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I. EXECUTIVE SUMMARY  

 

Lake Mitchell is a natural, glacial lake located in Sections 34,35,36,1,2,3,4,10,11, and 12 of Cherry Grove 

and Selma Townships in Wexford County, Michigan (T. 21,22N, R. 10W). The lake has three major 

tributaries including Mitchell Creek which enters the lake from the west side of Big Cove, Brandy Creek 

which enters the lake at the north end of Little Cove, and Gyttja Creek which enters the lake at the 

northernmost point. These tributaries were monitored on August 10, 2010 for water quality 

parameters such as total phosphorus, pH, water temperature, conductivity, oxidative reduction 

potential, dissolved oxygen, and turbidity.  Brandy Creek contributed the highest concentration of 

phosphorus to the lake with a total phosphorus concentration of 0.030 mg L
-1

, followed by Gyttja 

Creek at 0.025 mg L
-1

 and Mitchell Creek at 0.025 mg L
-1

.  Tributary mean values for measured 

parameters included a pH of 7.9, conductivity of 208 µs cm
-1

, dissolved oxygen concentration of 8.1 

mg L
-1

, and total dissolved solids concentration of 112 mg L
-1

.   

 

Water samples collected from the lake deep basins on August 9, 2010 indicated that the lake is 

eutrophic, with low to moderate Secchi disk transparency (mean Secchi transparency for 2010 of 6 

feet), elevated nutrients such as phosphorus, and excessive aquatic macrophyte growth.  Total 

phosphorus concentrations ranged from 0.030 mg L
-1

 to 0.035 mg L
-1

 in Deep Basins 1 and 2.  The 

mean pH for both deep basins was 7.4,  mean conductivity was 153 µs cm
-1

, mean dissolved oxygen 

concentration was 6.7 mg L
-1

 and mean total dissolved solids concentration was 95 mg L
-1

.   

 

Eurasian Watermilfoil (Myriophyllum spicatum; Figure 1) was introduced to the United States in the 

1950ôs and has progressed to many of Michiganôs inland lakes. Currently, it occurs in over 33 of the United 

States.  Large, shallow lakes with adequate water transparency and public access sites (such as Lake 

Mitchell) are most vulnerable to Eurasian Watermilfoil infestation.  Eurasian Watermilfoil is among the 

first species to germinate in lakes after the ice melts, and quickly forms a dense surface canopy that 

impedes the necessary light for more favorable, native aquatic plant species.  Eurasian Watermilfoil 

reproduces by seed and fragmentation and may even hybridize with native milfoil species in the lake. Such 

hybridization has been observed in various areas of Lake Mitchell.  Eurasian Watermilfoil is also capable 

of overwintering under winter ice, although a fair amount of the previous seasonal vegetation does decay.  
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Rigorous lake management approaches such as the use of systemic herbicides (such as 2, 4-D and 

Triclopyr) used in early June and mid-July of 2010 to control approximately 357 acres of Eurasian 

Watermilfoil in Lake Mitchell were successfully implemented.  The acreage was determined through 

a rigorous 1,686-point GPS aquatic vegetation survey during the week of June 8, 2010 and a post-

treatment survey of the same points conducted on September 12, 2010.  The survey detected 27 

native aquatic plant species, which consisted of 18 submersed, 3 floating-leaved, and 6 emergent 

species.  Four exotic species were found in and around the lake, which included Eurasian 

Watermilfoil (present in 17% of the grid points) and Purple Loosestrife (Lythrum salicaria) which 

was scattered on the shores of Little and Big Coves.  The Giant Common Reed (Phragmites australis) 

and Yellow Iris (Iris pseudacorus) were found during the September 12, 2010 final post-treatment survey, 

although approximately 0.50 acres of Phragmites near the Torenta Canal was treated during late summer 

and was killed.  Nuisance native aquatic vegetation and Cladophora algae growth was removed with the 

use of a mechanical harvester.  The total acreage of Cladophora removed was  approximately 5 acres and 

nuisance native vegetation in all of the four coves was approximately 23 acres.  Harvesting was only 

conducted in areas where Eurasian Watermilfoil had been previously treated or was absent to reduce the 

threat of fragmentation and spread. 

 

Although no weevils were added to the Big Cove of Lake Mitchell during 2010 (as 10,000 weevil units 

were in 2009), weevil damage parameters on randomly selected milfoil stems were assessed during late 

July of 2010.  Forty milfoil stems were collected and the average weevil damage index was 2.7±1.6 (on 

a 0-5 scale system where a 5 denotes complete stem and leaf destruction).   

 

Management objectives and activities for 2011 should include: 1.) The treatment of remaining milfoil areas 

(determined by the point-intercept GPS survey in late spring of 2010) with systemic herbicides, 2.) The 

mechanical harvesting of the coves and specific areas of the main lake (projected to be a total of 24 acres 

with the use of new harvesting guidelines developed by the Lake Mitchell Improvement Board (LMIB), 3.) 

The removal of nuisance Cladophora in the Canal (approximately 5 acres) with either the use of algaecides 

and/or careful use of a mechanical harvester, 4.) The application of the Galerucella beetle to areas infested  
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with Purple Loosestrife (approximately 5 total acres), 6.) The application of systemic herbicides to the 

Phragmites located at the southern portion of the Canal in the wetlands if it reoccurs (approximately ¼ 

acre), 7.) The continued monitoring of water quality parameters in the Deep Basins and Main Tributaries 

and investigation of BMPôs to reduce nutrient loads to the lake, and 8.) Oversight of all herbicide and 

harvesting treatments by the Consultant. 

 

 

II.       LAKE  MITCHELL WA TER QUALITY DATA  

 

A. Water Quality Overview 

 

The quality of water is highly variable among Michigan inland lakes, although some characteristics are 

common among particular lake classification types.  The water quality of each lake is affected by both land 

use practices and climatic events.  Climatic factors (i.e. spring runoff, heavy rainfall) may alter water 

quality in the short term; whereas, anthropogenic (man-induced) factors (i.e. shoreline development, lawn 

fertilizer use) alter water quality over longer time periods. Since many lakes have a fairly long hydraulic 

residence time, the water may remain in the lake for years and is therefore sensitive to nutrient loading and 

pollutants. Furthermore, lake water quality helps to determine the classification of particular lakes (Table 

1).  Lakes that are high in nutrients (such as phosphorus and nitrogen) and chlorophyll-a, and low in 

transparency are classified as eutrophic; whereas those that are low in nutrients and chlorophyll-a, and 

high in transparency are classified as oligotrophic.  Lakes that fall in between these two categories are 

classified as mesotrophic.  Lake Mitchell is classified as a eutrophic lake. 

 

Lake Trophic Status Total Phosphorus   

(µg L
-1

) 

Chlorophyll-a             

(µg L
-1

) 

Secchi Transparency 

(feet) 

Oligotrophic < 10.0 < 2.2 > 15.0 

Mesotrophic 10.0 ï 20.0 2.2 ï 6.0 7.5 ï 15.0 

Eutrophic > 20.0 > 6.0 < 7.5 

 

Table 1.   Lake Trophic Status Classification Table (MDNRE)  
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Water Quality Parameters Measured 

 

Water quality parameters such as dissolved oxygen, water temperature, conductivity, turbidity, pH, total 

alkalinity, total phosphorus, total Kjeldahl nitrogen, algal species and composition, and Secchi 

transparency, among others, all respond to changes in water quality and consequently serve as indicators of 

water quality change.  These parameters are discussed below along with water quality data specific to Lake 

Mitchell (Tables 2-3).   Sampling Locations for the tributary and deep basin water quality sites are shown 

in Figure 1. 

 

 

 

Figure 1.  Tributary and Deep Basin sampling locations for Lake Mitchell (2010). 

 

 

DB #1 

DB #2 

Brandy Creek 

Gyttja Creek 

Mitchell Creek 
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Depth 

ft 

Water 

Temp  

ºF 

DO    

mg  L
-1
 

pH 

S.U. 

Cond.   

µS  cm
-1
 

Turb 

NTU 

ORP 

mV 

Total 

Kjeldahl 

Nitrogen 

mg L
-1
 

Total 

Alk. 

mgL
-1
 

CaCO3 

Total 

Phos.     

mg L
-1
 

0 76.7 8.0 7.5 149 0.3 29.1 < 0.045 46 < 0.030 

10 

21 

76.3 

76.4 

8.0 

4.8 

7.0 

6.8 

148 

151 

0.9 

2.0 

60.1 

67.6 

< 0.050 

< 0.050 

50 

41 

< 0.030 

< 0.035 

 

Table 2.  Lake Mitchell Deep Basin 1 water quality data (August 9, 2010) 

 

 

Depth 

ft 

Water 

Temp  

ºF 

DO    

mg  L
-1
 

pH 

S.U. 

Cond.   

µS  cm
-1
 

Turb

NTU 

ORP 

mV 

Total 

Kjeldahl 

Nitrogen 

mg L
-1
 

Total 

Alk. 

mgL
-1
 

CaCO3 

Total 

Phos.     

mg L
-1
 

0 76.4 7.4 7.6 152 0.3 68.1 < 0.030 42 < 0.030 

10 

20 

76.2 

74.9 

7.8 

3.9 

7.8 

7.2 

148 

171 

0.8 

2.1 

53.3 

56.2 

< 0.055 

< 0.050 

50 

45 

< 0.030 

< 0.035 

   

Table 3.  Lake Mitchell Deep Basin 2 water quality data (August 9, 2010). 

 

Dissolved Oxygen 

Dissolved oxygen is a measure of the amount of oxygen that exists in the water column.  In general, 

dissolved oxygen levels should be greater than 5 mg L
-1

 to sustain a healthy warm-water fishery.  

Dissolved oxygen concentrations in Lake Mitchell Lake may decline if there is a high biochemical oxygen 

demand (BOD) where organismal consumption of oxygen is high due to respiration.  Dissolved oxygen is 

generally higher in colder waters. Dissolved oxygen is measured in milligrams per liter (mg L
-1

) with the 

use of a dissolved oxygen meter and/or through the use of Winkler titration methods.  The dissolved 

oxygen concentrations in Lake Mitchell  were normal and declined with increased depth during the 

late summer sampling event and ranged between 8.0-3.9 mg L
-1

, over the deep basin sampling sites.     
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During summer months, dissolved oxygen at the surface is generally higher due to the exchange of oxygen 

from the atmosphere with the lake surface, whereas dissolved oxygen is lower at the lake bottom due to 

decreased contact with the atmosphere and increased biochemical oxygen demand (BOD) from microbial 

activity.  A decline in dissolved oxygen may cause increased release rates of phosphorus (P) from the Lake 

Mitchell  bottom sediments if dissolved oxygen levels drop to near zero milligrams per liter.   

 

Water Temperature 

The water temperature of lakes varies within and among seasons and is nearly uniform with depth under 

winter ice cover because lake mixing is reduced when waters are not exposed to wind.  When the upper 

layers of water begin to warm in the spring after ice-off, the colder, dense layers remain at the bottom.  

This process results in a ñthermoclineò that acts as a transition layer between warmer and colder water 

layers.  During the fall season, the upper layers begin to cool and become denser than the warmer layers, 

causing an inversion known as ñfall turnoverò.  In general, lakes with deep basins will stratify and 

experience turnover cycles.  Water temperature is measured in degrees Celsius (ºC) or degrees Fahrenheit 

(ºF) with the use of a submersible thermometer.  The late summer water temperatures of Lake Mitchell 

demonstrated a lack of a thermocline between the surface and a ñmiddle depthò due to lake mixing.  Late 

summer water temperatures ranged between 76.7ºF at the surface and 74.9 ºF at the lake bottom 

among the deep basin sites.  

 

Conductivity 

Conductivity is a measure of the amount of mineral ions present in the water, especially those of salts and 

other dissolved inorganic substances.  Conductivity generally increases as the amount of dissolved minerals 

and salts in a lake increases, and also increases as water temperature increases.  Conductivity is measured 

in microsiemens per centimeter (µS cm
-1

) with the use of a conductivity probe and meter.  Conductivity 

values for Lake Mitchell  were low throughout the deep basins and ranged between 148 µS cm
-1 

and 

171 µS cm
-1 

for late summer water samples.  Baseline parameter data such as conductivity are important 

to measure the possible influences of land use activities (i.e. road salt influences) on Lake Mitchell over a 

long period of time, or to trace the origin of a substance to the lake in an effort to reduce pollutant loading.   
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Turbidity 

Turbidity is a measure of the loss of water transparency due to the presence of suspended particles.  The 

turbidity of water increases as the number of total suspended particles increases.  Turbidity may be caused 

from erosion inputs, phytoplankton blooms, stormwater discharge, urban runoff, re-suspension of bottom 

sediments, and by large bottom-feeding fish such as carp. Particles suspended in the water column absorb 

heat from the sun and raise the water temperature.  Since higher water temperatures generally hold less 

oxygen, shallow turbid waters are usually lower in dissolved oxygen.  Turbidity is measured in 

Nephelometric Turbidity Units (NTUôs) with the use of a turbimeter.  The World Health Organization 

(WHO) requires that drinking water be less than 5 NTUôs; however, recreational waters may be 

significantly higher than that.  The turbidity of Lake  Mitchell  was low and ranged from 0.3 ï 2.1 

NTUôs among the two deep basin sites during the spring sampling event.  Turbidity generally declined 

as zebra mussel filtration activities increase throughout the summer. 

 

pH 

pH is the measure of acidity or basicity of water.  The standard pH scale ranges from 0 (acidic) to 14 

(alkaline), with neutral values around 7.  Most Michigan lakes have pH values that range from 6.5 to 9.5.  

Acidic lakes (pH < 7) are rare in Michigan and are most sensitive to inputs of acidic substances due to a 

low acid neutralizing capacity (ANC).  pH is measured with a pH electrode and pH-meter in Standard 

Units (S.U).  The pH of Lake Mitchell  water ranged from 6.8 ï 7.6 during th e late summer sampling.  

From a limnological perspective,  Lake Mitchell is considered ñneutral to slightly basicò on the pH scale.   

 

Total Alkalinity 

Total alkalinity is the measure of the pH-buffering capacity of lake water.  Lakes with high alkalinity (> 

150 mg L
-1

 of CaCO3) are able to tolerate larger acid inputs with less change in water column pH.  Many 

Michigan lakes contain high concentrations of CaCO3 and are categorized as having ñhardò water.  Total 

alkalinity is measured in milligrams per liter of CaCO3 through an acid titration method.  The total 

alkalinity of Lake Mitchell is considered ñlowò (< 100 mg L
-1

 of CaCO3), and indicates that the water is 

soft.  Total alkalinity ranged from 41-52 mg L
-1

 of CaCO3 during the late summer sampling.  Total  
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alkalinity may change on a daily basis due to the re-suspension of sedimentary deposits in the water and 

respond to seasonal changes due to the cyclic turnover of the lake water.   

 

Total Phosphorus 

Total phosphorus (TP) is a measure of the amount of phosphorus (P) present in the water column.  

Phosphorus is the primary nutrient necessary for abundant algae and aquatic plant growth.  Lakes which 

contain greater than 20 µg L
-1

 of TP are defined as eutrophic or nutrient-enriched.  TP concentrations are 

usually higher at increased depths due to higher release rates of P from lake sediments under low oxygen 

(anoxic) conditions.  Phosphorus may also be released from sediments as pH increases.  Total phosphorus 

is measured in micrograms per liter (µg L
-1

) with the use of a chemical autoanalyzer. The surface total 

phosphorus (TP) concentration for the Lake Mitchell Deep Basin sampling sites was between 29-31 µg L
-1

.  

The middle depth (depth = 11.0 feet) total phosphorus concentration among the Deep Basin sites ranged 

between 28-31 µg L
-1

.  The total phosphorus concentration at the bottom depth (depth = 21.0 feet) among 

the deep basins was between 30-33 µg L
-1

.   

 

Total Kjeldahl Nitrogen 

Total Kjeldahl Nitrogen (TKN) is the sum of nitrate (NO3
-
), nitrite (NO2

-
), ammonia (NH4

+
), and organic 

nitrogen forms in freshwater systems.  Much nitrogen (amino acids and proteins) also comprises the bulk 

of living organisms in an aquatic ecosystem.  Nitrogen originates from atmospheric inputs (i.e. burning of 

fossil fuels), wastewater sources from developed areas (i.e. runoff from fertilized lawns), agricultural lands, 

septic systems, and from waterfowl droppings. It also enters lakes through groundwater or surface 

drainage, drainage from marshes and wetlands, or from precipitation (Wetzel, 2001). In lakes with an 

abundance of nitrogen (N: P > 15), phosphorus may be the limiting nutrient for phytoplankton and aquatic 

macrophyte growth.  Alternatively, in lakes with low nitrogen concentrations (and relatively high 

phosphorus), the blue-green algae populations may increase due to the ability to fix nitrogen gas from 

atmospheric inputs.  Lakes with a mean TKN value of 0.66 mg L
-1

 may be classified as oligotrophic, those 

with a mean TKN value of 0.75 mg L
-1

 may be classified as mesotrophic, and those with a mean TKN 

value greater than 1.88 mg L
-1

 may be classified as eutrophic.  Lake Mitchell  contained highly variable 

values for TKN (< 0.030 ï 0.055 mg L
-1

) from surface to bottom during late summer. 

 




