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Executive Summary 
Lake Tyrone is located in Livingston County with 102 surface acres with a maximum depth of 

approximately 25 feet and an average depth of 4-5 feet. The lake is known to have extensive shallow 

areas that become infested with heavy growth of invasive and nuisance species during the summer 

season. In summer months, Lake Tyrone is popular for many water sports and recreational uses. The 

lake has no public access but is used well by the residents of the lake. Lake Tyrone is on a community 

sewer system operated by Livingston County Regional Sewer System through the Livingston County 

Drain Commission (LCDC).   

Healthy, native ecosystems are active and ever-changing, but their changes occur within a range of 

natural variability. Certain types of non-native plants and animals can cause havoc when, accidentally or 

intentionally, they are released outside their normal range into a new region. Managing the quality of 

both surface water and groundwater is vital for sustaining aquatic ecosystems, which is important to 

protect diversity of our waterways. 

Monitoring water quality routinely allows us to understand how the levels of nutrients, dissolved 

oxygen, and temperature change over time and how best to manage these conditions. We use water 

quality information to assess current condition and patterns over time and space to understand and 

manage changes in environment, habitat, and land use. 

Clarke Aquatic Services was contracted by the Lake Tyrone Improvement Board to complete aquatic 

vegetation surveys and to create an annual report documenting the state of the lake in 2021. The 

primary invasive species within Lake Tyrone are Eurasian watermilfoil, curly-leaf pondweed 

(Potamogeton crispus) and starry stonewort (Nitellopsis obtusa) occurring in previous surveys. These 

areas were treated on May 12, June 11 & 25, and July 30, 2020. In 2021, 210.6 acres were treated for 

Eurasian watermilfoil, starry stonewort, curly-leaf pondweed, brittle naiad, and algae. Starry stonewort 

was reduced from 93.3 acres in 2020, to 2.0 acres in 2021. 
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Problem Statement 
Aquatic vegetation is an important component of lakes in Michigan. However, because of many factors, 
this vegetation can develop to a nuisance level. Nuisance aquatic vegetation, as used in this plan, 
describes plant growth that negatively impacts the present uses of the lake including fishing, boating, 
swimming, aesthetics, and lakefront property values. The two primary nuisance species within Lake 
Tyrone are the invasive species Eurasian watermilfoil and curly-leaf pondweed. Starry stonewort has 
been observed and treated in 2020 and 2021. Continued monitoring for this highly invasive macro-algae 
are critical to ensure the health and diversity of the aquatic vegetation community. Lake Tyrone has also 
historically monitored water quality due to growing concerns about algae and nutrients entering the 
waterbody. Aerators are in operation April 1, 2021, through November 15, 2021. Substrate samples will 
be collected in April or May 2022. 

 

2021 Goals and Objectives 
The management goals and objectives of the Lake Tyrone Lake Management Plan are: 

• Maintain a stable, diverse aquatic plant community that supports a good balance of 
predator and prey fish and wildlife species, good water quality, and is resistant to 
minor habitat disturbances and invasive species 

• Direct efforts to prevent and control the negative impacts of aquatic invasive 
species 

• Provide reasonable public recreational access while minimizing the negative 
impact on plant, fish, and wildlife resources 
 

 

Aquatic Plant Management 

Treatment History 
The morphology of Lake Tyrone is complex and historical records indicate that Tyrone Lake was a 
smaller body of water named Russel Lake, until the 1920’s when the lake was dammed which created 
the 102-acre waterbody that exists today. The lake drains into North Ore Creek, which flows to Saginaw 
Bay. The lake has extensive shallow areas that can cause the lake to become infested with heavy growth 
of invasive and nuisance species that negatively impact boating, fishing, swimming, and property value. 
Aquatic vegetation treatments have been completed for many seasons, since 2015 data is available on 
the Lake Tyrone website (Table 1). A history of invasive species treatments is described in Table 2. In 
2020, large leaf pondweed (Potamogeton amplifolius), naiad (Najas spp.), thin leaf pondweed 
(Potamogeton pusillus), chara (Chara spp.), Eurasian watermilfoil (Myriophyllum spicatum), starry 
stonewort (Nitellopsis obtusa), and curly-leaf pondweed (Potamogeton crispus) were collected during 
pre-treatment surveys. In 2021, multiple inspections yielded need for treatments in May through August 
and 210.6 acres were treated for Eurasian watermilfoil, starry stonewort, brittle naiad (Najas minor), 
curly-leaf pondweed, and algae.  
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Table 1. Lake Tyrone Treatment History 2015-2021. 

Year Targeted Vegetation Total Treatment Acres Chemical Used 

2015 hybrid watermilfoil 
curly-leaf pondweed 

105.0 Triclopyr 
endothall 

2016 Eurasian watermilfoil 
curly-leaf pondweed 

0.0 No treatment 

2017 Eurasian watermilfoil 
curly-leaf pondweed 

126.6 Diquat dibromide 

2018 Eurasian watermilfoil 
curly-leaf pondweed 

31.0 Diquat dibromide 
endothall 

2019 Eurasian watermilfoil 
curly-leaf pondweed 
algae 

224.7 Diquat dibromide 
copper based algaecides 
 

2020 Eurasian watermilfoil 
starry stonewort 

116.4 Diquat dibromide 
copper sulfate 

2021 Eurasian watermilfoil 
curly-leaf pondweed 
starry stonewort, brittle 
naiad, algae  
 

210.6 Copper sulfate, chelated copper 
algicides, diquat dibromide, 
endothall, copper/aluminum 
sulfate 

 

Table 2. Lake Tyrone Invasive Species Treatment History 2015-2021. 

Year Eurasian watermilfoil  Curly-leaf pondweed  Starry stonewort 

2015 35.0 acres Triclopyr  12.0 acres Endothall  0.0 acres None 

2016 4.5 acres No 
treatment 

 48.0 acres No 
treatment 

 0.0 acres None 

2017 71.6 acres Diquat 
dibromide 

 55.0 acres Diquat 
dibromide 

 0.0 acres None 

2018 13.0 acres Diquat  
dibromide 

 18.0 acres Endothall  0.0 acres None 

2019 103.9 acres Diquat  
dibromide 

 103.9 acres Diquat  
dibromide 

 0.0 acres None 

2020 69.5 acres Diquat 
dibromide 

 0.0 acres No 
treatment 

 93.3 acres Copper 
sulfate 

2021 86.9 acres Diquat 
dibromide 

 40.0 acres Endothall  2.0 acres Flumioxazin  
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Clarke inspected Lake Tyrone on April 19, June 8, June 22, July 20, and September 23, 2021. This 

resulted in 4 treatments in 2021 for algae, brittle naiad, Eurasian watermilfoil, curly-leaf pondweed, and 

starry stonewort control. 

The first treatment of 2021 took place on May 6, 2021, treated 40.0 acres offshore for Eurasian 

watermilfoil and curly-leaf pondweed. A nearshore treatment of algae, Eurasian watermilfoil, and curly-

leaf pondweed of 46.9 acres using copper sulfate, endothall, and diquat dibromide (Figure 1). 

 

Figure 1. Lake Tyrone Treatment Areas May 6, 2021.  
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Treatment two took place on June 10, 2021, for starry stonewort and algae. Algae control for 46.9 acres 

applied copper sulfate, chelated copper algicide and endothall. Flumioxazin was used for control of 

starry stonewort for 2.0 acres (Figure 2). 

 

Figure 2. Lake Tyrone Treatment Areas June 10, 2021. 
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A third treatment of 46.9 acres took place on July 12, 2021, for algae and phosphorus reduction using 

copper/aluminum sulfates (Figure 3).  

 

Figure 3. Lake Tyrone Treatment Areas July 12, 2021. 
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The last treatment for 2021 took place on August 18, 2021, targeting algae and brittle naiad for a total of 

29.9 acres using copper sulfate and endothall for algae and diquat dibromide for brittle naiad (Figure 4). 

 

Figure 4. Lake Tyrone Treatment August 18, 2021. 
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Aquatic Plant Community Characterization 
Aquatic vegetation surveying is a must to create an effective aquatic vegetation management plan. 
Surveying provides useful and important data that allows lake managers to identify and locate areas of 
nuisance and/or beneficial native submersed vegetation throughout the waterbody. It also allows for 
annual monitoring to create a proactive plan if any changes occur in the plant community. Monitoring 
also evaluates the effectiveness of management and treatment techniques from season to season. In 
2021, invasive species mapping surveys and Aquatic Vegetation Assessment Sites (AVAS) were evaluated 
for submerged aquatic vegetation. 
  

Methods 
The Michigan AVAS survey fulfills the following objectives: 

1. To document the distribution and abundance of submersed aquatic vegetation 
2. To compare present distribution and abundance with past distribution and abundance within 

select areas and at a lake-wide scale 
 

The AVAS survey in 2021 followed Michigan’s Department of Environment, Great Lakes, and Energy 
(MDEGLE) for procedures for Aquatic Vegetation Surveys. A survey is carried out by sampling individual 
Aquatic Vegetation Assessment Sites (AVAS's) throughout a lake's littoral zone. The locations of AVAS's 
are determined by dividing up a shoreline into segments approximately 100 to 300 feet in length. Each 
AVAS is sampled by using visual observations, dependent upon water clarity, and weighted rake tows. 
Each separate plant species found in each AVAS is recorded along with an estimate of each species' 
density. Plant species are identified by numbers designated on the survey map's plant species list and 
densities are recorded by using the following code:  
 

(a) =found: one or two plants of a species found in an AVAS, equivalent to less than 2% of the 
total AVAS surface area.  
(b) =sparse: scattered distribution of a species in an AVAS, equivalent to between 2% and 20% of 
the total AVAS surface area.  
(c) =common: common distribution of a species where the species is easily found in an AVAS, 
equivalent to between 21% and 60% of the total AVAS surface area.  
(d) =dense: dense distribution of a species where the species is present in considerable 
quantities throughout an AVAS, equivalent to greater than 60% of the total AVAS surface area.  

 

AVAS Survey Discussion and Results 
An AVAS was performed on June 22, 2021. Secchi disk was recorded at 5.7 feet. A sampling map of AVAS 

survey sites 200 feet in length generated 93 areas for sampling (Figure 5). Five species of submerged 

aquatic vegetation were recorded during the survey. Those species included starry stonewort, coontail, 

brittle naiad, variable pondweed, and chara. Chara had the highest frequency of occurrence at 8.6%. 

Two species of floating aquatic vegetation were recorded, which included duckweed and watermeal, 

both at low frequency of occurrences. Emergent species that were observed during the survey included 

pickerelweed, cattails, and bulrushes. Cattails were the most abundant of the emergent aquatic 

vegetation with 0.20% frequency of occurrence. The results of the AVAS can be found in Table 3. 
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Figure 5. Lake Tyrone AVAS Sampling Locations June 22, 2021. 
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Table 3. Lake Tyrone AVAS Survey Data June 22, 2021. 

   

Calculations 

Sum of 

Previous 

Four 

Columns 

Total  

Number  

of  

AVAS's 

Quotient of 

Column 9 

divided by 

Column 10 

 

 
Total number of 
AVAS's 
for each Density 
Category 

 

 Category  Category Category Category  

  A B C D A x 1 B x10 C x 40 D x 80   

Code  Plant Name            Code  Plant Name 

No  1 2 3 4 5 6 7 8 9 10 11 No  

               

1 
Eurasian 
watermilfoil 0 0 0 0 0 0 0 0 0 93 0.0 1 Eurasian milfoil 

2 
Curly-leaf 
pondweed 0 0 0 0 0 0 0 0 0 93 0.0 2 Curly leaf pondweed 

3 Chara 57 22 13 0 57 220 520 0 797 93 8.6 3 Chara 

4 
Thinleaf 
pondweed 0 0 0 0 0 0 0 0 0 93 0.0 4 Thinleaf pondweed 

5 
Flatstem 
pondweed 0 0 0 0 0 0 0 0 0 93 0.0 5 Flatstem pondweed 

               

6 
Robbins 
pondweed 0 0 0 0 0 0 0 0 0 93 0.0 6 Robbins pondweed 

7 
Variable 
pondweed 5 4 0 0 5 40 0 0 45 93 0.5 7 Variable pondweed 

8 
Whitestem 
pondweed 0 0 0 0 0 0 0 0 0 93 0.0 8 

Whitestem 
pondweed 

9 
Richardsons 
pondweed 0 0 0 0 0 0 0 0 0 93 0.0 9 

Richardsons 
pondweed 

10 Illinois pondweed 0 0 0 0 0 0 0 0 0 93 0.0 10 Illinois pondweed 

               

11 
Large leaf 
pondweed 0 0 0 0 0 0 0 0 0 93 0.0 11 Large leaf pondweed 
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12 
American 
pondweed 0 0 0 0 0 0 0 0 0 93 0.0 12 American pondweed 

13 
Floating leaf 
pondweed 0 0 0 0 0 0 0 0 0 93 0.0 13 

Floating leaf 
pondweed 

14 Water stargrass 0 0 0 0 0 0 0 0 0 93 0.0 14 Water stargrass 

15 Wild Celery 0 0 0 0 0 0 0 0 0 93 0.0 15 Wild Celery 

               

16 Sagitteria 0 0 0 0 0 0 0 0 0 93 0.0 16 Sagitteria 

17 Northern milfoil 0 0 0 0 0 0 0 0 0 93 0.0 17 Northern milfoil 

18 M. verticillatum  0 0 0 0 0 0 0 0 0 93 0.0 18 M. verticillatum  

19 
M. 
herterophyllum 0 0 0 0 0 0 0 0 0 93 0.0 19 M. herterophyllum 

20 Coontail 2 1 0 0 2 10 0 0 12 93 0.1 20 Coontail 

               

21 Elodea 0 0 0 0 0 0 0 0 0 93 0.0 21 Elodea 

22 Utricularia spp. 0 0 0 0 0 0 0 0 0 93 0.0 22 Utricularia spp. 

23 Bladderwort-mini 0 0 0 0 0 0 0 0 0 93 0.0 23 Bladderwort-mini 

24 Buttercup 0 0 0 0 0 0 0 0 0 93 0.0 24 Buttercup 

25 Najas spp. 0 0 0 0 0 0 0 0 0 93 0.0 25 Najas spp. 

               

26 Brittle naiad 8 5 9 1 8 50 360 80 498 93 5.4 26 Brittle naiad 

27 Sago pondweed 0 0 0 0 0 0 0 0 0 93 0.0 27 Sago pondweed 

28      0 0 0 0 0 93 0.0 28  

29      0 0 0 0 0 93 0.0 29  

30 Nymphaea 0 0 0 0 0 0 0 0 0 93 0.0 30 Nymphea 

               

31 Nuphar 0 0 0 0 0 0 0 0 0 93 0.0 31 Nuphar 

32 Brasenia 0 0 0 0 0 0 0 0 0 93 0.0 32 Brasenia 

33 Lemna minor 0 0 1 0 0 0 40 0 40 93 0.4 33 Lemna minor 

34 Spirodella 0 0 0 0 0 0 0 0 0 93 0.0 34 Spirodella 
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35 Watermeal 1 0 0 0 1 0 0 0 1 93 0.0 35 Watermeal 

36 Arrowhead 0 0 0 0 0 0 0 0 0 93 0.0 36 Arrowhead 

37 Pickerelweed 2 0 0 0 2 0 0 0 2 93 0.0 37 Pickerelweed 

38 Arrow Arum 0 0 0 0 0 0 0 0 0 93 0.0 38 Arrow Arum 

39 Cattails 2 2 0 0 2 20 0 0 22 93 0.2 39 Cattails 

40 Bulrushes 1 0 0 0 1 0 0 0 1 93 0.0 40 Bulrushes 

               

41 Iris 0 0 0 0 0 0 0 0 0 93 0.0 41 Iris 

42 
Swamp 
Loosestrife 0 0 0 0 0 0 0 0 0 93 0.0 42 Swamp Loosestrife 

43 Purple Loosestrife 0 0 0 0 0 0 0 0 0 93 0.0 43 Purple Loosestrife 

44      0 0 0 0 0 93 0.0 44  

45 Starry Stonewort 1 0 0 0 1 0 0 0 1 93 0.0 45 Starry Stonewort 
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Water Quality Results and Discussion 
Water Quality Monitoring 
The most common dissolved substances in water are minerals or salts that, as a group, are referred to as 
dissolved solids. Dissolved solids include common elements such as calcium, sodium, bicarbonate, and 
chloride; plant nutrients such as nitrogen and phosphorus; and trace elements such as selenium, 
chromium, and arsenic. In general, the common elements are not considered harmful to human health, 
although some can affect the taste, smell, or clarity of water. Plant nutrients (such as nitrogen and 
phosphorus) and trace elements in water can be harmful to human health and aquatic life if they exceed 
standards or guidelines. Dissolved gases such as oxygen and radon are common in natural waters. 
Adequate oxygen levels in water are a necessity for fish and other aquatic life. Consistent water quality 
monitoring is essential to note trends in water quality and ecosystem health. 
 
Natural water quality varies from place to place, with the seasons, climate, and the types of soils and 
rocks through which water moves. When water from rain or snow moves over the land and through the 
ground, the water may dissolve minerals in rocks and soil, percolate through organic material such as 
roots and leaves, and react with algae, bacteria, and other microscopic organisms. Water may also carry 
plant debris, sand, silt, and clay to rivers and streams making the water appear “muddy” or turbid.  
 

Sampling Methods  
Lake Tyrone was sampled three times during the 2021 season, and once in winter 2022 (this data is 

contained in Appendix B). Samples were collected at two locations and sampled at the surface, middle, 

and bottom of the water column. Exact depth of the sample was determined based on bathymetry 

measurements (Figure 6).  
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Figure 6. Lake Tyrone Bathymetry Map. 
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Lake Tyrone was sampled using a deep-water submersible pump with a flexible hose to obtain water 
samples below the surface across the two sampling locations. Water samples were stored on ice in 
coolers and shipped to SRTC Laboratory for third party analysis using standard laboratory procedures for 
EPA methods including:  
 

• Conductivity (uS/cm) EPA 120.1  

• Free Reactive Phosphorus (ug/l) EPA 365.3  

• Total Suspended Solids (mg/L) EPA 160.2  

• Total Nitrate and Nitrite (mg/L) Campbell et al 2004 

• Nitrate (calculated), Total Kjeldahl Nitrogen (mg/L) EPA 351.2 

• Total Nitrogen (calculated) 

• Chlorophyll a (ug/L) EPA 445,  

• Phosphorus (ug/L) EPA 365.3 

• Alkalinity (mg/L as CaCO3) EPA 310.2  

• pH EPA 150.1.  
 

Lake Assessment Data 
A lake is usually classified as being in one of three possible classes: oligotrophic, mesotrophic, or 
eutrophic. Lakes with extreme trophic indices may also be considered hyper oligotrophic or 
hypereutrophic. Table 4 below demonstrates how the index values translate into trophic classes (USEPA 
2007).  
 
Oligotrophic lakes exhibit low productivity, with few nutrients and high water clarity, and consequently, 

host very little aquatic vegetation. On the other hand, eutrophic lakes are more productive, with more 

nutrients available for algae, plant, and fish growth and typically have lower water clarity. Each trophic 

class supports different types of fish and other organisms, as well. Due to increased algal productivity 

eutrophic and hypereutrophic lakes are more at risk for fish die-offs. If the algal biomass in a lake or 

other water body reaches too high a concentration, fish die-offs may occur as decomposing algal 

biomass depletes the oxygen in the lake. According to the Trophic State Index Classification, Lake Tyrone 

is considered eutrophic due to phosphorus levels and secchi disk ranging between 2.0 to 5.7 feet during 

sampling events (Table 4).  

Table 4. Trophic State Index Classification. 

Trophic State 
Index 

Chlorophyll (ug/L) Phosphorus 
(ug/L) 

Secchi Depth (ft) Trophic Class 

<30-40 0-2.6 0-12 >26.2-13.1 Oligotrophic 

40-50 2.6-20 12-24 13.1-6.5 Mesotrophic 

50-70 20-56 24-96 6.5-1.6 Eutrophic 

70-100 56-155+ 96-384+ 1.6-<0.82 Hypereutrophic 
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Two locations (Figure 7) were sampled within Lake Tyrone on June 8, 2021 (Table 5), July 20, 2021 (Table 

6), and September 23, 2021 (Table 7). Location A is located in the middle section of Lake Tyrone and was 

sampled at the surface, middle distance to the bottom, and the bottom. Location B is located in the 

northern portion of the lake and was sampled at the surface, middle distance to the bottom, and the 

bottom.  

 

Figure 7. Lake Tyrone Water Quality Sampling Locations. 
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Table 5. Lake Tyrone Water Quality Samples June 8, 2021. 

Date Location A 
Depth 
(ft) 

Turbidity 
(NTU) 

Conductivity 
(uS/cm) 

Free 
Reactive 
Phosphorus 
(ug/L) 

Total 
Suspended 
Solids 
(mg/L) 

Total 
Phosphorus 
(ug/L) 

Alkalinity 
(mg/L as 
CaCO3) 

Total 
Hardness 
(mg/L as 
CaCO3) 

Total 
Nitrate 
and 
Nitrite 
(mg/L) 

Nitrite 
(mg/L) 

Nitrate 
(mg/L) 

TKN 
(mg/L) 

TN 
(mg/L) pH 

8-Jun-21 Surface 0.0 1.9 391.0 <5 14.0 36.4 122.1 140.6 <0.02 <0.02 <0.02 0.7 0.7 8.6 

  Middle  7.5 2.2 397.0 <5 10.0 22.0 122.1 140.9 <0.02 <0.02 <0.02 0.7 0.7 8.5 

  Bottom 15.0 6.4 410.0 <5 10.0 24.8 128.6 146.0 <0.02 <0.02 <0.02 0.7 0.7 7.8 

  Location B                              

  Surface 0.0 2.3 407.0 <5 22.0 33.2 114.6 137.4 <0.02 <0.02 <0.02 0.6 0.6 8.5 

  Middle  5.0 2.0 391.0 <5 10.0 19.8 120.1 139.5 <0.02 <0.02 <0.02 0.7 0.7 8.7 

  Bottom 10.0 2.0 392.0 <5 4.0 20.5 116.0 139.3 <0.02 <0.02 <0.02 0.7 0.7 8.4 

 

Table 6. Lake Tyrone Water Quality Samples July 20, 2021. 

Date Location A 

Depth 

(ft) 

Turbidity 

(NTU) 

Conductivity 

(uS/cm) 

Free 

Reactive 

Phosphorus 

(ug/L) 

Total 

Suspended 

Solids 

(mg/L) 

Total 

Phosphorus 

(ug/L) 

Alkalinity 

(mg/L as 

CaCO3) 

Total 

Hardness 

(mg/L as 

CaCO3) 

Total 

Nitrate 

and 

Nitrite 

(mg/L) 

Nitrite 

(mg/L) 

Nitrate 

(mg/L) 

TKN 

(mg/L) 

TN 

(mg/L) pH 

20-Jul-21 Surface 0.0 NA 415.0 5.0 <4.0 31.5 NA NA <0.02 <0.02 <0.02 1.2 1.2 8.5 

  Middle  7.5 NA 415.0 5.0 <4.0 35.4 NA NA <0.02 <0.02 <0.02 1.5 1.5 8.4 

  Bottom 15.0 NA 443.0 7.0 6.7 36.6 NA NA <0.02 <0.02 <0.02 1.2 1.2 7.6 

  Location B                              

  Surface 0.0 NA 407.0 5.0 <4.0 25.3 NA NA <0.02 <0.02 <0.02 1.2 1.2 8.5 

  Middle  5.0 NA 448.0 10.0 14.0 203.7 NA NA <0.02 <0.02 <0.02 3.4 3.4 7.8 

  Bottom 10.0 NA 408.0 5.0 <4.0 29.6 NA NA <0.02 <0.02 <0.02 1.5 1.5 8.5 
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Table 7. Lake Tyrone Water Quality Samples September 23, 2021. 

Date Location A 
Depth  
(ft) 

Turbidity 
(NTU) 

Conductivity 
(uS/cm) 

Free 
Reactive 
Phosphorus 
(ug/L) 

Total 
Suspended 
Solids 
(mg/L) 

Total 
Phosphorus 
(ug/L) 

Alkalinity 
(mg/L as 
CaCO3) 

Total 
Hardness 
(mg/L as 
CaCO3) 

Total 
Nitrate 
and 
Nitrite 
(mg/L) 

Nitrite 
(mg/L) 

Nitrate 
(mg/L) 

TKN 
(mg/L) 

TN 
(mg/L) pH 

23-Sep-
21 Surface 0.0 3.1 410.8 <5.0 10.7 11.4 134.0 163.1 <0.02 <0.02 <0.02 1.5 1.5 8.1 

  Middle  7.5 2.8 411.2 <5.0 <4.0 35.0 133.9 156.4 0.1 <0.02 0.1 1.2 1.3 8.1 

  Bottom 15.0 2.8 410.6 <5.0 6.7 30.0 133.5 153.2 0.1 <0.02 0.1 1.1 1.2 8.1 

  Location B                              

  Surface 0.0 3.1 410.7 <5.0 <4.0 27.7 134.0 156.8 0.1 0.1 <0.02 0.9 1 8.1 

  Middle  5.0 2.9 411 <5.0 11.3 27.6 134.5 157.7 0.1 0.1 <0.2 1.1 1.2 8.1 

  Bottom 10.0 2.6 411.8 13 6.7 27.9 134.0 156.8 0.1 <0.02 0.1 1.2 1.3 8.1 
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Turbidity is the measure of relative clarity of a liquid. It is an optical characteristic of water and is a 

measurement of the amount of light that is scattered by material in the water when a light is shined 

through the water sample. The higher the intensity of scattered light, the higher the turbidity. Material 

that causes water to be turbid include clay, silt, very tiny inorganic and organic matter, algae, dissolved 

colored organic compounds, and plankton and other microscopic organisms (USGS 2019). 

High concentrations of particulate matter affect light penetration and ecological productivity, 

recreational values, and habitat quality, and cause lakes to fill in faster. In streams, increased 

sedimentation and siltation can occur, which can result in harm to habitat areas for fish and other 

aquatic life. Particles also provide attachment places for other pollutants, notably metals and bacteria. 

For this reason, turbidity readings can be used as an indicator of potential pollution in a water body. 

Higher turbidity increases water temperatures because suspended particles absorb more heat. This, in 

turn, reduces the concentration of dissolved oxygen (DO) because warm water holds less DO than cold. 

Higher turbidity also reduces the amount of light penetrating the water, which reduces photosynthesis 

and the production of DO. Suspended materials can clog fish gills, reducing resistance to disease in fish, 

lowering growth rates, and affecting egg and larval development. As the particles settle, they can 

blanket the stream bottom, especially in slower waters, and smother fish eggs and benthic 

macroinvertebrates (USEPA 1991). Sources of turbidity include: 

• Soil erosion 

• Waste discharge 

• Urban runoff 

• Eroding stream banks 

• Large numbers of bottom feeders (such as carp), which stir up bottom sediments 

• Excessive algal growth. 

While Michigan does not have a surface water quality standard the USEPA recommendation is not to 

exceed 10.4 NTU during a sample event. Turbidity ranged between 1.9 NTU and 6.4 NTU.  

Conductivity is a measure of the ability of water to pass an electrical current. Because dissolved salts and 

other inorganic chemicals conduct electrical current, conductivity increases as salinity increases. Organic 

compounds like oil do not conduct electrical current very well and therefore have a low conductivity 

when in water. Conductivity is also affected by temperature: the warmer the water, the higher the 

conductivity. Conductivity is useful as a general measure of water quality. Each water body tends to 

have a relatively constant range of conductivity that, once established, can be used as a baseline for 

comparison with regular conductivity measurements. Significant changes in conductivity could then be 

an indicator that a discharge or some other source of pollution has entered the aquatic 

resource. Significant changes (usually increases) in conductivity may indicate that a discharge or some 

other source of disturbance has decreased the relative condition or health of the water body and its 

associated biota. Generally, human disturbance tends to increase the number of dissolved solids 

entering waters which results in increased conductivity. Water bodies with elevated conductivity may 

have other impaired or altered indicators as well. Conductivity is measured in microsiemens per 

centimeter (µs/cm).  Studies of inland fresh waters indicate that streams supporting good mixed 
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fisheries have a range between 150 and 500 µs/cm (APHA 1992). Conductivity at Lake Tyrone ranged 

between 391 µs/cm and 448 µs/cm, which is typical of freshwaters. 

Free reactive phosphorus is essentially the amount of phosphorus that is available to react chemically or 

biologically. It is also known as orthophosphate, is the most stable kind of phosphate, and is the form 

used by plants. Phosphorus oxidizes readily and occurs naturally in the earth's rocks principally as 

orthophosphate (PO4 3-), also referred to as inorganic phosphate.  Orthophosphates are produced by 

natural processes and can typically be found in wastewater effluents. Excess phosphates create water 

that's cloudy and low in oxygen. All plants need phosphates to grow, but phosphorous is normally 

present in surface water at a rate of only 0.02 parts per million (APHA 1995). Introducing additional 

phosphates in water results in a massive growth of algae, which are aquatic plants including many 

single-celled, free-floating plants. Excessive amounts of algae cloud the water in an effect called an algal 

bloom, which reduces the sunlight available to other plants and sometimes kills them. When the algae 

die, the bacteria that break them down use up dissolved oxygen in the water, depriving and sometimes 

suffocating other aquatic life. Free reactive phosphorus ranged from <5µg/L to 13 µg/L in Lake Tyrone, 

which is below the recommended limit.  

Total phosphorus is one of the key elements necessary for growth of plants and animals and in lake 

ecosystems it tends to be the growth limiting nutrient. The presence of phosphorus is often scarce in 

well-oxygenated lakes and low levels of phosphorus limit the production of freshwater systems. Unlike 

nitrogen, phosphorus is retained in the soil by a complex system of biological uptake, absorption, and 

mineralization. Phosphates are not toxic to people or animals unless they are present in very high levels. 

As phosphorus enters a lake, it can result in an increase in the growth of plankton and aquatic plants 

which provide food for larger organisms, including zooplankton, fish, humans, and other mammals. 

However, too much phosphorus entering the system over time can accelerate the aging process of the 

lake known as eutrophication. Lake Tyrone has total phosphorus levels range between 11.4 µg/L and 

203.7 µg/L during the sampling events. The middle depth sample at location B during the July sampling 

event had a value of 203.7 µg/L. This appears to be an irregularity during the samples. The average 

phosphorus level for the 2021 season is 37 µg/L. These values are indicative of a eutrophic lake. 

Rule 60 of the Michigan Water Quality Standards (Part 4 of Act 451) limits phosphorus concentrations in 

point source discharges to 1,000 µg/L of total phosphorus as a monthly average. The rule states that 

other limits may be placed in permits when deemed necessary. The rule also requires that nutrients be 

limited as necessary to prevent excessive growth of aquatic plants, fungi, or bacteria, which could impair 

designated uses of the surface water. Water samples at Lake Tyrone do not meet the criteria for point 

source discharge, thus the phosphorus concentration limit of 1,000 µg/L does not apply for Lake Tyrone.   

USEPA regulations recommend a max of 76 µg/L. While a numeric value has not been established by the 

state of Michigan some watersheds have established a TMDL (Total Maximum Daily Limit) of 200 µg/L. 

Steps should be taken to reduce the total phosphorus in Lake Tyrone.  

Alkalinity is a property of water that is dependent on the presence of certain chemicals in the water, 
such as bicarbonates, carbonates, and hydroxides. In a surface water body, such as a lake, the alkalinity 
in the water comes mostly from the rocks and land surrounding the lake. Precipitation falls in the 
watershed surrounding the lake and most of the water entering the lake comes from runoff over the 
landscape. If the landscape is in an area containing rocks such as limestone, then the runoff picks up 
chemicals such as calcium carbonate (CaCO3), which raises the pH and alkalinity of the water. In areas 



   
 

25 | P a g e  
 

where the geology contains large amounts of granite, for instance, lakes will have a lower alkalinity. But 
a pond in a suburban area, even in a granite-heavy area, could have a high alkalinity due to runoff from 
home lawns where limestone have been applied (used to raise the soil's pH to better grow lawns). The 
alkalinity of most lakes in the Upper Midwest is within the range of 23 to 148 mg/L, or parts per million, 
as calcium carbonate. Alkalinity ranged between 114.6 – 134.5 mg/L CaCO3 in Lake Tyrone during 
sampling events. Lake Tyrone has alkalinity levels that are within range for the region. 

 
Chlorophyll a is a measure of the number of algae growing in a waterbody. It can be used to classify the 

trophic condition of a waterbody. Although algae are a natural part of freshwater ecosystems, too many 

algae can cause aesthetic problems such as green scums and bad odors and can result in decreased 

levels of dissolved oxygen. Some algae also produce toxins that can be of public health concern when 

they are found in high concentrations. One of the symptoms of degraded water quality condition is the 

increase of algae biomass as measured by the concentration of chlorophyll a. Waters with high levels of 

nutrients from fertilizers, septic systems, sewage treatment plants and urban runoff may have high 

concentrations of chlorophyll a and excess amounts of algae. Due to lab equipment issues at SRTC 

Laboratory, Chlorophyll a was not analyzed in 2021. 

Total suspended solids (TSS) are solid materials, both organic and inorganic, that are suspended in water 

including silt, plankton, and industrial wastes. High concentrations of suspended solids can lower water 

quality by absorbing light. Waters then become warmer and lessen the ability of the water to hold 

oxygen necessary for aquatic life. Because aquatic plants also receive less light, photosynthesis 

decreases, and less oxygen is produced. The combination of warmer water, less light and less oxygen 

makes it impossible for some forms of life to exist. Suspended solids can result from erosion from urban 

runoff and agricultural land, industrial wastes, bank erosion, bottom feeders (such as carp), algae 

growth or wastewater discharges (Oliva et al 1980). 

Most people consider water with a TSS concentration less than 20 mg/L to be clear. Water with TSS 

levels between 40 and 80 mg/L tends to appear cloudy, while water with concentrations over 150 mg/L 

usually appears dirty. The nature of the particles that comprise the suspended solids may cause these 

numbers to vary. Michigan's rules do not contain numerical limits for total suspended solids. The U.S. 

Environmental Protection Agency has announced treatment technology-based limits for total suspended 

solids for municipal wastewater treatment plants and many industrial categories. Municipal wastewater 

treatment plants must provide treatment to meet TSS limits of 30 mg/L as a monthly average and 45 

mg/L as a 7-day average. Some industrial categories have treatment technology-based concentration 

limits. Others have production-based loading limits, which are expressed in lbs./day or lbs./year. Lake 

Tyrone TSS ranged between <4 mg/L – 22 mg/L. These values are indicative of generally clear water.  

pH is a measure of the amount of acid or base in the water. The pH scale ranges from 0 (acidic) to 14 

(alkaline or basic) with neutrality at 7. The pH of most lakes in the Upper Midwest ranges from 6.5 to 9.0 

(MDEQ 2012). pH significantly affects the chemical and biological interactions in the aquatic 

environment. This is of particular concern in considering the effects of toxic substances on aquatic 

organisms, especially the release of metals from sediments. At certain pH levels, a particular toxicant 

may increase in toxicity or become more soluble, and thus is more likely to affect aquatic organisms. The 

problems of acidic deposition and the acidification of lakes and streams have gained widespread 

attention. However, certain biological communities are adapted to acidic conditions (e.g., blackwater 
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stream systems, where pH ranges from 4 to 5) or to slightly alkaline conditions (e.g., spring runs, where 

pH values of 8 are not unusual) and are endangered only when the natural conditions are altered. 

The pH of water determines the solubility (amount that can be dissolved in the water) and biological 

availability (amount that can be utilized by aquatic life) of chemical constituents such as nutrients 

(phosphorus, nitrogen, and carbon) and heavy metals (lead, copper, cadmium, etc.). For example, in 

addition to affecting how much and what form of phosphorus is most abundant in the water, pH also 

determines whether aquatic life can use it. In the case of heavy metals, the degree to which they are 

soluble determines their toxicity. 

When pollution results in higher algal and plant growth (e.g., from increased temperature or excess 

nutrients), pH levels may increase, as allowed by the buffering capacity of the lake. Although these small 

changes in pH are not likely to have a direct impact on aquatic life, they greatly influence the availability 

and solubility of all chemical forms in the lake and may aggravate nutrient problems. For example, a 

change in pH may increase the solubility of phosphorus, making it more available for plant growth and 

resulting in a greater long-term demand for dissolved oxygen. pH ranged from 7.6 – 8.1 during sampling 

events, which is typical for the region. 

Nitrate (NO3)/Nitrite (NO2) is a naturally occurring form of nitrogen found in soil that is essential to all 

life. In moderate amounts, nitrate is a harmless constituent of food and water. Plants use nitrates from 

the soil to satisfy nutrient requirements and most crop plants require large quantities to sustain high 

yields. Due to its high mobility, nitrate can leach into groundwater (Self 1998) and high levels of nitrate 

can cause illness in humans, especially babies under six months of age. Nitrate and Nitrite ranged from 

<0.02 to 0.1 mg/L during the 2021 sampling season. In drinking water standards, The United States 

Environmental Protection Agency (EPA) has established a Maximum Contaminant Level (MCL) value for 

nitrate (as nitrogen) at 10 mg/L and nitrite at 1.0 mg/L for public water systems. The Michigan 

Department of Environmental Quality has adopted these standards. Lake Tyrone was well below the 

recommended limit. 

Total Nitrogen is an essential nutrient for plants and animals. However, an excess amount of nitrogen in 

a waterway may lead to low levels of dissolved oxygen and negatively alter various plant life and 

organisms. Sources of nitrogen include wastewater treatment plants, runoff from fertilized lawns and 

croplands, failing septic systems, runoff from animal manure and storage areas, and industrial 

discharges that contain corrosion inhibitors. There are three forms of nitrogen that are commonly 

measured in water bodies: ammonia, nitrates, and nitrites. Total nitrogen is the sum of total kjeldahl 

nitrogen (ammonia, organic and reduced nitrogen) and nitrate-nitrite. It can be derived by monitoring 

for organic nitrogen compounds, free-ammonia, and nitrate-nitrite individually and adding the 

components together. Currently, Michigan has no criteria for evaluating Total Nitrogen Total Maximum 

Daily Limits (TMDLs). Total Nitrogen ranged from 0.6 mg/L to 3.4 mg/L in Lake Tyrone. 

Total Kjeldahl Nitrogen (TKN) is the U.S. EPA-approved parameter used to measure organic nitrogen and 

ammonia. The TKN content of influent municipal wastewater is typically between 35 and 60 mg/L. 

Organic nitrogen compounds in wastewater undergo microbial conversion to NH3 and ammonium ion 

NH+ 4. Ammonium ion is the first inorganic nitrogen species produced during biological wastewater 

treatment. High TKN concentrations can indicate sewage and manure discharges are present in the 

water body. TKN concentrations over the sampling period at Lake Tyrone ranged from 0.6 mg/L to 3.4 
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mg/L. The USEPA has a recommended concentration limit of 0.591 mg/L. Lake Tyrone exceeded the 

standard for all samples. Steps should be taken to mitigate the concentrations of TKN in Lake Tyrone.   

Hardness is evaluated by the amount of dissolved calcium and magnesium in water. Calcium and 

magnesium occur naturally in soils. As groundwater or surface water meets these minerals, they may 

dissolve and enter the water supply. The most important impact of hardness on fish and other aquatic 

life appears to be the affect the presence of these ions has on the other more toxic metals such as lead, 

cadmium, chromium, and zinc. Generally, the harder the water, the lower the toxicity of other metals to 

aquatic life. In hard water some of the metal ions form insoluble precipitates and drop out of solution 

and are not available to be taken in by the organism. Large amounts of hardness are undesirable mostly 

for economic or aesthetic reasons. If a stream or river is a drinking water source, hardness can present 

problems in the water treatment process. General guidelines for classification of waters are: 0 to 60 

mg/L as calcium carbonate is classified as soft; 61 to 120 mg/L as moderately hard; 121 to 180 mg/L as 

hard; and more than 180 mg/L as very hard. Lake Tyrone had hardness levels range from 137.4 to 163.1 

mg/L as CaCO3. Lake Tyrone tends to host very hard water.  

Dissolved oxygen (DO) and temperature are two fundamental measurements of lake productivity. The 
amount of dissolved oxygen in the water is an important indicator of overall lake health. A lake’s oxygen 
and temperature patterns not only influence the physical and chemical qualities of a lake but the 
sources and quantities of phosphorus, as well as the types of fish and animal populations. By measuring 
dissolved oxygen and temperature, scientists can gauge the overall condition of a waterbody. Aquatic 
organisms need dissolved oxygen for their survival, while water temperature also directly influences 
aquatic organisms’ growth and survival. 
 
Higher dissolved oxygen concentrations are correlated with high primary productivity and little 
pollution. Oxygen saturation is temperature dependent, and cold water generally has higher dissolved 
oxygen concentrations than warm water. As the surface water temperature rises throughout the spring 
and summer, the denser cold water becomes trapped below the warm water and the lake becomes 
stratified. At deeper depths, oxygen is consumed by decomposition of organic material faster than it can 
be produced. Fish usually need a minimum DO of 4 mg/L to survive, indicated by the grey line on the 
figures below (United States Department of the Interior 2010b).  
 
The DO levels at Lake Tyrone are sufficient to support fish down to 12 feet during summer sampling 
events at site A. Site B had DO levels sufficient to support fish down 8 feet in the spring and summer but 
the fall sample supported DO levels to the lake bottom (Table 8). Lake Tyrone tends to host relatively 
high dissolved oxygen numbers, likely due to the aeration that prevents stratification (Figures 8-13).  
 
Secchi disk is used to measure light transparency in a lake’s water column, which is mounted on a pole 

or line, and lowered slowly down in the water. The depth at which the pattern on the disk is no longer 

visible is taken as a measure of the transparency of the water. This measure is known as the Secchi 

depth and is related to water turbidity. Secchi disk ranged between 3.5 feet and 5.0 feet in 2021 (Table 

8). 
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Table 8. Lake Tyrone Dissolved Oxygen, Temperature, and Secchi Disk Data 2021. 

Lake Tyrone Livingston County, Michigan 

 6/8/2021 7/20/2021 9/23/2021 

 

Depth 
(ft) Temp (F) 

DO 
(mg/L) 

secchi 
(ft) 

Depth 
(ft) Temp (F) 

DO 
(mg/L) 

secchi 
(ft) 

Depth 
(ft) Temp (F) 

DO 
(mg/L) 

secchi 
(ft) 

Site A 0 79.1 9.94 4.3 0 78.0 9.21 4ft 0 64.9 7.80 3.5 

 2 77.8 10.26  2 78.5 9.36  2 64.9 7.86  

 4 77.4 10.27  4 78.5 9.31  4 64.9 7.82  

 6 77.0 10.24  6 78.4 9.3  6 64.9 7.75  

 8 77.0 10.23  8 78.4 9.28  8 64.9 7.60  

 10 76.7 10.24  10 78.3 9.15  10 64.5 7.50  

 12 76.5 10.08  12 77.8 7.6  12 64.5 7.41  

 14 75.5 4.94  14 77.0 5.38  14 64.4 7.30  

 16 70.0 1.57  16 75.8 2.77  16 64.2 7.25  

 18 70.0 1.42  18 75.3 1.01  18 64.0 7.20  

 20 69.8 1.08  20 75.0 0.87  20 58.8 7.00  

 

Site B 0 79.3 10.50 5.0 0 78.6 10.35 3.5 0 65.4 7.50 3.5 

 2 78.6 10.27  2 78.4 10.35  2 65.5 7.40  

 4 78.4 10.46  4 78 10.33  4 65.6 7.35  

 6 78.1 10.79  6 77.9 9.98  6 65.6 7.30  

 8 77.9 10.55  8 77.7 9.85  8 65.6 7.25  

 10 73.9 0.67  10 73.9 0.67  10 65.6 7.00  
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Figure 8. Dissolved Oxygen and Temperature Profile for Lake Tyrone Site A June 8, 2021. 

 
 
 

 
Figure 9. Dissolved Oxygen and Temperature Profile for Lake Tyrone Site B June 8, 2021. 
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Figure 10. Dissolved Oxygen and Temperature Profile for Lake Tyrone Site A July 20, 2021. 

 
 
 

 
Figure 11. Dissolved Oxygen and Temperature Profile for Lake Tyrone Site B July 20, 2021. 
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Figure 12. Dissolved Oxygen and Temperature Profile for Lake Tyrone Site A September 23, 2021. 

 
 

 
Figure 13. Dissolved Oxygen and Temperature Profile for Lake Tyrone Site B September 23, 2021. 
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Algae Identification 
Algae are a diverse group of aquatic organisms that can conduct photosynthesis. Certain algae are 
widespread for instance, such as pond scum or the algal blooms in lakes. The main cause of algal blooms 
is nutrient pollution. With nutrient pollution, there is an excess of nitrogen and phosphorus, which can 
push algae toward uncontrolled growth. The growth can be caused by a variety of human activities. The 
fertilizers used in agriculture and animal manures are rich in nitrogen, while improperly treated 
wastewater is high in both nitrogen and phosphorus, according to the EPA.   
 
An algal bloom contributes to the natural "aging" process of a lake. In some cases, frequent or severe 
blooms can cause dissolved oxygen depletion as the large numbers of dead algae decay. In highly 
eutrophic lakes, algal blooms may lead to low oxygen levels that can contribute to fish kills during the 
summer. The decline of environmental aesthetics, such as the odors and unattractive appearance of 
algal blooms can detract from the recreational value of reservoirs, lakes, and streams. Repeated blooms 
may cause property values of lakefront property to decline. 
 
A composite algae ID sample was collected at Lake Tyrone on September 23, 2021 and sent to SRTC 
Laboratory for analysis. The algae ID revealed low densities of multiple species of algae that are 
commonly found in most freshwater environments (Table 9). However, some species of algae exist due 
to nutrient levels present in Lake Tyrone and present a low risk to contributing to a possible harmful 
algae blooms.  
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Table 9. Composite Algae Identification in Lake Tyrone on September 23, 2021.  

Identification Classification Description Density/Biomass 
(cells/mL) 

HAB Risk Distribution 

Aulacoseira sp. Bacillariophyta-
Diatoms 

Filamentous, 
planktonic 

<40 No Risk Widely 
distributed, 
commonly 
found in 
freshwater 

Trachelomonas 
sp. 

Euglenophyta-
Euglenoids 

Single-celled, 
flagellated, 
planktonic 

<40 Low Risk Commonly 
found in 
freshwater, 
often in 
habitats 
rich in iron 

Nitzschia Bacillariophyta Silica frustules, cells 
overlapped 

<40 Low Risk Nutrient-
rich waters 

Coelastrum Chlorophyta Organized as 
spherical, pyramidal 
or cuboid, free-
floating colonies. 

<40 No Risk Commonly 
found in 
freshwater 

Gloeocystis Chlorophyta Planktonic, green 
algae 

<40 No Risk Commonly 
found in 
freshwater 

Pediastrum Chlorophyta Photoautotrophic, 
nonmotile coenobial 

<40 No Risk  Commonly 
found in 
freshwater 

Dinobryon Chrysophyceae two specialized 
flagella, unicellular, 
golden algae 

<40 No Risk Commonly 
found in 
freshwater 
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Biosonics Assessment 
Hydroacoustic technology has become important for assessing lake ecosystems, monitoring fish 
movement, and lake and stream health. The Biosonics Echosounder system consists of hydroacoustic 
equipment, which operates from a slow-moving boat and records bottom depth, submerged vegetation 
height, and submerged vegetation density. This information is coupled with geographic location 
coordinates from a Global Positioning System (GPS) and stored together in digital files, representing 
submerged aquatic vegetation (SAV) status and fish densities at points along transect lines. 
 
Biosonics DT-XTM Echosounder and Visual Acquisition Software that provide data images and reports 
regarding depth and vegetation measurements within a body of water. The DT-X system consists of a 
surface unit (echosounder), digital transducers, a GPS, and laptop computer which allows the user to 
control settings and functions of the surface unit and runs the software system enabling data collection. 
Hydroacoustic technology, according to Minnesota Department of Natural Resources, has proved to be 
an effective way to study various habitat influences, as well as map and monitor important physical and 
seasonal habitat parameters such as bathymetry, bottom character, and aquatic vegetation distribution 
(Hrabik et al, 2006). Lake Tyrone was surveyed using Biosonics on July 20, 2021, to assess plant height, 
percent plant coverage, and biovolume of the submerged aquatic vegetation community.  
 
Maximum plant height (Figure 14) was evaluated at 2.0 feet, which covered <0.01 acres of Lake Tyrone. 
Most plants were between 0.5 ft to 1.0 feet in height and occupied 60.9 acres. Plants shorter than 0.5 
feet occupied 39.0 acres of the waterbody. Approximately 2.0 acres of Lake Tyrone had no plants 
present. Plant height is an important parameter to evaluate to determine if plants are interfering with 
lake use and provide insights to long term management of submerged aquatic vegetation.   
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Figure 14. Lake Tyrone Plant Height. 
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Percent plant coverage represents the amount of waterbody bottom occupied by plants (Figure 15). 
Areas occupied by plants represent a scale from 0-100%. The majority of Lake Tyrone had plants that 
occupied 81-100% coverage of lake bottom of 28.3 total acres. Approximately 22.7 acres of Lake Tyrone 
had plant coverage that ranged between 0-20%. Evaluating percent plant coverage is an important tool 
to evaluate lake health and improve lake management decisions. Lake ecosystems that lack a healthy 
and diverse plant community can allow greater abundance of nuisance algae populations and allow for 
invasive species to occupy a greater amount of the waterbody, which can be detrimental to lake 
ecosystems. This mapping capability combined with AVAS surveys can provide means to implement 
management decisions that can positively improve water quality and create a more diverse plant 
community at Lake Tyrone.  
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Figure 15. Lake Tyrone Percent Plant Coverage. 
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Biovolume is a function of percent plant coverage, plant height, and depth to illustrate the percentage 
of the water column occupied by plants. This can serve as a management tool to evaluate areas that can 
impact recreation and monitor vegetation growth patterns from year to year. Lake Tyrone had 
biovolume range from 0-30%, meaning that approximately up to 30% of the water column was occupied 
by plants. The majority of biovolume in Lake Tyrone occupied 0-5% of the water column, at 42.30 acres. 
Approximately 7.01 acres occupied the water column in the range of 15-30%, meaning that most plants 
occupied a small percentage of the water column, likely not posing an impact to recreation 
opportunities (Figure 16).  
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Figure 16. Lake Tyrone Biovolume Percent. 
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Lake Management Discussion and Action Plan 
For 2022, we recommend a similar approach as in 2021. Routine monitoring and management will 

greatly improve the overall conditions of Lake Tyrone. Although throughout most of the lake submerged 

aquatic vegetation does not create unfavorable recreation conditions, in some areas submerged aquatic 

vegetation creates limitations for navigation and concerns among lake residents. Steps should be taken 

to manage invasive starry stonewort, Eurasian watermilfoil, and curly-leaf pondweed as they can create 

dense mats, clog waterways, interfere with fishing, swimming, and entangle propellers. Most invasive 

species can reach nuisance levels and thrive in conditions that are normally less habitable to native plant 

species. These invasive species can be controlled with early spring herbicide treatments and treatments 

as needed throughout the season.  

The Lake Tyrone Improvement Board can authorize treatment of nuisance algae with several contact 
algaecides such as copper sulfate and chelated copper. Results have been known to last longer in high 
alkaline waters with the use of copper chelates. It is important to treat algae as soon as they appear to 
prevent build up later in the season. Systemic herbicides will continue to be utilized to work toward 
eradication of invasive species. Copper sulfate requires direct exposure to the algae and good 
distribution in the water to be effective. Copper sulfate can sometimes be ineffective in lakes with high 
alkalinity; therefore, it may be best to use the other contact herbicides such as copper chelates. Results 
have been known to last longer in high alkaline waters with the use of copper chelates.  
 

Recommendations for Riparian Owners 
To improve the water quality exhibited at Lake Tyrone, residents should monitor the amount of 
development within the watershed and around the lake. Increased development can cause 
sedimentation, displacement of soils, and increased number of pollutants entering the lake by way of 
surface runoff. Routine water quality monitoring will ensure early detection and remediation of any 
water impairments. Excess nutrients, such as nitrogen and phosphorus, should be managed and sources 
identified. Some common sources of excess nutrients that can contribute to declining water quality and 
lake health, according to the USEPA, are:  
 

• Agriculture: The nitrogen and phosphorus in animal manure and chemical fertilizers are 
necessary to grow crops. However, when these nutrients are not fully utilized by plants, they 
can be lost from the farm fields and negatively impact air and downstream water quality. 

• Stormwater: When precipitation falls in cities and towns it runs across hard surfaces - like 
rooftops, sidewalks, and roads - and carries pollutants, including nitrogen and phosphorus, into 
local waterways. 

• Wastewater: sewer and septic systems are responsible for treating large quantities of waste, 
and these systems do not always operate properly or remove enough nitrogen and phosphorus 
before discharging into waterways. 

• In and Around the Home: Fertilizers, yard and pet waste and certain soaps and detergents 
contain nitrogen and phosphorus and can contribute to nutrient pollution if not properly used or 
disposed. The number of hard surfaces and type of landscaping can also increase the runoff of 
nitrogen and phosphorus during wet weather. 

 
Lake users should take precautions to avoid spreading aquatic invasive species to or from Lake Tyrone. 
Plants such as Eurasian watermilfoil, hydrilla, and others can make waters virtually unusable and cause 
property values to plummet if spread. Creatures such as zebra mussels can clog drains and pipes. Fish 
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diseases such as the emerging VHS (viral hemorrhagic septicemia) can result in large, widespread fish 
kills. Steps can be taken at access sites to minimize the spread of aquatic invasive species. Individuals 
should remove mud, plants, fish, or animals before transporting equipment, eliminate water from 
equipment before transporting, clean and dry anything that meets water (boats, trailers, equipment, 
clothing, dogs, etc.) and never release plants, fish, or animals into a body of water unless they came out 
of that body of water. The Stop Aquatic Hitchhikers campaign provides outreach and educational 
resources to lake associations. More information can be found at www.protectyourwaters.net. With 
these simple steps, individuals can continue to protect the water quality of Lake Tyrone.  
 
Residents should also consider improving or restoring shoreline habitat to that of a natural shoreline. 
Lake residents can consider replacing maintained lawns with native vegetation. In those areas that do 
not have seawalls, plants such as rushes (Juncus spp.), sedges (Carex spp.), pickerel weed (Pontederia 
cordata), arrowhead (Sagittaria latifolia), and blue-flag iris (Iris viginica) offer an attractive, low-profile 
community in wet areas. Behind existing seawalls, a variety of upland forbs and grasses that have lower 
fertilizer/pesticide maintenance requirements than turf grass may be planted in place of the turf grass. 
Plantings can even occur in front of existing seawalls. Bulrushes (Scirpus spp.) and taller emergents are 
recommended for this. While not providing all the functions of a natural shoreline, plantings in front of 
seawalls provide fish and invertebrate habitat. In addition, the restoration of natural shoreline or the 
planting of emergents in front of seawalls also discourages the use of these areas by Canada geese, 
whose droppings can increase the amount of phosphorus and nitrogen entering the lake. Geese prefer 
maintained lawns adjacent to shorelines as a food source because predators are clearly visible in lawns 
as opposed to areas of taller native vegetation. Partial or full restoration of the natural shoreline 
community with these measures would provide shoreline erosion control and filter runoff to the lakes, 
thus improving the lake’s overall health without interfering with recreational uses of the lake. 
 
To improve water quality, the Lake Tyrone Improvement Board should promote Best Management 
Practices (BMP) for homeowners, including the following: 
 

• Reduce the frequency and amount of fertilizer and herbicide/pesticide used for lawn care. 
• Use only phosphorus-free fertilizer unless a soil test indicates the need for phosphorus. 

This means that the middle number on the fertilizer package listing the nutrient ratio, 
nitrogen:phosphorus:potassium, is zero. More information can be found at 
https://clearchoicescleanwater.org/  

• Consider re-landscaping lawn edges, particularly those along the lake, to include low 
profile prairie and wetland species that are capable of filtering runoff water better than 
turf grass. 

• Consider planting native emergent vegetation along shorelines or in front of existing 
seawalls to provide fish and invertebrate habitat and dampen wave energy. 

• Consider replacing or refacing concrete seawalls with glacial stone to dampen wave 
energy and provide some habitat for fish and invertebrates. 

• Keep grass clippings, yard waste, and animal waste out of the lake. 
• Reduce the runoff of stormwater from residential properties by disconnecting downspouts 

and installing rain barrels and rain gardens. 
• Obey no-wake zones to minimize wave impact and reduce shoreline erosion. 

 
 
 

https://clearchoicescleanwater.org/
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It is recommended for 2022, Lake Tyrone Improvement Board should continue water quality monitoring 

and evaluate runoff into Lake Tyrone to identify sources of nutrient pollution. Analysis of the water 

quality parameters in Lake Tyrone revealed this system is eutrophic. Based on these site-specific water 

parameters, Lake Tyrone should consider implementing one of the following phosphorus removal 

solutions to restore water quality: 

Recovery Solution: Improve water quality by incorporating strategic applications of binders to 

remove free reactive phosphorus from the water column. Integrate with algaecide applications 

as needed to control algae and achieve desired water quality objectives.  

Reset Solution: A more comprehensive solution to water quality restoration. Reset the 

ecological clock and restore water quality in Lake Tyrone by implementing a Reset application 

strategy customized by water body. This phosphorus removal solution targets and permanently 

removes free reactive phosphorus in the water column and accumulated in water body 

sediments over time. A sediment sample is ideal for this prescription. 

Aeration can be a lake management tool to prevent oxygen depletion, releasing of phosphorus and 
ammonium from sediments, and improve water quality parameters. Yet, it is well documented in the 
scientific literature where the use of aeration does not meet management goals, and in some cases, the 
aeration system exacerbates the effects of eutrophication. Aeration has also been used successfully to 
manage cyanobacteria or algae blooms, but this outcome is less likely in shallow lakes since light is 
rarely a limiting factor for cyanobacteria or algae growth and internal loading is more difficult to control, 
due to the lack of stratification (Illinois EPA 1997 and Welch and Cooke 1995). 
 
The use of aeration in a natural lake system has the potential result in unintended adverse impacts to 
water quality and fish and wildlife habitat; therefore, its use in natural lake ecosystems should be 
considered with caution. The long-term impacts caused by using aeration in a natural lake system that is 
not experiencing anoxia or cyanobacteria blooms are uncertain. When considering aeration as a lake 
management tool, the following should be considered (Jermalowicz-Jones 2012): 
 

• Understanding the sources and causes of the water quality issues in the waterbody (watershed 
inputs). 

• Reviewing several aeration methods to determine which are best suited to address identified 
problems in the waterbody and watershed inputs. 

• Developing clear management goals that reflect expectations of what an aeration system can 
achieve over time while recognizing the limitations of the system. 

• Creation of a watershed management plan to address the sources and causes of water quality 
impairment. 
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However, in recent studies some worst-case scenarios have been an exception to the expected response 
and caused unintended impacts from aeration. Some potential adverse impacts are as follows (Cooke et 
al. 2005, Niemesto et al. 2016, Dinsmore and Prepas 1997, and Mallin et al. 2016): 
 

• If nutrients are limiting productivity in the epilimnion, then aeration may increase particulate 
phosphorus, which can be mineralized to a usable form. 

• Dissolved phosphorus may be transferred to the photic zone from deeper areas of the 
waterbody. 

• Transparency may decrease due to increased algal/cyanobacteria biomass and silt. 
• Increase in cyanobacteria due to changes in CO2 and pH or to a decrease in zooplankton grazing 

intensity due to a change in habitat. 
• Temperature increases. 
• Alteration to macroinvertebrate communities, impacting food webs. 
• Unmixed, anoxic zone persists near the sediment-water interface below circulation installations 

where heavy metals can continue to be released from the lakebed. 
• Hypolimnetic aeration may increase nutrient recycling and primary productivity; increased 

temperatures and turbidity may reduce the stability of the water column, increasing nutrient 
cycling, thereby resulting in more organic material settling on sediments. 

• In shallow lakes, circulation systems may make bottom-associated nutrients more available to 
the phytoplankton in the water column, increasing algal blooms. 

• Changing a lentic environment (still water) to one that is at least partially lotic (rapidly moving 
water) would change the habitat of the fish community and place stresses and impacts on fish 
and other aquatic organisms that rely on still waters. 

• Unknown impacts on phytoplankton, zooplankton and all other primary food sources that larval 
and juvenile fish species rely on in their early life stages. 

 
Under-sizing of aeration equipment, operational issues, and inappropriate application of aeration may 
minimize the effectiveness of the intended project and even degrade existing water quality. Lake Tyrone 
should consider the current effectiveness of the aeration system currently installed. Aeration is a means 
that has been used to manage the indications of eutrophication and to enhance fish habitat, however 
the scientific literature shows that its success is varying, and that there may be adverse impacts on 
natural lake functions (Wagner 2015, Cooke et al. 2005, Nygrén et al. 2017). It is important to choose 
the appropriate tool for lake restoration that can meet water quality goals and to understand the cause 
of any water quality challenges. If aeration is considered for use in natural lake systems, it should be 
considered as a shorter-term component of a longer-term watershed management strategy to meet 
water quality targets.  
 
A watershed management plan should be incorporated into Lake Tyrone’s water quality management 
strategy to address long-term restoration goals and objectives. Water quality benchmarks should be 
established to track success or any adverse impacts of in lake aeration. Reductions in internal 
phosphorus loading may be limited after aeration in shallow lakes because circulation is already high in 
these lakes and stratification is less frequent.  The Lake Tyrone improvement Board should prioritize 
management and remediation activities of surface water within the watershed. Preventative methods, 
consisting of the reduction of nutrient inputs from watershed sources is the most effective long-term 
solution to addressing eutrophication in waterbodies (Bormans et al. 2015). 
 
By implementing the above recommendations, the residents can continue to enjoy the recreational and 
aesthetic benefits that Lake Tyrone provides for years to come. 
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Appendix A 
Laboratory Water Quality Data Sheets 2021 
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Appendix B 
Winter Dissolved Oxygen and Temperature Profiles 
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Lake Tyrone, Livingston County, MI 

2/10/2022 

Depth 
(ft) Temp (F) 

DO 
(mg/L) 

secchi 
(ft) 

0 36.5 11.80 10.0 

2 38.1 11.50  
4 39.4 10.60  
6 39.6 10.10  
8 40.1 8.60  

10 40.3 7.60  
12 40.6 6.70  
14 40.6 6.30  
16 40.8 3.40  
18 40.8 3.2  
20 - -  

 

0 38.5 7.60 8.0 

2 39.6 6.50  
4 39.9 5.80  
6 39.9 5.30  
8 39.9 5.20  

10 39.9 4.90  
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Appendix C 
Conductivity and pH profiles 
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