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INTRODUCTION 

 
 

 We were asked to repeat a study we performed on Tyrone Lake during 2010 (Freshwater 

Physicians 2011) and compare our results with those we gathered during 2018.  Starting around 

2015, Tyrone Lake was equipped with aerators throughout the lake (something we recommended 

against in our 2011 report) and part of the 2018 study was devoted to determining what effect 

these aerators had on the lake ecosystem.  We tried to sample at the same stations using the same 

gear so that 2018 results would be consistent with results obtained during 2010.  In addition, we 

tried to use all available data from other ongoing studies on various components of the 

ecosystem in order to document if there were any changes and whether they could be attributed 

to the aeration project.  Our second objective was to determine if there were substantial changes 

or issues that arose during the 2018 study that should be addressed.   

  

Lake Tyrone, located near Fenton, MI in Livingston County, is a eutrophic lake, 

moderately high in nutrients with anoxia (low dissolved oxygen) in the hypolimnion (bottom part 

of the lake) during stratified summer conditions, an abundance of macrophytes including the 

invasive Eurasian milfoil and Curly-leaf pondweed, and a warm-water fish community. It has 

had extensive macrophyte control and many studies on the lake.  Walleyes have been stocked in 

the past.  Lake Tyrone is heavily developed and has a dam on the north end of the lake.  Water 

flows through the sluiceway when water levels exceed its height.  During 2010, there was a 

considerable amount of sandy beaches along the shores, which can act as good spawning sites for 

sunfishes.  However, during 2018 when we did the second part of the study, these areas were 

covered with a thin coat of sediment, which could be detrimental to spawning activities and 

benthos.   

 

HISTORY 
 

 Tyrone Lake was smaller in the past and was named Russell Lake according to old maps 

(Picture 2).  The lakes empties into North Ore Creek and flows eventually into Saginaw Bay.  In 

the 1920s the lake was dammed increasing its size to 102 acres and making it a long narrow lake 

with a central deep part (the old lake) and long expanses extending both north and south from the 

center.  The expanded part of the lake to the south covered marshy areas, which was reflected in 

the sediment samples we collected at the south end of the lake.  There is evidence from the depth 

contours of the old creek bed that runs along the northern part of the lake on the eastern side.  

This history needs to be kept in mind when the biology and chemistry of the lake is discussed, 

since there are areas of the lake that were shallow that were flooded (there are tree stumps on the 

south end for example) and were probably very rich and fertile, leading to some of the problems 

experienced in the lake with plant and algae blooms.  In addition, the central part of the lake was 

probably already silted in with rich sediment and that situation continues today. For example, 

studies done by Progressive AE (Progressive AE 2003) show that sediment buildup in south end 

was up to 9.5 ft; in the central basin soft sediment was up to 5.5 ft.  In the north end 

accumulations were less, up to 2.5 ft.  In addition to the data collected by Progressive AE, there 

are extant data collected by the Michigan Department of Natural Resources Institute for Fisheries 

Research on Lake Tyrone back in 1953 (Appendix 3, Freshwater Physicians 2011).  These data 

are discussed in the report to provide context for the current lake conditions, but it also provides 

some interesting observations about Lake Tyrone.  
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PICTURE 2.  Historical map of Lake Tyrone (former name was Russell Lake) showing 

how it flows into North Ore Creek and drained northward.  Damming of the lake expanded its 

area and covered over a marsh on the south end, where there are still trees and sediment that 

reflects that marsh habitat (fibrous and peaty). Map compliments of Pam Tyning, Progressive 

AE.     

 

METHODS 

 

 Our study involves physical, chemical, and biological measurements and observations by 

professional aquatic biologists who have conducted lake management studies since 1972; we 

incorporated in 1974.  We use specialized samplers and equipment designed to thoroughly 

examine all components of an aquatic ecosystem.  Shallow water, deep water, sediments, animal 

and plant life as well as inlet and outlet streams are intensively sampled and analyzed at several 

key stations (sites on the lake).  Our SCUBA divers examine aquatic plants, sediments, and fish 

and assist in some other data collections.  Some samples are analyzed in the field, while the 

balance is transported to our laboratory for measurements and/or identification of organisms 

found in samples. 

After the field study, we compile, analyze, summarize, and interpret data.  We utilize a 

comprehensive library of limnological studies, and review all the latest management practices in 

constructing a management plan.  All methods used are standard limnological procedures, and 

most chemical analyses are according to Standard Methods for the Examination of Water and 

Wastewater.  Water analyses were performed by Grand Valley State University.   
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STATION LOCATIONS 

 

 

 During any study we choose a number of places (stations) where we do our sampling for 

each of the desired parameters.  We strive to have a station in any unusual or important place, 

such as inlet and outlet streams, as well as in representative areas in the lake proper.  One of 

these areas is always the deepest part of the lake.  Here we check on the degree of thermal and 

chemical stratification, which is extremely important in characterizing the stage of eutrophication 

(nutrient enrichment), invertebrates present, and possible threats to fish due to production of 

toxic substances due to decomposition of the bottom sediments.  The number and location of 

these stations for this study are noted in that section. 

 

PHYSICAL PARAMETERS 

 

Depth 
 

 

Depth is measured in several areas with a sonic depth finder or a marked sounding line.  

We sometimes run transects across a lakes and recorded the depths if there are no data about the 

depths of the lakes.  These soundings were then superimposed on a map of each lake and a 

contour map was constructed to provide some information on the current depths of the lake.   

 

Acreage 
 

Acreage figures, when desired, are derived from maps, by triangulation, and/or 

estimation.  The percentage of lake surface area in shallow water (less than 10 feet) is an 

important factor.  This zone (known as the littoral zone) is where light can penetrate with enough 

intensity to support rooted aquatic plants.  Natural lakes usually have littoral zones around their 

perimeters.  Man-made lakes and some reservoirs often have extensive areas of littoral zone. 

 

Sediments 

 

Bottom accumulations give good histories of the lake.  The depth, degree of compaction, 

and actual makeup of the sediments reveal much about the past.  An Ekman grab or dredge 

sampler is used to sample bottom sediments for examination.  It is lowered to the bottom, tripped 

with a weight, and it "grabs" a 0.25 square foot sample of the bottom.  Artificial lakes often fill 

in more rapidly than natural lakes because disruption of natural drainage systems occurs when 

these lakes are built.  Sediments are either organic (remains of plants and animals produced in 

the lake or washed in) or inorganic (non-living materials from wave erosion or erosion and run-

off from the watershed). 

 

Light Penetration 

 

 The clarity of the water in a lake determines how far sunlight can penetrate.  This in turn 

has a basic relationship to the production of living phytoplankton (minute plants called algae), 

which are basic producers in the lake, and the foundation of the food chain.  We measure light 

penetration with a small circular black and white Secchi disc attached to a calibrated line.  The 
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depth at which this disc just disappears (amount of water transparency) will vary between lakes 

and in the same lake during different seasons, depending on degree of water clarity.  This 

reference depth can be checked periodically and can reflect the presence of plankton blooms and 

turbidity caused by urban run-off, etc. A regular monitoring program can provide an annual 

documentation of water clarity changes and also a historical record of changes in the algal 

productivity in the lake that may be related to development, nutrient inputs, or other insults to the 

lake. 

 

Temperature 

 

 This is a physical parameter but will be discussed in the chemistry section with dissolved 

oxygen. Thermal stratification is a critical process in lakes which helps control the production of 

algae, generation of various substances from the bottom, and dissolved oxygen depletion rates. 

 

Stream Flows from Inlets and Outlets 

 

 Estimation of flows in and out of a lake gives us information about ground water inputs, 

inputs of nutrients and toxic substances, and amount of water moving through the ecosystem.  

When tied to the chemical analyses described earlier, nutrient inputs and outputs can be 

calculated and amount of impact of these inputs evaluated. 

 

CHEMICAL PARAMETERS 

 

Water chemistry parameters are extremely useful measurements and can reveal 

considerable information about the type of lake and how nutrients are fluxing through the 

system.  They are important in classifying lakes and can give valuable information about the kind 

of organisms that can be expected to exist under a certain chemical regime.  All chemical 

parameters are a measure of a certain ion or ion complex in water.  The most important elements-

-carbon (C), hydrogen (H), and oxygen (O) are the basic units that comprise all life, so their 

importance is readily obvious.  Other elements like phosphorus (P) and nitrogen (N) are 

extremely important because they are significant links in proteins and RNA/DNA chains.  Since 

the latter two (P and N) are very important plant nutrients, and since phosphorus has been shown 

to be critical and often times a limiting nutrient in some systems, great attention is given to these 

two variables.  Other micronutrients such as boron, silicon, sulfur, and vitamins can also be 

limiting under special circumstances.  However, in most cases, phosphorus turns out to be the 

most important nutrient. 

 

Temperature Stratification 

 

 Temperature governs the rate of biological processes.  A series of temperature 

measurements from the surface to the bottom in a lake (temperature profile) is very useful in 

detecting stratification patterns.  Stratification in early summer develops because the warm sun 

heats the surface layers of a lake.  This water becomes less dense due to its heating, and "floats" 

on the colder, denser waters below.  Three layers of water are thus set up.  The surface warm 

waters are called the epilimnion, the middle zone of rapid transition in temperatures is called the 

thermocline, and the cold bottom waters, usually around 39 F (temperature of maximum 
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density), are termed the hypolimnion.  As summer progresses, the lowest cold layer of water 

(hypolimnion) becomes more and more isolated from the upper layers because it is colder and 

denser than surface waters (see Fig. 1 for documentation of this process over the seasons). 

 

 
 

Figure 1.  Depiction of the water temperature relationships in a typical 60-ft deep lake over the 

seasons.  Note the blue from top to bottom during the fall turnover (this also occurs in the spring) 

and the red yellow and green (epilimnion, thermocline, and hypolimnion) that forms 

(stratification) during summer months.  Adapted from NALMS. 

 

When cooler weather returns in the fall, the warm upper waters (epilimnion) cool to 

about 39 F, and because water at this temperature is densest (heaviest), it begins to sink slowly to 

the bottom.  This causes the lake to "turnover" or mix (blue part on right of Fig. 1), and the 

temperature becomes a uniform 39 F top to bottom.  Other chemical variables, such as dissolved 

oxygen, ammonia, etc. are also uniformly distributed throughout the lake. 

As winter approaches, surface water cools even more.  because water is most dense at 39 

F, the deep portions of the lake "fill" with this "heavy water".  Water colder than 39 F is actually 

lighter and floats on the more dense water below, until it freezes at 32 F and seals the lake.  

During winter decomposition on the bottom can warm bottom temperatures slightly. 

In spring when the ice melts and surface water warms from 32 to 39 F, seasonal winds 

will mix the lake again (spring overturn), thus completing the yearly cycle.  This represents a 

typical cycle, and many variations can exist, depending on the lake shape, size, depth, and 

location.  Summer stratification is usually the most critical period in the cycle, since the 

hypolimnion may go anoxic (without oxygen--discussed next).  We always try to schedule our 

sampling during this period of the year.  Another critical time exists during late winter as oxygen 

can be depleted from the entire water column in certain lakes under conditions of prolonged 

snow cover. 
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Dissolved Oxygen 

 

 This dissolved gas is one of the most significant chemical substances in natural waters.  It 

regulates the activity of the living aquatic community and serves as an indicator of lake 

conditions.  Dissolved oxygen is measured using a YSI, dissolved oxygen-temperature meter or 

the Winkler method with the azide modification.  Fixed samples are titrated with PAO (phenol 

arsene oxide) and results are expressed in mg/L (ppm) of oxygen, which can range normally 

from 0 to about 14 mg/L.  Water samples for this and all other chemical determinations are 

collected using a device called a Kemmerer water sampler, which can be lowered to any desired 

depth and like the Ekman grab sampler, tripped using a messenger (weight) on a calibrated line.  

The messenger causes the cylinder to seal and the desired water sample is then removed after the 

Kemmerer is brought to the surface.  Most oxygen in water is the result of the photosynthetic 

activities of plants, the algae and aquatic macrophytes.  Some enters water through diffusion 

from air.  Animals use this oxygen while giving off carbon dioxide during respiration.  The 

interrelationships between these two communities determine the amount of productivity that 

occurs and the degree of eutrophication (lake aging) that exists. 

A series of dissolved oxygen determinations can tell us a great deal about a lake, 

especially in summer.  In many lakes in this area of Michigan, a summer stratification or 

stagnation period occurs (See previous thermal stratification discussion).  This layering causes 

isolation of three water masses because of temperature-density relationships already discussed 

(see Fig. 2 for demonstration of this process).   
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Figure 2.  Dissolved oxygen stratification pattern over a season in a typical, eutrophic, 60-ft deep 

lake.  Note the blue area on the bottom of the lake which depicts anoxia (no dissolved oxygen 

present) during summer and the red section in the fall turnover period (there is another in the 

spring) when the dissolved oxygen is the same from top to bottom.  Adapted from NALMS. 

 

In the spring turnover period dissolved oxygen concentrations are at saturation values 

from top to bottom (see red area which is the same in the spring – Fig. 2).  However, in these 

lakes by July or August some or all of the dissolved oxygen in the bottom layer is lost (used up 

by bacteria) to the decomposition process occurring in the bottom sediments (blue area in Fig. 2).  

The richer the lake, the more sediment produced and the more oxygen consumed.  Since there is 

no way for oxygen to get down to these layers (there is not enough light for algae to 

photosynthesize), the hypolimnion becomes devoid of oxygen in rich lakes.  In non-fertile 

(Oligotrophic) lakes there is very little decomposition, and therefore little or no dissolved oxygen 

depletion.  Lack of oxygen in the lower waters (hypolimnion) prevents fish from living here and 

also changes basic chemical reactions in and near the sediment layer (from aerobic to anaerobic). 

Stratification does not occur in all lakes.  Shallow lakes are often well mixed throughout 

the year because of wind action.  Some lakes or reservoirs have large flow-through so 

stratification never gets established. 

Stratified lakes will mix in the fall because of cooler weather, and the dissolved oxygen 

content in the entire water column will be replenished.  During winter the oxygen may again be 

depleted near the bottom by decomposition processes.  As noted previously, winterkill of fish 

results when this condition is caused by early snows and a long period of ice cover when little 

sunlight can penetrate into the lake water.  Thus no oxygen can be produced, and if the lake is 

severely eutrophic, so much decomposition occurs that all the dissolved oxygen in the lake is 

depleted. 

In spring, with the melting of ice, oxygen is again injected into the hypolimnion during 

this mixing or "turnover" period.  Summer again repeats the process of stratification and bottom 

depletion of dissolved oxygen. 

One other aspect of dissolved oxygen (DO) cycles concerns the diel or 24-hour cycle.  

During the day in summer, plants photosynthesize and produce oxygen, while at night they join 

the animals in respiring (creating CO2) and using up oxygen.  This creates a diel cycle of high 

dissolved oxygen levels during the day and low levels at night.  These dissolved oxygen sags 

have resulted in fish kills in lakes, particularly near large aquatic macrophyte beds on some of 

the hottest days of the year. 

 

pH 

 

 The pH of most lakes in this area ranges from about 6 to 9.  The pH value (measure of the 

acid or alkaline nature of water) is governed by the concentration of H (hydrogen) ions which are 

affected by the carbonate-bicarbonate buffer system, and the dissociation of carbonic acid 

(H2CO3) into H + ions and bicarbonate.  During a daily cycle, pH varies as aquatic plants and 

algae utilize CO2 from the carbonate-bicarbonate system.  The pH will rise as a result.  During 

evening hours, the pH will drop due to respiratory demands (production of carbon dioxide, which 

is acidic).  This cycle is similar to the dissolved oxygen cycle already discussed and is caused by 

the same processes.  Carbon dioxide causes a rise in pH so that as plants use CO2 during the day 

in photosynthesis there is a drop in CO2 concentration and a rise in pH values, sometimes far 
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above the normal 7.4 to values approaching 9.  During the night, as noted, both plants and 

animals respire (give off CO2), thus causing a rise in CO2 concentration and a concomitant 

decrease in pH toward a more acidic condition.  We use pH as an indicator of plant activity as 

discussed above and for detecting any possible input of pollution, which would cause deviations 

from expected values.  pH is measured in the field with color comparators and in the laboratory 

with a Oakton pH-conductivity meter. 

 

Alkalinity 

 

 The amount of acid (hydrogen ion) that needs to be added to a water sample to get a 

sample to a pH of 4.5 (the endpoint of a methyl-orange indicator) is a measure of the buffering 

capacity of the water and can be quantitatively determined as mg/L or ppm as calcium carbonate 

(CaCO3).  This measurement is termed total alkalinity and serves as an indicator of basic 

productivity and as an estimate of the total carbon source available to plants.  Alkalinity is a 

measure of hydroxides (OH-), carbonates (CO3=) and bicarbonates present.  Plants utilize carbon 

dioxide from the water until that is exhausted and then begin to extract CO2 from the carbonate-

bicarbonate buffer system through chemical shifts.  As discussed before, this decrease in CO2 

concentrations causes great pH increases during the day and a pH drop during the night.  There 

are two kinds of alkalinity measured, both based on the indicators, which are used to detect the 

end-point of the titration.  The first is called phenolthalein alkalinity (phth) and is that amount of 

alkalinity obtained when the sample is titrated to a pH of 8.3.  This measurement is often 0, but 

can be found during the conditions previously discussed; that is, during summer days and intense 

photosynthesis.  Total alkalinity was noted above and includes phenolthalein alkalinity. 

 

Hardness 

 

 Like alkalinity, hardness is also a measure of an ion, though these are divalent cations, 

positive double charged ions like calcium (Ca++) and magnesium (Mg/L++).  Again, the units of 

hardness are mg/L as CaCO3.  A sample of water is buffered and then an indicator is added.  

Titration to the indicator endpoint using EDTA completes the analysis.  As with all our analyses, 

for more detail, consult Standard Methods.  Alkalinity and hardness are complementary, so that 

comparing the two readings can give information about what ions are present in the system and 

confirm trends seen in other data.  Alkalinity and hardness are complementary because every 

calcium ion must have a bicarbonate ion or other such divalent negative ion and vice versa; each 

carbonate or hydroxide ion must have a divalent or monovalent anion associated with it.  For 

example, we might find high chlorides from street run-off in a particular sample.  Since chlorides 

are probably applied as calcium chloride (CaCl2), we would confirm our suspicions when 

hardness (a measure of Ca++ ions) was considerably higher than alkalinity.  If alkalinity were 

higher than hardness it would indicate that some positive anion like potassium (K+) was present 

in the lake, which was associated with the bicarbonate and carbonate ions but was not measured 

by hardness.  Generally speaking, high alkalinity and hardness values are associated with a 

greater degree of eutrophication; lakes are classified as soft, medium, or hard-water lakes based 

on these values. 
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Chlorides 

 

  Chlorides are unique in that they are not affected by physical or biological processes and 

accumulate in a lake, giving a history of past inputs of this substance.  Chlorides (Cl-) are 

transported into lakes from septic tank effluents and urban run-off from road salting and other 

sources.  Chlorides are detected by titration using mercuric nitrate and an indicator.  Results are 

expressed as mg/L as chloride.  The effluent from septic tanks is high in chlorides.  Dwellings 

around a lake having septic tanks contribute to the chloride content of the lake.  Depending upon 

flow-through, chlorides may accumulate in concentrations considerably higher than in natural 

ground water.  Likewise, urban run-off can transport chlorides from road salting operations and 

also bring in nutrients.  The chloride "tag" is a simple way to detect possible nutrient additions 

and septic tank contamination.  Ground water in this area averages 10-20 mg/L chlorides.  

Values above this are indicative of possible pollution. 

 

Phosphorus 

 

 This element, as noted, is an important plant nutrient, which in most aquatic situations is 

the limiting factor in plant growth.  Thus, if this nutrient can be controlled, many of the 

undesirable side effects of eutrophication (dense macrophyte growth and algae blooms) can be 

avoided.  The addition of small amounts of phosphorus (P) can trigger these massive plant 

growths.  Usually the other necessary elements (carbon, nitrogen, light, trace elements, etc.) are 

present in quantities sufficient to allow these excessive growths.  Phosphorus usually is limiting 

(occasionally carbon or nitrogen may be limiting).  Two forms of phosphorus are usually 

measured.  Total phosphorus is the total amount of P in the sample expressed as mg/L or ppm as 

P, and soluble P or Ortho P is that phosphorus which is dissolved in the water and "available" to 

plants for uptake and growth.  Both are valuable parameters useful in judging eutrophication 

problems.  Lakes are classified as eutrophic if TP is >0.020 mg/L, mesotrophic if 0.010-0.020 

mg/L, and eutrophic if TP >0.020 mg/L. 

 

 

Nitrogen 

 

 There are various forms of the plant nutrient nitrogen, which are measured in the 

laboratory using complicated methods.  The most reduced form of nitrogen, ammonia (NH3), is 

usually formed in the sediments in the absence of dissolved oxygen and from the breakdown of 

proteins (organic matter).  Thus high concentrations are sometimes found on or near the bottom 

under stratified anoxic conditions.  Ammonia is reported as mg/L as N and is toxic in high 

concentrations to fish and other sensitive invertebrates, particularly under high pHs.  With 

turnover in the spring most ammonia is converted to nitrates (NO3=) when exposed to the 

oxidizing effects of oxygen.  Nitrite (NO2-) is a brief form intermediate between ammonia and 

nitrates, which is sometimes measured.  Nitrites are rapidly converted to nitrates when adequate 

dissolved oxygen is present.  Nitrate is the commonly measured nutrient in limnological studies 

and gives a good indication of the amount of this element available for plant growth.  Nitrates, 

with Total P, are useful parameters to measure in streams entering lakes to get an idea of the 

amount of nutrient input.  Profiles in the deepest part of the lake can give important information 

about succession of algae species, which usually proceeds from diatoms, to green algae to blue-
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green algae.   Blue-green algae (an undesirable species) can fix their own nitrogen (some 

members) and thus out-compete more desirable forms, when phosphorus becomes scarce in late 

summer. 

 

BIOLOGICAL PARAMETERS 

 

Bacteria 

 

 This group of organisms is extremely important in the biology of lakes in that they are 

responsible for all the decomposition that occurs in a lake as well as many chemical 

transformations, such as the manufacture of hydrogen sulfide by sulfur bacteria, the 

transformation of nitrate to ammonia by denitrifying bacteria, etc.  Another important group is 

the coliform bacteria which when present can indicate that sewage has somehow entered the 

body of water.  The methods used (Standard Methods) indicate the degree of contamination of 

the water with wastes from human or animal sources.  Since this is a public health aspect, we do 

not interpret nor routinely run coliform, unless there is a special reason to do so. 

 

Algae 

 

The algae are a heterogeneous group of plants, which possess chlorophyll by which 

photosynthesis, the production of organic matter and oxygen using sunlight and carbon dioxide, 

occurs.  They are the fundamental part of the food chain leading to fish in most aquatic 

environments. 

There are a number of different phyla, including the undesirable blue-green algae, which 

contain many of the forms, which cause serious problems in highly eutrophic lakes. These algae 

can fix their own nitrogen (a few forms cannot) and they usually have gas-filled vacuoles which 

allows them to float on the surface of the water.  There is usually a seasonal succession of 

species, which occurs depending on the dominant members of the algal population and the 

environmental changes, which occur. 

 This usual seasonal succession starts with diatoms (brown algae) in the spring and after 

the supply of silica, used to construct their outside shells (frustules), is exhausted, green algae 

take over.  When nitrogen is depleted, blue-green algae are able to fix their own and become 

dominant in late summer. 

 The types of algae found in a lake serve as good indicators of the water quality of the 

lake.  The algae are usually microscopic, free-floating single and multicellular organisms, which 

are responsible many times for the green or brownish color of water in which they are blooming.  

The filamentous forms, such as Spirogyra and Cladophora are usually associated with aquatic 

macrophytes, but often occur in huge mats by themselves.  The last type, Chara, a green alga, 

looks like an aquatic macrophyte and grows on the bottom in the littoral zone, sometimes in 

massive beds.  It is important to understand the different plant forms and how they interact, since 

plants and algae compete for nutrients present and can shade one another out depending on 

which has the competitive advantage.  This knowledge is important in controlling them and 

formulating sensible management plans.  Samples are collected using a 2-m long PVC sampler 

from Tyrone Lake on 29 August 2018, preserved with gluteraldehyde, and kept from light and in 

the refrigerator until delivered to Dr. M. Edlund for analysis.  Measured subsamples of preserved 

algae (125 mL) were allowed to settle for a minimum of 1 week, and the algae concentrated to a 
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volume of 15-20 mL for microscopical analysis. Well-mixed subsamples of 0.1 mL were 

distributed in a Palmer counting chamber and analyzed with an Olympus BX50 or Lietz 

Ortholux compound microscope using the Minnesota Rapid Algal Assessment method (Lindon 

and Heiskary 2007). In short, the sample is quickly scanned at low magnification to identify the 

primary algal species that are present.  The sample is then counted at higher magnification (in 

this study, at 200x and phase contrast illumination) more slowly to estimate the biovolume of the 

major species present (normally those making up >5% of the assemblage).  For most samples 

this entails counting about 400 functional algal units (i.e., cells, colonies, or filaments).  For each 

species, a measurement of the algal biovolume is estimated based on measurements of cell or 

colonies using a calibrated ocular micrometer and simple shape formulas.  Algal identification 

used standard guides (e.g., Prescott 1962, Hindák 2008).  

 

Zooplankton 

 

 This group of organisms is common in most bodies of water, particularly in lakes and 

ponds.  They are very small creatures, usually less than 1/8 inch , and usually live in the water 

column where they eat detritus and algae.  Some prey on other forms.  This group is seldom seen 

in ponds or lakes by the casual observer of wildlife but is a very important link in the food web 

leading from the algae to fish.  They are usually partially transparent organisms, which have 

limited ability to move against currents and wave action, but are sometimes considered part of 

the 'plankton' because they have such little control over their movements, being dependent on 

wind-induced or other currents for transport. 

 Zooplankton is an important indicator for biologists for three reasons.  First, the kind and 

number present can be used to predict what type of lake they live in as well as information about 

its stage of eutrophication.  Second, they are very important food sources for fish (especially 

newly hatched and young of the year fish), and third, they can be used to detect the effects of 

pollution or chemical insult if certain forms expected to be present are not.  These data can be 

added to other such data on a lake and the total picture can then lead to the correct conclusions 

about what has occurred in a body of water.  We are very interested in the sizes and speed of the 

individual zooplankters, since the large, slow ones are fish targets and if none (especially 

Daphnia) are present or they are in low abundance, one can conclude that fish predation is severe 

and may lead to stunting.  All newly hatched larval fish feed on zooplankton as do many juvenile 

fishes, such as yellow perch, bluegills, black crappies, small largemouth bass as well as some 

adults that may not have other prey available.  The other forms, especially copepods, are smaller 

and faster and are eaten by fishes, but only when other larger forms are not available.  In 

addition, there is a ecosystem effect as well.  When there is good balance between fish and large 

zooplankton, water clarity improves since Daphnia are much more efficient at eating algae than 

are copepods. 

Zooplankton are collected by towing a No. 10 plankton net (153 u-mesh net) through the 

vertical water column and the resulting sample is preserved with 10% formaldehyde or ethanol 

and then examined microscopically in the laboratory.  Qualitative estimates of abundance are 

usually given. 
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Macrophytes 

 

 The aquatic plants (emergent and submersed), which are common in most aquatic 

environments, are the other type of primary producer in the aquatic ecosystem.  They only grow 

in the euphotic zone, which is usually the inshore littoral zone up to 6 ft., but in some lakes with 

good water clarity and with the introduced Eurasian water-milfoil (Myriophyllum spicatum), 

growths have been observed in much deeper water.  Plants are very important as habitat for 

insects, zooplankton, and fish, as well as their ability to produce oxygen.  Plants have a seasonal 

growth pattern wherein over wintering roots or seeds germinate in the spring.  Most growth 

occurs during early summer.  Again, plants respond to high levels of nutrients by growing in 

huge beds.  They can extract required nutrients both from the water and the sediment.  

Phosphorus is a critical nutrient for them.  The aquatic plants and algae are closely related, so 

that any control of one must be examined in light of what the other forms will do in response to 

the newly released nutrients and lack of competition.  For example, killing all macrophytes may 

result in massive algae blooms, which are even more difficult to control. 

 

Benthos 

 

 The group of organisms in the bottom sediments or associated with the bottom is termed 

benthos.  These organisms are invertebrates (lacking a backbone) and are composed of such 

animals as aquatic insect larvae and adults, amphipods (fairy shrimp), oligochaetes (aquatic 

worms), snails, and clams.  The importance of this group for fish food and as intermediates in the 

food chain should be emphasized.  Because of the tremendous variety of animals in each group 

and their respective tolerances for different environmental conditions, this group is a very 

important indicator of environmental quality.  We examine samples from deep water stations for 

the presence of organisms, as certain types live in low to no dissolved oxygen conditions, 

whereas other kinds can only exist when their high dissolved oxygen needs are satisfied. 

 These benthic organisms are collected using a special sampler called an Ekman dredge or 

Ekman grab sampler.  It is lowered to the bottom in the open position, a messenger sent down the 

line and tripped.  This results in about an l square foot section of bottom being sampled.  The 

sample is washed through a series of screens to remove the fine mud and detritus, leaving only 

the larger organisms and plant material behind.  The sample is then picked in the field or lab and 

the organisms found identified. 

 

 

Fish 

 

 The top carnivores in most aquatic ecosystems, excluding man, are the fish.  They are 

integrators of a vast number and variety of ever-changing conditions in a body of water.  They, 

unlike the zooplankton and benthos, which can reflect short-term changes, are indicative of the 

long-range, cumulative influences of the lake or stream on their behavior and growth.  The kind 

of fish, salmon or sunfish, can tell us much about how oligotrophic (low productivity) or 

eutrophic (high productivity) a lake is.  We collect fish with seines, gill nets and from lucky 

fishermen on the lake.  Most fish are weighed, measured, sexed, and their stomach contents 
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removed and identified.   Fish are aged using scales, and breeding condition is observed and 

recorded.  The catches from our nets and age information on the fish will tell us how your 

length-at-age data compare with state averages and whether or not fish growth is good.  Another 

problem, "stunting", can be detected using these sources of information. 

Stomach contents of fish document whether or not good sources of food are present and 

help confirm age and growth conclusions.  Imbalances in predator-prey relationships are a 

closely related problem, which we can usually ascertain by examining the data and through 

discussions with local fishermen.  From studying the water chemistry data and supportive 

biological data, we can make recommendations, such as habitat improvement, stocking of more 

predators, and chemical renovation.  We can also predict for example, the effects of destroying 

macrophytes through chemical control.  All elements of the ecosystem are intimately interrelated 

and must be examined to predict or solve problems in a lake. 

 

 

 

RESULTS 

 

WATERSHED 

 

 Lake Tyrone is located in Livingston County and is in the Shiawassee River watershed. It 

drains into North Ore Creek and eventually into Saginaw Bay.  It appears to have a large, mostly 

forested watershed with some farmland, many wetlands, and is developed with houses around 

much of the lake.  The local watershed is most impacted by the houses and the disturbance to the 

soil, and the placement of impervious surfaces that increase runoff.  Impacts generated by these 

disturbances to the land are further exacerbated with lawn fertilization, which acts to degrade the 

watershed and contribute more nutrients (fertilizers) to the lake.  Lastly, septic tanks can 

contribute more nutrients into the lake, but Lake Tyrone residents are on a sewer system installed 

about 1989.     

Intensive development in a watershed, including docks, impervious surfaces such as 

driveways and tennis courts and lawns, can contribute substantially to increasing the nutrient and 

sediment loading to Lake Tyrone and along with the storm water inputs, can cause these lakes to 

become highly enriched fostering large growths of aquatic plants and algae.  In addition, Lake 

Tyrone is a dammed lake, with water covering extensive wetlands, especially on the south end of 

the lake.  Symptoms of this enrichment include degraded water quality, anoxia in the dissolved 

oxygen profiles, and elevated concentrations of nutrients in bottom waters (termed internal 

loading: a problem noted in Lake Tyrone).  Lake Tyrone also has a rich, thick, organic sediment 

in the deep areas, which has been building up naturally from the input of leaves, tree limbs, dead 

aquatic plants and algae, and other organic material from the wooded watershed as well as the 

existing bottomland that was flooded during the lake formation.  Near shore areas have lots of 

areas with sand, but as noted much of this has been covered with fine sediment.     

 The overall water quality is degraded and has led to very low water clarity because of 

algal blooms and other material.  Drainage from the watershed is probably carrying in excessive 

nutrients to the lake, but some runoff from the watershed is filtered by the vast amount of trees 

and other terrestrial and wetland vegetation, buffering the lake from additional nutrient insults.   

The local riparian zone is very important also, especially that band right at the lake.  As 

noted above, lawn fertilization and disturbance of the lake surface for new developments, docks, 
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etc., can cause additional nutrients to be exported to the lake, destroy habitat, and further speed 

the enrichment process (see Appendix 1 for lawn care and other recommendations). Things that 

can be done to inhibit entry of undesirable and deleterious substances into the lake are planting 

greenbelts (thick plants that can absorb nutrients and retard direct runoff into the lake) along the 

lake edge, reducing erosion where ever it occurs, reducing use of fertilizers for lawns (use no 

fertilizers, but if you must use only phosphorus-free fertilizer), cutting down on road salting 

operations, not feeding the geese or ducks, no leaf burning near the lake, prevention of leaves 

and other organic matter from entering the lake, and care in household use of such substances as 

fertilizers, detergents to wash cars and boats, pesticides, cleaners like ammonia, and vehicle 

fluids, such as oil, gas, and antifreeze. 

 

STATION LOCATION  

 

 During 2010 and 2018, we established two types of stations on Lake Tyrone for sampling 

various parameters in this study (Fig. 3, 4 and Table 1, 2).  Water chemistry and places for 

sampling algae, benthos, and zooplankton were established in the deepest part of the lake 

(stations A, B, C), while fishes were collected using seines at station S1, S2, S3, S4; gill nets at 

stations G1 and G2; and trap nets at stations T1, T2, and T3.  One additional benthos station (B-

1) was established in shallow water to duplicate sampling the station done previously by 

Restorative Lake Sciences (2017). Another station was added in shallow water near station C to 

represent shallower water than at station C.  

 

Table 1.  Location and description of sampling stations where various water quality and 

biological samples were collected in Lake Tyrone, Livingston County, Michigan, 2010 and 2018.  

See Fig. 4 for locations.  RLS = Restorative Lake Sciences (see Restorative Lake Sciences 2017), 

FP = Freshwater Physicians (2011 and this study).   

______________________________________________________________________________

__________________________________________________________________ 

Station Letter                                     Description/Location 

________________________________________________________________________ 

 

       A  In the central part of Lake Tyrone, depth = 25 ft 

 

       B     In the north basin of Lake Tyrone, depth = 10 ft 

  

       C      In the south basin of Tyrone Lake, depth = 7 ft 

         

       B-1  Benthos station in NE part of lake, east of station B - shallow water.  

Sampled by RLS, GPS unknown. 

 

       B-2  Benthos station in NE part of lake, east of station A - shallow water =  

3.2 ft.  Sampled by RLS and FP.   

 

       B-3  Benthos station in southern part of lake near station C- shallow water = 

3.8 ft.  Sampled by FP.   
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      S1, S2, S3, S4 Seining stations where fish were collected 

 

      G1, G2  Gill netting at sites along the north shore 

 

      T1  Trap net (large) set in north basin 

 

      T2  Trap net (small) set in creek inlet, south end of lake 

 

      T3  Trap net (large) set in the central basin 

 

 

Table 2. Sampling times, fish catches, depths, GPS locations, and description of sampling 

stations where various water quality (WQ) and biological samples (benthos, zoop = zooplankton, 

and fish) were collected in Lake Tyrone, Livingston, Michigan, 2010 and 2018.  See Fig. 4 for 

locations.  RLS = Restorative Lake Sciences (see Restorative Lake Sciences 2017), FP = 

Freshwater Physicians (2011 and this study).  W = winter, SP = spring, SUM = summer.  G = 

gill net, T = trap net, and S = seine.  Np = northern pike, WL = walleye, GL = golden shiner, BG 

= bluegill, BC = black crappie, LB = largemouth bass, YP = yellow bullhead, and BB = black 

bullhead.   

       __________________________________________________________________________________ 

 
TIME TIME DEPTH  

   STA START END (FT) GPS GPS FISH SPECIES CAUGHT 

__________________________________________________________________________________ 

A W,SP,SUM 
 

25 N42 41.684  W83 43.530 WQ, ZOOP, BENTHOS, ALGAE 

B SP,SUM 
  

N42 41.961  W83 43.695 WQ, BENTHOS 

C SP,SUM 
  

N42 41.372  W83 43.415 WQ, BENTHOS 

B1 SUM 
 

shallow 
  

Benthos:  RLS sampled only 

B2 SUM 
 

3.2 N42 41.394  W83 43.243 Benthos:  RLS and FP sampled 

B3 SUM 
 

3.8 N42 41.682  W83 43.456 Benthos:  FP sampled only 

G1 29-Aug 29-Aug 10--12 N42 41.681  W83 43.499 
 

 

1211 1830 
   

2 NP, 2 WL 

 
29-Aug 30-Aug 

    

 

1835 1035 
   

YB, 1 GL, BG, LB, YP 

G2 29-Aug 29-Aug 9 N42 42.004  W83 43.704 
 

 

1223 1900 
   

YP, NP, LB, BC 

T1 29-Aug 30-Aug 8--9 N42 41.952  W83 43.695 
 

 

1507 1130 
   

BB, BC, PS, NP, YB 

T2 29-Aug 30-Aug 
 

N42 41.305  W83 43.244 
 

 

1550 1115 2.5 
  

YB, PS, BC, BG 

T3 29-Aug 30-Aug 
 

N42 41.660  W83 43.596 
 

 

1606 1057 7--10 
  

2 BC, MANY BG, FEW PS 

S1 29-Aug 1635 1655 N42 41.997  W83 43.675 BG MANY,NP ,LB, YP,  PS 

S2 29-Aug 1715 1800 N42 41.875  W83 43.547 PS LARGE,LB,BG,LARGE YP 
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S3 29-Aug 1545 1600 N42 41.779  W83 43.500 GL MANY, BG MANY, LB 

S4 29-Aug 1845 1920 N42 41.549  W83 43.450 LB, PS, BG 

__________________________________________________________________________________ 
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Figure 3.  Google Earth map of Lake Tyrone showing housing development around the lake, the 

dam on the north end, small bay on the south end, farm fields, and extensive undeveloped 

forested land and wetlands in the local watershed.  
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Figure 4.  Map of Lake Tyrone, Livingston Co. showing water quality sampling stations (A,B,C- 

see Table 1 and 2 for description), benthos stations (A, B, C, B1, B2, B3), zooplankton and algae 

station A, and fish sampling sites for seining (S1, S2, S3, S4), gill netting (G1, G2), and trap 

netting (T1, T2, T3).  Samples were collected during 2010 on 1 March, 3 April, and 30 August 

and during 2018 on 13 February, 21 March, and 29 August.  Map was adapted from Progressive 

AE (2007).    

 

 

PHYSICAL PARAMETERS 

 

Depth 

 

Lake Tyrone has one major basin with a depth at station A being about 25 ft (Fig. 4), 

while the rest of the lake is mostly shallow (<10 ft) range.  Sediment buildup on the bottom of 

the deep basins acts as a reservoir of nutrients (nitrates and phosphorus), which are released at a 

faster rate during anoxic conditions in late summer and winter than they would if the dissolved 

oxygen levels remained above zero.  These sediments (up to 9.5 ft thick in the south basin – 

ProgressiveAE 2003) will degrade the dissolved oxygen from bottom waters at a much faster 

rate, reduce the water quality, and hence make conditions for aquatic life much more difficult.  

The morphology of Lake Tyrone is a long narrow lake with one deep basin in the center.  It is 

relatively shallow, so it encourages luxuriant plant and algal growth, but on the other hand will 

be very productive.   

 

Acreage 

 

 Lake Tyrone is about 102 acres based on the MDNR map (Fig. 1).  It is relatively shallow 

with most of it being 10 ft or less deep.     

 

Sediment 

 

 We collected sediment samples for benthos from stations A, B, and C during 2010 (see 

Pictures 3, 4) and 2018 (Picture 6), and added a sample at station B2 during 2018 to compare 

with the sample previously collected during 2017. Xx22 Samples from the deep basin at station 

A were composed of black, organic muck with leaves and finely divided, organic material, the 

residue from years of rotting plant material.  Similar sediment was observed at station B.  

However, the sediment in the station C (southern basin) was much more brown and organic (with 

fibrous, pulpy peat – Picture 4).  These samples were also examined for the presence of benthic 

organisms (see below).  As noted above, a sediment depth profiling survey was done 

(Progressive AE 2003) and that study showed highest sediment accumulations in the south end 

of the lake (up to 9.5 ft), while in the northern end, accumulations were less (up to 2.5 ft).  These 

accumulations of sediment and their decomposition are fundamental problems for Lake Tyrone, 

since they remove dissolved oxygen and add nutrients to the water column through 

decomposition, and the very active and numerous sport craft that ply the waters also stir up 

sediments, which can then release nutrients into the water column as well.  This recreational boat 

activity is also suspected of degrading the stratification profile in summer, by mixing the surface 

warm waters with cooler bottom waters, accelerating the decomposition of the bottom sediments.  
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During 2018 when we did our study, it appeared that these processes were accelerated by the 

aeration of the lake that began during 2016 and continued through 2018. The aeration system 

was installed in 2015 and was not removed each year. Aeration started on 1 April 2016 and 2017 

and usually ended in November. There are 22 diffusers spread out over the entire lake, mostly in 

deeper water.  The air line is self-sinking.  The diffusers are very heavy and were gently placed 

on the bottom.  The diffusers are inspected and cleaned a few times each year.  Since the 

diffusers are heavy and sink into the sediments, we envision a situation in the area of the lake 

near the dam where it could have penetrated the 19.5-ft thick sediments quite far, which would 

then lead to those sediments being stirred up into the upper water column, leaving sediment 

covering the entire lake from this mechanism.  During 2018, we found the lake was completely de-

stratified and it appeared that there was a thin layer of fine sediment deposited all over the lake, 

but was especially observable in shallow water where we did our seining and dropped our anchor 

to sample benthos; large billowing waves of black sediment were noticed.  We did not observe 

this during our 2010 study.    

 

 
 

Picture 3.  Sediment sample from station A during 2010 showing the black organic matter 

present on the bottom, which decomposes during summer and depletes dissolved oxygen and 

produces nutrients (N and P) and toxic substances, such as ammonia.  
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Picture 4. Sediment sample from station C in the south end of the lake taken during 2010.  This 

sample shows a more peaty, brown organic matter, which is probably part of the former marsh 

that was flooded during the damming of the lake.   

 

 

Light Penetration 

 

2010  

 

The Secchi disc (measure of water transparency) readings in Lake Tyrone were very low, 

lower than most lakes on which we work and definitely makes this lake a eutrophic lake (highly 

enriched with low water transparency) (Table 3).  Data we collected for Lake Tyrone showed the 

Secchi disc reading was 8.2 ft in the spring (3 April 2010), which is moderate and suggests a 

diatom bloom was ongoing.  During summer 2010, values were even lower (2.3 to 2.6 ft), which 

is exceptionally low. The historical data from MDNR showed similar readings (1.5-2 ft) during 

24 July 1953, as did Progressive AE during 2003, suggesting this is a common phenomenon 

during summer.  Again, there was probably a blue-green algal bloom in progress during the 

summer sampling we did on 30 August 2010.   

 

2018 

 

During spring (21 March) 2018, water transparency was 6.2 ft, almost 2 ft lower than 

values found during spring, 2010 (8.2 ft) (Table 3). Transparencies during summer 2018 (3 ft), 

during aeration activities, were similar to values measured (2.6 ft) prior to aeration during 

summer 2010.   Secchi disc data can provide an inexpensive, first-line indicator of water quality 
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changes and should be measured by the lake association.  We would strongly recommend the 

collection of Secchi disc readings weekly to provide a record of change for the lake and help you 

understand how the plant control efforts and aeration activities you make affect the water clarity 

in the lake.   It can also help with long-term monitoring efforts, showing how conditions change 

from year to year and season to season and will be useful in showing how any changes that are 

done affect water clarity of the lake.   

 

Table 3.  Secchi disc data (ft) for Lake Tyrone during spring and summer, 1953, 2010, and 2018. 

___________________ 

STATION 
 ___________________ 

 
24-Jul-53 

A 1.5-2 

  

 

3-Apr-10 

A 8.2 

  

 

30-Aug-10 

A 2.6 

B 2.6 

C 2.3 

  

 

21-Mar-18 

A 6.2 

  

 

29-Aug-18 

A,B,C 3 

___________________ 

 
 

Conclusions 
 

     Freshwater Physicians studies from 2010 compared with 2018 data 

showed not much difference in Secchi disk readings between summer 

time periods (2010: 2.5 ft vs. 2018: 3.0 ft – Table 3), while the 

Restorative Lake Sciences studies (2017) showed some differences 

between many periods where comparisons were possible.   For 

example, comparing May 2015 data (pre aeration data) (4.5 ft, n=2) 

with May 2017 data (post aeration) (7.2 ft, n=2) showed improved 

water clarity (Table 4).  Spring values are typically higher than summer 

values and Freshwater Physicians (2010 and 2018) showed spring 

values of 8.2 ft and 6.2 ft, respectively for this season.  Comparing 

Restorative Lake Sciences pre-aeration data from July 2015 (4.6 ft, 
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n=2) with July 2016 and 2017 post aeration data (6.5 ft, n=4) showed 

an almost 2-ft increase in water clarity during aeration.  However, one 

of the readings was 12 ft, which, as we have seen from 1953 summer 

data (1.5-2 ft) and Freshwater Physicians data from summers 2010 and 

2018 (2.3-3 ft), was an unusually high measurement.  Another unusual 

reading of 11 ft was also recorded during September 2017.  Making a 

final comparison of pre-aeration July 15 data (4.6 ft, n=2) with post 

aeration data from July and September 2016 and 2017 (6 ft, n=8) 

showed about a 2-ft increase in water clarity.  So, the final conclusion 

would be that there was no change in water clarity when Freshwater 

Physicians’ data, were used or about a 2-ft increase if Restorative Lake 

Sciences data were used.   
 
 

Table 4.  Additional Secchi disk readings from pre-aeration 
(2015) and post aeration (2016-2017).  Data from stations A and 
B (See Fig. 4) taken from Restorative Sciences (2017). 
   

____________________________________________________ ______ 

  
Temp range Secchi 

Date Station C 
Reading 
(ft) 

_____________________________________________________________ 

  
Pre-Aeration 

 12-May-15 B 16.5-16.1 4.5 

 
A 18-14.2 4.5 

14-Jul-15 B 25.3-23.9 4.6 

 
A 24.8-16.7 4.6 

    

  
Post-Aeration 

3-Jun-16 B 25.8-24.2 6 

 
A 24.7-23.8 10 

12-Jul-16 B 29.2-28.9 4 

 
A 29.2-27 4.2 

2-Sep-16 B 23.2-23.2 3.1 

 
A 24-23.8 3.2 

17-May-17 B 21.2-20.1 6.5 

 
A 21.3-17.5 7.9 

11-Jul-17 B 25.8-25.1 5.4 

 
A 26-22 12.3 

7-Sep-17 B 19.7-19.7                5 

 
A 20.1-19.7 11.1 

__________________________________________________________________ 
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Temperature 

 

Winter  

 

Water temperature is intimately associated with the dissolved oxygen profiles in a lake.  

During winter, we were concerned whether winterkill conditions might develop in Lake Tyrone; 

this is a situation when dissolved oxygen can be depressed from the bottom up where 

decomposition of the sediments takes place and uses up oxygen.  When we measured the profile 

on 4 March 2010 (See Picture 5), water temperatures were 2 C (35.6 F) at the surface and 3.2 C 

on the bottom (Table 5).  Dissolved oxygen was high at the surface 11.4 mg/L, but declined 

towards the bottom where it was 1.2 mg/L at 20 feet near bottom.  However, it was not zero, but 

it does indicate that there are very fertile muds on the bottom of the lake, which can degrade the 

oxygen levels even during winter when decomposition processes are at a minimum.   

During 2018, the dissolved oxygen levels were considerably lower than values during 

2010, ranging from 4 mg/L at the surface to 0 on the bottom (Table 6).  These concentrations 

during 2018 showed that there was a considerable biochemical oxygen demand in the water, 

which resulted in very low dissolved oxygen levels. Most warm water fishes require at least 3 

mg/L; whereas, cold water fishes need 5 mg/L, which has implications during summer for any 

walleyes or northern pike in the lake, which will be discussed later.   

We concluded that dissolved oxygen concentrations were considerably lower during 2018 

than they were during 2010.  It is difficult to assign this change to the aeration activities.  

Additional data would be required to verify this finding.   
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Picture 5.  Winter sampling on Tyrone Lake, 4 March 2010 with guardian angel Michael 

Cunningham.   

 

 

Table 5.  Water temperature (degrees C and degrees F) and dissolved oxygen concentrations 

(mg/L) for Tyrone Lake stations A, B, and C (see Fig. 1 and Table 1) for winter (4 March 2010), 

spring (3 April 2010), and summer (30 August 2010). 

 
_______________________________________________________________________ 

                 Dissolved  

Depth (ft)                      Temp. - C            Temp.- F        oxygen (mg/L) 

________________________________________________________________________ 

 4 March 2010             Station A 

0 2 35.6 11.4 

3 2.8 37.0 11.1 

7 3.1 37.6 10.8 

10 3.2 37.8 7.8 

13 3.2 37.8 4.6 

16 3.2 37.8 4.8 

20 3.2 37.8 1.2 

23*                                3.2 37.8 0.4 

    

 3 April 2010             Station A 

0 7 44.6 12.2 

3 7 44.6 12.2 

7 7 44.6 12.2 



 

 30 30 

10 7 44.6 12.4 

13 7 44.6 12.4 

16 7 44.6 12.6 

20 7 44.6 12.6 

22.5 7 44.6 6.8 

26* 7 44.6 0.6 

    

 30 August 2010              Station A  

0 27       80.6          11.0 

3 25.8      78.4            9.4 

7 25.3      77.5            8.6 

10 23.9      75.0            2.6 

13 23      73.4            0.3 

16 21.8      71.2            0.2 

20 18.6      65.5            0.2 

    

 30 August 2010 Station  B  

0 27.8            82.0 10.7 

3 26 78.8 8.8 

7 25 77 5.8 

    

 30 August 2010 Station  C  

0 28.5 83.3 9.4 

3 25.9 78.6 10.6 

7 24.8 76.6 6.4 

________________________________________________________________________ 

    

 

 

 

Table 6.  Water temperature (degrees C) and dissolved oxygen concentrations (mg/L) for Tyrone 

Lake stations A, B, and C (see Fig. 4 and Table 1 for station locations) for winter (13 February 

2018), spring (21 March 2018), and summer (29 August 2018). 

 

______________________________________ 

  

DISSOLVED 

DEPTH-M TEMP - C OXYGEN  - MG/l 

______________________________________ 

 
STATION A 13-Feb-18 

0 1.6 4 

1 4.1 2.3 

2 4.6 1.8 

3 4.7 1.6 

4 4.8 1.5 

5 5.1 1.5 

6 5.7 0 

7 5.9 0 
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STATION A 21-Mar-18 

0 4.9 13.8 

1 4.9 13.8 

2 4.9 13.8 

3 4.9 13.8 

4 4.9 13.8 

5 4.9 13.8 

6 4.9 13.6 

6.5 4.9 13.6 

   

 

STATION B 21-Mar-18 

0 4.9 13.7 

1 4.9 13.7 

2 4.9 13.9 

2.5 4.9 13.9 

3 5 13.6 

   

 

STATION A 29-Aug-18 

0 24.9 6.5 

1 24.9 6.44 

2 24.9 6.25 

3 24.8 6.29 

4 24.8 6.13 

5 24.7 5.81 

6 23.8 0.08 

   

 

STATION B 29-Aug-18 

0 25.6 7.98 

1 25.5 7.41 

2 25 6.02 

2.5 25 5.78 

   

 

STATION C 29-Aug-18 

0 25.1 8.16 

1 25 8 

2 24.6 6.35 

______________________________________ 
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Spring 

  

Our spring surveys were mostly to obtain a good estimate of the nutrients in the lake, 

since we expected isothermal conditions (same temperatures from top to bottom) to occur and 

spring is the best time to assess water quality in the lake.  The 2010 survey was done on 3 April, 

not long after ice was out from the lake and showed that water temperature was indeed the same 

from top to bottom (7 C), while the dissolved oxygen was about 12 mg/L from the top to just off 

bottom at 22.5 ft where it was depressed to 6.8 mg/L (Table 5).  This again shows that the 

sediments are fertile and decomposition of this material has already caused the dissolved oxygen 

to decline by one half on the bottom soon after ice went out.   

During 2018, spring data showed temperature was about 4.9 C while the dissolved 

oxygen was around 13.8 mg/L at all stations and depths we measured in the lake (Table 6).   

The aerators were not turned on in the lake at that time, so conditions represented a spring with 2 

years of aeration ongoing in the past.  The only difference between the two sampling periods was 

the depletion of dissolved oxygen in the pre-aeration data during 2010, when it was 6.8 mg/L on 

the bottom, while the 2018 data showed that dissolved oxygen was much higher (13.8 mg/L) on 

the bottom.  We attributed this difference to a later start in the 2010 season (evidence was that 

the water temperature during 2010 was 7 C, while it was 4.9 C during 2018) allowing some 

degradation of sediments on the bottom.  We concluded there was little difference between the 

two sampling periods and no effect of previous aeration on the dissolved oxygen data when these 

2 years were compared in spring. 

 

Summer 

 

2010 

The summer profile is the one that most characterizes a lake and we collected data from 

three sites: the deep basin (A) and two shallow sites (B and C). A lake goes through a series of 

changes (see introductory material- Temperature) in water temperature, from spring overturn, to 

summer stratification, to fall over turn, to winter conditions (see Fig. 1, 2).  During both summer 

and winter, rapid decomposition of sediments and detritus occurs in bottom waters and can cause 

degraded chemical conditions on the bottom which we observed during spring 2010 (to be 

discussed).   Because the lake is essentially sealed off from the surface during summer, no 

dissolved oxygen can penetrate to the bottom and anoxia (no dissolved oxygen conditions- a 

dead zone) results.  This has implications for the aquatic organisms (fish will not go there) and 

chemical parameters (phosphorus is released from the sediments under anoxic conditions, which 

then contribute these nutrients to the lake during the fall overturn).  Lake Tyrone was fairly 

typical of most eutrophic lakes, showing strong stratification (forming of three layers) during the 

summer (Table 5, Fig. 5).  During August 2010, at the deep basin (20 ft) water temperatures 

were extremely high, 27 C (80.6 F) at the surface and 18.6 C (65 F) on the bottom (station A). 

The dissolved oxygen levels were typical of summer stratification: high dissolved oxygen at the 

surface (11 mg/L), where photosynthesis was ongoing during these hot summer days, then it 

remained high to about 7 ft, then at 10 ft it declined to 2.6 mg/L, which is probably too low at 

those temperatures for most fish in the lake to want to inhabit.  From 13 ft to the bottom, the 
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dissolved oxygen was very low (0.2-0.3 mg/L).  This whole section of the lake would be lethal to 

any fish that swam into this area.      

If you carefully examine Figure 5, you can see that cool water fishes will have a difficult 

time in Lake Tyrone finding optimal conditions for survival.  Cool water fishes like northern 

pike and walleyes, require high dissolved oxygen (at least 3 mg/L) and cool temperatures.  The 

summer (and sometimes winter) represents a bottleneck for their survival, since they are up 

against too warm temperatures emanating from the surface downward and too low dissolved 

oxygen conditions emanating from the bottom up.  Fish get squashed in the layer somewhere in 

the middle that has diminishing thermal and oxygen conditions (Fig. 6).  The optimal thermal 

conditions for growth and development for walleyes (Hokanson 1977) is 68-82 F (20-28 C), 

while they should have at least 3 mg/L or more of dissolved oxygen.  Hence, in Lake Tyrone 

only the top 7 ft of water would be available for survival of walleyes and northern pike during 

summer maximum stratification, because of limited dissolved oxygen below 7 ft.  Northern pike 

have even cooler water requirements and do not grow well in temperatures in the 80s.  It is 

therefore my conclusion that you could stock walleyes into Tyrone Lake, but they probably will 

not grow well due to harsh thermal and dissolved oxygen conditions during summer.  Northern 

pike also would be stressed during these critical periods of the year as well.   

 

 

 
 

Figure 5.  Dissolved oxygen (red squares) and temperature profile (blue triangles) for Tyrone 

Lake station A, 30 August 2010.   
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Figure 6.  Depiction of the dissolved oxygen concentrations in a stratified lake, showing the 

surface layer (red - epilimnion) where warmest temperatures exist, the thermocline area (yellow) 

where  temperatures and dissolved oxygen undergo rapid changes, and the bottom layer (blue – 

hypolimnion), where the coolest water exists, but has no or very low dissolved oxygen present.  

Cool water fishes, such as northern pike and walleyes are “squeezed” between these two layers 

and undergo thermal stress during long periods of summer stratification. 
 

 

2018 

 

During 2018, aeration of the entire lake had been ongoing since 2016 and was ongoing 

during our work in summer 2018 (see Picture 1).  The dissolved oxygen profile at stations A, B, 

and C was a surprising 8-5.78 mg/L from surface to bottom (there was a low value 0f 0.08 mg/L 

on the bottom at station A) and the water temperatures were also surprising – 23.8-25.6 C (74.8-

78.1 F) from surface to bottom (Fig. 7, Table 6), something we did not observe during 2010, 

when the lake was stratified and hypoxic on the bottom.  The 24.9 C at station A and 25.6 C at 

station B (very warm temperatures) on the surface have not been uncommon in other lakes we 

sampled during August 2018, but it is unusual to have these temperatures from the surface to the 

bottom, which were obviously due to the aeration of the lake. Similar and even higher water 

temperatures (e.g., 28.9-29.2 C on 16 July 2016) were recorded by Restorative Lake Sciences 

(2017).  These high temperatures are extremely threatening for the cool-water fishes (northern 

pike and walleyes) inhabiting Tyrone Lake.  It was obvious from these data, which were similar 

at all three stations we sampled, that the entire lake was de-stratified.  This became obvious after 

we observed all the aerators that were active on the lake during our sampling.  
 

 

 

TOO HOT 

NO DISSOLVED OXYGEN  
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Figure 7.  Dissolved oxygen (red squares) and temperature profile (blue triangles) for Tyrone 

Lake station A, 29 August 2018.   

 

Conclusions 

 

 Comparing our 2010 pre-aeration temperature and oxygen data with 2018 post-aeration 

data during summer stratification, showed clearly that aeration was destratifying the lake.   

Similar dissolved oxygen values (with the exception of at the bottom of station A during 2018, 

which was 0.08 mg/L) were found throughout the lake as represented by data at stations A, B, 

and C.   The consequences of this are stressed cool-water fishes (northern pike and walleye) and 

re-distribution of nutrients (N and P) from the bottom waters to the surface waters.  This will 

occur because of the re-distribution of sediments on the bottom throughout the water column, 

providing nutrients for algal blooms, which were prevalent during the summer when we did our 

sampling.  Additional evidence for this occurring was the finding of a thin layer of sediment in 

shallow water when we did our seining and also when we threw in the anchor for benthos 

sampling, there was a cloud of black, sediment arising from the bottom.  Lastly, the presence of 

very low amounts of dissolved oxygen at station A on the bottom, portends further possible 

detrimental effects.  This value is very close to zero and there may be occasions when the 

weather was unusually hot, common during 2018, that no oxygen was on the bottom (dead zone), 

which would result in additional phosphorus regenerated from the bottom sediments and re-

distributed throughout the lake, fueling further algal blooms.   
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CHEMICAL PARAMETERS 

 

Alkalinity 

 

 Alkalinity is the measure of the amount of carbon in the water and measures various 

forms of carbonates.  It usually sets the general level of productivity and the lower the alkalinity 

the higher the susceptibility of lakes to degradation by acid rain.  Alkalinity in Lake Tyrone was 

measured by Progressive AE and varied from 104 to 146 mg/L during May and July 2003 

(Progressive AE 2003). Highest values were, as expected, found on the bottom at station A 

where decompositional processes added to the carbonate pool.   These are common values in 

Michigan inland hardwater lakes and indicate a high level of productivity. 

 

Dissolved Oxygen 

 

 Dissolved oxygen data were discussed under temperature, but will be reviewed and 

summarized here.  During summer 2010, at station A on Lake Tyrone, dissolved oxygen values 

on 30 August were 11 mg/L at the surface then declined drastically to 2.6 mg/L at 10 ft; below 

10 ft the lake had very low levels of oxygen (Table 5, Fig. 5).  The dissolved oxygen data for 

summer 2018 (Table 6, Fig. 7) showed a very different and striking situation, since dissolved 

oxygen was similar and high from surface to bottom (with the exception of low value of 0.08 

mg?L on the bottom) due to the ongoing aeration of Lake Tyrone.  Reduced levels of dissolved 

oxygen have severe implications for the fish, since they will be prevented from staying in bottom 

waters during summer stratification.  Warm water fish usually need a minimum of 3 mg/L to 

live, so a considerable amount of the bottom waters during the pre-aeration, summer period were 

too toxic or devoid of dissolved oxygen to support fish life during this time.   However, the 

aeration of the lake during 2016-2018, even though it increased dissolved oxygen in bottom 

waters, may also have a detrimental effect on cool water fishes, denying them access to what 

little oxygenated, cold water that existed in the lake.  This is due to the very warm temperatures 

(23.8-25.6 C (74.8-78.1 F) from surface to bottom) generated by destratifying the lake and the 

warm days of summer, exacerbated by climate change increases in temperature.  The optimal 

thermal conditions for growth and development for walleyes (Hokanson 1977) is 68-82 F (20-28 

C), while they should have at least 3 mg/L or more of dissolved oxygen.  Hence, it is obvious 

these cool water fish are close to their upper range of optimal temperatures and probably do not 

grow very well if at all.  This phenomenon is also shown in Fig. 6. 

 As noted, anoxia on the bottom of a lake has some dire consequences for the ecology of 

the lake, since it not only affects fish and benthos survival, but phosphorus is also released from 

the sediments under anoxic conditions (but not when the sediments are oxygenated).  When a 

lake shifts over to this anoxic (no oxygen) mode, there can be some dramatic changes.  This 

regeneration and recycling of phosphorus from the sediments under these conditions results in 

this important plant nutrient (P) being suspended throughout the water column in the spring 

turnover period (see introduction for an explanation of this).  These nutrients are then available 

to fuel algal blooms and aquatic plants contributing to the cultural eutrophication of a lake.  It 

appears from the dissolved oxygen data, which show low levels but no anoxia in Tyrone Lake, 

that P was not being recycled from the bottom sediments due to this mechanism during the time 

we sampled the lake on 30 August 2010, but could be under hot day scenarios.   
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pH 

 

The pH for Lake Tyrone during 3 April 2010 (isothermal conditions – see Table 7) 

showed similar values from top to bottom (7.03-7.04) as expected.  The pH (how acid or alkaline 

water is) data during 30 August 2010 showed a mostly typical pattern of high values in surface 

waters (alkaline) and a progressive decline in bottom waters (more acidic, where plant 

decomposition is taking place); this effect is most pronounced during summer stratification when 

decomposition on the bottom was maximum (Table 7).  For example, at station A in August, the 

pH varied from 7.44 on the surface to 7.25 on the bottom. The reason for the pattern of high pH 

in surface waters is uptake of carbon dioxide by algae and aquatic plants during the day as they 

photosynthesize.  Carbon dioxide forms carbonic acid, so removal of this substance increases pH 

in surface waters.  On the bottom, not only is carbon dioxide not removed, it is added to bottom 

waters through the decomposition of organic matter.  Therefore, pH is much lower in the bottom 

as a result.  A similar pattern was seen at the other stations, except pH at station C in the southern 

part of the lake was much higher, 8.1 at the surface and 8.05 on the bottom. It was higher at 

station B than at station A, so obviously there is more photosynthesis ongoing in the shallower 

parts of the lake than at station A.   

 

Table 7. Water chemistry data for Lake Tyrone, including data on nutrients (SRP – soluble 

reactive phosphorus, nitrates (NO3), ammonia (NH3), chlorides, pH, and conductivity.  Data 

were collected from three stations (A, B, C – see Fig. 4, Table 1) during 3 April 2010 and 30 

August 2010.  Conductivity in uS, chemical parameters are in mg/L.   

 
Station Cl NO3 NH3 SRP pH Conductivity 
       

    3 April 10   

A-SUR 44 0.30 0.09 <0.01 7.03 474 

A-MID 44 0.33 0.07 <0.01 7.04 459 

A-BOT 44 0.31 0.07 <0.01 7.04 459 
 

    30 August 10   

A:SUR 43 <0.01 0.014 <0.005 7.44 428 

A:MID 41 <0.01 0.037 <0.005 7.3 443 

A:BOT 41 <0.01 2.23 <0.005 7.25 537 

B:SUR 42 <0.01 <0.01 <0.005 7.71 421 

B:BOT 43 <0.01 0.084 <0.005 7.71 420 

C:SUR 44 <0.01 0.045 <0.005 8.11 431 

C:BOT 43 <0.01 0.014 <0.005 8.05 418 

       

 
 

 

 

 

 

 

 

 

 



 

 38 38 

Table 8. Water chemistry data for Lake Tyrone, including 2018 data on nutrients (SRP – soluble 

reactive phosphorus, nitrates (NO3), ammonia (NH3), and total phosphorus (TP)), as well as 

chlorides (CL), pH, and conductivity.  Data were collected from station A during winter, from 

stations A and B during spring, and at stations A, B, and C (see Fig. 4, Table 1) during summer.  

Conductivity in uS, chemical parameters are in mg/L.   NA= not measured. 

 

________________________________________________________________ 

STA DEPTH PH COND CL NO3 NH3 SRP TP 

________________________________________________________________ 

   

WINTER 13-Feb-18 
    A SUR 8.16 665 56 0.12 0.14 0.007 NA 

A M-4 M 8.18 650 53 0.04 0.23 0.008 NA 

A B-6 M 827 613 55 0.10 0.11 0.008 NA 

         

   

SPRING 21-Mar-18 
    A SUR 8.82 513 45 0.04 <0.01 0.006 0.025 

A M-4 M 8.99 518 47 0.07 <0.01 0.007 NA 

A B-6.5 M 9.01 524 47 0.10 0.02 0.006 0.030 

B SUR 8.93 515 
 

0.06 <0.01 0.005 0.021 

B B-2.5 M 8.92 520 44 0.07 <0.01 0.005 0.028 

         

   

SUMMER 29-Aug-18 
    A SUR 8.78 520 53 0.08 0.03 0.010 0.061 

A M-4 M 8.62 493 53 0.07 0.04 0.011 NA 

A BOT-6.5M 8.74 527 52 0.07 0.04 0.010 NA 

B SUR 8.58 505 52 0.05 0.06 0.010 NA 

B BOT 2.5M 8.6 516 53 0.10 0.03 0.009 NA 

C SUR 8.8 534 53 0.07 <0.01 0.010 NA 

C BOT-2 M 8.82 518 53 0.06 <0.01 0.010 NA 

________________________________________________________________ 

          
 

 

 

 

 

During summer 2018, the pH was as expected elevated and varied little at all three 

stations ranging from 8.58 to 8.82.   
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Chlorides 

 

2010 vs 2018  

 

Chloride data from spring and summer 2010 for Lake Tyrone ranged from 41 to 44 mg/L 

(n=10) (Table 7).   Chloride ions are conservative ions, which means they are not altered by 

biological or chemical activity; they can only change with evaporation or input of water of 

differing concentrations of chlorides.  Therefore, they accumulate in a lake and give a good 

impression of the past history of inputs of that ion, as well as co-occurring substances from 

runoff, such as nutrients, toxic substances, and sediment. In addition, chlorides are usually well 

mixed.  We usually see a consistent concentration of chlorides from surface to bottom in a lake, 

which is exactly what we observed in Tyrone Lake.  The only way we might see unusual patterns 

is if there are inputs from a stream or other sources along shore or in the ground water or if there 

is an input to one of the stratified layers of the lake that would increase or decrease 

concentrations in that layer.  For example, we have seen increased levels of turbidity and 

chlorides associated with input of a small stream into a lake during the summer.  Because of 

density and temperature differences, this water input accumulated at the middle or thermocline 

layer, causing a peak of increased turbidity and chlorides at that depth with lower concentrations 

at the surface and bottom layers.  The levels of chlorides in Lake Tyrone are moderately low 

compared to the lakes we usually study in a more urban setting.  Some lakes have up to 200 

mg/L or more chlorides, a reflection of runoff of salt from winter salting operations and from 

septic tank effluent running into the lake from groundwater interception of the septic tank 

effluent.  The low levels in Lake Tyrone are an indication of the rural, wild setting of the lake, 

modulating of the road salt by the soils and wetlands, and the fact that most of the lake houses 

are hooked to sewers.   

During 2018, chlorides were measured three times with mean (sample size) as follows: 

13 February 55 mg/L (3), 21 March 46 mg/L (5), and 29 August 53 mg/L (7) (Table 8).  

Interestingly, the mean increased from 55 in winter to 46 in spring, then increased again to 53 

mg/L in the summer. The only speculation we can offer for the decrease from winter to spring 

would be the input of lower concentrations of chlorides during the spring runoff period 

(rainwater has low concentrations) and/or evaporation during the summer, which would reduce 

the volume of water and increase the concentrations of chlorides.   

 

Conclusions 

 

     The mean concentration of chlorides during spring and summer 2010 was 43 mg/L (n=10), 

while during 2018, it was 49 mg/L (n=8).  There is not much difference between these two 

values, nor would we expect there to be unless there was some long-term trend of increasing 

chlorides historically.  Hence, we concluded that there was no difference in chlorides between 

2010 (no aeration) and after aeration began in 2016 as represented by the 2018 data.  
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Phosphorus 

 

2010  

 

We are interested in phosphorus (P) because P is generally the limiting nutrient for plant 

growth and the level of concentrations can indicate the trophic state or amount of enrichment in 

the lake.  Soluble reactive phosphorus (SRP) measures only that P which is dissolved in the 

water, which is the form that is readily available for algal and plant growth.  Total P would be all 

the P in the water, dissolved and that tied up in algae or other detritus.  We were also interested 

in whether the aeration initiated during 2016 and continuing through 2018, had any impact on P 

levels.  During 2010 on 30 August, SRP at stations A, B, and C were all at very low trace levels: 

<0.005 mg/L throughout the whole lake (Table 7).  This pattern is reflective of the maximum 

growth of aquatic plants and algae in the lake during the time of sampling, the end result of 

which is all the P from the lake has been taken up by plants and the lake is now P-limited.  We 

sometimes find elevated levels of SRP on the bottom due to decompositional processes there, but 

that was not the case in Tyrone Lake, probably due to two factors:  1.) the lake is not strongly 

stratified, which promotes accumulation on the bottom, so we suspect that the long fetch of the 

shallow lake and water skiing and other boat traffic caused surface waters to mix with bottom 

waters, which reduces the amount of P on the bottom and increases temperatures there (it also re 

oxygenates the water somewhat as well, since it was expected to be anoxic (no oxygen on the 

bottom – which was found in July 1953 when there was no dissolved oxygen below 13 ft and 

less boat traffic – see Freshwater Physicians 2011), and 2) because the dissolved oxygen on the 

bottom was 0.2 mg/L and hydrogen sulfide was not present, anoxic conditions did not exist on 

the bottom, which prevented P from being chemically released from bottom sediments.  This 

condition then suggests that any P from runoff from lawns, herbicide treatment and killing of 

aquatic plants, boat traffic, and/or rain events that would contribute nutrients to the lake would 

be immediately taken up by plants and cause massive algal blooms and plant growth in the lake.  

This is why we strongly encourage people to do everything they can to reduce the transport of 

fertilizer into Tyrone Lake (see Appendix 1).  SRP values are relatively low, since concentrations 

around 0.030 mg/L are required to be reached to prompt an algal bloom.  

Data on SRP from spring 2010 (Table 7) showed low levels as well, <0.005 mg/L at all 

depths (surface, mid depth and bottom) at stations A, B, and C.  It appeared that there was 

already a diatom algae bloom ongoing in spring, which took up all the available P in the water 

(and nitrates as well).   

 

2018 

  The SRP data from winter 2018 ranged from 0.007 to 0.008 mg/L (n=3) (Table 8), which 

indicates that there was some soluble P available for the spring plant blooms.  During spring the 

average concentration was 0.006 mg/L (n=5), which actually increased to 0.010 mg/L during 

summer.  This is contrary to what we usually see (trace levels of SRP), since algae and aquatic 

plants take up almost all the P (and N) available in the water column for growth during 

spring/summer.  This finding also suggests that there may be so much SRP available, that the 

plants have taken up all they can leaving some left in the water column. 
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 Unfortunately, no TP data were collected during 2010.  The Total Phosphorus 

concentration during 2018 averaged 0.026 mg/L (n=5) in spring, which classifies the lake as 

eutrophic (TP value >0.020 mg/L).  We only had one measurement of TP in summer at the 

surface of station A, but that value was even higher (0.061 mg/L) than the spring values 

suggesting that there was a large amount of algae and organic matter suspended in the water 

column. 

 

Conclusions 

 

 Pre-aeration, summer SRP data from 2010 showed the typical response of most lakes: 

trace concentrations (<0.005 mg/L) at all stations and depths during spring and summer as plants 

take up most of the available P.  This contrasted with the post-aeration data from 2018, which 

showed for the same stations and depths during spring that mean SRP increased to 0.006 mg/L, 

slightly higher than trace concentrations observed during 2010.  The summer 2018 SRP data 

showed even a higher value (n=1) of 0.010 mg/L.  These data suggested that aeration has 

increased SRP slightly in the spring and considerably during summer.  Apparently, aeration 

increased the amount of SRP dissolved in the water or the plants utilized as much as they could 

leading to excess SRP remaining in the water column.  

We also examined the Restorative Lake Sciences (2017) extensive data on phosphorus.  

They measured orthophosphate, which is comparable to SRP we measured.  SRP (Soluble 

Reactive Phosphorus) we documented is the term frequently used for the portion of phosphorus 

in a sample that both passes through a 0.45-μm, membrane filter and is measured in the absence 

of any hydrolysis or digestion of the sample.  In order to make comparisons with the RLS data 

set, we decided to break down their data from two stations A and B, three depths within station, 

and a pre-aeration period (2015: spring-13 May, and summer-14 July) contrasted with a post-

aeration period (2016: summer-3 June, 12 July, and 2 September; 2017: spring-17 May, and 

summer-17 July and 7 September).  The seasons were treated separately since there are 

isothermal conditions in spring we wanted to treat separately from a stratified condition during 

summer in the pre-aeration period.  Thus, we could compare conditions in the epilimnion with 

those in the hypolimnion.  We averaged the data appropriately (Table 9).  The SRP pre-aeration 

spring 2015 data were at trace levels prior to and after aeration during spring, indicating no 

change in concentrations. During summer, the pre-aeration 2015 SRP data for the epilimnion 

when compared with comparable post-aeration data, showed an almost 5X increase from 2015 to 

2016 (0.002 to 0.010 mg/L), but there was no change when compared with summer epilimnion 

data from 2017.  In this case, we concluded that aeration actually increased SRP during 1 year 

(2016), but made no difference in the next (2017).   

As discussed above, during the pre-aeration period in summer, we usually find a stratified 

lake with decomposition ongoing on the bottom generally increasing the concentrations of many 

substances, especially phosphorus, and definitely during anoxic periods.  This was the case for 

Tyrone Lake as well, since the RLS, pre-aeration summer SRP concentration on the bottom 

during 2015 was 0.100 mg/L, a very high concentration, but not unusual in anoxic conditions.  

The post-aeration comparable value for the hypolimnion during summer 2016 was 0.015 mg/L, a 

decline of 85%. The summer hypolimnetic concentration for 2017 was at trace concentrations, at 

least a 90% decline.  This finding is a consistent trend for this comparison and not unexpected, 

since aeration is supposed to de-stratify and distribute substances that accumulate on the bottom 
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throughout the lake.   In this case, we concluded aeration depressed the SRP in the hypolimnion 

during summer. 

The TP measures all the phosphorus in the water volume, the dissolved and that 

contained in detritus and algae.  The RLS, pre-aeration, spring, epilimnetic concentration of TP 

averaged 0.005 mg/L, while the comparable post-aeration TP in spring was 0.012 mg/L, which is 

a 2X increase (Table 9).  Interestingly, aeration in this spring case increased the TP from the pre- 

to the post-aeration period.  The chlorophyll a data do not explain this increase in TP, although 

there were two very high values, so although algae were partially responsible, the suspended 

sediment may also increase the amount of TP in the water during the aeration period.  The 

summer data showed the opposite effect, again as expected, since TP in the epilimnion declined 

from 0.052 mg/L during pre-aeration 2015 to 0.034 and 0.026 mg/L during summer 2016 and 

2017, respectively, a decline of 35-50%.   In the hypolimnion, TP during the pre-aeration period 

was very high (0.160 mg/L), as was found for SRP, and during the post-aeration period, TP 

declined to 0.049 and 0.026 mg/L, a decline of 69-84%.  Hence, aeration definitely decreased the 

concentrations of TP present during the pre-aeration period by de-stratifying the lake.   

In summary, results were mixed.  Freshwater Physicians data comparing 2010 (pre-

aeration data) with 2018 post-aeration data, showed that SRP increased slightly in spring during 

2018 and increased a considerable amount during summer 2018 over 2010 data.  Restorative 

Lake Sciences (2017) data showed SRP concentrations were similar between pre- and post-

aeration periods for spring epilimnetic comparisons.  During summer 2015, SRP pre-aeration 

data showed a 5X decline in 2016 but no change during 2017.  The TP, epilimnectic, spring, pre-

aeration data showed a 2X increase during the post-aeration period, while the summer 

epilimnetic data showed a 35-50% decline for the same comparison.  In the hypolimnion, the 

summer TP data also showed a large decline of 69-84%, which was attributed to aeration 

reducing the phosphorus levels in bottom waters by de-stratifying the water column.    

 

Table 9.  A comparison of the concentrations of SRP and TP (sample size in parentheses) in the 

epilimnion and hypolimnion between pre-aeration (2015) and post-aeration (2016-2017) periods.  

We split up the seasons into spring (when conditions were mostly isothermal) and summer 

during stratification.  INCREAS=increase, NC=no change, T= trace concentrations (>0.010 

mg/L).  Data from Restorative Lake Sciences (2017). 

 

___________________________________________________________________________ 

   

SRP SRP TP TP 

Year Season Month(s) Epilimnion Hypolimnion Epilimnion Hypolimnion 

___________________________________________________________________________ 

   

Pre-
aeration 

   2015 Spring 13-May T(6) NO 0.005(6) NO 

 
Summer 14-Jul 0.002(5) 0.100(1) 0.052(5) 0.160(1) 

       

   

Post-aeration 
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2016 Summer Jun,Jul,Sep 0.010(15) 0.015(3) 0.034(15) 0.049(3) 

2017 Spring 17-May T(6) NO 0.012(6) NO 

 
Summer 17 Jul, Sep T(10) T(2) 0.026(10) 0.026(2) 

       

Change SPRING 
 

NC 
 

2x INCREAS 
 

 

SUMMER 
 

5X INCREAS 85-90% DECLINE OF DECLINE OF 

   

TO NC DECLINE 35-50% 69-84% 

___________________________________________________________________________ 

        

 

Nitrates 

 

2010 

  

Nitrate is very important, since it too is a critical plant nutrient as well as P; however, 

blue-green algae can generate their own nitrogen, favoring them when nitrate concentrations are 

depleted.  During 2010, nitrates were moderately high averaging 0.31 mg/L (n=3) during 3 April 

as the lake had recently mixed during the spring overturn (Table 8).  By summer nitrates were 

completely gone (mean = <0.01 mg/L, n=7) suggesting uptake by the algae and macrophytes 

during this period.  This is commonly seen in most eutrophic lakes on which we work.  Also note 

that this is the same pattern we saw with phosphorus (see above).  

 

2018 

 

 During 2018, we measured nitrates three times: winter, spring, and summer.  During 

winter nitrates averaged 0.09 mg/L (n=3) with similar values throughout the water column at 

deep station A (Table 8).  During 21 March, nitrate concentrations were similar to winter values, 

averaging 0.07 mg/L (n=5).  Summer nitrates were similar to spring values, averaging 0.07 mg/L 

at all seven depths and stations sampled.   

 

Conclusions 

 Nitrates appeared to show a similar pattern seen with phosphorus.  The pre-

aeration nitrates in spring 2010 were moderately high averaging 0.30 mg/L, while the post-

aeration values were much lower, averaging 0.07 mg/L (Table 7, 8).  We concluded that aeration 

the year before reduced the amount of nitrates transferred to the lake during the next spring’s 

overturn period by reducing the amount of nitrates generated during the previous summer’s 

anoxic period.  There could be other reasons for this finding as well, for example high uptake by 

the plant community during 2018.  During summer, nitrates during the pre-aeration 2010 period 

were at trace values (<0.01 mg/L), while during the aeration period they were slightly higher 

averaging 0.07 mg/L.  We concluded that like phosphorus, aeration was providing nitrates to the 
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water column during summer, which were so high the plants were not removing them to trace 

levels, which we documented happened in the pre-aeration period and which we find commonly 

in the eutrophic lakes on which we work.  So, aeration was having a positive effect by removing 

some of the nitrates produced during spring but appeared to be producing more nitrates during 

summer because of resuspensation of the bottom sediments, allowing nitrates to dissolve into the 

water column. 

 

Ammonia 

 

2010  

 

Ammonia is also a plant nutrient, but it can be toxic to fish in high concentrations.  It is 

formed by the decomposition of bottom sediments.  During spring, 2010 ammonia averaged 0.08 

mg/L (n=3) at station A, which is somewhat of a surprise, since ammonia is usually converted 

rapidly to nitrate.   Concentrations of ammonia in Lake Tyrone on 30 August 2010, unlike what 

was observed for SRP and nitrates, were stratified at station A according to the pattern we 

usually see: there were low concentrations (0.01 mg/L) in surface waters, moderate 

concentrations at mid depth (0.04 mg/L), and a large buildup on the bottom, where a 

concentration of 2.23 mg/L was found (Table 7).  This concentration is very high and would kill 

any fish that entered it.  We expect this sort of chemical environment in summer due to 

decomposition processes on the bottom during anoxic or hypoxic (very low dissolved oxygen) 

conditions. Ammonia is converted rapidly to nitrates when exposed to oxygen.  However, 

ammonia was slow to be converted to nitrates in the hypolimnion (bottom layer that is deprived 

of oxygen), which was rapidly taken up by the plants in the lake.  Ammonia produced from the 

station A deep hole during summer will be transported throughout the lake during the fall over 

turn when the temperatures are the same from top to bottom.   Aeration will dramatically change 

this situation (see Conclusions).  At station B during summer, concentrations were <0.01 at the 

surface and 0.08 mg/L on the bottom, which does suggest buildup of ammonia at this station as 

well, despite it being shallow and probably well mixed.  This suggests that the sediments in the 

lake are very rich and decompose releasing ammonia.  At station C ammonia levels were 0.04 at 

the surface and 0.01 mg/L on bottom.   

 

2018 

 

 During winter 2018, ammonia averaged 0.16 mg/L at station A (n=3) (Table 8).  These 

are fairly low concentrations but not trivial.  It suggests that a considerable amount of ammonia 

was re-distributed to the entire lake during the fall overturn and remained during winter.  Since 

aeration should have converted any ammonia produced during its operation the previous year 

(spring through fall) to nitrates, it suggests that large amounts of ammonia were produced during 

winter and were then distributed throughout the lake.  The spring concentrations of ammonia had 

changed substantially from winter, since ammonia then was mostly at trace levels (<0.01 mg/L, 

n=5).  We attribute this loss of ammonia from winter to spring as due to conversion of ammonia 

to nitrates during spring aeration and uptake by plants in the lake.  The August 2018 data show 

that there was some ammonia present in the water column, since 0.04 mg/L (n=7) was the 

average value measured.  This finding is surprising since we would predict that all the ammonia 

would be converted to nitrates because of the strong aeration ongoing during this time and taken 
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up by plants resulting in trace concentrations.  The pattern of trace ammonia levels during 

summer in the surface waters is also commonly observed in other eutrophic lakes we studied. It 

suggests, as we have found for nitrates and phosphorus, that despite aeration, there is still 

ammonia being produced or introduced into the water column by aeration-induced water 

movement or re-suspension of the sediments.  

 

Conclusions 

 

 Ammonia acted differently than either nitrates or phosphorus.  During pre-aeration spring 

times during 2010, concentrations were low (0.08 mg/L); however, in most cases we measured 

trace concentrations of ammonia in spring because of conversion to nitrates in oxygenated water 

from the spring overturn and plant uptake.  When we examine post-aeration data of 2018, we 

found that winter ammonia levels were elevated at 0.16 mg/L.   Aeration and plant uptake the 

previous year would have reduced ammonia concentrations to trace levels during normal 

operation of the aerators in spring to summer, but this did not happen, since we found 0.16 mg/L 

in winter.  This leads us to suggest that during winter, ammonia was produced on the bottom, 

then re-distributed throughout the water column in spring leading to the 0.08 mg/L measured in 

spring.  During summer, we documented a major shift in how ammonia is produced, changed, 

and distributed.  During 2010, the pre-aeration period showed that ammonia was stratified and at 

station A, concentrations were at trace levels in surface waters but at very high concentrations on 

the bottom, 2.23 mg/L.  Because of aeration during summer 2018, ammonia was not 

accumulating on the bottom and mixed throughout the water column resulting in concentrations 

of 0.04 mg/L.  Even this low value is mystifying, since we would have expected to find trace 

concentrations throughout the water column due to oxygenated water from aeration converting 

ammonia to nitrates and robust uptake by plants.  One possibility is that the aeration was stirring 

up the water and the sediments from the bottom, which is resulting in low amounts of ammonia 

still circulating in the lake.   

 

Hydrogen Sulfide 

 

2010-2018  

 

Hydrogen sulfide is a toxic substance produced under conditions of no dissolved oxygen 

(anoxia) from the decomposition of organic matter on the bottom.  It is the rotten-egg smelling 

chemical; it was not present on the bottom at station A during 2010 or during 2018, undoubtedly 

because we did find low levels of dissolved oxygen there.   

 

 

Conductivity 

 

2010 vs. 2018 

  

Conductivity is a measure of the ability of water to conduct current and is proportional to 

the dissolved solutes present.  During 3 April 2010, the spring survey, concentrations were not 

uniform across depths, which was somewhat of a surprise, since the lake was completely mixed 

at this time and had a uniform temperature of 7 C from surface to bottom.  At the surface at 
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station A, conductivity was 474 uS, then declined to 459 uS at mid depths and bottom.  

Apparently, there were slightly higher solutes in the water at the surface than at the other depths 

at this deep station. Conductivity during summer followed the accepted, general stratified pattern 

of low concentrations at the surface at station A (428 uS), higher concentrations at mid depths 

(443 uS), and on the bottom where additional chemicals are being added to the water (e.g., 

ammonia), concentrations were the highest (537 uS) (Table 7).  Concentrations at stations B and 

C were comparable, but the expected typical pattern of similar concentrations at the surface and 

bottom were somewhat unusual, in that they were 431 at the surface at station C, while only 418 

on the bottom.  We have no explanation for this.  Levels ranged from 418 to 537 uS, which are 

moderate for lakes on which we have worked (Table 7).  Some urban lakes with septic tanks and 

considerable amounts of road salt have conductivity values much higher.  This is an indication 

that at least based on chlorides and conductivity, that there is moderate runoff and contamination 

from the watershed, that it is not of great concern or suggestive of more extensive sampling to 

find out causes of high levels.  

During 2018, conductivity during winter ranged from 613 uS on the bottom to 665 uS at 

the surface, which is the reverse of what we would expect with decomposition going on in 

bottom sediments.  During spring, conductivity ranged from 513 to 524 uS (n=5) at stations A 

and B.  This is a 100+ uS decline from winter values.  Interestingly, chloride levels showed the 

same pattern of elevated concentrations during winter and lower ones during spring.  We 

attributed this to dilution of the lake with spring runoff, which had much lower concentrations of 

chlorides and other negative ions that contribute to conductivity.  During summer 2018, 

conductivity values varied from 493 to 534 uS (n=7) at the three stations sampled, which were 

similar to values we measured during spring.   

 

Conclusions: We concluded the following.  During spring 2010 (pre-aeration period), 

conductivity averaged 464 uS (n=3), while during the post-aeration period of 2018, spring 

conductivity averaged 518 uS (n=5), an increase of 54 uS.  Comparing pre-aeration summer data 

from 2010 (443 uS (n=7) with post-aeration data from 2018 (516 uS, n=7) showed an increase of 

73 uS.    There was clearly an increase in conductivity from pre-aeration to post-aeration periods.  

This can partially be explained by chlorides, which are main contributors to conductivity, but 

only during summer (an increase from 42 mg/L to 53 mg/L), not during spring (44 mg/L vs. 46 

mg/L).  Aeration could be the reason why more conductivity was documented during 2018, 

because it stirred up sediments into the water column, which could release more negative ions, 

increasing conductivity.  We found higher concentrations (albeit low) of nitrates, phosphorus, 

and ammonia in the water column during the post-aeration period, which would also tend to 

increase conductivity values.  It could also be due to a long-term increase in negative ions 

accumulating in the lake. 

  

BIOLOGICAL PARAMETERS 

 

Zooplankton 

 

2010  

 

Zooplankton are small invertebrates that are present in most lakes and ponds.  They are 

the critical connector between plants (they eat algae) and fish, since they are important as the 
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food supply for larval fish and other small fishes in the lake and are indicators of the amount of 

predation that the fish are exerting on these organisms.  The zooplankton we collected (Table 10) 

was comprised of several species, indicating that there is a diverse group of these organisms in 

Tyrone Lake. The dominant species were: Mesocyclops edax and Ceriodaphnia.  Interestingly, 

Mesocyclops was also found in the benthos samples we processed. Tropocyclops were the next-

most-abundant group collected.  There were also a few Diaptomous and Bosmina found.  

Daphnia are important since they are great fish food, however, none were observed in the 2010 

samples.  This indicates that fish predation is severe on this group and we suspect that golden 

shiners, which were extremely abundant in one of our trap nets and gill nets are exerting a 

predatory effect on the zooplankton, reducing their size and species composition.  Small sunfish 

and black crappies (even adult forms) also feed on zooplankton (to be discussed under fish diets) 

so predation pressure from fish must be high. This is unfortunate for two reasons:  Daphnia are 

great fish food because they are large and are now not present to any great degree, and second, 

Daphnia are the largest of the zooplankters, which are more efficient at removing algae than the 

other groups in the sample we collected.  Hence, one expects algae blooms to flourish because of 

the lack of control from the Daphnia.   

 

2018 

  

Zooplankton samples were collected at a deep site (A) and a shallow site (C) as was done 

during 2010.  The 2018 samples (Table 10) showed that like the 2010 data, there were no 

Daphnia, the large zooplankter that would be important in eating algae (and thus helping to 

improve water transparency) and providing great food for fishes.  Their absence indicates either 

intense fish predation or conditions in Tyrone Lake are so severe (blue-green algae dominate not 

diatoms or other better algal food supplies for the zooplankters) that Daphnia cannot survive in 

these conditions.  This phenomenon is something we have seen in another lake we studied with 

similar limnological conditions.  In addition, stomachs of bluegills and some YOY crappies 

contained zooplankton, which were not Daphnia but Chydorus (a usual resident of the bottom) 

and other copepods.  Bosmina is another important zooplankter (cladoceran) food for fishes, 

even though it is smaller in size.  However, we did not see any in our stomach samples.  

Zooplankton deteriorate in stomachs quickly so they may be eaten, but not detected.   

 

Table 10.  A listing of the abundance (estimates of abundance during 2010, counts during 2018) 

based on counting a random sample of zooplankton species found in Lake Tyrone during 30 

August 2010 and 29 August 2018 at stations A and C (see Fig. 4 for station locations).  F=few, 

M=many, R=rare, A=abundant, very A=very abundant.   

_____________________________________________________________________ 

 
2010 

 
2018 

 

 
_____________ _______________ 

STATION A C            A       C 

____________________________________________________________________ 

Bosmina longirostris F 0 53 49 

Ceriodaphnia A A 18 16 

Cyclops biscupidatus   ♀ 0 0 13 0 

Cyclops biscupidatus   ♂ 0 0 8 0 
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Cyclops Imm. 0 0 15 0 

Diaphonosoma birgei 0 0 5 13 

Diaptomus ashlandi   ♀ 0 0 9 4 

Diaptomus ashlandi   ♂ 0 0 2 2 

Diaptomus Imm. F F 9 14 

Diaptomus oregonensis   ♀ F 0 0 0 

Diaptomus oregonensis  ♂ R R 0 0 

Eubosmina coregoni 0 0 11 13 

Mesocyclops edax   ♀ M R 0 10 

Mesocyclops edax   ♂ F F 0 7 

Mesocyclops Imm. VERY A A 0 19 

Tropocyclops M F 0 0 

     Totals 
  

143 147 

____________________________________________________________________ 

 
 

Conclusions 
 

 
    When zooplankton data from 2010 (pre-aeration) were compared with those from 2018 

(post-aeration), it appeared that the cladoceans Bosmina, Diaphansoma, and Eubosmina showed 

slight increases in abundance, while Ceriodaphnia showed little change between periods (Table 

10).  The copepods Diaptomus ashlandi and Tropocyclops showed slight increases in 

abundances, while the remaining species showed no changes.  This could be due to changes in 

algae, which Restorative Lake Services (2017) suggested had changed to more diatoms (optimal 

food for zooplankters) during post aeration.  Our algae data from 2018 (Table 11, Fig. 8)) 

showed that green algae predominated, but that blue-green algae were in low abundance, while 

diatoms composed 23% of the community.  More diatoms would favor better growth and 

survival for zooplankton.   
 

 

Phytoplankton 

 

2010 

 

Algae undergo a seasonal sequence of species changes from diatoms, to green algae, to 

blue-green algae (for more detail see Methods- algae).  Blue-green algae are rarely seen in 

oligotrophic (low in nutrients; low in productivity) lakes.  Depending on how eutrophic 

(productive, enriched) the lake is, blue-green algae may never attain dominance, or they may just 

occur in the latter part of summer (the infamous "dog days").  When they occur and how early 

they occur are indicators of the trophic status (degree of enrichment) of a lake.  Usually their 

appearance is related to the ratios of nitrogen and phosphorus in the lake. We did not collect any 

algae samples in spring, but did notice that the Secchi disc reading was unusually low, indicating 
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an algal bloom was ongoing this early in the year.  The water temperature was 45 F, which is 

very cold and would suggest that any algae present were diatoms.  When we were on the lake in 

August, it was a very hot day and the Secchi disc reading was less than 3 feet and one could see 

blue-green algae in the water.  This algae was probably Anabeana flos-aquae (personal 

communication, P. Tyning, Progressive Engineering, Grand Rapids, MI) and flourishes in high 

nutrient situations especially late in summer.  The algae can be aesthetically unpleasing, cover 

the water with a green, paint-like layer, reduce water clarity, and can produce toxins, which have 

been known to kill cattle.  Humans should avoid contact, but it requires large doses to cause 

severe injury; usually irritation and possible upset stomachs will be all that will result from 

consuming small quantities.  Blue-green algae are actually cyanobacteria, but they act like plants 

in that they photosynthesize, producing carbohydrates and oxygen during photosynthesis.  They 

can also fix their own nitrogen and because they float they can sometimes outcompete other 

algae.  Algae have been judiciously treated, since they only rot and re-suspend nutrients into the 

water fueling another algal bloom and there is the specter of copper accumulation in the 

sediments.  In addition, as we have shown, copper sulfate kills mollusks (snails, clams) and we 

saw decreased growth of pumpkinseeds, which are known mollusk feeders.   
 

2018 
 

During 2018, M. LaRose, Livingston County Drain Commission (email communication) 

described efforts to sample the water during summer 2018 after complaints from residents of 

large areas of blue-green scum along some shores.  This alga turned out to be Microcystis, which 

can produce harmful toxins.   This is the same alga that plagued Lake Erie and shut down the 

water intake at Toledo, Ohio.   

The algae consist of many biological groups of organisms that do not represent a single 

lineage on the evolutionary tree of life, but are linked by function—the algae generally are small, 

photosynthetic, and do not have organized tissues similar to higher plants (flowers and trees). 

From an ecological perspective the algae are critical to the functioning of the earth (algae 

account for about 50% of the photosynthesis—hence the oxygen we breathe) and form the base 

of the food web in most lake and river systems. The different algal groups are separated based on 

their cell structure (bacterial type or prokaryotes—the Cyanobacteria; or true cells or 

eukaryotes—the rest of the algal groups), storage products (starch, lipids, proteins), pigments, 

cell wall or membrane structure, cellular organization, and life history types.  The groups of 

algae that we encountered in Tyrone Lake included: 

Cyanobacteria—the blue-green algae are actually photosynthetic bacteria and are common in 

lakes, streams, and even wet soils. The blue-green algae are well adapted to living in lakes that 

have a wide range of nutrients. They have the ability to adjust their buoyancy in the water 

column (get light and nutrients as needed), they often grow in large colonies that are not 

preferred food by zooplankton, and they are most notorious for their production of toxins under 

certain growth conditions (e.g., cyanobacteria in Lake Erie caused to shut down of the Toledo 

water supply in 2015). 

Chlorophytes—the green algae range in size from single cells to large filamentous forms that 

are common on rocks and logs along the shorelines of many lakes. The green algae are most 
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often common in mid-summer, but can produce nuisance accumulations in the spring following 

ice-out. 

Bacillariophyta—the diatoms are characterized by having a cell wall made of opaline silica or 

biologically produced glass. The size, shape, and ornamentation of the cell wall provide the clues 

for species identification. Diatoms are generally found in two major ecological groups.  The 

planktonic forms are either round or long and spindle-shaped and are common during spring and 

fall turnover. The benthic forms are found living attached to plants, rocks, and sediment but can 

be found in the water column if there is sufficient mixing due to wave action, wind, or boating. 

 

Euglenophytes—the euglenoids are more closely related to animals than plants and are well 

adapted to living in high nutrient (especially N) habitats. These large-celled algae are mostly 

motile by a single flagellum that pulls them through the water. 

Cryptomonads—the cryptomonads are very common and live as single motile cells propelled 

by paired flagella. They are often a preferred food source for zooplankton and adapted to live in 

low light conditions.  

The late summer algal flora of Tyrone Lake (sampled 29 August 2018) was dominated by 

green algae, diatoms, small-celled cyanobacteria, euglenoids, and lower amounts of chrysophytes 

and cryptomonads (Fig. 8, Table 11). In 2018 the lake did not have any evidence of nuisance 

algae conditions, but rather had reasonable algal biomass and a diverse community (not 

dominated by one group or species) compared to many Michigan lakes. Algal biomass was 

7,200,000 µm3/mL at Station A. For comparison, much nastier lakes these researchers have 

studied in southern Michigan may have 20-fold more algal biomass! 

On 29 Aug 2018, the plankton community in Tyrone Lake was dominated by green algae, 

notably the genera Mougeotia (a filament), Cosmarium, and Tetraedron that accounted for 

40.7% of the algal biomass (Table 11). Diatom algae, especially the needle-like Ulnaria 

delicatissima, the single celled (Cyclotella, Lindavia spp.) round plankton, and filamentous 

Aulacoseira ambigua composed 23.3% of the algal biomass. These diatoms and greens are 

typical of mid-summer lake algae.  The unicell euglenoid Trachelomonas made up 18.7% of the 

algal biomass. Cyanobacteria represented 8.7% of the biomass and comprised a diverse 

community of mostly small colonies (Aphanocapsa and Aphanothece) and some filamentous 

forms (Dolichospermum, Aphanizomenon, and Pseudanabaena). There were no nuisance bloom-

forming algae in Tyrone Lake in August 2018 and compared with many Michigan lakes, Tyrone 

Lake has reasonable summer algae levels. 



 

 51 51 

 

 

Fig. 8. Proportion of algal biovolume by algal group for Tyrone Lake, August 29, 2018. 

 

Table 11. Predominant (>5% of total algal biovolume, µm3/mL) algal species or genera in 

Tyrone Lake, 29 August 2018. Abbreviations of algal groups: CY = cyanobacteria/blue-green, 

BA = diatoms, GR = greens, DI = dinoflagellates, CH = chrysophytes, CR = cryptomonads, EU 

= euglenoids. 

  

Tyrone 

Lake Dominant algae  

  

Station A 
Aulacoseira ambigua (BA), Ulnaria delicatissima (BA), Mallomonas (CH), 

Trachelomonas (EU), Cosmarium (GR), Mougeotia (GR), Tetraedron (GR) 
____________________________________________________________________________________ 

 

Conclusions 

 

Freshwater Physicians did not collect any algae samples during 2010 so no comparison is 

possible with 2018.  However, we can compare the data we obtained during 2018 with RLS 

datasets.  There were no nuisance bloom-forming algae in Tyrone Lake found during August 

2018 compared with many Michigan lakes, leading us to conclude that Tyrone Lake has 

reasonable summer algae levels.  In addition, our findings compare fairly well with RLS data, 

since they also found low levels of blue-green algae and green algae, with increased diatom 

communities; diatoms were second in abundance to green algae in our findings as well. 
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Aquatic Macrophytes 

 

2010 

 

Lake Tyrone is dominated by about four species of plants based on personal observations 

and personal communications (Pam Tyning, Progressive AE, Grand Rapids, MI) (Table 11).  

Those plants include two invasive species: Eurasian milfoil (Myriophyllum spicatum) and curly-

leaf pondweed (Potamogeton crispus) and two native species, thin-leaf pondweed Potamogeton 

pusillus, and the green alga, Chara. Your lake may also be threatened by a new invasive species 

called starry stonewort, which is an alga, not an aquatic plant.  It was found in the lake during 

2013 and 2014. Progressive AE treated the Eurasian milfoil during 2010 using fluridone.  Such 

treatments usually result in curly-leaf pondweed dominating the lake the subsequent year after 

treatment.  Past experience has also shown that the lake begins each year with either a dense 

Eurasian milfoil-curly leaf pondweed mix or with a curly leaf pondweed monoculture in the 

years following fluridone treatment.  Hence, it appears that the aquatic plant population is a 

disturbed one, dominated with exotic species.  Sometimes after the reduction in Eurasian milfoil, 

native species flourish, but that does not appear to be happening in Lake Tyrone.  This may be 

due to the low diversity of native plant species in the lake and/or low water clarity, which favors 

algae over aquatic plants.  Some of this may be self-inflicted with the high boat traffic during the 

recreational season, which can stir up sediments, which can reduce water clarity and worse, 

resuspend nutrients further fueling aquatic plant and algae growth. 

 
 

2018 
 

 We transected the lake many times during our sampling efforts.  We did not specifically 

look for aquatic plants but noted them where ever we could.  Since the visibility was so low, we 

may have missed them, but they should have been at the surface, turned up in our trap nets and 

gill nets, or in our seines or washed up on the shore.  We saw only a few.  There were a few 

scraggly strands of Eurasian milfoil at the launch site growing in the sand in 2-3 in of water and 

around our trap net site (T2) in the south end of the lake.  We saw none of the extensive beds 

observed in the lake during 2010.  There were some places where we seined and waded through 

some big beds of Chara, an alga, and large quantities filled the seine at one site (see Picture 10). 

We also saw some kind of moss in our benthos samples from station B and in the gill nets in that 

area.  It appears to us that the aeration and chemical treatment has switched the lake from 

macrophyte-dominated to algae-dominated.  Getting the macrophytes back may prove difficult 

once the lake shifts to being dominated by algae.  

ProgressiveAE and Restorative Lake Sciences (2017) performed a MDEQ AVAS 

(Aquatic Vegetation Site) survey during 2008-2014 and 2014, 2015, 2016, and 2017, 

respectively.  During 2008-2014 Eurasian milfoil, curly-leaf pondweed, Chara, thin-leafed 

pondweed, and Najas were prominent members of the plant community (Table 12).  During 29 

May 2014, there were 0.6 acres of Eurasian milfoil and 52 acres of curly-leaf pondweed present.  

During 21 April 2016, there were 48 acres of curly-leaf pondweed present, while during 3 June 

they found 4.5 acres of Eurasian milfoil present.  On 17 May, 2017 there were 33 acres of 

Eurasian milfoil and 51.5 acres of curly-leaf pondweed present.  It should also be noted that the 

plants have been treated during past years with various chemicals.  During 2014-2015, Eurasian 

milfoil, curly-leaf pondweed, and algae were treated with systemic triclopyr, aquathol-K, and 
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chelated copper.  During 2017, algae were treated with tribune (17 May) and Cygnet Plus, while 

55 acres of Eurasian milfoil and curly-leaf pondweed were treated with Diquat.  On 16 June, 

41.5 acres of algae were treated with copper sulfate, and finally on 10 August, 16 acres of 

Eurasian milfoil were treated with Diquat.  During 2018, on 17 May, 18.2 acres of curly-leaf 

pondweed were treated with aquathol-K and on 18 July 13 acres of Eurasian milfoil were treated 

with Diquat bromide. It seemed from our limited observations during 29 August 2018, when we 

sampled the lake, that the macrophyte community was considerably reduced from what was 

observed during 2010 and more recently in 2017 and 2018.  We attributed this to the chemical 

treatment and continued low visibility in the water column, which shades out macrophytes.   

 

 

Table 12.  List of the results (quotient of sum/# AVAS sites) from the MDEQ AVAS (aquatic 

vegetation assessment site survey) for macrophytes and algae in the entire littoral zone of Lake 

Tyrone from 2008 through 2014.  Data from ProgressiveAE.   

 

________________________________________________________________________________________ 

Macrophyte name 
8-Oct-

08 
6-Aug-

09 19-Aug-10 22-Aug-11 
3-Aug-

12 
4-Sep-

13 
6-Aug-

14 

_______________________________________________________________________________________ 

Eurasian milfoil 20.5 15.9 
 

6.1 14.5 
  Curly-leafed pondweed 18.3 

    

0.1 
 Chara (an alga) 8.6 3 

  

0.6 0.2 22.1 

Thin-leafed pondweed 7.6 33.2 47.3 35.3 12 9.6 0.7 

Najas spp.   
 

14.5 
  

28 
 

8 

Starry stonewort 
     

0.2 25.2 

Cattails 
 

2.8 1.7 1.9 1.9 1.3 1.9 

Variable pondweed 
     

0.1 
 Nitella (an alga) 

     

0.4 
 Spirodella (duck weed) 1.7 

     Iris 
 

0.2 
     Purple loosestrife 

  

0.2 0.9 0.9 
  Arrowhead 

   

0.9 0.9 
  Bullrush 

   

0.4 0.2 
  

        Total 55 71.3 49.2 45.6 33.7 11.9 57.9 

_______________________________________________________________________________________ 

 

 

Conclusions 

 

 The impact of aeration on the macrophyte community is impossible to ascertain, since the 

comparison of macrophyte abundance prior to aeration and after are compromised by the 

aggressive herbicide and copper sulfate treatments of the macrophytes and algae that have been 

ongoing during the aeration period.  It is clear that during 2017 that 84 acres of the lake, almost 

82% was covered with a combination of Eurasian milfoil and curly-leaf pondweed.  During our 
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survey in summer, 2018, we saw very few plants, suggesting that they were considerably 

diminished from previous characterizations of their abundance.  Additional confirmation of this 

conclusion will have to await further macrophyte studies in the future. 

 

 

Benthos 

 

1953 

 

Interestingly, the MDNR benthos data from 1953 (Freshwater Physicians 2011) showed 

that there was a rich benthic fauna with amphipods, caddisflies, and mayflies present.  These 

organisms are indicators of excellent water quality, with adequate dissolved oxygen and suitable 

substrate.  The reason for this is probably that their samples came from near shore areas with 

sandy substrates and native aquatic vegetation, while we collected our samples during 2010 

exclusively from offshore sites, where the sediments were thick organic silt and mud and had 

low dissolved oxygen conditions, not conducive for the types of organisms they found.  They 

also found a large number of chironomids at their deep station, as we did, which many of the fish 

we collected were eating (see Table 12, 13). 

 

 

2010 

 

 The benthos are those bottom-dwelling organisms living in the sediments and plants on 

the bottom of lakes.  We sampled these organisms in the deep parts of Lake Tyrone on 30 

August, 2010 at stations A (see Picture 3) and C (see Picture 4).  The benthos was depauperate, 

and followed the trends that would be predicted from an examination of the water chemistry data 

(rich sediments, low dissolved oxygen).  We only found a few chironomids (Diptera Order –

flies), some oligochaetes (aquatic worms present under conditions of low dissolved oxygen), 

Ceratopogonidae (biting midges), and some dead snails, one leech, and empty caddis fly cases 

(Table 13).  Chironomids are important fish-food organisms and one of the few organisms that 

can tolerate the low dissolved conditions on the bottom of eutrophic lakes (along with 

oligochaetes, which are not usually eaten by fish) because they have large amounts of 

hemoglobin.  Recall that these samples came from the bottom mud which was silty and loose, 

which may be less desirable habitat for chironomids.  In addition, there was very low dissolved 

oxygen and moderate to high levels of ammonia, which would stress these organisms. This is 

fairly typical of most eutrophic lakes in Michigan that stratify during the summer.   We also got 

an unusually large number of Chaoborus (phantom midge larvae –member of the fly family) at 

stations A, B, and C.  We collected some of these in our zooplankton tows and fish are eating 

them as well, so they appear to be abundant and are avoiding some fish predation by living in the 

hypoxic zone of the lake.  This is common as they use the bottom zones of the lakes as a refuge 

from fish predation, then rise to the surface at night to feed.  If fish can access all areas of the 

lake, these phantom midges are seldom observed, as fish will consume them.   
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Table 13.  A listing of the abundance (no. per Ekman Grab sample) of benthic organisms and 

zooplankton found at stations A, B, and C of Lake Tyrone, Livingston Co, Fenton, MI, 30 

August 2010.  

______________________________________________________ 

Group Station A Station B Station C 

______________________________________________________ 

     Insects – Diptera    

Chaoborus 164 147 79 

Chironomidae 0 2 0 

Ceratopogonidae 0 2 0 

     Aquatic worms    

Oligochaeta 0 12 1 

     Mollusks    

Gryraulus 0 2 5 

Physa 0 2 11 

     Hirudinea    

Leech 0 0 1 

     Trichoptera                      

empty case                   0                   0                   P 

       Zooplankton    

Mesocyclops 2 1 6 

_____________________________________________________ 

 

 

2018 
 

 Benthos, along with accompanying sediment, was sampled during 2018 at stations A 

(Picture 6), B, and C.  In addition, we sampled at two additional stations (station B-1, B-3).  

Station B-1 was sampled so we could compare our results with those found by Restorative Lake 

Services (2017) during their sampling during 2016-2017.  We did not know exactly where the 

station sampled in shallow water (stations B2) was based on examining the report, but through 

personal communication found out that they were not taken at the deep stations A and C (implied 

by the report), but were taken from shallow water “near” these two deep basin stations.  Not 

knowing exactly where these stations were and wanting to have some comparative data with at 

least one of the samples (station B2), we sampled in shallow water (2-3 ft) east of station A (see 

Fig. 4, Table 1, 2).  We also added another station in shallow water in the southern basin east of 

station C, which was designated station B3.   

 Benthos are bellwethers of limnological conditions on the bottom of Tyrone Lake.  We 

sampled the benthos at the three basins (A, B, C) using an Ekman dredge which samples an 0.25 

square foot - section of the bottom sediments.  These samples were examined when first 

collected to see what type of sediments were present, then photographed (see Pictures 3, 4, 6).  

We also, as indicated above, sampled one nearshore site (station B2 east of station A) to compare 

results with Restorative Lake Services which sampled two nearshore sites during 2017 as part of 

their study.  Interestingly, sediments at all five sites, including the shallow sites, were covered 
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with a coat of black, silty sediment with some sites having more organic material after sieving 

the fine sediments through a 0.35-mm, bar-mesh, screened pail.  We also observed that the fine 

silt seemed to have covered the entire lake bottom wherever we went.  This was especially 

obvious in shallow water when we threw in the anchor, there was an explosion of black silt when 

the anchor hit the bottom which was obvious as a large black swirling cloud on the bottom.  This 

may be a result of the aeration which may move large volumes of silt from the sites where the 

aerators operate into the water column and then are transported by currents to all parts of the 

lake. It should be noted however, that TSS data from RLS did not support high concentrations of 

sediment in the water column.  

 It should also be noted that the deep sediments and muck we observed during 2010 was 

still present at many sites where we seined during 2018 and was undoubtedly present at the deep 

stations since our anchors came up with black sediment attached to them.  During seining, 

sometimes the muck was 4-6 inches thick, and sometimes we almost did not make it to shore 

with the seine with sediment depths up to 2-3 ft (see Picture 10). As noted above, a sediment 

depth profiling survey was done (Progressive AE 2003) and that study showed highest sediment 

accumulations in the south end of the lake (9.5 ft), while in the northern end, there were 

accumulations up to 2.5 ft.  

 The benthos we collected during 2018 was characterized by insensitive groups, with 

oligochaetes and chironomids dominating the collections at all stations (Table 14).  The phantom 

midges were also common at deep station A.  We also found dead snails and empty caddisfly 

cases at most stations.  The two shallow stations we sampled were not much different from the 

fauna we found at the deep stations A, B, and C, although there were more caddisfly cases and 

many more dead snails in samples from the shallow sites.  Stations B2 and B3 also had more 

oligochaetes than we found at the deep sites.   

 

Table 14.  A listing of the abundance (no. per Ekman Grab sample) of benthic organisms found 

at master stations A, B, and C of Lake Tyrone, Livingston Co, Fenton, MI, 29 August 2018. One 

additional station B2 (east of station A in shallow water - see Fig. 1) was added to have 

comparable data from another study performed during 2016 and 2017 (Restorative Lake 

Services, 2017).  Station B3 was added to have a station in shallow water in the southern bay east 

of station C.   

____________________________________________________________ 

TAXON 
STA     
A 

STA   
B 

STA 
C 

STA 
B2 

STA 
B3 

____________________________________________________________ 

Leptoceridae Caddisfly cases (MT) 0 0 4 13 21 

Chironomidae Chironomus spp. 5 1 0 4 4 

Chaoborus phantom midge 25 0 2 0 0 

Mud snail Hydrobiide (dead) 0 1 1 Many Many 

Snail Physa spp. (dead) 0 0 0 Many Many 

Snail Valvata tricarninata  (dead) 0 0 0 0 Many 

Oligochaeta Procladius spp. 0 2 5 9 35 

Oligochaeta Branchivra sowerbyi 0 0 9 3 7 

____________________________________________________________ 
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EKMAN GRAB SAMPLE
STATION A – 25 FT
2018

BESIDES EXISTING SEDIMENT
THERE WAS A THIN LAYER
OF BLACK MUD OVER 
THE ENTIRE LAKE

BENTHOS SAMPLE

 

 

 

Picture 6.  Ekman grab sample from station A, the deep hole in Tyrone Lake, 29 August 

2018.   

 

 When we compare the 2010 pre-aeration period summer benthic fauna with the post-

aeration period of 2018, we only have data from the deep stations for comparison.  It was clear 

from these data, that there was not much difference between periods with the same groups 

dominating:  oligochaetes, chironomids, and phantom midges.  Phantom midges were much 

more abundant during 2010 (79-164) than in 2018 (0-25), which we attributed to aeration 

making their safe refuge in the hypolimnion accessible to fish, which apparently reduced their 

abundance there.   

There is a second comparison that can be made between benthos data collected by 

Restorative Lake Sciences (2017) during 2016 and 2017.  They maintain that the benthos data 

collected at stations B-1 and B-2 during 21 April 2016 (designated pre-aeration) can be 

compared with data collected during 17 May 2017 (post-aeration).  However, aeration began 

during 2016 on 1 April 2016, making this comparison invalid, since aeration was ongoing during 

the time of sampling in both years.  Never-the-less, we wanted to compare our benthos data 

collected at station B2 with theirs collected during these two time periods.  It is clear that there is 

a dramatic difference between benthos samples collected during 2016-2017 at station B2 and 

what was collected during 2018 (Table 15).  Two sensitive groups, mayflies and amphipods, 

were found during 2016-2017, while these groups were not found during 2018.  It should be 
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pointed out that this is only one station and we had no GPS to accurately find this station for the 

2018 sampling.  However, it is still important to note that these important groups were present 

during 2016-2017, indicating excellent water quality, but based on this one comparison, they are 

not present a year later.  One could conclude that aeration detrimentally affected these groups 

and one hypothesis might be the sediment re-suspended in the water column may have 

detrimentally affected them.  More attention would need to be paid to this comparison in the 

future to reach a credible conclusion.   

 

Conclusions 
 

Comparing benthos data from 2010 (pre-aeration) (Freshwater Physicians 2011) with 

similar data collected during post-aeration (2018) at the three deep basin stations (A, B, and C) 

showed there was not much difference in species diversity, with oligochaetes, chironomids, and 

phantom midges dominating the samples (Table 13, 14, 16).  This shows that the environment on 

the bottom of the deep spots in Tyrone Lake is a harsh environment, since it dominated by 

insensitive groups.  There were differences in the number of each group found between years, 

with the most dramatic difference shown with phantom midges.  Phantom midges live in the 

bottom and thrive when the dissolved oxygen is hypoxic or anoxic, which was the case during 

pre-aeration years.  Hence, it appears that their numbers are much lower during 2018 because of 

increased dissolved oxygen in bottom waters, allowing fish access, which reduced their numbers.   

There were sensitive benthic organisms found during 1953 (amphipods, caddisflies, and 

mayflies – MDNR data) and during 2016-2017 (mayflies and amphipods) (at two shallow 

stations in Lake Tyrone - station B1, B2 - Restorative Lake Services 2017) (Table 15).  

Restorative Lake Services compared 2016 samples (pre-aeration) with 2017 samples (post-

aeration), but this comparison was invalid since aeration was ongoing during both sampling 

bouts.  They concluded that there was not much difference between them.  Freshwater Physicians 

collected data at one of their stations (B-2) (Table 15) and there was a large difference between 

them, since the 2018 samples had no sensitive organisms present.  None of these sensitive 

benthic organisms (with the exception of caddisflies and dragonflies, which were not found in 

any benthic samples) were found in any fish stomachs from either 2010 or 2018. Fish are very 

efficient at finding food of this type and the lack of any in the stomachs we examined is good 

evidence that they are either in low abundance or extirpated from Lake Tyrone, further evidence 

of what we believe is the degrading effect of aeration.  The spreading of a layer of finely divided 

sediment all over the lake may have had a detrimental effect on the sensitive benthos (especially 

mayflies), since none were found in benthic samples we collected during 2018 or in fish 

stomachs when they were present in 1953 and in 2017.   We need more verification of this 

hypothesis, since it is only based on one sample. 
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Table 15.  A compilation of benthos data from the same two stations (B1, B2) comparing data 

from 2016 (21 April: pre-aeration) with those from 2017 (post-aeration) (data from Restorative 

Sciences 2017).  However, note that aeration started on 1 April 2016.  Also shown are post 

aeration data from this study (2018).  Mayfly=Ephemerillidae, Aquatic worm=Oligochaeta, 

Midge=Chironomidae, Leech=Hirudinea, the mud snail and the snails Physa and Gyraulus were 

all dead in the 2018 study, Sow bug=Isopoda, Wheel snail=Planorbidae, Freshwater 

shrimp=Gammaridae, Phantom midge=Chaoborus, Biting midge=Ceratopogonidae, caddisfly 

cases (all empty).  All samples collected with an Ekman dredge. 
 

_____________________________________________________________ 

 
PRE PRE POST POST 

 
POST 

 
21-Apr 21-Apr 17-May 17-May 

 
29-Aug 

 
2016 2016 2017 2017 

 
2018 

STATION B1 B2 B1 B2 
 

B2 

_____________________________________________________________ 

Mayfly 2 1 3 0 
 

0 

Aquatic worm 9 11 4 2 
 

12 

Midge-Chironomid 1 0 2 5 
 

4 

Leech 1 5 0 1 
 

0 

Snail-Physa 0 1 0 3 
 

MANY 

Snail-Gyraulus 0 0 0 0 
 

0 

Snail-mud 0 0 0 0 
 

MANY 

Sow bug 0 18 0 13 
 

0 

Snail-Wheel 0 2 8 11 
 

0 

Freshwater shrimp 0 5 4 6 
 

0 

Midge-Phantom 0 0 0 0 
 

0 

Midge-Biting 0 0 0 0 
 

0 

Caddisfly cases 0 0 0 0 
 

13 

_____________________________________________________________ 
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Table 16.  A compilation of benthos data from the same three stations (A, B, C) comparing data 

from 2010 (pre-aeration) with those from 2018 (post-aeration).  Data from 2010 (Freshwater 

Physicians 2011) and 2018 (this study) are shown.  See Table 15 for definition of benthic 

organisms.  All samples collected with an Ekman dredge. 

_________________________________________________________________ 

 
PRE PRE PRE POST POST POST 

 

20-
Aug 20 Au 20-Aug 

29-
Aug 

29-
Aug 

29-
Aug 

 
2010 2010 2010 2018 2018 2018 

Taxon         /          Station A B C A B C 

_________________________________________________________________ 

       Midge-Phantom 164 147 79 25 0 2 

Midge-Chironomid 0 2 0 5 1 0 

Midge-Biting 0 2 0 0 0 0 

Aquatic worm 0 12 1 0 2 13 

Snail-Gyraulus 0 2 5 0 0 0 

Snail-Physa 0 2 11 0 0 0 

Snail-mud 0 0 0 0 1 1 

Leech 0 0 1 0 0 0 

Caddisfly cases (MT) 0 0 Present 0 0 4 

_________________________________________________________________ 

        

 

Fish 

 
 

Fish Diversity: 2010 
  

  

During 2010, we collected fish using a 50-ft seine at three stations (shown is station S1 - 

Picture 10), a gill net (shown is station G2 - Picture 7), and three trap nets (stations T1, T2, T3) 

(see Picture 8). We never want to kill too many fish as they are so important to fish community 

balance in a lake.  We did get some fish contributed by a fisherman (a large walleye and northern 

pike) and a huge northern pike was also examined (see Picture 9).  We could have used a few 

more large fish, but the ones we did catch provided a good sample for some basic information on 

the lake.  We collected 10 species: largemouth bass, bluegill, pumpkinseed, black crappie, 

walleye, northern pike, golden shiner, green sunfish, yellow perch, and yellow bullheads (Table 

17, Pictures 9, 11, 12).  These were mostly similar to what the MDNR reported from the lake 

during their 1953 assessments, with the exception of no golden shiners (probably stocked or 

released from bait buckets) and walleyes, which were stocked in the past.  
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Picture 7. Multi-mesh, experimental gill net used on Lake Tyrone 30 August 2010 at 

station G2 (see Fig. 4).  Note large male bluegill and large numbers of golden shiners that were 

collected at this station.   
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Picture 8.  One of two trap nets used on Lake Tyrone 30 August 2010 at station T1 and 

T2; a smaller net was used at T3 (see Fig. 4).   

 

This is a great diversity of species for a typical inland lake (10 – MDNR collected five 

species in 1953 studies), with the exception of walleyes, which are out of place in a eutrophic 

environment like Lake Tyrone (see Table 17, 18).  Frankly, we are surprised any survived the 

summer last year because it was so hot, which squeezed the northern pike and walleyes (the only 

cool-water fishes in the lake) into a narrow band of water that was probably too warm at the 

surface and has no or very low dissolved oxygen on the bottom (see dissolved oxygen- 

temperature curves – Fig. 1, 2, 5, 6). These chemical conditions will restrict the fish into a 

narrow layer around the thermocline. Poor survival and poor growth usually result.  We did not 

collect any walleyes in our gill nets (but we did catch three northern pike) despite setting them in 

the most optimal area in the deep part of the lake.  However, fisherman contributed one walleye 

and one large northern pike and a resident provided us with a huge northern pike (Picture 9) that 

died on the beach.  The fact that northern pike were present in the lake during 1953 and are still 

present now, indicates that they are managing to survive conditions in the lake and may be 

reproducing in the small bay area in the south end of the lake, especially during wet springs.  

They can spawn in shallow water among flooded vegetation, hence this is one area that needs to 

be observed more closely during spring when they spawn to determine if any are using that area.  

Fisherman can also help with this assessment and provide information to the board on whether 

they caught or sometimes catch small northern pike (hammer handles), which would be an 
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indication that they are spawning successfully in this area.  Second, that area might need some 

dredging to remove accumulations of sediments there (sediments are thick – we observed this 

first hand while setting a trap net in that area – T3: Fig. 4).  This would make that area a better 

site for successful spawning by northern pike.   

Walleyes are as indicated cool-water fish and do not grow or survive well in eutrophic 

lakes like Lake Tyrone for the reasons noted above (the bottleneck of summer when they are 

squeezed between too warm temperatures at the surface and low dissolved oxygen in the cool 

water on the bottom they need to survive).  Hence, we discourage any stocking of walleyes, but 

if you want to plant some, we have no objections to that as they can provide good top predator 

control of the prey fish in the lake and they have an advantage over prey under the turbid 

conditions in Lake Tyrone. There is a huge population of golden shiners in the lake, which 

currently provide outstanding prey for your native predatory fish (northern pike, largemouth 

bass, crappies, yellow perch, yellow bullheads) and would as well for any walleyes that would be 

stocked in the lake.  You just have to realize that they will have poor to no survival and are also 

difficult to catch by fisherman.  It should be noted that the golden shiners are optimal prey for 

lakes, since they 1.) are abundant, 2.)  occupy most areas of the lake – nearshore and offshore 

and in the water column, 3.) exhibit a range of sizes up to large individuals (see Picture 11) 

which ensures first that there is a large range of fishes for all sizes of predators to eat and second 

that some of the large individuals escape predation and can reproduce to maintain the population 

at high abundance.  Any stocking or live bait release should be discouraged or banned because of 

the threat of introduction of exotic species and VHS (viral hemmoraghic septicemia) which 

killed many muskies and other species in many lakes, including Lake St. Clair and there has a 

been a recent outbreak of another virus with largemouth bass in the state.   

We do not believe that any fish management policies need be implemented, except catch-

and-release of large predators.  We always encourage people to put back large predators, such as 

northern pike and largemouth bass to maintain good fish community balance.  This promotes 

good growth of sunfish and prevents fish stunting in the lake. These large predators also contain 

high concentrations of mercury (see next paragraph for a discussion). We checked the nearshore 

areas in our April 2010 trip and found a considerable amount of sand and gravel along the 

shoreline beaches which will provide excellent spawning habitat for bass and sunfish.  However, 

that spawning substrate may have been compromised by aeration spreading fine sediment around 

the lake starting in 2016. 
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ONE OF MANY NORTHERN PIKE IN THE LAKE

 
 

Picture 9.  Denizens of Lake Tyrone: A. 41-inch female northern pike found dead on the 

beach during summer 2010, B. 38-inch female northern pike from 2018 study.   

 

Fish Diversity: 2018 
 

We sampled fish using similar gear (seines, trap nets, and gill nets) at the same stations 

used during the 2010 study, with two exceptions.  We added an additional seine station to the 

three done previously and we moved one of the trap net stations (T2) to a deeper location, since 

the water level appeared to be a foot lower than what we found during 2010 and we were 

concerned that boaters may run into the top of the pot area of the net.  On 29 August 2018 we 

deployed the two gill nets, set the three trap nets, then seined at four stations around the lake.  

We pulled both gill nets before we left around 1900 on the 29th and decided, based on the 

numerous fishes we caught in the largest net, to only set the smallest net overnight.   On the 30th 

of August we pulled the remaining gill net and emptied the three trap nets.  We only kept enough 

fish of each species to span the range of sizes and replicates required for diet and age and growth 

studies.  In one case we caught a large northern pike in the gill net and took scale samples and 

released her.  However, she never regained up right position, so we sampled her for diet 

information.    
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THICK MUCK
AND CHARA

 

 

Picture 10.  The 50-ft seine with bag used to collect near shore fishes on the NE shoreline 

of Lake Tyrone (see S2 on lake map, Fig. 4).  Note the accumulation of sediment in this area.  

We apologize and thank the residents whose shoreline we temporarily invaded to complete the 

study.   
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GOLDEN SHINER: LARGE SPECIMEN: EXCELLENT 
FORAGE FOR TOP PREDATORS

 

 

Picture 11.  Golden shiner collected from Tyrone Lake during summer 2018.  

 

 

OTHER FISH COLLECTED DURING 
THE STUDY

 

Picture 12.  Other fish species collected during the 2018 Tyrone Lake study.  
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The qualitative fish sampling we did during 2018 showed that the fish population during 

2018 was probably greater than what we sampled during 2010.  We continued to be impressed 

by the quantity and size of the fishes we collected.  First, the seine hauls contained an inordinate 

number of bluegills (probably thousands in one seine haul) and many pumpkinseed young-of-

the-year and in addition some huge adults of both species were often caught in all three gears.  

This is surprising given the turbid conditions, which should retard reproduction and predation by 

visual predators, such as largemouth bass.  It will also favor predators that can feed at night, such 

as walleyes and bullheads.  It was amazing to find two huge walleyes in our gill net set over 

night; a number of yellow bullheads and one black bullhead was also caught (a new species 

compared to 2010).  The bluegill YOY are the fuel that runs Tyrone Lake predators with some 

help from a scarce yellow perch population.  However, the other great finding is that golden 

shiners, which were large and abundant during our 2010 collections, seem to be continuing in the 

same vein, since we got them in large numbers in one of our seine hauls, in the gill nets, and in 

the trap nets.  Golden shiners are the preferred prey in my opinion for lakes, since they are 

prolific, grow to large sizes (up to 10 inches!) and thus provide a range of sizes for the various 

sizes of the fish predators in the lake.  We also collected several northern pike of various sizes 

including one large one (see Picture 9).  This too is great and indicates that reproduction is 

ongoing in Tyrone Lake.  Lastly, there is a large population of black crappies in the lake; we 

captured them in our seines, gill nets, and trap nets, including YOY in our nearshore seines and 

some large adults in the 10-11-inch range. 

 

Mercury 

 

As noted above, mercury is a problem in most of Michigan’s inland lakes.  Most mercury 

comes to the watersheds of lakes through deposition from the air with most coming from power 

plants burning coal.  The elemental mercury is converted to methyl mercury through bacterial 

action or in the guts of invertebrates and animals that ingest it.  It becomes rapidly 

bioaccumulated in the food chain, especially in top predators.  The older, non-fatty fishes or 

those high on the food chain will carry the highest levels.  Studies we have done in Michigan 

lakes and studies by the MDNR have shown that large bluegills, largemouth bass, black crappies, 

northern pike, and walleyes all contain high levels of mercury.  This suggests that fishers should 

consult the Michigan fishing guide for recommendations on consumption, limit their 

consumption of large individuals, and try to eat the smaller ones.  It also suggests that a trophy 

fishery be established for large northern pike and largemouth bass, and some of the larger 

individual panfish in the lake.   

 

Fish Diets: 2010 vs. 2018 

 

We examined diets of selected fishes to determine if fish trophic levels were functioning 

properly.  Small black crappies during 2010 were eating zooplankton, while slightly larger 

crappies were eating larval bluegills and phantom midges (Table 19).  Surprisingly, the larger 

black crappies were consuming large numbers of YOY (young of the year) 1-inch bluegills; we 

have seen black crappies eating bluegills in other lakes.  This is helping keep the bluegills under 

control in the lake.  Some of the larger black crappies were eating large numbers of phantom 

midges (which we noted were abundant in our zooplankton tows and in our benthos samples) 

and YOY bluegills.    During 2018, black crappies 2-6 in long were eating zooplankton and small 
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bluegills (Table 19).  Fish larger than 6 inches were eating a considerable number of phantom 

midges and small bluegills.  Diets from 2010 and 2018 were very similar.   

Small bluegills during 2010 were also eating phantom midges as well as some 

zooplankton and aquatic plant material (Table 19).  The largest bluegills we examined were 

consuming aquatic plants and small golden shiners, which is also seldom seen among bluegills – 

they seldom eat fish.  This will contribute to excellent growth, since fish are the highest prey in 

the food web they can eat.  During 2018, bluegills 1-5 inches ate zooplankton (Chydorus – 

bottom dweller and copepods) and the caddisfly Leptoceridae.  Those >5 inches ate caddisflies, 

fingernail clams, snails, and chironomids.  These fish were insectivorous during both years and 

those during 2010 ate golden shiner YOY and phantom midges, which were not found during 

2018.  We speculated that aeration may have disrupted hypoxic habitat for phantom midges, 

reducing their numbers during 2018.   We did not see as many in the zooplankton tows as we did 

during 2010 and we caught none in our benthos samples, which had some during 2010.  We 

concluded that diets during both years were mostly insectivorous, with some differences between 

years, as fish from 2010 ate fish and phantom midges, which was not observed during 2018. 

Golden shiners are omnivores, eating algae, zooplankton, and benthos; they can feed at 

the surface or at mid depth.  We did not check their diets, but assumed that an abundant food 

source is available to them in Lake Tyrone, and hence they are growing well and flourishing in 

the lake, which is excellent for the other predators in the lake.   

We only examined three green sunfish during 2010 and they were eating detritus and a 

YOY bluegill.  Green sunfish can be fish eaters and apparently they availed themselves of the 

abundant bluegill young eaten by many other predators in Lake Tyrone.  Fish caught during 2018 

were eating almost the same prey items: detritus, unknown fish probably bluegill, and 

caddisflies.  Diets were similar between pre- and post-aeration.   

Pumpkinseeds have much different diets than the other panfish in the lake and show how 

different resources are utilized by different species in the lake, ensuring that the diversity of prey 

items available is converted to fishable biomass in the lake.  Pumpkinseeds we examined during 

2010 were eating predominately snails (Table 19), showing this species is a mollusk eater.  

Sometimes pumpkinseeds are stocked in lakes to provide control of swimmers itch, since they 

eat snails and snails are the intermediate host for the parasite.  Other items eaten by 

pumpkinseeds included leeches (seen in benthos samples) and Chara, a green alga.  

Pumpkinseeds caught during 2018 were eating similar items: those 1-5 inches were eating snails, 

chironomids, dragonflies, and terrestrial insects, while those >5 inches were eating caddisflies, 

snails, fingernail clams, and Chara (an alga) (Table 19).  Pumpkinseeds were eating a 

considerable number of mollusks (snails, fingernail clams) and in addition some caddisflies, 

chironomids, and algae during both years, leading us to conclude there was not much difference 

between periods.   

Yellow bullheads during 2010 ate a combination of phantom midges (which must be very 

abundant because so many fishes were eating them) and YOY bluegills, showing their ability to 

eat a range of prey from benthos to fishes.  Diets during 2018 were exclusively fish (small 

bluegills and adult golden shiners).  As noted for other predators, fewer phantom midges were 

eaten by many species during 2018 than what was noted during 2010.  Otherwise, diets of yellow 

bullheads were similar between pre- and post-aeration.   

Largemouth bass young that were eating consumed exclusively YOY bluegills (Table 

19).  The larger largemouth bass we examined were all eating YOY bluegills, with one 

exception; one ate a yellow bullhead.  We did not catch or receive any largemouth bass larger 
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than 12 inches, so we are unable to determine what those fish are consuming, but certainly 

bluegills and golden shiners would be in their diet.  During 2018, we caught largemouth bass 

from 2 to 14.2 inches; all were eating bluegill YOY; one ate a 50-mm largemouth bass (Table 

19).  We concluded there was not much difference between 2010 and 2018 when they ate 

exclusively fish, mostly YOY bluegill, but also a golden shiner and largemouth bass.   

During 2010, a 33-inch northern pike we examined, had eaten a 10-inch largemouth bass 

or yellow perch (Table 18).  The 41-inch fish and the others we caught had empty stomachs.  

This shows how the diet of these large predators is usually much different than those of younger 

fish because of their larger gape width.  During 2018, we caught more northern pike.  They were 

eating YOY bluegills and two golden shiners, again testifying to their importance as prey for 

Tyrone Lake predators (Table 19).  Although different fish were eaten both years, northern pike 

are piscivorous and will eat the readily catchable prey. For northern pike, there did not seem to 

be much difference is diets between periods.   

During 2010, we examined one walleye, which was 26 inches long and was eating a 7.5-

inch yellow perch, showing how walleyes prefer yellow perch in their diets.  During 2018, we 

caught two walleyes that were collectively eating seven YOY bluegills.  As we found with 

northern pike, walleyes are piscivorous and ate different prey in the 2 years.  We concluded that 

there was no difference in the main prey items consumed by walleyes between the two periods of 

study. 

During 2018, we caught one 13-in black bullhead (none were seen during 2010).  It was 

eating a large bluegill, showing that bullheads can be important predators in controlling prey 

populations in the lake.  

 

Table 17.  List of 10 fish species collected at Lake Tyrone, 30 August 2010 and the 
11 species collected during 29 August 2018.  A=ABUNDANT, C=COMMON, 
R=RARE. 

  ______________________________________________________________ 
 Fish 

    Code Taxon Scientific Name 2010 2018 

______________________________________________________________ 
 

     BB BLACK BULLHEAD Ameiurus melas 

 
R 

BC BLACK CRAPPIE Pomoxis nigromaculata C C 

GL GOLDEN SHINER Notemigonus crysoleucas  A A 

YP YELLOW PERCH  Perca flavescens R R 

BG BLUEGILL Lepomis macrochirus A A 

YB YELLOW BULLHEAD Ameiurus natalis  C R 

GN GREEN SUNFISH Lepomis cyanellus R R-C 

LB LARGEMOUTH BASS Micropterus salmoides C C 

NP NORTHERN PIKE Esox lucius R R 

PS PUMPKINSEED Lepomis gibbosus C C 

WL WALLEYE Sander vitreus R R 

_____________________________________________________________  
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Table 18.  List of the species, sample sizes (N) of those saved, and length (Inches) range of 
fishes collected at Lake Tyrone, 30 August 2010 and 29 August 2018. 
 

_____________________________________________________________ 

 
2010 

  
2018 

  

 
_________________ ____________________ 

SPECIES N SIZE RANGE N SIZE RANGE 

_____________________________________________________________ 

BLACK BULLHEAD 
   

1 13.0 
 BLACK CRAPPIE 21 2.8 10.7 55 2.6 11.0 

BLUEGILL 20 1.6 7.7 70 1.4 10.8 

GOLDEN SHINER 21 1.9 9.4 22 2.6 9.1 

GREEN SUNFISH 3 5.2 6.5 13 2.1 3.0 

LARGEMOUTH BASS 42 2.9 12.3 35 2.7 14.2 

NORTHERN PIKE 5 17 41 9 14.0 38.4 

PUMPKINSEED 15 2.8 7.6 28 2.3 8.9 

WALLEYE 1 26 
 

2 20.2 25.0 

YELLOW BULLHEAD 7 4.1 11.5 4 8.3 11.8 

YELLOW PERCH 5 3.3 8.4 15 8.3 12.7 

______________________________________________________________ 
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Table 19. Listing of the species collected, length, weight, sex, and diet information for fishes 

from Lake Tyrone, Livingston County, MI 30 August 2010.  LB=largemouth bass, BC = black 

crappie, YP = yellow bullhead, BG = bluegill, PS = pumpkinseed, YP = yellow perch, GL = 

golden shiner, NP = northern pike, WL = walleye, GN = green sunfish, NA = not available, 

ZOOP = zooplankton, M = male, F= female, 1= poorly developed gonads, II = immature.  

*=donated by resident fisherman, for which we are thankful. Zoop = zooplankton, xx = 

unknown, MT = empty stomach. 
__________________________________________________________________ 

 LENGTH Weight   

Species (Inches) (ounces) Sex Diet 

__________________________________________________________________ 

Black Crappie    
BC 2.8 0.1 II MT 

BC 3.3 0.3   

BC 3.7 0.3 I Zoop 

BC 3.7 0.6 F1 MT 

BC 3.8 0.7   

BC 4.1 0.8   

BC 4.3 0.6 II larval BG 

BC 6.2 2 F1 MT 

BC 6.6 12.2 F2 phantom midges 

BC 6.7 2.5 M1 MT 

BC 6.8 2.8 M1 MT 

BC 7.1 3 F2 larval BG 

BC 7.1 3 M1 MT 

BC 7.3 3.5 M1 25 BG 15 mm 

BC 7.4 3.6 M1 xx 

BC 7.4 3.8 F1 5 BG 20 mm 

BC 7.6 0.5   

BC 7.8 4.6 M1 larval BG 

BC 8.2 4.8 F2 phantom midge + unknown fish 

BC 10.0 10.3 F2 phantom midge 

BC 10.7 13.2 M1 phantom midges 

     

Bluegill     

BG 1.6 0.1 YOY phantom midges 

BG 1.7 0.1 YOY phantom midges 

BG 1.7 0.1 YOY phantom midges 

BG 1.8 0.1 YOY phantom midges 

BG 2.0 0.1 YOY phantom midges 

BG 2.3 0.1 II phantom midges 

BG 2.7 0.1 II MT 

BG 3.2 0.1 II zoop 

BG 3.2 0.1 II MT 

BG 3.6 0.6 II  

BG 3.7 0.5 II  

BG 4.0 0.6 II  

BG 4.5 1 II plants 

BG 4.8 1.2 II MT 
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BG 4.8 1.2 F1 plants 

BG 6.3 2.8 F2 plants 

BG 7.0 4.1 M1 GL, plants 

BG 7.1 4.2 F2 MT 

BG 7.5 5 M1 GL, plants 

BG 7.7 5.8 M1 GL, plants 

     

Golden shiner    

GL 1.9 0.1   

GL 1.9 0.1   

GL 2.1 0.1   

GL 2.1 0.1   

GL 2.4 0.1   

GL 4.0 0.4   

GL 4.3 0.3   

GL 4.4 0.6   

GL 4.5 0.6   

GL 4.8 0.7   

GL 4.9 1   

GL 5.1 1   

GL 5.2 5.8   

GL 5.2 1   

GL 7.1 2.5   

GL 7.4 0.3   

GL 8.5 5   

GL 8.7 5   

GL 9.1 5.7   

GL 9.3 6.5   

GL 9.4 5.3   

     

Green sunfish    

GN 5.2 1.9 M1 MT 

GN 6.2 3.2 F1 BG 38 mm 

GN 6.5 3.4 M1 xx detritus 

     

Largemouth bass    

LB 2.9 0.7 II larval BG 

LB 3.6 0.3 F1 MT 

LB 3.6 0.4 II xx detritus 

LB 3.9 0.3 II MT 

LB 4.1 0.5 F1 BG 30 mm 

LB 4.4 0.8 II MT 

LB 4.5 0.6 II MT 

LB 4.5 0.5 F1 MT 

LB 4.6 0.9 II MT 

LB 5.6 1.3 II xx detritus 

LB 5.9 1.9 F1 BG 35 mm 

LB 5.9 1.9 F1 YB (YOY) 40 mm 

LB 6.3 2.2 F1 MT 

LB 6.5 2 II BG 20 mm 
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LB 6.5 2.1 F1 BG 40, 35 mm 

LB 6.6 2.3 F1 xx detritus 

LB 6.6 9.6 F1 2 BG 55, 35 mm 

LB 6.7 9.2 F1 BG 45 mm 

LB 6.8 2.6 M1 BG 35 mm 

LB 6.9 10 F1 BG 20,30 mm 

LB 6.9 2.5 II BG 30 mm 

LB 7.0 2.8 II BG 30, 25 mm 

LB 7.0 2.8 F1 BG 35 mm 

LB 7.2 3 II MT 

LB 7.3 3.3 F1 BG 40 mm 

LB 7.3 3 II xx detritus 

LB 7.4 3.1 II xx detritus 

LB 7.5 3 M1 MT 

LB 9.1 5.7 M1 xx detritus 

LB 9.8 7.4 M1 BG 45, 30 mm 

LB 10.2 8.8 F1 BG 40 mm 

LB 11.3 10.3 M1 MT 

LB 11.4 11.8 F1 BG 30 mm 

LB 11.5 13 F2 MT 

LB 11.5 11.2 F1 MT 

LB 11.6 12 F1 BG 20 mm 

LB 11.6 13.2 F1 2 BG 45, 20 mm 

LB 11.7 11.3 F1 BG 30 mm 

LB 11.7 12 M1 unknown fish remains 

LB 12.2 14 F1 MT 

LB 12.3 15 F1 MT 

     

Northern pike    

NP 17.0 14.4 F1 MT 

NP 20.4 31.8 F1 MT 

NP 22.4 40.2 F1 MT 

NP* 33.0 168 F1 10 in perch or bass 

NP* 41.0 NA  NA 

     

Pumpkinseed    

PS 2.8 0.2 II Snails 

PS 4.1 1 II MT 

PS 4.6 1.3 M1 MT 

PS 4.7 1.3 II MT 

PS 5.1 1.8 M1 Snails 

PS 5.1 1.8 M1 MT 

PS 5.1 1.9 M1 Snails 

PS 5.4 2 M1 Snails 

PS 5.5 2.1 M1 Snails 

PS 5.6 2.9 F1 Snails 

PS 6.2 3.6 M1 Snails   

PS 6.3 3.4 M1 Leeches 

PS 6.8 4 F2 Snails (very small) 

PS 7.4 6.5 M1 Chara - green alga 
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PS 7.6 6.4 M1 Snails, plants 

     

Walleye     

WL* 26.0 96   

     

Yellow bullhead    

YB 4.1 0.8 II BGs 

YB 5.3 1 II phantom midges 

YB 8.3 4.8 F1 larval sunfish 

YB 8.7 5.5 F1 1" BG in mouth 

YB 9.3 6.9 F1 MT 

YB 9.3 7.1 M1 MT 

YB 11.5 12.3 F1 MT 

     

Yellow perch    

YP 3.3 0.1 II MT 

YP 5.0 1 F1 MT 

YP 5.7 1.3 F1 larval BG 

YP 6.4 2 F1 larval BG 

YP 8.4 4.5 F1 MT 

______________________________________________________________ 

     

 

 

Table 20. Listing of the species collected, length, weight, sex, and diet information for fishes 

from Lake Tyrone, Livingston County, MI 29 August 2018.  LB=largemouth bass, BC = black 

crappie, YP = yellow bullhead, BG = bluegill, PS = pumpkinseed, YP = yellow perch, GL = 

golden shiner, NP = northern pike, WL = walleye, GN = green sunfish, NA = not available, 

ZOOP = zooplankton, M = male, F= female, 1= poorly developed gonads, II = immature, XX = 

unknown, MT = empty stomach, NA = not analyzed.  

 

____________________________________________________________________________ 

SPECIES GEAR 
LEN 
(IN) 

WT 
(OZ) 

 
SEX                                            DIET 

____________________________________________________________________________ 

  
Black bullhead 

  BB T1 13.0 21.4 F1 BG 111 MM 

      

  
Black crappie 

  BC G2 10.7 11.6 F1 MT 

BC G1 2.6 0.1 II ZOOPLANKTON: COPEPODS 

BC S1 2.7 0.1 CC ZOOPLANKTON 

BC S1 4.4 0.6 CC XX FISH 

BC G1 4.5 0.6 II XX FISH 

BC G1 4.6 0.7 II MT 

BC G1 5.0 0.9 II XX FISH 

BC T1 5.4 1.1 F1 MT 



 

 75 75 

BC T2 5.4 1.2 NA NA 

BC T2 5.4 1.2 F1 BG 33, 34 MM 

BC T2 5.5 1.4 NA NA 

BC T2 5.6 1.2 NA NA 

BC G1 5.6 1.3 F1 MT 

BC T2 5.6 1.3 M1 MT 

BC T2 5.6 1.3 NA NA 

BC T1 6.0 2.0 M1 MT 

BC G1 6.0 1.7 F1 MT 

BC T1 6.0 1.4 F1 50 CHAOBORUS 

BC T2 6.1 2.0 F2 BG 39 MM 

BC T2 6.2 2.3 F1 XX FISH 

BC T2 6.2 2.0 NA NA 

BC T1 6.4 2.5 F1 MT 

BC T2 6.5 2.5 NA NA 

BC T2 6.9 2.7 F1 BG 38 MM 

BC T2 6.9 2.8 NA NA 

BC G2 7.0 2.8 M1 MT 

BC T2 7.0 3.2 NA NA 

BC T2 7.0 2.8 F1 MT 

BC T1 7.0 3.0 F2 PHANTOM MIDGES - CHAOBORUS, CADDISFLIES 

BC T2 7.1 3.2 NA NA 

BC T2 7.2 3.4 NA NA 

BC T2 7.3 3.2 NA NA 

BC T2 7.3 3.3 NA NA 

BC T2 7.4 1.3 NA NA 

BC T2 7.6 4.1 NA NA 

BC T2 7.7 4.2 F1 XX FISH 

BC T2 7.7 3.9 NA NA 

BC T2 7.8 4.0 F1 XX FISH 

BC T2 8.1 5.1 F2 XX FISH 

BC G1 8.4 5.4 F2 MT 

BC T1 9.4 6.0 F2 20 CHAOBORUS 

BC T1 9.5 7.7 M1 BG 36 MM 

BC T1 9.6 7.6 M1 XX FISH 

BC T1 9.6 7.0 F2 XX FISH 

BC T1 9.8 7.8 F2 MT 

BC T1 9.9 9.1 F2 BG 37 MM 

BC G2 9.9 9.0 F2 XX FISH 

BC T1 10.0 8.1 F2 BG 24,23,26 MM 

BC T3 10.0 9.3 M1 BG 51,32,32 MM 

BC T1 10.0 8.3 F2 XX FISH 

BC T1 10.2 10.9 M1 MT 
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BC T3 10.3 9.8 F2 BG 33,28,18 MM 

BC G1 10.4 10.3 F2 XX FISH 

BC T1 10.6 11.1 F2 MT 

BC T1 11.0 12.4 M1 XX FISH 

      

  
Bluegill 

   BG T3 1.4 0.02 II NA 

BG T3 1.4 0.02 II NA 

BG S1 1.5 0.02 NA NA 

BG T3 1.7 0.04 II NA 

BG T3 1.7 0.04 II NA 

BG T3 1.7 0.04 II NA 

BG S1 1.8 0.05 NA NA 

BG T3 1.8 0.04 II NA 

BG S1 1.8 0.02 NA NA 

BG T3 1.9 0.1 II NA 

BG T3 1.9 0.1 II ZOOPLANKTON 

BG S3 1.9 0.1 NA NA 

BG S3 1.9 0.1 NA NA 

BG T3 1.9 0.1 II ZOOPLANKTON 

BG S1 2.0 0.1 NA NA 

BG T3 2.0 0.1 II NA 

BG T3 2.0 0.1 II NA 

BG S3 2.0 0.1 II ZOOPLANKTON: Chydorus 

BG S3 2.0 0.1 NA NA 

BG S1 2.0 0.1 NA NA 

BG S1 2.0 0.1 NA NA 

BG S1 2.1 0.1 NA NA 

BG T3 2.1 0.1 II CADDISFLIES 

BG S3 2.1 0.1 NA NA 

BG S3 2.1 0.1 NA NA 

BG S3 2.1 0.1 II ZOOPLANKTON: Chydorus, SAND 

BG T3 2.1 0.1 II ZOOPLANKTON 

BG S3 2.2 0.1 NA NA 

BG S3 2.2 0.1 NA NA 

BG S3 2.2 0.1 NA NA 

BG S3 2.2 0.1 NA NA 

BG S3 2.2 0.1 II ZOOPLANKTON: Chydorus, SAND 

BG S3 2.2 0.1 NA NA 

BG T2 2.2 0.1 NA NA 

BG S3 2.2 0.1 NA NA 

BG S1 2.2 0.1 NA NA 

BG S3 2.3 0.1 II ZOOPLANKTON: Chydorus, SAND 
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BG T2 2.3 0.1 NA NA 

BG S3 2.4 0.1 NA NA 

BG S3 2.5 0.1 NA NA 

BG S3 2.6 0.2 NA NA 

BG T2 2.6 0.1 NA NA 

BG T2 2.7 0.1 NA NA 

BG T2 2.7 0.2 NA NA 

BG S1 2.8 0.2 NA NA 

BG S3 2.8 0.2 F1 CADDISFLY SAND, ZOOPLANKTON: COPEPODS 

BG T2 2.8 0.2 NA NA 

BG T2 2.9 0.2 NA NA 

BG T2 2.9 0.2 NA NA 

BG S3 3.0 0.2 F1 SAND 

BG S3 3.0 0.2 F1 CADDISFLIES 

BG S1 3.0 2.2 II CADDISFLIES 

BG S3 3.0 0.2 NA NA 

BG S1 3.1 0.3 NA NA 

BG S3 3.2 0.3 F1 CADDISFLY SAND, ZOOPLANKTON: COPEPODS 

BG S1 4.3 0.8 F1 4 CADDISFLIES 

BG S1 4.3 0.7 NA NA 

BG T2 4.4 0.8 F1 CADDISFLIES 

BG S1 4.8 1.1 NA NA 

BG S4 4.8 1.2 F1 CA 50 CADDISFLIES LEPTOCERIDAE 

BG S4 4.8 1.2 F1 2 CADDISFLIES, FILAMENTOUS PLANT MATERIAL 

BG S1 4.8 1.2 NA NA 

BG S1 5.0 1.3 CC CADDISFLIES, FINGERNAIL CLAMS, DRAGONFLY 

BG S1 5.2 1.5 F1 9 CADDISFLIES, 1 SNAIL 

BG T1 6.3 3.0 F1 FILAMENTOUS PLANTS 

BG T1 7.3 3.8 F1 MT 

BG G1 7.6 5.1 M2 CADDISFLIES, PLANTS 

BG T1 7.6 4.4 F1 CHARA, 200 CHAOBORUS 

BG G1 7.8 5.3 F2 20 CADDISFLIES, FINGERNAIL CLAMS 

BG S3 10.8 11.0 M1 CHIRONOMIDS, AQUATIC PLANTS 

      

  
Golden shiner 

  GL S3 2.6 0.1 NA NA 

GL S3 2.8 0.1 NA NA 

GL S3 3.0 0.1 NA NA 

GL S3 4.5 0.5 NA NA 

GL S3 4.6 0.5 NA NA 

GL S3 5.4 0.8 NA NA 

GL S3 5.7 1.1 NA NA 

GL S3 6.2 1.5 NA NA 
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GL S3 6.3 1.4 NA NA 

GL S3 6.4 1.7 NA NA 

GL S3 6.4 1.4 NA NA 

GL S3 6.5 1.6 NA NA 

GL S3 6.7 1.6 NA NA 

GL S3 6.8 1.9 NA NA 

GL S3 6.9 2.3 NA NA 

GL S3 7.2 2.1 NA NA 

GL S3 7.3 2.1 NA NA 

GL S3 7.7 3.2 NA NA 

GL G1 7.9 3.0 M2 NA 

GL T1 8.3 3.2 NA NA 

GL S3 8.7 7.5 M2 NA 

GL G2 9.1 4.5 NA NA 

      

  
Green sunfish 

  GN S1 3.0 0.3 CC DETRITUS 

GN S1 2.1 0.1 NA NA 

GN S1 2.1 0.1 NA NA 

GN S1 2.2 0.1 NA NA 

GN S1 2.3 0.1 NA NA 

GN S1 2.3 0.1 NA NA 

GN S1 2.4 0.1 NA NA 

GN S1 2.4 0.2 CC CADDISFLIES 

GN S1 2.5 0.2 NA NA 

GN S1 2.5 0.2 NA NA 

GN S1 2.6 0.2 NA NA 

GN S1 2.8 0.2 CC XX FISH 

GN S1 2.9 0.2 CC DETRITUS 

      

  

Largemouth 
bass 

  LB S4 2.7 0.1 II ?BG 

LB S3 3.5 0.3 NA NA 

LB S3 3.5 0.3 CC BG 38 MM 

LB S4 3.6 0.3 F1 BG 24 MM 

LB S3 3.7 0.4 NA NA 

LB S3 3.7 0.4 NA NA 

LB S3 3.8 0.3 NA NA 

LB S3 3.8 0.4 NA NA 

LB S4 3.9 0.4 F1 BG 31 MM 

LB S3 4.1 0.5 NA NA 

LB S3 4.1 0.5 NA NA 
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LB S4 4.2 0.5 CC BG 25 MM 

LB S3 4.2 0.5 F1 XX FISH 

LB S4 4.3 0.6 II ?BG 40 MM 

LB S4 4.5 0.7 F1 BG 29,32 MM 

LB S4 4.5 0.6 F1 BG 39 MM 

LB S3 4.6 0.7 CC BG 38 MM 

LB S3 4.7 0.7 CC XX FISH 

LB S1 4.7 0.7 CC BG 38 MM 

LB S1 5.8 1.3 F1 MT 

LB S3 6.1 1.7 F1 XX FISH 

LB S4 6.5 2.0 F1 MT 

LB S1 6.7 2.3 CC BG 53 MM 

LB S3 6.7 2.2 F1 MT 

LB S3 6.7 2.1 F1 BG 38 MM 

LB S1 7.5 3.1 F1 BG 45 MM, XX FISH 75 MM 

LB G2 8.7 4.8 F1 MT 

LB S1 9.7 6.3 F1 MT 

LB G2 9.8 6.8 F1 MT 

LB G2 12.1 13.7 M1 MT 

LB DEAD 12.5 
 

NA RELEASED 

LB S2 13.1 16.9 F1 MT 

LB S2 13.4 21.0 M1 BG 23,43,17,21,17 MM; LB 50 MM 

LB G1 14.1 23.5 M1 MT 

LB G1 14.2 21.7 M1 BG 45 MM, XX FISH 75 MM 

      

  
Northern pike 

  NP S1 14.0 
 

NA RELEASED 

NP G2 16.5 14.6 F1 MT 

NP G1 16.7 15.6 F1 GOLDEN SHINER ? 64 MM 

NP G1 18.0 
 

NA RELEASED 

NP G1 20.0 23.5 F1 MT 

NP G1 20.0 28.1 F1 MT 

NP T1 22.2 36.0 F1 BG 61 MM 

NP G1 28.0 76.9 F1 GOLDEN SHINER ? 105 MM 

NP G1 38.4 165.0 F5 NA 

      

  
Pumpkinseed 

  PS  T3 2.3 0.1 II SNAILS, CHIRONOMIDS 

PS S1 2.6 0.1 NA NA 

PS S3 2.7 0.2 II SNAILS   

PS S3 2.7 0.2 F1 MT 

PS S4 3.6 0.5 F1 TERRESTRIAL INSECTS 

PS S3 3.7 0.5 M1 MT 
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PS S3 3.7 0.5 CC MT 

PS S1 3.7 0.5 NA NA 

PS S4 3.8 0.6 F1 MT 

PS S1 3.9 0.6 F1 MT 

PS S1 3.9 0.7 NA NA 

PS S4 3.9 0.6 CC DRAGONFLY 

PS S1 3.9 0.7 NA NA 

PS S3 4.0 0.6 F1 MT 

PS S3 4.4 1.0 NA NA 

PS S1 4.5 1.1 NA NA 

PS S1 4.5 1.1 NA NA 

PS S3 4.7 1.2 M1 MT 

PS S3 4.8 1.3 NA NA 

PS T2 4.8 1.4 M1 MT 

PS S3 4.9 1.4 NA NA 

PS S3 5.2 1.7 F1 CADDISFLIES 

PS S3 5.5 2.0 F1 CADDISFLIES, 25 SNAILS GYRAULUS 

PS S1 5.6 2.2 F1 FINGERNAIL CLAMS, 30 GYRAULUS 

PS T1 7.7 4.8 F2 MT 

PS S2 8.0 7.3 M1 SNAILS: GYRAULUS, CADDISFLIES 

PS S2 8.8 11.1 M1 CHARA, SNAIL 

PS S2 8.9 10.0 M1 PLANTS 

      

  
Walleye  

  WL G1 25.0 83.5 F5 BG 52 MM 

WL G1 20.2 487.3 F1 BG 53,44,52,42,26,52 MM 

      

  
Yellow bullhead 

  YB T2 8.3 5.8 F1 BG 44,51,47,48,60,35 MM 

YB G1 10.9 10.9 M1 MT 

YB T1 11.0 13.1 F1 GOLDEN SHINER HEAD 

YB G1 11.8 16.0 F1 MT 

      

  
Yellow perch 

  YP S1 8.3 6.2 F1 BG 42 MM, DRAGONFLY 

YP G1 8.7 4.5 F5 MT 

YP G2 8.8 4.6 F1 MT 

YP G1 8.9 5.1 F5 MT 

YP G2 9.0 4.9 M2 BG 43 MM 

YP G2 9.3 5.3 M1 MT 

YP G2 9.3 5.2 F1 MT 

YP G2 10.0 6.8 F1 XX FISH 

YP S2 10.0 7.0 F1 MT 
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YP S2 11.0 10.4 F1 MT 

YP G2 11.3 11.6 F1 MT 

YP G2 11.5 10.9 F1 MT 

YP G2 12.0 13.5 M1 MT 

YP G2 12.7 11.2 F1 MT 

YP G1 12.7 16.8 F1 MT 

____________________________________________________________________________ 

       

Conclusions: Black crappie diets from 2010 and 2018 were very similar.  Bluegill diets 

during both years were mostly insectivorous, with some differences between years, as fish from 

2010 ate fish and phantom midges, which was not observed during 2018.  Green sunfish diets 

were similar between pre- and post-aeration.  Pumpkinseeds were eating a considerable number 

of mollusks (snails, fingernail clams) and in addition some caddisflies, chironomids, and algae 

during both years, leading us to conclude there was not much difference between periods.  Diets 

of yellow bullheads were similar between pre- and post-aeration, with the exception of no 

phantom midges eaten during 2018 contrasted with 2010 diets.  We concluded there was not 

much difference in largemouth bass diets between 2010 and 2018, when they ate exclusively 

fish, mostly YOY bluegill, but also a golden shiner and largemouth bass.  For the piscivorous 

northern pike, there did not seem to be much difference in diets between periods.  We concluded 

that there was no difference in the main prey items consumed by walleyes between the two 

periods of study. 

 

 

Fish Growth: 2010 vs. 2018 

 

Growth of the fishes we collected during 2010 was determined by ageing a sample of fish 

of various sizes using scales (Table 21).  Generally, during 2010, all species we examined were 

growing at or above the average growth exhibited by Michigan fishes (Latta 1958, DNR 

pamphlet no. 56) with a couple of exceptions (Table 21). 
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Table 21.  Growth of selected fishes collected from Lake Tyrone, Livingston Co., 30 August 

2010 and 29 August 2018.  Fish were collected in seines, gill nets, and trap nets, scales removed, 

aged, and ages compared with Michigan state averages (see Latta 1958).  Shown is the age of the 

fish in inches with the sample size in parentheses for Lake Tyrone fishes, the mean age reached 

by fish collected and compiled from MDNR sources, and the size-at-age determined from fishes 

we collected during this study.  N=sample size for each species. 

 

______________________________________________ 

MDNR MDNR TYRONE 2010 TYRONE 2018 

Age (yr) 
Len 
(in) Len (in) Len (in) 

______________________________________________ 

    BLUEGILL 
 

N=15 N=54 

          AGE MDNR TYRONE-2010 TYRONE-2018 

0 2.1         1.8 (4) 2(42) 

1 2.9 3.4 (4) 3.1(1) 

2 4.3 
 

4.3(3) 

3 5.5        4.7 (3) 4.9(3) 

4 6.5        6.3 (1) 6.3(1) 

5 7.3        7.4 (3) 7.5(3) 

6 7.8 
  7 8 
  8 8.5 
  9 8.5 
  10 9.2 10.8(1) 

 LARGEMOUTH 
BASS N=23 N=33 

         AGE MDNR TYRONE-2010 TYRONE-2018 

0 3.3        4.1 (4) 4(19) 

1 6.1        5.9 (2) 6.4(4) 

2 8.7           7 (8) 8.1(2) 

3 10   9.7 (3) 9.8(2) 

4 12.1      11.5 (4) 12.8(4) 

5 13.7      12.2 (2) 

 6 15.1 
 

14.2(2) 

7 16.1 
  8 17.7 
  9 18.8 
  10 19.8 
  11 20.8 
  YELLOW PERCH N=5 N=11 

         AGE MDNR TYRONE-2010 TYRONE-2018 

0 3.3 3.3 (1) 
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1 4 
  2 5.7 5 (1) 

 
3 6.8 6 (2) 

 
4 7.8 

  5 8.7 8.4 (1) 8.8(4) 

6 9.7 
 

9.4(3) 

7 10.5 
 

11(1) 

8 11.3 
 

11.4(2) 

9 11.7 
 

12(1) 

BLACK CRAPPIE N=12 N=25 

         AGE MDNR TYRONE-2010 TYRONE-2018 

0 3.6       3.6 (3) 3.3(2) 

1 5.1 
 

5.3(3) 

2 5.9       5.6 (1) 6.6(8) 

3 8          7 (5) 7.8(3) 

4 9       8.2 (1) 9.6(1) 

5 9.9 10 (1) 9.9(5) 

6 10.7 
 

10.6(2) 

7 11.3      10.7 (1) 11(1) 

8 11.6 
  PUMPKINSEED N=12 N=17 

         AGE MDNR TYRONE-2010 TYRONE-2018 

0 2 2.8 (1) 2.6(4) 

1 2.9 
 

3.8(2) 

2 4.1 
 

3.8(2) 

3 4.9 4.5 (3) 4.7(2) 

4 5.7 5.8 (5) 5.4(3) 

5 6.2 
  6 6.8 7.3 (3) 

 7 7.3 
 

7.7(1) 

8 7.8 
 

8(3) 

NORTHERN PIKE N=5 N=9 

         AGE MDNR TYRONE-2010 TYRONE-2018 

0 7.9 
  1 15.5 
 

14(1) 

2 19.4 
 

17(2) 

3 22.2 18.7 (2) 19(3) 

4 23.9 
 

22(1) 

5 25.4 22.4 (1) 

 6 27.7 
 

28(1) 

7 32.5    33 (1) 

 8 37.1 
 

38(1) 

9 34.8 
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10 44.4 
  11 

   12 
 

41(1) 
 13 

   WALLEYE 
 

N=1 N=2 

         AGE MDNR TYRONE-2010 TYRONE-2018 

0 6.6 
  1 9.1 
  2 12 
  3 15.9 
  4 17.8 
  5 18.9 
  6 18.8     26 (1) 

 7 18.8 
 

20(1) 

8 21.4 
  9 19.7 
  10 22.6 
 

25(1) 

GREEN SUNFISH N=3 N=12 

         AGE MDNR TYRONE-2010 TYRONE-2018 

0 
  

2.4(11) 

1 3.2 
 

3(1) 

2 3.7 
  3 4.5 
  4 5 
  5 5.1 6 (3) 

 6 5.8 
  7 4.3 
  ______________________________________________ 

     

 Growth of bluegills in Lake Tyrone during 2010 followed state averages (Fig. 9, Table 

21), so there does not appear to be any stunting of young fish.  Part of the reason for this is the 

intense predation predator fish we examined (e.g., black crappies, largemouth bass) were 

exerting on this species at a young age.  They seem to be common and have reached some 

fishable sizes for people interested in harvesting this species.  During 2018, we captured one 

large specimen that was 10-yr old.  The growth of bluegills during both years was similar to 

MNDR averages and there was not much difference in growth between fish from 2010 when 

compared with 2018 data. 
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Figure 9. Growth of bluegills in Lake Tyrone during 30 August 2010 (yellow circles) and 29 

August 2018 (green circles) compared with the Michigan state averages (red circles) (see Latta 

1958). See Table 21 for raw data.  

 

 Pumpkinseeds appeared to be growing below state average values for ages 0 and 1 during 

2010 and 2018 (Table 21, Fig. 10).  Growth was then below state averages for age-2-8-year old 

fish for both years.  This is another important sport fish in the lake and unlike bluegills, 

pumpkinseeds tend to eat more snails than other benthos; hence over treatment for algae with 

copper sulfate will kill most mollusks and appears to have detrimentally affected this species, 

which experienced reduced growth.  We concluded that there was depressed growth of 

pumpkinseeds, but it occurred in both years and we  believe it may be related to the treatment of 

algae with copper sulfate.   
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Figure 10. Growth of pumpkinseeds in Lake Tyrone during 30 August 2010 (yellow circles) and 

29 August 2018 (green circles) compared with the Michigan state averages (red circles) (see 

Latta 1958). See Table 21 for raw data.  

 

 Largemouth bass collected during 2010 were growing at or slightly below state averages 

(Table 21, Fig. 11) and there were large numbers of young of the year (YOY) fish, 

demonstrating that they are reproducing adequately in the lake. There were vast quantities of 

sandy, gravelly beaches along the shoreline during 2010, but we believe those areas have been 

compromised by being covered by silt, presumably generated by aeration activity.  Some spots 

along the shores had accumulations of muck (see station S2 - Picture 10) both during 2010 and 

2018, but the covering by sediment was much more extensive during 2018 (i.e, along the NE 

side where we seined at station S2 – Fig. 2, Picture 10).  This could detrimentally affect 

spawning success by the sunfish family (bluegills, black crappies, largemouth bass, green 

sunfish) in the future, so spawning success needs to be monitored to make sure this does not 

happen.  During 2018, growth was at state averages and slightly better than the 2010 data.  We 

concluded that for largemouth bass (up to 14 inches) that growth during the pre-aeration period 

was similar to or slightly less than growth during the post-aeration period. 

 

 

 

 
 

Figure 11.  Growth of largemouth bass in Lake Tyrone during 30 August 2010 (yellow circles) 

and 29 August 2018 (green circles) compared with the Michigan state averages (red circles) (see 

Latta 1958). See Table 21 for raw data.  

 

 Black crappies are another important member of the Lake Tyrone fish community, since 

they are predators and provide another feisty sport fish for fisherman to catch during summer and 

winter.  They usually bite well and help control prey fish populations.  Our data on growth 

during 2010 suggested they are also growing slightly below state averages in Lake Tyrone (Table 

21, Fig. 12) and our netting data suggest they are common in the lake.  As noted, they are eating 

a considerable number of YOY bluegills, which we sometimes have observed, and such 
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predation is a good thing for controlling sunfish in the lake.  During 2018, we also caught many 

black crappies, which were growing mostly at state averages, but fish 2-4 yr old were growing 

slightly faster than fish caught during 2010.  We concluded that there was not much difference in 

the growth for black crappies in Tyrone Lake between periods, with the exception of faster 

growth of 2-3-yr olds during 2018. 

 

 

 
 

Figure 12. Growth of black crappies in Lake Tyrone during 30 August 2010 (yellow circles) and 

29 August 2018 (green circles) compared with the Michigan state averages (red circles) (see 

Latta 1958). See Table 21 for raw data.  

 

 

 Yellow perch, based on our study during 2010, seemed to be less abundant than most of 

the panfish and largemouth bass in the lake.  They are preferred prey of northern pike and 

walleyes.  Their growth seems to be adequate based on the fish we examined, since they were 

growing at or slightly below state averages (Table 21, Fig. 13).  We captured more and larger 

yellow perch during 2018, and like yellow perch collected during 2010, fish were growing at 

state averages.  We found no difference in growth of yellow perch between periods; however, we 

did catch more and larger fish during 2018. 

 

 



 

 88 88 

 
 

Figure 13. Growth of yellow perch in Lake Tyrone during 30 August 2010 (yellow circles) and 

29 August 2018 (green circles) compared with the Michigan state averages (red circles) (see 

Latta 1958). See Table 21 for raw data.  

 

 Green sunfish is another sport fish in the lake, that appear to be less common than other 

species and this species also has a more diverse diet, usually eating more fish than its cousins in 

the sunfish community because of their larger gape size.  During 2010, we only collected three 

specimens (5-yr olds) and they seemed to be growing faster than state averages (Fig. 14, Table 

21).  During 2018, we only collected small YOY and yearlings; they were also growing at state 

averages.  Not enough specimens were available to come to reliable conclusions for green 

sunfish, but there appeared to no differences in growth between years.  
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Figure 14. Growth of green sunfish in Lake Tyrone during 30 August 2010 (yellow circles) and 

29 August 2018 (green circles) compared with the Michigan state averages (red circles) (see 

Latta 1958). See Table 21 for raw data.  

 

 During 2010, we obtained northern pike from residents and collected three ourselves, 

which were all examined for diet, age, and sex.  As can be seen from the data (Table 21, Fig. 15) 

the ones we examined seem to be growing at or slightly below state averages.  Northern pike are 

notoriously difficult to age using scales and I had to be very careful ageing these.  The monster 

northern pike appeared to be about 12 years old and was one of the largest I have ever seen come 

out of a small inland Michigan lake.  Obviously, reproduction is occurring as there are no reports 

of stocking this species, so efforts should be made to ensure that the small bay area in the south 

is accessible and being used by northern pike.  During 2018, we caught another huge northern 

pike in our gill nets plus a number of others, much more than we caught during 2010.    Fish 

from 1-4 yr old were growing below state averages, while larger ones were growing at rates 

similar to state averages.  The presence of more fish of younger ages indicates that continued 

successful spawning in ongoing in the lake.  There did not appear to be a substantial trend of 

differences in growth of northern pike between years.   

 

 

 

 

 
 

Figure 15. Growth of northern pike in Lake Tyrone during 30 August 2010 (yellow circles) and 

29 August 2018 (green circles) compared with the Michigan state averages (red circles) (see 

Latta 1958). See Table 21 for raw data.  

 

  

During 2010, one walleye from Lake Tyrone was donated to us by a resident and it was 

the only one we saw from the lake that year.  Based on scales, it was growing much faster than 

state averages and was a magnificent fish (Table 21, Fig. 16).   Walleyes apparently can survive 

in the lake, but we speculate there are very few left based on our sampling.  We believe this to be 
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due to the extreme environment they must endure during the summer bottleneck of high water 

temperatures and low dissolved oxygen (see fish squeeze Fig. 6).   They are not a native species 

for Tyrone Lake and will not spawn in the lake.  In fact, it was also noted by the 1953 MDNR 

study that Lake Tyrone was not adequate environment for consideration of stocking trout (and 

we would add walleyes as well).    During 2018, much to our surprise, we collected two walleyes 

in the very warm water in mid lake (water temperatures were a near uniform 25 C (78 F) from 

surface to bottom).  These two walleyes were growing slower than the one we collected during 

2010, and growth was close to state averages.  For walleyes, we only caught three and one was 

growing very fast, while the other two were growing at state averages.  This is too few samples 

to reach reliable conclusions.   

 

 

 
 

Figure 16. Growth of walleyes in Lake Tyrone during 30 August 2010 (yellow circles) and 29 

August 2018 (green circles) compared with the Michigan state averages (red circles) (see Latta 

1958). See Table 21 for raw data.  

 

 

Conclusions: Growth of bluegills during both years was similar to MNDR averages and 

there was not much difference in growth between fish from 2010 when compared with 2018 

data.  We concluded that there was depressed growth of pumpkinseeds, but it occurred in both 

years 2010 and 2018 and we believe it may be related to the treatment of algae with copper 

sulfate, which kills their main food supply, mollusks.  We concluded that for largemouth bass 

(up to 14 inches) growth during the pre-aeration period was similar to or slightly less than 

growth during the post-aeration period.  We concluded that there was not much difference in the 

growth for black crappies in Tyrone Lake between periods, with the exception of faster growth 

of 2-3-yr old fish during 2018.  We captured more and larger yellow perch during 2018, and like 

yellow perch collected during 2010, fish were growing at state averages.  We found no 

difference in growth of yellow perch between periods; however, we did catch more and larger 

fish during 2018.  Not enough specimens were available to come to reliable conclusions for 

green sunfish, but there appeared to no differences in growth between years. There did not 



 

 91 91 

appear to be a substantial trend of differences in growth of northern pike between years. For 

walleyes, we only caught three and one was growing very fast, while the other two were growing 

at state averages.  This is too few samples to reach reliable conclusions.   

 

 

 

 

DISCUSSION 
 

CONCLUSIONS ON THE EFFECTS OF AERATION ON PARAMETERS 

 

     We took a weight of evidence approach to determining the positive and negative effects of 

aeration on the Tyrone Lake ecosystem.  We summarize the data in the following paragraphs.  

 

Sediment 

 

During 2018, we found the lake was completely de-stratified and it appeared that there was 

a thin layer of fine sediment deposited all over the lake bottom, but was especially observable in 

shallow water where we did our seining and dropped our anchor to sample benthos; large 

billowing waves of black sediment filled the water column.  We did not observe this during our 

2010 study.  However, note that RTS (2017) generated TSS data for the lake and these data 

suggested there was no difference in TSS (10 or less mg/L) during pre- and post-aeration times.   

 

Conclusion:  More research (sediment traps) should be done to verify whether what we 

found, that aeration appears to have spread a thin layer of sediment over much of the lake, is 

happening.  If true, we would expect detrimental effects on sensitive benthos, like mayflies (we 

found none), and it may also degrade spawning by fish and negatively affect visual predators, 

such as northern pike, largemouth bass, and other members of the sunfish family, from 

efficiently catching prey. 

 

Water Clarity 

 

Freshwater Physicians studies from 2010 compared with 2018 data showed not much 

difference in Secchi disk readings between summer time periods (2.5 ft vs. 3.0 ft), while  

Restorative Lake Sciences studies (2017) showed pre-aeration data (4.6 ft) compared with post 

aeration data (6 ft) showed about a 2-ft increase in water clarity.  These values were skewed high 

by two unusual readings of 12 and 11 ft.   

 

Conclusions: There was no change in water clarity when Freshwater Physicians’ data 

were used or about a 2-ft increase if Restorative Lake Sciences data are used.   

 

Winter Dissolved Oxygen and Temperature 
 

Dissolved oxygen concentrations during winter 2010 ranged from 11.4 at the surface to 

1.2 mg/L on the bottom.  During 2018, concentrations were much lower at the surface (4 mg/L) 
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and on the bottom (0 mg/L) compared to 2010 values (1.4 mg/L).  Water temperatures were 

comparable.   

 

Conclusions: We concluded that dissolved oxygen concentrations were considerably 

lower in the water column during 2018 than they were during 2010.  It is difficult to assign this 

change to the aeration activities, but does suggest that degraded dissolved oxygen levels may be 

a problem during winter and should be monitored.  Additional data would be required to verify 

this finding. 

 

Spring Dissolved Oxygen and Temperature 
 

Dissolved oxygen data showed almost similar concentrations from surface to bottom 

during spring 2010 (12 mg/L) to spring 2018 (12.8 mg/L).  There was some depression of 

oxygen on the bottom during 2010, when the concentration there was 6.8 mg/L.  There was a 

slight difference in water temperatures between 2010 (7 C) and 4.9 C in 2018 due to timing of 

the sampling bouts.   

 

Conclusions:  We concluded there was little difference between the two sampling periods 

and no effect of previous aeration on the dissolved oxygen data were obvious when these 2 years 

were compared in spring. 

 

Summer Dissolved Oxygen 

  

Our 2018 post-aeration data during summer stratification, showed clearly that aeration 

was destratifying the lake in the deep hole.   Similar dissolved oxygen values (with the exception 

of at the bottom of station A during 2018, which was 0.08 mg/L) were found throughout the lake.   

Consequences are stressed cool-water fishes (northern pike and walleye) and re-distribution of 

nutrients (N and P) from bottom waters to surface waters due to occasional anoxia there and 

spreading of fine sediments all over the lake.  Although refuges (cooler water and enough 

dissolved oxygen) for cool-water fishes during 2010 were small, even this was eliminated by the 

aeration elevating the water temperatures to some very high levels from surface to bottom.  RLS 

(2017) found depressed dissolved oxygen levels post-aeration when compared with pre-aeration 

data, which they attributed to warmer temperatures (contain less dissolved oxygen) caused by 

aeration.   

  

Conclusions: Aeration has destratified the deep hole in Tyrone Lake causing similar 

warm temperatures from surface to bottom, eliminating what little refuge there was for cool-

water fishes.  Because of the low dissolved oxygen found on the bottom at station A, there may 

be occasions when the bottom goes anoxic, which would release more phosphates and ammonia 

into the water column.  On the other hand, the oxygenation of bottom waters should depress this 

effect, in as much as it is oxygenating those waters.  In addition, we believe that aeration is re-

distributing sediment into the water column which can have far-reaching effects on increasing 

nutrients and detrimentally affecting benthos and fish. 
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Chlorides 

 

     The mean concentration of chlorides during spring and summer 2010 was 43 mg/L (n=10), 

while during 2018, it was 49 mg/L (n=8).  There is not much difference between these two 

values, nor would we expect there to be unless there was some long-term trend of increasing 

chlorides historically.   

 

Conclusions: We concluded that there was no difference in chlorides between 2010 (no 

aeration) and after aeration began in 2016 as represented by the 2018 data.  

 

Phosphorus 

 

 Pre-aeration, summer SRP data from 2010 showed the typical response of most lakes: 

trace concentrations (<0.005 mg/L) at all stations and depths during spring and summer.  Post-

aeration data from 2018 showed during spring that mean SRP increased from trace to 0.006 

mg/L.  Summer 2018 SRP data also showed an increase from trace 0.010 mg/L.  These data 

suggest that aeration increased SRP slightly in spring and considerably during summer.   

Restorative Lake Sciences (2017) SRP data (Table 9) were at trace levels prior to and 

after aeration during spring, indicating no change in concentrations. During summer, pre-

aeration, epilimnectic, SRP data compared with post-aeration 2016 data, showed an almost 5X 

increase from 0.002 to 0.010 mg/L, but there was no change when compared with summer 

epilimnion data from 2017.  Aeration increased SRP during 1 year (2016), but made no 

difference in the next (2017).   

In the hypolimnion, pre-aeration summer SRP concentration was 0.100 mg/L, a very high 

concentration, but not unusual in anoxic conditions.  The post-aeration comparable value for the 

hypolimnion during summer 2016 was 0.015 mg/L, a decline of 85%, while during 2017, 

concentrations declined to trace levels. We concluded aeration depressed the SRP in the 

hypolimnion during summer. 

The pre-aeration, spring, epilimnetic concentration of TP averaged 0.005 mg/L, while the 

comparable post-aeration TP in spring was 0.012 mg/L, which is a 2X increase (Table 9).  

Chlorophyll a data, a surrogate for algae, do not explain this increase in TP, but we believe that 

algae and re-suspended sediment were responsible.  Summer data showed the opposite effect, 

since TP in the eplimnion declined from 0.052 mg/L during pre-aeration to 0.034 - 0.026 mg/L 

during post-aeration, a decline of 35-50%.   In the hypolimnion, TP during the pre-aeration 

period was 0.160 mg/L, which declined to 0.049 - 0.026 mg/L, a decline of 69-84%.  Aeration 

decreased the concentrations of TP present during the pre-aeration period by de-stratifying the 

lake in the post-aeration period.   

 

Conclusions: In summary, results were mixed.  Freshwater Physicians data comparing 

2010 (pre-aeration data) with 2018 post-aeration data, showed that SRP increased slightly in 

spring during 2018 and a considerable amount during summer 2018 over 2010 data.  Restorative 

Lake Sciences (2017) data showed SRP concentrations were similar between pre- and post-

aeration periods for spring epilimnetic comparisons, while during summer 2015, SRP pre-

aeration data showed a 5X decline in 2016 and an even larger decline during 2017.  The TP, 

epilimnectic, spring, pre-aeration data showed a 2X increase during the post-aeration period, 
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while the summer epilimnetic data showed a 35-50% decline for the same comparison.  In the 

hypolimnion, the summer TP data also showed a large decline of 69-84%, which was attributed 

to aeration reducing the phosphorus levels in bottom waters by de-stratifying the water column.    

 

 

Nitrates 

 

Nitrates appeared to show a similar pattern seen with phosphorus.  The pre-aeration 

nitrates in spring 2010 were moderately high averaging 0.30 mg/L, while the post-aeration 

values were much lower, averaging 0.07 mg/L.  We concluded that aeration the year before 

reduced the amount of nitrates transferred to the lake during the next spring’s overturn period by 

reducing the amount of nitrates generated during the previous summer’s anoxic period.  There 

could be other reasons for this finding as well, for example high uptake by the plant community 

during 2018.  During summer, nitrates during the pre-aeration 2010 period were at trace values 

(<0.01 mg/L), while during the aeration period they were slightly higher averaging 0.07 mg/L.  

We concluded that like phosphorus, aeration was providing nitrates to the water column during 

summer, which were so high, the plants were not removing them to trace levels, which we 

documented happened in the pre-aeration period and which we find commonly in the eutrophic 

lakes on which we work.  So, aeration was having a positive effect by removing some of the 

nitrates produced during spring but appeared to be producing more nitrates during summer 

because of resuspensation of the bottom sediments, allowing nitrates to dissolve into the water 

column. 

 

Conclusions: Aeration comparing 2010 with 2018 appeared to generate a positive effect 

by removing some of the nitrates produced during spring, but apparently was producing more 

nitrates during summer.  One possible reason was resuspensation of the bottom sediments, 

allowing nitrates to dissolve into the water column. 

 

 

Ammonia 

 

Ammonia acted differently than either nitrates or phosphorus. When we examine post-

aeration data of 2018, we found that winter ammonia levels were elevated at 0.16 mg/L, which is 

unexpectedly high. We suggest that during winter, ammonia was produced on the bottom, then 

re-distributed throughout the water column in spring leading to the 0.08 mg/L measured in 

spring. During pre-aeration spring times during 2010, concentrations were low (0.08 mg/L), but 

during spring 2018 (prior to start of aeration which occurred on 1 April), ammonia 

concentrations were reduced to trace levels presumably due to plant uptake.   During summer 

2010, the pre-aeration period showed that ammonia was stratified and at station A, 

concentrations were at trace levels in surface waters, but contained very high concentrations on 

the bottom, 2.23 mg/L. Aeration during summer 2018, reduced concentrations to 0.04 mg/L.  

Even though concentrations were low, we expected trace levels due to aeration.  One possibility 

is that the aeration was stirring up the sediments from the bottom and converting ammonia to 

nitrates, which resulted in low amounts of ammonia still circulating in the lake. 
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Conclusions: There were elevated concentrations of ammonia found during winter 2018, 

which we attributed to decomposition of bottom sediments.  During spring no comparison was 

possible since aeration had not occurred prior to measurements in 2018.  During the summer pre-

aeration period, ammonia was stratified with 2.23 mg/L on the bottom; this was reduced to 0.04 

mg/L due to aeration probably converting ammonia to nitrates and promoting denitrification.     

 

 

Conductivity 

 

During spring 2010 (pre-aeration period), conductivity averaged 464 uS (n=3), while 

during the post-aeration period of 2018, spring conductivity averaged 518 uS (n=5), an increase 

of 54 uS.  Comparing pre-aeration summer data from 2010 (443 uS (n=7) with post-aeration data 

from 2018 (516 uS, n=7) showed an increase of 73 uS.    There was clearly an increase in 

conductivity from pre-aeration to post-aeration periods.  This can partially be explained by 

chlorides, which are main contributors to conductivity, but only during summer (an increase 

from 42 mg/L to 53 mg/L), not during spring (44 mg/L vs. 46 mg/L).  Aeration could be the 

reason why more conductivity was documented during 2018, because it stirred up sediments into 

the water column, which could release more negative ions, increasing conductivity.  We found 

higher concentrations (albeit low) of nitrates, phosphorus, and ammonia in the water column 

during the post-aeration period, which would also tend to increase conductivity values.  It could 

also be due to a long-term increase in negative ions accumulating in the lake. 

 

Conclusions: Conductivity from spring and summer 2010 to 2018 increased from the pre- 

to the post-aeration period by 54-73 uS.  RLS (2017) data corroborated this similar pattern.  Pre-

aeration data from summer 2015 increased from 367 uS (n=12) to 403 uS (n=12), a 36-uS 

increase.  May data were not used since there were no pre-aeration May data.  We believe one 

reason for this was aeration putting more sediments into the water column, which elevated 

conductivity.  

 

Algae 

 

 

 RLS (2017) analyzed water for algae during pre-aeration (2015) and post-aeration (2016-

2017).  We re-averaged the data for a comparison between May 2015 and May 2016 and summer 

2015 (July) vs. summer (June, July, and September) 2016-2017. It should be noted that copper 

sulfate treatments were ongoing during pre- and post-aeration periods, potentially compromising 

conclusions.  With this caveat, green algae dominated the algae community with contributions 

from blue-green algae and diatoms.  Total algae counts for the pre-aeration community during 

May were lower in the post-aeration era (335 (n=1) vs. 225 (n=1).  Both green (140 to 70) and 

blue-green algae (140 to 70) declined, while diatoms increased (20 to 65) from spring pre- to 

post-aeration times.  The summer comparison showed similar results: total counts declined from 

485 (n=1) to 249 (n=6)); green (259 to 102) and blue-green algae (175 to 79) also declined.  

Diatoms barely increased from 60 to 68.    

Freshwater Physicians did not collect any algae samples during 2010 so no comparison is 

possible with 2018.  There were no nuisance bloom-forming algae in Tyrone Lake found during 

August 2018 compared with many Michigan lakes; Tyrone Lake has reasonable summer algae 
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levels.  Our findings (41% green algae, 23% diatoms, 18% euglenoids, 9% blue-green algae) 

compare well with RLS data, since they also found low levels of blue-green algae and green 

algae, with increased diatom communities; diatoms were second in abundance to green algae in 

our findings as well. 

 

 Conclusions: RLS data clearly showed that green algae dominated, that total, green, and 

blue-green algae decreased in the post-aeration phase, while diatoms increased.  The 2018 data 

showed a similar algal community composition without nuisance blue-greens present.  

 

Macrophyte 

 

The impact of aeration on the macrophyte community is impossible to ascertain, since the 

comparison of macrophyte abundance prior to aeration and after are compromised by the 

aggressive herbicide and copper sulfate treatments of the macrophytes and algae that have been 

ongoing during the aeration period.  It is clear that during 2017 that 84 acres of the lake, almost 

82% was covered with a combination of Eurasian milfoil and curly-leaf pondweed.  During our 

surveys in spring and summer, 2018, we saw very few plants, suggesting that they were 

considerably diminished from previous characterizations of their abundance.  Additional 

confirmation of this conclusion will have to await further macrophyte studies during 2019.   

 

Conclusions: We made two observations from the macrophyte data.  First, during 2017, 

82% of the lake was covered with exotic plants.  Since aeration was ongoing since 2016, it 

appears to be having no effect on abundance.  However, during our 2018 studies, we saw very 

few macrophytes during our sojourn around the lake, which apparently was due to the aggressive 

herbicide treatments in the lake.   

 

Zooplankton 

 

When zooplankton data from 2010 (pre-aeration) were compared with those from 2018 

(post-aeration), it appeared that the cladoceans Bosmina, Diaphansoma, and Eubosmina showed 

slight increases in abundance, while Ceriodaphnia showed little change between periods.  The 

copepods Diaptomus ashlandi and Tropocyclops showed slight increases in abundances, while 

the remaining species showed no changes.  This could be due to changes in algae, which 

Restorative Lake Services (2017) suggested had changed to more diatoms during post aeration.  

Our algae data from 2018 showed diatoms composed 23% of the community too.   More diatoms 

would favor better growth and survival for zooplankton.   

  

Conclusions: Our zooplankton (cladocerans) showed slight qualitative increases from 

pre- to post-operational periods.  These differences are probably not significant, but are bolstered 

by documented increases in diatoms, prime fatty food for zooplankters.     

 

Benthos 

 

Comparing benthos data from 2010 (pre-aeration) with post-aeration (2018) data showed 

there was not much difference in diversity, with oligochaetes, chironomids, and phantom midges 
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dominating the samples.  There were dramatic difference shown with phantom midges.  Phantom 

midges perform diel vertical migrations and use low- to no-oxygen zones as refuges from fish 

predation (never-the-less, many fish ate them).    Since their numbers were much lower during 

2018 because of increased dissolved oxygen in bottom waters, fish apparently had greater access 

to bottom waters, reducing their abundance during 2018.  Fewer were eaten by fish as a result. 

Sensitive benthic organisms were found during 1953 (amphipods, caddisflies, and 

mayflies – MDNR data) and during 2016-2017 (mayflies and amphipods) (at two shallow 

stations in Lake Tyrone - station B1, B2 - Restorative Lake Services 2017).  RLS compared 2016 

samples (pre-aeration) with 2017 samples (post-aeration), but this comparison was invalid since 

aeration was ongoing during both sampling bouts.  They concluded that there was not much 

difference between periods in benthos found.  Freshwater Physicians collected data at one of 

their stations (B2) during 2018 and their sample had no sensitive organism present, while RLS 

data showed the present of amphipods during 2017.  None of these sensitive benthic organisms 

were found in any fish stomachs from either 2010 or 2018. Fish are very efficient at finding food 

of this type and the lack of any in the stomachs we examined is good evidence that they are 

either in low abundance or extirpated from Lake Tyrone.  The spreading of a layer of finely 

divided sediment all over the lake from aeration may have had a detrimental effect on the 

sensitive benthos (especially mayflies). 

 

 Conclusions: Benthos data from 2010 (pre-aeration) compared with post-aeration (2018) 

data showed insensitive organisms, oligochaetes, chironomids, and phantom midges, dominated 

the samples.  Phantom midges, which reside on the bottom and rise to the surface at night, 

decreased during the post-aeration period, presumably due to increased oxygen in bottom waters 

allowing fish access.  Sensitive benthos (mayflies, amphipods) were found during 1953 (MDNR) 

and by RLS (2016, 2017).  However, our efforts to re-sample one of those RLS stations (B2) 

showed no sensitive benthos were present.  We are concerned that the fine sediment we observed 

on the bottom in shallow water may have detrimentally affected these sensitive benthic 

organisms.  More data are needed to confirm this finding, including the exact location of the RLS 

stations.   

 

Fish Diversity  

 

The qualitative fish sampling we did during 2018 showed that the fish population during 

2018 was probably more abundant than what we sampled during 2010.  Seine hauls contained 

large numbers of YOY bluegills and pumpkinseed and some huge adults of both species were 

often caught in all three gear types.  This is surprising given the turbid conditions, which should 

retard reproduction and predation by visual predators.  Predators that can feed at night, such as 

walleyes and bullheads, will be favored. Two huge walleyes were also caught; we thought they 

would be extirpated from the lake because of the severe water temperature and low dissolved 

oxygen conditions.   Golden shiners are still present and flourishing and are superb prey fish for 

many species.  Northern pike appear to be more abundant, since we caught more smaller fish in 

2018 than we saw in 2010.  Black crappies were also common in our catches and of large sizes.   

 

Conclusions: Although difficult to prove conclusively, we found a similar number of 

species in 2018 as in 2010 (black bullheads were one new species) and based on qualitative 

observations, think that there were more bluegills, black crappies, yellow perch, and northern 
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pike present than in 2010 and golden shiners are still abundant in a range of sizes.  This good 

news must be cautioned with concerns we have for the future of this fishery.  Although water 

transparency has always been low in Tyrone Lake and the fishery has still flourished, we are 

concerned by one of the aeration suspected side effects: re-suspension of the accumulated 

sediments.  This could degrade gravel and sand spawning sites for the sunfish family and 

decrease the ability of visual predators to catch prey.  We also think this effect has extirpated 

sensitive benthos, such as mayflies.  Obviously more work needs to be done in this area such as 

sediment traps, verification of sediment accumulation in sandy and gravel areas, and more 

benthos sampling to document whether the benthos has been changed due to this effect.    

 

Fish Diets 

 

Black crappie, walleyes, northern pike, and green sunfish diets from 2010 and 2018 were 

very similar.  Bluegill diets during both years were mostly insectivorous, with some differences 

between years, as fish from 2010 ate fish and phantom midges, which was not observed during 

2018.  Pumpkinseeds were eating a considerable number of mollusks (snails, fingernail clams) 

and in addition some caddisflies, chironomids, and algae during both years, leading us to 

conclude there was not much difference between periods.  Diets of yellow bullheads were similar 

between pre- and post-aeration, with the exception of no phantom midges eaten during 2018 

contrasted with 2010 diets.  We concluded there was not much difference in largemouth bass 

diets between 2010 and 2018, when they ate exclusively fish, mostly YOY bluegill, but also a 

golden shiner and largemouth bass.   

 

Conclusions: Most fish (black crappies, walleye, northern pike, green sunfish, 

pumpkinseed, and largemouth bass) were eating similar prey items between 2010 and 2018.  

However, there were some apparent aeration effects.  Phantom midges reside in the bottom 

waters and use hypoxic/anoxic conditions as a refuge from fish predation.  Aeration apparently 

increased fish access to these prey items, since bluegills and yellow bullheads ate less or no 

phantom midges in the post-aeration 2018 period.   

 

Fish Growth 

 

Growth of bluegills during both years was similar to MNDR averages and there was not 

much difference between fish from 2010 when compared with 2018 data.  There was depressed 

growth of pumpkinseeds, but it occurred in both years and we believe it is related to treatment of 

algae with copper sulfate, which kills their main food supply, mollusks.  For largemouth bass (up 

to 14 inches) growth during the pre-aeration period was similar to or slightly less than growth 

during the post-aeration period. There was not much difference in the growth for black crappies 

between periods, with the exception of faster growth of 2-3-yr old fish during 2018.  We 

captured more and larger yellow perch during 2018, but fish were growing at state averages in 

both years.  Not enough specimens were available for green sunfish, but there appeared to no 

differences in growth between years. There did not appear to be a substantial trend of differences 

in growth of northern pike between years. For walleyes, we only caught three and one was 

growing very fast, while the other two were growing at state averages.  This is too few samples 

to reach reliable conclusions.   
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 Conclusions:  We found no substantial differences in growth rates between pre- and post-

aeration periods for bluegills, largemouth bass, black crappies, yellow perch, and northern pike.  

Pumpkinseeds had depressed growth during 2010 and 2018, which was attributed to copper 

sulfate treatment of algae, which kills mollusks, their main food supply.  There were not enough 

data for green sunfish and walleyes to reach conclusions.  

 

Summary of Aeration Effects  

 

 In order to arrive at a final conclusion regarding the effects of aeration on Lake Tyrone, 

we examined 18 parameters (see above for details) for which we had data prior to and after 

aeration began.  We relied on three sources of information: Freshwater Physicians study during 

2010 (Freshwater Physicians 2011) and one (this study) during 2018, Restorative Lake Sciences 

(2017), and ProgressiveAE studies (Pam Tyning, ProgressiveAE, Grand Rapids, MI).  Each 

parameter was evaluated and given a response (Positive, Negative, No Change, Unable to reach 

reliable conclusions, and combinations of these).  One parameter (macrophytes) was designated 

as unable to reach a reliable conclusion because of confounding factors, i.e., herbicide treatments 

were ongoing each year prior to and during aeration (Table 22).   Of the 17 remaining 

parameters, four were designated positive, four were negative, four were “no change”, and five 

were a combination of negative and positive.  The overarching issues for the lake residents are 

probably water clarity, nuisance algal blooms, macrophytes, thick sediments, and fish 

community health.   

Water clarity results were variable: this study showed no change in water clarity between 

2010 and 2018, while RLS (2017) found a mean increase from pre-aeration to post-aeration of 

1.4 ft (note: two of the Secchi disc readings seemed to be outliers – 11 ft and 12 ft respectively, 

which increased the mean).  Algae, based on RLS data, showed a decline in green and blue-green 

algal counts and an increase in diatoms, a positive response.  Macrophytes, as noted, have been 

treated with herbicides during most years, so no conclusions regarding how aeration might have 

affected their abundance can be reliably made.  However, we need to make two points: 1.  

During 2017, RLS noted that the lake was 82% covered with macrophytes, mostly the invasive 

Eurasian milfoil and curly-leaf pondweed.  One would conclude then that aeration did not 

depress macrophyte growth even though aeration was ongoing during 2016 and 2017.  2.  During 

2018, when we did our study, we saw very few macrophytes anywhere.  However, we did not 

specifically monitor for macrophytes, but noted them during our study while doing netting 

activity.  The only plant we saw in abundance was Chara at one of our seining stations.  One 

condition we do not want to see is the lake become dominated by algae, since it is difficult to get 

macrophytes to grow under these conditions.   

We collected sediments in an Ekman grab sampler to measure benthos, and they are 

composed of fine, black organic matter at two stations (see Pictures 3, 4, 6) and similar material 

at the south-most station, but sediment there was more organic, probably a reflection of its 

former marsh habitat.  In addition, ProgressiveAE (2003) did some soft sediment depth 

measurements and noted some 9.5-ft deposits in the south half of the lake; sediments in the north 

half were less (up to 2.5 ft).  When we were doing our seining we ran into 2-4 ft accumulations 

of sediment along the NE shoreline (see Picture 10) to provide a visual picture of the extent of 

the sediment deposits.  Lastly, we noted that when we put the anchor into the water to collect a 

benthos sample in about 3 ft of water that a large, billowing cloud of sediment sprung up in the 

water column.  We are concerned that this sediment is a result of aeration, since we did not 
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observe this during our 2010 seining activities.  At that time we noted many areas of sand and 

gravel that were not covered with sediment, as we noted during 2018.  TSS however did not 

show any increases, which argues against this hypothesis.  This may be one negative aspect of 

aeration, which will negatively affect benthos (no sensitive benthic organisms found during 

2018), degrade spawning sites for the sunfish family, and depress success of visual feeders.   

Lastly, it appears, despite the negative factors of high turbidity, fine sediment on 

spawning sites, warm temperatures throughout the lake during summer, that so far the fish 

community is in excellent shape.  Based on our collections and observations, it appears that there 

are many more YOY bluegills present than in 2010 and that many predators are eating them.   

There were more black crappies, large yellow perch, northern pike, some huge bluegill adults 

than prior, and we caught two walleyes.  Lastly, golden shiners (2.6-9.1 in) were prominent in 

our seine and gill net collections, indicating that they are still flourishing and many top predators 

were eating them.  As noted, we worry about long-term effects of the present conditions in the 

lake, especially the fine sediment.  Obviously, turbidity as reflected in water clarity 

measurements has not changed much since 1953, so that alone has not impacted the health of the 

fishery.  A close monitoring of the fish community regularly or through observations of the 

fishers of the lake, should be done to ensure continued success of this fishery. 

 RLS (2017) stated goals for the aeration study are shown below.   

 

1.  Reduction in macrophyte abundance- Appears to be yes. 

2. Reduction in sediment thickness- No, sediment re-distributed all over lake bottom. 

3. Reduction in algal growth- Yes 

4. Increase in water clarity- No/Yes 

5. Increase in dissolved oxygen- Yes 

 

There appears to be a reduction in macrophytes (not due to aeration, but presumably herbicides) 

and algae and an increase in dissolved oxygen.  Water clarity either stayed the same or increased 

by 1.4 ft.    No good evidence exists to document any changes in sediment, and we believe that 

aeration has re-distributed sediment all over the lake, to the detriment of biota.   

 Taking all this into consideration, there are definite positive outcomes from aeration and 

some negative ones.  Aeration by definition adds oxygen to the water column and this process 

destratified Tyrone Lake, leading to similar water temperatures and dissolved oxygen levels from 

surface to bottom.  The positive outcomes were more oxygen in the hypoxic/anoxic zone, which 

during most cases prevented more phosphorus from being released and depressed the production 

of ammonia, which is high during stratified conditions.  However, some chemical parameters 

such as dissolved oxygen, conductivity, nitrates, and in some cases SRP were lower (dissolved 

oxygen) or higher (other chemical parameters) in the hypolimnion, indicating incomplete 

oxygenation of the bottom promoting additional decomposition and accompanying chemical 

production.  One interesting occurrence was that phantom midges, which perform a diel vertical, 

nocturnal migration from anoxic waters were abundant prior to aeration, but less abundant after, 

suggesting the oxygenated water was accessible to fish, which depressed the phantom midge 

populations. The warm temperatures are detrimental for cool-water fish, such as walleyes and 

northern pike which will be stressed and not grow during summer periods.  We also believe that 

sediments are being re-distributed throughout the lake.  Consider an aerator placed in 9.5 ft of 

sediment that sinks to the bottom.  That sediment will be disturbed and re-suspended into the 

water column, possibly interfering with fish spawning and visual feeding by predators.  Sensitive 
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benthos may be killed.   Water clarity did not change much or at most increased 1.4 ft in some 

cases. Algae counts were depressed for green and blue-green algae and diatoms increased, a 

positive outcome, but probably not noticed by residents.  Macrophytes had to be treated with 

herbicides to control them, so aeration had no substantial effect.  When the weight of evidence 

approach is taken, we believe that the existing and potential future negative effects outweigh the 

positive ones and would argue against further aeration.      

  

 

Table 22.  Summary of comparisons of  physical, biological, and chemical parameters in Tyrone 

Lake before aeration began prior to 2016 and after aeration (2016-2018).  N = negative 

consequences of aeration, P = positive consequences of aeration, NC = no change in parameters,  

XX = no conclusions could be reached based on complicating circumstances.  FP = Freshwater 

Physicians this study, RLS = Restorative Lake Sciences (2017) data.   
 

__________________________________________________________________________________ 

Parameter Effect Explanation 

__________________________________________________________________________________ 

Sediment N FP: Aeration covers bottom with layer of fine sediment; Possible impacts 

  
on fish spawning/visual predators.  Possible negative effect on sensitive 

  
benthos (mayflies, amphipods).  Source of nutrients and anoxia.   

   Water 
  Clarity NC/P FP: No change in transparency.  RLS: 1.4-ft increase during aeration. 

   Winter Diss. 
  Oxygen N FP: There was less dissolved oxygen in 2018 than in 2010. 

   Spring Diss. 
  Oxygen NC FP: No change in DO between pre- and post-aeration periods.  

   Summer Diss.  

Oxygen N/P 
 

  

FP: Anoxia/hypoxia on bottom in 2010; lake was destratified during 2016-18, 
injecting oxygen into bottom waters.  Warmer water will stress fish. 

   Chlorides NC FP: No change in chlorides from 2010 to 2018. 

   Soluble 
  Reactive 
  Phosphorus N/P FP: In spring, SRP increased slightly between periods; in summer there 

  
was a large increase in SRP.   

  
RLS: No change in spring SRP between periods; big decline in SRP for  

  
summer comparison.   
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Total 
  Phosphorus N/P RLS: In spring, TP increased in the epilimnion.  In summer, TP declined 

  
by 50% in the epilimnion and by 69-84% in the hypolimnion.   

   Nitrates N/P FP: Nitrates declined in spring from 0.30 to 0.07 mg/L between periods.   

  
During summer, nitrates increased from trace to 0.07 mg/L. 

   Ammonia P FP: During summer, hypolimnetic ammonia decreased from 2.23 mg/L 

  
to 0.04 mg/L between periods.  

   Conductivity N FP: In post-aeration period, conductivity increased by 54-73 uS. 

  
RLS: Conductivity increased by 36 uS.  Sediment re- suspension is  

  
suspected. 

   Algae P RLS: Green and blue-green algae decreased; diatoms (preferred prey of  

  
zooplankton) increased.   

   Macrophytes XX No comparisons possible because of confounding treatment by 

  
herbicides.  Observations: 82% of lake covered in 2017; aeration in 2016 

  
and 2017 apparently had little effect on abundance.   

  
During 2018, FP saw very few macrophytes in the lake.   

   Zooplankton P FP: Small increase in abundance of cladocerans; no change in rest 

   Benthos NC/N FP: No change between periods noted, except fewer phantom midges 

  
during 2018 due to aeration of water column and access by fish. 

  
FP/RLS: Sensitive benthos not present at station B2 sampled in 2015 by 

  
RLS and by FP during 2018.   

   Fish  
  Diversity N/P FP: One more species present in 2018 than 2010; qualitative  

  
observations suggest more fish as well.  Concerned that fine sediment 

  
dispersal over lake bottom may impact spawning sites and feeding.   

   Fish Diets NC Most fish between pre- and post-aeration periods were eating similar 

  
prey items.  Bluegill and yellow perch ate fewer phantom midges during 

  
2018 due to aeration allowing fish access to the hypolimnion.  

   Fish Growth NC There was no substantial changes in fish growth between 2010 and 2018. 

  
Pumpkinseed growth was below state means in 2010 and 2018 

  
presumably due to killing of their mollusk prey by copper sulfate. 

__________________________________________________________________________________ 
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RECOMMENDATIONS 

Introduction 

 

This report had two objectives: first, to evaluate the efficacy of aeration as a lake 

management improvement technique for Tyrone Lake.  As noted above, we used a weight of 

evidence approach and recommended that aeration negative effects outweighed the positive ones.  

Second, we wanted to update our 2010 report and determine if there were any long-term changes 

in physical, chemical, or biological properties that should be addressed.  From the dataset we 

generated, we identified some areas of special attention.  The sediment situation was and 

continues to be dire, with accumulations up to 9.5 ft in some areas (ProgressiveAE 2003), and 

we believe that aeration has exacerbated this condition by re-suspending sediment and allowing 

it to be distributed all over the lake degrading important fish spawning sites.  This is a core issue 

for the lake and could be addressed by dredging or suction dredging, a costly undertaking 

obviously.  However, this would attack the problem, rather than the symptoms: high turbidity, 

algal blooms, macrophyte over abundance, and may improve the hypoxia in the hypolimnion. 

High turbidity in Lake Tyrone has been a problem since 1953 and probably earlier due to the 

damming of the lake, covering rich marsh habitat sediments in the south and decomposition of 

accumulated fine sediments in the north.  Dredging may help this situation as might 

hypolimnetic withdrawal or a drawdown.  Hypolimnetic withdrawal uses a pipe system which 

would siphon hypolimnion-degraded waters and send these waters along with sediment under or 

over the dam instead of the epilimnion waters, which contain the lowest concentrations of 

nutrients and sediment. There may be some of this ongoing now, since the sediment thickness 

work showed very high accumulations in the south but less so in the north. Lake residents must 

also assist in the effort to reduce nutrient input by observing suggestions given in Appendix 1, 

including non-P lawn fertilization, greenbelts, no leaf burning at the lake edge, reduction of 

paved surfaces, and no car washing activities using high P soaps on their property.  

It should also be noted that Chara, a green alga on the bottom in some areas, also serves a  

very useful function in removing nutrients, especially phosphorus from the water column. If it 

does clog beaches, mechanical removal with rakes is the preferred mode of disposal.   

There was conflicting results of how aeration affected water clarity in Tyrone Lake.  A 

Secchi disc monitoring program would assist with monitoring the water clarity in the lake and 

alert residents to short- and long-term changes.  Such data can also provide a historical 

background dataset (as can this report) to compare changes in the lake currently with historical 

data.  There is a Cooperative Lakes Monitoring Program (CLMP), which is jointly sponsored by 

the MI Department of Environmental Quality and the Michigan Lakes and Streams Association.  

This program is run by volunteers, who are trained by the DEQ and MLSA, take the weekly 

measurements of Secchi disc readings and spring and summer water samples for nutrient 

measurements.  Data are then reported to the DEQ, which puts them on a web site for all to view. 

We think the 2018 fish community is healthy, abundant, with individual species growing at 

state averages.  Largemouth bass young-of-the-year were abundant, suggesting good spawning 

success.  We caught a good number of northern pike and black crappies and bluegill YOY and 

golden shiners were abundant and readily eaten by many top predators.  

We summarized our recommendations below:  
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1. Sediments 

 

Sediments in Lake Tyrone are very thick and rich.  When they decompose, there can be 

anoxia, accumulation of toxic materials (ammonia, hydrogen sulfide, lack of oxygen) and 

fertilizers (high nitrates, P, and ammonia), and regeneration of phosphorus. Hypolimnetic 

withdrawal, dredging the lake, use of suctions dredges, or a drawdown are some ways to reduce 

sediment buildup in the lake. The major problem with removal of these sediments always is the 

expense associated with disposal of the materials.    

 

2. Water clarity 

  

An excellent addition to the efforts to monitor Tyrone Lake would be a Secchi disc 

monitoring program, which would assist with assessing how aeration activities are affecting the 

lake and provide long-term data for comparison purposes.   

 

3.  Fish Management 

 

The fish community in Lake Tyrone appears to be in excellent shape. Largemouth bass 

and northern pike are reproducing well. There are still some walleyes left, and bluegills are 

extremely abundant, providing great forage for predators.  Golden shiners are abundant and an 

outstanding source of prey for all sizes of piscivores.  However, the fish community may be in 

peril because of the re-suspended sediment fostered we believe by aeration.  This sediment may 

degrade spawning sites and impact visual predators, such as bass and pike.  Some sampling using 

sediment traps would provide an answer to whether sediment re-suspension is a serious problem.  

The sensitive benthos may also be impacted.  The fish community should be monitored and more 

benthos samples should be taken to determine whether sensitive groups have been extirpated.   

 

4.  Non-indigenous species 

 

 Eurasian milfoil, curly-leaf pondweed, and starry stonewort have been documented as 

present in Tyrone Lake.  You do not have zebra and quagga mussels or the bass virus that has 

been plaguing some lakes in southern Michigan.  Residents therefore need to be very, very 

careful whenever they come from a lake that “might” have veligers (the small microscopic 

reproductive stage of zebra and quagga mussels).  A recent law was just passed to clean boats 

emphasizing how important it is to be aware of transferring exotic species to Tyrone Lake.  Dry 

out or treat bilge water in boats with bleach.  SCUBA divers need to be careful with their gear 

and fishers should never bring bait in from outside the lake or dump unused bait into a lake.  

VHS (viral hemorrhagic septicemia) is still a threat. In addition, any stocking of fish into the lake 

should be banned because Lake Tyrone does not need any; walleyes will probably not survive 

well given the elevated water temperature conditions in summer, and they may be carrying VHS 

into the lake.   
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SUMMARY OF RECOMMENDATIONS 
 

1.)  Aeration 

 Although there were several positive effects of aeration, our weight of evidence approach 

and concerns for future negative effects, strongly suggested it be discontinued in the future. 

Addition monitoring (see below) would help make a final determination.  

 

2.)  Sediments 

 Several major lake restoration efforts (dredging, drawdown, hypolimnectic withdrawal) 

were discussed as ways to reduce the anoxia, nutrient releases, and toxic substance build-up on 

the bottom. Sediment traps could be used to document whether aeration is re-distributing 

sediment across the lake bottom.  

 

3.) Water Clarity   

 A Secchi disc monitoring program would provide good information on water clarity 

changes in the lake related to aeration effects and provide both seasonal and historic datasets. 

   

4.)  Fish 

             The fish community is in excellent shape and appears better than what we documented 

during 2010.  Beware, however, the impact of perceived sediment re-distribution over spawning 

sites and potential impact on visual predators and sensitive benthos. Monitor fish populations in 

the future and do additional benthos sampling to provide more information on whether sensitive 

benthic organisms have been extirpated from Tyrone Lake.  

 

5.) Non-indigenous Species 

 Prevent zebra and quagga mussels, a recent largemouth bass virus, red swamp 

crayfish, and VHS, as well as other exotic species from entering Lake Tyrone.  Issue warnings in 

any newsletters; have people dry or bleach any boat bilge water or equipment, and clean plants 

from boats that could have come from a contaminated lake (it is now the law).  Discourage use 

of bait from outside the lake and no stocking of fish to prevent the entry of exotic species of 

fishes (e.g., common carp which are not in the lake) and diseases, which could destroy 

susceptible fish species in the lake. 

 

ACKNOWLEDGEMENTS 

 

  For the 2010 study, I want to gratefully acknowledge the guidance and assistance 

provided to me by two of the people who care passionately for the welfare of Lake Tyrone.  

Michael Cunningham made the initial contact with me and we sampled the lake during the 

winter to determine if there were any problems with dissolved oxygen.  After Michael became 

unavailable, Rob Busby became my guardian angel and provided me access to the park for our 

boat and in spring provided me his Viking attack canoe for sampling water quality. Pam Tyning, 

Progressive Engineering provided figures of the lake, advice, and access to their work on the 

lake during and prior to the 2010 study.  

 



 

 106 106 

For the 2018 study, I want to thank Michelle LaRose for her help obtaining data and 

information required to repeat efficiently the study we did previously.  Mike Cunningham 

graciously allowed us to pollute his pristine pontoon boat for our use in doing all the sampling 

during summer, 2018.  Jeff Connors opened the gate for us and assisted in the spring sampling.  

Jennifer Jermalowski-Jones of Restorative Lake Sciences provided more information on the 

location of the benthos stations they sampled during 2017.  I thank Rizwana Kahn for the 

zooplankton analyses and Dr. Mark Edlund for provision of the algal data and what they might 

portend. Pam Tyning, ProgressiveAE, provided data and historical perspective on macrophytes 

in the lake.  James Hart, my energetic, patient, and always helpful partner ran the pontoon and 

provided his usual excellent assistance in all matters. Jason Jude helped immensely with the 

figures.  We thank the folks at 5875 Mabley Road for permission to access the lake during the 

winter sampling and all those people whose shoreline we muddied during seining activities.   

 

 

 

LITERATURE CITED 

 

Hindák, F. 2008. Colour atlas of cyanophytes. VEDA, Publishing House of the Slovak Academy 

of Sciences. 

 

Latta, William C.  1958.  Age and growth of fish in Michigan.  Michigan Department of Natural 

Resources, Fish Division Pamphlet no. 26. Lansing, MI.  

  

Lindon, M., & Heiskary, S. 2007. Microcystin levels in eutrophic south central Minnesota lakes. 

Minnesota Pollution Control Agency, 53 pp.  

 

Prescott, G. W. 1962. Algae of the western Great Lakes area (No. 581.9 PRE). Dubuque: WC 

Brown Company. 

 

Progressive AE.  2003. Lake Tyrone Improvement Feasibility Study.  1811 4 Mile Road, Grand 

Rapids, MI.   

 

Restorative Lake Sciences.  2017.  Lake Tyrone laminar flow 2015 pre-aeration and 2016-2017 

post aeration data, Livingston county, MI. 15 pp.   Restorative Lake Sciences, 18406 

West Spring Lake Road, Spring Lake, MI.  

 

Hokanson, K. 1977.  Temperature requirements of some percids and adaptations to the seasonal 

temperature cycle. J. Fish. Res. Board Can. 34:1524-1550. 

 

 

APPENDICES 
 

 

Appendix 1.  Guidelines for Lake Dwellers; some may not apply. 
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1.  DROP THE USE OF "HIGH PHOSPHATE' DETERGENTS.   Use low phosphate detergents 

or switch back to soft water & soap.  Nutrients, including phosphates, are the chief cause of 

accelerated aging of lakes and result in algae and aquatic plant growth. 

 

2. USE LESS DISWASHER DETERGENT THAN RECOMMENDED (TRY HALF).  

Experiment with using less laundry detergent.   

 

3. STOP FERTILIZING, especially near the lake.  Do not use fertilizers with any phosphate in 

them, use only a nitrogen-based fertilizer.  In other areas use as little as possible liquid 

fertilizer rather than the granular or pellet inorganic type.  Do not burn leaves near the lake.  

 

4. STOP USING PERSISTENT PESTICIDES, ESPECIALLY DDT, CHLORDANE, AND 

LINDANE.  Some of these are now banned because of their detrimental effects on wildlife.  

Insect spraying near lakes should not be done, or at best with great caution, giving wind 

direction and approved pesticides first consideration. 

   

We are losing insects and birds: pesticides may be the culprit.   

 

5. PUT IN SEWERS IF POSSIBLE.  During heavy rainfall with ground saturated with water, 

sewage will overflow the surface of the soil and into the lake or into the ground water and 

then into the lake.   

 

6. MONITOR EXISTING SEPTIC SYSTEMS.  Service tanks every other year to collect and 

remove scum and sludge to prevent clogging of the drain field soil and to allow less 

fertilizers to enter the groundwater and then into the lake.   

 

7. LEAVE THE SHORELINE IN ITS NATURAL STATE.  Do not fertilize lawns down to the 

water's edge.  The natural vegetation will help to prevent erosion, remove some nutrient from 

runoff, and be less expensive to maintain.  Greenbelts should be put in to retard runoff 

directly to the lake. 

 

8. CONTROL EROSION.  Plant vegetation immediately after construction and guard against 

any debris from the construction reaching the lake.   

 

9. DO NOT IRRIGATE WITH LAKE WATER WHEN THE WATER LEVEL IS LOW OR 

IN THE DAYTIME WHEN EVAPORATION IS HIGHEST.   

 

10. STOP LITTER.  Litter on ice in winter will end up in the water or on the beach in the sprig.  

Remove debris from your area of the lake.   

 

11. CONSULT THE DEPT OF NATURAL RESOURCES BEFORE APPLYIG CHEMICAL 

WEED KILLERS OR HERBICIDES.  This is mandatory for all lakes, private and public.   

 

12. DO NOT FEED THE GEESE.  Goose droppings are rich in nutrients and bacteria.   
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From:   Inland Lakes Reference Handbook , Inland Lakes Shoreline Project, Huron River 

Watershed Council.  

 

 

 
 

 

 


