf watermilfoil 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.7 ▲

Stuckenia pectinata Sago pondweed 0.0 0.0 0.3 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 -

Sparganium sp. Bur-reed sp. 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

Potamogeton illinoensis Illinois pondweed 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.0 0.0 -

Sagittaria graminea Grass-leaved arrowhead 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

Eriocaulon aquaticum Pipewort 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

Elatine minima Waterwort 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

▲ or ▼ = Change Statistically Valid (Chi-square; α = 0.05)

▲ or ▼ = Change Not Statistically Valid (Chi-square; α = 0.05)

2021-2022

Scientific Name Common Name

LFOO (%)

Analysis by Onterra,  LLC




