
  

 

 

 

 

 
 

Lake Mitchell 2013 Annual Progress Report 
 
 

An Annual Assessment Of 
Aquatic Vegetation and Water Quality in  

Lake Mitchell 
Wexford County, Michigan 

 
 

January, 2014



  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Prepared for:  Lake Mitchell Improvement Board 
C/o  Mike Solomon, Chair 
400 Lake Street, Suite 600 
Cadillac, MI 49601 
 
 

Prepared by:  Restorative Lake Sciences 
    Jennifer Jermalowicz-Jones, PhD Candidate 
    Water Resources Director 

18406 West Spring Lake Road 
    Spring Lake, MI 49456 
    www.restorativelakesciences.com 
  



  

 
TABLE OF CONTENTS 

SECTION PAGE    

 
LIST OF FIGURES...................................................................................................................................... i 
 
LIST OF TABLES....................................................................................................................................... ii 
 
1.0 EXECUTIVE SUMMARY .............................................................................................................. 6 
  
2.0 AQUATIC PLANT SURVEY METHODS ...................................................................................... 10 
 
 2.1 The GPS Point-Intercept Survey Method ................................................................... 10 
  
3.0 AQUATIC PLANT SURVEY RESULTS FOR 2013 ........................................................................ 11 
 
 3.1 Lake Mitchell Exotic Aquatic Plant Species ................................................................ 12 
 
 3.2 Lake Mitchell Native Aquatic Plant Species ............................................................... 18 
 
 3.3 Lake Mitchell Big Cove Weevil Assessment ............................................................... 22 
 
 3.4 Lake Mitchell Purple Loosestrife Beetle Assessment ................................................ 23 
 
4.0 LAKE MITCHELL WATER QUALITY RESULTS ............................................................................ 26 
  
          4.1    Lake Mitchell 2013 Water Quality Data ............................................................................ 27 
   
5.0 LAKE MITCHELL 2014 MANAGEMENT RECOMMENDATIONS ............................................... 38 
  
6.0 LITERATURE CITED .................................................................................................................. 41 
 
  
 
 
 

 

 

 

 

 

 

 

 

 



 

 

FIGURES 
 
 

NAME PAGE 

 
Figure 1.  Map of GPS Sampling Locations in Lake Mitchell ......................................................... 12 
 
Figure 2.  Biovolume Map of Aquatic Vegetation in Lake Mitchell .............................................. 13 
 
Figure 3.  HWM Growth Habit and Canopy .................................................................................. 14 
 
Figure 4.  HWM Distribution in Lake Mitchell (June, 2013) .......................................................... 17 
 
Figure 5.  Curly-Leaf Pondweed .................................................................................................... 18 
 
Figure 6.  Purple Loosestrife ......................................................................................................... 18 
 
Figure 7.  Fern leaf Pondweed ...................................................................................................... 20 
 
Figure 8.  Leafless Watermilfoil .................................................................................................... 20 
 
Figure 9.  White-stem Pondweed ................................................................................................. 20 
 
Figure 10.  Bulrushes ..................................................................................................................... 20 
 
Figure 11.  Duckweed .................................................................................................................... 21 
 
Figure 12.  White Waterlily ........................................................................................................... 21 
 
Figure 13.  Watershield ................................................................................................................. 21 
 
Figure 14.  Mini Bladderwort ........................................................................................................ 21 
 
Figure 15.  Photograph of Weevil Pupae and Stem Damage........................................................ 22 
 
Figure 16.  Purple Loosestrife Beetle ............................................................................................ 24 
 
Figure 17.  Purple Loosestrife Beetle Stocking Location Map (2013) ........................................... 25 
 
Figure 18.  Water Quality Sampling Locations in Lake Mitchell (2013) ........................................ 27 
 
Figure 19.  Lake Mitchell Proposed Treatment Program and Costs for 2014 .............................. 40 



 

 

 
 
 

TABLES 
 

NAME PAGE 

 
Table 1.  Lake Mitchell Exotic Aquatic Plants (August, 2013) ....................................................... 14 
 
Table 2.  Lake Mitchell Native Aquatic Plants (August, 2013) ...................................................... 19 
 
Table 3.  Trophic Classification of Lake Water Quality (MDEQ) ................................................... 26 
 
Table 4.  Lake Mitchell 2013 Deep Basin #1 Late Summer Water Quality Data ........................... 37 
 
Table 5.  Lake Mitchell 2013 Deep Basin #2 Late Summer Water Quality Data ........................... 37 
 
Table 6.  Lake Mitchell 2013 Tributary Late Summer Water Quality Data ................................... 38 
 
 
 



Restorative Lake Sciences 
Lake Mitchell Annual Report 2013 

Page 6 

 

 

 

An Annual Progress Report of Aquatic Vegetation and Water Quality in  
Lake Mitchell 

Wexford County, Michigan 
 

January, 2014 

 

1.0    EXECUTIVE SUMMARY 

 

Over the past few decades, Lake Mitchell has been managed for nuisance invasive aquatic 

plants such as the exotic, Eurasian Watermilfoil (Myriophyllum spicatum; EWM) and Hybrid 

Watermilfoil (Myriophyllum spicatum var. M. sibiricum; HWM).   The native aquatic plant 

biodiversity in Lake Mitchell is very high with 18 submersed, 4 floating-leaved, and 5 emergent 

aquatic plant species for a grand total of 27 species.  The dense stands of milfoil have 

threatened the native aquatic plant biodiversity and have impaired navigation and recreational 

activities, and may affect waterfront property values.   

In previous years, milfoil was treated with doses of systemic (root-killing) aquatic herbicides 

such as 2,4-D and triclopyr.  The standard doses of 2,4-D ranged from 80-150 pounds per acre 

and doses of triclopyr were at 150 pounds per acre for granular and 3.0 gallons per acre for 

liquid.  A tolerance to these doses preceded the genetic determination of hybrid watermilfoil in 

the lake  in 2011, which required higher doses of systemic herbicides along with varied product 

usage over time to reduce the probability of further tolerance.   

An initial whole lake GPS grid survey of 1,888 sampling points and lake scan was conducted 

on June 10-11, 2013 and found approximately 420 total acres of hybrid milfoil in the main 

lake and coves, which represented about 16% of the lake surface area.  The distribution was 

patchy but large beds of milfoil were noted throughout all coves and at the northwest region of 

the lake.  This distribution differed greatly from previous years, since the dense biomass was 

noted at the east and south regions of the lake during 2009-2011.   On June 20, 2013, the 
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systemic aquatic herbicide Sculpin G® (2,-D amine salt) was used at doses of between 180-200 

pounds per acre with great success in reduction of the hybrid milfoil.  Due to concerns about 

shallow wells at the northeast region of the lake, granular triclopyr (Renovate OTF®) was used 

at a dose of 150 pounds per acre with some success.  Treatment of this region is a challenge 

due to product use limitations.   

The systemic herbicide liquid triclopyr (Navitrol®) was used with chelated copper algaecide to 

treat a bloom of dense milfoil in Big Cove.  Due to the mixture of nuisance pondweeds and 

milfoil in Little Cove, three contact herbicides including diquat, hydrothol, and chelated copper 

algaecide were used together.  In the Franke Coves, application of flumioxazin (Clipper®) at 200 

ppb reduced the growth of all nuisance aquatic plants but a later treatment in those areas with 

the contacts used in Little Cove was required to suppress new growth.  The Torenta Canal 

required an algae treatment using chelated copper (Cutrine®) for dense Cladophora blooms.   

A post-treatment survey on August 1, 2013 was conducted and included two members of the 

Lake Mitchell Improvement Board, a representative from the herbicide manufacturer, SePRO, 

an applicator from PLM, an aquatic biologist from RLS, and an MDEQ permitting unit 

representative.  The survey was conducted to assess the efficacy of the treatment throughout 

the lake and agree on any areas needed for re-treatment.  It was mutually determined by those 

stakeholders that a re-treatment of approximately 7 acres of HWM throughout the lake was 

needed and an additional 70 acres of some new milfoil growth was noted at the north region 

outside of the original treatment area.   

On July 12, 2013, approximately 40 pots of cultured Galerucella sp. beetles were transplanted 

into areas that contained actively growing Purple Loosestrife.  In many cases, individual beetles 

were hand-delivered to individual florescences of Purple Loosestrife plants.  Transplant areas 

included Little Cove, the Franke Coves, Big Cove, and the Torenta Canal.  Beetles were cultured 

at the Kalamazoo Nature Center in Kalamazoo, Michigan.  On August 24th, 2013, approximately 

3-5 florescences on different plants were evaluated at each of the stocking sites.  The mean 

damage index was 3.1±1.0 and the mean number of beetles observed on a given florescence 



Restorative Lake Sciences 
Lake Mitchell Annual Report 2013 

Page 8 

 

 

was 2.5±1.3.  Final surveys conducted on September 17th and October 11th, 2013 determined 

that many of the HWM areas that were treated showed significant damage and many beds 

had completely retreated to the lake bottom.  A few areas at the northwest side of the lake 

showed some resistance but a spring 2014 survey is needed to fully determine the extent of 

systemic herbicide damage.  The weevil activity in Big Cove has declined to almost non-

detectable levels and future stocking of milfoil weevils in Big Cove is not advised. 

Water quality sampling of the deep basins and tributaries of Lake Mitchell was conducted on 

June 16, 2013.  Nutrient levels continue to be in the eutrophic (nutrient-rich) range for the 

entire lake, with elevated levels entering the lake from all of the tributaries.  The water clarity 

has increased over the past few years, likely the result of lower chlorophyll-a values and lower 

dissolved solids.  The majority of the water quality parameters such as pH, total alkalinity, and 

dissolved oxygen have been consistent over the past few years.  A newly revised depth contour 

map of the lake was created by RLS during the summer of 2013. 

!ƴ ƛƴŀǳƎǳǊŀƭ [ŀƪŜ aƛǘŎƘŜƭƭ ŀƴŘ [ŀƪŜ /ŀŘƛƭƭŀŎ άŜȄǇƻέ ǿŀǎ ƘŜƭŘ ŀǘ ǘƘŜ /ƘŜǊǊȅ DǊƻǾŜ ¢ƻǿƴǎƘƛǇ Iŀƭƭ 

on August 10 and RLS staff educated many riparians on overall lake health, lake management 

activities, problems present in individual areas of the lake, and unique biota (such as 

macroinvertebtrates and rare aquatic plant species) found in the lake. 

Finally, a post-treatment end of the season survey was conducted on September 17 by RLS staff 

and determined that the majority of the milfoil beds were dead or in the process of herbicide-

damage decay.   

Recommendations for 2014 include the continued use of systemic aquatic herbicides in the 

open water and preliminary testing for MDEQ Sonar permitting requirements given 2013 

results by SePRO that determined the susceptibility of Lake Mitchell milfoil plants to fluridone 

(Sonar®) at a 6 ppb bump 6 ppb dose.  Systemic herbicides to be used in 2014 may consist of 

Sculpin® and Navigate® in the open waters and high dose triclopyr in the coves for milfoil 

control.  Nuisance native aquatic plants in the coves can be treated with strong contact 

herbicides such as flumioxazin (Clipper® at 400 ppb) and then a mechanical harvest could follow 
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if removal of dead biomass is desired.  Over the past five years, the EWM/HWM has fluctuated 

between 400 acres in 2009 to a low of 273 acres in 2012.  The aggressive HWM infestation in 

Big Cove and the northwest region of the lake in 2013 accounted for an increase in acreage.  

Given the post-treatment results, we anticipate much less acreage in 2014; however, it is 

difficult to predict distribution growth patterns of hybrid milfoil.  A key point to note is that the 

overall cover and distribution of the HWM has shifted dramatically over the past five years 

and intense surveys are needed to ascertain reduced cover throughout the lake in future 

years. 

Timeline of 2014 Lake Mitchell Lake Management Events: 
 

June 10-11- Initial Survey and Bio Base® lake scan 

June 16-Completion of lake scan and water quality/tributary sampling by RLS staff 

June 20-Initial treatment by PLM with oversight by RLS staff  

June 26-Treatment of Franke Coves w/Clipper @ 200 ppb 

July 12-Purple Loosestrife beetle stocking by RLS staff 

July 18-PLM treatment of coves and canal 

July 20-Lake Mitchell Improvement Board Meeting 

July 20-Post treatment survey by RLS staff 

August 10-Lake Mitchell Expo with 3 RLS staff present 

August 1-Post-treatment survey with MDEQ, Mike Solomon and Shari Spoelman, PLM, and 

Jake Britton (SePRO), RLS staff 

August 14-Second herbicide treatment and re-treatment by PLM oversight by RLS staff Note:  7 

acres of re-treat with 2 acres of algae plus 70 acres of new treatment at west region of lake 

August 24-Stems of Purple Loosestrife and milfoil collected and analyzed for beetle/weevil 

damage 

September 17-Post-treatment survey of Aug 14 treatment by RLS staff 

September 26-Meeting of LMIB Special Treatment Committee, RLS, and PLM to discuss cove 

early treatment in 2014 and overall treatment program. 

October 11-Recon survey of lake by RLS staff 
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2.0 AQUATIC PLANT SURVEY METHODS 

 

The aquatic plant sampling methods used for lake surveys of macrophyte communities 

commonly consist of shoreline surveys, visual abundance surveys, transect surveys, AVAS 

surveys, and Point-Intercept Grid surveys.  The Michigan Department of Environmental Quality 

(MDEQ) prefers that an Aquatic Vegetation Assessment Site (AVAS) Survey, or a GPS Point-

Intercept survey (or both)  be conducted on most inland lakes following large-scale aquatic 

herbicide treatments to assess the changes in aquatic vegetation structure and to record the 

relative abundance and locations of native aquatic plant species.  Due to the large size and 

shallow mean depth of Lake Mitchell, a bi-seasonal GPS Point-Intercept grid matrix survey is 

conducted to assess all aquatic species, including emergent and floating-leaved species.  In 

2013, the use of a side-scan sonar GPS device to scan the aquatic plant biovolume of the lake 

was conducted using a Lowrance® HDS 8 GPS side and bottom scanning sonar unit with Bio 

Base software.   

 

2.1 The GPS Point-Intercept Survey Method 

 

While the MDEQ AVAS protocol considers sampling vegetation using visual observations in 

areas around the littoral zone, the Point-Intercept Grid Survey method is meant to assess 

vegetation throughout the entire surface area of a lake (Madsen et al. 1994; 1996).  This 

method involves conducting measurements at Global Positioning Systems (GPS)-defined 

locations that have been pre-selected on the computer to avoid sampling bias.  Furthermore, 

the GPS points are equally spaced on a map.  The points should be placed together as closely 

and feasibly as possible to obtain adequate information of the aquatic vegetation communities 

throughout the entire lake.  At each GPS Point location, two rake tosses are conducted and the 

aquatic vegetation species presence and abundance are estimated.  In between the GPS points, 
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any additional species and their relative abundance are also recorded using visual techniques.  

This is especially important to add to the Point-Intercept method, since EWM and other 

invasive plants may be present between GPS points but not necessarily at the pre-selected GPS 

points.  Once the aquatic vegetation communities throughout the lake have been recorded 

using the GPS points, the data can be placed into a Geographic Information System (GIS) 

software package to create maps showing the distribution and relative abundance of particular 

species.  The GPS Point- Intercept method is particularly useful for monitoring aquatic 

vegetation communities through time and for identification of nuisance species that could 

potentially spread to other previously uninhabited areas of the lake. 

 

The GPS Point-Intercept method surveys on June 10-11, 2013 and on October 10-11, 2013 

consisted of 1,888 equidistantly-spaced grid points on Lake Mitchell, using a Lowrance® HDS 8 

50-satellite GPS WAAS-enabled unit (accuracy within 2 feet; Figure 1).  The objective of the 

surveys is to compare the changes in both milfoil and native aquatic vegetation prior to 

treatment and after treatment.  A combination of rake tosses and visual data accounted for 

each point and the distance between points for the survey.  In addition, a biovolume scan of al 

submersed aquatic vegetation in the lake was conducted (Figure 2). 

 

3.0     AQUATIC PLANT SURVEY RESULTS FOR 2013 

 

The 2013 aquatic vegetation surveys of Lake Mitchell were necessary to record the relative 

abundance and locations of native aquatic plant species present and to record the current 

distribution of EWM and HWM within the lake.   Currently, the majority of the milfoil in the lake 

is HWM since previous infestations by EWM were successfully controlled. 
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3.1     Lake Mitchell Exotic Aquatic Plant Species  

 

The June 10-11, 2013 survey detected four invasive species, including EWM and Hybrid 

watermilfoil (Figure 3).  The distribution of HWM in June of 2013 (before treatment) is shown in 

Figure 4.  Distribution άpost-treatmentέ will need to be conducted in spring of 2014 due to 

observations of standing crop (dead but present) in the late summer/fall of 2013.  The other 

submersed exotic Curly-Leaf Pondweed (Figure 5), and emergent Purple Loosestrife (Figure 6) 

are also shown below.  Exotic species found in Lake Mitchell during 2013 are listed below in 

Table 1.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  A map showing GPS sampling location points on Lake Mitchell,  
Wexford County, Michigan. 
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Figure 2.   Whole-lake BioBase aquatic vegetation biovolume scan of all aquatic vegetation in 
Lake Mitchell (June, 2013).  Note: Red and orange colors denote thick vegetation while yellow 
and green denote less dense vegetation.  Blue color denotes areas void of vegetation. 
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Macrophyte Species and 

Code 

Common Name Plant Growth 

 Form 

% of Lake 

Covered (2013) 

M. spicatum var. sibiricum Hybrid Watermilfoil Submersed; Rooted 16 

Potamogeton crispus Curly-Leaf Pondweed Submersed; Rooted 2 

Lythrum salicaria Purple Loosestrife Emergent 2 

    

 

Table 1.  Exotic aquatic plant species present within or around Lake Mitchell (2013). Note: 
Genetic testing has confirmed that most milfoil in Lake Mitchell has converted to the hybrid 
biotype and distinctive phenotype (appearance) characteristics are present. 
 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Photo showing the aggressive growth habit 
of hybrid watermilfoil. ©RLS, 2012. 
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Information on Hybrid Watermilfoil 

 

Hybrid Watermilfoil was genetically determined during June of 2013 to be related to the above-

mentioned red-stemmed phenotype.  Hybrid watermilfoil is a serious problem in Michigan 

inland lakes.  A similar milfoil species that is considered to be exotic by some scientists 

(Myriophyllum heterophyllum) in New Hampshire was found to have significant impacts on 

waterfront property values (Halstead et al., 2003).  Moody and Les (2007) were among the first 

to determine a means of genotypic and phenotypic identification of the hybrid watermilfoil 

variant and further warned of the potential difficulties in the management of hybrids relative to 

the parental genotypes.  It is commonly known that hybrid vigor is likely due to increased 

ecological tolerances relative to parental genotypes (Anderson 1948), which would give hybrid 

watermilfoil a distinct advantage to earlier growth, faster growth rates, and increased 

robustness in harsh environmental conditions.  In regards to impacts on native vegetation, 

hybrid watermilfoil possesses a faster growth rate than Eurasian milfoil or other plants and thus 

may effectively displace other vegetation (Les and Philbrick 1993; Vilá et al. 2000).  

Furthermore, the required dose of 2,4-D for successful control of the hybrid watermilfoil is 

likely to be higher since there is much more water volume at greater depths it can occupy and 

also due to the fact that hybrid watermilfoil has shown increased tolerance to traditionally used 

doses of systemic aquatic herbicides.  There has been significant scientific debate in the aquatic 

plant management scientific community regarding the required doses for effective control of 

hybrid watermilfoil.  Glomski and Netherland (2010) found that the greatest percentage of 

hybrid watermilfoil (93-100%) was successfully killed with 2,4-D concentrations greater than or 

equal to 70 µg L-1. Their results may vary dramatically from open-water systems; however, as 

they were tested in laboratory aquaria and the results in field trials would be subjected to a 

multitude of external environmental factors. However, the concentration of 70 µg L-1 yielded a 

desired 2,4-D residue concentration to be maintained for up to 21 days as in the study by 
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Glomski and Netherland (2010).  Thus, residue sampling intervals could be recommended at the 

treatment areas for 2 hours after treatment, 1 week after treatment, and 20 days post-

treatment. Concentration-Exposure Time (CET) studies such as those by Glomski and 

Netherland (2010) and Poovey et al., (2007) are important in the determination of dose 

requirements for hybrid watermilfoil; however, they were conducted in laboratory aquaria and 

field CET studies are therefore needed.  

 

Stems of hybrid watermilfoil were collected by the aquatic herbicide manufacturer SePRO and 

submitted to the SePRO® laboratory in North Carolina to determine which types and doses of 

aquatic herbicides would best kill the milfoil.  Additionally, the stems were subjected to the 

aquatic herbicide fluridone (Sonar®) in order to determine if that herbicide could possibly hold 

promise in future treatments.  There are limitations to this method in that laboratory testing 

conditions are not the same as exist in situ in Lake Mitchell (i.e. the lake water chemistry is 

likely different from laboratory water chemistry and sediment chelation behavior was not an 

experimental component measured).  Recent results indicate the hybrid milfoil within Lake 

Mitchell is susceptible to Sonar® at a 6 ppb bump 6 ppb dose and may possibly be an effective 

tool for future milfoil treatment.   
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Figure 4. HWM distribution in Lake Mitchell (June, 2013). 
 
Note: The milfoil beds were observed to be dead in August/October of 2013.  A spring 2014 
survey will reveal how much HWM remains since it takes winter decay to remove dead biomass 
months after treatment with systemic herbicides. 
 
 

 


