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Preface

Visiting a nice lake is like going to a grocery store that
has everything. But what happens if the lake is lacking an
item or two? Maybe one or more lake projects can address
the need. Although this book has several hundred project
ideas, many of them are updated project ideas that have
been previously conducted one way or another. For exam-
ple, dredging has been occurring for over 4000 years. Fish
culture, aquatic plant management (using handpulling
techniques), and waste disposal are also thousands of
years old.

A Chinese fish farmer, Fan Lai, wrote one of the first
pond management books in 475 BC. Then there was a gap.
Izaak Walton and others wrote about lake and pond man-
agement in the 1600s although projects were geared toward
improving fishing. For the next 300 years, books on lake
management typically were books on fish management.

Things were changing in the 1930s. References to
Hubbs and Eschmeyer (1937) come up a number of times
in this book (listed in nearly every chapter). They
expanded the fish management approach to address a more
encompassing lake improvement project list. After a brief
lull, a flurry of activity occurred in the 1970s that
expanded lake management ideas to include eutrophica-
tion and acid rain projects. Then, Dennis Cooke and co-
authors superbly detailed the lake restoration field in 1983
with their restoration book, which has been followed by
a second edition. In the late 1990s, lake management
emphasized shallow lakes, which are more numerous than
deep lakes. Brian Moss and several other authors produced
excellent texts to explain protection and restoration methods.
On the brink of the next millennium, Carroll Henderson

and co-authors (1999) produced an encompassing book
on shoreland protection and restoration techniques.

The objectives of this guidebook are to summarize
lake management activities in a broad perspective from
the shoreland into the lake, and to re-visit some of the
efforts done in the past.

Only cursory treatment is given to urban and agricul-
tural non-point sources. There are other books covering
these areas. This guidebook is geared primarily to shore-
land and lake conditions, and is intended to involve lake
users in projects. One of the premises of this book is to
learn and implement what nature shows us (although we
continue to use experiments to extract the whole story).
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Introduction

Lakes are fun. They are enjoyed from both a passive and
active perspective. What is implied but not always stated
is that the lake experience encompasses more than just the
lake. It is the setting that makes the lake experience
unique. Otherwise, we would only need to visit the YMCA
pool to get the lake feeling. Although the pool is fun, it
is not the same as a lake.

It is more rare these days compared to 50 years ago to find a
two-room cabin, with a single-section dock and a lone fishing
boat moored to it. Cabin sizes have increased over the years and
the emphasis on lake use has changed as well. Survey results
from the 1950s indicated that fishing was the number-one lake
enjoyment. Since the 1980s, it has switched to aesthetics, which
are defined as viewing the lake and wildlife.

A critical component of the lake experience is the lake
environment, which includes the lakeshore and upland
fringe as well as the lake. Without trees reflecting off the
water or without the woods on the hillside next to the lake,
birds in the trees, and ducks on the pond, natural aesthetics
would be diminished. Sustaining an optimal lake environ-
ment includes the maintenance of the shoreland landscape
along with the lake.

For some lakes in urban settings, shorelands take on an urban
landscape look. Although active recreation is an important activ-
ity, there are ways to accommodate the passive recreational
opportunities as well.

Building within a natural shoreland setting can maintain many
of the natural features. These settings accommodate both active
and passive recreation.

The challenge is to manage the lake environment to
accommodate active and passive activities and, from a
global perspective, to keep the lake safe for human health
considerations. The reference point for overall lake quality
conditions is the status of other relatively unimpacted lakes
in the region. It is difficult to improve upon natural condi-
tions, whether they be in an aquatic or a terrestrial setting.
For the lake or pond with problems, if natural conditions
are out of sync within a regional landscape setting, nature
has a tendency to reestablish equilibrium if key problem
sources are corrected. For many culturally eutrophic lakes,



one of the key corrections is reducing the amount of nutri-
ents in the water column. However, even if watershed nutri-
ents are reduced, it could take years for the lake to read-
just to the new equilibrium. Sometimes, we do not want
to wait that long. We accelerate the processes to reinstate
and mimic the natural conditions as best we can.

This guidebook outlines projects that can enhance the
lake environment as well as the pond environment. Project
areas address common eutrophic-related problems as well
as wildlife considerations and environmental health areas.

Projects described in the seven chapters are not intended
to replace lake restoration or comprehensive lake management
programs. Some of the projects in this book treat the symp-
toms without going directly to the source of the problem. The
lake restoration approach is to go to the source of the problem.

However, sometimes that is not an option. In cases
where a lake group cannot afford a whole-lake restoration
project or they are not organized to carry out a whole-lake
project, they wonder what they can do in the meantime.
Projects described in this book can improve conditions in
nearshore areas or around a lake or pond; until a lake res-
toration program can permanently improve the situation.

Conducting individual projects from an organized base such as a
lake association benefits a lake directly. It also fosters stewardship.
Here at an annual lake meeting, project ideas are being discussed
and volunteers will sign up for various activities for the next year.

Sometimes, lake restoration projects focus on phospho-
rus control and the water clarity improves, but exotic aquatic
plants are still a nuisance, or roughfish populations are still
problematic. In these cases, hands-on projects outlined in
this book complement the lake restoration gains.

Also, when considering the lake environment, some
problems do not fit into conventional lake restoration or
management techniques, such as mosquito control, purple
loosestrife management, or adverse impacts from beaver
dam construction. Somewhat unconventional lake manage-
ment techniques are called upon to address these concerns.

In many cases, if a lake group bands together and coor-
dinates a number of these management projects, the end
result could be close to a full-scale lake management project,
and at a reasonable cost that can be funded by the lake’s users.

To use this guidebook, first determine if your problem
fits into one of these categories:

¢ Shoreland area

* Algae

* Aquatic plants

* Fish

e Sediment

* On-site systems (wastewater control)
* Pond problems

Next, turn to that chapter and browse through its mate-
rial until you find a project you think will work. Although
hands-on ideas are outlined, a guidebook does not go into
the detail that a manual does. Several key references at the
end of each chapter should help with follow-up.

Most of the projects included in this guidebook have
been tested first-hand and many of them work, but some
do not and those are described as well. Sometimes, know-
ing what does not work can be quite helpful and save
somebody the effort of building or buying something that
will not do the job. However, by mentioning some of the
less-than-successful projects, maybe you have an idea on
how to improve the technique and make it more effective.

Projects in this guidebook are intended to help the lake
directly, but there are indirect benefits as well. Whether
volunteers are involved in coordinated efforts or acting
independently, participation in projects builds stewardship
for the lake and shoreland. That is an important long-term
benefit to the lake environment.

A HELPFUL REFERENCE FOR SUMMER NEEDS AND

SUMMER COMFORTS - S5EE DETAILS OF EATON’S
EFFICIENT DELIVERY SERVICE TO SUMMER ADDRESSES

Lakes are fun. Trends in the forms of lake activity have changed
over the decades, but the constant is that people are drawn to
water. (From Sears, Canada, Inc. With permission.)



1 Shoreland Projects

1.1 INTRODUCTION

The shoreland can be defined in at least two ways. Some
states and counties define the shoreland area by a specific
setback distance, in feet, from the shoreline. It may be 1000
feet in some cases, more or less in others. But there is also
a nonregulatory definition of the shoreland area. It encom-
passes three components: an upland area starting at the road
or end of your lot and includes your house or cabin going
down to the shoreline, the shoreline itself, and the shallow
nearshore area out to about the end of your dock.

The shoreland encompasses three components: the upland area
near the lake, the shoreline, and the shallow water in the near-
shore area.

The objectives of shoreland projects are to reduce
nutrient runoff from upland areas, enhance wildlife habi-
tat, protect shorelines, and improve habitat conditions in
shallow water.

For comprehensive lake protection programs, work
is conducted beyond the shoreland but within the water-
shed. Backed by city or township government, commu-
nities establish programs to protect homes from flooding
and to protect the water quality of lakes, rivers, and
wetlands. Often, the practices are invisible because they
are not readily associated with water quality. A pond in
a city neighborhood could very well be a water quality and
flood protection project. A grass swale may have been
installed purposely to infiltrate stormwater and reduce
runoff.

On an individual basis, homeowners can tackle a vari-
ety of shoreland projects, including native landscaping,

living with wildlife, as well as a host of shoreline and
nearshore water projects.

This chapter describes projects that you can undertake
in all three areas: uplands, the shoreline, and the nearshore
area to improve the overall lake environment.

1.2  EROSION CONTROL ORDINANCES
AND COMMUNITY EDUCATION

That’s History...

“Erosion silt alters aquatic environments, chiefly by
screening out light, by changing heat radiation, by
blanketing the stream bottom, and by retaining
organic material and other substances which create
unfavorable condition at the bottom.

—_ Ellis, 1936

Most cities and townships have ordinances to control ero-
sion during construction of roads, shopping centers, and
housing projects. The construction phase is a critical time
to protect water quality. Bare soil exposed at construction
sites is susceptible to erosion with the slightest amount of
rainfall.

Erosion control at construction sites is critical to reduce sedi-
ment and nutrient transport to streams, wetlands, or lakes.



Having an ordinance is one thing, but enforcing the
ordinance is critical. Sometimes, you can help make the
ordinance work. Contact a city engineer or water resource
manager if you see a potential erosion problem that needs
attention.

Often, communities have other ordinances on the
books regarding fertilizer usage, on-site wastewater treat-
ment systems, stormwater runoff management, and buffers
around lakes and ponds. Ordinances are one way to imple-
ment shoreland programs.

Cities and towns also educate citizens on how to man-
age and protect water quality. Voluntary programs are
inexpensive ways to achieve water quality improvements.
For example, community education projects can focus on
the importance of native landscaping, the proper use of
fertilizer, and maintenance of an on-site wastewater treat-
ment system through mailings, water bill inserts, and even
TV spots.

Sometimes, little things can cause big problems. Here, a lawn
sprinkler is overshooting new sod, with the runoff carrying sed-
iment into the catchment basin. The problem was solved when
the homeowner turned down the water pressure.

1.3 COMMUNITY-WIDE STORMWATER
MANAGEMENT

City planners and engineers take water management seri-
ously. Initially, flood control was the primary objective of
stormwater management. Since the 1970s, water quality
has taken on greater importance. The next five topics
outline several stormwater management techniques that
address water quality protection.
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Storm flows can have tremendous erosional force. Stormwater
management plans are designed to reduce damage from storm-
water runoff.

Stormwater management practices have evolved significantly
since the 1960s. For many urban areas, stormwater is managed
by a combination of on-site practices as well as with ponding.
Direct stormwater flows into a lake, like the one shown here, are
rare.

1.3.1 STREET SWEEPING PROGRAMS

Street sweeping programs reduce the amount of sand and
debris that runoff can carry to a lake. During the winter,
communities apply various mixtures of sand and salt to
streets to maintain safe driving conditions. Salt in runoff
can increase the conductivity of the lake, but generally is
not harmful to a lake.
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Street sweeping can remove pollutants. In northern states,
sand and salt are applied to streets and then swept in spring.
The sandpile on the left is unused material, and the dark sand
pile on the right has just been swept up from the street. Higher
concentrations of silt, phosphorus, and trace metals (based
on lab analysis) were found in the pile on the right than on
the left.

However, the sand and salt may contain other impu-
rities. The sand and salt should be tested. If results
show the mixture is high in phosphorus or heavy metals,
the community should select another source of sand or
salt.

It is critical to sweep up the excess material early in
the spring before melting snow and rain move the material
into the lake. In addition to spring sweeping, communities
typically sweep the streets in the fall to pick up leaves and
other debris, giving top priority to streets closest to lakes
and streams.

1.3.2 CAtcH Basins

Streets with curbs and gutters usually have curbside open-
ings with grates and catch basins underneath that receive
stormwater runoff. The basins help settle out sediment
suspended in the muddy stormwater. Typically, during
storms, the holding time in a catch basin is too short to
allow fine-sized particles to settle. However, they will still
catch coarse sand, gravel, and debris, which helps reduce
sediment inputs to downstream waters.

Several new catch basin designs have improved sedi-
ment retention by incorporating swirling water action or
by using filtration techniques. Regular maintenance keeps
catch basins operating at top efficiency.

Here is the next generation of catch basins. Precast concrete
“Stormceptor” removes suspended sediments that catch basins
would not. Stormceptors are used for small drainage areas and
for improving pollutant removal when ponding is not practical.

1.3.3 Dry PonDs

Dry ponds, also called dry detention basins, are designed
to impound stormwater for several hours and then slowly
release it. As a result, the basins are often dry except when
holding rainwater. Sometimes, the basins are incorporated
into ball fields and other green areas.

Top View
Lower Stage

Extended
Oetention

Emergency
Spillway

Anti-seep
Collar

A dry pond with a small permanent wetland. (From Schueler, T.,
Controlling Urban Runoff: A Practical Manual for Planning and
Designing Urban BMPs, Metropolitan Council of Government,
Washington, D.C., 1987. With permission.)

The dry ponds help suppress peak stormwater flows,
and at the same time allow sediment to settle out. If water
is impounded several hours, up to 30 or 40% of sand and
smaller particles will settle out.



An advantage of using dry ponds is they are easier to
maintain than wet ponds. When they are dry, it is easy to
mow the grass or remove sediments.

A dry pond in Prior Lake, Minnesota.

A disadvantage is that they require more surface area
than wet detention basins for the same job, which may
limit their use in cities. Also, the first flush of stormwater
may scour the bottom of the basin, thereby picking up and
transporting loose sediments downstream.

Outlet pipe of dry pond with emergency outlet in the background.

Dry detention basins come in a variety of designs.
Some are natural looking and others more conspicuous.
Guidelines for designing dry basins vary considerably.

You can find more ideas on dry basin configuration in
stormwater handbooks such as Controlling Urban Runoff:
A Practical Manual for Planning and Designing Urban
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BMPs, by Thomas Schueler (1987). This manual is avail-
able from the Metropolitan Council of Governments, 777
North Capitol Street, NE, Suite 300, Washington, D.C.
20002 (202-962-3256); www.mwcog.org. The price is $40.

1.3.4 WET PoNnDs

In contrast to dry ponds, wet detention basins are perma-
nently flooded. Basically, they are miniature lakes.

Top View
£mbankment

P e P
g Bench iWedge-shaped S

Forebay ., Permanent |

Satety Bench
(10 Feet Wide)

Side View

.......
=

A wet pond. (From Schueler; T, Controlling Urban Runoff: A
Practical Manual for Planning and Designing Urban BMPs, Met-
ropolitan Council of Government, Washington, D.C., 1997. With
permission.)

Engineers use graphs and tables to determine how big
to make a pond so it will retain water long enough to
remove pollutants. The longer the detention time, the
higher the percentage of particles that will settle out.

That’s History...

One of the earliest recorded sedimentation basins
built to clarify turbid water was installed for the
Roman city of Laodicea in about 260 B.C. It settled
out suspended sediments delivered by a 4-mile long
aqueduct from the River Caprus. The first basin was
46 x 46 feet and a polishing basin was 15 x 15 feet.

— World of Water, 2000

It is difficult if not impossible to create detention times
long enough to remove all particle sizes, especially silt
and clay. In some cases wet ponds can remove more than
90% of the sediment that enters a pond. They typically
remove up to 65% of the phosphorus that comes into the
pond.
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Advantages of wet ponds are they can help treat runoff
from small areas, such as shopping centers; or collect
water from larger areas, such as several developments or
parts of a city. They do not need as much space as dry
detention ponds.

Disadvantages of wet detention ponds are that they
eventually fill with sediments and there are expenses asso-
ciated with dredging them out. They are also a drowning
risk.

People who live near such a pond may view it as an
amenity, but the primary function of a sedimentation pond
is to treat stormwater. Such ponds may experience algae
blooms or significant weed growth. Pond management
techniques that can be applied to improve water quality
conditions in wet ponds are described in Chapter 7.

1.3.5 ConNsTrRUCTED WETLANDS

Natural wetlands come in different sizes and forms, rang-
ing from cattail marshes and bayou swamps to peat bogs,
river-bottom forests, and seasonally wet depressions.
With a dramatic loss of wetlands in the past century,
remaining natural wetlands are too valuable to be used to

aquatic bench

wet pond

max safety
storm limit

A wet pond in Lakeville, Minnesota, used for stormwater treat-
ment. Sometimes, stormwater ponds can be manipulated to be
both a stand-alone water resource and a stormwater treatment
system. Additional ideas on storm pond management are found
in Chapter 7.

treat stormwater or to remove sediment. If excessive sed-
iments or nutrients end up in the wetland, they may alter
rare vegetation or damage wildlife habitat.

hi march—

riser in
embankment

A pond and constructed wetland system to treat stormwater runoff. Avoid using natural wetland systems for stormwater treatment.
(From Schueler, T., Guidelines for the Design of Stormwater Wetland Systems, Metropolitan Council of Government, Washington,
D.C., 1992. With permission.)
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Instead of using natural wetlands, designers are build- * They do not require as much excavation as wet
ing ponds that mimic wetlands and are using them for ponds.
stormwater treatment. The benefits of using such con- * Wetland restoration may attract wildlife.
structed wetlands are many: * In some cases, maintenance is easier compared

to deep-water wet detention ponds.
* They efficiently remove sediment and require
shorter detention times.

What can you do when there is no space for stormwater ponds? Some neighborhoods install rainwater gardens. These vegetated
patches, located in a depression or swale, help infiltrate stormwater and reduce runoff. (From Bonestroo, Rosene, Anderlik, and
Associates, St. Paul, MN.)

A constructed wetland in Mountain Lake, Minnesota, is large enough to attract waterfowl.
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Constructed wetlands can attract a variety of waterbirds water and depth is a significant variable. (From Adams, L.W., Urban
Wildlife Habitat: A Landscape Perspective, University of Minnesota Press, Minneapolis, 1994; adapted from Fredrickson and

Taylor, 1982.)

But like other detention methods, there are also drawbacks:

* Vegetation may change (sometimes drastically)
as the wetlands age, sometimes attracting unde-
sirable or nuisance plant species

¢ If a wetland accumulates too much sediment, it
will lose its capacity for treating stormwater

* Not all wetlands are the same when it comes to
removing nutrients such as phosphorus; some
wetlands can be a source, rather than a sink of
phosphorus

It takes professionals to determine how the wetland
will handle stormwater flows and to evaluate nutrient
removal efficiency, which is often a function of the wet-
land soil’s composition.

For more information on constructed wetlands, see
Guidelines for the Design of Stormwater Wetland Systems
by T. Schueler (1992). It is available through the Metro-
politan Council of Governments (777 North Capitol
Street, NE, Suite 300, Washington, D.C. 20002; TEL:
202-962-3256; www.mwcog.org). The price is $25.

1.4 GULLY AND STREAMBANK EROSION
CONTROL

Streams and ravines are natural channels that convey water
to lakes and ponds. These channels are stable when hydro-
logic conditions such as rainfall, climate, watershed size
and runoff have remained constant for some time.

Even streams with low base flow can cause significant bank
erosion. (From USDA)

But when any of the hydrological parameters change,
the channel configuration will change to find a new equilib-
rium. This often results in streambank or gully erosion, bring-
ing excessive amounts of sediments and nutrients into a lake.

Steps can be taken to control streambank and gully
erosion. The trick is to select the right combination of
projects to produce a successful and sustainable solution.
These projects require specialized expertise, generally
organized at the community level. However, volunteers
can help install the improvements.

A streambank or gully improvement project is a
three-step process. The first step is to determine the causes



of excessive erosion. The next step is to select the correct
projects to fix the problem; and the final step is to install
the projects.

If there is a streambank or ravine erosion problem,
use a checklist to determine the sources of the problem:

e Have watershed conditions changed recently?
For example, are more new homes being built,
with new storm sewers or water diversions
resulting in more or less flow down the channel?

e Is bank or gully erosion coming from overbank
flows? Check culvert outfalls that discharge
over stream banks and the downspout locations
on homes near the stream or ravine.

* Are there springs in the hillside?

* What kind of groundcover exists in the area?
Are there bare spots?

* What is the condition of the streamside canopy?
Is it lined with trees supporting a full canopy?
Or do openings allow sunlight to reach the
banks or gully?

Then the checklist moves into the channel:

e Examine similar stream stretches that are not
eroding. What is the stream width, water depth,
vegetation cover, water flow rate, slope or gra-
dient, sediment size in the streambed, and exist-
ing bank material?

¢ Then, examine stream stretches with erosion
problems; gather the same information collected
in the good stretch and make comparisons.

From this information, apply the “rules of the river.”
The bends in a stream are referred to as meanders. The
relationship between the width of the stream and the dis-
tance between meanders has been well documented.
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A few “rules of the river” are illustrated above. If the stream
meanders are not in a stable configuration, then it is helpful to
remeander the stream if possible. Once the meander is stable,
then streambank erosion control methods will be effective.
(Adapted from Newbury, R.W. and Gaboury, M.N., Stream Anal-
ysis and Fish Habitat Design—A Field Manual, Newbury
Hydraulics Ltd., Gibsons, British Columbia, Canada, 1993.)
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This urban stream suffered damage from overland runoff coming
from nearby roof downspouts. Redirecting overland flow will
reduce streambank erosion.

When hydrologists apply the “rules of the river,” they
can determine if the meanders are stable or how they will
meander in the future. Severe bank erosion is really the
result of the stream working to reestablish equilibrium
with flow and site conditions.

To fix eroding streambank problems, first check stream channel
characteristics and see if the stream complies with the “rules of
the river.” The problem with this urban stream was an increase
in stormwater runoff, coupled with some misplaced flow diver-
sion structures. The change in hydrology resulted in aggressive
erosion.
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An increase in flow due to an increase in impervious surfaces
in this urbanizing watershed was largely responsible for the bank
cutting in this situation. The channel needs to be remeandered
to achieve stability. Then the banks can be reshaped and reveg-
etated.

For some stream improvement projects, the first task
is to remeander it using a backhoe or bulldozer. Then, the
new curves in the stream should be relatively stable
because they are now in equilibrium with the flow. As a
result, stabilization has a better chance of success.

Under stable flow conditions, a stream channel and meanders
will be relatively stable and minimal streambank erosion will
occur.

Vegetation was used in the 1930s for stabilization, but
gave way to rock and concrete in succeeding decades.
However, in the 1990s, vegetation made a comeback and

was used in combination with rock or the equivalent to
stabilize streambanks and gullies.

That’s History...

“Streambank erosion control project: (top) Existing conditions
in 1937. (bottom) Same bank in 1938. Improvements included
protecting toe of slope with riprap, reshaping the bank, brush-
matted and planted with willows.” (From Edminster et al.,
1949.)

Structural protection, such as root wads, native stone,
or cement A-jacks, is commonly used at the base of the
bank, called the toe, up to the waterline. Then a combi-
nation of bank reshaping and vegetation is used above the
waterline.

With training, volunteers can help install biostabiliza-
tion practices outlined below.
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Coir fiber rolls can be used to stabilize the toe of a streambank.
Bank reshaping and reseeding will complete the stabilization
project. Coir fiber rolls are composed of loose coconut fiber from
coconut husks, held together with coir fiber netting. In higher
energy environments, rock is used. (From Don Knezick, Pinelands
Nursury, Columbus, NJ. With permission.)

" e® Ve

Rock can be used to stabilize the toe of a streambank where
there are high flows.
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Here is the same stream 1 year later. Vegetation is growing up
through the rock, which will actually increase stability.

Another type of structural toe protection is the use of A-jacks.
They are a good energy dissipater. As with rock riprap, they are
permanent.

A-jacks interlock and will not roll as easily as rock riprap.
Eventually, soil and other materials will fill in behind the
A-jacks.
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To stabilize the toe below the waterline, consider the
following options:

» Coir fiber rolls (2 to 3 years of protection, then
vegetation should be in place to stabilize the
bank)

* Root wads (long-term protection)

* Natural stone (long-term protection)

e A-jacks (long-term protection)

After toe protection is in place, the next step is to reshape the
unstable bank.

Reshaping the bank can be done by hand or with equipment. In
this case, a backhoe is reshaping the streambank, followed by
the placement of willow posts. An auger on the end of a bobcat
drills holes for the willow posts.
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Willow posts and willow stakes are used to help stabilize
streambanks. Their root systems stabilize the soil. Willows are
often acquired from river floodplain areas. They are left soaking
in water until they are used. They should be cut and inserted
into the ground as soon as possible.

After inserting the willow posts, they can be cut off at 1 to 2 feet
above the ground. Erosion control matting is laid down on the
reshaped banks to reduce erosion.

To stabilize the bank above the waterline, you can:

* Reshape the bank.

* Remove some of the canopy to allow sunlight
to reach the bank (unless it is a trout stream;
then you want shade).

¢ Install erosion control fabric with native plant-
ings.

* Insert willow posts or stakes for erosion control.

¢ Use wattles (same as live fascines). A wattle or
live fascine is a bundle of willow twigs (6 to 8
inches in diameter and 6 to 8 feet long) staked
on the slope contour with spacing of the rows
3 to 5 feet apart up the slope.
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Gully erosion is another form of streambank erosion. The keys
to stabilization are to stop head cutting, reduce the gradient,
and revegetate.

Reducing the gradient in gullies or ravines reduces the erosive
force of the water flows. Grade control structures such as this
rock weir reduce flow velocities and allow a streambank to
reestablish vegetation and stabilize. The rock weir is con-
structed in the shape of an arc with the high point oriented
upstream.

To control gully or ravine erosion, take the same basic
approach with a couple of additional considerations:

e Stopping the head cutting is a key element.
Consider diversion as a first option.

e Consider using rock weirs or check dams to
flatten the gradient; these grade controls slow
the water velocity.
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That’s History...

“Series of loose rock dams in a farm gully.” (From Ayres, Q.C.,
Soil and Erosion Control, McGraw-Hill, New York, 1936.)

Reducing erosion may allow vegetation to become
established in the head cut area. However, if a dense
canopy is preventing understory growth, you may have to
partially remove the canopy.

Removing some of the overlying dense forest canopy in gullies
or ravines allows sunlight to penetrate to the ravine soils and
reestablish ground cover.

1.5 SHORELAND LANDSCAPING

Community projects help protect water resources on a
regional scale, but homeowners living in a shoreland area
can implement lake and pond protection projects on a local
scale. These projects have beneficial impacts on the lake
environment, both in terms of improving the quality of
water and conditions for wildlife.

1.5.1 NATIVE LANDSCAPING AND UPLAND BUFFERS

Reestablishing native vegetation in a shoreland area will
not only improve the quality of stormwater runoff, but also
help attract a variety of wildlife and waterfowl. If your
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neighbors follow suit, the benefits multiply because the
effects are cumulative for water quality and wildlife habitat.

©)

Examples of landscapes: (a) pine forest, (b) hardwood forest,
and (c) tall grass prairie.

Glacial lake states have three broad vegetative groups.

Your property is probably located in one of these categories:

* Pine forests with groundcover, including shrubs
and sedges

* Hardwood forests with understory species such
as ferns and herbs
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» Tall grass prairie with a variety of grasses as
well as bur oaks and willow trees

By propagating native vegetation along a shoreline area,
you will also be creating a shoreland buffer. A buffer is a
strip of native vegetation deep enough to improve water
quality and attract wildlife. Shorelines have lost much of
their natural vegetative buffer when houses have been built
with lawns extending right down to the shore.

The lawn as an open prairie has shortcomings for wildlife and
water quality benefits.

That’s History...

The predecessor of today’s lawn was the medieval
garden lawn composed of small flowers and grasses
kept short by use and referred to as the flowery meade.

— Bormann et al., 1993

“Country gentlemen will find in using my machine an amusing
useful and healthful exercise.” Edwin Budding, inventor of the
lawn mower, 1830. (Picture from an early advertisement for
the lawn mower— University of Reading, Institute of Agri-
cultural History and Museum of English Rural Life. From
Bormann, F.H., Balmori, D., and Geballe, G.T., Redesigning
the American Lawn, Yale University Press, New Haven, CT,
1993. With permission.)
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Lawns are not necessarily bad for a lake but neither
are they the optimal shoreland groundcover for some of
the following reasons:

¢ Lawns are often over-fertilized, and then runoff
carries phosphorus to the lake.

e Lawns do not make very good upland buffers.
Short grass blades bend with runoff and thus are
not very effective filters. Tall grass that remains
upright with runoff is better.

* Kentucky bluegrass, which actually is an exotic
grass, has shallow roots and does not protect
soil near shorelines as well as the preferred deep-
rooted native prairie grasses, shrubs, or other
perennials.

e Lawns function as a low-grade open prairie.
Their food value is generally poor (although
geese may find it attractive). Another factor is
that lawns offer poor cover for wildlife. Preda-
tors know this and more frequently concentrate
their search in other, more productive hiding areas,
ultimately reducing the prey food base and thus
limiting their own populations in the long run.

e Short groundcover also increases ground tem-
peratures in the summer, resulting in dry ground
conditions and reducing habitat for frogs and
shoreline-dependent animals.

That’s History...
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Differences in spread and depth of root systems of various
species of prairie plants grown in the same soil environment.
Prairie grasses are good soil stabilizers. (From Weaver, J.E.,
The Ecological Relations of Roots, Publ. 286, Carnegie Insti-

tute, Washington, D.C., 1919.)

Replacing lawns with native landscaping brings sev-
eral benefits; it:

¢ Reduces the need for fertilizer
e Saves mowing time
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* Increases the natural beauty of a shoreland area
* Attracts wildlife

Although a 25- to 50-foot-deep buffer is recom-
mended, a functional upland buffer should be at least 15
feet deep to benefit water quality and wildlife habitat. The
length of the buffer should extend for 75% of the shore-
line, although 50% would produce benefits.

A buffer strip helps to address two potential problems
right away:

* Geese are shy about walking through tall grass
because of the threat of predators. A few geese
may continue to charge through the buffer, but
it deters most of them.

* Muskrats should not be a problem. They may
still burrow into the bank, but generally not
more than 10 feet. With your buffer going back
15 feet or more, you will not be mowing over
their dens. An occasional den should not pro-
duce enough muskrats to eat too much of the
desirable aquatic vegetation in the area.

Different types of vegetative buffers attract different
types of wildlife:

 Tall grass, sedge, flower buffer: This buffer pro-
vides nesting cover for mallards, blue-winged
teal, and Canada geese, and above-ground nest-
ing habitat for sedge wrens, common yellow
throat, and others.

e Shrub and brush buffer: This buffer provides a
nesting habitat for lakeside songbirds such as
yellow warblers, common yellowthroat, swamp
sparrows, and flycatchers. It also gives signifi-
cant cover during migration.

» Forested buffer: This buffer provides habitat for
nesting warblers and yellow-throated vireo,
green herons, wood-ducks, hooded mergansers,
and others. Upland birds such as red-winged
blackbirds, orioles, and woodpeckers use the
forest edge for nesting and feeding habitat.

Even standing dead trees, which are referred to as
snags, have a critical role. When they are left standing,
they serve as perches for kingfishers and nesting sites for
herons, egrets, eagles, and ospreys.
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Leaving the dead standing trees, also referred to as snags, in
this shrub-brush buffer zone adds to wildlife habitat conditions.
A resting egret is using the snag.

In the Midwest, more than 40 bird species and 25
mammal species use snags. To be useful, snags should be
at least 15 feet tall and 6 inches in diameter.

If you do not have a buffer or native landscaping, or
you would like to improve your conditions, how do you
do it? Making a commitment to do something is the first
step. Next, determine the level of effort that you are com-
fortable with. Then conduct a site inventory.

On a map with your lot boundaries, pencil in your
house and buildings, driveway, lawn areas, trees, shrubs,
and other features. Next, pencil in a place for a volleyball
net, or a quiet place to sit and relax. Finally, set aside an
area to store the dock over winter.

Buffer strips along streams in agricultural settings effectively
remove a portion of the nutrients and sediments before they get
to the water. Buffer strips along shorelines will work the same
way.

15

Along many lakeshores the buffers of natural vegetation have
been removed.

It helps to check your property during a rainstorm.
Look for channeling of runoff and even flag the routes.
Find out where the water from the roof goes, and see if
there are temporary ponds and infiltration areas in the area.
Are the paths down to the lake eroding?

Next, do some detective work to see what natural
conditions are like in the vicinity. Snap some pictures and
take some plant names. This should generate ideas for your
lot.

Mother Nature sets a good example, and natural plant
assemblages found in the area should work satisfactorily
for your area. Next, decide how much time you want to
put into the project. Native landscaping falls into three
categories: naturalization, accelerated naturalization and
reconstruction.

The urban landscape approach is incongruent when the goal is
a natural lake setting. Enhancing natural vegetation rather than
removing it generates a landscape that more closely mimics
natural conditions.

1.5.1.1 Naturalization

With this approach, you simply allow an area to go natural.
The existing seedbank supplies the grasses, forbs, and
wildflowers.
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St
One approach for creating upland buffers is naturalization. This
refers to a technique where you leave a strip of land along the

shoreline alone. Without constant mowing, the seedbank kicks in
and can produce a buffer of native vegetation.

If you want to create a buffer along the shoreline, let
a band of vegetation grow at least 15 feet deep from the
shoreline back, and preferably 25 feet or deeper. Just by
not mowing the area will get you started.

An example of a vegetative buffer that has been left to grow out.
The native seedbank provided all the plant species. If the buffer
had been 10-feet deeper, you would have additional water quality
and wildlife benefits.

See how it looks at the end of the summer. It will take
up to 3 years for flowers and native grasses to recolonize
an area. This approach is not relegated just to the shore-
line. You can also select other spots on your property to
naturalize.
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That’s History...

Here is a vegetative buffer along Lake of the Isles in Minne-
apolis, Minnesota. The nearshore aquatic vegetation was left
intact, but the upland buffer could be another 10 feet or more
deeper. (From MacMillan, C., Minnesota Plant Life, University
of Minnesota, St. Paul, 1899.)

1.5.1.2 Accelerated Naturalization

This level of effort requires some active management.
After doing the detective work and developing a plant list
of species from the area, you may want to mimic some of
these features on your property. Lay out a planting scheme
and plant right into existing vegetation.

Another type of upland buffer involves a little more work than
the naturalization approach. This technique, in which wildflow-
ers and other native groundcover are planted into the existing
landscape, can be referred to as accelerated naturalization. One
person can plant about 3 linear feet of lakeshore per hour with
this level of plant density (note the naturalized buffer in the upper
portion of the photo).
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With accelerated naturalization, you can plant vegetation of your

own choice. Once plants are in the ground, it is a good idea to
mulch the area. You will also want to weed around the newly
planted plants. Clipping weeds is preferred over pulling them out.

Today, many nurseries supply native plant stock and
seeds; they can also help you select plants and offer plant-
ing tips. You may also find a native plant nursery nearby.
To preserve the genetic integrity of the landscape, it is
best to acquire plants from your own area.

With a spring planting, the first growing season should produce
a variety of plants.

If desired, intersperse wildflowers with wild grasses
and sedges. Mulch around the new seedlings. Actively
installing plants accelerates the naturalization process.

As an option to planting, you can purchase wildflower sod in
19 x 19-inch flats that create an instant wildflower area. Flats
cost about $8 each and are available from American Sod Cor-
poration, Palatine, IL (1-800-358-4769).
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1.5.1.3 Reconstruction

To completely reestablish a native landscape, another option
is to reconstruct the site with all new plants. Again, select
your plants based on plants growing in the area. Site prep-
aration is a key factor. You will want to eliminate invasive
weeds and turf. To do this, either apply herbicides or lay
down newsprint or other types of paper, followed by 4 to
6 inches of hardwood mulch. Then plant through the mulch.

In some instances you may want to completely replant a shore-
land area, referred to here as reconstruction. Existing vegetation
is removed either by herbicides or tilling, or by laying down
paper and mulch. The above area was treated with Rodeo®
herbicide in preparation for wildflower plantings.

As an alternative to herbicides for site preparation, a worker
puts down paper and adds 4 to 6 inches of hardwood mulch to
establish an area for native plantings. When reed canary grass
is present, a herbicide is sometimes used prior to installation of
the paper and mulch.

This is the most expensive of the three native landscaping
categories. You can do the reconstruction work all at once, or
phase it in over 3 to 5 years. By phasing in the work, you can
budget annually and continue evolving your plan as you go.

Another landscaping option is to mix and match these
categories. Maybe you employ naturalization along the
sides of the lot and reconstruction for half of the shoreline,
and then accelerated naturalization for the other half.
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Reconstructed upland buffers can take many forms. The property
on the left emphasizes a mixture of trees and shrubs, with wild-
flowers and tall grasses at one end of the shoreline. There is still
room for a swimming beach and a dock. The property on the
right is phasing in native landscape features.

Since the mid-1990s, wildlife nurseries and prairie
restoration companies have been propagating a variety of
grasses, flowers, shrubs, and trees that should fit your needs.

Details on preparing your site and choosing appropri-
ate plant species are available from a variety of sources,
such as the Extension Service and natural resource agen-
cies. Another book that you may find helpful is Lakescap-
ing for Wildlife and Water Quality by Carrol Henderson
et al. This book is available from the Minnesota’s Book-
store for $21 (Tel: 651-297-3000 or 800-657-3757,
www.minnesotasbookstore.com).

1.5.2 WAVEBREAKS FOR LAKESHORE PROTECTION

The lakeshore is the transition between water and land. It
is a dynamic area. Lake levels can fluctuate 3 feet or more
over a 10-year period and when water levels change, the
shoreline changes also.

The lakeshore is a critical habitat for animals that need
access to the water. When lakeshores are undergoing exces-
sive erosion, this causes access problems for animals as
well as humans and can adversely impact water quality.
Although a little erosion is natural (and okay), badly eroded
shorelines should be fixed and then protected.

The lakeshore is probably in equilibrium if lake hydrol-
ogy patterns such as runoff and fluctuating lake levels have
been normal for at least several decades, although it can
take a century or more in some cases. If lake levels or
shoreland conditions change, the shoreline will adjust to
those new conditions.

As with planning for upland landscape projects, you
should observe areas where natural lakeshores are stable.
What are the runoff conditions? The slopes? The bed
material? The natural wavebreaks? The vegetation? Lake-
shore protection projects rely on imitating other natural,
stable lakeshore conditions.
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That’s History...

“If a lake bottom is deleteriously covered by sand
or silt, plant willows or other strong vegetation near
the water’s edge or line the shore with boulders...
Fix the shifting bottom by means of wavebreakers,
shelters, or weed beds.”

— Hubbs and Eschmeyer, 1937

COMBINATION WAVE-BREAKER WEED-BED
AND FISH SHELTERS
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(From Hubbs, C.L. and Eschmeyer, R.W., Bulletin of the
Institute for Fisheries Research, No. 2, Michigan Depart-
ment of Conservation, University of Michigan, Ann Arbor,

1937.)

Lakeshore stabilization methods borrow a few of the
streambank stabilization ideas from the perspective of
installing livestakes, wattles, and brush mattresses for
erosion control. However, because easy access to lake-
shores is desirable, these streambank techniques are used
sparingly.

Some streambank methods need to be modified for
lakeshores because of different forces at work on the shore-
line compared to a streambank:

» Streambanks and shorelines receive different
shear stresses, with shorelines experiencing
higher shear stresses

 Streambanks receive a continuous flow of energy
from water movement parallel to the bank,
whereas shorelines receive pulsed water energy
from wave action perpendicular to the shore
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 Stream velocities have a maximum speed depen-
dent on the streambed gradient and other factors,
whereas shorelines receive a wide range of forces,
depending on factors influencing the wave height

Lakeshore erosion is controlled naturally when the
energy of the wave action is less than the shoreline stabi-
lization potential. More common in lakes than streams,
natural wavebreaks dampen or reduce the force of break-
ing waves on the shoreline and help protect it.

Offshore floating-leaf and emergent vegetation such as water
lilies, bulrushes, and cattails dampen wave action and reduce
wave energy at the lakeshore. Under favorable conditions, plant
beds can persist for decades or longer.

Examples of natural wavebreaks include various types
of aquatic vegetation such as cattails, water lilies, and
submerged plants, or physical barriers such as sandbars,
rock piles, and deadfall (fallen trees).

You can install wavebreaks that mimic natural wave-
breaks and dampeners. This reduces the wave’s erosional
energy and allows vegetation to become reestablished in
the shoreline area.

Wavebreaks can be either short-term or long-term
installations and placed either offshore or at the shoreline.

1.5.2.1 Temporary Wavebreaks

Temporary offshore wavebreaks allow vegetation to become
established in the lakeshore area behind the wavebreaks. The
wavebreaks will either deteriorate naturally, or be removed when
no longer needed. Brush piles will baffle wave action and act as
habitat as well.
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Examples of temporary offshore wavebreaks include
brush piles, fencing materials, coir fiber rolls, and water
dams. These products or materials should be in the lake
long enough, probably a season or two, to allow vegetation
to become established behind the breaks in the shoreline
area. The objective is to dampen or baffle the waves, not
blunt them completely.

Construction site fencing can serve as a wave dampener and
mimics the baffling action of water lilies. The fencing is a tem-
porary offshore wavebreak.

This type of fencing works best in low-energy settings.

With a longer lake fetch (open lake area) and bigger waves, the
snow fence wavebreak is beefed up with a floating silt curtain collar.

A variety of fencing materials can be installed to
dampen wave action. Such materials come in various styles,
depending on the availability of the material and site con-
ditions. A drawback of using fencing materials for wave-
breaks is that big storms have a tendency to take them out.
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Another wavebreak option is coir fiber rolls. They are
sturdy for a year or two and then break down. This should
allow enough time for vegetation to become established.

Coir fiber rolls offer temporary shoreline protection. They can
be placed at the shoreline or several feet offshore. Backfill is
added to fill in the gap between the roll and shoreline, and
vegetation is planted into the new fill and the lakeshore face.

The coir fiber rolls absorb wave action and reduce shoreline
erosion. This protects new plantings and allows them to get
strong enough to stand on their own.

The coir fiber rolls decompose over a several-year period so that
vegetation will become established and then take over and sus-
tain lakeshore protection. Sometimes that strategy is successful,
and other times it falls short.
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A water dam is a unique wavebreak option and will
hold up in high-energy conditions, but they are somewhat
expensive and are available from only a couple of outlets.

In high-energy environments, a water dam offers temporary off-
shore lakeshore protection. It consists of a plastic tube inside a
woven fabric tube. When filled with water the tube height is
above the lake surface, and the water dam is stable and will not
float away.

When the lakeshore project is established, the water dam tube
is easily dewatered and folded up, and can be used again. Prices
start at $15 per foot for an 18-inch-diameter tube. One source
of water dams is a California company called Water Structures
Unlimited (Tel: 707-768-3439).

A partial drawdown is another way to protect the
shoreline to allow vegetation to become established. If the
lake can be drawn down for a growing season, the exposed
shoreline will not be hit with waves and emergent species
should sprout in the exposed shoreline areas. If plants do
not sprout, plant new shoreline plants.
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1.5.2.2 Permanent Wavebreaks
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Wavebreaks help protect lakeshores from crashing waves. Offshore breaker stones have a mix of footer and revetment stones, and are an
example of a permanent offshore wavebreak. (From Hamilton Region Conservation Authority, Ancaster, Ontario, Canada. With permission.)

Emergent and floating-leaf aquatic plant beds are examples
of permanent wavebreaks or dampeners, although even sub-
merged plants can provide shoreline stabilization. Aquatic
plants can be effective for decades and they work nearly year-
round. For example, robust stands of emergent vegetation
such as cattails or bulrushes serve as excellent wave damp-
eners during summer; and when autumn comes, the dead
stalks of emergent plants continue to give some baffling
action.

If plant beds are not present, there probably are reasons
why. Chapter 3 discusses factors that limit plant growth in
shallow water, and gives guidelines on how to establish them.

Offshore breaker stones dissipate wave energy and protect emer-
gent aquatic plants. In this case, a temporary, floating, silt cur-
tain wavebreak was also used. Some type of toe protection (such
as footer stones or coir fiber rolls) is still recommended. Once
the shoreline is protected, vegetation should establish itself on
the lakeshore face. (From Ramsey-Washington Metro Watershed
District.)

Rock piles or berms may be the best structural exam-
ple of permanent wavebreaks. When placed in 1 to 3 feet
of water up to the surface, they dampen wave action. They
are a long-term solution, but can also be a navigational
hazard. Make sure to acquire the proper permits before
tackling this project.

A common onshore permanent wavebreak is the use of revetment
stone placed at the toe of the shoreline. Reinforced matting is
installed in the upslope splash zone and planted with prairie
grasses that can handle wet, but unsaturated conditions.

Rocks are more commonly placed right at the shore-
line when they are needed for toe protection. The “Struc-
tural Shoreline Protection” section of this chapter offers
installation details. Although the use of rock at the shore-
line is a long-term solution, a drawback is that it can
hamper lake access for shore-dependent animals and
sometimes humans.
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LONG-TERM PERFORMANCE GUIDELINES*

DESIGN VELOCITY (mvsec)

DESIGN VELOCITY (ft/sec)

FLOW DURATION (hrs)

** Includes erosion control blankets, fiber roving systems. trydraulic/straw muiches. etc.

* Based upon long-term (50 hour) flow data.

For biostabilization projects, natural vegetation can control erosion in upland settings with runoff velocities less than 12 feet per
second. For flows with higher velocities, mulches or blankets will be needed. For lakeshore faces that receive water from wave runup,
an erosion mat is recommended. (TRM = turf reinforcing mat.) (From Synthetic Industries, Inc., Chattanooga, TN, 1988.)
To determine water velocity for water running downhill:
0.007 x (nL)"*
P().S S0.4
where n = Mannings coefficient (0.035 for bare soil), L = length of slope (ft), P = rainfall (inches), and S = slope (horizontal/vertical

Travel time (hr) =

[feet]). (From U.S. Department of Agriculture, SCS TR55 Manual, 7986.)

1.5.3 BIOSTABILIZATION IN THE LAKESHORE

Biostabilization—also known as bioengineering—is the
use of vegetation, either by itself or with other materials,
to stabilize a lakeshore. Biostabilization is used in areas
affected by waves as well as where lakeshore slope faces
are unstable. Often, wavebreaks are incorporated into the
biostabilization project.

That's History...
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In the mid-1920s, O.S. Scheifele of Waterloo, Ontario, intro-
duced and patented a streambank erosion control system using
willow bundles (also called fascines), brush mattresses, wattles,
riprap, and bank reshaping. (From Ayres, Q.C., Soil Erosion
and Its Control, McGraw-Hill, New York, 1936.)

Biostabilization generally uses natural landscaping prac-
tices in conjunction with structural or nonstructural protec-
tion. The type of project depends on the lakeshore conditions.

Some streambank biostabilization techniques can be applied to
lakeshores, but they may reduce convenient access by lake users.
Brush mattresses using willow and dogwood cuttings is a stabi-
lization example. Brush approximately 6 feet long is layered
perpendicular to the shoreline with butt ends down. Everything
is staked down and woven wire is tied to the stakes. (From Allen,
H.H. and Fishenich, C., Brush Mattresses for Strembank Erosion
Control, U.S. Army Corps of Engineers, ERDC, TN-EMRRR-SR-
23, Vicksburg, MS.)
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When vegetation is being considered, envision what
the site may look like in 10 to 20 years. Little willow
stakes used in the initial stabilization phase can grow into
20-foot-tall shrubs in 15 years. Dogwoods grow to about
8 feet tall. Is this acceptable?

When planning landscape designs, think 10 to 20 years into the
future. A I-foot willow live stake will eventually be a 20-foot tall
shrub.

Four lakeshore conditions are listed in Table 1.1. After
identifying a specific lakeshore condition, you can select
the appropriate projects needed to reduce erosion.

TABLE 1.1
Lakeshore Energy Categories Using a Design Wave
Height and the Height of the Lakeshore Bank

Bank Height Plus
the Wave Runup
on the Bank

High or Low Energy
Environment (Based

Category on Wave Height)

Low bank, low Less than 3 feet Less than 1 foot
energy

Low bank, high
energy

High bank, low
energy

High bank, high

energy

Less than 3 feet Greater than 1 foot

Greater than 3 feet Less than 1 foot

Greater than 3 feet Greater than 1 foot
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1.5.3.1 Low-Bank, Low-Energy Lakeshore

Here is a low-bank, low-energy lakeshore. Moderate levels of
erosion were occurring. To aid the installation of erosion con-
trols, the lake was drawn down several feet.

In many cases, low-bank, low-energy lakeshore areas are
already stable with minimal erosion. If there is erosion,
they are the easiest shores to fix. Bank reshaping coupled
with erosion mats and plantings often do the trick.

The erosion control solution was a biostabilization approach.
The lakeshore was regraded, an erosion control mat was laid
down, and vegetation was planted into the mat. (From Bonestroo,
Rosene, Anderlik & Associates, St. Paul, MN., 2000.)

At some sites, you can extend biodegradable erosion
mats 3 or 4 feet out into the lakebed. A variety of plant
types can be installed through the mats. Above the water-
line, native grasses and sedges are good soil anchors. In
the water, pickerel plants, arrowhead, and bulrushes hold
the soil well. Sometimes, a wavebreak will be needed.
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Another approach to reducing low-bank and low-
energy lakeshore bank erosion is by flattening the lake-
shore slope. The flattened slope dampens the energy of
crashing waves as they break offshore. Wave runup further
dissipates the energy.

Slopes of 10:1 are preferred, although erosion can be
reduced at slopes of 6:1; a 4:1 slope is the minimum. A
10:1 slope means there is a 1-foot vertical drop over a
10-foot horizontal distance.

You may have to cut into the upland fringe to get the
slope needed. You will have better luck cutting back the
existing bank than using fill in the lake to get the required
slope. Fill in the lake is more easily eroded than the cut
into stable native soil. Check with state agencies to see if
a permit is needed to add fill to a lake or pond or to
reconfigure the natural bottom of a lake.

1.5.3.1.1 Sand Blanket for a Swimming Area

How big a sand blanket do you need for your lake frontage? An
ocean beach setting is an image that some lake residents picture,
but the trend since the 1990s has been to minimize the size of
installed sand blankets for lakes.

Sand blankets are sometimes installed in a low-bank, low-
energy nearshore area to create firm footing in musky
sediments. In general, you need a minimum thickness of
12 inches of sand to maintain a sandy bottom in the water.
In northern states, you can lay the sand on top of ice in
winter so that it falls into place when the ice breaks up in
the spring.
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Low banks and low-energy shorelines are the best candidates for
a sand blanket. A small beach opening is sufficient for many lake
residents. It is low maintenance compared to larger beach areas.

The new sand bottom should last one season and
maybe as long as 5 or 6 years, depending on the activity
level. If it is a popular swimming area, the sand blanket
will deteriorate more quickly. Sand costs about $10 per
cubic yard.

| {3 -
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As children grow up and leave home, beach requirements gen-
erally shrink. Most beaches will revert to a vegetated state if
they are allowed to recolonize (a naturalization approach).
Some spot maintenance with a cultivator can keep a small area
open.

However, it is difficult to establish a sandy beach and
sand bottom in soft peat and muck. If only sand is added,
it will sink through the muck. You can put down a geo-
textile fabric on top of the muck and then add a sand
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blanket, but this is recommended only for a small boat
landing or swimming area.

Sometimes, it is best not to install a sand blanket at all.
Instead, consider stabilizing the soft sediments with aquatic
vegetation, which will be good habitat for aquatic life.

That's History...

An alternative to using a sand blanket for a public swimming
beach was the installation of a wooden rack weighted down
with concrete tile measuring 2 feet by 2 feet. The artificial
beach of 32,000 square feet was installed on top of mucky
sediments. It was installed in 1924 in White Bear Lake,
Minnesota. (From Coates, 1924.)

1.5.3.2 Low-Bank, High-Energy Lakeshore

A low bank that takes a pounding from waves generated
by wind or boats may need offshore wavebreaks, structural
toe protection, bank reshaping, and then heavy-duty ero-
sion control mats. A variety of plantings can be placed
into the mats.

Originally, there was moderate erosion occurring in this low-
bank but high-energy lakeshore setting. The lakeshore bank was
reshaped and temporary wavebreaks were placed in front of
permanent footer stones. (From Ramsey-Washington Metro
Watershed District, MN.)
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After reshaping the lakeshore, an erosion control mat and native
plantings were installed. (From Ramsey-Washington Metro
Watershed District, MN.)

By the end of the first growing season, the lakeshore bank is well
on its way to a stable condition. (From Ramsey-Washington
Metro Watershed District, MN.)

1.5.3.3 High-Bank, Low-Energy Lakeshore

Lake bluffs or high banks are susceptible to erosion even
with low-energy lakeshore conditions. A variety of pro-
cesses contribute to lake bluff erosion. If the bank is being
undercut, that is a good place to start. Try to stop it. Tem-
porary or permanent offshore wavebreaks will reduce
wave energy impacts and reduce undercutting. There are
several options to consider:

* Control the areas of undercutting with coir rolls
or native rock. Backfill behind the coir roll, if
needed.

e If you are able to reshape the bank to a slope
of 2:1 or flatter, you can establish vegetation.
Sometimes for high banks, you can use plant
mattresses, willow stakes, or wattles. Although
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they produce a stable slope, they also hinder
easy access to the lake. Native prairie grasses
are another vegetative option.

For this high-bank, low-energy setting, erosion was controlled
using permanent shoreline wavebreaks in the form of footer

stones. The bank is reshaping itself to a stable configuration and
vegetation is becoming reestablished on its own.

This lake bluff erosion problem was addressed with a temporary
brush shoreline wavebreak and erosion control matting. How-
ever, the brush wavebreak was not protecting the toe and, without

1.5.3.4 High Bank High Energy Lakeshore reshaping the bank, the bluff probably will not stabilize.
. . . - ’ -
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In high-energy, high-bank settings, wave action at the toe of the slope can cause lake bluff erosion, but other factors contribute to
the erosion processes as well. (From U.S. Corps of Engineers.)
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Some Great Lakes shorelines represent extreme examples
of high-bank, high-energy conditions, with significant ero-
sional problems.

That’s History...

“Showing how bank erosion may be controlled, even on a
very large scale. This view shows control of streambank
erosion, but similar methods are applicable to high eroding
lakeshore.” (From Hubbs, C.L. and Eschmeyer, R.-W., Bulletin
of the Institute for Fisheries Research, No. 2, Michigan
Department of Conservation, University of Michigan, Ann
Arbor, 1937.)

To fix an eroding bluff in high-energy conditions, you
may need onshore or offshore permanent wavebreaks,
structural shoreline toe protection, and bank reshaping.
Then, to complete the project, install wattles, brush mat-
tresses, willow staking, or posts, along with erosion con-
trol matting that is staked.

_ CUT BACK THE EXISTING
—_——
—— — & BANK AS INDICATED
—

y AVERAGE WATER
ivd LEVEL

(or greater}

One approach for reducing the bluff erosion involves reshaping,
toe protection and biostabilization on the slope. Costs range
Sfrom $20 to $40 per linear foot of lakeshore.
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What can be done to stabilize this high-bank, low-energy con-
dition? Probably toe stabilization, followed by bank reshaping.

Typically for high-bank, high-energy lakeshore, the
design probably needs to incorporate structural components.

1.5.4 STRUCTURAL LAKESHORE PROTECTION

In high-energy environments, rocks or other materials are
often used to protect lakeshores from erosive wave action.
Any type of armor protection is called a revetment. There
are two types:

* Flexible structures, such as riprap or wire bas-
kets filled with rocks

e Rigid structures, such as retaining walls, sea-
walls, or bulkheads (all three names are inter-
changeable)

Since the 1990s, the trend has been to minimize the
lakeshore area protected by structural revetments. Struc-
tural components that stabilize only the toe, combined
with biostabilization on the lakeshore face, are becoming
more common compared to full structural coverage of the
toe and slope face.

1.5.4.1 Riprap and Root Rap

Riprap is a flexible structural revetment that can be used
for toe protection, with biostabilization techniques being
used on the slope above the water line.

Several basic factors should be considered in design
and construction in order to provide long-term shoreline
stability and avoid future failures of the revetment. Two
important design criteria to consider are wave height and
wave runup. Wave height is defined as the height between
the trough and crest of a wave; a 2-foot wave will be only
1 foot above the still water level. Wave height is a function
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TABLE 1.2
Predicted Wave Height as a Function of
Fetch for a 50-mph Wind

Fetch Distance Wave Height
(Ft) (Ft)
500 0.7

1,000 1
1,500 12
2,000 1.4
3,000 1.7
4,000 1.9
5,000 2.1
7,500 2.6
10,000 3
12,500 33

Source: From U.S. Department of Agriculture Soil Con-
servation Service, Wisconsin Tech. Guidance, 1982.

of several factors, including wind speed and lake fetch (the
uninterrupted open area of the lake that wind blows over).

A simple way to work with wave height is to use a
design wind of 50 miles per hour (mph). Then the wave
height depends only on the fetch of the lake; use a lake
map to determine the longest length of uninterrupted
water. After determining the fetch, check the correspond-
ing expected wave height listed in Table 1.2.

Waves may also be generated from boats. In some
cases, boats can produce significant wave heights. For
example, a ski boat operating at 20 mph 100 feet from
shore can generate a 3-foot-high wave.

If waves from boat traffic appear to affect the shoreline,
check your design wave height based on boat-generated
waves and compare to wind-driven waves. Use the greatest
wave height for your design. Although some tables exist
for predicting boat-generated waves, it is probably best to
go to a shoreline and measure the boat-generated wave
height under actual conditions.

The next step is to establish the wave runup height.
When a wave crashes on the shoreline, it will run up the
shoreline face until the energy of the wave dissipates.
Riprap or a biostabilization feature is usually designed to
be higher than the anticipated wave runup.

A guide for calculating wave runup on a riprap revet-
ment is shown in Table 1.3. Wave runup is a function of
the slope and smoothness of the bank (or structure) and
the design wave height. For example, if riprap is to be
installed with a slope of 2 and the design wave height (H)
is 1 foot, then runup (R) is 2.3 x H or 2.3 x 1.0 foot =
2.3 feet. Wave runup will be about 2.3 feet above the still
water level. If you were to consider flattening the slope
to 4.0, then the runup would be 1.5 x 1.0 or 1.5 feet above
the still water level.
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TABLE 1.3
Ratio of Runup (R)/Wave Height (H) for
Various Slopes

Shore Slope
Horizontal:Vertical Ratio
2:1 2.3
3:1 1.9
4:1 1.5
6:1 0.9
10:1 0.5

Source: From U.S. Department of Agriculture Soil Con-
servation Service, Wisconsin Tech. Guidance, 1982.

Other considerations in the design phase include:

e Determine the ordinary high water level of the
body of water (state agency personnel can sup-
ply this information).

e Evaluate shoreline stability. The shoreline sed-
iments must be firm; if existing shoreline sed-
iments are loose, they should be compacted or
removed and replaced with soil that can be
compacted.

e Measure the shoreline slope. A shoreline bank
with a slope steeper than 1.5 feet may have to
be cut back to increase long-term stability.

Before construction begins, obtain the necessary permits.

toaid deinage and
TOf REMFORCEMENT  relp prewent sitling
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The essentials for successful riprap installation are shown above.
In most settings, biostabilization techniques can be used for wave
runup areas. (From U.S. Army Corps of Engineers, Low-Cost
Shore Protection, no date.)

It is essential to install a filter blanket under the riprap rocks.
(From Minnesota Department of Natural Resources.)
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Riprap is composed of stone and gravel placed on a
natural slope or on an artificially graded shore. The Wis-
consin Soil Natural Resources Conservation Service pro-
vides the following design criteria for riprap:

* Riprap should be placed into the water at 1.5
times the wave height below the still water
surface.

 For a full riprap shore, stone should extend on
the shore the runup distance plus 0.5 feet above
the still water level. If riprap is used just for toe
protection, use biostabilization measures above
the waterline.

¢ The median rock size (inches in diameter) for
various slopes and wave heights is shown in the
Median Rock Size Table (Table 1.4).

* The minimum thickness of the riprap should be
2.5 times the median rock size.

* The layer of bedding material to act as a filter
should be at least 6 inches thick, or filter fabric
should be used.

* On slopes of 6:1 or steeper, the riprap at the
lowest elevation (the toe) should be anchored.

TABLE 1.4
Median Rock Size for Various Shore Slopes and
Wave Heights

Median Rock
(inches)

Shore Slope Wave Height
(Hor:Vert) (feet)

2:1 1.0
2.0

3.0

3:1 1.0
2.0

3.0

4:1 1.0
2.0

3.0

6:1 1.0
2.0

3.0

10:1 1.0
2.0

3.0

R == e S B S SN RV B S e B e R

Source: From U.S. Department of Agriculture Soil Conservation
Service, Wisconsin Tech. Guidance, 1982.
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Conventional riprap revetment uses rock to dissipate the wave
runup energy. In many cases, riprap can be converted to rootrap.
Thin out some rock above the waterline and add 4 to 6 inches
of soil. Place an erosion control mat on top of the soil and plant
the area with native vegetation.

You can use the charts in this section to determine the right size
rock for toe protection and then use biostabilization techniques
above the waterline. The vegetation associated with biostabili-
zation offers better buffering and wildlife habitat than a fully
riprapped lakeshore.

In some settings, a revetment option is rootrap, a
hybrid of riprap and biostabilization methods. Rootrap is
based on a full shore riprap design except that topsoil is
added over the rocks above the waterline and vegetation
is planted into the soils.

The plant roots hold the rocks in place and stabilize
the flexible structure. It is a heavy-duty biostabilization
technique with a structural basis. Some short-term erosion
of the topsoil may occur until vegetation is established.
But according to some accounts, rootrap has protected the
banks of a stretch of the Minnesota River during a flood
condition (50 year event).

As a general rule, for a small water body (with a fetch
of less than 500 feet or a design wave height of less than
0.75 feet), you can probably install riprap or rootrap alone
or with the help of a landscaper or contractor. If the body



30

of water is larger, you should ask for design specifications
from the Natural Resources Conservation Service or a
professional engineer. The U.S. Army Corps of Engineers
also has information on general shoreline protection mea-
sures, but the design criteria are geared for large bodies
of water such as the Great Lakes and oceanfront settings.

The following checklist summarizes the major points
for designing and installing a revetment like riprap:

* Design:
e Determine ordinary high water level
* Determine design wave height
* Check slope and stability of shoreline
* Select type of revetment
e Calculate wave runup
e Check design with experienced engineers
e Installation:
* Protect the toe from scour
* Protect the revetment from overtopping
* Protect the flanks from erosion
* Allow for seepage from behind the structure
* Put a filter cloth or sand filter behind the
revetment

1.5.4.2 Gabions

TOE PROTECTION

Gabions are wire baskets filled with stone and used for shoreline
revetments. (From U.S. Army Corps of Engineers, Low-Cost
Shore Protection, no date.)

Gabions are rectangular, wire mesh baskets that hold 4-
to 8-inch rock. They are an option for toe protection in
high-energy environments, and can be combined with bio-
stabilization techniques employed on the shoreline face.
In a high-energy setting where the slope face receives
significant runup, vegetation may not hold. Extend the
gabion above the waterline, add topsoil, and seed it to
establish vegetation. This is another type of a heavy-duty
biostabilization technique with a structural basis.
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Gabions are useful in high-energy environments and are also
used to reduce bank undercutting. The rootrap technique can be
used for gabions, where vegetation can be established on the
rock face above the waterline.

When installing gabions, prepare a smooth shoreline,
remove protruding roots, and put a filter blanket down.
Then, position the wire mesh baskets and fill them with
rock. Typically, the baskets are 3 feet wide and either 6,
9, or 12 feet long. The height or thickness of the baskets
ranges from 9 inches to 3 feet.

One drawback with gabions is that the wire basket will deteri-
orate someday. If biostabilization processes are adequate, lake-
shore protection should continue.

Individual baskets are wired together, filled with rock
and wired shut. This type of revetment is most appropriate
for areas without much foot traffic. The wire mesh may
require occasional maintenance. Make sure the rocks are
packed tightly in the baskets.

1.5.4.3 Retaining Walls

Retaining walls and seawalls are terms that can be used
interchangeably. These rigid structures, placed vertically
or at a slight angle into the soil, form a barrier between
the land surface and the body of water. They are most
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common along public waterfronts that have high-energy
conditions.

Retaining walls are either cantilevered or anchored. A
cantilevered seawall is a sheet pile supported solely by
ground penetration. An anchored seawall differs in that it
has additional support from embedded anchors.

Retaining walls on recreational lakes are not as envi-
ronmentally friendly as biostabilization options. If you
are thinking about installing a retaining wall, consider
these factors:

e A retaining wall is strongest on the day it is
installed. It starts to deteriorate after that.

¢ In contrast, biostabilization is the weakest it
will be on the day it is installed. It gets stronger
after that.

* Retaining walls also make entering and leaving
the water difficult for animals and humans.

* Retaining walls gradually lose attractiveness as
they settle or move. Then erosion around the
structure tends to increase.

In many cases, as retaining walls wear out, they are being
replaced with a combination of structural and nonstructural
solutions. (From Bonestroo, Rosene, Anderlik, and Associates,
St. Paul, MN.)

The Natural Resources Conservation Service provides
the following advice for designing a retaining wall:

» Steel sheet piles can be driven into hard soil
and soft rock. Aluminum and timber sheet piles
can be driven into softer soil.

e For a cantilevered seawall, the sheet piling
should be driven deep enough to resist over-
turning; this usually requires a depth of two to
three times the freestanding height, depending
on the foundation characteristics at the site.
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* For an anchored seawall, sheet piling should be
embedded to a depth one and a half to two times
the freestanding height. Again, the foundation
characteristics may indicate shallower or deeper
penetration.

* The top of the seawall should be 1 foot plus
runup above the still water elevation.

* Wing walls should be used to prevent flanking
(i.e., erosion at the ends of the seawall). If the
ends are not protected, erosion could produce
aretreating shoreline at each end of the seawall.

For many lakes, after retaining walls fail, they are
frequently replaced with either nonstructural options or
with structural toe protection followed by biostabilization.

1.5.5 LAKesHORE PrROTECTION FROM ICE ACTION

Ice jacking is the result of expanding ice, which can
adversely alter shorelines and damage docks, retaining
walls, and boat ramps.

As spring approaches, lake ice can also cause damage
when it begins to melt around the edges. Then, wind can
send the ice sheet crashing into shorelines, stripping away
vegetation and producing the potential for erosion in the
spring and summer.

SHORELINE

OPEN WATER
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{ EXPANDING ICE
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An ice ridge is the result of an ice push; if it is not a problem,
it should be left in place on the lakeshore. It can be an asset for
water quality and wildlife. (Adapted from USDA, SCS, 1987.)

Ice jacking is, however, a natural phenomenon, and
it has natural benefits. It creates ice ridges on lakeshore
that can reduce runoff from land drainage into the lake
by promoting infiltration rather than unimpeded surface
runoff.
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Although damage from ice action is usually minor, it can be
severe in some winters. (From Minnesota Department of Natural
Resources.)

In May 1972, 35-mph winds piled up ice on the west shore of
Lake Mille Lacs, Minnesota. This type of ice action does not occur
every year. (From Minnesota Department of Natural Resources.)

You can protect against damaging ice action in a cou-
ple of ways. One approach is bank reshaping. A sloping
beach will accommodate the force of the lake ice. Ice will
ride up and over the lakeshore slope, rather than push into
the bank or shoreline.

To accommodate the force of the ice push, flexibility is the key.
This boat launch was folded up like an accordion. Even boat
launches can be designed to be flexible using reinforced concrete
strips connected by chains that can be repositioned in the spring.
For other lakeshores, biostabilization-based projects are more
easily repaired than inflexible revetments.
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A more drastic approach to control the impact of
expanding lake ice is to install air lines in 4 to 5 feet of
water. The hoses, or piping with holes in it, are connected
to an air compressor. The rising bubbles will keep a small
buffer area open and clear of ice.

Preventing shoreline erosion with an aeration system is an option
but it is rarely implemented. An air compressor on shore delivers
air to an airline on the lake bottom. Bubbles maintain open
water. (From Minnesota Department of Natural Resources.)

Air lines, which are easily removed in the summer,
can protect expensive structures, including moored boats,
during the winter. Although this method may prevent ice
from packing against the shore and reduce shoreline dam-
age, it will have little effect if the ice sheet is blown into
shore. Also, air lines create open water on the lake that
may be a problem for snowmobilers and ice fishermen. In
addition, the air lines must be monitored throughout the
winter to make sure they are working.
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An ice ridge formed from an ice push. Damage is minimal. The
property owner has let the ridge revegetate (lower portion of
photo), which is an appropriate strategy for this setting.

For lakeshores prone to ice damage, generally the best
approach is to install flexible shoreline protection such as
vegetation or riprap that can be easily repaired in the

spring.
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1.5.6 AQuAscAPING: WORKING WITH PLANTS
AND WoobY DEBRis IN SHALLOW WATER

The shallow water or nearshore area in a lake is a key
environment and is the third component of the shoreland
complex (the others are the upland area and the shoreline,
as previously discussed). The shallow water area is part
of the littoral zone, the zone that is typically defined as
the lakebed area that can support aquatic plant growth.

The littoral zone in a lake is the area that supports rooted aquatic
plant growth. The aquatic plant beds are an aquatic equivalent
to a tall grass prairie.

In some cases, the littoral zone can be 20 feet deep and
extend several hundred feet out from shore, which is well
beyond your dock, somewhat out of the defined shoreland
area, but still critical to the lake. In other cases, the littoral
zone may be only 6 feet deep, extend a short distance from
shore, and be entirely in your shoreland area. In shallow
lakes, the entire lake can be one big littoral zone.

Shallow water in a lake provides habitat and essential
resources for nearly everything in the lake’s food web: bac-
teria, attached algae growth, zooplankton, aquatic insects,
ducks, fish, aquatic mammals, amphibians, and reptiles.

Aquascaping is a broad term that encompasses work-
ing with plants and the physical habitat in shallow water.
Examples of aquascaping projects to enhance shallow-
water aquatic plants are found in Chapter 3.

1.5.6.1 Aquatic Plants

That's History...

“Plant[s]... reduce wave action, hold the bottom, and
clarify the water by means not fully understood...
Plants greatly increase the surface on which various
kinds of food organisms live, grow, and lay their
eggs... a factor of great importance on very soft
bottoms and on shifting sand.”

— Hubbs and Eschmeyer, 1937
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Aquatic plants are an integral component of the lake eco-
system. Aquatic plants not only stabilize lake sediments and
protect lakeshores, but aquatic macroinvertebrates use them
as a food source and for protection. Macroinvertebrates are
aquatic organisms without backbones that can bee seen
without a microscope (for example, aquatic insect larvae).

When planting emergent plants in shallow water, wavebreaks
will improve their survival rates. Wavebreaks are not as critical
for protecting or reestablishing submerged aquatic plants.

Waterlilies have many beneficial functions in shallow water envi-
ronments, including wave dampening effects that reduce lake-
shore erosion.

An example of how aquatic plants benefit a lake is the
way they support fish production. Aquatic plants provide
30 to 50 times more surface area for macroinvertebrate
colonization compared to a flat lake bottom. In addition, a
diverse plant collection supports more invertebrates than
pure stands of plants. Small fish such as sunfish and perch
feed on invertebrates living on plants. In turn, the small fish
use the plant beds to hide from gamefish that come into the
shallow water looking for them. Thus, plant beds contribute
to fish habitat needs and help sustain fish populations.

Dabbling ducks (such as black ducks, mallards and
coots) feed off floating leaf and emergent plants, and diving
ducks (such as canvasbacks and redheads) pick tubers and



34

insects off submerged plants or off the bottom. Ducklings
(for example, wood ducks, mallards, and American black
ducks [Anas rubripes]) feed on plant-dwelling insects.

The loss of plant beds reduces food resources for desir-
able duck species and for fish. Project ideas in Chapters 1
and 3 offer tips on protecting or improving aquatic plant
conditions in shallow water.

1.5.6.2 Woody Debris

Another important component in shallow water is woody
debris from trees, shrubs, branches, and woody fragments.
Woody debris can be classified in two broad categories:
fine or coarse.

Coarse woody debris is composed of whole trees,
fallen branches, brush, or fragments at least 4 inches in
diameter and 5 feet long. Woody debris dampens wave
and ice action, protects shorelines, and serves as fish hab-
itat. Often, woody debris becomes coated with algae and
detritus (animal and plant remains), which is eaten by
macroinvertebrates. Not many insects eat the submerged
wood itself. Coarse woody debris can last for over 100
years, depending on the tree species and nearshore con-
ditions of temperature, pH, and burial.

Fallen trees are an example of coarse woody debris in a lake.
Woody debris also delivers beneficial features, including habitat
to the nearshore area.

Lake residents felled several birch trees to add woody debris to
this nearshore area. This provides fish spawning habitat in the
early summer and a fish refuge later in the year:
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Fine woody debris is composed of twigs, leaves, and
bark fragments washed or blown into water or derived
from the breakdown of coarse woody debris.

Did you ever wonder what happens to all the leaves
that are blown into the lake? By late spring they have been
shredded by macroinvertebrates and then digested by
fungi and bacteria into material called detritus. Waves will
sort what is left, which is just a fraction of the original
biomass, with most of the detritus eventually settling on
the bottom offshore.

In infertile lakes with few plant beds, woody debris
is essential habitat for fish and wildlife. Fish use fallen
trees for protection and minnows and mud puppies attach
their eggs to the undersides of rocks and logs. In Michigan’s
Upper Peninsula, fallen log density in wilderness lakes
was found to be 893 logs per mile of shoreline, or one log
for every 6 feet of shoreline. You will rarely see that
amount of fallen log density in developed lakes. When the
lakeside is developed, both coarse and fine woody debris
are often removed (and not replenished), thus affecting
woody debris habitat in lakes.

Consider incorporating woody debris into your aquas-
caping plans.

Woody debris, such as fallen trees, is a natural feature in the
littoral zone as well as in streams. If possible, leave the wood
in place and incorporate it into the shallow water landscape.
An unaltered stream course in northern Wisconsin is shown
above.
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1.5.6.3 Protect Shallow Water Nurseries

That’s History...

Conference for Conservation of Aquatic Resources
10:00 and 1:30 session. Subject: The value of
swamp and shore areas and their utilization as fish
and game preserves, for the cultivation of aquatic
animals and plants, as reservoirs of food for aquatic
animals, and as nurseries for young fish...

(Organized by Herbert Hoover, Secretary of Com-
merce. June 8-10, 1921. Conference chairman:
Stephen A. Forbes, Illinois State Natural History
Survey and the University of Illinois, Discussion
leader: Chancey Juday, Wisconsin Natural History
Survey and others.)

Aquascaping can enhance shallow water conditions for a
variety of organisms and contribute to protecting or
improving water clarity. Shallow water with plants and
woody debris serves as a nursery for frogs, ducks, and
fish. Nearly all fish species in the temperate U.S. spend
at least part of their life cycle in the nearshore area.

Shallow productive areas like these serve as nurseries to a vari-
ety of aquatic wildlife.

Ducks nest in shallow water habitat, and ducklings
feed there as well. Frogs lay eggs that drape over or stick
to aquatic plants. Tadpoles then hide in and feed on the
weed beds. Bluegills and pumpkinseed sunfish build nests;
walleyes use rock rubble; and muskies drop eggs in shal-
low water. Young fish hang out in and around weed beds
as well.
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Shallow water areas with aquatic plants and woody debris are
valuable for lake vitality.

For surrogate structure, docks and piers offer some
degree of structural habitat in lakes. They provide shade
and shelter in summer but lack the structural complexity
of aquatic plant beds and woody debris. However, they
can be incorporated into the aquascaping plan as well.

It’s a high priority to install shoreland projects that
protect or enhance shallow water nurseries.

1.5.7 SHORELAND PROTECTION CHECKLIST

That’s History...

“Methods of [shoreline] bank control include:
Planting black locusts or other soil holding plants
on the face of the bank.

Terracing steep slopes... protecting them with a
cover of rock, log, or brush work... in conjunction
with the planting of soil-binding vegetation.
Protecting the base of the bank from wave wash by
stone or log construction, keeping storm waves and
the ice shove in mind.

Construction of underwater wavebreakers.

... plant willows... just above the water’s edge. Wil-
low shoots closely set in early spring are commonly
used to protect such banks...”

— Hubbs and Eschmeyer, 1937

There are a variety of ways to protect and enhance shore-
lands. For methods that are working the best in your area,
or for additional sources of information, contact local
natural resource agencies.

Representative shoreland plants and landscaping costs
are shown in Tables 1.5 and 1.6.
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TABLE 1.5
A Short List Of Plants Used For Shoreland Projects
Water Depth Zone Plant Height
Plant Type (feet) Species Examples (feet) Stabilization Potential
Chara 1-3 Good
Submerged plants 1-15 Water celery 1-4 Good
Pondweeds 2-15 Good
Native milfoil 2-15 Excellent
Floating-leaf plants 1-5 Lilies 1-5 Good
Watershield 1-5 Fair
Arrowhead 2-3 Fair
Burreed 2-4 Good
Emergent plants or the 04 Pickerel plants 2-4 Fair
equivalent Bulrush 2-6 Good
Cattails 2-7 Excellent
Deadfall Varies Fair-Good
Wet meadow plants 01 Marsh marigold 1-2 Poor—Fair
Black-eyed Susan 1-3 Poor—Fair
Lake sedge 1-3 Good-Excellent
Blue flag iris 2-3 Poor—Fair
Joe-pye weed 2-4 Fair
Swamp milloweed 34 Fair
Woolgrass 5-6 Good
Red osier dogwood 8 Excellent
River willow 15 Excellent
Upland native grasses +1 Prairie milvetch 1-2 Excellent
Sideoats grama 1-2 Excellent
Purple prairie clover 1-2 Good
Indian grass 2-5 Excellent
Switch grass 3-5 Excellent
Big bluestem 2-6 Excellent
TABLE 1.6
Cost Estimated for Installation of Shore Protection
Installed
Do-It-Yourself Projects (unit cost per lineal foot
Shoreline Protection Methods (cost per lineal foot)  unless otherwise noted)
Rock riprap $10-35 $25-75
Coconut-fiber roll or log $14-26 $20-40
Coconut-fiber carpet, mat, blanket, etc. $2-15 $10-40
Coconut-fiber plant pallet $17 $20-40
Brush wavebreaker $1-3° $2-10
Wattles $1-3* $5-10
(1.25-2.5 hr/lin ft)
Live stakes <$1 per stake $2-4 per stake
Brush layers $1-3° $9-15
(0.3-1.5 hr/lin ft)
Willow posts $1-3¢ $8-16

* Cost estimates assume that brush or posts are obtained free of charge.

Source: From Henderson, C.L., Dindorf, C.J., and Rozumalski, FJ., Lakescaping for Wildlife and
Water Quality, Minnesota Department of Natural Resources, St. Paul, 1999.
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The following checklist for shoreland projects sets the
stage for executing a project.

e Is the shoreland in a natural state with healthy
aquatic life present?
e If yes, is there a maintenance plan?
e If no, continue down list.
e Evaluate shoreland conditions:
* Lack of native plants?
e Overbank drainage?
e Poor soils?
* Unstable slopes?
* Consider upland corrective actions:
* Native landscape design
* Erosion control practice installation
¢ Characterize lakeshore setting:
* High or low bank, high or low energy?
¢ Wave action (either from boats or wind)?
e JIce damage?
* Lack of aquatic plants?
e Compare setting with other shores stable in
the area.
e Evaluate lakeshore corrective options:
e Wavebreaks:
e Temporary or permanent
e Onshore or offshore
e Bank reshaping
* Biostabilization:
* Coir products
* Erosion control mats, carpets, blankets
e Selection of emergent and wet plants
(tubers, transplants, bare roots)
e Wattles, same as live fascines (source, how
many needed):
e Live stakes (source?)
e Brush layers (do you need easy lake
access?)
*  Willow posts (willows will grow up to 20
feet high in 15 years)
e Structural options:
» Toe protection and wave runup consider-
ations
* Riprap
* Gabions
e Retaining walls
e Evaluate shallow water conditions:
e Aquatic plant status
* Woody debris status

Sources of biostabilization materials (erosion control
mats, blankets, plant pallets, coir log rolls) include:

e BonTerra America, Genesee, ID; Tel: 800-882-
9489; www.bonterraamerica.com
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e North American Green, Evansville, IN; Tel:
800-772-2040; www.nagreen.com

e RoLanka International, Inc., Jonesboro, GA;
Tel: 800-760-3215; www.rolanka.com

e American Excelsior Company; Tel: 800-777-
SOIL; www.amerexcel.com

e Enka-Engineered, Enka, NC; Tel: 800-365-
7391; enkaengineered @colbond.com

e Synthetic Industries, Chattanooga, TN; Tel:
800-621-0444; www.fixsoil.com

* Natural Resources Agencies (willow material:
river flood plains are a good source)

1.6 LIVING WITH SHORELAND WILDLIFE

One of the benefits of creating, enhancing, or protecting
natural shoreland conditions is that they attract wildlife.

In general, shoreland areas provide wild animals with
their four basic needs: food, water, shelter, and space. By
selecting specific types of plants or structures, you can
attract specific types of wildlife.
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After the four basic requirements needed by wildlife are met,
the availability of other components will improve wildlife
habitat.

Sometimes, however, wildlife takes advantage of the
improved natural shoreland conditions and the lack of
predator control. They become too numerous, even unde-
sirable, by eating desirable vegetation or, in the case of
geese, leaving their droppings.

This section describes ways to both attract and control
wildlife, depending on the situation within the shoreland
area.
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That’s History...

“A [game] range is habitable for a given species
when it furnishes places suitable for it to feed, hide,
rest, sleep, play, and breed, all within the reach of
its cruising radius.”

— Aldo Leopold, 1933

1.6.1 ATTRACTING DEER

Although deer are found in a wide range of habitats, they
usually prefer living on the edges of woods and meadows.
They use the forest for shelter and protection, and venture
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out to feed. With adequate forage, a whitetail deer will
live within a home range of 1 or 2 square miles.

The deer’s basic instinct is to not get eaten, and then
to eat, rest, and mate. Knowing these basic instincts helps
in designing areas to attract deer.

If you attract deer, they will probably return because
deer make a habit of returning to a feeding area if it is
safe and productive. However, do not be surprised if deer
take advantage of your hospitality. You may end up need-
ing to protect your trees and shrubs from being overgrazed
by deer. Deer eat about 7 pounds per day of leaves, stems,
weeds, grass, and gardens. One approach is to set up a
feeder to offset the natural vegetation they eat on your lot.

For example, you can make a feeder and then place it
at a location where you enjoy watching the deer. It could
be especially helpful to deer over the winter when it is
difficult to find high-quality food.

FOLDING CROSS BUCK FEEDER

Materials List
Quantity hem
7 Pecs  2in x 4in x &ft Cedar or Pine
2Ea #1/2-20 x 4in Rust Proof Hex Bolt
&G Ea V2in Rust Proof Flat Washers
2Ea #1/2-20 Rust Proof Hex Nut
40 Ea 16d Galvanized Nails

OUTER FRAME
ASSEMBLY

BOTTOM

17-v4"

BOTTOM

/7

[~ USE 1V2-20 HEX BOLTS, NUTS & WASHERS —
TO HOLD FRAMES TOGETHER AND PNVOT
OPEN & CLOSED.

SIDE

INNER FRAME
ASSEMBLY

The folding cross buck deer feeder is made primarily from 2 x 4 s. When completed, it will hold a bale of hay. You can add hardware
cloth to the frame and then make a cover to modify the feeder to serve corn or other small grains. (From Somerset Publishing Co.,
Minneapolis, MN. This and other plans are available from handymanplans.com.)
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Another type of deer attraction is a deer salt lick which
helps fulfill their mineral requirements. Deer also get
thirsty and need about 2 to 4 quarts of water per day,
although they get much of that from foliage or the lake.
If you set up a water source, deer may use it.

A dense buffer of trees and shrubs at one end of your
property will make deer feel safe.

You can purchase game feeders not only for deer but other animals
as well. Small feeders like the 6.5-gallon feeder with automatic
timers that control feeding cost about $80. A 55-gallon feeder
costs about $150. They are available from Cabela’s (Tel: 800-237-
4444) or Ben Meadows Company (Tel: 800-241-6401).

However, one consideration about attracting deer is
the potential to spread disease. In 2002, chronic wasting
disease (CWD) was monitored within some deer herds in
Wisconsin and deer and elk herds in other states. CWD
in the deer family (cervids) is related to mad cow disease,
and is a transmissible spongiform encephalopathy. It was
first observed in mule deer in 1967 in northern Colorado.
The disease is progressive and always fatal. It is charac-
terized by weight loss over time, listlessness, and
increased drinking and urination. The mode of transmis-
sion is unclear but may be lateral or from animal to animal.
If this disease is found within an area where you live, it
would be better to not set up feeding stations for deer as
a way to reduce the spread of the disease.
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1.6.2

ATTRACTING OTHER UPLAND MAMMALS

Brush piles and rock piles provide escape cover and den sites for
rabbits, woodchucks, foxes, and garter snakes. Because they may
also attract skunks, you do not want them too near your cabin.
Also, do not place them too near wetlands, they create predator
cover that contributes to duck mortality. Brush piles should be
12 to 15 feet in diameter and up to 5 feet high. The foundation
should have big rocks or stumps to keep it from decomposing too
quickly. (From Arlene Ripley.)

Mammals such as mink, river otters, and woodchucks require
groundcover for hiding their burrows. The groundcover
also helps protect the mammals from weather and preda-
tors, and creates a nursery area for them. Good ground-
cover includes shrubs and native grasses, as well as wood-
piles and rocks.

Snags, which are dead standing trees, play a key role
for several mammal species. Animals that will use snags
include flying squirrels, porcupines, raccoons, weasels,
chipmunks, and bats.

1.6.3 ATTRACTING AMPHIBIANS

The frog might be the most familiar amphibian around
your lake or pond, but salamanders and toads could be
present as well.

In spring, frogs lay their eggs in gelatinous egg cases.
They survive best when hatched in ponds without fish, but
can also make it in a lake. Bullfrogs (Rana catesbiana)
and green frogs (Rana clamitans) breed on floating-leaf
plants near shore and tadpoles use thick, aquatic plant
growth for protection.

Adult frogs depend on the shore and require a humid
habitat (microhabitat) within the larger habitat setting.
Annual and perennial groundcover in an upland buffer is
important, but shoreline buffers and submerged plants are
also necessities.
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Salamanders often share breeding ponds with frogs and other
salamander species. Semi-permanent ponds are the most suc-
cessful breeding ponds. Adults prefer cool woodlands for forag-
ing. They eat insects, snails, earthworms, and slugs. A common
tiger salamander is shown above.

Salamanders use brush, deadfalls, and decaying logs
along the shore for moist cover and for feeding. Both frogs
and salamanders eat plants and insects, and are important
in the diet of many predators. You need at least 2 acres of
good habitat to sustain a population of leopard frogs or
tiger salamanders. With smaller, fragmented habitat con-
ditions, populations become isolated and die out.

1.6.4 ATTRACTING REPTILES

The turtle may be the most familiar reptile around your
shoreland area. Common species are snapping turtles (Che-
lydra serpentina) and painted turtles (Chrysemys picta).

Snapping turtles are common residents in lakes. They can live a
long time and grow to weigh over 40 pounds. Rarely are they a
threat to boaters or swimmers.

In spring, turtles lay their eggs in sandy soil a couple
inches deep. Some species lay only a half dozen and others
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up to 100. The mother covers the nest and never returns.
Eggs incubate for 45 to 100 days, depending on the soil
temperature. Babies are about the size of a quarter and their
trip to the lake can be a few yards to over a mile. They eat
aquatic insects, snails, worms, small fish, and plants.

Turtles hibernate from October to April in lakes, riv-
ers, and wetlands. They are shore-dependent species,
favoring floating logs, deadfall, or mats of floating-leaf
plants for basking. Turtles that bask on riprap and seawalls
are in greater danger of becoming food for predators. They
bask to dry their skin and shell, absorb calcium from food,
and raise body temperature. A lack of basking sites may
limit painted turtle populations. Skunks and raccoons may
harm turtle populations by eating their eggs. Fences that
block turtle migration may also limit turtle populations.

Other types of reptiles found in the shoreland area
include a variety of snakes. Garter snakes are a common
example. They need about 25 acres of habitat to sustain
a breeding population.

1.6.5 ATTRACTING BIRDS

Birds have the same basic necessities as other wildlife:
food, water, shelter, and space. If these four essential
components are present, birds can thrive.

You can influence the type of birds that are attracted
to an area by selecting the type of food and nesting sites
for shelter.

A bird house or bird feeders can attract a variety of bird species.
Purple martin houses are popular along some lakeshores. Plant-
ing native vegetation that offers shelter and feed will improve
chances of attracting birds.
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For example, in considering native landscaping and
buffer options, consider the type of upland vegetation that
attracts songbirds, hummingbirds, and butterflies. Some
vegetation ideas are listed in Table 1.7.

Trees, both living and dead, are also important for
birds. Dead trees (snags) provide nest cavities for owls,
wood ducks, woodpeckers, and eastern bluebirds.

Emergent aquatic vegetation such as cattail, bulrush,
and wild rice stems supports above-water nesting for
red-winged blackbirds, yellow-headed blackbirds, marsh
wrens, black-crowned night-herons, green herons, and
American bitterns.

TABLE 1.7

Vegetation that Attracts Birds and Butterflies
Song Birds Hummingbirds Butterflies
Sunflowers Columbine Milkweed
Blazing star Jewelweed Aster

White prairie clover ~ Native phlox Purple coneflower

Native honeysuckle
Cardinal flower

Blazing star
Native phlox

Compass plant
Prairie dock

Big bluestem

Little bluestem
Sideoats grama
Switch grass
Prairie dropseed
Downy serviceberry
Hackberry
Dogwood juniper
Elderberry
Hawthorn

Source: From USERA.

Black-eyed Susan
Dogbane

New Jersey tea
Coreopsis
Joe-pye weed
Goldenrod
Vervain

Ironweed
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1.6.6 ATTRACTING OSPREY

An osprey on a platform nesting site. Chances for nesting accep-
tance increase if osprey are in the vicinity. (From U.S. Fish and
Wildlife Service.)

Over the past 40 years, the number of ospreys has been
increasing, thanks, in part, to the ban on DDT pesticide.
Ospreys can be a special attraction on the shoreland land-
scape.

Ospreys are fish eaters, which is why they are found
near the water. They form nests high above the ground,
sometimes on the tops of old trees or even on the top of
powerline transmission towers.

\\

An osprey will nest on top of a power pole in the right setting.
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The osprey nest platform is best located in shallow bogs or wetlands. (From Somerset Publishing Co., Minneapolis, MN. Plans are
available from handymanplans.com. With permission.)

If your area lacks such a natural nesting site, you can
install platforms, preferably in shallow bogs or wetlands
known to be inhabited by the bird.

Directions for building an osprey nest:

e The best time to build an osprey nest is in
January, February, or March.

 To install a pole that will hold the nest platform,
cut a hole through the frost and ice with a chisel
or its equivalent.

e Drill a hole into the soil with an 8-inch hydrau-
lic auger like the ones mounted on the back of Volunteers erecting an osprey platform in a salt marsh in New
a utility company line truck. A 30-foot post Jersey. In the salt marsh, platforms only need to be about 8 feet
requires a 6-foot-deep hole. high. (From Linda Carlough.)
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In an inland wooded setting, the platform will need to be up to
30 feet high. In these cases, erecting an osprey nest platform
may require assistance from a local utility company. If a site is
inaccessible by a line truck, you will need to use timbers in the
form of an H rig, long pike poles, and plenty of rope to erect
the 30-foor post. (From Chanslor Wetlands Wildlife Project,
Boolega Bay, CA. With permission.)

e If possible, rent a utility company auger truck
for this job. It comes equipped with the hydraulic
equipment necessary to raise and place the pole
into the ice hole with the platform attached.

e For the platform, pre-drill all nail and bolt holes
to prevent splitting.

e Nail the wire mesh inside the platform.

e Treat the entire structure with wood preserva-
tive and stain it brown.

 Bolt steel braces to the platform and use lag bolts
to secure the platform to the pole or topped pine
tree.

* Wire some sticks into the nest to help stimulate
use by ospreys.

Supplies needed for building an osprey nest include:

e Two 2-in. X 6-in. X 12-ft. cedar boards

* One 2-in. X 6-in. X 6-ft.. cedar board

e One 12-in. X 12-in. X !/,-in. exterior plywood

* One 45-in. X 45-in. piece of heavy-duty wire mesh

* Galvanized 40D nails

* One 6- or 8-in. diameter cedar post, 20 to 30
feet long

* Wood preservative and stain

By creating the right habitat conditions, you can
increase the odds of attracting osprey as well as other
desirable waterfowl species. If your area does not offer
proper nesting habitat, you can correct that deficiency.

For additional information on building wildlife struc-
tures see Woodworking for Wildlife (www.roanokewildlife.
org) or Woodworking for Wildlife (www.conservation.
state.mo.us/nathis/woodwork). Both publications are on
the internet.
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1.6.7 ATTRACTING LOONS

T (0

!

Loon sitting on a natural nest site. Male and female loons take
turns incubating the eggs. They nest in the spring and raise one
or two chicks. (From Simon Lunn, Parks, Canada.)

Loons are fish-eaters and need clear water to see and catch
fish. The preferred nesting area of common loons is on
the shorelines or islands of northern lakes. Fluctuating
water levels and prowling predators such as raccoons
sometimes destroy loon nests.

Another type of loon nesting platform can be made from 4-in.
diameter PVC pipe. Start with 210-ft long 4-in. PVC sections.
Cut to 5-ft. lengths. Attach 4 elbow joints to complete the frame.
To finish the platform, use the same wire screen, anchors, and
nest building material used for the wood frame platform. (From:
Craig Dugas, Crosby, MN.)

For these reasons, if you build a loon nest, place it on
a floating platform in the lake. Place the nest in a location
sheltered from wind, usually the west or northwest side
of the lake about 30 to 50 feet from shore. Wind-sheltered
bays connected to larger lakes are good sites. Keep in
mind that a floating nest may cause problems for boaters.
Put reflectors on the platform’s sides. Legally, the nests
are treated like a swimming raft.



44 Lake & Pond Management Guidebook

Some aquatic vegetation is planted on the loon nesting platform so it looks like a small floating island. (From Scott Sutcliffe, Cornell
Lab of Ornithology. With permission.)

L ]

10 DA

INSTRUCTIONS

NOTCH LOGS AND LASH TOGETHER WITH WIRE.
STAPLE WIRE MESH TO UNDERSIDE.

FiLL RAFT WITH AGUATIC VEGETATION.
ANCHOR WITH CHAINS AT OPPOSITE CORNERS

L]
L[]
Materials List
L]
L]

Quantity ltem
5Pcs 1O Diameter x & Cedar Pole’
1Pcs 4 Square Wekded Wire Screen
(2" x 4" Mesh)
As Needed Balling Wire
36 Ea Staples-3/4" Leg

Nate: 4 Cedor 4x4's can be
substituted for each cedar pole.

For a loon nesting platform, notch logs and latch together with wire. Staple wire screen under raft. Fill raft with wet aquatic vegetation.
Anchor with chains at opposite corners. (From Somerset Publishing Co., Minneapolis, MN. Plans are available from handymanplans.com.
With permission.)
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Directions for building a loon wood nesting platform:

To build the loon nesting platform, first notch,
spike, and then wire the framework of the
platform.

Staple welded wire onto the bottom of the three
parallel logs by placing staples 4 inches apart,
with double rows of staples on each log.
Attach anchor lines at two opposite corners. Fill
the raft with cattails, rushes (roots and all), and
a sedge mat.

The water where the nest is anchored should be
at least 2 to 3 feet deep. Leave at least 3 feet of
slack in the anchor lines to allow for high water.
To help prevent the platform from becoming
waterlogged and sinking, you can fasten a 2- to
3-inch layer of styrofoam on top of the wire
screen before adding the marsh vegetation.
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* 30 feet of No. 9 wire for lashing the frame

* Four cable clamps to secure rope or cable to
3/16 wire cable for anchor raft and anchor
blocks

e Two 8 X 8 X 16-inch concrete blocks or equiv-
alent for anchors

* Boughs, cattails, rushes, moss, sedge mat, or
equivalent to cover the platform to make it look
natural

* Two bushels of old reeds for nest building to
be added immediately after ice-out in the spring

1.6.8 ArttrRACTING WOOD Ducks

The wood duck is again becoming an abundant waterfowl
species in the upper Midwest and is found in many states
across the country. In the 1900s, people believed the
wood duck was becoming extinct. It has since made a
comeback, in part because of an increase in nesting
habitat. The nesting box described here played a role in
this comeback.

Loons using an artificial nest platform. Loons are territorial.
There might only be one nest per 100 acres of water. (From Ken
Watson, WWW.rideau-info.com.)

Supplies needed for loon wood nest platform include:

 Five dried cedar posts, 6 feet long and 4, 6, or
10 inches in diameter
e A 6-ft. X 6-ft. section of 12 gauge 2-in. X 4-in

mesh. W
o ch.—coated welded wire ‘\"t'g&i‘ ?ﬁ
e 1!/,-in. fence staples
e 24 No. 60 spikes for fastening the cedar frame Hen and drake wood ducks. (From U.S. Fish and Wildlife Ser-

at the notches vice.)
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Rear hinge nail. Use a square to align
rear hinge nail with front hinge nail.
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\ Duckman ®
- \ “Speed-Mount”

- 3 P b by washer goes inside.
o Use inside house

Bottom latch.

after hanging on boit.

11/4” bolt or
nail sized hole.

7 7/8” wide after
trimming 1/8” off
back edge of
door anly.

nmiake this.)

Drain holes are not
recommended for
this house design.

This nest box design, developed by Don “Duckman” Helmeke, is suitable for the wood duck, hooded merganser, and the common

goldeneye. (From Don Helmeke. With permission.)

Directions for building a wood duck box: Houses
should be placed on an isolated tree or on a 16-foot-long,
4 x 4-inch post of cypress, cedar, or preservative-treated
wood. To build, use the following procedure:

e Nail an aluminum or tin sheet around the post
under the house to prevent squirrels and rac-
coons from climbing into the nests and stealing
eggs.

* Fasten the top of the wood duck box to its
support so that it leans forward a few inches to
help the rainwater drain.

* The entrance hole should be oval, 3 inches high
and 4 inches wide (this is small enough to

exclude most raccoons). Center the hole 19!/,
inches above the base.

e Cutout a 15 x 3-inch strip of quarter-inch mesh

hardware cloth, fold back the cut edges, and
fasten it inside the box under the entrance to
function as a ladder for the newly hatched duck-
lings. (Sometimes, squirrels will tear this ladder
loose, so it is wise to inspect it every year.)

¢ Roughen the wood under the entrance hole with

a chisel to help the ducklings with their balance.
The roughened area should extend below the
entrance hole about 1 foot.

 Place at least 4 inches of cedar shavings in the

nest to serve as nesting material.
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Final considerations:

1. Hawve you attached your 1/4” mesh exit ladder?
Use staple gun to attach.

2. Add 47 of cedar shavings as nest base material.

Make sure to attach '/,inch mesh exit ladder. Also add 4 inches of cedar shavings as nest base material. Drain holes are not
recommended for this house design. (From Don Helmeke. With permission.)

The easiest way to mount a wood duck box is with * Boxes placed on posts in water should be at
an aluminum extension ladder to reach suitable heights. least 3 feet above the high water mark. If you

A wood duck box placed in a marsh or a protected bay. Boxes

should be at least 3 feet above the high water mark.

put it in a tree, place it above 6 feet. You should
avoid using aspen trees because beavers like to
cut them down.

* Place a large washer on a %/, x 4'/,-inch lag bolt.

e Use a hammer to start the lag bolt into the tree
or pole. Then use a wrench to twist it in until
about 2!/, inches are still exposed. There should
be a 3/,-inch hole in the back of the wood duck
box, straight back from the entrance hole.

* Use a lag bolt inside the box, and tighten the
bolt to mount the box.

1.6.9 ATTRACTING MALLARDS

The mallard nesting basket idea has been modified from
a 300-year-old design for use today. The finished nest is
attached to a support pipe and placed over water.
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Mallard nesting boxes are placed over water. (From Fred Green-
slade, Delta Waterfowl. With permission.)

Material for cone is cut from
112" galvanized wire mesh.

Cut to here to allow
2" for ovetlap.

Wire Cone

1/4" rod,
82" long

le——1gn—sle——13" —

Wire basket pattern

The basket top should be as high as nearby plants,

and at least 31/2 feet above the water
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That’s History...

Building nest baskets for mallards dates back more
than 300 years to Great Britain and the Netherlands.
The original form was a pitcher-shaped basket,
which the Dutch made from woven willow shoots.

—— 1" frame pipe

Wire basket assembly

Directions for building a mallard nest: The nesting
cone is a galvanized, '/,-inch wire mesh, 12 inches deep,
with a 26-inch diameter open top.

Thread soft wire over
nest material, tighten,
twist and clip loose ends.

Bend down comers and Y
fasten with soft wire.

Frame pipe

1/4" steel
rods

Wire basket structure

Locate basket in an opening

R

4\, e
w iy RN

.{JAM""'&-\“.\

Locate nest in open water at the edge of cattails, bulrushes or other emergent cover or within small

patches of open water.

This mallard nest basket design uses 8 feet of support pipe, 1'/, inches in diameter; 2 feet 2 inch basket pipe, 1 inch in diameter;
13 feet 6 inch steel rod, '/, inch in diameter; and 3 feet X 3 feet hardware cloth, '/,-inch mesh. (From Messmer, T.A., Johnson, M.A.,
and Lee, F.B., Homemade Nest Sites for Mallards NDSU Extension Service, Fargo, ND, 1989. Additional information is available

at www.Great plains resources.)
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* Wire the nesting cone to a frame of welded,
1/,-inch diameter steel rods welded to a 26-inch
length of pipe of a diameter that will fit snugly
into the support pipe.

o After assembling the basket and frame, line the
inside with nesting materials. Flax straw is
probably the best lining, but wild hay or small
grain straw can also be used.

 Place nesting material in 2- or 3-inch-thick lay-
ers evenly within the cone; tie it in place with
soft, pliable wire. Fluff up about 6 or 7 inches
of grass in the center of the basket.

e Tap a threaded hole for a set screw about 3
inches from the top of the support pole. The
tightened set screw prevents the basket from
rotating and allows it to be raised or lowered if
water levels change.

e The support pole should be smooth to prevent
predators (e.g., raccoons) from climbing it. A
7- to 8-foot-long support pole is usually ade-
quate unless the marsh has a very soft bottom.

Place your basket in a marsh 2 to 4 feet deep, where
water will remain at least through midsummer. Position it
in a small opening among the cattails and bulrushes, but
no less than 10 feet from shore:

e The top of the basket should be 3!/, to 5 feet
above the water’s surface.

e [t is easiest to place nest baskets in the winter
by boring holes through the marsh ice and
pounding in the support pole. Nesting baskets
should be in place by April 1. Check and main-
tain them each year before April 1.

Mallard nesting boxes can also be purchased. This cypress wood
mallard nesting box is available from Forestry Suppliers (800-
647-5368; www.forestry-suppliers.com). Nesting boxes cost
about $40.
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1.6.10 CONTROLLING DEER

In some situations deer can be too numerous and create a
nuisance, whether they are eating flowers or vegetables
from your garden or posing a traffic hazard. Often, they
are not encroaching on people, but rather people are
encroaching on them. You can take some action to deter
or reduce the problem.

1.6.10.1 Evaluate the Situation

If deer are a problem, examine the extent of the problem
before acting. Is the damage to vegetation severe or min-
imal? If it is minimal, you may only have to protect
individual plants. But if it is more widespread, you may
have to make some landscaping changes.

Before taking any action, however, it is best to deter-
mine what is causing the deer problem. Is it a temporary
food shortage, prompting them to expand their forage
range for the year? If such is the case, a food supply
shortage caused by weather is a short-term problem and
may go away in the next growing season. You may not
have to take any action.

However, if the deer numbers are too high, it may be a
long-term problem, requiring that you take control measures.
Deer are creatures of habit. So if they find something they
like about your property, they will return again and again.

Deer densities of more than five deer per square mile
can cause moderate damage to your vegetation. Densities
over ten deer per square mile can cause heavy damage.
You might be able to obtain an estimate of a deer count
for your area from a regional natural resource office in
your state. If no deer count exists, look for them feeding
during the day. They are ruminants like sheep and cattle.
The deer strategy is to feed at dawn and dusk, before going
to shelter to regurgitate and chew their cud. If they risk
feeding in broad daylight, it may mean that high deer den-
sities are forcing them to take such a risk. Special land-
scaping techniques may help reduce nuisance deer visits.

1.6.10.2 Managing Deer by Selecting Vegetation

Deer like the taste of plants that have been fertilized. They
also like nitrogen-fixing plants such as peas, beans, alfalfa,
and other garden legumes, so avoid planting those plants
and do not fertilize your yard unless it is necessary.

There are also plants that deer do not like, and some
plants actually repel deer. A sampling of plant species that
deer like, dislike, and avoid is shown in Table 1.8. This
list is not foolproof, but it may help in selecting plants for
your property.

Based on that list, you can landscape to discourage
deer from visiting your yard. For example:

Line the edges of gardens and flowerbeds with unpal-
atable or repellent plants.
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TABLE 1.8

Vegetation that Deer Like and Dislike

Plants that Deer

Plants that Deer

Plants that Repel

Like Do Not Like Deer
Trees and Shrubs
Azaleas Ash Few examples
Apple Black locust
Peach Bush cinquefoil
Plum Dogwood
Rhododendron Red elderberry
Flowers and Garden Plants
Beans Aloe Catnip
Blackberry Black-eyed Susan Chives
Broccoli, Columbine Garlic
cauliflower
Chrysanthemum Daffodil Onions
Daylilies Ferns Sage
Hosta Geranium Spearmint
Lettuce Iris Thyme
Peas Mint Yarrow
Raspberry Parsley
Spring bulbs Squash
Strawberry Cucumber
Trillium Pumpkin
Tulips Rhubarb

Combine plants: interplant repellent plants with your
preferred plants.

Deploy guard plants: defend young trees and shrubs
by planting repellent plants around them.

Plant lure crops: if you have room, plant soybeans,
alfalfa, or another crop at the outskirts of the property.
This may be the spot for a deer feeder. It may detour deer
from plants you want to protect.

1.6.10.3 Other Deterrents

If these techniques do not work, you can take other steps
to discourage deer from visiting your property.

e Foul smells. Deer do not like the smell of soap,
human hair, garlic, rotten eggs, and fabric soft-
ener strips. Place those items in your yard,
wrapping them in cheesecloth or nylon bags or
hanging them by themselves from shrubs or
trees. Keep the wrapper on the soap. These
items are usually effective in a 3-foot diameter
circle, so place accordingly. These deterrents
are cheap and do little harm to the environment,
But they are not effective for very long and will
have to be replaced. Also, they may not work
as well with urban deer compared to wild deer.

Lake & Pond Management Guidebook

Make sure the smell does not offend your
neighbors!

* Bad-tasting things. Spraying plants with vari-
ous concoctions is another approach. For exam-
ple, try hot pepper spray (2 to 4 tablespoons hot
pepper or Tabasco sauce mixed with 1 table-
spoon liquid dish soap in a gallon of water).
Dishwater soap sprays or commercial sprays
such as Thiram also repel deer.

NET CONTENTS: 1 PINT
(16 FL 0Z) (473 mi)

@ Sudbury.

chaperone®

RABBIT and DEER
REPELLENT _

One Application
Usually Protects

= ¥ |“J

Thiram can be sprayed on an area to keep deer away. It keeps
geese away as well.

¢

|

Keep Out of Reach of Children
CAUTION

See back panel for additional cautions.

amis

0 _.9.

N

Garlic sticks with a pinch of chili pepper act as deer repellents
and are available commercially from Forestry Suppliers (800-
647-5368; www.forestry-suppliers.com). The cost is $80 for 250
sticks.

Although you may still observe deer wandering or sam-
pling plants in your area, hopefully the bad taste kicks in
before they eat too much. But like the use of foul smells,
sprays only last for a couple of weeks or until a rainfall.
Then you have to spray again. Do not spray plants you
are planning to eat.
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1.6.11 CONTROLLING OTHER UPLAND MAMMALS

Live traps are available for a variety of animal species, including
mice, chipmunks, skunks, raccoons, opossum, and coyotes.
They come in double-door (top) and single-door (below) designs.
They are available from Forestry Suppliers (800-647-5368;
www.forestry-suppliers.com) and Tomahawk Live Trap Com-
pany, Tomahawk, WI (800-272-8727). Prices start at $13 per trap
for mice, $50 per trap for medium-sized animals, and over $300
for coyote live traps.

Some creatures may be attracted to shoreland areas, not
because of the native vegetation but because new housing
brings landscape openings and a food supply in the form
of garbage. Examples of nuisance animal control measures
are summarized in Table 1.9. Specific information for
muskrat and beaver control is given in the next two sections.

1.6.12 CONTROLLING MUSKRATS

Muskrats are pleasant to observe in a marsh or cruising
along your shoreline. Neither an endangered nor a threat-
ened species, muskrats are prolific members of the rodent
family and although usually not a problem, sometimes
they are thinned out when they create problems.

Muskrats are rarely a nuisance but they can hinder aquascaping
transplant success if their population is too high. (From John L.
Tveten. With permission.)
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Muskrats do not always build picturesque domed huts
out in the middle of a marsh. Sometimes, they burrow
above the water line into lake banks or into the sides of
earthen dams or levees. Then, if water levels rise, the bur-
rows become water channels that promote erosion. Occa-
sionally, constructed ponds have resident muskrats that
burrow through levees; and in such cases, a rise in water
level may end up causing a small dam break.

Another problem, although rare, is that muskrats can
decimate aquatic vegetation. They feed on the tubers of
plants that would otherwise stabilize shorelines or banks.

Before considering an aquascaping project that
involves planting tubers or other rootstock, check to see
if muskrats are in the area. If they are abundant, your
aquascaping project may end up being a buffet for the
muskrat.

If you are looking for muskrats and see a run like this from the
lake to a bank, it is a good bet that it is used by a muskrat or
beaver.

There probably are muskrats in the area if you spot
runways that look like underwater trenches leading to the
bank, which in turn leads to their lodge. Paw prints in the
soft mud is another giveaway. Usually, more than one den
per acre of wetland or pond signals a problem, especially
for your vegetation.

You can discourage muskrats from burrowing into
the bank or eating the vegetation by anchoring chicken
wire over the area that you want to protect. You can also
push mothballs into the burrow opening to drive out the
muskrat.
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TABLE 1.9

Examples of Several Animal Nuisances and Their Control

Fun Facts

Control

Bears

Beavers

Coyotes

Muskrats

Rabbits

Raccoons

Skunks

Woodchucks

Bears are normally shy and avoid people. Adults
weigh from 100 to 500 pounds. They are omnivores
and feed on both plants and animals. Food shortages
occur summer and fall when mast crops (berries
and nuts) are no longer available. Bears will then
increase their food search range. They hibernate
over winter.

The beaver is the largest rodent in North America,
weighing 40 to 50 pounds, but can reach 80 pounds
or more. In summer, they feed on twigs and aquatic
plants and some terrestrial plants. In late summer
beavers start storing food for winter by sticking
branches, shrubs, and small trees in the bottom of
the pond.

Coyotes are adaptable and are found in urban edges
and in the country. Members of the dog family, they
weigh between 22 to 25 pounds. They are proficient
predators and will take prey as large as adult deer
but rely more on mice, squirrels, and rabbits as well
as insects. Coyote dens are often holes that have
been used by badgers, foxes, and other animals.

The muskrat is a rodent and weighs from one to three
pounds. It can have two to three litters a year.
Muskrats are primarily vegetarians eating stems,
roots, tubers, and bulbs. Cattails are a favorite food.
Muskrats construct a den either in a bank or build
a lodge in the water.

Rabbits are important game animals; however, they
can also damage garden plants, fruit trees, and farm
crops. In winter, they will gnaw bark on young
trees. Rabbits are members of the lagomorph
family.

Raccoons typically live only two to three years, but
may live up to 10 years. They weigh between 10 to
30 pounds but may reach 50 pounds. They eat both
plant and animal foods.

Skunks are members of the weasel family and eat
insects and rodents and sometimes garbage. For
odor removal use tomato juice, vinegar, diluted
chlorine bleach, or detergent for pets or objects.

Woodchucks, also called groundhogs, are members
of the squirrel family. They occasionally burrow in
gardens, orchards, and nurseries. They are primarily
vegetarians and their favorite foods are beans, peas,
carrot tops, clover, and grasses.

The first step is to remove the available food
sources. Pet food should not be left out
overnight, pick up around bird feeders (and
make them inaccessible by hanging 10 feet off
the ground). Seal garabage in plastic bags and
pick up any ripe and fallen fruit. Also, don’t
feed the bears.

Discourage beavers with scents or by disrupting
their dam. For removal use large body-gripping
traps (#330 Conibear or equivalent) in water
sets only.

Reduce easy accessibility of food, water, and
shelter. Keep pets, pet food, and garabage in
secure areas. Sometimes fencing is used to
exclude coyotes. A fence should be at least 5 '/,
feet tall. Trapping is an option but sometimes
not effective in capturing adults.

Use flagstone or wire mesh along water lines to
discourage burrowing. Body-grip traps placed
where the muskrat has been seen are effective.

If wire guards (hardware cloth, fencing or mesh
chicken wire) do not reduce rabbit damage, then
trapping may be necessary. Bait live traps with
plants that are currently being eaten or any leafy
green. Place in area where they are frequently
seen.

Can use live traps 10" x 12" x 32". Relocate at
least 10 miles out of town. Regulations vary for
trapping seasons. Don’t leave food waste in
areas accessible to racoons. Bright lights
sometimes work.

Moth balls in a den area or bright lights under a
building may discourage habitation. They often
use brushpiles for dens. You can use live traps
9" x 9" x 24" baited with fish or fish-flavored
catfood, or chicken parts. Don’t relocate. You
can kill skunks by drowning or, if careful, by
car exhaust fed under a tarp covering the trap.

Can use live traps baited with apples or
vegetables (carrots and lettuce) and place logs
on both sides of the cage to lead the woodchuck
to the cage. Relocate animals at least 5 miles
away and out of town.
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A variety of traps are made for beaver and muskrat. Two main
types are body-gripping traps and foot-hold traps.

This is a body-gripping trap for muskrat. It will be lowered into
the water when it is set to catch a muskrat.

Trapping is another way to reduce the number of
muskrats, although it can be time-consuming and tricky
to find a runway. The runway is the best place to set a
trap. In urban areas, make sure your traps will not endan-
ger pets. Trapping probably will not eliminate all the
muskrats and it may become an annual project.
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Summer trapping is possible, but pelts have no com-
mercial value. Winter trapping is more difficult, but the
pelts can be sold. Each pelt could be worth up to $1.50,
depending on the market.

1.6.13 CONTROLLING BEAVERS

Like muskrats, beavers can also cause problems around a
lake or pond. Beavers are larger than many people realize;
40-pound beavers, the size of a healthy hunting dog, are
not uncommon.

Although beavers have a role in the wild, they can become a
nuisance in some settings. They can cause damage to trees or
crops, and plug culverts, causing unwanted high water condi-
tions. (From Thompson et al., MIT Press, Cambridge, MA., 1954.
With permission.)

Beaver dams can raise a stream’s water level and
create ponds where you do not want them. If the dams are
at the outlet of a lake, they can raise the level of the entire
lake. Sometimes, an increase in water level is detrimental
to wild rice beds.

o
R

Trapping muskrats is typically the last option.

Beavers have a reputation for being busy. These three fallen trees
represent one night’s work.
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At least 20'

Dike or Road
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Water Level

s €

8" Flexible or hard pipe

Wire end of flexible pipe
to driver steel post

One way to foil the damaging effects of impounded water from a beaver dam is by installing a Clemson Beaver Pond Leveler. (From

Minnesota Department of Natural Resources.)

Members of the Pickerel Lake Association (Minnesota) install a Clemson Leveler to alleviate high water problems caused by beaver
activity that continually plugged a culvert. (From Pickerel Lake Association, Detroit Lakes, MN.)

Beavers have quite an appetite. By gnawing down
several trees a night, they can put a big dent in a patch of
willows, dogwoods, aspen, or other trees. Farmers have
lost acres of corn to beavers. Beavers are the number-one
wildlife nuisance in Minnesota.

One way to encourage beavers to relocate to another
area is to remove their dam. In some cases, you can take
it down by hand. If you do, remove the material from
the site; otherwise, beavers will rebuild it and you may
have to tear it down a number of times. Sometimes, it
is a contest to see who lasts the longest—you or the
beaver. In the past it was common to bring in an expert
to use dynamite on the dam. This is not done much
anymore.

Another option is to spray something really awful
around the beaver lodge, dam, or eating areas to encourage
the beavers to move on. Conservation officials can provide
you with a recipe for such a concoction.

An alternative approach is to find a way to live with
beavers, but minimize the adverse impacts of their dam
building. A device that can help is called the Clemson
Beaver Pond Leveler. The “leveler” is inserted through a
beaver dam and drops the level of water behind the dam
in a way that mystifies beavers.

Beavers repair dams in response to sight, sound, and
the feel of running water. The key to the Clemson Leveler
is that it transports water through a dam and beavers
cannot figure out how the water is leaving and thus do not
try to plug the leveler.
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The intake device is the breakthrough component that makes the Clemson Leveler effective for thwarting the ponding effects of beaver

dams. (From Minnesota Department of Natural Resources.)

Developed by Clemson University Extension, the
Clemson Beaver Pond Leveler consists of a special intake
device placed on the bottom of a pond, stream, or ditch,
or suspended on steel posts.

The intake is a PVC pipe about 10 feet long and 10
inches in diameter with 2-inch holes drilled along its
length. A 30-inch diameter woven wire tube fits over the
tube, keeping beavers from finding the source of the leak.
The intake is connected to an 8-inch diameter pipe that
runs through the dam. Then another pipe is attached that
carries water at least 20 feet below the dam.

One Clemson Leveler can discharge flows up to 1.5
cubic feet per second (or 3 acre-feet per day). The leveler
works well at road culverts and dams on streams and ponds.

To install a leveler, open a notch in the dam to accept
the 8-inch pipe. An ax or an ice chisel will probably work.
Then assemble the leveler and put it in place. Two people
can handle the installation. The intake weighs about 100
pounds.

Plans for the Clemson Leveler are available from
the Minnesota Department of Natural Resources (DNR)
(Tel: 218-828-2427). To order a Clemson Leveler, contact
MINNCOR Industries (1450 Energy Park Dr., Suite 48,
St. Paul, MN 55108-5219; Tel: 800-646-6267; www.
minncor.com). The intake sells for $325. Shipping costs
are about $120 by commercial freight. The remainder of
the piping costs approximately $150.

If the Clemson Leveler does not solve the problem,
several other options are available:

* One way to live with beavers is to protect trees
that you want to save by wrapping the tree trunk
with chicken wire or sheet metal. If food and
dam building materials are not available, this
will discourage beavers from building in the
area. The wire should protect the tree from
ground level to a height of about 4 feet.

* Beaver trapping techniques have been used for
hundreds of years. Although beaver and muskrat

traps are similar, beaver traps are bigger and
more powerful. Be careful setting beaver traps.
Getting your thumb caught in a muskrat trap
gives you a sore thumb; springing a beaver trap
on your thumb could break it.

* Another option is to hire a professional trapper
who has the equipment and the experience to
do the job. Conservation agencies usually have
a list of trappers.

1.6.14 CoNTROLLING GEESE AND Ducks

The resurgence of Canada geese has been a conservation
success story. Although ducks and geese can be pleasant
to have on a small pond or lake, they can also become
numerous and create problems.

Estimated Ontario Resident Goose

Population 1960 to 1996
250

200 -

{Thousands)
8 3
1 1

1960

1965 19;0'0 1975 1980 1985 1§90 1996

The comeback of the Canada goose, especially the giant Canada
goose subspecies, is a real success story. Numbers have increased
due to beneficial landscape changes, loss of predators, and their
ability to adapt. (From Canadian Wildlife Service, 1997.)
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When there are too many geese, bird droppings pro-
duce a landscape scattered with goose litter, which you
want to avoid walking over. These droppings are high in
phosphorus and runoff will carry the nutrients into the
lake. Elevated fecal coliform levels in the water may also
come from ducks and geese. In addition, excessive numbers
of geese can eat aquatic plants in a nearshore area and
prevent new growth because they will eat sprouts as fast
as they appear.

One way to control the number of ducks or geese is
to prevent them from nesting. If that does not succeed,
there are ways to discourage them from staying. And
finally, you can try to relocate them.

However, goose control is a challenge. Goose families
that have established a territory will defend it, and it is
difficult to persuade them to move on.
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Live animals will scare geese away, but the geese invariably
come back. (From USDA APHIS Wildlife Services.)

1.6.14.1 Scare Tactics

Scare tactics work best in the spring when geese are seek-
ing a safe and secluded place to nest. The natural predators
of ducks and ducklings are owls, hawks, and eagles.

In lieu of a live animal, decoys are sometimes installed. Decoys or scarecrows are not always 100% effective. Two owl decoys are
looking over more than 50 uninterested gulls on Lake Mille Lacs, Minnesota. To get scare tactics to work, decoys should be moved
frequently and taken down when not needed. (From Star/Tribune, Minneapolis, MN, staff photo by Charles Bjorgen.)
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In the presence of decoys or scarecrows, waterfowl
may perceive a threat and move on. However, ducks and
geese may soon recognize these decoys and ignore them.
It is a good idea to change passive decoys periodically.
Otherwise, they lose their effectiveness.

An inflatable scarecrow can be hung from a pole on the dock,
and its movement in the wind may deter goose visits, but there
is no guarantee. The inflatable ball sells for $8 (Aquatic Eco-
Sytems, Inc., Apopka, FL; Tel: 877-347-4788).

Some property owners have resorted to radio-controlled
model airplanes modified to look like hawks or even the
old battery-powered shaggy-dog trick, where it runs up
and down the dock. Some property owners use real dogs.

An alternative to a decoy or a live animal is this motion-activated
“scarecrow,” which gives ongoing vigilance.

LS

S

An infrared sensor detects warm-blooded animals up to 35 feet
away. This activates a spray mechanism on top of the scare-
crow’s head. A garden hose supplies the water. The sensor works
off one 9-volt battery.
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Another option is the motion-activated scarecrow,
equipped with an infrared detector. When a warm-blooded
animal moves within the detector range of up to 35 feet,
a valve opens and releases a 3-second spray of water
supplied by a garden hose. The sudden noise, motion, and
water spray will scare geese away. It resets in 8 seconds.
The randomness and unpredictability prevent geese from
becoming accustomed to it. Sometimes, two units set up
in a crossfire position are even more effective. The scare-
crow is available through Aquatic Eco-Systems (Apopka,
FL; Tel: 877-347-4788). It costs about $60.

1.6.14.2 Discontinue Supplemental Feedings

Residents who set out food may be supporting an unnatu-
rally high waterfowl population. Waterfowl will move on
if the food source becomes limiting. Do not give waterfowl
a free lunch. In some cases, waterfowl, especially Canada
geese, will use your lawn to forage. They eat the sprouts
of Kentucky bluegrass and perennial ryegrass; and if the
grass has been fertilized, the sprouts taste even better.
You can plant vegetation that waterfowl do not like to
prevent them from foraging in your yard. Geese find tall
fescue (Festuca arundinaceae) an undesirable forage grass.

1.6.14.3 Establish a Barrier

Another way to keep geese out of your yard is to create
a natural barrier between the lake and the land. A vegeta-
tion buffer of cattails or bulrushes in the lake may prevent
geese from coming to shore. The barrier is even more
effective when natural grasses, prairie plants, and shrubs
are established on the land side.

Geese will not be much of a problem here; with this type of native
shoreline buffer, there is no “safe” way to get out of the water.

With time, however, geese may still find a path to your
yard. This is where the active scarecrow may help to
dissuade them from coming up a path. You can also use
monofilament fishing line to discourage geese from graz-
ing on lawns. To construct this barrier, drive 24-inch stakes
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at 8-foot intervals into the ground along the water’s edge.
Then attach heavy-duty, 20-pound test monofilament line
to the stakes and stretch it tight. Use two heights: one line
should be 6 inches above the ground and the other line
should be at least 12 inches above ground.

Attach thin strips of aluminum foil or Mylar tape at
intervals along the lines to alert geese and people to the
barrier. Commercial goose fences are available as well,
and can be purchased through Internet outlets such as
Lakerestoration.com (costs are $229 for 150 feet of two-
line fence). These types of barriers are unnatural looking
and unattractive, but can work.

In the absence of a vegetative buffer, homeowners install a min-
iature fence to dissuade geese from coming onto their lawns.
Homemade and commercial varieties are available. (From USDA
APHIS Wildlife Services.)

1.6.14.4 Repellents

If food is inedible, geese will forage someplace else.
Spraying an area with bird repellent might keep the geese
out for awhile.

Spraying goose repellents on the lawn makes the grass sprouts
taste awful, and geese will forage someplace else. (From USDA
APHIS Wildlife Services.)
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RelJeX-iT is an example of a repellent with methyl
anthranilate as the active ingredient. It is an artificial fla-
voring used in grape bubble gum, grape popsicles, and
grape Kool-Aid. ReJeX-iT does not harm the geese, but
they cannot stand it and they will leave to feed elsewhere.
Its drawbacks are that it is not selective for just geese, but
for any bird that pecks at grass, sand, or gravel. You also
have to reapply it after rainstorms.

One gallon of ReJeX-iT treats 16,000 square feet and
costs $80. It is available from Aquacide Company (1627
9th St., P.O. Box 10748, White Bear Lake, MN 55110-
0748; Tel: 800-328-9350; www.killakeweeds.com).

It is like the Fourth of July every day when you use these deto-
nation cannons to scare away geese and other wildlife as well.
The loud bang is generated from an LP gas source. A timer
allows you to blast away all day and night. Because of the
neighbors’ concerns, its applications for scaring geese are lim-
ited. It costs about $500.

1.6.14.5 Trap and Transport

As a last resort, you can trap waterfowl with nets and
move them to other locales (be sure you have the proper
permits). In some cases, when “other locales” already have
enough geese, another option is to process the geese for
local consumption at food shelves or the equivalent.

Netting is labor intensive; but with enough help, it
works. Capture the geese throw nets in June or July during
molting, when geese have lost flight feathers and cannot
fly. Another capture technique is the use of wine-soaked
corn. Place corn in a 5-gallon bucket and add a quart or
two of wine. After several hours, spread the corn on the
ground for the birds to eat. A drunken goose is more easily
captured and relocated than a sober goose.
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1.6.15 CONTROLLING MOSQUITOES

That’s History...

“When our six families got to the springs near
Excelsior [Minnesota]... we found swampy land.
The mosquitoes were dreadful, too. How dreadful,
no one today can even believe. One of the tired out
men said, “This is Hell!” “No” said another, “Not
Hell but Purgatory.” The spring took its name from
that [Purgatory Creek].”

— Mrs. Anna Simmons Apgar, 1854
(compiled in Old Rail Fence Corners, 1914)

Controlling mosquitoes is serious business in some
regions of the country. With additional interest produced
with the 1999 outbreak of the mosquito-borne West Nile
Virus (WNV). Wild birds are the primary hosts of the
WNV and although most birds show no symptoms it
appears crows, blue jays, and related species are suscep-
tible. Most people infected with WNV show no signs of
illness, but some develop symptoms of high fever, head-
aches and backaches and even partial paralysis. For some
it can be fatal.

Mosquito life starts in water, or at least in a moist
environment. Eggs are dormant over the winter and hatch
in spring, then larvae develop and mosquitoes emerge
from the water in late May or early June. They travel as
far as 50 miles and live as long as 30 days.

They are most active at dusk and become inactive if
night temperatures drop below 60°F, because their wing
muscles do not work efficiently in colder temperatures.
As a rule of thumb, expect more mosquitoes in wet sum-
mers than in dry summers.

Only female mosquitoes bite. They use the protein in
blood to develop eggs. Females can lay 200 to 250 eggs
at a time and will have several hatches within their 30-day
life cycle.

With 300 to 400 mosquito species in the United States,
problem species and nuisance conditions vary from region
to region.

You cannot eliminate mosquitoes, but you can reduce a
mosquito nuisance. What constitutes a mosquito nuisance?
Studies have found that a mosquito bite every 90 seconds
was tolerable; more often than that constitutes a nuisance.

1.6.15.1 Reduce Standing Water

Many nuisance mosquito species can hatch in any stagnant
water. A big swamp is generally not a prime source
because it probably has minnows or other predators that
eat mosquito larvae. But small pools of standing water are
major breeding habitat for mosquitoes.
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You should remove standing water from old tires,
pails, or anything else that holds water for more than
several weeks. Then add drain holes or make sure the
container drains in the future. This can reduce mosquito
hatches in your immediate area.

1.6.15.2 Add Fish to Small Water Bodies

In some regions of the country, mosquito fish (Gambusia
sp.) can help reduce the number of mosquitoes. These
small minnow-sized fish are voracious predators on the
mosquito larvae, although in reality most small fish will
feed on mosquito larvae if they encounter them.

These annual fish (they live about a year) are livebear-
ers, meaning they give birth to live young. Gambusia are
most effective in water where mosquitoes lay their eggs
on the surface. The natural range of Gambusia reaches as
far north as southern Illinois. Check with state fishery
personnel before adding fish to a body of water. Some
states consider Gambusia a nuisance species.

For a backyard water garden, adding bait minnows,
such as mud minnows (Pimphales spp.) or top minnows
(Fundulus spp.), or even shiners (Notropis) will keep the
mosquito larvae in check.

1.6.15.3 Purple Martins and Bats

Purple martins eat mosquitoes as well as other flying bugs
(including dragonflies). Installing purple martin houses
may help attract the purple martins. Although purple mar-
tins may help reduce the number of mosquitoes, do not
depend on them alone to control mosquitoes.

The gray bat (Myotis grisescens) can take care of 3000 insects
per night, probably as much if not more than a bug light.
(From Thompson et al., MIT Press, Cambridge, MA, 1984.
With permission.)
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Perhaps bat houses in the neighborhood will boost the bat population and reduce the mosquito nuisance. The house should be secured
10 to 15 feet above the ground. (From Minnesota Department of Natural Resources.)

Bats, dragonflies, and swallows also eat mosqui-
toes. Bats may be even better mosquito controllers than
purple martins. To attract bats, construct bat houses
around your property. To attract dragonflies, plant tall

grasses and flowers they can use for resting spots. Drag-
onflies seem to prefer yellow and red blossoms. A buffer
strip with this assortment of flowers may help control
mosquitoes.
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BTI briquets release bacteria that selectively attack mosquito
larvae, killing them before they emerge from the water. Bri-
quets are placed in ponds, ditches, or other types of standing
water.

1.6.15.4 Mosquito Briquets

Another approach to mosquito control uses briquets
shaped like donuts with an active ingredient called BTI
(which is an acronym for Bacillus thuringensis israelen-
sis). The briquets release bacteria that specifically feed on
mosquito larvae. The larvicide is nontoxic to other insect
species. Briquets come in a pack of six for $12. Each
briquet treats 100 square feet of water surface and lasts
for 30 days. The briquets are available from Brookstone,
Mexico, MO (Tel: 800-926-7000).

Another type of mosquito briquet releases a special
chemical to prevent the larvae from developing into adults.
The trade name of the active ingredient in the briquet is
Altosid, a growth regulator. Because the chemical mimics
a growth hormone, it disrupts the physiology of the larvae
and prevents their full development. The mosquitoes stay
young forever (i.e., remain larval) and never emerge from
the water. This briquet is difficult to find at the retail level.

Several models of mosquito attractors lure them in with CO,
generated from a propane tank and an octenol attractant. The
insects are vacuumed into a trap. This is a model from Frontgate
(www.frontgate.com).
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1.6.15.5 Mosquito Attractors

Building on the knowledge that mosquitoes are attracted
to carbon dioxide and heat, a mosquito attractor has been
designed to lure mosquitoes into a trap and then prevent
their exit. Running off a propane source, a plume of CO,,
heat, and moisture is emitted and supplemented with an
octenol attractant. A continuous vacuum captures the
insects into a net where they dehydrate and die.

These machines claim to reduce nuisance conditions
within a one-acre area, but are relatively expensive, cost-
ing around $600. They are available from several sources,
including Brookstone, Mexico, MO (Tel: 800-926-7000;
www.Brookstone.com).

1.6.15.6 Bug Zappers

Some people think that conventional bug zappers, which
consist of a light plus electric shock, are helpful in reduc-
ing mosquitoes, while others are less confident that bug
zappers reduce mosquito nuisances. In fact, hanging a bug
zapper too close to your house will attract mosquitoes. It
is clear, however, that bug zappers are not very selective.
They kill insects that fly into the zapper, including rare
and beneficial ones.

Another type of bug zapper with a twist is the Bug-O-
Matic fish feeder, which is designed to hang over the water.
It uses “whip” rather than an electric shock. Bugs whipped
by the Bug-O-Matic fall into the water and become fish
food. This fish feeder costs $135 and is available from
Aquatic Eco-Systems (Apopka, FL; Tel: 877-747-4788).

1.6.15.7 Plants that Repel Mosquitoes

You can also try to reduce mosquitoes by buying a leafy
plant called citrusa, which promoters claim will ward off
mosquitoes up to about 10 feet. Citrusa is a cross between
an African geranium and a plant called the Grass of China.
It expels citronella oil, an ingredient found in some insect
repellents.

Customers have testified that the mosquito-repelling
action works. However, not everyone is convinced.

A company based in Canada, called Austerica, Inc.,
distributes citrusa. But you may be able to purchase it
through seed catalogs or at flower garden shops. Citronella
candles are also commonly used as an insect repellent.

1.6.16 LyYME DISEASE

Lyme disease was first recognized in the U.S. in 1975,
when it was observed in children in the community of
Lyme, Connecticut. It has a counterpart in Europe, but its
symptoms there do not appear to be as severe as in the U.S.

Lyme disease is caused by a spirochaete bacterium,
Barrelia burgdorferi, and is transmitted to humans by
infected deer ticks.
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Enlarged stages of the deer tick appear next to an enlarged dime,
but they are to scale. Left: nymph. Center: larva. Right: adult
female. (From Centers for Disease Control.)

The mouthparts of the deer tick (Ixodes dammini) magnified
about 250 times. The barbed mouthparts make removal difficult.
(From Pfizer Central Research.)

The bacteria that is the cause of Lyme disease is this spirochete
Barrelia burgdorferi, magnified 1625 times. (From Centers for
Disease Control.)
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Someone bitten by an infective deer tick may develop
a red rash up to 15 inches in diameter, accompanied by
headaches, fever, chills, and aching muscles. The second
stage of symptoms may not occur for weeks or months
but includes inflammation of the heart muscle, irregular
heartbeat, meningitis, and/or encephalitis. The third stage
imports the symptoms of arthritis, including painful swol-
len joints, aching muscles, and inflamed tendons.

When properly diagnosed, Lyme disease can be
treated with antibiotics. Lyme disease is most common in
areas that have good habitat for deer ticks, including loca-
tions with high mouse and deer populations.
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The life cycle of the Lyme disease tick covers 2 years. (From
Centers for Disease Control.)

The two-year life cycle of the tick that carries Lyme
disease is complex. Tick eggs are laid in spring and hatch
in August and September. Then, the larval ticks hook onto
small animals, especially the white-footed mouse, which
is a known carrier of the Lyme bacteria. That is how the
ticks get infected.

The ticks enter a resting phase over winter and become
active again in spring. After a molt, the nymphs emerge
and again target the white-footed mouse. This is the stage
where humans can pick up the nymph as well.
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The deer tick (Ixodes spp.) nymphs are active in the summer, which
is a time of high risk for human exposure. Ticks in some regions
may be active all year. (From Centers for Disease Control.)

At the end of the summer, they molt again, after which
they are adults and begin to feed on larger mammals such
as white-tailed deer. The adults mate and the female lays her
eggs in spring and the cycle repeats. This is a two-year cycle
with the disease usually transmitted in the nymph stage.

Anywhere between 1 to 50% of deer ticks carry the
Lyme bacterium. Most people become infected during the
summer when immature ticks are most common. Prevention
is the best approach to avoid Lyme disease. Consider using
some of the following tactics when you are in tick country:

* Remove ticks immediately. Studies indicate a
tick must be attached for up to 24 hours or more
to transmit the disease. Prompt removal could
prevent the disease.

e Wear a long-sleeved shirt while outdoors, but-
toned to the top. Tuck your pant legs into your
boots so the ticks cannot contact unprotected skin.
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* Try using insect repellents that contain DEET
(N,N-diethyl M-toluamide) by applying it to
clothing or directly onto the skin.

e Permanone tick repellant is effective against
ticks, mosquitoes, and chiggers. This repellent
is for clothing treatment only; do not apply it
to your skin. A 6-ounce aerosol can costs about
$5.25, but it is not sold in all states.

* Disrupt the tick’s life cycle. The Damminix
method attempts to do that. This approach con-
sists of putting a cardboard tube stuffed with
cotton on the forest floor where white-footed
mice can use it. The cotton is treated with an
insecticide called permethrin. The mice take the
cotton back to their nests, where permethrin
acts as a delouser. It makes ticks jump off the
mice, thus breaking their life cycle. The ticks
probably will not encounter other mammals,
and the mice are unharmed.

A Lyme disease vaccine that was available was
removed from the marketplace in early 2002. Although
LYMErix was a vaccine approved by the Food and Drug
Administration to prevent Lyme disease in people ages 15
to 70 years, the manufacturer voluntarily removed it in
2002. The vaccine, approved in December 1998, was
administered in three doses on a 0-, 1-, and 12-month
schedule and had about 80% success rate.

LYMErix contained a genetically engineered protein from
an outer surface protein of the disease bacterium, B. burg-
dorferi. The surface protein, called OspA, stimulated anti-
bodies that appeared to disable the bacterium’s ability to infect
the individual. Keep alert for future vaccine introductions.

1.6.17 ZeBRA MusseL ProjecTs

North American range of zebra mussels as of 2001. Zebra mus-
sels have been reported in 310 lakes plus the five Great Lakes.
(From U.S. Geological Survey, NAS.)

Zebra mussels (Dreissena polymorpha), small, fingernail-
sized mussels measuring about one quarter to one inch in
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size, are exotic invaders to North America. They are native
to the Caspian Sea region of Asia and were discovered in
Lake St. Clair near Detroit in 1988. Since then, they have
spread to parts of all the Great Lakes and the Mississippi
River, and are also showing up in inland lakes and rivers.

Zebra mussels can clog water-intake systems of power
plants and water treatment facilities, and the cooling sys-
tems of boat engines. They have severely reduced and may
eliminate native mussel species in some settings.

In inland lakes, they have not caused the financial
problems associated with clogging water intake systems
located in larger lakes. At high concentrations in shallow
water, however, their sharp shells annoy swimmers.

Female zebra mussels are able to produce as many as
one million eggs per year. These develop into microscopic,
free-swimming larvae (called veligers) that quickly begin
to form shells.

At about 3 weeks, the sand-grain-sized larvae start to
settle and attach to any firm surface using byssal threads.
They will cover rock, gravel, metal, rubber, wood, cray-
fish, native mussels and each other.

Zebra mussels are the only freshwater mussels that can attach
to solid objects. (From Minnesota Sead and Program.)

Zebra mussels filter plankton from the surrounding
water. Each mussel can filter about 1 quart of water per
day. However, they do not eat all they remove. What they
discard is combined with mucus and falls to the bottom
of the lake where it accumulates. This material may benefit
bottom-feeding organisms but their filtering action reduces
open-water plankton, which impacts the food chain for upper
water species.

Because control is difficult, extra steps are taken to
prevent new introductions:

* Before leaving the water access area, remove
plants and animals from your boat, trailer, and
accessory equipment, such as anchors, center-
boards, trailer hitches, wheels, rollers, cables,
and axles.

* Microscopic larvae may be carried in live wells
or bilge water and may be a source of introduction
to a lake. Drain your live wells, bilge water, and
transom well before leaving the water access area.

with alternating dark and light bands of color
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* Empty your bait bucket on land—not into the
lake. Never dip your bait or minnow bucket into
one lake if it contains water from another lake.

 If leaving a lake that has zebra mussels, wash
your boat, tackle, downriggers, and trailer with
hot water when you get home. Flush water
through your motor’s cooling system and other
boat parts that normally get wet.

* Adults can attach to boats or boating equipment
that sit in the water. If possible, let everything
dry for 3 days before transporting your boat to
another body of water. Both hot water and dry-
ing will kill zebra mussel larvae.

Rope

Thread rope through two
holes drilled at the end of
the pipe.

24"
PVC PIPE

SN——
A
4
Does your lake have zebra mussels? You can make your own zebra
mussel monitoring device by hanging a 2-foot long, 4-inch diam-
eter white PVC pipe vertically under a shady spot of your dock.
Keep it about 1 foot off the lake bottom. Check it periodically
through October for zebra mussels. They will be about '/, to '/, inch
long. Report any sightings to your natural resource agency.

You can take an active role in monitoring for a new
infestation:

 To identify a zebra mussel, look for the follow-
ing characteristics:
e Zebra mussels look like small clams with a
yellowish and/or brownish shell, usually
(thus the name zebra.)
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Zebra Mussel Life Stages

/—>

Trochophore (0.1 mm)
(ciliated larvae)
No filter feeding,
short-lived.

Veliger (0.1-0.3 mm)
(advanced larval stage)
Develops velum - a
ciliated feeding and
swimming organelle.
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Shell is forming 7-9 days

after fertilization.

FERTILIZATION ey
Py %9 (\

v

Pediveliger (0.4-1.0 mm)
(final veligar stage)
Settles onto a substrate
18-90 days after
fertilization

Male/Female (6-45 mm)
Live for 2-3 years in
temperate water. Start
producing eggs when
they reach Y inch in
length (about 6 mm).

14 L
METAMORPHOSIS
(gills develop)

Juvenile (1-6 mm)
Attach to a surface
{native mussels can’t do
this). Spend up to 240
days before reaching
maturity.

-

Zebra mussel life stages: Zebra mussels can be detected at the veliger stage using modified zooplankton nets, but this is usually
performed by experts. The PVC pipe detection device will pick up mussels starting at the pediveliger stage. (Adapted from U.S. Army

Corps of Engineers, WES.)

e They can grow up to 2 inches long, but most are
less than an 1 inch long. Usually, zebra mus-
sels grow in clusters and are generally found
in shallow, algae-rich water, 6 to 30 feet deep.
e Zebra mussels are the only freshwater mol-
lusk that firmly attaches itself to solid
objects, including rocks and boat hulls.
* What you should do if you find zebra mussels:
* Note the date and precise location where the
mussel or its shell or shells were found.
» Take the mussel with you (several, if possible)
and store in rubbing alcohol. Do not throw
them back into the water.
e Call the Department of Natural Resources in
your area.
» For waters where zebra mussels are known
to exist, suggested project ideas include:
 Enhance populations of diving ducks and the
freshwater drum (known to eat zebra mus-
sels, but do not significantly control them)

e Manually remove mussels with a high-
pressure wash

e Use a dewatering/desiccation/thermal treat-
ment (steam injection or hot water)

e Try CO, injection

e Use of molluscicides (e.g., chlorine)

For more information on zebra mussels, go to
www.seagrant.wisc.edu/zmu or the U.S.G.S. nonindige-
nous aquatic species (NAS) website.

1.6.18 CoNTROLLING Rusty CRAYFISH

B Drainages with nitive
- Dramnages with introduced
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ps

North American range of rusty crayfish. (From U.S. Geological
Survey, NAS.)

Rusty crayfish (Orconectes rusticus) are native to the
United States. Although historically their range has been
in Ohio, Illinois, and Indiana, they have invaded several
northern states and Canada causing ecological and recre-
ational problems. Over 250 lakes and rivers are infested
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in Wisconsin alone. Rusty crayfish can be identified by a
distinctive reddish patch on each side of the shell in front of
the tail section.

They do not take hold in every lake, but they do well in
lakes with good vegetation and sandy and rocky shores. In
these settings, their population can explode. The rusty cray-
fish is feistier than the northern crayfish. So after they invade
a lake, they can displace the native crayfish. In Wisconsin
lakes, rusty crayfish have decimated weedbeds and seem to
have adversely affected gamefish communities. They can be
numerous enough to inhibit swimming in shallow areas.

Rusty crayfish are more aggressive than the native lake crayfish
and their claws are slightly larger. Fish may initially leave them
alone until they learn how to catch and eat them.

A potential control for rusty crayfish is fish predation. Rusty
crayfish do not use burrows as a home or for escape, so they
have a tendency to stand and fight. This is initially intimidating
to fish until they learn how to successfully attack and capture
the rusties. Both perch and bass eat rusty crayfish, but yellow
perch may be more effective because they are more numerous.

One control strategy is to remove small crayfish rely-
ing on fish predation. Fish can play a significant role in
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rusty crayfish control. Largemouth bass, walleyes, and
yellow perch may initially avoid them, but not forever.
Fish will figure out a way to attack and eat the crayfish.
Based on lake resident observations, yellow perch appear
to be especially adept at eating small crayfish.
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Rusty crayfish traps can be made from an inverted cone of screen
material with an opening (less than 2.5 inches) in the bottom.
The cone is slipped into a 5-gallon bucket and baited with dead
fish or chicken parts. The trap is placed in 2 to 5 feet of water:

Trapping can be used for removing the large crayfish.
A minnow trap with its mouth modified to an opening of
less than 2!/, inches works as a crayfish trap. Place the
traps in the water with whole or cut dead fish or chicken
parts for bait. You should check the traps daily.

After a couple days, the trap is retrieved and the crayfish are
removed.

One drawback to this approach is that crayfish males
are more active and more susceptible than females to being
trapped. More than 70 percent of the catch is often male,
which leaves many females to continue reproducing.

Trapping incentives are improved if you are able to
market the crayfish. Cousins to lobsters, crayfish (or craw-
dads as they are sometimes called) are big business in
Louisiana but the market is not as big in the glacial states.
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Crawfish Cocktail Dip
3 to 4 pounds large crawfish tails, peeled and cleaned

Simmer cooked crawfish tails in well-salted water 10 to
12 minutes, until tender. Fill bowl with chopped ice and
arrange tails over top. Provide toothpicks for handy
dipping. Serve with cocktail sauce or serve in individual
cocktail glasses for a meal. A good appetizer for recep-
tions and parties.

112 cup chili sauce
1/2 cup catsup

1/2 cup horseradish
1 1/2 teaspoons Worcestershire sauce
1/4 teaspoon salt

2 teaspoons lemon juice

112 cup celery, minced fine

Pepper sauce or cayenne

Mix ingredients thoroughly.

Commercial rusty crayfish harvesting has a market value
ranging from $0.07 to $0.10 per live crayfish. Rusty crayfish
is a menu item in some restaurants in northern Wisconsin.

Combining trapping techniques with fish control may
limit crayfish populations. You can also consider the
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no-action alternative. If it is possible to tolerate them,
crayfish populations will probably decline over time as
food limitation and fish control factors take effect.

1.6.19 CONTROLLING SWIMMER’S ITCH

That’s History...

The cause of swimmer’s itch in Michigan was iden-
tified by W.W. Cort in 1928.

— Burton et al., 1998

Shallow water is the nursery for many aquatic organisms,
including an important phase in the fluke’s life cycle that
causes swimmer’s itch. In the shallow water zone, swim-
mers occasionally intercept an immature fluke that is look-
ing for a duck. These free-swimming parasitic cercaria
attempt to burrow into the skin, but they cannot and thus
die. In 30 to 40% of cases, a rash develops that can last
about a week. The skin irritation caused in response to the
burrowing parasite causes itching. Fortunately, human
skin is tough enough to prevent the cercaria from burrow-
ing all the way into the bloodstream.

Swimmer's itch

Merganser
(one of many duck species
that serve as a host)

——

rimary Host
Warm blooded duck.
Adult flukes in blood

A
system.

Fluke eggs leave with
bird droppings, hatch

l
|
[
[

into miracidia.
Cercariae Miracidium
(advanced larval stage) (first larval stage)
Leave snail.

Lymnaea stagnalis

Intermediate Host
(16 species of snails
are known hosts).

The life cycle of a blood fluke that causes swimmer’s itch. The bird deposits fluke eggs in the water; they hatch into miracidia; they
invade a snail, then sporulate and leave the snail as cercaria; next, they look for a warm-blooded body, which is often a bird.
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Studies in Michigan found 15 to 20 species of blood
flukes may cause swimmer’s itch. Nine snail species have
been documented as intermediate hosts and 18 bird spe-
cies are known to serve as final hosts.

‘-k_..

Several species of snails known as intermediate hosts to the
swimmer’s itch parasite. Snail key: 1. Lymnaea stagnalis; 2. L.
auricularia; 3. L. palustris; 4. L. emarginata; 5. Phys pakeri;
6. P. ampullacea; 7. Gyraulus parvus. (From Mackenthun and
Ingram, 1967.)

Research has found that about 2% of the snail popu-
lation is infected and snails can be found in densities up
to 400 per square meter. Each infected snail releases about
2000 cercaria a day, usually between 9:00 a.m. and 2 p.m.
They will swim to the surface and wait for an encounter.
They live for about 24 hours.

A

Here, some cercaria found a leg before they found a duck. The
cercaria life cycle will end here, but the accidental host will
experience an itching sensation for a day or two.
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Swimmer’s itch is a local occurrence. The cercaria do
not swim very far from their release point. Although cur-
rents may take them a distance, their numbers are diluted;
and the odds of an encounter decrease with distance. In
addition, swimmer’s itch conditions should not last all
summer. Cercaria are released over a 30-day period.

To avoid swimmer’s itch, look for signs. Some are more obvious
than others. When not posted, areas with vegetation that harbor
snails and areas frequented by ducks are potential swimmer’s
itch areas. Also check the past history of the area. If an area has
had swimmer’s itch in the past, it is likely to occur again unless
the habitat has changed significantly.

The best way to avoid swimmer’s itch is either to avoid
the cercaria, break the life cycle of the fluke, or prevent
the cerceria from burrowing into your skin.

e If swimmers take a soapy shower (Lava soap
has a reputation for being effective), then dry
off using a coarse towel, they can remove many
of the parasites before their burrowing causes
the itch. This the easiest way to reduce swim-
mer’s itch problems.

* In shallow water, copper sulfate will kill the
flukes and perhaps some of the snails. The copper
sulfate dose is about 10 pounds per acre-foot.
(An acre-foot is equivalent to a 100 x 100-foot
area with an average depth of 4 feet.) Copper
sulfate is a harsh treatment and only effective
for a short period.

e Placing a barrier, such as a plastic or rubber
curtain, around a swimming area may keep out
the snails and flukes, and maybe some of the
snails. Curtain enclosures can be expensive,
however, and you may still have to use copper
sulfate within the swimming area if the problem
recurs.
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A floating curtain barrier has been installed at this swimming
beach to reduce swimmer’s itch problems. The curtain goes out
150 feet and is about 250 feet long. The curtain also keeps
floating plants out of the area. Occasionally, copper sulfate
treatments are still used.

e Medicating the ducks has met some success,
but is not widely used. Medicated feed is set
out and the ducks take the medicine along with
the corn, or the birds are captured and given a
fluke shot. If the medicine, which is the anti-
fluke drug Praziquantel, kills the fluke, the
fluke’s life cycle is broken.

* Two approaches are directed at the snails.
Pumpkinseed sunfish and freshwater drum will
eat snails. Sometimes, additional pumpkinseeds
are stocked in small lakes. Running a seine over
the swimming area may physically remove the
snails from the lake.

* An experimental technique involves the beach
refresher that mimics a brisk summer wind to
effectively dilute cercaria numbers. A 2- or 3-
inch centrifugal pump is mounted on a swim-
ming raft with an intake hose placed out in
deeper water. The discharge hose is placed in the
swimming area. The discharge can be made
more efficient if it is directed through a “T.” This
promotes a flow parallel to shore. The pump runs
overnight and cercaria-free discharge water dis-
places the cercaria-rich swimming area water.
This may dilute cercaria and reduce the inci-
dence of swimmer’s itch. Start the pumping pro-
gram when water temperatures reach 75°F or
when swimmers report the first itch symptoms
of the season. A 3-inch centrifugal pump pumps
about 15,000 gallons per hour. Theoretically, this
could clear a 100 x 100-foot swimming area
(average depth 2 feet) in 10 hours. You should
only have to run the pump every couple of days.
One of the disadvantages of this system is you
are not sure when safe swimming conditions
(due to low cercaria) are reached.

69

1.6.20 REDUCING LEECHES

Occasionally in shallow water habitat with woody debris
and plants, you may encounter leeches. Leeches can live up
to 2 years and use a variety of food sources. Opportunistic
feeders, they will sometimes attach to a swimmer when
looking for a meal. If free-swimming leech species seem to
be a serious nuisance, you may want to use leech traps.

¥

A. Helobdella stagnalis, E. Haemopis grandis,

B. Glossiphonia complanata, F Erpobdelia punctata,
C. Macrobdelia decora, G. Haemaopis marmoratis.
D. Placobdella parasitica,

Several species of leeches are actually blood suckers, although
the majority are not parasitic to humans. The small leeches
shown move with inch-worm movements and do not swim. They
are found attached to rocks, logs, and vegetation. For the non-
swimmers, remove debris so you do not come into contact with
them when you are in the water. The larger leeches, such as the
Macrobdella, will attach to humans. They are free-swimming and
can be captured with the coffee-can leech trap. The common bait
leech, Nephalopsis obscura, (not shown) is rarely a problem.
(From Mackenthum and Ingram, 1967.)

A leech trap consists of a 1- or 2-pound coffee can
with the plastic lid on it. Punch numerous nail holes in
the can. Use small nails if there are small leeches and
larger nails for larger leeches. Bait the coffee-can leech
trap with chicken liver or the equivalent. Leeches do not
like light, so place the trap in a shaded location. Attach a
line to the can so it can be retrieved. Leeches will swim
into the trap and the sharp edges from the nail holes
prevent them from swimming out of the can.

Non-swimming leech species attach to woody debris and
plant material. If you are picking up a lot of leeches in your
swimming area, remove the debris only where you came into
contact with it and leave the remaining material in place.

You can try to use copper sulfate to control leeches at
the same dose used for swimmer’s itch control (i.e., 10
pounds copper sulfate per acre-foot). However, leeches
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are tough to kill. Species that cannot swim are protected
by woody debris and plants. For species that do swim, the
copper irritation may just move them out of an area for a
short time or reduce only a fraction of the population.
Copper sulfate is usually not very effective.

1.6.21 RepucING FecAL COLIFORM LEVELS

As a safety measure, health standards for swimming
beaches have limits for fecal coliform bacteria. These
bacteria are numerous in warm-blooded animal intestines
and often account for up to 60% of the solids content of
waste products.

Although generally harmless, fecal coliform is an indi-
cator of waste products. With waste products come serious
pathogenic (disease-causing) bacteria and viruses. Typical
waterborne diseases include typhoid, shigella, and dysen-
tery, among others.

Public swimming beaches are required to test the
water to determine fecal coliform concentrations. If the
geometric mean is above 200 per 100 milliliters water for
five tests within 30 days, the beach is closed until these
levels go down. If fecal coliform levels are consistently
high, several techniques can reduce levels to comply with
the safety standards.

1.6.21.1 Determine the Source of the Problem

If you send a water sample to the lab for testing, request
that fecal streptococcus bacteria be analyzed along with
fecal coliform bacteria. Humans have relatively low levels
of fecal streptococcus bacteria compared to other
warm-blooded animals. In solid human waste, the ratio of
fecal coliform to fecal streptococcus is about 4:1. Ratios
from other warm-blooded animals are much lower, usually
less than 1:1, which means that animals have more fecal
streptococcus than humans. If water-quality sampling
results show a 4:1 ratio, the contamination could be of
human origin. If the ratio is less than 1:1, human origins
cannot be ruled out automatically, but the bacteria could
be from some source other than humans.

The ratio method works best when the sample is col-
lected within a couple of days of when the waste entered
the body of water. That is because fecal coliforms and
streps die off at different rates (fecal coliform dies faster
than fecal strep), and the ratios change with time. For more
information on bacterial sources from on-site wastewater
treatment systems, see Chapter 6.

1.6.21.2 Remove or Reduce Sources
of Contamination

Potential sources of high fecal coliform counts include
failing septic tanks, sewer backups, and stormwater runoff
containing fecal matter from pets. Ducks and other wild
animals around the lake are also potential sources.
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Check parking lots to see where storm sewers empty.
Sometimes, recreational vehicle users empty their holding
tanks at a stormwater sewer grating, having mistaken it
for a sanitary sewer.

To reduce sources of contamination, fix septic tank
problems, stop feeding the ducks, and clean up pet litter.
If problems persist, check sanitary sewer lines in the area
or see if there is an unusually high density of wildlife in
the vicinity.

1.6.21.3 Treat Swimming Area

In some cases, it may be cost-effective to treat a swimming
area with chlorine or ozone to kill the bacteria. To be
effective, however, the area should be enclosed. Hypalon
material is a typical fabric used to form underwater cur-
tains that enclose swimming areas. A floating curtain bar-
rier was shown in Section 1.6.19.

1.7 SHORELAND ENVIRONMENT:
PUTTING THE PIECES TOGETHER

1.7.1 LAKeSCAPING INCLUDES THREE COMPONENTS

“Lakescaping” is a term used by Carrol Henderson in his
book Lakescaping for Wildlife and Water Quality (1999)
and is defined as the use of vegetation to enhance the lake
environment. It encompasses landscaping techniques in
the three shoreland components described in this chapter:

Upland work = landscaping
Lakeshore work = shore landscaping
Shallow water work = aquascaping
Collectively = lakescaping

That’s History...

“A substitute for mowing with the scythe... particu-
larity adapted for amateurs... but it is proper to
observe that many gardeners are prejudiced against
it” Jane Loudon describing the new lawn mower
invention, 1841.

— Bormann et al., 1993

Lakescaping incorporates vegetative approaches
around water, including natural landscaping, buffer strips,
bioengineering, biostabilization, and aquascaping. When
lakescaping incorporates the wildlife component, the
shoreland environment has a broad natural appeal.
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The lakescaping concept relies on natural approaches
in all three areas to help establish an environment that
offers the full potential of lake or pond enjoyment in a
natural setting. In general, the key to successful shoreland
projects is being able to transfer what you observe in
undisturbed natural locations to your shoreland.

Nature is difficult to duplicate, but that is the idea behind lakes-
caping. This natural shoreland has all the components of a
natural lakescape. Submerged plants yield to floating plants,
then to short emergents (e.g., arrowhead), and then to taller
emergents (e.g., cattails). The lakeshore is bordered by shrubs,
with pines in the upland area. The cabin is off to the left.

1.7.2 WD LAKE vs. DEVELOPED LAKE SETTINGS

Most people choose to live around a lake or pond for its
natural beauty. But aesthetics is subjective. What is aes-
thetically pleasing to one person may not be to another,
and styles change from decade to decade. Since the 1990s,
it has become popular to leave lakes in their natural con-
dition, or attempt to return them to a more natural state.

The shoreland environment of a “wild” lake is a distinctive
ecosystem. The cabin is in the middle of the picture.
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Why do people choose to visit or live around lakes? Surveys show
aesthetics is the number-one reason. Still, development on a lake
can maintain aesthetics and accommodate passive and active
recreation. However, some water quality changes are inevitable.

A lake or pond far away from an urban area is prob-
ably already in a wild setting. By maintaining conditions
that make it wild, you will be able to preserve a distinctive
lake environment. However, lakes are also fun, and there
is always room for a “fun spot” such as a small beach for
swimming and a place for the boat.

The shoreland environment in a developed setting can be manip-
ulated into a “wild” setting if the property owner endorses the idea.

Even in developed urban areas, landscaping can produce native
landscaped shorelands.
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Around lakes where shoreline development is dense,
the “wild” feeling may be lost. But from time to time,
opportunities present themselves to regain natural condi-
tions. Naturalizing part of the shoreline or along property
lines is an initial step.

-
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Some lakescaping tips for lake residents: a) rather than remove
lakeshore vegetation, see what happens if you let a vegetative
buffer grow for a year or two; b) work with your neighbor at
your property lines to establish buffers in the shoreland area;
c) shoreland attributes in an urban setting can be phased in over
time to produce natural conditions, resulting in a unique lake
environment.

For best results, think of the shoreland as a package
that includes the upland, the lakeshore, and the shallow
water in front of your home. Work with your neighbors
to naturalize stretches of shoreline that will increase the
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potential for attracting and maintaining wildlife as well as
protecting lake and pond water quality.
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2 Algae Control

2.1 INTRODUCTION

Algae are present in all lakes and are an essential component
in the lake’s food web. The growth of algal populations is
stimulated by nutrients, sunlight, and temperature while their
numbers are kept in check by grazing zooplankton, a lack of
nutrients, or simply settling out of the water column.

However, when high nutrient concentrations in the water
drive the algae to high densities, even grazing pressure is an
insufficient control and excessive algae become a nuisance.
Excessive algae turn a clear lake or pond into a turbid water
body capable of producing a pea-green soup appearance.

Other species of algae can produce a different type of
a nuisance condition. Some species form algal mats that
float at the water surface and cover broad areas. This group
is referred to as filamentous algae and Cladophora and
Hydrodicyton are representative members.

Algal blooms and algal mats can cause secondary prob-
lems if not addressed. For example, excessive algae reduce
sunlight penetration into the water and limit beneficial aquatic
plant distribution. In addition, when algae die, oxygen is
consumed in the decomposition process, depriving fish of the
oxygen they need to live.

In some instances, several blue-green algae species
can produce toxic compounds. If such compounds are
ingested by animals, they can become sick and even die.
Humans are rarely severely impacted from toxic algae
because drinking water with a serious algal bloom would
produce a terrible taste. One would have trouble ingesting
enough of this contaminated water to cause a fatality. No
human fatalities have been attributed to freshwater toxic
algae. Flu-like illnesses have been reported.

Three common problem algal species that lurk in open
water are referred to as Anny, Fanny, and Mike and their
scientific names are Anabaena spp., Aphanizomenon spp., and
Microcystis spp. Anny, Fanny, and Mike have been docu-
mented to wreak havoc in lakes since scientific records have
been kept, but their history goes back several billion years. In
fact, blue-green algae were some of the first plants on Earth.

These three species, along with Oscillatoria and the
recently discovered Cylindrospermopsis (believed to have first
showed up in the U.S. in Florida in the 1970s), are the most
common freshwater algal species that produce toxins. How-
ever, not every bloom produces toxic conditions. The envi-
ronmental conditions that trigger toxin production are
unknown. There are three primary toxins produced: anatoxin,
which is a neurotoxin ultimately affecting muscle contraction;

and microcystin, along with cylindrospermopsin, which are
both hepatotoxins that adversely affect the liver and kidneys.

If you can prevent algal blooms you can control toxic
algae episodes if for no other reason that the fewer algae
there are in a lake, the less toxin there could be in the water.
Therefore, controlling nuisance algal growth not only
improves the aesthetic appearance of a lake, but benefits
aquatic plants, fish, and even wildlife.

Because high nutrient levels fuel nuisance algal growth,
killing the algae is a short-term control. The surviving algae
continue growing and multiplying and soon their numbers
are back again. A long-term solution is to reduce nutrients
in the water, which in turn minimizes algal growth, and then
institute biological control where possible to help sustain a
clear water state.

But that is not easy to do. Unlike aquatic plants, algae
are a moving target. They are free-floating, and some are
even free-swimming. Therefore, an algal control strategy
usually considers the entire lake and watershed, not just the
nearshore area. Because a lake-wide program is involved,
algal control can be a large-scale project. However, when
enough small-scale projects are implemented, sometimes
the cumulative effect is equivalent to a large-scale project.

2.2 NUTRIENT REDUCTION STRATEGIES

This section reviews methods that can be used to reduce
nuisance algae growth by preventing nutrients from enter-
ing a lake.

Hundpreds of different algal species are found in lakes, but only a
few cause real problems. Aphanizomenon spp. (or Fanny for short)
is one of the problem species. Individual filaments can only be
observed with a microscope, but the colonial form is visible and
looks like fingernail clippings.
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Blue-green algae (also referred to as cyanobacteria) are found in most
lakes and are not always a problem. But they can grow to nuisance
densities in high nutrient conditions. Two blue-green algae species are
shown. The filaments are Aphanizomenon spp. and the “balls” of cells
are colonial Microcystis. The picture is magnified 150 .

Filamentous algae is a mat forming algae. It starts growing on the
lake bottom or on aquatic plants and then rises to the lake surface.
It can blanket large surface areas of small lakes and ponds.

This microscopic view of a mat of filamentous algae is composed
of millions of connected algal filaments. This species is Hydrodic-
tyon, commonly called water net.
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2.2.1 Source RepucTiON IN THE WATERSHED

The open water ecosystem of lakes is typically unproduc-
tive, only slightly higher than desert. When algae produc-
tion reaches 8 or 9 tons per acre per year, you will observe
serious algal blooms. The challenge for algae control is
to keep the open water of lakes unproductive although it
is surrounded by productive and fertile ecosystems.

TABLE 2.1
Production of Various Plant Communities in
Terrestrial and Aquatic Settings

Tons of Plant Material

Produced in 1 Year Range
Ecosystem Type (tons/acre) (tons/ac/yr)
Desert 1 0-2
Ocean algae 2 1-5
Lake algae 2 1-9
Lake plants (submersed, 6 5-10
temperate)
Corn fields 6 4-12
Forest (hardwood) 12 9-15
Grasslands 21 15-25
Forest (pine) 28 21-35
Marine plants 29 25-35
(submersed, temperate)
Wetlands (and emergent 38 30-70
lake plants)
Rain forests 50 40-60
Tropical freshwater 75 60-90

emergent plants

Source: Chart data, except for corn, from Wetzel, R.G., Limnology,
3rd ed., Academic Press, San Diego, CA, 2001; Corn data from
Agriculture Soil Fertility tables.

That’s History...

Toxic algae have been observed for centuries. The first
written reports were based on ocean observations of the
red tide. The red tide is composed of dinoflagellates and
their toxic effects on fish were reported in ship’s logs
from 1530 through 1550 in the tropical Atlantic.

— Martyr (1912), in Tester and Steidinger, 1997
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The nutrient usually responsible for excessive algal
growth in lakes is phosphorus. Although it enters the
lake with rainfall, groundwater, or release from lake
sediments, phosphorus is also carried into the lake by
surface runoff from lawns, streets, farms, and natural
areas.

This runoff that carries nutrients and sediments into
a body of water is referred to as non-point source pol-
lution. In contrast, point source pollution comes from
specific discharges, such as from wastewater treatment
pipes.

Regardless of the source, non-point source pollution
can be reduced. Although the following actions may
appear trivial on a watershed basis, if a majority of
people living around the lake or within the watershed
participate, the cumulative effect may control excessive
nutrients that fuel nuisance algal growth in a lake. Here
are some ideas:

¢ Reduce the use of fertilizer on lawns

¢ Use phosphate-free fertilizers

* Rake up and remove leaves

* Properly maintain on-site septic tank systems

* Leave boat landings and driveways unpaved to
prevent water, oil, and grease from running
down the pavement into the lake

* Leave natural ice ridges in place; these help
slow runoff into the lake and increase infiltration
into the soil

That’s History...

“On June 28, 1882, after two or three days of pleas-
ant weather, the wind gathered a thick scum of algae
in the little bay (on the north shore of Lake Tetonka
near the house of Mr. L.H. Bullis). Four calves con-
fined in a pasture near the house, with access to no
water but that of the lake were seen at noon appar-
ently well, and at 2 p.m. were dead.

“The [lake] scum when examined was found to
consist of minute balls each made up of a dense
colorless jelly in which was embedded a great num-
ber of dark-green, whip-like filaments, lying side by
side and radiating from a center. The plant was
determined to be Rivularia fluitans.”

— Nelson, 1903-1904

[Note: The first public record of a toxic algae bloom
in Minnesota from 1882.]
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2.2.1.1 Best Management Practices

Watershed practices can be implemented to reduce nutrient inputs
to lakes. In rural settings, restored wetlands improve wildlife habitat
and trap sediments and nutrients before they travel on to your lake.

On a watershed scale, organized lake groups can work with
state agencies and soil conservation districts to implement best
management practices (Chapter 1 describes some of these).

Details on urban and rural design criteria for swales,
terraces, sedimentation ponds, porous asphalt, and other best
management practices are available from the U.S. Depart-
ment of Agriculture, university extension offices, and state
agencies that deal with water quality.

2.2.1.2 Soil Testing

If your lawn does not need fertilizer, what happens when
you add it? Runoff picks up and carries excess fertilizer
off the site, maybe to a lake. You can test your soil to
determine if fertilizer is needed. If it is required, do not
apply any more than is necessary.

Collect a soil sample from the root zone, 4 to 10 inches deep. You
will need about 8 to 16 ounces of soil.

Sometimes cities get involved. For example, the city of
Chanhassen, Minnesota, incorporates soil testing into a local
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information program, which is part of its water resources
management program. The city uses the quarterly water bills
to notify residents about soil testing programs, street clean-
ing schedules, and demonstrations of lakeside maintenance
projects. These programs both help reduce phosphorus and
raise everybody’s awareness of water issues—they may
even lead to related projects that improve lakes.

Soil testing programs are available in most states
through agricultural extension services.

2.2.1.3 Spread the Word

The cheapest way to keep phosphorus out of a lake is to
educate the residents who live in the watershed about how
they impact water quality. Use newsletters, videos, local radio
programs, public service announcements on radio and TV,
flyers—whatever you can dream up—to explain how they
can prevent non-point source pollution. This is usually an
ongoing program because new residents arrive all the time.

2.2.2 FerTiLIZER GUIDELINES—OR ORDINANCES?

That's History...

The connection between high phosphorus and
excessive algae growth is linked from observations
starting in 1896 to the definitive experiment in 1972.
The German Professor Minder wrote about condi-
tions in Lake Zurich’s two basins he observed begin-
ning in 1896: one received domestic effluent from
110,000 people and had blue-green algae blooms
and roughfish; the other did not and was pristine. In
the 1930s, Dr. Hasler, from the University of Wis-
consin, talked to Professor Minder about the side-
by-side lakes and the natural experiment that had
occurred in Lake Zurich.

Dr. Hasler applied the idea of treating one lake as
an experiment and the other as a reference on two side-
by-side lakes, called Peter and Paul, at the University
of Notre Dame field station in Michigan in 1952.

One of Dr. Hasler’s students, Waldo E. Johnson,
went on to work for the Canadian government and
convinced Canadian officials to set aside over 20
lakes in Manitoba for experimental research. In one
pair of side-by-side lake basins a barrier was placed
between them. In 1973, nitrogen and carbon were
added to one side; and nitrogen, carbon, and phospho-
rus were added to the other side. The basin with phos-
phorus bloomed. This definitive experiment—Iled by
Dr. David Schindler on Lake 226—showed that
phosphorus could be the limiting nutrient for exces-
sive algae growth.

— Excerpted from Hasler (1947) and Beckel
(1987)
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That’s History...

\ Zurich

The north basin of Lake Zurich (Zurichsee) received domestic
effluent and had algae blooms. The south basin (Obersee) did not
receive high nutrient loads and had clear water (From Minder,
shown in Hasler, A.D., Ecology, 28, 383-395, 1947. With per-
mission.)

Lake 227 during the double-basin experiment in the early 1970s.
The bottom basin has the phosphorus and the algae bloom. (From

Doug Knauer.)

Homeowners have a tendency to over-fertilize their yards.
It is not only a waste of money, but the excess phosphorus
and nitrogen carried away by runoff increases plant growth
in lakes. Because fertilizers in runoff can be a significant
problem in lakes, a community might consider imposing a
local ordinance to deal with it.

However, an ordinance may not always be required.
In some communities, because of information programs,
phosphorus-free fertilizer is widely used by residents
and commercial applicators. Encourage such voluntary
approaches first.
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By developing fertilizer guidelines or an ordinance, a
community can:

e Attain more efficient use of fertilizers (the goal
is to apply only the amount needed, based on
soil tests or a restructured timing of fertilizer
applications)

e Save people money when they comply

¢ Reduce phosphorus in lakes and ponds, thereby
reducing nuisance algal growth

Before pursuing an ordinance, first educate the com-
munity about the problems caused by phosphorus and the
benefits of such a program. Otherwise, you probably will
encounter opposition.

If most residents want an ordinance, it is a relatively
straightforward process. But make sure the ordinance has
an enforcement mechanism, so it has teeth. The cost of
implementing an ordinance can vary greatly, depending
on the amount of volunteer help available and legal advice
you may need.

Here is an example of an ordinance passed by the town
of Forest Lake, Minnesota. It has the following features:

* General regulations. Lawn fertilizer cannot be
applied between November 15 and April 15 or
whenever the ground is frozen. Annual appli-
cations shall not exceed 0.05 pounds of phos-
phate (expressed as P,0O;) per 1000 square feet
of lawn area. Fertilizer cannot be applied to
drainage ditches, waterways, impervious sur-
faces, or within 10 feet of wetlands or water.
Warning signs must be posted for pesticide
application.

* Regulations for property owners. The town may
request samples of the fertilizer that property
owners plan to apply. No one may deposit leaves
or other vegetation in stormwater drainage sys-
tems, natural drainage ways, or on impervious
surfaces. Owners should cover unimproved land
with plants or other vegetation.

* Regulations for commercial lawn fertilizer appli-
cators. A license is required to make commercial
lawn fertilizer applications. The company must
provide a description of the lawn fertilizer for-
mula, a time schedule for application, and a sam-
ple of the fertilizer or a certified lab analysis.
Fertilizer formulations will be subject to random
sampling.

e Exemptions. An unlimited quantity of phospho-
rus may be applied to newly established turf
areas during the first growing season.

e Penalties. Noncompliance with the ordinance
is a misdemeanor, with fines up to $700 or
confinement to the county jail up to 90 days,
or both.
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A FERTILIZER  FORMULATED
FOTHE HIGHEST LAWNCARESTAMDARDS

This is a picture from a flyer announcing the new no-phosphorus
fertilizer ordinance for Prior Lake, Minnesota. The second number
on the bag (0) indicates 0% phosphorus content in the fertilizer.

The state of Minnesota has taken phosphorus fer-
tilizer restrictions a step further. A phosphorus fertilizer
law was enacted in 2002 to take effect in 2004. The
new law restricts the use of lawn fertilizer containing
phosphorus to 0% in the seven-county metropolitan
area and three percent throughout the rest of the state
unless a soil test shows the lawn is phosphorus deficient
or it is new. Agricultural land and golf courses are exempt.

The University of Minnesota—St. Paul analyzes soil
($7 per sample) for phosphorus, potassium, pH, and organic
matter, and then recommends fertilizer application rates.
Results from Chanhassen soil tests showed that about 95%
of the city’s yards did not need phosphorus fertilizer.

2.2.3 SHORELAND BUFFER STRIPS

You can also reduce the amount of nutrients entering a
lake by installing a buffer strip of native vegetation
between the lake and your lawn. This is the last line of
defense for filtering out sediments, phosphorous, and
nitrogen before they reach the lake. To have a beneficial
water quality impact, the strip should be at least 15 feet
deep; 25-feet deep is preferable. The strip should run along
50% of your shoreline area; 75% is even better. Buffer
strips also offer benefits for wildlife habitat and aesthetics.
See Chapter 1 for buffer strip installation ideas.

2.2.4 MOTORBOAT RESTRICTIONS

Sometimes, a significant source of the phosphorus in the
lake originates from the lake itself. Phosphorus is found
in much higher concentrations in the soft sediments at the
bottom of the lake than in the water. A high-sediment
phosphorus concentration is natural, but often it is
enriched by fertilizer carried in by runoff over many years.
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Even small horsepower outboard motors can resuspend bottom sediments. (From Yousef, Y.A., Mixing Effects due to Boating Activities in

Shallow Lakes, Florida Tech Report ESEI 78-10, 1978.)

In cases where nutrient-rich lake sediments are dis-
turbed, the phosphorus mixes into the water column and
may contribute to algal growth.

Motorboat props can create underwater currents
strong enough to disturb the bottom of a lake. As a result,
restrictions on outboard motors—either by limiting their
size or by banning them altogether — may reduce algae
problems. This is a relatively cheap way to reduce the
turbidity in a lake. And it may also help protect nesting
waterfowl and fish spawning habitat.

Motorboat restrictions tend to work best for small,
shallow lakes with mucky bottoms, located within city
limits. Studies show that even small outboard motors, such
as 5 horsepower, can suspend fine sediment (0.05 mm) in
5 feet of water. Some urban lakes ban all outboard motors,
allowing only trolling motors, rowboats, or canoes.

However, motorboat owners may oppose such restric-
tions, especially on large-sized lakes. Also remember that
new ordinances must be enforced, which will take a com-
mitment from local authorities. Another consideration is
that if the lake water clears up and sunlight reaches the
bottom, nuisance aquatic plant growth could develop.

A motorboat ordinance may be relatively cheap to
adopt if local authorities have a sample ordinance to use
as a guideline. Many states have boating rules that can be
adopted by counties, towns, or lake districts. Specific
restrictions, however, should be based on the local situa-
tion. Even so, the process could become expensive if lake
users oppose it. That could require legal assistance and a
lengthy series of public meetings. But once an ordinance
is in place, there is little additional cost.

2.3 BIOLOGICAL CONTROLS

Sometimes, excessive algal growth can be controlled using
the lake’s biology. Although the approaches described in
this section can be cost-effective, they are not always long-
lasting, especially if phosphorus levels remain excessively
high (over 100 parts per billion [ppb] is a typical threshold).
The biological approaches that work best are associated
with roughfish removal, biomanipulation and lakescaping.

2.3.1 UsING BACTERIA FOR ALGAE CONTROL

The lake is a competitive arena. Big fish eat little fish and
competition continues right down the food chain to bac-
teria and algae. Struggles are found nearly everywhere.
Open-water algae compete with attached algae, and they
both compete with bacteria for nutrients.

In theory, if bacteria could somehow get a competitive
advantage and use phosphorus and nitrogen more effi-
ciently than algae, bacteria would flourish at the expense
of algae and algae would decline.

With that as a premise, several products claim to use
a microbial component to reduce algal growth in lakes.
Current scientific literature does not verify that these prod-
ucts actually decrease nuisance algal growth. However,
research indicates they do not harm lakes.

Using bacterial introductions to reduce algal popula-
tions is a challenge. With trillions and trillions of a wide
variety of bacteria already in a lake, adding another couple
billion or so will not make a big difference. Some formu-
lations that add carbon sources (such as carbohydrates)
along with the bacteria may be on the right track. Bacteria



Algae Control

need carbon as food, in contrast to algae, which make their
own through photosynthesis.

Because bacteria do not always have enough carbon
in lakes (they are sometimes carbon-limited), adding car-
bon could allow bacteria to increase their growth rates.
Bacteria would then use additional phosphorus and nitro-
gen, along with the carbon in the lake water, to grow.
With bacteria now using more phosphorus than usual, less
is available for algae; this could limit algal growth. But
this approach has one chief drawback: even if it did work,
it is still expensive. In fact, the cost of adding a carbon
source several times a year could be more expensive than
the cost of herbicides, alum treatments, or reducing water-
shed inputs of phosphorus.

Sometimes, aeration is recommended for use with
bacterial additions. However, if you install aeration, you
do not really need to add bacteria; proper aeration alone
can reduce nuisance algae (see Section 2.4).

Several trade names that use bacteria in their products
include Algae-Bac, Lake Pak, Aqua 5, Bacta-Pur, and
CSA-microencapsulated bacteria and active enzymes.
Treatment costs vary, but can range to over $500 per acre.

2.3.2 ALGAE-EATING FisH

The term “algae-eating fish” generally refers to filter-feed-
ing fish that remove algae from the water. They inhale as
they swim, filtering algae out on their gill rakers.

Fish gillrakers (located opposite the gills on gill arches) from a
gizzard shad. Gizzard shad inhale both algae and zooplankton
when feeding. The spacing in gizzard shad’s gillrakers are close
enough together to strain out large planktonic algae.

Several species of fish are promoted as algae-eaters,
including tilapia and members of the carp family. How-
ever, algae-eaters neither restrict their diet to algae, nor
are they particularly effective against blue-green algae.

When algae-eating fish are found in lakes and ponds
in high numbers, the smaller forms of algae will gradually
replace the larger forms, but the overall algae biomass
often remains about the same.
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If tilapia are legal in your state, they can provide a
low-maintenance alternative to herbicides. Using tilapia,
however, has several potential drawbacks:

 They are not native to the United States, so there
is not a lot of information available on how they
may affect gamefish

* Itis difficult to determine the best stocking density

* You need to consider whether the tilapia can sur-
vive when the lake waters cool and fish become
less active

Furthermore, algae-eating fish eat more than algae. Most
use filtration to remove whatever comes with the water,
including beneficial zooplankton. They also pump out nutri-
ents with their waste products.

Most states ban the introduction of algae-eating
fish. If you are considering using them to control algae,
make sure to check first with your state conservation
agency.

2.3.3 RoucHFisH REMovAL

Roughfish is a category that includes carp, bullheads, and
other non-game species that feed off the bottom or scav-
enge. Although these types of fish feed in a variety of
ways, they spend a fair amount of time rooting through
sediments in search of aquatic insects or other food, with
three major effects:

* They uproot aquatic plants in search for food

 Their excretion contributes to phosphorus loads

* Their feeding actions suspend sediments, caus-
ing turbidity

In some cases, removing roughfish allows aquatic
plants to thrive, which helps maintain clear water. As a
bonus, roughfish removal reduces phosphorus associated
with their excretion; therefore, reducing the roughfish pop-
ulation may decrease nuisance algal growth.

Are there so many bullheads in your lake that they limit aquatic
plant establishment? Commercial fishermen can thin them out.
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When carp densities are high enough to adversely impact
aquatic plants, one remedy is removal by seining under the
ice.

For more information on fish removal techniques, see
Chapter 4.

2.3.4 BIOMANIPULATION

Biomanipulation is another fish project, but works at a
different trophic level than roughfish removal. A primary
objective of biomanipulation is to increase zooplankton
numbers. Because zooplankton eat algae, the greater the
number of zooplankton in the lake, the greater the grazing
pressure on algae, thereby increasing the potential to
improve water clarity.

An adequate zooplankton population is maintained
when they are protected from planktivorous fish—the
small sunfish or other minnow-size fish that eat zooplank-
ton. So, the trick is either create a place for zooplankton
to hide or find a way to reduce the number of planktivorous
fish.

If anglers cooperate through catch and release, and
fish habitat is adequate, sustaining a healthy gamefish
community will help control plankton-eating fish (plank-
tivores). The reduced number of planktivores allows more
zooplankton to survive, which in turn increases the num-
ber of grazing zooplankton on the algae.

However, problems arise if biomanipulation attempts
to use biological processes to improve water clarity with-
out reducing excessive external phosphorus inputs. If
too much phosphorus continues to enter the lake, zoop-
lankton effects are overwhelmed and algal blooms will
persist.

The idea behind biomanipulation is to maintain healthy popula-
tions of big zooplankton, which will graze on small-sized algae.
Colonial blue-green algae present problems for zooplankton graz-
ing. (From Thompson et al., 1984. With permission.).

Biomanipulation works best in moderately fertile
lakes, where blue-green algae are not a summer-long prob-
lem. Success in shallow, nutrient-rich lakes will depend
in part on the coverage of rooted aquatic plants as well as
the makeup of the fish community. Otherwise, algae will
continue to dominate and override the effects of zooplank-
ton grazing.

The ongoing challenge is to maintain adequate zoop-
lankton grazing of algae for the long term or at least for
more than a couple of years. However even a small pop-
ulation of forage fish can significantly reduce the number
of zooplankton.

Where biomanipulation effects have been most dra-
matic is where all the fish have died in a lake, either through
winterkill or the use of rotenone (a fish toxicant).

Without fish predation, the zooplankton population
explodes and exerts strong controls on algae. Although
impractical for most lakes or ponds, the next best thing is
to maintain healthy gamefish populations in mesotrophic
lakes, which in turn will control planktivores.

Although there are no specific guidelines for setting
up a biomanipulation project, the objective is to either:

* Improve gamefish populations to control plank-
tivorous fish

* Create zooplankton refuges

* Do both of the above

2.3.4.1 Reduce Zooplankton Predators

A popular way to control the number of planktivores is to
maintain high numbers of gamefish—which eat plankti-
vores. With fewer planktivores around, more zooplankton
survive. In turn, there will be more zooplankton to graze
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on the algae. Thus, you can improve water clarity indi-
rectly through good gamefish management practices, such
as catch-and-release fishing, restocking, and establishing
minimum size limits.

2.3.4.2 Help Zooplankton Hide

Zooplankton often find refuge from fish in weedbeds
during the day and then venture out at night to graze.
Aquatic plants can actually improve water clarity by
harboring zooplankton. On rare occasions, if weedbeds
become too extensive and dense, panfish will use them
to hide from big fish, resulting in high panfish numbers
and stunted growth. Generally, however, the lack of large
fish predators rather than too many plants causes panfish
stunting.

Another type of refuge, used principally in Europe, is
the placement of brush piles in the littoral zone. Building
these piles with openings too small for fish will protect
the zooplankton hiding in them.

2.3.4.3 Aeration

Aeration creates another type of refuge by aerating the
bottom water in a lake. It allows zooplankton to go deep,
where it is dark during the day, making them less vulner-
able to fish predation. The technique of creating zooplank-
ton refuges is still evolving but it appears that protecting
aquatic plant beds or installing aeration can produce
zooplankton refuges. Biomanipulation project costs vary,
depending on the strategies employed. A range of costs
along with a list of various gamefish improvement projects
is given in Chapter 4.

2.3.5 AQUASCAPING

Another biological approach to reduce excessive open
water algae is to divert phosphorus into algae growing on
aquatic plants.

Aquascaping, which is a component of lakescaping,
is a creative use of aquatic plants to produce a desirable
aquatic plant community. In a lake or pond, you can nur-
ture specific plant species that will be aesthetically pleas-
ing and indirectly compete with open-water algae for
phosphorus. Actually, the rooted submerged plants do not
remove much phosphorus from the water. Instead, the job
is done by desirable algae called “epiphytes,” which are
algae that grow on plant leaf and stem surfaces.

To establish aquatic plant dominance over nuisance
open water algae in moderately fertile lakes, aquatic plants
generally should cover 40% or more of the lake’s bottom.
Ways to promote desirable aquatic plant growth in lakes
are described in Chapter 3.
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A diverse aquatic plant community is a valuable lake asset from
many perspectives. One benefit is that aquatic plant leaf surfaces
offer a substrate for attached algal growth. This becomes a food
source for aquatic invertebrates, which in turn are preyed upon by

fish.

2.3.6 BioscAPING

That’s History...

“Conditions may also be made less suitable for the
production of algae by... planting and encouraging the
growth of coarse vegetation... Large plants not only
use much of the fertilizing substances which would
otherwise be available for the algae, but they tend to
shade and thus to cool the water on the shoals [shal-
lows]; also to clarify the water, and to prevent the ready
stirring up of the organically rich bottom materials.”

— Hubbs and Eschmeyer, 1937

For fertile lakes, bioscaping encompasses projects that include
shoreland buffers, aquascaping, and fish projects. In this lake,
roughfish removal was conducted in the winter and shoreland
projects in the summer.
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For moderately fertile lakes, shoreland projects can be combined
with biomanipulation projects. Naturalizing a lakeshore will
attract wildlife as well as serve as a buffer.

Bioscaping integrates fish projects (biomanipulation and
roughfish removal) with shoreland and aquatic plant
projects (lakescaping). It pushes the potential of using the
biology in fertile lakes to sustain clear water and healthy
lake ecosystems. For example, by employing the bioscap-
ing approach, you would reduce nuisance algal blooms by
removing roughfish and stunted panfish in combination
with lakescaping projects. This would allow rooted
aquatic plants to grow into deeper water and cover a larger
area of the lake, thus helping sustain clear water condi-
tions. The clear water would give gamefish a better field
of vision to keep roughfish and small fish numbers under
control.

Roughfish removal often occurs in winter in northern states because
the fish school-up and are easier to catch. However, it takes a skilled
team to seine under the ice, bring fish to the ice opening, remove
them, and haul them to market.

In this lake, roughfish were not a problem, but stunted panfish were
competing with other gamefish species and also lowering the zoop-
lankton density. Several summers of panfish removal apparently
resulted in an increase in largemouth bass numbers and an
improvement in water clarity of a foot or two.

However, bioscaping does not address a major hurdle
to sustaining clear water conditions. If nutrient levels remain
too high, algal growth will still overwhelm the bioscaping
projects. Bioscaping projects have a chance to work if
summer phosphorus concentrations are less than 100 parts
per billion. If phosphorus levels are higher than that, other
projects must be used to reduce the phosphorus concen-
trations. Once nutrient levels decline, bioscaping may help
to maintain clear water conditions.

That’s History...

Water clarity improvements from biomanipulation and aquas-
caping are derived from food web influences. Two types of food
“chains” were described in 1937. The open water food web is
where biomanipulation benefits occur. The aquatic plant food
web is where aquascaping practices contribute water clarity
gains. Biomanipulation and aquascaping approaches used for
lake management were more fully developed starting in the
1960s. (From Hubbs, C.L. and Eschmeyer, R.W., Bulletin of the
Institute for Fisheries Research (Michigan Department of Con-
servation), No. 2, University of Michigan, Ann Arbor, 1937.)




Algae Control

85

\“\
~

Plants

Dominate
"=, Clear Water Condition
e

No-.

High

Algae
Dominate
Turbid Water Condition

£ X %
: Lk
LY
o _ \ \‘
2 \ Ot ==
Q T | === Influence of
m > Probability that plants Bioscaping Projects |
g v dominate Increases with =
o % . Bioscaping Projects
< E \
| = LY
o 9 '
8 = 3
'_Cu \ '\
o i .
5 \
2 \ 5
% \ " - -
\ I ..

© .
x-} Ly
o N ~ T R
a Mmselaglia s p e = ) 0 SR = s

% , T '-'- — — — —

o Algae Present, Not Dominant Plants Present, Not Dominant

0 25 50 75 100 125 150

Lake Phosphorus Concentration, mg /L

Bioscaping projects combine aspects of lakescaping and fish manipulation with the objective to sustain aquatic plant-dominated,
clear water systems. However, if nutrient levels remain too high, algae will probably still dominate, resulting in turbid water

conditions.

Additional information on using plants and fish for
sustaining clear water can be found in A Guide to the
Restoration of Nutrient-Enriched Shallow Lakes by
Brian Moss et al. (1997). This book is available for about
$30 from the Natural History Bookstore at http://
www.nhbs.co.uk/.

2.4 LAKE AERATION/CIRCULATION

Aeration is a technique that adds oxygen to a lake and
controls algae by reducing the amount of phosphorus
released from bottom lake sediments. The basic concept
of an aeration system is to continually maintain oxygen

at the bottom of the lake so that iron—which ties up
phosphorus—will remain in a solid form. When oxygen
is lost in the bottom water, iron dissolves and releases
phosphorus. So aeration is really a lake sediment phos-
phorus control technique, and thus, a way to reduce nui-
sance algal blooms.

Aeration secondarily controls algae by creating an
increased space for zooplankton to hide. When bottom
water is devoid of dissolved oxygen, it forces zooplankton
to remain in the upper water. By oxygenating the bottom
waters, aeration allows zooplankton to swim deeper into
the lake where they can hide from predators in the dark
bottom water during the day. Then they come up to feed
on algae at night.
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That’s History...

Experiments with aerating wastewater started in
England as early as 1882. In the early experiments,
air was introduced through open tubes or perfora-
tions. In 1904, a patent was granted to Henderson
in England for a perforated metal plate diffuser.

— ASCE, 1988

Several decades later, aerating lakes was discussed:
“A method which should be tried [to oxygenate the
bottom of deep lakes to support fish] is the operation
of a centrifugal pump with large capacity to bring
up a large stream of cold, oxygen-deficient bottom
water and spread it at the surface to become mixed
with the oxygen-supplied warm-water layers.”

— Hubbs and Eschmeyer, 1937

Around 1956, Dr. Hasler and William R. Schmitz
introduced air bubbles at the bottom of a lake to lift
water to the surface to turn over the lake. Com-
pressed air, air lines, and diffusers are the basis for
conventional aeration techniques today.

— Beckel, 1987

2.4.1 CONVENTIONAL AERATION
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That’s History...

“William R. Schmitz and Arthur Hasler of the University of
Wisconsin at Saw Mill Pond on the Guido Rahr Property adjacent
to the University of Notre Dame Environmental Research Center,
about 1956. They are studying the possibility of using air bubbles
to “turn over a lake,” that is, disturb the stratification of the lake
and thereby aerate it. The air tube goes the full length of the lake.”
(From Arthur Hasler, in Beckel, A.L., Transactions of the Wis-
consin Academy of Sciences, Arts, and Letters. Special Edition:
Breaking New Waters, Madison, W1, 1987. With permission.)

Aeration is a nontoxic form of algae control that works
best in lakes whose bottom waters lack oxygen. The most
common type of aeration introduces air bubbles at the
bottom of the lake or pond. The rising air bubbles push
the oxygen-poor bottom water up to the surface, where it
is re-aerated through exchange with atmospheric oxygen
at the water’s surface. The rising air bubbles produce a
continuous circulation pattern. This type of aeration is
commonly referred to as artificial circulation.

One air compressor can deliver air to several aeration heads out
in the lake by splitting the air flow with a manifold system.
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An air line connects to the aeration head, which produces bubbles
that lift bottom water to the surface. (From Vertex Water Features,
Deerfield Beach, FL.)

Installing a conventional aeration system does not
guarantee control of blue-green algae. Aeration systems
without enough power can bring up nutrient-rich waters
without re-oxygenating the lake water. Algae may then take
up these nutrients and become an even greater nuisance.
To be most effective, an aeration system should be running
before algal blooms develop in midsummer. If the system
is going to work, it should control the algae in the first
summer. If positive results are not seen in the first summer,
the system should be reconfigured to add more air or to
adjust circulation patterns. Also, make sure that watershed
phosphorus inputs are not excessive. Be aware that you
can get locked into an aeration system; if the system is
turned off, the algae may quickly reappear because phos-
phorus will come streaming out of the bottom sediments.

Components for conventional aeration include the air compressor
(in a housing), aeration heads that convert the air to fine bubbles,
and the air line. Electricity is needed to run the compressor. (From
Vertex Water Features, Deerfield Beach, FL.)
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Artificial circulation will result in uniform water tem-
peratures from top to bottom. Although some fish benefit
from aeration, it can have a detrimental impact on cool-
water fish species, such as rainbow or brook trout. It can
also stress other species, such as northern pike.

A conventional aeration system has an air compressor
on shore, with an air line that runs out to the bottom of the
pond. At the end of the air line is a device called a diffuser,
which produces small air bubbles.

Several publications recommend an air flow rate of
9.2 cubic meters per minute per square kilometer. This
rate generally controls algae, but not always. Lower
rates have also been successful on occasion. This air
flow rate is equal to 1.3 standard cubic feet per minute
per acre.

More than 100 different aerators are on the market in
various sizes and configurations. The aeration systems
described in this section represent a small number of the
systems available. Before making a major purchase, ask
lake groups that have installed the type of aerator you are
considering about their experiences.

A typical '/,-horsepower air compressor delivers 2
standard cubic feet per minute and !/, horsepower delivers
about 4.3 standard cubic feet per minute.

When purchasing an aeration system, you need to
know an air requirement and an installation configuration.
The supplier or a consultant can recommend size, the
number of aeration heads, and configuration. The starting
price for an aeration system is about $500 for a 1-acre
pond.

Your state conservation agency may have a list of
aeration dealers. One source of aeration equipment is
Aquatic Eco-Systems, Inc., a manufacturer and distributor
of aeration products (1767 Benbow Court, Apopka, FL
32703; 877-347-4788; www.aquaticeco.com).

An aeration system in action viewed from a boater’s perspective.
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2.4.2 SOLAR-POWERED AERATORS

Solar-powered aerators are well suited for small lakes in areas
without electricity. The solar panel charges a battery, which powers
a DC-operated air compressor.

If electricity is not available and your lake is fairly small,
solar-powered aerators are an option. They are especially
convenient for remote settings. Solar-powered aerators use
the conventional aeration components: a compressor, air
line, and diffuser. However, the air compressor runs off
DC power from a storage battery charged by solar panels
rather than AC power.

Lake & Pond Management Guidebook

Large lakes have high power requirements to run air
compressors, but small lakes can get by with smaller power
requirements and are better suited for solar-powered aera-
tion. A single, large solar-powered unit can aerate up to a 5-
acre pond. For larger ponds or lakes, additional units can be
added. Aerating a 2-acre pond by solar power will cost about
$4600, while a 3-acre pond will cost about $6800.

A source for solar-powered aerators is Keeton Indus-
tries (300 Lincoln Court, Suite H, Fort Collins, CO 80524,
970-493-4831; www.keetonaqua.com/).

2.4.3 WIND-POWERED AERATORS

Like solar-powered aerators, wind-powered aerators are
an option when there is no access to electrical power.
Wind-powered aerators are best suited for ponds or small
lakes, although additional units could be added for larger
ponds or lakes.

Wind-powered aerators have a number of drawbacks:

* Under-powered systems do not always control
algal blooms

* They can be tampered with if installed on public
waters

e They can freeze up in very cold weather

* Most need a 7-mph wind before the vanes start
turning
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One type of wind-powered system uses a windmill to
charge a battery that supplies DC current to an air com-
pressor and drives a conventional aeration system. The cost
to aerate a 4-acre pond using this method is about $5000.
Keeton Industries (300 Lincoln Court, Suite H, Fort Collins,
CO 80524; Tel: 970-493-4831; www.keetonaqua.com/)
supplies these systems.

This wind-powered system uses a windmill to turn a crankshaft,
which drives a diaphragm compressor that forces air through an
air line out to a diffuser head in the lake.

Another type of wind-powered aerator is the Koender
Wind Aeration System. The rotating vanes move a con-
necting rod attached to a diaphragm at the bottom of the
windmill tower. The diaphragm acts like a piston to draw
air into the system on the upstroke, forcing it out into the
airline on the downstroke. The pressurized air passes
through the line and out of a diffuser on the pond bottom.
The tower is 8 to 16 feet tall. The cost for such a system
to aerate a 1-acre pond up to 15 feet deep is about $700.
These units can be purchased from Aquatic Eco-Systems
(1767 Benbow Court, Apopka, FL. 32703; Tel: 877-347-
4788; www.aquaticeco.com).

This wind-powered aerator uses spinning vanes to turn a sub-
merged prop, which produces mixing action.
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A third style of a wind-powered aerator has a different
mixing strategy. The vertical wind turbine is directly con-
nected to a submerged impeller. The wind turns the tur-
bine, which spins the impeller, located 2 to 3 feet below
the water surface. Water, at about 400 gallons per minute,
is pulled up from the lake bottom through a 10-inch diam-
eter column and brings it to the surface, mixing it with
the atmosphere. The column is a flexible tube, typically
irrigation tubing, that can be cut to a length dependent on
pond depth. A small unit aerates ponds up to several acres
in size for $3500. They are available from LAS Interna-
tional (Bismarck, ND; Tel: 701-222-8331; www.lasinter-
national.com).

2.4.4 FOUNTAIN AERATORS

These systems have a submersible pump attached to a float
assembly; the pump draws the water from underneath the
unit and sprays it into the air. The pump floats on a plat-
form and the water intake is only 1 to 2 feet below the
pond surface. With the water intake being that close to the
water surface, the lake will rarely be fully circulated if it
is more than 5 feet deep.

Picturesque fountain aerators are only effective for algae control
if they are drawing anaerobic water from near the lake bottom.

Fountain aerators have pumps ranging from '/; to 10
horsepower, with pumping rates ranging from 185 gallons
per minute to 3100 gallons per minute.

Although fountain aerators are not designed to control
blue-green algae, they may serve that purpose if oxygen-
enriched water is circulated to the bottom of the lake. Have
the lake tested to determine if bottom waters are oxygen-
deficient. If so, extend the water intake tube down near
the bottom to draw up the oxygen-poor water.

In some settings, fountain aerators keep the pond sur-
face free of floating duckweed. The small waves generated
by the falling water push the duckweed to the shorelines.
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In some cases, fountain aerators create concentric rings of ripples
that push duckweed to the shorelines, leaving the middle of the lake
clear.

Fountain aerators are easy to install. They can be
attractive to view in urban settings, but often look out of
place in northern wooded settings. Electrical power, which
is extended out to the fountain’s submersible pump, pre-
sents a safety consideration.

Barebo Company, Inc. (3840 Main Road, East
Emmaus, PA 18049; Tel: 610-965-6018) offers a complete
line of fountain aerators manufactured by Otterbine Aer-
ators. Sizes range from !/, horsepower to 10 horsepower.
The company provides draft tubes to allow intakes to be
placed in deep water. Prices start at several hundred dollars
for the smallest units.

2.4.5 HYPOLIMNETIC AERATION

A hypolimnetic aerator uses rising air bubbles to raise bottom water
to the top of the cylinder. The tube at the top is an airway that sticks
out of the water and is open to the atmosphere. Bottom water is
aerated in the top of the cylinder, then forced down the side and
released at the bottom ports. This maintains stratified lake conditions.
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A lake that supports both cool-water fish such as walleye
and northern pike and warm-water species such as bass
and sunfish may be a candidate for a hypolimnetic aerator.
This type of aerator aerates only the cold bottom water of
the lake, so it will not harm the “two-story fishery.” If the
entire lake is mixed by conventional aeration, the bottom
water would warm to the same temperature as the surface
water and adversely affect the cool-water fishery. There-
fore, hypolimnetic aeration maintains this habitat.

The hypolimnion is a lake’s cold, lower-most layer of
water. Wind does not usually mix the surface water with
the denser, hypolimnetic water. The basic intent of
hypolimnetic aeration is to control blue-green algae with-
out chemicals while maintaining a cool-water fishery in
the bottom water and a warm-water fishery in the top
water.

In another application, hypolimnetic aeration can be
used in winter to keep fish alive, because it does not open
large areas of water.

On the downside, hypolimnetic aeration is more
expensive than conventional aeration and does not always
succeed.

When hypolimnetic aerators are installed in deep lakes, they are
typically assembled at the site, generally by experienced contractors.

It is tricky to design and install a system to ensure
that the colder bottom water is oxygenated without mixing
it with the warmer water near the surface. In fact, design
and installation generally require the expertise of consult-
ants who specialize in lake aeration.

One supplier of hypolimnetic aerators is General Envi-
ronmental Systems, Inc. (Summerfield, NC 27284; Tel:
336-644-1543; www.airation.com). Prices start at about
$1000.
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That’s History...
Outboard motor
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An early hypolimnetic aerator. The outboard motor is used to
transport the hypolimnic water to the surface, where it is aerated
by contact with the atmosphere before being transported back
to the hypolimnion. (From Jorgenson, S.E., Lake Management,
1980. With permission.)

2.5 CHEMICAL ADDITIONS TO THE LAKE

Although some people do not like to apply chemicals to
ponds and lakes, for over a century, chemicals have been
used to control algae. Copper sulfate, for example, has
been used to treat algae since the early 1900s. Other types
of nontoxic chemicals are also used to reduce or inhibit
algal growth.

2.5.1 BARLEY STRAW

Conventional barley straw bales weigh about 40 pounds and the
straw is tightly packed.
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To allow better water contact, the barley bales are broken up and
repacked more loosely into mesh bags or the equivalent. This mesh
onion bag holds about 6 pounds of barley straw.

Placing barley straw in ponds and lakes can be an effective
way to control nuisance blue-green algae, as well as sus-
pended solids, and may control filamentous algae (although
filamentous algae may take two to three times a typical
barley dose).

A possible control mechanism is that products from
the decomposition of the barley straw keep algae from
taking up phosphorus and multiplying. The speculation is
that the inhibiting agents are a group of phenolic com-
pounds, by-products of the breakdown of barley straw.
However, the role of barley straw serving as a unique
carbon source stimulating microbial growth and limiting
algal growth has not been ruled out (see Section 2.3.1 for
a brief discussion on a potential control mechanism).

Barley straw appears to inhibit algal growth for 30 to
90 days. After that time, the decomposition of the easily
digestible organics is about finished and the inhibiting
compound or dissolved carbon production slows down.
When this happens, the bales are replaced, or the summer
is almost over and they are simply removed from the lake.

Barley straw is not only an effective method for con-
trolling algae, but can be relatively inexpensive and does
little environmental harm to fish or other wildlife.

Limitations are that barley straw can be difficult to
find in some regions of the country and it is labor intensive
to install and remove. Also, it may not control algae in
every case. Barley straw is rarely used in lakes over 100
acres in size, primarily because of the labor involved in
annually placing and removing the straw.
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Cable ties can be used to close up the bags and to attach them to
a stake placed in the lake. In some applications, milk jugs (or the
equivalent) are placed in the middle of bags or tubes to ensure that
the bags remain floating.

Barley straw bags should be placed in shallow water. Once they
get water-logged, they sink to the bottom. This does not seem to be
a problem as long as the water is oxygenated.

A typical barley dose to control open-water algae and
suspended solids is 200 to 250 pounds of barley straw per
lake acre. A 200-pound dose is equivalent to about 22
grams of barley straw per square meter of lake surface. A
standard straw bale weighs about 40 pounds, so about five
bales per lake-acre are needed for a 200-pound/acre barley
dose.

If the lake has serious algae problems, you may need
to start with 250 to 300 pounds per acre, which is equiv-
alent to 27 to 30 grams of barley per square meter When
filamentous algae control is the objective, a dose of 400
to 600 pounds per acre may be necessary.

Over the course of the summer, more than half the barley straw
decomposes. Bags of barley are brought into the lake in May (top)
and are coming out of the lake in October (bottom,).

Place the straw in the lake in late spring or early
summer because it takes several weeks for inhibiting com-
pounds to build up in the lake. For best results, the lake
should have a minimum 50-day retention time.

It is important to repack the dense straw bales into
mesh bags so that it is loose. You can buy mesh bags from
produce wholesalers. The 50-pound size of onion mesh
bags holds about 7 pounds of barley straw. Christmas tree
balers are another way to repack barley straw into mesh
netting. Some distributors sell the barley already lightly
packed and ready to insert into the lake.
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For projects that require a lot of barley straw, a Christmas tree
bailer eases repackaging efforts. Christmas tree bailers cost about
$350 and are available from O.H. Shelton and Sons (Coon Rapids,
MN; Tel: 763-433-2854).

At this site, barley was delivered in 600-pound bales. Barley straw
is inserted into the Christmas tree bailer, which feeds out a mesh
bag as the straw is pushed through.

Barley tubes can be made to various lengths. Tubes 6 to 9 feet long
are manageable. Use pruning shears to cut the mesh net and tie
the end in a knot. This bailer diameter was 26 inches; you can
order larger or smaller diameters.
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Standard Christmas tree netting is not very strong. It is recom-
mended to pass the barley tube through the bailer a second time
to produce a double layer of netting.

From a 600-pound barley bale, you get about ten or eleven tubes
between 6 and 8 feet long, weighing 50 to 65 pounds each. Two
people can convert a 600-pound bale into ten tubes in about an
hour.

When placing barley straw in a lake, it is important
to place it in an aerobic environment. Either float the
barley bag or place it close to shore where the straw is
partially exposed to the air or where the water has high
dissolved oxygen levels. Apparently, oxygen is an impor-
tant factor in generating the straw’s beneficial decompo-
sition products.

Other types of straw have been tried, such as oat and
wheat straw, but they do not appear to be as effective.
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Barley tubes can be placed in shallow water, close to shore. Wooden In this case, barley bags were stacked on pallets in the barn, then
stakes are used to keep them in place. Once barley tubes get water- loaded on a trailer and delivered to the lake. Delivery by a profes-
logged, they do not easily move. sional hauler was $2.50 per mile (one way).

If you are lucky, you may find a nearby source with barley already
packed and ready to go. This farmer previously had prepared barley
bags to be used by landscapers who broke them open and used the
straw for mulch. It was found that this 20-pound bag worked well
for use in the lake. Cost was about $0.35 per pound.

For installation in this 25-acre lake, barley bags were tied together
at a rally point.

You can haul about 2000 pounds of barley inan 8  16-foot trailer. Next, barley bags were towed by a boat to shallow shoreline sites
The barley bags were covered with netting to prevent loose straw and staked, evenly spaced around the lake at a dose of 225 pounds
from blowing down the highway. per acre.
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Groups of bags were staked parallel to the shore in either single For this installation, the barley bale was wrapped in chicken wire.
or double rows at 100 to 200 pounds of barley per set. More than 70 volunteers prepared over 400 barley bales in the
autumn. The bales were placed in plastic bags and delivered to
lake residents. They stored the bales and then placed them in the
lake in May. This was a low dose, at 40 pounds of barley per acre.
But the lake was only slightly eutrophic. There appeared to be a
slight improvement in the summer water clarity.

If the mesh bags are too weak or if strong winds rock the bags,
they may break open. This does not hurt the lake. However; it is
best to remove the mesh bags at the end of the growing season. If
straw still remains, you can leave it for a few more months. Often,
nearly all the straw is decomposed after 9 or 10 months. Lake residents signed on for an “adopt-a-bale” and placed it either
along their shorelines or under their docks. If there were any
problems, they called the “Barley Captain.”

For lakes over 100 acres, it takes a well-organized effort to apply

barley. Here is a training session at a lake association meeting ~ In fall, the barley bales were removed with a home-made lift con-
where instructions are being given on how to prepare the barley structed from an old pontoon boat and a hoist. The wet bales each
for installation. The group was preparing to place barley in a 400- weighed about 150 pounds. In many cases, the chicken wire had

acre lake in Wisconsin. rusted out at the bottom.
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Forty-pound barley straw bales sell for about $5 per
bale if purchased from a farmer. That is about $0.12 per
pound of barley. Other sources charge more. Be sure to
check with natural resource agencies to see what types of
lakes you are allowed to treat without permits.

Barley extract is available, but is expensive. An 8.5-ounce bottle
of barley extract is rated to treat 6300 gallons of water. A 4-foot-
deep pond, 1 acre in size, holds 1.3 million gallons of water. It
would take 200 bottles at $20 per bottle to treat a I-acre pond, 4-
feet deep. This barley product is geared for water gardens rather
than for use in lakes or ponds.

2.5.2 ALuM DOSING STATIONS

That’s History...

Dosing alum into stormwater occurred in 1957. Dry
alum was added by a belt feeder to the stream during
storms. Liquid alum was tried in 1962.

— Ree, 1963

Another convenient way to reduce nuisance algal growth
is to feed alum into a lake or a stream. Alum is the short
name for aluminum sulfate. When added to water, it forms
a nontoxic precipitate referred to as a floc. This aluminum
hydroxide precipitate has a very reactive surface and phos-
phate ions adsorb to it. This effectively ties up the phos-
phorus and makes it unavailable for algal growth.

Alum is commonly used today as a water treatment
chemical to clarify drinking water supplies and treat
wastewater for phosphorus control. In the 1950s, it was
discovered to have potential for tying up phosphorus in
lakes, resulting in reduced nuisance algal growth.

Dosing stations are generally set up to treat phospho-
rus in the water column—either stream or lake—on a
continuous basis. Another alum strategy involves lake sed-
iment treatment, where the objective is a one-time dose
to curtail phosphorus release from lake sediments.

Lake & Pond Management Guidebook

2.5.2.1 Lake Dosing Station

An alum dosing station consists of an air compressor that supplies
air to a diffuser in the lake, a metering pump that feeds alum at a
specified rate through a feed line out to the diffuser, and an alum
storage tank on shore.

Commercial dosing stations that feed alum into a lake
consist of a shore station that holds an alum tank, an air
compressor, and an injection system. Liquid alum is deliv-
ered into the lake with a metering pump and injected just
above an aeration diffuser head.

The mixing environment just above the aeration dif-
fuser helps precipitate alum into microscopic particles that
will be mixed throughout the lake, tying up phosphorus on
a continuous basis. The strategy is to tie up both the phos-
phorus that drains into the lake from the watershed and the
phosphorus released from lake sediments on a continuous
basis, or at least through the summer growing season.

Lake residents add dry alum and mix with water to form an alum
slurry in the holding tank. The amount of alum used depends on
the size of the lake and its phosphorus concentration.
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For ponds up to a few acres in size, lakeshore residents
can maintain their own stations. The lakeshore resident
keeps the alum tank full, with the amount of alum fed into
the lake dependent on its depth and size. One standard
shore station can treat up to 8 acres. The dose rate depends
on the phosphorus concentration of the lake, but starts at
about 1 pound of dry alum per lake-acre per day.

If there is no program to reduce phosphorus entering
your lake from the watershed, an alum dosing station can
control algae without the use of algicides. The downside?
The cost of alum, maintenance, and oversight are ongoing
concerns.

Before deciding to install an alum dosing system,
check to see if you need permits.

A shore station and related equipment sized for an 8-
acre pond is about $5000; less for smaller ponds. You will
also have to pay for the alum. Commercial systems are
not currently available, but you can work with vendors to
get an aeration and alum feed system set up. Aquatic Eco-
Systems, Inc. (877-347-4788) can supply the project com-
ponents. You will probably need to check with a lake
professional to determine the dosage requirement.

2.5.2.2 Stream Dosing Station

For feeding alum directly into large lakes or into streams that flow
into lakes, a small building is needed to hold large alum tanks and
the metering equipment. These types of projects are expensive and
require engineering expertise. In this case, the watershed district
is feeding ferric chloride into a stream. The iron precipitate accom-
plishes the same objective as alum, which is to tie up orthophos-
phate. Ferric chloride is not used as much as alum because of its
tendency to dissolve if dissolved oxygen is depleted and it is more
corrosive.

Dosing stations have also been used to feed alum into streams
flowing into lakes. The idea is to inactivate the biologically
available phosphorus before it gets to the lake. For stream
dosing, the use of aeration for mixing is unnecessary because
mixing occurs in the flowing water.
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Sometimes, regulations will dictate that the alum-
dosed stream be diverted to a holding pond first to settle
out the aluminum and phosphorus floc. This will make the
project more costly.

Stream dosing setups are typically designed on a case-
by-case basis, usually by a lake professional. Costs start
at several thousand dollars for a small station and increase
from there, depending on the stream flow, site require-
ments, and phosphorus concentration.

2.5.2.3 Hybrid Dosing

Another option for delivering alum to a stream, pond, or
lake is a slow-release solid buffered alum product. It has
the trade name Baraclear and comes as pellets (!/,-inch
diameter) or briquets (2-inch diameter or or larger) and
can be specified in nearly any size, depending on the
application.

Pellets or briquets dissolve over a period of a few
minutes and can be used in streams, lakes, and ponds. The
dose rate is about 15 to 25 pounds of alum material for
every pound of phosphorus that should be inactivated.

Pelletized buffered alum became available in 2002. In water; it
dissolves in less than an hour. It has a variety of potential appli-
cations. Pellets or briquets can be placed in mesh bags for some
applications.

This is a “hybrid” dosing method because of the flex-
ibility of how it can be used. For example, it could be
placed in a mesh bag and staked to an ephemeral stream
bottom. The buffered alum would dissolve only when the
stream flowed. In this case, it would act like a stream
dosing station. It could also be added to a lake to treat the
water-column phosphorus or could be added in a heavier
dose to serve as a lake sediment treatment.
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In a hybrid dosing application, cattle were moved off a feedlot
and it revegetated. However, when it rained, runoff was still
high in phosphorus. In this case, alum briquets in a mesh bag
were staked to the dry stream bottom. When it rained, the stream
flow dissolved the buffered alum and phosphorus should have
been tied up.

Although it offers flexibility for application needs, it
is more expensive than liquid alum. The alum pellets
consist of 7% aluminum. About 6.5 pounds of alum pellets
are equivalent to 1 gallon of liquid alum (4% aluminum,
weighing 11 pounds). This buffered alum based product
sells for $1.00 per pound and is available from General
Chemical Corporation (Tel: 800-631-8050; www.
genchemcorp.com).

2.5.3 BUFFERED ALUM FOR SEDIMENT TREATMENTS

That’s History...

A man clarified water by stirring with a long cane:
“I found that the cane had been pierced with small
holes and that it was full of powdered alum. This
alum, in dissolving, clarified the water. This means
of clarifying water I found had been used in China
for centuries.” General William Sibert of the U.S.
Army in China in 1914.

— World of Water, 2000
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When it is known that phosphorus release from lake sed-
iments is a significant source of phosphorus to the lake,
alum can also be used as a one-time dose to curtail phos-
phorus release from lake sediments. Lake testing is typi-
cally required to make that determination.

Aluminum sulfate plus calcium compounds creates
buffered alum. When buffered alum is applied to the lake
surface, it forms a nontoxic precipitate that scavenges
phosphorus as it settles through the water. The precipitate
will also eliminate sediment turbidity in a lake, although
only for a short while.

After the precipitate, which is also called a “floc,”
settles into the sediments, the aluminum and calcium com-
pounds continue to tie up the phosphorus as it is released
from lake sediments, thus reducing the amount of phos-
phorus in the water column originating from lake sedi-
ments. Lowering the lake phosphorus concentration
should result in less algal and filamentous algal growth.

This approach treats the sediment and does not reduce
phosphorus that comes in with runoff. In lakes where
phosphorus inputs are low from watershed runoff but are
high from lake sediments, buffered alum can be used as
an alternative to herbicides for controlling algae. One dose
can be effective for several years.

Straight alum is often used in large projects when large
quantities are required. For example, a 300-acre lake
might use over 200,000 gallons of alum (300-acre lake at
700 gallons per acre). In these cases, the lake chemistry
has been tested and the amount of alum that can be safely
added is known. Using alum without buffering compounds
in large quantities in lakes with low buffering capacities
has been known to lower the water pH, causing fish kills
due to toxic free aluminum present because of the low
pH. Buffered alum products are safer for lakes and ponds
and are available at the retail level.

Buffered alum in dry form is easily shipped and han-
dled. The dry alum can be mixed with lake water for
application to the water surface. The calcium in the alum
maintains a pH above 6 and ensures a good aluminum
precipitate. Preliminary water testing for pH adjustments
is usually unnecessary for small-scale projects because the
manufacturers’ special formula for buffered alum does not
produce the acidity that straight alum does.

 Buffered alum is most effective when sediments
in the lake supply significant amounts of phos-
phorus

e If a pond or lake has a significant stream or
creek inflow, phosphorus entering from the
watershed will still produce algal blooms

e Although buffered alum should control blue-
green algae and possibly filamentous algae, it
will not control rooted aquatic plants because



Algae Control 99

they get most of their phosphorus from sedi-
ments in the lake that are not affected by the
alum

The minimum recommended dose is about 100
pounds of buffered alum per lake-acre. In some cases,
commercial applicators will apply 500 pounds or more of
dry alum per lake-acre, based on testing for alkalinity and
sediment phosphorus availability. For lakes larger than 60
acres, liquid alum is typically used and applied at 300
gallons or more per lake-acre. On this scale, it is suggested
that lake groups contract with a commercial applicator.

One person directs the boat, and another pumps the buffered alum
into the water.

For small lakes or ponds, a distribution system for a buffered alum
application can be constructed from PVC pipe. The buffered alum
is mixed into a slurry in a pail and pumped through the manifold
into the lake.

The alum floc settles out of the water column in a couple of hours.

2.5.3.1 Applying Buffered Alum to Small Lakes

If using a dry, powdered alum that is not in slow-release
pellet form, you can distribute the powdered buffered alum
from the end of a flat-bottomed boat, a fishing boat, or a
pontoon.

Add 20 pounds to a small garbage can about one-third
full of water (it is better to add dry alum to water than to
add water to dry alum). After the alum and water are
mixed, pump the mixture through a manifold system to
the lake surface. You can make a manifold system from
3/,-inch PVC plumbing pipe. Drill !/¢-inch holes 4 inches
apart into the distribution pipe, which should be about 6
feet wide.

You can use a brass bailing pump to transfer the liquid
alum from the garbage can to the manifold. However, your
arm is going to get tired if your pond is larger than 1
surface acre. For lakes or ponds larger than several acres,
Hand pumps pump the alum slurry through the manifold. use a hand-operated diaphragm pump to pump the liquid
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alum through the manifold. One advantage of hand oper-
ation is that you can easily vary the application rate to
coincide with boat speed.

For alum applications in ponds over 4 acres in size, a scaled-
up delivery system will be more efficient. Here, a commercial
applicator mixes dry alum with lake water to make a slurry
that is then pumped through a manifold in the rear of the alum
barge.

When the lake size reaches more than 60 or 70 acres, you may
want to call in the professionals. This alum barge uses liquid alum
that is pumped out to arms that are 80-feet wide. A GPS unit keeps
the barge on track. This outfit can do 50 acres per day or more.

A commercially prepared buffered alum mixture,
called DePhos-A, is available in powdered form from
Aquatic Eco-Systems (1767 Benbow Court, Apopka, FL
32703; Tel: 877-347-4788; www.aquaticeco.com). The
mixture costs about $95 per 40-pound pail. Typical costs
for applying the mixture to a 4-acre pond range from $300
to over $700 per surface acre, depending on labor costs,
mode of application, and equipment needed.
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That’s History...

One of the first lake alum treatments used in the
United States to control runoff pollution occurred
in Californiain 1951 and 1952 in Stone and Franklin
reservoirs. The objective was to remove suspended
solids. “Turbidities at the reservoir [caused by turbid
inflows] increased from less than 5 units to more
than 50 units. Consumer complaints of turbid
water—more than 3000 the first week—{flooded the
department switchboards. Jar tests showed that an
alum dosage of 85 ppm would produce a satisfactory
floc. Treatment of Lower Franklin Reservoir [32
acres in surface area] with 30 tons of powered alum
started one evening and concluded 24 hours later.
The laborers poured the alum from a slit in the sack
directly into the propeller wash of the boat. This
provided sufficient rapid mixing to form a floc....
and by the following day the turbidity of the water
being served in the distribution system had dropped
from 54 units to 14 units. The total cost of this
treatment was $2700.”

— Ree, 1963

2.5.4 Carcium COMPOUNDS

Algae and turbidity can be removed from water using
calcium compounds, such as calcium hydroxide (i.e.,
lime) or calcium carbonate (limestone). The use of these
relatively common compounds avoids the stigma of using
herbicides or aluminum compounds. But to succeed, you
must apply heavy doses of calcium several times each
season. A recommended dose is about 150 pounds of
calcium hydroxide per acre-foot. Combining the lime and
the limestone in a one-to-one mix is even more effective.

That’s History...

Experiments using a calcium compound, lime, were
conducted in 1950 to remove phosphorus from
wastewater effluent. Investigators found they could
get 80% phosphorus removal with 530 ppm of
unslaked lime, but too much sludge (from by-products
of lime and other components) was produced to be
practical.

— Drake and Owens, 1950

Apply the compounds to a pond or small lake as a
slurry—an insoluble but watery mixture—or in dry form.
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You may need to apply the doses several times a
season, depending on the lake’s water retention time. The
longer the water retention time, the longer the algae control.

Neither quick lime (calcium oxide) nor gypsum (calcium
sulfate) is a good calcium option. Quick lime can be danger-
ous to handle. It is unclear whether gypsum can actually
reduce algae, although it has been used to remove clay in
turbid ponds. See Chapter 7 for details on removing turbidity.

It costs about $35 to use limestone and lime at a dose
of 150 pounds per acre-foot. Check the phone book to
find a chemical supplier, and check with your state agen-
cies to see if a permit is required to apply calcium.

2.5.5 LiQuip Dyks

Another chemical that can control algae is liquid dye, such
as Aquashade. This strong, blue dye is added to ponds or
small lakes to reduce sunlight penetration and inhibit pho-
tosynthesis, which in turn inhibits algal and plant growth.

For more general information, see the section on dyes
in Chapter 3.

2.5.6 CHLORINE

Ceratium is a common dinoflagellate that may be susceptible to
low doses of chloride.
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In rare instances, a group of algae called dinoflagellates
that swim with a whip-like appendage can bloom in nui-
sance proportions. They have relatives in the ocean
responsible for the red tide that can be toxic. The fresh-
water dinoflagellates are harmless but can taint drinking
supplies, causing taste complaints. In some cases, chlorine
can be used to control dinoflagellates.

In Israel, where dinoflagellate algae are occasional
problems in drinking water reservoirs, the Israelis have a
unique solution: They dose the reservoirs with low con-
centrations of chlorine. The dosage does not harm fish,
zooplankton, or even the algae, but the chlorine inactivates
the algae’s flagella. Without being able to use its flagella,
the dinoflagellate cannot maintain itself in the water col-
umn and sinks to the bottom, thus removing this nuisance
from the water column.

In ponds or small lakes, it is theoretically possible
to use chlorine as an alternative to herbicides for
dinoflagellate control. However, there are a few disad-
vantages:

* Chlorine is expensive and may not control the
problem for very long.

* Chlorine will only be effective for algae species
that have flagella.

In a more conventional approach, algae can be con-
trolled by adding toxic concentrations of chlorine to drink-
ing water reservoirs at dosages of 0.3 to 1.0 milligrams
per liter. If a pond or lake has a dinoflagellate problem,
and you want to try the nontoxic approach, test a chlorine
dose in a 5-gallon bucket first to see if it controls nuisance
algae and then apply that concentration to the lake or
pond.

Chlorine bleach, a potential source of chlorine, costs
about $1 per gallon and has a sodium hypochlorite con-
centration of 5.25%. Swimming pool suppliers distribute
chlorine that is nearly twice as strong as bleach.

2.5.7 ALcGICIDES

Algicides are used to control algae, and are less expensive
than some alternatives such as aeration or alum, although
control is often short term (on the order of a couple of
weeks in some cases).

Typically, the algicide action uses copper to inter-
rupt the growth sequence in algae by inhibiting photo-
synthesis.
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That’s History...

In 1901, George T. Moore discovered the algicidal
effect of copper sulfate on Spirogyra in watercress
beds. His two bulletins in 1904 and 1905 on the
effect of copper sulfate on bacteria and algae in
water supplies led to extensive use of copper sulfate
throughout the country.

Huff reported in 1916 that “the copper sulfate
treatment did not result in complete destruction [for
some algal species] due to certain hardy individuals
that were able to withstand a treatment of that
strength.”

—Huff, 1916

Copper sulfate in granular form is commonly added to a lake using
a crank-type rotary spreader.
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Copper-based compounds such as copper sulfate are
commonly used algicides for open water algae control
(Table 2.2). Copper sulfate is most effective in lakes with
low alkalinity (low buffering capacity) because copper
reacts with carbonates in the water. With high alkalinity,
there is a high concentration of carbonates, which will
neutralize the copper. Copper formulations other than cop-
per sulfate are also available.
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This diagram shows free copper concentrations as a function of
pH. For copper sulfate treatments to be most effective, the pH
should be slightly acidic. This graph is for lakes with typical alka-
linities in the Midwest. (Modified from McKnight, D.M., Chisholm,
S.W., and Harleman, D.R.F., Environmental Management, 7, 311—
320, 1983.)

TABLE 2.2

Granular Copper Sulfate Application Rates, Product Concentrations, and Free Copper
Concentrations for Three Types of Algal Targets for a 4-foot Average Depth

Concentration of Product
(or “Active Ingredient”)

Copper Sulfate per Acre

Concentration of Free Copper
in Upper 4 Feet of Water

Target (25% copper) (Ib) (ppm) (ppm)
Open-water algae 5 0.5 0.125
Filamentous algae 10 1.