
Applied Geotechnical Services, Inc.  15798 Riverside, Livonia, MI 48154
Tel: (734) 679-0379

June 12, 2017

Mr. Chris Speen, Roads & Maintenance Chairperson
Lake Arrowhead Property Owners Association
7065 Arrowhead Trail
Gaylord, Michigan 49735

Re: 2017 Water Quality Testing & Lake Management Plan
Lake Arrowhead
Section 32, Township 30 North, Range 4 West
Hayes Township, Otsego County, Michigan
AGS Project No. 17-5053

Dear Mr. Speen:

In accordance with your request, Applied Geotechnical Services, Inc. (AGS) has
completed the 2017 installment of the Task 2 – Annual Testing & Monitoring of Lake
Management Plan as presented in AGS Proposal No.14-5127 – Rev. 1 dated January
6, 2016. This letter documents the 2017 lake water sampling and analysis procedures
and presents the results of our water quality testing and observations.

BACKGROUND

The Lake Arrowhead 2015 Water Quality Testing & Lake Management Plan report was
submitted to the Lake Arrowhead Property Owners Association (LAPOA) in September
2015 (AGS Report No. 15-5067 dated September 4, 2015). The 2016 Water Quality
Testing & Lake Management Plan was submitted in June 2016 (AGS Report No. 16-5053
dated June 28, 2016). These reports presented a characterization of the Lake
Arrowhead watershed and presented the results of the water quality analyses for Secchi
Disk Transparency Testing, Dissolved Oxygen, pH, Total Alkalinity, Nitrate-Nitrogen, and
Phosphorus. The results of the water quality testing indicated Lake Arrowhead was in an
oligotrophic state (i.e., lakes characterized by clear water, low nutrient concentrations,
and limited aquatic plants and algae).

The predominant species of emergent aquatic plants observed during our previous site
visits included rushes (Juncus spp.), spikerushes (Eleocharis spp.), sedges (Carex
spp.), and bulrushes (Scirpus spp.).  The predominant species of submergent aquatic
plants included muckgrass (Chara spp.), white water lily (Nymphaea odorata), and
floating leaf pondweed (Potamogeton spp.).
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2016 GROUNDWATER OBSERVATION WELL READINGS

During our 2017 site visit, AGS obtained groundwater level readings from the four (4)
groundwater observation wells installed on the site during the 2012 Hydrogeologic
Exploration. As shown on the following table, the groundwater level within the four
wells has risen approximately 0.3 to 0.4 feet since the previous groundwater level
readings obtained on June 25, 2016 and approximately 1.4 to 1.6 feet since the
September 20, 2014 readings at the end of the strategic dredging operations.

TABLE I: SUMMARY OF GROUNDWATER LEVEL READINGS
Well No. OW-1 OW-2 OW-3 OW-4
T.O.C. Elev. (ft) 1298.50 1282.68 1302.3 1309.80
G.S. Elev. (ft) 1295.45 1279.58 1299.0 1307.00

6/30/12 GW Elev.
(ft)

1264.7 1261.7 1262.6 1256.2

7/20/12 GW Elev.
(ft)

1264.4 1261.7 1262.6 1256.1

8/14/12 GW Elev.
(ft)

1264.5 1261.2 1262.1 1255.3

5/24/14 GW Elev.
(ft)

1266.4 1262.9 1264.2 1257.7

7/03/14 GW Elev.
(ft)

1266.9 1263.2 1264.5 1258.2

9/20/14 GW Elev.
(ft)

1267.1 1263.2 1264.7 1258.4

6/20/15 GW Elev.
(ft)

1267.5 1263.8 1265.3 1259.2

6/25/16 GW Elev.
(ft)

1268.2 1264.3 1265.9 1259.7

6/10/17 GW Elev.
(ft)

1268.5 1264.6 1266.3 1260.0

 T.O.C. = Top of Casing, G.S. = Ground surface

We note that Well Nos. OW-1 and OW-2 are located in an up-gradient groundwater
flow position with respect to the Lake Arrowhead water body.  OW-3 and OW-4 are
side-gradient and down-gradient, respectively. As shown in the Table I, the up-gradient
wells have risen approximately 1.4 feet since the completion of the dredging operations.
The side and down-gradient wells have risen 1.6 feet.
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We understand the elevation of the Lake Arrowhead water level has not be surveyed
recently. It would be of interest to survey the elevation of the lake along the shoreline
west of the picnic pavillion.

2017 WATER QUALITY ANALYSIS PROCEDURES AND RESULTS

As part of our lake management plan investigation, AGS visited the site on Saturday
June 10, 2017 to perform secchi disk transparency measurements, water sampling, and
analytical testing of water samples obtained from the lake. The water testing was
performed to assess the current trophic state of the lake (i.e., the health or quality of the
lake) and to provide a comparison with the 2015 and 2016 test results.

Secchi disk transparency measurements and water sampling was performed at a total
of three (3) locations as shown in Figure 1. The water samples were obtained from the
near surface photic zone. The water quality testing of the water samples was
performed in accordance with standard titrimetric and colormetic procedures.  The
water quality parameters are discussed below.

Figure 1: Lake Arrowhead Secchi Disk & Water Sample Locations (SL= Sample Location)
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Secchi Disk Transparency Testing

Secchi disk transparency testing is commonly used to quantify water clarity and to
provide an indirect measure of lake productivity.  The testing is performed by lowering a
round, black and white, 8-inch diameter disk attached to a calibrated line into the lake
water.  The disk is slowly lowered until it is no longer visible and the depth is recorded.
The disk is then slowly raised until it becomes visible once again and the depth at which
the disk reappears is also recorded.  The average of the two depths is the Secchi
Transparency number.

The Secchi disk transparency was 16 feet at Sample Location 2.  At the location of
Sample Locations 1 and 3, the Secchi disk was still visible at the bottom of the lake
(depth of approximately 5 feet and 6 feet, respectively).  These values indicate the the
lake is in an oligotrophic state.

Dissolved Oxygen

The amount of dissolved oxygen in the water is an important indicator of overall lake
health. Oxygen is supplied naturally to a lake by the diffusion of atmospheric oxygen
into the water; and the production of oxygen through photosynthesis by aquatic plants
and algae. Oxygen is readily dissolved in water and naturally moves (diffuses) from
the air into the water. Agitation of the water surface by winds and waves enhances this
diffusion process. Vertical mixing of the water, aided by winds, distributes the oxygen
within the lake.

The dissolved oxygen level of the 2017 water samples was determined by standard
titrometric methods. The testing indicated the water samples possessed dissolved
oxygen values ranging from 8.0 to 9.0 parts per million (ppm). These values indicate
relatively high dissolved oxygen levels.

pH & Total Alkalinity

pH is a measure of the concentration of hydrogen ions on a scale of 0 to 14. The
lower the pH, the higher the concentration of hydrogen ions. Substances with a pH of 7
are neutral. A reading less than 7 means the substance is acidic. If the pH is greater
than 7, it is basic (alkaline). Lakes with pH values of 7.5 or higher are typically
considered to be hard water lakes.

The 2017 pH testing indicated the water samples possessed a pH value of 7.3 to 7.8.
Accordingly, the test results indicate Lake Arrowhead is a moderately hard to hard
water lake.
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Alkalinity (expressed in milligrams per liter (mg/L) or parts per million (ppm) of calcium
carbonate (CACO3) represents the water’s capacity to resist changes in pH that would
make the lake more acidic. This capacity is commonly known as "buffering capacity."
Alkalinity refers to the capability of water to neutralize acid. The alkalinity of
groundwater is determined by the soil and bedrock through which it passes.

The 2017 water samples possessed alkalinity values ranging from 100 to 108 ppm
calcium carbonate indicating the water has good capacity to neutralize acids and resist
change in pH.  In addition, the relatively high levels of calcium and magnesium tend to
bind with phosphorous and other nutrients limiting their availability to be used by
aquatic plants.

Nitrate-Nitrogen

Nitrogen, along with phosphorus, are essential nutrients for the growth of algae, fish,
and aquatic plants.  However, too much nutrients can enrich or pollute a lake and
accelerate the eutrophication process by contributing to excessive growth of algae and
aquatic plants. In addition to fertilizer, nitrogen occurs naturally in the soil in organic
forms from decaying plant and animal residues. In the soil, bacteria convert various
forms of nitrogen to nitrate, a nitrogen/oxygen ion (NO3-). The majority of the nitrogen
used by plants is absorbed in the nitrate form.

The 2017 test results indicated the water samples possessed nitrate-nitrogen levels
below 0.1 ppm, indicating very low levels of this nutrient and good water quality.

Phosphorus

As discussed above, phosphorus along with nitrogen are the main nutrients found in a
freshwater lake.  While some phosphorus is essential for a healthy lake ecosystem, too
much phosphorus can enrich or pollute a lake and accelerate the eutrophication
process by contributing to excessive growth of algae and aquatic plants. Conversely,
the lack of availability of phosphorus in moderately hard to hard water lakes often limits
plants and algal growth.

The phosphorus level in the water samples was estimated by using standard
correlations with total phosphate concentrations. Based on these correlations, we
estimate the total phosphorus levels in the water samples ranged from 5 to 10 parts per
billion (ppb).  Total phosphorus levels less than 10 ppb indicate oligotrophic conditions
with low productivity.

A summary of the 2015 through 2017 water quality test results are presented in Table 1
below.
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TABLE II: SUMMARY OF 2015 - 2017 WATER QUALITY TEST RESULTS
Summary of 6-20-2015 Water Quality Test Results

Sample Dissolved Oxygen
(ppm)

Nitrate-
Nitrogen (ppm)

Total Alkalinity
(ppm CaCO3)

pH Total
Phosphorus

(ppb)*
SL-1 9 <0.1 112 7.5 5-10
SL-2 8 <0.1 92 7.5 5-10
SL-3 8 <0.1 88 7.5 5-10

Summary of 6-25-2016 Water Quality Test Results
Sample Dissolved Oxygen

(ppm)
Nitrate-

Nitrogen (ppm)
Total Alkalinity
(ppm CaCO3)

pH Total
Phosphorus

(ppb)*
SL-1 8.5 <0.1 110 7.3 5-10
SL-2 8.4 <0.1 102 7.3 5-10
SL-3 8.5 <0.1 105 7.4 5-10

Summary of 6-10-2017 Water Quality Test Results
SL-1 8.5 <0.1 108 7.8 5-10
SL-2 8.0 <0.1 108 7.3 5-10
SL-3 9.0 <0.1 100 7.8 5-10

 * Total Phosphorus Level Based on Correlation with Total Phosphates

As in 2015 and 2016, the 2017 water quality test results were used to assess the
trophic state of Lake Arrowhead based on the modified Carlson Trophic State Index
(TSI) used by the Michigan Department of Environmental Quality (MDEQ).  The test
results indicate the lake has remained in an oligotrophic state (i.e., lakes characterized
by clear water, low nutrient concentrations, and limited aquatic plants and algae).

2016 AQUATIC VEGETATION CHARACTERIZATION

The predominant species of emergent and submergent aquatic plants observed during
our 2017 site visit were the same as observed during our 2015 and 2016 site visits.
However, the amount of aquatic plants appeared to be significantly less that during our
previous visits.

It appears the present phragmites australis control program continues to be effective.
We understand LAPOA has retained the services of an aquatic weed control contractor
to treat the lake for phragmites for the next 8 years. We recommend the phragmites
treatments be continued as scheduled.
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2017 LAKE MANAGEMENT SUMMARY

At the present time, Lake Arrowhead can be classified as a moderately hard to hard
water, oligotrophic lake with good water quality. The health of the lake remains good and
no imminent threats of degradation of the water quality was found during our site visit.
There appears to have been little to no degradation of the lake since our 2015 and 2016
evaluations.

The attached booklet titled “The Water’s Edge”, published by the Michigan Department
of Natural Resources and Environment (MDNRE), presents several suggestions for
establishing and maintaining shoreline enviroments that help promote healthy lakes.
The booklet suggests: “Along your shoreline, try to maintain a buffer of native
grasses, wildflowers, shrubs, and trees. Native plants especially good for wildlife
are sugar maples, bur oaks, cranberries, dogwoods, native grasses, and
wildflowers. Beneficial aquatic plants include bulrushes, wild rice, arrowhead,
cattails, and bur reeds.”

Several dead trees were observed on the former “island” areas within the western
portion of the lake that are currently submerged. The possibility of removing the dead
trees to eliminate potential boating hazards, etc. was discussed.  While if may be
necessary to perform some removal for safety purposes, the Water’s Edge booklet
recommends leaving the dead trees and fallen limbs in place as much as possible to
provide habitat for fish, turtles, and other wildlife.

During our 2017 site visit, three (3) common loons (Gavia immer) were observed. We
believe this is further evidence of the health of the lake and the good stewardship of the
LAPOA members. The Michigan Department of Natural Resources (MDNR) website
states: “Their (common loon’s) breeding habitat consists of inland lakes that have an
abundant population of fish and a large proportion of undeveloped shoreline. They
prefer lakes with a small island or bog mat to hold the nest (inaccessible to raccoons
and other egg-eating predators), in an area of little or no high speed boat traffic.”

As discussed in our previous reports, the water chemistry of Lake Arrowhead promotes
the precipitation of calcium and magnesium as marl sediment (“muck”). We believe one
of the primary challenges to preserving the quality of Lake Arrowhead will be to manage
the accumulation of marl sediments especially from within the portions of the lake where
groundwater recharge occurs (springs).
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We recommend the lake management practices presented in our 2015 Water Quality 
Testing & Lake Management Plan be continued. 

We hope this information is sufficient for your present needs. If there are any questions 
regarding this letter, please contact us. Thank you for your continued use of our 
services. 

Respectfully, 

APPLIED GEOTECHNCIAL SERVICES, INC. -s-« efferey . Anagnostou, P.E., C.P.G. 
Geo-Environmental Engineer/Principal 

Encl: The Water's Edge (MDNRE Publication) 

1 pc: encl. 

Applied Geotechnical Services, Inc. 15798 Riverside, Livonia, Ml 48154 
Tel: (734) 679-0379 
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 he water’s edge is a busy place. Northern pike, 

bluegills, bass, and other fish spawn in the shallow 

water along the shore. Loons, ducks, sandhill cranes, 

and other water birds nest along the banks. Wildlife 

such as frogs, otters, and mink live there, too.  Shoreline 

areas—on land and into the shallow water— pro vide 

essential habitat for fish and wildlife that live in or 

near Michigan’s lakes.  Overdeveloped shorelines 

can’t support the fish, wildlife, and clean water 

that are so appealing to the people attracted to the 

water’s edge. 

Unfortunately, that’s exactly what’s happening 

to many Michigan lakes. The problem is poorly 

planned lakeshore development. Bit by bit, the 

cumulative effects of tens of thousands of lakeshore  

homeowners “fixing up” their property are 

destroy  ing one of the state’s valuable resources - its 

fragile lake habitats. Some examples:

Sand trucked in for swimming beaches covers 
underwater gravel or silt used by:

	 •	fish	for	spawning

	 •	mayflies	for	burrows

	 •	frogs	for	laying	eggs

Aquatic vegetation removed to create 
swimming and boating areas eliminates 
shoreline-stabilizing plants that are also 
habitat for:

	 •	bass	and	other	fish	that	hide	among	the	plants	

and spawn in areas protected from waves

	 •	loons	that	nest	on	floating	vegetation

	 •	waterfowl	that	feed	on	underwater	plants

	 •	insects	that	live	among	underwater	vegetation

Shoreline shrubs and “unsightly” fallen trees 
are removed to create golf course-type lawns, 
thus eliminating habitat for wildlife such as:

	 •	songbirds	that	use	these	shrubs	for	nesting

	 •	ducks	that	lay	eggs	in	native	shoreline	grasses

	 •	turtles	that	sun	on	fallen	logs

	 •	bass	and	panfish	that	hide	in	the	shade	under	

toppled trees.

“Recent studies have 
shown how critical 
shoreline habitats are 
to the health of the 
entire lake.  If you 
want great fishing you 
need to protect the 
shoreline.”
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   Rebecca A. Humphries
DNRE Director
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 wners of shoreland property often bring with them traditional landscaping 

ideas that strive for the conventional, suburban “clean” look of a golf course or  

a beach. Yet, besides eliminating fish and wildlife habitat, this type of landscap ing also 

creates problems for homeowners such as:

	 •	Green water: A mowed lawn sends rain runoff carrying fertilizers, pet waste, and 

lawn clippings to the water where they fuel algae blooms that make swimming less 

enjoyable.

	 •	More erosion: Water plants such as bulrushes, cattails, and coontail soften the  

erosive effects of waves along shores. Removing these plants increases erosion.

	 •	Nuisance wildlife problems: Traditional lawns attract geese, which are grazers.  
In one week, an adult goose can produce 15 pounds of slippery, smelly droppings.

The combined effect of shoreline alterations by many property owners on a lake 

destroys habitat and causes declines in fish and wildlife populations. It’s ironic that many  

lakeshore property owners buy their lots because they enjoy nature and then unknowingly 

harm habitat by altering the natural landscape. Most species of fish and wildlife don’t  

thrive along sandy swimming beaches or on mowed lawns. They do best within the tangles of 

aquatic (“weeds”) and shoreline cover (“brush”) that lakeshore owners frequently remove. 

Sorry, songbirds
All natural vegetation along the water’s edge 

has been eliminated—and with it has gone 

the shrubs and grasses needed by birds, 

butterflies, and other wildlife. 

Big Fish come from Small Fish
With all the aquatic vegetation gone, fish have 

no place to live. Waves will stir up sediment 

and destroy spawning areas. 
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Landscaping that’s unfriendly 
to fish and wildlife 

Rocky future
Rain that would seep 

into the soil flows 

more quickly off 

rocks and lawns 

straight into the lake. 

The runoff carries  

pet waste, fertilizer, 

and other lake 

pollutants.

“Clean” lawns can 
make dirty lakes

“Clean” lawns can 
make dirty lakes
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Lightly developed shoreline = lots of fish and wildlife

  horeline habitat consists of many natural elements  

woven into the lake ecosystem to form a web of life. Native 

vegetation, bottom materials, and natural debris play  

essential roles in the life cycles of a lake’s fish and wildlife. 

Nearshore alterations that damage or destroy these habitat  

components sever essential strands in the web. As a result, 

the lake ecosystem is weakened, wildlife and fish numbers 

decline.

Overdeveloped shoreline = few fish and wildlife
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A growing number of 

lakeshore owners are 

switching from  

traditional mowed lawns 

to native grasses and 

wildflowers.  In addition 

to helping wildlife, native 

plants require little to no 

maintenance.  That frees 

up more of your time to 

go fishing, watch wildlife, 

and otherwise enjoy 

being at the lake. 

What can you do?

The value of 
shoreline habitat
The value of 
shoreline habitat
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You don’t need to give 

up a lawn and beach to 

create a natural, wildlife-

friendly lakeshore.

If you have 100 feet of 

shoreline, consider 

reverting 75 feet back to  

its natural condition and 

keeping 25 feet for a boat 

dock and swimming area. 

Additionally, if you restore 

the area near the lake to 

natural grasses and  

shrubs, you can still keep 

plenty of lawn up near the 

house or cabin while 

helping ducks, songbirds, 

butterflies, and other 

wildlife. 

Along your shoreline, try  

to maintain a buffer of 

native grasses, wildflowers,  

shrubs, and trees. Native 

plants especially good for 

wildlife are sugar maples, 

bur oaks, cranberries, 

dogwoods, native grasses, 

and wildflowers. Beneficial 

aquatic plants include 

bulrushes, wild rice, 

arrowhead, cattails, 

 and bur reeds.

 earshore vegetation provides habitat for many 

wild life species. Waterfowl nest in shoreline grasses, while  

songbirds build their nests in trees and shrubs. Natural 

shorelines are wildlife highways, or travel corridors, for 

animals such as mink grasshoppers, ants, and other 

in sects that live in shoreline vegetation are blown into the  

lake, where they are eaten by bluegills and other fish.

A tidy lawn and a sandy beach make great spots for 

sunbathing and swimming, but they provide little habitat for 

fish and wildlife. By leaving a buffer of natural vegetation 

along the shoreline, property owners can reduce erosion, 

help maintain water quality, and provide habitat and travel 

corridors for wildlife.

The width of the buffer strip depends upon the terrain. 

On a gentle slope, having a 35 to 50 foot strip of natural 

vegetation between the water’s edge and the lawn will 

accommo  date the needs of many shoreline wildlife. On 

steeper grades, leaving even more natural vegetation in 

place will stabi lize soils and reduce the need for retaining 

walls or other erosion prevention. Trees and shrubs in 

the	buffer	strip	can	muffle	noise	from	watercraft	while	

providing nesting areas for songbirds. 

Avoid using pesticides or fertilizers in the buffer 

strip because harmful chemicals can leach into the lake. 

Pesticides kill beneficial insects living in shoreline 

vegetation that are important foods for fish, birds, and 

other wildlife.

N
Have your lawn—
and wildlife, too. 

Kathleen Preece

Shoreline buffersShoreline buffers
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 ecause most Michigan lakes are surrounded by trees 

and shrubs, storms and winds often blow dead or dying 

branches, limbs, and trees into the water. This woody 

debris is important to lake ecosystems. Beneath the water’s 

surface, woody material is critical habitat for tiny aquatic 

organisms that feed bluegills, turtles, crayfish, and other 

critters.	Water	insects	such	as	mayflies	graze	on	the	algae

that	 grows	 on	 decomposing	 wood.	 	 Dragonfly	 nymphs		 

hunt for prey among the stems and branches.  Bass find food 

and shelter, and nesting sites among fallen trees.

Above water, a fallen tree is like a dock for wildlife.  

Ducks and turtles loaf and sun themselves on the trunk. 

Muskrats use the tree as a feeding platform. Predators such  

as mink and otter hunt for prey in the vicinity of the tree. 

Dead trees that remain along the shoreline are used as  

perches by belted kingfishers, ospreys, and songbirds.

Many lakeshore owners consider this woody debris  

unsightly and remove it from their shoreline. Yet this takes 

away hiding and feeding areas for many fish and wildlife 

species. Unless the fallen tree is a hazard to navigation or 

swimming, consider leaving it in the water to improve fish 

and wildlife habitat, fishing, and wildlife observation.

Waterfowl, 

turtles, and 

other wildlife 

use fallen 

trees as 

loafing sites.

B

Leave fallen trees 
in the water to 
provide habitat for 
fish and wildlife. 

David Howell

What can you do?

Woody coverWoody cover
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ocal  geography and geology determine what  natural 

materials exist on lake bottoms and shorelines. Hard 

lake bottoms and beaches made up of sand or gravel  

are usually in open areas exposed to waves. 

Soft bottoms composed of muck are usually in shallow,  

sheltered bays. Areas with lots of rocks and boulders 

were left by receding glaciers 10,000 years ago.

Bottom material, called substrate, is used by fish  

and other aquatic life. Walleyes spawn on the clean 

gravel of wave-swept shorelines. Mucky bottoms 

support insects and other invertebrates that provide food 

for fish and wildlife. Crayfish, smallmouth bass, and 

other species hide and forage among rocks. 

Pure sand is the least ecologically productive lake 

bottom substrate. Yet lakeshore dwellers frequently buy 

property and then alter the shore and bottom by 

dumping sand to improve a swimming area. Creating  

sand beaches on soft bottoms is expensive, and 

cover ing rock-rubble bottoms with sand destroys 

fish spawn ing areas. 

Before creating a large beach, lakeshore owners 

should know that their shoreline alteration will take 

away fish and wildlife habitat from the entire lake 

ecosystem and may require permits from the DNRE.

Rock and gravel  

bottoms are 

important 

spawning areas 

for game fish  

such as walleyes 

and forage 

species such as 

suckers, darters, 

and some 

minnows.

•	Minimize	the	size	of	
your sandy beach  
to allow for more 
natural shoreland 
and underwater 
vegetation.

•	If	buying	property,	
look for shoreline 
and lake bottom that 
match your desires. 
Don’t expect to 
change it into 
something it isn’t.

 

What can you do?
L

 In-Fisherman

Bottom materialsBottom materials
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Emergent Plants

Floating-leaf Plants

Submergent Plants

Algae→

ften  dismissed as “weeds” by many lakeshore property 

owners, aquatic plants provide essential fish and wild life 

habitat and help keep lakes clean and healthy. Through  

photosynthesis, aquatic vegetation produces oxygen for  

the lake. These plants also use nutrients that can otherwise  

fuel midsummer algae blooms and they provide food, shelter, 

and nesting areas for fish, invertebrates, and wildlife.

Removing aquatic vegetation to improve boating or  

swimming eliminates fish habitat and damages the root 

network that holds bottom sediments in place. For example, 

bulrushes keep silt carried by waves from covering  bottom 

gravel used by bass and panfish for spawning. When 

bulrush beds are removed, waves also begin to erode the 

shoreline.

Wave action and boat wakes also stir up sediment, caus ing 

the lake water to become murky. If sunlight cannot penetrate 

the cloudy water, many healthy and vibrant lakes can 

eventually turn into a green soup, devoid of most desirable 

fish and wildlife species.

Shoreline vegetation 

provides critical habitat 

for beneficial insects, such 

as this mosquito-eating 

dragonfly.

What can you do?

•	Leave aquatic plants 
along the shoreline. 

•	Consider	 
re-establishing 
aquatic plants 

   along the lakeshore. 
			Utilize	docks	&	
   swim platforms 

rather than 
   removing vegetation 

for access. 

Biologists refer to aquatic plants as emergent, submergent, and  

floating-leaf vegetation. Emergent vegetation protrudes above the 

water’s surface; submergent vegetation stays underwater;  

and floating-leaf plants rest on the water surface.

O

Aquatic vegetationAquatic vegetation

•

 Amy Peterson
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  etlands help keep lakes clean by filtering sediments 

and excess nutrients. Acting like natural sponges, wetlands 

slow	down	water.	This	function	reduces		flooding,	stabi		lizes	

lake levels, and provides recharge for groundwater. 

Shoreline wetlands are habitat for a diverse community 

of plants and animals such as northern pike, which  

spawn among aquatic vegetation. Nutrient-rich sediments 

and soils in wetlands support insects, frogs, and other small 

animals eaten by fish and wildlife. Wetland vegetation

provides food and cover for waterfowl, muskrats, and 

other wildlife.

Marshes, bogs, bulrush beds, and other shoreline 

wetlands have been disrupted by lakeshore property 

owners to create boat docks and swimming beaches. The 

loss of a lake’s wetland areas leads to poorer water quality, 

lower	game	fish	populations,	and	flooding.

Healthy wetlands attract nesting and migrating waterfowl.

•	Don’t	fill	or	alter	
wetlands, even if 
they are only  wet 
in the spring.

•	Consider	restoring	
drained or filled 
wetlands.

What can you do?
W
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WetlandsWetlands
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t’s up to everyone who values lakes to keep them healthy and productive. Many lakeshore 

owners wonder what difference alterations to their one lake lot could possibly make. But 

when the actions of dozens or hundreds of individual property owners are added up, the  

sum effect can alter the habitat and  water quality on that lake. The cumulative harm from 

shoreline alterations by many lakeshore property owners affects swimming, fishing, wildlife 

watch ing, and the overall health of the lake.

It’s like walking in a garden. If a neighbor kid came through once, that would be no big 

deal but if the whole neighborhood came through, the garden would be trampled. 

 

I
We’re all responsibleWe’re all responsible

 

When multiplied around the lake, individual shoreline alterations affect the 

overal health of Michigan Lakes.
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A watershed is a basin that collects water from the surrounding landscape. A 
healthy lake depends on a healthy watershed. Logging, farming, livestock grazing, 
and urban development occurring in a watershed can affect a lake’s water quality. 
Some lake associations map the lake’s watershed to inventory and evaluate activities 
taking place. When activities that degrade water quality are discovered, people living 
in the watershed work together to find a solution.

Pollutants and eroding soil within the entire watershed can easily end up in the lake. Poor land use 
even several miles away can end up harming fish and wildlife habitat in a lake. 

Protecting watersheds

Lakes & Resevoir Restoration Guidance Manual; U.S. EPA
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healthy lake is a functioning ecosystem. The 

water is safe for swimming and fishing. The aquatic 

habitat supplies food, cover, and spawning areas  

for fish. Natural shoreline vegetation supports  

songbirds, small mammals, and other wildlife. 

Throughout this lake’s watershed, land management 

activities are planned to improve water quality.

A healthy lake doesn’t just happen. It comes 

about when shoreline property owners and others 

living in the watershed take steps to ensure the lake’s 

ecological health. Only if more lakeshore owners 

manage their shoreline in a natural condition can 

fish and wildlife populations on Michigan lakes 

stay healthy and abundant. 

Several state laws and 
rules protect shorelines, 
wetlands, and floodplains. 
For example, it is illegal 
to construct seawalls and 
beaches wihout a permit.
To learn which shoreline 
alterations are prohibited 
without a permit, call 
your local DNRE office.

Good fishing doesn’t just happen. It’s the result of clean water and abundant spawning habitat found 

in lakes that still have plenty of natural shoreline.

More	things	to	know:A
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Prescription for a 
healthy lake

Prescription for a 
healthy lake
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he DNRE is responsible for the protection of the natural resources and public trust of 

inland lakes.  You can get information on permits and laws from the DNRE through their 

Environmental Assistance Center, the DNRE’s web site www.michigan.gov/deqinlandlakes, 
or by contacting your local DNRE office.  The DNRE staff are happy to discuss your project 

so that it meets both personal and environmental concerns. 

     The Michigan Natural Shoreline Partnership (MNSP) is an organization made up of 

experts from the DNRE, universities, resource conservation groups, and industry designed to 

assist lakefront property owners who wish to restore natural shoreline habitat along their 

waterfront.  The MNSP educates contractors and landscape professionals on natural shoreline 

methods, and provides workshops for landowners.  Visit www.mishorelinepartnership.org 
for more information.

© 2010, State of Michigan Department of Natural Resources and Environment.  Material adapted with 
permission from Minnesota DNR, Section of Fisheries publication: The Water’s Edge

The Michigan Department of Natural Resources and Environment acknowledges the 
US Environmental Protection Agency’s Wetlands Program for their financial support of this 
publication.

The Michigan Department of Natural Resources and Environment (DNRE) will not discriminate 
against any individual or group on the basis of race, sex, religion, age, national origin, color, marital 
status, disability, or political belief.  Questions or concerns should be directed to the DNRE Office 
of Human Resources, P.O. Box 30473, Lansing, MI   48909-7973.  This publication and future 
versions of this publication may be quoted or reproduced in part without permission, as long as 
such reproduction is for noncommercial or nonprofit educational purposes, and the authors are 
credited with any use.
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