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PART II: LAKE ECOLOGY AND MANAGEMENT ISSUES 
 

 

Part II describes how lakes and their watersheds are an ecosystem.  To effectively manage a lake 

ecosystem a manager must have an understanding of how a lake and its watershed interact to 

produce the conditions observed in the lake.  The processes at work in the lake ecosystem are 

complex and to understand them completely requires a trained professional.  However, a local 

community manager should have a basic understanding of the conditions in order to 

communicate with the hired professional and the local community they serve.   

 

 

Section 1 – Eutrophication 

 

Each lake is a reflection of the land around the lake known as its watershed.  Some lakes have 

clear water, sandy bottoms and few aquatic plants, while others are green with algae have muck 

bottoms and abundant aquatic plants.  Whether a lake is clear or green depends upon many 

factors regarding the lake and its watershed.  Some of these factors include shoreline 

development, watershed size, land use in the watershed, steam and stormwater flows, and lake 

characteristics such as size and depth.  
 

It is generally understood that the more sediments and nutrients that wash off the watershed and 

into the lake the greener the lake becomes.  The nutrients act as fertilizers to produce more plants 

and algae and ultimately more fish.  The dying plants 

and animals produce more muck on the bottom of the 

lake.  A lake that has more nutrients and therefore 

more plants and animals and resulting muck is said to 

be more biologically productive.  In other words 

capable of producing more aquatic life. 

 

Even without human involvement it is natural for 

lakes to become more biologically productive over 

time.  Leaves fall onto the lake and decompose 

releasing nutrients into the water.  Natural erosion of 

the land carries sediments with nutrients attached to 

the lake.  However, these natural processes are very 

minor and take many thousands of years to increase 

the lake’s productivity even slightly.  This slow 

natural “aging” of lakes causes by nutrient loading is 

called eutrophication. 

 

Scientists have given names to different stages of 

increased biological productivity or trophic states in 

the eutrophication of lakes.  Low productive clear 

lakes are known as oligotrophic.  Lakes that are 

slightly more biological productive, having moderate 

Cold-Water (Trout) Lakes 
 

Low productive oligotrophic lakes are 
generally deep and clear with little 
aquatic plant growth.  These lakes 
maintain sufficient dissolved oxygen 
in the cool, deep-bottom waters 
during late summer to support cold 
water fish, such as trout and 
whitefish.   Mesotrophic and other 
more productive lakes produce more 
plant and animal life.  Upon death 
these plants and animals sink to the 
bottom and bacteria decompose 
them and in the process use up the 
dissolved oxygen.   With minimal to 
no dissolved oxygen in the deep 
colder water trout are not able to 
survive and disappear.  Consequently 
trout and other cold water fish are 
usually only found in oligotrophic 
lakes and a few mesotrophic lakes. 
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populations of plants and algae are called mesotrophic.  Highly, productive lakes with abundant 

plants and algae are eutrophic.  Finally, lakes that are extremely productive with excessive 

amounts of plants and/or algae are hypereutrophic.   

 

Plant nutrients are a major factor that cause increased biological productivity in lakes.  In 

Michigan, phosphorus is the nutrient most responsible for increasing lake biological 

productivity.  As more phosphorus gets into the lake the lake becomes more eutrophic. 

 

Human activities on a lake’s watershed can greatly speed up natural eutrophication by 

dramatically increasing nutrient, soil, or organic matter input to the lake.  This human influenced, 

accelerated lake aging process is known as cultural eutrophication.  What generally takes 

thousands of years to occur naturally can be done by cultural eutrophication in just a few years. 

 

Increasing lake productivity resulting from cultural eutrophication can result in problems such as 

excessive weed growth, algal blooms, mucky bottom sediments and loss of dissolved oxygen in 

the deep water.  A primary 

objective of most lake 

management plans is to slow down 

cultural eutrophication by reducing 

the input of nutrients and 

sediments to the lake from the 

watershed. 

 

 

Measuring Lake Eutrophication  

  

The four lake trophic states 

explained above are a convenient 

way of describing lakes, but 

somewhat misleading in that it 

places all lakes into a few distinct 

trophic categories.  In reality, 

eutrophication is a continuum from 

clear to green conditions.  A more 

precise method of describing eutrophication is to use 

numbers which can be calculated directly from water 

quality data.  Several numbering systems are available 

with Carlson’s (1977) Trophic State Index (TSI), 

being the most widely used. 
  

Carlson’s TSI was developed to compare lake data on 

water clarity, as measured by a Secchi disk, 

chlorophyll a, and total phosphorus.  These 

parameters are good measures of a lake’s 

productivity.  The TSI expresses lake productivity on 

a continuous numerical scale from 0 to 100, with 

The Secchi disk

 

 

Transparency/Chlorophyll a/Total Phosphorus 
 

Measuring a lake’s transparency, chlorophyll a concentration 
and total phosphorus concentration can provide an estimate 
of a lake’s productivity. 
 

Transparency or the clarity of water is measured using a 
device known as a Secchi disk.  The disk is attached to a line, 
and lowered into the lake.  The distance into the water 
column the disk can be seen is the transparency, measured in 
feet.  A short distance of visibility means that there are many 
algae cells in the water, an indication of higher productivity. 
 

Chlorophyll a is a component of the cells of plants, and can 
be used to measure the concentration of algae in the water.  
Chlorophyll a is measured from samples of water and 
reported in units of ug/l (micrograms per liter)or ppb (parts 
per billion).   
 

Phosphorus stimulates plant growth.  It is measured from 
samples of water and reported in units of ug/l. 
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higher numbers indicating more productive conditions.   
  

Carlson developed mathematical equations for calculating the TSI from measurements of Secchi 

depth transparency, chlorophyll a, and total phosphorus in lakes during the summer season.  The 

computed TSI values for an individual lake can be used to compare with other lakes, and to 

evaluate changes within a lake over time.  Generally, oligotrophic lakes have TSI values below 

38.  Mesotrophic lakes have TSI values between 38 and 48.  Eutrophic lakes have TSI values 

between 48 and 58 and 

hypereutrophic lakes have TSI 

values over 58. 

  

It is very important to know that a 

lake’s water quality conditions can 

naturally vary from week to week 

and year to year.  This variability 

is the result of numerous factors, 

such as changes in temperature, 

rainfall, snowfall, snowmelt and 

runoff.  Given these annual 

changing conditions, observers of 

lake quality must train themselves 

to recognize the difference 

between short-term, normal 

fluctuations and long-term 

changes in lake productivity 

(eutrophication).  Many years of reliable data collected on a consistent and regular basis are 

required to separate true long-term changes from seasonal and annual fluctuations.  Participation 

in a long-term monitoring program such as the State’s CLMP is important to identify long-term 

changes in a lake’s quality.  For more information about the CLMP see Part IV, Section 1 – State 

Laws and Programs. 

 
For more information on this topic the following resources are helpful (see Part IV, Section 7) 

 Cooperative Lakes Monitoring Program – Annual Summary Report 

 Protecting Inland Lakes – You Can Make A Difference 

 

 

Section 2 – Lake Ecology 

 

Lakes are not made from the same mold.  Each lake is unique and different.  When developing 

management plans the community should know and take into consideration the lake’s 

characteristics.  A management strategy that works well for one lake may be unsuited for another 

lake.   

 

A lake’s unique characteristics may be called its ecology.  It is how the lake’s chemical, physical 

and biological components come together to create a living world.  A complete discussion of 

lake ecology would fill a college text book.  Therefore the discussion on lake ecology in this 

manual is informative only.  No major costly management decisions should be made using this 

 

Phosphorus and Lake Water Quality 

Trophic State Carlson TSI Phos. Conc. (ug/l) 

Hypereutrophic 

100 768 

90 384 

80 192 

70 96 

60 48 

Eutrophic 50 24 

Mesotrophic 40 12 

Oligotrophic 

30 6 

20 3 

10 1.5 

1 0.5 
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manual.  Professional consultation should be acquired before making any major management 

decisions.  This manual will introduce the reader to just three important lake characteristics:  

 

1) lake type,  

2) light zones of the lake, and  

3) temperature zones of the lake. 

 

 

Lake Type 

 

Lakes work very differently depending upon how water moves in and out of them.  This water 

movement is known as the lake’s hydrology.  A lake’s hydrology can greatly influence how the 

lake responds to sediment and nutrient (phosphorus) inputs from the watershed.  Some lakes may 

be very sensitive to nutrient loading, drastically changing with even minor inputs, while others 

may experience only minor changes with moderate to even large nutrient inputs.  Additionally, 

some lakes once impacted by a pollution load may be very difficult to impossible to restore, 

while others may be restored relatively easily to a previous quality once the nutrient source is 

removed.   

 

Below are four examples of lake hydrology types.  The discussion for each lake type should be 

considered as a generalization and not specific for every lake.  Many other factors such as lake 

depth, volume, watershed soil types, topography and others can modify phosphorus loading and 

impacts upon a lake. 

 

Seepage Lakes 

 

Seepage lakes have the following 

characteristics: 

 

 No inlet stream, 

 No outlet stream, 

 Small watershed, and 

 Groundwater is the lake’s major 

source of water. 

 

With a small watershed and no inlet 

stream, the supply of sediments and 

nutrients (phosphorus) from the lake’s 

watershed tends to be low in seepage 

lakes.  The major source of water to a 

seepage lake is groundwater.  

Groundwater generally has low levels of phosphorus.  Since the phosphorus supply to seepage 

lakes is normally low the lakes typically have good water quality and are mostly oligotrophic to 

mesotrophic in character (cold-water trout lakes). 
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Because seepage lakes have no outlet they are very susceptible to degradation.  Sediments and 

nutrients that come into the lake are there forever or for a very long time.  If a major source of 

phosphorus were added to the lake, such as a wastewater treatment plant discharge or large 

stormwater runoff drainage, the lake would very quickly decline in quality.  If the source of 

phosphorus was removed the lake would be very difficult if not impossible to restore to its prior 

quality.  Even if possible the significant financial commitment needed to make the restoration 

would preclude returning the lake to its former state.  For most seepage lakes once degraded their 

high quality state is likely lost forever. 

 

 

Groundwater Drainage Lakes 

 

Groundwater drainage lakes have the 

following characteristics: 

 

 No inlet stream, 

 An outlet stream, 

 Small watershed, and 

 Groundwater is the lake’s major 

source of water. 

 

Groundwater drainage lakes are very 

similar to seepage lakes.  They usually 

have a low phosphorus supply from the 

watershed and groundwater so normally 

are oligotrophic and mesotrophic lakes 

(cold-water trout lakes).  However, an increase in phosphorus supply can quickly degrade the 

lake.  Once degraded, the lake may be difficult to restore, but not as difficult as a seepage lake.  

The groundwater drainage lake’s outlet does somewhat increase the potential for restoration by 

allowing some sediments and nutrients to be flushed out of the lake. 

 

 

Drainage Lakes 

 

Drainage lakes have the following 

characteristics: 

 

 Inlet stream(s), 

 An outlet stream, 

 A moderate to large watershed, 

 Surface water is the lake’s major 

source of water, and 

 Groundwater is a minor source 

of water for the lake. 

 

Most of the water coming into a 
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drainage lake comes over land from the watershed and only a minor amount comes from 

groundwater.  Water draining across the land carries more sediments and phosphorus than 

groundwater.  Because of this different water source it is common for more phosphorus to enter a 

drainage lake than seepage or groundwater drainage lakes.  Therefore drainage lakes are usually 

more biologically productive, typically mesotrophic to eutrophic. 

 

If a major source of phosphorus, such as a wastewater treatment plant discharge or a large storm 

drain were added to the drainage lake it would decline in quality.  If the source of phosphorus 

was removed it would be possible to restore the lake to its prior quality, because of the large 

supply of water continually moving through the lake.  However, the lake could not be restored to 

oligotrophic conditions because more than likely the lake never was oligotrophic. 

 

 

Impoundment 

 

Impoundment lakes are artificial lakes 

created by damming a stream or river 

which have the following 

characteristics: 

 

 A large inlet stream(s), 

 A large outlet stream, 

 A large to extensive watershed, 

 Surface water is the lake’s 

major source of water, and 

 Groundwater is a very minor 

source of water for the lake. 

 

Almost all of the water coming into an 

impoundment comes from the watershed through the stream or river and only a minor amount 

comes from groundwater.  Water draining across the large watershed carries major amounts of 

sediments and phosphorus to the lake.  Because of significantly greater amounts of phosphorus 

entering an impoundment than seepage, groundwater drainage or drainage lakes, impoundments 

in Michigan generally are more biologically productive usually eutrophic to hypereutrophic. 

 

 

Light Zones of the Lake 

 

Standing at the shore and looking across the lake surface it may appear as if the lake is just one 

large bowl of water with plants and animals spread throughout the lake.  This is not the case, 

however.  The lake is actually divided into zones by several physical and chemical factors.  One 

of the lake’s zonal patterns is due to light. 

 

Light will only penetrate so far into a lake based upon the amount of particulate matter dissolved 

and suspended in the water.  The greater the amount of particulate matter in the water the less 

light will penetrate into the lake.  Consequently, in a very clear lake with very little particulate 
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matter in the water light may penetrate 30 to 40 feet deep or more into the lake.  Conversely, in a 

lake with high amounts of particular matter in the water light may penetrate only 3 to 5 feet deep 

or less into the lake. 

 

Since plants need light for photosynthesis, the depth to which light can penetrate into the lake 

will dictate where plants can grow and consequently where animals will congregate.  This zone 

where light is present is known as the euphotic zone.  If the lake is deeper than light penetrates 

there is a dark, lightless zone below the euphotic zone known as the profundal zone.  No plants 

will grow in the profundal 

zone and animals living here 

are adapted to low light 

conditions or complete 

darkness in very deep lakes. 

 

Free floating plants known 

as algae may grow 

anywhere in the euphotic 

zone.  Large rooted plants, 

however, must have 

sediments to place their 

roots in and germinate from.  

Consequently, the euphotic 

zone may be divided into 

two zones if the lake is deep 

enough.  Near shore is the 

littoral zone, where light 

penetrates all the way to the sediments and where rooted plants can grow.  Away from shore is 

the limnetic zone, or the open water area of the lake.  If the lake is shallow and light can 

penetrate to the bottom everywhere, then the entire lake is littoral zone and rooted plants can 

grow everywhere in the lake. 

 

 

Temperature Zones of the Lake 

 

Not only do lakes have light zones, they also have temperature zones.  Because the maximum 

density of water is at 39 degrees Fahrenheit (39
o
F), water that is colder or warmer than 39

o
F will 

float on top of the more dense 39
o
F water.  Consequently in the four season state of Michigan 

lakes will have different temperature zones as the year progresses.   

 

 

In the spring and fall as the lake warms or cools respectively the lake’s temperature eventually 

reaches 39
o
F.  At this temperature the lake’s water is the same density from top to bottom and 

the lake can completely mix.  These time periods of mixing are known as spring overturn and 

fall overturn.  In winter colder less dense water will float over the more dense water of 39
o
F and 

ice will form at the lake surface when the water temperature reaches 0
o
F. 
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In the summer the temperature difference between the warm water on the surface and the cold 

water in the deep basin of the lake is great.  Therefore the lake will be divided into three very 

distinct temperature zones, like a three layer cake.  This temperature regime is known as summer 

stratification.  

 

In summer stratification the upper zone is known as the epilimnion.  The water in this zone will 

be uniformly warm and mixed by the wind to a depth of about 20 feet.  Below 20 foot depth the 

wind is no longer capable of mixing the water and temperatures will begin to drop rapidly as one 

descends deeper into the lake.  This zone of rapidly decreasing temperature is known as the 

metalimnion.  The metalimnion will extend down into the lake from 20 feet to about 30 to 40 feet 

depending upon the size and depth of the lake.  As the declining temperatures near 39
o
F the 

density of the water will be uniform and temperature will be consistent all the way down to the 

bottom of the lake’s deep basin.  This zone of uniformly cold, deep water is known as the 

hypolimnion. 

 

In a lake with water depths greater than 30 feet the major effect of summer stratification is that 

the deep water is isolated from the atmosphere by the upper layers of water for several months. 

No oxygen can be added to this zone by the atmosphere during this time.  Also since this zone is 

dark with little to no light penetrating from the surface, there is no plant photosynthesis to 
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produce oxygen in this zone.  Consequently, the only oxygen available to this zone is the oxygen 

that was entrained there during spring overturn.   

 

Oxygen in the hypolimnion will be depleted as the summer progresses by bacterial 

decomposition of organic matter that falls into the hypolimnion from the upper zones.  In low 

productive lakes like oligotrophic lakes with large deep basins, the supply of oxygen will not be 

completely used up by bacterial decomposition before fall overturn.  Consequently, the 

hypolimnion will have oxygen all summer long.  However, in more productive lakes bacterial 

decomposition will deplete the oxygen to zero in the hypolimnion and in highly productive lakes 

deplete the oxygen in the metalimnion as well.  Consequently, fish and other animal life are 

unable to inhabit the hypolimnion during summer stratification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
For more information on this topic the following resources are helpful (see Part IV, Section 7) 

 Understanding Lake Data 

 A Procedure to Estimate the Response of Aquatic Systems to Changes in Phosphorus and 

Nitrogen Inputs 

 The website – waterontheweb.org 

 

 

Section 3 – Water and Nutrient Budgets 

 

Water and nutrient budgets can be used in mathematical lake models to address many questions 

that the community may have regarding the lake.  A budget is the summing of all the sources of 

water or nutrients coming into and leaving a lake.  A water budget would account for the amount 

of water coming from rain falling on the lake, streams and rivers entering and leaving the lake, 

runoff from shoreline areas, and ground water entering and leaving the lake.  A nutrient budget 

would account for the levels of nutrients, usually phosphorus in these water sources and other 

sources of nutrients such as dry fallout from atmospheric dust particles.   
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Water Budget 

 

Water moving into a lake carries molecules of phosphorus.  Where this water comes from and 

the land it flows over will determine how much phosphorus is in the water.  Groundwater usually 

contains low levels of phosphorus because the soil adsorbs many of the phosphorus molecules.  

Water leaving a confined animal feed lot or an urban street can contain very high levels of 

phosphorus. 

 

The amount of water moving to the lake can be measured directly, such as with the use of flow 

meters in streams, or it can be estimated when no data existed by assembling data from similar 

situations where it has been collected.  Obviously the more data that exists for the lake of interest 

the better the estimate of the water budget.  If little or no data exists for the lake and the streams 

entering the lake the water budget is said to be theoretical and only an approximation of the real 

situation. 

 

 

Nutrient (Phosphorus) Budget 
  

The lake’s phosphorus budget can be calculated by multiplying the concentration of phosphorus 

from a water source by the volume of water for that source to arrive at the number of pounds of 

phosphorus in that source.  The 

resulting number is the pounds of 

phosphorus entering the lake each year 

from that source.  When all the sources 

(e.g., groundwater, precipitation, 

surface runoff) are added together, the 

sum is the total pounds of phosphorus 

entering the lake in one year.  Besides 

these water sources, measurements or 

estimates must also be made for 

phosphorus entering the lake from 

atmospheric fallout and from sources 

internal to the lake such as deep water 

sediments.  As with the water budget 

the more data that exists for the lake 

and water sources the better the 

estimate of the phosphorus budget.  If 

little or no data exists for the lake and 

streams, the phosphorus budget is said 

to be theoretical and only an 

approximation of the real situation. 

 

Lakes are not equal in their ability to 

handle the phosphorus load.  Some 

lakes receiving only a few pounds of 

phosphorus will have serious algae and 
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aquatic plant problems.  Other lakes can receive hundreds of pounds of phosphorus without any 

noticeable increase in algae and plants.  The reason for the difference is a lake’s characteristics.  

A large, deep lake with a rapid flushing and sediment rate can absorb large amounts of 

phosphorus with minimal impacts.  Conversely, a small, shallow lake with no outlet can be 

significantly impacted by even minor amounts of phosphorus.  

 

 

Mathematical Lake Models 
 

There are mathematical models for lakes that use the information about a lake, its size, depth and 

flushing rate along with the lake’s water and nutrient budgets to estimate what the lake may look 

like under different phosphorus loading scenarios.  For example these mathematical models may 

estimate: 

 

 What the lake looked like before any development occurred in its watershed, 

 How will proposed watershed developments impact the lake, 

 What are the most important sources of phosphorus for the lake, 

 How much phosphorus can the lake take before serious algae problems develop, 

 How much phosphorus must be removed from the nutrient budget before nuisance algal 

blooms are stopped, 

 How successful will restoration efforts be, and  

 Are proposed restoration efforts realistic? 

 

These mathematical models are technical and a professional lake manager’s assistant is desirable 

when using them. 

 
For more information on this topic the following resource is helpful (see Part IV, Section 7) 

 Managing Lakes and Reservoirs 

 

 

Section 4 – Holistic Management: Managing the Land and Water 

 

Since most of the phosphorus that stimulates algae and aquatic plant problems comes from the 

watershed, a community’s lake management plan must consider both in-lake and land 

management practices.  In some cases focusing only on in-lake techniques and ignoring land 

management in the watershed, may produce short-term benefits at the expense of long-term 

negative consequences. 

 

Lake management should start with a plan.  The plan should identify the problems that are 

impacting the community’s use of the lake.  Data should document the sources or causes of these 

problems.  With the problems and causes identified the community and their consultant can 

consider management strategies best suited to address their unique problems.  There are many 

management strategies, none of which is a silver bullet that will solve all problems.  Each is a 

tool that has advantages and disadvantages.  It is essential to understand and match the strategies 

with the lake’s issues and the community’s needs and financial resources. 
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It is likely that the plan will not employ just one management strategy, but multiple strategies.  

As an example the in-lake alum treatment strategy of phosphorus inactivation and precipitation is 

effective only if external (watershed) sources are reduced.  Additionally some strategies, 

particularly watershed management strategies are usually long-term commitments.  The lake 

community will need to make a commitment to working on implementing the strategy over a 

long time period. 

 

Some of the in-lake management strategies are listed and very briefly discussed in Box II.4.1. 

and some watershed strategies are identified in Box II. 4.2.  A more complete discussion of these 

strategies is presented in the publications such as Managing Lakes and Reservoirs (copies 

available from North American Lake Management Society) and Diet for a Small Lake (copies 

available from Federation of Lake Associations, Inc.)  

 
For more information on this topic the following resources are helpful (see Part IV, Section 7) 

 Diet for a Small Lake – A New Yorker’s Guide to Lake Management 

 Developing a Watershed Management Plan for Water Quality: An Introductory Guide 

 Handbook for Developing Watershed Plans to Restore and Protect Our Waters 

 A Model Lake Plan for a Local Community 
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Box II.4.1  Example in-lake management strategies. 

Biological Control Notes 

 
Grass carp 

The grass carp is an exotic fish from Asia.  It is used in southern states to control serious 
aquatic plant problems, but is illegal in Michigan.  It can cause significant damage to fish habitat 
in Michigan lakes by removing too much vegetation. 

 
Milfoil weevil  

This beetle is native to North America.  It lives most of its life cycle on native milfoil, feeding on 
the tips and stems.  Research has shown that it will also feed upon Eurasian milfoil if hatched 
from eggs deposited on Eurasian milfoil. 

Chemical Control Notes 

 
Herbicides 

There are many products available in various formulations, with various efficacy rates and 
toxicities to non-target organisms.  They can be used individually or in combinations and applied 
to large or small areas.  The product’s label is a legal document.  To use a herbicide contrary to 
its label is a violation of federal and state laws.  See the Michigan State University Extension 
publication A Citizen’s Guide for the Identification, Mapping and Management of the Common 
Rooted Aquatic Plants of Michigan Lakes (WQ-55) for more information. 

 
Phosphorus 
precipitation  
 

This technique involves adding a chemical, usually alum, to the lake water to bind with 
phosphorus and precipitate it from the water column and seal it in the sediments.  This alum 
bound phosphorus is less likely to return to the water under low oxygen conditions in the bottom 
of the lakes thus potentially reducing algal blooms.  This effect may last from one to several 
years.  Applications of alum must be made carefully to avoid toxic/pH effects from aluminum 
salts. 

 

Physical Control Notes 

 
Aeration 

Aeration involves pumping water from the lake bottom to the surface where it will come in 
contact with the atmosphere and is then returned to the lake bottom.  This process increases 
the dissolved oxygen content of the deep water reducing phosphorus release from the 
sediments.  Aeration can cause destratification of the lake. 

 
Bottom barriers 

Bottom barriers are placed on the lake bottom in small areas to block light required for aquatic 
plant growth.  After several weeks the barrier can be removed to allow the area to be used for 
swimming. 

 
Dilution/Flushing 

Dilution/Flushing uses water with low phosphorus levels to flush lake water with high 
phosphorus level out of the lake basin.  Obviously a large source of low phosphorus water must 
be available.  Phosphorus coming out of the lake sediments may prolong the time required to 
significantly reduce lake water phosphorus levels. 

 
Hypolimnetic 
withdrawal 

Hypolimnetic withdrawal takes water from the lake’s deep hypolimnion zone, which has no 
oxygen and is high in nutrients and discharges it out of the lake.  The discharge may need to be 
treated to limit any impact upon receiving waters. 

 
Mechanical harvesting 

Mechanical harvesting uses a device to cut and remove aquatic rooted plants.  The device may 
be small and hand held to very large pontoon harvesting boats that can cut eight foot wide 
paths five feet deep through the vegetation beds.  Some devices till the bottom sediments 
dislodging the plants. 

 

Dredging 

Dredging removes bottom sediments from the lake to reduce areas where aquatic plants may 
grow, take out phosphorus rich sediments and/or remove sediment with toxic materials.  
Dredging has many secondary environmental issues and is very expensive greatly limiting its 
application. 

 

Shading 

Shading uses a blue chemical dye to inhibit light penetration in the lake.  Less light may reduce 
the algae and rooted plants ability to photosynthesize. The employment of this strategy is 
usually limited to ponds and small lakes.  

 

Drawdown 

Drawdown involves the lowering of a lake’s water level to expose sediments.  The drying and 
freezing conditions can damage rooted plants and affect next summer’s growth.  Some plants 
actually favor drawdown and can expand their populations. 
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    Box II. 4. 2.  Example Practices to Reduce Nutrient and Sediment Pollution from the Watershed 

Riparian Lands Notes 

 
Septic system 
inspection/repair 

The county health code requires that septic systems be inspected at the time of property sale 
and be upgraded with best available technology and meet all code requirements. 

 
Septic system 
maintenance 

Educational materials such as MSU Extension bulletin WQ-39 are available to all property 
owners.  A volunteer inspection and pumping program is coordinated with property owners and 
a local sludge hauler. 

 
Fertilizer use 

A township ordinance can prohibit fertilizer containing phosphorus from being used in the 
riparian zone, a set distance from the shore. A new State law now limits the use of phosphorus 
fertilizers. 

 
Natural lake riparian 
buffers 

Native shoreline vegetation traps sediments and nutrients, intercept nutrient rich groundwater, 
minimize shoreline erosion and provide habitat for wildlife. 

 
Water conservation 

This practice reduces hydrologic load to the soil or septic system.  Conservation techniques 
may include: installation of low flow plumbing, flow-control devices, insulation of hot water pipes, 
only washing full loads, mulching shrubs and plants, landscaping with plants that require less 
watering and watering turf less frequently but with heavier amounts. 

Agriculture Notes 

 
Livestock exclusion 

Excluding livestock from riparian zones prevents destruction of banks, preventing erosion and 
reducing nutrient and organic matter loading. 

Animal waste 
management 

Controlling the time and amount of manure applications to fields reduces nutrient and organic 
matter loading. 

Conservation tillage Maintaining crop residue on the soil surface helps reduce wind and water erosion. 

Fertilizer 
Management 

Fertilizer management helps reduce nutrient loading by controlling the timing, amount, and type 
of fertilizer used on crops. 

Urban Notes 

Sedimentation 
basins 

Sedimentation basins help reduce the runoff of sediments and attached nutrients by settling the 
particles in detention or retention basins. 

 
Porous pavement 

Rainfall soaking through porous pavement reducing runoff.  This practice may be applied to 
streets, driveways, walkways, patios and other paved areas. 

Regular street 
cleaning 

Removing accumulated sediments, nutrients and other pollutants from paved areas before they 
can be washed into surface waters protects water quality. 

Construction Notes 

Limit disturbed areas During construction limiting disturbed areas as much as possible reduces vegetation loss and 
minimizes erosion. 

Stabilize non-
vegetated soil 

Mulch, matting and other ground cover devices can be used to reduce the erosion of exposed 
soils. 

Multicategory Notes 

Grassed waterways On farm lands or in urban drainways, grassed waterways or ditches reduce erosion, trap 
nutrients and other pollutants and promote infiltration. 

Streamside riparian 
buffers 

Vegetation buffers reduce erosion and trap nutrients.  They may extend 20 to 300 feet from the 
water's edge depending upon soils, slop, land use and other factors. 

Conservation 
easements 

Conservation easements are legal agreements between a landowner and an agency or 
organization that permanently limits a property's uses, and remain even if the land is sold. 

Zoning Notes 

 
Wetland ordinances 

Local wetland regulations can protect wetlands as open space, wildlife habitat, and nutrient and 
sediment filters and ground water recharge sites. 

Development 
regulations 

Development regulations can manage shoreline development by lot sizes, set back distances, 
septic system placement, amount of impervious surface, vegetation removal and other activities 
which protect the public interest in water resources. 
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Section 5 – Shoreline Habitats and Management 

 

Just as lake shorelines are important to Michigan waterfront (riparian) owners, they are also 

important to the fish and wildlife of the lake.  A lake’s shoreline and shallow water areas 

provides habitat for fish and wildlife species.  A shoreline that has had its native vegetation 

replaced with turf cannot effectively support the fish and wildlife native to this shoreline habitat.  

Consequently may animals that need this native shoreline like frogs, turtles, ducks and other 

waterfowl, muskrats, mink and many unique songbirds can become locally extinct.  Healthy 

shorelines also protect the quality of the lake by retaining eroded sediments on the land and 

filtering the water to remove phosphorus and other pollutants.  Therefore native shorelines help 

keep a lake’s water cleaner by reducing algal blooms and sediment runoff.   

 

A lawn at the water’s edge creates problems for the lake by allowing lawn fertilizer, pet waste, 

leaves, grass clippings and oil and grease from roadways to enter the lake.  Shallow-rooted lawn 

grasses allow waves and ice push along the shoreline to easily erode the land into the lake.  

These shallow rooted lawn plants do not have roots deep enough to intercept nutrient rich septic 

system groundwater.  Additionally the perfectly manicured lawn can attract geese, which can 

become a nuisance in the area. 

 

There are other options for a riparian property owner to use instead of having a lawn all the way 

to the water’s edge.  These options include bioengineered erosion control and naturalized 

landscaping design.  These landscape technologies allow the property owner to put in place a 

landscape that mimics the wild shoreline of an undeveloped lake. Research shows that these 

green landscaping techniques benefit the lake by improving fish and wildlife habitat and by 

reducing pollution runoff and promoting cleaner water. 

 

The State established the Michigan Natural Shoreline Partnership in 2008 with the mission of 

promoting natural shorelines through the use of green landscaping technologies.  The Partnership 

consisting of governmental agencies, industry associations, industry representatives, academic 

institutions and environmental and nonprofit organizations actively engaged in promoting natural 

shoreline management.  The partners bring statewide technical expertise and organizational 

support necessary to address the need for information, education and policy related to shoreline 

protection.  

 

Partnership objectives are to: 

 Train contractors and landscape professionals about green shoreline technologies,  

 Educate property owners about natural shorelines and technologies that benefit lakes,  

 Research, demonstrate, and develop natural shoreline technologies, and  

 Encourage local and state policies that promote natural shoreline management.  

 

More information about the Michigan Natural Shoreline Partnership, green landscape 

technologies, and shoreline management can be found on the Partnership’s website 

www.mishorelinepartnership.org. 

   
For more information on this topic the following resources are helpful (see Part IV, Section 7) 

 Natural Shoreline Landscapes on Michigan’s Inland Lakes 
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 Lakescaping for Wildlife and Water Quality 

 The website – www.water.epa.gov/type/lakes/shoreland.cfm  

 

 

Section 6 – Management of Aquatic Plants and Algae 

 

Aquatic plant and algae are a natural and essential part of the lake, just as trees and flowers are a 

natural part of the land environment.  Algae are the base of the food chain for all animals living 

in the lake.  Rooted plants are habitat for fish and provide structure for smaller organisms.  

Waterfowl, shorebirds and aquatic mammals use aquatic plants for cover, nesting material and 

food.  The roots of rooted plants hold sediments in place, reducing erosion and suspension of 

sediments. 

 

Rooted aquatic plants may grow from the shoreline’s wet soils to a water depth of 12 to 20 feet.  

Beyond this depth light and pressure limit the growth of rooted plants.  This area of the lake, 

from shore to a depth of rooted plant growth is known as the littoral zone.   

 

Within the littoral zone plant communities may be divided into three zones, with unique plants 

growing in each zone.  The shore zone extends from the shore to a depth of 2 to 4 feet.  In this 

zone the dominant plants, such as cattail, bulrush, and arrowhead, have emergent leaves 

extending above the water surface.  Beyond the shore zone is the shallow littoral zone.  This 

zone is populated with plants growing below the water surface, but many have floating leaves.  

Examples of these plants are water lilies, water shield and pondweed species of the Potamogeton 

genus.  This zone extends from about 2 feet to a water depth of about 6 to 8 feet.  Beyond this 

zone is the deep littoral zone.  In this zone the plants grow entirely submerged or with only a 

small flower tip breaking the water surface.  The leaves on these plants tend to be small, thin or 

finely divided.  Some examples are wild celery, bushy pondweed, and muskgrass. 

 

These zones result in a condition where most lakes have a wide range of species.  Most lakes 

have 12 to 16 relatively common species of aquatic plants.  A lake with many plant species is 

said to have high diversity.  High diversity provides stability to the environment.  If one plant 

species is lost there is little impact upon the environment.  Conversely in some lakes plant 

species have been reduced to 2 or 3 common species.  These lakes are said to have low diversity.  

The loss of a plant species in these lakes can be critical to the fish and animal communities in the 

lake.  These lakes are also more susceptible to being overtaken by aggressive exotic invader 

species. 

 

Aquatic plant management programs should consider the natural conditions for the lake of 

interest.  Eliminating too many aquatic plants from the lake may have cascading negative 

impacts upon fish and animal communities.  Before beginning a plant control program it is 

critical to have a management plan.  The plan would use data on the lake and its plant and animal 

communities to establish a goal for the plant community.  The goal outlines what the plant 

community will look like once the plan’s control strategies are implemented.  There should be 

public input on the plan and a monitoring program to evaluate the plan’s success. 

 

There are several management options and control tools that a community can use to manage the 

aquatic plants in their lake.  Control tools available include: dredging, herbicides, harvesting, 
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drawdown and others.  There is no one best management option or control tool.  What works 

best for one lake may not be the best for another lake.  Each community needs to work out its 

own plan. 

 
For more information on this topic the following resources are helpful (see Part IV, Section 7) 

 A Citizen’s Guide for the Identification, Mapping and Management of the Common 

Rooted Aquatic Plants of Michigan Lakes 

 Management of Aquatic Plants 

 

 

Section 7 – Aquatic Exotic Invasive Species 

 

Every plant and animal has predators, parasites, and bacteria that feed upon or cause disease in 

the plant or animal thus controlling its population.  Even humans have disease agents that control 

our population size.  Aquatic plants also have these controlling agents.  In a “wild” lake no one 

native plant dominates the plant community for very long.  As its population expands, so do the 

control agents that impact its population.  Eventually, the control agents reduce the plant’s 

population to a base level in balance with other plants in the lake. 

 

Sometimes a plant community is impacted by an action that favors one plant species over others 

in the lake.  This most frequently occurs with the introduction of an exotic species not native to 

the area.  The new plant is often able to outcompete the native plants and expand to high levels 

taking over large areas of the lake.  The population explosion of this exotic species results from 

the fact that control agents that controlled the exotic species in its home range are not present in 

the new environment.  Without control agents to curb its population, the exotic species has a 

competitive advantage over native species.  The native species trying to compete with the new 

exotic plant are often greatly reduced or even eliminated. 

 

A population explosion of an exotic plant sometimes results in an inappropriate human response.  

As an example, when Eurasian milfoil takes over a lake, citizens may notice the change not as a 

change in plant species, but as a case of all the plants “going wild”.  In reality, the number 

of individual plants is about the same, but now one aggressive species has replaced a community 

of many species to a community dominated by one species.  Without recognizing that a shift in 

the plant community has occurred, control actions are sometimes directed at all the plants rather 

than targeting the nuisance exotic species that has invaded the lake.  Indiscriminate controls on 

all the plants including the native plants further encourage the exotic by reducing competition 

from the remaining native plants, thus prolonging the dominance of the exotic invader. 

 

Given a period of time, the environment evolves to restrain the exotic species that has invaded 

the lake.  Diseases, parasites and predators of native species similar to the exotic species shift to 

take advantage of the large population of exotic plants.  Eventually, the exotic species becomes 

just another member of the plant community.  The time required for this naturalization process 

varies greatly, depending on the species involved and environmental condition, but usually takes 

many years to decades. 

 

To accelerate the naturalization process, environmental agencies often return to the home range 

of an exotic plant to find controlling agents such as insects that feed on the plant or diseases that 
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will infect the plant.  After years of quarantine and research to ensure that the new control agent 

itself will not create additional problems, it is released to provide long-term control of the 

nuisance exotic plant. 

 
For more information on this topic the following resources are helpful (see Part IV, Section 7) 

 Integrated Pest Management for Nuisance Exotics in Michigan Inland Lakes (WQ-56) 

 

 

Section 8 – Swimmer’s Itch 

 

Swimmer’s itch is a disease of humans that is found worldwide.  It is caused by cercariae, which 

are a free-swimming larval stage of parasitic blood flukes.  The adult of these parasites live in 

certain waterfowl, shore birds and some aquatic mammals, such as muskrats.  The adult parasite 

passes eggs out of the waterfowl and into the water.  There they hatch and become mobile 

miracidium, which swim about.  If they come into contact with a snail they penetrate into the 

snail and reside in the liver or pancreas.  After some time the snail sheds cercariae of the parasite 

into the water.  These cercariae drift in the water until they encounter a host animal (waterfowl, 

shore bird or water mammal).  They then penetrate the host’s skin and migrate to the veins.  If 

these cercariae encounter a human instead of the proper host they penetrate the skin, however, 

since humans are not the proper host the cercariae dies in the skin layer.  About 30 to 40 percent 

of humans develop a reaction to the foreign protein matter in the skin.  This reaction is usually 

manifested as a rash with itching.   

 

Some lakes have incidences of swimmer’s itch every year, while other lakes only have the 

problem every ten or twenty years.  The difference in these patterns appears to be the presence of 

substantial populations of host animals, waterfowl, shore birds, or aquatic mammals.  Lakes with 

large populations of host animals often experience swimmer’s itch outbreaks every year.  Lakes 

with sporadic outbreaks appear to be infected by migratory waterfowl.  Most years the migrating 

waterfowl landing on the lake are not infected.  However, in certain years infected waterfowl 

land on the lake, infect the snails and move on.  Since there are no final host (waterfowl) for the 

parasite to infect after it has been in the snail the life cycle is broken.  In these cases the 

incidence of the disease usually subsides by mid-summer and does not occur again for several 

years when once more infected migrating waterfowl land on the lake. 
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There are some precautions that individuals can take to minimize contacting swimmer’s itch 

when it is known to be in the lake.  The parasite’s cercariae are very small and basically drift in 

the lake currents and wind driven waves.  Therefore it would be good to avoid swimming in a 

beach when there 

are strong onshore 

winds.  Since the 

highest 

concentrations of 

cercariae will be in 

near shore shallow 

water, it would be 

best to swim in 

deeper water and 

avoid wadding or 

setting in wave 

washed beaches.  

Additionally, after 

swimming 

immediately shower 

or towel off.  This 

action will remove 

any cercariae that 

are on the body but 

have not penetrated 

the skin yet.  

 

Treatment for 

swimmer’s itch 

infections is similar 

to the treatment for 

other rashes such as 

poison ivy.  Avoid 

scratching the rash since this can lead to bacterial infections, which would be more serious than 

the swimmer’s itch.  Warm baths and lotions with an antihistamine may relieve itching 

symptoms.  Antihistamines are also available in pill form without prescription. Obtaining advice 

from a physician is recommended if the individual is having problems controlling the itching. 

 

Swimmer’s itch control usually focuses on managing the parasite’s life cycle.  This management 

could be applied by reducing the number of snails in the lake or bird hosts that use the lake.  For 

managing snail populations physical and biological controls have been researched, but at this 

time none have been found to be cost effective.  Chemical control of snail populations to reduce 

swimmer’s itch incidence has been used for about 60 years.  There are a few molluscicides that 

will control snails, but copper sulfate is the only one available for use in Michigan.   

 

Copper sulfate is toxic to snails, but it is also toxic to other invertebrates and some fish, 

particularly trout.  Care must be taken when doing a swimmer’s itch copper sulfate treatment to 

 Redrawn from Swimmer’s Itch in Michigan a DEQ publication 



 28 Michigan Chapter NALMS 

get the copper to where the snails are while reducing the copper contact with non-target 

organisms.  To minimize undesirable impacts to the environment a permit is required from the 

MDEQ.  For information about swimmer’s itch, its control and permit requirements visit the 

MDEQ website and review the publication Swimmer’s Itch in Michigan. 

 

Breaking the swimmer’s itch life cycle at the bird or mammal host has been researched, but no 

practical application has been developed.  General recommendations are to not encourage 

waterfowl populations by artificially feeding the birds.  This action can concentrate birds and 

cercariae in the area.  The practice is also not beneficial to the birds in the long term.  Some 

communities have tried capturing and moving waterfowl populations that have been identified as 

contributing to serious swimmer’s itch problems.  However, this strategy is difficult, often 

ineffective and requires approval of the U.S. Fish and Wildlife Service. 

 
For more information on this topic the following resources are helpful (see Part IV, Section 7) 

 Swimmer’s Itch in Michigan 

 Occurrence, Distribution and Control of the Parasites That Cause Swimmer’s Itch in 

Michigan.   

 

 

Section 9 – Fish and Wildlife 
 

The fish and wildlife resources associated with Michigan inland lakes is a significant benefit to 

the people of Michigan.  Fishing and waterfowl hunting alone generate hundreds of millions of 

dollars each year for the State’s economy.  Other activities include bird watching, animal 

viewing, trapping, photography and others. 

 

While fish and wildlife may be a focal point for recreational interest on lakes, these animal 

populations are dependent upon algae, rooted plants, small animals such as crayfish and frogs 

and microscopic animals known as zooplankton.  Fish and wildlife populations are also 

dependent upon physical features in the lake such as rock outcrops and large woody debris, such 

as tree that have fallen into the lake for habitat and structure.  All of these plant, animal and 

physical elements combine and interact to create an ecosystem or complex web of life within the 

lake. 

 

A lake ecosystem is dependent upon all its interacting parts.  If plant populations are reduced, 

fish species altered or an exotic species introduced to the lake, the effects can ripple through the 

entire ecosystem.  It is not possible to significantly alter one element of the ecosystem without 

impacting all the others.   

 

A recent study conducted by the U.S. Environmental Protection Agency on the nation’s lakes 

(National Lake Assessment) documents this interaction.  The intent of the study was to estimate 

the condition of the Nation’s lakes using a study design which would produce results reflecting 

the general conditions present in all lakes.  The study was large and comprehensive.  The survey 

found that 56% of the Nation’s lakes have good healthy biological communities.  Another 21% 

are in fair condition and 22% are in poor biological condition.  The researchers also looked at 

stressors that could cause poor conditions just as a medical doctor would examine the 

relationship between cholesterol and heart health. 



 29 Michigan Chapter NALMS 

 

The researchers concluded that poor or degraded biological lake conditions could be related to 

two significant stressors: 

 

 High levels of nutrients such as phosphorus entering the lakes, and 

 Poor native lakeshore conditions, resulting from the replacement of native vegetation 

with lawns and seawalls. 

 

This study found it was possible to impact a lake’s fish and wildlife communities not only by 

altering plants and animals within the lake, but also by altering the land around the lake.  For 

more information about the National Lake Assessment visit the website 

www.epa.gov/lakessurvey. 

 

It is also important to note that sometimes change is not sudden and dramatic as might be seen 

with the introduction of an exotic species, but the change is slow and not often noticed such as 

the cumulative effects of small modifications to the lake’s habitat.  For example, one riparian 

owner removes the woody debris from his beach area.  There is small but unnoticed impact.  

Then another owner removes the woody debris followed by another.  If the practice of removing 

woody debris continues until there is little to no woody debris left in the lake, the impact upon 

fish populations, particularly perch can be dramatic.   

 
For more information on this topic the following resources are helpful (see Part IV, Section 7) 

 Fisheries Division Special Report 38 – Conservation Guidelines for Michigan Lakes and 

Associated Natural Resources 

 Fish and Fisheries Management in Lakes and Reservoirs 

 

  




